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On the anniversary date from the scientific heritage of professor N.G. Skopin

50 years have passed since the publication of the work of Nikolay Georgievich Skopin, Professor of the De-
partment of Zoology, Karaganda State University “Darkling beetles (Coleoptera, Tenebrionidae). Questions
of comparative morphology and system. A review of the fauna of Kazakhstan”. This is a sufficient period of
time to understand, overestimate or forget the scientific works of the scientist. In this article, we have made a
modest attempt to highlight the scientific heritage of our senior mentor and scientist, the teacher of our teach-
ers. The first rector of the Karaganda State University, Evney Buketov, highly appreciated the entomological
research of N.G. Skopin and initiated the preparation of the mentioned final work. Skopin’s research focused
on the systematics of a very complex group, and as a tenebrionidologist, he was both talented and authorita-
tive in his field. His name is forever associated with the history of the study and classification of darkling
beetles. The effectiveness of his system of identification by larval characteristics and male genitalia has been
demonstrated in the distinction between separate genera and species. N.G. Skopin described 32 superspecies
taxa and even more species. It is important to note that a number of these taxa while remaining valid, retain
the surname Skopin in their nomenclature. Foreign specialists turned to him for his expert opinion on the
identification of Tenebrionidae species and other coleopterological material. The world’s most prominent en-
tomological museums boast a plethora of specimens amassed and identified by Skopin.

Keywords: entomology, Coleoptera, Tenebrionidae, fauna, taxonomy, Kazakhstan, Faculty of Biology of Ka-
raganda State University, Department of Zoology.

The study of darkling beetles (family Tenebrionidae) in Kazakhstan has its origins in the research con-
ducted by academician P.S. Pallas. Further studies of the beetles belonging to this family in Central Asia and
Kazakhstan were conducted by numerous entomologists during the first half and middle of the last century.
A brief historical review is given in the dissertation of A.V. Bogachev [1]. Recent research findings pertain-
ing to the group, collection material, and regional faunistic works of tenebrionidologists can be consulted on
the websites of the Institute of Zoology of the Republic of Kazakhstan and the Zoological Institute of the
Russian Academy of Sciences [2-3].

In Central Asia and Kazakhstan, darkling beetles are among the
most widespread and conspicuous insects. The appearance of these
beetles is so diverse that it is difficult to assign them to one family.
Among them there are forms with wide-oval and elongated, strongly
convex and strongly flattened bodies. The eliters have ribs and are
punctate or smooth. Being cosmopolitans, these beetles prefer tropical
and arid regions. According to trophic preference the majority of
members of the family are phytophagous, but there are also
saprophagous, necrophagous, xylophagous and others. Professor of
Karaganda State University Nikolay Georgievich Skopin, one of the
prominent tenebrionidologists of the USSR, devoted a lot of time to
the study of this group in Kazakhstan. The study of the morphology
and ecology of members of this family was the focus of N.G. Skopin’s
life’s work, as the identification of many species is challenging and
presents a substantial scientific enigma. The surname Skopin can be
seen in many scientific articles published over the last 60 years and
devoted to the problems of taxonomy, phylogeny and ecology of dar-
kling beetles. In addition to being referenced in the bibliography, it is also found in the nomenclature of gen-
era and species. For example, Skopin is mentioned 116 times in a recent article “Review of genus group
names in the family Tenebrionidae (Insecta, Coleoptera)” [4]. N.G. Skopin’s works are often referred to
when writing reviews on darkling beetles, describing new species, revising tribes, etc. [5-8]. These examples
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demonstrate the recognition of N.G. Skopin’s works in the international scientific community and their im-
portance for faunistics, the most important branch of entomology.

N.G. Skopin was born on December 17, 1913 in the family of a tailor in Kuibyshev (Samara). After his
father died, the family moved to Tashkent, where Nikolai went to secondary school. In 1930 he entered the
Technical School of Plant Protection. After graduating, he was sent to work in Kazakhstan, in the Kyzylorda
region. A year later, having passed external exams, Nikolai Skopin entered the second biology course at the
Central Asian State University (CASU) in Tashkent, founded with the participation of the greatest scientists
of the century — zoologist D.N. Kashkarov, zoologist-geographer L.S. Berg, soil scientist N.A. Dimo and
others.

He graduated with honours in 1938. He was sent to work in the Plant Quarantine Inspectorate of the
People’s Commissariat of Agriculture of the USSR. In 1940 N.G. Skopin came to Kazakhstan at the invita-
tion of the Republican Tropical Station in Alma-Ata. He worked as an assistant, senior lecturer at the
S.M. Kirov Kazakh National University. He was promoted to associate professor at the university after the
candidate dissertation defense. Subsequently, Skopin proceeded to pursue his scientific endeavours at the
Kazakh Research Institute of Plant Protection, where he assumed the leadership role of the Laboratory for
the Study of Forest Pests. Thereafter, he assumed the leadership role of the Entomology Department at the
Institute.

Skopin collected extensive material on darkling beetles and other insects on expeditions with colleagues
to high mountain, steppe, semi-desert and desert regions of Kazakhstan. The processing of collection
material was reflected in articles on insect pests, particularly sawflies and lepidopterans [9].

The second University of Kazakhstan, opened in Karaganda in 1972, needed experienced teaching staff,
and N.G. Skopin was invited to join the Karaganda State University. Here he combined teaching and re-
searching several insect groups.

In 1975 N.G. Skopin completed his dissertation on the systematics of darkling beetles. The rector of
Karaganda University, Evney Arstanovich Buketov, took a great interest in N.G. Skopin’s scientific career
and contributed to the progress of his dissertation. Buketov’s memories of his meetings with Skopin are
described in the book “Yevnei Buketov: the tragedy of a bright destiny” [10]. In the same year, 1975, in Len-
ingrad, Skopin defended his doctoral dissertation “The darkling beetles (Coleoptera, Tenebrionidae). Ques-
tions of comparative morphology and system. A review of the fauna of Kazakhstan” [11]. This was the inau-
gural significant dissertation research conducted in the field of entomology at Karaganda University.

Skopin was well known as a systematist in German and British scientific circles, and his work was fre-
guently published in the Annales Historico-Naturales Musei Nationalis Hungarici (Hungary). His help in the
identification of Tenebrionidae species and other coleopterological material was sought by foreign special-
ists.

The study of comparative morphology and ecology of larval forms of Tenebrionidae brought the scien-
tist the greatest fame and allowed him to form an original opinion on the composition of tribes of the family
and their relationships. Various revisions of the Western Palaearctic darkling beetles have been made by
Skopin. He completely revised the generic composition of many Central Asian genera of the tribe Pimeliini
and devoted much time to the study of Central Asian species of Tentyria, Anatolica, Microdera and
others [12-16].

Systematists had noted inconsistencies between classifications based on adult and larval morphology of
darkling beetles. The identification of larval stages has frequently been regarded as more precise due to the
enhanced study of larval morphology. Consequently, Skopin’s taxonomic studies, which were based on the
peculiarities of larval structure, attracted a great deal of attention [17]. In Skopin’s works, it was demonstrat-
ed that in cases where the separation of genera within distinct tribes is challenging using imaginal characters,
it is preferable to employ larval characters. For instance, the “structure of the hypopharyngeal sclerome” or
“abdominal glands” can serve as diagnostic indicators. Skopin proposed the division of the tribe Blaptini into
subtribes Blaptina and Prosodina. Based on the characteristic features of the larval structure of the subtribe
Blaptina, four morpho-ecological groups were distinguished, allowing us to clarify the classification of
imaginal forms [18-25].

In addition, N.G. Skopin collaborated with the eminent tenebrionidologists G.S. Medvedev,
A.V. Bogachev and S.M. Yablokov-Khizoryan on the revision of Central Asian species belonging to the
Helopini tribe. In order to clarify the taxonomic classification of darkling beetles, key regroupings were
made according to morphological criteria and modifications, including the type of structure of the
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spermatheca and aedeagus, amongst other characteristics. The structure of larvae of different ages was also
used as an additional criterion.

As a systematist, N.G. Skopin made a significant contribution to the study of the fauna and ecology of
the tribe Platyscelidini, utilising data on species from Kazakhstan and other regions. The tribe Platyscelidini
comprises species that are endemic to mountainous regions, representing a significant centre of biodiversity.
The majority of species within this tribe are endemic to Kazakhstan and Central Asia, yet the study of these
species remains limited. Notably, the study not only described Platyscelis species from Kulja (Xinjiang Uy-
gur Autonomous Region, People’s Republic of China), but also led to the discovery of new species from the
tribe [26, 27]. The genus Somocoeloplatys Skopin, 1968 of the tribe Platyscelidini, endemic to the Western
Tien Shan, was determined and named, and the position of species of the genus Oodescelis was clarified.
The author further summarised the available data on the ecology of the species of the tribe and created iden-
tification tables [28, 29].

N.G. Skopin’s interests were wide-ranging, and entomological expeditions were a frequent occurrence.
He devoted considerable time and effort to the identification and description of novel species of insects. The
students’ primary recollections concerning these expeditions were the considerable distances traversed and
the substantial number of test tubes filled with beetles.

Zoological Institute of the Russian Academy of Sciences (ZIN RAS) houses an extensive collection of
Coleoptera, comprising species of Geotrupidae. These beetles have long attracted the attention of collectors
and nature lovers due to their bizarre appearance and biological peculiarities. Among them there is a speci-
men of a new species Lethrus karatavicus Nikolajev et Skopin, 1971, discovered by professor Skopin in the
upper reaches of the Karachik River on the Kara-Tau Ridge (South Kazakhstan), and described by him to-
gether with the Kazakh entomologist G.V. Nikolayev (Fig. 1) [30].

D ot rane
o AnpsFay Fopur
o g son” L1 08

leg.N.G,Skepin, 196,

Figure 1. Collectors specimen INS_COL_0000099 of Lethrus karatavicus Nikolajev et Skopin,
1971 with label. From the collection of beetles (Coleoptera) of ZIN RAS (after www.zin.ru/Animalia/Coleoptera).

Dorcadion (Acutodorcadion) zhaisanicum Shapovalov, 2007) is of special importance among the type
specimens of the family Cerambycidae in the collections of ZIN RAS. This is the holotype of the new spe-
cies described by A.M. Shapovalov in 2007 based on materials of N.G. Skopin from 1963. The species was
found in the Jaisan Mountains (northwestern part of the Chu-Ili Mountains), South Kazakhstan (Fig. 2) [31].
Materials of field collections of N.G. Skopin of ground beetles (Carabidae) are stored in large scientific col-
lections of the world. To illustrate, a specimen of Amara kosagatschi Hieke, 1988, originating from south-
eastern Kazakhstan (Chunja, a district of Kos-Agach), serves as the holotype for this species, and is currently
housed in the collection of beetles (Coleoptera) at the renowned Museum of Natural History (Berlin,
Germany). The German specialist F. Hieke elucidated the taxonomic position of the Skopin collections’
specimens.
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Figure 2: General view and label of the collection specimen INS_COL_CER_0000035
Dorcadion (Acutodorcadion) zhaisanicum Shapovalov, 2007 from the collection of beetles (Coleoptera)
of ZIN RAS (after www.zin.ru/Animalia/Coleoptera).

The species Amara (Cribrara) skopini Hieke is described as materials from Northwestern Kazakhstan,
area of Lake Koskul. The species name was given by entomologist F. Hieke in honor of the collector and
systematist N.G. Skopin. The holotype of this species is kept in the collection of ground beetles in ZIN RAS.
The author’s paratypes from the same habitat are presented in the Museum of Natural History (Berlin, Ger-
many) [32].

Like many renowned systematists, N.G. Skopin had a unique scientific style that helped him achieve his
professional goals and overcome challenges. According to his students and colleagues, he was not an easy
person to communicate with and a difficult companion in scientific work. N.G. Skopin has published more
than 50 scientific papers, which is a comparatively modest output by today’s standards. Nevertheless, his
articles are frequently cited by specialists from various countries. His collection materials have become a
standard in comparative systematics and are considered classics in the world’s leading museums.

Professor Skopin was unable to proceed with the composition of his planned treatise, “ldentification
key to insects of Central Kazakhstan”, and the “Review of the Tenebrionidae (Coleoptera) fauna of Kazakh-
stan”, due to a period of severe illness and death that afflicted him in 1979.

Nevertheless, the work of N.G. Skopin on revising the family Tenebrionidae remains very important.
It’s worth noting that some of Skopin’s morphological generalisations for different taxa have been confirmed
in modern molecular genetic studies. In light of the data pertaining to the morphology of larvae, N.G. Skopin
contended that there was a need to distinguish the genus Lithoblaps from other genera in the subtribe
Blaptina. This classification of genera has been well-supported and aligns with the phylogenetic model based
on genetic markers [33]. Skopin’s classification system, based on the use of certain morphological characters
and the structure of the male sexual system, after many years of rejection, is accepted by some specialists
today. This is evidenced by its use for the subtribe Blaptina [34].

By assessing the reliability of the author’s descriptions and the validity of classification groups over
50-60 years, we can see how many of the 32 superspecies taxa described by Skopin have already been re-
vised and re-evaluated due to revisions of the family [35, 36, 37].

However, a sufficient proportion of the taxa with the surname Skopin is valid and has been included in
various studies. To illustrate this point, we can turn our attention to the small genus Sternotrigon, which be-
longs to the tribe Pimeliini. This genus was first proposed by Skopin in 1973, and since then it has become
the focus of intense research by Chinese and Mongolian scientists. The distribution of new species from this
genus in the Asian region is currently being elucidated [38]. Information concerning the geographical distri-
bution of species within the genus Sternotrigon, along with the location of relevant holotypes and paratypes,
is accessible on the Global Biodiversity Information Facility platform. This data can be utilized without re-
strictions by systematists conducting research in this field. Nucleotide sequences have also been obtained for
some species of genus Sternotrigon. This information is stored in the European Nucleotide Archive (EMBL-
EBI) and is of interest to the International Barcode of Life project (iBOL) [39].

Thus we see the fundamental legacy of the past and its relevance to the present when we turn to Profes-
sor Skopin’s entomological research. We would like to assume that the traditions of classical university sci-
ence of Karaganda University will be continued further, supported by young specialists.

Fundamental and Experimental Biology. 2025, 30, 2(118) 7



V.S. Abukenova

References
1 Boraues A.B. XKyku-uepHorenku (Tenebrionidae) Cpenneit Aszum u Kazaxcrana: aBroped. muc. ... a-pa OHONI. Hayk
/ A.B. BoraueB; MockoBCKkHil rocyapcTBeHHbIi yHHBepcuTeT nMeHn M.B. JlomoHocoBa. — Mocksa, 1965. — 42 c.
2 3oonormyeckoe o6o3penue: oduimanbHpiii caiit Muctutyra 300im0orun KH MHBO PK. — [OnektponHsliii pecypc]. —
Pesxum nocryma: https://zool.kz/? s=TENEBRIONIDAE (nara ob6pamienus: 10.04.2025).
3 MUucruryr 3o0omorun PAH. Komekunu xykos-xyxemun (Coleoptera). — [Dnexrponnsiii pexxum]. — PexxuMm pocryna:

https://www.zin.ru/ANIMALIA/COLEOPTERA/RUS/incote.htm (nara o6pamenus: 10.04.2025).

4 Bouchard P. Review of genus group names in the family Tenebrionidae (Insecta, Coleoptera) / P. Bouchard, Y. Bousquet,
R.L. Aalbu, M.A. Alonso-Zarazaga, O. Merkl, A.E. Davies // ZooKeys. — 1050: — 2021. — 1-633. https://doi.org/10.3897/
zookeys.1050.64217

5 Bekchanov N. Review of the subgenus Turcmenicola Bogatchev, 1952, the genus Colposcelis Dejean, 1834 (Coleoptera:
Tenebrionidae: Tentyriini) / N. Bekchanov, M.V. Nabozhenko, M.K. Bekchanova // Zootaxa. — 2023. — Vol. 5375. — No. 4. —
P. 550-564. DOI: 10.11646/zootaxa.5375.4.6.

6 Bekchanov N.K. A review of the genus Microdera Eschscholtz, 1831 (Coleoptera: Tenebrionidae) of Uzbekistan
/ N.K. Bekchanov, M.V. Nabozhenko, K.U. Bekchanov, M.K. Bekchanova // Zootaxa. — 2025. — Vol. 5590. — No. 4. — P. 451~
480. https://doi.org/10.11646/zootaxa.5590.4.1.

7 Chigray I.A. On Blaps Fabricius, 1775 (Coleoptera: Tenebrionidae) from Western Kazakhstan with description of a new
species from Tyuleniy Archipelago (Caspian Sea) /I.A. Chigray, G.M. Abdurakhmanov, M. Nabozhenko, A.M. Shapovalov
/I Zootaxa. — 2016. — Vol. 4173. — No. 1. — P. 1-17. https://doi.org/10.11646/zootaxa.4173.1.1

8 Chigray S.N. A revision of the Palaearctic Pimeliini (Coleoptera: Tenebrionidae): a comparative analysis and systematic
position of Eastern European and Asian taxa with dorso-lateral eyes /S.N. Chigray, M.V. Nabozhenko, I.A. Chigray,
E.V. Abakumov  // European Journal of Taxonomy. — 2022. — Vol.809. — No.1. — P.1-71
https://doi.org/10.5852/ejt.2022.809.1719

9 Ckonud H.I'. O HEKOTOPBIX MHIMJIBIINKAX U YEIIYyEeKPhUIBIX — HEePBUYHBIX BpeauTersix Tomnounei B FOro-Bocrounom Kazax-
crane / H.I'. Ckonun // Yuensie 3anmcku Kasaxckoro yausepcurera. buonorus u nousosenenue. — 1957. — T. 29. — C. 103-117.

10 Capcexe M. EBneii ByketoB: Tparenus csemiioit cyap0s1 / M. Capceke. — M.: Mo reapaus, 2007. — 605 c.

11 Ckomun H.I'. XKyxku-uepnorenku (Coleoptera, Tenebrionidae). Bompocs! cpaBautenbHoit Mopdonoruu u cuctembl. O630p
¢ayusr Kazaxcrana: asroped. muc. ... a-pa 6uon. vayk / H.I'. Cxorun. — JI., 1975. — 41 c.

12 Skopin N.G. Revision der Tenebrioniden-Gattung Tagona Fisch.-W., 1822 (Coleoptera, Tenebrionidae) / N.G. Skopin
/I Reichenbachia. Mus. Tierk. Dresden. — 1970. — Bd. 13. — H. 16. — S. 157-168.

13 Skopin N.G. Revision der Tenebrioniden-Gattung Stalagmoptera Solsky, 1875 (Coleoptera, Tenebrionidae) / N.G. Skopin
/I Entomologische Arbeiten aus dem Museum G. Frey. — 1972. — Bd. 23. — S. 298-313.

14 Skopin N.G. Zur Revision der eurasiatischen Arten der Gattung Belopus Gb. / N.G. Skopin // Entomologische Abhandlungen
des Staatlichen Museum fiir Tierkunde in Dresden. — 1974a. — Bd. 40. — S. 65-103.

15 Skopin N.G. Revision der Gattung Pterocoma Dejean, Solier, 1836 (Coleoptera, Tenebrionidae) / N.G. Skopin
// Entomologische Abhandlungen des Staatlichen Museum fiir Tierkunde in Dresden. — 1974b. — Bd. 40. — S. 127-164.

16 AbmypaxmanoB I'M. Teorpaduueckme cBsizu xykoB-ueprHorenok (Coleoptera: Tenebrionidae) Terumiickoil mycThIHHO-
crenHoit obmactu Ilaneapktuku ¢ wucropumdeckum o63opom /[ T.M. A6mypaxmanos, M.B. HaGoxenko, A.I'. AGaypaxmaHOB,
10.10. UBanymenko, M.I". aynosa // FOr Poccuu: skosorusi, pazsutue. — 2016. — T. 11. — Ne 3. — C. 35-89.

17 Watt J.C. A revised subfamily classification of Tenebrionidae (Coleoptera) /J.C. Watt // New Zealand Journal of Zoology.
—1974.— Vol. 1. — No. 4. — P. 381-452.

18 Cxomun H.I'. JInumuku aByx Bumos poma Cyphogenia Sol. (Coleoptera, Tenebrionidae) / H.I'. Ckorun // 300m0rudeckuii
xypHair. — 1958a. — T. 37. — Nel0. — C. 1558-1561.

19 Cxkonun H.I'. Matepuaisl 1o MOp(OJIOTHH 1 3KOJIOTHH JIHdnHOK TprObI Blaptini (Coleoptera, Tenebrionidae) / H.I'. Ckonuu
/I Tpyast UuctutyTa 300morun AH KasCCP. — 1960a. — T. 11. — C. 36-71.

20 Cxommu H.I'. O mmumakax Tpu6bl Akidini (Coleoptera, Tenebrionidae) / H.I'. Cxonuu // Acta Zoologica Hungarica. —
1960b. — Vol. 6. — P. 149-165.

21 Cxonmu H.I. O nmumnkax xykoB poga Adesmia Fisch. (Coleoptera, Tenebrionidae) / H.I'. CkomuH // 3o0mornueckuit
xyprain. — 1960c. — T. 39. — C. 1039-1043.

22 Ckomun H.I. O nuumnkax mnogacemeiictBa Erodiinae (Coleoptera, Tenebrionidae) /H.I'. Ckonmu // Annales Historico-
Naturales Musei Nationalis Hungarici. — 1961a. — Vol. 53. — P. 407-413.

23 Cxonumu H.I'. Jlnumnku moacemeiictBa Pimeliinae (Coleoptera, Tenebrionidae) /H.I'. Crkomun // Tpyast Hayuwo-
HCCIIeI0BATENbCKOr0 HHCTHTYTA 3aiuThl pactenuid Kazaxckoit CCP. — 1962. — T. 7. — C. 191-298.

24 Skopin N.G. Die Larven der Tenebrioniden des Tribus Pycnocerini (Coleoptera, Heteromera) / N.G. Skopin // Annales,
Musee Royal de VAfrique Centrale, Sciences Zoologiques. — 1964a. — Ser. 8. — No 127. — P. 1-35.

25 Skopin N.G. Insects of Campbell Island. Coleoptera, Tenebrionidae (Larva) / N.G. Skopin // Pacific Insects Monograph. —
1964b. — No. 7. — P. 401-407.

26 Cxonmu H.I'. XKyku-uepnorenku (Coleoptera, Tenebrionidae) xomneximu Bammmona u3 Kynbmkn u OIHM3KHX paidlOHOB
Kazaxcrana u Kuprusuu / H.I'. Cxonud // Dtumont. 0603p. — 1973a. — T. 52. — Bein. 4. — C. 866-875.

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


https://zool.kz/?s=TENEBRIONIDAE
https://www.zin.ru/ANIMALIA/COLEOPTERA/RUS/incote.htm
https://doi.org/10.3897/
https://doi.org/10.11646/zootaxa.5590.4.1
https://doi.org/10.11646/zootaxa.4173.1.1
https://doi.org/10.5852/ejt.2022.809.1719

On the anniversary date from...

27 Skopin N.G. Revision der Tenebrionidae-Gattunggruppe Trigonoscelis-Sternoplax (Coleoptera) / N.G. Skopin
// Entomologische Arbeiten aus dem Museum G. Frey. — 1973b. — 24, — 104-185.

28 Cxonuu H.I'. HoBeIil BuJ *xykoB-uepHOTen0oK TpHOBI Platyscelini u3 roro-socrounoro Kazaxcrana / H.I'. Ckonus // Tpyast
HWucruryra 300moruu Akagemun Hayk Kasaxckoit CCP. — 1958b. — T. 8. — C. 146-150.

29 Cxomnuu H.I'. Marepuainsl o dayne u sxonoruu ueprorenok (Coleoptera, Tenebrionidae) roro-socrounoro Kazaxcrana
/H.I'. Cxonu // Tpyast Kazaxckoro Hay4HO-HCCIEI0BATEILCKOIO HHCTUTYTA 3aIlUThl pacTenuil. — 1961c. — T. 6. — C. 172-208.

30 ®oHmOBbIC KOJUIEKIMH 30050rnueckoro uHctutyTa — xyku (Coleoptera). Komnekumonnsiii o6pasern. Lethrus karatavicus
Nikolajev et Skopin. — 1971. — [DnexrpoHHbIi pecypc]. — Pexum JoCTyma:
https://www.zin.ru/Collections/Coleoptera/specimen.html? Catalog_UID=1345480777856516 (nara obpauieHus: 10.04.25)

31 ®oHmoBbIe KOJUICKIMH 3oosormueckoro uHctutyra — kykd (Coleoptera). Komtekunonnsiii o6pasen // Dorcadion
(Acutodorcadion) ~ zhaisanicum  Shapovalov. —  2007. [Omexkrponusiii  pecypc]. —  Pexum  gocryma:
https://www.zin.ru/Collections/Coleoptera/specimen.html? Catalog_UID=1275526811037629 (nara obpauieHus: 10.04.25)

32 Kab6ak N.1. O630p Bumos xyxemui poaa Cribramara Kryzh. (Coleoptera, Carabidae) / .1. Ka6ak. — DHTOMOI. 0603p. —
1993. — T.72. — Boim. 1. — C. 564.

33 Kergoat G.J. Higher level molecular phylogeny of darkling beetles (Coleoptera: Tenebrionidae) / G.J. Kergoat, L. Soldati,
A.-L. Clamens, H. Jourdan, R. Jabbour-Zahab, G. Genson, P. Bouchard, F.L. Condamine // Systematic Entomology. — 2014. —
Vol. 39. — No. 3. — P. 486-499. https://doi.org/10.1111/syen.12065

34 Yurpait 1.A. Mopdosorust u cucteMaTrka ykoB-uepHoTesiok moarpuosr Blaptina (Coleoptera: Tenebrionidae): asroped.
IMC. ... KaHA. 6uoi. Hayk. — Cankr-IletepOypr, 2024. — 24 c.

35 Mensenes I'.C. DBosonust U cucreMa xKykoB-depHoTenok TpuOsl Blaptini (Coleoptera, Tenebrionidae) / T'.C. Mensenes
// Yrenus namsaru H.A. Xonoakxosckoro. — Bein. 53. — CI16.: 3MH PAH, 2001. — 332 c.

36 Eropos JI.B. O cucreme xykoB-ueprorenok tpudsl Platyscelidini (Coleoptera, gayuesr) / JI.B. Eropos // DHTOMOI0THYIECKOE
o6o3penne. — 2004, — T. 83. — Bem. 3. — C. 581-613, 765-766.

37 Nabozhenko M.V. Tenebrionidae: Blaptini. New Nomenclatural and Taxonomic Acts, and Comments / M.V. Nabozhenko,
I.A. Chigray // Catalogue of Palaearctic Coleoptera. — 2020. — Vol. 5: Tenebrionoidea. — P. 24-26. — Leiden: Brill. DOI:
10.1163/9789004434998_002

38 Ba Y.-B. Taxonomy and distribution of Sternotrigon Skopin in China (Coleoptera, Tenebrionidae) / Y.-B. Ba, G.-D. Ren
/] Zootaxa. — 2013. — 3693 (4). — 568-578. https:///doi.org/10.11646/z0otaxa.3693.4.9

39 Global Biodiversity Information Facility. GBIF occurrence download. https://doi.org/10.15468/dl.y5kmzh (date of request:
10.04.2025).

B.C. A6ykenoBa

MepeiToiibIK KyHiHe opaii npogeccop H.I'. CkonMHHIH FBIIILIMA MYPACbIHAH

Kaparaagsl MeMIeKeTTiK YHUBEPCUTETIHIH 300y0rHus KadenapachHbIH mpodeccopsl Hukomait ['eopruesuy
Cromuunin «Kyku-geprorenku (Coleoptera, Tenebrionidae). Bompocsr cpaBHUTENEHOH MOP(OIOTHH 1 CHC-
tembl. O630p aynsl Kazaxcrana» atTel eHOETiHIH XapblK KepreHiHe 50 XbUT oTTi. by FalbIMHBIH FRUTBIMA
eHOCKTepiH TYCiHy, KaiiTa Oaranay HeMece YMBITY YIIIiH JKETKUTIKTI yakbIT. Makanaaa ara ToJIiMrepimis soHe
KOPHEKTI FaJlbIM, II€Aaror >KOHE SHTOMOJIOITBHIH FBUIBIMA MYpPAChIH KOpCEeTyre ThHIPBICTHIK. KaparaHp
MEMJIEKETTIK yYHHMBepcHUTeTiHiH OipiHmi pektopsl EBneit BykeroB H.I'. CxonmuHHIH 3HTOMONOTHS OOMBIHIIA
3epTTeyiepre KOCKAaH YIIECiH jKOFaphl OaFanar, araqFaH KOPBITBHIHIBI €HOeKTi alblHaayra OacTamarirbl
Oomran. EH kypmemi TonTapnelH OipiH JKIKTEYMEH JKYMBIC iCTEH OTBIPHIN, mpodeccop ©3iH TaKCOHOMHUS
caJlaChIH/Iarbl KOPHEKTI MaMaH peTiHze KepceTTi. FajabIMHBIH eciMi Kapa TycTec KOHbBI3Iap/bl 3epTTey KoHEe
JKIKTEY TapuXBIMEH MOHTI OainaHbIcThl. OHBIH AEPHOCUIIIK Oenrijepre skoHe CHIPTKBI KBIHBIC MYIICIEpPiHiH
KYPBUIBIMBIHA HETI3/Ie]reH COKeCTeHAIpy XKy#Heci jkeKe TYKbIMIacTap MEH TYpJIepAi akKbIpaTyaa THiMJi
6onpl. CKONMHHIH 3epTTey HOTIOKeNepl OOHMBIHINA FRUIBIM YINiH 32 >KaHa TakcoHmap cumarTaiarad. Ocbl
TAKCOHIApIbIH OipKaTapbl jkapaMjbl 00ja OTBHIPHIN, Ojap ©3 arbiHga SKOPIiN (GaMUIMACHIH CaKTanbl.
[lerennik MamMaHiap OFaH Kapa TYC KOHbI3ap MeH 6acka KOJEONTEepOJIOTHSUIBIK MaTepHalaAap/bl aHBIKTAY
Ke3iHJe capanTamaiblK Oaranay YIIiH OJKyriHeqgi. OneMzaeri eH ipi SHTOMOJOTHSUIBIK Mypakaiiap e3
KOJUIeKIsIapbiHaa CKOIMH XMHAFaH JKoHe Oipi3eHreH YIriiepai cakTarn OThIp.

Kinm ce30ep: snromonorusa, Coleoptera, Tenebrionidae, dayna, Ttakconomusi, Kaszakcran, Kaparanmbt
MEMJICKETTIK YHUBEPCHUTETiHIH OHONOTHs-Teorpadus (aKyIbTeTi, 300JI0THs KadeIpachl.
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B.C. AGykeHoBa

K 1o0useiinoii 1ate n3 Hayunoro naciaeausi npogeccopa H.I'. Ckonuna

IIpomwo 50 mer ¢ MoMeHTa myOnmKanuu paboTsl mpodeccopa kadeapsl 3oosoruu KaparanauHckoro rocy-
nmapctBeHHoro  yHuBepcurera Hukomas [eoprumeBmuya Ckommna <« OKyku-uepHotenkn (Coleoptera,
Tenebrionidae). Bonpocs! cpaBanTenBHOI MOpdonornu n cuctembl. O630p daynsr Kazaxcrana». Oto gocra-
TOYHBIN CPOK IJISI TOTO, YTOOBI OHSTH, IIEPEOIEHUTH MM 3a0bITh HayIHBIE BKIIAJbI yaeHOro. B aToif craThe
HpeINpHHATA MONBITKA OCBETUTh HAYYHOE HACJTEAME HAIEro CTapLIero HaCTaBHUKA M BBIIAIOLIEroCs yIEeHO-
ro, mexarora u 3HTOMoJora. Ilepsolii pekrop KaparaHauHCKOro rocyJapcTBEHHOTO yHHUBepcuTeTa, EBHel
Byxeros, Beicoko ouennBan Bkiag H.I'. CkonuHa B ncciaeoBaHus 10 SHTOMOJIOTUH ¥ MHUIHUPOBAT MOJTO0-
TOBKY YHOMSHYTOTO UTOTOBOTO Tpyza. PaGoTas Hax cucteMaTHKON OXHOM M3 CaMbIX CIOXHBIX TPYMII, MPoO-
(eccop 3apexoMeH0BaN ce0sl KaK BBITAIOIIMICS CIEHUaNnCT B 00JacTH TakcoHoMuH. Ero mms HaBcerna
CBSI3aHO C UCTOpHEH M3YyYeHUs M KIacCH(HUKAINH JKyKOB-4epHOTeNOK. Vcronb3yemas MM cucteMa MIeHTH-
(UKaIN 10 JIMYMHOYHBIM MPU3HAKaM M CTPOCHHIO TCHUTAINH CaMIOB OKa3aiack d(QeKTHBHOI 1 BbIIe-
JICHHS OTAENBHBIX poaoB U BUAOB. Ilo pe3ynpratam uccienoBanns CkonuHa, ObII0 onrcaHo 32 TaKkCOHA HO-
BBIX JUIs HAYKH. Ps 9THX TaKCOHOB, OCTaBasCh BAIMAHBIMH, COXpaHsIeT B CBOeM Ha3BaHMH (ammiio Skopin.
3apyOeKHbIE CIICIHATHCTH 00panaiuch K HEMY 3a SKCIIEPTHON OIEHKOW MPH WAECHTU(DHUKAINN YEPHOTEIOK
U JIPYyroro KOJICONTEPOJIOTHUECKOro MaTepuana. KpymHelimne >HTOMONOTHYECKHE My3€H MHpPAa XpaHST B
CBOHUX KOJUICKIISIX 00pas3Ibl, COOpaHHbIe M HACHTH(UIPOBaHHbIE CKOIHHBIM.

Kniouesvie cnoea: suromonorus, Coleoptera, Tenebrionidae, ¢ayna, takconomusi, Kasaxcran, Guosoro-
reorpaduyeckuii GpakyiaprerT KaparananHCKOro rocy1apCTBEHHOIO YHUBEPCUTETA, Ka)epa 300JI0THH.
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Species of the genus Allium L. of the western part
of the Kyrgyz Alatau ridge: the current status and prospects of studying

The results of the assessment of the current state and prospects for the study of species of the genus Allium L.
in the western part of the Kyrgyz Alatau ridge are presented. It was found that in the herbarium fund (AA) the
most part (57 %) of specimen collections of Allium L. species falls on the periods from 1947 to 1960, further
on descending 24 % of collections — in 1984-1985. The share of scattered collections is 12 %, the share of
modern collections is insignificant (7 %). The preliminary list of studied species of Allium Kyrgyz Alatau is
represented by 27 species. In 5 gorges of the western part of the Kyrgyz Alatau ridge, locations,
phytocoenotic and altitudinal distribution of 7 species were revealed. Commercial thickets are formed by A.
atrosanguineum (Kaskasu gorge) and A. longicuspis (Sugaty gorge). The identified species occur as part of
herbaceous-grass, herbaceous-shrubby-cereal grass, petrophytic-herb-grass-shrub, petrophytic-tree-shrub
communities and grow in the altitude range from 1200 to 3390 m above sea level. Allium caeruleum, A. cae-
sium, A. karataviense, A. leptomorphum, A. longicuspis, A. margaritae are found in the low and middle
mountains from 1170 to 1660 metres above sea level. The high-altitude species is A. atrosanguineum, occur-
ring in the altitude range of 2520-3390 m above sea level. Maps of the locations and potential harvesting sites
of the identified Allium species of the study region were compiled.

Keywords: genus Allium L., species diversity, Kyrgyz Alatau ridge.

Introduction

The Global Strategy for Plant Conservation [1] pays special attention to solving the issues of regional
research on the inventory of species composition, identifying places of concentration of rare, endemic, relict,
and economically valuable species, as well as measures to preserve botanical diversity (specific territories).

Among the economically valuable plants of Kazakhstan, wild onions are characterized by significant
species diversity, wide distribution and resource potential.

At present, the genus Allium L. (Amaryllidaceae J.St. -Hil.) has about 1000 species [2]. About one third
of onions are identified in the mountains of the Tien Shan, which is the world’s largest center of onion diver-
sity. Allium L. is listed in 16 major genera and is represented by 56 Tien-Shan endemics [3], of which from 9
to 21 endemic species are indicated for the territory of Kazakhstan [4, 5].

Current literature data indicate that Allium L. species are characterized by pronounced antioxidant prop-
erties and are promising for use in the treatment of cancer and cardiovascular diseases [6—16].

Predation of wild onions because of their ornamental, food, melliferous and medicinal properties and
economic activities, including intensive grazing within their range have led to a decrease in the number of
onions. The Red Data Book of Kazakhstan includes 12 species [17].

The results of a previously published review on the degree of study of 134 Kazakhstani onion species,
about half of which were tested in culture, indicate the prospect of their comprehensive study in theoretical
and practical terms [18].

The Kyrgyz Alatau ridge is characterized by a transitional composition of flora and a special set of spe-
cies, which is associated with its location at the junction of large mountain systems of the Tien Shan. An in-
tegrated approach to their study will provide new fundamental knowledge as a scientific basis for sustainable
use, conservation of plant resources and forecasting of environmental protection activities in the region.

The objects of our research are species of Allium L. of the Kyrgyz Alatau ridge, located within Kazakh-
stan.
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The aim of the present research: assessment of species composition, distribution and current state of
natural populations of onions of the western part of the Kyrgyz Alatau ridge for their conservation and sus-
tainable use.

Experimental

Herbarium collections (Herbarium AA) and natural populations of onions growing in the western part
of the Kyrgyz Alatau ridge served as the material for research.

The research area — the Kyrgyz Alatau ridge is located within the Zhambyl, T. Ryskulov and Merken
administrative districts of Zhambyl region, characterized by a variety of relief, soil and vegetation cover, rep-
resented from high-altitude subalpine and alpine vegetation to psammopbhilic vegetation of Moyinkum sands.

The Kyrgyz ridge is located within the Kyrgyz Mountain Subprovince, which is part of the Dzungaro-
North Tianshan Mountain Province [19].

Common methods of botanical and cartographic research were used in the work.

Classical geobotanical methods [20-22] were used in the expedition studies. Determination of plant
species was carried out according to floristic summaries: “Flora of Kazakhstan” [23-31], “Illustrated identi-
fier...” [32-33]. The taxonomy of species is agreed with the Internet resources: Plantarium [34] and Plants of
the World Online (POWO) [35], but the authors adhere to their own point of view on the species affiliation
of some taxa. The distribution of the studied species by nature of use and pharmacological action was carried
out according to the multi-volume summary: “Plant Resources...” [36-38], “Wild Usable Plants of Rus-
sia” [39], “Annotated list of medicinal plants of Kazakhstan™ [40].

The digital geographic base of 1:2500000 scale of FGBU “VSEGEI” was used as a cartographic basis
for mapping, and updated by the authors’ own efforts. Coordinates of the area, where the locations of bows
were identified, were recorded in the field using GNSS-navigator “Garmin”. To create maps of locations of
fishery arrays, the coordinates obtained with the help of the navigator were plotted on the map base and pro-
cessed in ESRI ArcGIS Desktop 10.8 software.

Results and Discussion

To identify species diversity and compile a preliminary list of onions of the studied region, including ra-
re and endemic representatives, as well as their potential locations, we screened available herbarium materi-
al, literature and field data, and Internet resources. Field studies were carried out, primary material was col-
lected and locations of identified Allium L. species of the study area were mapped.

As a result of screening of herbarium materials of representatives of the genus Allium L. of the Kyrgyz
Alatau in the herbarium collection (AA), 82 specimens were reviewed, including 3 specimens of the rare
species Allium suworowii Regel [17] (Fig. 1).

Analysis of the herbarium specimens viewed showed that the majority of herbarium specimens (19 or
23 %) represented the species A. barsczewskii Lipsky. For other species, the number of herbarium specimens
varies from 2 to 7: A. caesium Schrenk, A. fetisowii Regel — 7 (8.5 %), A. caeruleum Pall. — 5 (6.1 %), A.
trachyscordum Vved., A. karataviense Regel, A. hymenorhizum Ledeb., A. atrosanguineum Kar. et Kir., A.
platyspathum Schrenk, A. caricifolium Kar. & Kir. (syn. A. pallasii Murray), A. oreoprasum Schrenk — 3
(3.6 %), A. parvulum, A. oreophilum, A. oreoprasoides Vved. — 2 (2.4 %). Eight species (1 (1.2 %) herbari-
um specimen each) are represented in the lowest number: A. obliquum L., A. turkestanicum Regel, A.
semenovii Regel, A. longicuspis Regel, A. kokanicum Regel, A. schoenoprasum L., A. longiradiatum (Regel)
Vved. It was revealed that the most part (57 %) of collections of species of the genus Allium L. falls on the
periods from 1947 to 1960, further in descending order 24 % of collections — on 1984-1985. The share of
collections of different years is 12 %, modern collections — insignificant (7 %).

To compile a preliminary list of species of the genus Allium L. in the Kazakh part of the Kyrgyz Alatau
ridge, the analysis of available data on onions occurring in the Kyrgyz Alatau was continued. Comparison of
published data on the distribution of species of the genus Allium L. according to floristic summaries [24, 32,
41]; Internet resources [34] and herbarium data (AA) showed that for 7 species (A. caeruleum Pall. A.
obliquum L., A. oreoprasoides Vved., A. turkestanicum Regel, A. longiradiatum (Regel) Vved., A. suworowii
Regel, A. caricifolium Kar. & Kir. (syn. A. pallasii Murr.) found new localities on the territory of the Kyrgyz
Alatau that not indicated in the literature sources. At the same time, the onion species of the Kyrgyz ridge A.
altissimum Regel and A. leptomorphum Vved. indicated in the literature sources are absent in the herbarium
collection (AA) (Table 1).
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A. obliguum L. A. semenowii Regel A. oreoprasum Schrenk

A. pallasii Murray A. sunvorowii Regel

Figure 1. Herbarium specimens of some species of the genus Allium collected in the Kyrgyz Alatau

According to the “Flora of Kazakhstan [24] there are 12 species of onions in the Kyrgyz Alatau; in the
“Ilustrated Plant Identifier of Kazakhstan™ [32] there are 15 species; in the “Plant Identifier of Central
Asia” [32] there are 15 species of onions; in the “Plant Identifier of Central Asia” [41] — 17 species [41].
The localities of A. margaritae B. Fedtsch. in the Kyrgyz Alatau are also absent in published sources (Ta-
ble 1).

In the Red data book of Zhambyl region [42], out of 5 specified representatives of the genus Allium L.

(A. galanthum Kar. & Kir., A. longicuspis, A. kasteki, A. karataviense, A. turtschicum), only one rare
species A. karataviense is listed for the Almalysai gorge of the Kyrgyz Alatau.

