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Some enzymatic properties of lactic acid bacteria isolated from dairy products

This article presents data on the study of physiological and biochemical properties, antagonistic and
enzymatic activity of lactic acid bacteria isolated from dairy products. 9 types of lactic acid bacteria were
studied: Lactobacillus bulgaricus GM — 08, Lactobacillus bulgaricus KZh — 01, Lactobacillus bulgaricus GS
— 03, Lactococcus cremoris — 6, Lactococcus cremoris — 17, Lactococcus cremoris — 26, Lactococcus lactis —
1, Lactococcus lactis — 15, Lactococcus lactis — 23. These strains were found to have resistance to 2% and
4%-vertical NaCl concentrations, bile and phenol. In addition, the antagonistic activity of Gram-positive and
Gram-negative microorganisms in relation to test cultures of Staphylococcus aureus, Salmonella dublin,
Escherichia coli, Bacillus subtilis, Sarcina flava was studied. All studied lactic acid bacteria showed activity
in Test cultures with different inhibition zones. The Lactococcus lactis — 23 strains showed high activity for
all cultures, with an inhibition zone of 17-25 mm. Further, 5 strains were selected from these strains and their
aroma-forming properties, the formation of diacetyl and ammonia from arginine, hemolytic and lecithinase
activity were studied. Compositions were compiled from these strains to make yeast. The compatibility of
strains of lactic acid bacteria was checked with each strain individually and with the duration of milk clotting
according to organoleptic indicators compared to the duration of milk clotting. Thus, the most active clot
formation was obtained by the Lactococcus lactis — 23 strain of the selected combinations.

Keywords: microorganisms, strain, antagonistic activity, enzymatic activity, aroma formation, acid formation,
yeast, Lactococcus sgemogis, Lactobacillus bulgaricus.

Introduction

There is a need for compact and efficient processing of raw materials produced in agriculture for special
food purposes in order to maximize the use of the capabilities of Biotechnology in many countries as well as
in Kazakhstan. To achieve the goals such tasks were implemented as the importance of metabolites of
microorganisms with a wide range of areas of influence on the body and prevention of various diseases is
growing in the preparation and implementation of lactic acid products.

Currently, the production of new types of lactic acid products with the maximum use of probiotics and
biologically active microorganisms has become the main directions of Biotechnology Science [1, 2].

One of the priority areas in agricultural production is the effective and rational use of the gene pool of
microorganisms. In this context, research on the extraction of new strains of microorganisms and the
preservation of existing and used strains of microorganisms in the practice of agricultural biotechnology and
the creation of biopreparations based on them in the agro-industrial complex is interesting.

A special place in the gene pool of microorganisms is occupied by prokaryotes including lactic acid
bacteria [3].

The ability of lactic acid bacteria to form antibiotic substances and to have a bactericidal, bacteriostatic
effect on other microflora is widely used in agricultural biotechnology.

Cepus «buonorua. MeguunHa. MNeorpadms». Ne 4(112)/2023 7
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When sorting industrial strains of lactic acid bacteria, many of their biological properties are taken into
account. Previously, we studied antagonistic activity; pH range capable of increasing strains; resistance to
bile, phenol, increased concentration of NaCl, antibiotic resistance; adhesive activity [4, 5].

Experimental

New strains of lactic acid bacteria were isolated from home-made dairy products: kefir, kumys, shubat,
cow's and camel's milk. For inoculation and long-term storage of newly extracted lactic acid bacteria, the
following nutrient media were used:

1. MRS nutrient medium: yeast autolysate — 5 ml, peptone — 10 g, glucose — 20 g, ammonium citric acid
— 2 g, sodium acetic acid — 5 g, MgSO.4 x 7H20 — 200 g, MnSO4 x H20 — 50 mg, K:PO4 — 2 g, twin-1 ml,
agar — agar — 20 g, water — 1000 mL, pH medium - 6.2-6.6.

2. Hydrolyzed milk nutrient medium according to Bogdanov: 1 L of boiled, cooled, sterilized milk
without fat, the pH medium was 7.4 — 7.6; pancreatin — 1 g, chloroform — 5 ml. The container is tightly
closed and placed on the thermostat at 40°C, 72 hours. The resulting hydrolyzes were filtered, the pH medi-
um was set to 7.0-7.2, decontaminated for 10 minutes in 1 atmosphere [6].

3. Hydrolyzed milk containing agar-agar. To prepare agar medium, 2 times water and 2% agar-agar
were added to hydrolyzed milk.

4. Wort-Agar: toxic wort — 500 ml, agar-agar — 20 g, water — 1000 ml, ph medium — 6.5-6.7 should be.
It is disinfected at 116°C for 30 minutes.

5. The common diagnostic media used by everyone are: ammonia formation medium from arginine, 2%
and 4%-vertical NaCl milk hydrolyzate.

Physiological and biochemical properties of lactic acid bacteria resistance to table salt, bile, phenol,
ability to form flavoring substances from the composition, acid formation energy, milk clotting time, ammo-
nia formation properties from arginine, diacetyl formation abilities were evaluated according to the generally
accepted methods.

By titration with 0.1 N NaOH, the toxicity was checked and measured in Turner degrees.

Pre-decontaminated milk is added at a certain temperature, one of the strains under study, or yeast
grown for 18 hours. The milk is simply mixed and kept in the thermostat at a temperature typical of this
strain until thick. Later, the paste is left at room temperature for about 1-2 hours, setting the duration of its
appearance. Then it was placed to the refrigerator from +3 till +5°C. A day later, during the tasting, an
assessment of its taste, smell and consistency, thickening time was made.

The ability of cultures to form flavoring substances from their composition was determined by a quali-
tative reaction. The property of acetoin formation is established by an alkaline sample. To do this, two drops
of the studied cultures are applied to a white porcelain plate, then 40% Kon and 0.04% creatine solutions are
added and mixed well. The time is set by tracing until the pink color appears within 20-25 minutes. The vol-
ume of formed flavoring substances was measured based on the speed and intensity of color formation.

The ability to form diacetyl was determined by the method of A.G. Grinevich. The test cultures were
sprayed on a nutrient agar medium (composition: hydrolyzed milk — 1000 mL, potassium citric acid — 10 g,
glucose — 10 g, agar — 25 g, ph medium — 6.8-7.0). Cultures sprinkled with milk hydrolyzate with beveled
Agar were kept in a thermostat for 24 hours at a temperature of 30°C, after which a mixture of the following
reagents was added: 5 mL of 20%-vertical hydrochloric acid hydroxyl amine and 1 mL of 10%-vertical
chlorine nickel. All reagents were prepared before the experiment. The prepared test tubes were placed in a
horizontal position on the thermostat for about 2-4 hours.The diacetyl reaction was determined by the for-
mation of red colored crystals of nickel dimethylglioxima. The amount of formed diacetyl was indicated ac-
cording to the degree of speed of the dye [7-9].

The antagonistic activity of lactic acid bacteria has been studied due to the diffusion of Agar. Gram-
negative bacteria are Escherichia coli, Salmonella dublin, Gram-positive bacteria are Bacillus subtilis,
Staphylococcus aureus, Sarcina flava were used as test cultures [10].

Results and Discussion

This paper examines the enzymatic activity of lactic acid bacteria; aroma formation, diacetyl and
ammonia formation from arginine, proteolytic, hemolytic and lecithinase activity.

The formation of aroma is the result of the vital activity of a special group of lactic acid bacteria, which
is in addition to lactic acid, form diacetyl, acetoin, volatile acids, carbon dioxide, alcohols and esters. Among

8 BecTHuk KaparaHguHckoro yHnsepcuteTta
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these compounds, diacetyl plays a leading role in the formation of aromas. Aromatic lactic acid bacteria are a
necessary component of primary yeast for the production of a number of dairy products.

The ability of lactic acid bacteria to proteolysis is widely used in cheese making based on the processes
of fermentation of milk components: lactose, protein and fat. In addition, the quality of cheese is greatly
influenced by the proteolytic processes present in it, which lead to the formation of flavoring compounds
(peptides, free aminoacids, amides, etc.) [8].

In this regard, we studied the properties of lactic acid bacteria, a selection of the most active and
compatible strains was carried out.

Previously, we studied some physiological and biochemical properties and antagonistic activity of the
studied strains of lactic acid bacteria (Table 1, 2).

Table 1
Physiological and biochemical properties of lactic acid bacteria
Types of strains Stability to NaCl Bile resistance Resistance to
2% 4% 30% 40% Phenol
Lactobacillus bulgaricus GM — 08 + - + - -
Lactobacillus bulgaricus KZh — 01 + - + - -
Lactobacillus bulgaricus GS — 03 + +- + + +-
Lactococcus cremoris - 6 + - +- - -
Lactococcus cremoris - 17 +- - + +- -
Lactococcus cremoris — 26 + - + + +-
Lactococcus lactis — 1 + - + - -
Lactococcus lactis— 15 + +- + +-
Lactococcus lactis — 23 + + + + +
Note: "+ "— the presence of growth; " - "- the absence of growth; "+ - " - weak growth
Table 2
Antagonistic activity of lactic acid bacteria
Types of = o~ = & & & — 0 Q
microorganisms s s s S S S - | \
= = = = £ £ 5 2 2
2 ¥ |8 o |8 o g o L & = o
o, © ® O w ©| C S G = 8 8
= 39 L = 9 o D~ » © @ n "
T°s | T°N |T %20 3 3~ | 3| g 3 o
8 O |8 ¥ |& Og 3 & S 3 S
S S [ s |g | & g S S
3] 3] 3] 3] o 3] o |5} 3]
S 3 S 3 S 3 5 5 S
Staphylococcus aureus 19 21 11 13 13 15 13 11 23
Salmonella dublin 21 13 11 7 0 19 0 7 19
Escherichia coli 19 17 21 3 0 17 0 11 17
Bacillus subtilis 21 13 19 9 9 21 13 9 25
Sarcina flava 17 19 17 7 3 19 0 0 21
Note: numbers — test-areas of inhibition of the growth of microorganisms (mm)

As a result of the study, the following active strains were selected to determine enzymatic activity based
on these physiological and biochemical properties: Lactobacillus bulgaricus — strain 3, Lactococcus lactis —
strain 1, Lactococcus cremoris — strain 1.

From Table 2, it can be seen that the study significantly inhibited the growth of Lactococcus cremoris —
26, Bacillus subtilis, Sarcina flava, Salmonella dublin, and less inhibited the growth of Staphylococcus
aureus and Escherichia coli. Strains of Lactococcus cremoris — 17, Lactococcus lactis — 1 showed little ac-
tivity on all test cultures (3-13 mm). The Lactococcus lactis — 23 strain has a high inhibition zone for all cul-
tures (17-25 mm). In addition, the activity range of strains of Lactobacillus bulgaricus GM - 08,
Lactobacillus bulgaricus KZh-01, and Lactobacillus bulgaricus GS — 03 was around 11-21 mm.
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Further, 5 strains selected from these lactic acid bacteria are examined for flavoring properties, the
formation of diacetyl and ammonia from arginine, hemolytic and lecithinase activity, and the indicators are

given in Table 3.

Table 3
Enzymatic activity of lactic acid bacteria
Strains
Enzymatic properties Lactobapillus Lactoba_cillus Lactobagillus Lactococcus Lactococcus
bulgaricus bulgaricus bulgaricus lactis — 23 cremoris — 26
GM -08 GS-03 KZh -01
Diacetyl formation + + + + +
Aroma formation +- + + + +
Ammonia formation
- - - +- + -
from arginine
Hemolytic activity + - - + -
Lecithinase activity - -
Proteolytic activity + + - + -

As a result of the study, it was found that all strains of aromatic substances, diacetyl and two strains of
Lactobacillus bulgaricus CJ — 01 and Lactococcus lactis — 23 form ammonia from arginine; hemolytic
activity was shown by Lactobacillus bulgaricus GM — 08 and Lactococcus lactis — 23; no single strain
showed lecithinase activity.

Hemolysis can be of three types: B — hemolysis (a transparent, colorless area is formed around the
colonies, the width of which depends on the hemolytic activity of the microorganism); B—hemolysis (a
greenish area is formed around the colonies due to the formation of methemoglobin from the hemoglobin of
partially lysed red blood cells) and y-hemolysis (near the colony there is a narrow cloudy area of partial
hemolysis, and then a transparent area of full hemolysis) [11, 12].

To make yeast, it is necessary to study the compatibility of strains. For this, compositions of different
strains were selected:

Option 1: Lactobacillus bulgaricus GM-08 + Lactobacillus bulgaricus KZh-01 + Lactobacillus bulgar-
icus GS-03;

Option 2: Lactococcus cremoris — 26+ Lactococcus lactis — 23;

Option 3: each strain is separate, it is part of the above compositions.

The compatibility of strains of lactic acid bacteria is checked with each strain individually and with the
duration of milk clotting according to organoleptic indicators compared to the duration of milk clotting.
When yeast is selected, strains with similar acid formation activity are combined.

Combinations are selected that coagulate milk at the level of the most active strain or even faster, as
well as with a good sour-milk taste and aroma [9].

As a result, the following indicators were obtained:

1t composition: sour milk taste, pleasant, aromatic, without external taste, dense in consistency, milky
in color, smooth throughout the mass.

2" composition: the taste is delicious, without external taste, fragrant, the consistency is compacting,
with small grains.

34 composition:

3.1. Lactobacillus bulgaricus GM-08 — the taste is pleasant, aromatic, without external taste, the con-
sistency is dense, the color is milky, smooth throughout the mass;

3.2. Lactobacillus bulgaricus GS-03 — the taste is sour-milky, pleasant, the consistency is dense, the
color is milky, with small grains;

3.4. Lactococcus lactis-23 — the taste is sour milk and pleasant, the consistency is viscous, the color is
caramelized;

3.5. Lactococcus cremoris — 26 is fermented milk with a bitter taste, dense in consistency with small
granules, milky in color.

As follows from Table 4, as a result of the study, it was found that the selected combinations have a
high activity of acid formation and clot formation at the level of the most active Lactococcus lactis —
23 stam (Table 4).
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Table 4
Acid formation and clotting activity of lactic acid bacteria

Types of strains

Properties

garicus GM - 08
Lactobacillus bul-
garicus GS - 03
garicus KZh - 01
Lactococcus
cremoris — 26
Lactococcus lactis—
23
1 composition
2 composition

o | Lactobacillus bul-
| Lactobacillus bul-

Formation of clots
(hours)
Acid formation °T 230 280 265 200

o
(6]
[{e]
o
(6]

5

[
o

N
[e0]
o

280 220

Conclusion

Worldwide, the use of dairy and sour milk products has increased significantly in recent years. These
are often used for the treatment of various diseases, for therapeutic purposes. This is primarily due to the fact
that enzymatic processes in milk, which have long been known, occur with the help of microorganisms,
which are characteristic for a long time. Modern technology has its own specifics for this purpose, using
dairy microorganisms. This makes it possible to carry out fermentation work which has its own specifics un-
der certain agreed conditions. As a result, it opened the way for the preparation of fermented milk products
with very high nutritional quality, physical and chemical, sanitary and healing properties. And lactic acid
bacteria significantly affect the absorption of such food in the body [13].

The physiological, biochemical properties of isolated lactic acid bacteria, including acid-forming, an-
tagonistic activity and enzymatic activity were studied. Lactic acid bacteria were not the same in that they
showed antagonistic activity to the test cultures tested, depending on the cultivation conditions. When grown
in the environment of MRS, their suppression of cultures of lactococci and lactobacilli was of the highest

degree. In particular, the Lactococcus lactis — 23 strain showed test culture with a inhibition zone of 17-
25 mm.
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I'.b. Anmanosa, K.I. Kyano6aii, P. zumoBa, I'.O. Keybacosa, JI.C. KoxamxapoBa

CyT eHiMaepiHeH 00/IiHIN AJBIHFAH CYTKBIIIKbLIbI 0aKTePUAIAPbIHBIH
Kei0ip ¢epMeHTATUBTI KacueTrTepi

Makanazna cyT eHiMzepiHEeH OOJiHII albIHFAaH CYT KBIIKBUIIB OaKTepHsIapablH (GHU3HOJIOTHSUIBIK KoHE OHo-
XUMHSUIBIK KACHETTEepi, aHTarOHUCTIK JKoHEe (PepMEHTATHBTIK OCJICEHALTIKTEep] 3epTTEIreH MaliMeTTep Kepce-
TinreH. 3eprreyre 9 TYpii CYT KbIIIKBLIEI OakTepusiiapsl anbiHabl. Omap: Lactobacillus bulgaricus TM — 08,
Lactobacillus bulgaricus KXX — 01, Lactobacillus bulgaricus TC — 03, Lactococcus cremoris — 6,
Lactococcus cremoris — 17, Lactococcus cremoris — 26, Lactococcus lactis — 1, Lactococcus lactis — 15,
Lactococcus lactis — 23. Ocsr mramaapasie 2% sxaHe 4%-161k NaCl KOHUeHTpanuschiHa, 6TKe XKoHe (e-
HOJFa Te3iMAuliri aHpIKTangel. COHBIMEH Karap, TPaMOH JKOHE TpaMTepic MHKPOOPraHW3MACPIiH
Staphylococcus aureus, Salmonella dublin, Escherichia coli, Bacillus subtilis, Sarcina flava eciuzicinin cei-
HaMara KaThICThl AHTATOHUCTIK OCICEHALTIrI 3epTTENIi. 3epTTeNil OThIPFaH OapibIK CYT KBIIIKBUIIBI OaKTe-
PHSUTapBIHBIH ChIHAMa-OCIHALIEp] TeXeNy aiMarblHAa SpTYpi Meumepae OeiceHAUTK TaHBITTEL COHBIH
iminge Lactococcus lactis — 23 mrrambl Gapiisik eciHiie KOFapbl OEJICEHIUIIK KOPCETTI, TEXKeTy aliMarhl
17-25 mM. Apbl Kapaif ochl IITaMAapAbIH IOIiHEH 5 MTaMM TaHJIAJbII, OJIapJbIH XOII HiC Ty3y KacherTepi,
ApTUHMHHEH TUAleTHJI MEH aMMHAKTBIH TY3UTyi, TEeMOJUTHKAIBIK JKOHE JICLIMTHHA3IBIK OCJICeHIUIr 3epT-
TeJl. ALBITKBI XKacay YIIiH OCBI IITaMIapJaH KOMIIO3ULHUSIAp KypacTeIpbuiabl. CYT KBILIKBIIEI OaKTepus-
Japbl MTaMAAPBIHBIH YHIECIMIUTITT CYTTIH YIO Y3aKTHIFBIMEH CaJBICTBIpFaHAa opOip IITaMMEH jKeKe-KeKe
JKOHE OPTaHOJICNITUKAIIBIK KOPCETKIITep OOWBIHIIA CYTTIiH YIO Y3aKTHIFBIMEH Tekcepinni. Ocpulaiima, TaH-
JaFaH KOMOMHALMSUIAP IBbIH ilTiHEH eH OerceH i yitbiTKpl Ty3yre Lactococcuslactis — 23 mrramsr ue GoJIpL.

Kinm ce30ep: MUKpOOpraHU3MJEp, IITAMM, aHTATOHUCTIK OCJICCHINIK, (GepMEHTATHBTIK OCICCHIITIK, XOII
uic Ty3y, KbIIIKBUI TY3Y, alIBITKEL, Lactococcus cremoris, Lactobacillus bulgaricus.

I'.b. Anmanosa, XX.W1. Kyan6aii, P. Usumosa, I'.O. Keybacona, JI.C. Koxxamkaposa

HexoTopsbie pepMeHTATHBHBIE CBOMCTBA MOJIOYHOKHUCJIBIX OaKTepHid,
BbI/ICJICHHBIX U3 MOJIOYHBIX IPOAYKTOB

B craTpe mpezncraBieHsl JaHHBIE 00 M3y4eHHH (HU3NOIOTHIECKUX U OHOXUMHUYECKAX CBOICTB, aHTarOHUCTH-
4gecKoil 1 hepMEeHTATHBHONW aKTHBHOCTH MOJIOYHOKHCIBIX OaKTEPHii, BEIICISEMBIX 3 MOJOYHBIX MIPOAYKTOB.
Jnst iccnieqoBanust ObUIM B3ATHI 9 pasIMuHBIX MOJIOYHOKHCIBIX Oaktepuii: Lactobacillus bulgaricus TM-08,
Lactobacillus bulgaricus KXK-01, Lactobacillus bulgaricus I'C—03, Lactococcus cremoris — 6, Lactococcus
cremoris — 17, Lactococcus cremoris — 26, Lactococcus lactis — 1, Lactococcus lactis — 15, Lactococcus
lactis — 23. YcraHoBi€HO, YTO 3TH IITaMMBbl YCTOWYMBBEI KO 2 U 4%-Hoi koHuentpanusam NaCl, sxemuu u
(denomy. Kpome Toro, m3yueHa aHTaroHMCTHYECKas aKTHBHOCTH T'PaMIIOJIOKUTENBHBIX M TPaMOTPHIATEIb-
HBIX MHKPOOPraHM3MOB B OTHOIIEHHWH TecTOBBIX KymbTyp Staphylococcus aureus, Salmonella dublin,
Escherichia coli, Bacillus subtilis, Sarcina flava. Bce uccrnenyembie MOTOYHOKHCIBIE OAKTEPUH MTPOSIBIISLIH
aKTHBHOCTH B PAa3NIMYHBIX KOJMYECTBAX B 30HE HHTHOMPOBAHUA TeCT-KyabTyp. Cpenu HUX wimamm 23 ToKa-
3aJ1 BBICOKYIO aKTHBHOCTh Ha BCEX KYJbTypax, 30Ha pocta 17-25 mMm. B manpHeiieM u3 3THX IITAMMOB ObI-
JI0 BBIOpaHO 5, M3y4YeHBI UX apOMaTHYeCKHe CBOWMCTBa, 00pa3oBaHKe TUAIlETHIIAa 1 aMMHaKa U3 aprMHHUHA, Te-
MOJINTHYECKAs ¥ JICHUTHHA3Hasi aKTHBHOCTD, a Tak)Ke ObLIM COCTaBJICHbI KOMITO3UIMY JUTS U3TOTOBJICHHS 3a-
kBacok. CodeTaeMoCTh LITAMMOB MOJIOYHOKHCIBIX OakTepuil ObUta MpOBepeHa MO MPOJIODKHTEIBHOCTH
CBEPTBHIBAHHSA MOJIOKA IO CPaBHCHHUIO C MPOIOJDKUTEIIBHOCTBIO CBEPTHIBAHWA MOJIOKA KaXXIbIM LITaMMOM B
OTJENHPHOCTH U MO OPTaHOJENTHYECKIM ITOKa3aressiM. TakuM 00pa3oM, U3 BEIOpaHHBIX KOMOWHALINI HanOo-
Jiee akTHBHBIM 00pa3oBaHueM 3akBacku oOnanan mrramm Lactococcus lactis — 23.

Kriouegvie c106a: MEKPOOPTAHU3MBI, IITAMM, aHTATOHUCTHYECKAsi aKTHBHOCTD, ()epMEHTATHBHAs aKTHBHOC-
Th, apoMaTo00pa3oBaHue, KHCIOTOOOpa3oBanue, 3akBacka, Lactococcus cremoris, Lactobacillus bulgaricus.
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Enhancing Pathogen Detection Methods through a Novel Molecular Diagnostic
Approach with CRISPR/Cas Technology

Molecular diagnostics is widely recognized as one of the most efficient approaches for detecting and charac-
terizing microorganisms. This method relies on the identification of specific nucleic acid sequences and ena-
bles the quick and precise determination of pathogen presence in various samples. Conventional methods for
pathogen detection rely on the culture and identification of the pathogen in a laboratory setting, which can be
time-consuming and expensive. Molecular diagnostic methods, such as PCR and DNA sequencing, have
emerged as powerful alternatives to culture-based methods, offering greater sensitivity and specificity. How-
ever, these methods are still limited by their reliance on costly equipment and specialized expertise. In recent
years, the CRISPR/Cas technology has emerged as a powerful tool for genome editing and manipulation, as
well as for molecular diagnostics. This review presents a novel approach for improving pathogen detection
methods through the utilization of CRISPR/Cas technology. The proposed method offers several distinct ad-
vantages over existing molecular diagnostic techniques. Notably, it provides enhanced specificity and accura-
cy, thereby minimizing the occurrence of false-positive results. Additionally, this method can rapidly and ef-
fectively detect pathogens, making it particularly attractive for use in clinical and laboratory settings. There-
fore, molecular diagnostics using CRISPR diagnostics based on Casl12a is a powerful tool for pathogen detec-
tion and improving the accuracy and speed of diagnosis. Its prospects for future use are wide-ranging and
may encompass many areas of life sciences.

Keywords: CRISPR, Cas12a, diagnostics, bacteria, viruses.

Introduction

CRISPR-based diagnostics: CRISPR (short palindromic repeats regularly spaced in clusters) is a revo-
lutionary technology that allows precise editing of DNA sequences. In recent times, scientists have made
significant progress in the development of CRISPR-based diagnostic methods that enable rapid and specific
detection of particular nucleic acid sequences within a sample. These methods are very accurate and can po-
tentially be very cost effective.

CRISPR/Cas

CRISPR/Cas is an innate adaptive immune system employed by prokaryotes, including bacteria and ar-
chaea, as a defense mechanism against viral and plasmid invasions. Upon initial infection by a virus, a small
segment of the viral genetic material is integrated into the genome of the bacterium. Subsequently, if the
same bacterium is exposed to the same virus again, it transcribes these integrated viral sequences into
CRISPR RNA. The CRISPR RNA then combines with tracrRNA and a CRISPR-associated (Cas) protein,
forming a complex. This complex recognizes and binds to complementary sequences present in the invading
viral DNA or RNA. By doing so, it initiates the cleavage of the viral DNA or RNA, creating double-strand
breaks (DSBs). The introduction of DSBs ultimately leads to the destruction of the virus, effectively neutral-
izing the viral infection

CRISPR-Cas systems function through a series of three main steps: adaptation, expression, and interfer-
ence. Adjacent to the CRISPR array are genes that encode Cas proteins responsible for governing these
phases of immunity: adaptation, CRISPR RNA (crRNA) biogenesis, and interference. During adaptation,
foreign genetic material is selected, processed, and integrated into the CRISPR array, creating a memory of
the infection. This memory is retrieved when the CRISPR array is transcribed, resulting in the production of
crRNA which is further processed within the repetitive sequences to generate mature crRNA molecules. In
the event of subsequent infection, the interference mechanism is activated, wherein the crRNA guides Cas
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proteins to cleave complementary sequences known as protospacers within the foreign genetic material, ef-
fectively neutralizing the invader.

With the help of modern bioinformatics algorithms, in a fairly short time, it was possible to describe
and classify the CRISPR-Cas system. The most studied Cas effector is Cas9. Quite quickly, the use of this
enzyme led to preclinical studies in genome editing. Doudna and Charpentier received the 2020 Nobel Prize
in Chemistry for their significant contributions to the advancement of CRISPR-Cas9 genome editing tech-
nology.

In 2015, a new endonuclease Cas12a was discovered [1]. This enzyme has a number of differences in
the mechanism of action. First, Casl2a uses only one guide RNA. Second, Casl12a utilizes a specific region
known as the protospacer adjacent motif (PAM), which is a TTTN sequence, to bind the target sequence to
the guide RNA. The PAM motif is necessary for the CRISPR-Cas system to be able to distinguish its own
nucleotide sequence from a foreign one. Third, Cas12a forms sticky-end double-strand hydrolysis of DNA,
while Cas9 forms blunt ends. All of the above features of the enzyme's mechanism of action make it an al-
ternative to the well-studied Cas9 in certain cases.

