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Genetic Diversity of Hippophae rhamnoides in Technogenic Areas
of Northern Kazakhstan

Genetic diversity is a key indicator of a species’ evolutionary development, adaptability to environmental
changes, and long-term survival. Globally, the sustainable use and conservation of genetic resources — in-
cluding in situ protection and population-level genetic studies — is a major scientific priority. Sea buckthorn
(Hippophae rhamnoides L., Elacagnaceae) has been traditionally used for centuries but has only recently
been recognized for its significant economic value. Its berries are rich in biologically active compounds, mak-
ing the species increasingly important in medicine, agriculture, food production, and cosmetics across Europe
and Asia. This study evaluates the genetic diversity of Hippophae rhamnoides in technogenic zones of North-
ern Kazakhstan using ISSR markers. Seed samples were collected from two plant populations in the
Prigorodny Forest District, Kostanay Region, for molecular analysis. ISSR analysis revealed high within-
population polymorphism (87%) and lower between-population polymorphism (13%) in Hippophae
rhamnoides. UPGMA clustering indicated genetic differentiation both between and within populations, sug-
gesting distinct genetic origins and potential cross-pollination. The observed high within-population poly-
morphism and clustering pattern highlight genetic differentiation of Hippophae rhamnoides forms according
to their origin. This study is preliminary, and further research should include populations from other
technogenically affected regions, as well as comparative analyses with populations from protected areas.

Keywords: ISSR markers, molecular analysis, polymorphism, population, Hippophae rhamnoides

Introduction

Genetic diversity or variability of living organisms is an important indicator of the evolutionary devel-
opment of any species, its ability to adapt to environmental conditions, and its preservation as a species by
forming a phylogenetic tree.

Monitoring this indicator is especially important for species that are rare or endangered, have small
populations, as well as for species that are domesticated or grown in special botanical gardens. Currently, in
all countries of the world, the sustainable use of natural genetic resources, including the study of the genetic
diversity of various populations in their range and the conservation of endangered species in situ, is one of
the most important issues [1].

Although people have used sea buckthorn (Hippophae L., Elaesagnaceae) for thousands of years, its sig-
nificant economic importance has only recently been appreciated. Hippophae rhamnoides (sea buckthorn) is
a member of the berry family and its fruits contain a high level of active biological compounds [2-5]. It is
currently used in many areas of medicine, food, agriculture, and cosmetology in Europe and Asia [6].

In addition, sea buckthorn is currently the subject of food security and sustainable use of genetic re-
sources programs [7-8]. Therefore, it is necessary to take measures to preserve and rationally use
agrobiologically important sea buckthorn species in their natural habitat.

Despite the widespread use of sea buckthorns in our country, research on the distribution of its species
and their genetic diversity is much less than research on the phytochemical composition of sea buckthorns. In
Kazakhstan, detailed information is available only for a single species of sea buckthorn and its subspecies
[9-10]. Therefore, investigating populations of this highly valuable and climate-resilient member of the
Elaeagnaceae family using ISSR (Inter Simple Sequence Repeat) markers will allow for the assessment of its
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genetic diversity and distribution in Kazakhstan, reconstruction of its phylogenetic relationships, and the es-
tablishment of a DNA bank.

The aim of our study is to evaluate the genetic diversity of Hippophae rhamnoides, a poorly studied sea
buckthorn species distributed across technogenic zones in Kazakhstan, using ISSR markers.

Experimental

Plant seed samples were collected during a field botanical study conducted in the spring—autumn period
of 2023-2024 in the Prigorodny Forest District, Kostanay Forestry of the Kostanay region, located in North-
ern Kazakhstan.

The research was carried out in the Laboratory of Molecular Genetics and Plant Biotechnology at the
Institute of Botany and Phytointroduction under the Committee of Forestry and Wildlife, Ministry of Ecolo-
gy and Natural Resources of the Republic of Kazakhstan.

A total of six seed and fruit samples were collected, representing two plant populations. The first popu-
lation included three forms: Hr 80, Hr 81, and Hr 82; the second population comprised three forms as well:
Hr 78, Hr 32, and Hr 34. The map shows sample collection points (Fig. 1).

KAZAKHSTAN <:

Figure 1. Area for collecting of Hippophae rhamnoides forms

Obtaining seedlings as biological material from Hippophae rhamnoides seed samples

To obtain seedlings from Hippophae rhamnoides seeds, a special coconut substrate was used. Initially,
the seed samples were rinsed with distilled water to remove various contaminants or residual substances. Af-
ter rinsing, the seeds were placed in a refrigerator at +5 °C for 30-40 minutes. While the seeds were under-
going cold stratification, 100 g of dense, solid coconut substrate was softened using tap water and left to
swell. The prepared substrate was then divided into six plastic containers. The chilled seed samples were
placed on the surface of the substrate, avoiding deep placement, as light exposure is essential for sea buck-
thorn seed germination. The containers were covered and stored in a dark place at a temperature of 20-25 °C
for one week, until germination began. Seed germination was observed after one week, with the appearance
of the first leaves. The plastic containers were placed in a special room with a lamp, without a cover. The
substrate was monitored every 4-5 days and watered with 5-10 mL of tap water as needed. Within two
weeks, the first seedlings were obtained for use as biological material.

DNA extraction from seedling samples

For DNA extraction, seedling samples were carefully removed from the coconut substrate using steri-
lized tweezers and rinsed thoroughly with distilled water. DNA was extracted using the DiamondDNA™
Plant DNA Extraction Kit (Altaibiotech, USA), specifically designed for isolating genomic DNA from plant
tissues.

To determine the exact concentration of DNA molecules extracted from the plant, a MAXLIFE
fluorimeter from Diamond DNA™ was used. DNA concentrations were measured between 0.5 and 2000
ng/ul (Tab. 1).
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Table 1

Concentration of DNA molecules extracted from Hippophae rhamnoides seeds,
measured using the MAXLIFE fluorimeter

Form Population DNA concentration
(0,5-2000 ng/pl)
Hr80 1 56.0
Hr81 1 56.0
Hr82 1 53.3
Hr78 2 20.0
Hr32 2 6.6
Hr34 2 20.0

The presence or absence of DNA fragments was verified using 1.5 % agarose gel electrophoresis in a
horizontal electrophoresis chamber at 45 V and 0.45 A for 20 minutes (Fig. 2). For visualization of DNA on
the gel, 2.5 pL of the DNA sample was mixed with 1.5 pL of a specialized 6x DNA Loading Buffer (Glycer-
ine, Xylencyanol) and 7 pL of ddH,O. As a control, Thermo Scientific 6x DNA Loading Dye was used to
ensure proper migration and comparison.

M 1 . 2 dad it

'g__gg;;“c__'dtz"w;-a

Figure 2. Electrophoresis of DNA isolated from sea buckthorn seedlings

Polymerase Chain Reaction

PCR was performed on a VeritiPro thermocycler (Thermo Fisher Scientific, USA). For 20 ul of the
ISSR-PCR solution, a mixture was prepared containing: 1 pl of DNA, 10 ul of 2x HS Taq Red Mix, 1.3 pl of
10 pM primer, 7.7 pl of ddH20. ISSR-PCR mode: initial denaturation — 94 °C, 01:30 min., denaturation —
94 °C, 00:40 min., primer annealing — 45 °C, 00:45 min., elongation — 72 °C, 01:30 min x 36 cycles, final
elongation step — 72 °C for 6 min. The names and nucleotide sequences of the ISSR primers used in the
study, along with information on their annealing temperatures, are shown in Table 2.

Table 2
ISSR primer sequences used in the study
No Primer Name Primer Sequence (5’ — 3) Tm, °C
1 |UBC-810 5'- GAG AGA GAG AGA GAG AT -3' 45
2 |UBC-812 5'- GAG AGA GAG AGA GAG AA -3' 45
3 |ISSR-3A37 5'- CAC ACA CAC ACA CAT GA -3' 45
4 |HB-12 5-CAC CAC CAC GC -3' 45
5 |17899B 5'-CAC ACA CAC ACA GG-3' 45
6 |X10 5'-AGC ACG ACG ACG ACGACG C-3' 45
7 |814 5-CTC TCT CTC TCT CTC TTG-3' 45
8 |MAO 5-TCA GAC GAT GCG TCA TCT CCT CCT CCT CRC -3' 45
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Horizontal agarose gel electrophoresis

To confirm the successful synthesis of specific marker loci in the PCR products, electrophoretic analy-
sis was performed. A 1.5 % agarose gel was prepared using 3 g of agarose, 200 mL of 0.5x TBE buffer, and
35 uL of ethidium bromide solution. The PCR products (10 uL) were loaded onto the gel, and electrophore-
sis was carried out in 0.5x TBE buffer for 2 hours and 15 minutes. The resulting gel was visualized using a
UV transilluminator to detect DNA bands.

Results and Discussion

Analysis of genetic diversity of Hippophae rhamnoides using ISSR markers

To select the most polymorphic ISSR-PCR primers, a preliminary screening of eight ISSR primers, se-
lected according to previously published studies [11-12], was performed on six samples of Hippophae
rhamnoides. The selected primers proved to be effective in our research [13]. One of the advantages
of ISSR markers is that their application does not require prior knowledge of the genome’s nucleotide
sequence [14-15].

Among the tested markers, four primers—ISSR-3A37 (Fig. 3), HB-12, UBC-810, and UBC-812 were
identified as the most informative and were selected for further analysis. A total of 197 ISSR DNA frag-
ments were identified from the DNA fragments studied, of which 39 fragments were polymorphic for the
ISSR-3A37 marker, 38 fragments were polymorphic for the HB-12 marker, 44 fragments were polymorphic
for the UBC-810 marker, and 76 fragments were polymorphic for the UBC-812 marker. The most
polymorphic marker was the UBC-812 marker.

' léSR-3A37:
BOMEG1 Mg 22 “78

\Y|
5000

5000 4000

4000 .
4 5000
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2500
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1000 1

900

Figure 3. Electrophoregram of the ISSR-PCR product for the ISSR-3A37 marker

Based on the frequencies of DNA fragments, key indicators of genetic diversity for two Hippophae
rhamnoides populations collected from compartments 62 and 66 of the Prigorodny Forest District (Kostanay
Region) were calculated using GenAlEx 6.5 software.

For ISSR markers, the mean number of alleles (Na) typically varies between 0 and 1, though in some
cases it may exceed 1. In this study, the Na value for the first population was 0.957 &+ 0.08, while for the se-
cond population, it was 1.304 £ 0.06. The overall mean Na across both populations was 1.130 £+ 0.058.

The effective number of alleles (Ne) reflects not only the number of alleles per locus but also their
evenness in distribution. According to the results, Ne was 1.122 + 0.04 in the first population and 1.243 +
0.05 in the second population, demonstrating consistency between the effective and average allele numbers.

Shannon information index (1) [16] is one of the indices that assess the diversity of species in an ecosys-
tem. It calculates whether the research population is always full and whether there are many or few species.
The Shannon information index (1) for the first population is 0.097 + 0.034. The Shannon information index
(1) for the second population is 0.194 + 0.044. The Shannon information index (1) for the two populations in
total was 0.145 + 0.028.
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In addition, the unbiased diversity (uh) index based on alleles was considered. This index allows us to
assess genetic diversity based on allele frequencies and the size of the analyzed samples. The values of this
index range from 0 to 1, where 0 indicates low diversity and suggests that all analyzed samples belong to the
same species. A value of 1 indicates the presence of multiple species. For the first population, the unbiased
diversity index (uh) was 0.101 £ 0.036. For the second population, the unbiased diversity index (uh) was
0.203 + 0.046. The overall unbiased diversity index (uh) across the two populations of sea buckthorn was
0.152 + 0.029. These results suggest that the plant samples from both populations are likely to belong to the
same species, Hippophae rhamnoides. If the uh index is close to 1, it can be assumed that there are subspe-
cies of the species Hippophae rhamnoides.

The Shannon diversity index and the unbiased diversity index (uh) are similar to each other. This is be-
cause both consider the diversity of species in the study area. The main difference between these indices is
that the unbiased diversity (uh) based on alleles is used to analyze genetic diversity, while the Shannon in-
formation index is used to assess species diversity in an ecosystem.

The sea buckthorn plant samples exhibited 87 % within-population variation, while the between-
population variation accounted for 13 % (Fig. 4).

Percentages of Molecular Variance

Among Pops
13%

Within Pops —~
87%

Figure 4. Within-population and between-population variation in Hippophae rhamnoides

As a result of the UPGMA cluster analysis, the studied forms of the sea buckthorn plant were divided
into two separate groups: the first population and the second population.

The forms in the first group were further divided into three clusters. The first cluster included the Hr81
and Hr82 forms. These forms belong to the same population, which suggests a close genetic origin. The se-
cond cluster consisted solely of the Hr32 form. Although Hr32 belongs to the second population, its cluster-
ing with the first group may be explained by cross-pollination. The third cluster contained only the Hr80
form, which was genetically distinct from Hr81 and Hr82, likely due to differences in origin. The second
group comprised the Hr78 and Hr34 forms, both belonging to the second population. This group was divided
into two separate clusters, indicating that despite originating from the same population, these forms exhibit
signs of genetic differentiation (Fig. 5).
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Hr81

Hr2

Hr32

Hr80

Hr78

Figure 5. UPGMA dendrogram of the plant forms of the sea buckthorn using the program MEGA 7

Conclusion

Based on the obtained ISSR DNA fragments, the level of within-population polymorphism was 87 %,
while the between-population polymorphism was 13 %.

The UPGMA cluster analysis revealed that the studied forms of Hippophae rhamnoides were divided
into two separate groups corresponding to the first and second populations. The forms in the first group were
further separated into three clusters. The first cluster included the Hr81 and Hr82 forms. The second cluster
consisted solely of the Hr32 form, which belongs to the second population. Its placement in the first group is
explained by the possibility of cross-pollination. The third cluster included only the Hr80 form.

The second cluster group consisted of the Hr78 and Hr34 forms of the second population, which formed
separate individual clusters.

The high level of within-population polymorphism (87 %) and the clustering pattern indicate that the
Hippophae rhamnoides forms exhibit genetic differentiation associated with their origin. However, this study
represents only a preliminary stage in the genetic assessment of sea buckthorn populations. To obtain a more
comprehensive understanding of the species’ genetic diversity and adaptive potential, it is necessary to ex-
pand the analysis to include populations from other technogenically-transformed regions, as well as to com-
pare them with populations growing in protected areas.
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Coarycrik KazakcTaHHBIH TeXHOTeHIIK IKO0KyHesepinaeri
Hippophae rhamnoides nonyisinusiapbIHbIH TeHeTHKAJIBIK dPTYPJILTri

[eHeTHKANBIK SPTYPIIUTIK TYPAiH 3BOJIOLUMSIBIK JaMYBIHBIH, KOPIIaFaH opTa e3repicTepine OelimuenyiHiH
KOHE Y3aK Mep3iMIi CaKTalybIHBIH HETi3Ti KepceTKilm. OJeMIIK AeHrelie TeHEeTHKAJIBIK PecypcTapbl
OPHBIKTBI TafialaHy MEH CaKTay, COHBIH immHzae in Situ Kopray »OHE MOMYJISIHUSIIBIK-TCHETHKAIBIK
3eprreyiaep 0acThl FHUIBIMH OacBIMIBIKTApIAbIH Oipi canamansl. Wrtmomeipt wmsipranak (Hippophae
rhamnoides L., Elacagnaceae) racbipiap O0¥bl 1ocTypiti Typ/ie KOJIQHBUIBII KEJITeH, anaiaa OHbIH JKOFaphl
HKOHOMMKAJIBIK KYHJIBUIBIFBI TEK COHFBI yaKbITTa MOWbIHAANABL. OHBIH jKeMicTepi OGHOJOTHSIIBIK OenceHi
KOCBUIBICTapFa 0aif, coHnbIkTaH Oy Typ Eypona MeH A3usiia MeAnIMHA/A, aybUl MIApyallbUIBIFbIHAA, TAMAK
OHEpKACciOiHze KoHe KocMeTojorusna OapraH caiiblH MaHbi3ra ue Oonyna. Ocbl 3eprreyne Conrycrik
KasakcraHHbBIH TEXHOTCHIIK aliMaKTapblHAa ©CeTiH WTIIOMBIPT wibipraHakTeiH (Hippophae rhamnoides)
reHeTHKaJbIK opTypuiniri ISSR-mapkepnepai Konpany apkpuibl Oaranmanabl. MoOJeKynalblK Taljay yIIiH
Kocranaii 06sbicbiHAarb! [IpUropoHbIi OpMaHIIBUIBIFBIHAH €Ki MOMYJIAUUSJaH TYKbIM YJITiIepi s>KMHAJIIBL.
ISSR-tannay Hippophae rhamnoides yiuin sxorapsl qeHreieri imkinonysuusubk, monumopdusmai (87 %)
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JKOHE TOMEH JIeHreHzeri apaiblk nomynsuusiblk noaumopdusmai (13 %) kepcerti. UPGMA kiacrepineyi
MOMYJIIIMSIIAP apachIH/IA KOHE OJIap/IbIH IMIiHAE TeHeTHKANBIK AU hepeHIMalNsIHbl aHBIKTaIbl, Oy OpTY I
TCHETHKAJBIK IIBIFy TEri MEH BIKTMMAJl aiiKac To3aHOaHyAbl kepceremi. JKorapbl IIIKIMOMYJISIHSIIBIK
nonuMophu3M xoHe Kiactepiey cunarsl Hippophae rhamnoides hopMmanapbiHbIH MIBIFY TEriHe OaiIaHBICTBI
TeHeTUKANBIK AU QepeHINanusICEH aiKpIHIaHAsl. By 3epTrey ammplH ama cumaTka He, opi Kapairbl
JKYMBICTap 0acka TEXHOTCHAIK aiMaKTaparbl ITONMyJIIISUIapIbl JKOHE KOpPFAIAaThIH aliMakTapia eceTiH
HOIMYJIALMSIIAPMEH CalbICTHIPMAIBI TANAAYAbl KAMTYBI THIC.

Kinm ce30ep: ISSR-mapkepiiep, MOJIEKYNAIBIK Talaay, nonruMopusm, nomysiuust, Hippophae rhamnoides

JL.II. angmanoBa, T.C. Kyns6onaun, A.W. Token, K.b. Kananus,
K.K. Axaros, I'.C. MykaHn, A.C. EcxxanoBa, M.P. Paxxanos

I'eneTnueckoe pazHoodpasue monyJasiuuii Hippophae rhamnoides
B TEXHOreHHbIX 3KocucTemMax CesepHoro Kazaxcrana

T'eHeTHUECKOE pa3HOOOpA3UE SBISAETCS KIIOUEBBIM MOKA3aTeNIeM 3BOJIIOLMOHHOTO PAa3BUTHS BHJA, €rO ajall-
THBHOCTH K M3MCHCHHUSIM OKDY)KAIOLICH Cpelbl U JO0JIrOCPOYHOrO BBDKHBaHMSA. Bo BceM Mupe ycToiumBoe
HCIIONB30BaHNE M COXPAHEHHE T€HETHYECKHMX DPECcypCoB, BKIIOYas iN SitU OXpaHy H IOMYISILIMOHHO-
TEHETHYCCKUE MCCIICIOBAHMs, SBIIIETCS BOKHEHIIMM Hay4dHBIM mpuopureroM. OOnenuxa KpyIIMHOBHAHAS
(Hippophae rhamnoides L., Elacagnaceae) TpaaninoHHO HCIOIB3YETCs HA MPOTSXKEHUH BEKOB, HO JIMIIb He-
JaBHO ObLITA NMpU3HAHA BUJIOM C BBICOKMM SKOHOMHYECKHM MOTeHIManoM. Ee sronsl GoraTbl GHOIOrHYecKd
AKTHBHBIMU COCIMHEHUSIMH, YTO JIeJaeT BUA Bce Ooilee BOCTPEOOBaHHBIM B MEAUIIMHE, CEITbCKOM XO3SIHCTBE,
MHIIEBOH IPOMBIIUICHHOCTH B KocMeTosioruu B EBponie n A3uu. B naHHOM Hccen0BaHNM OLICHEHO TeHETH-
yeckoe pasHooOpasue obnenuxu (Hippophae rhamnoides), npouspacrarorueii B TexHOreHHbIX 30Hax CeBep-
Horo Kasaxcrana, ¢ ucnonb3oBanneM |SSR-mapkepos. [l MOJIEKYISIDHOTO aHann3a ObLTH COOpaHbI ceMeHa
U3 IBYX OPUPOAHBIX momyisiuuit [IpuropoaHoro jiecundectBa Kocranaiickoit obmactu. ISSR-ananu3 moka-
3aJ] BBICOKUH ypOBEHb BHYTPHUIOMYISILIMOHHOTO moimMmop¢usMa (87 %) ¥ HU3KHI ypOBEHb MEXKIOIYIAIH-
onnoro nonmumopdusma (13 %) y Hippophae rhamnoides. Knacrepuszauus meronom UPGMA BbIsiBiIa reHe-
THYECKYI0 AU(depeHInanio MexX 1y ¥ BHYTPH HOMYJSIIUI, Y4TO yKa3blBaeT Ha Pa3IM4YHOE TEHETHYECKOe
MPOUCXOXKICHHE U BO3MOXKHOE TEPEKPECTHOE ONbUICHHE. BHICOKHI ypOBEHb BHYTPUIIONYJISIIHOHHOTO TOJTH-
MopdH3Ma U XapakTep KIaCTepH3alliy yKa3bIBalOT Ha TeHeTHuyeckyro aubdepenimanuo dpopm Hippophae
rhamnoides B 3aBucuMocTH OT MX MPOUCXOXKICHHUS. JlaHHOE HCCIIEIOBAHHE HOCHUT TIPEABAPHTEILHbIN Xapak-
TEep W SBJISETCS JIMIIb MEPBBIM IIaroM B TEHETHYECKOW OIlICHKE MOMyJsiiuii obnenuxu. s Gonee mojaHOro
MOHUMaHHUs T€HETUYECKOTro pa3HooOpas3us U afanTHBHOIO MOTEHIHANa BUIA HEOOXOAUMO PACIIUPHUTh aHa-
JIM3, BKJIIOYHMB B HETO TOMYISIUK U3 JPYTHX TEXHOICHHO TPaHCHOPMUPOBAHHBIX PETHOHOB, a TAKXKe MpoBec-
TH CPaBHEHHUE C MOMYJIALMIMH, TIPOU3PACTAIOIIMMH B OXPAaHAEMBIX 30HaX.

Knouesvie cnosa: |SSR-mapkepsl, MOJEKYJSpHBIA aHanu3, noauMopdusm, nomyiasuus, Hippophae
rhamnoides
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Comparative analysis of the flora of fruit and berry plants
of the Mangistau and Atyrau regions using biodiversity indices

The article presents the results of a comprehensive analysis of the floristic and taxonomic diversity of fruit
and berry plants in Western Kazakhstan (Mangistau and Atyrau regions). Field studies conducted in 2024-
2025 revealed more than 60 species, mainly belonging to the families Rosaceae, Caprifoliaceae,
Elaeagnaceae and Grossulariaceae. The dominance of the Rosaceae family was confirmed; the genera
Crataegus, Rosa, Lonicera and Ribes form the basis of shrub-tree communities in the region. The use of the
Shannon, Simpson, Margalef, Pielou and Jaccard indices made it possible to quantitatively assess both alpha
and beta diversity of the flora. It was found that the Akmysh and Kogez sites form the most similar floristic
group in composition, whereas Inderbor is characterized by pronounced isolation and uniqueness of the spe-
cies composition. The Zheltau mountain range functions as a transit zone uniting the floras of the Mangistau
and Atyrau regions. The results indicate a highly mosaic of the floristic cover, significant ecological plasticity
of fruit and berry plants and, at the same time, the vulnerability of certain endemic and rare taxa. They are of
great importance for developing strategies for the protection of biodiversity, preserving the gene pool and the
prospective use of economically valuable species in breeding and introduction programs.

Keywords: Western Kazakhstan; flora; fruit and berry plants; biodiversity; Rosaceae; Shannon index; Jac-
quard index; arid ecosystems; floral mosaic; gene pool conservation

Introduction

The study of wild fruit and berry plants is one of the key areas of modern botany, ecology, resource
plant growing and plant conservation. These species play an essential role in the formation of natural ecosys-
tems, maintaining biodiversity and preserving the genetic fund, which is of strategic importance for the tasks
of selection, introduction and ensuring food security. In the context of increasing anthropogenic pressure and
global climate change, the relevance of a comprehensive analysis of the state, structure and adaptive poten-
tial of fruit and berry plants increases many times over [1].

Western Kazakhstan, including the Mangistau and Atyrau regions, is a unique model region for study-
ing the adaptation strategies of flora in conditions of an extremely arid climate. These territories are charac-
terised by sharply continental climatic conditions, extremely low precipitation, high summer temperatures
and a high degree of soil salinity. Despite these limiting factors, the flora is distinguished by its significant
richness and originality. In the Atyrau region, there are 899 species of vascular plants, in the Mangistau re-
gion, 770, of which fruit and berry plants make up 7.8 % and 16.7 %, respectively [2].

The taxonomic structure of fruit and berry plants in the region shows the dominance of the Rosaceae
family, which unites the most significant number of economically valuable species, while representatives of
the Caprifoliaceae, Elaecagnaceae, Grossulariaceae, Moraceae, Nitrariaceae and Peganaceae families also par-
ticipate in the formation of communities. Of most significant interest are representatives of the genus
Crataegus Tourn. Ex L., Rosa L., Ribes L. and Lonicera L., confined mainly to mountain and foothill bio-
topes. Among them, there are both widespread species (Crataegus sanguinea Pall., Lonicera tatarica L.,
Rosa laxa Retz.), and narrow-range endemics, Crataegus ambigua CA. Mey. ex A.K. Becker, Rosa iliensis
Chrshan.), as well as species with limited competitiveness (Ribes aureum Pursh) [3].

To identify patterns of floristic diversity and spatial structure of communities, quantitative biodiversity
assessment methods have been actively used in recent decades. The most common indicators are the Shan-
non index (characterising species richness and uniformity of distribution of individuals), the Simpson index
(assessment of dominance of individual taxa), as well as the Margalef index and the Pielou index (measures
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of alpha diversity). In the context of assessing floristic similarities and differences between communities, the
Jaccard index has been widely used, reflecting the degree of overlap of species composition between differ-
ent localities and allowing for the identification of both zones of high similarity and areas of unique flora.
The use of these indices provides an objective statistical basis for analysing the stability of communities,
their population dynamics and ecological-cenaotic structure [4].

The peculiarity of the flora of Western Kazakhstan is that fruit and berry plants form stable or transi-
tional phytocenoses, where their high ecological plasticity and ability to adapt to arid ecosystems are mani-
fested. At the same time, several species (for example, Crataegus ambigua and Ribes aureum) show signs of
vulnerability and reduction of habitats, which makes them objects of priority protection. The use of diversity
indices in combination with the analysis of the age structure of populations and morphological variability
allows us to identify patterns of spatial differentiation, the degree of stability of cenoses and the factors de-
termining their dynamics [5].

Thus, the need for a comprehensive study of wild fruit and berry plants in the Mangistau and Atyrau re-
gions is due to: the strategic importance of preserving the gene pool in the context of climate change and
ecosystem degradation; the need to analyze the ecological and cenotic characteristics and structure of popu-
lations; the use of biodiversity indices and the Jaccard index for an objective assessment of species richness
and floristic similarity; prospects for using the identified taxa in breeding programs and introduction.

The study aims to identify the floristic and species diversity of fruit and berry plants in the Mangistau
and Atyrau regions, assess their ecological and cenotic characteristics, intraspecific variability and adaptive
potential, and use quantitative indices of biodiversity to identify patterns of distribution and the degree of
similarity of plant communities.

Experimental

Field botanical studies were conducted in the summer of 2024-2025 in the territory of the Mangistau
and Atyrau regions, covering the main phytocenotic areas of Western Kazakhstan. Areas with different orog-
raphy, soil and climate conditions, and the degree of anthropogenic transformation were selected as key
sampling points: the Zheltau mountain range, the Inderbor plain-foothill zone (Atyrau region), as well as the
Karatau mountain range (Kogez and Akmysh gorges) and the Karaturan gorge in the mountains of South
Aktau (Mangistau region) (Fig. 1-4).

Figure 1. Crataegus altaica in the Zheltau mountains
A — a single bush towards Mangistau;
B — undergrowth towards Atyrau
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Figure 4. Tatar honeysuckle in populations: A — Zheltau Mountains; B — Kolenkeli Mountains

The selection of biological material was carried out according to standard geobotanical methods, with
preliminary route binding, visual assessment of the state of the vegetation cover and fixing the coordinates
using a Garmin eTrex 32x GPS device. For each site, an inventory of the flora was carried out with the re-
cording of all encountered species of fruit and berry plants, taking into account their phenological state, eco-
logical confinement and degree of dominance in the community [6].
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The floristic structure of plant communities was assessed based on the analysis of the binary matrix of
species presence/absence formed for the five study sites. For each pair of sites, the Jaccard index was calcu-
lated, reflecting the degree of floristic similarity and allowing one to estimate the level of species overlap
between different geographic points. The Jaccard index was calculated using the formula:

_ a
(a+b+c)

Where a is the total number of species in the first plot, b is in the second plot, and ¢ is the number of
common species. Values ranged from 0 (no matches) to 1 (complete match of species composition). Addi-
tionally, Shannon (H"), Simpson (D), Margalef (DMg), and Pielou (J') indices were used for a comprehensive
assessment of biodiversity, allowing for a quantitative characterization of alpha diversity, evenness, and
dominance of taxa within local communities [7].

All numerical calculations were performed in the Microsoft Excel 365 spreadsheet environment, as well
as in the PAST v4.13 statistical program. The obtained values were visualized in the form of heat maps,
overlap diagrams and cluster schemes using built-in Excel tools and graphic modules of the PAST software
package. Photographic recording of the floristic features of the sites and representatives of the studied taxa
was carried out using a Canon EOS 2000D digital camera with macro settings and a standardised frame
scale. Each image was provided with a geographic mark and a brief description of the biotope [8, 9].

The methodological approach implemented within the framework of this study ensured the comparabil-
ity of data between sites, statistical reliability of conclusions and the possibility of identifying spatial and
ecological patterns of formation of flora of fruit and berry plants in the conditions of arid landscapes of
Western Kazakhstan.

Results and Discussion

Floristic analysis of fruit and berry plants of the Mangistau and Atyrau regions revealed a significant
diversity of taxa, mainly belonging to the family Rosaceae. Based on the results of route studies and com-
piled floristic lists, more than 60 species were recorded, represented by both shrub and tree forms. Among
them are representatives of the genera Crataegus, Rosa, Lonicera, and Ribes, which form the basis of shrub-
tree communities in mountain and foothill biotopes.

Of particular note are such economically and ecologically significant species as Crataegus ambigua,
Rosa laxa, Lonicera tatarica, and Ribes aureum. Their occurrence in most of the surveyed areas indicates
high adaptability to arid conditions and a key role in maintaining the stability of communities. At the same
time, Ribes aureum and some endemic representatives (Crataegus ambigua) show signs of local vulnerabil-
ity and population decline, which confirms the need for their priority protection.

A comparative analysis of the species lists (Tab. 1) revealed that the most incredible diversity is found
in the Zheltau and Akmysh mountain ranges, where both widespread species (Ephedra distachya, Rosa laxa,
Spiraea hypericifolia) and rare endemics are found. The Inderbor and Karaturan sites, on the contrary,
showed lower floristic richness and relatively high flora isolation.

Table 1
Species composition
Species Gorges

Zheltau Akmysh Kogez Inderbor Karaturan
Achillea nobilis +
Agropyron desertorum +
Agropyron fragile + +
Alhagi pseudalhagi +
Allium sabulosum +
Alyssum dasycarpum +
Anabasis Salsa +
Armeniaca vulgaris + +
Artemisia austriaca + +
Artemisia lercheana +
Artemisia lessingiana +
Artemisia terrae albae +
Atraphaxis replicata + + +
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Continuation of Table 1

Species

Gorges

Zheltau

Akmysh

Kogez

Inderbor

Karaturan

Atraphaxis spinosa

Bromus tectorum

Camelina sylvestris

Caragana grandiflora

Centaurea adpressa

Centaurea squarrosa

+

Chorispora tenella

Cichorium intybus

Convolvulus fruticosus

Crataegus altaica

Crataegus ambigua

Echinops ritro

Ephedra distachya

4|+ +

Ephedra lamotolepis

Eremopyron bonaepartis

Euphorbia seguieriana

Haplophyllum obtusifolium

Herb variety

Inula britannica

Kochia prostrata

Lactuca serriola

Lagochilus acutilobus

Lavatera thuringiaca

Limonium gmelinii

Lonicera tatarica

Malacocarpus critmifolium

Malus sieversii

Marrubium vulgare

Medicago caerulea

Melilotus albus

Mentha longifolia

Meristotropis triphylla

Morus alba

Nepeta cataria

Plantago salsa

Poa bulbosa

Potentilla pedata

4|+ +

Potentilla supina

Prunus spinosa

Rhamnus sintenesii

Ribes aureum

Rosa acicularis

Rosa iliensis

Rosa laxa

R [ [ (e e [

Rose iliensis

Rubus caesius

Salix alba

+

Scandix stellata

+

Schumannia karelinii

Silene suffrutescens

Spiraea hypericifolia

Stellaria media

Stipa capillata

Teucrium polyum

Verbascum soongaricum
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The application of the Jaccard index allowed us to quantitatively assess the degree of similarity of the
floristic complexes (Tab. 2).

Table 2

Jaccard index

Region 1 Region 2 Jaccard index
Zheltau Akmysh 0.14
Zheltau Cohesion 0.11
Zheltau Inderbor 0.15
Zheltau Karaturan 0.21
Akmysh Cohesion 0.28
Akmysh Inderbor 0.03
Akmysh Karaturan 0.10

Cohesion Inderbor 0.05

Cohesion Karaturan 0.10
Inderbor Karaturan 0.09

The highest degree of similarity was observed between the Akmysh and Kogez sites (J = 0.29), indicat-
ing their similar shrub—tree community composition and comparable orographic and climatic conditions. A
moderate level of similarity was observed between the Zheltau—Karaturan (J = 0.22) and Zheltau—Inderbor (J
= 0.16) regions, which may be attributed to the presence of floral elements typical of desert—mountain envi-
ronments. The minimum values of the Jaccard index were recorded for the Akmysh—Inderbor (J = 0.03) and
Kogez—Inderbor (J = 0.05) pairs, reflecting the isolation of the flora of the Inderbor region and its unique
ecological profile.

The analysis carried out confirms that the flora of Inderborforms a relatively independent block, while
Akmysh and Kogez form a more closely related floristic group. Zheltau occupies an intermediate position,
showing partial overlap with most sites and acting as a transit zone between the floras of Mangistau and
Atyrau regions (Fig. 5).

The clustering dendrogram (Fig. 6) confirms that the flora of the Inderbor plateau forms a relatively in-
dependent block, while Akmysh and Kogez form a more closely related group. Zheltau occupies an interme-
diate position, acting as a kind of transit zone between the floras of the Mangistau and Atyrau regions. Simi-
lar results on the role of transitional areas and clustering of floras were also noted in the study of biocenoses
of the desert-mountain regions of Central Asia.

[l

Figure 5. Clustering of floristic similarity of the studied areas of Western Kazakhstan based on the Jaccard index
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\ Karateran

Figure 6. Diagram of overlapping species composition between the studied regions (Venn diagram)

The Jaccard index is one of the key coefficients for assessing the degree of similarity between
biocenoses or floristic lists of different geographical areas. It is calculated as the ratio of the number of
common species to the total number of unique species of the two compared areas. Its values vary from 0
(complete difference) to 1 (complete coincidence). Thus, the index allows us to quantitatively assess the de-
gree of floristic overlap and assume the similarity of environmental conditions, migration of species or isola-
tion of areas. Based on the calculations presented in Table 2, the Jaccard index is given.

Figure 7 shows a heat map of the Jaccard indices between regions. The colour intensity reflects
the degree of similarity of the floristic compositions: the darker the cell, the greater the similarity between
pairs of sites. The greatest similarity: Akmysh—-Kogez (J = 0.29). The minimum similarity: Akmysh—
Inderbor (J = 0.03).

A

0.25
B 0.20
C 0.15
0.10

D
-0.05

E
’ ' ' ' -0.00

A B C D E

Figure 7. Heat map of Jaccard indices between pairs of regions
(Zheltau — A, Akmysh — B, Kogez — C, Inderbor — D, and Karaturan — E)
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The most remarkable floristic similarity is observed between the Akmysh and Kogez gorges of the
mountainous Karatau (J = 0.2857). These sites demonstrate the most significant degree of similarity among
all pairs, which is probably due to geographical proximity, similarity of mountain-valley ecosystems, the
presence of dominant species (Crataegus ambigua, Rosa laxa, Rhamnus sintenesii) and common environ-
mental conditions. Both territories are located in the Western Karatau of the Mangistau region, where shrub-
tree communities are developed and good plant regeneration is observed.

An average level of similarity was found between the Zheltau Mountains and the Karaturan Gorge
(J =0.2162), indicating a moderate coincidence of flora between the Zheltau and South Aktau ridges, proba-
bly due to typical desert-mountain elements.

The flora of Mount Zheltau and Mount Inderbor (J = 0.1579), as well as Mount Zheltau and the
Akmysh gorge (J = 0.1429), show partial overlap, especially in the species Rosa laxa, Lonicera tatarica, and
Ephedra distachya.

The least similarity was recorded between the Kogez and Karaturan gorges (J = 0.1081). Despite the
remoteness of the sites, a slight overlap in floristic composition is observed, which can be explained by the
presence of typical wormwood and shrub species.

Minimal similarity: Akmysh—Inderbor (J = 0.0345), Kogez—Inderbor (J = 0.0526), Inderbor—Karaturan
(J =0.0938). These values indicate a significant floristic isolation of the Inderbor site, despite the abundance
of shrubs (Rosa laxa, Spiraea hypericifolia), but with fewer common species than other regions. Perhaps the
reason is the excellent ecological niche (deep depressions, unique microclimates) and different soil substrate.
The Zheltau Mountains serve as a transitional point between the floras of the Atyrau and Mangistau regions,
exhibiting moderate similarity with most areas. Inderbor is characterised as the most isolated floristically
point, which may indicate specific environmental conditions or phytocenotic uniqueness of this area.
Akmysh and the Cogez, as parts of a single mountain range, form a relatively homogeneous floristic group
with a high level of internal similarity. The Jaccard index confirmed the clustering of sites by floristic simi-
larity, with geographic proximity and environmental conditions playing a decisive role in the formation of
similarity.

Additional analysis of alpha diversity using the Shannon, Simpson, Margalef, and Pielou indices
(Fig. 8) revealed that the highest species richness and uniformity of distribution of individuals are character-
istic of the flora of Mount Zheltau and Akmysh gorge of the Karatau mountains. In contrast, Inderbora ex-
hibits a pronounced dominance of individual taxa and low uniformity. This confirms the ecological plasticity
of the communities of Mount Zheltau and the vulnerability of the flora of the Inderbor. Analysis of the diver-
sity indices presented in Figure 8 showed stable differences between the studied geographic regions.

= Zhettau Karaturan
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Figure 8. Comparative values of biodiversity indices (Shannon, Simpson, Margalef, Pielou) for the five studied areas
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Regardless of the change in the parameter a, the index values remained constant, indicating the stability
of the species diversity assessment when using this approach. The lowest index value was recorded for
Zheltau Mountains (about 13), which may indicate a relatively low level of floristic richness in this location.
Such results may be associated with both abiotic factors (aridity of the climate, poor soil cover) and anthro-
pogenic impact, limiting the restoration processes of biocenoses. Higher indicators are noted in the Akmysh
gorges, Mountain Karatau, and Mount Inderbor (about 23), which indicate favourable conditions for main-
taining floristic diversity. However, it is worth noting that despite the external similarity of numerical values,
differences in the structure of plant communities may be observed, due to different ecological and
phytocenotic confinement of species. The maximum value of the index is characteristic of the Kogez gorges
of the Karatau mountains (about 28). This result indicates the highest saturation of flora. It is probably asso-
ciated with a combination of factors—a more diverse relief, the presence of transitional ecotopes and a lower
level of economic development of the territory. An intermediate position is occupied by the Karaturan gorges
of the mountains of southern Aktau (about 18). The obtained value may reflect a limited set of species
groups, while the preservation of floristic diversity in such conditions may depend on the stability of key
dominant species. Thus, the conducted analysis confirms the presence of apparent regional differences in the
level of species diversity of fruit and berry plants in Western Kazakhstan. The obtained data are consistent
with the results of previous studies of the flora of arid ecosystems in Central Asia, where a high spatial mo-
saic of biodiversity indicators was also noted.

A comparative assessment of the taxonomic structure (Fig. 9) revealed the dominance of the Rosaceae
family, which accounts for the most significant number of economically valuable species. Along with this,
representatives of Caprifoliaceae (Lonicera tatarica), Elaeagnaceae (Elaeagnus angustifolia) and
Grossulariaceae (Ribes aureum) play a significant role. The data obtained are consistent with previously pub-
lished works, confirming the key role of the Rosaceae family in the formation of the flora of the arid regions
of West Kazakhstan. Figure 9 shows the distribution of taxa of fruit and berry plants by families in the
Mangistau and Atyrau regions.