Based on screening of available herbarium material and analysis of published data, a preliminary list of
species of Allium L. Kyrgyz Alatau is represented by 27 species was compiled: Allium altissimum Regel, A.
atrosanguineum Schrenk, A. barsczewskii Lipsky, A. caeruleum Pall., A. caesium Schrenk, A. caricifolium
Kar. & Kir. (syn. A. pallasii Murray), A. dasyphyllum Vved., A. fetisowii Regel, A. hymenorhizum Ledeb., A.
karataviense Regel, A. kokanicum Regel, A. leptomorphum Vved., A. longicuspis Regel, A. longiradiatum
(Regel) Vved., A. margaritae B. Fedtsch., A. oreophilum C.A.Mey., A. oreoprasum Schrenk, A.
oreoprasoides Vved., A. obliqguum L., A. parvulum Vved., A. platyspathum Schrenk, A. polyphyllum Kar. &
Kir., A. schoenoprasum L., A. semenovii Regel, A. suworowii Regel, A. trachyscordum Vved., A.
turkestanicum Regel, of which 1 endemic (A. oreoprasoides), 2 sub-endemics (A. margaritae, A.
trachyscordum), which are also distributed in Kyrgyzstan, and 1 rare species (A. suworowii).
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Comparative data on the presence of species of the genus Allium L. in the flora
of the Kyrgyz Alatau according to floristic summaries, herbarium (AA) and Internet resources

Table 1

Name of the species Species name adopted FK 1HHIPK PICA Herba- |Planta-rium
by FK by POWO [35] [24] [32] [41] | rium (AA) [34]
Allium altissimum Regel Allium altissimum Regel + + + — -
A. atrosanguineum Kar. &  |A. atrosanguineum B + + + B
Kir. Schrenk
A. barsczewskii Lipsky A. barsczewskii Lipsky + + + + -
A. caeruleum Pall. A. caeruleum Pall. — + + + —
A. caesium Schrenk A. caesium Schrenk — + + + +
A. caricifolium Kar. & Kir. [syn. A. pallasii Murray — - — + —
A. dasyphyllum Vved. A. dasyphyllum Vved. — - + + +
A. fetisowii Regel A. fetisowii Regel + + + + +
A. hymenorhizum Ledeb. A. hymenorhizum Ledeb. + + + + —
A. karataviense Regel A. karataviense Regel - — — + +
A. kokanicum Regel A. kokanicum Regel + + + - -
A. leptomorphum Vved. A. leptomorphum Vved. — — + — -
A. longicuspis Regel A. sativum L. — — — + —
A. longiradiatum (Regel) A. longiradiatum (Regel) 3 3 3 + 3
Vved. Vved.
A. margaritae B. Fedtsch.  |A. margaritae B. Fedtsch. — - - + +
A. oreophilum C.A. Mey. A. oreophilum C.A. Mey. + + + - —
A. oreoprasum Schrenk A. oreoprasum Schrenk + + + + —
A. oreoprasoides Vved. A. oreoprasoides Vved. - - - + -
A. obliguum L. A. obliquum L. — — — + —
A. parvulum Vved. A. parvulum Vved. + + + + +
A. platyspathum Schrenk | ‘;'izgipg”‘c‘f;f\.sﬂgye.”k " " " " _
A. polyphyllum Kar. & Kir. |A. carolinianum Redouté + + + + —
A. schoenoprasum L. A. schoenoprasum L. - — — + —
A. semenowii Regel A. semenovii Regel + + + + —
A. suworowii Regel A. suworowii Regel - +
A. trachyscordum Vved. Allium trachyscordum + + + + +
Vved.
A. turkestanicum Regel A. turkestanicum Regel - - - + -
Total species 12 15 17 23 7

Note — POWO — Plants of the World Online; FK — Flora of Kazakhstan; 1IPK — Illustrated identifier of plants of Kazakhstan;
PICA — Plant Identifier of Central Asia

Since the territory of the Kyrgyz Alatau ridge is transboundary, it is possible to expand the preliminary
list with other species of onions growing in Kyrgyzstan. Of the 87 species of the genus Allium L. identified
in Kyrgyzstan, 24 grow in both Kyrgyzstan and Kazakhstan [43-46].

The ridge of application of onions in the Kazakh part of the Kyrgyz Alatau is very diverse. Six species
are used as medicinal (Allium altissimum, A. karataviense, A. longicuspis, A. obliqguum, A. schoenoprasum,
A. suworowii). Ornamental properties are characterized by 16 species, food — 9; honey-bearing — 5 species,
fodder, technical and poisonous — 1 species each. 21 species have been tested in culture.

In August 2024, 5 gorges of the western part of the Kyrgyz Alatau (Syugaty, Kaskasu, Karakystak,
Kursai, Ulken Almalysai) within Zhambyl, Merken and T. Ryskulov administrative districts of Zhambyl re-
gion were surveyed. The points of occurrence, altitudinal confinement, distribution of 7 species of the genus
Allium L. (A. atrosanguineum, A. caeruleum, A. caesium, A. karataviense, A. leptomorphum, A. longicuspis,
A. margaritae).

Field surveys in 2024 showed that the species identified in the gorges of the western part of the Kyrgyz
Alatau ridge occurred in the altitude range from 1200 to 3390 m a.s.l. Locations of six species (Allium
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caeruleum, A. caesium, A. karataviense, A. leptomorphum, A. margaritae, A. longicuspis) were recorded in
the low and middle mountains in the altitude range from 1170 to 1660 m a.s.l., and the high-mountain spe-
cies A. atrosanguineum grew in the upper reaches of the Karakystak and Kaskasu rivers in the altitude range
of 2520-3390 m a.s.l.

It should be noted that from 2 to 4 species of bows were found in the surveyed gorges: Syugates (A.
caeruleum, A. caesium, A. karataviense, A. longicuspis), Ulken Almalysai (A. caeruleum, A. karataviense, A.
margaritae), Karakystak (A. atrosanguineum, A. leptomorphum), Kursai (A. caeruleum, A. karataviense),
with the exception of the Kaskasu gorge (A. atrosanguineum). At the same time, the locations of
A. caeruleum and A. karataviense were recorded in three gorges (Kursai, Syugaty, Ulken Almalysai) in the
western part of the Kyrgyz Alatau in the altitude ridge 1200-1440 m above sea level (Table 2).

The identified onions were often found as part of herbaceous-grass, herbaceous-shrubby-cereal grass,
petrophytic-herb-grass-shrub and petrophytic-tree-shrub communities. Over 32 species of vascular plants
were also observed in the above communities, along with onions: Acer semenovii Regel & Herder, Achillea
millefolium L., Althaea officinalis L., Artemisia dracunculus L., Artemisia serotina Bunge, Bassia prostrata
(L.) Beck, Bromus japonicus Thunb., Cerasus tianshanica Pojark., Convolvulus arvensis L., Ephedra
intermedia Schrenk & C.A. Mey., Euphorbia jaxartica (Prokh.) Krylov, Ferula diversivittata Regel &
Schmalh., Galium aparine L., Galium verum L., Haplophyllum acutifolium (DC.) G. Don, Hypericum
perforatum L., Hypericum scabrum L., Lomelosia songarica (Schrenk) Sojak, species of the genus Lonicera
L., Megacarpaea orbiculata B. Fedtsch., Mentha asiatica Boriss., Onosma irritans Popov, Origanum
vulgare L., Poa bulbosa L., Rhaponticoides ruthenica (Lam.) M.V. Agab. & Greuter, Rheum tataricum L. f.,
Rosa persica Michx. ex Juss., species of the genus Rosa L., Sisymbrium altissimum L., Sisymbrium loeselii
L., Sonchus palustris L., Spiraea hypericifolia L., Stipa caucasica Schmalh., Tulipa greigii Regel etc. from
19 families (Fig. 2).

Maps of locations of studied onions in the region were created based on literature, herbarium and
Plantarium data (Fig. 3), results of expedition studies (Fig. 4), indicating places of potential harvesting of
Allium L. species identified in 2024.

Table 2
Distribution and altitudinal habitat of identified species of the genus Allium L.
in the western part of the Kyrgyz Alatau ridge according to field surveys in 2024
Species Coordinates Elevation Location, date, year
above sea level
Allium N 42932137 Zhambyl region, Merken district, Kyrgyz Alatau ridge,
atrosanguineum Kar. E 73°12'12" 3390 m Kaskasu village, south-eastern slope. Kaskasu, south-
& Kir. eastern slope. 28.08.2024.
N 42°39'53" 2520 m Zhambyl region, T. Ryskulov district, Kyrgyz Alatau
E 72°47'12" ridge, Karakystak gorge, southern slope. 28.08.2024.
Allium caeruleum N 42°53'54" 1440 m Zhambyl region, Zhamby! district, Kyrgyz Alatau ridge,
Pall. E 71°4420" gorge Kursai. 26.08.2024.
N 42°51'49" Zhambyl region, T.Ryskulov district, Kyrgyz Alatau
E 71°50'56" 1290 m ridge, gorge Syugaty, along the road, on an earthen slope.
27.08.2024.
N 42°52'9" Zhambyl region, T.Ryskulov district, Kyrgyz Alatau
E 71°49'41" 1280 m ridge, Syugaty village, south-eastern slope, gorge
Syugaty, south-eastern slope. 27.08.2024.
N42°52'2" Zhambyl region, T. Ryskulov district, Kirghiz Alatau
E71°49'40" 1270 m ridge, gorge Syugaty, lower part of stony-rubble slope of
southern exposure. 27.08.2024.
N 42°53'56" 1200 m Zhambyl region, Zhamby! district, Kyrgyz Alatau ridge,
E 71°42'43" gorge Ulken Almalysay, southern slope. 26.08.2024.
Allium caesium N42°51'48" Zhambyl region, T.Ryskulov district, Kyrgyz Alatau
Schrenk E71°51'" 1320 m ridge, gorge Syugaty, stony-rubble slope of southern ex-
posure. 27.08.2024.
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Continuation of Table 2

Species Coordinates Elevation Location, date, year
above sea level
Allium karataviense N 42°53'54" 1440 m Zhambyl region, Zhambyl district, Kyrgyz Alatau ridge,
Regel E 71°4420" gorge Kursai. 26.08.2024.
N 42°52'12" Z_hambyl region, T.Ryskulov district, Kyrgyz Alatau
E 71°49'40" 1270 m ridge, gorge Syugaty, lower part of stony-rubble slope of
southern exposure. 27.08.2024.
N 42°53'56" 1200 m Zhambyl region, Zhambyl district, Kyrgyz Alatau ridge,
E 71°42'43" gorge Ulken Almalysay, southern slope. 26.08.2024.
Allium N42°37'33" 1660 m Z_hambyl region, T.Ryskulov district, Kyrgyz Alatau
leptomorphum Vved. E72°5329" ridge, gorge Karakystak, southern slope. 28.08.2024.
Allium longicuspis N 42°52'17" 1170 m Z_hambyl region, T.Ryskulov district, Kyrgyz Alatau
Regel E 71°50'13" ridge, gorge Syugaty. 26.08.2024.
Allium margaritae N42°53'56" 1200 m Zhambyl region, Zhambyl district, Kyrgyz Alatau ridge,
B. Fedtsch. E71°42'43" gorge Ulken Almalysay, southern slope. 26.08.2024.
Number of species
Sapindaceae (e
Rutaceae TN
Rubiaceae NN
e, |
Polygonaceae =]
Poaceac NN
Malvaceae NN
Liliaceac
Lamiaceae
Hypericaceae N
Euphorbiaceae [ ——
Ephedraceae [rem——— |
Chenopodiaceae o ——
Convolvulaceae TN
Caprifoliaceae [——
Brassicaceae M
Boraginaceae [
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Apiaceac D
0 0,5 1 1,5 2 2,5 3 35 4 4,5 5
Figure 2. Distribution of associated plant species by families
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Conclusion

Modern assessment of species composition, distribution and state of natural populations of bows of the
western part of the Kyrgyz Alatau Ridge showed that the majority (57 %) of collections of species of Allium
L. in the herbarium collection (AA) are from 1947 to 1960, followed by 24 % of collections from 1984—
1985. The proportion of collections from different years is 12 % and modern collections are negligible (7 %).
The preliminary list of species of the genus Allium L. in the Kazakh part of the Kyrgyz Alatau ridge is repre-
sented by 27 species, including 1 endemic, 2 subendemic and 1 rare species. It is possible to expand the pre-
liminary list with other species of onions growing in the transboundary territory with Kyrgyzstan.

In 5 gorges of the western part of the Kirghiz Alatau ridge, the locations, phytocoenotic and altitudinal
distribution of 7 species were revealed, of which A. atrosanguineum (Kaskasu gorge) and A. longicuspis
(Syugaty gorge) form commercial thickets. The studied bows were found in the altitude ridge from 1200 to
3390 m a.s.l. They were found as part of various plant communities, including petrophytic communities. In
the lowlands and midlands from 1170 to 1660 m a.s.l.; Allium caeruleum, A. caesium, A. karataviense, A.
leptomorphum, A. longicuspis, A. margaritae.

The high-altitude species is A. atrosanguineum, occurring in the altitude range of 2520-3390 m above
sea level. Locations and potential harvesting sites of the studied species of the genus Allium L. of the western
part of the Kyrgyz Alatau are presented on cartographic models. Floristic and resource studies of onions con-
tinue.
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H.B. Henuna, H.B. ®puzen

KpIprbI3 AllaTaybl sKOTacbIHBIH 0aThIC 6oJiringeri Allium L.
TYBICBIHBIH TYPJepi: Ka3ipri :karmaiibl skoHe 3epTTey NepcrneKTHBAIAPbI

Makanana KpIprbi3 Asataysl sxoTachiHbH Oartbic Oemiringeri Allium L. TybICBIHBIH TypiepiH 3epTTEyAiH
Kasipri skarqaiibl MeH GoJlararsiH Oaranay HoTmKenepi Oepinren. I'epbapuii Kopsiaaa (AA) Allium L. tysicsr
TYpJIEPiHiH KOJUIEKIMSUIapBIHBIH Kemminiri (57%) 1947-1960 xeuinap apanbeiFblHa, 0JaH KeHiH KeMy peTiMeH
KoJuteKusuiapabH 24%-b1 1984-1985 xpuinapra KeneTiHi aHbIKTaIIbl. JKekenereH tepimaepaiy yneci 12%
Kypaiijibl, all Kasipri repimaepaid yieci mamansl (7%). Kpipreiz Anataysinaa seprrenred Allium TybichiHBIH
aNJpIH-aa TiziMi 27 TypaeH Typajpl. XKoTaHblH OaThic OesiriHaeri 5 markanga 7 TYpAiH Ke3IeCeTiH OpPHBI,
(UTOLIEHO3/IBIK JKOHE OMIKTIK GOMBIHIIA Tapaaybl aHBIKTAIIBL. OHIipicTik Komamapasl A. atrosanguineum
(Kackacy markansr) sxone A. longicuspis (CelyraTel ImaTkamsl) Kypaiabl. AHBIKTAIFaH Typiep KebiHece
OpTYpJi INONTi-AoHML, Op TYpJl IIONTi-OyTambl-IoHI, >KapTac ©CIMAIKTI-OpTYpJl MIenTi-OyTaibl, >kapTac
OCIMIIKTi-aFraIuTh-0yTael KaybIMIACTBHIKTapAa Ke3xecelmi »koHe TeHi3 neHrediHeH 1200-men 3390 m-re
IeiiHTi OMiKTiK apanbiFbiHaa eceni. TeHi3 peHreitineH 1170-1660 M OWiKTIKTET] ajaca JKoHE OpTallia Tayibl
aiimaxrapaa Allium caeruleum, A. caesium, A. karataviense, A. leptomorphum, A. longicuspis, A. margaritae
anpikraasl. ConbiMeH KaTap A. atrosanguineum Guik Tayssl TYp, 01 TeHi3 aeHreiinen 2520-3390 m GuikTik
apaybIFbIHIA Ke3zgecedi. 3eprrenred aimakran adbikranFad Allium Typrepinin kesmecerin skepi MeH
QJIEYMETTIK )KUHAY OPBIHIAPBIHBIH KapTaaapbl KYPACTHIPHLIIbL.

Kinm ce30ep: Typnepain aprypainiri, Allium L. tysicsl, anyantypiinik, Keiprei3 Anaray »0Tacsl.

H.I'. 'ememxmuena, JI.1L. A6nunganos, I'.M. Kynabaesa, [1.B. Becenoga,
H.B. Hemuna, H.B. ®pusen

Buasi poga Allium L. 3anagnoii yactu xpedta Kuprusckuii Ajaray:
COBpPeMEeHHOEe COCTOSTHHE M MePCNeKTUBBI H3yYeHHs

B nanHO# paboTe mpUBEICHBI Pe3yIIbTAaThl OLIEHKH COBPEMEHHOTO COCTOSIHUS U TIEPCIEKTHB U3Y4CHHs BHOB
poma Allium L. 3amanno# yactu xpedra Kuprusckuii Anaray. YcraHoBieHo, 4To B repOapHoM dorae (AA)
6onbruas yactb (57 %) kosuIeKunoHHBIX coopoB BuaoB Allium L. mpuxomurcs Ha nepuonst ¢ 1947 mo 1960
rofpl, fanee 1o yonBaHmo 24 % c6opoB — Ha 1984—1985 roapl. Jloms pa3po3HEHHBIX COOPOB COCTaBIISET
12 %, monst coBpeMeHHBIX cOOpoB HezHaunTenbHa (7 %). IIpenBapUTENBHBIN CIHMCOK M3y4aeMbIX BHUJIOB
Allium B Kuprusckom Anaray mpexacrasien 27 Bugamu. B 5 yiienssix 3amaHoi 4acti XpeOTa BEISIBICHBI Me-
CTOHAXOXJICHUsI, PUTOLICHOTHYECKass ¥ BBICOTHAsE MPUYPOYCHHOCTh 7 BUIOB. [IpoMBICIIOBBIE 3apocin oOpa-
syrot A. atrosanguineum (ymesnbe Kackacy) u A. longicuspis (yienbe Crorarer). BeisiBICHHBIE BHJIBI 4aCTO
BCTPEUAIOTCS B COCTaBE DPa3HOTPABHO—3JIAKOBOTO, Pa3HOTPABHO-KyCTapPHMKOBO-3JIAKOBOTO, IIE€TPO(GUTHO-
Pa3HOTPaBHO—KYCTapPHHKOBOTO, METPO(PUTHO—IPEBECHO—KYCTAPHUKOBOTO COOOIIECTB U MPOU3PACTAIOT B UH-
Tepaie BbICOT 0T 1200 mo 3390 M Hag yp. M. B Huskoropse u cpeaneropse ot 1170 1o 1660 M Hag yp. M.
ormeuenst Allium caeruleum, A. caesium, A. karataviense, A. leptomorphum, A. longicuspis, A. margaritae.
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BricokoropHbeIM BUIOM siBisieTcst A, atrosanguineum, BeTpeyaroluiics B uHTepBaiie BeicoT 2520-3390 M Hax
yp. M. CocTaBieHbI KapThl MECTOHAXOKACHHH U OTCHIHAIBHBIX MECT 3ar0TOBOK BBIIBICHHBIX BUIOB Allium
HCCIIEyeMOTr0 PErHOHa.

Knrouesvie cnosa: BunoBoe pasnoobdpasue, pog Allium L., xpeber Kuprusckuii Anaray.
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Adaptation of in vitro turanga-poplar plants to greenhouse conditions

The reproduction of turanga-poplar is better carried out by the method of micropropagation, which allows
you to obtain high-quality material that is advisable to use in reforestation and landscaping of cities, especial-
ly with arid climates. Adaptation of in vitroplants was carried out in greenhouse conditions in containers with
a volume of 450 ml. Different in terms of composition substrates were used. The substrate of option 3 turned
out to be the most effective: peat and perlite in layers, peat in the lower part, perlite in the upper part; and op-
tion 4 — a mixture of peat and black soil in a ratio of 6/4 with a recess filled with perlite. The experiments
were carried out in natural daylight in a frame heated greenhouse with a film coating at a temperature of
+20...+27 °C. Plants were used in three stages of root system development. After transplantation, they were
watered with an antifungal drug solution and water. To prevent evaporation of moisture from in vitro plants
and from the surface of the substrate, a transparent cap with a screw-off lid was covered from above. Con-
tainers with turanga plants fully adapted to non-sterile conditions were transferred to open areas outside the
greenhouse for hardening.

Keywords: adaptation, turanga, micropropagation, invitro, plant, non-sterile conditions, drug, substrate.

Introduction

Populusdiversifolia Schrenk, further P. diversifolia, is a tree belonging to the genus Poplar Populus,
reaching a height of 11-16 meters and a diameter up to 90-100 cm in individual specimens. The tree has an
openwork spreading crown, which acquires a beautiful golden color in the autumn period. It is a sand fixer,
capable of growing in arid conditions and on saline soils of Kazakhstan, which makes this tree indispensable
not only for reforestation, but also for landscaping cities with a harsh windy arid climate [1-3].

Unfortunately, due to the difficulty of reproduction and cultivation by artificial means, this crop is prac-
tically not bred in forest nurseries. But recently, great interest has been shown in this species for its unique-
ness, both for reforestation on sandy soils susceptible to wind erosion in order to consolidate them, and in
order to restore degraded populations of P. diversifolia.

The following ways of reproduction of P. diversifoliaexist: they are seeded and vegetative. The follow-
ing vegetative methods of propagation are distinguished: by cuttings, root layering and microclonal.

Propagation by cuttings and root layering is a laborious and not always successful method due to the
low rooting ability of this type of poplar [1].

The most optimal method of reproduction for P. diversifolia is micropropagation (in vitro), which is
widely used due to its high success rate and scientific justification [4, 5].

It is especially important to obtain turanga-poplar plants with a closed root system in containers as a re-
sult of micropropagation. The plants obtained have a high survival rate for the restoration of natural popula-
tions, whose range narrows over time due to natural causes or due to human activity [6-8].

However, this method has its difficulties, especially at the stage of in vitro transplantation of plants into
containers with a soil substrate, as well as during the period of adaptation to non-sterile conditions. With
micropropagation, large losses occur when transplanting plants into non-sterile conditions (50 percent or
more of death). This is due to the fact that at this stage plants are experiencing a lot of stress, primarily water
stress, leading to dehydration of tissues and destruction of plant membranes. It is complemented by poor ad-
aptation to photoautotropy due to the weak activity of carbon-fixing enzymes, that is, the ability of plants to
absorb CO? after transplantation into non-sterile conditions decreases 4-5 times. Another significant factor
that creates problems during transplantation is the poorly developed root system of adaptable plants, which is
unable to absorb nutrients and water in sufficient quantities [9, 10].

The purpose of this study was to select the optimal composition of the substrate, the need to use an anti-
fungal drug, a suitable temperature regime, the season of transplanting adaptable plants into non-sterile con-
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ditions for high survival and growth, the need for hardening on sites outside the greenhouse for planting in
the open ground, for growing in nurseries to the required size in order to carry out forestry work or landscap-
ing industrial cities with arid climate.

Experimental

The object of the study was P. diversifolia, propagated in culture in vitro in the laboratory of cryopres-
ervation of germoplasm of the Institute of Plant Biology and Biotechnology. In order to determine the opti-
mal composition of the nutrient medium for rooting, three options were tested: Murashige and Skuga medi-
um (MS) with the addition of 0.5 mg/l indolylbutyric acid (IBA); MS%: + 0.5 mg/l IBA and 2MS without
hormones.

Turanga (P. diversifolia) plants at different stages of root system development were used for transplan-
tation from an in vitro culture into non-sterile conditions of the greenhouse. The first stage was characterized
by the beginning of formation and active growth of the root system (root length from 0.5 to 1.0 cm). At the
second stage, the roots began to branch (the appearance of second-order roots), the formation of hairs oc-
curred; the length of the roots was 1.5-2.5 cm. The third stage was characterized by the presence of branches
with the formation of root hairs and the length of the roots from 2.5 to 3.5 cm.

At the same time, when transferring to non-sterile conditions, the optimal composition of the soil sub-
strate was selected, for which five options were tested. In the first option, peat (brown and dark sphagnum)
of the Kekilla Professional brand (pH — 5.5) was used. For the second option, a mixture of peat and expand-
ed perlite was used in a ratio of 8/2, respectively. In the third option, peat and perlite were not mixed together
but filled the container with layers: peat in the lower part, perlite in the upper part. In the fourth option, the
container was filled with a mixture of peat and black soil in a ratio of 6/4, respectively, and then a recess of
1.0-4.0 cm was made and filled with perlite. For the fifth option, a mixture of peat and sifted river sand with
fraction sizes of 0.1-0.3 mm in a ratio of 1/1 was taken. Polypropylene containers with a volume of 450 ml, a
height of 9.5 cm and a diameter of 9 cm were used as a container for transplantation.

The plant was carefully removed from the culture jar, while the remains of the nutrient medium were
not removed; the transplant was carried out together with it. This was done in order not to damage the deli-
cate root system of the adaptable plant. Next, a small recess was made in the experimental substrate, the root
system was placed there, evenly without bends upwards, the plant was sprinkled and leveled.

When transferred from an in vitro culture to non-sterile conditions, the root system of plants can be af-
fected by pathogenic soil-dwelling fungi, which subsequently lead to plant death. To avoid this, the effect of
the drug “Maxim Dachnik” (active ingredient fludioxonyl 25 g /1) on the survival rate of P. diversifolia was
studied. For this purpose, in the first option, the planted plants were watered with a solution of the drug in a
concentration of 2 ml / 1 liter of water, 100-150 ml for each plant, and in the second option the drug was not
used.

In order to avoid evaporation of moisture, both from the surface of the substrate and from the tissues of
transplanted plants, the containers were covered from above with a transparent cap with a screw-off lid (di-
ameter 2.0 cm) and placed on racks.

The plants were transplanted under natural daylight in a frame heated greenhouse with a film coating at
a temperature of +20...4+27 °C from mid-March to the end of September. The plant survival rate was taken
into account weekly. 5-7 days after transplanting plants into containers, the caps were unscrewed to allow air
to enter. After P. diversifolia showed signs of active growth and development, the caps were gradually lifted
and completely removed with full adaptation to non-sterile conditions, the entire stage took from 3 to 4
weeks.

After the plants transplanted from the in vitro culture were fully adapted to the non-sterile conditions of
the closed ground, they were placed on sites outside the greenhouse in order to harden for planting in the
open ground.

Results and Discussion

To determine the optimal composition of the nutrient medium for rooting, three options were tested:
MS, IBA — 0.5 mg/l; aMS + IBA — 0.5 mg/l and 2MS without hormones.

The results of optimizing the nutrient medium for obtaining the root system of P.diversifolia showed
that a decrease in the concentration of macro and microelements by MS and the introduction of
phytohormone IBA into the medium at a concentration of 0.5 mg/l leads to the formation of roots in
95-97 % of plants in in vitro culture. In this case, the first roots began to appear after 14 days, followed by
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intensive growth, development, and branching accompanied by the formation of root hairs. After 30 days,
they reached a length of 1.0-1.5 cm and had a white color with a beige tint.

The conducted studies have shown that the stage of development of the root system and its length had a
significant impact on the survival and adaptation of plants in non-sterile conditions. As can be seen from
Figure 1, plants at the first stage of root system development had the lowest survival rate of 43 %. This was
due to the fact that plants at this stage completely lacked second-order roots and root hairs responsible for the
absorption of water and nutrients. The highest rate was in plants at the second stage — 92 %. The reason was
the active growth of second-order roots with the formation of root hairs on them, and a length not exceeding
2.5 cm. Survival rate at the third stage was 79 %. The root system, which was more than 3.0 cm long, bent
and broke during transplantation, which prevented the supply of nutrients and contributed to damage by
pathogenic microflora. This led to a decrease in the survival rate of turanga in the third stage of root devel-
opment.

80

N
o

Plant survival rate, %
(o))
o

N
o

o

1 2 3
Stages of development of the root system

Figure 1. Survival rates of P. diversifolia at different stages of root system development

Figure 2 shows P. diversifolia plants at various stages of root system formation in in vitro culture.

c)

a) the first stage of development; b) the second stage of development;
c) the third stage; d) the development of the root system at different stages

Figure 2. Development of the root system of P. diversifolia in in vitro culture.
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As a result of the conducted studies, it was found that the highest percentage of plant survival during
adaptation from in vitro culture was when using substrate options 3 and 4 and amounted to 50.7 % and
65.7 %, respectively. Planting in pure perlite resulted in active root system growth. This is due to the good
aeration and hygroscopicity of the material, the absence of pathogenic microflora in it, which causes rotting
of the roots and the base of the stem. When using options 1, 2 and 5, the survival rate of adaptable plants did
not exceed 35 %, 31 % and 22.3 %, respectively. This was due to the close contact of roots and shoots with
pathogenic microorganisms living in a non-sterile substrate. At the same time, the aeration of these substrate
options was less intense than when using pure perlite. Data on the survival rate of plants are presented in the
Table.

Table
Survival results of P. diversifolia on different substrates (average)
The composition of the substrate The number of plants that took root, %
peat (option 1) 35+£2,0
peat + perlite mixture 8:2 (option 2) 31+1,7
peat bottom layer + perlite top layer (option 3) 50,7+1,03
peat + black soil mixture 6:4 + recess with perlite (option 4) 65,745,1
peat + sand mixture 1:1 (option 5) 22,34+3,3

The results achieved were compared with data from previous studies on the use of substrates using the
example of various crops. For example, the number of plants that took root when transplanted into non-
sterile conditions of strawberries of the Redgontlit variety with the use of perlite was 80 %; when using the
peat: sand substrate 1:1, the number of plants that took root was 58.6 % [9]. The survival rate of triploid as-
pen test tube plants planted in peat tablets averaged 46.6 % [10]. Thus, our studies have allowed us to obtain
sufficiently high rates of P. diversifolia survival to non-sterile conditions.

The use of an antifungal drug to treat the substrate directly during transplantation gave a positive result
compared to watering with just water. The bases of the shoots of some plants, the soil under which was wa-
tered without the use of a fungicide, began to darken a week after transplantation, then wilting and complete
rotting were observed. In specimens planted with the use of a fungicide, such symptoms were observed much
less frequently or were absent altogether (Fig. 3).

a)

a) with the use of a fungicide; b) without the use of a fungicide

b)

Figure 3. Plants of P. diversifolia, a week after transplantation

The results of the effect of the fungicide “Maxim Dachnik” on the in vitro survival of plants after trans-
plantation into non-sterile conditions are presented in Figure 4.
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Figure 4. The effect of a fungicide on the survival rate of P. diversifolia in non-sterile conditions

As can be seen from Figure 4, the survival rate of turanga when watered with an antifungal drug after
transplantation into non-sterile conditions was on average 53 %, without the use of the drug on average did
not exceed 15 %.

During the experiments, it was noted that the optimal temperature for adaptation to non-sterile condi-
tions was 20...23 °C and natural daylight in the greenhouse conditions. The optimal time for the transfer of
P. diversifolia from an in vitro culture to a soil substrate is the period from mid-March to the end of Septem-
ber. During this period, the transplanted plants did not lack sunlight for active growth and development.

Hardening of P. diversifolia for cultivation in the open ground was carried out on a site outside the
greenhouse and seedlings with a height of 20-30 cm with a closed root system in containers were ob-
tained (Fig. 5).

Figure 5. Hardening in the open area of P. diversifolia

Conclusions

The best results for the rooting of P.diversifolia under in vitro conditions were obtained using the medi-
um MS% + IBA — 0.5 mg/I.

When transferring to non-sterile conditions, it is recommended to use in vitro plants with a root system
having second-order roots with root hairs and a length of 1.5-2.5 cm.

As a result of the experiments conducted on the adaptation of P.diversifolia plants to non-sterile indoor
conditions, the highest percentage of survival was shown by substrate 3, consisting of a mixture of brown
and dark sphagnum peat with expanded perlite, placed into a container in layers in the lower part peat, in the
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upper part perlite; and substrate 4 — a mixture of peat and black soil in a ratio of 6/4, respectively, with a
recess filled with perlite.

After transplantation, it is recommended to abundantly spill the substrate with a solution of the fungi-
cide “Maxim Dachnik” (active ingredient fludioxonyl 25 g/ I) in a concentration of 2 ml / 1 liter of water to
reduce the negative effect of pathogenic microflora on the immature and vulnerable root system of plants in
vitro.

In order to avoid evaporation of moisture from the tissues of the adapted plant, it is necessary to cover
the top with a transparent cap with a screw-off lid (diameter 2.0 cm) and remove the lid after 5-7 days. After
the appearance of signs of active growth of P.diversifolia, it is advisable to gradually open the caps until the
plants fully adapt to non-sterile conditions. The whole stage takes from 3 to 4 weeks.

Transplantation of in vitroP. diversifolia plants is best performed at a temperature of 20...23 °C in natu-
ral daylight from mid-March to the end of September.

To prevent additional stress from plants adapted to greenhouse conditions when planting in open
ground conditions, it is effective to carry out hardening in open areas outside the greenhouse.
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TopanrbI-Tepek ociMaiKTepiHiH IN VItro :kadbIK TONBIPAK KaraaiijapbiHa Oeitimaenyi

TopaHFBI-TEpeKTI KOOEHTY YIIiH MHUKPOKIOHAJIBIBI OMICTI KOJAaHY THIMII, ceOebi Oy camanbl MaTepHal
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KOHTelHepiepae OeiMaey xyprizinmi. Oprypiai cydcTpar Kypamaaps! KongaHsuinel. EH THiMzai HoTmxke 3-
HyCKa OOMBIHIIA aNbIHABL: TOMEHIi KabaTTa IIBIMTe3eK, >KOFapFbl KabaTTa IepiMT, coHpmaif-ak 4-Hycka
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HEpIUTICH TONTBIPBUIFAH IIBIMTE3€K JKOHE Kapa TOMNBIPAKTHIH 6/4 KaTbIHACBIHIArbl —KOCHACHI.
DKcIepUMEHTTep TaOUFU KYH coyJieciHAe IICHKaMeH XKaObUIFaH Kbutbbkaiiaa +20...+27°C temmepatypana
OTTi. OCIMAIKTEp TaMBIp KYHECIHIH JaMYBIHBIH YII Ke3eHiHIe KOIIaHbUIAbL. KaliTa OTBIpFBI3bUIFaHHAH KEHiH
oJIap CaHbIpayKyJlaKKa Kapchl Ipenapar epiTiHIiCiMeH jKoHe CyMeH Cyapbuiabl. In Vitro eciMaikrepiHil xoHe
cyOcTpar OeTiHEH BUFAIBIH OylaHybIH OOJABIpMAy YIIIH YCTIHTI KaFbl OypaiMaisl Kakmarsl 0ap Tyccis
KaJIIaKNeH jka0buTIbl. TONBIFEIMEH CTEPIITBII €MeC XKaFaiFa OeiliMIenTreH TOPaHFBI-TEPEK oCIMIIKTepi 6ap
KOHTeHHepJIep KaTalo YIIiH )KbIIBDKAHIaH THIC allbIK XKepiiepre aybICThIPBIIIHL.

Kinm ce30ep: Geitimaery, TOPaHFBI-TEPEK, MUKPOKIOHAIBABI KOOeHTy, IN Vitro, eciMmik, crepuibai emec
JKaFaai, mpemnapar, cyocTpart.

H.B. Muxaiinenko, T.T. Typaues, b.A. Kenr6aea, 3.T. Tyiirynos, C.B. Kymnaperko

AanTanusi pacTeHuii in Vitro TypaHra-TonoJisi K ycJOBHAM 3aKPBITOr0 TPyHTA

Pa3MHOXEHHE TypaHra-TOIOJS JIy4Ille IIPOBOIUTh COCOOOM MHKPOKIOHAIBHOTO Pa3MHOXEHHUS, YTO MO3BO-
JISIeT MOJTy4YaTh Ka4eCTBEHHBIH MaTepuai, KOTOPHI [eecoo0pa3Ho HCIIOIb30BaTh B JIECOBOCCTAHOBICHUH H B
03EJICHECHHH TOPOJIOB, 0COOCHHO C 3aCYLUIMBBIM KJIMMATOM. AJIanTaiuio in Vitro pacTeHni mpoBOAUIN B yC-
JIOBHSX 3aKPBITOrO TPYyHTA B KOHTeHHepax o0beMoM 450 mir. [Ipu 5ToM HConb30Bany pa3iMyHbIe TI0 COCTa-
By cyOctpatbl. Hanbonee 3 hekTHBHBIM OKa3alsicsi COCTaB BapuaHTa 3: TOPQ M MEPIMT CIIOSIMH, B HUKHCH
gacTd Top(d, B BEpXHEH — MepiIuT; U BapuaHT 4 — cMech Topda 1 YepHO3eMa B COOTHOLICHUH 6/4 ¢ yriry0-
JICHHEM, 3aIlOJIHEHHBIM IMEPIUTOM. DKCHEPUMEHTHI MPOBOJMIN NPU ECTECTBEHHOM JHEBHOM OCBEIICHHU B
KapKacHOH OTaIUIMBAaeMOM TEIUIUIIE C IUNICHOYHBIM MOKPHITHEM IpH Temneparype +20 —+27°C. Hcnomnp3oBa-
JIM PACTCHMS B TPEX CTAAMSIX Pa3BUTHUs KOPHEBOH cucTeMsl. Ilocne nepecagky MONUBAIK PACTBOPOM MPOTH-
BOrpuOKOBOTO Ipenapara U BoJoii. Jyisl mpeqoTBpalleHus] UCIApeHHs BiIard u3 in Vitro pacteHuii u ¢ mo-
BEpXHOCTHU CyOCTpara CBepXy HaKPBHIBAIHM IPO3PAYHBIM KOJIIAKOM C OTKpy4YHBaromelcs Kpelmkoi. KoHTei-
HEpHI C TOJHOCTBIO aJaNTUPOBAaHHHBIMU K HECTEPHIIBHBIM YCIOBHSM PACTCHHUSIMH TYPaHTH HEPEHOCHIN Ha
OTKPBITHIE IUIOIIAAKY BHE TETUTUIIBI [T 3aKaJIBAHMSI.

Kriouesvie cnosa: anantaiys, TypaHra, MUKPOKJIOHAIBHOE pa3sMHOXKEHHe, in Vitro, pacTeHue, HeCTepUIIbHbIC
yCIOBUS, IIpemnapar, cyocTpar.
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Phytocenotic and resource characteristics
of Rheum tataricum L.f. in the Northern Aral region

The article presents the results of a study on the phytocenotic characteristics and resource assessment of
Rheum tataricum L.f. in the Northern Aral region. Rh. tataricum has significant resource potential and is the
most widespread species of the genus Rheum L. on the territory of Kazakhstan. Under the arid climate condi-
tions of the Northern Aral region, Rh. tataricum demonstrates high adaptability and resistance to extreme en-
vironmental conditions. The purpose of the study is to inventory the commercial thickets and evaluate the raw
material base of tatar rhubarb in the territory of the Northern Aral region for further use as a natural resource.
Field studies were conducted, along with assessments of the yield of tatar rhubarb, the operational stock of
the root, the volume of possible annual stocks of air-dry raw material. A comparative analysis of contempo-
rary and retrospective data was also conducted. Five massifs were identified, ranging from 0.08 to 8751 hec-
tares. It was found that on the area of 535.75 hectares occupied by Rh. tataricum, the total operational stock
of the air-dry underground biomass is 455.6 tons, with a possible annual processed volume of 75.94 tons of
air-dry roots. Industrial harvesting of the underground part of Rh. tataricum is possible in compliance with
the recommended volume of annual harvesting of raw materials in the territory of the Northern Aral region.

Keywords: tatar rhubarb, commercial thickets, yield, stock of raw materials, operational reserve, Northern
Aral region, arid lands, anthropogenic habitats.

Introduction

Rheum tataricum L.f. has significant resource potential and is the most widespread species of the genus
Rheum L. on the territory of Kazakhstan. Under the arid climate conditions of the Northern Aral region, Rh.
tataricum demonstrates high adaptability and resistance to extreme environmental conditions. However, de-
spite its raw material importance, there is no current data on the resource study of this species in the North-
ern Aral region.

Tatar rhubarb (Rheum tataricum) is a perennial herbaceous plant belonging to the Polygonaceae family,
a geophyte, an ephemeroid. Its life cycle, from the opening of overwintering buds and leaf formation to the
seeding and the withering of aboveground organs, takes 40-45 days [1, 2]. The root system is represented by
the main taproot that begins branching into 4-5 lateral roots at a depth of 40 cm. The depth of lateral root
placement depends on soil composition [3]. The plant produces 2-3 sturdy stems with a grooved surface that
densely branch from the middle. Tatar rhubarb possesses the following characteristics: rounded leaves which
are heart-shaped at the base; three visible veins; leaf underneath and the leafstalk are covered with small vil-
li; the upper leaf surface is glabrous; yellowish flowers have 3-5 brown veins and 5 equal perianth lobes;
three-angled fruits, which are heart-shaped, finely wrinkled and dark brown, nuts are winged. Its blooming
period takes place in April-May; fructification period occurs from May to early June [1, 2]. Its wide-
spreading area is desert and semi-desert plains. Beyond our country the species grows in the eastern and
southern parts of European Russia, Ukraine, Uzbekistan and China (Xinjiang) [4].

The raw material of Rh. tataricum is the underground part, which is included in the State Register of
Medicines of the Republic of Kazakhstan [5]. It contains carbohydrates, organic acids, phenols, catechins,
tannins, anthraquinones, and higher aliphatic hydrocarbons [5]. The root of tatar rhubarb has a significantly
higher tannin content compared to the aboveground parts [6]. The maximum tannin concentration in the
roots is observed during the early budding phase [7]. In the underground part, tannins account for up to
25.7 % [8]. It is used in medicine as a hemostatic, astringent, anti-inflammatory, laxative, antitumor, vita-
min [7]. Additionally, Rh. tataricum contains vitamins C, K, and PP [8].

Also, Rh. tataricum is a forage plant. During the early spring shortage of forage resources, the succulent
leaves of Rh. tataricum serve as an important source of nutrition for camels, sheep, goats and horses [7].
These leaves contain a small amount of fiber (20 %), 6 % sugar, 19.6 % protein, and 5 % fat [9].
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Rh. tataricum does not create pure thickets, but it is found in significant areas among sagebrush,
Haloxylon ammodendron(C.A. Mey.) Bunge ex Fenzl, Oreosalsola arbusculiformis (Drobow), Atriplex cana
Ledeb. communities. According to literature, the yield of tatar rhubarb in the Northern Aral region is
5.1 centners per hectare (c/ha) of above-ground weight and 50 c/ha of underground weight [9].

The first data on industrial reserves of Rh. tataricum in the Aral region were obtained by S.A. Nikitin,
who in 1943 identified huge thickets of this plant near the Chelkar railway station. In subsequent years, the
widespread distribution of Rh. tataricum in the region was noted by botanists such as N.V. Pavlov,
N.I. Rubtsov, and S.R. Schwartzman [10].