In 2018, it was discovered that Cas12a possesses an additional function that, after binding to the target
sequence, the enzyme undergoes conformational changes and begins to cleave any single-stranded DNA [2].
Furthermore, this additional activity exhibited by Casl2a is commonly referred to as collateral or trans-
cleavage activity, which will be further used for diagnostic purposes by adding fluorescently labeled single-
stranded DNA (reporter with a quencher) to the reaction, the cleavage of which leads to fluorescence. Most
homologues exhibit this activity (Fig. 1). Swarts described the mechanism of cis- and trans-cleaving DNase
activity [3].
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1 — crRNA design; 2 — Cas12a forms a ribonucleoprotein complex with crRNA,; 3 — adding a substrate; 4 — Cas12a-
crRNA searches for sequences of the PAM region; 5 — Upon recognition of the PAM site, a complex is formed with the
target; 6 — Casl12a cleaves the substrate, creating a double-strand break; 7 — Target recognition/cleavage is followed by

non-specific reporter cleavage; 8 — Cleavage of the reporter releases the fluorophore; 9 — Fluorescence is detectable

with the naked eye

Figure 1. CRISPR/Cas12a detection mechanism
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Cas effectors from types V (Cas12a) and VI (Cas13a) can be effectively utilized in the development of
biosensor systems. Since their discovery, these enzymes have received immediate attention due to their dif-
ferences from Cas9. These Cas effectors have the side activity of non-selectively cleaving single-stranded
oligonucleotide sequences upon recognition of a specific target. If the activity of the first enzyme is a single
turnover, then the trigger activity exhibits a multi-turn mechanism, which is very useful in the development
of biosensor systems. Indeed, the Cas enzyme can recognize its target nucleic acid, and then its trigger activi-
ty can be used to report this event in an enhanced way.

To enhance the sensitivity of CRISPR diagnostics, pre-amplification methods such as (LAMP) loop-
mediated isothermal amplification and (RPA) recombinase polymerase amplification are utilized.

Loop-mediated isothermal amplification (LAMP)

Loop-mediated isothermal amplification (LAMP) represents a straightforward and rapid DNA amplifi-
cation technique, suitable for deployment as a preliminary amplification approach in CRISPR/Cas-centered
diagnostic procedures. This approach employs a group of four to six primers designed to precisely focus on
numerous segments of the intended DNA sequence, ultimately leading to the precise and heightened amplifi-
cation of the desired sequence [4].

Loop-mediated isothermal amplification (LAMP) is based on the activity of the Bst DNA polymerase
enzyme from Bacillus stearothermophilus at 60-65 °C. The formation of specific structures occurs through
the transformation into a “stem-loop” structure, facilitated by the use of four pairs of primers (forward outer
primer (F3), reverse outer primer (B3), forward inner primer (FIP), and reverse inner primer (BIP)). Subse-
quently, the “stem-loop” structure, containing multiple initiation sites, serves as the reaction matrix for cyclic
amplification in the LAMP process, ultimately generating multiple nucleotide chains of varying lengths.

Utilizing LAMP as a preliminary amplification technique in Casl2a-based diagnostics offers numerous
benefits. LAMP stands out as a rapid and uncomplicated procedure, devoid of the necessity for specialized
apparatus or specialized knowledge. Furthermore, LAMP exhibits the capability to magnify extremely mi-
nute amounts of the intended DNA, underscoring its exceptional sensitivity. Integrating LAMP with Casl12a-
based diagnostics has the potential to heighten the assay's sensitivity, thereby diminishing the potential for
incorrect negative results [5-9].

Recombinase polymerase amplification (RPA)

RPA, or recombinase polymerase amplification, is an innovative DNA amplification technique used to
amplify targeted regions of genetic material. This method has been developed to provide high sensitivity and
specificity, as well as a fast amplification process, making it suitable for various applications such as infec-
tion diagnosis, genetic research and biological research.

The basic idea of RPA is that specific recombinases, such as the UvsX protein from the T4 virus, are
used to separate two complementary target DNA sequences. After that, short single-stranded starting se-
guences, known as primers, are attached to them. Primers have the property of directing recombinases to the
target sequence, and then the polymerase enzymes begin to synthesize a new DNA strand using one of the
separated strands as a template.

RPA occurs under isothermal conditions, that is, at a constant temperature, and this provides a fast am-
plification reaction without the need for thermal cycling, which is required for PCR. This method is specific
and sensitive, since the use of specific primers allows you to select only those DNA regions that correspond
to the desired target sequence. The result is an amplification of only the DNA that is really of interest to the
researcher, which significantly increases the efficiency of diagnostics and analysis [10-12].

CRISPR-based SHERLOK and DETECTR platforms

Several publications have reported the use of Cas enzymes in combination with various reading strate-
gies such as fluorescent, colorimetric and electrochemical methods. In 2017, Zhang and his collaborators
first discovered the side activity of Cas13a and demonstrated its possible use for biosensing through a highly
sensitive enzymatic reporter (SHERLOK) system. In this system, a target RNA or DNA gene was amplified
and transcribed with RT-RPA + T7 (or RPA-T7) and then recognized with a specific Cas13a/crRNA com-
plex. This triggered side activity and cleavage of the quenched reporter RNA resulting in an increase in fluo-
rescence that was recorded in real time. System sensitivity was similar to digital drop polymerase chain reac-
tion (ddPCR) and quantitative PCR (qPCR). The Specific High-sensitivity Enzymatic Reporter unLOCKing
(SHERLOK) platform is a molecular diagnostics system that leverages the enzymology of CRISPR-Cas to
selectively identify specific DNA or RNA targets [13]. Viruses such as Zika, Dengue Fever and African
Classical Swine Fever have been detected using SHERLOK.
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In 2018, Doudna and her colleagues made a significant discovery regarding the side activity of Cas12a,
which they subsequently harnessed for biosensor research. They pioneered the development of the
DETECTR (DNA Endonuclease-Targeted CRISPR Trans Reporter) system, utilizing the CRISPR-Cas12a
technology (Fig. 2). The Cas12a/crRNA complex was able to detect the target DNA amplified by RPA and
the side activity was used to cleave the single-stranded fluorescence quencher DNA reporter [14]. The reac-
tion proceeds quickly (~30 min), the method is inexpensive and accurate for the detection of viral infections
as well [2].
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Figure 2. Diagnostic platforms: a) SHERLOK; b) DETECTR [15]

After the discovery of trans-cleavage activity, the scope of Casl12a for diagnostic purposes began to ex-
pand rapidly.

Virus diagnostics based on CRISPR-Cas12a

The global COVID-19 pandemic has prompted the rapid advancement of cost-effective and efficient di-
agnostic solutions. A huge number of Casl2a-based methods with different isothermal amplification meth-
ods, different targets, different reaction time, detection limit and method of reading the result have been pro-
posed in publications, for example, methods iISCAN, DETECTR, AIOD-CRISPR, CASdetec, CRISPR-FDS,
ITP-CRISPR, CRISPR/Casl2a-NER, Lyo-CRISPR, dWS-CRISPR, PGMs-CRISPR, symRNA-Casl2a,
VaNGuard, deCOViD, CASCADE, opvCRISPR and CRISPR-ENHANCE.

The attractiveness of methods using isothermal amplification (isothermal loop amplification, recom-
binase polymerase amplification) is that a portable thermoblock or water bath is enough to perform them.

Bacterial diagnostics based on CRISPR-Cas12a

In addition to the detection of viruses, a significant number of publications are devoted to the detection
of bacterial pathogens. Publications began to appear on the diagnosis of such bacterial infections as tubercu-
losis [16] and Yersinia pestis [17]. There are also articles on the detection of such important pathogens as
Salmonella typhimurium (salmonellosis) [18], Bacillus anthracis (anthrax) [19], Francisella tularensis (tula-
remia) [10], Escherichia coli O157: H7 (acute diarrhea) [8], Helicobacter pylori (gastritis, peptic ulcer,
stomach cancer) [11].
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In addition to determining the pathogen, using CRISPR-Cas12a it is possible to determine the antibiotic
resistance of pathogens, which will allow for the correct antibiotic therapy. Articles on the diagnosis of anti-
biotic resistant Staphylococcus aureus (MRSA strain) [20] and Klebsiella pneumoniae [9] have been pub-
lished.

The implementation of the CRISPR-Casl12a technique in the agriculture

Researchers and analysts pin hopes that field diagnostics in agriculture will serve as a revolutionary
moment in the use of the Cas12a enzyme.

Jiao et al. published results on diagnosing apple tree viruses [21]. Luo et al. described the RPA-Cas12a
system for the identification of Xanthomonas arboricola, a bacterial pathogen of peach [22]. Fungal diseases
of citrus fruits lead to significant yield losses. In a study by Shin et al, an RPA-Cas12a diagnostic for citrus
scab was established. A feature of the work is the use of immunochromatographic test strips and the possibil-
ity of analysis within 1 hour [12].

In addition to the ability to determine the presence of a pathogen, work is underway to determine
GMOs [23]. A highly sensitive fluorescent analysis has been successfully developed for the detection of or-
ganophosphate pesticides [24]. The latest research focuses on the development of the platform, which aims
to enable early detection of phytopathogens.

Lin et al. have presented a novel method for the detection of pathogenic Aeromonas hydrophila using
CRISPR technology. In this study, the researchers devised a detection method that is rapid, reliable, sensi-
tive, and could be applied without any specialized equipment. The method includes recombinase amplifica-
tion and Cas12a technology to identify pathogen. Method exhibits high sensitivity, enabling the rapid detec-
tion in less than 1 hour with a LoD of 2 copies of target. Moreover, the method demonstrates excellent speci-
ficity [25].

Wang et al used a similar method to accurately identify and detect Staphylococcus aureus in clinical
specimens [26]. Staphylococcus aureus is a significant contributor to hospital-acquired infections. Infections
caused by methicillin-resistant Staphylococcus aureus (MRSA) result in higher mortality rates compared to
those caused by methicillin-susceptible Staphylococcus aureus, posing a serious global concern. Consequent-
ly, there is a critical need for the prompt and highly sensitive identification of patients with clinical staphylo-
coccal infections, as well as timely implementation of infection control measures. One promising approach
lies in utilizing CRISPR and CRISPR-associated proteins (Cas) for nucleic acid detection methods, known
for their exceptional diagnostic features. In this regard, a powerful method has been introduced, which com-
bines CRISPR with RPA and employs a fluorescent detection for precise clinical identification of Staphylo-
coccus aureus in samples. The results have demonstrated that technology can detect as low as ten copies
within a 1-hour time. Furthermore, specificity analyses have confirmed the technology's ability to differenti-
ate Staphylococcus aureus from other relevant pathogens in clinical settings. Notably, the results have exhib-
ited strong agreement with antimicrobial susceptibility testing and PCR testing. These findings highlight the
technology's exceptional diagnostic parameters, making it an indispensable tool for fast identification of
Staphylococcus aureus.

Chen et al. conducted a comprehensive review of the current techniques employed for different
viruses [27]. The prompt and accurate diagnosis of these viruses is crucial for implementing preventive
measures to contain the spread of these diseases. While reverse transcription polymerase chain reaction (RT-
PCR) and real-time RT-PCR are established and robust methods, there’s a need in specific equipment. In
recent years, LAMP and RPA, have emerged as rapid, and equipment-free alternatives for POC diagnostics.

Detection of foodborne pathogens

Based on statistics provided by the World Health Organization (WHO), it is estimated that approxi-
mately 600 million individuals globally become ill due to the consumption of contaminated food each year.
This leads to approximately 420,000 deaths annually, in addition to significant economic losses. These fig-
ures highlight the significant impact of foodborne illnesses on public health, underscoring the importance of
ensuring food safety and implementing effective preventive measures throughout the food supply chain. Bac-
terial food and environmental contamination, Escherichia coli (E.coli), Listeria monocytogens (L. monocyto-
gens), Staphylococcus aureus (S. aureus), Salmonella species (spp.) [28], poses a constant threat to food
safety products, which is a global public health problem. The application of fluorescent sensing technology,
utilizing the CRISPR-Cas12a system, has extended beyond disease diagnosis and ventured into the realm of
food safety monitoring. This advancement has introduced a novel approach to food safety testing, offering a
new strategy in ensuring the quality and safety of food products. By leveraging the CRISPR-Cas12a system
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in combination with fluorescent sensing, rapid and accurate detection of potential contaminants or pathogens
in food samples can be achieved, thereby enhancing food safety standards and safeguarding public health.

Zhang et al. constructed the corresponding cRNA by selecting the Vibrio parahaemolyticus specific
heat-labile hemolysin gene as the target sequence, pre-installed the CRISPR-Cas12a system in the cap of the
tube, mounted it on a microthermocycler, and then performed PCR amplification. After mixing the reagents,
they were subjected to centrifugation and incubation. The minimum concentration achieved by this method
was determined to be several copies [29].

Chen et al. developed the CRISPR-Cas12 system for rapid identification of bacterial genotypes in uri-
nary tract infections, which detected concentrations of ampicillin-resistant (AmpR) E. coli in urine samples
up to 10® CFU/mL within 1 hour, allowing accurate decisions on antibiotic treatment for 1 hour [30].

Conclusion

This review provides an up-to-date assessment of the recent advancements in the field of molecular di-
agnostics for pathogen detection. Infectious diseases are highly prevalent and often result in severe condi-
tions that pose significant risks to human life and well-being. Effective detection methods are critical for ac-
curate diagnosis and timely treatment. Therefore, the development of detection technologies plays a crucial
role in achieving rapid and precise pathogen detection. Conventional methods employed for pathogen detec-
tion typically involve microbiology, microscopy, enzyme immunoassays, PCR-based detection methods, and
others. However, these methods suffer from limitations such as lengthy reaction times and weak sensitivity.
Hence, there is a growing necessity to explore and develop new approaches for pathogen detection.

CRISPR diagnostics utilize isothermal amplification methods, such as LAMP and RPA, as initial-
amplification techniques for the targets. Compared with conventional PCR, LAMP has the advantages of
higher sensitivity, shorter reaction time and easy operation. The RPA reaction temperature ranges from 37°C
to 42°C for 5-60 min, depending on the initial concentration of nucleotides. The LAMP reaction temperature
is 65°C, the reaction time is 15-60 min. The combination of Casl2a, LAMP and RPA can provide ultra-
sensitive nucleic acid detection. Pathogenic microorganisms, mycotoxins and genetically modified crops are
key food safety concerns. The development of new detection technologies is essential to achieve and respond
to potential food safety. CRISPR-Cas12a, a biosensor analysis technology, has a huge advantage in combat-
ing food biosafety agents and needs to be further developed.
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M.2K. Amamxonosa, A.M. llai3aguuosa, C.K. AOensneHoB

CRISPR/Cas TeXHOJIOTHACHIH KOJAAHY apPKbLIbI MOJIECKYJISPJIbIK JHATHOCTHKAFA
JKAHA KO3KapaclieH NAaTOreH/i AaHbIKTAaY JICTePiH xKeTIaipy

MonekynspiblK IUarHOCTHKa MAUKPOOPTaHU3M/IEP/Ii aHBIKTAY MEH CHUIIATTayAbIH €H THIMJI 9JICTEepiHiH Oipi
peTiHae KeHIHeH TaHBUIIBL. ByJ1 o/ic HyKJIeWH KBIIIKBUTBIHBIH OeNTiTi Oip peTTUNITiH aHBIKTayFa HeTi3eNreH
JKOHE OPTYPIIi YIITiiep/ie MAaTOTeHHIH OOMyBIH Te3 )KOHE 0N aHBIKTayFa MyMKIHIIK Oepeni. [laroreni aHBIK-
Tay/IbIH JISCTYPJIIi 9AICTepi 3epTXaHaia KO3IBIPFBIITHI ©CIpYre j)KOHE aHBIKTayFa HEeTi3[eNreH, Oy yakbIT eH
wisiFbIHABL KaxeT etedi. [ITP sxone JJHK cekBeHUMSICHI CHSIKTBI MOJICKYJISIPIIBIK JAUArHOCTHKANBIK dicTep
JKOFaphl Ce3IMTAIBIK [IeH ePEeKLICTIKTI YChIHA OTBIPBIIN, TapaTy dIicTepiHe KyaTThl Oanama Gomanbl. JlereH-
MeH, OyJ1 azticTep KbIMOAT ab/IbIKKa JKoHE apHaibl OiniMre Tayen/i OonraHAbIKTaH i Ae mekTeyiti. COHFbI

20 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Enhancing Pathogen Detection...

sxburiapsl CRISPR/Cas TeXHOIOrHsAChl TeHOM/IBI OHICY MEH MaHUIYJISIIMSUIAYAbIH, COHIA-aK MOJICKYIaIbIK
JIMAarHOCTUKAHBIH KyaTThl KypanbiHa aiiHanabl. [llomyna CRISPR/Cas TexHOIOTHACHH KONJaHy apKbUIbI M1a-
TOTEH[II aHBIKTAy SAICTEepiH JKAKCApPTYAbIH XaHA TOCUII YCHIHBUIFAH, Oy 9ICTiH KOJIAHBICTAaFbl MOJIEKYyJa-
JBIK AMArHOCTHKA dIicTepiHe KaparaHaa OipHeIe aifKbIH apTHIKIIBUIBIKTAps! 0ap. ATam aTKaHAa, O JKOFa-
PBI HaKTBUIBIK II€H JQJIIKTI KaMTaMachl3 eTelli, OChUIAHIIIA jKaFaH OH HOTYDKENepiH Maiaa OoryslH a3alTa-
nel. COHBIMEH KaTtap, OYJT 9JIic MaTOreHIepAl Te3 )KOHE THIMII aHBIKTal anajpl, OYJ1 OHBI KIMHUKAIBIK JKOHE
3epTXaHANBIK JKaFmailiapaa KoJjganyra epekie tapTeiMasl eteni. Ocputaitma, Casl2a werizingeri CRISPR
JUarHOCTUKACHIH KOJJAHAThIH MOJIEKY/IANbIK JHarHOCTHKA MaTOreHIep i aHbIKTayFa KOHE THarHOCTUKAHbIH
JIONAIrT MEH >KbUIIaMABIFBIH apTThIPYFa apHAJFaH KyaTThl Kypai 0oJbin caHanaapl. OHBIH OoJanrakTa maiaa-
JIaHy NepCIeKTHBANAphl 6T¢ KEH JKOHE eMip Typalibl FUIBIMHBIH KOITETeH cananapblH KAMTYbl MYMKIH.

Kinm cez0ep: CRISPR, Casl2a, nuarHocTtuka, OakTepusiiap, BUPYCTap, MOJEKYNISAPIbl AUATHOCTHKA, KO3-
JBIPFBIIITH] AHBIKTAY.

M.K. Amamxkonosa, A.M. Illaiizagunosa, C.K. AGenanaeHOB

CoBeplIeHCTBOBAHHE METO0B 00HAPYKEHHUsI NATOT€HOB ¢ MOMONIBI0 HOBOT'O NMOAX0/A
K MOJIEKYJISIPHOM JHATHOCTHKe ¢ ucnoab3oBanueM TexHojorun CRISPR/Cas

MornexynsipHast TMarHOCTHKA IIUPOKO TPU3HAHA OJHUM M3 Hamboisiee S(peKTHBHBIX MOAXOA0B K OOHapyxke-
HHUIO M XapaKTePUCTHKE MHUKPOOPraHM3MOB. J[aHHBII METOJ OCHOBAaH Ha MACHTH(UKAIMH cHenu(UIecKux
MOCIIEJOBATEIHOCTEH HYKIEHHOBBIX KHCIIOT H TO3BOJISIET OBICTPO M TOYHO OIPENEeNUTh NPHCYTCTBHE HATO-
TeHa B Pa3iIMYHBIX 00pa3uax. TpaauioHHbIe METOABI OOHApYKEHHsI BO30yIUTEsI OCHOBAHBI HA KyJIbTHBHU-
POBaHHH M UACHTU(DHUKAINK BO3OYAUTENS B TaOOPATOPHBIX YCIOBHUSIX, YTO MOKET MOTpeOOBaTh MHOTO Bpe-
MEHHM U CpeAcTB. MeTonbl MOJEKYIsApHON nuarHocTuku, Takue kak IILIP u cexBenupoBanue JIHK, cramu
MOIIIHOH adbTepHATHBON KyIbTYpalnbHBIM METOJaM, Mpezyaras 0osiee BHICOKYIO UyBCTBHUTEIBHOCTh U CIIe-
uduaHoCcTh. OJJHAKO OHU IO-TIPEKHEMY OIPaHUYCHBI N3-3a HX 3aBUCHMOCTH OT JOPOTOCTOSIIEro 000pyI0-
BaHUS W CIIELUANbHBIX 3HaHUH. B mocnennue roasr texuonoruss CRISPR/Cas cTana MOITHEIM HHCTPYMEHTOM
JUISL peaKTUPOBAHMS M MaHUITYJIHPOBAHUS I€HOMOM, a TaKKe MOJEKYJSIPHOH IMarHOCTHKH. B Hactosmem
0030pe MpeACTaBIeH HOBBIH IMOJX0/] K COBEPLICHCTBOBAHUIO METOJOB OOHApyXEHHs ITATOTCHOB 3a CYET HC-
nonp3oBanusa TexHonorun CRISPR/Cas, koTopslii nMeeT psia SABHBIX MPEHMYIIECTB 110 CPABHEHHIO C CYIIE-
CTBYIOIMIMMH METOJaMH MOJIEKYJISIPHOH THarHOCTHKU. B wacTHOCTH, OH 0OecrmeunBaeT MOBBIIICHHYIO CICIH-
(MYHOCTH M TOYHOCTB, TEM CaMBbIM CBOJS K MHHHMYMY BO3HHKHOBEHHE JIOXKHOIOIOXKHTEIBHBIX PE3yIbTa-
ToB. KpoMe TOr0, 3TOT METO MOXKET OBICTPO U 3PPEKTUBHO BBIABIATH MATOTE€HBI, YTO JIEJIAET €r0 0COOCHHO
HPUBJIEKATEIbHBIM JUIS HCIIOIb30BaHUS B KIMHUYECKHX H JIAOOPATOPHBIX yCIOBHAX. Takum oOpazoM, Molte-
KynspHas quarHoctuka ¢ npumenenueM CRISPR-puarnoctrku Ha ocHoBe Casl2a siBisieTcsi MOIIHBIM MH-
CTPYMEHTOM ISl BBISIBIICHUSI BO3OYIUTENEH M MOBBIIEHHS TOYHOCTH M CKOPOCTH AMarHoctukd. Ero mep-
CIIEKTHBBI Ul HCIIOJIb30BaHMs BECbMa OOLIMPHBI M MOTYT OXBAaThIBAaTh MHOTHE O0JIACTH HAYK O )KU3HH.

Kniouesvie cnosa: CRISPR, Casl2a, nuarHoctuka, OakTepuu, BUPYCHI, MOJNEKYISIPHAs AUArHOCTHKA, BBISIB-
JIeHWE BO30YAUTENeH.

Cepus «buonorusa. MeguunHa. Meorpadus». Ne 4(112)/2023 21



DOI 10.31489/2023BMG4/22-30

uDC 61

A. Arystanbay”, G.M. Tykezhanova?

L2Karaganda Buketov University, Karaganda, Kazakhstan;
2the Kazakh University of Technology and Business, Astana, Kazakhstan
*Corresponding author: ayaulym_07_07@mail.ru

Emotional burnout syndrome influence on the functional state of the teacher

Nowadays, the role of psychosocial work-related factors is increasing both in the production and non-
production areas, which are predisposing to the development of psycho-emotional overstrain, professional
stress and burnout. Emotional burnout is associated with psychological discomfort of events, tension, anxiety,
loss of life meaning and a tendency to suicide. It manifests itself in the deformation of professional develop-
ment, personality destruction, in a decrease in the duration and quality of life and the productivity of profes-
sional activity. As it is known, professional activity, including the professional environment, affects the state
and emotions of the worker, causing a change in the assessment of the situation and in the actions of a person
in accordance with the requirements of the activity and their capabilities. Socio-economic changes, taking
place in society, cause new requirements for specialists in almost all professions, including teachers. Teachers
should possess not only professional knowledge, skills, and abilities, moreover they should have special abili-
ties and personality characteristics that provide flexibility and dynamism of professional behavior. High lev-
els of neuropsychic and emotional stress are related to teachers' occupations, and as a result, health problems
develop. The issue of teachers developing emotional burnout syndrome is addressed in this article. Teachers
who are gradually losing energy show signs of emotional debilitation, personal dispassion, physical fatigue,
and a decrease of job satisfaction. The paper also presents a theoretical and practical research of emotional
burnout syndrome among teachers, the peculiarities of the presentation and factors of emotional burnout are
indicated.

Keywords: burnout syndrome, factors, symptoms, professional activity, teachers, stress, prevention.

Introduction

It can have unfavorable impacts on workers that not as it doesn’t ameliorate their dignity, but too de-
plete their mental assets within the situation where the work and proficient environment is ineffectively or-
ganized and managed. The emotional burnout disorder can be the one of these unfavorable impacts, which,
as a rule, creates among individuals of “helping” professions. Emotional burnout has ended up one of the
foremost critical psychosocial work-related dangers in advanced society, producing significant costs for both
people and organizations [1-4]. Burnout was once believed to be a trait of caregivers [5], but more recent
research has shown that the disorder can affect people in various kinds of professions and groups associated
with the workplace. Nonetheless, the value of the burnout index is estimated to a large extent in accordance
with the applied definition of burnout [6, 7].

The modern intensification of professional activity, the rise in informational and emotional loads com-
bined with a decline in physical activity, a breach in interpersonal relationships, and a harmonious way of
life all lead to emotional burnout. Due to the requirement for ongoing interpersonal contact, there is a num-
ber of professions where an individual may start to feel an inner emotional emptiness. Despite the nature of
the work performed, social workers fall under a set of professions with a stronger moral responsibility to en-
sure the prosperity of individuals, groups of individuals, and society as a whole. A social specialist’s wellbe-
ing is negatively impacted by ongoing stressful situations that they run into while preparing for complex so-
cial interactions with clients, consistent insight into the root of the client's social problems, individual frailty,
and other moral and mental considerations [8]. This phenomenon is widespread among specialists and “man-
to-man” professional groups, which include the multifunctional education system [9].

In the last two decades, the educational environment has been negatively affected by a huge number of
factors. Such changes as the educational modernization, the demographic decay, the move to modern educa-
tional standards and others required extra psycho-emotional endeavors from teachers. Modern requirements
for the teachers’ professional activities are put forward by these variables, which influence their emotional
and personal well-being [10].
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According to the WHO data, a nonliving object of professional action, for instance, does not lead to
critical and socially perilous phenomena of professional deformity within the field of “man-technology”, im-
pacting the awareness of the subject. No destructive impact on the psyche of a specialist has been found in
either several professions where the subject of activity is an animal. Consideration is centered only on the
positive, praising effect on the arrangement of the worldview of the person, the character, and the ethical atti-
tude to nature. Within the teaching profession the situation is quite diverse, as in numerous professions of the
socionomic type: where, firstly, within the process of activity it is essential to require into consideration the
independence, uniqueness, uniqueness of each of the subjects of activity. Besides, teachers must have certain
professionally vital qualities, which are subject to exceptionally high requirements [11]. The approach and
outcome of pedagogical practice are negatively impacted by the emotional burnout disorder that educational
specialists are presented with [12]. Hence, the issue of strategies of avoidance, conclusion and psycho-
correction of emotional burnout of teachers is acute.