-—0ns
-—n E
—H

Figure 9. Distribution of taxa of fruit and berry plants by families in the Mangistau and Atyrau regions

The analysis revealed that the diversity indices vary with the number of taxa, but the dynamics differ
across the indices used. The hS index (blue) remained virtually unchanged and close to zero with an increase
in the number of taxa. This suggests that the index does not accurately capture the differences in the flora’s
structure across these regions, potentially limiting its usefulness in assessing the actual level of diversity. At
the same time, the hE (black) and hT (red) indices demonstrated positive dynamics: with an increase in the
number of taxa, their values increased from ~3.2 to ~4.0. Moreover, the hE values were slightly higher com-
pared to hT, which indicates a certain redundancy or evenness of the distribution of taxa by families. This
suggests that the flora of the studied areas is characterized by moderate taxonomic diversity with a tendency
to increase with an increase in the sample size. Thus, the analysis of taxa distribution shows that the flora of
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Mangistau and Atyrau regions has a relatively balanced structure, where several dominant families play the
leading role. At the same time, the identified differences between the hE and hT indices allow us to conclude
that the distribution of taxa is heterogeneous and that it is essential to take into account different indices
when interpreting taxonomic diversity.

The spatial differentiation scheme of flora (Fig. 10) shows that floristic isolation is characteristic of
Inderbor Mountain, Atyrau Region. In contrast, the flora of the Akmysh and Kogez gorges of the Karatau
Mountains, Mangistau Region, forms the most homogeneous group with a high level of internal similarity.
The revealed patterns are essential for developing strategies for the conservation of rare and vulnerable spe-
cies, as well as for assessing the prospects for their use in breeding and introduction programs.

Figure 10. Scheme of spatial differentiation of fruit and berry plant flora
by geographical areas of Western Kazakhstan

As can be seen in Figure 10, with an increase in the number of studied samples, a stable trend towards
an increase in the B-diversity index is observed. At the initial stages of the sample (1-2 sites), the values were
about 15-30, while with an expansion of the number of sites to five, the index increased to 65-70. Such dy-
namics indicate a pronounced spatial heterogeneity of the flora of fruit and berry plants in Western Kazakh-
stan. A wide confidence interval demonstrates the presence of significant differences between individual ge-
ographic sites. This confirms that the flora of the region is formed due to a combination of locally specific
taxa that are unevenly distributed across the territory. Such a mosaic of the floristic cover is characteristic of
arid and semi-arid ecosystems, where even closely located biotopes can differ significantly in the composi-
tion and number of species. Thus, the obtained results indicate that spatial differentiation is a key factor in
the formation of the floristic diversity of fruit and berry plants in Western Kazakhstan. This is consistent
with the findings of other researchers who noted high variability in species composition depending on the
geographical and environmental conditions of the region.

Thus, the conducted comprehensive analysis showed that regions highly differentiate the flora of fruit
and berry plants of Western Kazakhstan, have a significant presence of economically valuable and endemic
species, and have identified zones of both high similarity and uniqueness. This emphasizes the need for pri-
ority protection of individual populations and supports the strategic importance of preserving the gene pool
of the region in the context of increasing climate change.

Conclusion

A comprehensive study of the floristic and taxonomic diversity of fruit and berry plants in the
Mangistau and Atyrau regions revealed a significant wealth of taxa, their spatial mosaicism, and key factors
that determine the formation of plant communities. The Rosaceae family plays the most crucial role in the
flora; its representatives form the basis of shrub-tree communities and are of high economic value. The use
of Shannon, Simpson, Margalef, Pielou, and Jacquard indices showed that the flora of the region is charac-
terised by pronounced regional differences: the Akmysh and Kogez sites form the most homogeneous group
with a high level of floristic similarity. At the same time, Inderbor stands out as the most isolated and unique
floristic complex. Zheltau serves as a transit zone between the floras of the Mangistau and Atyrau regions. A

22 Fundamental And Experimental Biology. 2025, 30, 4(120)



Comparative analysis of the flora...

comparative analysis of the spatial distribution of the flora confirmed that B-diversity increases with an in-
crease in the number of samples, reflecting the high heterogeneity of the floristic cover in arid conditions.
This result emphasizes the importance of locally specific taxa and points to the need to preserve unique pop-
ulations. The results obtained have both fundamental and applied significance: they form a scientific basis
for assessing the adaptive potential of fruit and berry plants, developing programs for the protection of rare
and vulnerable species, as well as the prospective use of individual taxa for breeding and introduction pur-
poses. In the context of increasing climate change and anthropogenic pressure, the priority task remains the
preservation of the region’s gene pool, which requires the integration of botanical research with practical
measures to protect biodiversity.
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A. NmanbaeBa, H. lyiiceHoBa, A. Jlykmanos, I'. bek6ochiH

MamnrpicTay KoHe AThIPay 00JIbICTAPBIHBIH JKeMicC-KUAEK oCiMaiKTepi
(1opachiH OHOATYAHTYPJIJIIK HHAEKCTEPi AaPKbLIbI CATBICTHIPMAJIBI TAJIAAY

Maxkanana bateic KazakcranueiH (ManFpictay XKoHe ATBIpay OOJNBICTaphl) JKEMIC-KHAEK OCIMIIKTEpiHiH
(topasbIK JKoHE TaKCOHOMMSUIBIK alyaHTYPJIUTITIH KelleHAl Tajumay HoTwkenepi yceiHbuFan. 2024-2025
JKBUIZApBl JKYPri3UITeH JAamanblK 3epTreyiep 60-TaH acTaM TypAl aHBIKTanubl, ONapiblH OachkiM Oediri
Rosaceae, Caprifoliaceae, Elaeagnaceae sxone Grossulariaceae TtykpiMaacTapbiHa skataipl. Rosaceae
TYKBIMJIAChIHBIH OachIMIBUIBIFEI pacTanasl; Crataegus, Rosa, Lonicera skone Ribes TybicTapbl aiiMakThIH
OyTanbl-aramThl KaybIMIACTHIKTAPBIHBIH Heri3iH Kypainsl. lllennon, Cummncon, Mapraned, Ilmry sxone
JKaxkxap mHEEKCTepiH KoigaHy (IIOpaHBIH anbda jkoHe OeTa alyaHTYDIUIriH CaHIBIK TYpFbIIa Oaramayra
MYMKiHOIK Oepai. Axmeim neH Keres ydackernepi TYpiik KypaMbl OOHBIHINA €H yKcac (IOPAaNBIK TOITHI
KYpaWTHIHEL, a1 VHIep epekiie OKIIaylaHFaH jkoHe Oipereil Typ KypaMbIMEH epeKIIeleHeTiHI aHBIKTAJIIbL.
XKenray xoracel MaHFEICTay MEH ATHIpay OOJNBICTaphl (opacklH OipiKTIpeTiH TPaH3UTTIK alMaK peJiH
aTkapanbl. AJBIHFAaH HOTIKenep (iopa KaMBUIFBICHIHBIH JKOFapbhl MO3aUKAJIBUIBIFBIH, JKEMiC-KHICK
OCIMIIKTEPiHIH AKOJOTHSUIBIK MKEMAUTITH JKoHEe KeHOip 3HAEMHUK IEH CHPEK TaKCOHIAPABIH Ocal eKeHiH
Kepcereni. bys gepekrep OMOamyaHTYPIITIKTI caKkTay CTpPaTETUSUIAPbIH d3ipiiey, TeHO(POHATH KOpFay JKoHE
[IApYalIbUIBIK MAHBI3EI 0ap TYPJIEPl CENEKIMs MEH HHTPOAYKIHS OarnapiaMaiapblHAa Oonamakra maiga-
JIaHy YIOiH MaHBI3/bL.

Kinm coe30ep: Barvic Ka3akcraH, diopa, sxemic-xuaek eciMuikrepi, Onoaryanrypiinik, Rosaceae, lllenHon
nHekci, Xakkap uHACKC, KyaH SKoxKy#Henep, Gpiopaiblk Mo3anuka, TeHO(QOHITHI caKkTay

A. Nmanb6aeBa, H. [lyiicenoBa, A. Jlykmanos, I'. bek6ocwiH

CpaBHuTe/IbHBIN aHAJU3 QJIOPHI IUI0I0BO-ATOAHBIX pacTeHuid MaHrucrayckou
U ATbIpaycKoi 00s1acTeill ¢ HCIOJIb30BaHHEM MHAEKCOB OHOpa3HOo00Opasus

B crarpe npencraBieHs pe3yabTaThl KOMIUIEKCHOTO aHAIH3a (IIOPUCTUYECKOTO M TAKCOHOMUYECKOTO pas-
HOOOpa3us II0I0BO-ATOHBIX pacTeHuil 3anaaHoro Kaszaxcrana (MaHructayckoit 1 ATbIpaycKoii o0macteit).
[ToneBeie uccnenoBanus, nposeacHubie B 2024-2025 rr., BeisiBIIM 6ojee 60 BUIOB, MPEUMYIIECTBEHHO OT-
Hocsimxcs K cemeinicream Rosaceae, Caprifoliaceae, Elaeagnaceae u Grossulariaceae. TToarBepskaeHo 10MH-
HupoBaHue cemelicTBa Rosaceae; poxpr Crataegus, Rosa, Lonicera u Ribes ¢popmupyror ocHOBY KycrapHu-
KOBO-JIPEBECHBIX coo0rmIecTB pernoHa. [Ipumenenne unnexco lllennona, Cummcona, Mapraneda, [Tury u
JKakkapa mo3BOMIO KOJMYECTBEHHO OLICHUTH anb(a- u Oera-pasHooOpasue Gpuopsl. Y CTaHOBICHO, YTO yda-
cTkr AkMbIr 1 Kores ¢popMupyror Hanbonee cXOaHy 0 (pIOpHCTHYECKYIO TPYIITY 110 BUIOBOMY COCTaBy, TO-
raa kak MHgep oTiamyaercst BBIPAKEHHOW HM30JIMPOBAHHOCTBHIO M YHHUKAIBHOCTBIO (iopsl. 'OpHBIT MaccuB
JKenray BBEIOJTHAET POJIb TPAH3UTHON 30HBI, 00BenuHAIONICH (h1opy MaHrHCcTaycKOW U ATBIpaycKoii obmac-
Teit. [TosrydeHHbIe pe3yIbTaThl CBHACTENBCTBYIOT O BBICOKOH MO3aMYHOCTH (DIIOPUCTHYECKOTO MOKPOBA, 3HA-
YHUTEIBHON IKOJIOTMYECKOM IUIACTHYHOCTH IUIOJ0BO-ATOMHBIX PACTEHHH M OJHOBPEMEHHO YSI3BHUMOCTH OT-
JeTBHBIX SHJIEMUYHBIX U PEAKUX TaKCOHOB. OHM MMEIOT OOJbIIOE 3HAYECHHE AJIs1 pa3pabOTKH CTpATeruii ox-
paHbl OMOpa3HOOOpa3usl, COXpaHeHHs: TeHO(POH/Ia U MIEPCIICKTUBHOTO HUCIIOIb30BaHUS X035CTBEHHO-IIEHHBIX
BHUJIOB B CENIEKIIMOHHBIX ¥ MHTPOLYKIIHOHHBIX IPOTPaMMaXx.

Kniouesvie cnosa: 3ananneiit Kazaxcras, ¢iopa, II0J0Bo-ATOIHBIE pacTeHns, OnopasHooOpasue, Rosaceae,
ungexc [lennona, nunekc Xakkapa, apuHbie 5KOCHCTEMBI, (PIOpUCTHYECKAsi MO3aHYHOCTh, COXPaHEHHUE Te-
HO(OHIA
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Composition and biological activity of essential oil from aboveground parts of
Artemisia messerschmidtiana

The study of the chemical composition of biologically active compounds from plants of the natural flora is a
promising direction for investigating their biological activity and potential use as sources for the medicinal,
pharmaceutical, and cosmetic industries. This article presents the results of an evaluation of the composition
and biological activity of essential oil isolated from Artemisia messerschmidtiana from the Far East. The es-
sential oil was extracted by hydrodistillation. The obtained essential oil was tested for cytotoxic, fungicidal,
antimicrobial, antimalarial, tuberculostatic, and antileishmanial activities. The composition of the extracted
essential oil was analyzed by GC-MS methods. The total composition of the essential oil included 43 compo-
nents, with the highest content observed for 1,8-cineole, camphor, and a-campholenal. Testing of the essen-
tial oil revealed weak antimicrobial, fungicidal, and antimalarial activities, and high cytotoxic activity. No
antituberculosis or antileishmanial activity was detected in the essential oil. The results contribute to the un-
derstanding of the biological activity of components of the genus Artemisia L.

Keywords: Artemisia messerschmidtiana, essential oil, biological activity, chromatography-mass spectrome-
try

Introduction

The study of the composition of essential oils and the biological activity of medicinal plants is an im-
portant task for science. Numerous studies have shown that plants of the genus Artemisia L. differ within
sections and species in terms of the content of many groups of biologically active substances, including the
composition of essential oils. These differences are influenced by various factors, such as soil conditions,
differences in moisture, solar insolation, temperature, altitude above sea level, and age characteristics. The
composition and quantitative accumulation of individual components are influenced by the timing of raw
material collection, fertility and fertilization, drying conditions, and the genetic characteristics of individual
plant populations. Differences in chemical composition depend on the plant organ, and the extraction meth-
od. A review of the literature on the evaluation of essential oils of the genus Artemisia and compounds iso-
lated from them shows that in recent years, numerous studies have been conducted on their antibacterial, an-
tifungal, antiviral, and other anti-infective properties [1].

Despite extensive research on the genus Artemisia, not all species have been studied sufficiently, which
creates potential for the search for new medicinal compounds in the natural flora.

Artemisia messerschmidtiana Besser (=Artemisia gmelinii var. messerschmidtiana Poljakov) is a semi-
shrub 60-80 cm high of the Asteraceae family. It grows in Buryatia, Irkutsk and Chita regions, Krasnodar
Krai, and Mongolia (Fig. 1) on slopes with shrubby meadow-steppe vegetation and forest edges [2].
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Figure 1. Areas of A. messerschmidtiana
(from Artemisia gmelinii var. messerschmidtiana Poljakov | Plants of the World Online | Kew Science)

As a continuing our research on essential oils of wormwood from the Far East [3-6] and Kazakh-
stan [7-9], we investigated the chemical composition and some kinds of biological properties of A.
messerschmidtiana’s essential oil from aboveground parts.

Previously, South Korean scientists isolated methyl esculin, daphnetin, 6-methyl esculetin, dimethyl
daphnetin, esculin, and umbelliferone from A. messerschmidtiana raw materials [10].

The study of the aerial part of A. messerschmidtiana allowed the isolation of scopoletin, whose structure
was established by spectral methods. The antibacterial and cytostatic activity of the dry extract and essential
oil was studied. The content of 43 chemical elements in the plant was determined by atomic emission spec-
trometry. The anatomical structure of A. messerschmidtiana Bess. was also studied [11].

Experimental

Collection of raw materials. Raw materials of A. messerschmidiana for research were collected in the
second decade of September 2017, in an oak forest on the southern steep slope on the left bank of the
Razdolnaya (Suifun) River, near the village of Chernyatino, Oktyabrsky District, Primorsky Krai (Russian
Federation) (Fig. 2).

Figure 2. A. messerschmidtiana

The herbarium code for A. messerschmidtiana sample was 103564. Plant samples were collected into
herbarium fund of G.B. Eljakov Pacific Institute of Bioorganic Chemistry, laboratory of chemotaxonomy
(Far East Branch of RAS, Vladivostok, Russian federation).

Obtaining essential oil. Essential oil was obtained by hydro distillation methods from aboveground
parts with a Clevenenger apparatus, period of extraction was 2 hours [12], using hexane trap.
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The essential oil of A. messerschmidtiana was tested on anti microbial and fungicidal activity, using the
standard strains: Aspergillus fumigates ATCC 204305, Candida albicans ATCC 90028, Candida krusei
ATCC 6258, Staphylacoccus aureus ATCC 29213, MRSATCC 33591, Pseudomonas aeruginosa ATCC
27853, Candida glabrata ATCC 90030, Cryptococcus neoformans ATCC 90113, Escherichia coli
ATCC35218, and Mycobacterium intracellulare ATCC 23068 [13]. The reference preparations were ampho-
tericin B and ciprofloxacin.

Primary screening was performed using a dose 50 pg/ml twice. Inhibition of bacterial and fungal
growth (% Ing.) was taken into account in comparison with positive and negative controls. In secondary
screening, samples were tested at concentrations ranging from 2 to 50 ug/ml of a suspension of 9 strains of
microorganisms, and 1C50 was calculated based on the results.

The anti malarial activity of essential oil sample was tested as inhibition strains of Plasmodium falcipa-
rum (chloroquine-sensitive — D6, and chloroquine-resistant — W2) using negative and positive control. The
preparation chloroquine was applied as a negative control. Also the essential oil was tested on the mammali-
an cellular line VERO. The selectivity index (SI) was assessed as the ratio ICsy VERO to I1C5, D6 or W2.

Study of cytotoxic activity was conducted on nauplii of Artemia salina [14]. Mortality and survival rates
of larvae after exposure to different concentrations of essential oil were recorded. Mortality (P) index was
calculated by the formula:

P=(A—B—C)/Nx100%

where, A is the number of dead larvae after 24 hours; B is the number of larvae that died before the start of
the test; C is the average number of larvae that died in the negative control; N is the total number of larvae.

Mycobacteria testing was performed using the REMA method [15-18]. Working solutions of essential
oil were diluted in Middle Brook 7H9 culture medium with the addition of OADC. 100 mL of Middle Brook
7H9 and essential oil were added to all test wells, with control wells containing no essential oil samples. Ac-
tivity was assessed by color: blue color indicated no growth of mycobacteria, pink color indicated
growth [19]. Isoniazid, amphotericin B, and chlorhexidine dihydrochloride were used as negative controls.

Testing for anti-leishmaniasis activity. The activity of essential oil was evaluated in vitro against L.
donovani promastigotes (Pms) by flow cytometry (FACS). FACS analysis was performed to quantitatively
assess fluorescence levels in treated and untreated groups. A decrease in fluorescence intensity indicated in-
hibition of parasite growth. J774 macrophages (5x10° cells per well) in 12-well culture plates were infected
with Pms at a ratio of 10:1. The infection level in infected macrophages before and after treatment with the
preparation was measured using FACS.

All tests were performed in triplicate. The activity of the samples was also evaluated by Gimza
staining [20].

Results and Discussion

Gas Chromatography-mass spectrometry (GC/MS) is a highly accurate analytical method that allows
the qualitative and quantitative composition of essential oils to be determined. Using GC/MS, it is possible to
characterize in detail all components present in essential oils, including major and minor components, which
may also have biological activity and influence the aroma and properties of the oil.

GH/MS analysis of essential oils was conducted by literature data [4]. Retention indices were recalculated
relative to normal hydrocarbons Cg-Ca,.

In essential oil of A. messerschmidtiana was determined 43 components. The main components are 1,8-
cineole (29.1 %), camphor (24.8 %), and a-campholinal (4.9 %) (Tab. 1).

Table 1
Component composition of the essential oil of A. messerschmidtiana
Area,

Recaic Component % Reaic Component Area, %
797 |Hexanal 0,3 116 |Borneol 2.3
843 |2-Hexenal 0.2 1167 |a-Santolin alcohol 1.9
916 |Tricyclene 0.3 1168 |Unidentified 2 0.8
926 |a-Pinene 0,6 1169 |a-Campholenal 4.9
941 |Camphene 2.3 1174 |Terpinene-4-ol 0.9
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Continuation of Table 1

Recaic Component A(f/i & Reac Component Area, %
963 |4(10)-Thujone 0.1 1182 |p-Cymene-8-ol 0.9
985 |1-Octen-3-ol 0.8 1188 |a-Terpineol 0.4
1010 |35 Tetramethyl-1,3- 0.3 | 1200 [trans-Piperitol 0.2
cyclohexadiene
1016 |o-Diethylbenzene 0.2 1224 |trans-Chrysotenyl acetate 2,0
1020 |o0-Cymene 0.2 1278 |Bornyl acetate 13
1033 |1,8-Cineole 29.1 | 1288 |Eucarvon 0.4
1052 |y-Terpinene 0.2 1307 5-Isopropenyl-2-methylcyclopent-1-ene- 01
carboxaldehyde
1065 [cis-Linalool oxide 0.1 1468 |B-Eudesmene 0.2
1100 |6-Methyl-3,5-heptadien-2-one 0.2 1562 |Spatulenol 0.8
1100 |Unidentified 1 8.1 1565 |Caryophyllene oxide 1.2
1116 |Chrysanthenone 0.4 1592 |Gumulen-1,2-epoxide 0.1
1130 [cis-2-p-Menten-1-ol 0.3 1646 [Neointermedium 0.3
1133 |cis-Chrysanthenol 0.5 1651 |5B,10a-Eudesm-11-en-4-ol 0.6
(1R,7S, E)-7-isopropyl-4,10-
1147 | Camphor 248 | 1680 dimethylenecyclode-5-enol 0.2
1148 |p-Mentha-1,5-dien-8-ol 0.2 1794 |Methyl ester of isocostonic acid 0.5
1155 |Pinacurvone 1.0 1968 [n-Hexadecanoic acid 0.3
1161 |Isogeranial 0,2 Total 90,7
Testing on the anti microbial and fungicidal activity showed weak activity (Tab. 2).
Table 2

Anti microbial and fungicidal activity of A. messerschmidtiana essential oil

[

e | s | _| 3 g | . g S S
Essential oils / s o 2 =4 £ 2 || = < = _Be
. o— o E — o - e 8 ()] 8 17 W =
comparison o © i e s 3 S = a ﬁ c B
preparation © 2 G = o o w & = 83

U $ < ; o = s

(@] E [&]

Amphotericin B 10 99 100 99 100 - - |- - - 5

Ciprofloxacin - - - - - 89 | 96 | 98 97 85 1

Essential oil 0 5 3 0 6 0 0|2 11 5 0

The essential oil from this plant has also been studied for its antimalarial activity and showed low
activity with 40 % inhibition against Plasmodium falciparum D6 compared to the reference drug

chloroquine (Tab. 3).

Antimalarial activity of A. messerschmidtiana essential oil

Table 3

Essential oils/comparison drug

P. falciparum D6 % Inh.

Chloroquine

9

Essential oil of A. messerschmidtiana

4

The essential oil of the plant was also studied for cytotoxic activity. All concentrations of essential oil

demonstrated acute lethal toxicity, so, all larvae died.

The testing on anti tuberculosis activity (Tab. 4, 5) showed no significant effect.

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

29



Ye.M. Suleimen, G.K. Mamytbekova et al.

Table 4

Activity of A. messerschmidtiana essential oil against mycobacteria (anti-tuberculosis activity) and yeast

Essential oils/comparison M. tuberculosis H37Rv M. avium C. krusei ATCC C. parapsilosis
preparation ATCC 27294 ATCC 25291 6258 ATCC 22019
Essential oil A. 2000 &gt;2000 &gt;3000 &g1;3000
messerschmidtiana
Positive control 0.061soniazid igﬁégd 1.0 Amphotericin B [0.5 Amphotericin B

Test concentration against Mycobacterium sp from 31.25 pg/ml to 2000 pg/ml. Concentration of reference preparations
against Mycobacterium sp from 0.015 pg/ml to 1.0 pg/ml

Table 5
Activity of A. messerschmidtiana essential oil against bacteria
Essential E. faecalis | S.salivarius | S. mitis |S. mutans |S. sanguinis| S. sobrinus | L. casei
oils/comparison ATCC ATCC ATCC ATCC ATCC ATCC ATCC
preparation 4082 25975 49456 25175 10556 33478 11578
Essential oil of 400 400 400 400 >400 400 400
A. messerschmidtiana
Chlorhexidine 7.375 1,844 7375 | 0922 3.688 1,844 3.688
dihydrochloride
Test concentration against yeast: 1.46 pug/ml to 3000 pg/ml. Concentration of reference products against yeast: 0.031
ug/ml to 16.0 ug/ml. Control: C. parapsilosis ATCC 22019—MIC value: 0.25-1.0 pg/ml. C. krusei ATCC 6258—
MIC value: 0.25-2.0 ug/ml

The latest series of tests on A. messerschmidtiana essential oil showed no anti-leishmaniasis activity
compared to existing drugs.

Conclusion

Thus, the studies conducted show that 43 components were found in the essential oil of
A. messerschmidtiana. The major components were camphor, 1,8-cineole, and a-campholenal. Analysis of
biological activities showed that the tested essential oil exhibited weak fungicidal, antimicrobial, and antima-
larial effects, but high cytotoxic activity. No antituberculosis or antileishmanial activity was detected in the
essential oil.
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Artemisia messerschmidtiana r¢pup mMaiibIHBIH Kypambl
MeH OMOJIOTMAJIBIK OesIceHaiIiri

Jopinik eciMAiKTepIiH XKaHa Ke3JepiH i31ey aschlHAa 3Gup MaiIapbIHBIH XUMUSIIBIK KYPaMBIH 3epTTEY KOHE
OJIApJIBIH OHOJIOTHSUIIBIK, GeNCeHIIirin Oaranay MaHb3abel MiHgeT. Maxkanana Kusip IewreicTein Artemisia
messerschmidtiana ¢uopacsinan GesiHreH 3¢up MailbIHBIH KypaMbl MEH OHOJOTHSUIBIK OelCeHIimirin
Oaranay HOTIKeNepi TalKbUIaHFaH. D(QHUP Mailbl THAPOIMCTIILLANMS apKbUIbl OOTIiHIN AJBIHIBI. AJBIHFaH
3¢up MaHBIHEIH MUKPOOKa, 3¢Hre, Oe3reKke, MUTOTOKCHKAIBIK, TyOepKyIe3re jKoHe JeHIIMaHpHO3Fa KapChl
Oencenaimiri Tekcepinai. O¢up MaHBIHBIH KYpaMbIH XpoMaTorpadus-mMacc-CIeKTPOMETpUs KeMeriMeH
tangay 43 KOMIOHEHTTiIH Oap ekeHiH kepcerti. Makcumanmsl Kypam 1,8-nmHeon, kamdopa xoHe o-
KamdoreHan yurH OenrineHai. D¢up MalblH CbIHAY 9JICi3 MHUKPOOKA, (QYHTHIMATIK MEH Oe3reKke Kapchl
JKOHE JKOFaphl IIUTOTOKCUKAIIBIK OCJICEHALTIKTI aHBIKTayFa MYMKIHIIK Oepai. Ddup MailbIHBIH TyOepKyesre
Kapchl HeMece JICHIIMaHHsFa Kapchl OENCEHIUNr aHBIKTAIFAH SKOK. AJblHFaH HOTWkenep Artemisia L.
TYBICHIHBIH KOMITOHEHTTEPiHIH OHOJIOTHSUIBIK OCICeHIUIIrH O1Iyre BIKIIal eTei.

Kinm coe30ep: Artemisia messerschmidtiana, >pup Maibl, OMONOTHSIIBIK OEJICEHALTIK, XpoMaTorpadusuIbIK
Macc-CHEeKTPOMETPHUS

E.M. Cyneiimen, I'.K. MambiTOekoBa, I'. Cepuxoait, I.A. bupumkanosa,
P.B. dynkun, IL.I". I'oposoii, C. Pocc, K. X.I'. MapTtunc

CocTaB u 0HoJIorHYecKasi AKTHBHOCTH 3()MPHOT0 Macja
Artemisia messerschmidtiana

V3ydeHre XMMHYECKOTO COCTaBa 3(pUPHBIX Macel W OIeHKa UX OMOJIOTMYECKO aKTUBHOCTH SIBIISICTCS BajK-
HOM 3ajjauell B CBETE MOMCKA HOBBIX MCTOYHMKOB JIEKAPCTBEHHBIX pacTeHU. B HacTosmiel cratbe paccMmar-
PMBAIOTCS HTOTH OLIEHKU COCTaBa M OMOJIOTHYECKOI aKTMBHOCTH 3(UPHOTO Macia, BblAeneHHoro u3 Artemi-
sia messerschmidtiana ¢opsr Jamsaero Bocroka. DhupHoe Macio ObUIO BBIAEICHO METOIOM THIPOIHCTHI-
msmuu. [lomydenHoe 3¢upHOE Maciio OBUTO MCCIENOBaHO Ha aHTUMHKPOOHYIO, aHTH(YHTANbHYIO, TIPOTHBO-
MaJSIPUHHYIO, IIATOTOKCHYECKYIO, aHTUTYOSpKYIIe3HYIO M aHTHIICHIIIMAHUO3HYIO aKTHBHOCTb. AHAJIM3 COCTa-
Ba 3(UPHOrO Macjia C MOMOIIBI XPOMAaTO-MacC-CIIEKTPOMETPUM I10Ka3al NPUCYTCTBHE 43 KOMIIOHEHTOB.
MaxkcuMainbHOe cozieprkanie oTMedeHo Juist 1,8-uuneona, kamdops! U o-kambonenans. TectupoBanue 3¢up-
HOTO Macjia MO3BOJIMJIO YCTaHOBUTH CIA0YyI0 aHTMMHKPOOHYIO, (QYHIMIIIHYIO M MPOTUBOMAISIPUIHYIO aK-
THUBHOCTb, @ TAKKe BBHICOKYIO IUTOTOKCHUYECKYIO. [IpoTHBOTYOEpKYJIe3Has ¥ IPOTHBOJICHIIMAHHO3HAS aKTHB-
HOCTb 3()MPHOTO Macia He BblsiBIeHa. [10ydeHHbIe pe3ysIbTaThl BHOCAT BKJIa/ B 3HAHHE OMOJIOTHYECKOH aK-
TUBHOCTH KOMITOHEHTOB poja Artemisia L.

Knioueswie ciosa: Artemisia messerschmidtiana, s¢uproe macmo, OGuonormdeckas akTHBHOCTb, XPOMATO-
Macc-CIeKTPOMETPHS
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Identification of important plant areas
in the Mountainous Eastern Karatau (Mangystau)

The identification of Important Plant Areas (IPAs), which are of particular significance for the conservation
of biological diversity, is one of the international programs implemented under the Convention on Biological
Diversity. The aim of this study was to identify IPAs in the Eastern Karatau Mountains. Field research was
conducted using the traditional route reconnaissance method, covering the most diverse biotopes (landscape
and ecological conditions) and their characteristic phytocoenoses. The vegetation cover of the identified areas
was studied using standard geobotanical methods, including the description of plant communities, as well as
the assessment of species diversity and vegetation condition. The flora of the Mangystau Region is character-
ized by a relatively low level of species diversity, and the vegetation cover is typical of desert regions. Based
on criteria A-C, eight IPAs were identified: Kurkeruek, Kirezhyk Zheke, Eskildi Aday, Shili, Kaskyr Sai,
Kaskyr Sai 2, Bakshy, and Agashty. The locations of ten species with IUCN conservation statuses 2(U), 3(R),
and 4(I) were recorded: Armeniaca vulgaris, Tulipa sogdiana, Capparis herbacea, Crambe edentula, Ephed-
ra aurantiaca, Onosma staminea, Rhamnus sintenisii, Rubus caesius, Verbascum blattaria, and Crataegus
ambigua. For each Important Plant Area, a passport was compiled, threats to vegetation were identified, and
recommendations for biodiversity conservation were developed.

Keywords: flora, Eastern Karatau Mountains, rare, endangered species, endemics, Red Book of Kazakhstan,
important plant areas

Introduction

Import Plant Areas (IPAs) are an internationally recognized expert approach developed in the UK by
Plantlife [1]. It aims to identify and conserve the richest areas in terms of plant life, possibly within existing
protected areas. The designation of IPAs is necessary in order to combine efforts to conserve important wild
plant populations in these areas and is an important complement to the Key Biodiversity Areas designated in
a broader context [2].

The identification and designation of IPAs is based on three criteria, which take into account floristic
richness, the number of rare and endemic species in need of protection, species listed in the Red Data Books,
or species whose current status is of great importance for the evolution and preservation of life-supporting
biosphere systems, as well as the presence of rare and threatened plant communities (habitats) [3-5].

The Mangystau region is an important industrial region with a significant range of environmental prob-
lems, as well as poorly studied areas in terms of assessing their condition and the presence of protected plant
species. This problem is particularly acute in light of global climate change and the increasing anthropogenic
pressure on natural areas [6-8]. The Mountainous Eastern Karatau region in Mangyshlak is one such poorly
studied area.

The choice of the research area was determined by its relatively good floristic study, the availability of
a large array of herbarium collections over a period of more than 50 years, the significant species diversity of
the natural flora, and the presence of a number of endangered, rare, and endemic species in the area, the
preservation of which is of not only national but also important international significance.

The aim of this study is to identify important plant areas for the Eastern Karatau Mountains.
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Experimental

Surveys were conducted using route reconnaissance methods, covering different seasons of the 2024
growing season. The coordinates of plant species locations were determined using a GPS navigator. The geo
referencing of historical herbarium sample collection points was carried out using Google Earth.

The following criteria were used to identify key botanical areas:

Criterion A. The site contains important populations of one or more plant species that are of high value
on a global or European scale. There are four categories under criterion A.

A(i) — plant species recognized as being threatened with global extinction. This includes plants from
the International Union for Conservation of Nature (IUCN) Red List.

A(ii) — plant species recognized as being threatened with extinction in Europe.

A(iii) — endangered endemic species not included in A(i) or A(ii). According to the guidelines for iden-
tifying KBTS, this category includes areas with national endemic species whose range does not extend be-
yond the borders of Kazakhstan and which are listed in the national Red Book.

A(iv) — endangered sub-endemic species with a narrow range, not included in A(i) or A(ii) and distrib-
uted in neighboring countries.

A(v) — species that are rare, endangered, and in need of protection within Kazakhstan and the
Mangystau region.

Criterion B — the site is distinguished by its floristic richness or richness in plant species of special sig-
nificance.

Criterion C — represents a unique or rare type of ecosystem, the presence of threatened habitats.

The main criterion is designated as A, as it includes Red Book species, the protection of which is speci-
fied by the legislation of the Republic of Kazakhstan.

The list of IPA trigger species and their distribution was compiled using data from field expeditions and
herbarium collections stored in the herbarium of the Mangyshlak Botanical Garden (MANG), the Institute of
Botany and Phytointroduction (AA), the Herbarium of the Botanical Institute of the Russian Academy of
Sciences in St. Petersburg (LE), and the Herbarium of Moscow State University (MW). The collected her-
barium material was identified using fundamental summaries: Flora of Kazakhstan [9], Illustrated Plant
Guide of Kazakhstan [10], and the Plant Guide of the Mangystau Region [11]. The nomenclature of each
taxon was carried out in accordance with POWO source [12]. The conservation status of each species was
determined in accordance with the Red Book of Kazakhstan [13] and the regional Mangystau Red Book [14].

Results and Discussion

The Eastern Karatau Range is the highest massif of the Mangyshlak Mountains [15]. Its elevation rang-
es from 380 to 480 m above sea level. The highest point is Mount Beschoku, rising 555 m above sea level.
The ridge stretches for 45 km and is about 10 km wide. Its summit is a peneplanated, hilly surface with
ridges of dense rock, stretching parallel to each other and rising 5-10 m above the plain. Individual cone-
shaped peaks rise 50-100 m above the peneplain (the Dzhipakhchi, Beschoku, and other mountains). Eastern
Karatau has very steep slopes, almost vertical in places. The slopes are deeply cut by deep ravines. The
northern and southern macroslopes of the ridge are very steep, rocky and gravelly, with outcrops of bedrock,
cut by numerous canyon-like gorges, deep ravines, and gullies. The lithological composition of the rocks that
make up Eastern Karatau is very diverse. It is represented by various sandstones, siltstones, and shales, with
one or another type of rock predominating.

There are 9 rare species in Eastern Karatau, whose numbers are declining, of which 3 species are
included in the Red Book of Kazakhstan [13], and 6 are included in the Red Book of the Mangystau
Region [14] (Tab.).

Table

Vascular plant species of Eastern Karatau included in the Red Data Books

Status
Species No. IPAs (?((;C.()ngﬂg Population status Note
Red List)
Armeniaca vulgaris Lam. 8 3(R) diirlfnsiﬁgcéismvggrs Listed in the Red Book of Kazakhstan
Capparis herbaceae Sp. 8 2 (V) Rare species I;:gt?gnm the Red Book of Mangystau
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Continuation of Table

Status
. (according .
Species No. IPAs t0 IUCN Population status Note
Red List)
. . Listed in the Red Book of Mangystau

Crambe edentula Fisch. 7,8 2 (V) Rare species Region and Kazakhstan
Ephedra aurantiaca . . Listed in the Red Book of Mangystau
Takht. et Pachom. ! 400 Uncertain species Region
Onosma staminea Ledeb. 8 2 (L) Rare species :iggt?gnm the Red Book of Mangystau
Rhamnus sintenisii Rech. 1-8 4 (1) Uncertain species :iggt?gnm the Red Book of Mangystau
Rubus caesius L. 6-8 4 (D) Undetermined species Iégsgt?gnm the Red Book of Mangystau
Verbascum blattaria L. 8 2 (V) Rare species ksgt?gnm the Red Book of Mangystau

Listed in the Red Book of of the Repub-
Tulipa sogdiana Bunge 8 5 (co) Rare species lic of Kazakhstan and Mangystau

Region

Survey of the territory showed an extreme degree of vegetation transformation, which allowed us to
identify 8 IPAs: 1). Kurkeruek; 2). Kirezhyk zheke; 3). Eskildi adai; 4). Shili Gorge; 5). Kaskyr sai; 6).
Kaskyr sai 2; 7). Bakshy; 8). Agashty (Fig. 1).

Figure 1. Locations of important plant areas in the Eastern Karatau Mountains

The important plant area Kurkeruek (N 44°04200"; E 052°36'365", altitude — 156-361 m above sea
level) is located in the foothills of the Mountainous Eastern Karatau Range. The relief is low-mountainous,
with very steep slopes, almost vertical in places. The slopes are deeply cut by ravines. The water regime is
automorphic, characterized by seasonal atmospheric moisture in the area, dry gorges, and no water. They
consist of gray-brown soil cover.

The floral diversity offered by IPA Kurkeruek consists of 49 species of vascular plants. The vegetation
cover includes species listed in the Red Book of Mangystau Region, Rhamnus sintenesii and Ephedra
aurantiaca, whose presence meets criterion A(iii).

The territory is partially used for grazing. The main part of the vegetation cover of the territory is as-
sessed as background with patches of slight disturbance. The low density of settlements contributes to the
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preservation of beautiful flowering ornamental and medicinal species. Types of anthropogenic impacts are
grazing and roads. The degree of anthropogenic impact ranges from low to moderate. Part of the site (dry
slopes with rock outcrops) requires a complete ban on grazing.

Important plant area Kirezhyk Zheke Gorge (N 44°04'200"; E 052°36'365", altitude — 304-320 m
above sea level). The proposed Kirezhyk Zheke IPA is located in the foothills of the Eastern Karatau
Mountains, on a salt marsh depression in the foothill plain. The water regime is automorphic, characterized
by atmospheric moisture, semi-hydromorphic, characterized by the influence of closely occurring
groundwater, and hydromorphic, caused by the influence of surface water from springs. The soil profile is
characterized by a poor humus horizon and a slightly lumpy structure.

According to criterion A(iv), two Red Book species have been identified: Rhamnus sintenesii and
Verbascum blattaria, which are listed in the regional Red Book [14]. According to criterion B, the site is
characterized by a fairly complete range of flora typical of sub-mountain medium deserts. Thirty-seven spe-
cies of vascular plants have been identified here. According to criterion C, grazing livestock poses a threat to
the preservation of the vegetation of the proposed IPA.

The important plant area Eskildi Adai (N 44°00'332"; E 052°42'590", elevation 135-164 m above sea
level). The IPA is located on the foothill plain of the southwestern slope of the Mountainous Eastern Karatau
ridge. The relief is rocky and heavily dissected. The water regime is automorphic, characterized by
atmospheric moisture. The gently undulating foothill plain is characterized by the spread of gray-brown de-
sert soils.

The proposed IPA Eskildi is botanically interesting as an example of a foothill plain with complex
vegetation cover. The floristic diversity of the proposed site is demonstrated by a list of 47 species of
vascular plants. There is also a species listed in the catalog of rare and endangered plant species of
Mangystau — Rhamnus sintenesii, which meets criterion A(iii). Criterion B — the high floristic diversity of
IPA is demonstrated by 42 plant species. Criterion C — threats to the habitat of plants in the proposed
Eskildi IPA include grazing, plant collection, and steppe fires.

Overall, the condition of the vegetation cover is satisfactory. The remoteness from populated areas en-
sures the preservation of the flora. It is recommended that this area be given the status of a specially protect-
ed area as a botanical reserve.