Significant reserves of this species in the Aral region were identified in the 1960s as a result of research
conducted by researchers of the Plant Resources Department of the Institute of Botany of the Sciences Acad-
emy of the Kazakh SSR [10]. In the studied area, 12 arrays of Rh. tataricum thickets with a total area of up to
268,000 hectares with a large supply of tannin-rich raw materials were identified. The gross reserves of raw
root was 121,000 tons, and the production stock was up to 31,500 tons of dry roots.

Raw material reserves are known to be exposed to constant fluctuations due to the particular year eco-
logical conditions, age species structure, anthropogenic impact, irrational harvesting, etc. [11]. It is necessary
to understand that monitoring the condition of medicinal and promising for medicine wild plants is important
for preserving their resource potential.

This article discusses the results of a study of the territory of the Northern Aral region in order to inven-
tory commercial thickets and the raw material base of tatar rhubarb.

Materials and Methods

The objects of research are the natural populations of Rh. tataricum.

The resource survey of the territory was carried out by a route reconnaissance method [12] and in ac-
cordance with the generally accepted “Methodology for determining the reserves of medicinal plants” [13].

Geobotanical descriptions were conducted at each site containing resource objects [12]. For this pur-
pose, special geobotanical forms are used, which provided detailed descriptions of the main landscape com-
ponents: relief, soils, vegetation and their condition. Particular attention was given to investigating the spatial
structure of plant communities and its connections to relief, soils, and moisture levels. The following aspects
were considered for describing the plant communities: 1) floristic composition; 2) total projective coverage;
3) phenophase; 4) abundance of species by the Drude scale; 5) species distribution patterns. The impact of
both natural and anthropogenic factors on vegetation was also considered.

During describing the plant communities certain herbarium samples were collected. Unknown plant
species were identified by means of “lllustrated Guide for Identification of Plants of Kazakhstan” (2 vol-
umes) [14] and “Flora of Kazakhstan” (9 volumes) [15]. The taxonomy of the species are given according to
the Internet resource “Plants of the World Online” [4].

Raw material reserves were assessed in specific thickets using the method of clipping (usually on
square plots) and model bushes (on transects). Additionally, the operational reserves of the species’ raw ma-
terial were calculated [13]. All the data obtained were compiled into an inventory statement.

Results and Discussion

The research was conducted in April 2024 in the Shalkar district of Aktobe region and the Aral district
of Kyzylorda region. Taking into account the botanical and geographical demarcation the investigated terri-
tory is located in the Northern-Turanian province of the Western-Northern-Turanian subprovince, which be-
longs to the Iran-Turanian subarea of the Sahara-Gobi desert area [16].

The surroundings of the Tereskent botanical field station (Shokysu railway station), as well as the terri-
tories located near the villages Saksaulsk and Akespe were surveyed (Fig. 1).
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Figure 1. Locations of the identified Rheum tataricum massifs

To determine the yield of the aboveground and underground phytomass of tatar rhubarb, 5 massifs with
different areas and projective coverage of the resource species were surveyed. The area of the massifs was
initially determined in the field, and later it was adjusted based on satellite images.

In each massif, 5 sample sites of 5x5 sg. m. were laid. On each plot, the number of model plants of large
(L), medium (M) and small (S) sizes was counted, after which the average density of the thicket and the projec-
tive coverage of Rh. tataricum were determined based on the area occupied by the model plants (Table 1).

Table 1
Quantitative indicators of model plants
Parameters of model The density on The amount Projective
Model plants plants (sg. m) the site 5x5 sq. m of plants per ha coverage of tatar
rhubarb (%)
1 2 3 4 5
Massif 1
Large 0,53x0,43 3 1200
Medium 0,45x0,32 6 2400 6,5
Small 0,30x0,16 2 800
Massif 2
Large 0,80x0,59 4 1600
Medium 0,54x0,30 3 1200 10
Small 0,34x0,16 2 800
Massif 3
Large 0,90x0,55 3 1200
Medium 0,55x0,50 26 10400 44
Small 0,40x0,25 24 9600
Massif 4
Large 0,65x0,75 6 2400
Medium 0,64x0,45 16 6400 32
Small 0,31x0,22 6 2400
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Continuation of Table 1

1 2 | 3 | 4 | 5
Massif 5
Large 0,55x0,45 2 800
Medium 0,45x0,30 5 2000 5
Small 0,30x0,15 1 400

The yield assessment of Rh. tataricum was during the budding and flowering phases on the sample
plots. In the field, the raw weight of the aboveground and underground phytomass of each model plant was
determined. After weighing, the samples were packed in kraft paper for drying to air-dry condition, with fi-
nal weight determined in laboratory conditions.

Table 2 presents integral data for each studied massif of tatar rhubarb, including projective coverage,
raw and air-dry weight of model plants, % of shrinkage.

Table 2
Characteristics of Rheum tataricum massifs in the Northern Aral region

General pro-
jective cov-

Raw weight of model
plants

Air-dry weight of model
plants

Location of the thick-
ets (massif number)

The name of the
community

erage / pro-
jective cov-
erage of ta-
tar rhubarb
(%)

weight of
above-
ground

part (g)

weight of
under-
ground part

()

weight of
aboveground

part (g) /
shrinkage (%0)

weight of un-
derground

part (g) /
shrinkage (%)

Massif 1

Aktobe region, Shalkar
district, at the top of
the plateau

ephemeroid-
lichen-anabasis

60-70/6,5

565 2275

68/12,0

910/ 40

Massif 2

Aktobe region, Shalkar
district, pre-suspension
strip near the tempo-
rary lake (between the
railway stations
Shokysu and
Karashokat)

sagebrush-
ephemeroid

60/10

885 2505

92/10,4

870/35

Massif 3

Aktobe region, Shalkar
district, surroundings
of the Shokysu railway
station

sagebrush-
ephemeroid-
rhubarb

65-70/ 44

690 2205

86/125

880/35

Massif 4

Kyzylorda region, Aral
district, surroundings
of Shokysu railway,
2.4 km south of
Shokysu railway sta-
tion

sagebrush-
ephemeroid

60-65 /32

1015 2580

116/11,4

990/ 38

Massif 5

Kyzylorda region, Aral
district, on the road
between the villages of
Akespe and Berdykol

sagebrush-
ephemeroid

40-45/5

595 1222

75/12,6

550/ 45

The data from Tables 1 and 2 were used to determine the area occupied by Rh. tataricum in each mas-
sif, to recalculate the reserves of raw materials in centners per hectare (c/ha), the operational stocks of the
root and the volume of possible annual processed of raw materials (Table 3).
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Table 3
Stocks of air-dry raw materials of Rheum tataricum in the identified massifs
The area Volume of pos-
No of the thicket, ha Yield of air-dry raw materials, c/ha Operational stock sible annual
. g processed
of occupied by of air-dry raw mate- | _.
. - - air-dry raw ma-
massif total the tatar rials, metric tons -
rhubarb aboveground underground terlal,
metric tons
1 0,08 0,005 0,85+0,11 0,34+0,04 - -
2 25,5 2,55 1,29+0,16 12,43+1,61 2,35 0,4
3 74,0 32,6 3,06+0,4 23,49+3,05 56,69 9,45
4 197,0 63,0 4,33+0,56 41,47+5,39 193,35 32,22
5 8751,0 437,6 0,8540,11 6,27+0,81 203,21 33,87

On the first massif, located at the top of the plateau, the total area was 0.08 ha, of which 0.005 ha were
occupied by Rh. tataricum. The yield of air-dry raw materials of the above-ground part was 0.85+0.11 c/ha,
of the underground part — 0.34+0.04 c/ha. Since the area of this massif is less than one hectare, annual har-
vesting of air-dry roots from this massif is not feasible.

The second massif is located in a sandy belt near a temporary lake, with a total area of 25.5 ha, of which
2.55 haare occupied by rhubarb. This massif is situated on an anthropogenically disturbed area used for live-
stock grazing. The level of degradation of the site is average. The yield of air-dry aboveground biomass was
1.2940.16 c/ha, and for underground biomass, it was 12.43+1.61 c/ha. The operational stock of air-dry root is
2.35 tons. The volume of possible annual processed of air-dry root was 0.4 tons.

The third massif is located near the village of Shokysu (Fig. 2). The total area of the massif is 74.0 ha,
of which 32.6 haare occupied by Rh. tataricum. A high level of degradation was noted, mainly due to live-
stock grazing. The yield of air-dry aboveground biomass was 3.06 + 0.4 c/ha, and for underground biomass,
it was 23.4943.05 c/ha. The operational reserve of air-dry root is 56.69 tons. The volume of possible annual
processed of air-dry root was 9.45 tons.

Figure 2. The third massif of tatar rhubarb: A — model plant; B — the territory of the survey

The fourth massif is located 2.4 km southeast of Shokysu, near a road. The total area of the massif is
197 ha, of which 63 haobserved. The yield of air-dry aboveground biomass was 4.33+0.56 c/ha, and for un-
derground biomass, it was 41.47+5.39 c/ha. The operational stock of air-dry root is 193.35 tons. The volume
of possible annual processed of air-dry root was 32.22 tons.

On the fifth massif, located along the road between the villages of Akespe and Berdykol, the total area
was 8,751 ha, of which Rh. tataricum occupied 437.6 ha. The level of anthropogenic disturbance of the site
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is average with strong foci, characterized by livestock grazing, technogenic, and road degradation. The yield
of air-dry aboveground biomass was 0.85+0.11 c/ha, and for underground biomass, it was 6.27+0.81 c/ha.
The operational reserve of air-dry root on the fifth massif was the largest and amounted to 203.21 tons, while
the volume of possible annual processed of air-dry root was 33.87 tons.

An assessment of the anthropogenic disturbance of Rh. tataricum massifs showed that thickets with
commercial reserves are formed in anthropogenic habitats (massifs 3 and 4 in the surroundings of the
Shokysu railway station), where grazing pressure and road digression are observed. This is primarily due to
the fact that Rh. tataricum is a plant with a short vegetative cycle (ephemeroid). As previously noted, during
its short growing season (March-April), the species completes all the phenophases. By May the dried pani-
cles with seeds are dispersed by the wind, and the seeds find micro-niches for germination in spring. In heav-
ily disturbed areas, where indigenous pasture species (Artemisia terrae-albae, Anabasis salsa, Bassia
prostrata, Agropyron fragile, Krascheninnikovia ceratoides, etc.) are eaten almost all year round and degra-
dation frees ecological niches, Rh. tataricum uses free space to form large rosettes of 3-5 leaves in early
spring with a projective coverage of 32 % to 44 % in these communities. In moderately disturbed areas (mas-
sifs 1, 2, 5), the projective coverage of Rh. tataricum varies from 5 % to 10 %. In zonal slightly disturbed
communities with fully occupied ecological niches, the participation of this resource species in the total pro-
jective coverage of communities is less than 5 %.

A comparative analysis of contemporary and retrospective data was conducted, using the article of
N.F. Kashkarova [7] on the Chokusu (Shokysu) massif, which located in close proximity to the railway sta-
tion (Table 4).

Table 4

Comparative characteristics of the Rheum tataricum
massif near the Chokusu railway station (L, M, S — model plants)

Area of the massif / The densit
Plant association area occupied by hsity Yield of raw root (t/ha)
- of the specimen / ha
Rheum tataricum (ha)
1963
Artemma terrae—albae—-Rheum 1500-1800 1465
tataricum
Anabasis salsa-Rheum 26000 / 15700 1000-1600 0,5-0,8
tataricum
Rheum tataricum-Artemisia 500-800 0308
terrae—albae
2024
Artemisia terrae—albae— 1200 L + 10400 M + 9600
. . 6,71
ephemeroid-Rheum tataricum 971/ 95.6 S
Artemisia terrae-albae— ' 2400 L + 6400 M + 2400
. 10,91
ephemeroid S

A comparison of the data revealed that the area of the massif decreased due to the expansion of the set-
tlement. On the other hand, the density of Rh. tataricum per hectare increased, which affected the yield of the
raw root.

Regarding the Shokysu massif, Kashkarova N.F. stated in her article that, due to its convenient location
near the railway station, significant reserves of Rh. tataricum, and the availability of drinking water, this
massif represents a valuable and promising site for organization of a procurement point [7].

As a result of the study, it was found that Rh.tataricum occurs in the following types of plant communi-
ties within the surveyed area: ephemeroid-lichen-anabasis, sagebrush-ephemeroid, sagebrush-ephemeroid-
tatarrhubarb. The floristic composition of plant communities was determined for each massif (Table 5). The
studied communities contain 32 species of vascular plants and one species of lichen. Among the associated
species were often found: Alyssum desertorum Stapf, Artemisia terrae-albae Krasch., Descurainia sophia
(L.) Webb ex Prantl, Ranunculus falcatus L., R. platyspermus Fisch. ex DC., Tulipa biflora Pall.
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Table 5

The floristic composition of plant communities of the studied thickets of Rheum tataricum

Families / Species

Massifs / Abundance by Drude

2

Amaranthaceae Juss.

Anabasis aphylla L.

Anabasis salsa (Ledeb.) Benth. ex Volkens
Bassia prostrata (L.) Beck

sp-cop;

Ceratocarpus arenarius L.

Girgensohnia oppositiflora (Pall.) Fenzl

Pyankovia brachiata (Pall.) Akhani & Roalson

Soda foliosa (L.) Akhani

Apiaceae Lindl.
Prangos odontalgica (Pall.) Herrnst. & Heyn

Asparagaceae Juss.
Asparagus breslerianus Schult. & Schult.f.

sol

Asteraceae Bercht. & J. Presl

Artemisia semiarida (Krasch. & Lavrenko) Filatova

sp

Artemisia terrae-albae Krasch.

sol

Takhtajaniantha pusilla (Pall.) Nazarova

sol-sp

Berberidaceae Juss.

Leontice incerta Pall.

sol

Boraginaceae Juss.

Lappula spinocarpos (Forssk.) Asch. ex Kuntze

sol

sol-sp

sol

Brassicaceae Burnett

Alyssum dasycarpum Stephan ex Willd.

sol

Alyssum desertorum Stapf

sol

Sp-cop;

cop;

sp

Descurainia sophia (L.) Webb ex Prantl

sol

sol

sol

Lepidium perfoliatum L.

sol

sp

Megacarpaea megalocarpa (Fisch. ex DC.) Schischk.
ex B.Fedtsch.

sol

Strigosella africana (L.) Botsch.

sol

Chorispora tenella (Pall.) DC.

sol

Cyperaceae Juss.

Carex pachystylis J.Gay

sp

Geraniaceae Juss.

Geranium linearilobum DC.

Liliaceae Juss.

Gagea reticulata (Pall.) Schult. & Schult.f.

sol

Tulipa biflora Pall.

sol

sol

sol

Poaceae Barnhart

Agropyron desertorum (Fisch. ex Link) Schult.

Eragrostis minor Host

sol

sol-sp

sol-sp

Eremopyrum bonaepartis (Spreng.) Nevski

sp

Eremopyrum orientale (L.) Jaub. & Spach

sp

sol

Eremopyrum triticeum (Gaertn.) Nevski

sol

Poa bulbosa L.

sol-sp

sol

Polygonaceae Juss.

Atraphaxis spinosa L.

sol

Rheum tataricum L.f.

sol-sp

cop;

sp-cop;

sp

Ranunculaceae Juss.

Ranunculus falcatus L.

sol-sp

sol

sol

Ranunculus platyspermus Fisch. ex DC.

sol

sol

sol

sol

Thalictrum isopyroides C.A. Mey.

sol-sp

Circinaria affinis (Eversm.) Sohrabi(lichen)

cop;
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Conclusions

A contemporary assessment of the resource potential of Rh. tataricum in the Northern Aral region has
revealed five massifs ranging in size from 0.08 to 8,751 hectares. It was found that in the area of 535.75 hec-
tares occupied by Rh. tataricum, the total operational stock of the air-dry underground biomass is 455.6 tons,
with a possible annual processed volume of 75.94 tons of air-dry roots. Industrial harvesting of the under-
ground part of Rh. tataricum is possible in compliance with the recommended volume of annual harvesting
of raw materials in the territory of the Northern Aral region. The collection and harvesting of rootstocks from
plants at least 4 years old are carried out after the aboveground parts have died off, leaving younger plants
for the regeneration of the thickets. Rh. tataricum raw material can be harvested on the same thicket every 4-
5 years [17].

The floristic composition of the Rh. tataricum communities which forming thickets includes 32 species
of vascular plants and 1 lichen species, with the most frequent associated species being Alyssum desertorum,
Artemisia terrae-albae, Descurainia sophia, Ranunculus falcatus, R. platyspermus, Tulipa biflora.

An assessment of the anthropogenic disturbance of Rh. tataricum massifs revealed that thickets with
commercial reserves are formed in anthropogenic altered habitats (massifs 3 and 4 near the Shokysu railway
station), which are characterized by grazing pressure and road degradation.

A comparative analysis of current and retrospective data from 1963 on the Chokusu (Shokysu) massif,
located near the railway station, showed a reduction in the area of the massif, which is associated with the
expansion of the settlement and the increase in the number of residential buildings. At the same time, the
density of Rh. tataricum per hectare increased, which positively affected the yield of the raw roots.

The new data on the stocks of raw materials of Rh. tataricum in the Northern Aral region can serve as a
basis for developing a rational and scientifically grounded system of procurement of medicinal raw materials
in the region. Rh. tataricum is a valuable natural resource, which with a competent approach, can make a
significant contribution to the development of various industries. However, it is important to note that with-
out a scientific approach and sustainable use of natural thickets of Rh. tataricum, its reserves could be quick-
ly depleted.
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XK K. Canmyxanberosa, JI.A. lumeena

CouarycTtik Apaj MaHbIHAAFBI TaTap payFambinbiH (Rheum tataricum L.f)
(PUTOLEHO3/IBIK KIHE PECYPCTHIK CHIIATTAMACHI

Maxkanaga Conrycrik Apan MaHblHIarbl TaTap payrambsiHbiH (Rheum tataricum L.f) ¢urtoneno3apk
epeKIIeTIKTepi MEH PEeCypCTHIK CHUIATTAaMachlH Oarajiay OOWBIHIIA 3epTTEY KYMBICTAPBIHBIH HATIKEIepi
kenripinren. Rh. tataricum — pecypcthik moteHunab! xkorapel Kasakcran aymarbiHAarsl RheUm TybICHIHBIH
imiHzgeri KeHiHeH TapanFaH TypiiepaiH Oipi. Tarap payrambr ConTycTik Apan MaHBIHBIH apHATI KIMMAaThl
JKaFTalbIHAAFbl KOPIIaFaH OPTAaHBIH KOJAWCHI3 JKaFdaiapelHa >KOFApFbl JeHrehae OeHiMAeNyIIiTiK MeH
TO3IMILTIK KOpPCETTi. 3epTTey KYMBICHIHBIH MakcaTbl — COATYCTiK Apasl MaHbl TEPPUTOPHUACHIHIAFBI TaTap
payFalIbIHBIH OHAIPICTIK KAMBICTApBIH HHBEHTApU3AIHAIIAY JKOHE IINKi3aT KOPBIH Oaranay. Jlanamibsik 3epTTey
JKYMBICTapbl, TaTap payFallbIHBIH OHIMAUNINIH ecenTey, TaMbIPIBbIH OKCIUIyaTallMsUIBIK KOPBIH JKOHE
NIMKI3aTThl Jaspiiay/blH JKbUIIBIK MYMKIH OONATBIH KOJIEMIH aHBIKTay, COHBIMEH Karap, Ka3ipri JKoHe
PETPOCHEKTHBTI MAJIIMETTEpAl CaJbICTHIPMAbl Tajljgay KYMBICTapbl kyprizingi. Aynansr 0,08-8751 ra
apaJIBIFBIHIAFEl 5 MAaCCUB aHBIKTAJIBI. 3epTTeY )KYMBICHI HOTIIKECIH/IE TaTap payFallbl ajbll xaTkaH 535,75
ra aylaHaa >KeHUI-KYpraK KyHiHJeri jkepacTbl MYIIENepiHiH JKaJIlbl dKCIUTyaTalMsuIbIK Kopbl 455,6 T, an
JKEHIT-KYpFaK KYHIHIEeTi TaMbIpAbl HaspliayAblH JKBUIOBIK MYMKIH OoJaThIH KeseMmi 75,94 T Kypaisl.
ContycTik Apan MaHBIHAA TaTap payFaIlbIHBIH JKBUIABIK IIUKI3aTTHl Naspiiay[blH YCHIHBUIFAH KOIEMiH
CaKTaFaH J>XaFjaiifa, >KepacThl MYILIENEpiHIH OHAIPICTIK KOpJapblH JaiiblHIay MYMKIHIITI Oap ekeHmiri
QHBIKTAJIIBL.

Kinm ce3dep: TaTap payraiibl, OHIIPICTIK KaMbICTap, OHIMIUIIK, IIMKi3aT KOPbI, SKCILUTyaTalUsJIbIK KOp,
Conryctik Apan MaHBI, apUATI JKepliep, aHTPOTIOTeH Ti TIPLILTIK OpTalaphl.

K K. Canmyxanberona, JI.A. Tumeena

DUTOLEHOTHYECKAS H PECYPCHAS XaPAKTEPUCTHKA PEeBEHsSI TATAPCKOIro
(Rheum tataricum L.f.) B CeBepnom IIpuapanbe

B craTke mpencTaBlieHbl Pe3yIbTaThl HCCIIEIOBaHUS (QUTOLICHOTHIECKUX 0OCOOCHHOCTEH M OLIEHKU PeCypCHOM
XapaKTepuCTUKK peBeHs Tatapckoro (Rheum tataricum L.f.) B CeBeprom ITpuapasse. Rheum tataricum o6-
JaJaeT 3HAYUTENBHBIM PECYpPCHBIM MOTEHIMAIOM H SIBIISIETCS HamboJiee paclpOCTPAaHEHHBIM BHAOM poJa
Rheum L. na teppuropun Kazaxcrana. B ycnosusix apuaHoro knumara CeepHoro Ilpuapanbst peBeHb Ta-
TapCKHil IEMOHCTPHUPYET BBICOKYIO IPUCIIOCOOISIEMOCTh U YCTOHINBOCTD K 3KCTPEMANIBHBIM YCIIOBUSIM OK-
pyxatomieii cpenpl. Llens uccnenoBaHus — MHBEHTapH3aLUs IPOMBICIOBBIX 3apOCiei U OLIEHKAa ChIPhEBOM
6a3bl peBeHs TaTapckoro Ha teppuropuu CesepHoro [Ipuapanbs 1 fanbHeHIIero UCHoIb30BaHUS B Kaye-
CTBE NMPUPOIHOTOo pecypca. [IpoBeneHbI nosieBble UCCIeI0BaHMs, TOJCUET YPOXKaHHOCTH peBeHs TaTapcKoro,
OIpe/IeNieHNE IKCILTYaTallMOHHOTO 3anaca KOpHs 1 00beMa BO3MOXKHOW €Kero/IHOW 3aTOTOBKH CHIPbS, a TaK-
7K€ CPaBHUTEJIbHBII aHAIIU3 COBPEMEHHBIX U PETPOCIECKTHBHBIX JaHHBIX. BBIABICHO 5 MacCUBOB ILIOLIAJbIO
ot 0,08 no 8751 ra. YcraHOBIEHO, 4TO Ha ILIOLWIAAX 3aHUMaeMoOil peBeHeM 535,75 ra cyMmapHsbIil dKcIlTya-
TaIMOHHEIN 3arac BO3IYIIHO-CYXOH ITO3eMHOH JacTh cocTaBisieT 455,6 T Ipu BO3MOXKHOM 00beMe SKEeTo-
HOU 3aroToBkH - 75,94 T Bo3aymHo-cyxoro kopHs. Ha teppuropuu Ceseproro Ilpuapaibs BO3MOXHBI IIPO-
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MBIIUICHHBIE 3arOTOBKH MOA3EMHOM 4acTH PEBEHs TAaTapCKOTO NMpH COOMIOAEHHU PEKOMEHAYEMOro obobeMa
€KETOJJHON 3aTOTOBKH CHIPBSL.

Kniouesvie cnosa: peBeHb TaTapCKUi, POMBICIOBBIE 3aPOCIH, YPOXKAHHOCTD, 3aI1ac ChIPhs, IKCIITyaTallHOH-
HbI 3amac, CeBepHoe [Ipnapainbe, apuaHble 3eMIH, aHTPOIIOTeHHBIE MECTOOONTAHMSI.
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Current status of the population of the medicinal species
Ajania fastigiata in Trans-1li Alatau

The genus Ajania Poljakov is a perennial herbaceous plant, usually with grayish shade, without shortened
vegetative shoots, with erect or often ascending and branched, well-developed, densely oleate stems. Leaves
are ordinary with dissected laminae covered with appressed bipinnate, sometimes with admixture of simple
hairs. The purpose of this research work is to clarify the current state of the population of Ajania fastigiata
occurring in the Trans-1li Alatau. The objects of the study are phytocenoses with participation and dominance
of the medicinal species Ajania fastigiata growing in Trans-Ili Alatau. As a result of the analysis of the
described 3 large populations of the medicinal species Ajania fastigiata, the following conclusions were
obtained. According to the analysis of floristic composition of communities with participation and dominance
of the studied species, 104 associated species (23 families) were identified. Asteraceae — 15 species, Poaceae
— 11, Fabaceae — 10, Ranunculaceae and Rosaceae — 9 each, Lamiaceae — 8, Apiaceae — 7,
Boraginaceae and Caryophyllaceae — 6 each, Liliaceae — 5 species (possibly more), 18 species belong to
different families. For Popl the tallest individuals, 120 cm in height, were recorded. Popl (cop2) and Pop3
(cop3) were the most abundant populations. According to the percentage of Popl juveniles was about 43 %,
Pop2 juveniles 44 %, and Pop3 juveniles 55 %. The age composition relative to the number of individuals
showed that Popl and Pop3 are growing populations, while Pop2 is close to a regressive population caused
by anthropogenic pressure.

Keywords: Asteraceae, Ajania fastigiata, medicinal plant, ecology, phytocenosis, population, dominant,
Trans-li Alatau.

Introduction

The Asian genus Ajania Poljakov comprises between 30 and 40 species, according to various au-
thors [1, 2]. These species are predominantly distributed across China and Japan, while also being native to
Afghanistan, Kazakhstan, Kyrgyzstan, Mongolia, Northern India, Russia, and Tajikistan. This taxon was first
segregated from the genus Artemisia by L.P. Polyakov [3], who proposed that Ajania originated from ances-
tral taxa closely related to Dendranthema (DC.) Des Moul. and that its adaptation to the steppes and deserts
of Central Asia led to a high degree of morphological similarity with Artemisia species inhabiting these eco-
systems. Subsequently, to explain the phylogenetic relationships among these three genera, Bremer and
Humphries [1] hypothesized that independent evolutionary lineages had descended from a common
dendranthemoid ancestor. Later, A.A. Muldashev [4] segregated three species from Ajania into a distinct
new genus, Phaeostigma Muldashev. Recently, a palynological analysis was conducted on two species of
Ajania — Ajania fastigiata (C.Winkl.) Poljakov and A. fruticulosa (Ledeb.) Poljakov — as well as one spe-
cies of Phaeostigma, Phaeostigma salicifolium (Mattf.) Muldashev [5, 6].

Due to its complex taxonomic history, characterized by the frequent reassignment of species between
the major groups within the subtribe Artemisiinae, Ajania represents a particularly intriguing subject for re-
search. The genus occupies a vast distribution range across Central Asia, with a predominant presence in
China (from the northwestern to the northeastern and southwestern regions), as well as in Korea, Japan, and
the Russian Far East [7-9].

Despite a number of cladistic studies based on morphological and molecular data, a substantial number
of taxa within the subtribe Artemisiinae remain of uncertain systematic placement [1, 5, 10-14].

Ajania fastigiata is a perennial herbaceous plant from the Asteraceae family. The leaves of A. fastigiata
have a silvery-green color and a fluffy texture, and the flowers are yellow or orange in color collected in a
brush [15, 16].

This plant has medicinal properties and is used in traditional medicine to treat various diseases. For ex-
ample, a decoction of the leaves of A. fastigiata can help with digestive problems, and also has anti-
inflammatory and antiseptic properties [17-19].
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In addition, A. fastigiata is often used in landscape design due to its decorative appearance. It can be
planted both in groups and in single plantings to create a beautiful and spectacular view in the garden or in a
flower bed [20].

A. fastigiata is a plant species that forms phytocenoses in various ecosystems. It belongs to the
Asteraceae family and grows mainly in the mountainous regions of Eurasia.

Phytocenoses of A. fastigiata can be found in alpine meadows, steppes, forest-steppes and other types
of vegetation. These plants have a high adaptive ability to various environmental conditions and can form
dense thickets. In the phytocenoses of A. fastigiata, other plant species such as grasses, shrubs and mosses
are usually found. They create unique ecosystems, providing food and shelter for various species of animals.
These phytocenoses play an important role in maintaining biodiversity and ecological balance in natural
communities. They can also be used in landscaping and landscaping to create beautiful and functional gar-
dens and parks. A. fastigiata is a relatively little studied plant that is commonly used in landscaping due to its
decorative appearance. It has stems that grow vertically and form dense bushes with silver-green leaves.
Flowering occurs in late summer or autumn, when small yellow flowers appear. A. fastigiata grows in sunny
or semi-shaded places and prefers fertile soils with a good drainage system. It can be used as a ground cover
or to create hedges. In general, this plant is easy to care for and does not require special attention. However,
despite its popularity in landscape design, A. fastigiata is still a poorly studied species, and its potential me-
dicinal properties or other beneficial qualities may not yet be studied [21-23].

Ajania fastigiata, also known as Ajania shrub, is a plant that has a high ecological affinity. It is a valua-
ble plant for gardeners and landscape designers, as it is able to adapt to various environmental conditions,
including dry and poor soils [24, 25].

Ajania contributes to the conservation of biodiversity, as it provides shelter and food for various species
of insects, birds and other animals. Its lush flowers also attract bees and other pollinators, which helps pre-
serve the flora. In addition, A. fastigiata has the ability to phytoremediate, that is, the ability to purify the soil
from harmful substances and toxins. This makes it a valuable plant for improving soil quality and protecting
the environment. Thus, the ecological relevance of A. fastigiata makes it an important plant for maintaining
biodiversity and improving the ecological state of the environment [24, 25].

The floral composition of the A. fastigiata population may include various plant species that grow in the
natural environment of this species. Some of the possible components of the population may include: Ajania
fastigiata and species such as Festuca ovina, Poa pratensis, Achillea millefolium, Echinacea purpurea, Gera-
nium sanguineum, Sedum spectabile, etc. This is just a small list of possible plants that can make up the flo-
ral composition of the A. fastigiata population in the natural environment. The specific composition will de-
pend on habitat conditions and environmental factors.

Ajania fastigiata is usually found in dry and sunny places in the phytocenosis, such as steppes, savannas
and meadows. It can be part of the vegetation cover in plant communities with other herbaceous plants,
shrubs or trees. Ajania fastigiata usually grows in groups or thickets, creating a dense and stable vegetation
cover.

The age spectrum of A. fastigiata usually ranges from 3 to 5 years. At this age, the plant reaches its full
height and shape, and begins to bloom. A. fastigiata can continue to grow and bloom for many years, provid-
ed proper care and optimal growth conditions are maintained.

Experimental

The objects of the study are phytocenoses with the participation and dominance of the medicinal species
Ajania fastigiata growing in the Trans-Ili Alatau (within the Almaty region).

The Trans—Ili Alatau is a large mountain range of the Northern Tien Shan, which is located on the bor-
der of Kazakhstan and Kyrgyzstan. The average height of the Trans—Ili Alatau is 4000 m. The river network
of the Trans-1li Alatau belongs to the Ili River basin, which flows into Lake Balkhash. Mountain rivers have
extensive catchment basins, and their sources lie at an altitude of more than 3,000 m (Fig. 1).
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Figure 1. The study area of the Trans-Ili Alatau

The genus Ajania Poljakov comprises perennial herbaceous plants, typically exhibiting a characteristic
grayish hue, lacking shortened vegetative shoots, and possessing erect or often ascending and branched,
well-developed, densely foliated stems. The leaves are alternate, with dissected laminae covered in appressed
bipartite hairs, sometimes interspersed with simple hairs.

The distribution range of the genus extends across the Eastern Palearctic [4]. In Kazakhstan, it is repre-
sented by three species, one of which is endemic—Ajania korovinii Kovaleusk. (Kyrgyz Alatau).

According to A.A. Muldashev, “the emergence of at least most species of the genus occurred at the end
of the Neogene”. However, it is also plausible that the genus began forming earlier, during the early
Neogene [4, 24-26].

The aim of this study is to clarify the current population status and morphological characteristics of
Ajania fastigiata, found in the Trans-Ili Alatau (Fig. 2).

Figure 2. Ajania fastigiata (C. Winkl.) Poljak in the Trans-Ili Alatau

Classical botanical (route-reconnaissance, ecological-systematic, ecological-geographical) methods
were used in the research process. To identify the collected material, fundamental summaries were used:
“Flora of Kazakhstan” [27], “Determinant of plants of Central Asia and Kazakhstan” [28], etc. [4, 24-26].
Latin and Russian names (in accordance with the International Plant Names Index (INPI) and Plants of the
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World Online (POWO) database, while the former names were left for some species due to the lack of
sufficient phylogenetic data confirming the need for nomenclature changes) and the work of authors who
study species of the Asteraceae family [5-10].

Vegetation was studied using traditional methods of field geobotanical research. The standard area of
the described plots is 30x30 m [29].

Results and Discussion

In the period from 2021-2023, several expeditionary work was carried out to identify the population of
the medicinal species Ajania fastigiata. For comparative analysis, we have described and marked the 3 larg-
est populations of the studied species in the Trans-Ili Alatau. Which are located at the following coordinates
(Fig. 3):

Popl — N43.126460° E76.511690°, Karasai district, Almaty region

Pop2 — N43.229525° E76.991620°, Medeu district, Almaty

Pop3 — N43.0609796° E78.30461082°, Kegensky district, Almaty region

According to our data, shrubby thickets and grass-grass meadows are common in mountain gorges and
river valleys. In the river valleys, thickets of shrubs form barberry, sea buckthorn and apricot with cereals
and herbs. The lowest parts of the ridge are occupied by desolate sagebrush-feather grass steppes dominated
by turf grasses with the participation of steppe grasses, confined to chestnut soils. Shrubs appear on rocky
slopes in steppe communities. The belt of real steppes on typical chernozems can be divided into 2 bands: the
lower — turf-slag steppes, dominated by Stipa capillata, Festuca valesiaca, with the participation of
Agropyron pectinatum, Helictotrichon desertorum, as well as our studied species Ajania fastigiata and the
upper — grass-turf-slag steppes, dominated by Festuca valesiaca, Stipa lessingiana, S. capillata, Koeleria
cristata and steppe grasses, sometimes with the participation of Bothriochloa ischaemum. Stipa kirghisorum,
Festuca valesiaca and Helictotrichon schellianum of the steppe are also found. But since Ajania fastigiata is
a more xerophilic plant, it dominates drier slopes. The ecological amplitude of the studied species is quite
wide, therefore it allows it to occur in various types of vegetation, mainly in grassy dry meadows and on
southern slopes among shrub communities.

N E
Pop1|43.126460 |76.511690
Pop2|43.229525 |76.991620

Pop3 | 43.0609796 | 78.30461082 &
&

wetln

100 km

Figure 3. A map of the locations of the described populations

According to our analysis of the floral composition of communities with the participation and
dominance of the studied species, 104 associated species were identified, which are divided into 68 genera
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and 23 families. Of these, Asteraceae Dumort. 15 species prevail the most, 7 of which belong to the genus
Artemisia L., Ajania fastigiata belongs to the same family. The genera Ajania and Artemisia are considered
to be closely related. Then we have other families by the number of species: Poaceae Barnhart. —
11 species, Fabaceae Lindl. — 10 species, Ranunculaceae Juss. and Rosaceae Juss. — 9 types each.
Lamiaceae Lindl. — 8 species, Apiaceae Lindl. — 7 species, Boraginaceae Juss. and Caryophyllaceae Juss.
— 6 species each, Liliaceae Juss. — 5 species (possibly more) and 18 species from other families (Fig. 4).

Frequently encountered species in populations and cenopopulations with dominance and participation
of the studied species: Achillea millefolium L., Aconitum leucostomum Worosch., Aegopodium alpestre
Ledeb., Allium oreophilum C.A. Mey., Allium tianschanicum Rupr., Althaea officinalis L., Anemone
petiolulosa Juz., Anthriscus sylvestris (L.) Hoffm., Aquilegia atrovinosa M. Pop., Atragene sibirica L.,
Calamagrostis epigeios (L.) Roth, Calamagrostis pseudophragmites (Haller f.) Koeler., Campanula
glomerata L., Centaurea ruthenica Lam., Dracocephalum integrifolium Bunge, Elymus caninus (L.) L.,
Epilobium hirsutum L., Eragrostis minor Host., Euphorbia alatavica Boiss., Festuca pratensis Huds., Gera-
nium transversal Vved., Geum rivale L., Hierochloe odorata (L.) Wahl., Koeleria cristata (L.) Pers.,
Lathyrus gmelini Fritsch., Lonicera altmannii Regel & Schmalh., Medicago romanica Prod., Mentha
asiatica Borris., Oxytropis brachycarpa Vass., Oxytropis chinobia Bunge, Oxytropis globiflora Bunge, Poa
bulbosa L., Potentilla reptans L., Potentilla sericea L., Prangos didyma (Regel) M.Pimen. &
V. Tichomirov, Pulsatilla campanella Fisch.ex Regel et Til., Ranunculus repens L., Rosa alberti Regel, Ro-
sa fedtschenkoana Regel, Scutellaria galericulata L., Seseli schrenkianum (C.A. Mey.ex Schischk.)
M. Pimen. & Sdobnina, Sonchus arvensis L., Stachyopsis lamiiflora (Rupr.) M. Pop.et Vved., Stipa
lessingiana Trin.et Rupr., Thalictrum collinum Wallr., Thalictrum foetidum L., Thermopsis alpina (Pall.)
Ledeb., Thymus marschalianus Willd., Trigonella geminiflora Bunge, Tulipa ostrowskiana Regel, Vicia
tenuifolia Roth, Ziziphora clinopodioides Lam.

Asteraceae Dumort.

Other families

Liliaceae Juss. Poaceae Barnhart.
5% 10%

\‘I\\
Boraginaceae Jus ‘|
o |

6%

Apiaceae Lindl.
7% Ranunculaceae Juss.
9%

Lamiaceae Lindl. R 3
8% osaceae Juss.

9%

Fabaceae Lindl.
9%

Figure 4. The spectrum of families by the number of species

The populations for comparative analysis were not chosen by chance, geographical location, features of
floral composition and environmental characteristics were taken into account. Geographically, Popl and
Pop2 populations are located close to each other, but nevertheless have sufficient distance and geographical
factors that allow them to be considered different populations. From an ecological point of view, Popl is
located on the northern slope, and Pop2 on the zapodny, Pop3 at all on the southern slope of the Trans-Ili
Alatau ridge. If in Popl and Pop2 populations, the main dominants were woody plants, then in Pop3 we also
had shrubby species. Of course, in grass stands, due to competition for sunlight, plant growth varies quite a
lot. So, in Popl, the tallest individuals were noted, reaching 120 cm in height. Pop2 individuals took the
second place, and Pop3 individuals took the third place, with an average height of 35-40 cm. Popl (sor2)
and Pop3 (cop3) populations have become more abundant. The depressed state of the Pop2 (sp-copl)
population can be attributed to the fact that it is located too close to the city of Almaty, and is subject to
strong anthropogenic influence (Fig. 5).
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A-B — population 1 (Popl); C-D — population 2 (Pop2); E-F — population 3 (Pop3)

Figure 5. lllustrations of the described populations

The age composition of the Ajania fastigiata population was considered more carefully, this is the
distribution of individuals by age and developmental phases, the indicator of which is the main one in
assessing the current state of the population.

We have identified the following age stages: p — seedlings; j — juvenile plants; im — immature; v —
virgin_nile; g1 — young generative; g2 — middle-aged generative; g3 — old generative; ss — subsenile; s
— senile [29].

At the seedling stage, plants exhibit a mixed nutrition strategy, utilizing both the seed’s stored reserves
and their own assimilation processes. At this phase, small plants develop with embryonic structures, includ-
ing cotyledons, an actively growing radicle, and, typically, a uniaxial shoot with small leaves that often have
a simpler morphology compared to those of mature plants.

Juvenile plants transition to complete autotrophic nutrition. Cotyledons are absent, but the overall struc-
tural organization remains relatively simple. Morphological uniformity is often preserved, and the leaves are
distinct in shape and smaller in size compared to adult individuals.

Immature (pre-reproductive) plants exhibit transitional characteristics between the juvenile and fully
mature vegetative stages. At this stage, shoot branching commonly begins, leading to an expansion of the
photosynthetic apparatus.

Adult vegetative plants display the typical structural features of their life form, including well-
developed underground and aerial organs. The vegetative body fundamentally corresponds to the generative
state, yet reproductive organs have not yet formed.

Young generative plants enter the reproductive phase, initiating flowering and fruit production, while
their structural development reaches full maturity. In some years, interruptions in flowering may occur.

Middle-aged generative plants achieve peak biological capacity, demonstrating the highest annual
growth rates and maximum seed production. In clonal species, this stage is often accompanied by the onset
of individual fragmentation and clone formation. Periodic interruptions in flowering may also occur.

Old generative plants are characterized by a marked decline in reproductive function, a weakening of
shoot and root formation, and a gradual dominance of senescence processes over new growth. Structural dis-
integration becomes increasingly pronounced.

Old vegetative (subsenile) plants experience the cessation of fruiting, a significant reduction in vigor,
and the intensification of degenerative processes. The connection between shoot and root systems weakens,
and in some cases, the life form simplifies, with leaves reverting to an earlier developmental type.

Senile plants are characterized by extreme decrepitude, a decrease in size, few buds are realized upon
renewal, some juvenile features appear a second time (leaf shape, character of shoots, etc.).
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According to the percentage ratio in Popl, the undergrowth of the population was about 43 %, and gen-
erative individuals were about 47 %, at this time 10 % of individuals belong to sub-senile and senile. In
Pop2, the undergrowth of the population is also 44 %, generative individuals are 31 %, and withering indi-
viduals are 35 %. Pop3 undergrowth is 55 %, generative 41 %, withering only 4 % (Fig. 6).

SS im ——Popl
-Pop2

--Pop3

g3

g2 gl

Figure 6. Percentage ratio of the age composition of the population

As we can see, the percentage of the age composition of the population does not always provide accu-
rate objective data, as in our case, the state of Pop2 visually seems to be averaged. But if we consider the
same conditions for all populations not by percentage, but by the quantitative ratio of individuals in popula-
tions, then we will get a different picture (Fig. 7). Regarding the data obtained, we will consider them ac-
cording to the following points: the ratio of age groups of plants [29].