Generally, burnout disorder is a person’s reaction to constant stress at work that creates steadily, it also
can inevitably end up persistent, causing changes in wellbeing status of the individual [13]. From a psycho-
logical way of thinking, negative behavior toward coworkers, clients, and the professional field itself is evi-
dence that the disorder impacts cognitive, emotional, and attitudinal performance [14]. However, it is a result
of certain highlights of work activity, typically not an individual issue [15].

Emotional burnout is considered as a condition and is defined as mental and physical exhaustion due to
prolonged emotional stress, and on the other side, as a process and is understood as a professional crisis as-
sociated with work in general [16].

The professional work of a teacher is a high emotional load. With an increase in experience, teachers
experience a “pedagogical crisis”, “exhaustion”, “burnout”. Some researchers, such as G.S. Abramova,
N.A. Aminov, A.K. Markova, A.O. Prokhorov and others claim that as a result of teaching experience in-
creasing, indicators of mental and physical health of teachers began to decline sharply. The maintenance of
the educator's psychological wellbeing and his satisfaction with the procedure and work outcomes started to
be considered success within the educational field, along with to the efficiency of teaching and the level of
children raising [17].

There is no coincidence that teachers are a group of increased risk of realization of emotional burnout.
Communicative factors are the primary group of factors that make concrete the emotional burnout of teach-
ers. Building a long and in-depth communication with the subjects of educational relations are included in
pedagogical activity. This communication is sincerely wealthy and includes the presence of numerous con-
flict situations. Experts who have experienced “burned out” use dominance-based interactions with other
people and have a propensity to be unable to recognize the demands of the opposing side throughout a con-
flict [18].

Personal factors ate the second group of factors. Teachers who regularly engage in intrapersonal con-
flict related to their jobs are at greater risk to suffer from emotional burnout syndrome. A conflict between
work and family is mentioned most frequently, in which work interferes with family life because of its high
demands. As a result of the social evaluation of the outcomes of the teacher's activities, it is also taken into
account that one must constantly demonstrate their own competence. Teachers, who exhibit strong introver-
sion and those who have a variety of character accents, especially those who are pedantic and stuck, are the
ones who burn out the fastest. This is a result of this group of teachers' rigidity, mental inertia, propensity to
experience traumatic events for extended periods of time, excessive persistence of affect, and propensity to
form overvalued ideas. Teachers who have a sense of uncertainty in their job prospects and an overwhelming
anxiety of quitting their jobs are more probable to experience professional burnout. In our country, teachers
over 50 who express persistent anxiety associated with demonstrably tough times finding new jobs if their
present positions are lost fall into this category [19].

According to L.V. Novikova's analysis of the psychological factors that contribute to the development
of emotional burnout, the locus of control, type A behavior, and preferred problem-solving method are the
most important elements. The ability of an individual to assign oneself as well as external factors as the
cause of an action is referred to as locus of control. Professional burnout can be avoided by having an inter-
nal locus of control, which involves accepting responsibility for the results of one's own actions. Especially
facing stress, those who exhibit type A behavior express sentiments of sadness, despair, and disillusionment.
Such a response in stressful situations aids in the development of psychophysical burnout. The use of pas-
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sive, threatening, or asocial ways to cope in situations of stress makes people more probable to get profes-
sionally burned out [20].

Environmental factors are the third group of factors. When a teacher finds himself in a scenario in
which he must perform at a high level of efficiency while experiencing constant stress, environmental factors
become active. The extended duration of the day, the intensity of the work, the necessity of completing a
substantial amount of work in a limited period of time, and the social assessment of performance outcomes
should also be noted as environmental factors influencing the development of emotional burnout in teach-
ers [19].

A model of professional stressors for teachers was developed by T.V. Zajchikovoi, S.D. Maksimenka
and L.M. Karamushki. Each of the three factors that contribute to the development of professional burnout
are combined by these authors into three blocks [21].

1. Socio-psychological and socio-economic prerequisites:

- the stage of social interactions’ development and the availability of socio psychological support ser-
vices;

- the level of education system development;

- socio-economic level of country development.

2. Content of labor:

- workload,;

- aspirations of a specialist;

- particulars regarding interactions with coworkers, management, and students;

- compliance of the position of a specialist with his professional level;

- the intensity of the process of professional improvement of the teacher.

3. Working conditions:

- socio-psychological climate in the workplace;

- type of organizational structure;

- type of managerial activity in the organization;

- the specifics of organizational processes.

Extreme emotional exhaustion, depersonalization of the subjects of communication in job-related tasks,
loss of motivation for work, as well as an emotional and value attitude toward the profession are all indica-
tors of the emotional burnout syndrome, which develops during the performance of professional activities as
a deformation of professional development and the appearance of negative qualities that change the personal-
ity [22-25].

The neuro-emotional load of teachers, which has increased as a result of reforming the education sys-
tem, is associated with the risk of somatic and mental disorders [26-29]. At the same time, psychosocial pro-
duction factors, especially those related to the organization of work, affect less on physical health but more
on mental one [30]. Approximately 60% of teachers have neurotic diseases caused by their work, according
to statistics [31]. 60% of teachers demonstrate the signs of burnout syndrome, which include emotional fa-
tigue, depersonalization, and a decrease in emotional intelligence [32, 33].

During analysis of the likelihood of developing a burnout syndrome in teachers, more than half (53%)
of teachers are at risk for emotional burnout, according to some research, and a significant number (28.0%)
of them demonstrate symptoms [34]. The claim that the teaching profession, regardless of working condi-
tions, is connected with a higher probability of stress and burnout is further supported by comparison with
the current status of German teachers. In a research of 100 music teachers, a neuro-psychic adaptation ques-
tionnaire revealed a greater incidence of mental discomfort (69.7%), which is a manifestation of the nonspe-
cific asthenic influence of unfavorable labor process elements that increase the level of neuroticism
overall [35, 36].

Teachers were observed to engage in passive, asocial, and aggressive kinds of coping behavior more
frequently while they are experiencing the more severe condition of the emotional burnout syndrome [37—
40]. It is stated that professors only consider students as “carriers of certain grades” or “marks for academic
performance” in 72% of situations [41]. 40% of students report feeling unsafe at school. Among the 30% of
students who report experiencing violence is violence from teachers [42]. It was discovered that 63% of
teachers engage in verbal, 34% in physical, and 15% in concealed aggressiveness [43].

The prevalence of a certain degree of emotional burnout among teachers was also discovered, according
to a survey of teachers in Romania from various educational levels and specializations. The results gathered
also showed a correlation between personality qualities and the positive or negative nature of changes in
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each of the three indicators of the burnout syndrome [44]. In a study of 689 secondary school teachers in
Portugal, the levels of occupational stress (40%), burnout (including 10% in the exhaustion measure), and
dissatisfaction with work (20%) all increased statistically significantly. A survey of 54 higher education edu-
cators in several European nations using questionnaires that included a working environment evaluation,
emotional burnout syndrome criteria, and a scale of stressors revealed that Slovenia had a lower level of
burnout than other nations [45].

According to a study conducted in India, 86% of university professors displayed a high level of profes-
sional burnout and a strong association between burnout and organizational stress [46]. The emotionality of
work, emotional tiredness, and job satisfaction were all positively correlated, according to an online survey
of US higher education teachers (n=598, which includes 71 teachers, 177 senior lecturers, 168 associate pro-
fessors and 182 professors) [47]. For Russian teachers of higher education, characteristics of the burnout
syndrome can be represented as follows: stress: 63.37+0.69%; resistance: 73.53+0.56%; wasting:
62.01+0.42% [48].

Teachers with between 10 and 20 years of experience as well as the ages of 41 and 55 are most prob-
able to demonstrate the most emotional burnout syndrome symptoms in combination. Whenever teachers
have more than 10 years of professional experience and are over the age of 30, specific signs such as “re-
duction of professional duties” and “driven into a cage” begin to demonstrate by themselves. A mid-life
crisis could be the cause of the drop-in teachers' professional activities between the ages of 30 and 40. A
person takes a first-time look back, assesses the past, reflects on his accomplishments, and summarizes
certain results [49].

Thus, the teacher is most impacted negatively by prolonged excessive workload, lack of proper con-
ditions for full strength recovery, social exclusion, strengths and shortcomings, and other factors, which
can sometimes completely disrupt his work activity and functional state. One can expect the emergence of
a number of pronounced functional as well as mental changes, deterioration in performance, a drop in the
quality of work, overload with a long-term combined influence of a complex of such factors. The most
characteristic mental state that develops in adverse conditions is stress. This state, complex in nature, has
psychophysiological, personal and social aspects of consideration. Researchers also point out that burnout
syndrome has detrimental impacts on mental and physical health, the social system, the effectiveness of
professional activity, the development of negative attitudes toward coworkers and students, etc. [50].

A teacher’s activities and well-being are negatively impacted by emotional burnout, but so are people
who are close to them. They include close friends and family members as well as students who are com-
pelled to remain near them and therefore become captives of the syndrome. The activity of the teacher in-
cludes the management of the mental development of the student's personality. It can be successfully imple-
mented only by a teacher who is able to consciously regulate the manifestations of his emotions: open to his
own and other people's thoughts, feelings, experiences, trusting himself and his students, able to overcome
difficulties. In order to prevent the syndrome of emotional burnout, it is advised that: 1) make an effort to
strategically calculate and spread your task; 2) develop the ability to switch between activities; 3) handle
conflicts on work is simpler; 4) realize that work is just one aspect of life and don't attempt to be the greatest
at everything [51].

Conclusion

The issues of preserving the health of teachers, preventing emotional burnout were and are being dealt
with many scientists, such as E.V. Kotova, I.F. Yatskovskaya, L.G. Yudina, E.S. Starchenkova, O.l. Babich,
N.E. Vodopyanova, S.V. Zhulyeva, S.A. Tinkov, E.V. Tinkova and others. Despite the available scientific
and practical approaches to solving this problem, there is still a high probability of its occurrence. Therefore,
it is important to timely carry out the prevention of teachers’ emotional burnout even before the first signs of
occurrence. This paper should include informational education for teachers, knowledge about the signs and
factors of emotional burnout, teaching self-regulation techniques and a responsible attitude to one’s emotion-
al and physical health, and essentially, to select such types of preventive activities that would help reduce
emotional stress, remove signs of mental fatigue, increased efficiency, relieved stress, i.e., perform a com-
pensatory function.
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A. Apsictan6aif, .M. TrikexaHoBa

IMOLMOHAIABI KYii3eJic CHHIPOMBIHBIH OKbITYIIBLIAPABIH (PYHKIHOHAIABIK
JKaraaibIHa dcepi

Kasipri yaksITTa @HIIpICTIK )KoHE OHAIPICTIK eMec cajajapa NCHX0IMOIMOHAIIBI CTPECTIH, KaCiOH CTPECTiH
JKOHE KYH3emicTiH JaMybiHa GeiliM TICHX0dNIEYMETTIK OHIIpiCTIK (hakTOpIapablH Peji apThil KeJdedi. DMOLH-
OHAJIBI KyH3eJic OKUFanaplIblH CyOBEKTHBTI BIHFAWCBHI3ABIFBIMEH, IIHEICHICIICH, Ma3achl3AbIKIICH, OMIpIiH
MarbIHACHIH YKOFAITYMEH XOHE CyHUUAKe OeHiMALTIKIEeH OaiaHbICThl, KOCI0M KalbINTacyAblH AedopManu-
SICBIHAA, TYJIFaHBIH OY3bUTYBIH/A, 6MIp CYPY Y3aKTBIFBl MEH CallachIHBIH TOMEHACYIHE XKoHE KOCiOu KpI3MeT-
TiH OHIMJUTITIHIC KepiHeai. O3aepiHi3 OineTiHaeH, KociOM KBI3MET OHBIH iNIiHIE, KICiOU opTa, CHOCK CyOb-
CKTICIHIH KaFIailbl MCH SMOIMsIapblHA dCep €Telli, JKaFaalpl Oaranayia KOHE aJlaMHBIH 1C-OpeKeTiHIe
KBI3METTIH TaJanTapbl MEH MYMKIHIKTepiHe caiikec e3repicTi TyabIpanbl. Koramma OOIbIN sKaTKaH JieyMeT-
TIK-9KOHOMHKAJBIK ©3TepicTep OapibIK AepiIiK MaMaHIBIKTAp.IbIH, COHBIH INIiHAE OKBITYIIBIIApFa Ja jkKaHa
TananTapasl Tyaspabl. OKBITyIIbUIap TEK KociOm OLmiMpi, JTaFAplIapIbl FaHa eMec, COHBIMEH Karap Kociow
MiHE3-KYJIBIKTBIH UKEMIUTIT MEH AMHAMU3MIH KaMTaMachl3 €TETiH apHaiibl KabineTTep MeH jkeke KacHeTTep-
re ue Oomybl Kepek. OKBITYyIIBUIApIABIH €HOETi KOFapbhl JKYHKE-TICUXUKAIBIK JXKOHE >MOIMOHAIIBIK IIH-
elleHicTieH OalIaHBICTBI, HOTIDKECIHAE ONapAblH ICHCAYNBIK JKaFJaiblHOa aybITKyJdap maiga OoJiajibl.
Makasnazaa OKbITYLIBUIAPABIH SMOLHOHAIBI KYI3€/1iC CHHAPOMBIH KAJIBIITACTBIPY MOCENeC] Typalibl alThlIa-
Ibl. BipTiHzen SHeprusHbl )KOFAITY MpPOLECi SMOLMOHAIIB CapKbUTy, (DPM3HMKAIBIK IMIApIIay, OKBITYIIBLIAP-
IIBIH JKeKke OemiHyl, )KYMBICTAH KaHaraTTaHyIbIH ToMeHJeyiHae kepiHeni. COHBIMEH KaTap aBTOpJap OKbI-
TYIIBIIAPBIH 3MOIMOHAIABl KYH3eNC CHHAPOMBI Typajbl TEOPHSIIBIK JKOHE NPAKTHKAIBIK 3epTTeYNIepiH
YCBHIHFaH, SMOIMOHAIIIBI KYH3EIICTIH KOpiHy epeKIIeTikTepi MeH (akTopiIapblH KOPCETKEH.

Kinm ce30ep: sMOIMOHANIBl KYW3eNic CHHAPOMBI, (akTopiap, Oenrinep, KociOM KBI3MET, OKBITYIIBLIAp,
cTpecc, albIH-ay.

A. Apsicran6aii, I.M. TrikexxaHoBa

Biusinue CHHIPOMA IMOIMOHAIBHOTO BHITOPAHUS
Ha (PYHKIHOHATBHOE COCTOSIHME TeIarora

B name Bpemsi B IPOM3BOACTBEHHON U B HENIPOM3BOJICTBEHHON 00JIACTH TPy yBEIUYUBACTCS POJIb IICUXO-
COIMAJIBHBIX MTPOM3BOJICTBEHHBIX (D)aKTOPOB M YCIIOBHIA, MpeNpacroaraloiix K GOpMUPOBAHUIO U pa3BH-
THIO TICHXO3MOIMOHAIBHOTO MEePEHAIPsKEHNs, TPO(ECCHOHATBHOTO CTPecca, a TaKKe BEITOPaHUA. DMOIIHO-
HaJbHOE BBITOPAHHE CONPSDKEHO BMECTE C MHIMBHIYAIbHOH JUCKOMGpOPTHOCTHIO COOBITHH, HAMPSHKEHHO-
CTBIO, TPEBOXKHOCTEIO, YTPATO CMBICTA JKHU3HHM, a TAKXKE HAIIPABICHHOCTBIO K CYHIMAY, BBIPAXKACTCS B Jie-
(opmannu npoecCHOHANFHOTO CTAHOBIIEHHS, IECTPYKIUSIX TUIHOCTH, B yMEHBIICHUH POIOIDKUTEIFHOCTH
KauecTBa JKU3HM U IMPOTYKTUBHOCTH NPOQECCHOHANBHON AesTensHocTH. HecoMHeHHO, uTo mpodeccnoHans-
Hasl JeATeIbHOCTh, B TOM 4YHcle mpodeccHoHanbHas cpesa, OKa3blBaeT OOJBIIOE BIHMSHHE HAa COCTOSIHHE U
SMOIIMH CYOBEKTa TPY/a, BHI3BIBACT H3MCHEHHE B OLICHKE CUTYAIlMH U B ISHCTBUSIX YEIOBEKA B COOTBETCTBUU
C yCJIOBUSIMM PaboThI, a TaKkkKe COOCTBEHHBIMH CIOCOOHOCTSIMH. COIHMalbHO-IKOHOMUYECKHE HEPEMEHHI,
NPOUCXOASAIINE B MHpPE, BBI3BIBAIOT HOBEHINME YCJIOBUS K mpodeccHoHanaM MOYTH aOCONIOTHO
BCEX CIEIUANBHOCTEH, B TOM YHCIIe U meaaroroB. IIpemongaBareny o0s3aHb! BIAAETh HE TONBKO Mpodeccro-
HaJbHBIMH 3HaHMSIMH, YMEHHSAMH M HaBBIKAMH, a TaKKe BIAJETh CIEIMAIBHBIMI CIIOCOOHOCTSIMH M CBOH-
CTBaMH JINYHOCTH, 00€CIeYNBAIONIIMH I'MOKOCTh M JMHAMHU3M MpodeccHoHanbHOTO AelicTBus. Tpyx mexaro-
TOB CBSI3aH C BBICOKHM HEPBHO-TICHXWYECKHM M SMOIMOHAIBHBIM HANpPSHKEHHEM, BCIEACTBHE YETO Yy HHUX
(hOpMHUPYIOTCSI OTKIIOHEHHUS] B COCTOSIHUM 3JI0pOBbs. B cTaThe roBopurcs o nmpobiieme GOpMUPOBAHUS U pa3-
BUTHS CHHAPOMa AMOLIMOHAIBHOTO BBITOpaHMs meaaroros. IIporecc mocTeneHHON yTpaThl 3HEprHH BbIpa-
JKaeTCsi B CHMIITOMaX 3MOIMOHAIBHOTO MCTOLICHHS, (QU3MYECKOTO YTOMICHHS, JUYHOW OTCTPAHEHHOCTH
npernojaBaTeieil, B yMEHbBIICHHH YJIOBIETBOPEHHOCTH OT padoTsl. KpoMe Toro, aBTopaMu MoKa3aHO Teope-
THYECKOE U TPAKTHUYECKOE HUCCIIEI0BAaHNEe CHHIPOMA SMOIIMOHAIFHOTO BBITOPAHMS MEearoroB, OTMEUEHbI Xa-
paKTepHbIE YePTHI MPOSBICHUS U (PaKTOPHI SMOIIOHAIBHOTO BHITOPAHHSI.

Kniouesvie cnosa: CHUHAPOM 5MOUMOHAJIBHOI'O BbIMOpAaHUA, q)aKTOpBI, CHMIITOMBI, Hpoq)eCCHOHaHBHaH JCA-
TCJIBHOCTD, I€AAroru, CTpecc, HpOCbI/IJ'IaKTI/IKa.
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Population study of Allium altaicum Pall. in Kazakhstan Altai

The purpose of this work was population studies of Allium altaicum Pall. on the territory of the Kazakhstan
Altai in 3 territorially isolated geographical regions: Southern, South-Western Kalba Altai. As a result of the
survey of the territory by the route-reconnaissance method on the ridges of Sarymsacty, Lineysky and Kalba,
a study was made of populations that are characterized by different environmental conditions and altitudinal
limits. Ecological and phytocenotic screening revealed that on the Sarymsacty ridge the population is located
in the alpine belt in the altitudinal limit of 1870 m a.s.l., on the Lineysky ridge — in the mountain-forest,
1361 m.a.s.l. Both populations are characterized by meso-psychro-petrophytic growing conditions. On the
ridge ridge Kalba, the population was examined in the mountain-steppe xero-meso-petrophytic conditions,
832 m a.s.l. Soils are mountain chernozems, slightly acidic, pH 5.6-5.9, with a high humus content from
13.5% to 14.9%, the ground cover is formed, 210-410 g/m?. In all populations, the vegetation cover is based
on herbaceous perennials; layering is not pronounced. Participation of A. altaicum in the formation of phyto-
cenosis on the ridge Sarymsacty is 3.2%, Lineysky — 2.2%; Kalba — 1.8%. The florocomplex of the surveyed
populations is formed from 91 species of vascular plants. The similarity of the floristic compositions of the
Sarymsacty population in alpine meso-psychro-petrophytic conditions and Lineysky in mountain-forest me-
so-psychro-petrophytic conditions at the level of 65.0% in relation to the entire cenoflora was established, and
Kalba in mountain-steppe xero-meso-petrophytic conditions this figure was 42.1%. Variability of morpho-
metric parameters of aboveground organs of A. altaicum in all examined populations has an average and high
level of variability from 15.0 to 26.09%, which indicates the ecological plasticity of plants. It has been estab-
lished that in nature vegetative reproduction occurs only in virginal and generative plants, and nests are
formed. The biomorphological parameters of the bulbs in the nest have a clearly expressed age character and
vary within the same coenopopulation.

Keywords: Allium altaicum Pall., biometric parameters, Kazakhstan Altai, population, vegetation cover, flo-
ristic composition.

Introduction

Currently, the conservation of biological diversity is one of the most important problems of the modern
plant world. Rare and endangered plant species have less genetic diversity than widespread ones, so they are
more susceptible to extinction when environmental conditions change and the influence of the anthropogenic
factor [1].

The priority task of modern botany is the development of approaches to the conservation of biodiversi-
ty, which require, first of all, a comprehensive study of the population biology of species. The most im-
portant criteria for assessing the state of populations of rare species are the morphometric characteristics of
individuals and the structure of populations: abundance, age composition, spatial distribution of individuals
[2].

One of the species requiring conservation in the flora of Kazakhstan is Allium altaicum Pall. (Altai on-
ion, stone, wild batun) is a relic of the Ice Age, which has a mountainous Siberian-North Tien Shan area [3,
4]. In modern flora, it belongs to the family Amaryllidaceae J. St.-Hil, genus Allium L., names of which are
adopted according to Plants of the World Online [5]. According to ecological and phytocenotic indicators, it
is a cryo-xerophytized psychrophyte, which is part of scree and glacial-morainic plant groups, as well as un-
formed pioneer phytocenoses from the middle to upper mountain belts [6].

A. altaicum is known for many useful properties - food, medicinal, decorative and melliferous. It
can be used in landscaping rocky and alpine hills, as well as to create mountain landscapes [7, 8]. It is
readily used by the population for food, it is often bred in vegetable gardens called “batun”. Animals eat
poorly. Honey plant. The plant produces abundant nectar [9]. At the present stage, the research is also
relevant in connection with the species belonging to the wild relatives of cultivated plants [10].

Altai onion attracts the attention of scientists as a source of biologically active substances. The re-
vealed high antioxidant activity, the ability to accumulate selenium allows us to attribute A. altaicum to
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plants with pronounced antioxidant properties, the species is also in demand for resolving controversial
issues in the field of taxonomy and phylogeny of cultivated and wild onions in Kazakhstan [11, 12].

The species needs to be protected, because due to the massive collection as a food plant, it is reducing
its numbers everywhere. Currently in Russia and Mongolia it is subject to state protection with category and
status 3, in Kazakhstan it is still not officially protected [13-17].

The purpose of this work was population studies of A. altaicum on the territory of the Kazakhstan
Altai in 3 territorially isolated geographical regions: Southern, South-Western and Kalba Altai.

To achieve this goal, we solved the following tasks: the geographic distribution of the species in
the region was identified; Sarymsacty, Lineysky, Kalba, the floristic composition of communities with
the participation of A. altaicum was studied, morphometric indicators of the aboveground parts of indi-
viduals were identified, their variability was determined, some parameters of underground organs were
studied depending on the location of populations and the age state of individuals.

Experimental

Population studies were carried out on the territory of the Kazakhstan Altai, the climate of which was
formed under the influence of the proximity of the deserts of Mongolia and Central Asia, location in the
center of the Eurasian continent, remote from the oceans, as well as under the influence of continental-
oceanic air mass transfer [18]. The soils are light chestnut, which constitute the main background, against
which the vertical range of soils characteristic of the region is manifested: dark chestnut, steppe cherno-
zems and forest-steppe, gray forest soils, mountain taiga acid soils and mountain meadow soils [19]. Popu-
lation studies were carried out in the Katon-Karagai, Kurchum, Glubokovsky administrative districts, as
well as in the West Altai State Nature Reserve (near the town of Ridder). The route and semi-stationary
studies covered the mountainous regions of the Kazakhstan Altai. Habitats of A. altaicum in the Southern,
Southwestern and Kalba Altai were studied within the natural range.

The study of morphometric and quantitative indicators of individuals in the surveyed populations was
carried out according to the methods recommended for the study of rare species [20; 21]. At the same
time, micro- and macrorelief, exposure, mechanical composition of soils, total projective cover of vegeta-
tion, and floristic composition were taken into account. Due to the uneven distribution of A. altaicum indi-
viduals, geobotanical sites ranging in size from 10 to 15 m? were established. Morphometric and weight
indices of aerial parts and bulbs were studied at each site according to the classification of O.V. Smirnova
et al. [22], developed on the basis of the generally accepted scheme of T.A. Rabotnov [22]. In the flora and
population study, the Latin names of plants are given according to the international platform POWO [5].
When analyzing quantitative indicators, statistical data processing was carried out according to the method
of N.L. Udolskaya [23]. The level of variability of biometric indicators was calculated from the value of
the coefficient of variation Cv: less than 12% — the level of variability is low, 13-20% — medium, 21-40%
— high, more than 40% — very high [24].

Results and discussions

The field work carried out on the territory of the Kazakhstan Altai made it possible to establish specific
locations of A. altaicum: Southern Altai — the Azutau, Sarymsacty, Narym, South Altai Tarbagatai ridges;
Southwestern Altai — Lineysky, Ubinsky, lvanovsky, Ulbinsky, Listvyaga ridges; Kalba Altai — the eastern
periphery of the Kalba ridge.

In the Southern Altai, the population was examined in the Alpine belt under meso-psychro-petrophytic
conditions, on the northwestern rocky slope of the ridge Sarymsacty (Fig. 1) in the area of the Burkhat pass,
conditionally designated by its location as Sarymsacty. Location coordinates: N 49° 05' 35" E 86° 01' 42",
1870 m a.s.l. The analyzes showed that the soil where the population is located is slightly acidic, pH 5.7, the
content of total humus is 14.9%. The ground cover is formed by litter, mainly from ground mosses and li-
chens, 410 g/m?,
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Figure 1. Location of investigated populations of A. altaicum in Kazakhstan Altai

The vegetation cover is formed by 66 species of vascular plants with a projective cover 55—
85% (Table 1).