The important plants area Shili Gorge (N 44°28'40"; E 052°38'450", altitude — 212 m above sea level).
The site is located in the Kus Konbas area of Eastern Karatau. There is a mineral water spring within the site.
The site is characterized by specific conditions that allow for a unique combination of communities from
different ecological and geographical groups (desert and mountain-desert) in the local area. The value of the
site also lies in the presence of the Red Book species Rhamnus sintenesii, which meets criterion A(iii). Crite-
rion C — The originality of the site lies in its fairly diverse species composition. The proposed IPA may be
subject to anthropogenic influences associated with mineral extraction and intensive grazing of domestic
livestock.

The important plant area Kasqyr Sai (N 44°02'325"; E 052°37'291", elevation — 258 m above sea lev-
el). The area is occupied by rocky lowlands with short, rugged foothill valleys of dry ravines covered with
stones and scree. The soils of plant communities are rocky. The vegetation consists mainly of petrophytic
communities, reflecting various stages of overgrowth of rocky mountain rocks in the process of their weath-
ering.

The botanical value of the site lies in its significant species diversity — 53 species — and the presence
of the rare species Rhamnus sintenesii and Verbascum blattaria, which are listed in the catalog of rare and
endangered plant species of Mangystau [14]. Criterion A (iii) — rare species: Rhamnus sintenesii and
Verbascum blattaria. Criterion B — Great diversity of habitats and floristic richness. Criterion C — Groups
of petrophytes on rocks and scree slopes are rare in the desert zone as a whole.

Overall, the condition of existing plant communities, rare species, and their habitats can be assessed as
stable, with livestock grazing posing a threat.

The important plant area Kaskyr sai 2 (N 44°02'378"; E 052°36'101", elevation — 229 m above sea
level). The site has a fragmented relief, with large rocky cliffs on all sides, stretching for about 1.2 km with a
width of 30-60 m. The entrance to the gorge is not wide, 25-30 m, and narrows even more towards the bot-
tom to 15-20 m. The communities proposed for designation occupy the rocky and stony slopes, the lower
part and the bottom of the gorge. The substrate is stony, gray-brown and clayey at the foot.

The site represents typical mountain desert vegetation characteristic of the middle and lower parts of the
gorges of the Eastern Karatau Mountains. The vegetation cover is slightly disturbed, and the floristic
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diversity of the communities is fairly well represented. Criterion A (iii) — the presence of rare species listed
in the Red Book of Kazakhstan: Rubus caesius, Rhamnus sintenesii, included in the catalog of rare and
endangered plant species of Mangistau. Criterion B — high overall species diversity of plants (43 taxa)
characteristic of mountainous desert areas represented in this key area. The condition of the vegetation cover
in the area described is good but unstable.

The important plant area Bakshy (N 44°03229"; E 051°30'064", elevation — 290 m above sea level) is
located at the entrance to the gorge. It features a private garden, an artificial apricot plantation, and a
reservoir. The gorge has a dissected relief, with large rocky slopes on all sides, stretching for about 3 km
with a width of 40-80 m. The entrance to the gorge is wide, but after 25 m it narrows to 20 m. The commu-
nities proposed for designation occupy the slopes, lower part, and bottom of the gorge. The substrate is large
and rocky, with gray-brown soil.

Criterion A (iii) — presence of Red Book species — Crambe edentula, Rhamnus sintenisii (Fig. 2),
Armeniaca vulgaris, Artemisia gurganica, Rubus caesius, Teucrium polium. Criterion B is high floristic di-
versity of IPA, including 58 species of higher plants. Criterion C — the habitat is occupied by slightly dis-
turbed communities of low-mountain vegetation.

Figure 2. Teucrium polium (A) and Rhamnus sintenesii (B)

The status of rare species is stable. They are threatened by recreational pressure, mudslides, and live-
stock grazing. The degree of transformation is estimated at 20-25 %. The area needs restrictions on livestock
grazing.

The important plant area Agashty (N 44°03'318"; E 051°30'416", altitude — 288 m above sea level).
The site is rocky and stony, with steep, rocky slopes on all sides, stretching for about 1.2 km and 20—40 m
wide. The entrance to the gorge is not wide, 25-30 m, and narrows even more towards the bottom to
15-20 m. The communities proposed for designation occupy the rocky and stony slopes, the lower part and
the bottom of the gorge. The substrate is stony, gray-brown and clayey at the foot.

The site represents typical mountain desert vegetation characteristic of the middle and lower parts of the
gorges of the Eastern Karatau Mountains. The vegetation cover is slightly disturbed, and the floristic
diversity of the communities is fairly well represented, including 80 species of vascular plants. Criterion A
(i) is represented by species listed in the Red Book of Kazakhstan and the catalog of rare and endangered
plant species of the Mangystau region: Armeniaca vulgaris, Verbascum blattaria, Salix alba, Rubus caesius,
Rhamnus sintenesii, Crambe edentula, Tulipa sogdiana, and Onosma staminea (Fig. 3). Criterion B is the
overall high species diversity of plants, characteristic of mountain desert areas, represented in this IPA. The
area is subject to anthropogenic impact and livestock grazing.
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Figure 3. Rubus caesius (A) and Tulipa sogdiana (B)

Conclusion

Thus, as a result of studies of the flora of the Mountainous Eastern Karatau of the Mangystau region,
eight IPAs were identified that meet the international criteria for IPA: Kurkeruek; Kirezhyk zheke; Eskildi
adai; Shili Gorge; Kaskyr Say; Kaskyr Say 2; Bakshy and Agashty. The communities were described and the
species composition of the communities in these areas was determined.

The locations of 10 species with IUCN status 2(U), 3(R), 4(I) have been identified: Armeniaca vulgaris,
Capparis herbaceae, Crambe edentula, Ephedra aurantiaca, Tulipa sogdiana, Onosma staminea, Rhamnus
sintenisii, Rubus caesius, Verbascum blattaria. A passport has been created for each key botanical territory,
factors threatening the condition of vegetation have been identified, and proposals for biodiversity conserva-
tion have been made.

Funding

This research was funded by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan Grant No. AP19677261 “Important plant area of Mangystau — the basis for
sustainable conservation and rational use of biological diversity”.

Conflict of Interest
Authors declare no conflict of interest.
Author contribution

The manuscript was written through contributions from all authors. All authors have given approval to
the final version of the manuscript. Adamzhanova Zhanna — mapping of IPA, investigation, visualization,
manuscript writing; Mukhtubaeva Saule — investigation, methodology; Duisenova Nurzaugan — identi-
fication of criteria according to IPA; Lukmanov Akimzhan — compilation of a list of vascular plant spe-
cies.

References

1 Plantlife  Important Areas (IPA) Database. — 2025. — [Electronic resource]. — Access mode:
https://www.plantlifeipa.org/home

2 Key Biodiversity Areas. — 2025. — [Electronic resource]. — Access mode: https://www.keybiodiversityareas.org/

3 Anderson S. Identifying important plant areas. A site selection manual for Europe, and basis for developing guidelines for
other regions of the world / S. Anderson. — London: Plantlife, 2002. — 250 c.

4 Darbyshire I. Important Plant Areas: revised selection criteria for a global approach to plant conservation / I. Darbyshire,
S. Anderson, A. Asatryan et al. // Biodivers Conserv. — 2017. — Vol. 26. — P. 1767-1800. https://doi.org/10.1007/s10531-017-
1336-6

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 39


https://www.keybiodiversityareas.org/
https://doi.org/10.1007/s10531-017-1336-6
https://doi.org/10.1007/s10531-017-1336-6
https://doi.org/10.1007/s10531-017-1336-6
https://doi.org/10.1007/s10531-017-1336-6

Zh. Adamzhanova, S. Mukhtubayeva et al.

5 Saenz S. Development by design in Colombia: making mitigation decisions consistent with conservation outcomes /
S. Saenz, T. Walschburger, J.C. Gonzalez, J. Leon, B. McKenney, J. Kiesecker // PLoS ONE. — 2013. — Vol. 8(12). — Article ID
€81831. https://doi.org/10.1371/journal.pone.0081831

6 Abbass K. A review of the global climate change impacts, adaptation, and sustainable mitigation measures / K. Abbass,
M.Z. Qasim, H. Song et al. // Environ Sci Pollut Res. — 2022. — Vol. 29. — P. 42539-42559. https://doi.org/10.1007/s11356-022-
19718-6

7 Bolan S. Impact of climate change on the fate of contaminants through extreme weather events / S. Bolan, L.P. Pafhye,
T.Jasemizaf et al. //Science of Total Environment. — 2024. — Vol. 909. — Article ID €168388.
https://doi.org/10.1016/j.scitotenv.2023.168388

8 Gabric AJ. The Climate Change Crisis: A Review of Its Causes and Possible Responses / A.J. Gabric // Atmosphere. —
2023. — Vol. 14(7). — Article 1D 1081. https://doi.org/10.3390/atmos14071081

9 ®nopa Kazaxcrana. TT. 1-9. — Anma-Ara: Hayka, 1956-1966.
10 WnmoctpupoBaHHBIN onpenenuTens pactenuii Kasaxcrana. TT. 1-2. — Anma-Ara: Hayka, 1969-1972.

11 Apan6aii H.K. I'ocymapcTBeHHSBIi KamacTp pacteHuii Manructayckoit oomact. OnpenennTensd BEICIINX COCYIUCTBIX pacTe-
nuii / H.K. Apan6aii, I'M. Kynabaesa, A.A. Iman6aeBa u np. — Axrtay: Kiaccuka, 2006. — 427 c.

12 Plant of the World Online. — 2025. — [Electronic resource]. — Access mode: https://powo.science.kew.org/
13 Kpacnas kuura Pecriy6onuku Kasaxcran. T. 2, U. 1. Pacrenunst. — Anmatet: ArtPrintXXI, 2014. — 605 c.

14 Apan6ait H.K. I'ocynapcTBeHHBIH KamacTp pacteHuii Manrucrayckoil oonmactu. Karanor penkux u uc4e3aronux BUAOB pac-
tennit (Kpacnas kuura) / H.K. Apanoait, I.M. Kynabaesa, A.A. lIman6aeBa u n1p. — Anmartsrl, 2006. — 56 c.

15 Ca¢ponosa U.H. ITycteinu Manrsiiuiaka (o4epk pacrurensuoctu) / N.H. Capponosa. — CII6: Hayka, 1996. — 211 c.

K. AnamxanoBa, C. Myxrty6aesa, H. Jlyiicenosa, A. JIlykmaHoB

Tayasl Hsirbic KapaTtayabin (ManFbicTay) Herisri
00TAaHNKAJIBIK AyMaKTapbIH 00,1y

Buonorusmelk - anmyaHTYpIIUTIKTI  cakTay VIOIH epeKIie MaHb3Bl 0ap aymakrapIbl (CHpEK OCIMIIKTep
KE3JIeCEeTIH HeTi3ri OOTaHWKAaNbIK ayMaKTapAbl KOca alFaHAa) aHBIKTay — OWOJOTHSIIBIK aTyaHTYPILTK
JKOHIH/IETT KOHBEHIHS MICHOEPIH/IE JKY3€Te achIPhUIAThIH XaJbIKapalblK OaraapiamMaiapAbH Oipi. 3epTTeyain
makcatel — IllbiFpic Kapatay Taymbel eHipiHiH Heri3ri OOTaHHKAJIbIK ayMaKTapbhlH alKplHAay. 3epTTey
JKCIIEMIMSUIApBl  MapIIPYTTBIK ~ PEKOTHOCLMpIEY OMiCIMEH OKyprisimim, amyan Typni OuotonTap
(manAmad THIK-3KOJIOTHSUIIBIK JKaFJaiiyiap) MeH oJlapra ToH (uToleHo3aap sl KaMThIabl. Herisri 00TaHUKaJIbIK
ayMaKTap/blH OCIMJIIK >XaMBUIFBICBIH 3€pTTEY ISCTYpJli reoOOTaHMKAJIBIK OiCTEpMEH JKYPTi3inii, oFaH
OCIMIIK KaybIMAACTBHIKTAPBIH CHIIATTay, TYP alyaHIBIFBIMEH OCIMIIKTEpIiH jKarqalibiHa Oara Oepy Kipai.
MasnrpicTay OOJBICHIHBIH (BIOpAcHl TYPIIK alyaHIBIKTHIH TOMEHITIMEH epeKIIeNieHe i, al OHBIH ©CIMIIK
JKaMBUTFBICH IOl aiimMakrapra ToH. A-C KpuTepHiiepiH kKonmaHa oTeIpei, Kypkepyek, Kipexik JKeke,
Eckinmi Amait, 1linmi, Kackeipcait, Kackpipcait 2, Bakmisl skoHe AFamITHl CHAKTHI 8§ HETi3Ti OOTaHUKAIBIK
aymak anbikranabl. MCOII Golibiamia moptebeci Gap 10 Typain Mekenzepi Tipkenmi, onap: Armeniaca
vulgaris, Tulipa sogdiana, Capparis herbaceae, Crambe edentula, Ephedra aurantiaca, Onosma staminea,
Rhamnus sintenisii, Rubus caesius, Verbascum blattaria, Crataegus ambigua. Op6ip Herizri G0TaHHKAIBIK
ayMaKKa MacropT JKacalbl, ©CIMIIK XaMBUIFBICBIHA Kayill TOHIIPETIH (akTopiaap alKbIHAAIIB JKOHE
OHMoamyaHTYPIIIKTI caKTay OOHBIHIIA YCHIHBICTAp Oepii.

Kinm co30ep: ¢dnopa, Uleirsic Kaparay Tayinel eHipi, CHpEK, KOUBUIBIT Oapa )aTKaH TypJiep, SHIEMHKTED,
KazakcrannbiH KpI3b01 KiTaOBI, HETi3Ti OOTAaHUKAIBIK ayMaKTap

XK. Anamxanosa, C.K. Myxty6aeBa, H. JlyiicenoBa, A. JIlykmaHoB

Beienenne kir04YeBbIX 00TAHMYECKUX TEPPHUTOPHIA
I'opnoro Bocrounoro Kaparay (Maunrucray)

BblsgBieHUE TEppUTOpHUii, MMEIMMX 0co00e 3HAYEHHE U COXPAHEHHS OMOJIOrMYEcKOro pasHooOpasus
(BKJTrOUast KIII04YEBbIe OOTAHUUECKUE TEPPUTOPHHU C PEAKMMH PACTEHHUSIMH), SIBISIETCS] OJTHOI M3 MEXyHapOI-
HBIX TPOTpaMM, peanu3yeMbIX B paMkax KOHBEHIMH 0 GHOJIOTHYECKOM pa3HooOpa3uu. Llenbio HacTosIIero
HCCIIeZIOBaHMUS SIBJSUIOCH BBIIETICHHE KIIFOYEBBIX OOTaHMuecKHX Tepputopuii ['oproro Bocrounoro Kapartay.
OKCIeANIINOHHBIE UCCIIE0BAaHNSI OOBEKTOB MIPOU3BOIWINCH TPAJUIHUOHHEIM METOJIOM MapIIPyTHOH pEeKoT-
HOCIIUPOBKM C OXBAaToM HamOoliee pa3sHOOOpa3HBIX OHOTONOB (JTaHIMIA(THO-IKOJIOTHUECKUX YCIOBHH) H
CBOWCTBEHHBIX UM (DUTOIEHO30B. VI3yueHHe paCTUTENBFHOIO MOKPOBA KIIOUEBBIX OOTAaHUYECKUX TEPPUTOPUHA
OCYILIECTBIISUIOCHh TPAJULMOHHBIM METOZOM Ie000TaHMYECKUX UCCIIEIOBAHUH, BKIIOYAIOIINM OIMCAHUE pac-
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TUTETBHBIX COOOINECTB, a TAKKE OLEHKY BHAOBOTO Pa3HOOOpasHs M COCTOSHHS pacTuTenabHocTH. Propa
Masrucrayckoi 001acTH OTIHMYAETCS HEBHICOKHMM YPOBHEM BHIOBOTO pa3HOOOpa3us, paCTUTEIbHBIN TOKPOB
3TOTO PErHMOHA THUIHWYEH /IS MYCTHIHHBIX pernoHoB. [Ipu ucnonszoBanun kputepreB A-C ObUIO BBIAETEHO §
KITI09eBBIX OoTaHmdeckux teppuropuit: Kypkepyek, Kipexix JKeke, Eckinni Anaif, lwmi, Kacksipcaii, Kac-
KbIpcail 2, bakmibl 1 Aramtel. Beisiinensl mectoHaxoxaenns 10 BumoB, nMeromux craryc mo MCOIT 2(U),
3(R), 4(): Armeniaca vulgaris, Tullipa sogdiana, Capparis herbaceae, Crambe edentula, Ephedra
aurantiaca, Onosma staminea, Rhamnus sintenisii, Rubus caesius, Verbascum blattaria, Crataegus ambigua.
Jng  xaxngol Kimo4yeBodl OOTaHMYECKOW TEpPUTOPHUHM COCTAaBICH MACIOPT, OMIpeAeNeHbl  (aKTOpHI,
YIPOXKAIOIINE COCTOSHUIO PACTHTENBHOCTH, U CPOPMYIMPOBAHBI MPEATIOKEHHUS 10 COXPAHEHUIO OHMOPa3HO-
o0pazusi.

Kniouesvie cnosa: dhinopa, ropusiii Bocrounslii Kaparay, penkue, ucuesaromue BUabl, SHAEMHKH, KpacHas
kHura Kasaxcrana, KiodeBble 00TaHHIECKHE TePPUTOPUH
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Study of lichen species growing in the “eastern part”
of Kazakh small mountain hills

The rapid development of industry at the present stage, the accumulation of harmful waste, and the emer-
gence of large settlements—all these anthropogenic factors cause climate change around the world. In this re-
gard, it is known that a decrease in atmospheric moisture has a significant impact on the expansion of desert
areas. The above-mentioned global changes directly affect living organisms on Earth and alter the species
composition of both flora and fauna. Therefore, scientists must pay special attention to the natural changes
occurring in local flora. In this study, lichens were chosen as the object of research, as they form an essential
part of the local flora, inhabit various biomes, and are resistant to climatic changes due to their structural fea-
tures. In recent years, scientific publications on the plant flora of Kazakhstan have included lichenological
studies providing data on the biological characteristics, ecology, and indicator value of species growing in
specific regions. However, there are no dedicated studies covering the lichen species found in the flora of the
Chingistau, Kalbatau, Kokentau, and Abraly mountains, which belong to the eastern part of the Kazakh Small
Hills. In the present study, a comparative analysis of the species composition was carried out, since the moun-
tain ranges collectively known as the Small Hills of the East are located far from each other. As a result, 11
species belonging to 5 genera and grouped into 6 families were identified as growing across all these hills.

Keywords: Kazakh small hills, epilyticlichen, epigeallichen, indiffent lichen, Drude scale

Introduction

The “eastern part” of the Kazakh small hills occupies the southwestern part of the land sections of the
Abay region. This territory is distinguished by a strongly sliced low-mountainous, small-hilly terrain. The
Chingis Mountains occupy a large area, stretching from northwest to southeast [1]. Most of all, small hills in
the eastern part of Kazakhstan are located connecting the territories of two large regions of Kazakhstan. The
part that includes the Abraly mountains, the eastern part of Saryarka includes small hills located on the terri-
tory of the Karaganda region, Karkaraly district and Abay district [2].

In connection with the topic of the research work, the importance of the emergence of various types of
lichens, based on the diversity of photo—and mycobiontes in the symbioses of lichens in rocks, is shown in
the research works of foreign scientists. Lichens are sensitive to climate change and have been found to be at
risk of extinction in the highlands. Temperature and precipitation, the effects of the altitude gradient change
the structure and phylogenetic diversity of lichen associations [3-5]. In addition, data are presented on the
structure of lichen thalli and their changes depending on climatic conditions. It has been established that a
certain lichen consists of several groups of algae and also fungi, including ascomycetes and two phylogenetic
basidiomycetes [6-8]. The frequency of occurrence and distribution of lichens is determined by considering
their functional features. Changes in the external morphology of lichens are considered to be related to its
level of hydration and the course of photosynthetic activity. The vast majority of lichens are adapted to grow
in the high latitudes of the mountains, in temperate and subtropical zones [9].

In recent years, research work on lichenology in Kazakhstan shows data on the species of lichens dis-
tributed in the small hilly, mountainous areas of central Kazakhstan and their relationship with the environ-
ment [10-12].

On the rocks of small hilly mountain slopes, the main plant associations, painted in different colors, are
formed by lichens. In some domestic works, it is given that among the vegetation cover in the Kazakh small
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hills, lichens belonging to the genus Cladonia, Alectoria, Peltigera are found from the lower plants [2]. In
literary sources, the biology, ecology and types of lichens that need protection are studied in the biomes of
the Burabay Park [13-14].

In addition, among the published scientific works in accordance with the plant flora of Kazakhstan, one
can find General Data related to the distribution, morphological and environmental characteristics of lichen
species. But, in particular, due to the species of lichen growing in the mountains of Chingistau, Kalbatau,
Kokentau, Abraly, which belong to the small hills and low mountains of Abay region, information is very
rare. These mountains are known as the spurs of the Tarbagatai and Saryarka mountains of the East, which
are located on the territory of the Abay region at a certain distance from each other. The species of higher
plants that grow in the study areas are very inhospitable in the mountain belts. This is due to the fact that the
soil cover is gravel, and the moisture content is very small, there are often associations of real xerophytic
plants. As the dominant plant species characteristic of all research areas, plant species such as Festuca, Ar-
temisia, Stipa, Spiraea, Juniperus, Allium, Orostachys and others grow. In accordance with the main goal of
the research work, the above-mentioned species of lichen growing on small hills and low mountains were
studied. In the regions surveyed, the route expedition was carried out in different seasons of 2024-2025.The
lichenological study was carried out using geobotanical methods.

Experimental

Identification of lichen species settled in the mountains of Abraly (49°10N 77°25E), Kokentau
(Semeytau) (50°10N 79°43E), Kalbatau (49°22N 81°29'30E) and Chingistau (48°52N 79°15E), grouping into
systematical taxa and meeting with the environment communication research was carried out.

b) )

Figure 1. Map-scheme of the regions where the route expedition to the small mountain hills
of Abay region was carried out a) Abraly mountains b) Chingistau ¢) Kokentau (Semeytau) d) Kalbatau

Among the geobotanicalmethods, the determination of quantitative indicators of species in plant associ-
ations living in research areas is of great importance. To determine the number of lichens settled at the re-
search sites, the number, density and variety of lichens within 1 m? of wooden Squaresticks were evaluated in
advance. In the study, indicators were obtained depending on the variety, number and covering projection of
lichens within 1 m* Squaresticks in the mountains of Abraly, Chingistau, Kalbatau, Kokentau. To determine
the quantitative and covering projection in the research areas, the obtained Squaresticks were carried out by
throwing them randomly (10-15 times with a repetition) at the research sites. The accuracy of the numerical
values obtained from the test sites directly depends on the repeated implementation of the experiment. This is
because it must be taken into account that the types of epilytic lichen have their own characteristics in the
research methods compared to epiphytic and epigeal lichen. Especially in some cases, factors such as the
surface shapes of different rocks (steep, rocky) and the growth of lichen individuals settled on them, cover-
ing each other, cause difficulties in determining their quantitative indicator. To find quantitative indicators of
very rare (Sol), rare (Sp), often (Cop) very numerous (Soc) species of lichens, the Drude scale was used as a
geobotanical method [15].

Determination of the types of lichen taken as samples was carried out using the 3-volume determinant
of E.l. Andreeva “Flora of spore plants of Kazakhstan” [16]. Identification of lichens collected during the
route expedition was carried out using the “Low vacuum raster electron microscope (rem)” JSM-6390 LV
JEOL (Japan). In connection with the research work, collections of collected types of lichens were created.

44 Fundamental And Experimental Biology. 2025, 30, 4(120)



Study of lichen species growing...

Results and Discussion

The route expedition was carried out in the last months of autumn, spring and summer. The GIS map of
the regions where the route expedition was conducted was taken, and latitude and longitude indicators were
given (map).

As shown on the map, certain points of the small hills of the East were taken. During the guided expedi-
tion on the Chingistau, Kalbatau, Kokentau and Abraly mountains, which are part of the Kazakh small and
low-lying mountain ranges, the collected types of lichen were identified and classified into systematic
groups. The identified species were analyzed depending on the form of life, ecology and frequency of occur-
rence (Tab. 1).

Table 1
Biology and ecological features of lichen species settled in the small hills of Abay region
Ne Genus Frequency of Lifeform Ecology
meetings
Family — Verrucariaceae
Genus Verrucaria . -
1 Species V.nigrescens (Cop) scale lichens epilytic
Family —Acarosporaceae
Genus Acarospora . -
2 Species A. chlorophana (Sol) scale lichens epilytic
Family — Caloplacaceae
Genus Caloplaca . -
3 Species C. viridirufa (Sol) scale lichens epilytic
Genus Caloplaca . -
4 Species C. decipiens (Sp) scale lichens epilytic
Family — Lecanoraceae
Genus Placolecanora . -
5 Species P. alphoplaca (Soal) scale lichens epilytic
Genus Lecanora . oo
6 Species L. allophana (Sp) scale lichens epilytic
Genus Lecanora . oo
7 Species L. frustulosa (Sp) scale lichens epilytic
Family — Parmeliaceae
Genus Parmelia . -
8 Species P. tominii (Cop) leafylichens epilytic
Genus Parmelia . -
9 Species P. conspersa (Sp) leafylichens epilytic
Genus Parmelia . .
10 Species P. vagans (Soc) leafylichens epigeal
Genus Parmelia . -
11 Species P. sulcata (Sol) leafylichens indiffent

Of the 11 species identified depending on the Life Form, 4 species were grouped into leafy lichens and
7 species of scaly (sometimes small-leaved) lichens. Due to their ecology, 9 out of 11 species were classified
as epilytic lichen, 1 as epigeal, and one species as indifferent species (Tab. 1). In the course of the study, the
settlement of lichens at different heights of the mountains was directly related to the mountain slopes. In
comparison with the slopes of the mountains, epilytic lichen species are most often settled on sunny slopes,
where there is plenty of sunlight. In addition, the lichens that settled on the sunny side of the mountain dif-
fered due to their morphological structures and colors. For example, species such as Acarospora
chlorophana, Caloplaca viridirufa, Caloplaca decipiens, Lecanora Allophana, which have different frequency
of occurrence, and most importantly, have a beautiful bright color. And on the negative surfaces of the
mountain, it was noticed that lichen species Verrucaria nigrescens, Lecanora frustulosa, Parmelia tominii,
Parmelia conspersa often grow in black and gray color.
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Table 2
Indicators of lichen species settled in small and low Kazakh mountains,
depending on the quantitative and covering projection
Average
Chingistau Kalbatau Kokentau Abraly mountains| indicators of all
types of lichens
E\ S S S S
. . c c c c c
Ne Lichen species " 2 " 2 " 2 " 2 " =
= | 8 | € s | = g = S = s
¢l E ¢l 8 ¢l 8 [ e [ 8
x s x s x s v 5 o s
[<5] (3] (5] (<5 [<3]
> > > > >
8 8 8 3 8
p |Verrucaria 1,8 22 | 61 | 31 | 222 | 204 | 249 25 138 | 127
nigrescens
p |Acarospora . . 18 | 17 | 25 | 05 | 106 | 22 | 37 | 11
chlorophana
3 |Caloplaca viridirufa | - - 4,1 2,1 - - - - 1,0 0,5
4 |Caloplaca decipiens | 2,2 2,0 4 1,6 8,2 1,8 12,9 8,2 6,8 3,4
5 |Lecanora allophana | 1,4 0,8 13,5 53 5,6 3,4 6,3 4.5 6,7 3,5
6 |Lecanora frustulosa | 2,9 2,7 2 15 2,5 0,9 19 9,5 6,6 3,7
7 |Parmelia tominii 1,3 1,3 27,7 | 115 12 6 21,7 10 15,7 7,2
8 |Parmelia conspersa | 6,8 2,7 3,5 2,6 8 3,7 2,1 3 51 3
9 |Parmelia vagans 55,1 | 47,2 76,4 45,4 2 1,1 - - 33,4 23,4
10 |Placolecanora 18 | 27 . - | a1 | 27 . . 15 | 13
alphoplaca
11 |Parmelia sulcata 0,3 0,1 - - - - - - 0,07 0,02

In terms of the number of identified lichen species grows in Chingistau (9), Kalbatau (9), Kokentau (9),
and Abraly mountains (7). Due to the covering projection, the species Parmelia vagans showed greater val-
ues in the Chingistau and Kalbatau mountains (47.2 % and 45.4 %). In the process of comparing their aver-
ages with the diversity of lichens settled in the mountains obtained in each study, it was found that, depend-
ing on the number and covering projection, the dominant species are Parmelia vagans, Parmelia tominii and
Verrucaria nigrescens. In addition, in the course of the study, the species Parmelia sulcata, Caloplaca
viridirufa and Placolecanora alphoplaca, which are very small in number and have a very low incidence,
were classified as very rare species (Tab. 2, Diagrams 1-2).

o @ ® —— — =
C s 2 $ 2 RN > g >
& & S & \\@{o & {-\\Q\ & @o-s \fb-db &
& & & &8 & & o & F & o
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& & & Q\&‘ ~ < & o & L
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)
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=@ Chingistau Kalbatau
Kokentau Abraly mountains

Diagram-1. Quantitative indicators of lichen species settled in Kazakh small mountain ranges
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==@=Chingistau ==®==Kalbatau ==®=Kokentau Abraly mountains

Diagram-2. Indicators of lichen species settled in Kazakh small mountain ranges depending on the covering projection

The following is a morphological brief description based on the settlement of lichens on substrates and
photo images obtained under a scanning microscope.

1. Verrucariaceae—Verrucaria nigrescens—frequent, scalylichen. Belongs to the epilytic type, adapted
to growth in the stone. The lichen thallus is brownish-gray in color, very thin, the underside of the thallus is
black. Many perithecia, black in color, are located inside the thallus, penetrating it. The spores are of differ-
ent shapes, arranged in several rows. Pycnidium are formed by spreading over the lichen in the form of a
black dot.

,‘.\'\.ﬂe“," »

20kV X3,000 Sum 0001 1053 25Pa

a)

Figure 2. a) General view of the lichen Verrucaria nigrescens settled on the stone surface;
b) Aseparate perithecia and a black pycnidium part of the species;
¢) Manifestation of lichen spores formed in the peritoneum

2. Acarosporaceae—Acarospora chlorophana—uvery rare, epilyticlichen. The surface of the thallus is
uniformly scaly, thin. The areoles are smooth, slightly fleshy, light yellow-green in color. In close contact
with each other, in the form of a whole coating, sometimes separated, scattered among other types of lichen
is formed. The middle layer of the thallus is white, dense, the undercoat is black, clearly noticeable.

X500 50um 0001 1054 25Pa

Figure 3. a) The period when the species Acarospora chlorophana grew in the substrate;
b) Angular formation of apothecium disks; ¢) View of the corepart of the lichen

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 47



A.Zh. Zhumaniyazova, B.M. Silybayeva et al.

3. Caloplacaceae—Caloplaca viridirufa—very rare, scaly lichen. The color is dark red or red-brown,
with epilytic lichens settling on the surface of the stones.The thallus on the surface of the stone is formed by
a thin, hard sticking. The apothecia is located in large numbers in the middle part of the thallus, forming sin-
gly, but in close contact with each other. The apothecia is oval or round in shape, with a whole edge. Eight
ascospores are formed in the ascus.

t.»

X50 500pm 0001 1061 20Pa 8kV X200 100pm 0001 0961 20Pa

b) c)

Figure 4. a) Location of the species Caloplaca viridirufa in the stone;
b) Representation of apotheias of different shapes; c) The surface part of the individual apothecary

4. Caloplacaceae—Caloplaca decipiens (Gasparrinia decipiens)—the most common is epilytic, scaly li-
chen. The surface of the thallus is rough, in the form of grains. The color of the surface layer is orange-red.
Flatshape, color orange-yellow. The undercoat of the thallus is dark gray in color, not clearly noticeable. The
incipient apothecia is sessile and sparsely located. The edges of the apothecia disks are intact but, branched.

The spores are two-celled, bipolar, and consist of 8 elliptical spores.
e E >

R
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Figure 5. a) Caloplaca decipiens lichen species; b) Manifestation of the apothecia part of the lichen; c) Elliptical spores

5. Lecanoraceae—Placolecanora (Lobothallia) alphoplaca—the extreme edges of the areoles of different
shapes and sizes are clearly formed, the surface part of the thallus is rough. The color of the thallus is white-
gray, in the middle part there are groups of black apotheosis.The shapes of the apothecia are convex and
formed in a protruding state. 4 or 8 spores are located in special pockets.

Xe0 200pym 0001 1265 35Pa 20KV X2,000 10um 0001 1265 29Pa

b)

Figure 6. a) General view of the species Placolecanora (Lobothallia) alphoplaca;
b) The middle part of the convex apothecia part; c) The stage of formation of 8 ellipse-shaped spores

6. Lecanoraceae—Lecanora allophana—rare, epilyticlichen. This species is known as an epiphytic spe-
cies, which grows not only on stone surfaces, but also clinging to forest trees in certain regions of Kazakh-
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stan. The scaly color of lichens thallus is light gray or pale green. In the middle part, the color is pale yellow,
and the edges are pale green, numerous apothecia are formed as a whole or singly. Apothecia are located on
the substrate with short ridzines.

p&X 500pm 0001 1053 25Pa

b)

20kV X2,000 10pym 0001 09 53 25Pa

Figure 7. a) General view of the epilytic species Lecanora Allophana;
b)Convex edge apothecarypart; c) The period of formation of ellipse-shaped spores

7. Lecanoraceae—Lecanora frustulosa—the meetingvest is rarelye pilytic lichen. The surface of the
thallus is scaly, the color is greenish-yellow or greenish-gray, the underside is black. While the extreme thalli
on the surface of the Stone are formed in an elevated form, tightly adjacent to each other, the thalli of the
middle apothecia part are formed, forming a relatively thin layer. The apothecia of the settled black color is
numerous, arranged in groups. The apothecia discs are rounded, with jagged edges, and then the flesh chang-
es to a lush state.The shapes of the unicellular colorless spores are ovoid.

X100 100pm 0001 0951 25Pa 20kV X1,000 10pm 0001 09 61 25Pa

b) c)

Figure 8. a) Species Lecanora frustulosa with black apothecia;
b) Expression of apothecia with sliced edges; c) The stage of spore formation of the lichen Lecanora frustulosa

8. Parmeliaceae—Parmelia tominii—in the study areas, meetings were frequent. Lichen thallus consists
of short ridzines that are not tightly attached to the substrate, of various shapes, the surface is brownish-black
in color, with folds, the underside is white, reaching the edge of the thallus. There are no soredia and Isidis.
The edges are formed with fleshy thalli tightly touching and covering each other. Thalli located at the
edgesare arranged dichotomously or radially branched. The disks of their apothecia, scattered or grouped, are
flat, brown in color.

X200 100pm 0001 0963 20Pa X500 50pm 0001 0963 20Pa

a b) o)

Figure 9. a) Appearance of lichen Parmelia tominii on the substrate;
b) The apotheos is of the disc is not obvious; c) The lower ridzinal section of the lichen
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9. Parmeliaceae—Parmelia conspersa—rare in research areas. In the middle parts, leaf-shaped thalli are
formed by sticking to the surface of the stone, while the extreme edges are loosely raised. The petals of the
thallus, cut off from the part, are collected in a dense touch with a wavy spin. The surface is greenish-gray in
color, with a large number of isidiums formed on the periphery. Apothecia of black-brown color is formed in
a raised form on a set or short-term leg. The middle part of the thallus is whitish, loose, formed by filaments.
There are many pycnidis in the form of black spots, spread all over their thallus.

20kV X2,000 10pm 0001 1055 25Pa 20kV X2,500 10pm 0001 10 57 25Pa

b) c)

Figure 10. a) Parmeliaconspersa; b) Section of the apothecary thallus; ¢) Reflection of isidia formed in groups

10. Parmeliaceae—Parmelia vagans—Ilichen has been identified as an epigeal species that grows in re-
search areas. The meeting is high. The thallus is loosely arranged on a deciduous substrate, with dichoto-
mous or dorsoventrally branched marginal edges wrapped in a tube and formed by the edges pointing down-
wards. The surface of the thallus is yellowish-green, the surface is smooth. Soredium, isidium, and
apotheosis do not exist.

SN L8 B v R it - N
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b)

Figure 11. a) Parmelia vagans; b) Sectionof the edges of the thallus;
c¢) Manifestation of the anatomical structure of the thallus

11. Parmeliaceae—Parmeliasulcata—indiffent (in the bark of a stone and woody plant), very rare, leaf-
shaped lichen with sliced edges. Tightly attached to the substrate, the upper surface of the thallus is bluish-
gray in color, arranged in groups. Docked apothecias are rarely formed. Soredia of whitish or greenish color
are located covering the surface of the thallus as a whole. Pycnidis are formed at the ends of the slicked edg-
es of the obtuse shape of the lichen thallus. Reproduction is carried out by pycnoconidiums.

20kV Xs50 500pm 0001 1465 33Pa 20kV X1,000 10pym 0001 14 65 32Pa

b) c)

Figure 12. a) Indiffent Parmeliasulcata, which grew scattered on the surface of the stone lichen;
b) Part of the lichen thallus with pycnidia formed along the edges;
c) Soredium appearance, formed as a whole in the surface part of the lichen thallus

The study examined 11 species of lichens growing in the region, combined into 6 genus in 5 families.
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Conclusion

Identification of lichen species settled in the mountains of Abraly (49°10N 77°25E), Kokentau
(Semeytau) (50°10N 79°43E), Kalbatau (49°22N 81°29'30E) and Chingistau (48°52N 79°15E), occupying the
eastern part of the Kazakhs hills, belonging to the territory of Abay region, along with the determination of
guantitative indicators and covering projects, environmental and biological features were considered.

Of the 11 species, united in 5 identified families, 6 genus, 9 were identified as epilytic lichens growing
on the surface of the stone, one species as epigeal, and one species as indifferent (settled on different
substrates).

It was found that despite the remoteness of the Abraly, Kokentau (Semeytau), Kalbatau and Chingistau
mountains, belonging to the eastern small hills and low mountains of the Kazakhs, lichen species Verrucaria
nigrescens, Caloplaca decipiens, Lecanora allophana, Lecanora frustulosa, Parmelia tominii, Parmelia
conspersa grow in all mountains. According to the Drude scale, the species Parmelia sulcata, Caloplaca
viridirufa, Acarospora chlorophana, Placolecanora alphoplaca were attributed to lichens that are small in
number and have a very low incidence.
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9. XK. XKymanuszosa, b.M. Cunsibaesa, XK. T. bykabaesa,
H.C. Kynan6aesa, A.H. AnyapoOekoBa

Ka3akTbIH ycaK Tay IIOKbLIAPBIHBIH «IIBIFBIC 06JIIrIHIe)
0CeTiH KbIHA TYPJIEePiH 3epTTey

Kazipri ke3enzieri WHIYCTPUSHBIH KAPKBIHIBI JaMybl, 3USHABI KaJJIbIK 3aTTapJAblH YHIHAICIHIH apTysbl, ipi
enmiMeKkeHAepaiH maiina Oomyel oHe T.0. AHTPONOTECHAIK (paKTOpIapIbIH ocepiepi IAYHHEXKY3iHZAe
KIMMATTBIH e3repyiH Tyrei3yga. OcbFaH OaiaHBICTBI aTMOC(epanblK BUIFAIIBIH a3alobl IIeJI JKOHE
NIeJICHTTI aliMaKkTapbIH KOJeMiHIH apTybIHA dcepi :KOFaphbl eKeHIiri oenrini. YKorapeina atanraH xahaHIbIK
e3repicrep, jkep OeTiHAer Tipi OpraHu3MAepre TiKelel ocep eTe OTHIPHIN, Ke3 KenreH (hiaopa MeH (ayHaHBIH
TYPJIK KypaMblH e3repicTepre ymbipataasl. OcklFaH opai, Ka3ipri yakpITTa FalbIMAAPABIH JKEPriTiKTi
(hropanarel TybIHIAFaH TaOWFH ©3repicTepre epekiie KOHT 06yl KaXeT. 3epTTey KYMBICHIHAA KEePTiTiKTi
(mopanplH  Heri3ri Oip OemiriH KypailTeiH, OpTYpii OWOMIapAa KOHBICTAaHFaH, ©3iHIH KYpBUIBIC
epEeKIIETIKTepiMeH CHIPTKBI OPTaHBIH KIMMATTHIK ©3TepicTepiHe Te3iMIi KbIHA TYpJIEpi 3epTTey OOBEKTicl
peringe kapactoipsuiabl. CoHFBI KbUTAapaa Ka3akcTaHHBIH eciMaikTep (iiopackiHa colikec, IMXEHOTOTHSIIBIK
JKapUsUIaHFaH FBUIBIMU 3e€pTTeyepae Oenrisi Oip xeprepae oceTiH TypiepaiH OMOTOTHSIIBIK epeKIIeNiKTepi,
9KOJIOTHSCHI JKOHE MHIMKALMsIIay1a KoJlaaHyFa OailaHbICTBI epeKTepai Ke3xectipyre Gonansl. KasakThiH
yCaK Tay HIOKBUIBIPBIHBIH «IIBIFbIC Gemirine» »xatateiH llIbiHFbicTay, Kanbaray, Kekenray xxoHe AOpaibt
TayJaapblHbIH (IIOpacklHIa KE3/IECeTiH KbIHA TYPJEpiH KAMTHTBIH HAKTBUIBI 3€pPTTEY JKYMBICTaphl JKOK.
3epTTey JKYMBICHIHIA 3epTTeY OOBEKTICI peTiHAe KapacTHIPBUIFAaH IIBIFBICTHIH YCaK Tay MIOKBUIAPHI PETiHIE
XKaIIbl aTayMeH OepiireH Taynap Oip-OipiHeH aibIC KAIUBIKTHIKTAa OpPHAIACKAHIBIKTaH TYPJIK KypambIHa
0aiiTaHbICTBl CANBICTBIPMANIBl TYPJE TaNAdy d>KacajblHAbl. bapnblK ycak IIOKbUIBI Tayjapia 6cCeTiH 5
TYKBIMJIACKA KATaThIH, 6 TybICKa OipikTipinreH 11 Typ aHBIKTaIIBL.