The invasive one consists mainly of young individuals, is not capable of self-maintenance and depends
on the introduction of rudiments from the outside.

In a normal population, there are all age groups (if this is typical of the life cycle of the species). Such
populations are further subdivided into young, middle-aged and old.

The regressive one mainly consists of old individuals. The age structure of populations is adaptive. It is
formed on the basis of the biological properties of the species, but it always reflects the strength of environ-
mental factors.

35

N
N /‘ —~——

15

10

P j im v gl g2 g3 ss s
——Popl Pop2 ——Pop3

Figure 7. Population age structure

p — seedlings; j — juvenile plants; im — immature; v — virginal; g1 — young generative;
g2 — middle-aged generative; g3 — old generative; ss — subsenile; s — senile
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As we can see from the data obtained, more than one population does not belong to the invasive group.
Popl and Pop3 belong to normal (growing) populations, and Pop2 belongs to the beginning regressive
population.

Conclusion

As a result of the analysis of the described 3 large populations of the medicinal species Ajania
fastigiata, the following conclusions were obtained. According to the analysis of the floral composition of
communities with the participation and dominance of the studied species, 104 associated species (23 fami-
lies) were identified. Asteraceae by the number of species — 15, Poaceae — 11, Fabaceae — 10,
Ranunculaceae and Rosaceae — 9 each, Lamiaceae — 8, Apiaceae — 7, Boraginaceae and Caryophyllaceae
— 6, Liliaceae — 5 species (possibly more), 18 species belong to different families. For Popl, the tallest
individuals were noted, 120 cm in height. Popl (cop2) and Pop3 (cop3) populations prevailed in abundance.
According to the percentage ratio in Popl, the undergrowth was about 43 %, Pop2 undergrowth of the popu-
lation was 44 %, and Pop3 undergrowth was 55 %. The age composition relative to the number of individu-
als showed that Popl and Pop3 are growing populations, and Pop2 is close to a regressive population caused
by anthropogenic pressure.
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I".A. Amepraesa, A.T. Mamyposa, b.b. Ocmonanu

Lne Anaraysinnarel Ajania fastigiata nopijik Typain
NOMYJISUMSJIAPBIHBIH Ka3ipri skaFaaiibl

Ajania Poljakov TybICbI — KOIDKBULABIK IIOIITECIH OCIMIIKTED, 9JE€TTE CYPFBUIT PEHKTEPI 0ap, KhICKAPThUIFAH
BEreTAaTHBTI OCIHALIEpI JKOK, TIK HEMece JXMi OCEeTiH JKOHE TapMaKTalFaH, XKaKChl JaMbIFaH, JKaIbIpaK
cabakrapsl THIFBI3. JKamblpakTapbl €Ki JKakThl TYKTePMEH, Kele KapamaiblM TYKTEPMEH apajachlil
KaObUTFaH, TUTIMII TaKIIaliIagapel Ke3eKTecill OThIpabl. 3epTTey JKYMBICHIHBIH Makcathl liie AnaraybsiHna
ke3necerin Ajania fastigiata nomynsumscelHBIH Ka3ipri jkaFnailblH HakTbulay. 3epTTey HbICaHbl Lie
Amnarayeiaa  ecerin  Ajania fastigiata mopimik TypiHIH KaThICybIMEH >KOHE YCTEMIITiMEeH OOJaThIH
¢duronenozmap. Ajania fastigiata nopinik TypiHiH cunarranrad 3 ipi MOMYJSIIMACHIH TANAAy HOTIKECIHIE
Keleci TY)KBIPbIMIAp ajbIHABL. 3epTTENEeTiH TYPAiH KaThICYbIMEH KOHE YCTEMIIriMEeH KaybIMIACTBIKTAP/IbIH
(dopHCTHKANBIK KypaMblH Tanjaay OoiibiHina 104 typ (23 TykpIMaac) aHbIKTangpl. Asteraceae TypiepiHiH
canbl Ooiipinima — 15, Poaceae — 11, Fabaceae — 10, Ranunculaceae >xone Rosaceae — opkaiichiChl 9,
Lamiaceae — 8, Apiaceae — 7, Boraginaceae sxoHe Caryophyllaceae — opkaiiceicsl 6, Liliaceae-5 Typi
(MYMKIH ozaH na xer), 18 Typi opTypii TyKeIMaacTapra katanpl. Popl ymin Ouiktiri 120 cMm GonaTeiH eH
omik mapamap G6enrinenmi. Popl (cop2) sxone Pop3 (cop3) momynsuusuiapbIHBIH KenTiri 6acsiM 6onasl. Popl -
Jeri maibI3AbIK KepceTkim mamameH 43 % xypansl, Pop2 — momymsmust 44 %, an Pop3 — 55 %. XKeke
Japanap CaHbIHA KATBICTBI jkKac Kypambl, Popl skoHe Pop3 ecim kene xaTkan momyssnusuiap, an Pop2
AQHTPOMNOTCH/IK KBICHIM TYBIPAThIH PETPECCHBTI MOMYIISIUSAFA )KaKbIH €KeHIH KOPCETTi.

Kinm ce30ep: Asteraceae, Ajania fastigiata, mopiiik ecimMik, 9K0IOrus, GUTOLEHO3, HOMYJISAIHUS, JOMHHAHT,
Ine Anataysl.
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CoBpeMeHHOE COCTOSIHHE MOMYJISIIUHI JTeKapCTBEHHOT0 BH/IA
Ajania fastigiata B 3anumiickom Anaray

Pox Ajania Poljakov — 3To MHOroJIeTHHE TPaBSHHUCTBIC PACTEHHSI, OOBIYHO C CEPOBATHIM OTTEHKOM, 03 yKO-
POUYCHHBIX BEr€TaTUBHBIX I0OET0B, C MPSMOCTOSYUMH WM YaCTO BOCXOASAIIMMH U Pa3BETBICHHBIMHU, XOPOLIO
Pa3BUTBHIMH, TYCTOJIUCTBEHHBIMU CTEOIAMHU. JINCThS OUYEPEHBIE C PACCCYCHHBIMHU IIACTHHKAMM, TOKPBITHIMU
HPKATBIMU JIBYpa3/IeIbHbIMM, HHOTZIA C TIPUMECHIO MPOCTHIX, BOJIOCKaMH. L{enblo naHHOM MccienoBaTens-
CKOIi pabOTHI ABJISIETCS yTOUHEHHE COBPEMEHHOTO cOCTOsTHMS momyJisiuu Ajania fastigiata, Bcrpeuaromerocs
B 3aiiimiickom Anatay. OObEKTaMH UCCIIEIOBAHUS SBISIFOTCS (PUTOLICHO3BI C Y4aCTHEM U JOMHHHPOBAHHEM
nexapcTBeHHOro Biaa Ajania fastigiata. B pesynbprare aHann3a OMMCaHHBIX 3 KPYMHBIX HOMYJISLHMI JIeKapCT-
BeHHoro Buza Ajania fastigiata, 6suti mosyueHs! cneqyiye BeIBOABL [10 aHaH3y (IIOPUCTHYIECKOTO COCTaBa
COOOIIECTB € y4aCTHEM U TOMHHHPOBAaHHEM H3y4aeMOro BHIa, BIBICHO 104 cOmyTCTBYHOIIHMX BHIOB (23
cemeiicTBa). Asteraceae mo kosmuectBy BumoB — 15, Poaceae — 11, Fabaceae — 10, Ranunculaceae u
Rosaceae — mo 9, Lamiaceaec — 8, Apiaceae — 7, Boraginaceae u Caryophyllaceae — mo 6, Liliaceac — 5
BUIOB (BO3MOXKHO Ooibine), 18 BHIOB OTHOCATCS K pasnuyHbIM cemeiictBam. J{ias Popl Obutm oTmedeHb
camble BbICOKHE 0oco0u — 120 cM B BhicoTy. [lo obmmmio nproGuagany nomyisuud Popl (cop2) u Pop3
(cop3). Cormacuo mpoueHTHOMY cooTHoIeHH0 B POpl moapoct cocraBmino okono 43 %, B Pop2 — 44 %, a
noapoct B Pop3 — 55 %. BospacTHoii cocTaB Mo KOJMYECTBY ocobeil mokasai, yto Popl u Pop3 sBisrorcst
PACTYIIMMH HOMYJIALHUAMH, TOTAa Kak POP2 npubimkaercst K perpecCuBHON MOMYISILIN, IPHYUHON KOTOPOi
SIBJISICTCSL aHTPOIIOTCHHOE JIaBJICHHUE.

Knioueswie cnosa: Asteraceae, Ajania fastigiata, sekapcTBenHoe pacTeHue, SKOJIOTHs, (HUTOLEHO3, OIS~
LWsI, JOMUHAHT, 3arIHHCKUil Anaray.
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Study of the prevalence of ESKAPE pathogens
and their resistance to antimicrobial drugs

A prospective microbiological study of the prevalence of ESKAPE microorganisms and antibiotic resistance
rates of strains was conducted in patients of the pediatric cardiac surgery department of a highly specialized
clinic in the period from 2019 to 2023. During the study, classical routine bacterial methods for identifying
isolates were used, as well as the automated system for final identification and susceptibility testing Vitek 2
— Compact. The study included 3725 clinical samples, the frequency of pathogen detection was: S.aureus
35.2 %, K.pneumoniae 27.3 %, A.baumannii 14.5 %, Ps.aeruginosa 12.4 %, Enterobacter sp. 8.7 % and En-
terococcus faecium 1.2 %. A significant increase in resistance was detected in MRSA from 13.7 % to 41.9 %
(p = 0.041), in K.pneumoniae, resistance to carbapenems increased from 0 % to 8.3 % (p = 0.057), while we
note a decrease in the prevalence of ESBL-producing strains of K.pneumoniae from 63.3 %. to 45.2 %
(p=0.058), resistance to carbapenems in P.aeruginosa strains decreased from 64.3 % to 37.7 % (p=0.037),
and in A.baumannii from 48.5 % to 19.1 % (p=0.039). According to the obtained results, in our pediatric car-
diac surgery department, ESKAPE pathogens accounted for 64.2 %. The most common isolates were
S.aureus, K.pneumoniae and A.baumannii, while there was a sharply increasing trend towards resistance of
K.pneumoniae to carbapenems and MRSA. Our results showed that well-designed infection control in each
hospital is necessary, including a good hygiene strategy, microbiological monitoring and in-hospital control.

Keywords: microbiological monitoring, ESKAPE microorganisms, prevalence, antibiotic resistance, pediatric
cardiac surgery.

Introduction

Despite technological advances in modern microbiological laboratory diagnostics, efforts to prevent in-
fections, and the use of last-line antibiotics, bacterial infections remain a significant concern in the postop-
erative period of pediatric cardiac surgery [1-2]. Several key factors contribute to an increased risk of infec-
tion, including young age, delayed sternal closure, the use of intravascular devices, and prolonged ICU
stays [3-5].

Cephalosporin-class antibiotics are considered the first-line treatment for severe infections caused by
Gram-negative bacteria such as Klebsiella pneumoniae, Enterobacter sp., and Escherichia coli (E. coli).
However, their efficacy is increasingly compromised by the widespread production of extended-spectrum f3-
lactamase (ESBL) enzymes, which confer resistance to these crucial antibiotics [6].

Among carbapenem-resistant clinical strains of Enterobacterales, K. pneumoniae is the most frequent
and predominant pathogen [7].

Most bacterial infections caused by Acinetobacter baumannii occur in hospitalized patients with pro-
longed exposure to the healthcare system [8]. Approximately 45 % of A. baumannii isolates worldwide are
multidrug-resistant [9], with resistance rates exceeding 60 % in the USA [10] and 41.5 % in Latin America
and the Middle East [11]. Furthermore, the detection rate of multidrug-resistant A. baumannii isolates is
more than four times higher compared to Pseudomonas aeruginosa and Klebsiella pneumoniae [12].

It is essential to utilize local, national, and global antimicrobial resistance surveillance data to develop
effective guidelines and programs for empirical antimicrobial therapy.

These factors highlight the urgent need to study the prevalence and antibiotic resistance of bacterial
pathogens, as well as to implement measures to control the spread of multidrug-resistant microorganisms.

The aim of this study was to determine the prevalence of ESKAPE microorganisms — including Enter-
ococcus faecium, Staphylococcus aureus, and Gram-negative bacteria such as Klebsiella pneumoniae,

Fundamental and Experimental Biology. 2025, 30, 2(118) 55


https://doi.org/10.31489/2025FEB2/55-61

J.M. Bekshin, N.M. Bisenova et al.

Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter sp. — as well as the level of antimi-
crobial resistance in the pediatric cardiac surgery department of a highly specialized clinic in Central
Kazakhstan.

Experimental

Study Design

A prospective study on the microbial landscape and antibiotic resistance rates of bacterial strains in pa-
tients from the pediatric cardiac surgery department of a highly specialized hospital was conducted between
2019 and 2023.

Sample Collection

Clinical specimens were collected from symptomatic inpatients, neonates and children up to three years
of age, who were hospitalized in the pediatric cardiac surgery unit for surgical interventions involving the
heart and major vessels.

Isolates were analyzed based on the site of infection. Upper respiratory tract samples included nasopha-
ryngeal and pharyngeal swabs, while lower respiratory tract samples consisted of tracheobronchial swabs
and sputum. Other samples were obtained from surgical wounds, urine, and bloodstream infections.

All specimens were collected at the patient’s bedside, transported to the microbiology laboratory under
appropriate conditions, and subjected to microbiological examination within the first two hours.

Microbiological methods

Microbial cultures were grown on 5% blood agar, MacConkey agar, Chromagar Staphylococcus
aureus, Chromagar Pseudomonas aeruginosa, Chromagar Acinetobacter spp., and Oriental Chromagar
(Himedia, India), with incubation at 37 °C for 18-24 hours.

Identification of Isolates

Routine microbiological identification methods included the assessment of colony morphology, hemo-
Iytic activity on selective media, Gram staining, rapid biochemical tests (coagulase, oxidase, catalase,
indole), and automated identification using the Vitek 2 — Compact microbiological analyzer (bioMérieux,
Marcy-1'Etoile, France).

Antibiotic Sensitivity Testing

The minimum inhibitory concentration (MIC) for antibiotic susceptibility testing was determined using
an automated microdilution method on the Vitek 2 — Compact microbiological analyzer, following the
manufacturer’s recommendations. After 18-24 hours of incubation, the obtained strains were tested against a
panel of antibiotics to determine the MIC for ESKAPE pathogens. The MIC results were interpreted accord-
ing to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines [13].

Statistical Analysis

All obtained data were analyzed using Microsoft Access and Excel. Trends in prevalence and antibiotic
resistance levels were assessed through linear regression based on annual data. A p-value <0.05 was consid-
ered statistically significant.

Results and Discussion

A total of 3060 isolates from 3725 clinical specimens (including upper and lower respiratory tract,
wound, bloodstream, and urine samples) were included in the study from January 2019 to December 2023.
Over the five years of the study, 1899 ESKAPE strains were collected, with a prevalence of 64.2 %. The
ESKAPE strains were most commonly found in the upper respiratory tract (81.1 %, 1541 isolates), followed
by the lower respiratory tract (12.1 %, 230 isolates), blood and wound samples (2.7 %, 52 isolates), and the
urinary tract (1.2 %, 24 isolates).

The most frequently isolated pathogens from the clinical specimens were S. aureus (35.2 %, 670 isolates),
K. pneumoniae (27.3 %, 528 isolates), A. baumannii (14.5%, 276 isolates), P. aeruginosa (12.4 %, 236
isolates), Enterobacter sp. (8.7 %, 166 isolates), and Enterococcus faecium (1.2 %, 23 isolates) (Table 1).
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Table 1
Distribution of ESKAPE pathogens in clinical samples
Upper Lower Total
Microorganism respiratory | respiratory | Surgical wound | Urinary tract| Blood ESKAPE

tract tract strains

n (%) n (%) n (%) n (%) n (%) n (%)
Enterococcus faecium 1(43) 3 (13,0) 6 (26,0) 11 (478) | 2(8,6) 23 (1,2)
Staphylococcus aureus 629 (93,8) 18 (2,6) 20 (2,9) 0 3(0,4) 670 (35,2)
Klebsiella pneumoniae 464 (87,8) 41 (7,7) 12 (2,2) 2(0,3) 9(17) | 528(278)
Acinetobacter baumannii | 158 (57,2) 78 (28,2) 8(2,8) 3(10)  [29(105) 276 (14,5)
Pseudomonas aeruginosa | 135 (57,2) 83 (35,1) 4 (1,6) 7(29) 7(29) | 236(124)
Enterobacter sp. 154 (92,7) 7(4.2) 2(12) 1(0,6) 2(1,2) 166 (8,7)
Total isolated strains 1541 (81,4) | 230(12) 52 (2,7) 24(1,2) [52(27) 1899

More than 90 % of S. aureus and Enterobacter sp. strains were isolated from the upper respiratory tract,
with K. pneumoniae accounting for 87.8 %. Non-fermenting Gram-negative microorganisms, such as
P. aeruginosa (35.1 %, 83 isolates) and A. baumannii (28.2 %, 78 isolates), were the most frequent
pathogens in the lower respiratory tract. The highest number of E. faecium isolates (47.8 %, 11 isolates) was
found in the urinary tract.

Microbiological prevalence monitoring revealed an increasing trend in the detection rate of S. aureus
from 14 % to 29.8 % (p = 0.051), K. pneumoniae from 11.3 % to 20.9 % (p = 0.044), and Enterobacter sp.
from 2.7 % to 10.3 % (p = 0.028). At the same time, no statistically significant changes were observed in the
percentage of A. baumannii and P. aeruginosa strains detected (Table 2).

Table 2
Change in prevalence trends of ESKAPE isolated microorganisms by year (2019-2023)
Microorganism 2019 2020 2021 2022 2023 p-value®
n (%) n (%) n (%) n (%) n (%)

Enterococcus faecium 3(0,6) 2(0,4) 8 (1,0) 6 (0,8) 4 (0,6) 0,631
Staphylococcus aureus 62 (14,0) 83(16,7) 200 (26,7) 147 (21,7) 178 (29,8) 0,051
Klebsiella pneumoniae 50 (11,3) 89 (17,9) 134 (17,9) 130 (19,2) 125 (20,9) 0,044
Acinetobacter baumannii 34 (7,7) 61(12,3) 68 (9,0) 71 (10,5) 42 (7,0) 0,704
Pseudomonas aeruginosa 38 (8,6) 43 (8,6) 56 (7,4) 51 (7,5) 48 (8,0) 0,245
Enterobacter sp. 12 (2,7) 7(1,4) 29 (3,8) 56 (8,2) 62 (10,3) 0,028
Total isolates 441 495 748 676 597

' Linear regression

The results of antibiotic susceptibility testing demonstrated dynamic changes in the resistance patterns
of ESKAPE microorganisms, with both increasing and decreasing trends (Fig.). A significant rise in re-
sistance was observed in S. aureus strains, with the prevalence of methicillin-resistant S. aureus (MRSA)
increasing from 13.7 % to 41.9% (p = 0.041). Additionally, K. pneumoniae strains exhibited a rise in
carbapenem resistance from 0 % to 8.3 % (p = 0.057). During the same study period, a declining trend was
observed in the prevalence of K. pneumoniae strains resistant to third-generation cephalosporins, decreasing
from 63.3 % to 45.2 % (p = 0.058), as well as in carbapenem-resistant P. aeruginosa strains, which declined
from 64.3 % to 37.7 % (p = 0.037), and carbapenem-resistant A. baumannii strains, which decreased from
48.5 % t0 19.1 % (p = 0.039).

According to the results of resistance, there are two species (A.baumannii and P.aeruginosa), they are
not susceptible to cephalosporins of the 3rd generation, and this concept applies only to K.pneumoniae. For
A.baumannii and P.aeruginosa strains, it is important to determine resistance only to carbapenems, as these
antibiotics are the first-line drugs of choice in the treatment of infections caused by these pathogens.
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Figure. Resistance dynamics of ESKAPE Gram-negative pathogens
to third-generation cephalosporins (Cef-111 R) and carbapenems (CARB-R) from 2019 to 2023.

The primary objective of this study was to assess the prevalence of ESKAPE microorganisms in clinical
specimens and to evaluate their resistance to major antibacterial agents in patients from the pediatric cardiac
surgery department. A total of 4114 patients hospitalized in this department were included in the study, from
whom 3725 clinical specimens were collected. Among the ESKAPE pathogens, S. aureus was the most fre-
guently isolated microorganism (35.2 %), followed by K. pneumoniae (27.8 %) and A. baumannii (14.5 %).
Enterobacter sp. accounted for 8.7 % of isolates, while E. faecium was the least frequently detected patho-
gen, comprising only 1.2 % of the total isolates.

Undoubtedly, the distribution of microorganisms in patients varies between hospitals, leading to differ-
ent microbiological findings [14-17]. According to previous studies, the most common pathogens in pediat-
ric cardiac surgery patients include K. pneumoniae, P. aeruginosa, and S. aureus [18-19]. Bo-Tao Ning et al.
reported that the predominant pathogens were A. baumannii (25.6 %), K. pneumoniae (16.2 %), and P.
aeruginosa (9.4 %) [19]. However, the present study on ESKAPE pathogen prevalence revealed an increas-
ing trend in K. pneumoniae from 11.3 % to 20.9 % (p = 0.044), S. aureus from 14 % to 29.8 % (p = 0.051),
and, unexpectedly, Enterobacter sp. from 2.7 % to 10.3 % (p = 0.028). In contrast to prior research by
Bissenova et al. (2017) [20], no statistically significant changes were observed in the prevalence of A.
baumannii and P. aeruginosa. These findings suggest a shift in the dominant pathogens within our pediatric
cardiac surgery unit, with a potential emerging trend favoring Enterobacterales. Additionally, the majority of
isolates (81.4 %) were recovered from the upper respiratory tract, likely due to the accessibility of this clini-
cal material in the studied patient population.

The lower respiratory tract, particularly the tracheobronchial tree, is frequently contaminated with vari-
ous pathogens, especially in ventilated and critically ill patients [21]. However, the correlation between bac-
terial colonization and the development of pulmonary infection remains unclear. A study by Johanson et
al. [22] demonstrated that in 23 % of cases, bacterial colonization of clinical specimens led to pulmonary
infection. Non-fermenting Gram-negative microorganisms are the predominant pathogens in the tracheo-
bronchial tree [23], which is consistent with our findings: A. baumannii accounted for 28.2 % and P.
aeruginosa for 35.1 % of isolates from the lower respiratory tract. Additionally, as expected, the highest pro-
portion of E. faecium strains (47.8 %) was detected in the urinary tract, with no vancomycin-resistant strains
identified.

Many clinical studies have reported increasing rates of ESKAPE pathogen resistance in paediatric car-
diac intensive care units, making it a significant factor in nosocomial infections [24-25]. For example,
Wang L.J. et al. reported that over 50 % of P. aeruginosa isolates (n = 126) were resistant to
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carbapenems [26]. Similarly, in our study, the rate of carbapenem resistance in P. aeruginosa was initially
64.3 % but showed a significant decline, reaching 37.7 % by 2023 (p = 0.037). A comparable trend was ob-
served for A. baumannii, where carbapenem resistance decreased from 48.5 % in 2019 to 19.1 % in 2023
(p = 0.039). In contrast, the antimicrobial resistance patterns of K. pneumoniae demonstrated divergent
trends over the five-year study period. While resistance to third-generation cephalosporins declined from
63.3 % to 45.2% (p = 0.058), carbapenem resistance showed a concomitant increase from 0 % to 8.3 %
(p = 0.057). Additionally, a significant rise in resistance was observed in S. aureus, with the prevalence of
methicillin-resistant S. aureus (MRSA) increasing from 13.7 % to 41.9 % (p = 0.041).

The findings of this study highlight the potential for pathogen replacement, underscoring the critical
need for continuous surveillance of both pathogen prevalence and antibiotic resistance rates at the hospital
level and even across different departments.

It is well established that the emergence of antimicrobial resistance significantly limits therapeutic op-
tions for the management of severe infections, particularly in pediatric patients. Given the current challenges,
the implementation of improved diagnostic methodologies is essential to curb the rapid dissemination of in-
fections caused by ESKAPE microorganisms. Early and appropriate empirical antibiotic therapy — guided
by clinical expertise and antimicrobial susceptibility data — is crucial for optimizing patient outcomes.
Moreover, effective management of the most frequently encountered pathogens remains a key strategy in
preventing the further development of multidrug resistance.

Conclusion

The findings of this study indicate that ESKAPE pathogens accounted for 64.2 % of the cases identified
in the paediatric cardiac surgery department. The most frequently isolated microorganisms were S. aureus,
K. pneumoniae, and A. baumannii, with a marked upward trend in carbapenem resistance among K.
pneumoniae strains and an increasing detection rate of MRSA. These results underscore the critical need for
stringent nosocomial infection control strategies, complemented by continuous microbiological surveillance
and antimicrobial stewardship programs.
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ESKAPE narorenaepinin Tapajybl MeH
MHMKPOOKA Kapchl TYPAKTBLIBIFbIH 3ePTTEY

JKorapbl MaMaHIAHIBIPHUIFAaH EMXaHAHBIH Oananap KapIHOXMPYPIUsChl OONIMILIECIHIH eMaenyuIiaepine
2019-2023 xpuimap apaneirbinga ESKAPE  MukpoopraHusmIepiHiH TapajidyblHa JKOHE IITaMIap.bIH
AHTUOHOTHKTEPre TO3IMIUIIK KOPCETKIIITEepiHe MEePCIeKTUBAIBIK MHUKPOOHOJIOTHSIIBIK 3epPTTey KYPIi3iii.
3epTTey Ke3eHiHAE H30JATTapIbl aHBIKTAy[bIH KJIACCHUKAJBIK O/IETTeri OaKTepHsUIBIK SAICTepi, COHai-aK
Vitek 2 — Compact TYNIKUTIKTI COHKECTEHIIPY JKOHE CE3IMTaJIBIKTBI ChIHAY/BIH aBTOMATTaHIBIPBUIFaH
Kyleci maiimamaHsuiel. 3eprreyre 3725 KIMHHUKANBIK YITLIEp €HTI3UIAl, KO3JBIPFBINTApABl aHBIKTAy
kepcetkimi: S.aureus 35,2 %, K.pneumoniae 27,3 %, A.baumannii 14,5 %, Ps.aeruginosa 12,4 %,
Enterobacter sp. 8,7 % sxone Enterococcus faecium 1,2 %. MRSA-ma 13,7 %-man 41,9 %-ra (p=0,041)
TO3IMAUTIKTIH alTapibIKTail apTybl aHbIKTangbl, K.pneumoniae-ne xapbamenemuepre tesimuinik 0 %-nan
8,3 %-ra (p=0,057) aprrel, Oy perTe *KuUiMKTIH TeMeHneyiH artan etemi3. K.pneumoniae ESBL Ty3erin
[ITaMAApbIHBIH Tapaiybl 63,3 %-man 45,2 %-ra (p=0,058), P.aeruginosa mramumapsiHga kapbaneHemaepre
te3imaitik 64,3 %-nan 37,7 %-ra (p=0,037), A.baumannii 48,5 %-nan 19,1 %-ra (p=0,039) Temenzexni.
AnblHFaH HOTIKenep OoiibiHiua 0i3aiH Oananap xapaunoxupypruscel OemiMinne ESKAPE ko3asiprbiiutapst
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64,2 % xypansl. EH kenm Ttapanran wusosarrap S.aureus, K.pneumoniae jxoHe A.baumannii 0ozl
K.pneumoniae-uix kapGaneHemuepre sxoHe MRSA-ra Te3iMIIMIriHIH KYpT e€cy TEHICHIUSICH OaiKaibl.
Bi3nin HoTmKenmepiMi3 opOip aypyxaHada »akChl koOamaHFaH MH(EKIHSIbIK OaKpUiay CTPATErusichl KaxeT
eKEeHIH KOPCETTi, COHBIH IIIIHJE >KaKChl TMTHEHAIBIK CTPATerysi, MUKPOOHOJIOTHSUIBIK MOHHTOPHHT JKOHE
aypyxaHailIiJTiK OaKpLIay.

Kinm ces3odep: mukpobuonorusuislk MoauTopur, ESKAPE mukpoopranmsmzepi, Tapary, aHTHOHOTHKTEpre
TO3IMIILTIK, Oananap KapIHOXUPYPrHSCHL

K .M. bexkmnn, H.M. bucenosa, A.C. Epranuesa, H.T. Amupxanosa, A.K. Tysikosa,
JI.I. YKakenos, A.M. CarenoBa, M.C. ¥Ypa3ona, H.C. Cuxaepa

HccaenoBanue pacnpocrpanennoctu ESKAPE narorenon
1 UX Pe3UCTEHTHOCTh K AHTUMHKPOOHBIM Mpenaparam

ITpoBeseHO MPOCIIEKTHBHOE MUKPOOHOJIOIMYECKOE HCCIEOBAaHUE PacIPOCTPAaHEHHOCTH MHKPOOPIaHH3MOB
ESKAPE u noka3areneii aHTHOMOTHKOPE3UCTCHTHOCTH [ITAMMOB Y TTAIl[MEHTOB IETCKOTO KapAUOXHUPYpruye-
CKOTO OTHEJICHUS BBHICOKOCHECIMANIN3UPOBAHHON KIMHUKH 3a TieproA ¢ 2019 no 2023 ron. B uccnenoBannu
HCHOJIb30BANCH KIIACCHYECKHE PYTHHHBIC OAaKTEpHAIbHBIC METO/BI BBIBICHHS M30JATOB, a TAKKE aBTOMa-
TH3UPOBAHHYIO CHCTEMY OKOHYATENbHOM MICHTH(MHKALMK M TECTHPOBaHWS dyBcTBHTENbHOCTH Vitek 2 —
Compact. B ucciienoBanne ObUI0 BKIIOYEHO 3725 KIMHUYECKUX 00pa3oB, YacTOTa OOHAPY)KEHHUS TaTOTSHOB
cocraswia: S.aureus — 35,2 %, K.pneumoniae — 27,3 %, A.baumannii — 14,5 %, Ps.aeruginosa — 12,4 %,
Enterobacter sp. — 8,7 % u Enterococcus faecium — 1,2 %. 3HaunTebHOE YBEIHYCHUE PE3UCTEHTHOCTH OBLIO
BoisiBIIeHO Y MRSA — ¢ 13,7 % 10 41,9 % (p=0,041), y K.pneumoniae ycroiianBocth k KapbareHeMaM yBe-
maunack ¢ 0 % 1o 8,3 % (p=0,057) mpu 5TOM O0TMEYaeTCsi CHI)KEHHE YacTOThI pacnpocTpaneHHocTH ESBL-
npoaymupyomux mrammoB K.pneumoniae ¢ 63,3 %. no 45,2 % (p=0,058). PesucrenTHOCTS K Kapbarene-
MaM y mramMoB P.aeruginosa cumsmiace ¢ 64,3 % no 37,7 % (p=0,037), a y A.baumannii — ¢ 48,5 % mo
19,1 % (p=0,039). Ilo pesynbratam uccienoBanus Mukpoopranuzmel ESKAPE cocrasumm 64,2 %. Haunbo-
Jiee 4acThIMHU u30ssATaMu ObutH S.aureus, K.pneumoniae u A.baumannii, npu 3TomM 0T™Me4aeTcst pe3ko Bo3pac-
Tarolas TeHICHIUs K ycToiunBoct K.pneumoniae x kap6aneHemam u MRSA. Tlony4eHHbIC pe3ysbTaThl
MOAYEPKHUBAIOT HEOOXOANMOCTh MH(EKIIMOHHOTO KOHTPOJISI B KaXKI0il OOJIbHUIIE, BKIIIOYAIONIETO XOPOLIYIO
CTPATEeTHIO TUTUEHBI, MUKPOOUOIOTMYECKUI MOHUTOPHHT, a TAKXKe BHYTPUOOIbHUYHBIH KOHTPOJIB.

Kniouesvie crosa: mukpobnonormdeckuii Morntopunr, ESKAPE-MukpoopraHu3mel, pacnpocTpaHEeHHOCTb,
AQHTHOMOTHKOPE3UCTEHTHOCTD, ACTCKAsk KapAHOXUPYPTHSL.
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Cotton (Gossypium L.) production and importance
of sequencing technology for improving agronomic traits

Gossypium L. is one of the largest genera, known for its diversity and economic value among field crops,
while allotetraploid cotton species have a valuable source of a model system for studying plant polyploidy,
phylogeny, and breeding. This review provides, first, the production and use of Cotton (Gossypium) in the
world. Second, important information on cotton cultivation and production in Kazakhstan was provided in de-
tail. Third, we summarized the phylogeny of Gossypium L. Fourth, we provided a brief summary of morpho-
logical characteristics and whole genome sequence studies of seven allotetraploid cotton species including G.
hirsutum (AD)1, G. barbadense (AD)2, G. tomentosum (AD)3, G. mustelinum (AD)4, G. darwinii (AD)5, G.
ekmanianum (AD)6 and G. stephensii (AD)7. This review is valuable for future agronomic and molecular re-
search studies on cotton.

Keywords: Cotton (Gossypium L.) production, phylogenesis, allotetraploid species, whole genomic sequences.

1 Production and uses of cotton (Gossypium L.)

Cotton (Gossypium L.) has been cultivated for fiber production more than 7000 years. Despite the pres-
ence of synthetic fibers derived from petroleum, it continues to serve as the most important natural renewa-
ble source in the world for textiles. Cotton is mainly grown in more than 80 countries around the world, in-
cluding China, India, USA and Pakistan [1, 2].

Furthermore, cotton is the main economic driver for some developing countries. In addition to fiber,
cotton is the third largest arable crop in the world in terms of tons of edible oilseed after soybeans and rape-
seed. In addition to its 21 % fat content, cottonseed is a source of relatively high quality protein.

Industrial cotton species include diploids (G. herbaceum and G. arboreum) and tetraploids (G.
barbadense and G. hirsutum). The origin of both diploid species is considered to be South Asia and Africa,
while the origin of two allotetraploid species are considered to be from Central, North, and South America.
Among these four cultivated species, G. hirsutum has high yield potential, wide adaptability, and moderate
fiber quality and accounts for about 90-95 % of the total cotton production [3].

The cotton industry is an important part of the economy of several countries. In India, the cotton sector
employs more than 40 million people, including farmers, workers from refining and pressing plants, and
workers from textile factories. The US cotton industry provides about 250,000 jobs and contributes about
21 billion to the economy each year. Cotton farming also plays an important role in the socio-economic
structure of countries such as Pakistan and Brazil, providing a livelihood for millions of families [1].

Cotton is grown mainly in Asia (~70 %), followed by the Americas (20 %), Africa (6 %), Europe (2 %),
and other regions (~1 %) (Fig. 1).
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Figure 1. Trend in cotton cultivation around the world

China, India, the United States, Brazil, Australia, Turkey, Pakistan, Uzbekistan, Argentina, and Mali are
known as world’s leading cotton producing countries in 2022 and 2023 (in 1,000 metric tons) (Fig. 2).

According to foreign media reports, cotton production in 2023 will reach 24.123 million tons, an in-
crease of 6.2 % over previous years, according to data published by the International Cotton Advisory Com-
mittee (ICAC). The projected volume of world cotton production for 2024-2025 is expected to reach 25.6204
million tons. World cotton production for the 2023-24 season is projected to increase by 3 % to 25.41 million
tons, while consumption is expected to decrease by 0.43 % to 23.35 million tons [5]

Seed cotton goes through a disassembly process in ginning factories to produce fiber, cottonseed, and
waste. Cotton fiber is a raw material for the textile industry. Qil can be extracted from the seeds (about 20 %
of the seed mass is fat), it can be a vegetable oil, margarine, soap, etc. Several by-products of seed cotton are
obtained along with the main product — fiber. After ginning, the by-products are used as animal feed and for
the production of biofuels [6]. Cotton consumption in China will decrease by 15 %, and India will become
the largest consumer with 6.7 million tons. Consumption growth is also expected to increase in Vietnam,
Bangladesh, Indonesia, and Turkey [7].
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Pakistan m——u 849
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Australia I 1263
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United states IE—— 3150
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Figure 2. Leading cotton producing countries of the world in 2022 and 2023 years [4]
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1.1 Cotton production in Kazakhstan

The Turkestan region is the world’s northernmost cotton-growing region in southern Kazakhstan. Every
year, 115,000-125,000 hectares of medium-staple cotton (G. hirsutum L.) are planted, with 80,000-
85,000 hectares being in Maktaaral and Zhetysay Districts of Kazakhstan. This area is particularly vulnerable
to drought, salt, and the invasion of harmful pests, including beetroot borer, cotton budworm, spider mites,
and aphids, as well as illnesses like gummosis and fusarium blight (wilt). Through genotype selection based
on genetic principles, the adverse effects of extremely high salinity and aridity in arable soil can be effective-
ly and economically mitigated [8]. The dynamics of sown areas in the Turkestan region have shown signifi-
cant changes over the past decades (Fig. 3). In order to better understand the dynamics of sown areas in the
Turkestan region, we have divided the analysis into five distinct periods: 1991-1997, 1998-2004, 2005—
2010, 2011-2015, and 20162023 years.

In 1991-1997 years, according to the analysis of sown area, the sown area decreased from 116.6 thou-
sand hectares to 103.6 thousand hectares, with an average of 112 thousand hectares.

In 1998-2004 years, the sown area was increased significantly from 118 thousand hectares to
223.1 thousand hectares, with an average of 118 thousand hectares.

In 2005-2010 years, the sown area significantly decreased from 206.1 thousand hectares to 137.3 thou-
sand hectares, with an average of 172 thousand hectares.

In 2011-2015 years, the sown area did not show stable characteristics and decreased from 160.6 thou-
sand hectares to 99.3 thousand hectares, with an average of 135,18 thousand hectares.

In 20162023 years, the sown area showed increasing characteristics from 109,6 thousand hectares to
135,5 thousand hectares, with an average of 123,4 thousand hectares.
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Figure 3. 1991-2023 years, dynamics of sowing areas in the Turkestan region of Kazakhstan (thousand hectares)

Out of the 13 cotton varieties developed by the “Agricultural Experimental Station of Cotton and Melon
Growing” LLP, 9 varieties — Bereke-07, Maktaaral-4005, Maktaaral-4007, Maktaaral-4011, Myrzashol-80,
Pakhtaaral-3031, Pakhtaaral-3044, Maktaaral-4017, and Maktaaral-5027 — have been included in the Regis-
ter of Breeding Achievements recommended for use in the Republic of Kazakhstan. These varieties have
been widely adopted and cover more than 90 % of the cotton growing areas in the Turkestan region. All
13 varieties have received patents for breeding achievements. In 2021, a patent was granted for a new prom-
ising cotton variety, Maktaaral-5027, which has relatively high resistance to pests such as cotton bollworm
and spodoptera [8].
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The major challenges in cotton production include salinization, irrigation water scarcity, climate
change, pests and diseases, and soil depletion. In response, breeding efforts are focused on developing crops
with early maturity (within 105-110 days), high salt tolerance, drought resistance, diseases and pest re-
sistance, and the ability to improve soil fertility in crop rotation systems.

Currently, the Agricultural Experimental Station of Cotton and Melon Growing maintains a cotton gene
pool of 700 samples from different countries around the world as of 2024.

The soil of the experimental area is light fertile gray soil with a medium loam mechanical composition.
The characteristics of light fertile grey soil include a low humus content, high carbonate content, and a rela-
tively low absorptive capacity.

This soil type is characterized by good microstructure, water permeability, porosity, relatively low co-
hesiveness, and moderate mobility of water and nutrients.

2 Phylogenesis and whole genome sequences of cotton

The genus cotton (Gossypium L.) not only has the highest economic value among field crops, but also
plays an important role in research on plant taxonomy, polyploidization, phylogeny, cytogenetics, and ge-
nomics.

Gossypium L. belongs to the tribe Gossypieae, the family Malvaceae, and the order Malvales [9]. Spe-
cies belonging to the genus Gossypium are grouped into 8 diploid genomes (A to G and K) and one allopoly-
ploid genome (AD) based on relative chromosome sizes and chromosome features in interspecific hy-
brids [10]. A fairly well-documented review article has been published on the taxonomic, cytogenetic, and
geographic diversity of Gossypium species and the nomenclature of individual genomes and chromo-
somes [11].

2.1 Genomes of allotetraploid species

The new allotetraploid or amphidiploid cotton (AD genome) is thought to have emerged from an ancient
fusion between the A genome of the African Species G. arboreum and the D genome American Species G.
raimondii, and chromosome duplication from their ancestors. The polyploids were found to contain 7 species,
namely G. hirsutum (AD)1, G. barbadense (AD)2, G. tomentosum (AD)3, G. mustelinum (AD)4, G. darwinii
(AD)5, G. ekmanianum (AD)6 and G. stephensii (AD) 7 [11]. Almost complete genome sequences have been
determined for all these species. The aim of this review to provide a comparative overview of the characteris-
tics of allotetraploid species and the features of their genomes based on previously published studies.

2.1.1 Gossypium hirsutum

G. hirsutum has 14 different Latin synonyms: G. hirsutum var. punctatum, G. jamaicense, G.
lanceolatum, G. mexicanum, G. morrillii, G. punctatum, G. purpurascens, G. religiosum, G. schottii, G.
taitense, G. tridens, G. tricuspidatum, G. hirsutum var. marie-galante and G. hirsutum var. palmeri. It is col-
loquially referred to as American tetraploid, American upland cotton, Mexican cotton and upland cotton.

G. hirsutum is the most widely cultivated cotton species and the dominant source of natural plant fiber
in the world [12]. It originated in Central America, but it is cultivated worldwide. Due to its high productivi-
ty and quality, it is an important species from the perspective of breeders and serves as the primary material
for scientific research aimed at combining high yield with other valuable traits. It produces medium-length
fibers and can grow to a height of approximately 2 meters. During development, G. hirsutum typically has 3
to 5 lobed leaves that are generally flat and diaheliotropic, requiring sunlight to maximize light absorption.

The benefits of genomic sequencing and resequencing data are enabling the study of the genetic basis of
G. hirsutum. In 2015, for the first time, the complete genome sequence of G. hirsutum cotton was devel-
oped [13]. According to the results of this study, the allotetraploid genome of G. hirsutum TM-1 was esti-
mated to be 2.25-2.43 Gb using various methods. This genome was found to consist of a total of 44 816
contigs, 8591 scaffolds, 76,943 annotated protein-coding genes, 602 microRNAs (miRNAS), 2153 ribosomal
RNAs (rRNAs), 2050 transfer RNAs (tRNAs), and 8325 small nuclear RNAs (snRNAs). Comparative
transcriptomic studies in this research revealed the crucial role of nucleotide-binding site (NBS)-encoding
genes in Verticillium dahliae resistance and the involvement of ethylene in cotton fiber cell development.
Following this study, the complete genome sequence of G. hirsutum has been updated and refined several
times [14-22]
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According to the study by Chen, Sreedasyam et al. (2020), accession TM-1 had a genome size of
2.3 Gb with genome coverage of 94.06x and 75 376 genes [18]. The GC content is 34.5 %. Chromosome
D09 had the smallest nucleotide of 54 445796 bp and chromosome AO06 had the largest nucleotide of
128 195 338 bp (Table).