Table 1

Floristic composition of the surveyed populations of Allium altaicum in the Kazakhstan Altai

Ne Species name Population name
Sarymsacty Lineysky Kalba

1 Abies sibirica Ledeb. + + -
2 Adenophora lilifolia Ledeb. + + +
3 Allium amphibolum Ledeb. + + -
4 A. flavescens Bess. - - +
5 A.flavidum Ledeb. + + -
6 A. schoenoprasum L. + + +
7 A. lineare L. + + -
8 A. nutans L. + + +
9 A. rubens Schrad. ex Wild + + +
10 |Aconitum altaicum Steinb. + - -
11 |A. anthoroideum DC. + + +
12 |Aquilegia glandulosa Fisch. et Link. + + -
13  |Amygdalis ledebouriana Schlecht. - - +
14  |Artemisia campestris L. + - -
15  |Aster alpines L. + + +
16  |Anemonastrum narcissiflorum (L.) Holub + + -
17 Clematis sibirica (L.) Mill.L. + + -
18 Bupleurum multinerve DC. - + -
19 Betula pendula Roth - - +
20 Berberis sibirica Pall. + + -
21 Bergenia crassifolia (L.) Fritsch + + -
22 |Woodsia ilvensis (L.) R. Br. + + +
23 Calamagrostis epigejos ( L.) Roth - + +
24 Campanula glomerata L. + + +
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25 Carex rupestris All. + + -
26 C. pediformis C. A. Mey. + + +
27 Cerastium arvense L. - + +
28 Corydalis nobilis (L.) Pers. - - +
29 Cotoneaster uniflorus Bunge + + -
30 C. melanocarpus Fisch. ex Blytt + + +
31 C. oliganthus Pojark. - - +
32 Chamaenerion angustifolium (L.) Scop. + + -
33 Dianthus versicolor Fisch. ex Link + + +
34 Elymus debtatus (Hook.f) Tzvelev subsp. elongatiform- - - +
is

35 Eremogone Formosa (Fisch. ex Ser.) Fenzl + + -
36 Erythronium sibiricum (Fisch. et Mey.) Kryl. + + -
37 Euphorbia macrorhiza C. A. Mey. ex Ledeb. - + +
38 E. alpine C. A. Mey. + + -
39 Festuca kryloviana Reverd. + + -
40 F. borissii Reverd. + + -
41 Fritillaria verticillata Willd. - - +
42 Galium verum L. + + -
43 G. borealeL. + + -
44 Hedysarum alpinum L. + + -
45 Hieracium umbellatum L. - + +
46 Iris ruthenica Ker Gawl. + + +
47 Larix sibirica Ledeb. + + -
48 Lonicera caerulea subsp. altaica (Pall.) Gladkova + + -
49  |Juniperus sibirica Burgsd. + + +
50 J. sabina L. + - +
51 Oxytropis sulphurea (Fisch. ex DC.) Ledeb. + + -
52 Orostachys spinosa (L.) C. A. Mey. + - -
53 Paeonia intermedia subsp. intermedia Pall. - - +
54 Pachypleurum alpinum Ledeb. + + -
55 Patrinia intermedia (Hornem.) Roem. et Schult. - - +
56 P. sibirica (L.) Juss. + + -
57 Poa attenuate Trin. + + +
58 Pedicularis elata Willd. + -

59 Pentaphylloides fruticosa (L.) O.Schwarz + - -
60 Pinus sylvestris L. - + +
61 P. Sibirica Du Tour + + -
62 Phlomoides alpina Pall. Adjlov. Kamelin et Makhm. + + -
63 Ph. tuberosa (L.) Moench. - - +
64 Polemonium caeruleum L. + - -
65 Bistorta elliptica (Willd. ex Spreng.) Kom. + + -
66 Populus tremulalL. - - +
67 P. laurifolia Ledeb. + + +
68 Potentilla argentea L. + + -
69 Ranunculus polyrhizos Steph. ex Willd. - - +
70 Rheum altaicum Losinsk. + + -
71 Rosa spinosissima L. - + +
72 Rhodiola rosea L. + + -
73 R.algida (Ledeb.) Fisch. et Mey. + + -
74 Ribes nigrum L. - + -
75 Rubus sachalinensis H.Lev. + + -
76 Sedum ewersii Ledeb. + + -
77 S. hybridum L. - + +
78  |Seseli buchtormense (Fisch.) W.D.J. Koch + + +
79 Silene graminifolia Otth + + -
80 Spiraea chamaedryfolia L. - - +
81 S. trilobata L. - - +
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82 S. media Schmidt + + +
83 Solidago dahurica (Kitag.) Kitag.exJuz. + + -
84 Sorbus aucuparia subsp.glabrata (Wimm.et Grab.) + + -
Hedl.
85  |Thalictrum foetidum L. + + +
86 Thesium repens Ledeb. + - -
87 Thymus serpyllum L. - + +
88 Trifolium lupinaster L. + + -
89  |Vaccinium myrtillus L. + +
90 |Veronica spicata L. - - +
91  |Viola dissecta Leded. + - -
Total 66 67 42

Its tiering is not expressed. Solitary specimens of Populus laurifolia Ledeb., Pinus sibirica Du Tour,
Abies sibirica Ledeb. were noted from trees and Sorbus aucuparia subsp. glabrata (Wimm. et Grab.) Hedl.
The shrub layer is dominated by Spiraea media Franz Schmidt — sp.; Cotoneaster uniflorus Bunge — sol and
Dasiphora fruticosa (L.) Rydb — sol, Juniperus sibirica Burgsd. — s Berberis sibirica Pall. — s. Its occlusion
does not exceed 01, with a coverage of no more than 1.0%. The herbaceous cover is represented by species
typical of high-mountain regions: Aquilegia glandulosa Fisch. et Link. — sp, Festuca borissii Reverd. — sp,
Aconituman thoroidum DC. — sol, Thalictrum foetidum L., Galium boreale L. — sol, Allium altaicum Pall. —
sp., Orostachys spinosa (L.) C.A. May. — sol, Campanula glomerata L. — sol, A. rubens Schrad. ex Wild. —
sol, Potentilla argentea L. — sol, Patrinia sibirica (L.) Juss. — sol, etc. Rare species are also found in the her-
baceous cover: Woodsia ilvensis (L.) R.Br., Rheum altaicum Losinsk., Rhodiola rosea L., R.algida (Ledeb.)
Fisch. et Mey., Hedysarum alpinum L. Individuals of the Altai onion in the area are diffusely distributed in
small spots. Participation share of A. altaicum in the formation of phytocenosis was no more than 3.2%.

In the Southwestern Altai (southwestern periphery), the Altai onion population was surveyed in the
Western Altai State Nature Reserve in the mountain forest belt under meso-psychro-petrophytic conditions
on the northwestern slope of the ridge Lineysky in the area of the Chernoubinsky cordon between the moun-
tain ranges, named by us as Lineysky. Location coordinates: N 50° 23' 08" E 84° 01' 14", 1361 ma.s.l. The
total area occupied by the view is no more than 1500 m2. Soil layer is medium thickness. The soil is rich in
humus — 13.6% with a fraction of sand due to collapsing rocks, slightly acidic, pH 5.8-5.9. The litter is well
expressed, 210 g/m?. The total projective cover is heterogeneous, depending on the phytocenotic features, it
ranges from 7 to 65%. In the places of growth of the Altai onion, areas with a well-developed vegetation
cover were identified, in the florocomplex of which up to 67 species of vascular plants were recorded (Table
1). Layering is not expressed. The plot with the Altai onion is surrounded by shrubs Rosa spinosissima and
Juniperus sibirica, Spiraea media, Dasiphora fruticosa are less common. Single bushes of Ribes nigrum are
noted, Abis sibirica, Laryx sibirica, Pinus sylvestris, P. sibirica, Sorbus aucuparia subsp. glabrata are noted
from the trees. Herbaceous plants are represented by dominants Chamaenerion angustifolium, Aquillegia-
glandulosa, A. rubens, related species: Carex pediformis, Euphorbia macrorhiza, Festuca borissii, Poa at-
tenuata, Galium verum, Solidago gebleri, Vaccinium myrtillus, Silene graminifolia. Onions occur sparsely
and unevenly over the site. The share of its participation in the formation of phytocenosis was 2.2%.

On the territory of the Kalba Altai, the population of A. altaicum was described in mountain-steppe
Xero-meso-petrophytic conditions in the eastern part of the Kalba Ridge on the northeastern rocky slope. Lo-
cation coordinates: N 49° 29' 37" E 82° 36' 19", 832 m a.s.]. m. The soil layer is formed only in places where
plants grow up to 35 cm, refers to mountain podzolized chernozems, with a total humus content of 13.5%,
slightly acidic, pH 5.6-5.8. In the mechanical composition in the horizon from 0 to 25 cm, small cartilages
predominate — 34.4% and coarse sand — 35.9%. Altai onions grow locally along the cracks of granite out-
crops filled with soil or among sparse thickets of shrubs — Spirea trilobata L., Cotoneaster oliganthus
Pojark., forming small micropopulations. Vegetation cover is poorly developed, represented by forb groups.
There are 42 plant species here (Table 1). The average projective cover is no more than 20%, the share of
Altai onion in the formation of phytocenosis is at the level of 1.8%. The phytobiota of the population is dom-
inated by Allium nutans — sp, A. rubens — sp. Thymus serpyllum — sol. In addition to the dominant species in
the group, Elymus nevskii Tzvel., Allium flavescens Bess., Paeonia hybrida Pall., Corydalis nobilis (L.)
Pers., Ranunculus polyrhizos Steph., Phlomoides tuberosa L. are noted. Rare specimens are found in the
herbage of Patrinia intermedia (Hornem.) Roem. et Schult., Fritillaria verticillata Willd., from shrubs — a
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relic species of Ledebour almond. A moss-lichen cover is developed on the rocks. Among the trees there are
singly growing Pinus sylvestris L., Populus laurifolia, Betula pendula Roth.

91 species of vascular plants are involved in the formation of the coenoflora of the surveyed popula-
tions of A. altaicum on the Sarymsacty, Lineysky and Kalba ridges. At the same time, the similarity of the
floristic compositions of the Sarymsacty population in alpine meso-psychro-petrophytic conditions and the
Lineysky population in mountain-forest meso-psychro-petrophytic conditions at the level of 65.0% in rela-
tion to the entire coenoflora was established, and the Kalba population in the mountain-steppe xero-meso-
under petrophytic conditions, this figure was 42.1%.

Given that important indicators in population studies include morphometric parameters of individuals,
measurements of the aboveground organs of A. altaicum were carried out with the determination of their var-
iation in the examined 3 populations (Table 2).

Table 2

Indicators of morphometric parameters of Allium altaicum in the nature of the Kazakhstan Altai (Sarymsacty,
Lineysky, Kalba populations)

Population name
Indicators Sarymsacty Lineysky Kalba

M=+m Cv.% M+m Cv.% M+m Cv. %
Height of generative shoots, cm 58.33+3.91 21.52 49.08+2.2 15.0 50.73+2.00 | 23.01
Leaf length, cm 38.73+2.18 | 17.82 34.23+2.18 14.82 32.33+£2.2 18.80
Leaf width at the base, cm 2.51+0.29 21.09 2.46+0.22 26.09 2.03+0.14 21.97
Inflorescence diameter, cm 2.77+0.78 4.6 3.73+2.18 5.9 3.59+0.68 4.3
Seed length, mm 3.26+0.28 8.7 2.940.13 4.4 3.30+0.3 9.1
Seed width, mm 1.9+0.17 8.9 1.9+0.12 6.3 2.75+0.04 10.5

The study of average metric values showed that the length and width of seeds have a low level of varia-
bility in all populations, regardless of origin. The variability of such indicators as plant height, leaf length
and width, as well as the diameter of the inflorescence have a medium and high level of variability, which
indicates the ecological plasticity of A. altaicum individuals in the surveyed populations and indicates the
prospects for their use in the breeding process.

Due to the ability to reproduce vegetatively, the Altai onion forms nests in the Kazakhstan Altai. They
consist of a different number of bulbs depending on the age condition, conditionally ranked in the course of
research into four groups of nests: young forming a nest, a formed nest, an aging nest and a senile (old nest).
Schematic representations of the formed nests of the Altai onion on the ridge. Sarymsacty in alpine condi-
tions, Lineysky ridge — in the mountain-forest and ridge Kalba — in the mountain-steppe are shown in Figures
2-4. An analysis of morphometric and counting indicators revealed similar and distinctive features for each
age state of the nest in the surveyed populations, a brief description of which is given below.

TN SSELA : =
Figure 2. Formed nest of Allium Flgure 3. The formed nest of AII|um Flgure 4. Formed nest of Allium
altaicum on the Sarymsacty ridge in altaicum on the Lineysky ridge in altaicum on the Kalba ridge in
alpine conditions, 1760 m a.s.l. mountain-forest conditions, 1361 m  mountain-steppe conditions, 832 m
a.s.l. a.s.l
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v The young developing nest is dense, compact, consists mainly of adult vegetative shoots, young gen-
erative ones are represented singly. The bulbs in the nest are tightly pressed to each other, there are no dead
remains.

v The formed nest consists mainly of generative shoots, vegetative shoots are found in separate speci-
mens. In this age state, particulation of the nest begins, which leads to loosening and formation of the central
part. The amount of dead remains increases.

v An aging nest. It consists mainly of adult shoots that are in a vegetative state, generative ones are
found singly. Dead remains accumulate in large quantities; the central part is clearly expressed. An aging
nest is characterized by a cessation of weight gain, which is easily established by the ratio of the sizes of
cover scales and bulbs, which often predominate in volume over living ones. Rhizomes and roots of other
species easily penetrate into an aging nest. The aging of vegetative shoots occurs simultaneously with the
aging of the clone; there is no increase in the number of shoots.

v" Senile (old) nest. Represented only by vegetative underdeveloped shoots. The central part of the nest
is empty, filled with dead remains of bulbs. No growth.

According to scientific publications, the potential ability for vegetative propagation in Altai onion al-
ready exists in immature plants, but according to our observations, vegetative propagation occurs only in vir-
ginal and generative plants.

Based on the analysis of the results of the biometric parameters of the bulbs, it was found that their
morphometric and weight indicators are individual, depending on the age state of the nest and the ecological
and phytocenotic conditions for the growth of individuals (Table 3).

Table 3
Biometric parameters of Allium altaicum bulbs depending on the age state of the nest
Origin of material Age condition of the - Indlc-ators of bulbs |-n the nest -
nest Quantity, pcs Weight, g Height, cm Diameter, cm

Southern Altai, young emerging 3.70+0.2 12.6+0.7 7.06+0.3 3.08+0.05
Sarymsacty ridge, 1760 formed 5.80+3.10 13.1+0.3 10.16+0.03 3.08+0.05
ma.s.l., alpine sample aging 8.00+2.50 10.44+1.12 | 6.10+0.77 3.4+0.03

senile 5.62+0.67 7.82+2.41 5.34+1.65 2.24+0.75
Southwestern Altai, younge merging 5.00+0.2 16.9+0.75 10.0+0.83 3.5+0.08
Lineysky ridge, 1361 m formed 8.50+4.42 16.3+1.83 10.30+0.83 4.25+0.23
a.s.l., mountain-forest aging 18.50+6.50 | 12.85+0.67 6.4+2.18 3.79+0.21
sample senile 8.5+4.42 7.38+1.83 5.87+2.53 2.87+2.13
Kalba Altai, Kalba ridge, younge merging 6.5040.25 10.6 £ 0.6 9.254+0.72 1.7+0.04
832 ma.s.l., mountain- formed 12.33+5.67 12.7£1.9 9.4+0.72 1.8+0.09
steppe sample aging 25.63+7.37 8.1+0.87 5.3+£0.21 2.1+£0.13

senile 8.62+0.63 5.82+2.41 4.84+1.65 1.84+0.25

For use as a donor plant for introduction into culture, A. altaicum individuals in the population on the
Lineysky Ridge, characterized by large bulbs in weight, height and diameter, are promising. This genetic
potential can be recommended for hybridization, development of new varieties and improvement of existing
ones.

Conclusion

The growth of A. altaicum in the Kazakhstan Altai on the Sarymsacty, Lineysky and Kalba ridges is es-
tablished in a wide range of altitudes in the mountains from 832 to 1870 m above sea level and growing con-
ditions from mountain-steppe to alpine. In phytocenotic terms, the vegetation cover is formed heterogeneous-
ly with a projective cover from 20 to 85%. Altai onion occurs sparsely and unevenly over the site. The share
of its participation in the formation of phytocenosis ranged from 1.8 to 3.2%. The flora of A.altaicum popula-
tions on the Sarymsacty, Lineysky and Kalba ridges is formed by 91 species of vascular plants. At the same
time, the similarity of the floristic compositions of the Sarymsacty population in alpine meso-psychro-
petrophytic conditions and the Lineysky population in mountain-forest meso-psychro-petrophytic conditions
at the level of 65.0% in relation to the entire cenoflora was established, and the Kalba population in the
mountain-steppe xero-meso- under petrophytic conditions, this figure was 42.1%.
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Depending on the geographical location of the populations in the region and the ecological conditions
of existence, individuals of A.altaicum in the surveyed populations are characterized by individual variant
and biomorphological features of the ground mass and bulbs, among which the genetic potential of the Altai
onion in the mountain forest conditions of the Southwestern Altai is promising for breeding.
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A.H. Jlanunosa, A.A. Cym6embaeB

Ka3zakcranabik Aaraiinarel Allium altaicum Pall monmyasimusiceIn 3eprTey

JKyYMBICTBIH MaKcaThl Ka3aKCTAaHIBIK AJITall ayMarbIHIAFbl 3 OKIIAYJIaHFaH reorpadusuiblK aiiMaKTaH, SIFHU:
Ontycrik, OHrycrik-Batsic xone Aunrait Kanbacel aiimakrapeiman Allium altaicum Pall. monyssiusicein
3eprrey. CapbiMcakrhl, JIunelickuit sxone Kanba jxoranmappiHIa MapIIpyTTHIK-Oapiiay ofiCiMEH ayMaKThI
3epTTey HOTIXKECIHIE TIPLIUIK €Ty OpPTachIHBIH SPTYPJIi XKaFJalnapbIMeH XaHe OMIKTIK IIEeKTepiMeH CHIIaT-
TaJaThlH MOMYJALHANAD 3EPTTENi. DKONOTUSIBIK-QUTOLCHO3ABIK CKPUHUHT aHbIKTaraHnai, CapbhIMCaKThI
JKOTaChIH/a MOIYJISIIKS alblli OeJIeyiHeH, sSFHU TeHi3 JeHredineH 1870 m OwmikTik meringe, an Jluaeickuii
JKOTaChIHA MOMYJISIMA — TayJdbl-OpMaHa, SFHU TeHi3 JeHrediHeH 1361 M OWiKTiIKTE OpHAlIacKaHbl aHBIK-
Tangsl. Exi momymsanusiia Me30-TIcHXpo-IeTpOQHUTTIK ocy KaFqaimapeIMeH cumarTanansl. Kanba sxotacsina
HOMYJISIIKS TayJIbl-fana KCepo-Me30-eTpopHUTTIK Karaaiaa, TeHi3 JeHredineH 832 M OMIKTIKTe 3epTTeNni.
3eprrenreH nomyssiusuiapaa, seHu A, altaicum ecetin skepiepaeri Taygarbl TOIBIPAK KYJTiHIEITSH Kapa
TOMBIPAKTHI, a3fan Kemkeuiasl, pH 5,6-5,9, kapanripik memmepi 13,5%-nan 14,9%-ra JeliiH KOFapsl, Kep
JKAMBUTFBICHI KaJTbINTAacKaH, amMamer 210410 r/m2. Bapiblk MMy Isusiapaa 6ciMIiK )KaMbUIFBICHIHBIH He-
Ti31H MIeNTI KOIDKBUIIBIKTAp KYPaiIbl )KOHE KIKKAOATTBUIBIFBI aliKpIH eMec. DUTOIEHO3AbI KAJBINTACTRIPYFa
A .altaicum xatsicysr CapsiMcakTsl xoTachiHga — 3,2 %, Jluneiickniine — 2,2%, Kanbama — 1,8% kypaii-
Ibl. 3epTTEeNTeH NOMyJAsUIapAbIH (IOpoKeImeHi TaMbIpibl eciMaikTepain 91 TypiHeH kypamraH. CapbiM-
CaKTHI MOMYJIIHIACHIHBIH aNIBIUTIK ME30-TICHXPO-TIETPOPUTTIK KaFIaiarsl (PIOPUCTUKAIBIK KYPaMIapbIHBIH
JKOHE TayJIBI-OpPMaH/bI Me30-TICUXPO-IIeTPOUTTIK skarmaiinars! JIMHEHCKUH KYpaMBIHBIH OapIiblK [eHOII0-
para KaTtblcThl 65,0% neHreifiHae yYKcacTBIFBI aHBIKTaAbl, an Kanba Tayibl-mananslk Kcepo-Me3o-
neTpoUTTIK Karqainarel Oyl KypaMHbIH kepcetkimi 42,1 % kypansl. A. altaicum »xepycri myurenepinin
MOP(OMETPHSUTBIK TTapaMeTpIIepiHiH e3repMeIiIiri 0apiblk 3epTTenred nomymsinusuiapaa 15,0-nen 26,09%-
Fa JefiH opTalia jKOHE >KOFaphl ©3TEpPrillTiK IeHreiine ue, Oy eCIMIIKTEpIiH AKOJIOTUSIIBIK UKEMIUTITH
kepcereni. TaOuraTTa BereTaTHBTI KOOSO TEK BUPTHHIIIAL )KOHE TEHEPATHBTI OCIMIIKTEpIe KYPETiHl aHbIK-
tangel. byn xkarmaiima ysmap maiiga Oonaapl. ¥simarel OamaHanapaslH OHOMOP(OIOTHSIIBIK KepCeTKImTepi
JKac epeKIIeTiKTepiHe OaiIaHbICThI )kKoHE Oip IEHOMOMYJISIHNS MWETiHAe e3repei.

Kinm cezoep: Allium altaicum Pall., GuomMeTpusIbIK apaMeTpiiep, Ka3akCTaHAbIK AJITaid, MOMYJIHs, 6CiM-
K )KaMBUTFBICHI, (DIIOPUCTHKAIIBIK, KYPaMBbL.

A.H. lanunosa, A.A. Cym6embaeB

Monyasimnonnoe nzydyenue Allium altaicum Pall. B Kazaxcranckom Anrae

Llenbro aHHO# paboThI IBUIKMCH MOMYISIHOHHBIE HccnenoBanus Allium altaicum Pall. va tepputopun Ka-
3aXCTAHCKOTO AJTasi B TPEX TEPPUTOPHUAILHO M30JIMPOBAHHBIX reorpaduueckux paiionax: IOxwusrd, FOro-
3amagueii, KanOwHckmit  Anrait. B pesymprare  oOcnemoBaHHS — TEPPHUTOPHUM  MapUIPyTHO-
PEKOTHOCIIMPOBOYHBIM MeTOA0M Ha Xp. Capreimcaktbl, JInaetickmii 1 KanOuHCKHA TpOBEIEHO W3yYeHHE T0-
MyJSIAN, KOTOpPBIE XapaKTepH3YIOTCSl Pa3HBIMH YCIOBHSMH CPeAbl OOMTAaHMS M BBICOTHBIMU HpEIeIaMH.
DKOJIOTr0-(pUTOLEHOTHYECKHI CKPUHUHT BBISIBIJI, YTO Ha Xp. CapbIMCaKThI MOMYJISIIUS HAXOJUTCS B ajIbITHi-
CKOM Tosice B BbICOTHOM npenenel870 M Hax yp.M., Ha Xp. JluHelickuii — B ropHo-necHoM, 1361 Hax yp.m.
O0e momyJIsIuK XapakTepU3yIOTCsl Me30-TICUXPO-NeTPOGUTHBIMK yCIIOBUsIMU npou3pactanus. Ha xp. Kan-
OUHCKUIT momyJIsLKs o0cIeJoBaHa B TOPHO-CTEMHBIX KCEPO-Me30-TIeTPOGHUTHBIX YCIOBUX, 832 M Hax yp. M.
TTouBsl B Mectax npouspactanus A.altaicum B o6Gcie0BaHHBIX MOMYJISIIUAX TOPHBIE OMOA30JICHHBIE YEPHO-
3eMsl, cnabokucibie, pHS,6-5,9, ¢ BeIcOkuM conepkanueM rymyca ot 13,5 no 14,9 %, HarmouBeHHBIN TTOKPOB
copmuposan, 210-410 r/m? Bo Beex MOMyJISALHAX OCHOBY PACTHTENLHOTO IIOKPOBA COCTABIAIOT TPaBSHH-
CThIe MHOTOJICTHHKH, SPYCHOCTh HE BhIpakeHa. Yuactue A.altaicum B ¢popmupoBanun (uTorieHo3a Ha Xp.
CapbiMcakTsl coctaBisieT 3,2 %, Jluneiickuit — 2,2, Kanbuackuit — 1,8 %. dnopokomrieke o6cnenoBaH-
HBIX omyisiuid copmupoBad u3 91 Buia COCyAMCTHIX pacTeHHH. Y CTAaHOBJICHO CXOJCTBO (IIOPUCTHYECKUX
COCTaBOB CapbIMCAaKTHHCKOW MOMYJISIIUY B aJIBITUACKUX ME30-TICUXPO-TIETPOPUTHBIX YCIOBHSAX U JTMHEHCKOM
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B TOPHO-JIECHBIX ME30-TICUXPO-TIETPOMUTHBIX YCIOBUIX Ha ypoBHE 65,0 % 10 OTHOIICHHIO KO BCEH IEHO-
¢iope, a KaIOWHCKOW B TOPHO-CTENHBIX KCEPO-Me30-METPOGUTHBIX YCIOBHSAX ITOT IOKa3aTelb COCTABHII
42,1 %. BapuatuBHOCTh MOP()OMETPHIECKHX MapaMeTpoB Haa3eMHbIX opranos A.altaicum Bo Bcex o6ciemo-
BaHHBIX MOMYJSIIUSAX UMEET CPEHUIM U BHICOKHH YpOBHU U3MeHYUBOCTH OT 15,0 10 26,09 %, uTo yKa3biBaeT
Ha HKOJIOTUYECKYIO IJIAaCTUYHOCTh pPacTeHUil. YCTaHOBJIEHO, YTO B IPUPOJE BEreTaTUBHOE Pa3MHOXKEHHE
MPOMCXOJUT TOJBKO y BHPTHHHJIBHBIX M T€HEPATUBHBIX pacteHuid. [Ipu 3ToM dopmupyrotes raesna. buo-
MOP(OJIOTHICCKHIE MOKA3ATEIH JIYKOBUII B THE3/IC HOCAT YETKO BBEIPOKECHHBI BO3PACTHOW XapaKTep U Bapbhu-
PYIOT B IIpefesiax OJHOM U TOH e LEHOMOIMYJIALNY.

Knoueswie cnosa: Allium altaicum Pall., Guomerpuueckue mapamerpsi, Kasaxcranckuit Anraii, momysspms,
pacTUTEIbHBIH TOKPOB, (PIOPUCTHYESCKHIA COCTAB.
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Study of the influence of some physical factors on the viability of seeds of Echinaceae
pallida variety “Lebedushka”

Application of physical factors allows activating seed germination and increasing plant yield. The article pre-
sents data on testing of germination parameters of seeds of Echinaceae pallida variety “Lebedushka” under
the influence of physical factors. Seeds were preliminarily immersed in liquid nitrogen for a day, and then
subjected to laser irradiation, babbling and magnetic fields for a certain time. As a result of the experiments, it
was determined that exposure to a constant magnetic field promoted a reliable increase in germination rates
by 10.4 % compared to the control. The best germination was determined in seeds exposed to a constant
magnetic field with an induction of 75 pTesla for 3 days, without prior cryopreservation (90.0 %). In the ex-
periments with bubbling, the best germination was determined in seeds without cryopreservation — 75.25 %,
and in the variant of the experiment with He-Ne laser irradiation for 2 minutes without preliminary immer-
sion in liquid nitrogen vapor — 95.0 %.

Keywords: seeds, Echinacea pallida, magnetic fields, babbling, radiation by He-Ne laser, cryogenic storage,
germination.

Introduction

Consideration of the influence of magnetic fields and laser irradiation on the preservation of viability of
seed material of medicinal plant species is currently of great theoretical and applied importance. Valuable
medicinal plants provide pharmaceutical plants of Kazakhstan with medicinal plant raw materials.

According to some literature data [1], a positive effect of various physical factors on the viability of
germinating seeds and the passage of seedlings through the phases of ontogenesis of economically useful
plants has been established.