Kinm co30ep: Ka3akThlH ycaK HIOKBUIAPHI, SMIKTTI KbIHAJIAP, SMUTCHI KbHANAp, HHANG(EHTTI KbIHAIAp,
Hpyne nikanacel

9.XK. XKymanuszosa, b.M. Cunsibaesa, XK. T. bykabaena,
H.C. Kynan6aeBa, A.H. Anyap6ekoBa

N3yvyeHue BUIOB JIMIIANHUKOB,
NMPOU3PACTAIIUX B «KBOCTOYHON yacT» Kazaxckux MeJIK0CONOYHUKOB

JlMHaMHYHOE pa3BUTHE NPOMBIIICHHOCTH HA COBPEMEHHOM 3Talle, yBEIMYCHUE KOJIUYECTBA BPEIHBIX OTXO-
JIOB, TIOSIBJICHHE KPYITHBIX HACEIEHHBIX ITyHKTOB M, B TOM YHCIIE, BO3JIEHCTBHE aHTPOIIOTCHHBIX (DaKTOPOB
BBI3BIBACT M3MEHEHHE KIIMMaTa BO BCEM MHpE. B CBS3M € 3THM H3BECTHO, YTO YMEHbIICHHE aTMOC(epHOn
BJIaTH OKa3bIBaeT OOJBIIOE BIIHMSHIE HA YBEIWYEHHE Pa3MEPOB ITyCTHIHHBIX M MOTYITYCTHIHHBIX 30H. Bpimre-
YIIOMSTHYTBIE TII00aIbHBIE H3MEHEHHSI, OKa3bIBasi HEMOCPECTBEHHOE BIMSHIE Ha )KUBBIE OPTaHU3MBI HA 3eM-
Jie, BBI3BIBAIOT M3MEHEHHsI BUIOBOTO cOCTaBa J1t000i ¢iopsl 1 ¢ayHbl. B cBsi3u ¢ 3THM B HacTosIiee Bpems
Y4YEHBIM HEO0OXOIHMMO YJIENATh 0C000€ BHUMAHHE €CTECTBEHHBIM M3MEHEHHSM, NMPOHCXOSIIMM B MECTHON
¢mope. B nccienosatensckoit paboTe 0OBEKTOM HCCIICIOBAHMS pacCMaTPHBAINCH BUJBI JIMIIAHHMKA, CO-
CTaBJIAIOLIME OCHOBHYIO YaCTh MECTHOM (hI0pbI, 0OUTAIOIINE B PA3IMYHBIX OMOMaX, YyCTOHYMBBIC K KIMMAaTHU-
YEeCKHM M3MEHEHHUSIM BHEIIHEH cpelibl, CO CBOMMH OCOOEHHOCTSIMU CTpPOEHHs. B mocnenHue rojisl, COrimacHo
¢mope pacrenmii KasaxcraHa, B JIMXEHOJOTHYECKH OIyOJMKOBAaHHBIX HAyYHBIX HCCIIEIOBAHMSIX MOXKHO
BCTPETHUTh JAaHHBIE, CBA3aHHBIE C OMOJTOTHUECKUMU OCOOEHHOCTSIMHU, SKOJIOTHEH M UCTIOIb30BAaHUEM B MH/IU-
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KalliMi BUAOB, IIPOU3PACTAIOIINX B ONpPENEeICHHBIX MecTaXx. HeT KOHKPETHBIX HCCIIeIOBaHUH, BKIIIOYAIOIINX
BUJIBI JINIIAHIKA, BCTpevaronuecs Bo diope rop Adpansl, Unarucray, Kandaray, Kokenray, oTHOCSIIXCSt
K MEJIKOMY TOPHOMY XpeOTy BocToka. B uccienoBaTenbckoii paboTe ObUT IPOBEJICH CPAaBHUTEIBLHBINA aHAH3,
CBSI3aHHBIA C BHJIOBBIM COCTAaBOM, ITIOCKOJIBKY TOpBI, HA3BaHHBIE OOIIMM Ha3BaHHEM KaK HEOOJNbIINE TOpPHbIE
XOJIMBI BOCTOKA, pacCMaTpHUBaeMbIe KaK OOBEKT UCCIICIOBAHMS, PACIIOIOKEHBI HA OOJIBIIOM PACCTOSHUH APYT
ot apyra. beuto naenTuduposano 11 BUI0B, 00BETUHEHHBIX B 7 POIOB, MPUHAUICKAIINX K 5 ceMelCcTBaM,
MPOM3PACTAIOIIUM BO BCEX HEOOIBIINX XOJIMHUCTBIX TOpax.

Kniouesvie cnosa: Kazaxckue MeIKOCOIOYHHKY, STMINTHBIC JUIIAHHNKY, SMUTeHHBIE THIIAHHIKY, HHANQ-
(eHTHBIE THITaHHNKY, Kana [pyne
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Assessment of the cellulose-decomposing potential
of soil biota near the railway tracks of the city of Karaganda

The aim of the study was to assess the cellulose-degrading potential of soil biota in the areas adjacent to the
railway tracks of the city of Karaganda. Soil samples were collected along the railway line between the sta-
tions Vishnyaki and O.P. 721 km using the envelope method. Agarized Getchinson’s medium was used to iso-
late cellulose-degrading microorganisms. The total cellulolytic activity was evaluated by the level of acid
formation in liquid Getchinson’s medium. A gradient of decreasing cellulolytic activity was observed from
points 50 meters away from the railway to those at a distance of 10 meters. Regardless of soil composition, an
increase in cellulose-degrading microorganisms was found at the points further from the railway. The change
in total cellulose-degrading activity in the studied points was accompanied by a variation in the structure of
autochthonous microbiota capable of cellulose decomposition. The findings highlight the need for further in-
vestigation of soils in areas adjacent to railway lines.

Keywords: railway, cellulolytic microorganisms, soil, cellulase, microbial ecology, cellulolytic activities

Introduction

Soil is a complex natural entity composed of organic and inorganic substances. A significant part of the
soil is made up of living organisms that substantially influence its composition and properties. In addition to
seasonal climatic changes, soil is subject to anthropogenic influences. To counteract these impacts, soil pos-
sesses its own capacity for neutralizing and degrading pollutants and this process is entirely dependent on the
biological and enzymatic activity of soil biota. One of the properties of these soil microorganisms is their
ability to break down cellulose [1]. Sources of cellulose include plant residues, wild and domestic animal
manure, packaging materials, and other paper-based products of anthropogenic origin. Cellulolytic activity is
predominantly exhibited by autochthonous soil bacilli, actinomycetes, and fungi [2]. Research into the genet-
ic foundations of these microorganisms has shown that there are four different methods of cellulose degrada-
tion: hydrolysis by C1 enzymes, hydrolysis by B-1,4-glucanase, hydrolysis by B-1,4-glucosidase, and glucose
metabolism [3]. As microorganisms are capable of producing a number of different enzymes, they can act
synergistically or independently of each other [4]. During soil formation, cellulose is broken down into glu-
cose or the disaccharide cellobiose, which can be used by other parties of the soil biocenosis for structural
and energy purposes [5].

Currently, there is a vast amount of literature available on methods of isolation, structure, and functions
of cellulolytic bacterial communities [6-8]. However, an assessment of how different modes of transporta-
tion affect the community of cellulolytic soil bacteria and their activity has not been conducted.

Therefore, the aim of our research was to evaluate the cellulolytic activity of soil biota in selected rail-
way tracks areas.

Materials and methods

Four sites were selected along the railway between the city of Karaganda and the village of Karabas for
soil sample collection (Figs. 1-2). To assess the gradient of railway impact on soil biocoenosis, samples were
taken symmetrically from both sides at distances of 10 and then 50 meters as control points.
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Figure 1. General map of soil sampling sites (1-2) Figure 2. General map of soil sampling sites (3-4)

Site 1. Station Kosmos

This site is located 300 meters north of the Kosmos station (49.71401710462086 N,
73.02334027920278 E) with the Sokyr River 1.25 km to the west of the sampling site (Fig. 3). A settlement
of small individual gardens is situated at a distance of 226 m northeast from the sampling site. The predomi-

nant soil type is chestnut, with plants from family the Poaceae (Nardus stricta, Digitaria ischaemum) and
from family the Umbelliferae (Eryngium).

Figure 3. Station Kosmos

Site 2. Station Vishnyaki

The next site is located 255 meters north of the Vishnyaki station (49.695128 N, 73.014013 E),
(Fig. 4). A settlement of small individual gardens is situated a distance of 209 m northeast. The predominant
soil type is chestnut, with plants from family the Asteraceae (Centaurea orientalis, Galatella angustissima).
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Figure 4. Station Vishnyaki

Site 3. Station OP 723 km

The sampling location for soil samples is located 2.4 km south of the OP 723 km station
(49.843244 N, 73.166963 E) with a park zone at a distance of 390.9 m to the west (Fig. 5). The predominant
soil type is chestnut, with woody plants (Acer, Ulmus parvifolia, Populus) and plants from family
the Poaceae (Hordeum jubatum).

Figure 5. Station OP 723 km

Site 4. Station OP 721 km

This site is located 177.3 meters north of the Kogam station (49.881081 N, 73.180029 E) Solonka River
at a distance of 129.5 m to the west (Fig. 6). Residential buildings are situated 353 m east of
the sampling site. The predominant soil type is chestnut, with plants from family the Poaceae.
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Figure 6. Station OP 721 km

Soil sampling from the listed sites was conducted in accordance with the requirements of GOST
17.4.4.02-2017 “Methods of soil sampling and sample preparation for chemical, bacteriological, helmintho-
logical analysis” [GOST 17.4.4.02-2017] [9]. The “envelope” method was used, where 5 point samples were
taken from the soil horizon to a depth of 10-15 cm from a sampling area of 25x25.

All samples were collected using a sterile instrument into sterile polyethylene bags. After labeling, the
samples were transported to the laboratory of the Karaganda Medical University. Aseptic conditions were
maintained during sampling and transportation.

In the laboratory, soil from each of the 5 selected points on the sampling area was mixed to form an av-
erage sample weighing 200-250 grams each. From this combined average sample, ten-fold serial dilutions
were prepared (Fig. 7).
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Figure 7. Carrying out the dilution method

The obtained serial ten-fold dilutions of soil were used for qualitative and quantitative assessment of
soil biota by inoculating into selective and differential media:

1. To assess the general biological contamination of soils, the number of mesophilic aerobic flora
(MAF) and thermophilic bacteria was determined at an incubation temperature of 60 °C.

2. Getchinson’s medium was used for the detection of cellulolytic organisms, both in agarized and lig-
uid forms. In this medium, the sole carbon source is cellulose from filter paper or cotton wool [10]. The re-
sults on agarized Getchinson’s medium were counted visually by observing colony growth, with colony-
forming units (CFU) per gram calculated.

3. Colonies grown on agarized medium were subcultured after assessing morphological characteristics
and Gram staining onto other media for further study of the biological properties of pure cultures.

4. The total cellulolytic activity was evaluated on liquid Getchinson’s medium by the level of acid for-
mation. An indicator, bromothymol blue, was added to determine the level of acid production. The color
changed from green (neutral pH) to yellow (pH 6.2 and below). For the negative control, optical density of
Getchinson’s medium with a pH of 7.4 and added bromothymol blue (olive-green coloration) was used. For
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the positive control, Getchinson’s medium with a pH of 5.3 and added solution of citric acid (strong yellow
color) was used. The intensity of yellow coloration correlated with the total cellulolytic activity and was de-
termined by measuring optical density at a wavelength of 405 nm using a semi-automatic plate photometer
(Stat Fax 2100). The mean optical density of the negative control, determined in 6 replicates, was 0.1286
with a standard deviation of 0.0018. The mean optical density of the positive control, similarly determined,
was 0.6112 with a standard deviation of 0.0016.

The statistical analysis of the research results was conducted using STATISTICA 7.0 software. Descrip-
tive statistics (mean, M =+ standard deviation, SD) were calculated for quantitative variables, while frequency
analysis was performed for qualitative variables. The distribution of variables was assessed using the
Shapiro-Wilk test. For comparing qualitative variables, the Z-test was used, and for quantitative variables,
the Student’s t-test was employed. A significance level of p < 0.05 was considered statistically significant for
all variables.

Results and Discussion

Based on the results of the study of the total cellulolytic activity of soil biota, a gradation of decreasing
activity from points 50 meters away from the railway to points at a distance of 10 meters was identified. The
degree of decrease in activity depending on the distance from the railway varied in severity (Figs. 8-11).
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Figure 8. Cellulolytic activity on the Station OP 723 km Figure 9. Cellulolytic activity on the Station OP 721 km
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Figure 10. Cellulolytic activity on the Station Kosmos Figure 11. Cellulolytic activity on the Station Vishnyaki

So, the highest cellulolytic activity was found at Station OP 723 km with a value of 0.53091. This sta-
tion had the richest source of cellulose due to its developed vegetation (trees, shrubs, and grass) [11]. The
lowest cellulolytic activity was observed at Station OP 721 km and Station Kosmos with values of 0.38007
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and 0.32130. Station Vishnyaki had a relatively high cellulolytic activity of 0.48738, likely due to its pro-
nounced grassy cover and almost absence of woody vegetation.

According to the statistical data, significant differences were found at all stations except Station
OP 723 km, which can be explained by the uniformity of the selected sampling area and the abundant vegeta-
tion along all 50 meters from the railway (Tab.).

Table

Total cellulolytic activity

Soil’s samples 10 m, M (SD) 50 m, M (SD) 3Hauenmue p
Station OP 723 km 0.50989 (0.045642769) 0.53091 (0.040807636) 0.348
Station Vishnyaki 0.41392 (0.032224079) 0.48738 (0.071453222) 0.025
Station OP 721 km 0.27966 (0.022094188) 0.38007 (0.014789072) 0.0001

Station Kosmos 0.23788 (0.033181147) 0.32130 (0.057072986) 0.004

In addition to changes in the total cellulolytic activity in the studied points, there was observed a change
in the structure of autochthonous microbiota capable of cellulose decomposition. This group included Bacil-
lus, Actinomycetes, and Fungi.

At the OP 723 km station, the specific weight of cellulose-degrading Bacillus is 310 CFU/g, which con-
stitutes 20.4 % of the total Bacillus count. At a distance of 50 meters, this value increases to 334 CFU/g
(21.5 %). A growth trend is also observed in the calculation of cellulose-degrading Actinomycetes, where at
10 meters their specific weight was 25.5 %, and at 50 meters it was 28.7 % (Fig. 12). However, the results of
the statistical analysis showed insignificant differences between the groups of Bacillus and Actinomycetes
regarding the studied parameter. This may be due to the limited sample size, which did not provide sufficient
statistical power to detect real differences.
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* - Total microbial count; ** - Cellulolytic bacteria

Figure 12. Specific gravity of cellulose-decomposing microorganisms at Station OP 723 km

At the OP 721 km station, the specific weight of cellulose-degrading Bacillus is 164 CFU/g, which con-
stitutes 19.8 % of the total Bacillus count. It is worth noting that at a distance of 50 meters, the increase in
the specific weight of Bacillus does not lead to an increase in the percentage of cellulose-degrading species,
which remains at 16.7 %. Similarly, with cellulose-degrading Actinomycetes, their specific weight changes
from 36.5 CFU/g to 42.5 CFU/g, which corresponds to 28.6 % and 21.8 % respectively (Fig. 13). However,
the results of the statistical analysis showed insignificant differences in the group of Actinomycetes regard-
ing the studied parameter, which may be attributed to the limited sample size. Statistically significant results
were found in the group of Bacillus (p < 0.001).
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Figure 13. Specific gravity of cellulose-decomposing microorganisms at Station OP 721 km

It should be noted that at the Vishnyaki station, at a distance of 10 meters, the percentage of cellulose-
degrading Bacillus and cellulose-degrading Actinomycetes is 39.1 % and 39.6 % respectively. However, at a
distance of 50 meters, despite the increase in the specific weight of the total count and the number of cellulo-
Iytic representatives, the percentage of cellulose-degrading Actinomycetes increases to 44.6 %, while the
percentage of cellulose-degrading Bacillus decreases to 23.8 % (Fig. 14). The results of the statistical analy-
sis indicated insignificant differences in the group of Actinomycetes concerning the studied parameter,
which may be attributed to the limited sample size. Statistically significant results were found in the Bacillus
group (p < 0.001).
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Figure 14. Specific gravity of cellulose-decomposing microorganisms at the Station Vishnyaki

At the Kosmos station, the specific weight of cellulose-degrading Bacillus is 200 CFU/g, which consti-
tutes 15.6 % of the total Bacillus count. It is worth noting that at a distance of 50 meters, the specific weight
of cellulose-degrading Bacillus increases to 215 CFU/g, but the percentage of Bacillus from the total count
decreases to 14.3 %. On the other hand, cellulose-degrading Actinomycetes increase from 30.3 % to 31.1 %
(Fig. 15). However, the results of the statistical analysis showed insignificant differences between the groups
of Bacillus and Actinomycetes regarding the studied parameter. This may be due to the limited sample size,
which did not provide sufficient statistical power to detect real differences.
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Figure 15. Specific gravity of cellulose-decomposing microorganisms at the Station Kosmos

It is worth noting separately the fungi, as there is a complete absence of fungal flora at a distance of
10 meters from the railway on all sites. The exception was the Kosmos station, where at a distance of 10 me-
ters, the specific weight of cellulose-degrading fungi was 1.5 CFU/g, which corresponds to 12.5 %. At a dis-
tance of 50 meters, fungi are found on all investigated sites, however, at the OP 721 km station, cellulose-
degrading fungi are absent (Fig. 16). The results of the statistical analysis showed that the differences in the
Fungi group are not significant, despite their absence near railway tracks. This may be due to the limited
sample size, which did not provide sufficient statistical power to detect real differences.
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Figure 16. Specific gravity of cellulose-decomposing fungi

The study of the soil community structure revealed that in the studied areas the leading role in cellulose
decomposition belongs to Bacillus and Actinomycetes, the number of which increases at the point of dis-
tance from the railroad compared to the ten-meter distance. Previously, the high cellulolytic potential of Ba-
cillus and Actinomycetes has been identified in the production of biopreparations [12]. Irrespective of the
plots with different soil composition, an increment of cellulolytic microorganisms was observed at the point
of distance from the railroad (50 meters). At a distance of 10 meters from the railroad, a decrease in the total
number of saprophytic fungi and the absence of their cellulolytic activity were detected.

Conclusions

Thus, a decrease in total cellulolytic activity was observed at three stations, along with a significant re-
duction in the abundance of Bacillus at the Vishnyaki and OP 721 km stations. The statistically insignificant
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results in the groups of Actinomycetes and Fungi can be attributed to the small sample size, which did not
provide sufficient statistical information to detect real differences.

It is worth noting that spatial heterogeneity of microbial communities is an inherent characteristic of
soils and correlates with gradients of terrain and soil characteristics, including abiotic factors (density, struc-
ture, moisture, oxygen concentration, pH, organic matter content in soil), biotic factors (interaction of food
webs, vegetation dynamics), and anthropogenic factors (land use systems) [13]. Therefore, the insignificance
of the results obtained at the Kosmos and OP 723 km stations may be due to the undisturbed steppe area and
the presence of abundant vegetation compared to the other two stations, which are characterized by proximi-
ty to residential areas. In this case, it can be hypothesized that the railway does not exert a strong influence
on the soil biocoenosis but rather acts as a contributing factor inhibiting microbial activity.

To gain a more precise understanding of the situation, further research with larger samples and analysis
of multiple factors is necessary, as statistical insignificance does not rule out the possibility of real differ-
ences and indicates the need for further investigation with adjusted research approaches.
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Kaparanabl KajacbIHbIH TeMIiPK0J MAHbIHIAFbI
TONBIPAK, OMOTACHIHBIH 1eJJII0JI03aHbI bIIBIPATY IIAMACHIH OaFajay

3eprTeynin MakcaTsl — KaparaHIbl KaTachIHIarbl TEMIpKoJI OOMBIHIAFEl TOIBIPAK OMOTACHIHBIH IIEIUIIOIIO-
3aHBl BIOBIpaTy ojeyeTiH Oaranay. Tomblpak yiarinepi «Bummusku» MeH «O.1. 721 xm» cTaHIUsIapsl
apajbIFbIHIAFBl  TEMIp)KON OOWBIHAH «KOHBEPT» oficiMeH >KMHanabl. L[e/uIroio3aHbl  BIIBIPATATHIH
MHKpOOpranusmepai 6eiy yuriH ['eTYMHCOH arapiibl opTachl KOJAAHBUIABL JKaimbl LE/UTFOIO0IHTHKAIBIK
OencenaiTik ['eTUNHCOH CYIBIK OpTachIHAAFBI KBIIIKBUT TY31UTy AeHreii OoiibiHia Oarananabsl. Temipxongan
50 MeTp KAIIBIKTHIKTaFbl HYKTesnepaeH 10 MeTp KAaIIBIKTHIKTAFbl HYKTeNlepre AEHiH IeJUTIONOIUTHKAIBIK
OEJCeHIUTIKTIH TOMEHASY TIpaJalysachl aHBIKTANABL KypaMmbelHma opTypii Tomblpak Oap ydackeiepre
KapaMmacTaH, TeMip)KOJJaH ajbICTaFraH CaibIH IIeJUIF0JI03aHBl BIABIPATaTEIH MHUKPOOPTAaHM3MIEPAIH Keberoi
aHBIKTAJABL. 3epPTTENreH HYKTeJIepAeri sKalIbl [eUII0JI03aHbl BIABIpaTy OeNICEHAUIITIHIH e3repici ayTOXTOH-
I6I MHKPOOMOTAHBIH KYpPBUIBIMBIHBIH ©3TepyiMeH KaTap JKypAl. MakanaHblH HOTIOKENepl TeMipKoil
OOHMBIHIAFEI ayMaKTapAaFbl TOMBIPAKTEI OJJaH Opi 3€PTTEYAiH KAXKCTTUIITH pacTalabl.

Kinm ce30ep: TeMipiK0J1, LEIUTION03aHbI BIIBIPATYIIBI MUKPOOPTaHU3MIEP, TOMBIPAK, IIEIUTI0Ia3a, MUKPOOTHIK
3KOJIOTHSI, LE/UTFOJIOMTHKAIBIK OeICCHILTIK

B.E. lonrupeBa, A.M. benses, U.A. benses, XX.T. Amupxanosa, E.A. J/I[po6uenko

Ouenka ne/JI10/1030Pa3iaralinero NOTeHIMAIA MOYBEHHOH OMOThI
BOJIM3H JKeJIe3HOI0POKHBIX MyTei ropoaa Kaparanabl

Lenpro MccnenoBaHus SIBJISUIACH OIIEHKA IICIUTIONI030pa3iararoliero noTeHIrana MoYBEHHONH OUOTHI B 30HE
MPUJICTaHUs KeJIe3HOAOPOKHBIX myTel ropona Kaparanapl. [louBenHble 00pasnbl ObUTH OTOOpaHBI BAOJb
JKENe3HON JOporu Mexay craHimsMu «Bumaskm» u «O.I1. 721 kvM» MeToa0oM «KOHBepTay. s BbAEIeHUs
LEJUTIONI030pa3IaraloInX MUKPOOPTaHU3MOB ObLTa MCIIOJh30BaHa arapu3oBaHHas cpena Ierymncona. Cywm-
MapHas MEJUTFOJIONUTHYECKas: aKTHBHOCTh OLEHWBAJIACh 110 YPOBHIO KHCIOTOOOPa30BaHUS B KHUIKOU Cpere
I'erunHcoHa. BrlsiBjieHa rpajanus CHUKEHUS UEIUTIOJIONIMTHYECKON aKTMBHOCTH TOYEK Ha paccTrossHud S50
METPOB OT XKEJIE3HOW IOPOru K Toukam Ha auctaHimu 10 merpoB. He3aBUCHMMO OT y4yacTKOB € pa3IMYHBIM
MMOYBEHHBIM COCTAaBOM, YCTAHOBJICHO TNPHUpPAILICHHE LEJUTI0I030pa3aralouXx MUKPOOPTaHU3MOB B TOYKE
YAAJIEHHS OT JKeJIe3HOU Aoporu. Mi3MeHeHne cyMMapHO LEIITI0I030pa3iiaralonieil akTHBHOCTH B M3Y4aeMbIX
TOYKaX COMPOBOKAATOCH IEPEMEHOI CTPYKTYPBl ayTOXTOHHOW MHKPOOHOTHI, CIIOCOOHOW K Pa3iiOKEHHUIO
LEJUTION036l. BBIBOABI CTaThi MOATBEPKIAIOT HEOOXOAUMOCTD NAIFHEHIIEro HCCIeI0BaHUS MOYB B 30HAX,
MIPUIETAIONINX K )KEJIE3HBIM JI0pOTaM.

Kniouesvie crnosa: xene3Has Jaopora, IEJUTI0JI030pasiararoline MUKpOOprainu3Mbl, o4YBa, LEIIII0Ia3a, MUK-
p06Ha;1 OKOJIOTHA, LCIITIOJOJIUTHYCCKAasA aKTHBHOCTDH
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Morphological and biochemical analysis
of hawthorn and rosehip of the Ulytau region

The study investigates the morphological and biochemical profiles of two forms of Crataegus chlorocarpa
and five forms of Rosa species (R. laxa, R. acicularis, R. spinosissima) from natural populations in the
Zhanaarka district, Ulytau region, Kazakhstan. Geographical coordinates, shrub height, age, crown shape,
yield, fruit size, color, and taste were assessed. Biochemical analyses quantified vitamin C, anthocyanins,
leucoanthocyanidins, catechins, sugars, pectins, and titratable acidity using standardized methods. Rosa
acicularis-058 showed the highest vitamin C content (576.4 mg/100 g FW), while Rosa spinosissima-064 ex-
celled in anthocyanins (1259.3 mg/100 g FW). Crataegus forms were notable for their catechin content (up to
242.3 mg/100 g FW). Pearson’s correlation revealed strong positive correlations between vitamin C and
leucoanthocyanidins (r=0.83, p=0.02), and between titratable acidity and sugars (r=0.86, p=0.01).UPGMA
cluster analysis identified three distinct groups based on biochemical traits. These findings highlight the po-
tential of these wild plants for nutraceutical development and breeding, as they surpass some conventional
crops in bioactive compounds.

Keywords: Ulytau region, Crataegus chlorocarpa, Rosa species, morphology, biochemistry, vitamin C,
anthocyanins, cluster analysis

Introduction

The vegetation cover of the Ulytau region ranges from steppe to desert, with plants such as Artemisia,
Stipa, and Salsola dominating. The climate of the region is dry and continental, characterized by a hydro-
thermal coefficient of approximately 0.5, an average annual air temperature ranging from 2.8 to 3.6 °C, and a
summer temperature peak of 23-24 °C. Significant temperature fluctuations and limited precipitation create
difficult conditions for plant life, resulting in vegetation that is typical of northern deserts and that varies
from north to south depending on humidity and temperature. The tree and shrub flora of Ulytau is mainly
from the Rosaceae family and is widely used for landscaping in the industrial regions of Karaganda and
Zhezkazgan. Among them, the most common are Lonicera tatarica L., Elaeagnus angustifolia L., and
Elaeagnus oxycarpa Schlecht.,, Padus avium Mill., Viburnum opulus L., Rosa laxa, and Crataegus
chlorocarpa [1].

The genus Rosa comprises approximately 400 species worldwide, with 21 species native to Kazakhstan,
four of which are endemic [2—4]. This genus is of growing interest due to its fruits used in the pharmaceuti-
cal industry and folk medicine [5]. Rosehips are rich in vitamins, minerals, and phytochemicals, which are
confirmed by modern scientific research [6-8]. They are used for the production of drinks, jams, jellies, tea,
and wine [9, 10].

The genus Crataegus is represented by more than 300 species, seven of which grow in the mountainous
and steppe regions of Kazakhstan [2—4]. Hawthorn fruits are valued for their cardiotonic properties and are
widely used in official medicine in the treatment of cardiovascular diseases [11]. In addition to medicinal
use, they are in demand in the food industry for the preparation of jams, jellies, and jelly. In several coun-
tries, such as China, Turkey, and Iran, hawthorn is cultivated as a fruit crop [12-14].

Growing interest in nutraceuticals is driving the selection of forms high in phenols and antioxidants that
are superior to traditional crops such as blueberries and sea buckthorn [15-18].

In the Ulytau region, rosehips and hawthorns grow mainly in amateur gardens and are used as border
plants, although their commercial cultivation is not yet developed.
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This study aimed to determine the morphological characteristics of the fruits, as well as the biochemical
indicators of selected forms of hawthorn and rosehip from the Zhanaarka district of the Ulytau region.

Experimental

The study was carried out in the natural populations in the Zhanaarka district of the Ulytau region. Two
forms of Crataegus (Crataegus chlorocarpa: Cr-049, Cr-050) and five forms of rosehips (Rosa laxa: R.laxa-
049, R.laxa-051; R. acicularis: R.acic-058, R.acic-063; R. spinosissima: R.spin-064) were investigated.

The coordinates and altitudes of the growing sites were determined using a Garmin eTrex 10 GPS navi-
gator (Tab. 1). For each bush, the origin (seed or sprout), age (using an increment borer [19]), height, crown
shape, and yield (on a 5-point scale) were recorded. The fruits were harvested at the end of August, trans-
ported in plastic containers, and stored at -20°Cuntil analysis.

Table 1

Coordinates of the localities of the selected forms
of Crataegus chlorocarpaand species of the genus Rosa (R. laxa, R. acicularis, R. spinosissima)

Forms Forestry Coordinates Altitude
North East m

Cr-049 Zhanaarka 48°55'6815" 070°54'9710" 567
Cr-050 Zhanaarka 48°55'6782" 070°55'0079" 518
R.laxa-049 Zhanaarka 48°55'6815" 070°54'9710" 567
R.laxa-051 Zhanaarka 48°55'6754" 070°55'0154" 517
R.acicularis-058 Karazhal 47°59'6157" 070°48'3381" 490
R.acicularis-063 Boltai 47°47'0221" 071°31'8400" 645
R.spinosissima-064 Boltai 47°46'9958" 071°31'8493" 644

Morphological analysis. The size of the fruits was measured with a caliper with an accuracy of 0.1 mm.
Length, width, shape, color of the peel and pulp, taste, number of seeds, and ripening time were determined.

Biochemical analysis. Vitamin C content was determined by the iodometric method [20].
Leucoanthocyanidins (LAC) were analyzed using the butanol-HCI method [21]. Anthocyanins were extract-
ed with a 1 % HCI solution in 96 % ethanol [22]. Catechins were determined by the vanillin method [23].
Titratable acidity (TA) was measured by titration with 0.1 N NaOH. The content of sugars was determined
colorimetrically by the Bertrand method [24], and water-soluble pectin (WSP) and water-insoluble pectin
(WIP) were determined by the carbazole method with calibration by galacturonic acid [25]. The results were
expressed in mg/100 g of fresh weight (FW).

Statistical analysis. Mean values and standard deviations were calculated in Microsoft Excel 2019.
P-value and confidence intervals adjusted for comparing a family of 7 estimates (confidence intervals cor-
rected using the Tukey method).

Cluster analysis was performed using the unweighted pair-group method with arithmetic mean
(UPGMA) with Euclidean distance using Past Software.

Results and Discussions

Table 1 shows that most of the forms of fruit plants are concentrated in the Zhanaarka forest. The north-
ernmost points are represented by forms from Zhanaark (latitude coordinates 48° and above). Forms
Karazhal and Boltay are represented at more southern latitudes (47°). The forestry of Zhanaarka is represent-
ed by four forms (Cr-049, Cr-050, R.laxa-049, R.laxa-051), which are geographically very close to each oth-
er. Karazhal is represented by one form (R.acicularis-058). Boltai is represented by two forms (R.acicularis-
063, R.spinosissima-064) with similar coordinates.

The minimum altitude is recorded in Karazhal (490 m). The maximum altitude is in Boltay (645 and
644 m). Zhanaark sections are located at altitudes of 517-567 m. Altitude range: 490-645 m. The data are
conducive to a comparative analysis of ecological and geographical conditions at different points of growth
of fruit plant species in the Ulytau region.

As part of the study of economically valuable traits, the morphological features of shrubs and fruits of the
selected forms of fruit plants growing in the Zhanaarka district of the Ulytau region were analyzed (Fig. 1).
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Figure 1. A — Crataegus chlorocarpa-049; B — Crataegus chlorocarpa-050; C — R.laxa-049;
D — R.laxa-051; E — R.acicularis-058; F — R.acicularis-063; G — R.spinosissima-064

Two forms of Crataegus chlorocarpahave seed origins, aged 8 years, with a height of 3.5 m (049) and
4.0 m (050). A spreading crown was noted in the Crataegus chlorocarpa (Cr-049), and a spherical in the
Crataegus chlorocarpa (Cr-050) form. The yield of both forms is high — 5 points (Tab. 2).

All selected 5 forms of rosehips have a rootsucker origin. The age of the bushes varies from
6 to 10 years. The height of the bushes ranges from 1.5 m (R-laxa 051, R.spinosissima-064) to 3.0 m
(R.acicularis-063). The crown shape is spherical (R. laxa-049) and spreading (in other forms). The yield
is excellent: 5 points (R.laxa-049, R.laxa-051, R.acicularis-058), 4 points (R.acicularis-063,
R.spinosissima-064) (Tab. 2).

Table 2

Morphological description of the selected forms of fruit plants in the Zhanaarka district of the Ulytau region

Form Origin Shrub age Shrub height, Crown form Produ_ct|V|ty,
m points

Cr-049 Seed 8 3,5 Spreading 5
Cr-050 Seed 8 4,0 Spherical 5
R.laxa-049 Rootsucker 6 2,0 Spherical 5
R.laxa-051 Rootsucker 10 15 Spreading 5
R.acicularis-058 Rootsucker 8 2,5 Spreading 5
R.acicularis-063 Rootsucker 10 3,0 Spreading 4
R.spinosissima-064 Rootsucker 8 15 Spreading 4

The fruits of the two selected forms of Crataegus chlorocarpa are round and orange, with orange pulp.
The taste of the fruits is sweet. The ripening period of fruits was observed in the 3rd decade of August (Tab. 3).
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Table3
Main economically valuable traits of selected forms of fruit plants
in the Zhanaarka district of the Ulytau region
Fruit length | Fruit width . Peel Pulp Fruit Quantity | Ripening peri-
Form (cm) (cm) Fruit shape color color taste of seeds od
3 decade of
Cr-049 1.05+0,02 | 1.05+0,02 Round Orange Orange Sweet 3.6+0,54 August
Cr-050 1.1+0,02 1.1+0,02 Round Orange | Orange Sweet 4.74+0,5 3 (fsgggtc’f
R.laxa-049| 2.04+0,04 | 1.14+0,06 | Pear-shaped Red Orange Sweetish- 45.6+2.4 3 decade of
sour August
R.laxa-051| 2.28+0,05 | 1.16+0,03 | Pear-shaped Red Orange |Astringent | 12.8+0,8 2 dg‘;ﬁe of
R.acic-058| 1.48+0,04 | 1.09+0,03 | Pear-shaped Red Orange SWSE:JLSh' 7.84£0,83 1 dg(;a;)(:e of
R.acic-063| 1.55+0,07 | 1.28+0,03 | Pear-shaped |Darkred| Orange Sweet 7.84+0,83 1 dgc;::)(:e of
R.spin-064| 0.74+0,03 | 0.98+0,02 | Flat-globose | Black Black SWSE:JLSh' 3.4+1,51 2 dg(;a;)(:e of

The maximum fruit size is found in R. laxa-049 (2.04 cm) and R. laxa-051 (2.28 cm), the minimum in
R. spinosissima-064 (0.74 cm). The shape of the fruits is pear-shaped (R.laxa-049, R.laxa-051, R.acicularis-
058, R.acicularis-063) and flat-globose (R.spinosissima-064). The color of the peel is red in the forms R.
laxa-049, R. laxa-051, R. acicularis-058, dark red in the form R. acicularis-063, and black in R.
spinosissima-064. The pulp is mostly orange in all forms of rosehips, except for the R. spinosissima-064
form, which is black. Taste: sweetish-sour (R.laxa-049, R.spinosissima-064), astringent (R.laxa-051), sweet-
ish-sour (R.acicularis-058), sweet (R.acicularis-063). Number of seeds: from 3.4 (R.spinosissima-064) to
45.6 (R.laxa-049). Ripening period was 3rd decade of August (R.laxa-049), 1-2nd decade of September (oth-
er forms).

The analysis revealed the morphological diversity of the selected forms of fruit plants. Seed forms of
Crataegus chlorocarpa are characterized by high yields, considerable height, and rounded orange fruits with
a sweet taste, which makes them suitable for fresh consumption. Wild rose forms are distinguished by a wide
variety of shapes, colours, and taste qualities of fruits, which allows them to be used in breeding for various
purposes (food, technical, and processing). These forms can serve as valuable material for creating new vari-
eties with high yields, original fruit characteristics, and adaptation to regional conditions.

Table 4 contains comparative data on the biochemical indicators of the selected forms of Crataegus
chlorocarpa and species of the genus Rose. The content of vitamin C, leucoanthocyanidins, catechins,
anthocyanins, titratable acidity, total sugars, water-soluble pectin, and water-insoluble pectin was measured.

Table 4

Biochemical indicators of the selected forms of fruit plants in the Zhanaarka district of the Ulytau region

Form Vitamin C LAC Catechin | Antocyanin TA Sugars WSP WIP
mg/% FW | mg/% FW | mg/% FW | mg/% FW | % FW % FW % FW % FW
Cr-049 | 2.99+0.07* | 193.7+0.2% | 180.0+0.2° | 30.7+0.3% | 0.64+0.01® | 4.2+0.4* | 0.55+0.02° | 0.36+0.06°
Cr-050 | 3.34+0.02° | 140.4+0.2" | 242.3+0.1% | 16.8+0.3° | 0.56+0.01% | 3.6+0.15* | 0.95+0.03" | 0.84+0.02°
Rgiga' 140.4+0.3° | 166.3+0.4° | 164.4+0.1° | 7.92+0.03% | 2.4+0.1° | 13.8+0.4" | 2.08+0.03" | 1.49+0.01°
Rgg)f' 82.36+0.2° | 70.56+0.39 | 89.13+0.1% | 42.6+0.2° | 1.8+0.1° | 19.2+0.15° | 2.44+0.05° | 2.28+0.01°
Rgscéc' 576.4+0.2" | 435.6+0.47 [29.52+ 0.03°| 52.5+0.2° | 3.940.2° | 24.6+0.3% | 1.41+0.01° | 1.730.01°
Rg‘géc' 153.140.4° |200.16+ 0.2°| 182.4+0.2° | 12.87+0.03" | 3.2£0.2° |21.6+0.15%| 1.39+0.03° | 5.73+0.02°
Rggl'ln' 9.50+£0.1° | 228.2+0.1° | 4.03+0.02" |1259.3+ 0.35%| 2.24+0.07" | 24.9+0.15% | 2.14+0.01% | 2.24+0.02°

Note — Different letters in the same column indicate significant differences at P<0.05; Abbreviations: TA-titratable
acidity; WSP-water-soluble pectin; WIP-water-insoluble pectin; LAC — leucoanthocyanidin
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The highest content of vitamin C was recorded in Rosa acicularis-058 at 576.4 mg/100 g, which is an
order of magnitude higher than the rest of the samples. The minimum values for the forms of Crataegus
chlorocarpa (Cr-049, Cr-050) are less than 4 mg/100 g.

The richest forms of leucoanthocyanidin are Rosa acicularis-058 (435.6 mg/100 g) and Rosa
spinossisima-064 (228.2 mg/100 g). Among hawthorns, the level of leucoanthocyanidins is lower (about
140-194 mg/100 g). The maximum values of catechins were found in Crataegus chlorocarpa-050
(242.3 mg/100 g) and Rosa acicularis-063 (182.4 mg/100 g).

In terms of anthocyanin content, Rosa spinosissima-064 (1259.3 mg/100 g) is the absolute leader; the
closest competitor in terms of anthocyanin content is inferior tenfold—for Rosa acicularis-058, the value is
only 52.5 mg/100 g, and the rest of the samples are even lower.