2.1.2 Gossypium barbadense

G. barbadense has eight Latin synonyms, including G. peruvianum, G. vitifolium, G. acuminatum, G.
barbadense var. acuminatum, G. barbadense var. brasiliense, G. brasiliense, G. guyanense var. braziliense,
and G. evertum. It is colloquially known as Pima cotton, American Pima cotton, Sea Island cotton, long sta-
ple cotton, Egyptian cotton, and Brazilian cotton. It originated in South America, but it is cultivated world-
wide. G. barbadense is a tropical cotton plant that can grow to the size of a small tree. It is highly valued for
its long, high-quality fibers and its resistance to Verticillium wilt disease [23].

In 2015, the complete genome sequence of. G barbadense was completed. The genome of G.
barbadense was found to be 2.57 gigabases, including a high-quality set of 80 876 protein-coding genes,
along with information on the dynamic changes of genes and their expression [24].

In 2019, the complete genome sequence of G. barbadense was determined using the PacBio RSII meth-
od. The genome was found to contain 71 297 protein-coding genes with a contig length of 2 222 525 789
base pairs [16].

The study by Chen, Sreedasyam et al. (2020) found that the genome of G. hirsutum variety 3—-79 has a
genome size of 2.2 Gb, containing 74 561 genes with a coverage of 90.1x [18]. The GC content is 34 %. The
smallest nucleotide sequence was found on chromosome D09, with 50 685 742 base pairs, while the largest
nucleotide sequence was found on chromosome AO08, with 119 114718 base pairs (Table).
Ma, Zhang et al. (2021). The genome of G. barbadense was presented with a high quality assembly of
2.57 gigabases, including the identification of 80 876 protein-coding genes [3].

2.1.3 Gossypium tomentosum

G. tomentosum has unigque agronomic characteristics, including strong fibers, hairy leaves and stems,
resistance to pests or insects on the leaves, and heat tolerance, which are traits of the Gossypium species.
These excellent agronomic properties of G. tomentosum can be introduced into G. hirsutum through inter-
specific hybridization, allowing for its use in the genetic selection of G. hirsutum by expanding its genetic
diversity [25]. Gossypium tomentosum, known as Ma’o, huluhulu, or Hawaiian cotton, is a cotton species
native to the Hawaiian Islands. Genetic studies have shown that Hawaiian cotton belongs to the American
species of the genus Gossypium, with its closest relative being G. hirsutum. Focusing on specific research, a
2016 study compared two genetic linkage maps based on F2 hybrids of G. hirsutum x
G. tomentosum and G. hirsutum x G. darwinii. Seven inverted fragments were found on chromosomes chr02,
chr05, chr08, chrl2, chrl4, chrl6, and chr25, and three translocated fragments were identified on chr05,
chrl4, and chr26. These results indicate that G. tomentosum is genetically closer to G. hirsutum than to
G. darwinii [26].

G. tomentosum is a shrub that grows to a height of 0.46 to 1.52 meters and has a diameter ranging from
1.5 to 3.0 meters. The plant’s seed fibers (lints) are short and red-brown in color, making them unsuitable for
spinning or turning into thread. Its flowers are light yellow with 3-5 petals and bloom from late summer to
early winter. It is characterized by heat resistance, resistance to harmful beetles, flea beetles, weevil rot, and
worms, as well as resistance to jassids and thrips. Additionally, it is known for its high quality fibers, fiber
length, and fiber fineness [23].

The study by Chen, Sreedasyam et al. (2020) found that the genome of G. tomentosum varieties
7179.01, 7179.02, and 7179.03 has a genome size of 2.2 Gb, containing 78 281 genes with a coverage of
76.8x. The GC content is 34 %. The smallest nucleotide sequence was found on chromosome D09, with
51 553 955 base pairs, while the largest nucleotide sequence was found on chromosome A06, with
121 609 178 base pairs (Table).

2.1.4 Gossypium mustelinum

G. mustelinum is the only cotton species native to Brazil, and it is typical of the semi-arid regions in the
northeastern part of the country [27]. It is a shrub-like plant that grows primarily in seasonally dry tropical
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biomes [28]. In 2013, Brazilian scientists genotyped two hundred eighteen mature G. mustelinum plants us-
ing SSR markers and found high genetic diversity among the populations. The results of this study indicated
that G. mustelinum plants have a high level of inbreeding and low observed heterozygosity, suggesting that
the populations reproduce primarily through self-fertilization and cross-pollination between related individu-
als [27]. The genomic and genetic resources of G. mustelinum have proven effective in identifying genes for
both qualitative and quantitative traits. Gossypium mustelinum represents the earliest divergent evolutionary
lineage of Gossypium polyploids, and its cotton varieties possess a gene pool rich in many essential traits that
have been lost in other cotton species [29]. For example, in 2020, an interspecific extended-fixed population
of G. mustelinum x G. hirsutum was developed, and more than a one hundred QTLs for fiber quality traits
were mapped [30]

The study by Chen, Sreedasyam et al. (2020) found that the genome of G. tomentosum has a genome
size of 2.3 Gb, containing 74,660 genes with a coverage of 94.1x. The GC content is 34.5 %. The smallest
nucleotide sequence was found on chromosome D09, with 53 194 044 base pairs, while the largest nucleo-
tide sequence was found on chromosome A08, with 129 182 752 base pairs (Table).

2.1.5 Gossypium darwinii

Gossypium darwinii, or Darwin’s cotton, is a species of cotton plant found only in the Galapagos Is-
lands. It is characterized by several excellent traits, including fine fibers, drought tolerance, and resistance to
Fusarium and Verticillium wilt diseases. Genetic studies indicate that it is closely related to the native Amer-
ican species Gossypium barbadense, suggesting that its seeds may have been dispersed from South America
by wind, bird droppings, or marine debris [26].

According to the study by Chen, Sreedasyam et al. (2020), the sequenced isolate (AD)5-032 has a ge-
nome size of 2.2 Gb with a genome coverage of 80.6x and 78 303 genes. The GC content is 34 %. Chromo-
some D09 had the smallest nucleotide number of 52 096 622bp and chromosome A08 had the largest nucleo-
tide number as 120 009 936 bp (Table).

The cultivated species G. hirsutum accounts for 90 % of world cotton production. However, its narrow
genetic base limits the improvement of modern G. hirsutum cultivars. In contrast, the abundant genetic
diversity found in wild species, such as G. darwinii, provides valuable resources to address this issue.

Here we would like to review some key studies as examples. For example, an interspecific high-density
linkage map of G. hirsutum x G. darwinii was constructed by Chen, Khan et al. (2015), using an F2 popula-
tion based entirely on genome-wide simple sequence repeat (SSR) markers [38]. As a result of this study, a
total of 2,763 markers were mapped across 26 linkage groups (chromosomes), covering a genome length of
4,176.7 cm, with an average inter-locus distance of 1.5 cm. The map will offer essential information regard-
ing the origin and evolution of the cotton genus, along with insights into genome structure and function. Ad-
ditionally, it will aid in cotton genome assembly, fine mapping, map-based cloning, and the utilization of
genetic germplasm from G. darwinii through marker-assisted selection. In the study by Xu, llyas et al.
(2022), the RNA-seq transcriptome analysis revealed that a total of 32,693 up-regulated genes and 25,919
down-regulated genes were differentially expressed [37]. Gene ontology and KEGG pathway analyses re-
vealed that the upregulated genes were associated with all gene ontology terms, as well as molecular func-
tions, biological processes, and cellular components, which were significantly related to enhancing drought
stress tolerance. In the study Wang, Li et al. (2024), a chromosome segment substitution line population of
553 individuals was created using G. darwinii x G. darwinii. As the result, three candidate genes were identi-
fied for three stable QTLs, including GH_A01G1096 (ARF5) and GH_A10G0141 (PDF2) associated with
lint percentage, and GH_D01G0047 (KCS4) associated with seed index or oil content [36].

These findings enhance our understanding of the molecular regulatory mechanisms development of cot-
ton breeding and provide valuable insights for marker-assisted genetic improvement in cotton.

2.1.6 Gossypium ekmanianum

Gossypium ekmanianum has three synonyms name such as Gossypium hirsutum var. ekmanianum
(Wittm.) Roberty, Gossypium latifolium var. ekmanianum (Wittm.) Roberty, and Gossypium tricuspidatum
var. ekmanianum (Wittm.) Mauer. Furthermore, there are also three common names Ekman’s Cotton, Ek-
man’s Gossypium, and Ekman’s Wild Cotton. The native range of G. ekmanianum species is the southwest
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Dominican Republic. It is a shrub and grows primarily in the seasonally dry tropical biome. G. ekmanianum
has small, white flowers with five petals. The seeds are small, round, and brown [31] (Table).

According to the study by Peng, Xu et al. (2022), the sequenced isolate AD6 had a genome size of
2.3 Gb with genome coverage 106.0x and 74 178 genes. GC content is 34.5 %. Chromosome D09 had the
smallest nucleotide number with 54 144 365 bp and chromosome All had the largest nucleotide number
with 132 145 079 bp (Table) [35].

2.1.7 Gossypium stephensii

Its historical importance dates back to 1966, when Stephens (1966), an eminent natural historian, evolu-
tionary geneticist, and cotton biologist, examined Wake Island cotton in his study of oceanic dispersal and
identified it as a wild form of G. hirsutum. He noted that “Wake Island cotton does not closely resemble ei-
ther Caribbean or other Pacific varieties. Stephens emphasized its distinctive characteristics, including its
sprawling shrub-like growth habit, dense hairy pubescence, and larger-than-average petal spot when com-
pared to other Pacific cottons [32]. Also, in 1992 years, Paul A. Fryxell provided a revised taxonomic inter-
pretation of Gossypium L. and confirmed the distinguishing characteristics of the Wake Atoll forms in com-
parison with G. hirsutum [33]. In 2017, American scientists Gallagher, Grover, et al. (2017) reported that a
new species of cotton from Wake Atoll was described as a new species of Gossypium by considering mor-
phological distinctions, geographic isolation, and new molecular data including both nuclear and chloroplast
genome sequence data. The morphological characteristics of the new species were well described and were
named Gossypium Stephens after S.G. Stephens, the eminent natural historian, evolutionary geneticist, and
cotton biologist [34].

In 2022, according to Peng, Xu et al. (2022) study, the sequenced isolate AD7 has a genome size of
2.3Gb with genome coverage of 127.0x and gene number are 74,970. The GC content is 34.5 %. Chromo-
some D09 had the smallest nucleotide number of 54 019 951bp and chromosome A06 had the largest nucleo-
tide number of 125 976 056 bp (Table) [35].
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A. Opken, IlI. ManabaeBa, C. MaxmamkanoB, M. Pamazanosa, b. Kanu,
JI. ToxeroBa, /1. Tycinkau

Makra (Gossypium L.) enaipici skoHe arpOHOMHSUIBIK CHIIATTAMAJIAPbIH
KAKCAPTY YUIiH CeKBEHUPJIeY TeXHOJIOTHSIChbIHBIH MaHbI3bI

Gossypium L. — nakpuLiapblH OPTYPILIINIMEH KOHE SKOHOMHKAJIBIK KYHIBUIBIFBIMEH TaHbIMAl €H ipi
TYKBIMAAPABIH Oipi, ajl a/uIOTeTPAIUIONATH MaKTa TYpJepi oCIMAIKTEpIiH IMOJHIUIONANSCHH, (HIOTEeHE3IH
JKOHE CENEKIMSCHIH 3epTTeyNiH KYHIBI KO3l KoHe MOJeNbIik xyheci. by momyna, GipiHmineH, amemueri
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makTa (Gossypium L.) enaipici MeH KOJIaHBUTYBI Typajbl akmapar KamTeuwraH. ExinumnigeH, Kasakcranma
MaKTa aybll LIapYyaIlbUIBIFBl JKOHE MaKTa OHIIpici Typadbl TOJBIK AaKMapaT YCHIHBUIFAH. Y LIIHIIIJEH,
Gossypium L. ¢umorenesi Typanbl KbicKama akmapar Oepinren. Teprinmiigen, G. hirsutum (AD)1,
G. barbadense (AD)2, G.tomentosum (AD)3, G. mustelinum (AD)4, G. darwinii (AD)5, G. ekmanianum
(AD)6 xone G. stephensii (AD)7 CHSKTBI KeTi auIOTETPAIUIOWATH MaKTa TYPJICPiHiH TOJBIK T€HOMBIHBIH
MOPGOJIOTHSIIBIK  CHIIATTAMAlIapbl MEH 3epTTeyJepiHe KpICKalla miony OepiareH. Byn miony MakTaHbIH
arpOHOMHUSUIBIK JKOHE MOJICKYJIANBIK 3epTTeyepi YIIiH KYH bl aKIapaTThl YChIHAJIBL.

Kinm ce3o0ep: makta eupipici (Gossypium L.), ¢uoreHes, aaioTeTpamionaAThl TYpJep, TCHOMHBIH TOJIBIK
Tiz6eri.

A. Opken, I1I. Manab6aeBa, C. MaxmamxkanoB, M. Pamazanosa, b. Kanw,
JI. Toxeroga, /. Tycinkan

IIpousBoacTro xJaomyaTuka (Gossypium L.) 1 BaJKHOCTh T€XHOJIOTHA
CEeKBEHHPOBAHUS JIJIsl YJIyUYIIEHUsSI ATPOHOMHYECKUX XaPAKTEPUCTHK XJIOMKA

Gossypium L. — oauH U3 KpyIMHEHIINX POIOB, M3BECTHBIX CBOMM Pa3HOOOpa3HeM M SKOHOMHYECKOH [EHHO-
CTBIO CPEIU CENBbCKOXO3SAHCTBEHHBIX KyIbTYpP, B TO BPeMsI KaK aJUIOTETPAIUIONIHBIC BUABI XJIOMYaTHAKA SB-
JISTFOTCSI IEHHBIM UCTOYHUKOM M MOJAENBHOH CHCTEMOH ISl M3Y4eHHUs TOMUIUIONANH pacTeHHH!, Gpuiorennn u
ceJIeKIH. DTOT 0030p BKIFOYAET, BO-NIEPBbIX, HH(POPMAIHIO O MPOU3BOJCTBE U HUCIIOIB30BAHUU XJIOMYAaTHH-
ka (Gossypium) B mupe. Bo-BTOpbIX, OAPOOHBIE CBEICHHS O CEJILCKOM XO3SIHCTBE M IPOM3BOJICTBE XJIOMYAT-
Hrka B Ka3zaxcrane. B-tpersux, npuBeneHa cBojka o ¢uorennn Gossypium L. B-uetBepThIX, MpeacTaBicH
KpaTKui 0030p MOP(HOJIOTHUECKUX XapaKTEPUCTHK M HCCIIEAOBAaHHH IOJHOTO I'€HOMa CeMH ajlIOTeTparuio-
WIIHBIX BUJIOB XJIOMUaTHuKa, BKioyas G. hirsutum (AD)1, G. barbadense (AD)2, G. tomentosum (AD)3, G.
mustelinum (AD)4, G. darwinii (AD)5, G. ekmanianum (AD)6 u G. stephensii (AD)7. JlauusIit 0630p mpen-
CTaBysieT COOON IEHHBIH MCTOYHMK MHGOPMAIUH IS OyAyIIMX arpOHOMHYECKUX M MOJIEKYJISIPHBIX HCCIIe-
JIOBaHMH XJIOIYaTHUKA.

Kniouesvie cnosa: TlpoussojactBo xyomuatauka (Gossypium L.), ¢uioreHes, amioTeTparuiOnIHbIe BUJIBI,
MOJTHAsS TOCIIE0BATEIBHOCTD TeHOMA.

Information about the authors

Orken Aisulu — Master student in Biology Sciences, Laboratory Assistant of the Plant
Genetic Engineering Laboratory, National Center for Biotechnology, Astana, Kazakhstan;
e-mail: orkena23@gmail.com

Manabayeva Shuga Askarovna — PhD in Biology Sciences, Head of the Plant Genetic Engineering
Laboratory, National Center for Biotechnology, Astana, Kazakhstan; e-mail: manabayeva@biocenter.kz

Makhmadjanov Sabir Partovich — PhD in Agricultural Sciences, Head of the Department of Trans-
fer and Adaptation of Crop Varieties, Agricultural Experimental Station of Cotton and Melon Growing; e-
mail: max_s1969@mail.ru

Ramazanova Malika Baglanovna — Master in Natural Sciences, Junior researcher of
the Plant Genetic Engineering Laboratory, National Center for Biotechnology, Astana, Kazakhstan;
e-mail: malikaramazan.7@gmail.com

Kali Balnur — Master in Natural Sciences, Researcher of the Plant Genetic Engineering Laboratory,
National Center for Biotechnology, Astana, Kazakhstan; e-mail: kali@biocenter.kz

Tokhetova Laura Anuarovna — Doctor of Agricultural Sciences, Principal researcher, Agricultural
Experimental Station of Cotton and Melon Growing; e-mail: lauramarat_777@mail.ru

Tussipkan Dilnur — PhD in Crop genetics and Breeding, Leading researcher of the Plant Genetic
Engineering Laboratory, National Center for Biotechnology, Astana, Kazakhstan; e-mail: tdilnur@mail.ru

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


mailto:orkena23@gmail.com
mailto:manabayeva@biocenter.kz
https://e.mail.ru/compose?To=max_s1969@mail.ru
mailto:malikaramazan.7@gmail.com
mailto:kali@biocenter.kz
https://e.mail.ru/compose?To=lauramarat_777@mail.ru
mailto:tdilnur@mail.ru

https://doi.org/10.31489/2025FEB2/75-83

UDC 582.977+574(541.1) Received: 11 February 2025 | Accepted: 28 March 2025

A.N. Danilova, Y.A. Kotuchov, A.A. Sumbembayev*, O.A. Anufrieva, A.A. Vinokurov

Republican state Enterprise on the right of economic management at the Altai Botanical Garden, Ridder, Kazakhstan
Corresponding author: aydars@list.ru

Ferns of the Southwestern Altai as an object of studying the pteridoflora
(class Polypodiopsida) of the Kazakhstan Altai

In accordance with the study’s objective, the article presents the results of systematic and chorological anal-
yses of ferns of the Southwestern Altai in the Kazakhstan Altai mountains, and also analyzes the specificity
of the pteridoflora to soil substrates and moisture. The pteridoflora (class Polypodiopsida) was established as
consisting of 32 species, belonging to 12 genera and 9 families. In terms of the number of species, the leading
families are Woodsiaceae, Dryopteridaceae, Cystopteridaceae, and Athyridaceae, which together account for
over 75.0 % of the total number of species in the study area. The family-species coefficient of the pteridoflora
of the Southwestern Altai at the level of 0.28 indicates a low saturation of families with species and its pri-
meval age. The pteridoflora was found to be associated with five distinct geographical areas. Species with a
Holarctic distribution were the most prevalent, comprising 68.75 % of the total, suggesting a strong connec-
tion to Holarctic floras. According to the growing conditions, ferns are divided into 3 belt-zonal groups:
plain-mountain-forest, mountain-forest and high-mountain. The dominant position is occupied by the moun-
tain-forest group — 23 species (71.75 %), growing in coniferous, mixed and small-leaved forests, confined to
the mountains in the altitude limit of 900-1700 m above sea level. A specificity of pteridoflora to various
types of rocky habitats and cliffs was revealed. According to the requirement for moisture supply of ecotopes,
ferns are divided into 6 groups, where the dominant position is occupied by the mesophilic ecomorph, repre-
sented by mesophytes — 46.8 % and mesopetrophytes — 37.5 % of the total species composition.

Keywords: habitat, species, Southwestern Altai, pteridoflora, zonal distribution, ecomorph.

Introduction

Fern-like plants (pteridophytes) represent the most numerous group of ancient vascular spore-bearing
plants, and their historically formed species composition in a specific territory — pteridoflora — has a relict
character. In terms of antiquity, ferns are probably second only to Rhyniophyta and Lycopodiophyta and are
approximately the same geological age as Equisetophyta [1]. The antiquity of their origin, along with the
complex biology of their development and reproduction, determines their low competitiveness in the for-
mation of modern phytocenoses. The diversity of sporophyte structures and the high polymorphism of ferns
often lead to challenges in their systematic identification [2]. Despite the continuous interest of specialists in
pteridophytes, the study of their natural-territorial distribution and various aspects of their biology and ecol-
ogy remains highly relevant, especially in light of increasing economic development and changing climatic
conditions [3].

Currently, there are about 300 genera and more than 10,000 species of ferns worldwide. Their greatest
species diversity is concentrated in the mountainous tropics of both the Old and New Worlds, particularly in
regions with an equatorial or tropical uniformly humid climate, which has remained largely unchanged since
the Carboniferous period — the heyday of ferns. In contrast, the boreal regions of the Old and New Worlds
are less rich in fern species. In countries with temperate and cold climates, only a few species have survived,
having demonstrated the ability to adapt to new environmental conditions. However, many ferns play a sig-
nificant role in the formation of vegetation cover and have practical uses, including medicinal and decorative
purposes [4].

The study of Kazakhstan’s flora has received considerable attention over the past decades, with various
systematic plant groups identified to varying degrees of detail. In most cases, botanical studies focus on seed
plants, which are the most common in modern ecosystems. Ferns have been recognized as an integral spore-
bearing component of the vascular plant flora in the analyzed territory or its subdivisions. Studies on ferns in
mountainous regions are of particular scientific interest, as mountain systems being the richest in flora serve
as reservoirs of the gene pool of ancient relict taxa and centers of biodiversity [5].

All of the above underscores the relevance of conducting comprehensive and in-depth research on the
ferns of Kazakhstan’s flora in general, and specifically in the Kazakhstan Altai. According to A.A. Sokolov’s
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interpretation [6], the Kazakhstan Altai includes the Southwestern Altai, characterized by a complex and di-
verse mountainous landscape, as well as varying soil-climatic and hydrological conditions.

Research objective: to conduct a systematic, chorological analysis of ferns of the Southwestern Altai
and to determine some aspects of their ecological and biological indicators to identify development trends
and formation conditions.

Experimental

The study focuses on a set of fern species found in the flora of the Southwestern Altai, inhabiting all
typical habitats within this mountainous region.

The mountain structure of the Southwestern Altai consists of a system of high ridges ranging from
1,500 to 2,800 meters above sea level, while low-mountain and foothill areas are situated at elevations of
500-700 meters. The climate is sharply continental, characterized by cold, long winters, hot summers, and
significant temperature fluctuations throughout the day, seasons, and year. Annual precipitation varies from
400-550 mm in the western part to 1,500 mm at the upper forest line in the eastern and northeastern parts of
the region [7].

To achieve the research objectives, we relied on the results of long-term field studies conducted in the
Ivanovsky, Ubinsky, Ulbinsky, Koksinsky, Lineisky, and Kholzun ridges. Additionally, we examined her-
barium collections housed in the herbarium fund of the RSE on the Right of Economic Management “Altai
Botanical Garden” (acronym ABG) and utilized publications by the garden’s staff [8—11]. The floristic sur-
vey of the study area was conducted using the route-reconnaissance method [12], which provided data on
fern species composition. The taxonomic analysis follows the classification of V.K. Nayar [13], with modifi-
cations based on A.l. Shmakov [14]. To study the natural-territorial distribution of the pteridoflora of the
Southwestern Altai, a chorionomic approach was applied. This approach is based on the principle that each
species is associated with a specific phytochorion (a unit of floristic zoning), such as a floristic kingdom or
region. The alignment of a species’ distribution with particular phytochorions determines the classification of
its range [15]. The type of range is established on a broad geographic scale, distinguishing species character-
istic of an entire hemisphere (e.g., Holarctic) or specific geographic regions (Eurasian, North American-
Asian, Asian). The range group further defines the species’ confinement to a specific zone or vegetation
belt [16]. The classification of fern distribution patterns in the flora of the Western Altai follows the princi-
ples proposed by A.S. Mochalov et al. [2] in their analysis of Ural ferns. From an ecological perspective,
ferns were analyzed based on their moisture requirements and preferred substrate type [15].

The nomenclature of genera and species primarily follows the Global Biodiversity Information Facility
(GBIF) database [17].

Results and Discussion

A review of scientific publications established that the flora of the Kazakhstan Altai includes 41 species of
ferns from the class Polypodiopsida, representing 14 genera and 10 families [18-22]. As a result of our research
and a critical revision of the available literature data [9] on ferns (Polypodiopsida) in the Southwestern Altai,
which is part of the Kazakhstan Altai, we identified a pteridoflora comprising 32 species from 12 genera and
9 families. This accounts for 78.05 % of the fern species diversity in the Kazakhstan Altai (Table).

Table
The composition of systematic groups of ferns (class Polypodiopsida) found in the South-West Altai

# Family Amount (count)_ % of total species
genera species
1  |Polypodiacaceae—Polypody family 1 2 6.25
2  |Hypolepidaceae — Hypolepis family 1 1 3.12
3 |Aspleniaceae — Spleenwort family 1 2 6.25
4  |Thelipteridacea—Marshfern family 2 2 6.25
5 |Athyridaceae — Ladyfern family 1 4 12.50
6 |Cystopteridaceae — Bladderfern family 2 6 18.75
7  |Onocleodaceae — Sensitivefern family 1 1 3.12
8 |Woodsiaceae — Clifffern family 1 7 21.88
9 |Dryopteridaceae— Woodfern family 2 7 21.88
TOTAL 12 32 100
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In the family-genus spectrum of ferns in the Southwestern Altai, three families contain two genera each
(Dryopteridaceae, Cystopteridaceae, Thelypteridaceae), while the remaining six families each include a sin-
gle genus. The family-genus coefficient of the pteridoflora is 0.75. Regarding the number of species compos-
ing the pteridoflora of the Southwestern Altai, the most species-rich families are Woodsiaceae,
Dryopteridaceae, and Athyriaceae, each represented by seven species. The second-largest family is
Cystopteridaceae, with six species, followed by Athyridaceae, which includes four species. The families
Polypodiaceae, Aspleniaceae, and Thelypteridaceae each contain two species, while the remaining two fami-
lies are represented by a single species. The family-species coefficient of the pteridoflora in the Southwest-
ern Altai is 0.28. Thus, in taxonomic terms, the leading families with the highest number of species are
Woodsiaceae, Dryopteridaceae, Cystopteridaceae, and Athyridaceae, accounting for 21.88 %, 21.88 %,
18.75 %, and 12.50 %, respectively, of the total species diversity. Together, these families comprise more
than 75 % of the total fern species in the Southwestern Altai, while all other families collectively make up
25 % of the species composition.

The low saturation of families with genera and species indicates the ancient origin of ferns in the
Southwestern Altai. It is well known that the older a florogenetic element is the fewer species it tends to con-
tain [23]. The presence of many families and genera represented by only one or two species in the fern flora
of the Southwestern Altai is characteristic of the flora of the northern regions of the Holarctic floristic king-
dom as a whole [24].

The current distribution of these elements reflects the historical process of flora formation. In the
chorological analysis, the ferns of the Southwestern Altai were classified into five chorological groups (Fig. 1).

m Semikospolitan mHolarctic m Eurasian m Nortamerican-asian m Altai-sayan

Figure 1. Fern habitats of the South-West Altai

1) Semicosmopolitan Group. This group is represented by three species (9.37 %) that are widely dis-
tributed in the Northern Hemisphere and extend into the Southern Hemisphere: Pteridium aquilinum (L.)
Kuhn, Asplenium trichomanes L., Cystopteris fragilis (L.) Borb.;

2) Holarctic Group. This group includes 22 species (68.75 %) that are found across the Northern Hemi-
sphere, specifically in Eurasia and North America: Asplenium septentrionale (L.) Hoffm., A. ruta-muraria
L., Athyrium filix-femina (L.), A. monomachii (Kom.) Kom., Cystopteris dickeana R. Sim., C. montana
(Lam.) Bernh., Dryopteris carthusiana (Vill.) H.P. Fuchs, D. cristata (L.) A. Gray, D. expansa (C. Presl)
Fraser-Jenkins et Germy, D. dilatata (Hoffm.) A. Gray, D. filix-mas (L.) Schott, D. fragrans (L.) Schott,
Gymnocarpium continentale (Petrov) Pojark., G. dryopteris (L.) Newman, Phegopteris connectilis (Michx.)
Watt, Roth., Polystichum braunii (Spenn.) Fée, P. lonchitis (L.) Roth, Polypodium vulgare L., Thelypteris
palustris Schott, Woodsia alpina (Bolton) Gray, W. ilvensis (L.) R. Br., W. glabella R. Br;

3) North American-Asian Group. This group is represented by three species (9.37 %): Athyrium sinense
Rupr., Polypodium sibiricum Sipliv., Woodsia calcarea (Fomin) Shmakov;

4) Eurasian Group. This group includes three species (9.37 %): Athyrium distentifolium Tausch ex Opiz,
Cystopteris sudetica A. Braun & Milde, Woodsia heterophylla (Turcz. ex Fomin);
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5) Altai-Sayan Group. This group is represented by a single species (3.14 %), an Altai-Sayan endemic,
Cystopteris altajensis Gureeva. This species was described from Siberia (Altai); type locality: “Altai Krai,
Turochaksky District, Lake Teletskoye, lower reaches of the Bolshie Chili River, shaded rock niches” [25].

Thus, the ferns of the Southwestern Altai are predominantly represented by Holarctic species (68.75 %).
The high proportion of Holarctic ferns indicates extensive connections between the local flora of the South-
western Altai and the floras of the Holarctic. Additionally, the presence of cosmopolitan species within the
pteridoflora suggests its antiquity.

We identified zonal-altitudinal groups based on species distribution within specific ecological zones or
altitudinal belts. Accordingly, the ferns of the Southwestern Altai were classified into three zonal-altitudinal
groups: plain-mountain-forest, mountain-forest, and high-mountain. The high-mountain group comprises
species growing above the forest line in subalpine meadows, rocky screes, and well-lit rock outcrops, with a
vertical distribution range of 1,800-2,200 m above sea level. This group includes five species (15.65 %):
Athyrium distentifolium, Woodsia acuminata, W. asiatica, W. ilvensis, and W. heterophylla. The mountain-
forest group is the most species-rich, comprising 23 species (71.75 %) and encompassing a highly heteroge-
neous assemblage. Species within this group occur across the entire mountain-forest belt (900—
1,700 ma.s.l.), predominantly in sparse coniferous and mixed forests. Representative species include
Athyrium filix-femina, A. monomachii, A. sinense, Botrychium lunaria, Dryopteris expansa, Matteuccia
struthiopteris, Gymnocarpium dryopteris, Phegopteris connectilis, Polystichum braunii, P. lonchitis, and
Pteridium aquilinum. In the lower and middle mountain belts, Dryopteris carthusiana and D. filix-mas are
found in shaded coniferous forests, whereas Woodsia calcarea, Polypodium vulgare, and P. sibiricum inhabit
crevices of shaded, moss-covered, moist rock formations and granitoid outcrops. Meanwhile, Asplenium
septentrionale, A. trichomanes, Cystopteris altajensis, C. fragilis, C. dickeana, Dryopteris fragrans, and
Gymnocarpium continentale occur in illuminated rock crevices and rocky slopes. The plain-mountain-forest
group is associated with both zonal vegetation (foothill coniferous and mixed forests) and intrazonal vegeta-
tion, including swamps, marshy meadows, riverbanks, and streams. This group comprises four species
(12.5 %) distributed within an altitudinal range of 600-900 m a.s.l.: Asplenium ruta-muraria, Cystopteris
sudetica, Dryopteris cristata, and Thelypteris palustris.

The observed zonal distribution of ferns in the study area aligns with the findings of A.l. Shmakov [26].
Analyzing the pteridoflora of the Altai, Tien Shan, and Semirechye, Shmakov demonstrated that most ferns
are restricted to mountain systems, with only a few extending into lowland areas. This distribution pattern is
closely linked to the evolutionary history of ferns, which were originally associated with forest vegetation.
Over time, due to climatic shifts, certain species evolved adaptations that enabled them to colonize open,
rocky environments. This explains the presence — albeit in limited numbers — of high-altitude species.

Ecological analysis of flora, including pteridoflora, involves assessing species’ relationships with envi-
ronmental conditions. Typically, this analysis examines species’ affinity to factors such as moisture levels,
rocky substrates, and calcium-rich soils [24].

The analysis of fern distribution in the Southwestern Altai revealed a distinct preference for rocky sub-
strates, a pattern consistent with pteridofloras of other mountainous regions, particularly Southern Sibe-
ria [25]. Of the total species composition, 17 species (53.12 %) are confined to various rocky habitats and
cliffs. As noted by I.I. Gureeva [25], small-sized species with compact rhizomes were commonly found in
crevices, where microclimatic conditions — such as temperature and moisture regimes — resemble those of
forest understories, while light spectra approximate those of open landscapes. In the Southwestern Altai, this
group includes all species of the genus Woodsia (W. acuminata, W. alpina, W. asiatica, W. calcarea, W.
ilvensis, W. glabella, W. heterophylla), as well as Asplenium septentrionale and A. trichomanes.

On flat surfaces of granitoid outcrops with minimal soil accumulation, we recorded the presence of
Cystopteris fragilis, C. dickeana, Polypodium sibiricum, and P. vulgare. Additionally, Athyrium
distentifolium and Dryopteris fragrans were observed on large Kurums (rock streams).

Based on moisture requirements, four major plant ecomorphs are traditionally distinguished concerning
water regimes: xerophytes, mesophytes, hygrophytes, and hydrophytes. Intermediate groups that account for
subtle variations in moisture availability are also recognized in floristic analyses [27].

The species of the studied pteridoflora were divided into 6 groups, which represent variations of 3 main
ecomorphs (Fig. 2).
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Figure 2. Distribution of the Southwestern Altai pteridoflora by moisture requirements

1. The xerophilicecomorph of ferns in the Southwestern Altai is scarce due to the biological and evolu-
tionary characteristics of pteridophytes, represented by three species (9.37 %): Woodsia asiatica — a
xeromesophyte  (3.125%), and Asplenium septentrionale and Woodsia heterophylla —
xeropetrophytes (6.25 %). These species are confined to habitats with periodic or constant (but minor) mois-
ture deficits, exhibiting high physiological drought tolerance yet responding positively to additional moisture
under conditions of good drainage [28].

2. The mesophilic ecomorph occupies a dominant position in the studied flora and is represented by
two groups: mesophytes and mesopetrophytes, demonstrating the prevalence of pteridophytes in moderately
moist habitats. Some species exhibit tolerance to slightly drier conditions, while others prefer higher humidi-
ty levels. The mesophyte group is confined to moderately humid habitats in dark coniferous, broadleaf,
mixed, and small-leaved forests, less frequently occurring in rocky forest glades covered with moss, wet for-
est meadows, and swamp edges. This group includes 15 species (46.87 %): Athyrium distentifolium, A. filix-
femina, A. monomachii, A. sinense, Cystopteris montana, C. sudetica, Dryopteris carthusiana, D. expansa,
D. dilatata, D. filix-mas, Gymnocarpium dryopteris, Matteuccia struthiopteris, Phegopteris connectilis,
Polystichum braunii, Pteridium aquilinum. The mesopetrophyte group consists of ferns inhabiting shaded
and humid environments in coniferous and mixed forests, on ledges beneath cliffs, and in rock crevices and
scree habitats. In the Southwestern Altai, 12 species (37.5 %) are classified as typical mesopetrophytes:
Asplenium trichomanes, Cystopteris dickeana, C. fragilis, Gymnocarpium continentale, Polystichum
lonchitis, Polypodium sibiricum, P. vulgaris, Woodsia acuminata, W. alpina, W. calcarea, W. ilvensis, W.
glabella, Polystichum lonchitis.

3. The hygrophilicecomorph of ferns in the Southwestern Altai is characterized by a high demand for
soil moisture, preferring damp and wet habitats. This ecomorph includes two species: Dryopteris cristata
(3.12 %) — a hygromesophyte, and Thelypteris palustris (3.12 %) — a true hygrophyte, growing in water-
logged meadows.

Thus, the ecological analysis demonstrated that ferns in the studied area are strictly confined to specific
habitats and do not exhibit significant ecological diversity.

Conclusions

1 In the Southwestern Altai, 32 species from 12 genera and 9 families of ferns belonging to the class
Polypodiopsida have been recorded. The dominant families are Woodsiaceae, Dryopteridaceae,
Cystopteridaceae, and Athyriaceae, collectively comprising 75.0 % of the total pteridoflora species composi-
tion. The richest genera, accounting for 62.5 % of the species diversity, are Woodsia, Dryopteris, and
Cystopteris.

2 The pteridoflora of the Southwestern Altai is predominantly formed by species with wide distribution
ranges, particularly Holarctic species (22 species, 68.75 %), indicating a broad connection between the local
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fern flora and the floras of the Holarctic region. The ancient origin of the pteridoflora in the Southwestern
Altai is supported by the presence of genera represented by only one or two species.

3 The phytocoenotic confinement of the pteridoflora of the Southwestern Altai is categorized into three
zonal-belt groups: plain-mountain-forest, mountain-forest, and high-mountain, ranging in elevation from 900
to 2200 m above sea level. Among these, the mountain-forest component is the most dominant, comprising
23 species (71.75 %).

4 The majority of pteridoflora species in the Southwestern Altai (53.12 %) are associated with various
rocky habitats and cliffs. In terms of moisture preference, ferns are represented by three ecomorphs:
xerophilic, mesophilic, and hygrophilic. Species growing under moderate moisture conditions prevail, with
mesophytes accounting for 15 species (46.87 %) and mesopetrophytes for 12 species (37.5 %).
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A.H. Tanunosa, }0.A. Koryxos, A.A. CymGembaeB, O.A. Anydpuesa, A.A. Bunokypos

OnrycTik-baTbic ANTaliIbIH NANIOPOTHUKTEPi KA3aKCTAHABIK AJITAHIBIH
nrepugoduiopacsin (Polypodiopsida kiacel) 3epTTeyaiH HbICAaHbI peTiHAe

Makanana KoifburaH  Makcatka coiikec  OHTycTik-bBatbic — AnTaliarbl  Ka3aKCTaHIBIK — AnTaid
MAOPOTHUKTEPIHIH JKYHENiK JKOHE XOPOJOTHSIBIK Taugay HOTIDKEIEpl KeNTipiireH, COHmai-ak
nTepuao(IOpaHbIH TOMBIPAK CyOCTpaTTapblHA YXKOHE BUIFAIMEH KaMTaMachl3 eTUTyiHe OaiIaHBICTBI Tapairy
epeKIIeNIKTepi 3epTTeNTeH. 3epTTey HoTmkeciHae nrepunoduopansy (Polypodiopsida xiacer) 32 typaen, 12
TybICTaH, 9 TYKbIMIACTaH TYpAaThIHBbI aHBIKTANABL. Typ caHbl OoibIHIIA OacklM TyKbIMAacTap —
Woodsiaceae, Dryopteridaceae, Cystopteridaceae, Athyriaceae, onapiblH yJeci 3epTTENreH aiMaKTarbl
JKaJIbl TYpJep CaHBIHBIH 75 %-maH actamblH Kypaiinsl. OHtycrik-Batbic Anrail nrepunogiopachHEIH
TYKbIMAAc-Typ kodddurmenti 0,28 neHreiinne aHBIKTANBIN, OHBIH TYPJIIK KypaMBIHBIH TYKbIMJacTapra
KaTBICTBI a3 KaHBIKKAHABIFBIH JKoHe KeHe (uopa ekeHiH kepcereni. Iltepunmoduopa 5 Ttapamy Tumine
KaTKbI3BUIIBI, OJIAPJIbIH IIIHIC TOJAPKTHKAIBIK Typiep (68,75 %) GaceiM, Oyn ¢uopanbiH ['omapkTrka
aiiMarpIMeH OaifTaHBICHIH aiffaKTaligpl. Ocy >Karmaimapbl OOHBIHIIA MATOPOTHUKTEP 3 OHWIKTIK-Oenmmey
TONTapblHA OOJIHII: Ka3BIKTHIK-TAYJIBI-OPMaH/IBI, TayJIBI-OPMAH/IBI )koHe Omik Taynbl. OHBIH iIIiHAE TayIbI-
opmaugsl ton (23 Ttyp, 71,75 %) OacelM, onap KBIIKaH >XAMBIPAKTBHI, apanac >KOHE YCAK JKAIBIPaKTHI
opmangapaa, teHi3 nerreiineH 900-1700 M OwmikTikre TapanraH. COHbIMEH Karap NUTepHIOMIOpaHBIH
OPTYpJi TacThl MEKEHIep MEH jKaprac CyOcTpaTTapblHa epekmie Oelimaenyi aHbIKTanasl. bliranven
KaMTaMachl3 eTUTyiHe OailJIaHBICTBl MAMOPOTHUKTEP 6 DKOJOTHSUIBIK TOMKA O6JiHAi, OJapHblH IMIHIC
Me30hubIi sxkoMopda 6ackiM: Me3opurtep — 46,8 %, mesonerpodpurrep — 37,5 %.

Kinm ce3dep: Tapany aiimarbl, Typ, OHTyCTiK-Bateic Auntaii, nrepumodiopa, OHIKTIK-OemeyIiK Tapany,
skomopda.