Laser irradiation acts as a bio stimulator [2], as it triggers mechanisms of growth and development of
plant organism, but this physical factor is poorly studied in relation to herbs. In the scientific environment
there are data of laboratory studies proving the postive effect on the germination of seed material. With laser
bio stimulation of seeds, an increase in the yield of various crops is observed. Due to ionizing radiation there
is an energy exchange between endosperm and embryo, and absorption of rays occurs by certain structural
components of the seed coat.

It is advisable to use the bubbling method for seeds with germination of less than 70 % [1]. Germination
and germinative energy increase as a result of better permeability of the protective layer of the seed coat, as
well as washing out of various pathogenic floras by air bubbles. Due to bubbling, seeds come out of deep
dormancy faster; as a result they germinate 1-2 days earlier than in control variants. Seed material is placed
in a vessel with water for one day, where as a result of compressor operation, oxygen bubbles are formed.
Advantageous features of this method are the rapid passage of ontogenesis phases, friendly germination of
seeds, and high biological productivity of plants.

Under the influence of magnetic field [3], the biological clock of plants, the main processes of synthesis
of various organic compounds are started. The publications of research scientists contain data on the positive
effect of magnetic fields on the viability of seed material of various plant species.

Currently, the number of most plant species, including medicinal plants, growing in Kazakhstan is de-
creasing due to the impact of anthropogenic factor [4, 5].

There is a need to preserve the gene pool of plants, which is based on the data of scientific research
conducted in various countries, and one of the promising methods is cryogenic storage of plant germplasm in
liquid nitrogen [6, 7].

To date, there is a small number of scientific works devoted to the study of the influence of various
physical factors on the viability of seeds and biology of germination of seedlings of medicinal plants. The
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main source of medicinal plant raw materials for the pharmaceutical industry is medicinal plants growing in
natural habitats or cultivating species. One of the promising medicinal plants is Echinacea pallida, which has
antioxidant, antiradical, anti-mutogenic, radioprotective and immunostimulating properties, antimicrobial
activity due to the presence of water-soluble polysaccharide complex relative to Staphylococcus aureus,
Streptococcus pyogenes, Escherichia coli, Candida albicans [5, 8].

Experimental

Seed material of Echinacea pallida variety “Lebedushka” was used in the experiments. Laboratory ex-
periments were conducted to study the effect of physical factors on germination and germination biology of
seeds of Echinacea pallida variety Swan.

To study the effect of babbling, seeds were packed in cloth bags and immersed in a plastic cylinder
filled 2/3 with water, compressed air was pumped by an aquarium compressor. Several variants of the exper-
iment were laid down: 1) with preliminary cryogenic storage for a day in a Dewar vessel and subsequent
bubbling process for 24 hours; 2) seed bubbling for a day.

In the magnetic field experiments, seeds were packed in unsealed plastic tubes that were placed in a
magnet setup. A constant magnetic field of 75 puTesla or 150 uTesla induction was continuously applied to
the test seeds in the magnetic setup. The direction of the magnetic field of the setup coincided with the direc-
tion of the Earth's magnetic field. Two variations of experiments were applied: with pre-storage for a day in
liquid nitrogen vapor and without cryopreservation. Seeds were irradiated for a day and 3 days.

Irradiation with He-Ne laser with a wavelength of 632.8 nm and intensity of 5mwW/cm? was carried out
for a certain time: 30 seconds, 1, 2 and 4 minutes. Experiments with cryogenic storage and subsequent expo-
sure to laser irradiation and without cryopreservation were also conducted with the seeds.

Seeds were frozen in cryobiological tubes at -196 °C for a day in Dewar vessels, followed by slow
thawing at room temperature [9].

Seeds of the studied species were sown immediately after the manipulations. Seeds were germinated in
Petri dishes on 2 layers of filter paper moistened with water in 4-fold repetition. Seeds were disinfected with
0.5 % potassium permanganate for 5-6 minutes. Petri dishes with planted seeds were placed at a temperature
of +24°C in a climatic chamber.

Seed germination parameters were studied according to the methodological instructions of M.S. Zorina
and S.P. Kabanov [10], M.V. Maltseva [11]. The development of seedlings was monitored for 14 days. Sta-
tistical processing of the obtained data was performed according to the method of N.L. Udolskaia [12] and
using the site medstatistic.ru [13].

Results and Discussion

The comparative analysis of the effect of permanent magnetic field on the viability of seeds of Echina-
cea pallida variety “Lebedushka” showed that the best germination was demonstrated by seeds without pre-
liminary cryopreservation and subjected to continuous exposure to a permanent magnetic field with an in-
duction of 75uTesla for 3 days — 90.0 %; similar germination was shown by seeds with preliminary cryo-
preservation for a day and subsequent exposure to a permanent magnetic field with an induction of
150uTesla for 3 days. The control group showed germination of 75.0+5.77 %. The best indicators of germi-
nation without preliminary cryopreservation were observed in seeds exposed to a constant magnetic field
induction of 75uTesla for 3 days — 90.0 %. Compared to the control group, the average germination in-
creased by 11.7 % with cryopreservation, and by 8.2 % without cryopreservation. In the experiment with
preliminary cryogenic storage for a day and subsequent exposure to a magnetic field, the best germination
was observed in seeds exposed to a constant magnetic field with an induction of 150 p Tesla for 3 days —
90.0 % (Table 1).
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Table 1

Parameters of germination of Echinacea pallida variety “Lebedushka” seed materials in different experiments

Parameters of | Control Without cryopreservation After cryopreservation
germination, % Magnet field 75 uTes-| Magnet field 150 |Magnet field 75 uTesla| Magnet field 150
la uTesla uTesla

Period of treatment | Period of treatment | Period of treatment Period of treatment
1 day 3 days 1 day 3 days 1 day 3 days 1 day 3 days
Germinative 65.0+ 6.5|75.5+£ 3.21| 86.25+ 60.5+ 54,25+ |78.0+3.13(65.5+£9.68| 75.0+10 75.0+

energy, % 2.76* 6.35 2.51 3.33
Seed germina- | 75.0+ 85.25+ 90.0* 85.0+ 75.0+ [80.5+0.58|77.5+8.66|85.0+3.33| 90.0*
tion, % 5.77 3.18 3.33 3.33

*reliable difference between the results of the experiment and the control at P<0.05

As a result of the analysis of the obtained data of laboratory studies, the positive effect of exposure to a
constant magnetic field with induction from 75 pTesla to 150 pTesla on the viability of seed material and the
passage of ontogenesis phases was determined. Germination improved on 15 % compared to the control data.

Thus, having considered the effect of a constant magnetic field with induction from 75 pTesla to
150 pTesla on the germination parameters of seeds of Echinacea pallida variety “Lebedushka”, it can be
noted that the viability of seed material improved compared to control values by 9.75 %. In all variants of the
experiment the seedling passes all phases of ontogenesis, in some variants of the experiment there was a de-
lay in germination of seed material for 1-2 days.

For long-term storage of seeds it is recommended to apply preliminary cryogenic storage for a day with
subsequent activation in a permanent magnetic field with an induction of 150 puTesla for 3 days.

At the next stage, a series of experiments on babbling of seed material was carried out. The germination
comparable to control values was established. In the experiment with pre-cryopreservation and subsequent
babbling, the germination decreased to 65.0+=3.33 % compared to the control. In the experiments with bab-
bling, germination was 75.2543.51 %, which is 0.25 % higher than the values in the control group (Table 2)

Table 2

Parameters of viability of Echinacea pallida variety “Lebedushka” seeds after babbling treatment

Variant of experience Germinative energy, % Seed germination, %
Control 65.0+6.5 75.0+5.77
Babbling 60.0+6.34 75.25+3.51
Cryopreservation + babbling 60.0+6.67 65.0+3.33

Analyzing the dynamics of seed germination it was found that seeds germinate faster on the day in the
experiment variants with barbotage — on the 2nd day, in the control group on the 3rd day (Fig. 1).

—&#—Babbling  ——Cryopreservation + babbling Control

100

B0

60

40

20

Figure 1. Dynamics of germination of seed material of Echinacea pallida variety “Lebedushka”
after babbling treatment
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The effects of laser radiation on the biology and dynamics of seed germination were examined in
laboratory experiments. Seed material of Echinacea pallida was exposed to He-Ne laser for a duration of 30
seconds to 4 minutes. The best germination was demonstrated by seeds without preliminary cryogenic
storage, irradiated for 2 minutes — 95.0+3.33 %, which is 20 % higher than the control values (Table 3).

Table 3
Influence of laser radiation on seed viability of Echinacea pallida variety “Lebedushka”
Parameters of Control Without cryopreservation With cryopreservation
germination Period of treatment | Period of treatment | Period of treatment | Period of treatment
30 sec 1 min 2 min 4 min 30 sec 1 min 2 min 4 min

Germinative 65.0+ 6.5 |60.0+£ 6.67| 64.5+ 85.0+ 60.0£0 | 55.0+ |90.0+6.67*|50.0+ 6.67| 40.0+0*
energy, % 16.34 3.33 7.01
Seed germina- |75.0=5.77|70.0+ 6.67| 70.5t 95.0+ |[85.0+3.33| 66.75+ | 90.0+ 6.67 | 60.0+£0* |50.0+ 6.67
tion, % 1238 3.33* 6.84
* reliable difference between the results of the experiment and the control at P<0.05

By conducting a comparative analysis of the conducted studies with and without preliminary storage of
seeds for a day in liquid nitrogen vapor, followed by exposure to laser radiation, it was found that the best
viability was demonstrated by seeds without cryopreservation. Thus, in experiments with seeds without cry-
opreservation, the best germination rates were observed in seeds irradiated with laser beam for 2 minutes —
95.0+3.33 %. In experiments with pre-cryopreservation, the best germination was determined in seeds irradi-
ated for 1 minute — 90.0+6.67 %.

Having studied the dynamics of germination of seeds of Echinacea pallida variety “Lebedushka” in dif-
ferent variations of the experiment, it was determined that seeds irradiated for 30 seconds without prelimi-
nary cryopreservation begin to germinate on the 3rd day from the moment of sowing, on the 4th day — ex-
posed to laser radiation for 2 and 4 minutes without cryopreservation and with preliminary cryogenic storage
and subsequent irradiation of 30 seconds. In the remaining experiments, germination was observed on the 5th
day.

The effect of physical factors on germination parameters of Echinacea pallida variety “Lebedushka”
was considered and analyzed, it was found that to obtain viable seed material and well-developed seedlings
should be exposed to laser beam for 2 minutes, germination in this variant of the experiment increases by
20 % compared to the control (Table 4).

Table 4

Effect of different physical factors on seed viability parameters of Echinacea pallida variety “Lebedushka”

Permanent magnetic Without cryopreservation

Parameters of germi- field B=75mTesla (3 . yopreser '
. Control . Babbling He-Ne laser irradiation for 2
nation days) without .
- minutes
cryopreservation

Germinative energy, 65.0+6.6 86.25+2.76* 60.0+6.34 85.0+3.33*
%
Seed germination, % 75.0+5.77 90.0+0* 75.25+£3.51 95.0+3.33*
* reliable difference between the results of the experiment and the control at P<0.05

Comparing the effect of physical factors on the dynamics of germination it was found that seeds begin
to germinate on the 2nd day using the method of babbling, on the 4th day — with laser beam irradiation for 2
minutes, on the 5th day — with exposure to a constant magnetic field with an induction of 75 pTesla for
3 days (Fig. 2).
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Figure 2. Effects of physical factors on the dynamics of seed germination of the test species Echinacea pallida
variety “Lebedushka”

Conclusion

According to the analyzed literature review, it was determined that physical factors have a positive
effect on the viability of seeds of the studied species. Permanent magnetic field with induction from
75 uTesla and up to 150 pTesla has a favorable effect on germination indices of seeds of the studied species:
germination increased by 10.4 % compared to the control. The best germination was observed in seeds
exposed to a permanent magnetic field of 75 pTesla induction for 3 days, without preliminary cryogenic
storage — 90.0 %. In experiments with bubbling, the best germination was found in the variant without
cryogenic storage — 75.25+3.51 %. In the experiment with laser irradiation, the best results were obtained in
the variant of irradiation for 2 minutes without preliminary cryopreservation — 95.0+3.33 %. Thus, the use of
He-Ne laser for 2 minutes to activate germination can be recommended for the seed material of Echinacea
pallida variety “Lebedushka”.
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E.A. I'aBpunbkoBa, C.Y. TneykenoBa, A.K. Pamazanos, A.I'. ’Kymuna,
O.b. Cenpnaroraes, JI.A. 3UHOBLEB

Echinaceae pallida copTbinbin «Jledeaymka» TYKbIMIaAPbIHBIH OMipIIeHAirine
(usukaabIK pakTOpJIAPIABIH dCEPIH 3epTTEY

Makanana ¢usukansk (akropiapra yusiparad Echinaceae pallida copteinsiy «JIeGenymka» TYKbIMIaphi-
HBIH OHYI Typaibl aknapar OepinreH. TyKbIMaap anablH-ana 0ip TOYIiK O0IbI CYHBITEUIFAH a30TKa OaTHIPBLI-
IIbl, COJIaH KeiiH Oenriii Oip yakbIT GOMBI Ja3epIliK CoyJeNIieHyre KoHe MarHuT epiciHe ymsipaasl. COHBIMEH
KaTap 3epTXaHaJbIK 3epTTeyNepAe KOmpHIK omici KommaHeUIIbl. ToxipuOenepIiH HOTHXKECIHAE MarHHUT
opiciHiH ocepi OakpUIayMeH CajbICTBIPFAHIA ©HY KbUITaMABIFBIHBIH 10,4 %-Fa apTyblHa BIKIAI ETETiHI
aHBIKTANABL. EH >KaKCchl OHTIMITIK ajIblH ala KPHOCAKTayChl3 3 KYH OOIBI Oip MarHHUT ©piciHiH dcepiHe YIIbI-
paraH TykeiMaapaa tabbuiasl, o1 — 90,0 %. KemipiiikreHyMeH KyprisiireH Toxipubesnepae eH jKakChl OHy
KPHOKOHCEPBALMACHI3 TyKbIMaapaa — 75,25 %, an He-Ne nazepimeH coyneneHzaipy ToxipuOeciHae anibH-
ayia Cy#bIK a30TKa OaThIpbUIMaraHIbIKTal 2 MUHYT itmiaae — 95,0 % Gomabl.

Kinm ce30ep: tykpiMaap, Echinaceae pallida, maraur epici, 6ap6oprupiiey, He-Ne mazepmen coyieneny,
KPHOTEH/II CaKTay, OHIMALIK.

E.A. I'aBpunskoBa, C.Y. Tneykenona, A.K. Pamazanos, A.®. )Kymuna,
O.b. Cenparoraes, JI.A. 3MHOBLEB

HN3ydyenue Biausinus pusnyecknx GakTopoB HA COXPaHEHHE KU3HECTIOCOOHOCTH CeMSIH
Echinaceae pallida copra «Jlebexymnrka»

B cratbe mpejcraBiieHsl cBeneHus o mpopacranuu ceMsaH Echinaceae pallida copra «JleGeaymikay, mon-
BEprIIMXCs Bo3JeiicTBuIO (r3nueckux (aktopoB. CeMeHa MpeiBApUTENBHO HOTPYKAIKCH B KUK a30T Ha
CYTKH, 3aTeM MO/IBEPrajucCh Ja3epHOMY OOJIYYCHHIO M BO3/ICHCTBHIO MarHUTHBIX TIOJICH B TEUCHHUE OIpesie-
JICHHOTO BpeMeHH. Taike B JJAOOPaTOPHBIX MCCIENOBAaHMSAX OBLT MCIIONB30BaH MeTox OapOoTmpoBaHus. B
pe3yibTaTe MPOBEACHHBIX 3KCIIEPHMEHTOB OBUIO OMPEAENCHO, YTO BO3JCHCTBHE MOCTOSHHOIO MAarHUTHOTO
HOJIsL CHOCOOCTBYET YJIy4IISHHIO IMokasareneid mpopacranus Ha 10,4 % O CpaBHEHHMIO C KOHTpPOIEM.
Hawnny4mnias BCXoxecTb ObuUia Ompe/iesieHa Y CEMsIH, MOABEPTIINXCS BO3JEHCTBHUIO MTOCTOSIHHOTO MarHUTHOTO
noJist uHayKiuen 75 MxTecna B Teuenue 3 cyTok, 6e3 npeasaputenbHoro kpuoxpanenus, — 90,0 %. B skc-
HnepuMeHTax ¢ 6apOOTHPOBAaHMEM JTyUlllasi BCXOXKECTh OblIa yCTaHOBJIEHA Y CeMsH 0e3 KpHOKOHCEpBalluy —
75,25 %, a B BapnaHTe 3KcliepuMenTa ¢ o0mydeHnem He—Ne nazepom B TedeHne 2 MUH 0€3 IpeBapUTEIbHO-
TO TIOTPY)KEHHSI B Taphl )KUAKOTo azota — 95,0 %.

Knioueswie cnosa: cemena, Echinacea pallida, marautHoe mone, 6apborupoBanue, obinydenine He—Ne maze-
POM, KPHOTEHHOE XPaHEHHEe, BCXOIKECTb.
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About floristic records of the Mangystau flora

This article presents the geographical novelties of the Mangystau flora discovered during the botanical
expedition in 2023. One of the oasis territories of the Mangistau desert is the mountainous and foothill strips
of the mountainous Karatau. For the first time, three species of woody plants, Prunus spinosa L., Rosa
iliensis Chrshan, Armeniaca vulgaris L. from the family Rosaceae Juss, were found in the gorges of Kogez,
Akmysh, Samal of the Mountain Karatau in the valleys of streams and along the slopes of the mountains.
Thickets of bushes Prunus spinosa L. and endemic species of South Kazakhstan Rosa iliensis Chrshan
occupy an area from 100 to 200 m? and there are several single specimens of a rare and endemic species with
a decreasing range of Armeniaca vulgaris L several specimens. All species are in good condition, plants have
a high vitality, and no signs of damage were noted. Prunus spinosa and Rosa iliensis also showed abundant
flowering and fruiting.

Keywords: tree species, rare and endemic species, Mangistau deserts, mountainous Karatau, gorges, flora of
Kazakhstan.

Introduction

The Mangystau desert is located on lowlands and plains.The height ranges from -23 m below sea level
on the coast of the Caspian Sea, up to —132 m in the Karagiye depression, and up to +300+550 m above sea
level on the remnant mountain elevations. Four large geomorphological regions are distinguished on the
territory of Mangystau: Mountain Mangyshlak, plain Mangyshlak, lowland plain Bozashi, and Ustyurt
plateau [1]. The flora of the Mangystau region belongs to a typical desert type formed under the influence of
characteristic arid areas.

In 2004-2006, during the implementation of the project “State Plant Cadastre of Mangystau region”, the
floral composition of plants was clarified. A monographic work on vascular plants of the region was pub-
lished, which included 675 species from 300 genera and 69 families. At the same time, the list of rare and in
need of plant protection, numbering 40 species, was clarified and expanded [2].

In 2009, two geographically new species of the Mangystau flora were collected and described: Coryda-
lis schanginii (Pall.) B. Fedtsch. and Gagea ova Stapf. Both species were collected on the Western Chinka of
the Ustyurt plateau [3].

As a result of floristic field studies for 2010-2021, additional new geographical novelties from
14 species for the flora of Mangystau were discovered: Artemisia sieversiana Willd., Ribes aureum Pursh,
Tulipa gerneriana L. (T. schrenkii Regel), Malus siversii (Ledeb.) M. Roem., Urtica dioica L., Epilobium
hirsutum L., Rosa canina L., Portulaca oleracea L., Hordeum murinum L., Hordeum murinum L., Atriplex
verrucifera M. Bieb. One plant (Cakile maritima subsp. euxina (Pobed.) Nyar.) was a new species for the
Flora of Kazakhstan. These species were mainly collected on the Mangyshlak peninsula in the Mountainous
Karatau, one — on the coast of the Caspian Sea, and 3 species — on the Western Chink of the Ustyurt plat-
eau [4-5].

In this paper, in addition to previous research results, we presented the geographical novelties for the
Mangystau flora discovered during the botanical expedition in 2023.

Experimental

During the botanical expeditions in 2023, three geographical new species for the Mangystau flora from
the Rosaceae Juss. family were collected: Prunus spinosa L., Rosa iliensis Chrshan., and Armeniaca vulgaris
L. Field research was carried out by the route-reconnaissance method. Herbarium samples of the collected
species are stored in the Mangyshlak Experimental Botanical Garden (MEBG) herbarium. The species' gen-
eral habitat and the taxa's Latin names are given by POWO (Plants of the World Online) data [6].
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The species were determined according to the summary “Flora of Kazakhstan” [7], the Latin names of
plants according to the summary by S.K. Cherepanov [8]. The floristic zoning proposed according the “Flora
of Kazakhstan” summary.

Results and Discussion

One of the oasis territories of the Mangystau desert is the mountainous and foothill bands of the moun-
tainous Karatau. Karatau is divided into Western and Eastern mountains, represented by elevations elongated
in the sub-latitudinal direction. Karatau's total length does not exceed 90 km; eachhill is 45 km long, with
average absolute heights of 300-400 m; the highest points are 532 and 556 m (Otpan and Beshoky moun-
tains). A characteristic feature of the Western and Eastern Karatau ridges is the presence of a well-defined
leveling surface, composed of stable metamorphic rocks of the Permian-Triassic. The mountains of the
Western and Eastern Karatau gorges are caused by the presence of territories with a close occurrence of
groundwater self-draining springs of fresh water, which allow the formation of a rich vegetation cover.

On the slopes of the mountains between the rocks along the banks of a flowing spring stream, trees
grow on a single specimen — Elaeagnus angustifolia is widely distributed by thickets of Crataegus ambigua,
in places Rubus caesius, in deep-cut gorges with rocky slopes there are individual bushes of Rhamnus sinen-
sis.

In the summer of 2023, during fieldwork in the Kogez, Akmysh, and Samal gorges in the ridges of the
mountainous Western Karatau, we first discovered thickets of bushes of Prunus spinosa L. and the endemic
species Rosa iliensis Chrshan, several specimens of a rare and endemic species with a shrinking range of
Armeniaca vulgaris L. on the slopes of the mountains and the valley of streams.

Prunus spinosa is a highly branched, very prickly shrub. Thorn thickets were found among the rising
rocks in the Kogez, Samal, and Karatau gorges 10-15 km east of the Shaiyr village (Fig. 1). They grow in
plots from 20 to 30 m long and 3-4 m wide, and in places, they occur in separate patches of area in sizes
5x3 m 10x5 m. The appearance of the thorn in the gorges is in good condition; the plants have high vitality,
and there are no signs of damage. The height of the bush is 2.5-3.5 m, well-leafed, thick. It bears fruit abun-
dantly, fruits of medium size, length 1.3-1.5 cm, width 1-1.3 cm. Blooms in April-May, bears fruit in July-
August.

Figure 1. Prunus spinosa: A — sample in nature; B — herbarium specimen

The range covers Europe, North Africa, Western Asia [9] and Western Siberia [10]. In the “Flora of the
south-east of the European part of the USSR”; the areas of the Volga River delta, the Astrakhan steppe; the
Orenburg and Ural counties are given [11], the northern border runs from 68° on the Scandinavian Peninsula
through southwestern Finland [12]. According to V.D. Gorodetskii [13], as well as according to the “Flora of
Turkmenistan” [14], blackthorn is not found in Central Asia; Asia Minor and Iran are given in the “Flora of
Kazakhstan”. In Kazakhstan, it is located in the floristic areas of the spurs of the Common Syrt, Mugodzhara,
and the Caspian along the Ural River [7]. Earlier, it was noted about the growth of blackthorn in Western
Karatau [15], but it is not included in the list of flora of Mangystau [2].
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New location: Mangyshlak floral district: Mangystau region, Mangystau district, Western Karatau
Mountains, Kogez Gorge. N 44°12°155”, E 52°01°174”, 257 m above sea level. 15.VI1.2023.
A.A. Imanbayeva, N.I. Duissenova (determined by A.A. Imanbayeva); Mangistau region, Mangistau district,
Western Karatau Mountains, Samal gorge; N 44°12'57.1", E 51°59'37,5", 249 m above sea level.
15.VI1.2023. A.A. Imanbayeva, N.I. Duisenova (determined by A.A. Imanbayeva)

There is an assumption that the blackthorn was brought to Mangyshlak by birds from the Northern Cas-
pian Sea since the main routes of their seasonal migrations pass along the eastern shores of the Caspian
Sea [15].

Rosa iliensis is a dense shrub with semi-branching branches. Thickets of bushes grow in the stream val-
ley and on rocky slopes in the Kogez of Western Karatau gorges (Fig. 2).

Figure 2. Rosa iliensis Chrshan.: A — sample in nature; B — herbarium specimen

The shrub's height is 2.5 m, and the branches climbing along the nearby trees of the narrow-leaved loch
reach up to 7 m. Its area is from 5 m to 8 m long, 3-4 m wide in several sections. In the thickets, the number
of adult plants is 12-20 pcs, an average of 7-15 pcs, and more than 30 pcs of young root seedlings. The plants
are well-leafy dense. It bears fruit abundantly; the fruit is smooth, spherical, black, 5-6 mm in diameter.
Blooms in May-October, fruits ripen in August-October. The plant was discovered during flowering and fruit
ripening. This species was first described in 1947 by V.G. Hrzhanovsky from the Ili River valley of the Al-
maty region [16-17]. Rosa iliensis Chrshan. It grows along the banks of desert rivers on the sands in the
Muyunkum and Balkhash-Alakul floristic areas [7]. The species is one of the endemic plant species of the
flora of Kazakhstan, which is under threat of extinction since the size of its distribution has sharply de-
creased in the last 45-50 years due to anthropogenic influences [18].

New location: Mangyshlak floral district: Mangystau region, Mangystau district, Western Karatau
Mountains, Kogez Gorge. N 44°12°155”, E 52°01°174”, 257 m above sea level. 15.VI1.2023.
A.A. Imanbayeva, N.l. Duisenova (determined by A.A. Imanbayeva, G.Zh. Dosshchieva).

Armeniaca vulgaris L. is a 5-7 m tall tree. It grows in a single specimen in the valley of streams and on
the rocky slopes of the gorge in Kogiz and Kamysh of Western Karatau. Plant height 5-7 m, crown diameter
6 m. According to the appearance assessment, the apricot trees are in good condition, not damaged by dis-
eases and pests.

A rare and endemic species of the Tien Shan apricot is expected in the Flora of Kazakhstan, the distri-
bution area is the floral areas of the Dzungarian Alatau, Zailiysky Alatau, Ketmen-Tersken Alatau, Western
Tien Shan [7].

New location: Mangyshlak floral district: Mangystau region, Mangystau district, Western Karatau
Mountains, Kogez Gorge. N 44°12°155”, E 52°01°174”, 257 m above sea level. 15.VI1.2023.
A.A. Imanbayeva, N.I. Duissenova (determined by A.A. Imanbayeva); Mangistau region, Mangistau district,
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Western Karatau Mountains, Akmysh gorge: N 44°12155., E 52°01174, 253 m above sea level.
05.VI11.2023. A.A. Imanbayeva, N.I. Duisenova (determined by A.A. Imanbayeva) (Fig. 3).