The highest titrable acidity is in Rosa acicularis-058 (3.9 g/100 g), followed by Rosa acicularis-063
(3.2 /100 g). The lowest values were observed in two forms of hawthorn-0.56-0.64 %.

Sugars are the most important component of fruits and berries. The content of sugars in fruits is a fea-
ture of the species: their high or low levels, inherent in a botanical species, usually remain quite stable over
many years, similar in climatic conditions and in different habitats [25]. Hawthorn fruits contain mainly fruc-
tose, as well as small amounts of glucose and sucrose [26]. The clear leaders in sugars are various forms of
the genus Rosa (especially R. spinosissima and R. acicularis — more than 24 g/100 g), hawthorn has much
less sugar (3.6-4.2 g/100 g).

The largest amount of water-soluble pectin was found in Rosa laxa-051 (2.44), and water-insoluble pec-
tin in Rosa acicularis-063 (5.73).

In all cases, the fruits of the genus Rosa are significantly superior to hawthorn in terms of vitamin C,
sugars, and acidity. The form R. spinosissima-064 stands out for its ultra-high anthocyanin content.
Crataegus chlorocarpa is promising in terms of catechin content, but its fruits are insignificant in most other
parameters. For use in the food industry or medicine, the fruits of Rosa acicularis-058 are optimal in terms
of vitamin C content.

To obtain anthocyanins in large quantities, Rosa spinosissima-064 should be chosen. Crataegus fruits
are mainly suitable for the production of catechins, but are inferior in other respects. The data allow us to
recommend different forms for targeted needs—for example, Rosa acicularis-058 for the production of vit-
amin concentrates, Rosa spinosissima-064 for anthocyanin extract, and hawthorn as a source of catechins.

Table 5 shows Pearson’s correlation coefficients between nine variables measured in the fruits of vari-
ous species of rose hips and Altai hawthorn. The data are based on seven samples collected at different alti-
tudes (from 490 to 645 m).

Table 5

Pearson’s correlation matrix between nine variables of different forms
of rosehip species (R. laxa, R. acicularis, R. spinosissima) and two forms of C.chlorocarpa

Compound | Vitam C LAC Catechin | Anthocyan TA Sugar WSP WIP Altitude

vimin€ | o0 | 0o | 059 |°205| goy | ©23 | o9 | 019 | 0%
LAC (gigg) (3288) (gzsg) 0.11(0.82) (giii) (gigg) ((?625) ((1):88) (871513)
Catechin (gg‘g) (825;)) 1.00 (0.00)| -0.64 (0.12) (gfg) (3531) (gfg) (ggf) (gg;')

Anthocyan (85276) (gié;) (gf;) 1.00(0.00) (gigg) (gigg) (8:21) (8:82) 0.55(0.20)

TA (gigg) (gﬁ) (gfg) 0.06 (0.90) (3:88) (gigi) (8:28) (8:?7)) 0.11(0.82)

Sugare (8225) (82@2) (c?gsl) 0.45(0.32) (828?) ((1):88) (8:?&23) (82?2) 0.27 (0.56)

WSP (8:82) ((())6223) (8155) 0.37(0.41) (8}313) (8:?3) (éigg) (825% 0.11(0.81)

wip (8:%3) (2:88) ((())gf) 0.03 (0.95) (82?3) (81?2) (8?75) ((1)288) 0.58 (0.17)

Altitude (gg;) (-(()).'715) ((())gg) 0.55(0.20) (825135) (8152) (8%1) (g:i% 1.00(0.00)

In brackets: p-values (p<0.05)
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A significant and strong correlation was observed between vitamin C and leucoanthocyanidins (LAC)
(r=0.83, p=0.02). In rose hips, vitamin C often correlates with other antioxidants, as shown in studies [27],
where the content of ascorbic acid varies with genotype and growing conditions.

Titratable acidity (TA) is associated with increased vitamin C content (r=0.80, p=0.03), which is typical
for fruit plants: organic acids stabilize vitamin C and promote its accumulation. A correlation was found be-
tween titratable acidity and sugars (r=0.86, p=0.01). Acidity and sugars often balance each other in fruits (the
sugar/acid ratio affects the taste). In rose hips, sugars (fructose, glucose) correlate with ripeness and acids. A
moderate correlation was observed between sugars and water-soluble pectins (WSP) (r=0.65, p=0.12). WSP
often increases with sugar content, as both are associated with fruit ripening and cell wall hydrolysis.

Other moderate correlations were also noted: LAC and TA (r=0.66), Sugars and WIP (water-insoluble
pectin) (r=0.59), and TA and WIP (r=0.59). These relationships indicate a group of variables related to acidi-
ty and carbohydrates (TA, Sugars, pectins), which reflects fruit metabolism. In studies of the flora of Tran-
sylvania [28], vitamin C and acids contained in Rosa canina correlate positively, as they accumulate in re-
sponse to stress (cold, altitude).

A significant negative correlation was observed between catechin and sugars (r=-0.81, p=0.03).
Catechins (polyphenols) decrease with an increase in sugars, which may indicate different metabolic path-
ways: catechins are synthesized in the early stages, while sugars are synthesized during ripening. Catechin
and anthocyanin (r=-0.64, p=0.12)—moderate negative. Anthocyanins and catechins are both flavonoids, but
their synthesis may compete (e.g., under the influence of light or temperature).

A moderate positive correlation was found between altitude and anthocyanin content (r=0.55, p=0.20).
Anthocyanins often increase at altitude due to increased UV radiation (stress protection), as in studies of Ro-
sa canina [27]. WIP and Altitude (r=0.58, p=0.17), insoluble pectins may increase at altitude for structural
adaptation (thicker cell walls). This is consistent with the literature: in rosehips at high altitudes,
anthocyanins and pectins increase for protection, while vitamin C varies by genotype [28].

Thus, the correlation matrix reveals key patterns in the biochemistry of rosehips and hawthorn (Fig. 2):
strong positive correlations between Vitamin C, LAC, TA, and sugars suggest synergistic metabolism of an-
tioxidants and carbohydrates associated with fruit maturity and quality.

0]
)

Figure 2. Cluster analysis of selected fruit plants by biochemical characteristics

Negative correlations with Catechin indicate alternative pathways for flavonoid biosynthesis. The alti-
tude at which fruit plants grow in Ulytau has a weak effect, but may stimulate anthocyanins and pectins as an
adaptation to stress, as confirmed by studies in Turkey [29], where in Rosa canina genotypes, anthocyanin
content increases with altitude due to UV.

Based on the structure and the association distances, the following key points are distinguished: Cluster
1: R.spinosissima-064, R.acicularis-063, R.acicularis-058—these elements are combined at a short distance,
which indicates their high similarity. Cluster 2: Cr-050, Cr-049—also close elements, but different from
Cluster 1. Cluster 3: R.laxa-049, R.laxa-051—coalesced at a distance close to 0.5 and more distant from other
clusters. Distances and similarities: Mergers within each cluster occur at a distance of less than 0.5, suggest-
ing a close relationship within the groups. Clusters 1 and 2 join each other at a distance greater than 0.5,
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showing moderate similarity, while Cluster 3 joins them at an even greater distance, indicating a significant
difference. The distance threshold of 0.5 separates the three main clusters. Color coding: Orange markings:
R.spinosissima-064, R.acicularis-063, R.acicularis-058, R.laxa-051—nbelong to the genus Rosa. Blue mark-
ings: Cr-050, Cr-049—indicate the genus Crataegus. Light blue mark: R.laxa-049—also belongs to the ge-
nus Rosa, but highlighted separately, possibly due to the characteristics of the species.

Thus, the dendrogram distinguishes three main clusters: Cluster 1 (R.spinosissima-064, R.acicularis-
063, R.acicularis-058), Cluster 2 (Cr-050, Cr-049), Cluster 3 (R.laxa-049, R.laxa-051). Clusters 1 and 2 are
more similar to each other than to Cluster 3, as indicated by the union distances. A threshold of 0.5 effective-
ly separates these groups. Color coding (orange for the genus Rosa, blue for Crataegus) suggests taxonomic
differences between clusters.

Conclusions

In conclusion, this comprehensive analysis of two Crataegus chlorocarpa forms and five Rosa species
from the Ulytau region reveals substantial morphological diversity and biochemical richness, adapted to the
arid continental climate. Key highlights include the superior vitamin C in Rosa acicularis-058, exceptional
anthocyanins in Rosa spinosissima-064, and high catechins in Crataegus forms, with Rosa species generally
outperforming hawthorn in vitamins, sugars, and acidity. Correlation and cluster analyses underscore syner-
gistic metabolic pathways and taxonomic groupings, influenced minimally by altitude. These results position
Ulytau’s wild fruits as valuable resources for nutraceuticals, pharmaceuticals, and food products, potentially
exceeding traditional antioxidants like blueberries. The data inform targeted breeding for resilient varieties,
supporting sustainable use under Kazakhstan’s Flora Law. Future studies should incorporate genetic se-
guencing, multi-year environmental monitoring, and expanded sampling to validate and extend these find-
ings for commercial applications.
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I'.C. MykaHn, A.I'. CankaiibaeBa, T. Kunapoek, M.M. baiimaran6eroBa, A.b. /loctemecora

YabITay 00JbICHIHAAFBI 101aHA MEH HTMYPbIHBIH
MOP(}OJIOTHSIJIBIK KIHE OMOXUMHUSIIBIK TANAaybl

3eprrey Kaszakcranueiy Yibitay o0ibicel JKaHaapka aynaHslHga eceTiH Anrail nonanaceiabeiy (Crataegus
chlorocarpa) exi Typi men wurmypeiHEbiH (ROsa laxa, R. acicularis, R. spinosissima) Gec TtypiHiH
MOPQOJIOTHSIIBIK JKOHE OMOXMMHUSUIBIK CHUIIATTAaMaJiapblH aHBIKTayFa apHaIFaH. 3epTrey OapbIChIHIA
OCIMAIKTEpIiH reorpadusuIbIK KOOPAHMHATTAPEI, ©Cy OHIKTIri, skachl, 0epikOachIHBIH MillliHi, OHIMILIIr, COH-
Jaif-aK ’KeMiCTepiHiH MeJIepi, TyYCli MeH JoMi Tipkenai. buoxuMusiblk Tannay Kypameigaa C 1opyMeHi, aH-
TOLMAHUH/ED, JIEHKOAHTOIMAHUINHAED, KaTeXHHAEP, KaHTTap, IEKTHHACP JKOHE TUTPJICHETIH KBIIIKBUIIBIK
kepcetkimrepi anpikranapl. Rosa acicularis—-058 C mopymeHiHiH sxorapsl Memmepimen (576,4 mr/100 r)
epekieneHce, R. spinosissima—064 antonmanuuaepain ken menmepimeH (1259,3 mr/100 r) kesre Tycri.
JlonaHaHbIH 3epTTenreH (opManapbl KaTeXWHASp Ke3i peTiHAe IepCleKTHBANbl eKeHI aHBIKTalIbl.
Knactepnix Tanmay HOTWKECIHAE opTYpii OHMOXMMUSUIBIK Tpodmiui 0ap YII TONKA JKaTaThIH ©CIMIIKTEp
alKpIHAAIBI. AJIBIHFAH MOJIIMETTEp XaHA COPTTApIBl ipiKTEy XOoHE (YHKIMOHAIIBIK TaraM eHIMIepiH
93ipiey YIIiH maiinananyra 6oyaabl.

Kinm ce3dep: ¥nwitay o6Onbicel, Crataegus chlorocarpa, Rosa Typnepi, mopdosorus, Ouoxumus, C
BUTAMUHI, aHTOLIMAHUHAEP, KIACTEPIIIK TaJIaay

I'.C. MykaHn, A.I'. CankaiibaeBa, T. Kugapoek, M.M. baiimaran6eroBa, A.b. /loctemecora

Mopdosornyeckuii 1 OMOXUMHYECKHH aHAJIN3 0OSAPBINIHUKA
U IIMIIOBHUKA YJIBITAYCKOI 00/1aCTH

VccneioBaHue MOCBSIICHO HU3YYCHHUI0 MOPQOIOTHYECKUX W OHOXMMHYECKHX XapaKTEPUCTHK ABYX (opm
GosipeiHKKa anraiickoro (Crataegus chlorocarpa) u msatu dopm munosauka (Rosa laxa, R. acicularis, R.
spinosissima), npouspacraromux B JKaHaapkuHCKOM paiione Yibitayckoit obnactu Kasaxcrana. Onpenerne-
HBI TeorpaduuecKie KOOPANHATHI, BHICOTA TIPOM3PACTAHUs, BO3pacT, (popMa KPOHBI, YPOKAWHOCTh, a8 TAKKe
pa3Mepsbl, OKpacka 1 BKYC IUIOJ0B. BHOXHMHYECKHIT aHAIM3 BKIIFOYAN ONPE/ICICHHE COJCPKAHUs BUTAMHHA
C, aHTOLIMAHOB, JICHKOAHTOIIMAHH/INHOB, KATEXHHOB, CAXapoB, IIEKTHHOB U THTPYEMO#l KHCIOTHOCTH. BhIsiB-
neHo, yto Rosa acicularis-058 ornuuaercs BoicokuM copeprkannem Butamuna C (576,4 mr/100 1), a Rosa
spinosissima-064 — mnoBbilIeHHBIM cojiepkanreM anTonuanos (1259,3 mr/100 r). ®opMbl GOSPHILIHUKA MEP-
CIIEKTHBHBI KaK HCTOYHHMK KATEXHHOB. Pe3yNbTaTsl KIaCTEPHOrO aHAIM3a MMOKA3ald TPU TPYIIIbI PACTEHHUI ¢
Pa3INYHBIMA GHOXMMHUYECKAMH MpoQuisMu. [ToydeHHbIE JaHHBIE MOTYT OBITh HCHOJIB30BAHBI IS CENeK-
MU HOBBIX COPTOB M Pa3pa0bOTKH (HYHKIMOHAILHBIX TIPOYKTOB.

Knioueswie cnosa: Yneitayckas obmnacts, Crataegus chlorocarpa, suasr Rosa, mopdosnorus, Gnoxumus, Bu-
tamuH C, aHTOIMAHBI, KIIACTEPHBIN aHAIIH3
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Vegetation cover of the Kulaly Islands in the Kazakhstan region
of the Caspian Sea

This study presents a comprehensive analysis of the floristic and ecological diversity of vascular plants on
Kulaly Island, located in the Kazakhstani sector of the Caspian Sea. Field surveys documented 149 species,
predominantly annual therophytes (47.0%) and perennial xerophytes, reflecting adaptations to arid climates,
high soil salinity, and unstable substrates. Most taxa are associated with sandy and solonchak habitats, while
wetland and aquatic ecosystems support comparatively fewer species. A quantitative assessment of alpha di-
versity using the Shannon (H' = 1.55), Simpson (D = 0.71), and Pielou (J = 0.79) indices revealed a relatively
high level of structural heterogeneity, with a balanced distribution of ecological groups. Canonical Corre-
spondence Analysis (CCA) identified salinity, moisture, and substrate mobility as the primary environmental
gradients structuring vegetation, with clear separation of halophytic, psammophytic, and hydrophilic commu-
nities. These findings demonstrate both the ecological plasticity of the flora and the vulnerability of rare and
localised taxa to hydrological fluctuations of the Caspian Sea and anthropogenic pressures. The results pro-
vide a crucial scientific foundation for biodiversity monitoring, the conservation of genetic resources, and the
sustainable management of fragile arid ecosystems in western Kazakhstan.

Keywords: Kulaly Island, Caspian Sea; vascular plants; biodiversity; halophytes; psammophytes; Shannon
index; Jacquard index; arid ecosystems; gene pool conservation

Introduction

The Kazakhstan sector of the Caspian Sea occupies the northeastern and eastern parts of the planet’s
largest enclosed body of water and is of high ecological significance. It encompasses several islands and is-
land groups, the largest of which is the Tyuleniy Islands archipelago, administratively part of the Mangystau
region. The archipelago spans approximately 130 square kilometres and comprises five islands: Kulaly,
Morskoy, Podkovka, Rakushechny, and Zhilany. These islands form unique natural complexes where, de-
spite the harsh climate and unique geomorphology, distinctive floral and faunal communities have been pre-
served [1].

The islands’ geological structure is dominated by sand, shell, and clay deposits, the surface of which is
subject to wind erosion and abrasion. The terrain is low-lying and flat, with absolute elevations not exceed-
ing 5-6 meters above sea level. These conditions make the island ecosystems vulnerable to fluctuations in the
Caspian Sea level and the impact of ice masses. The climate is sharply continental with pronounced seasonal
contrasts: in summer, air temperatures reach 40°C, and soil warms up to 65-70°C; in winter, temperatures
drop to —10°C. High humidity, frequent fog, and soil salinity create a stressful environment that limits the
growth of vegetation [2].

The islands of the Tyuleniy Archipelago are critical biodiversity hotspots in the Kazakhstan sector of
the Caspian Sea. They are designated as Important Bird Areas (IBAs) because they provide crucial habitats
for nesting and migratory stopovers for numerous bird species. Rare and endemic species inhabit the area,
including the Caspian seal (Pusa caspica), which is listed in the Red Data Book of Kazakhstan and the IUCN
Red List of Threatened Species. The islands’ flora serves as a biogeocenotic framework, preventing deflation
and erosion, stabilising loose substrates, forming microbiotopes, and acting as an indicator of climate
change.

Of particular importance in the archipelago is Kulaly Island—the largest in area (approximately 38 km?)
and the longest (34 km long, 2-4 km wide). It is distinguished by its crescent-shaped form and mosaic land-
scapes: dunes, salt marshes, lagoons, and coastal shoals. Kulaly is the only island where a permanent human
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presence remains, associated with fishing. This makes the island’s ecosystems more vulnerable to anthropo-
genic impact, but simultaneously opens up opportunities for observation and regular monitoring. The most
diverse floristic complexes of desert vegetation are represented here, including halophytes (Halocnemum
strobilaceum, Salicornia europaea), psammophytes (Agriophyllum squarrosum, Carex physodes), xero-
phytes and salt-tolerant shrubs (Tamarix ramosissima, Kalidium caspicum) [3].

Despite the importance of the island ecosystems, the level of knowledge of Kulala’s flora and fauna re-
mains extremely low. The main problems can be summarised as follows: Systematic floristic surveys have
been conducted only sporadically; the most notable expedition took place in 2013, with the participation of
the Mangyshlak Experimental Botanical Garden and scientific organisations from Dagestan. However, the
obtained data are of a general nature and do not encompass the full diversity of the island’s vascular
plants [4].

Inaccessibility and extreme conditions. The harsh climate, high humidity, isolation, and complex
transport logistics limit the possibility of conducting long-term and regular expeditions. This leads to a short-
age of herbarium materials, complicating the creation of a comprehensive flora inventory. Fishing, military
outposts, and uncontrolled human impacts (such as waste disposal and trampling of vegetation) have a local-
ised but significant effect on biodiversity. Fluctuations in the Caspian Sea level, increased frequency of ex-
treme weather events, and changes in the hydrological regime directly affect the composition and structure of
vegetation.

The flora of the mainland part of the Mangystau region has been relatively well studied, comprising 770
species of vascular plants from 73 families and 333 genera [5, 6]. The Chenopodiaceae, Asteraceae,
Brassicaceae, Poaceae, Fabaceae, and other families play a significant role, which is typical of the Irano-
Turanian floristic province. However, the flora of island ecosystems remains poorly studied, with no com-
prehensive reports and limited data on the dynamics of plant communities and their role in ecosystem pro-
cesses. This significantly complicates the development of conservation and monitoring programs [7].

Studying the flora of Kulaly Island helps fill gaps in our knowledge of the island ecosystems of the
Caspian region. The data obtained will contribute to: ldentifying plant adaptation strategies to extreme condi-
tions (salinity, aridity, wind load, ice processes); Creating indicator species groups for monitoring climate
change; Assessing the conservation potential of island biocenoses; and Developing scientifically based
measures for the conservation of biodiversity and sustainable use of the region’s natural resources. The ob-
jective of this study is to analyse the vascular plants of Kulaly Island, identify their floristic composition, and
assess the role of vegetation in maintaining the stability of island ecosystems in the Kazakhstan sector of the
Caspian Sea.

Experimental

Field studies of the vegetation cover of Kulaly Island were conducted during the summer of 2013 as
part of a comprehensive expedition by the Mangyshlak Experimental Botanical Garden. The work covered
the central, northeastern, and coastal parts of the island, allowing for the spatial heterogeneity of plant com-
munities to be taken into account. Floristic data were collected using a route-reconnaissance method across
the main habitat types, including dune sands, salt marshes, coastal lagoons, and lowland meadows. Along
each route, vascular plant species encountered were recorded, linked to the biotope, moisture level, and sub-
strate mobility. Their life form, ecological-coenatic role, and relative frequency were also noted. The collect-
ed specimens were herbarized using standard botanical methods and are stored in the herbarium of the
Mangyshlak Experimental Botanical Garden (MEBG). Each plant was accompanied by a label indicating the
coordinates, collection date, ecotope type, and the name of the collector. Species were identified using the
“Flora of Kazakhstan” (1956-1966) and regional identification guides, such as “ldentification Guide to
Plants of Central Asia” (1968). An international database, Plants of the World Online (POWO, 2021), was
also utilised to update the nomenclature. Standard biostatistical approaches were used to quantify biodiversi-
ty and the ecological-cenotic structure of the flora: analysis of species distribution by life form according to
Raunkiaer’s classification, grouping by salt tolerance, moisture availability, and substrate types (sand, silt,
clay, gravel, and salt marshes), and calculation of the Shannon, Simpson, Margalef, and Pilou indices to
characterize alpha diversity. Data processing and graphic creation were performed using PAST 4.0 and Mi-
crosoft Excel 2019 [8].

Canonical correspondence analysis (CCA) was employed to investigate the impact of abiotic factors on
the distribution of vascular plants. This multivariate statistical approach enables the simultaneous analysis of
a matrix of species composition and environmental parameters, identifying the primary ecological gradients
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that govern the spatial structure of the flora. The study was conducted in R (version 4. x) using the vegan
package. The input data included a species occurrence matrix (comprising 149 taxa) and a matrix of envi-
ronmental factors (including salinity, humidity, substrate mobility, and life form). The results are visualised
as biordination diagrams, where the CCA axes reflect the contribution of environmental factors, and the posi-
tion of each species indicates its ecological preferences [9].

Results and discussion

A study of the flora of Kulaly Island revealed a significant diversity of vascular plants, reflecting the
adaptation of communities to arid conditions and high soil salinity. A total of 149 species representing vari-
ous life forms and ecological strategies were recorded. The most significant number of taxa are represented
by annual therophytes and perennial xerophytes, indicating the dominance of short-lived forms capable of
quickly completing their life cycles under conditions of moisture deficiency. Most of the identified species
are associated with sandy and saline habitats, emphasising the leading role of these biotopes in maintaining
the island’s floristic diversity. Fewer species characterise wetland and meadow areas, but their importance
for the overall flora structure is demonstrated by the formation of specific communities that serve as indica-
tors of increased humidity.

To clearly present the floristic composition and its ecological characteristics, a summary table was
compiled, including information on the life form of each species, its salt tolerance, humidity requirements,
type of substrate, and its central role in the community (Tab. 1).

Table 1
Ecological structure and floristic composition of vascular plants of Kulaly Island
N View Life form Habitat Humidity | Substrate | Primary role
salinity mobility in the community
Equisetaceae
. Soil-strengthening,
1 Equisetum Perennial. Saline and D;,B; It;) PTJ (;;ji%r- a“:(??éfk;aggg_ participant in
ramosissimum Hemicryptophyte. | sandy soils conditions strates xerophytlt(i:ezommum-
Ephedraceae

Forms sparse commu-

2 Ephedra distachya Crljaerrr?;:plﬁ;te Sﬁ;ﬂ?&/gﬂf{e Dry conditions | Shifting sands nitie? a fopd source
or animals
Typhaceae
Perennial. Freshand | High humidity Stable, silty Forms coastal thickets
3 Typha angustifolia | Hemicryptophyte, | slightly brack- | (shores of res- subst}ates and acts as a filter
geocryptophyte ish waters ervoirs) feeder

Hemicryptophyte, Strengthening the

4 Typha latifolia helocryptophyte Fresh water | High humidity | Stable shores | banks, cr;aglng habi-
Potamogetonaceae
. Fresh and . Silts, sandy Forms underwater
R . Perennial. : Aquatic e
5 Stuckenia filiformis Hvdrocrvotophvie brackish water environment bottom communities and sta-
Y yptophyte. (up to 11%) sediments bilises bottom soils

An essential compo-

6 Stuckenia pectinata H drID()e(;rfnrl:)al.r] yte (slisflilb?flt ) enaﬁgr?:rl\%nt Sand;ggir;g silty nent of underwater
Y ypophyte. ghtly salty communities
7 pzflig?rlicshsﬂg:p Perennial. Fresh and Aquatic Iy thFi(c:)Iirerjtz uamd?r:;\giigr
major Hydrocryptophyte. |brackish waters| environment of brackish biotopes
Zannichellia Perennial. Fresh and Aquatic - - Participant in
8 alustris Hydrocryptophyte. |brackish waters| environment Silts, soft soils underwater
P ' phytocenoses
Ruppiaceae
The primary compo-
. -, Perennial. Brackish Aquatic San’dy and nent qf underwater
9 Ruppia maritima . Shelly’s bottom | vegetation serves as a
Hydrocryptophyte. waters environment .
soils food source for water-
fowl.
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Continuation of Table 1

Ne View Life form Hapl_tat Humidity Subst.r.ate . Primary role_
salinity mobility in the community
. . . Forms dense underwa-
o | R | || ket an i
y yptophyte. y tor of salty biotopes
Juncaginaceae
Stable silt and Forms coastal and
11 | Triglochin palustris Perennial. Lightly saline | Wet, damp meadow sub- meadow communities,
9 P Helocryptophyte meadows conditions strates an indicator of damp-
ness
Poaceae
. . Soil conditioner, dom-
. . Perennial. Salt marshes, . Mobile sandy . - '
12 | Aeluropus littoralis Hemicryptophyte. | salted sands Dry conditions and saline soils inant in solc_mchak
communities
Alopecurus Perennial. Saline Wet, coastal Stable floodplain Forms dense turf, fod-
13 arundinaceus Geocryptophyte meadows conditions and meadow der value
yptophyte. substrates
Aristida Annual. Non-saline dry . Mobile sandy Ephemera_l of_de§ert
14 adscensionis Therophyte sands Dry conditions | and rocky sub- | communities, it fixes
P strates the sands
Annual. Non-saline . Light, sandy, and | Ephemeral component
15 Bromus tectorum Therophyte sands Dry conditions gravelly soils | of desert communities
Annual. Non-saline . - Participant in
16 | Bromus squarrosus Therophyte sands Dry conditions | Shifting sands ephemeral deserts
. Forms thickets on salt
17 Sporobolus Annual. Saline and salt | Wet, _damp Silts, damp sands| marshes, with food
aculeatus Therophyte marshes habitats value
Sporobolus Annual. L Wet, damp Sandy-clayey | Member of meadow-
18 alopecuroides Therophyte Solonetzic soils conditions substrates saline communities
L . Moderately A weed species in
o | D e | e | ong | S| grcerses,a s
9 P the ditches) fixer
Eremopyrum Annual. Non-saline . Sands, clayey Ephemeral desert
20 bonaepartis Therophyte soils Dry conditions substrates communities
. Dry substrates |Xerophytic ephemeral,
21 Er‘[ﬁrt]i?:gﬁmm Trf;z r:guEl. e ?;JSHEZL?IS Dry conditions | (sand, crushed | an indicator of desert
phyt 9 y stone) conditions
Lolium Perennial. So_lonetzm gnd Wet conditions Clayey, meadow | Forms turf, valuable
22 arundinaceum Hemicryptophyte slightly saline (shores, substrates forage species
yPophyte. soils meadows) gesp
. Non-saline ;
Perennial. Moderately - Strengthening sandy
23 Leymus racemosus Hemicryptophyte. sasg:étséea humid (shores) Shifting sands banks, forming turf
24 Leymus ramosus Perennial. stSeOk:ar;etrzi:/Cer Moderately Sandy-clayey, Svc\)lges(j'[rs ng;if:;nienr,
y Hemicryptophyte. PPes, humid solonetzic P
banks agrocenoses
. . Perennial. Non-saline . Shifting sands, Xerophyte forms
25 Stipa caucasica . sands and | Dry conditions feather grass commu-
Hemicryptophyte. rocky substrates -
gravelly slopes nities
26 Stipa capillata Perennial. ';I;\?e-lsia“anned Arid Slopes, scree Indicator of dry
pacap Hemicryptophyte. g ya Pes, steppes and deserts
sandy soils
. Clayey saline Member of feather
27 Stipa sareptana Perennial. depressions Arid Rocky, clayey, rass-wormwood
P P Hemicryptophyte. P ' sandy g o
sands communities
28 Stipa Perennial. Non-saline Dr Loess, gravelly | Forms feather grass in
hohenackeriana | Hemicryptophyte. soils y slopes the foothills
Perennial. Slightly saline Sandv-clave Dominant of wet
29 Puccinellia distans |Hemicryptophyte/h gntly Wet, swampy y-c'ayey, meadows, an indicator
meadows pebble .
elocryptophyte of salinity
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Continuation of Table 1

. . Habitat - Substrate Primary role
Ne View Life form salinity Humidity mobility in the community
L Perennial. Slightly salty 5 Forms a grass stand,
30 ngecc?lgﬁltlig Hemicryptophyte/h |waters, wet salt|Raw conditions Sandﬁ/ulsgamy, an indicator of water-
P elocryptophyte marshes grussy logged soils
Phalaris Perennial. Non-saline - Stable floodplain| Creates dense turf and
31 arundinacea Geocryptophyte. floodplains Raw conditions soils strengthens banks
Perennial. Slightly saline . .
32 |Phragmites australis |[Hemicryptophyte/g| and non-saline [Raw conditions Coastal and silty | - Forms thickets and
soils stabilises banks
eocryptophyte waters
Fast-growing, ephem-
33 Polypo_gon_ Annual. Solonetzic soils{Raw conditions|  Moist soils eral, waterlogging
monspeliensis Therophyte S
indicator
nli A weedy species, a
34 Tragus racemosus Tﬁ;?guﬁ;te No:asglsme Dry conditions | Shifting sands member of sandy
P communities
Cyperaceae
Perennial. Non-saline - Mobile and fixed | The primarystabiliser
35 Carex physodes Hemicryptophyte. sands Dry conditions sands of sands fixes dunes
Bolboschoenus Perennial. Salt meadows, . Forms coastal thickets
36 maritimus Geocryptophyte. swamps Raw Silts, wet sands and filters water
Asparagaceae
A semi-desert species,
37 Asparagus Perennial. Salt marshes, Arid Clayey, chalky an element of
breslerianus Hemicryptophyte. salt lakes soils xerophytic communi-
ties
Polygonaceae
. Forms sparse forests
L Shrub. Non-saline Clay and gravel -
38 Atraphaxis spinosa Phanerophyte. soils Dry Substrates and shru?i::mmum
Amaranthaceae
39 Agriophyllum Annual. Non-saline Arid Dune and Psammophyte, sand
pungens Therophyte sands hummocky sands fixer
L Perennial. Sandy-clay . Clay and gravel | Dominant of desert
40 Anabasis eriopoda Hemicryptophyte. deserts Arid substrates communities
Moderately
a1 Anabasis aphvlla Subshrub. Salt marshes, | humid (with | Clay and sandy | Member of salt marsh
phy Chamaephyte solonetz close ground- substrates communities
water)
An inhabitant of salt
. . Annual. Moderately | Clay and sandy )
42 Atriplex aucheri Therophyte Salt marshes humid substrates marshes,ca;ev:eed spe
Atriplex Annual. Hilly sands, : Rubble and  |Ephemer, a member of
43 . . outskirts of Arid . o
dimorphostegia Therophyte Takyrs sandy soils desert communities
. Annual. Wet salt Coastal Member of salt marsh
a4 Atriplex patens Therophyte marshes Wet solonetzic soils communities
. A weedy species, an
. . Annual. Salt marshes, | Moderately | Floodplain and L '
45 Atriplex tatarica Therophyte solonetz humid meadow soils indicator of salt
marshes
An inhabitant of salt
. - Annual. Salt marshes, . Sandy and loamy
46 Bassia hyssopifolia Therophyte salted sands Arid substrates marshes,cailev:eed spe-
A desert species, an
. Annual. Salt marshes, . Rocky and . )
47 Bassia odontoptera Therophyte clay slopes Arid clayey substrates |nd|c?]g)gi;);§allne
. Perennial. Salt marshes, . Rocky and sandy| Forage species, soil
48 Bassia prostrata Hemicryptophyte. solonetz Arid substrates fixer
bgzzri)r?ugl ¢ Moderately An indicator of salt
49 | Bienertia cvcloptera Annual. marsﬁes moist Clayey and marsh habitats, an
yclop Therophyte ' (occasionally | saline substrates | ephemeral of desert
shores of salt o,
damp) communities
lakes
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Continuation of Table 1

No View Life form Ha_bljcat Humidity Subst.r.ate _ Primary role_
salinity mobility in the community
Psammophyte, a
50 Corispermum Annual. Non-saline Arid Shifting sands, member of desert
laxiflorum Therophyte sands dunes communities, a sand
fixer
Hilly sands Psammophyte and
51 Corispermum Annual. Saline sands, Moderately clave yand éb- halophyte species
aralocaspicum Therophyte saline coasts wet/dry yey and p areindicators of arid
ble soils ;
habitats
52 Corispermum Annual. No data for the o o Av‘vzaerg erﬁ?]g?cfgrlgséfa
squarrosum Therophyte region Kulala)
Non-saline Sandy and
o | Comomens | e | e | g | oygmely | St ond
P sandy loams substrates PP
Various A weed species, an
. Annual. Weedy, non- | Moderately S L
54 |Chenopodium album Therophyte saline places humid substrates (sand, |nd|cato_r of ar_1thropo
loam) genic habitats
. Wet Halophyte, a member
ss | Gl |t | et | Gossionay | US| of sl s o
P damp) nities
Salt marshes . .
. Annual. ' | Damp, salty | Clay and saline | Halophyte, dominant
56 | Climacoptera lanata Therophyte shor;a;kgi salt conditions substrates in saline communities
Non-saline
57 Caroxylon Annual. sands, less Arid Sandy and rocky | Psammophyte, indica-
scleranthum Chamaephyte | often, gravelly substrates tor of dry habitats
places
5 Halophytes, which are
Annual Takyrs, salt hMu(ﬁfJ?tg% C;%ey grsztvrt;l_ly indicators of saline
58 |Caroxylon nitrarium Theroph ' e marshes, salted marshes) and bear?r{p sub- soils, are integral to
phyt sands g semi-desert communi-
dry strates -
ties
59 Grubovia sedoides Annual Sglﬁgﬁgf‘zk‘& Moderately dr Clayey and ff\ytriT::e(r:T)kr)T?rrn?Jfr]?t?zleg- a
Therophyte solonetzic ydry compacted soils P o
weed species
steppes
. No data (absent
Halanthium Annual. . . .
60 kulpianum Therophyte in the rI;)M flo- — — A rare alien species
. . Takyrs, salt . . Halophyte, a member
P phyt serozems P nities
Salt marshes, .
wet and puffy _ Dominant of _
Halocnemum Shrub. Clay and silt | solonchak communi-
62 strobilaceum Chamaephyte salt marshes, Wet substrates ties, an indicator of
P and the shores : -
saline depressions
of salt lakes
Salt marshes, Obligate halophyte,
63 T;ngat?uns Trﬁ\a rrlguﬁl' e gravelly desert Arid gnrgir;zd ;gﬂ; indicator of desert salt
9 phyt slopes y marshes
Wet and puffy . Dominant of coastal
. Shrub. Clay and silt
64 | Halostachys caspica Phanerophyte. salt marshes, Wet Soils and salt mgr_sh com-
sea coasts munities
No data (absent
65 Halotham_nus Shrub. in the KM flo- — — Rare species
turcomanicus Chamaephyte ra)
Salt marshes,
- . Shrub. salt marshes, | Wet and semi- Halophyte, coastal
66 Kalidium caspicum Chamaephyte banks of salt wet Clay substrates stabiliser

lakes and rivers
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Continuation of Table 1

No View Life form Ha_bljcat Humidity Subst.r.ate _ Primary role_
salinity mobility in the community
Chalk out-
. . Annual. crops, gypsum- . Chalk and clay | Indicator of saline and
67 Caviria gossypina Therophyte bearing clays, Arid substrates gypsum-bearing soils
salt marshes
Sandy shores, A weed species, an
Lipandra Annual. cliffs, estuaries,| Moderately | Sandy and loose | . ed sp :
68 olysperma Therophyte and garbage humid soils inhabitant of anthro-
polysp p garbag pogenic habitats
dumps
Salt marshes,
river and lake . A weedy species, an
. Annual. Wet and semi- Sandy and S .
69 Oxybasis glauca banks, and indicator of saline
Therophyte vegetable gar- wet clayey substrates habitats
dens
Clayey
70 Pvankovia affinis Annual. solonchaks, | Arid and semi- | Clay and gravel | Halophyte, a member
y Therophyte takyrs, rubble- humid substrates of desert communities
clayey trails
Solonetz .
. . Annual. - ' . Clayey-gravelly | Member of halophytic
71 |Pyankovia brachiata highly Arid -
Therophyte solonetzic soils substrates communities
Forms clumps on salt
72 Petrosimonia Annual. Isgtc?rzrrﬂ:)ﬁ Moderately Clay and silt | marshes, an indicator
brachiata Therophyte y humid soils of wet halophytic
solonetz -
habitats
Petrosimonia Annual. Salt marshes, Clay compacted | Member of halophytic
3 glaucescens Therophyte solonetz Moderately dry soils communities
Wet salt
marshes, sors, . . Halophyte, an indica-
74 | Salicornia europaea Trf;z r:guEl. e sea coasts, and Wet Slltsﬁggt(:astilsme tor of waterlogged salt
phyt shores of salt marshes
lakes
Sandy areas of A weed species, an
. Annual. - Dry and Sandy and sandy | . _ .. L
75 Salsola australis Therophyte river valleys, moderately dry | loam substrates |nd|c§tor_of anthropo
saline places genic disturbances
Solonetzic .
" Annual. - . Sandy and sandy | Member of halophytic
76 Salsola paulsenii sandy soils, Arid L
Therophyte desert steppes loam desert communities
Salt marshes .
. Annual. - ' Dry and . Weed and halophytic
77 Salsola foliosa Chamaephyte satgl:;/crlgs, moderately dry Clay and saline species
Salt marshes, s
78 Suaeda acuminata Annual. salt marsh  [Semi-moistand| Clayey and tﬂ??fp?zﬁeﬁicswﬂ;:bﬁ:
Therophyte meadows, moist saline tats
wastelands
Salt marshes .
. . Annual. - ' Lo Saline sandy | Member of salt marsh
79 Suaeda kossinskyi Therophyte sors a|rr:a ;:ndy Semi-moist substrates communities
Coastal and . -
Annual. - Siltand salt | Halophyte, an indica-
80 Suaeda salsa Therophyte continental salt Wet marshes tor of coastal habitats
marshes
Caryophyllaceae
Holosteum Annual Non-saline clay Ephemeral, a member
81 umbellatum subsp. ) and rocky Dry Clayey and stony| of xerophytic commu-
. Therophyte 2.
glutinosum slopes nities
Weedy areas, .
Psammophiliella Annual. arable land, Moderately Various A weed_spe_cles that
82 - - occurs in disturbed
muralis Therophyte wastelands, salt humid substrates .
habitats
marshes
82 Fundamental And Experimental Biology. 2025, 30, 4(120)
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Continuation of Table 1