A.H. [lanunoga, }0.A. Koryxos, A.A. Cym6embaeB, O.A. Any¢pueBa, A.A. BuHokypoB

IHanoporuuku IOro-3anagnoro Airas Kak 00beKT U3y4eHHsI NTePUA0PI0OpbI
(xaacc Polypodiopsida) Kazaxcranckoro Asaras

B craTbe, COrnacHO MOCTAaBJICHHOI I1IeNH, TPUBEACHBI Pe3yIbTaThl CUCTEMATHYECKOTO H XOPOJIOTHYECKOTO
aHaJIM30B nanopoTHUKOB FOro-3anagHoro Asnras B npenenax Kazaxcranckoro Anrasi, a TaKkke MPOAHATNU3H-
pOBaHa MPUYPOUYCHHOCTh NTEPUAO(GIOPHI K MOYBEHHBIM CYOCTpaTaM M 10 OTHOIICHHUIO K YBIQKHEHHIO. Y-
taHoBJIeHa ntepunodiopa (kracce Polypodiopsida) B cocrase 32 BuoB, u3 12 pomos,9 cemeiicts. [1o unciy
BUJIOB K BeayIum cemeiictBam otHocstcst Woodsiaceae, Dryopteridaceae, Cystopteridaceae, Athyridaceae,
JI0JIsL KOTOPBIX cocTaBisieT cBbimie 75,0 % ot obIero uncia BumoB ucciaenyeMoi teppuropun. CeMelCTBEH-
HO-BHAOBOH K03 ¢unueHT nrepunodiaopsr FOro-3anagaoro Anras paBaslii 0,28 CBHIETENBCTBYET O HU3KOM
HACBIIIEHHOCTH CEMEHCTB BHIAMH U YKa3bIBAaeT Ha €€ IPEBHHH BO3PACT. Y CTAHOBICHO, YTO NTEpHAO(IOpa
OTHOCHUTCS K 5 TUIIaM apeajioB, 1€ JOMUHUPYIOLIYIO MO3UIUI0 3aHUMAIOT BUABI C T'OJIADKTUYECKUM paclipo-
crpanenueM — 68,75 %, 4to cBunmeTenbCcTBYeT 0 cBsizu ¢ (uopamu 'omapkruxu. [To ycnoBusiM mpouspacra-
HHUA ManopOTHUKH PpacCHpeACIUINCE 1O 3 IMMOsACHO-30HAJIbHBIM rpynnaM: paBHHHHO-FOpHO-J’IeCHOﬁ, TOpPHO-
JIECHOW M BBICOKOTOpPHOH. [71aBeHCTByIolee IMOJIOKEHHWE 3aHUMAeT TOpHO-JecHas Ipynma — 23 Buzaa
(71,75 %), npouspacraronye B XBOIHBIX, CMEIIAHHBIX M MEJIKOJIMCTBEHHBIX JIeCaX, IIPUYPOUYCHHBIX K ropam
B BeicoTHOM mpezenie 900-1700 M H. y. M. BrisgBiena crnenugudeckas IpHypoYeHHOCTh NTEPUAOPIOPEI K
Pa3HOTO pojia KAMEHUCTBIM MECTOOOUTAHMM M cKaslaM. [To TpebGoBaHMIO K BIAro00eCcIIedeHHOCTH YKOTOIIOB
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HalOPOTHUKU PACIPEACNIINCh HAa 6 TPYII, IIe TOMUHHPYIOIIYIO MO3HIHI0 3aHUMAeT Me30(HIbHAs KO-
Mopda, npencraBieHHas mezopuramu — 46,8 % u mezonerpopuramu — 37,5 % ot 00LIero BUAOBOTO CO-
craBa.

Kniouesvie cnosa: apean, Bun, tOro-3amamuenii Antail, nTepurodiopa, MoSCHO-30HAILHOE PaclpeneeHue,
sKoMopa.
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New data on the distribution of the Caspian whipsnake Dolichophis caspius
(Gmelin, 1789) in the West Kazakhstan region of the Republic of Kazakhstan

Information on the distribution of the Caspian whipsnake Dolichophis caspius (Gmelin, 1789) within the
West Kazakhstan region of the Republic of Kazakhstan is summarized and possible reasons for its dispersal
across the Bokeyorda district in recent decades are discussed. New discoveries of the species have allowed
the northeastern boundary of its range to be pushed 20-30 km northward from the previously known habitats
of the Caspian snake. The only protected natural area in Kazakhstan where the species is reliably present and,
therefore, currently protected is the “Orda” State Nature Reserve of local significance. To ensure the conser-
vation of the species in Kazakhstan, it is desirable to justify and create a new protected natural area — the re-
gional nature monument “Mount Maloe Bogdo”.

Keywords: snakes, Colubridae, Red Book of the Republic of Kazakhstan, Bokeyorda district of West Ka-
zakhstan Region, Maloe Bogdo, Khaki sor, specially protected natural areas, state nature reserve of local im-
portance “Orda”.

Introduction

The Caspian whipsnake (= yellow-bellied whipsnake) is a monotypic species of the colubridae family,
the modern scientific name of which is Dolichophis caspius (Gmelin, 1789) [1]. It is distributed in South-
Eastern Europe and Asia Minor, the north-eastern border of the range passes through Western Kazakh-
stan (Fig. 1). The northern limit of distribution is located on the right bank of the Volga, in the Kamyshinsky
district of the Volgograd region of Russia, on the territory of the Shcherbakovsky Nature Park [2, 3; 162-
163].

Punder the name “Yellow-bellied snake Coluber caspius™ with the status “IV category”. Unstudied spe-
cies included in the latest edition of the Red Book of the Republic of Kazakhstan. In this edition, the authors
of the species essay reported that measures to protect the yellow-bellied snake had not been taken or devel-
oped due to the lack of study of the species. As a proposal for its study, it was indicated that it was necessary
to determine the boundaries of its distribution in Kazakhstan. The authors of the Red Book essay
Z.K. Brushko and Yu.A. Zima [5; 78-79] knew of only one location on the territory of Kazakhstan from the
article by Yu.M. Rall [6] — “in the relict steppe of Bes-Chokho in the VVolga-Ural interfluve” (Kurmangazy
district of Atyrau region). In fact, the D. caspius was recorded in Kazakhstan much earlier. The first pub-
lished information about the D. caspius in what is now Atyrau Region dates back to the 18th century [7; 513-
514, 8; 111-112, 8; 129], and in West Kazakhstan Region — to the 19th century [9; 73-74, 10; 24, 11; 123].
Our colleagues’ publications with new locations of the species’ occurrence in Kazakhstan mainly contain
information territorially related to Atyrau Region [12-16], and information confirming its current habitat in
West Kazakhstan Region, on Maloe Bogdo Mountain and its environs [12, 15, 17-19]. D. caspius was previ-
ously recorded on Maloe Bogdo: in 1854 by I.B. Auerbach; in 1887 by A.N. Kharuzin, in 2004 and 2008 by
F.G. Bidashko. F.A. Saraev and co-authors [15; 223] reported a sighting in the interfluve of the Volga and
Ural rivers — “Pomoshch settlement (48°08.583'N, 48°50.056'E), June 3, 2017 (Salahatov N.B., personal
communication)”. The reference to the only sighting in the left bank of the Ural River, in the northern out-
skirts of the village of Inderborskiy [13, 15, 17], is based on an oral report by F.G. Bidashko about encoun-
tering the species there on June 29, 1998. It is worth noting that the presence of the D. caspius in the two lat-
ter locations, in the Akzhaik district of the West Kazakhstan region near the border with the Atyrau region,
has not been confirmed later.
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Figure 1. Sites of encounters [4] and range boundaries [1] of Dolichophis caspius

The objectives of this article are to clarify the current distribution, assess the state of protection and de-
velop proposals for the protection of the species in the West Kazakhstan Region of the Republic of Kazakh-
stan (hereinafter WKR).

Experimental

The main material for the article was the authors’ field research from 2017-2022 in the Bokeyorda Dis-
trict of the West Kazakhstan Region, partially published [20-25]. Literary sources and personal communica-
tions of colleagues related to encounters with the D. caspius in the West Kazakhstan region were analysed.
Previously published and new data on recorded live and dead individuals, molted worms, were used to clar-
ify the distribution of the species in the study region. Information on the current distribution of the Caspian
whipsnake in the study region is presented as a range map with a cadastre including 11 locations. For uni-
formity, the coordinates of all species encounters are given in the format "DD°MM.mmm"'. Geographic co-
ordinates were determined using Garmin eTrex H GPS navigators (Garmin Ltd., Taiwan). Photographic sur-
veys of snakes and biotopes were performed using a Nikon D500 digital SLR camera (Nikon, Japan) and a
Fujifilm FinePix HS10 digital camera (Fujifilm, Japan). All our Caspian whipsnake locations have been up-
loaded as part of the West Kazakhstan snake dataset to the Global Biodiversity Information Facility (GBIF)
portal [26].

To determine the reasons for the spread of the D. caspius in Kazakhstan, an analysis of the long-term
dynamics of climate indicators was carried out at the Urda (Khan Ordasy) weather station, which is located
closest to the sites of its new finds. The dynamics of air temperature and precipitation in the Bokeyorda dis-
trict is given according to the data of the branch of the Republican state enterprise on the right of economic
management “Kazhydromet” in the West Kazakhstan region.

A significant part of the study area is located below the altitude of 0 m above sea level and occupies a
lowland plain freed from the Khvalynsk waters around the vast salt marsh lake Solyonye Gryazy (Sor
Khaki), which remained as a closed salt water body after the sea waters retreated [27]. Sor Khaki is one of
the largest salt marshes in the world, occupying an area of more than 1000 km? This salt marsh reaches 80
km in length, its width is 15-25 km, and the depth of the depression containing it is more than 15 m [28].
The eastern part is occupied by Naryn Sands, where hummocky and ridge-hummocky sands alternate with
flat-plain depressions. In the southwest of the region is Mount Maloe Bogdo, which is the southern wing of
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the large Urpek salt uplift. On the surface it is a ridge stretching from west to east, reaching its highest point
of 37 m on the eastern slope [29].

The climate is sharply continental. The saline depressions of Sor Khaki and Naryn-Peski are hotbeds of
desertification [30].

Results and Discussion

Let’s start with previously unpublished data on encounters in WKR. All meetings relate to its Bokey-
orda district.

On July 25, 2019, we noted a dismembered carcass of a Caspian snake at the Babay-Sad cemetery near
the village of Khan Ordasy (Fig. 2A; Fig. 3, point 1). On July 7, 2020, a 1.6-meter-long moulting shake was
found there (Fig. 2B; Fig. 3, point 1).

At the end of March 2021, a D. caspius was found dead near a railway embankment near the Ravninny
siding (15 km south of the village of Saikhin) of the Volga Railway (Urbach — Verkhniy Baskunchak Line)
by a local resident, track fitter of JSC Russian Railways, Yuri Vladimirovich Berezin. The snake is about
1.8 m long (Fig. 2C; Fig. 3, point 3).

On April 19, 2022, during an ecological and local history expedition of the Bokeyorda Center for Tour-
ism and Ecology with the participation of teachers and students of the M. Mametova and Zhangir Khan
schools, four Caspian whipsnake were observed on Mount Maloe Bogdo. D. caspius were encountered at the
southwestern foot of the mountain on the road leading to the quarry (Fig. 2D; Fig. 3, point 10) and at the
eastern foot of Mount Maloe Bogdo (Fig. 3, point 11).

On June 12, 2022, in the extreme north-eastern part of the Khaki Sor, a D. caspius was observed
crushed by a vehicle on a dirt road (Fig. 2E; Fig. 3, point 2).

Of the eleven locations of finds shown in Fig. 3, only one — point 1 — is located in a specially pro-
tected natural area (State Nature Reserve of Local Significance “Orda”). The remaining noted habitats do not
have territorial protection.

Most of the meeting places of the species in recent years are in WKR (points 4-11 in Fig. 3) are con-
fined to Mount Maloe Bogdo. This mountain, which was previously an island in the retreating Caspian Sea,
was possibly a refugium for the Caspian whipsnake. In our opinion, by now it has become the centre of its
distribution: the species is moving north in Kazakhstan from there. From Mount Maloe Bogdo, the D.
caspius has spread more than 20 km to the northwest (point 3 in Fig. 3) and more than 30 km to the northeast
(points 1 and 2, Fig. 3).

Let’s dwell on the anthropogenic factor. At the “Zhaman-Tau” mineral deposit, located near Mount
Maloe Bogdo, areas with deposits of sandstone, gypsum, limestone, and crushed stone suitable for construc-
tion work have been identified. The spread of the D. caspius north of Maloe Bogdo may be linked to the de-
velopment of this non-metallic mineral deposit that began in 2020. First, snakes are migrating due to distur-
bance from the mining activities, and secondly, the snakes may be displaced during the transportation of
sand-gravel mixtures and crushed stone from the deposit near Mount Maloe Bogdo to be used for the me-
dium repairs of the national road R-56 (transported up to 100 km), as well as for the construction of roads in
the villages of Khan Ordas, Shonay, and Saykhin. The presence of the D. caspius on Maloe Bogdo was noted
as early as the 19th century, but its expansion to neighboring territories apparently began only at the end of
the 20th century — beginning of the 21st century. Previously, researchers did not record it in areas north of
Maloe Bogdo, which we now indicate.
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Figure 2. Dolichophis caspius encounters in the Bokeyorda
District of the West Kazakhstan Region of the Republic of Kazakhstan:
A — a dismembered Caspian whipsnake at the Babai-Sad cemetery in the vicinity of the village of Khan Ordasy;
B — a moulting worm, also there;
C — a crushed specimen at the Ravninny siding of the Privolzhskaya Railway;
D — a Caspian whipsnake at the south-western foot of the Maloe Bogdo Mountain;
E — a crushed specimen in the extreme north-eastern part of the Khaki Sor.
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Figure 3. Meeting places with Dolichophis caspius in the Bokeyorda district of the West Kazakhstan region of the Re-
public of Kazakhstan in 2004-2022:

1 — the vicinity of the village of Khan Ordasy, the Babay-sad cemetery (48°47.305'N, 47°22.559'E), June 13-14,
2018 [25; 89]; July 25, 2019, July 7, 2020 [our data]; 2 — the extreme north-eastern part of the Khaki sor, on a dirt road
(48°46.073'N, 47°20.542'E), June 12, 2022 [our data]; 3 — surroundings Ravninny junction, at the railway embankment
(48°40.240'N, 46°46.430'E), March 2021 [our data]; 4 — dirt road between Mount Maloe Bogdo and the village of
Saykhin (48°28.392'N, 47°01.497'E), April 30, 2018 [20; 288-289]; 5 — Mount Maloe Bogdo (48°28.000'N,
47°03.000'E), April 21, 2004 and June 15, 2008 [17; 94, 13; 184]; 6 — plain adjacent to the southwestern slope of
Mount Maloe Bogdo (48°28.035'N, 47°04.986'E), May 25, 2017 [21; 137]; 7 — Mount Maloe Bogdo (48°28.048'N,
47°05.326'E), May 23, 2012 [18; 213, 19; 71]; 8 — summit of Mount Maloe Bogdo, in a crevice (48°28.188'N,
47°05.548'E), April 29, 2018 [20; 288—289]; 9 — eastern foothill of Mount Maloe Bogdo (48°28.098'N, 47°05.591'E),
May 25, 2017 [21; 137]; 10 — southwestern foothill of Mount Maloe Bogdo (48°27.309'N, 47°02.566'E), April 19,
2022 [our data]; 11 — eastern foothills of Maloe Bogdo Mountain (48°27.420'N, 47°05.323'E), April 19, 2022
[our data]

Moving on to climate change, climate change and global warming may also be the reason for the
D. caspius northward expansion in WKR. An increase in climate aridity and an expansion of desertification
were noted in the study area [30]. According to the results of studies in southwestern Bulgaria [31], the activ-
ity pattern of D. caspius shows its thermophilic nature: winter activity was not recorded, it emerges from hi-
bernation relatively late, is active even in the hottest months and only during the day. According to the ther-
mal adaptation index (the ratio of body temperature to external temperature), the Caspian snake is the most
thermophilic (0.98 + 0.03) in comparison with the other 13 studied reptile species of the Volga basin [32].
Ecological niche models predict that, as a result of global warming, the range of D. caspius will expand to
the north, with a slight decrease in the range at its southern borders [33]. Studies with ecological niche mod-
elling [34] have found a strong influence not only of temperature, but also, first of all, of precipitation on the
distribution of the D. caspius as a xerophilic species.

The table shows the dynamics of two climate indicators for the Urda (Khan Ordasy) weather station for
the period from 1986 to 2024, divided into three equal time intervals of 13 years each: 1986-1998, 1999-
2011 and 2012-2024. The figures show that over the past 39 years, the general trend has been toward a de-
crease in average annual precipitation and an increase in average annual air temperature. The decrease in av-
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erage annual precipitation in 2012—-2024 compared to 1986-1998 was 40.7 mm, and 23.2 mm compared to
1999-2011. The increase in air temperature in 2012-2024 compared to 1986-1998 was 1.5 mm amounted to
1.9 °C, compared to 1999-2011 — 0.7 °C.

Table
Main climate indicators for a long-term period at the Urda (Khan Ordasy) weather station
Years Average annual precipitation, mm Average annual air temperature, °C
1986-1998 295.1 8.4
1999-2011 277.6 9.6
2012-2024 254.4 10.3
1986-2024 275.7 9.4

Feeding migrations. The diet of the species includes small mammals (gophers, jerboas, voles, gerbils,
hamsters, etc.), birds, lizards and snhakes, and less often amphibians, large spiders and insects [35-38].

The increased frequency of encounters in 2016-2018 in the Atyrau region may be explained by the in-
creased activity of the Caspian whipsnake in search of prey against the background of the low numbers of
midday and tamarisk sand eels in these years [16]. In the Bokeyorda district of WKR the same situation is
noted with the small ground squirrel [39—41]. The movement of the Caspian snake north from the Maloe
Bogdo Mountain may be associated with the snakes’ search, with an insufficient food supply, for accumula-
tions of rodents and other vertebrates of a size suitable for swallowing.

Recommendations for species conservation

The Malo-Bogdin salt-dome region is a key landscape and biological area that is insufficiently pro-
tected by territorial conservation measures. The justification and creation of a protected natural area, such as
the regional nature monument “Mount Maloe Bogdo”, has become an urgent issue. Such a protected area
would contribute to the preservation not only of the karst formations of the area but also of the rare plant and
animal species inhabiting it, including the D. caspius.

Direct destruction and mortality on roads are limiting factors for the Caspian snake, as confirmed by
studies conducted outside the West Kazakhstan region [16, 24, 34, 42, 43]. Superstitions continue to be a
reason for the destruction of rare non-venomous snakes such as D. caspius, S0 it is necessary to carry out
educational work with the local population to eliminate false beliefs about snakes and their danger.

Conclusions

1. The northeastern boundary of the global range of the D. caspius — a species included in the Red
Book of the Republic of Kazakhstan — passes through the territory of the West Kazakhstan region.

2. All sightings of the species in the West Kazakhstan region are geographically within its
Bokeyordinsky district, where we define the boundary of its current distribution (from west to east) from the
vicinity of the railway station Ravninsky through the northeastern edge of the Hakis sor to the northern
outskirts of the village of Khan Ordas. According to the data obtained in 2018-2022, the previously known
distribution of the Caspian shake in Kazakhstan has been extended more than 20 km northwest and more
than 30 km northeast from Mount Maloe Bogdo.

3. In our opinion, the current distribution of the species was influenced by a complex of factors: global
warming, forage migrations, and anthropogenic development of the territory.

4. The species is reliably present only in one protected natural area in Kazakhstan — the “Orda” State
Nature Reserve of local significance (Bokeyordinsky district, West Kazakhstan region). To protect the spe-
cies in Kazakhstan, it is promising to justify and create the regional nature monument “Mount Maloe Bogdo”
in the Bokeyordinsky district.
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K.M. Axmenenos, A.I'. bakues, A.E. Ky3oBenko, A.A. Kinenuna

Ka3zakcran Pecnyoimkaceinbin Batbic Kazakeran odabiceinaa Dolichophis
caspius (Gmelin, 1789) Kacnuii :KbLIAHBIHBIH TAPAJIYBI TYPAJIbI KaHA J€PEKTEP

Kazakcran Pecriyomukacsibie bateic Kasakcran o6mbicel merinae Kacnuii KbUIAHBIHBIH Tapaiybl TypalIbl
aKmapar O KHHAKTalIbl JKOHE OHBIH COHFBl OHXBUIABIKTapaa bekeil oppacel aymaHbl OoMbIHIIA
KOHBICTAHYBIHBIH BIKTHMa cebentepi TankpulaHabl. TypaiH »kaHa TaObUTFaHIAphl CONTYCTIK-IIBIFBIC IIEKa-
PachlH TYPIiH €H >KaKblH, OYpBIH Oenrini OoiaFaH MEKeHIEY OpBIHAApbIHAH CONTYCTikke Kapail 20-30 kM-Te
JKBUDKBITYFa MyMKiHTIK Oepai. Kasipri yakeitta KazakcTaHHBIH epekille KOpFalaTblH TaOUFH ayMaKTapbIHIa
TYpP TeK XKepruTikTi MaHbRHE 6ap «Opaa» MeMIIeKeTTiK TaOuFH KOPBIFBIHA FaHa eMip cypeni, 0i3 onsr 2018-
2022 xpuinapsl kespectipaik. Kazakcranaa Typai cakTay YIIiH epeKiie KopralaTelH Taburn aymak — «Kimi
Bormo tays» OONBICTEIK MaHBI3BI Oap TaOWFAT eCKEPTKIIiH Kypy JKoHE KYpY NepCIeKTHBAIBI OOJIBIIT
KepiHeni. By Tayna xoHe OHBIH alfHATAaCBIHA PYNANIBI eMec Maiaaibl Kazoanapasl eHIipy OacTaiFaH xeple
oCIMIIKTep MEH jKaHyapllapAblH CHpPEK Ke3[IeCeTiH TYpiepi, COHBIH INIHAE CaJIBICTBIPMAlBl TYpAe Kol
ke3zneceTiH Kacnmit xputaHbl MEKEHISH 1.

Kinm ce30ep: xvuangap, Colubridae, Kasakcran PecnyOmmkaceiaeiH Kpi3emn kitaObl, bateic Kazakcran
oOnbichiHBIH bekelt opnacer aymansl, Kimni Bormo, Xaku copel, epekie KOprajdaThlH TaOWFH ayMakTap,
JKePruTikTi MaHbI3bl O0ap «Opaa» MEMIIEKETTIK TaOUFU KOPBIFBL.

K.M. Axmenenos, A.I'. bakues, A.E. Ky3oBenko, A.A. Kiienuna

HoBble 1aHHbBIE 0 pacnpocTpaHeHHN Kacnuiickoro mojo3a Dolichophis caspius
(Gmelin, 1789) B 3anaano-Ka3zaxcranckoii 061actu Pecnyoauku Kazaxcran

O6o0mmeHa nHpOpMAIMA O pacIPOCTPAHEHHU KaCIIUHCKOTo 110J103a B npezienax 3ananHo-KasaxcraHckoit 06-
nactn PecnyOmmku Kazaxcran u oOCyxaeHBI BO3MOYKHBIE IIPUYHHBI €ro pacceneHus mo bokelopauHckoMy
palioHy B IociieHHe JIecsaTHieTHs. HoBble HaXOqKH BUJA MTO3BOJHMIM OTOABUHYTH CEBEPO-BOCTOUHYIO Ipa-
Huy apeana Ha 20-30 kM K ceBepy OT OMmkalIInX, paHee W3BECTHBIX, MECT oOuTanus Buaa. Ha ocobo ox-
paHseMBIX TIPUPOJHBIX TeppUTOpHUsix KasaxcraHa B HacToOsIIee BpeMsl BH]] JOCTOBEPHO OOUTAET TOJIBKO B I'O-
CyIapCTBEHHOM MPHPOIHOM 3aKa3HHKE MECTHOTO 3HadeHus «Opaay», Tae Mbl BeTpeTii ero B 2018-2022 rr.
s coxpaHenust Buaa B KazaxcraHe NMepCHeKTHBHBIM IPEACTABISIETCS 000CHOBaHHE M CO3JaHHe 0C000 0X-
paHsieMol IPUPOIHOM TEPPUTOPHUHN — MaMATHHKA MPUPOJIbI obnacTHOro 3HaueHus «I'opa Maoe borno». Ha
9TOi Tope M B €e OKPECTHOCTSX, IJie HayaTa JOObIYa HEpPYIHBIX IOJIE3HBIX MCKOIAEMbIX, OOUTAIOT pPeaKue
BUJIBI PACTCHHH M )KUBOTHBIX, B TOM YHCJIE KACITUHCKHUH 110JI03 C OTHOCHUTEIBHO BEICOKUM OOMIIHEM.

Knrouesvle cnosa: 3men, Colubridae, Kpacuas xuura PecriyGnuku Kazaxcran, Bokelopaunckuil paiion 3a-
nanHo-Kazaxcranckoit obiacti, Manoe bormo, cop Xaku, 0cobo oxpaHseMble TPUPOIHBIE TEPPUTOPHH, TO-
CYAapCTBEHHBIN MMPUPOIHBIN 3aKa3HUK MECTHOTO 3HaueHus: «Opaay.
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The results of the introduction into cultivation of a rare relict
species Allium hymenorhizum Ledeb. in the Altai Botanical Garden

The article presents the results of an introductory study of three Allium hymenorhizum Ledeb. accessions
from different ecological and geographical growth conditions in the Kazakhstan Altai of the East Kazakhstan
region. Their phenology, biometric parameters, seed productivity, laboratory seed germination, and propaga-
tion methods were studied. According to seasonal development, A. hymenorhizum is a long-vegetating, sum-
mer-green species with forced winter dormancy. The duration of the flowering phase of individuals in the
studied A. hymenorhizum accessions was 18.4-22.4 days with minor deviations from the average long-term
indicator. According to flowering periods, the studied accessions belonged to summer-flowering plants. Ac-
cording to biomorphological characteristics, the accessions differed in the height of the generative shoot: the
accession from subalpine South Altai was 92.45 + 5.54 cm, the accession from mountain-forest West Altai
was 85.46 £ 4.79 cm, and the accession from mountain-steppe Kalbinsky was 78.24 + 10.52 c¢m. Variation in
this trait was at a low and medium levels of 8.37 % — 15.69 %, which indicated the stability of the traitin ac-
cessions during growing period. Minor differences in the height and diameter of the inflorescence were also
revealed; the form diversity of the inflorescence was found from spherical to oval-spherical. Seeds are formed
in the accessions annually, ripen from mid-July to mid-August, and are characterized by morphological het-
erogeneity. Small seeds formed in the South Altai subalpine accession had the length of 3.3 + 0.12 mm and
the width of 1.4 &+ 0.09 mm, large ones were found in the Kalbinsky mountain-steppe — 4.03 + 0.09 mm and
1.84 + 0.07 mm, respectively. The productivity coefficient of the inflorescence in A. hymenorhizum acces-
sions introduced in the Altai Botanical Garden was from 29.56 % to 40.67 %, i.e. the potential for the for-
mation of inflorescence seeds in the observed accessions was not fully realized. The mountain-forest acces-
sion from the Western Altai had the largest number of flowers, fruits, and seeds in the inflorescence. Acces-
sions from the Southern and Kalbinsky Altai were similar to each other by these traits. Seeds of good quality
were formed and demonstrated laboratory germination rates from 67.82 % to 76.52 % after six months of
storage at the room temperature. The studied accessions of A. hymenorhizum were successfully reproduced
vegetatively under introduction conditions. The species is promising for introduction into cultivation as an
ornamental plant.

Keywords: Allium hymenorhizum, introduction, morphology, seed productivity.

Introduction

Currently, the preservation of biological diversity is one of the most important problems of the modern
plant world. Rare and endangered plant species have less genetic diversity compared to widespread ones, so
they are more susceptible to the threat of extinction due to changing environmental conditions and the influ-
ence of anthropogenic factors [1].

Mountain ecosystems of the Kazakhstan Altai of the East Kazakhstan region possess large botanical di-
versity. However, increasing anthropogenic pressure (development of natural areas, exploitation of industrial
facilities, deforestation, mining, development of new lands for farms, increasing residential and recreational
loads, use of chemicals) negatively affect natural ecosystems and, first of all, the plant component. At the
same time, there is a simplification of the structure and composition of phytobiota, a reduction in the ranges
of rare and endemic species, and the penetration and a spreading of alien plant species.

An effective way to conserve plant biodiversity is to protect individual species as part of communities.
However, the level of anthropogenic destruction of habitats often leaves no opportunity for the in situ con-
servation, therefore, ex situ methods come to the fore, as it was mentioned in the “Global Strategy for Plant
Conservation” adopted in 2002 at the VI Conference of the Parties (COP) to the Convention on Biological
Diversity (CBD) [2].

One of the species in the flora of the East Kazakhstan region that requires conservation by ex situ meth-
ods is Allium hymenorhizum Ledeb. — a Pleistocene relic onion species of Asian origin widespread in West-
ern Siberia (Altai), Kazakhstan, Iran, and Mongolia [3]. In the East Kazakhstan region, Y.A. Kotukhov [4]
lists the locations of the species in the floristic regions 22. Altai (Kazakhstan Altai, geographical regions:
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Western, Southern, Kalbinsky Altai) and 12. Zaisan (Northern Zaisan region). The author notes that the spe-
cies is found scattered and very limited in excessively moistened saline meadows of plains, grassy swamps,
moist meadows, from the foothills to the middle mountain belt.

This article presents the results of a long-term introduction study in the Altai Botanical Garden (Ridder)
of 3 accessions of A.hymenorhizum, brought into cultivation from different habitats in the flora of the Ka-
zakhstan Altai of the East Kazakhstan region.

The aim of the study was the study of phenological, morphological, reproductive traits, reproductive bi-
ology, stability and prospects for the introduction into cultivation of three accessions of A.hymenorhizum
from different ecological and geographical localities of the Kazakh Altai.

Experimental

The work was carried out on the collection site of the natural flora of the Altai Botanical Garden. Ob-
jects of study: 3 accessions of A. hymenorhizum, attracted to the introduction into the cultivation from geo-
graphically isolated regions of the Kazakhstan Altai. Planting material for the study was extracted from three
geographical points in the form of living plants (Table).

Table

Ecological and geographical characteristics of the habitats of Allium hymenorhizum
specimens attracted to the introduction from the natural populations of the Kazakh Altai

Coordinates of the main

The place collection points

of collection
of the accession width, N | longitude E

: Area, ha Spatial- Accession ecotype,
altitude structure community
as.l.

Southern Altai, the
southern slope of the
ridge Kurchumsky,
the neighborhood 48.8164 85.6503 1513.0 85.0 diffuse-group
VerkhnyayaYelovka
village, the coast of
Lake Markakol

Western Altai,
north-western slope,

Subalpine; coasta
wetmeadow

Mountain forest;

Ivanovsky district, 50.3575 83.9047 1208.0 17.0 diffuse-group damp meadow
Gray Meadow tract

Kalbinsky Altai, Mountain-steppe,
Sibinskaya depression,| 49.40339 83.05461 823.0 12.0 distracted moderately moist
lake Shybyndykol meadow

The introduction area was the Altai Botanical Garden, located in the mountain-forest zone of the Ka-
zakhstan Altai at 700-900 m above sea level. The distance from the oceans and the mountainous relief de-
termine the continental climate, humidity and temperature conditions. According to the humidity coefficient,
the Altai Botanical Garden is located in the region with Hydrothermal humidity coefficient (HHC) 1.2,
which indicates moderately humid conditions [5]. According to the Ridder meteorological station, the winter
period begins in the third ten days of October and continues until the beginning of April. The average height
of snow cover in open spaces reaches 50-60 cm with a soil freezing depth of 40-119 cm. The average winter
temperature is -12.6 °C with short-term frosts of -35 — -45 °C. According to the characteristics of the winter
period, the length of forced dormancy of plants reaches from 5.9 to 6.4 months per year. Spring is late and
long. Summer is short and humid. The air temperature of the warmest month of July is 16.6 °C. The average
annual precipitation ranges from 432 to 937 mm with a summer maximum, which ensures good moisture
throughout the growing season [6]. The soils where the introduction site is located are mountain black-soils.
The humus content ranges from 6 % to 8 % (10 %) with a high percentage of nitrogen and potassium [7].
The experimental site where the test accessions were planted was flat and open; the plants on the plots were
grown in monoculture without irrigation. Maintenance work during the growing season included removing
weeds and soil loosening.
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The limiting factors for the introduction into the Altai Botanical Garden were large amplitudes of daily
and annual temperatures, humidity, limited frost-free and vegetation periods. That is why the most important
characteristics for the selection of introduced accessions were high winter- and frost-resistance, shortened
growth and development rhythm that allows them to pass the main phases of seasonal development [8].

The rhythm of plant development is the main indicator of their adaptability to new growth conditions.
An important method of its studying was phenological observation, which was carried out starting from the
second year after planting up to five years. During active growth, the frequency of observations was three
times per week, during the rest of the period — once a week. Phenological observations were carried out us-
ing a methodology developed in the Main Botanical Garden of the Russian Academy of Sciences [9], classi-
fication of phenorhythmotype was carried out according to the methods of E.S. Fomin et al. [10]. Seed
productivity and sowing qualities of seeds were studied using the method of 1.V. Vainagiy [11]. The assess-
ment of the success of the introduction of the species into cultivation and its prospects as a cultural plant was
carried out according to a set of biological and economic characteristics [12].

Statistical analysis was performed using the Excel. The average values of the indicators, the coefficient
of variation, and the accuracy of the experiment were determined.

Results and Discussion

A. hymenorhizum holds practical value as both a food source and an ornamental plant. The study of the
biology, resource qualities, and reproduction of A. hymenorhizum at the South Ural Botanical Garden-
Institute led to its recommendation for use as both an ornamental and food plant [13]. Introduction trials at
the Kuzbass Botanical Garden demonstrated its potential for landscaping, owing to its adaptability to open-
ground conditions, effective seed and vegetative reproduction, and contributions to the conservation of rare
and endangered species [14]. Additionally, N.G. Gemedzhieva et al. [15], in a review on the prospects of
Kazakhstani Allium L. species, highlighted A. hymenorhizum as a promising ornamental and honey plant
based on cultivation tests.

A. hymenorhizum is a perennial bulbous plant. Bulbs are attached one or more to a short rhizome, form-
ing a dense turf. The bulbs are cylindrical, with leathery brown shells, up to 2 cm thick. The stem is almost
half covered with leaf sheaths. The umbel is usually spherical, multi-flowered, the sheath is persistent. The
perianth leaflets are pink-purple, 4-6 mm long, the style protrudes from the perianth. The capsule is equal to
the perianth [16]. According to its life form, it belongs to the loose-tussock rhizome-bulbous monocentric
biomorph, the habitats of which are confined to sparse phytocenoses [17]. Studies of morphological variabil-
ity and molecular genetic features have established the dependence of A. hymenorhizum on its geographical
origin [18-22].

When introducing plants, one of the key indicators is their progression through phenological phases and
growth dynamics, as these reflect the species’ adaptation to local conditions. Long-term phenological obser-
vations show that all three A. hymenorhizum accessions consistently emerge after winter without signs of
under snow growth, overwinter successfully without losses, and remain unaffected by spring frosts. Regard-
less of origin, they complete a full development cycle during the growing season, culminating in seed pro-
duction. Their phenological rhythm is stable, characterized by a long-vegetating, summer-green, summer-
flowering phenorhythmotype with enforced winter dormancy. Table 2 summarizes the average annual
phenological data for A. hymenorhizum accessions over a 5-year period (2020-2024).

The plants of the subalpine accession, brought from the Southern Altai, were the first to start growing in
the first ten days of April. In the mountain-forest and mountain-steppe accessions, vegetation began in mid-
April. The budding phase of the generative shoot in the subalpine accession started at the end of the first ten
days of June, while in the accessions from the Kalbinsky and Western Altai, it began 6-10 days later, in mid-
June. The subalpine meadow accession bloomed en masse at the end of June, while the mountain-forest and
subalpine accessions started mass flowering in the first ten days of July. The seed ripening periods were ex-
tended, with the subalpine accession beginning seed ripening in the second ten days of July, and the moun-
tain-steppe and mountain-forest accessions starting in the third ten days of July and completing in August.
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Table 2

Average annual phenodates of Allium hymenorhizum accessions in the exposition
of the Altai Botanical Garden

Origin of the accessions
Kalbinsky Altai, Western Altai, .
Name of the Sibinskaya depres- Ivanovsky district, Kufg#;ﬂfg; Adlitsilr’ict
henodate Statistical indicators | sion, swampy mead- | Gray Meadow tract, coastal dam ymea dovx;
P ow, Shybyndykol damp meadows, P '
. . Markakol Lake, subal-
lake, mountain steppe| mountain and forest pine accession
accession accession
The beginning (M=m) 18.04+7.07 18.04+3.03 07.04+5.07
of spring re- C% 18.22 7.82 16.77
growth P% 6.89 2.95 6.34
The bedinnin (M+m) 13.06+2.73 12.06+9.84 03.06+9.34
ofbuda C% 3.28 13.15 11.34
g P% 1.24 4.97 4.29
The bedinnin (M+m) 30.06+4.80 29.06+6.59 19.06+6.85
of ﬂowgering g C% 4.97 7.49 7.57
P% 1.88 2.83 2.86
(M+m) 10.07£2.27 10.07+2.27 30.06+3.75
Mass flowering C% 2.17 2.17 3.89
P% 1.82 1.82 1.47
The end of (Mitm) 18.07+4.51 19.07+3.80 10.07+7.34
. 4.07 3.40 6.31
flowering P% 154 129 238
The beginning (M=£m) 27.07£1.76 23.07+10.69 19.07+9.52
of seed matura- C% 1.49 9.34 7.14
tion P% 1.56 3.53 2.70
(M£m) 13.08 £1.36 08.08+5.69 14.08+11.61
The end o seed C% 1.03 4.46 8.56
P% 1.39 1.68 3.23
(M£m) 18.09+4.62 09.09+8.86 09.09+6.55
The end of the C% 2.93 5.75 4.28
growing season P% 1.11 2.17 1.62
Note — M is the average value of the indicator; C% is the coefficient of variation; P% is the accuracy of the experiment

In statistics, when the variation coefficient is less than 12 %, the degree of variability of a trait is con-
sidered low; from 13 % to 20 % — average; from 21 % to 40 % — high; more than 40 % — very high [23].
In our studies, the level of variability of the studied indicators of average annual phenodates was established
in all three accessions at a low level of variability, and only one at an average level. Such indicators of
phenodate variability confirm the good adaptation of the three studied accessions as cultivated plants.

Based on the analysis of the onset of phenodates, the duration of each phase of seasonal development
was determined (Table 3). The plant had one generation of leaves, after the seeds ripen, the leaves began to
turn yellow and gradually died off. VVegetation ended at the end of August or in the first or second decade of
September after the onset of autumn frosts on the soil. Formation of the autumn generation of leaves did not
occur.

The duration of the seasonal development phases was experimentally determined for all three acces-
sions. The period from the beginning of vegetation to the end of vegetation for the subalpine and mountain-
forest accessions was, with slight deviations from the long-term average, 144.3+6.54 days and 144.9+4.58
days, respectively, for the mountain-steppe accession — 164.4+7.24 days; the duration of flowering for
A. hymenorhizumaccession from Southern Altai was 18.40+2.77 days, for the mountain-forest accession
from Western Altai — 20.90+2.63 days, and for the mountain-steppe accession from Kalbinsky Altai —
22.40+2.44 days. The seeds ripened within 14-15 days in the subalpine and mountain-forest accessions with
minor deviations from the average long-term indicator; in the mountain-steppe accession this period was

25.83+1.91 days.
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Table 3

The duration of the phases of seasonal development of Allium hymenorhizum accessions
of different ecological and geographical origin in the exposition of the Altai Botanical Garden

a) Name of the seasonal b) The duration of the seasonal development period, in days
d c) Southern Altai, d) Western Altai, e) Kalbinsky Altai,
evelopment phase . ] . . . .
subalpine accession mountain-forest accession | mountain-steppe accession
f)  The beginning of the g) 144.346.54 j)  144.9+4.58 m) 164.4+7.24
growing season- the end of h)y 7.58 k) 3.33 n) 7.46
the growing season i) 2.39 ) 0.96 0) 2.36
I q) 18.40+2.77 t) 20.90+2.63 w) 22.40+2.44
i) o bagorio ot tiow | ) 10k ) 107 ) 1008
s) 3.47 v) 5.03 y) 4.72
z) The beginning of seed aa) 14.70+3.50 dd) 15.92+2.08 gg) 25.83+1.91
maturation is the end of seed bb) 13.30 ee) 20.13 hh) 21.29
maturation cc) 4.95 ff) 3.67 i) 5.14
Note — M is the average value of the indicator; C% is the coefficient of variation; P% is the accuracy of the experiment

The studied A. hymenorhizum accessions differed in biomorphological parameters. In terms of genera-
tive shoot height, the subalpine accession from the Southern Altai stood out at 92.45 + 5.54 cm, with a varia-
tion coefficient of 8.37 %. The generative shoot height of the mountain forest accession was 85.46 +
4.79 cm, with a variation coefficient of 15.69 %, and for the mountain steppe accession, it was 78.24 +
10.52 cm, with a coefficient of 11.27 %. The low to medium variation in plant height indicated the stability
of this trait in cultivation over a prolonged period of introduction.

The inflorescence of A. hymenorhizum, like other species in the genus Allium, was a spherical, multi-
flowered, dense umbel [24], though other sources describe it as oval-spherical [25]. Measurements of the
experimental accessions grown at the Altai Botanical Garden revealed the following inflorescence parame-
ters: subalpine accession — height 1.7 + 0.4 cm, diameter 2.1 + 0.4 cm, and index (height-to-diameter ratio)
0.81; mountain forest accession — 2.2 £ 0.4 cm, 2.0 = 0.09 c¢cm, and 0.11, respectively; mountain steppe ac-
cession — 1.8 = 0.2 cm, 2.3 + 0.04 cm, and 0.78, respectively. Thus, based on the inflorescence index, the
accessions exhibited both spherical and oval-spherical inflorescences (Fig. 1).

kK) 11)

Figure 1. The form diversity of Allium hymenorhizum inflorescences in introduction

When studying the morphological parameters of freshly collected seeds in the observed accessions, dif-
ferences in size were found depending on the ecological and geographical origin of the accession. According
to measurements, the smallest seeds were produced by the South Altai subalpine accession: length — 3.3 +
0.12 mm, width — 1.4 + 0.09 mm; the mountain-forest accession measured 3.79 + 0.03 mm and 1.68 +
0.04 mm, respectively; and the mountain-steppe accession measured 4.03 + 0.09 mm and 1.84 + 0.07 mm,
respectively. The morphological heterogeneity of seeds, preserved during introduction, was undoubtedly as-
sociated with adaptations to different environmental conditions. Meanwhile, the morphological characteris-
tics of the seeds from the studied A. hymenorhizum accessions aligned with previously reported data obtained
during introduction [13; 25-26].

The seeds fell from the capsules as they ripened, and self-seeding was observed in all three accessions.
The first individual shoots of self-seeding appeared after seed dispersal in late August to early September.
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However, the autumn self-seeding did not survive the winter, with 100 % mortality during the overwintering
period. In the spring, self-seeding produced uniform shoots in late May to early June. Counts showed that 50
to 80 seeds germinated near the parent sod on the plot, but without supplemental watering, the shoots dried
up at the cotyledon stage by mid-June, preventing natural rejuvenation of the original plantings through self-
seeding.

To predict the success of introduction, the reproductive indicators were analyzed in the experimental
accessions of A. hymenorhizum (Table 4). As noted by O.A. Elizarieva et al. [27], seed productivity (SP) was
challenging to predict and could only be determined empirically.