A

Figure 3. Armeniaca vulgaris L.: A —sample in nature; B — herbarium specimen

Conclusion

During the botanical expeditions in 2023, three species of woody plants, Prunus spinosa L., Rosa
iliensis Chrshan, and Armeniaca vulgaris L. from the family Rosaceae Juss. as geographical novelties for the
flora of Mangystau were discovered for the first time. The growth of this species was noted in the Kogez,
Akmysh, and Samal gorges of the Mountain Karatau in the valleys of streams and along the slopes of moun-
tains. Thickets of Prunus spinosa bushes and the endemic species Rosa iliensis cover an area of 100 to 200
m2. The plants are well-leafed, dense, and abundantly fruited. A rare and endemic species of Armeniaca vul-
garis was found in single specimens in the gorge in Kogez and Akmysh of Western Karatau. The plants are
in good condition and not damaged by diseases and pests.
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A.A. manbaesa, H.W. JlyiicenoBa, A.b. Jlykmanos, I'.)K. Jlocimesa, I'.I'. ['acanoBa

MamnrbicTay uiopacbiHaaFbI reorpa@usiibIK :KaHAJBIKTAP TYPAJIbl

Makanana ManfbIcTay (iopachl YIIiH reorpadusuiblK KaHATBIKTap bl airy OoiibiHIma 2023 KbUFBl O0TaHU-
KaJIbIK 9KCICTUIMSIAPIbIH HOTIKeNnepi Oepinred. lenni MaHFbICTayIbIH 0A3UCTIK ayMaKTapbIHBIH Oipi —
Kaparay TaybIHBIH Tayibl )xoHe Tay Oexrtepingeri Oenneynepi. Keres, Axmpim, Caman matkangapsisia, Ka-
paraynslH Tayibl, OyJlaK aHFapilapblHaH XoHEe Tay OekTepiHeH anram per Rosaceae Juss TYKbIMIAaCBIHBIH
aram ecimMmikTi ymr typi — Prunus spinosa L., Rosa iliensis Chrshan, Armeniaca vulgaris L. tabsuiast. Ka-
neiH OyTanel eckeH Prunus spinosa L. sxome Omnrycrik KasaxcranubiH sHIeMukansik Typi Rosa iliensis
Chrshan tay markangapsiaaa 100-gen 200 mM?-re aeiinri aymakThl ajbin sxkatslp. CoHbIMEH KaTap Armeniaca
vulgaris L. tapany aiimarsl a3aiisin 6apa )aTKaH CHPEK KOHE SHISMHUKAJBIK TYPISPIiH KaFbI3 yirinepi oap.
Bapnelk Typriep jkakchl xKarnaiaa, eciMaiKTepIiH eMipIIeHIr KoFaphl, 3aKpIMIaHy Oenriiepi sxok. Prunus
spinosa »one Rosa ilensis TypiHiH jkaKchI TYJIICHTeH] XKoHe sKeMic Gepyi OaliKaibl.

Kinm ce30ep: aram Typiiepi, CUpeK »oHE SHIEMHUKAJbIK TYp, menai Manreictay, Kaparay taynel aiimarsl,
markangap, Kasakcran ¢iopacsr.

A.A. Viman6aeBa, H.W. JlyiicenoBa, A.b. Jlykmanos, I'.)K. Jlocuuesa, I'.I". 'acanoBa

O reorpajguuecknx HoBUHKaX BO ¢uiope MaHrucray

B crarse npuBeneHsl pe3ynsTaTel OoTaHMYecKUX dKcreaniuii 2023 roga o HaxoaKe reorpaduIecKuxX HOBH-
HOK 11t iopsl Manrucray. OZHHM U3 Oa3WCHBIX TEPPUTOPHH MyCTHIHM MaHTHCTay SIBISIETCS TOpHAs U
npenropHast monocsl ropHoro Kapatay. BriepBrle oOHapyXeHBI TpH BHAA APEBECHBIX pacTeHUH: Prunus
spinosa L., Rosa iliensis Chrshan, Armeniaca vulgaris L. u3 cemeiictBa Rosaceae Juss. B ymenbsix Kores,
Axwmbimn, Caman, ropHoro Kaparay, B JonMHaX pydbeB U 110 CKIIOHAM Trop. 3apociii KycToB Prunus spinosa
L. u suaemuunsiii Bua FOxuoro Kasaxcrana Rosa iliensis Chrshan 3anumarot rmiomans ot 100 no 200 M2, u
BCTPEYAIOTCSl CAMHUYHBIC AK3EMIULIPBl PEIKOr0 W SHISMHUYHOTO BHIA C COKPAIIAIONIMMCS apeanoM
Armeniaca vulgaris L. Bce BHIbI B XOPOILIEM COCTOSHHH, PACTEHHSI HMEIOT BBICOKYIO )KH3HEHHOCTb, IIPU3HA-
KOB TOBPEX/IeHUI He oTMedeHo. Habnronanoch o0miIbHOE LBETEHHE U IUIOJOHOIICHHE Y Prunus spinosa u
Rosa iliensis.
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Kniouegvie cnosa: npeBecHbIe BHIBI, PSAKHI U SHASMHYHbBINH BUI, MycThIHH MaHrucray, ropusii Kaparay,
yuiesbs, ¢iopa Kazaxcrana.
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Effect of LSDV008 gene knockout on the cultural properties of recombinant lumpy
skin disease virus

Lumpy skin disease virus (LSDV) is a poxvirus that causes a Severe systemic disease in cattle and is rapidly
expanding its geographic boundaries. Lumpy dermatitis (LD) is characterized by fever, nodules on the skin,
mucous membranes, and internal organs. The disease can cause emaciation with swollen lymph nodes and
sometimes death. In recent years, the disease has become endemic in various parts of Asia, causing
significant economic damage to livestock production. Since there are no specific treatments for LSD,
vaccination is the most effective way to control and eradicate the disease. The most complete immunity can
be obtained by vaccination with live attenuated vaccines. Attenuation through long passages is associated
with random mutations in the genome, and the mechanism of attenuation remains unclear. Targeted removal
of virulence genes in the viral genome by genetic engineering is the most promising direction in the creation
of attenuated poxviruses. The LSDV008 gene encodes a protein similar to the y-interferon receptor and is
apotential virulence gene for the LSD virus. In these studies, we studied the effect of deletion of the
LSDV008 gene on the cultural properties of the recombinant Atyrau-B virus. The parental LSD virus
Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-KZ) was used as a control. As a result of the studies, it was
found that the gene knockout did not affect the replication activity of the recombinant Atyrau-B virus in vitro.
The recombinant virus accumulated in cell cultures in the same titers as the parent virus. The most sensitive
cell systems for the reproduction of Atyrau-KZ and Atyrau-B LSD viruses are lamb testicle (LT), bull kidney
(MDBK) and saiga kidney (SK) cell cultures, which can be used to obtain viral mass in further scientific
research.

Keywords: lumpy skin disease virus, cell culture, cultivation, virus titer, replication, infectious activity, gene
knockout, attenuation.

Introduction

Lumpy skin disease is an acute, subacute, chronic, less often latent disease of cattle characterized by
fever, development of nodular skin lesions, skin necrosis, generalized lymphadenitis, and edema of the
ventral parts of the body and extremities. The disease can be seen in buffaloes, cattle, giraffes and impalas.

The causative agent of the disease is the bovine lumpy skin disease virus (LSDV), which has an
antigenic relationship with strains of viruses that cause pox in sheep and goats, which differ at the genetic
level, and together with it form an independent genus Capripoxvirus, family Poxviridae.

LSDV is one of the largest known human and animal viruses, virions have a spherical shape, the
diameter of the virion is 300-450 nm. LSDV genomic DNA has a size about 150 thousand bp.

In order to prevent lumpy skin disease, active attenuated vaccines are considered effective [1]. They
have been used in veterinary practice for many years and have also shown their safety, reliability and the
ability to guarantee long-term protection. The development of attenuated lumpy skin disease vaccines
follows a traditional approach. In the process of prolonged passaging of the virus in the cells of permissive
and non-permissive hosts, mutations appear in the genome, which lead to a decrease in virulence. The
mechanism of attenuation remains unclear. In this regard, there is a threat of reversion to virulence [2-4].

An alternative method for attenuating viruses has become site-directed mutagenesis. In recent years, the
creation of attenuated poxviruses has increasingly begun to use genetic engineering methods, namely, the
method of inactivation of virulence genes [5-8]. Potential virulence genes that confer increased
pathogenicityand increase the replication activityof capripoxviruses in immunocompetent hosts have been
identified by genome sequencing and annotation [9]. Only a few genes of capripox viruses have received
experimental confirmation of their functions. Pilot studies were conducted in which two putative
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immunomodulatory genes (ORF005 and ORF(008) were deleted separately from the genome of a virulent
LSDV field isolate. As a result of the study, it was determined that the deletion of the genes resulted in the
manifestation of avirulent LSDV phenotype in cattle, but was safe in sheep and goats. Also, other authors
obtained a strain of sheeppox virus (SPPV) in which the ORF019 gene was deleted. As a result of infection
of lambs with the virus, data were obtained that indicate that the ORFO019 gene is an important determinant
of SPPV virulence in sheep [10-12].

Previously, we obtained a recombinant LSD virus Atyrau-B with a deletion of the LSDV008 gene. This
gene encodes an interferon gamma receptor-like protein (IFN-y) and is apotential virulence gene. Using the
myxoma virus as an example, it was shown that this gene is expressed early after infection and remains in
the supernatants of infected cells until late postinfection periods, inhibits the binding of IFN-y to its cellular
receptor, thereby eliminating its antiviral activity [13]. Deletion of genes in the viral genome should not
affect their replication activity in vitro. In these studies, we studied the effect of deletion of the LSDV008
gene on the cultural properties of the recombinant Atyrau-B virus.

Experimental

LSDV viruses were used in the study: virulent strain Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-
KZ), recombinant Atyrau-B with LSDV008 gene knockout; and the following cell cultures: primary
trypsinized lambs testicle cells (LT), transplantable bovine kidney cell line (MDBK), transplantable African
green monkey kidney epithelial cell line (Vero), transplantable saiga kidney cell line (SK), transplantable
calf testicular cell line (CT).

The sensitivity of cell cultures to viruses was determined by the method of successive passages. A
monolayer cell culture was infected with Atyrau-KZ and Atyrau-B viruses and cultivated until a 100% cyto-
pathic lesion of the monolayer appeared. Infected cells were lysed by double freeze-thaw. The infectious
activity of viruses was determined by microtitering in LT cell culture. The calculation of infectious activity
was carried out according to the method of Reed and Mench and expressed in I|g TCD50/cm?. Accounting for
the results of microtitering was carried out on the 10th day of incubation.

Results and Discussion

To study the cultural properties of the Atyrau-B virus, five successive passages were carried out in vari-
ous cell cultures. The parent Atyrau-KZ virus was used for comparison. The research results are presented in
Figure 1 and Table.

-

e

At-KZ- Atyrau-KZ
At-B - Atyrau-B

3,
i 4

il

Virus titer, Ig TCID50/cm3

Figure 1. Infectious activity of Atyrau-KZ and Atyrau-B viruses in different cell cultures after the fifth successive
passage
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Table
Reproduction of LSD viruses Atyrau-KZ and Atyrau-B in cell cultures (n=3)

Atyrau-KZ Atyrau-B
Cell culture | Passage | Cultivation |Infectious activ-| Passage | Cultivatio Infectious
number | time, days ity titer, number n time, activity titer,
lg TCD50/cm3 days Ilg TCD50/cm3
1 5 7,454£0,25 1 4 7,20+0,10
2 4 7,20+0,10 2 4 7,35+0,05
LT 3 4 7,30+0,20 3 4 7,20+0,30
4 4 7,80+0,10 4 4 7,00+0,10
5 4 7,5040,00 5 4 7,40+0,10
1 7 7,20+0,10 1 7 7,00+0,30
2 5 7,4040,10 2 5 7,50+0,00
MDBK 3 5 7,30+0,40 3 5 7,10+0,00
4 5 6,80+0,10 4 5 6,50+0,00
5 5 7,00+£0,25 5 5 6,75+0,25
SK 1 6 6,70+0,20 1 6 6,50+0,00
2 6 6,37+0,12 2 6 6,50+0,25
3 6 6,30+0,00 3 6 6,10+0,20
4 6 6,75+0,00 4 6 6,50+0,00
5 6 6,50+0,00 5 6 6,62+0,12
Vero 1 7 5,15+0,25 1 7 5,00+0,10
2 10 4,75+0,50 2 10 4,20+,010
3 10 4,05+0,05 3 10 3,82+0,07
4 10 2,60+0,30 4 10 2,40+0,10
5 10 4,12+0,87 5 10 3,12+0,37
CT 1 7 5,30+0,00 1 7 5,00+0,30
2 7 5,20+0,10 2 7 4,70+0,20
3 8 4,60+0,10 3 8 3,90+0,00
4 8 4,30+0,00 4 8 3,80+0,30
5 8 4,50+0,00 5 8 4,25+0,50

From the data presented in Table, it can be seen that the accumulation of lumpy dermatitis viruses
Atyrau-B and Atyrau-KZ is not the same in the used cell cultures.

Both viruses replicated stably for five consecutive passages (observation period) in LT, MDBK, and SK
cell cultures. There were no significant differences in terms of cultivation and infectious activity for Atyrau-
B and Atyrau-KZ viruses. Complete damage to the monolayer of LT cells was noted after 4 days of cul-
tivation, infectious activity reached 7.0-7.5 Ilg TCD50/cm?. In MDBK and SK cells, the virus accumulated up
to 6.5-7.5 and 6.0-6.5 Ilg TCD50/cm3, respectively. The duration of incubation was 5 and 6 days, respective-
ly.

In cultures of Vero and CT cells, even with an increase in the cultivation time, the activity of both vi-
ruses in the process of passaging significantly decreased compared to the culture of LT cells (p<0.001) and
(p<0.0 01), respectively (Fig. 1). The titer of Atyrau-KZ and Atyrau-B viruses in Vero cells was within
2.60+0.30-5.15+0.25, 2.40+0.10-5.00+0.10 lg TCID50/cm?®, in CT cells 4.30+0.00-5.30+0.00, 3.80+0.30-
5.00+0.30 Ig TCID50/cm3, respectively.

Lumpy skin dermatitis viruses Atyrau-KZ and Atyrau-B exhibited a similar cytopathic effect in the
monolayer of used cell cultures (Fig. 2). At the same time, the morphological manifestation of the cytopathic
action of viruses differed in different cultures.

In the culture of LT and SK cells, 72 hours after infection, the cells begin to stretch and separate, by 3-4
days, fusion of cell membranes and rupture of the monolayer were observed (Fig. 2A and 2G). In MDBK
cells, 72 hours after infection, the formation of pronounced conglomerates was observed, and by day 4, the
monolayer was broken and fragmented (Fig. 2C).

Visible changes in Vero and CT cell cultures were noted on days 5-6 of cultivation in the form of de-
formation of individual cells, by days 7-8, the formation of pronounced localized foci of cell damage with
the formation of conglomerates (Fig. 2E and 21) .
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A - Monolayer of LT cell culture 72 h after infection with the Atyrau-B virus; B - Monolayer of uninfected LT cell cul-
ture; C - Monolayer of MDBK cell culture 72 h after infection with Atyrau-B virus; D - Monolayer of uninfected
MDBK cell culture; (E) Vero cell culture monolayer 72 h after infection with the Atyrau-B virus; F, Monolayer of unin-
fected Vero cell culture; G, Monolayer of SK cell culture 72 h after infection with the Atyrau-B virus; H, monolayer of
uninfected SK cell culture; | — Monolayer of CT cell culture 72 h after infection with the Atyrau-B virus; J — Monolayer

of uninfected CT cell culture

A

Figure 2. Cytopathic effect of lumpy skin disease virus Atyrau-B in the studied cell cultures (magnification 10%)

Conclusions

Currently, a large number of poxvirus genes encoding virulence factors have been identified. It has been
experimentally confirmed that knockout of some of them leads to attenuation of viruses in vivo. The
LSDV008 gene is a homologue of the B8R gene of the vaccinia virus. Poxvirus interferon-y receptor-like
proteins generally show limited affinity to the extracellular domains of the mammalian interferon-y receptor
and likely competitively prevent interferons from binding to their native receptors. Knocking out virulence
genes to produce attenuated viruses should not affect the reproduction of viruses in vitro, since the produc-
tion of vaccines requires the production of highly active viral suspensions. As a result of our studies, it was
established that knockout of the LSDV008 gene did not affect the replication activity of the recombinant
Atyrau-B virus in vitro. The most sensitive cell systems for reproduction of both parental Atyrau-KZ and
recombinant Atyrau-B viruses are LT, MDBK, and SK cell cultures. The resulting recombinant will be used
to develop a new generation of vaccines against lumpy dermatitis in cattle. The possibility of its use as a
vaccine vector for the creation of polyvalent vaccines against infectious diseases of animals will also be
evaluated.
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A.Y. Ucabek, A.K. bormn, P.A. Axmer, E.B. ®okuna, I'.O. IlIsiHBIOCKOBA,
A K. Haxanos, K.T. Cynrankynosa, O.B. UepssikoBa

LSDV008 reHiHiH HOKaAyTHIHBIH PEKOMOMHAHTTHI HOAYJISAAPJIbI IePMATHT
BHUPYCBIHBIH 6CY KacHeTTepiHe dcepi

Honynsipner nepmarut Bupycsl (LSDV) — ipi kapa Manja ayslp Kyifeni aypyabl TyAbIpaThIH KOHE reorpa-
(UKaNBIK IIeKapachlH XXbUIaM KeHelTeTiH mokcBupyc. Homymsapner nepmarut (HJI) OesrerimeH, Tepize,
IIBIPBIIITEL KabaTTapa JKoHe iIIKi MyIIeneplae TyHiHAep maiga OOTysIMEH CHIATTalaabl. AypyablH JuMdpa
TYHiHAEp] iICIHreHAe MalAbIH apBIKTayblHa HEMece oiMre oKenmyi MyMKiH. COHFBI )KbUIIaphl Oyi1 aypy Azus-
HBIH OpPTYPJIi OeMiKTepiHAe SHASMHSIIBIK CHITaTKa e OOJBIM, Maj IapyallbUIBIFBIHA alTapIIBIKTall IKOHOMH-
KabIK 3usH KenTipai. H/l yinin apHaiiel emMaey Kypanaapbl OoIMaraHIbBIKTaH, BaKIMHAIMS aypyabl OakbLiay
JKOHE JKOIOJIBIH eH THIMI 9/ici. TOMBIK jxapamMIbl IMMYHUTETTI Tipi QJICIPETUITeH BaKI[MHATAPMEH BaKIIMHA-
LUsIay apKbUIBI ayFa 6oJtaziel. ¥3aK JKYpri3ijireH naccaxaap apKbuibl maiia 6oiraH aTTeHyalus rTeHOMIarbl
Ke3/1eiicoK MyTanusiapMeH OaiIaHBICTHI )KSHE JJICipey MeXaHHU3Mi aHbIK eMec. BUpyCThIK TeHOMIarbl BUPY-
JICHTTLTIK TeHJIepiH FeH/IiK NHKEHEePHs /1iCTepi apKBUIBI KO0 — KOFaphl AJICipereH MOKCBUPYCTapIbl KYpy-
nmarel eH mepcnekTuBanbl OarbiT. LSDVO008 reni y-uHTepdepoH pemenTopblHa YKcac aKybI3Obl KOATAHIbI
skoHe HJI BHpyCHI YIIIH MOTEHIMANABI BUPYJIEHTTI TeH Oonbin caHamaapl. byn 3eprreynepae 6i3 LSDVO00S
TeHiHIH >KOMBUTYBIHBIH Atyrau-B pekoOMOMHAHTTHI BUPYCHIHBIH ©CY KacHeTTepiHe ocepiH 3epTTenik. bakpuiay
pertinzge ata-anansik HJ[ Bupycel Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-KZ) xongaseuiasl. 3eprrey-
JIep HOTH)KECIH/Ie T€H HOKAyTBIHBIH IN Vitr0 pekoMOHHAHTTHI Atyrau-B BHPYCBIHBIH peruTHKanus GeaceHini-
TiHe ocep eTNeHTiHI aHBIKTaNbl. PeKOMOMHAHTTHI BUPYC Kacyllanap/ia aTa-aHaJIbIK BUPYCIIEH Oipael THTp-
nepne xuHakTanraH. Atyrau-KZ sxone Atyrau-B HJI BupycTapbiHbIH KeOeroi YIIiH eH ce3iMTall KacyIIabIK
JKyiienep — Ko3bIHBIH aTajiblk 0e3i (LT), 6yka Oyiiperi (MDBK) sxone akbexeHn Oyiiperi (SK) sxacymanapsr
JKOHE JIe OJIapAbl opi Kapail FEUIBIMHU 3epTTeyliep/ie BUPYCTHIK MaccaHbl aly YIIiH naiiiananyra 6omassl.

Kinm ce30ep: HOMYSPIBI NEpMATUT BUPYCHI, JKacyIla ©CiH/ICi, oCipy, BUPYC THTPi, peTUIHKAINSA, HH(EKIU-
JIBIK O€JICEHTUTIK, TeH HOKAYTHI, aTTeHYaIHs.

A.Y. Ucabek, A K. boriu, P.A. Axmer, E.B. ®okxuna, I'.O. llIeiapi0ekoBa, A.K. Haxanos,
K.T. Cynrankynosa, O.B. UepBsikoBa

Binsinne Hokayta reia LSDV008 na kyabTypajibHble CBOHiCTBA PEKOMONHAHTHOI O
BHPYCA HOAYJ/ISIPHOTO iepMaTHTA

Bupyc vHonymsaproro aepmatura (LSDV) npencrasiser coboi MOKCBUPYC, KOTOPBI BBI3BIBAET TSKEIIOE CH-
cTeMHOe 3a00JIeBaHKe KPYITHOTO POraToro cKota M OBICTPO pacumpsier cBou reorpaduyeckue rpanuipsl. Ho-
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nynspubii nepmarut (H/I) xapakrepusyercst auxopaakoid, 00pa3oBaHUEM Y3€JIKOB Ha KOXKE, CIIM3UCTBIX 000-
JIOYKax M BHYTPEHHHUX opraHax. 3a0oJieBaHUE MOXKET BBI3BaTh UCXYJAHUE C yBEIMYCHHUEM JMM(ATHUECKUX
y3JI0B, a HHOTIa ¥ TuOenb. B mocneanue ronsl qanHoe 3a00neBaHNE UMEET SHAEMUYHOE 3HAUCHHE B pa3iind-
HBIX 9acTsAX A3WH, HAaHOCS 3HAYUTENBHBII SKOHOMUUYECKUI yIep0O >KMBOTHOBOACTBY. Tak Kak OTCYTCTBYIOT
crierudeckue MeToas! JedeHus HJI, BakuuHamms sBisiercst Hanbosee 3G QeKTHBHBIM cIOCOO0M KOHTPOJIS
U HcKopeHeHus 6oe3Hu. Hanboree moIHONECHHBI HIMMYHUTET MOKHO ITOJYYUTh P BaKIIMHALUH KHBBIMH
aTTCHYUPOBAHHBIMH BaKIIMHAMU. ATTECHYAIIHs OCPEACTBOM JITUTEIILHBIX ACCAXKEH CBS3aHa CO CIyJaitHBIMU
MyTalMsIMH B T€HOME, M MEXaHH3M aTTeHYaIlMH OCTaeTcs He siceH. HampaBneHHoe ynajieHue T€HOB BHPY-
JICHTHOCTH B BUPYCHOM I'€HOME METOJIaMH T'€HHON MHXCHEPUH SBIsAETCS Hanbojee NepCreKTUBHBIM HalpaB-
JICHHEM B CO3[IaHUHU aTTEHYHPOBaHHBIX MOKCBUPYCOB. I'en LSDV008 koxupyet 6e1oK, HOA00HBIN pEIenTopy
y-uHTep(depoHa, H SIBISIETCS MOTCHIHATBHBIM T€HOM BHpYieHTHOCTH Bupyca HJI. B Hacrosiieit pabore Mbl
W3YYIIN BIUSIHUE Jenenun reHa LSDV008 Ha KynbTypalbHbIe CBOHCTBA peKOMOMHAHTHOTO BUpyca Atyrau—
B. B kadecTBe KOHTPOJS HCHONB30BAIN pomutenbekuit Bupyc HJ| Dermatitis nodulares/2016/Atyrau—KZ
(Atyrau—KZ). B pe3ynbTare NpoBeJeHHBIX HCCIIEOBAHNI YCTaHOBIICHO, YTO HOKAayT I'eHa He HOBIISII Ha pe-
TUTMKAIHOHHYIO aKTHBHOCTh PEKOMOMHAHTHOTO Bupyca Afyrau—B in vitro. PexoMOWHAHTHBIM BUPYC HaKarl-
JIMBAJICS B KYJIBTypax KJIETOK B TAKUX XK€ THTPaX, KaK U POAUTEILCKHA BUpyc. Hambomnee 4yBCTBUTEILHBIMU
KJICTOYHBIMH CUCTEMaMH Il PeNpoyKIuu BUpycoB H/{ Atyrau—KZ n Atyrau—B sBIsAIOTCS KyJIbTYPBI KJICTOK
tectukyn sirHeHka (LT), mouku Opika (MDBK) n mouku caiiru (SK), koTopeie MOTYT OBITH HCIHOJB30BaHbI
JUIS TIOJTyYeHHsI BUPYCHOM Macchl B JaJbHEHIINX HAYYHBIX UCCIECIOBAHMAX.

Kniouesvie cnosa: BUpyc HOAYIAPHOTO JEPMaTHUTA, KyJIbTypa KIETOK, KyJIbTUBHPOBAHUE, TUTP BUpYyca, pel-
JIMKaIWsl, HQEKIMOHHAs! aKTHBHOCTD, HOKAYT I'CHOB, aTTCHYaIHs.
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The first lumpy skin disease outbreak in cattle in Kazakhstan

Lumpy skin disease (LSD) is an emerging trans-boundary viral disease of cattle originating from the African
continent. Here, we describe the first LSD outbreak reported in the Republic of Kazakhstan in July 2016, as
well as associated clinical manifestations of the disease, diagnostic methods, and control measures taken to
combat further spread of the pathogen. To determine the cause of the disease, samples were taken from sick
and dead animals, as well as from insects and ticks. LSDV DNA was detected by PCR in all samples from
dead animals and ticks (Dermacentor marginatus and Hyalomma asiaticum), in 14.29% of samples from
horseflies (Tabanus bromius), and in one of the samples from two Stomoxys calcitrans flies. The reproductive
LSD virus was isolated from organs of dead cattle and insects in the culture of LT and MDBK cells. The vi-
rus accumulated in cell cultures of LT and MDBK at the level of the third passage with titers in the range of
5.5-5.75 log 10 TCID50/cm?. During the outbreak, the number of affected cattle within an epidemiological
unit reached 459 cattle out of 3557 registered susceptible cattle, with 12.90% morbidity and 0.96% mortality.
This manuscript presents the epidemiological situation; the diagnosis; the control measures, including mass
vaccination; and the stamping out campaign.

Keywords: control measures, diagnosis, epidemiological data, lumpy skin disease, Stomoxys calcitrans,
Hematobia irritants, outbreak.

Introduction

Lumpy skin disease virus (LSDV) belongs to the Capripoxvirus genus of the, Poxviridae family, is a
highly contagious infectious disease of cattle. It is characterized by fever, skin nodules, enlargement of su-
perficial lymph nodes, salivation, lacrimation and nasal discharge as well as oedema and swellings of the
joints and the dewlap [1]. The World Organization for Animal Health classifies Lumpy Skin Disease (LSD)
as a noticeable disease due to its significant economic impact [2].

LSDV was first discovered in Zambia, where it was recorded in 1929. Subsequently, LSDV has become
endemic almost the whole African continent and in the Middle East, Turkey, Azerbaijan continuing to spread
to the North posing a threat to Europe and the Central Asian region. In 2015, LSD outbreaks were docu-
mented in Greece [3], from where it spread to the Balkan region. Similarly, in 2015, the disease was clinical-
ly confirmed in North Caucasus of Russia where it becomes epidemic and spread throughout the country [4,
5]. In 2016, LSD re-emerged in several regions of Southern Russia, including Astrakhan oblast bordering
with Atyrau region in West Kazakhstan.