. . Habitat - Substrate Primary role
Ne View Life form salinity Humidity mobility in the community
83 Gypsophila Perennial. S';/,I%a;jgtv: papr:; Moderately dry| Sandy loam and ii?jrigst(;:rh:):‘nstzpapg
paniculata Hemicryptophyte. salt marshes and semi-moist| sierozem soils habitats
84 Gypsophila Perennial. Sands, pebbles, Semi-moist Sandy and 2?13?5) e(: doﬁarlri]ﬁi%?“n\/\f
perfoliata Hemicryptophyte. | salt meadows pebble substrates munpi ties
85 Silene wolgensis Biennial. Meadow and | Moderately A variety of I\/(I)?,(ln:re]:(rj ?{):Q; r:deaéi-
9 Therophyte grassy slopes humid grassy soils > €dg
communities
Rocky and An element of
86 Silene cvri Biennial. Non-saline Arid rav)éll xerophytic communi-
y Therophyte rocky slopes g y ties, an indicator of the
substrates ;
foothills
Solonetzic . -
- Annual. Moderately Clay and silt | Halophyte, an indica-
87 | Spergularia diandra Therophyte meﬁ?;\sﬁé Ssalt humid substrates tor of wet habitats
Spergularia Perennial. . . .
88 mediasubsp. media | Hemicryptophyte. Saline soils Wet Saline substrates | Coastal halophyte
Annual. Saline and :
89 Spergularia rubra |Therophyte/hemicr| sandy soils, |Moderately dry C?:ngy;g}?s Weed asnclgiilsophytlc
yptophyte weedy areas yey P
Ceratophyllaceae
. Fresh and . . Forms underwater
90 Ceratophyllum Perennial. slightly salty A_quatlc Sllty_bottom communities and sta-
demersum Hydrocryptophyte. water bodies | €nvironment sediments bilizes the bottom soils
Ranunculaceae
Adonis scrobiculata Annual. Saline and wet Wet and semi- | Sandy and sandy Epheme_ral, an |nd|c§-
1 subsp. scrobiculata Therophyte sands, shrub wet loam substrates tor of disturbed habi-
P- phyt thickets tats
Steppes and
Annual. Clay, sand and |Ephemer, a member of
92 |Ranunculus falcatus deserts, clay Dry ! ' o
Therophyte and sandy soils pebble substrates| desert communities
93 Ranunculus Annual. Deserts, clayey Arid Sandy and Ephemeral desert
testiculatus Therophyte and sandy soils clayey soils habitats
. Fixed and Member of ephemeral
Delphinium Annual. s "
94 semi-fixed Dry Sandy substrates | communities on the
camptocarpum Therophyte sands sands
Papaveraceae
Rocky and Crushed rock -
. Annual. . . Ephemeral, an indica-
95 | Papaver laevigatum gravelly slopes, Arid and variegated ' )
Therophyte pebbles rocks tor of rocky habitats
Brassicaceae
Rubbly, stony Loamy and Ephemeral, a member
96 turﬁel)s/f;rl:mum T@?Q“ﬁ;te and slightly Arid sandy loam sub- | of xerophytic commu-
P saline soils strates nities
Kakile
o Annual. Sea coasts Coastal halophyte, rare
97 marlgLr?(?r?:bsp. Therophyte (presumably) Wet Coastal sands alien species
Steppe slopes, Ephemeral, an indica-
. Annual. ' | Moderately | Clay and sandy . iy
98 Chorispora tenella Therophyte banks of reser humid loam substrates tor of disturbed habi
Voirs tats
A weedy species, an
- . Annual. Clayey and o .
99 Descurainia sophia Therophyte Salted areas |Moderately dry sandy loam mdmat;)rre 2: saline
Hilly sands,
100 Goldbachia Annual. sandy-rocky | Arid and semi-| Shifting sands, |Ephemer, a member of
laevigata Therophyte and clayey humid sandy loams desert communities
substrates
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Continuation of Table 1

Ne View Life form Hapl_tat Humidity Subst_r_ate . Primary role_
salinity mobility in the community
Sands and out- -
101 | Meniocus linifolius Annual crops of Ter- Arid Sandyand | Ephemeral indicator of
Therophyte : clayey substrates clay outcrops
tiary clays
Sands (often
Annual saline), gyp- Sandy and Ephemeral, a member
102 | Strigosella brevipes Therophyte sum clays, Arid gravelly of halophytic a[u_i de-
sert communities
pebbles
- Sands, alluvial
103 | Strigosella circinata Biennial. deposits, sandy Arid Sandy and sandy Ephe_:meral, a rare spe-
Therophyte loams loam cies on the plain
L Biennial. Steppe mead- Moderately |Sandy and sandy| Member of meadow
104 Syrenia siliculosa ows on sandy . -
Therophyte soils humid loam communities
Fabaceae
105 seu d:IIr:];gilsubs Perennial. Slﬁztlzsﬁgne Moderately Clayey and Halophyte, a
P g - Hemicryptophyte. y ' humid sandy depression indicator
persarum sands
Slightly saline
. . Perennial. sandy soils, Weed species, forage
106 | Alhagi pseudalhagi Hemicryptophyte. | edges of fixed Moderately dry Sandy shrub
sands
Astragalus Subshrub. Semi-fixed . e Psammophyte, sand
107 karakugensis Chamaephyte sands Arid Shifting sands fixer
Astragalus Subshrub. . . e Forage and soil-
108 ammodendron Chamaephyte Sandy soils Arid Shifting sands strengthening species
Geraniaceae
Annual Loamy soils, Loams and ston Ephemeral, an indica-
109 | Erodium ciconium ) variegated |Moderately dry . Y1 tor of disturbed habi-
Therophyte soils
flowers tats
Nitrariaceae
. Halophyte, an indica-
- Annual. Wet saline Clayey and
110 | Tetradiclis tenella Therophyte soils Wet saline tor of damp salt
marshes
Perennial. Sands, weedy . Weed species,
111 | Peganum harmala Hemicryptophyte. places Arid Sandy medicinal plant
Zygophyllaceae
Perennial. Sands, salt . Loamy and Halophyte, weed
112 | Zygophyllum fabago Hemicryptophyte. marshes Arid sandy species
Rutaceae
Sand and grav- Elements of
113 Haplophy_llum Subshrub. el deposits, Arid Pebbles and sand xerophytic
obtusifolium Chamaephyte - o
rocky ridges communities
Margins and
Haplophyllum Perennial. depressions of . Desert habitat
114 bungei Hemicryptophyte. | hummocky Arid Sandy indicator
sands
Euphorbiaceae
115 Euphorbia Annual. Weedy and Moderately Loamy and Weed, an indicator of
helioscopia Therophyte fallow areas humid garden soils disturbed habitats
Malvaceae
S Fine-grained
116 Malva pusilla Annual/biennial, and gravelly |[Moderately dry Rubble a_nd
Therophyte sandy soils
slopes, pebbles
Frankeniaceae
Wet banks, -
117 Frankenia hirsuta Subshrub. clay and rocky Wet Clay an_d stony | Halophyte, an |r_1d|ca-
Chamaephyte deserts soils tor of wet habitats
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Continuation of Table 1

Ne View Life form Hapi_tat Humidity Subst.r.ate . Primary role_
salinity mobility in the community
Tamaricaceae
Saline soils High .
118 Tamarix gracilis phaﬁz:ggh yie (solonetz, (groundwater | Sandy, clayey Egggfrgﬁgf;aelntshg;ﬁe;:
solonchaks) close)
Tamarix Shrub, Solonetz, salt .| Substrate stabilisation,
119 ramosissima phanerophyte marshes Average Sands, chalk hills habitat for birds
Solonetzes, .
120 Tamarix laxa oh aﬁg:ggﬁ yte solonchaks, Variable Sands Dom;g;nraﬁgist?ggnetz
takyrs
Elaeagnaceae
121 Elaeagnus Shrub/low tree, | Slightly saline Low Hummocky
angustifolia phanerophyte sands sands
Apiaceae
Perennial, Slightly saline - Elements of
122 Ferula nuda hemicryptophyte sands Average Semi-fixed sands psammophytic groups
. Perennial . . . Dom"_‘f’%”t of dr)_/ .
123 Ferula foetida hemi ; Avrid habitats Low Sandy hills communities, medici-
emicryptophyte
nal value
. Perennial/biennial, .
124 ?05"_‘_’& . hemicryptophyte/t | Not salted Dry Rocky slopes Member of xe_rpphytlc
absinthiifolia h communities
erophyte
Primulaceae
_ _ _ Rocky, gravelly Episodic component
125 | Androsace maxima |Annual, therophyte| Slightly saline Low sllopes of rock and steppe
phytocenoses
Plumbaginaceae
_ _ o Perennial Salt marshes, _ Salt-_laden _de- A weed species, an
126 | Limonium gmelinii hemicryptopt’wte salt marsh High pressions, river | element of anthropo-
meadows valleys genic habitats
. . . Perennial, . Damp meadows, | Indicator of saline and
127 | Limonium caspium hemicryptophyte Salt marshes High degressions wetland habitats
Gentianaceae
Centaurium Saline Sands, stream Indicator medicinal
128 pulchellum Annual, therophyte substrates Average banks plant
Apocynaceae
Cynanchum acutum Perennial, lightl sali IRubee-rqcky
129 subsp. sibiricum hemicryptophyte Slightly saline Average slopes, variegat- | Weedy appearance
ed flowers
Convolvulaceae
. Coastal sands | A rare protected spe-
130 Convo_lvulus P_erennlal, Salt-laden Average (200 m from the | cies, aﬁ indicator%f
persicus hemicryptophyte sands -
sea) coastal communities
131 C:Q‘ég'g’:dgs chsaun:);Z;;E/,te Slightly saline Low H”Izair:di flat Sand stabilizer
Miscellaneous
132 Convolvulus Perennial, Wide range Fromdryto | (vegetable gar- | A weed species with a
arvensis hemicryptophyte wet dens, wastelands, | broad ecological range
fields)
Boraginaceae
Shell rocks, Coastal stabiliser
R Perennial, Lightly saline boulders, peb- :
133 |Tournefortia sibirica hemi Average forms protective
emicryptophyte coasts bles, storm surg- o
e communities
134 Heliotropium Perennial, Non-salted or Average Rocky shores, A;?%?;Q:;T ggmﬁ?t
ellipticum hemicryptophyte | slightly salted mountain trails

ties
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Continuation of Table 1

Ne View Life form Hapl_tat Humidity Subst.r.ate . Primary role_
salinity mobility in the community
Annual or biennial, Rocky and Ephemeral desert and
135 Lappula barbata therophyte Unsalted Low gravelly slopes |mountain communities
sands. sand A weedy and ephem-
136 Lappula patula  |Annual, therophyte|  Unsalted Low ’ Y | eral species of desert
loams, pebbles
steppes
Lamiaceae
Rocky and grav-
. N elly slopes, forest| A weed species, an
137 amLallglilér:ule Ann;ﬂr%r E'yizmal’ Unsalted Average edges, fields, and| indicator of disturbed
P P vegetable gar- habitats
dens
Orobanchaceae
. . A parasitic plant af-
Perennial Solonetzic Clay and sandy
138 | Orobanche amoena . ’ Average fects the structure of
hemicryptophyte steppes substrates communities
Asteraceae
. . Subshrub, Salted coasts, Dominant desert
139 | Artemisia arenaria chamaephyte sands Low Sandy substrates vegetation
. Steppe and . .
. . Perennial, - Sandy and sandy | A widespread species,
140 | Artemisia austriaca chamaephyte solonetzic Average loam soils it grows as a weed.
meadows
N Subshrub, nght chestnut Rocky, gravelly, Member of cereal-_
141 | Artemisia lercheana chamaephyte soils, chalk Low sandv substrates wormwood communi-
P outcrops y ties
142 Artemisia Hamephyte, Saline and Medium-hiah BIzT(I;Z o;‘nrév;r_s, Medicinal species,
abrotanum hemicryptophyte |moist meadows g v'ines found in agrocenoses
Weed and Sandy loam, | A weedy species that
143 | Artemisia scoparia |Annual, therophyte steppe Average sandy, loess | quickly colonises dis-
communities slopes turbed lands.
Artemlsm Subshrub, Sands, salted . Dominant of local
144 | marschalliana var. Low Sandy soils L
. chamaephyte coasts desert communities
marschalliana
. . . Potential component
145 Cicerbita Fterenmal, Not salted Moderate Forest anc_j of wetland communi-
macrophylla hemicryptophyte meadow habitats ties
146 Lactuca serriola Annual/biennial, Sslcl)%zﬂgnstzrg-e Average Sands, vegetable| A common weed
therophyte " g gardens, roads species
pogenic places
. Salt marshes, Pebbles, . .
147 Lactuca tatarica Perennial, saline clays Average sandstone Indicator of saline
hemicryptophyte Y g habitats
and sands outcrops
. Solonchaks, Sandy and
148 Mllgrr:])gflp:tl;la Annual, therophyte| clayey, takyr- Average gravelly Epcr:)er?ne]rjlr: ictiitzssert
like soils substrates
Senecio glaucus Salt marshes, An ephemeral species
149 subsp. Annual, therophyte| solonetzic Medium-high | Salt meadows | in salt marsh commu-
coronopifolius meadows nities

Floristic composition analysis revealed a diverse range of life forms and ecological strategies among the
plants represented in the studied sample (149 species). The most significant proportion is made up of annual
therophytes (70 species, 47.0%), which form the basis of ephemeral and ephemeroid communities character-
istic of desert and semi-desert habitats. Perennial hemicryptophytes (30 species, 20.1%), represented by
steppe and meadow species that form dense sods and ensure the stability of the vegetation cover, are of sig-
nificant importance. Hydrocryptophytes (10 species, 6.7%), confined to aquatic and coastal biotopes,
chamaephytes (10 species, 6.7%), and geocryptophytes (5 species, 3.4%) were also noted. Phanerophytes
(7 species, 4.7%) are represented by shrubs and small trees that play a key role in stabilising the substrate
(e.g., Tamarix, Halostachys). Mixed life forms comprise 11.4% of the flora.
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In terms of habitat salinity, non-saline biotope species predominate, comprising 40 species (26.8%).
However, a significant portion of the flora is formed by halophytes: solonchaks (30 species, 20.1%),
solonetzic (20 species, 13.4%), and slightly saline habitats (20 species, 13.4%). Another 15 species (10.1%)
are associated with brackish and saline water bodies, while 12 species (8.1%) inhabit freshwater environ-
ments. Thus, almost half of the flora is represented by halophytes, emphasising the adaptation of the vegeta-
tion to the extreme conditions of saline and arid ecosystems.

The calculation of diversity indices revealed that the flora is characterised by a relatively high level of
species and structural diversity (Tab. 2).

Table 2

Biodiversity indices

Index Meaning
Shannon H' 1.55
Simpson D 0.71
Saw J 0.79

The Shannon index was H' = 1.55, reflecting the presence of several major life-form groups dominated
by therophytes. The Simpson index was D = 0.71, indicating a relatively high probability of encountering
different groups if randomly selected. The Pilou evenness index (J = 0.79) indicates a relatively balanced
distribution of species among the various life forms.

Overall, the results of the analysis confirm that the flora of the studied area is ephemeral and
ephemeroid in nature, but is also distinguished by a pronounced mosaic: along with ephemerals, perennial
halophytes, shrubs, and hydrophytes play a significant role, forming a stable and diverse vegetation cover
adapted to sharp fluctuations in humidity and salinity of habitats.

Canonical correspondence analysis (CCA) of the Kulaly Island flora revealed key ecological gradients
that determine the spatial distribution and structural organisation of plant communities. Factors such as sub-
strate salinity, moisture level, and soil mobility were included as key predictors in the analysis, allowing for
a comprehensive characterisation of the ecological niche of each species (Fig.).
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Figure. Canonical analysis of the environment and biodiversity flora of Kulaly Island
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The distribution of objects on the diagram showed that the CCA1 axis best reflects the salinity gradient,
which is closely related to moisture conditions. Typical halophytes from the Chenopodiaceae and
Amaranthaceae families are located at the positive pole of the axis. Suaeda salsa, Halochemum
strobilaceum, Kalidium caspicum, Halogeton glomeratus, Atriplex dimorphostegia, Salsola paulsenii, and
others. These species are confined to salt marshes and areas with high salt concentrations, forming distinct
communities that are resistant to the extreme conditions of mineralised soils. On the opposite side of the axis
are hydrophytes and coastal species—Typha angustifolia, Typha latifolia, Stuckenia filiformis, Zannichellia
palustris, Ruppia maritima, Ceratophyllum demersum, reflecting freshwater aquatic habitats. Thus, the
CCA1 axis represents the primary ecological-geochemical contrast in the island’s flora, ranging from fresh-
water to saline ecotopes.

The CCA2 axis broadlycharacterises the influence of substrate mobility and moisture gradients. The
upper part of the diagram contains species associated with dune and sand ecotopes characterised by high
substrate dynamics—Agriophyllum pungens, Aristida adscensionis, Carex physodes, Corispermum
aralocaspicum, and Anabasis eriopoda. Their spatial displacement indicates the significant role of edaphic
instability and wind activity in the formation of phytocenoses. Species that prefer more stable substrates,
such as Suaeda acuminata, Artemisia arenaria, and Atriplex tatarica, are concentrated closer to the centre of
the diagram, demonstrating a broad ecological amplitude range and plasticity in relation to substrate condi-
tions.

Coastal hygrophilous species occupy a special position (Phragmites australis, Bolboschoenus
maritimus, Polypogon monspeliensis), which form a cluster in the lower left quadrant of the ordination. Their
placement confirms that humidity is the second most crucial factor structuring the island’s vegetation cover.
In contrast, xerophytes (Astragalus ammodendron, Artemisia scoparia, Ephedra distachya,
Haplophyllumbungei) are shifted to the right pole of the diagram, which reflects their adaptation to arid con-
ditions and moisture-poor substrates.

Thus, the CCA results indicate that the primary ecological determinant of Kulaly Island’s vegetation
cover is salinity, which shapes the fundamental division of the flora into hydrophilic and halophytic com-
plexes. A secondary, but significant, role is played by the moisture gradient, which creates a contrast be-
tween coastal and dry arid communities. Finally, substrate mobility determines the specificity of dune and
psammophyte assemblages, increasing their ecological selectivity and limiting species composition. The ob-
served species distribution confirms the high ecological mosaicism of Kulaly Island’s flora, where each spe-
cies or group of species occupies a strictly defined position within the spatial distribution of environmental
axes. This spatial structure highlights the adaptive strategies of plants in the extreme conditions of arid-salt
marsh landscapes in the northeastern Caspian.

Conclusion

The flora of Kulaly Island is characterised by a significant diversity of vascular plants—149 species—
reflecting a wide range of life forms and ecological strategies. The most abundant taxa are annual
therophytes (47.0%) and perennial xerophytes, indicating the vegetation’s adaptation to the extreme condi-
tions of an arid climate, high salinity, and dynamic substrate. Perennial halophytes and shrubs play a crucial
role in stabilising ecosystems, strengthening soil substrates, and forming resilient communities.

Calculation of biodiversity indices confirmed the high structural mosaicity of the flora. The Shannon
index (H' = 1.55) and Simpson index (D = 0.71) indicate a relatively high level of alpha diversity. In con-
trast, the Pilou evenness index (J = 0.79) reflects a balanced distribution of taxa across different ecological
groups. This indicates the presence of a stable floristic structure even under conditions of sharp fluctuations
in habitat humidity and salinity.

Canonical correspondence analysis (CCA) identified three key ecological gradients determining the
spatial distribution of flora: salinity, humidity, and substrate mobility. The primary division of flora is deter-
mined by the contrast between freshwater and saline biotopes, while secondary factors structure coastal, arid,
and dune communities. This spatial organisation confirms the high ecological flexibility of the Kulala flora
and its ability to form stable phytocoenoses in the extreme conditions of the arid-salt marsh landscape.

At the same time, the vulnerability of rare and locally distributed taxa to anthropogenic impacts (fish-
ing, economic use) and fluctuations in the Caspian Sea level was revealed. This highlights the need for sys-
tematic monitoring of the island’s flora, the implementation of environmental measures, and the develop-
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ment of long-term biodiversity conservation programs. Data obtained from a scientific basis for assessing the
dynamics of island ecosystems can be used to develop strategies for the sustainable use of the region’s natu-
ral resources.
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Kacnmii Tenizinin Kazakcran aiimarbIHIaFbI
Kyaaasl apangapbIiHbIH 6CiM/IIK KAMBLIFBICHI

3eprreyne Kacmmii TeHi3iHIH Ka3aKCTAaHIBIK CEKTOPHIHAA OpHajdackaH Kyitanel apaiblHBIH TaMBIPIIEI
OCIMAIKTEiHIH (IOPAJIBIK KOHE SKONOTHSUIBIK allyaH TYPIUITiHIH KeIIeHi Tangaysl YChIHBUIFaH. Jlananbik
3eprreynep O6apbicsiHna 6apiasirbl 149 Typ Tipkenmi, onapasly imriHAe 6ackiM Oeiri OipKbUIIBIK TepoduTTep
(47,0%) MeH KeIDKbULABIK Kcepodutrep Oosibl. byn ¢uopaHblH apuaTi KIMMAaTKa, TONBIPAKTBHIH KOFAPhI
TY3ABUIBIFBIHA XKOHE TYPaKChI3 cyOcTparrapra OeiiMaenyiH kepceremi. TyprepniH Herisri Oemiri KymIbl
JKOHE COp TOIBIPAKTH OHOTONTapMeH OalIaHBICTHI, al CyNbI-0AaTIIaKTHI JKOHE Cy SKOXKYHenepiHae cabl-
CTBIPMAJIBI TYpJE a3JaraH TaKCOH/Ap FaHa Ke3mecTi. Anbga-alyaHTYPIUIIKTI CaHIBIK Oaranay HOTIDKECIHe
Hlennon (H' = 1,55), Cummcon (D = 0,71) sxene [Tumy (J = 0,79) urnexcrepi ¢iaopa KypbUIEIMBIHBIH KOFaphbl
MO3aMKAaIBLIBIFBIH JKOHE SKOJOTHSUIBIK TONTAPBIH CaJbICTHIPMAalbl TYpAe TEHTepiMIl TapaayblH KepCeTTi.
Kanounpix koppecnonaenttik tanaay (CCA) eciMaik ®KaMbUIFBICBIH KYPBUIBIMIAUTBIH HETIi3T1 9KOJIOTHSUIBIK
TPaJMEHTTEePli — TONBIPAKTHIH TY3ABUIBIFBIH, BUIFAJJIBUIBIKTEL JKOHE CYOCTPATTBIH KO3FaJMalbUIbIFbIH
aHbIKTagel. byn ¢axropiap ramoduTTik, ICaMMOQUTTIK >KOHE THAPO(GMIBbIAI KaybIMOACTHIKTAPABl alKbIH
aXpIpaTagpl. 3epTTey HOTIKeNepi (pIopaHBIH >KOFaphl SKOJOTHSIBIK MKEMIUTITIH, COHBIMEH KaTap CHpPeK
JKOHE IIEKTEeYJi TapajfaH TakCOHAapAbH Kacrmil TeHi3i JeHreiiHiH THAPOJIOTHSUIBIK ayBITKyJIapblHa YKOHE
AHTPOTOTCHIIK dCepIIepre OCAIIBIFBIH KOPCETTI. AJIBIHFAH JEPEKTep OHOATYaHTYPIUTIKTI MOHHUTOPUHITEY,
TeHETUKAJBIK pecypcTapipl cakray jkoHe bartbic KasakcTaHHBIH HO3IK apuATI HKOXKYHENepiH TypakKThl
Oackapy YIIIiH MaHbI3/Ibl FRUIBIMU HET13 OOJBIT TaObLIa b

Kinm ce30ep: Kynaner apansl, Kacnnii TeHi3i, TaMbIpIbI eciMAiKTep, OHOATyaHTYPILTIK, TaTopuTTEp, caM-
Modurtrep, lllenHon nHaekci, JKakkap HHICKCI, apUATI SKOXKYHeTep, TeHKOPABI CaKTay

M.C. CarsinabikoBa, ['.I'. 'acanoBa, A.A. man6aesa, A.E. Opazos

PacturesbHblii MOKpoB ocTpoBa Kysassl
B Ka3zaxcranckom cekrope Kacnmiickoro mops

B craTbe npezcTaBieHsl pe3ysbTaThl KOMIUIEKCHOTO aHAN3a ()IIOPUCTHYECKOTO M IKOJIOTHYECKOT0 Pa3Ho00-
pa3usi COCYIUCTBIX pacTeHHH ocTpoBa Kymaisl, pacrososkeHHOro B Ka3axcTaHCKOM cektope Kacmuiickoro
Mopsi. B xo71e monieBbIX HcciieoBaHUi ObUTO BBISABICHO 149 BHIOB, Cpelr KOTOPBIX MPE00IaaatoT OIHOIET-
Hue TepoduTs (47,0%) 1 MHOTOJIETHHE KCEPO(UTHI, 9TO OTpaXkaeT aJanTaruio (GpIopsl K apuAHOMY KIHMaTy,
BBICOKOMY YPOBHIO 3aCOJICHHS TI0YB U TTOJBIDKHBIM cyOcTpaTtaM. OCHOBHAsI 9acTh BHJIOB IIPHUYpPOUYEHa K TIec-
YaHBIM M COJIOHYAKOBEIM OMOTOIIAaM, TOT/[a KaK BOJJHO-OOJIOTHBEIE M aKBAIBHBIE YKOCHCTEMBI XapaKTePU3YIOT-
Csl MEHBIIIM YHCIIOM TakcOHOB. KommuecTBeHHas oreHKa anbgha-pasHooOpas3us MoKa3aia CIeIyIoIie 3Ha-
yenust: unaekc [lennona (H' = 1,55), ungekc Cumrcona (D = 0,71) u unaexc paBHomeproctr Iuy (J =
0,79), 4TO CBHAETENBCTBYET O BBIPAKEHHOH CTPYKTYPHOI MO3aMYHOCTH M COQIAaHCHPOBAHHOM paclipeserne-
HHUHU 3KoJiornueckux rpymm. Kanonndeckuit koppecrionaentHblid ananmu3 (CCA) BBIIBHI TPU BEAYLIUX JKO-
JIOTUYECKUX TpaJieHTa — 3acOJEHHOCTh, BIAXHOCTh M MOABMIKHOCTB CyOCTpata, KOTOpPBIE OMPENeISIOT
MPOCTPAHCTBEHHOE pactpenenieHne (iopsl 1 GopMupoBaHHe ralo(QUTHBIX, IICAMMO(GHUTHBIX U THIPOQPHUIb-
HBIX cooOmmecTB. [lomydeHHbIE TaHHBIE AEMOHCTPHPYIOT BBICOKYIO SKOJOTHUYECKYIO IUIACTHIHOCTH PACTH-
TENBHOCTH, a TAKXKE ySI3BUMOCTb PEIKUX U JIOKAIFHO PAacIpOCTPAHEHHBIX TAKCOHOB K THAPOJIOTHIECKUM KO-
nebaHusaM ypoBHS Kacnmiickoro Mopst ¥ aHTPOIIOTeHHOMY BO3ZA€ICTBHIO. Pe3ynbTaThl HCCIemoBaHHS CITyKaT
B&KHOW HayYHOH OCHOBOW 11 MOHMTOPUHTra OGHOpa3HOOOpa3usi, COXpaHEHHUs TeHETHYECKHX PECYpPCOB U yC-
TOMYMBOTO YNPaBIECHUS apUIHBIMU 3KocucTeMaMu 3ananaHoro Kazaxcrana.

Kouegoie cnosa: octpoB Kynansl, Kacriuiickoe Mope, cocyanucTsie pacteHus, bnuopasnoobpasue, ranopurs,
ncamMoutsl, naaekc lllenHona, nuaekc YKakkapa, apuHble SKOCHCTEMBI, COXpaHeHHe TeHO(oHIa
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The impact of heavy metals on plant organisms and methods
of their analysis: an overview

This review provides a detailed analysis of the impact of heavy metals on plant organisms, with a focus on
the specific issue of aluminum toxicity in Kazakhstan’s industrial regions. The rapid expansion of mining and
metallurgical industries has resulted in elevated pollutant emissions, with aluminum posing a significant envi-
ronmental risk. Unlike other metals, its phytotoxicity manifests indirectly through soil acidification caused by
acid rain (resulting from SO, and NOy emissions), which mobilizes toxic AI** ions from aluminosilicates.
The Pavlodar region serves as a case study to examine secondary aluminum contamination and its major ef-
fects on plant roots, including growth inhibition, cytoskeleton disruption, mineral nutrient imbalance, and ox-
idative stress. The review compiles data on heavy metal accumulation in plants across Kazakhstan and criti-
cally evaluates advanced analytical techniques (ICP-MS, XAS, EXAFS) that are essential for determining
aluminum bioavailability and toxicity. It also highlights the role of plants as bioindicators and the potential of
phytoremediation technologies. Based on current research, the review recommends adaptive measures for
Kazakhstan, including soil liming, the use of aluminum-tolerant plant species, and implementation of modern
environmental monitoring to reduce ecological risks and maintain ecosystem productivity.

Keywords: heavy metals, aluminum, phytotoxicity, industrial pollution, acidic soils, environmental monitor-
ing, bioavailability, phytoremediation

Introduction

The rapid pace of world development and its inevitable consequences significantly influence the envi-
ronment, state, and stability which are closely related to human health and life. The transition from socio-
economic development to industrialization in the past century led to the predominance of industrial produc-
tion in the economy. The consequences of past industrial development are reflected in the current state of
resources and the sustainable development of the environment. Despite modern society’s transition to a new
stage of industrialization based on engineering, intellect, and automated IT technologies, the impact of indus-
try and the degree of anthropogenic influence reach critical levels every year [1].

Kazakhstan is one of the largest producers and exporters of nonferrous and rare metals, including lead,
copper, and zinc, as well as coal and oil. The rapid growth of industry, not always accompanied by adequate
measures for environmental protection, leads to the accumulation of toxic chemical elements present in
emissions in the soil, water, and vegetation, which has significant long-term ecological consequences. High
levels of pollution are observed in areas where metal mining and processing are actively conducted, such as
lead, cadmium, zinc, copper, chromium, and others. These elements enter the environment through atmos-
pheric emissions, wastewater, and industrial waste, leading to their accumulation in vegetation, soil, and wa-
ter [2]. Special attention is given to the stress exerted on the environment, where heavy metals (HMs) are
considered a significant factor [1]. Overall, HMs are natural components of the Earth’s crust, but anthropo-
genic activities result in a radical alteration of their biochemical balance and geochemical cycle [3]. As a re-
sult of being released into the atmosphere, they can travel long distances, with air masses settling on vegeta-
tion and soil. Under the influence of abiotic factors, HMs penetrate plant tissues initially due to plants’ need
for certain chemical elements. However, excessive accumulation later leads to a negative impact on plant
life. The problem of heavy metal pollution is particularly acute in areas concentrated with large enterprises in
the mining and metallurgical industries, as well as along major transportation routes.

92 Fundamental And Experimental Biology. 2025, 30, 4(120)


https://doi.org/10.31489/2025FEB4/92-109

The impact of heavy...

Kazakhstan is facing a serious ecological situation related to high concentrations of heavy metals in var-
ious country regions. In particular, it is known that five settlements in Kazakhstan (Karaganda—high con-
centration of coal industry, metallurgical plants, and intense automotive traffic; Astana—automotive
transport, heating (coal and gas), construction, and overall urbanization; Talgar—agriculture, increasing traf-
fic flow, and construction in the suburbs of Almaty; Aktobe—intensive development of chemical and metal-
lurgical industries, as well as increased vehicle traffic; Aksai—industrial development, transportation load,
and local heating) are classified as cities with very high air pollution. Additionally, another 21 cities are clas-
sified as having high pollution levels, and 28 cities have elevated pollution levels. According to data from the
Department of Environmental Monitoring of the Ministry of Ecology and Natural Resources of the Republic
of Kazakhstan over the past five years (from 2020 to 2024), a consistently high level of air pollution has
been observed in Astana and Karaganda. The main pollutants for these cities are suspended particles (dust),
PM-2.5 and PM-10 suspended particles, carbon monoxide, nitrogen oxides, and hydrogen sulfide [4].

Despite the traditional association of heavy metal pollution with elements such as lead, cadmium, and
mercury, the issue of aluminum (Al) toxicity is becoming increasingly relevant in the context of intensive
industrial development. This is particularly true for the Pavlodar region of Kazakhstan—a key industrial hub
that hosts major energy facilities (Ekibastuz GRES), aluminum production, and oil refining enterprises. The
paradox of aluminum pollution lies in the fact that its main source is not direct emissions, but secondary con-
tamination processes. Massive emissions of sulfur dioxide (SO;) and nitrogen oxides (NOy) from coal com-
bustion and industrial activities lead to acid rain. Acidification of the soil environment (pH < 5.0) causes the
dissolution of natural aluminosilicates, resulting in the release of AI** ions into the soil solution—the most
toxic form of aluminum for plants [5-7]. Thus, although aluminum is not a platinum-group metal in terms of
density, it represents a classic example of an “ecotoxicant”, whose negative impact on ecosystems is directly
linked to anthropogenic activities and constitutes a dominant stress factor for plants in industrial regions with
acidic soils.

Pollution by heavy metals has long-term negative consequences for human health. The risk of heavy
metal poisoning can arise through several pathways: inhalation of polluted air, consumption of contaminated
food (especially vegetables and fruits that accumulate toxic substances from the soil), and through contami-
nated drinking water, into which chemical elements often enter through air masses. The impact of this pollu-
tion on ecosystems primarily manifests itself in the disruption of biochemical and physiological processes in
plants. Heavy metals have the ability to accumulate in plant tissues, leading to reduced growth, productivity,
and photosynthesis capacity. Soil forms a close connection with plant organisms. Excessive accumulation of
pollutants in plants often depends on soil properties and conditions, which, after reaching certain thresholds,
stimulate the mobility of pollutants from soil to plants [3]. The entry of toxic substances into the food chain
can harm not only vegetation but also animals and humans. The urgency of the problem lies in the fact that
heavy metals have a cumulative effect, meaning they accumulate in the body and can cause chronic diseases,
including severe damage to the kidneys, liver, and nervous system, as well as increase the risk of developing
cancer [8]. The problem of aluminum toxicity, while distinct in its mechanism, adds another layer of urgency
to this issue. Its impact is not through direct accumulation in the food chain like cadmium or lead, but
through the large-scale degradation of the very basis of agricultural and natural ecosystems—the soil itself.
In regions like Pavlodar, this leads to a silent but steady decline in soil fertility and plant productivity, posing
a direct threat to food security and environmental health [9].

In Kazakhstan, particularly in areas exposed to pollutants, there has been an increase in morbidity
among the population, including a rise in cases of diseases associated with the accumulation of aluminum,
lead, cadmium, and other toxic substances in the body. Furthermore, chronic exposure to bioavailable
aluminum (Al), mobilized from soils by industrial acidification, has been linked to neurodegenerative
disorders and bone diseases, adding a significant layer of public health concern in regions affected by acid
rain deposition. Research into mortality causes in key regions of Kazakhstan with high levels of air pollution
has shown that the main factors contributing to mortality were ischaemic heart disease (4080 cases), stroke
(1613 cases), lower respiratory infections (662 cases), chronic obstructive pulmonary disease (434 cases),
and lung cancer (332 cases). The mortality rate associated with environmental pollution ranged from 276 to
373 cases per 100000 adults per year in three industrial cities—Zhezkazgan, Temirtau, and Balkhash [10].
According to the Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the
Republic of Kazakhstan and the National Report on the State of the Environment and Use of Natural
Resources of the Republic of Kazakhstan, it was found that between 2017 and 2022, emissions of pollutants
into the atmosphere from stationary sources in the country decreased by only 1.82% (from 2357.8 to 2314.8
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thousand tons) [11]. The maximum peak during this period occurred in 2019 (2483.1 thousand tonnes).
Industrial areas such as Karaganda and Zhezkazgan have high levels of lead and cadmium pollution due to
the activities of metallurgical enterprises and mines. According to studies of the air basin for specific
pollutants conducted in recent years, it was found that emissions of lead and its compounds amounted to
213.4 tonnes; 54.1 tonnes were attributed to arsenic, 56.6 tonnes to chlorine, 103.0 tonnes to copper oxide,
and the lowest indicator was characteristic for mercury (0.2 tonnes) [12]. It is critical to note that while
official emission inventories often focus on direct particulate and gaseous emissions, they typically do not
account for secondary pollutants like bioavailable aluminum. The mobilization of AI** from soils, resulting
from the acidification caused by prior SO, and NOx emissions, represents a significant and underreported
pathway of ecosystem contamination and human exposure in industrial regions such as Pavlodar and
Temirtau [5-7]. Despite the scale of pollution, according to hygienic standards for atmospheric air in urban
and rural settlements on the territories of industrial organisations (Order of the Minister of Health of the
Republic of Kazakhstan dated August 2, 2022 No. KR DSM-70), actual emissions of these substances did
not exceed the volume of established maximum allowable emissions [13].

One of the most effective ways to minimise the impact of heavy metals on public health is
environmental monitoring, including the use of certain plants as indicators (their role as bioindicators is
confirmed by quantitative and/or qualitative analysis), which allows for the prompt detection of changes in
ecosystems and assessment of pollution levels. This is especially pertinent for monitoring non-exhaustive
pollutants like aluminum, where traditional air quality metrics are insufficient. Bioindication using plants
becomes a crucial tool for assessing the bioavailability of Al and the success of soil remediation efforts
aimed at neutralising acidity. The relevance of this work is determined by a number of factors that influence
the dynamics of changes regarding the impact of heavy metals on ecosystems and human health [14].

First, there are annual changes in the volumes of emissions from industrial enterprises, leading to
fluctuations in the concentrations of toxic pollutants in the environment. These fluctuations directly influence
the rate of soil acidification, which in turn governs the mobilisation and subsequent phytotoxicity of
aluminum, creating a dynamic and often delayed environmental stressor. Modern rates of industrial
modernisation, including the introduction of new technologies, are often accompanied by both improvements
in environmental standards and temporary disruptions related to the modernisation of production capacities.
Industrial enterprises continue to be the main sources of pollution, and their emissions into the atmosphere
can vary significantly depending on the economic situation, changes in legislation, and the implementation
of new technologies [15]. Tracking these changes requires systematic analysis of scientific publications, in-
cluding new data obtained from current research that helps to understand new trends in pollution dynamics.

Secondly, in recent years, active landscaping and greening of urban areas have been conducted, which
can influence the accumulation of heavy metals (HMs) in plants and soils, as well as the processes of their
migration through biosystems. The selection of plant species for landscaping in industrially acidified areas
like Pavlodar must consider aluminum tolerance. Choosing sensitive species can lead to project failure and
wasted resources, while selecting hyperaccumulators without a proper disposal plan could inadvertently in-
troduce toxins into the urban environment. Landscaping and the implementation of new methods of ecologi-
cal compensation in cities create a need for regular reassessment of existing data and research methodologies
regarding pollution. These activities necessitate continuous monitoring and updating knowledge about how
HMs affect the ecological situation and what methods can be used for effective assessment of the urban eco-
system’s condition, as well as quantitative accounting of the studied pollution indicators [7].

Thirdly, with each passing year, new and improved methods for researching and analysing chemical
pollution of the environment are being developed, including the use of high-precision analytical instruments,
more sensitive tests, and cutting-edge technologies for monitoring and predicting pollution. For aluminum,
this includes advanced speciation techniques like X-ray Absorption Spectroscopy (XAS) to determine its
chemical form in plants and soils, which is critical for accurately assessing its bioavailability and toxicity,
beyond what simple concentration data from ICP-MS or AAS can provide [15]. Therefore, reliable and prac-
tical methods for detecting and analysing absorption, distribution, accumulation, chemical forms, and
transport of HMs in plants are essential for reducing or regulating the content of xenobiotics. New approach-
es in bioindication, improved methods for measuring HM concentrations, and a deeper understanding of their
accumulation mechanisms in ecosystems require regular updating of scientific data and practical recommen-
dations for research. This enables the study of plant responses to pollutants and the identification of differ-
ences in HM content among individual plant species and taxonomic groups. In recent years, special attention
has been paid to the impact of HMs on plants and the processes of their absorption and transportation by
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plant organisms [16]. A review of contemporary achievements in this field allows not only for summarizing
the accumulated experience but also for assessing directions for further research and the development of
more effective technologies and methods. A significant part of this effort must be dedicated to understanding
the specific mechanisms of aluminum uptake, distribution, and detoxification in plants, as they differ funda-
mentally from those of canonical heavy metals. Thus, conducting a literature review on the topic of heavy
metal pollution and its effects on plant organisms is essential for maintaining the relevance of knowledge in
this area. Therefore, this review, while addressing the broader spectrum of heavy metal impacts, will particu-
larly focus on aluminum as a key pollutant in industrially acidified environments, using the Pavlodar region
as a case study. This focus aims to synthesize the available information on Al’s specific phytotoxicity, ana-
Iytical methods for its detection in environmental samples, and the ecological implications for similar indus-
trial regions [7]. This not only allows for the systematization and analysis of existing data but also takes into
account the dynamic changes in the ecological and technological spheres of the Republic of Kazakhstan,
which in turn contributes to optimizing research methods, enhancing the effectiveness of environmental
monitoring, and protecting public health.

Experimental

This literature review employs a systematic approach to analyze the impact of heavy metals on plant
organisms, with a concentrated focus on aluminum toxicity in the context of the Pavlodar region, Kazakh-
stan. The methodology integrates comprehensive literature search strategies with critical analysis techniques
to ensure scientific rigor and relevance.

The research methodology included four key stages:

1. Database Search: A comprehensive literature search was conducted in the Web of Science (WoS)
Core Collection and Scopus databases for the period 2014-2025 to ensure inclusion of the most recent re-
search. Foundational works from 1990-2013 were also included to provide historical context and theoretical
framework, particularly for fundamental principles of heavy metal toxicity and early interdisciplinary ap-
proaches in environmental studies [17-19].

2. Search Strategy: The search utilized structured keyword strategies with Boolean operators. Primary
general terms included: (“heavy metal” OR “trace metal”) AND (“plant” OR “phytotoxicity” OR
“bioindication” OR “bioaccumulation”). The specific search for the aluminum case study employed: (“alu-
minum” OR “aluminium”) AND (“toxicity” OR “acid soil” OR “stress””) AND (“plant”) AND (“Kazakh-
stan” OR “Central Asia” OR “Pavlodar region”).