Table 4

Reproductive indicators of Allium hymenorhizum of different ecological and
geographical origin in the exposition of the Altai Botanical Garden

kk)  Origin of the accession
ji) Indicators Il) Southern Altai, sub- mm) Western Altai, | nn)  Kalbinsky Altai,

. - mountain-forest ac- mountain-steppe ac-
alpine accession ; .
cession cession
00)  The number of flowersinthe |y 2, 311 6o qq) 87.47+6.15 1)75.2+3.82
inflorescence, count.
s5) The number of fruits with seeds in | 1y 4} 5} 36 w)  59.29:6.15 W) 48.05:6.26
the inflorescence, count.
ww)  Fruit formation of the inflo-
rescence, % xx) 55.4 yy) 67.7 zz) 63.8
aaa) _ The number of seeds in the bbb)  3.2:0.40 ccc)  3.6+0.22 ddd) 3.5+0.63

fruit, count.

eee) Potential seed productivity of
the inflorescence, count.

iii) The actual seed productivity of

fff)  445.86422.64 |ggg) 524.82426.22 | hhh) 451.2431.33

. jii)  131.84+8.58 kkk) 213.44+21.24 | Hl)  168.17+16.32
the inflorescence, count.

mmm) Seed productivity coefficient, % | nnn) 29.56 000) 40.67 ppp) 37.27

gqq) Weight of 1000 seeds, g rrr)  1.40+0.08 sss)  1.59+0.04 ttt) 1.71£0.06

Table 4 showed that the potential for seed formation in the observed accessions was not fully realized
under cultivation. The potential seed productivity of the inflorescence ranged from 445.86 + 22.64 to 524.82
+ 26.22 ovules, while the actual seed productivity varied from 131.84 + 8.58 to 213.44 + 21.24 seeds, result-
ing in a seed productivity coefficient of 29.56 % — 40.67 %. Seeds were produced annually, but during dry
and hot summers (2021-2022), the inflorescences achieved only 5.6-8.7 % of their potential.

The mountain-forest accession from the Western Altai had the highest number of flowers, fruits, and
seeds per inflorescence. The accessions from the Southern and Kalbinsky Altai did not differ significantly in
these indicators. Seed setting per fruit was average across all accessions, ranging from 3.2 = 0.40 to 3.6 +
0.22 pcs. The reduction of ovules at the fruit level was 53.3 % for the subalpine accession from the Southern
Altai, 60.0 % for the mountain-forest accession from the Western Altai, and 58.3 % for the mountain-steppe
accession from the Kalbinsky Altai.

The experimental introduction demonstrated that high-quality seeds were formed in all test accessions.
Laboratory seed germination after six months of storage at room temperature (18-24 °C) was above average
for all three accessions: 68.53 % for the subalpine accession from the Southern Altai, 76.52 % for the moun-
tain-forest accession from the Western Altai, and 67.82 % for the mountain-steppe accession from the
Kalbinsky Altai. However, soil germination was consistently lower across all accessions, with values re-
duced by more than 2.0-2.8 times compared to laboratory germination. After six months of storage, the soil
germination rate was 39.62 % for the subalpine accession, 28.52 % for the mountain-forest accession, and
23.64 % for the mountain-steppe accession (Fig. 2). The observed seed productivity indicators of the studied
species aligned with the findings of O.A. Elizareva [28].
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Figure 2. Laboratory and soil germination of seeds in the introduction of 3 accessions
of Allium hymenorhizum of different ecological and geographical origin

The studied accessions of A. hymenorhizum were well propagated vegetatively by dividing the bush into
turfs, each containing 3-5 bulbs. When planted in spring during the second ten days of May and watered dai-
ly in the morning at a rate of 10 L/m?, the survival rate of the seedlings was 100 %

Conclusion

The Allium hymenorhizum accessions tested in the introduction into the cultivation, sourced from sub-
alpine, mountain-forest, and mountain-steppe meadows with varying moisture levels, successfully adapted to
the new growing conditions at the Altai Botanical Garden. These accessions demonstrated winter hardiness
and a consistent seasonal development rhythm, aligning with the phenorhythmotype of long-vegetating,
summer-green, summer-flowering plants with enforced winter dormancy. Having completed a full develop-
ment cycle over an extended introduction period while maintaining morphometric parameters and exhibiting
good reproductive indicators, these accessions showed promise for inclusion in landscaping assortments. The
introduction study of A. hymenorhizum accessions from diverse ecological and geographical origins facilitat-
ed a more comprehensive and rational approach to utilizing the species’ resource potential. This approach
aimed to enrich the cultural flora of the East Kazakhstan region and safeguard the rare species. Cultivating
intraspecific taxa of A. hymenorhizum under introduction conditions served as an additional conservation
measure. It also established a reserve fund for conducting breeding work on this species as an ornamental
plant.
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A.H. lanunosa, A.A. Cymb6embaeB, O.A. Anydpuena, FO.A. Koryxos, O.A. Jlaryc

AJdraii 6oranukanbik 6areinaa Allium hymenorhizum Ledeb.
CHpPEeK PeJHKTI TYPiH sKepCiHAipyaiH HITHKeJepi

Maxkamana Illereic Kazakcran oONBICBIHIAFBI Ka3aKCTaHABIK AJTalIbIH  SKOJOTHSIBIK-TeOorpadHsIIbIK
opTypii karmainapaadH aneiaFaH  Allium  hymenorhizum Ledeb. 3 yuricin skepcinmipy HOTHKemepi
ycoiHbuFaH. OnapasiH (eHOJIOTHSICH, OMOMETPHSUIBIK MapaMeTpliepi, TYKbIMIBIK OHIMJLIIT, 3epTXaHalbIK
oHy Kabineri, kebero Tocimaepi 3eprrenai. MaycsiMabk gamy GoibiHima A. hymenorhizum — ysak Berera-
IMSUTaHATBIH, JKa3/1a KachlI OOJBIN TYpaThlH, MOXOYpI KBICKBI THIHBIIITHIK Ke3eHI 0ap Typ. 3epTrenreH
A.hymenorhizum yarinepinin ryngey ¢a3acbiHbIH y3aKTeiFbl — 18,4-22.4 KyH apaiblFblHIa, OpTalla
KOIDKBUIIBIK KOPCETKIIITEH IamMaibl aybITKynapsl 6ap. ['ynaey mep3imine OailaHbICTHI 3€pTTEAreH YATLIEp
Kasga TYNAEHTIH eciMaikrepre jkataasl. bBHOMOPQONOTMsUIBIK —cHUOaTTamMaiapbl Oo#bIHIIA yiriaep
TeHEepaTHBTI OCKIHHIH OuikTiri OoifbiHmIa epekmeneHeni: OHTYCTIK AnTalablH CyOambmimiK yirici —
92,4545,54 cm, bateic AnTaiiibIH TaynbI-opMaHbl yirici — 85,46+4,79 oM, Kanba Taysbl-nanans! yiarici —
78,24+10,52 cm. By GenriHiH e3reprillTiri TOMEH jxoHe opTa AeHreiine 8,37 %-15,69 % apanbiFeiHaa, Oy
JKacaHABl ecipy JKarmaiapblHOa OCHl KOPCETKINITIH TYpPaKTBUIBIFBIH Kepcereni. CoOHBIMEH KaTap,
TYJIIOFBIPABIH OWIKTII MEH IuaMeTpiHAe A€ KIIiripiM aibpMambUIBIKTAp OaiKajiabl, TYJILOFBIpIap
(hOpMachIHBIH SPTYPJIUIri aHBIKTAJIBl, SFHU IIap TSPi3IiNeH OoFai-ap Topi3aire aeiiH. Yirinepne
TYKBIMZAP JKbUI CaiiblH KaJIBIITACHIIN, LI aibIHBIH OPTACHIHAH TaMbI3 aiibIHBIH OpTAachIHA JEHiH micemi
JKoHEe MOPQOJOTHSIIBIK OPTYPJIUTIKIIEH epekmeneHeni. OHTYCTik AJNTaiablH cyOampmunik — yariciHae
KIIIKeHTal TYKbIMIap KajaslnTacaabl (MM): Y3eIHABIFE — 3,3+0,12, eni — 1,4+0,09, an Kanba taynsi-gananst
yJricinge TykeimMzpap ipi — coiikecinme 4,03+0,09 sxone 1,84+0,07. A. hymenorhizum yirinepinge 30HT
eHIMALTIT Ko3ddunmenTi 29,56 %-40,67 % apanbirbiHaa OONMBI, SFHU OaKbUIAYAaFbl YITLUIEpC TYKbIMIAP
MEH TYJJIep KaJbINTacy MYMKIHJIT TONBIK JKy3ere acmaiapl. EH Ken Ty, jKkeMic jKoHe TYKbIM caHbl baTbic
AnTaiiiaH anbpIHFAH TayJbl-OpMaHIbl yirige Oaiikanmel. OHTycTik xoHe Kamba AnraifplHaH allbIHFaH
YJIrinepaiH OyJ1 KepceTKilTepi apacklHia alTapibIKTail albIpManIbUIBIK JKOK. TYKBIMIap jKaKchl canajibl 60-
JIBIT KaJIBITITACAIbI, 3ePTXaHAJBIK OHY KaOiaeTi — anThl ail 0okl OeMe TeMIepaTypachiHa CaKTaJFaHHAH
Ketin 67,82 %-76,52 % apansirsiaga. 3eprrenred A. hymenorhizum yirinepi sxepcinmipy karmaifbieia
BETeTaTUBTI TYpAE coTTi kebeitrineni. Typai acemIik eciMaik peTiHae KOIgaH ecipyaiH Oonamars! 6ap.

Kinm ce30ep: Allium hymenorhizum, skepciazipy, Mophomorust, TYKbIMIBIK OHIMILTIK.

A.H. anunosa, A.A. Cym6embaeB, O.A. Anydpuena, FO.A. Kotyxos, O.A. Jlaryc

Pe3ybTaThl HHTPOAYKIIMH PEIKOT0 PEJTHKTOBOT0 BH/IA
Alliumhymenorhizum Ledeb. — B AnTaiickom 6oTaHm4YecKOM camy

TIpeacraBieHsl pe3ynbTaThl HHTPOLYKIIMOHHOTO u3ydeHus 3-x obpasumos Allium hymenorhizum Ledeb. u3
pa3HBIX 3KoJoro-reorpaguyeckux ycinoBui mpouspactaHus B Kazaxcranckom Anrae Bocrouno-
Kaszaxcranckoit obmactu. M3ydeHbl Mx (eHOJOrHs, OMOMETpHYECKHEe MapaMeTpbl, CeMEHHas IPOLYyKTHB-
HOCTh, Ja0OpaTOpHAsh BCXOXECTh CEMSH, CIIOCOOBI pa3sMHOXKEHHA. [lo Ce30HHOMY pas3BUTHIO A.
hymenorhizum — nnuTensHOBEreTHPYIOIINIA, JIETHE3eICHbIH BUA C BBIHY)XACHHBIM 3UMHHUM MOKoeM. JIiu-
TeIbHOCTH (Da3bl LBETEHHs 0cobell y UccienoBaHHbIX 00pasioB A.hymenorhizum cocrasnser 18,4— 22,4 nust
C HE3HAUHUTEJILHBIMHU OTKJIOHEHUSIMH OT CPEHEr0 MHOTOJIETHEro rmokasatens. [1o cpokaMm IBeTeHUs M3ydeH-
Hble 00pa3lbl OTHOCATCS K JISTHELBETYIIMM pacTeHusM. [1o GHOMOP(OIOrHYecKkHM XapakTepUCTUKaM 00-
pa3ibl pa3IMYaloTCss MO BBHICOTE TEHEPATHBHOTO IoOera: CyOanbIMiiCKuil IOXKHOANTaWCKMi oOpasem —
92,454+5,54 cM, TOpHO-IIECHOW 3amamHoanTackuii — 85,46+4,79 cM, TOPHO-CTEITHOW KaTOWHCKHHA —
78,24+10,52 cM. YcTaHOBIEGHO BapbUpOBaHHME 3TOrO MpH3HAKa Ha HU3KOM M cpeaHeM yposHe 8,37 % —
15,69 %, uTo yka3pIBaeT Ha CTAOWJILHOCTH MOKa3aTelisl PU KyJbTUBHPOBAHHK 00pa3loB. Takxke BBIIBICHBI
HE3HAUUTENIbHbIE PA3JINYIUsI 110 BBICOTE M JHaMETPy COIBETHS; YCTAHOBICHO (popMoBOe pasHOOOpasme comBe-
THUSI OT MIAPOBUAHOHN 10 OBaNbHO-IIapoBUAHONH. CeMeHa y 00pa3IoB 3aBsI3BIBAIOTCS €KETr0JIHO, CO3PEBAIOT C
CepeMHBI HIOJS JI0 CEPEANHBI aBr'yCTa, XapaKTepu3ylTcs MopdoIornieckoil pasHopoIHOCThI0. Merkue ce-
MeHa (HOPMHUPYIOTCS Y IoJKHOaTaiickoro cybanbnuiickoro oopaszua(mm): mminHa—3,3+0,12, mupuna 1,4+0,09,
KpYIHBIE y KalOHHCKOroropHo-cremHoro —4,03+0,09 u 1,84+0,07 cootBercTBeHHO. KoadduuumeHT mpoayk-
THBHOCTH 30HTa y o6pa3uoB A. hymenorhizum B untponykuuu coctaBun 29,56 %—40,67 %, T.e. MOTEHIH-
QJIBHBIC BO3MOYKHOCTH 00pa30BaHMsl CeMsiH COLBETHH y HaONIOZaeMbIX 00pa3loB peayM3yloTCsl HE MOJHO-
cTbi0. HanbonpIuM KOJIMUECTBOM IIBETKOB, IUIOJIOB, CEMSIH B COLIBETHH BBIJIEISIETCS TOPHO-JIECHON 00paser]
¢ 3amagnoro Anras. O6pasis! ¢ KOxuoro n Kanbuackoro Anrast To 3THM MOKa3aTeNsiM MEXITy co00it mpak-
THYEeCKU He oTiaudaloTcs. CeMeHa (pOpMHUPYIOTCSI XOPOIIEro KayecTBa ¢ MOKa3aTe/sIMU JTab0paTOPHOH BCXO-
KecTu Ha ypoBHe 67,82 % —76,52 % mocie 1mecTH MecsleB XpaHeHHs IpH KOMHATHOH Temmepatype. U3y-
deHHbIe 00pa3ipl A. hymenorhizum B ycioBHsSX MHTPOLYKLMH YCIICIIHO Pa3MHOXKAIOTCS BEreTaTUBHO. Bun
HEePCHEeKTUBEH VIS BBEACHHUS B KyJIbTYPY B KauecTBe IEKOPATHBHOTO PACTEHHSI.

Knrwueswie crnosa: Allium hymenorhizum, uarpoaykims, Mopdooris, ceMeHHast IPOLYKTUBHOCTb.
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New species for the lichen biota of Kazakhstan from
the western part of the Chulak ridge

This article presents information on two newly identified lichen species in Kazakhstan: Scytinium
palmatum (Huds.) Gray and Anaptychia roemeri Poelt. Both species were located on the Chulak (Sholak)
ridge, the southern extension of the Dzhungar Alatau. Both species are accompanied by synonyms, nomencla-
tural citations of primary sources, original anatomical and morphological descriptions, specific location
points (including coordinates, collection date, and collector’s name), environmental characteristics, and gen-
eral distribution (including adjacent territories). The original descriptions document noted the life form, col-
oration, and characteristics of the upper and lower surfaces of the thallus; the presence, nature, and position-
ing of attachment organs; and the type, dimensions, and location of soredia, isidia, and pycnidia on the
thallus. Additionally, they specify the type of thallus, the shape and size of asci, the presence and structure of
paraphyses, and the type, color, size, and quantity of ascospores within each ascus. The outcomes of chemical
staining are also shown. Scytinium palmatum is observed to be sterile throughout Kazakhstan and the majori-
ty of Europe. The species is uncommon in southeastern Kazakhstan and is included in the Catalog of rare and
endangered flora of the Almaty area. No apothecia were seen in the thalli of Anaptychiaroemeri. The origin
of the Protoanaptychia section, to which this species belongs, is presumed to be linked to the hilly areas of
Central Asia. Moreover, there exist strong correlations between the lichen floras of the Caucasus and Central
Asia, since all four kinds of the section are documented in these areas.

Keywords: apothecium, ascospore, ascus, epithecium, hymenial layer, hypothecium, paraphysis, thallus.

Introduction

In 1821, the lichen genus Scytinium (Ach.) Gray (Collemataceae Zenker, Peltigerales Walt. Watson,
Lecanoromycetes O.E. Erikss. & Winka, Ascomycota Caval. -Sm.) was introduced under the name
“Scytenium”. Subsequently, the species of this genus were reclassified as Leptogium (Ach.) Gray. The taxo-
nomic status of these exceedingly heterogeneous genera can now be accurately determined through the ap-
plication of contemporary molecular genetics research methodology [1, 2]. The genus Scytinium, which
presently comprises 51 species (as per the Mycobank database [3], has been confirmed by M.A. Otalora and
coworkers [2]. It is the third most diverse genus in the Collemataceae family, following the genera
Leptogium and Collema Weber ex F.H. Wigg.

In 1848, the genus Anaptychia Korb. (Physciaceae Korb., Caliciales Nannf., Lecanoromycetes, Asco-
mycota) was first described. The genus Anaptychia was comprised of over 450 taxa, as indicated by the
Mycobank database [3]. However, a significant number of these taxa were subsequently transferred to the
genera Leucodermia Kalb, Heterodermia Trevis., Seirophora Poelt, Poeltonia S.Y. Kondr., Lékés & Hur,
Physciella Essl., Phaeophyscia Moberg, Physconia Poelt, Xanthoparmelia (Vain.) Hale, Tornabea @sth.,
Teloschistes Norman, Klauskalbia S.Y.Kondr.,, Lokos, E.Farkas & Hur, Physcia (Schreb.) Michx.,
Kurokawia S.Y. Kondr., Lékos & Hur, Dirinaria (Tuck.) Clem., and Polyblastidium Kalb.

At present, Russia is across to eight species of the Anaptychia s. s. genus [4-6].

Our objective was to provide morphological descriptions, ecological and geographical data, and illustra-
tions of lichen species that are novel to Kazakhstan and originating from the western region of the Chulak
ridge.

Experimental

The samples were collected in the central and western regions of the Chulak ridge from 2022 to 2023.
The GPS (Germin) was employed to register the geographical coordinates of the sample collection sites. The
majority of the samples were obtained from boulders and mountain outcrops, while a significantly smaller
number were collected from branches of shrubs and semi-shrubs.
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The morphological and anatomical characteristics, as well as the chemical reactions that are
characteristic of lichens, were used to identify the species. The subsequent morphological characteristics
were assessed: life form; color and character of the upper and lower surfaces of the stratum; presence, nature,
and location of attachment structures; type, size, and location of fruit bodies on the stratum, or soredia,
isidium, pycnidium, etc. [7]. The microscopic examination of narrow sections of thallus and fruiting bodies
was employed to identify anatomical features. The following characteristics were assessed in these sections:
the thallus type, the structure and systematic position of the photobiont, the type and features of the internal
structure of the fruiting bodies, the shape and size of the asci, the presence of paraphyses and their structure,
the type, color, and size of the spores, as well as their quantity within the asci. Utilizing a Levenhuk MED
D45T LSD light microscope, the anatomical and morphological characteristics of lichens were investigated.

Biochemical characteristics have been identified, which are essential diagnostic indicators. A saturated
aqueous solution of calcium hypochlorite, an alcoholic solution of iodine, and a 10 % aqueous solution of
potassium hydroxide were employed to conduct the staining. The species was identified by employing
specific criteria [4, 8]. The species inventory has been verified and is organized in accordance with the
Mycobank Database’s system [3]. The following are provided for both species: anatomical-morphological
original descriptions, synonyms, nomenclatural citations from primary sources, specific locality data (includ-
ing coordinates, collection dates, and collector’s surname), ecological characteristics, and general distribu-
tion (including neighboring territories). Literary sources are employed to extract data regarding the species’
ecology and distribution.

Results and Discussion

Scytinium palmatum(Huds.) Gray [as “Scytenium”], in Natural Arrangement of British Plants, 1821,
(London) 1: 398.

Examined Specimens. “Kazakhstan, Almaty Region, Kerbulak District, Chulak Ridge, expansive gorge
leading to the plateau, on soil and rocks, p. 466, 778 m a.s.l., N43°55'22.9", EQ77°48'35.4", 27.05.2022.
Collected and identified by Y.V. Rakhimova”.

Description. The thallus of Scytinium palmatum is medium-sized, lobed, and forms thick turf (Fig. 1-3),
reaching heights of 1-1.5 cm, with a somewhat glossy, chestnut-brown appearance, paler on the underside. The
blades are broad, deeply notched, with edges curved downward, and horn-shaped tips at the ends (Fig. 1-3).

Apothecia are absent in our samples; literature indicates [9] they can reach up to 0.5 mm in diameter
and are either sessile or adnate to the bottom surface. The disk is often concave, sometimes flat, reddish-
brown, with a smooth edge. The excipule is paraplectenchymatous, transparent, and is 12—-65 um in thick-
ness. The hypothecium is whitish and measures 25-50 um in thickness. The hymenial layer is transparent
and is 125-300 pm in thickness. The epithecium has a brownish hue. Paraphyses are uncomplicated and
measure 1 pm in diameter. Asci are club-shaped, measuring 130-185 x 16-25 um, containing 8 spores.
Ascospores are ellipsoidal, smooth, featuring 5-9 transverse and 1-2 longitudinal septa, with dimensions of
27-56 x 10-20 um. The hymenial layer exhibits a blue coloration with the application of an alcoholic iodine
solution.

Ecological characteristics and distribution. On soil and moss-covered rocks, infrequently on tree bark.
In the plains and mountains of Ukraine, Western Siberia, Europe, Asia, North Africa, the Canary Islands,
North America, South America, and Australia. Scytinium palmatum is exclusively documented along the
Black Sea coast of the Krasnodar territory in the Caucasus and has not been identified in other areas [10].
Formerly recognized in Russia from the Kaliningrad oblast [11], it has been documented in the Krasnoyarsk
krai, as well as the Altai, Tuva, and Khakassia Republics [12]. In the Crimean Reserve, only four specimens
of the closely related genus Leptogium have been documented: L. gelatinosum (With.) J.R. Laundon, L.
lichenoides (L.) Zahlbr., L. schraderi (Ach.) Nyl. And L. tenuissimum (Dicks.) Korber [13]. Five species of
the genus Leptogium are emblematic of the Altai Krai [14, 15]. Five species of the genus Scytinium have
been identified in Belarus; however, S. palmatum has not been recorded [16].
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Figure 1. The thallus of Scytinium palmatum on rocks

Figure 3. Upon sectioning the thallus of S. palmatum, algal
cells become discernible. The measurement is 10 microns

Seven species of the genus Scytinium are present in Albania: Scytinium imbricatum (P.M. Jorg.)
Otalora, P.M. Jorg. & Wedin (Leptogium imbricatum P.M. Jerg.), S. gelatinosum (With.) Otalora, P.M. Jorg.
& Wedin (L. gelatinosum (With.) J.R. Laundon), S. lichenoides (L.) Otalora, P.M. Jorg. & Wedin (L.
lichenoides (L.) Zahlbr.), S. palmatum (Huds.) Gray (L. palmatum (Huds.) Mont.), S. pulvinatum (Hoffm.)
Otalora, P.M. Jorg. & Wedin (L. pulvinatum (Hoffm.) Otélora), S. schraderi (Ach.) Otalora, P.M. Jorg. &
Wedin (L. schraderi (Bernh.) Nyl.) and S. tenuissimum (Dicks.) Otalora, P.M. Jorg. & Wedin (L.
tenuissimum (Dicks.) Korb.) [17]. Scytinium palmatum has been identified in Southern Albania National
Park, among a mixed forest of spruce, fir, and oak, on soil atop limestone formations, at an elevation of 1200
meters above sea level [17]. Seven species of the genus Scytinium have been documented in Montenegro:
S. gelatinosum, S. lichenoides, S. magnussonii (Degel. & P.M.Jerg.) Otalora, P.M. Jorg. & Wedin,
S. massiliense (Nyl.) Otalora, P.M. Jorg. & Wedin, S. plicatile (Ach.) Otalora, P.M. Jorg. & Wedin
(L. plicatile (Ach.) Leight.), S. schraderi, S. tenuissimum [18]. Only four species are prevalent in Albania. In
Sweden, five species have been recorded: S. gelatinosum, S. lichenoides, S. magnussonii, S. palmatum,
S. teretiusculum (Wallr.) Otalora, P.M. Jorg. & Wedin [19]. In Fennoscandia, there are 19 species of the ge-
nus Scytinium, with S. palmatum being found in Sweden and Norway [20]. The lichen biota of Portugal
includes a significant representation of the genera Scytinium and Leptogium, comprising 13 species of
Scytinium (S. aragonii (Otalora) Otalora, P.M. Jerg. & Wedin (L. aragonii Otalora), S. biatorinum (Nyl.)
Otalora, P.M. Jarg. & Wedin (L. biatorinum (Nyl.) Leight.), S. ferax (Durieu & Mont.) Otélora, P.M. Jarg. &
Wedin (L. ferax (Durieu & Mont.) Rabenh.), S. gelatinosum, S. lichenoides, S. magnussonii, S. palmatum, S.
plicatile, S. pulvinatum, S. rivale (Tuck.) Otalora, P.M. Jerg. & Wedin (L. rivale Tuck.), S. schraderi, S.
subtile (Schrad.) Otalora, P.M. Jerg. & Wedin (L. subtile (Schrad.) Torss.), S. tenuissimum) and 12 species of
Leptogium [21]. Twenty species of the genus Scytinium have been documented in Britain and Ireland:
S. biatorinum, S. callopismum (A. Massal.) Otalora, P.M. Jerg. & Wedin, S. fragile (Taylor) Otélora,
P.M.Jorg. & Wedin, S. fragrans (Sm.) Otalora, P.M. Jorg. & Wedin, S. gelatinosum, S.imbricatum
(P.M. Jorg.) Otélora, P.M. Jorg. & Wedin, S. intermedium (Arnold) Otalora, P.M. Jorg. & Wedin, S.
lichenoides, S. magnussonii, S. massiliense (Nyl.) Otalora, P.M. Jorg. & Wedin, S. palmatum, S. parvum
(Degel.) Otalora, P.M. Jorg. & Wedin, S. plicatile, S. pulvinatum, S. schraderi, S. subtile, S. subtorulosum
(Nyl. ex Stizenb.) Otalora, P.M. Jorg. & Wedin, S. tenuissimum, S. teretiusculum, S. turgidum; along with 10
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species of the genus Leptogium. The species S. Palmatum predominantly inhabits Western and Northern
Britain, typically located on moss amid stones, on the ground in ancient dunes, along pathways in
wastelands, on derelict airfields, and post-industrial areas, and infrequently on tree trunks. The species is
dispersed and deemed uncommon [22]. Bulgaria hosts 12 species of the genus Scytinium, including
S. palmatumlinked to hilly areas such as the Balkan Mountains, the Rhodope Mountains, and Strandzha
Mountain [23]. This species is found in soil, rocks, and moss throughout much of France, including
Corsica [24]. The northern distribution boundary of the species Scytinium fragile extends across
Estonia [25]. One species of the genus Leptogium has been identified in Gauja National Park, Latvia [26]. In
Majella National Park (Central Italy), two species of the genus Leptogium (L. hildenbrandii (Garov.) Nyl.
and L. saturninum (Dicks.) Nyl.) and four species of the genus Scytinium (S. gelatinosum (With.) Otalora,
P.M. Jorg. & Wedin, S. imbricatum (P.M. Jarg.) Otalora, P.M. Jorg. & Wedin, S. lichenoides and
S. schraderi (Ach.) Otalora, P.M. Jerg. & Wedin) have been documented [27].

Scytinium lichenoides, S. pulvinatum, S. turgidum (Ach.) Otalora, P.M. Jorg. & Wedin (L. turgidum
(Ach.) Cromb.), together with five species of the genus Leptogium, have been identified in Iran [28].
S. lichenoides and S. plicatile have been observed in China [29]. Seven species of the genus Scytinium have
been identified in Turkey, including Scytinium palmatum documented in the province of Bitlis [30].

The lichen biota of the United States and Canada includes 39 species of the genus Leptogium and
33 species of the genus Scytinium, with S. palmatum being documented [31].

Scytinium lichenoides and kindred species Leptogium cyanescens (Ach.) Korb. and Leptogium
saturninum (Dicks.) Nyl. have been seen in the southeastern mountainous regions of Kazakhstan, namely in
the lle Alatau and Kungey Alatau [7]. In eastern Kazakhstan, namely in the Altai area, four species of the
genus Scytinium have been identified: S. lichenoides, S. plicatile, S. subtile (Schrad.) Otalora, P.M. Jarg. &
Wedin (L. subtile (Schrad.) Torss.) and S. tenuissimum [12]. Species prevalent in Kazakhstan and Kyrgyz-
stan encompass Scytinium lichenoides, Leptogium saturninum and S. tenuissimum [32].

Endnotes. The species has resemblance to S. gelatinosum, however, the lobes are bigger, and their
margins distinctly curve inward, becoming tubular, particularly at the tips [22].

Scytinium palmatum is sterile not just in Kazakhstan but also over a broader region of Europe [33],
nevertheless, Portugal is an exception, where some specimens produce a considerable quantity of
apothecia [21]. Apothecia are nonexistent in Great Britain and Ireland; their presence is recorded just in
Morea [22].

Scytinium palmatum is an uncommon species found in southeastern Kazakhstan and is documented in
the Catalog of rare and endangered flora of the Almaty area [34].

Anaptychia roemeri Poelt., Mitteilungen aus der Botanischen Staatssammlung Miinchen 7: 228 (1968)

Examined Specimens. “Kazakhstan, Almaty Region, within the jurisdiction of the akimat of Konaev
city, northeast of Chingeldy village, Chulak Ridge, near the pond, riverside, p. 29, 961 m as.l,
N44°04'56.7", EO77°52'22.0", 23.05.2023. Collected by Y.V.Rakhimova and identified by
1.V. Evdokimov”.

Description. The thallus is foliose, rosette-shaped, and sometimes uneven in our specimens (Fig. 4),
measuring 2x4 mm, generally loosely attached to the substrate; devoid of soredia and isidia. Lobes are
profoundly incised and thin, measuring up to 0.6 mm in width (Fig. 4). Frequently marginally enlarged and
segmented into diminutive sections (lobules) near the extremities, elevated. Prominent short spines are seen
near the apices of the lobules. The thallus’s top surface is irregular owing to the fissured epinecral layer,
exhibiting dark gray-brown or light brown hues. The medulla is characterized by the presence of calcium
oxalate crystals and exhibits a bright appearance. The inferior surface of the thallus is pale, featuring
uncomplicated rhizines. Apothecia absent, pycnidia submerged, conidia cylindrical, measuring 5-6 pm in
length.
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Figure 4. The thallus of Anaptychia roemeri on rocks

Ecological characteristics and distribution. It is located on the surface of boulders in high-altitude arid
regions, where it is found on a scant layer of sediment or moss. Considered a cryophyte species. The Vakhan
Range, located in northeastern Afghanistan, is described at an elevation of approximately 3200 meters above
sea level. It is found in the Caucasus (Georgia, Armenia, North Ossetia, Dagestan) and Asia (Kazakhstan,
Kyrgyzstan, Tajikistan, Mongolia, Syria, Iran, Afghanistan) at elevations exceeding 3000 meters above sea
level [5, 6, 35-39].

Tree bark, boulders, and soil are the habitats of species of the genus, which are found in all natural
zones of the Northern Hemisphere but are uncommon in the Arctic. They are commonly found in association
with mosses and lichens. The Crimea Nature Reserve is home to only two members of the Anaptychia genus:
A. ciliaris (L.) Korb. and 4. setifera (Mereschk.) Rés. [13]. The most extensively distributed species in
Belarus is Anaptychia ciliaris, while the same two species of the genus Anaptychia have been recorded [16,
26]. Two members of the Anaptychia genus are distinctive to the Altai region: Anaptychia bryorum Poelt and
A. setifera [14].

Anaptychia ciliaris is the most extensively distributed of the seven species of the genus Anaptychia that
are encountered in France [24]. This species is also prevalent in Poland [40] and Bulgaria, however, only
four species are documented in this location [23]. Two species of the Anaptychia genus are present in Swe-
den, Norway, and Finland within Fennoscandia [20]. A. ciliarisis the sole species identified in the Majella
National Park (Central Italy) [27]. In Afghanistan, 4 species of the genus Anaptychia were found, of which
Anaptychia roemeri was recorded in only one province Badakshan [39].

The genus Anaptychia is represented by five species in the lichen biota of the United States and Canada:
Anaptychia bryorum, A. crinalis (Schlich. ex Schaer.) Vzda ex J. Nawak, A. elbursiana (Szatala) Poelt, A.
palmulata (Michaux) Vain. and A.ulothricoides (Vain.) Vain. [31].

A. ulothricoides is also documented in the mid-mountain and high-mountain steppes of Uzbekistan,
Tajikistan, and Turkmenistan [32].

Upon examining the distribution of species in the Protoanaptychia section of the genus Anaptychia,
certain authors [5] propose that the group’s origin is linked to the mountainous regions of Central Asia (in-
cluding the territories of Tajikistan and Afghanistan). It is precisely in these regions (as well as the Cauca-
sus) that all four species of the section are observed. This phenomenon, in conjunction with the presence of
species such as Anaptychia elbursiana and A. roemeri in the Caucasus, may suggest a close relationship be-
tween the lichen flora of the Caucasus and Central Asia [5].

Endnotes. The foliose thallus of A. roemeri is characterized by the uplifted ends of the lobes, which are
profoundly divided into terminal lobules. The most closely related species are A. elbursiana (Szatala) Poelt,
A. mereschkowskii (Tomin) Kulakov (which is distinguished by the presence of soredia), and
A. Desertorum (Rupr.) Poelt (which has lobe tips that are faintly divided into tiny lobules).
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In the Red Book of the Republic of Dagestan [41], A. roemeri is classified as a 3 (VU) (vulnerable
species) species and is included in the inventory of plant, animal, and parasitic species.

Conclusion

This study focuses on the lichens of the arid lowlands in southeastern Kazakhstan. The article’s content
was derived from the authors’ personal collections; literature data was utilized to compare and evaluate spe-
cies traits and distribution. Two lichen species, Scytinium palmatum (Huds.) Gray and Anaptychia roemeri
Poelt, were identified on the Chulak Ridge, a southwestern extension of the Dzhungar Alatau, both of which
are new to Kazakhstan. Both species are accompanied by synonyms, nomenclatural citations of primary
sources, original anatomical-morphological descriptions, specific location points (including coordinates, col-
lection date, and collector’s name), ecological characteristics, and general distribution (encompassing adja-
cent territories). The initial descriptions detail the organism’s life form, coloration, and attributes of the
thallus’s upper and lower surfaces, the existence, nature, and positioning of attachment organs, the classifica-
tion, dimensions, and configuration of soredia, isidia, and pycnidia on the thallus, thallus type, morphology,
and size of the ascus, the presence and structure of paraphyses, as well as the type, coloration, and dimen-
sions of spores, their quantity within the ascus, and the outcomes of chemical staining. The outcomes of
chemical staining are also shown. Scytinium palmatum and Anaptychia roemeri are observed to be infertile
in Kazakhstan. Scytinium palmatum is an uncommon plant in southeastern Kazakhstan and is included in the
Catalog of rare and endangered flora of the Almaty area. The Protoanaptychia section, which includes the
Anaptychiaroemeri species, is linked to the hilly areas of Central Asia, including Tajikistan and Afghanistan.
The acquired data are crucial for evaluating biodiversity within Kazakhstan’s region.
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A.Jl. Mbip3axan, E.B. PaxumoBa, A.A. AMeTOB

MlosaK KoTACLIHBIH 0aThIC 0OJIIriHEeH
Ka3zakcTaH TuXeHO0MOTACHIHA APHAJIFAH KaHA TYpJiep

Makanana Kaszakcran yiuiH KbIHaHBIH €Ki xkaHa Typi: Scytinium palmatum (Huds.) Gray »xone Anaptychia
roemeri Poelt Typansr monimerrep Gepinred. Typiepaid exeyi jge YKonrap AnataybIHBIH OHTYCTiK-0aThic
cineminii Illonmak >kOTachIHBIH ayMarblHaH TaOpUIABL. Exi Typ ymIiH 1€ CHHOHUMIEp, OacTaImKbl
JICPEKKO3/Iep/liH HOMCHKJIATYPaJIbIK JIOHEKCO3/1epl, aHATOMMSUIBIK JKOHE MOP(OJIOTHIBIK TYHNHYCKA
CUITaTTaMachl, HAKTHl OpHAJAacKaH JKepiepliH HykTedaepi (KOOpAMHATANaphl, >KHHAIFAH KYHI JKOHE
KOJUIEKTOP/IBIH aTaybl KOPCETINreH), SKOJIOTHSUIBIK CHITATTaMalIaphl, JKaJIlbl Tapalybl (COHBIH iIIiHe iprenec
aymakTap OolibiHINa) OepinreH. TymHyCKa cumatTaManap/ia TaJDIOMHBIH )KOFapFbl )KOHE TOMCHT1 OCTTepiHIH
TipIIiTiK GopMackl, Tyci MEH CHIIAThl, OEKiHy OpraHJapbIHBIH OOJIYHl, CHITATEl MEH OpHAJIACYBI, TAJUIOMJIAFbI
COpensUIapAblH, HM3UOMAIAPAbIH, MUKHUATEPIIH Typi, Meimepi MEH OpHaJacybl, TaLIOMHBIH TYPi,
KaJTalapblH MilIiHI MEH eeMaepi, mapapusaep KoHe OJapAbIH KYPBUIBIMBIL, CIOPaIapAblH TYPi, TYClI MEH
MeJIIepi, oMapAblH KanTaJapblHBIH caHbl kepceTiareH. COHBIMEH KaTap, XUMUSUIBIK OOSyIbIH HOTHIKENepi
Oepinren. Scytinium palmatum tek Kaszakcranma raHa emec, COHBIMEH Karap KeiOip yiriaepi anoTenusiHbIH
aiiTapnbIkTail caHbH KypaiTeiH [lopryramusael Kocmaranma, EypomanelH OackiM OeliriHae CTepHIIBAi
ekeHairi aran etinreH. Typ Ka3akcTaHHBIH OHTYCTIK-IIBIFBICHIHIA CHPEK Ke3Zecell J>KoHe AJMAaThl
o6nbichiHblH Kpi3pi1 kiTaObiHa eHrizinred. Anaptychia roemeri-re kemerin 06oJicak, OHBIH TaJUIOMbBIHAA
arorelsi TaObUIFaH KOK. byn Typre aratein Protoanaptychia Gemiminin mibiry Teri Opranblk A3HUSHBIH
Taynsl aiiMakTapbiMeH (TokikcTaH MeH AyFaHCTaH ayMakTapbl) OaiiaHbICTHI JereH 6oipkam Oap. CoHbIMEH
Katap, KaBka3z 6er OpTanblk A3USHBIH JTHXCHO(IOpaIapsl apachlHaa THIFBI3 OaiiaHbIc 0ap, OMTKEHi 1o OCHI
aiimakrapza 6emiMHIH OapIibIK 4 Typi OaiiKasraH.

Kinm ce30ep. anotenusi, acKOCIOpa, TUIIOTELH, Tapaduzaep, Oanablp, KairTa, TaJIoOM, SITUTEHHS.

A.Jl. Meip3axaH, E.B. Paxumosa, A.A. AMmeToB

Hosrblie Buabl 1iis anxenoonorsl Kazaxcrana us 3anagnoit yactu xpeodra Yynak

B npennaraemoii cratbe NPUBOASTCS AaHHBIC O JABYX HOBBIX Juisi KazaxcraHa Buaax JUmIaitHuKoB ScCytinium
palmatum (Huds.) Gray u Anaptychia roemeri Poelt. O6a Buaa oGHapyxeHbI Ha TeppUTOpHH Xp. Uymak
(IIonak), sBISIFOLIETOCS FOr0-3amaaHbM 0TporoM JLxyHrapckoro Asatay. Jiist 060MX BHIIOB NPUBEACHBI CH-
HOHHMMBI, HOMEHKJIATYPHBIE IIUTAThl IEPBOMCTOYHUKOB, aHATOMO-MOP(OJIOrHYECKOe OPUTHHAIBHOE OIHNCa-
HUE, TOYKH KOHKPETHBIX MECTOHAXOXK/ICHHUH (C yKa3aHHEeM KOOPAWHAT, NaThl cOOpa U (GaMUIIUU KOJIIEKTOpa),
HKOJIOTHYECKast XapaKTepHUCTHKa, 00IIee pacIipocTpaHeHHe (B TOM YHCIIE Ha COPEIeNIbHBIX TePPUTOPHX). B
OPTUTMHAIBHBIX ONHCAHUSIX OTMEYEHHl >KM3HEHHas (opMa, [BET M XapakTep BEepXHEH U HIDKHEH
MOBEPXHOCTH TAIOMA, HAJIM4Me, XapaKTep M PaCIOJI0KCHHE OPraHOB INPHUKPEIUICHHs, THUIL, pa3Mep M
pacroyioKeHHe Ha TaJUIOMe COpPeIui, U3UIWH, MUKHUA, THI TauioMa, GopMa U pasMepbl CyMOK, HaJIHYUE
napadu3 ¥ UX CTPOCHHUE, THII, LIBET U Pa3Mepbl CIOp, UX KOJIMYECTBO B cyMKax. Kpome Toro, mpuBeneHsI
pe3yNbTaThl XHMHYECKOTo OKparuuBanus. OTMedeHo, uro Scytinium palmatum crepunen He Toapko B Kazax-
cTaHe, HO U Ha OoJblieit Tepputopun EBpornsl, uckmouenne coctapiser [lopryranus, rae HeKoTopbie oopa3s-
61 (POPMUPYIOT 3HAYUTETHHOE KOJIMIECTBO arnoTenueB. Bun sBisieTcss penkiM Ha 1oro-BocToke Kasaxcrana
u 3aHeceH B KpacHyto kHHry AnMaTHHCKO# obmactu. Uto kacaercs Anaptychia roemeri, To amoreuuu B ero
TaJuloMax He 0OHapyxeHbl. VMeercs mpearosioKeHne, YTo IpoucXokaeHHe cekuun Protoanaptychia, xyna
OTHOCHTCS STOT BHJ, CBSI3aHO C TOPHBIMH pernoHamu LlenTpansHolt Asmunm (Teppurtopun TaKUKHCTaHA H
Adranucrana). Kpome toro, cymiectByioT TecHble cBsi3u nuxeHoduop KaBkasa u LleHtpansHoit A3um, mo-
CKOJIbKY UMEHHO B 3THUX PEriOHaX OTMEUYECHBI BCE 4 BHJIa CCKIIUH.