The paper aims to report on the first occurrence of LSD in the Republic of Kazakhstan and to describe
the associated clinical features of the disease, diagnostic methods as well, as control measures taken to elim-
inate further dissemination of the pathogen.

According to Statistic Bureau of Agro-industrial complex of Ministry of Agriculture of the Republic of
Kazakhstan the total cattle population of the country is estimated to be about 7.161 million heads, mostly
local breeds (87.1%); the remaining are hybrids and exotic breeds (data not available). The livestock system
practiced in the country is mixed farming, including intensive, small-scale beef and dairy management. Live
animals are not exported from the country; meanwhile, the export share of animal products in 2017 account-
ed for 20 thousand tons. In rural areas, cattle are the primary source of income and mainly kept for milk and
meat production. The commercial smallholding dairy and beef farms are mostly market-oriented and located
around urban areas practicing intensive management.

Experimental

Animal Ethics

The protocol was approved by the Committee on the Ethics of Animal Experiments of the Research In-
stitute for Biological Safety Problems (RIBSP) of the Science Committee of Ministry of Education and Sci-
ence of the Republic of Kazakhstan (permit number: 1205/106).
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Place on investigation are noted in Figure 1.
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Figure 1. The location of the LSD outbreak in Atyrau region. Areas drawn in pink — indicate seasonal communal
grazing lands (Food and Agriculture Organization (FAO)

Blood samples and skin lesions (Fig. 2) were collected for testing to the Virology section of theBSL-3
laboratory of the RIBSP and to OIE Reference Laboratory, All-Russian Research Institute for Animal Health
(ARRIAH).

62 BecTHuk KaparaHgmMHCKOro yHusepcureTa



The first lumpy skin disease outbreak...

Figure 2. Cattle exhibiting LSD characteristic clinical signs in the outbreak foci in Republic of Kazakhstan in 2016. The
body surface of infected animals exhibited extensive circumscribed and convex skin nodules (a-d) with ulceration of the
scrotum and the teats (e-f)

Control Measures

In the first affected farm, a total stamping out as well as incineration of carcasses were undertaken to
prevent the spread of the disease locally. Quarantine and cattle movement controls were initiated within the
Kurmangazy District, as well as strict restrictions on vehicles commuting to and from the affected zones. In
addition, ring vaccination were conducted in a radius of 30 km. Such a significant coverage explained by the
high density of livestock population and use of common grazing lands on South and West from the initial
foci. In Kazakhstan, vaccination campaign was launched immediately after notification was sent to OIE,
more than 70.000 cattle in the affected areas and neighboring regions (Makhambet, Isatay, Makat) were vac-
cinated during the vaccination campaign. A total of one million doses of LSD vaccine (LUMPIVAX®,
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Neethling-type, Kenya) were purchased before the outbreak and used in cattle against LSD. In Makash, vet-
erinary personnel that were involved in LSD control and eradication campaign wore personal protective
equipment (PPE) when visiting affected farms. Moreover, animal premises (walls, ceilings and floor) were
disinfected, utilizing Lysoformin 3000. Farmers were instructed to apply the disinfectants every day.

In response to the LSD outbreak in 2016 on the Russian side of the border, the veterinary authorities
culled only those cattle showing typical clinical signs (partial stamping out) and implemented movement re-
strictions. Susceptible cattle were treated with insect repellents and vaccinated with a heterologous live
sheeppox virus vaccine at a dose of 10-4 TCID50, produced locally by ARRIAH [5-7]. An eradication pro-
gram was enacted according to the State Contingency Plan (Directive N 339-2) after field samples provided
positive results using conventional PCR.

Until 21 July 2016, in the Kurmangazy District, among the officially registered 3557 cattle, the number
of affected cattle reached 459 with morbidity and mortality rates accounting for 12.90% and 0.96% respec-
tively. The case fatality rate was 7.41% [8, 9]. Kazakhstan veterinary services carried out a total stamping
out measure at this first affected farm.

Sample collection

Samples were taken from 96 cattle of different ages and sexes with clinical signs characteristic of FMD.
In severe cases, there was an increase in body temperature up to 42°C followed by severe salivation, nasal
discharge and inflammation of the mucous membranes. The body surfaces of infected animals were com-
pletely covered with circumscribed and convex nodules, which were hard and rough when palpated. Animals
exhibiting mild symptoms of FMD showed enlargement of superficial lymph nodes and edema of the limbs
and brisket. A total of 74 blood samples, 47 skin lesions, 4 samples of internal organs (2 lymph nodes, 2 lung
tissue samples), were taken from diseased and dead animals by official field veterinarians and dispatched to
the RIBSP. In addition, 14 hard ticks attached to the diseased host were collected during the clinical exami-
nation of infected animals. Moreover, 21 horn flies (Hematobia irritants) and 25 stable flies (Stomoxys calci-
trans) were caught within livestock premises using a commercial fly catching unit “Miniature CDC light trap
with UV light” (USA) to investigate a possible insect vector involvement in the transmission of LSD in the
field. The light trap was hung from the ceiling of the barn and checked every two hours for insects. The time
of insect collection was determined as follows: 12 hours during the night.

Virus isolation

Virus isolation (V1) was conducted according to Standard Operational Procedures of the BSL-3 labora-
tory of the RIBSP. The tests were carried out as described by OIE (2018). Briefly, 1 ml buffy coat or super-
natant were administered on to lamb testes cells in 25 cm? cell culture flasks and allowed to incubate at 37°C
for 1 hour. Following incubation cell culture growth media was removed and cell monolayer was rinsed with
PBS and overlaid with Glasgow's Minimal Essential Medium containing 0.1% penicillin, 0.2% gentamycin
and 2% fetal calf serum (Thermo Fisher Scientific). The cell monolayer was examined daily for characteris-
tic cytopathic effect (CPE). In the case no CPE was observed, the cell culture was freeze—thawed three times
and second or third blind passages were carried out Cell culture flasks showing CPE were tested with gel-
based PCR to confirm that the CPE change was induced by LSDV.

Virus detection by PCR

A PCR assay was performed using the protocol published by Tuppurainen, Venter, and Coetzer [10,
11]. For DNA extraction, a QIAamp DNA Kit (QIAGEN, USA) was used according to manufacturer’s in-
structions.

For PCR assay, to produce 192 bp of amplified nucleotides reactions the forward 5’-TCC-GAG-CTC-
TTT-CCT-GAT-TTT-TCT-TAC-TAT-3" and reverse 5’-TAT-GGT-ACC-TAA-ATT-ATA-TAC-GTA-
AAT-AAC-3’ primers were used [12]. The conditions for DNA amplification in a Thermal Cy-
cler(Eppendorf Mastercycler) were as follows: 95°C for 2 min, 95°C for 45 s, 50°C for 50 s, 72°C for 1 min
(34 cycles) and 72°C for 2 min. Obtained PCR products were loaded in 1.5% agarose-gel electrophoresis and
the results visualized using Bio-imaging systems MiniBIS Pro (Israel).

Complete genome sequencing of LSDV field strain was performed in collaboration with Kazakh Scien-
tific-Research Veterinary Institute LLP (Kazakhstan) and Sciensano, Unit Exotic Viruses and Particular Dis-
eases (Belgium) and has been deposited in GenBank under accession number MN642592 (LSDV isolate
Kubash/KAZ/16) [13].
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Results

PCR and Virus isolation

From 7th July until the end of November 2016, three outbreaks were confirmed within Makash village.
A total number of 425 cattle were disposed of in the eradication program. A total of 185 samples were tested
by PCR and VI. The presence of viral nucleic acid was laboratory-confirmed in a total of 102 samples,
whereas 52 samples tested positive for VI. All skin lesions tested positive by PCR and VI. Viral DNA was
detected in 24 of 74 blood samples and whereas virus isolation revealed a LSDV characteristic CPE in 3 out
of 74 blood samples. Internal organs were tested positive by PCR, while it was not possible to isolate a live
virus in cell culture infected from lymph nodes or lungs (Table). In addition, LSDV DNA was recovered
from 6 out of 14 ticks, 8 out of 21 horn flies and 14 out of 25 stable flies’ samples while live virus was iso-
lated only from 2 out of 25 Stomoxys calcitrans samples.

Table

Summary of PCR and Virus isolation testing results [14]

PCR Virus isolation
Type of Sample (Positive result) (Positive result) Mean Ct value
Skin lesions 47147 47147 16.7
Blood 2474 3/74 27.1
Lung 1/2 0/2 11.3
Lymph nodes 2/2 0/2 15.8
Dermacentor 6/14 0/14 16.4
Stomoxys calcitrans 14/25 2/25 24.3
Hematobia irritants 8/21 0/21 22.9

Discussion

Epidemiological investigation

To date, the source of infection and the mode of transmission of the virus to Kazakhstan remain unclear.
This issue is especially urgent for trans-boundary infections. Most researchers believe that spread of the
causative agent of LSD outside the epizootic focus region to a new area happens due to unauthorized move-
ments of infected animals in the presence of insect vector [15]. These assumptions could be supported by the
presence of river delta along border, which is thought to be auspicious habitat for reproduction of the insect
vectors. Transmission of LSDV within the herd occurs by aerosols when a sick animal exhales, via direct
contact between animals, through contaminated water and feed or by blood-feeding insect [16, 17]. It has
been suggested that the spread of LSD into countries such as Iran, Azerbaijan, Republic of Dagestan, Geor-
gia and Russia Federation was associated with the direct and indirect animal contacts when the farmers were
using shared pasture lands between the bordering states [18]. Thus, practicing communal grazing and illegal
animal trading between trans-boundary farms can serve as source of LSDV introduction into new area.
Azerbaijan scientist suggested that also the role of human factors could be involved in mechanical transmis-
sion of the pathogen via direct contact with infected animals and their environment, farm workers may
transport and spread virus to healthy herd [4]. In addition, Annandale et al. [19] reported that cattle insemina-
tion with infectious semen lead to disease development.

Despite assumption in the transmission of LSD mentioned above, it is generally accepted that a variety
of blood-feeding insects play a significant role in LSDV transmission by acting as mechanical vectors. Ac-
cording to the epizootic investigation outcomes of LSD outbreaks in Egypt, it was considered highly likely
that the pathogen was transferred by stable flies (Stomoxys calcitran) [20]. This assumption was based on the
seasonality of outbreaks of LSD, occurring during hot and wet summer seasons [6, 16, 21]. In recent studies,
LSDVtransmission from diseased to susceptible cattle by Stomoxys species have been demonstrated success-
fully under laboratory condition [15, 22].

A mathematical model of synoptic system used in recent study to calculate air long-distance disper-
sal (LDD) of LSDV in Israel revealed that LDD transmission by air is a feasible way of dissemination of
vector borne diseases in the Middle East and should be taken into consideration when evaluating risk for new
outbreaks [23]. In other studies, mathematical modeling revealed that under natural conditions the blood-
feeding insects range rarely exceeds 5 km [24]. Moreover, wind has a direct impact on insect distribution
[25]. Such a significant coverage range and vector capability of stable flies to carry pathogen may lead to
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LSDV escape from the initial outbreak foci and rapid dissemination over neighboring farms. In relatively
recent clinical experiments, the potential of ticks as a mechanical vector has been successfully demonstrated.
Ticks in different molting stages have carried LSDV following feeding to repletion on artificially infected
animals [26, 27]. In addition, LSDV has been detected in the saliva of mature ticks making them capable of
virus transmission.

In the Kazakhstani scenario of disease development, LSD was recorded mostly among emaciated ani-
mals, lactating cows, and calves. During the current LSD epidemic in Kazakhstan, the morbidity and mortali-
ty rates constituted 12.90% and 0.96% respectively. Due to rapid response of State Veterinary Service in
combination of strict quarantine, stamping out and mass vaccination campaign allowed limiting LSD out-
break within the initial foci.

In our study, several arthropod species including ixodid ticks (Dermacentor marginatus and Hyalomma
asiaticum), horseflies (Tabanus bromius), and other biting flies (Stomoxys calcitrans) collected in the disease
focus were assayed as potential transmitters. All tick samples were positive, and a proportion of horse flies
and Stomoxys flies. The first LSDV isolate in cell culture was obtained from sampled horseflies (Tabanus
bromius) collected during the outbreak of the disease. These results support the studies of Sohier et
al. (2019), which showed experimentally that horseflies can mechanically transmit LSDV. We have shown
that all individuals sampled, of both species of ticks collected from the region of the outbreak of the disease,
were PCR positive for LSDV, and the virus was isolated from the pool of ticks of both species, through cell
culture. Until 21 July 2016, in the Kurmangazy District, among the officially registered 3557 cattle, the
number of affected cattle reached 459 with morbidity and mortality rates accounting for 12.90% and 0.96%
respectively. The case fatality rate was 7.41% (OIE 2016). Kazakhstan veterinary services carried out a total
stamping out measure at this first affected farm.

Conclusion

Given the fact that there is a significant density of livestock in the West Kazakhstan oblast and unau-
thorized trade in animals occurs, it is likely that LSD will continue to spread, leading to serious social and
economic consequences for the whole country and posing a real threat to animal husbandry of developing
countries of the Central Asia.

Studies have shown that a new disease in cattle in the Atyrau region of Kazakhstan in 2015 was caused
by FMD infection. The virus was also detected among Tabanus bromius and Stomoxys calcitrans, indicating
the possibility of these species as vectors of FMD in this region.
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Ka3zakcranaa ipi Kapa MajaabIH cyiie/ii 1epMaTHT aypybIHbIH OipiHi
OIIAKTAPBIHBIH OPIIYI

Ipi xapa manzabiH kecek Tepi aypysl (KTA) — Adpuka KOHTUHEHTIHEH MIBIKKAH ipi Kapa MaJIIbIH TPaHCIIe-
KapaJbIK BHPYCTHIK aypybl. MyHna 6i3 Kazakcran PecnyOnmkaceiaga 2016 KbULABIH MIUIIECIHAE TIPKEITeH
Oipinmi KTA iHmeTiH, coHmai-aK 0Chl aypyAbIH KIMHUKAIBIK KOPiHICTEPiH, IUATHOCTHKAJBIK 9ICTEP Il )KOHE
KO3JIBIPFBILITBHIH OJJaH 9pi TapalybIMEH Kypecy YIIiH KaOblIJaHFaH OaKpuiay HIapajapblH CUIIATTalMbI3. Ay-
pyIbIH ceGebiH aHbIKTay YIIIH aypy JKOHE eJIi jKaHyapiapaH, COHBIMEH Karap KOHIIKTep MEH KeHeJepAeH
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yurinep ansiaasl. KTA JIHK-cer Dermacentor marginatus sxone Hyalomma asiaticum ceinamanapbiasi 6ap-
aerFeiHAa, Tabanus bromius ceramanapsiasiy 14,29%-m1a xone Stomoxys calcitrans ceiHamanapsiHbiH OipiH-
ne IITP omiciMeH aHBIKTaNbl. DMUIEMUOIOTHAIBIK Oipiik merinae TipkenreH 3557 6ac ipi Kapa MajIblH
imineH 459 ipi kapa Man aypy Ke3iHJe 3apJar MIeKTi, OHBIH inriHae aysprad Man 12,90 % jxoHe emiM-kKiTiMi
0,96 % kypanpsl. Byt skyMbIcTa 3MHIEMHONOTHSUIBIK XKaFAai, JUarHos, jkarail BakIMHAIMsUIayIpl Koca all-
raH/a, GaKpLIay apajiapsl )KOHE aypy OLIAFbIH JKOK HayKaHbl YChIHBUIFaH.

Kinm coe30ep: Gakpinay mapaiapbl, IHarHO3, SMHIEMHOJIOTHSUIIBIK JIepeKTep, cydenai mepmarur, StOmoxys
calcitrans, Hematobia irritants, aypy omarsr.

A.M. Ucumos, H.K. Kemanosa, A.T. CapxiritoBa, b. bBaxbIT:>KaHKBI3bI

IlepBasi BCObINIKA HOAYJISIPHOTO J€PMAaTHTA KPYIMHOTO poraToro ckora B Kazaxcrane

Honynspusrit nepmarut (Hl) — 3To HOBas TpaHCTpaHWYHAs BUPYCHasi 00JI€3Hb KPYIHOTO POTATOTo CKOTA,
npoucxoasias U3 ahpUKaHCKOTO KOHTHHEHTA. 3/IeCh MbI OIHMChIBaeM INepByto Benblky HJI, 3apeructpupo-
BaHHYI0 B PecnyOnmuke Kazaxcran B urone 2016 1., a Takke CBSI3aHHBIC C HEH KIIMHIMYECKHE MPOSBICHHS 3a-
OoJieBaHMsI, METOABI TUArHOCTHKA U Mephl OOphOBI ¢ HalNbHEHIINM pacipocTpaHeHueM Bo3Oyautens. Jlis
OIIpe/IeNICHNS] IPHYHMHBI 3a00JIeBaHMs OBUTH B3SITHI 00Pa3Ibl OT OOJIBHEIX M MEPTBBIX XHBOTHBIX, @ TAKXKE OT
HacekoMmbix ¥ kiemei. JJHK HJI Obuia oOHapyxena meromom I[P Bo Bcex mpobax ot Dermacentor
marginatus u Hyalomma asiaticum, 8 14,29 % mpo6 ot Tabanus bromius u B oxHO# 13 mpo6 or Stomoxys
calcitrans. PenpoaykrusHsiit Bupyc HJI ObLT BBIZEICH M3 OPraHOB MEPTBOTO KPYIHOI'O POraToro CKOTa u
HacekoMbIX B KyibType kietok LT u MDBK. Bupyc nakamnuBaics B KynbTypax kierok LT u MDBK Ha
YPOBHE TPETHErO Maccaka ¢ TUTPaMH B auanaszoHe 5,5-5,75 log 10 TCID 50/cm®. Bo BpeMsi BCIBILIKH KOJIH-
YECTBO INOPAXKEHHOI'O KPYIHOI'O POraTroro CKOTa B Ipelenax SMUIEeMUOIOIMYECKON eIMHUIBI 1OCTUII0 459
royioB U3 3557 3aperncTpupoBaHHBIX BOCHPHUHMYHUBEIX TOJIOB KPYITHOTO POTaTOro CKOTa C 3a00JIeBaEMOCTHIO
12,90 % u cmepTHOCTEIO 0,96 %. B HacTosiei paboTe MpeaCcTaBICHbI AMUASMHUOIOTHICCKAs CUTYAIHs, IHa-
THO3, MepbI 0OpBHOBI, BKITIOYAsi MACCOBYIO BAKIIMHALIMIO M KAMITAaHUIO 110 UICKOPEHEHHUIO o4ara OOJIe3HH.

KJllOlle‘G‘ble cjnoea:; MEPbl KOHTPOJIA, NJUArHOCTUKA, SNUACMUOJIOTUICCKUE NAaHHBIC, HOZ[yJ'IHpHLIfI AC€pMaTuT,
Stomoxy scalcitrans, Hematobia irritants, scrsimxa.
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Identification on SNP polymorphisms associated with meat productivity
in the local Kazakh horse breed

The aim of our study was to genotype local horses of the Kazakh breed, including the Zhabe u types from the
Pavlodar and Zhetysu regions, as well as the Adai type from the Mangystau region, using PCR-RFLP meth-
ods for the LCORL and PRKAG3 gene loci. A total of 41 horses were included in the study. The results
showed that the frequency of the homozygous genotype TT at the LCORL locus was 81.25% in Zhabe Pav-
lodar horses, with a heterozygous genotype TC of 18.75%. In Kazakh horses of the Adai type from Man-
gystau and Zhabe type from Zhetysu, no genetic polymorphism was detected, and all individuals had a homo-
zygous genotype — TT. For the PRKAGS3 locus, genetic polymorphism was only found in Adai type horses,
with one mare out of 17 tested horses having a heterozygous genotype — CT (5.89%). Horses of the Zhabe
type in Pavlodar and Zhetysu regions had a single homozygous CC genotype. The level of homozygosity for
the LCORL gene locus in the three studied groups was: 81.25, 100.0 100.0. For the PRKAG3 gene is 100.0,
94.11, 100.0. The level of heterozygosity for the LCORL gene locus in horses of Pavlodar region was
18.75%, for the PRKAG3 gene locus in horses of Mangistau region 5.89%. Thus, LCORL and PRKAG3
gene polymorphisms play a significant role in determining the development of muscle mass, skeletal struc-
ture, chest circumference, and growth rate in horses. Therefore, these SNP polymorphisms can potentially
serve as DNA markers for evaluating meat production in horses.

Keywords: horse genotyping, Kazakh horses, Zhabe, Adai, LCORL gene, PRKAG3 gene, PCR-RFLP analy-
sis, DNA markers of productivity.

Introduction

Increasing meat production is currently the most relevant task facing livestock breeders in Kazakhstan.
In solving this problem, in addition to cattle breeding and sheep farming, there is an opportunity to develop
productive horse breeding. In breeding work aimed at improving the productive qualities of stud horses, Ka-
zakh horses of the Zhabe type have exceptional importance. They differ from the main mass of other breeds
of herd horses in Kazakhstan by a higher live weight and slightly larger size. An important link in breeding
work with Kazakh Zhabe horses is the development of selection methods to improve their breeding and pro-
ductive qualities. The successful solution of this task largely depends on increasing the efficiency of breed-
ing work through the wide implementation of achievements in population genetics and the maximum realiza-
tion of the genetic potential of horse productivity [1].

Analysis of foreign literature indicates that the study of polymorphisms in the LCORL and PRKAG3
genes has practical significance, as the alleles of these genes have an associative impact on the development
of muscles in horses.

The LCORL (ligand-dependent nuclear receptor corepressor-like) gene has been identified as a candi-
date gene associated with various traits, including body size, height, and skeletal growth in horses. LCORL
is located on chromosome 3 in horses and is highly conserved across species, suggesting a conserved func-
tion in growth regulation [2].

One of the earliest studies on LCORL in horses was conducted by Makvandi-Nejad et al. who investi-
gated the association of LCORL with height in Thoroughbred racehorses. The study found that the T allele
of LCORL was significantly associated with height in Thoroughbreds, with the T allele carriers being taller
than the CC homozygotes [2].

Another study conducted by Tetens et al. identified genetic loci associated with withers height in Ger-
man Warmblood horses, and the findings indicated that the LCORL/NCAPG region on chromosome 3 plays
an important role in determining withers height. The identification of this genetic variant may have important
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implications for selective breeding programs aimed at producing horses of specific sizes for different pur-
poses [3].

The results of the study Metzger et al. showed that there was a significant association between LCORL
expression and body size in horses. Specifically, larger horses had higher levels of LCORL expression com-
pared to smaller horses. Furthermore, the study identified two single nucleotide polymorphisms (SNPs) in
the LCORL gene that were significantly associated with height and weight in horses [4].

Researchers Staiger et al. found a significant association between skeletal variation in the forelimbs and
hind limbs of Tennessee Walking Horses and a region on chromosome 3 that includes the LCORL/NCAPG
genes. This region had previously been identified as a candidate locus for withers height in horses, and this
study provides further evidence of its role in determining skeletal size and morphology [5].

Tozaki et al. (2016) reported that certain sequence variants of the BIEC2-808543 locus, which was lo-
cated near the LCORL gene, are associated with body composition in Thoroughbred racehorses undergoing
training. The study found that specific sequence variants near the LCORL gene, particularly BIEC2-808543,
were significantly associated with body composition traits such as body weight, body condition score, and
subcutaneous fat thickness. These findings suggest that the LCORL gene may play a role in determining
body composition and could potentially be used in breeding programs to select for desired body composition
traits in Thoroughbred horses [6].

The PRKAG3 gene, also known as the AMP-activated protein kinase gamma 3 subunits, plays an im-
portant role in regulating energy metabolism in skeletal muscle. This gene has been the focus of several stud-
ies in horses, particularly in relation to athletic performance and muscle function [7].

A study was conducted by Park et al., to identify genetic variations, specifically for PRKAG3 gene
SNPs, which may affect muscle development and intended performance in horses. The study included multi-
ple horse breeds with varying phenotypes. Seven SNPs were identified, five of which resulted in amino acid
substitutions. These genetic variations may have an impact on the traits of interest, including muscle devel-
opment and performance, in horses [7] (The results of the study showed that certain variations in the
PRKAG3 gene were associated with differences in muscle glycogen content and exercise performance in
horses).

Armeiro et al. investigated the influence of specific genetic variations, or polymorphisms, on muscle
performance-related traits associated with the PRKAG3 gene and male fertility-associated traits associated
with the SPATAL gene in Mangalarga horses. The study involved the analysis of DNA samples collected
from a group of Mangalarga horses, followed by a series of molecular biology and statistical analyses to ex-
amine the relationships between genetic variations and performance traits [8].

In some breeds of livestock, including pigs [9], cattle [10] and goats [11], certain genetic variations in
the PRKAG3 gene have been associated with traits related to meat quality, such as tenderness and juiciness.

According to the information provided above the LCORL and PRKAG3 genes has been shown to play
a significant role in determining muscle development in horses.

Thus, investigating SNP polymorphisms at the loci of the LCORL and PRKAGS3 genes in local horse
breeds of the Kazakh population is relevant, as these markers are associated with the meat productivity of
horses. The aim of this study was to investigate the distribution of genetic variants at the LCORL and
PRKAG3 gene loci, determine the levels of heterozygosity and homozygosity, assess the genetic equilibrium
at the studied gene loci, in local horse breeds such as Zhabe and Adai.

This study was conducted to determine the polymorphism of the LCORL and PRKAG3 genes and their
association with body size in local Kazakh Zhabe and Adai horses using the PCR-RFLP method.

Experimental

For the study, 41 blood samples from horses with EDTA were used, including 16 samples of the
local Zhabe breed (LLP “Akshiman-Agro” of Pavlodar region), 17 samples of the local Adai breed
(Peasant farm “Kozhyr-Ata” of Mangystau region) and 8 samples of the local Zhabe breed (Peasant
farm “Akimbekov” of Zhetysu region). DNA extraction from blood samples was performed in the labor-
atory of the Department of Obstetrics, Surgery and Biotechnology of Reproduction of Kazakh National
Agrarian Research University using the following method. Firstly, blood samples were thawed at room
temperature for an hour. Then, 2.0 ml of thawed blood were placed in numbered tubes, which were cen-
trifuged at 14500 rpm for 8 minutes. The upper phase was removed, leaving the sediment in the tube, to
which 500 pl of TES lysis buffer was added and mixed using a vortex. The tube with its contents was
centrifuged again at 14500 rpm for 8 minutes. The top part was removed, and 500 pl of TES buffer was
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added again to the sediment. After mixing on a vortex until the mixture became homogeneous, the tube
was centrifuged at 14500 rpm for 8 minutes. Then, 50 pl of 10% SDS and 5 ul of proteinase K were
added to the tube and mixed on a vortex. After that, the tubes were shaken for 15 minutes and left over-
night in a thermostat at 37°C. The samples were then removed from the thermostat, and 500 ul of 5M
NaCl solution was added to each sample, mixed using a vortex, and centrifuged at 14500 rpm for 5
minutes. Using a pipette, the top layer (supernatant) was transferred to another tube in an amount of 500
ul, and isopropanol was added in a 1:1 ratio. The tube was mixed, centrifuged for 2-3 minutes at 10,000
rpm, and the top part was removed. The remaining DNA in the tube was washed twice with 70% etha-
nol, and the obtained DNA was dissolved in 1X TE buffer with a volume of 50 pl. The obtained DNA
was evaluated using two methods: horizontal electrophoresis in a 0.8% agarose gel and measurement of
DNA concentration by microspectrophotometric analysis (NanoDrop™ 2000).