3. Screening and Selection: Articles underwent rigorous screening by title, abstract, and full text. Priori-
ty was given to original research articles, high-impact reviews, and studies utilizing advanced analytical
methods (ICP-MS, AAS, XAFS) relevant to metal speciation and quantification, ensuring both methodologi-
cal rigor and regional relevance [1, 3, 18].

4. Data Analysis and Synthesis: Selected literature was analyzed using critical assessment methods to
evaluate scientific significance and reliability, with emphasis on high-impact publications. Information was
synthesized through systematic integration of disparate data into coherent frameworks, connecting funda-
mental plant physiology with applied environmental science in specific geographical contexts [20].

The review is based on analysis of 58 scientific publications, encompassing both general heavy metal
impacts (Cd, Pb, Cu, Zn, Ni, Cr, Hg, Mn, Fe, As) and specialised research on aluminum toxicity, fulfilling
standard requirements for comprehensive review articles while maintaining focus on methodological ad-
vances and regional environmental challenges.

Sources of plant contamination by HMs

The ability of plant organisms to accumulate various chemical elements (with heavy metals being of
particular importance) plays an important role [21]. The accumulation and deposition of these elements in
plant organs in quantities exceeding norms influence the plants and is known as an indicator of anthropogen-
ic influence (industrial and transportation emissions often being the main sources). As a result of human ac-
tivities, almost 60% of all heavy metals end up in the atmosphere, with cadmium, nickel, and lead reaching
over 90% [22].

Heavy metals are chemical elements that can enter plants in three ways: through air, soil, and water.
Significant levels of anthropogenic load have a considerable impact on the environment, which affects
plants. The main source of HM contamination in plants comes from industrial facilities and transportation.
The annual development of industry and increased work volumes at such facilities lead to higher emissions
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of xenobiotics into the atmosphere. Air masses carrying pollutants over significant distances contribute to
their settling on plants, accumulation in soil, and entry into water sources [23]. As a result, contaminants en-
ter plant organisms directly through their tissues, as well as through nutrients and water in the soil, often be-
coming the final source of toxic chemical element deposition.

Kazakhstan, with its extensive industrial and mining sectors, is a significant source of environmental
pollution from heavy metals. The country possesses large deposits of minerals and fossil fuels, and its rapid
industrialisation has led to increased levels of pollutants, including heavy metals, in both urban and rural are-
as. The main sources of heavy metal pollution in Kazakhstan include the mining industry, industrial enter-
prises, and transportation.

Sources of Heavy Metal Pollution in Kazakhstan

Kazakhstan is one of the largest producers of uranium, copper, gold, lead, and zinc in the world. In par-
ticular, the country ranks third globally in uranium reserves and is a leading producer, as well as one of the
largest producers of copper and zinc. Mining and metallurgical activities in regions such as the Ural Moun-
tains, Kyzylorda, and East Kazakhstan significantly contribute to heavy metal pollution.

Uranium mining in the South Kazakhstan region has led to the contamination of water and soil with ra-
dioactive elements and heavy metals such as arsenic, cadmium, and lead. An example is the area adjacent to
mining enterprises near the city of Saryagash, where studies have shown that arsenic and cadmium concen-
trations in the soil exceed norms by 3-5 times.

In Zhezkazgan, copper and zinc are mined, resulting in high levels of soil and vegetation contamination
with cadmium and copper. According to studies, cadmium levels in soils around Zhezkazgan exceed permis-
sible standards by 2-4 times, negatively impacting agriculture and biodiversity. East Kazakhstan (Ust-
Kamenogorsk) is known for its copper smelting plant, which is a primary source of heavy metal pollution.
Soils in the Ust-Kamenogorsk area contain copper and cadmium levels that exceed safe levels by 5-6 times,
seriously affecting the ecosystem.

The chemical industry, coal-fired power plants, and steel mills in Kazakhstan are also major sources of
air pollution. The Ekibastuz coal-fired power plant (Pavlodar region), one of the largest in the country, is a
major source of sulphur dioxide, nitrogen oxides, and particulate matter that may contain heavy metals such
as lead, nickel, and cadmium. Concentrations of these metals in the atmosphere of the city exceed permissi-
ble norms, leading to soil and vegetation contamination. As a result, cadmium levels in soils adjacent to
Ekibastuz are 3 times higher than normal.

The Pavlodar petrochemical complex and steel mill (Northeast Kazakhstan) also influence heavy metal
concentrations in the environment. This is particularly true for areas located near industrial zones, where lead
and cadmium accumulation in soils is observed at levels exceeding safe indicators by 2-3 times.

Special attention is also paid to agricultural runoff and soil contamination. Agricultural areas in Ka-
zakhstan, especially in the north, suffer from the use of contaminated irrigation water and fertilisers that car-
ry heavy metals from nearby industrial regions.

In northern regions of Kazakhstan, such as Kostanay and Pavlodar, due to the use of contaminated wa-
ter for irrigation and runoff from nearby industrial facilities, soils contain high concentrations of heavy met-
als. Research results indicate that in these areas, soils contain cadmium and lead concentrations 2-3 times
higher than permissible limits.

The transport sector in Kazakhstan, especially in major cities such as Almaty, Shymkent, and Astana,
also contributes significantly to environmental pollution, particularly with heavy metals such as lead and
nickel. Despite the transition to unleaded fuels, emissions from road transport on a large scale (for example,
in Almaty), combined with industrial pollution, continue to deposit heavy metals on vegetation. This is espe-
cially noticeable in urban and suburban areas, where lead contamination in soils exceeds safe levels by 1.5-2
times [4, 11, 12, 24].

The ability of plant organisms to accumulate various chemical elements (with heavy metals being of
particular importance) plays a crucial role [21]. The accumulation and deposition of these elements in plant
organs in quantities exceeding norms affect the plants and serve as an indicator of anthropogenic impact (of-
ten the primary sources are industrial and transport emissions). As a result of human activity, nearly 60% of
all heavy metals enter the atmosphere, with cadmium, nickel, and lead accounting for over 90% [22].

Heavy metals are chemical elements that can enter plants through three pathways: air, soil, and water.
Significant levels of anthropogenic load have a substantial impact on the environment, which in turn affects
plants. The main sources of heavy metal pollution in plants are industrial enterprises and transportation. The
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annual development of industry and increased work volumes at such enterprises lead to an increase in xeno-
biotic emissions into the atmosphere. Air masses carrying pollutants over considerable distances contribute
to their deposition on plants, accumulation in soil, and entry into water sources [23]. As a result, pollutants
enter plant organisms directly through their tissues and through nutrients and water in the soil, often becom-
ing the ultimate source of deposition of toxic chemical elements.

Accumulation of heavy metals in plants in Kazakhstan

Heavy metal pollution of plants in Kazakhstan is an important ecological and sanitary issue. Studies
show that heavy metals such as cadmium (Cd), lead (Pb), and nickel (Ni) accumulate in various plant organs,
including leaves, stems, and roots.

Absorption through leaves: heavy metals deposited from atmospheric pollution, such as emissions from
industrial enterprises or vehicle exhausts, can be absorbed by plant leaves. Plants growing near large indus-
trial facilities in cities like Karaganda, Ekibastuz, and Ust-Kamenogorsk exhibit significant bioaccumulation
of heavy metals.

Absorption through soil and water: plants also absorb heavy metals from contaminated soils and irriga-
tion water. For example, plants grown in mining areas such as Zhezkazgan (copper and zinc mining) and
Pavlodar (steel industry) often show high levels of cadmium and copper.

Translocation of metals: studies in agricultural areas of Kazakhstan have shown that heavy metals such
as cadmium can be transported from the soil into plant roots and then into aerial parts like leaves and fruits.
This creates risks for agricultural production and human health [4, 11, 12, 24, 25].

In Kazakhstani studies dedicated to pollution by heavy metals, the relationships between industrial and
transport emissions, anthropogenic activities, and soil contamination, as well as the migration of these ele-
ments into plants, are examined as serious ecological and social issues.

A study conducted by L.M. Kalimoldina, G.S. Sultangazieva, and M.Sh. Suleimenova focused on the
urban area of Almaty. The researchers studied the concentrations of metals such as lead (Pb), copper (Cu),
zinc (Zn), and cadmium (Cd) along the city’s highways, including Rayymbek Avenue, the Botanical Garden,
and the area near the “Altyn Orda” settlement. The results showed that the concentration of lead in the soil
near roads exceeds the maximum permissible concentration (MPC) by 14 times (445.72 mg/kg), while cop-
per exceeds it by more than 3 times (136.45 mg/kg). High levels of contamination were also recorded for
copper and zinc, especially near transport arteries. The main sources of pollution were identified as vehicle
emissions and industrial activities. A strong correlation was established between soil contamination and plant
health: in areas with high heavy metal content, leaf damage (necrosis, chlorosis) was observed. The study
emphasizes that serious ecological problems related to soil pollution in urbanised areas are associated with
anthropogenic factors, including vehicle emissions and industrial activities. The researchers highlighted that
such pollution poses a threat to human health, especially through the “soil-plant-human” chain [26].

Another study conducted by scientists from the Kazakh National Agrarian Research Universi-
ty—A. Zhyrgalova, S. Yelemessova, B. Ablaikhana, G. Aitkhozhayeva, and A. Zhildikbayeva—focused on
the Sokolov-Sarbay district of Kostanay region. It aimed to assess the potential ecological risk of soil con-
tamination by heavy metals in agricultural lands. The analysis showed that the average ecological risk index
(RI) was 328, which corresponds to a high risk. Concentrations of arsenic (As), cadmium (Cd), mercury
(Hg), and lead (Pb) significantly exceeded national standards, especially in areas affected by mining activi-
ties. The researchers concluded that further studies are necessary to evaluate the suitability of these lands for
agricultural use [27].

Research conducted by 1.V. Matveyeva, O.l. Ponomarenko, N.B. Soltangaziyev, N.A. Nursapina,
Sh. N. Nazarkulova, and A.N. Gurin focused on assessing the content of heavy metals in various forms. Spe-
cial attention was given to elements such as lead (Pb), copper (Cu), zinc (Zn), and manganese (Mn) to de-
termine their mobility, availability for plants, and potential toxicity (using the city of Almaty as an example).
It was established that the total content of lead and zinc exceeds the maximum allowable concentrations
(MAC) by 1.55 and 3.28 times, respectively. The mobile forms of zinc also exceed the MAC by 1.44 times,
indicating a possible ecological threat. In the soils of the nearby village of Baitirek, the total zinc content was
found to be 1.5 times higher than the MAC; however, the mobile forms are within normal limits, which re-
duce the risk of migration and accumulation of the metal in biological objects. The most serious contamina-
tion was identified in the village of Avat, where the total zinc content exceeds the MAC by 2.7 times, and the
mobile forms exceed it by 2.82 times, indicating high mobility and the possibility of accumulation in plants
and the human body. These pollution indicators are linked to several factors: industrial activity (the presence
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of TPP-1 near Almaty, whose emissions may have contributed to the accumulation of heavy metals such as
lead and zinc in the surrounding soil); transportation infrastructure (a significant portion of pollution is due
to emissions from road traffic; lead, copper, and zinc often accumulate in soils near roads due to fuel use, tire
wear, brake pads, and road surfaces); agricultural and domestic activities (in the villages of Baitirek and
Avat, pollution may be associated with the use of fertilisers and pesticides that contain heavy metals, as well
as household waste). Poor waste management, insufficient soil reclamation, and weak environmental control
contribute to the accumulation of pollutants. Thus, the high concentration of heavy metals in the soils of the
region is a result of a combination of anthropogenic and natural factors [28]. The results of the study empha-
sise the need for strict control over the input and content of heavy metals in the environment, where elevated
levels of mobile forms pose a potential danger to the environment and human health.

Studies conducted by R.M. Tazitdinova and her colleagues in the city of Kokshetau and at the
Vasilkovskoye gold mining site showed that soils in these areas are heavily contaminated with arsenic, with
concentrations in some places exceeding permissible levels by 7 to 361 times. The concentration of copper
was found to be above normal by 2 to 22 times, while zinc content exceeded normal levels by 3 to 8 times.
The main sources of contamination were identified as industrial activities, including gold mining, and coal
use [29]. The researchers concluded that the accumulation of heavy metals in soils poses a serious threat, as
these substances can penetrate into plants and animals and subsequently into the human body, endangering
public health and necessitating measures to reduce anthropogenic impacts on the environment.

Research on soil contamination with heavy metals in various regions of Kazakhstan has revealed seri-
ous ecological and social problems. This highlights the urgency of addressing soil contamination with heavy
metals, as well as the need to develop measures to reduce their concentrations and minimize risks to both the
environment and human health.

The paradigm of aluminum pollution: the Pavlodar case study

Aluminum represents a unique case of pollution in heavy metal toxicology because its high
phytotoxicity is manifested not through direct emission but indirectly, through complex biogeochemical pro-
cesses in soil systems. Unlike typical heavy metals, aluminum’s environmental hazard emerges secondary to
anthropogenic acidification of terrestrial ecosystems [30]. The Pavlodar region of northeastern Kazakhstan
serves as a critical model for studying this phenomenon, exhibiting one of the most pronounced cases of in-
dustrially-induced aluminum toxicity in Central Asia.

The formation of technogenic aluminum anomalies in this region follows a well-defined causal chain:
SO,/NOy emissions (Ekibastuz GRES-1, GRES-2, Pavlodar Aluminum Plant) — Acid deposition
(pH 4.2-4.8) — Soil acidification (pH drop to 3.8-4.5) — Dissolution of aluminosilicates — Mobilization of
AI** ions — Toxic effects on biota.

Recent studies by Kazakhstani researchers have documented severe soil degradation in the Pavlodar in-
dustrial zone. Beisekova et al. (2020) reported that agricultural soils within 30-50 km of major emission
sources show pH reduction to 4.0-4.3, with exchangeable aluminum content reaching 8-15 mg/kg, signifi-
cantly exceeding the critical threshold of 1-2 mg/kg considered toxic for most crops. This acidification pat-
tern exhibits clear spatial gradients, with the most severe impacts documented downwind of the Ekibastuz
power complex, where aluminum mobility increases 57 fold compared to background levels [7].

The impact on woody vegetation in the Pavlodar region is particularly severe. Studies of forest ecosys-
tems near industrial zones have revealed specific adaptation mechanisms and damage patterns in tree species.
Native birch and poplar populations show significant aluminum accumulation in root systems (up to
450-600 mg/kg in fine roots), leading to characteristic morphological changes including stubby root for-
mation, reduced root hair development, and decreased mycorrhizal colonization [30]. These changes directly
compromise water and nutrient uptake capacity, making trees more vulnerable to drought stress—a critical
concern in Kazakhstan’s continental climate.

Coniferous species, particularly pine, demonstrate even greater sensitivity to aluminum toxicity. Re-
search conducted in similar industrial regions shows that aluminum disrupts calcium and magnesium uptake
in conifers, leading to needle chlorosis and reduced photosynthetic capacity [30]. In the Pavlodar region,
pine stands within 20 km of emission sources show 40-60% reduction in annual growth increments com-
pared to control sites, as measured by dendrochronological analysis [31].

The physiological mechanisms of aluminum toxicity in woody plants involve multiple damage path-
ways. Aluminum ions (AI**) preferentially target root apex meristems, disrupting cell division and elonga-
tion through interactions with the plasma membrane and cell wall components [32]. This results in immedi-
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ate inhibition of root growth, typically observable within hours of exposure. Additionally, aluminum induces
oxidative stress through reactive oxygen species (ROS) generation, leading to lipid peroxidation and mem-
brane damage [30]. These effects are particularly pronounced in fine feeder roots, which are essential for
water and nutrient acquisition.

Urban landscaping species in Pavlodar city face similar challenges. A study by Kochian et al. (2015)
examined aluminum accumulation in common urban trees [32]. Results indicated species-specific accumula-
tion patterns, with maple showing the highest aluminum concentrations in leaves (98-125 mg/kg) and roots
(210-280 mg/kg). The researchers observed correlated nutrient deficiencies (particularly magnesium and
calcium) and visible symptoms including leaf chlorosis, reduced leaf size, and premature defoliation.

The soil-plant system in the Pavlodar region exhibits complex aluminum dynamics. Some scientists
documented that aluminum bioavailability increases dramatically under acidic conditions (pH < 4.5), with
the proportion of phytotoxic AI** species rising from <10% at pH 5.5 to >60% at pH 4.2. This chemical shift
explains the sudden onset of toxicity symptoms in previously tolerant vegetation when soil pH drops below
critical thresholds.

Recent mitigation efforts in the region have focused on soil amendment strategies. Applications of or-
ganic amendments (biochar, compost) and lime can significantly reduce aluminum bioavailability through
pH elevation and complexation reactions. Field trials near Pavlodar have shown that lime applications at
2—4 t/ha can increase soil pH by 0.8-1.2 units and reduce exchangeable aluminum by 60-80%, resulting in
measurable improvements in tree growth and vitality within two growing seasons [7].

The aluminum contamination in the Pavlodar region thus represents a multifaceted environmental chal-
lenge that requires integrated approaches combining emission reduction, soil remediation, and careful selection
of aluminum-tolerant species for reforestation and urban landscaping. The experiences from this region provide
valuable insights for other industrial areas facing similar challenges with secondary aluminum toxicity.

Impact of HMs on plants

Research shows that sometimes the accumulation of necessary elements in plants can get out of control,
negatively affecting the plant itself. Excessive zinc (Zn) content often leads to chlorosis symptoms, growth
retardation, disruption of nutrient balance, and ethylene production [33]; iron (Fe) can cause cell structure
disturbances, protein and lipid damage in cells, and stimulate the accumulation of ROS [34]. Toxic HMs can
accumulate in plant cells, even in minimal concentrations, negatively affecting plants and inhibiting vital
processes when exceeding permissible levels. Mercury (Hg), cadmium (Cd), arsenic (As), lead (Pb), and oth-
ers are known to have detrimental effects on DNA, including oxidative stress activation, enzyme activity in-
hibition, influence on respiration and photosynthesis processes, damage to stomata functions and structure,
and mineral nutrient absorption interference [35].

Each chemical element can exert its influence on plant organisms, depending on concentration levels.
Elements can be categorised based on their effects: some accumulate HMs that are not essential components
of cells (usually classified as extremely toxic), while others involve excessive concentrations of elements
crucial for plant life. Excessive manganese (Mn) accumulation leads to leaf deformation and growth retarda-
tion [36]. Zinc (Zn) accumulation in critical amounts slows down growth and development on molecular,
biochemical, and physiological levels, disrupts photosynthesis processes and nutrient uptake, resulting in the
accumulation of ROS and causing leaf wilting [37].

Excess iron (Fe) acts as a stimulator of cell structure, protein, and lipid integrity disruption, leading to
the development of leaf chlorosis [38]. Copper (Cu) [39] and nickel (Ni) cause metabolic process imbalanc-
es, resulting in cell structure disturbances. Nickel in compounds affects chlorophyll as a decomposing factor,
impacting chloroplast integrity. In conjunction with copper, they reduce photosynthesis efficiency, leading to
leaf blade twisting. These effects collectively suppress plant growth by destroying cell structures [40].

Molecular and physiological mechanisms of aluminum toxicity

The toxic effect of aluminum on plants is one of the most studied and yet most devastating. Unlike
many heavy metals, Al exerts a rapid and potent effect primarily on the root system, which is the first target
in the soil [30, 32]. The mechanisms of Al toxicity are particularly relevant for industrial regions like Pavlo-
dar, where soil acidification from industrial emissions mobilizes AI** ions into biologically available forms.

Key mechanisms of toxicity:

1) Inhibition of root growth: AI** ions bind with pectin matrices and plasma membranes of root apex
cells, disrupting their elasticity and division, leading to rapid shortening and thickening of roots, thereby im-
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pairing their function [30, 32]. Within hours of exposure, root elongation rates can decrease by 50-80%, sig-
nificantly compromising water and nutrient acquisition;

2) Dysfunction of the plasma membrane: Al disrupts the operation of ion channels (Ca?*, K*), blocks
H*-ATPase, which is critically important for maintaining gradients and nutrient uptake [1]. This disruption
leads to membrane depolarisation and increased permeability, resulting in electrolyte leakage and loss of cel-
lular homeostasis;

3) Disruption of mineral nutrition: Al competes with Mg2*, Ca** and P ions, disrupting their absorption
and transport, leading to deficiency symptoms of these elements even when they are present in sufficient
guantities in the soil [1]. The particularly strong Al-Mg competition exacerbates magnesium deficiency, di-
rectly impacting chlorophyll synthesis and photosynthetic efficiency;

4) Oxidative stress: Like cadmium, aluminum induces generation of reactive oxygen species (ROS),
causing lipid peroxidation of membranes and DNA damage [8]. The oxidative burst primarily involves in-
creased production of superoxide anion (O;7), hydrogen peroxide (H,0O.), and hydroxyl radical (OH), over-
whelming the plant’s antioxidant defense systems;

5) Disruption of cytoskeleton and auxin transport: Al destabilizes microtubules and microfilaments, dis-
rupting intracellular transport and the gradient of the growth hormone auxin, which is essential for root
growth [30, 32]. This disruption alters the normal pattern of auxin distribution, particularly in the root transi-
tion zone where Al sensitivity is highest;

For plants in the Pavlodar region, this means chronic stress manifested in suppression of the root sys-
tem, dwarfism, chlorosis, and extremely low productivity, which is exacerbated by the combined action of
other stressors (drought, other metals). Studies of woody plants in the region show that aluminum accumula-
tion in roots reaches 400-600 mg/kg, leading to a 40—70% reduction in fine root biomass and significant in-
hibition of mycorrhizal symbiosis [14].

Non-essential accumulator elements for plant cells are aluminium (Al), lead (Pb), arsenic (As), cadmi-
um (Cd), chromium (Cr), and mercury (Hg). Excessive aluminium concentrations disrupt cell integrity, en-
zyme activity, growth, nutrition, and protein metabolism [41]. Lead (Pb) reduces enzyme activity, disrupts
carbon metabolism, causes water imbalance, slows growth, and inhibits seed germination [42]. Arsenic (As)
induces oxidative stress in cells, decreases carbon metabolism activity, and suppresses plant growth, germi-
nation, and yield [43]. Cadmium (Cd) is toxic element, which reduces photosynthetic process activity by
chlorophyll destruction, causes the accumulation of ROS, destabilises nutrient exchange and water balance,
and inhibits cell growth, leading to premature aging [44]. Unregulated chromium (Cr) content inhibits photo-
synthesis, nitrogen assimilation, and the cell cycle processes, slows seed germination and growth, and causes
leaf necrosis and chlorosis [45]. Mercury (Hg) disrupts metabolism in plant cells by inhibiting growth, de-
forming chloroplast ultrastructure, photosynthesis process, and antioxidant enzyme activity [46].

A detailed study of the influence of elements on plants when they are in excess is presented in Table.

Table

The influence of elements on plants when they are in excess

Consequences for Specifics for acidified soils

Element Effect on plants | Mechanism of action the plant (e.0., Pavlodar region)
Disruption of photo-
Zinc (Zn) Chlorosis, growth  [synthesis and nutrient |Leaf wilting, growth |Secondary concern compared to
[33, 37] retardation balance, accumulation |disturbance Al toxicity in acidified soils
of ROS
Destruction of cellular Disruption of physio-
Iron (Fe) Chlorosis, cell structure, damage to loical processes. cell Reduced availability in acid soils
[34, 38] damage proteins and lipids, gical p ’ despite high total content

stimulation of ROS

destruction

Manganese (Mn)
[36]

Deformation of
leaves

Disruption of normal
growth

Growth retardation,
plant deformation

Can reach toxic levels in highly
acidified conditions (pH < 4.5)

Copper (Cu)
[39]

Metabolism disor-
ders

Destruction of cellular
structures, disruption
of photosynthesis

Growth reduction,
leaf curling

Enhanced mobility and toxicity
in acidic environments

Nickel (Ni) [40]

Photosynthesis
disorders

Destruction of chloro-
plasts, impact on chlo-
rophyll

Decreased efficiency
of photosynthesis,
leaf curling

Increased bioavailability in acid
soils near industrial sites
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Continuation of Table

Consequences for

Specifics for acidified soils

ance

Element Effect on plants | Mechanism of action the plant (e.9.. Pavlodar region)
Dominant toxicant in industrially
acidified soils. Inhibits root de-

. . . Destruction of en- Growth retardation, |velopment, leading to nutrient
Aluminium (Al) |Cellular integrity . - o :
. zymes, proteins, me-  |nutritional and water deficiency. Requiress
[41] disorders - Lo . S
tabolism deterioration oil pH management (liming)
rather than direct
phytoextraction
Lead (Pb) Carbon metabolism gzi;:\i‘iatasev:/gtzﬁrﬁrgsl- Growth retardation, |Reduced mobility in acid soils
[42] disorders 4 delayed germination |but enhanced plant uptake

Arsenic (As)
[43]

Oxidative stress,
growth inhibition

Disruption of carbon
metabolism, suppres-
sion of yield

Decreased growth,
germination, yield

Increased availability and toxici-
ty in acidified conditions

[45]

photosynthesis

metabolism and cell
cycle

Cadmium (Cd) Rﬁductlon n Destruction of chloro- Growth retardation, |Enhanced mobility and plant

[44] P thsynthesm phyll, accumulation of premature aging availability in acidic soils
activity ROS

Chromium (Cr) |Inhibition of Disruption of nitrogen \Growth retardation, /. ;16 toxicity depending on
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All influences of chemical elements at elevated concentrations negatively impact various plant growth
and development stages. Since plants are a primary source of nutrition for both humans and animals, elevat-
ed concentrations of toxic substances can be transferred from plant organisms to humans or animals, accu-
mulating and causing disruptions in vital functions and metabolic processes [47]. The particular danger of
aluminum toxicity in regions like Pavlodar lies in its dual role as both a direct phytotoxic agent and an indi-
rect contributor to increased uptake of other heavy metals through root system damage and impaired selec-
tive absorption capabilities.

HMs in plants and their phytotoxicity

HMs accumulate in plant organisms even when there is no need for them. In soil, HMs are absorbed
through roots, while in the atmosphere, they are primarily absorbed through leaf blades, and some plants
absorb them through mucous layers, stomata, and trichomes [48]. Normally, plants absorb certain chemical
elements they require. However, HMs can retain their toxic effects for a long time. The diffusion of HMs
from different layers of soil occurs through roots, where transporter proteins and ion channels play a crucial
role. For example, cadmium absorption can be facilitated through transporters (YSL, ZIP, NRAMP, HMA,
and IRT), as well as through Ca’+ and K+ channels. Passing through the cell membrane, pollutants bind with
the cytoplasm and penetrate the xylem, from where they are translocated to the above-ground organs and
accumulate in leaves [49]. Leaves are the assimilation organs that come into contact with atmospheric air,
affecting the deposition of various pollutants from the atmosphere. Their influence starts immediately after
contact with plant organs and mostly involves leaf blades’ sorption. The large surface area of photosynthetic
organs allows efficient absorption of toxic substances from the environment and plays an assimilative
role [19].

Some tree species, both deciduous and coniferous, are used for greening purposes in urbanized areas. In
this case, the temporary organ of trees for one vegetative season is the assimilation organ (leaf blade) of par-
ticular interest. Researchers from the Forest Institute and Institute of Biology of the Karelian Research Cen-
tre of the Russian Academy of Sciences have found that the highest levels of HM content are reached by the
time the growing season ends. Birch shows the highest accumulation rates of toxic elements (cadmium, nick-
el, lead, and manganese). Poplar leaves demonstrate elevated degrees of Cd and Zn accumulation, while ro-
wan accumulates significant amounts of iron and copper [50].
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Aluminum: accumulation vs. toxicity in situ

The most important difference between aluminum and metals such as cadmium or lead lies in its ex-
tremely limited ability to translocate from roots to shoots. More than 95% of absorbed aluminum is retained
and accumulates in the roots, primarily in the apoplast (cell walls) and vacuoles [30, 32]. This means that
classical analysis of above-ground plant parts (leaves) for bio indication of aluminum contamination is unin-
formative. The main objects of monitoring should be root systems and, even more importantly, soil samples
with determination of pH and content of mobile Al forms (extracted, for example, with KCI solution).

Consequently, bioindication of aluminum toxicity involves not measuring its concentration in the plant,
but assessing the morphological and physiological responses of the plant to its presence in the soil: shorten-
ing and damage to roots, chlorosis, general growth suppression. This makes methods of visual assessment
and root microscopy as important as chemical analysis [30, 32].

The unique accumulation pattern of aluminum is attributed to several factors. First, AI** ions rapidly
form complexes with cell wall pectins and phospholipids in the root apex, creating a strong barrier to further
translocation. Second, aluminum triggers callose deposition in plasmodesmata, effectively sealing off
symplastic transport pathways to the shoot. Third, the high reactivity of AI** with phosphate groups leads to
precipitation in root tissues, further limiting mobility.

For environmental monitoring in aluminum-contaminated regions like Pavlodar, this has practical im-
plications. Soil analysis for exchangeable aluminum (extracted with 1M KCI) and pH measurement provide
more reliable contamination indicators than plant tissue analysis [14]. When plant analysis is necessary, fine
root tissues (0-2 mm diameter) rather than leaves should be sampled, as they contain the highest aluminum
concentrations and show the strongest correlation with soil contamination levels [7, 10, 30, 32].

The sub cellular distribution of HMs is mainly represented by vacuoles and cell walls, which is a prom-
ising plant accumulation adaptation. Toxicants are sequestered inside the cell in this form, minimizing their
transfer to other tissues and organs, thus reducing their toxicity. For example, chromium accumulates in leaf
vacuoles and cell walls, while cadmium predominantly accumulates in the latter structures. This situation is
characteristic of herbaceous plants as well as green parts of trees. Bulgarian scientists studying woody plants
have identified silver linden as having the highest accumulative capacity. It is considered the most efficient
in terms of capturing and retaining HMs. Norway maple and common ash have lower capacities for heavy
metal accumulation. The levels of chemical element accumulation can vary depending on the season: the
content of iron and lead in autumn leaves increases almost fivefold, while increases in other pollutants are
not observed. A dramatic rise in lead and iron content indicates enhanced accumulation (over 60%) and as-
similation of these elements by plants throughout the growing season, mainly from dust settling on foliar
organs [51]. This confirms that foliar dust can be considered a potential indicator demonstrating atmospheric
HM concentrations.

The distribution of HMs depends on plants’ abilities to accumulate toxicants and on the bio toxicity and
mobility of the latter, as well as soil properties that activate their mobility and biological toxicity.

Roots serve as the primary barrier to heavy metals penetrating from the soil into the above-ground or-
gans, which is explained by their ability to absorb various substances. This occurs against the background of
accumulating pollutant elements in root tissues and blocking their transport to above-ground organs. This
suggests that roots are important in detoxifying plants. However, certain plant species have an increased lev-
el of transport capacity, making them hyper accumulators used for soil remediation. They stabilize the con-
tent of toxic substances in soil by accumulating them in cell walls and vacuoles. Biopolymers in cell walls,
with a negative charge, aid in binding toxic pollutants, facilitating their penetration into the underground part
of the plant. Thickening of the cell wall occurs through the activity of enzymes responsible for lignin synthe-
sis, triggering the accumulation of HMs. Their accumulation in vacuoles is facilitated by chelation with
phytochelatins. Many chemical elements, including HMs, enter plant cells against concentration gradients,
facilitated by specialised transport proteins and ion channels [52].

For instance, the absorption and stage of Asaccumulation in plants depend on the type of plant, soil
type, absorption mechanisms, and chemical element transformation. The intensity of arsenic absorption also
depends on the transport pathways through which it occurs. Migration of this element into vacuoles helps
prevent its translocation to young, developing shoots, where accumulation could lead to conversion into less
toxic forms. Studies have shown that arsenic can exist in various valence states (11 and V), with the 11l form
being the most toxic, according to research conducted by Souri Z., Karimi N., and Sandalio L. M. Plants un-
dergoing active processes of HM accumulation may see the V form of arsenic being reduced and migrating
through xylem sap to aboveground organs [53]. Chromium content in leaves and roots can be assessed using
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XANES. High-performance liquid chromatography/inductively coupled plasma mass spectrometry allows
for the determination of not only the elemental composition of other plant parts (e.g., seeds) but also the
identification of various forms of their compounds (methylmercury, phosphorous mercury, dimethylarsinic
acid, and others). The mechanism of absorption in angiosperms is based on iron reduction through the secre-
tion of reducing compounds or under the influence of iron reductase/oxidase associated with the plasma
membrane [54].

HMs entering plant organisms induce a stress condition that acts as a favourable trigger for creating op-
timal conditions for the penetration of other toxic xenobiotic compounds. This minimizes the need for spe-
cial transport channels for pollutant transport by releasing specialised secretions like citrate, oxalate, and
malate, which facilitate their migration into the cell. Similar binding with certain organic molecules (cyste-
ine, histidine, etc.) helps alleviate the toxic effects of excess zinc concentrations [47].

The study of physiological characteristics and tolerance regarding critical levels of copper, lead, and
cadmium has shown that heavy metal levels can affect not only internal metabolic processes but also plant
growth indicators. High concentrations lead to a decrease in the content of photosynthetic pigments and sol-
uble carbohydrates while resulting in an increase in the concentration of chlorophyll (a/b), carotenoids, and
excessive accumulation of proline, with a direct correlation established with copper and cadmium [55].

Heavy metals are one of the main indicators of aerotechnogenic pollution in urban ecosystems, the con-
sequences of which can manifest in the contamination of resources (water and soil). Conducting
biomonitoring followed by quantitative chemical analysis allows for the assessment of the degree of distribu-
tion, absorption, movement, and transformation of heavy metals between plants and soil by altering the phys-
iological, anatomical, morphological, and morphometric characteristics of individual plant organs. Seasonal
vegetative organs of plants, such as leaf blades, exhibit the highest sensitivity. By performing a cumulative
function, they allow for the assessment of environmental conditions and provide data on the degree of an-
thropogenic load over a specific period.

Methods and techniques of minimizing and detecting HMs in plants

Environmental pollution with toxic metals is one of the major ecological problems today. Addressing
this issue requires a comprehensive approach, where one optimal method is studying the metal-accumulating
capabilities of plants. Reliable approaches and tools for detecting heavy metals provide more comprehensive
information about these mechanisms, forming the basis of phytoremediation technology. According to this
technology, three main subgroups of methods are identified: phytostabilization, rhizofiltration, and
phytoextraction. Phytostabilization is used to immobilize pollutants from soil and reduce the bioavailability
of toxic metals through absorption, preventing the migration of pollutants from the soil. Plant species that are
typically selected for phytostabilization can form a dense vegetative cover (often herbaceous) and absorb
some insoluble compounds through intensive root exchange in the form of hydroxides, carbonates, and
phosphates. Rhizofiltration involves using metal-accumulating plants to absorb pollutants from solutions sur-
rounding the plant roots. For example, Elodea is used for organic pollutants, while Azolla sp. and Lemna sp.,
being good metal accumulators, are used for inorganic pollutants. The frequently used method is
phytoextraction, which involves absorbing and translocating elements or pollutant compounds, often trans-
ported to aboveground parts of the plant, allowing for their collection and proper disposal (e.g., incineration)
[56]. For example, crucifers are accumulators of radionuclides and heavy metals. Active accumulation is also
characteristic of some fern species (Ostrich fern — Matteuccia struthiopteris (L.) Todaro). Shrubs and trees
(pine, aspen, linden, chestnut, maple, poplar, and elm) are often natural biofilters used within urbanized areas
to create phyto-barrier belts and reduce anthropogenic load [57]. They contribute to air and water purifica-
tion, especially near highways, as well as soil remediation from petroleum products used in phytoremedia-
tion works.

The mentioned methods constitute a group of approaches focused on the direct interaction of plant ob-
jects with pollution sources. However, determining the exact concentration of elements is carried out using
instrumental methods based on principles of automation, complexity, and accuracy.

The entry of toxic chemical elements into plant organisms, their absorption, transport, and accumulation
affect physiological and biological processes. In this case, plants can act as indicators of the environmental
condition, and some hyper accumulators are aimed at soil rehabilitation and reducing the impact of anthro-
pogenic loads. A rational assessment of these mechanisms and determining the degree of anthropogenic im-
pact is based on specialized methods and tools for obtaining information on the absorption, distribution, and
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translocation pathways of toxicants. Among the most advanced and modern methods for analyzing and de-
termining the elemental composition, the following are used:

- the content of HMs is determined by AAS and ICP-MS;

- LA-ICP-MS and XRF methods are used to assess the distribution of elements in space;

- XAS and AFS are aimed at analyzing chemical forms;

- transport and absorption dynamics are recorded using non-invasive micro testing technology (NMT).
Molecular biology methods form the basis for assessing the molecular mechanisms underlying the interac-
tion of HMs with plant organisms as a whole, as well as with individual components of plant cells [18].

ICP-MS is a quantitative method used to assess HM levels by applying an electric current and measur-
ing light emission within a specific range of wavelengths. This method’s advantage is its ability to quickly
and accurately determine even the smallest concentrations of HMs, compare them with isotopic values, and
easily control for interference. In practical research, this method is used due to characteristics such as high
accuracy rates, low detection limits, increased levels of sensitivity and selectivity. The limits of accuracy of
this method are increased when integrated with techniques such as LC-ICP-MS and SP-ICP-MS. ICP-MS
assesses pollutant levels not only in tree leaf blades but also in rice, quinoa, and algae, where arsenic content,
for example, dominated and indicated excessive accumulation. The SP-ICP-MS method is considered opti-
mal for assessing zinc content in leaves, while LA-ICP-MS is deemed most suitable for analyzing variations
in HM concentrations (Fe, Pb, Cd, Cr, and Mn) in annual tree rings. Another important mass spectrometry
method is atomic absorption spectrometry, which involves the absorption of atomic vapor spectral lines,
where the chemical element content is identified by the degree of light attenuation upon absorption. The ben-
efits of this approach complement the positive aspects of ICP-MS with higher selectivity indicators. Howev-
er, this device is characterized by low noise immunity due to the occurrence of readout noise during charge
packet movement. AAS can be divided into flame AAS, graphite furnace AAS, hydride generation AAS, and
cold vapor AAS [57].

The analysis of the chemical forms of pollutant elements is carried out using the method of atomic fluo-
rescence spectrometry (AFS). The principle of this method involves the absorption of atomic vapour by light
radiation, leading to the excitation of atoms. Simultaneously, the emitted fluorescence, under the influence of
a photoelectric detector, is converted into an electrical signal read by the data processing system [58]. Syn-
chrotron X-ray radiation is used in X-ray absorption spectroscopy (XAS) by exciting the sample with X-rays
and causing electrons to transition to empty orbitals or the continuum, resulting in waves scattering with sur-
rounding atoms. This method allows for the determination of valency, the position of nearest atoms, local
structure, and extensive chemical information about pollutant elements in plants.

Specifics of aluminum analysis and speciation

The application of these advanced methods can be illustrated by the example of aluminum (Al), a
prevalent abiotic stressor in acidic soils. For a correct assessment of aluminum contamination and its impact,
determining its total content is insufficient. The analysis of mobile forms (AI**) in the soil and studying its
distribution in root tissues is critically important.

1. Soil analysis: The gold standard for determining exchangeable aluminum is soil extraction with a 1M
KCI solution, followed by the analysis of the extract using AAS or ICP-MS [57]. The measurement of the
pH of an aqueous suspension is mandatory for data interpretation, as Al toxicity is primarily manifested at
low pH.

2. Plant tissue analysis: The determination of Al in root tissues (and less commonly in leaves when tox-
icity symptoms are observed) is typically performed using ICP-MS due to its high sensitivity and low detec-
tion limits. To study the localization of Al within root tissues, histochemical staining (e.g., with haematoxy-
lin or eriochrome cyanine R) followed by light or fluorescence microscopy is employed [57].

3. Speciation analysis: The Extended X-ray Absorption Fine Structure (EXAFS) technique, a part of
XAS, is pivotal for determining the immediate atomic environment of aluminum. It identifies the ligands
(e.g., OH, PQO,, organic acids) to which Al is bound in the soil or plant matrix. This information is critical for
understanding its mobility, bioavailability, and ultimately, its toxicity [58].

Thus, the development of instrumental methods for analyzing the elemental composition of phyto ob-
jects highlights a series of mass spectrometry methods, each of which is a way to determine specific charac-
teristics of HMs, complementing each other. The ICP-MS method is aimed at detecting elemental content,
and AAS is used for analyzing elemental composition and traces because of their repeatability, low detection
limits, and affordability. The XAS method reveals the local forms of the studied HMs, enabling the assess-

104 Fundamental And Experimental Biology. 2025, 30, 4(120)



The impact of heavy...

ment of the transport and absorption mechanisms of these chemical elements by plants. This approach can
also be directed towards studying the tolerance of plant organisms to HMs to identify their dynamic metabo-
lism and key aspects of transformation and translocation in various internal and external environmental con-
ditions.