Knrouesvle cnosa: anotenuii, ackocrnopa, THOOTeHH, napadusa, CI0eBHIIE, CyMKa, TAJJIOM, SITUTELHI.
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Structural features of the leaf in some cultivated species of the genus Citrus

This article discusses the significance and relevance of studying the vegetative organ of the leaf in addressing
various fundamental questions. Citrus crops cultivated worldwide are representatives of the genus Citrus
L. This genus, along with its wild and semi-wild relatives (C. trifoliata L. and C. ichangensis Sw.), belongs to
the subfamily Aurantioideae Eng. of the family Rutaceae Juss. Almost all are evergreen plants and are con-
sidered important fruit crops in tropical and subtropical regions of the world. The classification and systemat-
ics of citrus are quite problematic. To this day, there is no universally accepted botanical classification, likely
due to the extreme polymorphism of the genus Citrus. The three botanical genera of the most economic and
practical significance are Citrus, Fortunella, and Poncirus. The fruits, flowers, and leaves contain a wide
range of biologically active substances (organic acids, bioflavonoids, essential oils, and 12 vitamins). Citrus
essential oils are widely used to produce natural perfumes and as flavoring ingredients in food, pharmaceuti-
cal, and cosmetic products. Leaves from plants such as pomelo, orange variety Uzbekistan, and mandarin va-
riety Medovka were studied. A single leaf type was established — hypostomatic. The mesophyll type of the
leaf contains various inclusions, with the presence of water-storing cells and a large number of intercellular
spaces. It was found that pomelo has the largest leaf blade height, while mandarin Medovka has the smallest
one. The presence of trichomes and glandular hairs was noted in the pomelo representative. The smallest
number of stomata was observed in mandarin Medovka, while the largest one was found in orange Uzbeki-
stan.

Keywords: leaf structure, pomelo, orange, mandarin, stomata, epidermis, trichomes, mesophyll.

Introduction

Currently cultivated citrus crops worldwide are representatives of the genus Citrus L. This genus, along
with its wild and semi-wild relatives (C. trifoliata L. and C. ichangensis Sw.), belongs to the subfamily
Aurantioideae Eng. of the family Rutaceae Juss. [1-2]. Citrus species, with the exception of C. trifoliata, are
evergreen plants and are considered to be among the most important fruit crops in tropical and subtropical
regions of the world [3-5].

The systematics and classification of citrus crops are quite problematic and controversial [6]. There is
still no universally accepted botanical classification, which is related to the extraordinary polymorphism of
the genus Citrus. According to V.P. Alekseev (1955) [7], the family Rutaceae includes 7 subfamilies,
150 genera, and approximately 1600 species. The three botanical genera of the greatest economic and practi-
cal significance are Citrus, Fortunella, and Poncirus. Currently, two main classifications of the subfamily
Aurantioideae have been developed, created by W.T. Swingle (1967) [8] and T.A. Tanaka (1966) [9], each
of which has its advantages and disadvantages. Among citrus cultivation specialists, the classification by
W.T. Swingle has gained the most recognition. It is widely accepted in many countries, especially in Eng-
land and the USA, and includes two subgenera represented by 16 species of the genus Citrus, eight of which
produce edible fruits and have commercial importance: C. reticulata (mandarins), C. medica (citron), C.
sinensis (L.) Osb. (sweet oranges), C. paradisi Macf. (grapefruits), C. maxima (pummelo), C. limon (L.)
Burm. (lemon), C. aurantifolia (Christm.) Swing. (lime), and C. aurantium L. (bitter orange) [8, 10, 11].
T.A. Tanaka’s classification encompasses more than 147 species of the genus Citrus [12]. In distinguishing
species, he considered the morphological characteristics of the plants, their ecology, and fruit structure.
However, some citrus taxonomists disagree with the existence of such a large number of distinct species, as
the differences between some are very minor [11]. The systematics of the genus Citrus has also been studied
by R.W. Hodgson (1961) [13], P.M. Zhukovsky (1971) [14], and others.

The numerous beneficial properties and qualities of citrus fruits that positively impact human health
have contributed to their cultivation and spread worldwide. In terms of distribution among fruit crops, they
rank third globally, with an annual production exceeding 137 million tons and an area under cultivation of
over 14 million hectares. Currently, citrus cultivation is of industrial significance in more than 142 countries.
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The highest gross yields are reported from countries such as China (over 39.3 million tons), Brazil (19.7 mil-
lion tons), India (11.4 million tons), Mexico, the USA, Spain, Turkey, and Egypt (FAO, 2023).

Citrus plants have the ability to purify indoor air from harmful microorganisms through
phytoncides [15]. Currently, there is a growing social demand for environmental improvement technologies
that promote active longevity, which were first developed in Russia by A.T. Bolotov in the 18th and 19th
centuries [16]. Citrus species are particularly popular in ornamental horticulture. They easily adapt to new
growing conditions, have decorative foliage, and are visually striking during flowering [17-20]. Citrus crops
are characterized by longevity and high yield, which contribute to rapid cost recovery on an industrial scale.
Some citrus species are remarkable for their longevity. For instance, in Rome, there is a bitter orange tree in
the grounds of a monastery that is approximately 600 years old [21]. However, the most famous and oldest
orange tree grows near the Palace of Versailles in the suburbs of Paris, having been planted around 1421.
Due to such longevity and favorable soil-climatic conditions, individual trees can yield exceptionally high
harvests, often surpassing the yields of other fruit crops by several times. For example, on the island of Malta
and in the vicinity of Naples, trees can produce up to 30,000 fruits [22].

The leaves are simple, thick, leathery, and vary in shape from oval to lanceolate, with varying degrees
of serration. The upper side is covered with a cuticle, while the abaxial (lower) side has humerous stomata
and cavities containing essential oils. The color of the leaves depends on their age: light green in young
leaves and dark green in mature ones, with a lifespan of 2-3 years. Young leaves perform the primary func-
tions necessary for sustaining life, while older leaves accumulate nutrients for the formation of new vegeta-
tive and generative organs. Depending on the species, the petioles may have various wing-like structures,
ranging from weakly winged (in mandarins) to strongly winged (in pummelos and grapefruits). In citrons,
these wings are completely absent, while in plants of the subgenus Papeda, they can be comparable in size to
the leaf blade. Thorns of various sizes may be present in the leaf axils or on the branches, or they may be
completely absent [23, 24].

Uzbekistan, located in Central Asia, boasts a rich agricultural heritage deeply rooted in its warm cli-
mate, which fosters the cultivation of a diverse range of species and varieties. This favorable environment
allows for the production of numerous fruit crops with exceptional quality and yield. Traditionally, Uzbeki-
stan has relied on conventional methods of cultivation and processing these crops, with a particular focus on
local markets. However, against the backdrop of a rapidly changing landscape, the country is poised for sig-
nificant growth and global recognition, especially in the export of products such as cherries, apricots, and
grapes. The shift towards modern farming methods marks a turning point for Uzbekistan’s agricultural sec-
tor. This transition not only positions the country as a reliable exporter of fruits but also provides lucrative
opportunities for nurserymen, including various varieties and rootstocks, as well as for companies engaged in
greenhouse technologies worldwide. Furthermore, in regions where agricultural mechanization is underde-
veloped, Uzbekistan has significant potential for the implementation of advanced technologies in both culti-
vation and post-harvest processes. In this context, various international players, including companies from
Turkey, the Netherlands, China, and the USA, have begun to capitalize on Uzbekistan’s growing agricultural
landscape. Thus, Uzbekistan is becoming a beacon of opportunities on the global stage, fostering collabora-
tion and innovation in the field of fruit science.

Citrus fruits primarily grow in countries with a subtropical climate. These bright, juicy fruits are valued
for their tangy “sourness”, refreshing aroma, and numerous health benefits.

Many citrus fruits positively influence the functioning of the digestive tract. Citrus juice disinfects mu-
cous membranes and gradually forms a reliable defense against infectious diseases of the upper respiratory
tract. In light of the above, the trend of growing these plants in greenhouse conditions has increased recently.

Today, fundamental research on citrus fruits is relevant not only in Uzbekistan but also worldwide for
addressing phylogenetic issues and systematic problems. Additionally, leaves are the organs most susceptible
to various damages, which are exacerbated by the active spread of various insect pests.

Thus, the aim of our research is to conduct a structural study of the vegetative organ, specifically the
leaf, in plants such as orange (Uzbekistan variety), mandarin (Medovka variety), and pomelo.

Experimental

Experimental studies were conducted from 2023 to 2024. The leaves of pomelo, orange (Uzbekistan va-
riety), and mandarin (Medovka variety) were collected from 5-8 sympodial branches for the research. For
anatomical analysis, the fresh leaves were fixed in 96 % ethanol. Measurements were taken, and preparations
of cross-sections and paradermal sections of the fresh leaves were made. For the analysis of the paradermal
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and cross-sections of the leaf, samples with an area of 1 cm? were taken from the central zone (on both sides
of the main vein of leaves of medium formation).

Young leaves in the phase of most vigorous growth were fixed. The material was washed and preserved
in a 70 % alcohol solution. Leaf cuttings of 1x1 ¢cm were placed in a mixture of 23 cm?® of 96 % alcohol and
2 cm? of chloroform for 1-2 days. After rinsing in distilled water, they were placed in an 18 % KOH solution
for clarification for 4-6 days. They were then rinsed again and placed on a glass slide. Staining of the epi-
dermal cell walls was performed with methylene blue.

Morphometric processing of the collected material was carried out, photographs were taken, and tables
were compiled. A trinocular microscope XSP-500SM (with a 7-inch screen and the ability to connect to a
PC) was used for the research. Statistical processing of quantitative data was performed using standard crite-
ria with the help of a personal computer (MS Excel).

Results and Discussion

Analyzing the obtained data, it was found that the mesophyll of the pomelo leaf is dorsiventral, with
two layers of palisade parenchyma. The spongy parenchyma contains from 14 to 18 layers of cells, and in the
middle of the mesophyll, there is a presence of water-storing parenchyma. The cells of the water-storing tis-
sue are somewhat larger than those of the spongy parenchyma. Additionally, the spongy parenchyma con-
tains a large number of intercellular spaces. The mesophyll is also rich in lysigenous cavities filled with vari-
ous essential oils (Fig. 1). The adaxial epidermis is covered with a waxy coating, and no trichomes or glan-
dular hairs were observed on the leaf. The height of the pomelo leaf blade differs from those studied, meas-
uring the largest size at 224.4 + 12.6 um (Tab. 1, Fig. 2, 3). The cells of the palisade mesophyll are elongat-
ed-oval in shape. The palisade coefficient is very low at 21 % (according to the scale of B.R. Vasiliev,
1988) (Fig. 4). The spongy mesophyll consists of round-shaped cells. The vascular bundles are of a concen-
tric nature, surrounded by periodic layers.

Upper Epidermis
| UPPEEED
| Palisade Layer

Spongy Layer

Lower Epidermis

/

Orange Uzbekistan Mandarin Medovka

Pomelo

Figure 1. Structure of the leaf blade of some representatives of Citrus
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Table 1

Structural indicators of the cross-section of the leaf of some representatives of Citrus (in pm)

Medovka

Uzbekistan

. . Palisade Spongy . . .
Types Upper Epidermis Parenchyma Parenchyma Lower Epidermis| Total Leaf Height
Pomelo 28,4437 47,1+5,1 112,7+12,1 34,34+4,8 222,4+12,2
Mandarin Medovka 11,7+1,7 13,742,1 38,2441 10,8+0,9 74,5+6,1
Orange Uzbekistan 10,7+0,9 20,5+2,2 50,9+4,1 15,742,0 98,0+2,7
250 -
200 -
B Upper epidermis
1507 1 Palisade parenchyma
100 - B Spongy parenchyma
B Lower epidermis
50 -
0
Pomelo Tangerine variety Orange variety

Figure 2. Height of individual layers of the leaves of the studied representatives of the genus Citrus

350
300 303.8
250
2224
200
176.4
150
117.6 117.6
100 98
74.5 78.4
50 49
0
Pomelo Tangerine variety Medovka Orange variety Uzbekistan

Figure 3. Indicators of total leaf height and its error in the studied representatives of the genus Citrus

Pomelo

u L ower epidermis

® Spongy parenchyma

u Palisade parenchyma m Upper epidermis

Tangerine variety

Medovka

® Lower epidermis

w Palisade parenchyma

H Spongy parenchyma

m Upper epidermis

u Lower epidermis

Orange variety Uzbekistan

H Spongy parenchyma
1 Palisade parenchyma B Upper epidermis

Figure 4. Indicators of the percentage ratio of leaf tissues in the studied representatives of the genus Citrus
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When comparing the number of epidermal cells on the adaxial side of the leaf, it was established that
the projection of the epidermal cells is flattened, the wall outlines are straight, and the cells are very small,
with those on the abaxial epidermis being somewhat larger than those on the adaxial side (Fig. 5, 6). The
stomata are slightly sunken, oval in shape, numerous, of the anomocytic type, and randomly oriented. Uni-
cellular trichomes are preferentially located on the leaf veins. In this representative, the adaxial epidermis is
the most finely cellular, containing 7551.3+14.9 cells per 1 mm? (Tab. 2). Additionally, the stomatal appa-
ratus is absent on the adaxial side of the leaf. On the abaxial side of the pomelo leaf, the number of epidermal
cells is somewhat less compared to the adaxial side, containing 5443.4+63.5 cells per 1 mm?, indicating larg-
er cell sizes. This side also has an anomocytic stomatal apparatus, making the leaf hypostomatic. The size of
the stomata varies slightly from one another, with a count of 802.5+18.6 stomata per 1 mm?. Furthermore, on
the abaxial side of the pomelo leaf, there are multicellular trichomes (89.9+9.7 per 1 mm?) and glandular
hairs (13.3+4.6 per | mm?).

Table 2
Quantitative indicators of paradermal analysis of the leaf in the studied representatives
of the genus Citrus, per 1 mm?
Upper Epidermis Lower Epidermis
Species Nu_mber of | Number | Number Nu_mber of Number of | Number of Number of
Epidermal of of Epidermal Stomata | Trichomes Glandular
Cells Stomata |Trichomes Cells Hairs
Pomelo 7551,3+14,9 - - 5443,4+63,5 | 802,5+18,6 89,9+9,7 13,3+4,6
Mandarin 3598,6:267,6 - - 1811,5487,7 | 741,5£62,0 - -
Medovka
Sgigifstan 2011,3£63.9 - - 1741,6£52,8 | 1111,1264.4 - -
% Epidermal Cells
P {u Lysigenous Cavities
: 7 % Stomata
i 53
Orange Uzbekistan

Upper Epidermis Lower Epidermis

Mandarin Medovka

Pomelo

Figure 5. Structure of the paradermal analysis of the leaf in the studied representatives of the genus Citrus
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Figure 6. Epidermal Trichomes and Glandular Hairs on the Leaf of Pomelo

The analysis of the structural indicators of the leaf of the Mandarin Medovka showed that the meso-
phyll of the leaf is dorsiventral (Fig. 1). The total height of the leaf blade is the smallest compared to the
studied representatives (74.5 = 6.1 um), but the epidermis on the adaxial side of the leaf is somewhat larger
compared to the studied representative — the orange variety Uzbekistan (Tab. 1, Fig. 2). All other height
indicators of various leaf tissues are significantly lower, practically 2—4 times less than those of other studied
representatives, except for the height of the central vein. Its measurements are average among the studied
representatives, reaching 454.7 + 15.4 um. Additionally, the mesophyll contains lysigenous cavities. Among
the spongy parenchyma, there is a large number of intercellular spaces and water-storing cells.

Upon examining the cells of both epidermal layers, it was found that the cells of the adaxial epidermis
are almost twice as small as those of the abaxial epidermis (3598.6 + 267.7 per | mm? and 1811.5 + 87.7 per
1 mm?, respectively). The wall contours are somewhat wavy, and the outline of the epidermal cells is polyg-
onal, with 3-5 sides. The stomata are slightly sunken, oval in shape, numerous, of the anomocytic type, and
are oriented randomly. The number of stomata is recorded only on the abaxial side of the leaf, indicating that
the leaf is hypostomatic. The number of stomata on the abaxial side of the leaf is the lowest compared to the
studied representatives (741.5+£62.0 per 1 mm?).

The obtained data on the structure of the leaf of the orange variety Uzbekistan show that the wall con-
tours of both epidermis layers are straight and polygonal (4-5 sides), and the cells are larger than those of the
studied representatives, with the abaxial epidermis being somewhat larger than the adaxial (1741.6+52.8 per
1 mm? and 2011.3+63.9 per 1 mm?, respectively). The mesophyll of the leaf has a dorsiventral structure, with
the palisade layer consisting of 2 rows and the spongy layer being multi-layered (8-10 layers). Lysigenous
cavities and water-storing cells are also present in the mesophyll, and calcium oxalates are found in the pa-
renchyma cells. The height of the adaxial epidermal cell in the orange variety Uzbekistan is the smallest
among the studied representatives (10.7+£0.9 um). The other indicators are average between the two studied
representatives, with the height of the leaf blade reaching 98.0 & 2.7 um. However, the height of the central
vein is the maximum among the studied species (597.8£17.1 um).

When counting the stomata on both sides of the leaf, it was found that stomata are present only on the
lower side of the leaf; therefore, the orange variety Uzbekistan, like all studied representatives, has a
hypostomatic type of leaf. The number of stomata on the abaxial side of the leaf reaches 1111.1+64.4 per
1 mm?, which is the highest indicator among the studied representatives.

The mesophyll is penetrated by veins, which consist of bundles of conducting tissues made up of prima-
ry xylem and phloem. Citrus plants exhibit pinnate venation. In pinnate venation, the main vein and second-
ary veins are well developed. In the Mandarin Medovka and Pomelo, the vascular bundle has a concentric
structure. The central vein of the leaf contains xylem and phloem and is connected to the conducting system
of the stem.

It has been identified as belonging to the hygrophytic group of plants, as indicated by the very thin
dorsiventral structure of the leaf, the unilayered epidermis, the positioning of the stomata at the same level as
the epidermis, and their absence on the upper side of the leaf.
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Conclusions

In Mandarin Medovka and Pomelo, the vascular bundle has a concentric structure, indicating a greater
primitiveness compared to the orange variety Uzbekistan. In all studied representatives, there are no stomata
and trichomes on the upper epidermis, which is evidence of the hypostomatic nature of the leaf. The leaf
blade of Pomelo has the greatest thickness, which contributes to biological protection against insect pests.
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H.B. Tyrymkuna, K. Ypaz6aesa, A.HaTtueHko

Citrus TyKbIMIaChIHBIH Keii0ip TypJiepiH skacaHabl JKaFaaiiga
ecipy/e *KanbIPaKThIH KYPbLIBIMIBIK epeKIIeTiKTepi

Makanaga opTypii ipremi MocedelepAl Iy VINiH >KalbIpaKThIH BEreTaTWBTI MYIIECIH 3epTTeydiH
MaHBI3ABUIBIFBI MEH ©3€KTUIIr KapacThIpbUIFaH. Bykinm ojeMae jkacaHAbl KaFjaiija ecipuleTiH LHUTpycC
nakeuiapel Citrus L. TybichiHA KaTajbl. Byl TYKBIMHBIH Kabaiibl sKoHE KapThlIail kabaiisl TybicTaps (C.
trifoliata L. xome C. ichangensis Sw.) Rutaceae Juss TykpiMzmachiHblH Aurantioideae Eng tykpiMaac
TapMarbiHa okaTanbl. OxapibplH  OapibIFbl AEPIiK MOHII JKAachUI JKOHE OJIEMHIH TPONMKAIBIK JKOHE
CyOTpOITUKANIBIK aiMaKTapbIHIAa MAaHBI3/Ibl JKEMIC JaKbULIapbl OONbIN caHanmanel. [UTpyc sxemicTepiHiy
JKIKTETyl MEH CHCTeMaTHKachl oTe ©3eKTi. ByriHri kyHre neWiH >kaiumbl KaObUIaHFaH OOTaHHMKAIIBIK
KinaccupuKanus koK, 6y Citrus TYBICBIHBIH apHabl TTOIMMOpGU3MiHe GainanbIcThl 60mysl MyMKiH. Citrus,
Fortunella sxone Poncirus — eH yJIKeH S5KOHOMHKAIIBIK YKOHE MPAKTHUKAJIBIK MAHbI3bI 0ap yII OOTAHHKAIBIK
TyKpIMzactap. JKemictep, rysmep MeH KambIpakTapla OHOJOTUSIIBIK OeNCeH Il 3aTTapAblH KeH CIEeKTpi 6ap
(oprauKanblK KbeIIKbUIAAp, OnodiaaBoHOMITAap, 3hup Mainapel xoHe 12 BuTamuH). LluTpycThIK 3dup
Maiapsl Taburn napgromMepus eHAIpY YIIIH jXoHE TaMak, (hapMaleBTHKA )KOHE KOCMETHKAJIBIK OHIMAEpIe
XOII WICTEHIIPTII PETiH/C KeHiHeH Koinanbuianbl. [lomeno, ©306ekcTan anenbcuHi, «MemnoBKay MaHIapHHI
CYpBINTAapbl OCIMIIKTEpPiHIH JKalbIpaKTapsl 3epTrenai. JKamblpakrapaslH OipbIHFald TYpi aHBIKTAIIBI, SFHU
THITOCTOMATHKAIBIK. JKambIpak Me30(huIiHIe apTypili KOCBIHABLIAPD 0ap; OHBIH KYPaMBIHIA CYy CAKTaHTBHIH
JKacylanap jKoHe KeITereH acylaapajiblk KeHictikrep Gap. ITomenona »armblpak anakaHbIHBIH (TaKTachl)
€H YJIKeH OmiKTiri 6ap ekeHiri, an «MeqoBka» MaHAapHUHIHIE €H KIIIKEHTall eKeHi aHBIKTansl. [lomenonap
OKUITIH/Ie TpuXOManap MeH 0e31i TYKTepAiH Oomysl ke3neceni. «MenoBkay MaHIapuHIHIE a3, al ©30ekcTan
aTneTIbCUHIHIIE KON MeJIIepae eKeHIIr OaiKanbl.

Kinm ce30ep: anblpak KypbUIBIMBI, MOMEIO, AlelbCHH, MaHJapHH, CaHbUIay, SIHAECPMUC, TPUXOMA,
Me30hu.

H.B. Tyrymkuna, K. Ypaz6aeBa, A. YatueHko

CTpyKTypHBIE 0COOEHHOCTH JINCTA
Y HEKOTOPbIX KYJLTHBHPYEMbIX BUI0B poaa Citrus

B namHO# cTaThe paccMaTpHBaeTCs 3HAUEHHE M aKTyalbHOCTh M3YUCHHMS BET€TaTHBHOTO OPraHa JIMCTa IS
pelreHns: pa3IHIHbIX (PyHAAMEHTANBHBIX BOIPOCOB. LIUTpycoBBIE KYNBTYpHI, KyTbTHBUPYEMBIE BO BCEM MH-
pe, sBIsA0TCS npeacraButensimMu poaa Citrus L. DtoT pox, Hapsiy ¢ ero AMKUMH U HOJYAUKMMH POJICTBEH-
uukamu (C. trifoliata L. u C. ichangensis Sw.), otHocurcs k mojacemeiictBy Aurantioideae Eng. cemeiicTsa
Rutaceae Juss. [TouT Bce OHU SBIISIOTCSI BEUHO3EJICHBIMH PACTEHUSMH M CYMTAIOTCS BaXKHBIMH ILIOIOBBIMU
KyJbTypaMH B TPOITMYECKHX U CYOTpONMUECKUX perroHax Mupa. Kiaccupukamus v cucTeMaTHKa IUTPYCO-
BBIX BecbMa mpobiemariyHbl. [1o ceif 1eHp He CylIecTByeT OOLICTTPUHATON OOTaHWYECKOH KiaccuUKaLuH,
YTO, BEPOSTHO, CBSI3aHO C Ype3BhIYaiiHbIM monumopduimoM poaa Citrus. Tpu GoTaHHUECKHX pola, UMEIO-
e Hanboublee SKOHOMHYECKOe U MpakTuyeckoe 3HadeHue, — 3to Citrus, Fortunella u Poncirus. ITnonsr,
I[BETKH U JIUCTBSI COJEPKAT IIUPOKUH CIIEKTP OMONOTHYECKH aKTHBHBIX BEUIECTB (OpraHMYECKHe KUCIOTEHI,
6nodaBoHOM B, AupHBIE Macna ¥ 12 BUTAaMHHOB). D(HPHBIE Macia IUTPYCOBEIX IMIHPOKO HCHONB3YIOTCS
JUISL TIPOU3BOAICTBA HATYPAIbHBIX IYXOB M B KaueCTBE apOMATH3aTOPOB B IHINEBOH, (hapMarieBTHUECKOH U
KOCMETHYECKOM MPOAYKIUH. BBUIN H3ydeHBI JIMCThSI TAKUX PACTEHHUH, Kak MOMEJO, alelbCHH copTa Y30eKu-
CTaH M MaHAapuH copTa MenoBka. YCTaHOBJICH €IUHBII THUI JHUCTbEB — THIIOCTOMAaTHYeCKHi. Me3odu
JIMCTa COJCPIKUT PA3IMYHBIC BKIIOYEHHS, B HEM IIPUCYTCTBYIOT BOJIO3AMACAIOIINE KIETKH U OOJIBIIOE KOJH-
YECTBO MEKKJICTOYHBIX MPOCTPAHCTB. Y CTAHOBJICHO, YTO Y ITOMEIO HauOOJIbIIIasi BHICOTA JINCTOBOM IJIACTHH-
KU, a y MaH#apuHa MeqoBka — HauMeHbIIas. Y TPEICTaBUTENS ITOMENI0 OTMEYEHO HAIMYHNE TPUXOM U XKe-
JIE3UCTHIX BOJIOCKOB. HanMeHbIIee KOIMIecTBOM OBIJIO OTMEYEHO y MaHIaprHa MeoBKa, a HanOobIee —
y amenscuHa Y30eKHucTaH.

Knroueegvie cnosa: cTpykTypa JHCTa, MOMEINO, aleilbCHH, MaHIAPHH, YCTBHIIE, SIHICPMUC, TPHXOMA, ME30-
¢bu.
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Study of anatomical structure of Dactylorhiza fuchsii (Orchidaceae)
growing in the Karkaraly Mountains (Central Kazakhstan)

The study of plant structure peculiarities plays an important role in understanding the ecology and habitat
conditions of species, as well as for the identification of characteristic features in confirming the species iden-
tity of plant raw materials. This article presented the results of microscopic structure of above-ground and un-
derground organs of Dactylorhiza fuchsii growing in the Karkaraly Mountains (Central Kazakhstan). The re-
sults showed that the leaf preparation is characterized by the presence of polygonal epidermal cells, stomata
of tetracytic type, predominantly localized on the lower side of the leaf. Mesophyll is of homogeneous type,
bundles are collateral, cranium-lined, and usually oval in shape. The stem on transverse section is character-
ized by a well-defined epidermis and cortex, numerous conductive bundles, collateral type, and several lacu-
nae are presented. The transverse section of the root is characterized by the presence of starch grains and fun-
gal peletons, indicating the symbiosis of this species with fungi under natural conditions. In general, the fea-
tures of the anatomical structure confirm the mesophytic character of Dactylorhiza fuchsii habitat, in particu-
lar, the absence of velamen in the root and adaptations in the leaves for water absorption. The results obtained
contribute to the assessment of ecological and biological peculiarities of the species and allow us to use the
obtained characters for taxon identification at the microscopic level.

Keywords: Dactylorhiza fuchsii, anatomical structure, Karkaraly Mountains, leaf, stem, root, mesophytic
signs.

Introduction

Orchids are among the most vulnerable plants protected internationally. All species of the Orchidaceae
family are listed in the Annex of the Convention on International Trade in Endangered Species of Wild Fau-
na and Flora (CITES). Dactylorhiza fuchsii (Druce) Soo is protected at the national level in Belgium and
Luxembourg, and at the regional level in France [1]. In the Russian Federation, this species is included in the
Red Data Books of most regions. In Kazakhstan, Dactylorhiza fuchsii is included in the Red Data Book [2]
as the only representative of the genus Dactylorhiza. In the Central and Northern Kazakhstan it is found in
such protected areas as Kokshetau, Karkaraly, and Burabai national parks [3, 4].

Like many representatives of the family Orchidaceae, the abundance of Dactylorhiza fuchsii in nature is
decreasing due to anthropogenic impacts, including habitat destruction, climate change and plant harvesting.
In this regard, study of the anatomical features of this species become relevant, as they allow us to under-
stand the mechanisms of its adaptation to different environmental conditions. It is worth noting that the roots
and rhizomes of Dactylorhiza fuchsii contain biologically valuable substances and can be active against in-
fectious agents [5].

International studies of morphology and micromorphology of orchids are actively conducted in Eu-
rope [6]. However, the anatomy of Dactylorhiza fuchsii remains insufficiently studied [7, 8], and in Kazakh-
stan, this kind of research is generally not conducted.

Anatomical studies cover such aspects as root system structure, stem morphology, leaf composition and
features of floral structures. Root tubers play an important role in nutrient accumulation, the stem provides
support and transport of water and minerals, and leaves are adapted for optimal photosynthesis. Specialized
floral structures indicate complex relationships with pollinators [9-11].

The aim of this study is to investigate the anatomical features of Dactylorhiza fuchsii to understand the
mechanisms of its adaptation to the environment. The results of the study can be used to develop strategies
for the conservation of the species, effective management of its populations and restoration of natural habi-
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tats. In addition, the study of the anatomy of Dactylorhiza fuchsii contributes to the expansion of scientific
knowledge in the field of botany and plant physiology, and can also be used to clarify the diagnostic features
of medicinal plant raw materials.

Experimental

The object of the study were aboveground and underground organs of Dactylorhiza fuchsii (root tubers,
leaves, shoots) collected in the 2nd decade of July 2024 in the Karkaraly Mountains (Karkaraly district, Ka-
raganda region) in the flowering phase (Fig. 1). Sampling coordinates for the study: N49°19'54.174604,
E75°33'11.665018”, 893 m above sea level.

Figure 1. Flowering samples of Dactylorhiza fuchsii in Karkaraly Mountains (2024)

Fresh plants were fixed in a mixture of ethyl alcohol 96 % — distilled water — aqueous glycerol 40 %
(2:1:1 ratio, Strauss-Fleming reagent). Transverse sections and surface preparations were made manually
using a blade [12—14]. The middle part of the shoot was used for the stem, the central vein for the leaf, and
the central part for the petiole. The obtained micro specimens were viewed through a binocular microscope
NINGBOSUNNY Instruments CoEX30 (China) with a digital camera Altami 8.5 Mpix (Russian Federa-
tion). AltamiStudio software was used for photo processing. When describing the anatomical structure we
used the principles outlined in the works of L.I. Lotova [15] and P.J. Rudall [16].

Results and Discussion

Dactylorrhiza fuchsii is a perennial herbaceous plant, 15-25 cm tall; tubers are rounded or turnip-
shaped, palmate. Shoots are solitary, dense, 5-7 mm in diameter. Leaves are few, 2 to 5 in number, slightly
deviated from the stem, almost flat or folded along the central vein, oblong-lanceolated in the lower part and
awl-shaped-linear and slightly sinuous in the upper part of the stem; color is green with rounded purple spots
of different sizes. Flowers are gathered in spike-like inflorescences, up to 8-9 cm long and 3-4 cm in diame-
ter. The color of flowers varies widely, from white to purplish-red.

Microscopic examination of the leaf (Fig. 2) showed that differences in the structure of the upper and
lower sides of the plate were observed.

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



Study of anatomical structure...

A R
e (, > \,}:l (: “l‘@‘ 7 \
) N\ { \ g

1 — basic cells of epidermis, 2 — leaf mesophyll cells, 3 — stomata; A — upper epidermis, B — lower epidermis
Figure 2. Preparation of Dactylorhiza fuchsii leaf from surface

The epidermis of the upper side consists of thin-walled polygonal cells, rounded or slightly oval in
shape, through which the polygonal cells of the mesophyll are well translucent. The size of the cells ranges
from 20 to 35 um. Cells of the lower epidermis are smaller in size, 20-30 pm, with weakly curved walls,
slightly elongated along the central vein. Nuclei are well expressed in the epidermal cells of both sides of the
leaf. Stomata are identified only on the lower side (hypostomal type). Stomata are rounded, 15-20 pm in di-
ameter, tetracytic type. Such features of the structure were confirmed in the works of L.V. Averyanov [17].

The internal structure of the leaf (Fig. 3, 4) is characterized by a homogeneous type of mesophyll struc-
ture, which is reflected in the absence of its differentiation into palisade and spongy tissues; leaf thickness in
the lateral part is 250-305 pm, in the region of the central vein — up to 400 um.
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1 — upper epidermis, 2 — lower epidermis, 3 — mesophyll, 4 — xylem,
5 — phloem, 6 — cranial lining, 7 — lateral vascular bundle

Figure 3. Leaf preparation of Dactylorhiza fuchsii, transverse section, fragment in the area of the central vein

1 — upper epidermis, 2 — lower epidermis, 3 — mesophyll, 4 — lateral vascular bundle

Figure 4. Leaf preparation of Dactylorhiza fuchsii, transverse section,
fragment in the area of the lateral part of the leaf lamina

The total number of cell layers ranges from 7 to 9. This structure is typical for many species of
Orchidaceae [18, 19]. The epidermis is single-layered, consisting of isodiametric and almost square cells
with a small amount of intercellular space; the cuticle is absent on both sides. The cells of the upper side are
larger in size than those of the upper side; the shape on the transverse section is similar. Leaves have collat-
eral vascular bundles; phloem is oriented toward the abaxial side, xylem toward the adaxial side. The xylem
is poorly differentiated. A cranial lining is formed around the bundles. Sclerenchyma fibers are almost not
observed.
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On anatomical sections of the stem, a rounded or ovoid shape with remnants of adjacent leaves can be
observed (Fig. 5). The perimeter of the stem is covered with one-layer epidermis with a thin cuticular layer;
the shape of cells is oval.

1 — leaf area adjacent to the stem, 2 — epidermis, 3 — cortex,
4 — medullary parenchyma, 5 — xylem, 6 — lacuna

Figure 5. Cross section of leaf of Dactylorhiza fuchsii

The epidermis is followed by the cortex, consisting of parenchymatous cells, in 10-15 layers. Part of
the cells is filled with starch granules. The central part of the stem is filled with medullary cells. Vascular
bundles are collateral, reminiscent of dicotyledonous plants and arranged at regular intervals. Elements of
xylem are well visible; elements of phloem are almost invisible due to thin cell walls. There are several lacu-
nae in the stem due to the core being broken into parts. These features are also characteristic of other Orchid
species like Ophyslutea and Orchismascula [20, 21].

Examination of root anatomy showed that the outer layer consists of 1-2 layers of rhizoderm, the cells
of which do not have a stable shape. The cells can be elongated in longitudinal or transverse direction, some-
times rounded in shape. The cells of the cortex consists of 5-8 layers, usually rounded, their size decreases
towards the central part. Remains of fungal peletons can be noted on the outside [22]. The central part of the
stem is occupied by a vascular bundle with sclerenchyma lining.

1 — rhizoderm, 2 — cortex, 3 — fungal peletons, 4 — vascular bubdle

Figure 6. Cross section of Dactylorhiza fuchsia root
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Transverse section of root tuber anatomy showed the presence of starch grains in cells when stained
with Lugol’s solution (Fig. 7). The endoderm is 1-layered, completely surrounding the meristem periphery.
Vascular bundles are several in number; arranged in a circle, as in dicotyledonous plants. The bundles con-
sist of xylem, sieve tubes, phloem parenchyma, cambium is absent; there are some areas of pericycle.

PE T3

1 — rhizoderm, 2 — endoderm, 3 — vascular bundle
Figure 7. Cross section of root tuber of Dactylorhiza fuchsii. Fragment

Conclusion

Thus, according to the peculiarities of structure, Dactylorhiza fuchsii belongs to mesophytic tuberous-
rooted species forming symbiosis with fungi. In general, the structure of above-ground and underground or-
gans shows the presence of adaptations for water absorption and retention as a system of bark parenchyma
(cortex). The absence of the velamen which is formed in many genera of Orchidaceae is noted. Leaves of the
plant do not have adaptations for water retention, which indicates growth in conditions of sufficient moisture
without the test of constant hydric stress.
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Kapkapaas (Opranabik Ka3akcran) TayjaapbiHaa eceTiH
Dactylorhiza fuchsii (Orchidaceae) anaToMHsIZIBIK KYPBLIBIMBIH 3€PTTEY

OCIMIIKTep KYpPBUIBIMBIHBIH EpEKIICTIKTepiH 3epTTey TYPAIH SKOJOTHACHI MEH TIPHIUTIK €Ty OPTachIH
TYCiHyZe, COH/Iali-aK ©CIMJIIK MIMKI3aThIHBIH TYPJIEPiH pacTay Ke3iHAe TOH OenriyiepAi aHbIKTay/la MaHBI3IbI
pen arkapanel. Makanaga Kapkapansr (Opransik Kaszakcran) taynmapeinma ecetin Dactylorhiza fuchsii
KEPYCTi JKOHE IKepacThl OPraHJapbIHBIH MHUKPOCKONMSUIBIK KYPBUIBICHIHBIH HOTIDKENIEpl KeNTipiireH.
Hotmwxenep okamplpaK mpenaparsl HETi3iHeH OKANbIPaKThIH TOMEHI JKaFblHIQ JIOKAJTH3alUsIaHFaH
SMUICPMUCTIH  KONOYPHIITH  JKACYLIAJAPBIHBIH, TETPAUT THUNTI  CaHBUIAYJIAPBIHBIH  OOJybIMEH
CHUIATTANATBIHBIH KOpCeTTi. Me30puiu1 OIpTeKTI THITEC, IIOFBIPIAPBl OYHipii, cakWHA Topi3liec, COMaKiIa
mimriaai. KenmeHeH kecinreH ca®ak alKpIH aHBIKTAIFAH SMHACPMHUC JKOHE KBIPTBICIICH CHITATTaIa[Ibl;
KOJITaTepajbJbl THUITEri KONTEereH OTKI3rill NIOKTapbIMEeH, COHBbIMEH Karap OipHelie KybICTapbl Oap.
KenneHeH KecinreH Tamblp KpaxManl JASHJAEpi MEH CaHbIpayKyJaK IeNeTOHOApbIHBIH OOJIybIMEH
cunarranajpl, Oyl TaOuFy jkarjaiiia caHpIpayKyJaKTapMeH OChl TYpHiH cHMOHO3bIH Kepcereni. TyTacraii
aFaHIa, aHATOMESUTBIK KYpbUIBIMHBIH epekmmernikrepi Dactylorhiza fuchsii Tipmrinik eryinin me3odurrik
CHIIAaTBIH pacTaiipl, aram alWTKaHzaa, Oyl TambIpAa BellaMeHHIH OOJIMaybl JKoHE CYABl CIHIpY YIIiH
JKanbIpakTapAblH OelimMIenyi. AJBIHFAH HSTHXKENEp TYPAIH ASKOJOTHSIBIK-OMIOTHSIBIK epeKIIeTiKTepiH
Oaranayra BIKIAN eTe/li JKOHE aJbIHFAaH Oenriepli TaKCOHIbI MHUKPOCKOMHSUIBIK ACHrelae aHbIKTay YIIiH
naifjananyra MyMKiHIIK Oepei.

Kinm ce3z0ep: Dactylorhiza fuchsii, anaromusblk KypbUibiMbl, Kapkapaibl Taynapbl, kamslpak, cadak,
TambIp, Me30(UTTIK Genrinepi.
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N3yuenne anatomuueckoii cTpykTypsl Dactylorhiza fuchsii (Orchidaceae)
npouspacrawmeii B ropax Kapkapais! (LlenTpanbubiii Kazaxcran)

Mzyuenne ocoOeHHOCTEH CTPOCHUS PACTEHUI UTPaeT BAXKHYIO POJIb JJISI TIOHHMMAHHS SKOJOTHH U yCIOBHH
o0uTaHUs BUIA, a TAKXKE JUIS BHIJICICHHUS XapaKTePHbBIX MMPHU3HAKOB IPH ITOJTBEPIKICHHH BHUIOBOH MpHHA[-
JIKHOCTH PAaCTHTEIBLHOTO ChIPbsi. B HAacTOsIIEH CTaThe MPHBEICHBI PE3yIbTaThl MUKPOCKOITHYECKOTO CTPOe-
HHS HaJ3eMHBIX M Noja3eMHbIX opraHoB Dactylorhiza fuchsii, mpouspacratomeit B ropax Kapkapansr (Llen-
TpanbHbIi Kasaxcran). PesynbraTsl OKa3aaM, 4TO Mpemnapar JMCTa XapaKTepHU3yeTCst IPUCYTCTBUEM MHOTO-
YrOJIBHBIX KJIETOK SMH/ICPMHCA, YCThUIA TETPALUTHOTO THUIIA, HPEUMYIIECTBEHHO JIOKAJIN30BaHbI C HIDKHEH
CTOPOHBI JIUCTa. Me30(u/uT TOMOTeHHOTO THIIA, MYyYKH — KOJUIaTepalibHbIe, C KPaHI-00KIaIKOH, 0OBIYHO
oBanbHO# hopmbl. CTebenib Ha MOMEPEYHOM CPE3€ XapaKTepU3yeTcs YeTKO BBIPAKCHHBIM SMHUACPMUCOM U
KOPTEKCOM, MPHCYTCTBYIOT MHOTOYHCIICHHBIC MPOBOAIIME ITyYKH, KOJUIATEPalIbHOTO THIIA, & TaKkKe He-
CKOJIbKO JIaKyH. TTonepeuHblil cpe3 KOpHS XapakTepusyeTcsi MPHCYTCTBUEM KpaXMaJIbHBIX 36PEH M TPHOHBIX
THEJIETOHOB, YTO CBHJCTEIBCTBYET O CUMOMO3€ JTaHHOTO BHJIA ¢ IpuOaMu B MPUPOJHBIX YCIOBUAX. B 1enom,
0COOCHHOCTH aHATOMHYECKOTO CTPOCHHS IOATBEPKIAOT Me30(puTHBIA Xapaktep oburanus Dactylorhiza
fuchsii, B wacTHOCTH, 3TO OTCYTCTBHE BeJaMeHa y KOPHsI U IPUCTIOCOOICHHH Y JIUCTHEB JUTS TIOTJIOIICHHS BO-
1pl. TTonyueHHbIE pe3y IbTaThl BHOCST BKJIa/ B OLCHKY 9KOJIOr0-OMIIOrHYECKHX 0COOCHHOCTEH BHIa U MO3BO-
JAI0T MCIIOIb30BATh MOTY4YCHHbIE PU3HAKH JUIS HACHTH(HKALMN TAKCOHA HA MUKPOCKOIIMYECKOM YPOBHE.

Knroueswie cnosa: Dactylorhiza fuchsii, anaromuueckoe crpoenwue, ropsl Kapkapaisl, Juct, credeib, KOpeHsb,
Me30(UTHBIE TIPU3HAKH.
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