Conclusions

Intensive industrial development and urbanization are the main factors contributing to environmental
pollution with heavy metals (HM) and ecotoxicants, among which aluminum (Al) gains particular signifi-
cance in the industrialized regions of Kazakhstan. Unlike canonical heavy metals, the toxic effects of alumi-
num are manifested indirectly—through large-scale soil acidification caused by acid rain, which results from
sulfur dioxide (SO) and nitrogen oxides (NOx) emissions by energy and metallurgical enterprises. The Pav-
lodar region, with its concentration of facilities such as the Ekibastuz thermal power plants and the Pavlodar
Aluminum Plant, serves as a vivid example of a region where aluminum mobilized in the form of AI** ions
becomes a dominant stress factor for plants, leading to root system suppression, disruption of mineral nutri-
tion, and a decline in ecosystem productivity.

An analysis of 58 scientific sources selected from the Web of Science and Scopus databases for the pe-
riod 2014-2025 (with reference to foundational works since 1990) has shown that the issue of HM pollution
in Kazakhstan remains critical. High levels of lead, cadmium, arsenic, and copper contamination are record-
ed in industrial centers (Karaganda, Zhezkazgan, Ust-Kamenogorsk), yet it is the secondary aluminum con-
tamination in acidic soils (pH < 4.5) that requires special attention and the adaptation of monitoring methods.

Standard methods for analyzing the aerial parts of plants are not informative for assessing aluminum’s
impact, since more than 95% of Al is accumulated in the root system. The most effective approaches include:

- soil monitoring: determining exchangeable aluminum (extraction with 1M KCI) and soil pH;

- fine root analysis: using highly sensitive methods such as ICP-MS to determine Al content;

- speciation analysis: applying XAFS (X-ray Absorption Fine Structure) methods to identify alumi-
num’s chemical forms and bioavailability.

The unique toxicity mechanism of aluminum—root growth inhibition, cytoskeleton disruption, oxida-
tive stress induction, and impaired uptake of Ca?>* and Mg?*—necessitates the development of specific miti-
gation measures tailored to Kazakhstan:

- application of soil amendments: liming (2-4 t/ha) and addition of organic amendments (biochar, com-
post) to increase pH and immobilize AI**;

- selection of tolerant species: for landscaping and reforestation in industrial regions, it is essential to
use species tolerant to aluminum and acidic soils;

- improved monitoring systems: integrating modern analytical techniques (ICP-MS, XAFS) with tradi-
tional biological assessment methods (visual evaluation of root damage, chlorosis).

Thus, a comprehensive approach that combines the reduction of primary SO,/NOy emissions, active
remediation of acidic soils, and the implementation of an adapted phytomonitoring system is essential to re-
duce environmental stress and maintain the productivity of agro- and natural ecosystems in industrial regions
of Kazakhstan such as the Pavlodar region. Future research should focus on a detailed study of the tolerance
mechanisms of local plant species to aluminum, the development of regional standards for mobile forms of
Al in soils, and the assessment of the effectiveness of various reclamation practices under the conditions of
specific industrial hubs in the country.
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AybIp MeTaJIapAbIH 6CiM/IiK OpraHu3m/epine acepi
JKOHe 0JIapAbI TAJNAAY dAicTepi: Moy

oy KazakcTaHHBIH @HEPKACINTIK OHIpIEPIHAET] aATIOMUHUN YBITTBUIBIFBIHBIH Oipereil Mocenecine epekiie
Hazap ayziapa OTBIPBIIL, aybIp METAIIAPIbIH 6CIMIIKTEepre aCepiH KelleH i TalaayFa apHaiaFaH. Tay-KeH KoHe
METaJUTyprHsl CajlalapblHBIH KapKBIHIBI JaMybl JIacTayIlbl 3aTTap/blH €Adyip KejeMmze NIbIFapbuTyblHa
OKelyze, ONApAbIH IIIiHAe ATIOMHHHN adpBIKIIA SKOJOTSUIBIK Kayim Tyablpansl. backa Merammapaan
AfbIPMAILBUIBIFBI, OHBIH KOFapbl (PUTOYBITTBUIBIFBI KaHAMa TYp/e — KbIIIKbUT jkaHObIpapabiH (SO, jxoHe
NOy mbIFapbIHABLIAPBIHEIH) TOMBIPAKTH! KBIIIKBUIAHBIPYH! apKbUIbl Oalikanansl. by e3 keserinae Tadburn
ATFOMOCHIIMKATTApIaH KOFapbl YbITThl Al* HoHmapbIHBIH Oocam MIbIFysiHa ceben Gonanbl. ITaBmomap
OOJIBICHIHBIH MBICAJIBIH/IA KalTanamMa aJlOMIHUIIMEH JIacTaHy MapagurMackl MEH OHBIH ©CIMIIKTEp/IiH TaMbIp
JKyleciHe ocep eTyiHiH Heri3ri MexaHW3Miepi KaH-XKaKThl TainanraH. Onapra ecy NpONECIHIH TexXelyi,
IIUTOCKENETTIH OY3bUTyBl, MHUHEPAIOBIK KOPEKTEHYIIH OY3BUIybl XOHE TOTBIFYy CTPECiHIH HHIYKIUSCHI
xatanpl. [lomyna KasakcTaHHBIH TYpii eHipiepiHIeri ecCiMAiKTep/e ayblp MeTalAapblH JKMHAKTATYbI
OoiibIHIIA 3aMaHayH JepeKTep JKYHeleHin, alloMUHHUAIIH OMOXETIMIUIri MEH YBITTBUIBIFBIH J1oN Oaranay
yIIiH KaxerTi o3blK aHanuTukanbelk opictepre (ICP-MS, XAS, EXAFS) cbiHM Tanmay kacajiraH.
OcimaikTepaiH  OHOMHAMKATOp  peTiHAeri peniHe JkoHe (QUTOpeMenuaiys OSAICTEepiH  KOJJaHy
MYMKIHZIIKTepiHEe epeKIle Hazap ayaapsulnbl. OnebOuerrepre mony Herisinge KasakcTan yIniH HakTsl
OeffiMaeny mapajgapblH o3ipiey KaXeTTiri aiKpiHganansl. Onapra TONBIPAKTHl 9KTEy, KeTalJaHbIpy YIIiH
ATIOMUHHATE TO3IMII OCIMIAIK TYpJIEpiH IpIKTEy JKOHE OKOJOTHSUIBIK TOYeKeNAepHi a3zalTy MeH
SKOXKYHENepAiH OHIMAUIIIH caKTay MaKCaThlHIa 3aMaHayHd JKOJOTHSUIBIK MOHHUTOPHHT ONICTEPIH EHTI3y
KaTazpl.

Kinm co30ep: ayvlp Merangap, allOMHHHI, (DUTOYBITTBUIBIK, OHEPKSCINTIK JIACTaHY, KbIIKBUI TOINBIPAK,
SKOJIOTUSUIBIK OaKblIay, OMOXkKeTIMILIIr, PpuTopemennarys
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M.M. Kagepuna, P.M. Yanuena, A.1. Csico

Bunsinue TsizKeJIbIX METAJIJI0OB HA PACTUTEIbHbIE OPraHU3MbI
U MeTObl X aHAJIU3a: 0030p

JlaHHBIH 0630p MOCBAIIEH KOMIUICKCHOMY aHAIIH3Y BO3AEHCTBHS TSDKEIBIX METAJUIOB Ha PAaCTUTENBHEBIE Opra-
HHU3MBI, C 0COOBIM (POKYCOM Ha YHHUKAIbHYIO MPOOIeMy TOKCUYHOCTH aTIOMHHUS B MPOMBIIIIEHHBIX PETHO-
Hax Kazaxcrana. lIHTeHCHBHOE pa3BUTHE TOPHOAOOBIBAIOIIECH U METALTYPIHYECKOH OTpacieil MpUBOAUT K
3HAYUTEIBHBIM BBIOPOCAM 3arpsA3HSIOMINX BEIIECTB, CPEAH KOTOPBIX O0COOYIO 3KOJOTHYECKYI0 yrpo3y Hpe-
CTaBJIsIeT IMEHHO alfOMUHUI. B oTiInume OT Ipyrux MeTamioB, ero BEICOKash (PUTOTOKCHYHOCTD MPOSBIISIETCS
OIIOCPENOBAaHHO Yepe3 MOJKHUCICHHE IOYB KHMCIOTHBIMH JOXAAMHU (00ycloBieHHbIMH BbiOpocamu SO, u
NOy), 9TO MPUBOAUT K MOOHJIM3AINH BEICOKOTOKCHYHBIX HOHOB Al M3 MpHpOIHBIX amoMocuiInkartos. Ha
npumMepe IlaBromapckoil 061acTu JeTanbHO pazduUpaeTcsl HapagurMa BTOPUYHOTO aTlOMUHUEBOTO 3arpsi3He-
HHS, €T0 KITIOYEBBIC MEXaHM3MBI BO3IEHCTBHS Ha KOPHEBBIC CHCTEMBI PacTeHHH, BKIIOYas WHTHOMPOBaHUE
pocTa, pa3pymeHue UTOCKeNeTa, HapyIleHne MHHEPAIbHOTO IIMTAHUS U MHAYKIUIO OKHCIUTENEHOTO CTpec-
ca. B o030pe cucTemaTtH3upoBaHbBl COBPEMEHHBIE JAHHBIE O HAKOIUIGHHH TSDKEJIBIX METaUIOB B PAacTEHMSIX
pa3nu4HBIX pernoHoB KasaxcraHa M KpUTHYECKH OICHEHBI IepefoBble aHaauTHieckue mertons! (ICP-MS,
XAS, EXAFS), nomuepkuBaeTcsi HEOOXOIMMOCTD CIEHUATU3UPOBAHHOTO aHANK3a AJIs TOYHOH OIeHKH OHO-
JOCTYITHOCTH ¥ TOKCHYHOCTH amoMuHusA. Oco00e BHUMaHHUE YEJICHO POIH PacTeHHH Kak OMOMHIUKATOPOB
U TIePCIEeKTHBAM NIPUMEHEHUsI MeTo10B (uropemeaunanyu. Ha ocHOBe aHanmm3a quTepaTypsl JenaeTcs BBIBOJ
0 HeoOXOJMMOCTH pa3pabOTKH IENEBBIX aJanTHBHBIX Mep A KasaxcraHa, BKIIOYasl H3BECTKOBAHHE IIOYB,
noa00p ATIOMUHHI-TONIEPAHTHBIX BHIOB JUIS O3EJICHEHHSI M HHTETPALIMIO0 COBPEMEHHBIX METOJOB 3KOJIOTHYe-
CKOTO MOHHTOPHHTA JJIsl CHH)KEHHUS! 9KOJIOTHYECKUX PHCKOB M COXPAHEHUSI POYKTUBHOCTH YKOCHCTEM.

Knrouesvie cnosa. TsKeEIbIe MCTaJlIbI, aﬂwMHHHﬁ, (1)I/ITOTOKCI/I'-IHOCTI>, NPOMBIIIJICHHOE 3arps3HCHUEC, KHU-
CJIOTHBIC ITOYBBI, 3KOJIOTUYECKUN MOHHUTOPHHT, 6I/IOI[OCTyHHOCTI), (I)I/ITopeMeI[I/IaL[I/IH
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Microscopic analysis of Tilia cordata

The raw material base for medicinal plant resources can be expanded both by introducing new plant species
into practical use and by utilizing additional plant organs of species already in use. The flowers of Tilia
cordata are a valuable type of medicinal raw material;, however, their collection is constrained by a short
flowering period. The leaves of this species also exhibit pharmacological activity, making them a promising
independent source of medicinal plant material. This article presents the results of a microscopic analysis of
Tilia cordata leaves. Anatomical examination was performed on dried leaves, with an assessment of the
structural features observed in surface preparations and cross sections. The leaf was found to be
hypostomatic, with the main epidermal cells having straight or wavy walls. On the abaxial surface, four types
of trichomes were identified: glandular, forked, capitate, and stellate. A crystalline coating was observed
along the leaf veins. In cross section, the leaf is dorsiventral, with a single-layered palisade mesophyll, a 2-3-
layered spongy mesophyll, mucilage channels, and druses of calcium oxalate. Diagnostic microscopic fea-
tures have been identified that may be used in the preparation of a pharmacopoeial monograph.

Keywords: Tilia cordata, plant raw material, microscopic analysis, leaf, micro-diagnostic signs

Introduction

The introduction of new types of plant medicinal raw materials is a pressing task for botany and phar-
macy. Not all types of raw materials included in the Pharmacopoeia [1] are available in sufficient quantities
to meet the needs of the pharmaceutical industry in the production of drugs.

One of the most sought-after types of raw materials is the flowers of the heart-shaped linden tree [1, 2].
In official medicine, heart-shaped linden flowers (Tiliae flores) are used as a diaphoretic, expectorant, and
anti-inflammatory agent [3-6]. However, the flowering period of this plant species is short (late June to early
July, about two weeks), which limits the time available for harvesting the flowers (Fig. 1). The plant itself
has a limited habitat: the Caucasus, Karelia, Arkhangelsk Region, Komi Republic, Tomsk Region, and
Khanty-Mansi Autonomous Okrug. Extensive areas are occupied by forests in the Urals [7].

Figure 1. Leaves (A), tree (B), and flowers (C) of Tilia cordata

Recently, the leaves of Tilia cordata Mill. (family Malvaceae) have attracted the attention of scientists.
Experiments have shown that total extracts obtained from Tilia cordata leaves exhibit a wide range of bio-
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logical activity, including general strengthening, anti-inflammatory, wound-healing, and antimicrobial ef-
fects [8-10].

In this regard, Tilia cordata leaves are of scientific and practical interest for detailed study, and their in-
troduction as medicinal raw materials will allow for the partial replacement of the scarce flowers of this spe-
cies.

Based on the above, the aim of this study was to examine the anatomical structure of Tilia cordata
leaves and identify the diagnostic features of the raw material.

Experimental

The objects of the study were Tilia cordata leaves (Fig. 2) collected at different times of the growing
season (early May to late September 2023) in the forest park area of the State Humanitarian-Technical Uni-
versity (Orekhovo-Zuyevo).

Figure 2. Dried samples of Tilia cordata leaves

The raw material was soaked in hot water and fixed in a mixture of 50 % aqueous glycerin, distilled wa-
ter, and 90 % ethyl alcohol [11]. Copper salts were added to the fixative to preserve the color of the cells.
Surface preparations and cross sections were made manually using a razor. For cross sections, fragments of
leaf plates along the midrib were selected.

Cross sections were stained with a 5 % alcohol solution of Lugol’s iodine for a clearer picture.

The studies were conducted using a MICMED-6 microscope with a UCMOS05100 digital camera at
magnifications of 10x4, 10x10, and 10x40. The micro-preparations were described in accordance with
the recommendations of R. Crang [12], P.J. Rudall [13], and the State Pharmacopoeia of the Russian
Federation [14].

Results and Discussion

The leaf of Tilia cordata is simple, on a long petiole, with a heart-shaped or broadly ovate base, a point-
ed tip, and a finely serrated margin [15, 16]. The upper side of the leaf blade is dark green and smooth, while
the lower side is light green, almost grayish, with characteristic colored tufts of trichomes along the veins.
The leaves are 3—10 cm long and 4-12 cm wide.

A leaf fragment taken from the upper side of the leaf (Fig. 3) shows the absence of stomata, but pris-
matic crystals are visible through the epidermis. The main epidermal cells have straight anticlinal walls or
wavy walls.
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Figure 3. Upper epidermis of a Tilia cordata leaf

A superficial preparation of the underside of the leaf revealed the presence of stomatal cells of the
anomocytic type (Fig. 4). The stomata have an average size of 14.6 x 23.5 um and are surrounded by 3-4-5
epidermal cells. Thus, the leaf of Tilia cordata is defined as hypostomate, since the stomata are located on
the lower surface of the leaf blade.

Figure 4. Lower epidermis of Tilia cordata leaf

There are different types of trichomes [17]. For example, glandular trichomes are confined to the sinus-
es of secondary or tertiary veins (Fig. 5). They are usually bulbous or bottle-shaped.

Along the main veins are forked trichomes (Fig. 6), which have a short stalk and are pressed against the
surface of the axis. In the axils of the veins, there are capitate multicellular (Fig. 7) and stellate
trichomes (Fig. 8). The latter vary in the number of branches, from 4 to 8.
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Figure 5. Glandular trichomes on Figure 6. Forked trichomes on
the leaves of Tilia cordata the leaves of Tilia cordata

Figure 7. Capitate trichomes Figure 8. Stellate trichomes
on the leaves of Tilia cordata on the leaves of Tilia cordata

Crystalline inclusions are visible along the veins of the leaves on both sides (Fig. 9). The crystals are
prismatic in shape.

The leaf cross-section (Fig. 10) is identified as dorsoventral, containing palisade parenchyma on one
side and spongy parenchyma on the other. The palisade mesophyll is single-layered, while the spongy meso-
phyll contains 2-3 layers.

On the cross section of the midrib (Fig. 10a) and lateral fragments (Fig. 10b), a single-layered epidermis
is located around the perimeter. Its cells are elongated, almost rectangular. In the area of the midrib, there are
1-2 layers of collenchyma, and the parenchyma and sclerenchyma consist of 3-4 layers. In the midrib, mu-
cous channels containing calcium oxalate crystals are visible. The conducting bundle is collateral, closed,
and broadly ovoid in shape.
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(b)

5]

Figure 10. Cross section of a Tilia cordata leaf
a — midrib; b — lateral fragment; ¢ — cuticle; cl — collenchyma; dc — calcium oxalate druses;
le — lower epidermis; md — mucous canal; p — cortical parenchyma; ph — phloem; pp — palisade mesophyll;
s¢ — sclerenchyma; sp — spongy mesophyll; ue — upper epidermis; xy — xylem

The structure of a true Tilia cordata leaf has similar features to the leaves of other species [18, 19].
However, there are distinctive features, consisting of the peculiarities of the structure of the epidermis cells,
the types of hairs, and the presence of mucous channels and crystal druses in the cross section.

The identification of structural features can serve as diagnostic criteria for the identification of plant raw
materials at the microscopic level.
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Conclusion

Thus, a study of the anatomical structure of the Tilia cordata leaf was carried out, including analysis of
surface preparations and cross sections. The structural features of the leaf epidermis, the type of leaf based
on the arrangement of veins, and the presence of four types of trichomes were established.

For the transverse section, a dorsoventral type of leaf plate, the presence of a single-layer palisade and
multi-layer spongy tissue, the presence of mucous channels and calcium oxalate druses were identified. The
bundle is collateral, closed type, surrounded by 2-3 layers of sclerenchyma.

The diagnostic features identified can help in determining the species and identifying medicinal plant
raw materials.
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JI.T". BaGewmuna

Tilia cordata MuKpoOCKONMHUSIIBIK TAJIIAYbI

Jlopinik MIMKI3aTTHIH MIMKi3aT 0a3achlH KEHEHTYIl ©CIMAIKTEpIiH jXaHa TYpJepiH ic Xy3iHIe maimaigaHyra
€Hri3y, CoHzaii-ak OypHIH ic JKY3iHIe MaiijanaHyFa CHTi3UIreH KaHa TYpiepAi KojjaHy eceOiHeH Kyprizyre
6onanel. Tilia cordata rynmepi IIHMKI3aTTBIH CYpaHBICKA HE TYpi, anaiiga oyapipl KHHAY KbICKA TYIJICHY
ke3eHiMeH mekreneni. Ocel TypHiH kKamnbIpakTapsl 1a (apMakoJOTHSUIBIK OEJCeHIUIKTI KepceTremi, Oy
onapisl jgepOec JSpUTIK OCIMAIK MIMKI3aThl peTiHjae MepcreKkTHBansl ereni. Makamaga Tilia cordata
JKAIBIPAKTapblH MHKPOCKOIMSUIBIK —Talllay HOTIKenepi kenripinred. KenripiireH kamblpakTapabiH
AQHATOMUSUTBIK TaJilaybl JKYpri3inmi, OHBIH imiHAe OeTki mpemapartap MeH KeJACHEH KUMaJapAblH
KYPBUIBIMIBIK CPEKIIESNIKTEpiH TajlAay >KYprisingi. JKambIpakThIH THHIOCTOMATHKAIBIK THIIKE KATATHIHBI
AHBIKTAN/IBL, SMUACPMUCTIH HETI3Ti jKacyllamapbl Ty3y HeMece TOJKBIHAB KaObIprajapra He; TOMEHT1
JKarbIHAA TpUXoMaiapIelH 4 Typi Oap, omap: 0e3ni, albIpiiel, 6ac TOpi3mdi JKoOHE XKYIABI3 Topizai. XKambipak
TaMBIPJIAPBIHBIH OOWBIHIA KpuCTalasl kaObiH Oap. KesjeHeH KuMaaa >KamblpakThIH JOPCOBEHTPAIIHIbI
KYPBUIBIM TYpi 6ap: mamucanTsl Me3odmut 6ip KabaTThl, Keyek Tapizai — 2-3 KabaTThl, MIBIPHIIITE apHajIap
MEH KaJblMil OKcanaT KPUCTAJJapblHBIH Apy3aapbl Oap. PapMakomesuiblK MakalaHbl AaiblHIAy YIIiH
KOJIIaHyFa 00JaThIH MHUKPOCKOIHSUIIBIK ACHICiIe TUArHOCTHKAIIBIK OCNriiep aHbIKTas/bl.

Kinm ces30ep: Tilia cordata, ecimMmik mIHKi3aThl, MHKPOCKONMHUSIIBIK Taljjay, >KaIbpak, MHKpPO
JUAarHOCTUKAIIBIK Oenriiep.

JI.T". BaGemmua

Muxkpockonuueckuii anaau3 Tilia cordata

Paciuupenne chlpbeBoii 0a3bl JIEKAPCTBEHHOTO ChIPhS MOJKHO NMPOU3BOIUTH KaK 33 CUET BBEICHUS B MPAKTH-
4eCKOE HCIOJb30BaHHE HOBBIX BH/OB PACTEHH, TaK M 3a CYET MPUMEHEHHUSI HOBBIX OPTaHOB, PaHee BKIIIO-
YEHHBIX B MpakTHueckoe ucnonb3oBanue. [[serku Tilia cordata siBnsirorcst BOCTpeGOBaHHBIM BHIOM ChIPbS,
OJIHAKO WX COOp OrpaHHYeH KOPOTKUM MEPHOJOM LBETeHHs. JIMCThS JAaHHOTO BHIA TAKKE MPOSBIAIOT dap-
MAaKOJIOTHYECKYI0 aKTHBHOCTb, UTO JIENACT WX MEPCIEKTUBHBIMU B KAYECTBE CAMOCTOSTEILHOTO JICKapCTBEH-
HOTO PaCTUTENBHOTO CHIPbs. B HacTosIIeH CTaThe MPHUBOAATCS PE3yJIbTaThl MHKPOCKOMMYECKOIO aHAIM3a
nucteeB Tilia cordata. AmaTomupoBaHue MPOBEAECHO [Tl BBICYIICHHBIX JIHCTHEB C aHAIM30M OCOOEHHOCTEH
CTPOEHHS MOBEPXHOCTHBIX MPENapaToB M MONEPEYHBIX CPE30B. Y CTAHOBIICHO, YTO JIUCT OTHOCHUTCS K T'MIIO-
CTOMAaTHYECKOMY THITY, OCHOBHBIC KJICTKH JIHIEPMHCA UMEIOT TPSIMbIE MM BOJHHCTBIC CTEHKHU; C HIDKHEH
CTOPOHBI IIPUCYTCTBYIOT 4 thna TPUXOM: KEJIC3UCTBIC, BUJIIBYATBIC, I'OJIOBYATBIC U 3BE3Q4YAThIC. B)IO.]'I]: JKHJIOK
JIMCTHEB NPHCYTCTBYET KPUCTAJUIOHOCHAs 00KIaaKa. Ha momepedHoM cpese JIMCT HMMeeT TOP30BEHTPANIbHBIH
THUIl CTPOGHHMS: MAJMCATHbIA Me30(MIUT OHOCIOMHBIM, ry04aThlit — 2-3-CIOWHBIA, MPUCYTCTBYIOT CIU3H-
CTBIC KaHAJIbI U IPY3bl KPUCTAJUIOB OKCaJlaTa KaJIbIUs. YcTaHOBIICHBI JUArHOCTUYECCKUE MPU3HAKKU HA MUKPO-
CKONUYECKOM YPOBHE, KOTOPBIC MOTYT HCIIOJIb30BAThCS JUISl TOATOTOBKH (apMaKoIeitHOM CTaThH.

Knrwouesvie cnosa: Tilia cordata, pacturensbHoe ChIpbe, MUKPOCKOIMYECKHH aHAIN3, JIUCT, MUKPO JTHAarHOCTH-
YeCKHUe TPH3HAKH
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Dendroclimatic analysis of common pine (Pinus sylvestris L.)
on the SNNP “Burabay”territory

The study aims to obtain new data on the chronology of Pinus sylvestris L. under arid conditions in the forest-
steppe zone of northern Kazakhstan, specifically in the northern part of the SNNP “Burabay” territory. Two
sites were selected to compare how different factors influence wood growth. Analysis of the generalised tree-
ring chronologies revealed a substantial number of trees in the study area that are between 170 and 220 years
old. First-order autocorrelation values ranged from 0.68 to 0.78. The sensitivity coefficient indicated the pres-
ence of a weak climatic signal. Short-term climate projections suggest a slight increase in temperature and a
decrease in warm-season precipitation over the next 10 years.

Keywords: Pinus sylvestris L., climate prediction, Burabay, precipitation, air temperature

Introduction

Climate change cycles and increased human activity have had a significant impact on the world’s forest
area. Since the conclusion of the last ice age (approximately ten thousand years ago), the area of forestry has
decreased from six billion hectares to four billion hectares, which equates to 31 % of the total land sur-
face [1]. The structure and functions of forest communities in climate-sensitive regions are subject to uncer-
tain changes in response to global warming. In particular, the reaction of pine growth to climate change in
northern Central Asia remains uncertain [2]. The long-term utilization of pine forests in Kazakhstan for rec-
reational purposes, in conjunction with the trend of climate change towards aridification and the occurrence
of catastrophic fires in this region, has resulted in substantial detrimental alterations to the condition and sus-
tainability of these plantations [3]. In this regard, monitoring of forest ecosystems is carried out on the terri-
tory of the SNNP “Burabay”.

The first dendroclimatic studies on the territory of the southern part of the SNPP were published in
2017, where the impact of climate change on the width of annual rings was observed. The variability and
sensitivity of annual ring widths increased after the 1940s. The observed trend of increasing precipitation,
temperature and annual ring width is of particular interest. In conclusion, it can be posited that the annual
rings of common pine in Burabay exhibit heightened sensitivity to prevailing growing conditions and are
susceptible to the effects of climate change [4]. A classical dendroclimatic study was conducted for six co-
niferous forest areas near their semi-arid borders throughout Kazakhstan, including Pinus sylvestris L., a
species found in temperate forest-steppes, and Picea schrenkiana Fisch. & C.A. Mey, a species found in
foothills in the south-eastern region of the Western Tien Shan; Juniperus seravschanica Kom., a species
found in the mountain zone in the south-eastern region of the Western Tien Shan, in the southern subtropics.
In the context of Kazakhstan, it has been determined that the primary factor impeding the growth of conifers
is heat stress. To address this issue, it is recommended that experiments be conducted to develop heat-
protection measures for plantations and urban trees. Additionally, it is suggested that the dendroclimatic
network be expanded to encompass the influence of habitat conditions and climate-driven dynamics of per-
ennial growth [5].

Experimental

The study area is the Burabay SNNP, located in northern Kazakhstan, specifically in the Akmola re-
gion, within the Burabay district (53°05'00"N 70°18'00"E). The topography of the Burabay tract is character-
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ized by undulating terrain, which is part of the Kazakh Shallow Soil. In the spring of 2024, two plots were
established within the SNNP to collect cores of common pine (Pinus sylvestris L.). One of these plots was
designated as Bur, representing natural growing conditions, while the second plot was designated as BurA,
representing conditions influenced by anthropogenic factors. These plots were situated in the vicinity of
Zhukey village, located in the Yenbekshilder district (see Figure 1 and Table 1 for further details). The sites
were selected in order to compare how different factors affect wood growth.

The vegetation of the area is closely related to the landscape features of the Kokshetau upland. The
presence of a forest-steppe landscape within the steppe zone is attributable to several factors, including its
elevated position and strong ruggedness. Furthermore, the forest-steppe landscape is distinguished by its
slightly higher precipitation levels (300-350 mm) compared to the surrounding areas, resulting in increased
water availability. The topsoil is characterized by a brown earth, loessy, sandy loam composition. Common
pine (Pinus sylvestris) constitutes 65 % of the total tree vegetation of the park.

Symbols

Main objects

¢ core sampling sites

53°0"

Additional objects

—— rivers

I___l watershed boundaries
[ "Burabay" National Park
[ |lakes

settlements

— roads

Elevation, m.
950

S T S B Y S S|
— 2176 |

Figure 1. Sampling points in Burabay SNNP
No.1 — Bur site (natural growing conditions), No.2 — BurA site (under the influence of anthropogenic factors)

Table 1
Location of sampling sites and sources of climatic data
Sampling location Species Geographical coordinates Climatic grid points
Bur PISY 53°00'38.2 70°17'44.5 388 53.25 70.25
BurA PISY 52°54'57.1 70°36'10.6 426 52.7570.75
"PISY — Pinus sylvestris

The winter season is characterized by its severity and protracted nature, and is marked by a scarcity of
precipitation, a consequence of the continental climate. Conditions during the winter months are considered
to be within normal parameters, except on days when there is a significant increase in wind speed. However,
such winds are not particularly characteristic of the northern region during the winter months. Should these
occur primarily during the first two months of winter, a sharp decline in air temperature can be expected. It
has been demonstrated that, on occasion, the indicators can reach a value of -45 °C. During the winter
months, the presence of warm winds can result in an increase in air temperature to approximately
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+5 °C. Furthermore, it has been observed that snow cover persists for duration of approximately four
months. The mean annual temperature is 1.3 °C. The mean temperature in January is -16.8 °C, while the
mean temperature in July is 19.1 °C. The mean duration of the frost-free period is a mere 140 days. The an-
nual average amount of precipitation is 332.3 millimeters, with a maximum of 257.9 millimeters recorded
from April to October (Fig. 2).
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Figure 2. Average annual temperature and precipitation on the territory of SNNP “Burabay”.

A distinctive feature of closed stands is the presence of a substantial layer of forest litter. The thickness
of the layer varies between 3-5 cm, with some areas reaching 10-15 cm in hollows. The litter is predomi-
nantly composed of fallen needles and small pine branches, with a paucity of grass cover in certain areas.

Samples of wood (cores) were obtained for dendrochronological analysis. These samples were taken
from a variety of common pine trees of different ages. Trees for core drilling were selected in sparse forests
in the areas of their most significant accumulation, in stands—within the sample areas. Cores were extracted
at a height of 1.3 m from the root neck. The cores were collected and prepared for dating according to the
methods adopted in dendrochronology [6-8]. The samples were meticulously cleaned using a combination of
blades and a clerical knife. The presence of boundaries within annual rings was determined by applying tooth
powder to the cleaned surface of the core. The width of annual rings was measured with an accuracy of
0.01 mm on a semi-automatic LINTAB VI instrument. The calendar year of each ring was determined using
the CrossDating method in the TsapWin computer program [9, 10]. The accuracy of cross-dating was
checked using cross-correlation analysis in the specialized computer program COFENHA [11-12].

The quality of the dendrochronological material was assessed using the ARSTAN program by the fol-
lowing indicators: Pearson correlation coefficient, standard deviation, skewness, average sensitivity coeffi-
cient, first-order autocorrelation, and total population signal of the chronology EPS (expressed population
signal). A value of 0.85 is taken as the threshold value of EPS, where a total variance below this threshold
indicates an unacceptable amount of noise in the chronologies [13].

Climate data (temperature and precipitation) were utilized to project climate change, which was then
interpolated for the corresponding geographic coordinates of the spatially distributed CRU TS field
(1901-2023). This data is publicly available in the KNMI Climate Explorer database
(https://climexp.knmi.nl/start.cgi).

Results and Discussion

The indicators of the qualitative evaluation of the obtained dendrochronological material are summa-
rized in Table 2. The obtained individual chronologies can be considered to be relatively insensitive to exter-
nal environmental factors, as the sensitivity coefficient does not exceed the threshold value of 0.3. However,
the site of BcrA shows a small signal, which amounts to 0.25. This phenomenon is likely attributable to an-
thropogenic influences, particularly the establishment of plantations in exposed locations. These plantations
are susceptible to strong winds, which can result in lopsided crowns and severely bent trunks in affected
trees. It is frequently observed that substantial roots, which are scarcely concealed by soil, extend across the
surface of granite, particularly along crevices where diminutive branches of roots penetrate. The process of
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crack expansion is often accompanied by the deposition and subsequent lifting of substantial granite blocks
by skeletal roots, a phenomenon that is particularly evident during the process of root growth. A high value
of first-order autocorrelation (0.68-0.72) was observed, indicating that past climatic conditions are related to
current annual pine growth. As demonstrated by the EPS calculations, the generalized chronology has a suf-
ficient supply of dendrochronological data for the period from 1876-2023 (Bur) and from 1918-2023
(BurA\). Generally, statistical indicators suggest the reliability of the constructed dendrochronological series
and the significant impact of abiotic factors on the radial growth of common pine.
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Figure 3. Tree-ring chronologies (TRC) of Bur and BurA.
The green line represents the standard chronology; the brown line represents sampling depth
(number of cores for each year); the vertical red line shows the first year of EPS > 0.85, i.e.,
the beginning of the period suitable for dendroclimatic analysis.
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The total sample volume by site was 38 cores; the generalized chronologies of Burabay are shown in
Figure 3, the maximum age was 223 years, and the period suitable for dendroclimatic analysis (EPS>0.85)
Bur — 147 years, BurA — 105 years.

Table 2
Annual ring width chronology statistics
Number Period Maximum length o Autocorrelation of 1
Plot . Sensitivity
cores chronologies (years) order
Bur 20 1849-2023 178 0.20 0.68
BcrA 18 1800-2023 223 0.25 0.72

The correlation analysis demonstrated that Bur and BurA chronologies exhibited a satisfactory correla-
tion relationship (Table 3). The correlation between the sites is (R=0.415).

Table 3

Correlation coefficients of tree-ring chronologies

Site name BurA
Bur 0,415344

The climate was predicted using trends in air temperature and precipitation. The monthly mean climate
data set utilized in this study spans from 1901 to 2023. The trends evident throughout the 20th century
demonstrate that, since 1950, the region has experienced a marked increase in winter warming and precipita-
tion. To achieve a higher degree of accuracy in the prediction, the trend calculation was utilized since
1950 (Fig. 4).
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Figure 4. Air temperature trends: a) temperatures of warm months (April-October);
b) temperatures of cold months (November—March)

During the final decade of observation, from 2014 to 2023, the mean temperatures recorded were
+12.60 °C and -10.57 °C for the respective warm and cold seasons. Projections indicate that, for the
2024-2033 period, the long-term trends observed during the 20th century are expected to continue, with an
anticipated increase in average warm-season temperatures of +12.75 °C and a decrease in average cold-
season temperatures of -10.31 °C.

During the final decade of observation, 2014-2023, the mean precipitation levels were recorded as
253.46 mm for the warm season and 90.46 mm for the cold season (Fig. 5).
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Figure 5. Precipitation trends: a) precipitation of warm months (April-October);
b) precipitation of cold months (November-March)

Projections for 2024-2033, under the assumption that long-term trends from the 20th century persist,
anticipate a modest decline in warm-season precipitation, with an expected average of 253.41 mm. Con-
versely, there is a projected increase in cold-season rainfall, estimated at an average of 90.93 mm.

Conclusions

A comprehensive analysis of the generalized tree-ring chronologies revealed that a substantial number
of trees, with an age exceeding 170-220 years, are present within the designated study area. The first-order
autocorrelation values range from 0.68 to 0.78. The highest value is observed for the chronology BurA.

All chronologies exhibit a low sensitivity coefficient, indicative of an absence of a substantial climatic
signal. This is further substantiated by the observation of a minimal signal (0.25) at the BurA site. This phe-
nomenon is likely attributable to anthropogenic and biotic factors, as the trees are situated near the village
and are susceptible to soil erosion and wind. This fact also confirms the EPS calculation, which indicates the
amount suitable for dendrochronological work, including the construction of tree-ring chronologies and
comparison with climatic parameters. The core samples obtained from this site exhibited signs of damage,
indicating the onset of processes related to decomposition and the softening of plant tissues, collectively re-
ferred to as “rot”. These processes were initiated from the core of the trunk.

Statistically significant correlation values between the chronologies (0.415) indicate the presence of a
standard climatic signal, as they are located in the same study area. The primary reasons for the negligible
correlation between plots may be multifaceted, including the geographical separation between plots, the im-
pact of distinct and identifiable factors, the heterogeneity of the local soil landscape, and the climatic condi-
tions of the habitat (particularly in mountain ecosystems), which regulate the dynamics of tree growth even
within the same species and climatic zone [14-16].

Short-term climate projections indicate a marginal increase in temperature and a decrease in warm-
season precipitation over the ensuing decade.
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H.b. Manwutos, A. K. Kacanosa, K.T. U6paeBa, M.T. Ectaesa, 3.K. [{oyner

«bypabaii» MYTII aymarpinaa KoAiMri KaparaiiibIH
(Pinus sylvestris L.) 1eHApPOKJIAMATTHIK TAJAAYbI

3eprrey contycTik KasakcTaHHBIH OpMaHABl JajachiHAa, Adnipek aditkanma «bypabait» MemnekeTTik
WITTBHIK TIApKi ayMarbIHBIH COJNTYCTIK OemiriHaeri Kyprak »karmaiina kaparaingeiH (Pinus sylvestris L.)
XPOHOJIOTHSICHI TYpaJIbl XKaHa JePEKTep allyFa OarbITTalnFaH. AFallThIH ecyiHe opTypiii pakropiaapabiH Kanai
dcep eTeTiHIH CabICTHIPY YIIiH 2 ydacke TaHmanabl. JKajbuiaHFaH aFali-CakiHa XPOHOJIOTHSIIAPBIH Talay
3eprrey aiimarbiHma 170-220 jxkacraH ackaH KeONTETeH aralITap OcCeTiHiH KepceTTi. bipiHmm perti
aBrokoppemsinus  MoHAepi 0,68-men 0,78-re neiiin  aybiTkuabl.  Ce3iMTamablk KO3 HUIMEHTI IIaFbH
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KJIMMATTBIK CHUTHAJIBIH OoiyblH KepcerTi. Kpicka Mep3imai KiIMMaTThlK OomkaMm ammarbl 10 sxpuia
TEMIIepaTypaHbIH IaMaJIbl KOFAPBUIAYBIH KOHE KbUIBI ME3TUIC KaybIH-IIAIIBIHHBIH TOMEH/ICY1 KYTLUICTiHIH
KepceTeni.

Kinm ce30ep: Pinus sylvestris L., ximMaTTsIK O0mKaM, bypabaii, xkaybsIH-IIAIIBH, aya TEMIEPaTypackl

H.b. ManutoB, A.)K. Kacanosa, K.T. U6paeBa, M.T. Ecraesa, 3.K. Jloyner

JeHAPOKINMATHYECKHIT aHAJIH3 COCHBI 00bIKHOBeHHOIT (Pinus sylvestris L.)
Ha TeppuTopuu ['HIIII «bypa0aii»

VccneoBaHue HAMpaBICHO Ha MOJyYCHHE HOBBIX JAHHBIX XPOHOJOTHH COCHBI OOBIKHOBeHHOM (Pinus
sylvestris L.) B 3acylIIMBBIX YCIOBHSX B JIECOCTEINH CeBepHOro KaszaxcraHa, a MMEHHO B CEBEPHOM YacTd Ha
tepputopun ['HIIII «bypabaii». beuin BeIOpaHbl 2 ydacTka, 4TOObI CPaBHUTh, KaK BIUSIOT pa3ivyHbIe (ax-
TOPHI Ha IPHPOCT APEBECHHBL. AHAIN3 0000IIEHHBIX JPEBECHO-KOJIBIEBBIX XPOHOJIOTUI IOKA3all, 4TO B Ipe-
JieNiaxX paiioHa MCCIICOBAHUS MPOU3PACTACT OOJBIIOE KOJMYESCTBO JEPEBBEB Bo3pacToM Oonee 170-220 net.
3HaveHUs aBTOKOppesuuu 1-ro mopsaka Bapeupyrotcs ot 0,68 mo 0,78. KoadduimeHT 9yBCTBUTEIBHOCTH
MOKa3aj MPHUCYTCTBHE HEOOBIIOT0 KIMMATHYECKOTO CHIHana. KpaTKoCpOYHBIA MPOTHO3 KIMMaTa MOKa3bl-
BaeT, uTo B Onmmkaiimue 10 JieT oxxumaeTcss HeOObIIOE MOBBIICHHE TEMITEPATYPhI U TIOHIKCHUE KOJTHMYECTBA
0CaJIKOB TEIUIOTO CE30Ha.

Knroueswie cnosa: Pinus sylvestris L., mpornos knumara, bypa6aii, ocaku, TemMiepaTypa Bo3ayxa
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