The DNA samples of horses were genotyped for the LCORL gene locus using the following primers:
forward F-5- TGGAGTCAGTTGGGTTTAATG - 3 and reverse R - 5 -
GACCGGATAGCATAGAGAGAG - 3'. The resulting amplicon length was 284 bp, and for allele identi-
fication, the Alul restriction enzyme with the recognition site AG/CT was used. After restriction, frag-
ments of 284 bp, 169 bp, and 115 bp were formed depending on the animal's genotype. The PCR condi-
tions for genotyping the DNA samples at the LCORL gene locus were as follows: initial denaturation at 94
°C for 5 min, 33 cycles of denaturation at 94 °C for 45 sec, primer annealing at 56.6 °C for 45 sec, exten-
sion at 72 °C for 45 sec, and final synthesis at 72 °C for 5 min.

Allele identification in the 8th exon of the PRKAG3 gene was performed using the following pri-
mers: forward F-5 - GAGGTGGGACAGTCTGGGGGCT-3' and reverse R - 5 -
ACTGAAGGGCTGGGGAAGGGACT -3'. The PCR product length was 182 bp, and to determine the ge-
netic variants, the Alul restriction enzyme was used. After hydrolysis of the amplicon, fragments of
182 bp, 118 bp, and 45 bp were obtained depending on the animal's genotype. The PCR conditions for the
PRKAG3 gene were as follows: initial denaturation at 94 °C for 5 min, 34 cycles of denaturation at 94 °C
for 30 sec, primer annealing at 66 °C for 30 sec, extension at 72 °C for 30 sec, and final synthesis at 72 °C
for 5 min.

Results and Discussion

The work on genotyping DNA samples of horses was carried out at the laboratory of “Green Bio-
technology and Cell Engineering” at the Kazakh-Japanese Innovation Center of Kazakh National Agrarian
Research University. The average concentration of DNA samples was 289.24 ng/ul, with a minimum value
of 1.2 ng/pl and a maximum concentration of 1344.7 ng/ul. Another important quality indicator of isolated
DNA is the degree of sample purification, i.e., the ratio of DNA concentration values at A260/A280 wave-
length. 85% of DNA samples had values greater than 1.70 and 15% of samples had lower values, less than
1.70. Amplification of the desired fragment of the corresponding genes was carried out according to the
temperature regime, and the composition of the reaction mixture was: 2.5 pl of 10X PCR buffer with KCL,
1.0 pl each of forward and reverse primers, 2.0 pl of a mixture of four dNTPs, 0.2 ul of Taq DNA Poly-
merase (recombinant) 5U/ul, 1.5 pl of 25 mM MgCI2, bidistilled water in the amount of 15.8 pl, and 3.0 pl
of DNA samples. The results of the polymerase chain reaction were verified using a 4.0% agarose gel
stained with ethidium bromide.

To amplify the necessary regions of the LCORL and PRKAG3 genes, primer sequences and a PCR
temperature regime described in the work of foreign scientists were used. The results of the amplification
were checked using horizontal electrophoresis on a 4.0% agarose gel (Fig. 1, 2). The identification of al-
leles of the LCORL and PRKAG3 genes was carried out by hydrolyzing the PCR product with the Alul
endonuclease. Thus, for the LCORL gene locus, individuals with the homozygous TT and heterozygous
TC genotypes were identified (Fig. 3). However, for the PRKAG3 gene locus, out of the 41 tested sam-
ples, only one mare was found to have a heterozygous CT genotype, where fragments of 182 bp, 118 bp,
45 bp, and 19 bp were detected on the electropherogram (Fig. 4). It should be noted that samples 7 and 8
contain an additional fragment with an approximate size of 130 bp, which should not be present on the
electropherogram. This may indicate that the observed pattern is the result of an artifact.
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Figure 1. Electropherogram of the PCR product of the LCORL gene, lanes 1-13, with an amplicon size of 284 bp, M -
DNA marker pUC19/Mspl

Figure 2. Electropherogram of LCORL gene amplicon after restriction digestion with Alul, lanes 5, 8, 10 - TC hetero-
zygous genotype, fragments of 284 bp, 169 bp, and 115 bp, lanes 1-4, 6-7, 9, 11-12 - TT homozygous individuals with
284 bp fragments, M - DNA marker pUC19/Mspl

«—182nH

Figure 3. Electropherogram of the PCR product of the PRKAG3 gene. Lane 4 shows negative results, while lanes 1-3,
5-7 and 8-14 show a PCR product with a size of 182 bp., M - DNA marker pUC19/Mspl

Figure 4. Electropherogram of the amplified product of the PRKAG3 gene after Alul endonuclease restriction, lane 8 -
CT heterozygous genotype, fragments 182 bp, 118 bp, 45 bp, lanes 1-7 and 9-14 CChomozygous individuals with 118
bp, 45 bp fragments, M - DNA marker pUC19/Mspl

To assess the level of genetic polymorphism, an analysis of the genotyping results was carried out for
the LCORL gene locus. The actual occurrence of the homozygous TT genotype in horses of the Zhabe
Pavlodar breed was 81.25%, the heterozygous TC genotype was 18.75%, and the other homozygous CC
genotype was not detected in the studied animals. For this gene locus, no genetic polymorphism was detected
in the DNA of tested horses of the Mangystau Adai type (n=17) and the local Zhabe breed of the Zhetysu
region (n=8), with all individuals having a homozygous TT genotype. Genetic polymorphism was detected
only in horses of the Mangystau Adai type for the second gene locus, PRKAG3, where one mare out of 17
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tested horses had a heterozygous CT genotype (5.89%). According to the genotyping results, horses of the
Pavlodar and Zhetysu regions had only one homozygous CC genotype for both gene loci (Table).

Table

Distribution of genetic variants and allele frequencies, level of homozygosity and heterozygosity of individuals
for the LCORL and PRKAGS3 gene loci in the studied population of horses

Locus name LLP “Akshiman-Agro” of Pavlodar region
Genotype Genotype frequency Allele frequency Ho He
LCORL TT (n=13) 81,25% T=-0,91 81,25 18,75
TC (n=3) 18,75% G=0,09
CC (n=0) 0,0%
Peasant farm “Kozhyr-Ata” of Mangystau region
LCORL TT (n=17) 100,0% T=-1,0 100,0 0,0
TC (n=0) 0,0% G=0,0
CC (n=0) 0,0%
Peasant farm “Akimbekov” of Zhetysu region
LCORL TT (n=7) 100,0% T=-1,0 100,0 0,0
TC (n=0) 0,0% G=0,0
CC (n=0) 0,0%
LLP “Akshiman-Agro” of Pavlodar region
PRKAG3 CC (n=16) 100,0 % C=1,0 100,0 0,0
CT (n=0) 0,0% T=0,0
TT (n=0) 0,0%
Peasant farm “Kozhyr-Ata” of Mangystau region
PRKAG3 CC (n=16) 94,11% C=0,97 94,11 5,89
CT (n=1) 5,89% T=0,03
TT (n=0) 0,0%
Peasant farm “Akimbekov” of Zhetysu region
PRKAG3 CC (n=8) 100,0% C=1,0 100,0 0,0
CT (n=0) 0,0% T=0,0
TT (n=0) 0,0%

Gene equilibrium was violated in both gene loci, with a much greater prevalence of the T and C alleles
observed, with values of 0.91, 1.0, 1.0, and 1.0, 0.97, and 1.0, respectively, in horses from Pavlodar,
Mangystau, and Zhetysu regions. Another criterion characterizing the level of genetic diversity is the
determination of the level of homozygosity and heterozygosity in the studied population. For the LCORL
gene locus, the level of homozygosity in the three studied groups was 81.25%, 100.0%, and 100.0%, and for
the PRKAG3 gene, it was 100.0%, 94.11%, and 100.0%. The level of heterozygosity was 18.75% for the
LCORL gene locus in horses from the Pavlodar region and 5.89% for the PRKAG3 gene locus in horses
from the Mangystau region. No individuals with homozygous CC and TT genotypes were detected for both
studied gene loci.

Conclusion

It is known that the LCORL gene locus in horses is associated with growth parameters, muscle mass
formation, chest circumference, and the AY_376689:¢c.773C>T SNP polymorphism in the PRKAG3 gene
influences the growth rate of young animals. The study results indicate a disruption of genetic equilibrium at
the LCORL and PRKAG3 gene loci, which is likely due to prolonged selection of the horse population for
economically useful traits such as live weight, growth rate, carcass weight, animal endurance, disease
resistance, and fertility of stallions. We believe that the preservation of the allele pool of local animal breeds
is an important criterion for breeding livestock. The reduction of polymorphism level and genetic diversity in
the studied horses is indirectly caused by inbreeding resulting from the use of a single method, natural
mating of mares with stud stallions in a particular area for reproductive work. Thus, the LCORL gene
determines the formation of muscle mass, skeleton, chest circumference, growth rate, and PRKAG3 gene
alleles are associated with the growth rates of young animals. In the future, the indicated SNP
polymorphisms can be used as DNA markers of meat productivity in horses.
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J1. KaoOsm6ekoBa, E. Ycenbekos, T. Acanbaes, b. bekmanos, 111. KaceimOekoBa

KeprinikTi Ka3ak KblJIKbl TYKBIMBIHAAFBI €T OHIMALTINIMEeH 0aiJIaHbICThI
SNP noaumopdusmaepi 6oiibiHIa HAeHTHPUKAIUA

Bi3giH 3epTTeyiMi3miH MakcaThl — KEPTLTKTI Ka3aK TYKBIMIBI JKBUIKBUIAPIBIH TEHOTHIITEPIiH aHBIKTAY, CO-
HbIMeH Katap [laBiogap sxone JXKericy oOmbicTapbinaarbl JKaObl TYKBIMBIH, COHJal-ak MaHFbicTay OOJIBI-
chIHAarbl Anail TyKbIMbIH, siFHE 41 Gac xbuIKbiHBE LCORL jxoHe PRKAG3 renaepiHiH JoKycTapsl OOWBIHIIA
[ITP-POYII onicrepin KojgaHa OTBIPBIN 3epTTEy. 3epTTey HoTiKesepi OoiibiHma [TaBmogap 0GIBICHIHBIH
YKabb1 TyKkbIMBIHBIH KbUIKbICEIHAa LCORL reniHin nokycsl 6oiibiHma TT roMo3urorasibl TeHOTHITIHIH Ke3-
necy xniniri — 81,25 %, TC rereposuroTansl renoturi — 18,75 % KypalTHIHEIH KepceTTi. MaHFbICTay 00-
JIBICBIHBIH Aail KBUTKBICHI MeH JKeticy oObIChIHBIH YKaObl TYKBIMBIHIAFH Ka3aK KBUIKbUIAPBIHAA TeHETH-
KaJIbIK MOJMMOP(GU3M aHBIKTaIMaIbl, Oapiblk romo3urotansl reHoTunmn — TT Gommgel. PRKAG3 reninig
EKIHIII JIOKYCBIH/Ia TEHETUKAIBIK TOJMMOP(H3M Tek AJail KBUIKBICBIHIA KE3/IECTi, ChIHAJFAH 17 KBUIKBIHBIH
iminnge 6ip 6me rereposuroranasl renorunke ne 6onnel, srau CT (5,89 %). IaBnomap >xene XKericy o0ibI-
ctapbiHbiH JKaObl TYKpIMIBI KbUTKbUTapbiHaa CC KalFbl3 TOMO3UTOTANBI TCHOTHUII OOJFaH. 3epTTeNreH YIII
tontarbl LCORL reHiniH J0Kychl OoiibiHIIa romo3urotansik nexreit: 81,25; 100,0; 100,0. PRKAG3 rewni
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6oiipiama — 100,0; 94,11; 100,0. ITaBnogap o6mbickiHbIH KbuTKbLIapbiHAa LCORL reHiHiH J10KyCchl OOWBIH-
I11a FeTePO3UTOTANBIK JIeHred — 18,75 %, ManrbicTay 00nbIChIHBIH XbUIKbUIApbIHAA PRKAG3 reHiHiH J0Ky-
cbl OoiibiHIIa — 5,89 % kypanpl. Ocbuaiiia, LCORL xone PRKAG3 reHiHiH nonuMophu3Maepi KbUIKbI-
JapIbIH OYJIIIBIKET MacCachIHBIH, KaHKA KYPBUIBIMBIHBIH, Key/e MIEHOepiHiH >KoHE ©Cy >KbUITaMIIBIFBIHBIH
JaMyBIH aHBIKTay[a MaHb3IbI pen atkapaael. Connsikrad 6yi1 SNP nmommmopdusMaepi JKbUIKbUIApIaFs! €T
eHpipiciH Oaranay ymin JIHK-Mapkepiepi peTiHge KbI3MeT eTe alaThIHBI 3epTTENIi.

Kinm ce30ep: *bUIKBIHBI TEHOTHUITEY, Ka3akK *bUIKbUIaphl, XKabwl, Anait, LCORL reni, PRKAG3 reni, [1TP-
POYII ananusi, enimainiktia JHK-mapkepnepi.

J1. KaosiiOekoBa, E. Ycenoekos, T. Acanbaes, b. bekmanos, I11. KaceimOekoBa

BroisiBiienue SNP nosimmMopdpu3mMoB, acCOMUPOBAHHBIX ¢ MACHOH MPOAYKTHUBHOCTHIO,
Y MECTHOM Ka3aXCKO#l MOPOJbI JoLagei

Ilenmpro Hamero McciieOBaHMS OBLIO TEHOTUIIMPOBAHWE MECTHBIX JIOmIaJeld kKa3zaxckoi mopoxsl: Tum JKabe
ITaBnomapckoii n JXKetbicyckoii obnacTeit, a Taxoke Anaiicknii TH MaHrucTayckoi 061acTu B Komaectse 41
rosioBa 1o jokycam renoB LCORL u PRKAG3 meronom IIHP-IIJIP®. ITo pesympraram wuccienoBaHUs
BCTpedaeMocTh ToMo3uroTHoro renoruna TT mo mokycy rena LCORL y nomaneii nopoast XKade [TaBnoaap-
cKo# obmactu cocraBuna 81,25 %, rerepozurorHoro resoruna TC — 18,75 %. V ka3zaxckux fomanei Anaii-
ckoro Tuna Manrucrayckoid obnactu u tuna JKabe JKeTpicyckoil 00acT reHeTHYeCKHi mouMopdu3M He
BBIABJICH, Bce 0cOOM mMenn roMo3uroTHelid rerotunt — TT. Tlo BTopomy nokycy rena PRKAG3 reneruue-
ckuil monuMophu3M OOHapY:KEH TOJIBKO y Jomiaged AmaicKoro Twia, u3 17 mpoTeCTHPOBAHHBIX JIOMIATCH
oJHa KOObUIa OKa3anack ¢ rerepo3urotHsM reHotunoM — CT (5,89 %). Jlomaau trna XKa6e [TaBinomapckoit
n XKetbicyckoil obnacTeil UMenH ¢IMHCTBEHHBIH roMO3UroTHBIN reHotun CC. YpoBeHb TOMO3HTOTHOCTH IO
nokycy rena LCORL y tpex uccnenyemsix rpynn cocraBuwi: 81,25; 100,0; 100,0. [To reny PRKAG3 —
100,0; 94,11; 100,0. YpoBeHs rereposurotHocTr 1o jgokycy rena LCORL y nomrazeit [Tapnogapckoii o6ma-
ctu cocraun 18,75 %, no nokycy rena PRKAG3 y nomaneir Manrucrayckoi obnactu — 5,89 %. Takum
obpazom, mommmopdusm reroB LCORL u PRKAG3 urparot 3HaYUTENBHYIO pOJb B ONPEACICHAN Pa3BUTHS
MBIIIEYHON MAacChl, CTPOCHHS CKEIeTa, OKPYXKHOCTH TPYyIHOH KIETKH, CKOPOCTH pocTa nomazei. Cremosa-
TenbHO, 3TH SNP moamMop¢u3mbl moTeHIHAIBHO MOTYT cinyxuTh JIHK-Mapkepamu 11 OmeHKH MACHON
HPOIYKTUBHOCTH JIOLIAJICH.

Kniouesvie crosa: TeHOTUIIMPOBAHKUE JIONIAICH, Ka3axckue nomnany, XKade, Anaii, red LCORL, res PRKAGS3,
TIHP-IT/IP®-ananu3, JIHK-mapkeps! IpoAyKTUBHOCTH.
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Results of reconnaissance surveys of arboretum
of A.N. Bukeikhan Kazakh research institute of forestry

The article presents the results of the inventory of trees and shrubs of arboretum of A.N. Bukeikhan Kazakh
research institute of forestry. The paper presents the taxonomic composition of 23 quarters with the identifi-
cation of dominant plant forms and an assessment of the sanitary condition of plants by category. The taxo-
nomic composition of tree and shrub plantations is represented by 42 genera, 22 families of 14 orders from
the departments — Gymnospermae, Angiospermae. Of the identified 22,489 trees and shrubs, 89.6% are de-
ciduous and 10.4% coniferous. The greatest taxonomic diversity was noted in the families Rosaceae and Pi-
naceae. It has been established that most plants belong to the first category. Quarters 18, 19.2, 22, 23 turned
out to have the largest number of plants belonging to 5, 6 categories, which are recommended for removal.
The arboretum has a large resource of trees and shrubs, acclimatized and adapted to the climatic features of
Northern Kazakhstan, and can serve as a key object for the concentration of genetic diversity.

Keywords: inventory, trees, shrubs, flora, sanitary condition category.

Introduction

Green spaces are one of the main indicators of living comfort in settlements. Trees and shrubs maintain
the gas composition of the atmosphere, form a microclimate, emit phytoncides, deposit suspended particles
on the surface of the leaves, performing a sanitary and hygienic function, and the noise-absorbing role of
green spaces is also important. The role of green spaces is also invaluable in improving the aesthetic qualities
of the environment. In this regard, tree and shrub plantations require a comprehensive study and systematiza-
tion of information about them for scientifically based landscaping of settlements.

Biological species diversity is an important factor in the development and conditions for the existence
of any biocenosis. Recently, population growth and the consequences of active economic activity have led to
irreversible changes in the nature of the planet, which is a threat to the existence of certain species and eco-
systems.

The Global Strategy for Plant Conservation obliges the member countries that have ratified the Conven-
tion on Biological Diversity to develop National Plant Conservation Strategies that ensure the implementa-
tion of the Strategic Plan for Biodiversity Conservation [1-5].

Arboretums are an effective, and sometimes the only possible method of preserving plant biodiversity,
both in a given area and on the planet as a whole. Arboretums are a way to increase the total number of a
particular taxon, to expand its cultural area. Cultivated rare species can then be used to return to the natural
environment, thereby reducing the level of anthropogenic pressure on this species. The concept of the arbore-
tum is to create a collection of rare and endangered plants in order to familiarize children and the population
of the city and region with them.

In the state dendrological parks, scientific research is carried out on the introduction and selection of
natural, cultural, domestic and world flora, as well as on the study, conservation and effective use of the flora
of Kazakhstan.

One of the priority activities of arboretums is the inventory of plants, as a basis for assessing the diver-
sity of species and communities, and developing scientific foundations for the conservation and sustainabil-
ity of forest ecosystems in Kazakhstan.

The purpose of the study: an inventory of the species composition and sanitary condition of tree and
shrub vegetation on the territory of the dendrological park of A.N. Bukeikhan Kazakh research institute of
forestry — KazRIF (Shchuchinsk, Akmola region).
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Experimental
The material for the research was tree and shrub plants of the dendrological park of KazRIF (Fig. 1).

Figure 1. General view of the studied quarters of the arboretum of A.N. Bukeikhan Kazakh research institute of forestry

The inventory of plantings in the study area was based on our own research. In 2021-2022 a detailed in-
ventory of green spaces was carried out using the method of a complete enumeration of all trees and shrubs
growing in the arboretum with a characteristic of each specimen [1].

A total of 23 quarters of woody and shrubby plants were surveyed. A visual tree-by-tree inventory of
trees and shrubs was carried out. The description was carried out by continuous recalculation of trees and
shrubs with the definition of species and condition. The description was carried out by the route method.
Taxonomic identification was carried out using determinants [6-10]. The condition of tree and shrub planta-
tions was established according to generally accepted methods [11]. The studies used the method of recon-
naissance survey, including a preliminary visual assessment of the state of plantations, the degree of drying
of trees [12].

The assessment of the category of the sanitary condition of plantations (on the scale of the sanitary con-
dition of trees) was carried out according to the method [12], which consists of the following categories:

I — without signs of weakening — the crown is dense; the foliage is green, drying out, no damage;

Il — weakened — the crown is slightly openwork; foliage falls early or eaten up to 25 percent; drying of
individual branches; local damage to the trunk and root paws; single water shoots;

Il — strongly weakened — the crown is strongly openwork; the foliage is very small, light, turns yellow
early and falls off, growth is very weak or absent; dries up to 2/3 of the crown damage to the trunk and root
paws on 2/3 of their circumference; sap flow on trunks and skeletal branches; settlement attempts or local
settlements of stem pests; abundant water shoots; fruit bodies of mushrooms on the trunk;

IV — drying out — more than 2/3 of the crown has dried up or dries out; damage to more than 2/3 of the
circumference of the trunk and root paws; signs of colonization by stem pests drying out water shoots;

V — fresh dead wood (current year) — foliage has withered, withered or is absent; partial fall of the bark;
signs of colonization or emergence of stem pests;

VI - old deadwood (previous years) — no foliage; bark and small twigs crumbled partially or complete-
ly; exit holes of stem pests; under the bark is a mycelium of wood-destroying fungi.

Results and Discussion

The dendrological park of KazRIF was founded in 1961 on an area of 44.3 hectares under the guidance
of Professor Savich V.M.

Geographically, the arboretum is located on the Kokshetau Upland, located on three naturally formed
terraces on the shore of Lake Schchuchye in the northeastern part of the city of Shchuchinsk. The territory of
the arboretum is currently 31.69 hectares; it has scientific, historical and cultural significance.
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The climate is sharply continental, with hot summers and harsh winters with little snow, softened by the
influence of hills, reservoirs and forests. The annual precipitation is 250-295 mm in the flat part, up to
400 mm in the elevated part. In the warm season (April-September), an average of 212-254 mm falls as rain,
which is 70-85% of the annual precipitation. Winter precipitation is 83-137 mm, which determines a small
snow cover height (30 cm), decreasing towards the east [5].

The unique collection of introduced species on the territory of the arboretum is of great importance for
this region, they are the most important source of enrichment of the gene pool of woody plants and shrubs.

The territory of the arboretum is divided into quarters (Fig. 1). Plants in quarters are arranged by fami-
lies, placed in groups. In terms of species composition, the exposition groups of tree species and shrubs are
represented by one species or have a wider species composition.

The species composition of dendrological park

The species composition of tree and shrub vegetation in Northern Kazakhstan is poor; there are only
about 120 species. Trees make up — 17%, shrubs — 72%; other species are represented by semi-shrubs, shrubs
and lianas. In the dendrological park, long-term introduction tests of ornamental trees and shrubs, as well as
mother plantations of woody plants, which are unique introducers and are of great importance, are being car-
ried out.

According to [13], more than 2 thousand species, forms and varieties of trees and shrubs from Siberia,
Europe, North America, the Far East, Central Asia, Japan, China, and other countries were tested and studied
in the arboretum. To date, out of the original 2 thousand valuable and ornamental species, about 500 have
survived, belonging to 27 families and 89 genera. Here grows as widespread zonal plants: pines, poplars,
birches, as rare species listed in the Red Book of Kazakhstan: Quercus robur L. (Q. pedunculata Ehrh.),
Corylus colurna L., Tilia cordata Mill., Malus niedzwetzkyana Dieck , Juglans sieboldiana Max., syn. J.
ailantifolia Carr.), Cotoneaster acutifolius var. lucidus L.T.Lu, Juniperus sabina L., Ribes petraeum Wulfen,
Rhodiola rosea L., Rhaponticum carthamoides (Willd.) Iljin, Paeonia anomala L., and others.

Employees conducted long-term trials of tree species, shrubs, lianas, shrubs and other perennial
plants [14]. As a result of introduction works, the best 360 species characterized by high productivity, yield,
economic value and ornamental value were selected. These species were recommended for production plant-
ing in forestry, landscaping of cities and settlements of different regions of Northern Kazakhstan.

For the period from 2021 to 2022 inventory of tree and shrub plants we conducted on 23 quarters ac-
cording to the map-scheme of the territory of the arboretum (Fig. 1, Table).
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Figure 2. Percentage participation rate of tree and shrub species by family
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Table 1

Summary table of the studied plants state by quarters and categories

- Quantity by status of the category, samples
No Quarter Specific name 1 > 3 7 5 5 Total-
1 18 Symphoricarpos albus (L.) S.F. Blake 80 80
2 Malus baccata (L.) Borkh. 22 9 31
3 Padus avium Mill. 28 4 32
5 Picea obovata Ledeb. 81 16 11 108
6 Rubus idaeus L. 10 10
7 Rosa L. sp. 8 8
8 Syringa vulgaris L. 2 2
9 Betula pendula Roth 7 2 9
10 Populus italica (Du Roi) Moench 1 1
11 Crataegus laevigata (Poir.) DC. 2 2
12 Tilia cordata Mill. 18 1 19
13 Cupressus sempervirens L. 1 1
14 Larix sibirica Ledeb. 11 2 13
15 Sambucus racemosa L. 7 7
16 Caragana arborescens Lam. 4 4
17 Ribes alpinum L. 100 100
18 Rhamnus cathartica L. 12 12
19 Swida alba (L.) Opiz 1 1
20 Salix x fragilis L. 3 3
21 Sorbus aucuparia L. 9 9
22 Amelanchier ovalis Medikus 50 50
23 Ulmus pumila L. 1 3 28 32
24 Berberis vulgaris L. 4 4
25 Pinus sylvestris L. 2 1 3
26 Physocarpus opulifolius (L.) Maxim. 10 10
27 Quercus robur L. 4 4
27 (26) 473 20 3 0 21 38 555
1 19 Acer platanoides L. 53 53
2 Acer negundo L. 636 636
3 Amelanchier ovalis Medikus 338 338
4 Berberis vulgaris L. 5 5
5 Betula pendula Roth 94 1 1 96
6 Cotoneaster lucidus Schltdl. 5 5
7 Crataegus laevigata (Poir.) DC. 24 4 1 5 34
8 Crataegus arnoldiana Sarg. 1 1
9 Larix sibirica Ledeb. 7 20 27
10 Lonicera tatarica L. 1 1
11 Malus baccata (L.) Borkh. 24 2 2 28
12 Padus avium Mill. 136 9 5 150
13 Padus maackii (Rupr.) Kom. 4 1 1 6
14 Picea pungens f. glauca Beissn. 2 1 3
15 Picea obovata Ledeb. 65 6 1 72
16 Quercus robur L. 10 10
17 Rhamnus cathartica L. 35 35
18 Ribes aureum Pursh 0
19 Rosa spinosissima L. 0
20 Sambucus nigra L. 1 1
21 Sambucus racemosa L. 3 3
22 Sorbaria sorbifolia (L.) A. Braun 6 6
23 Sorbus aucuparia L. 171 1 172
24 Symphoricarpos albus (L.) S.F. Blake 10 10
25 Syringa vulgaris L. 3 3
26 Tilia cordata Mill. 3 1 4
27 Ulmus glabra Huds. 540 2 1 543
28 Viburnum lantana L. 20 20
28 (23) 2195 17 26 4 16 4 2262
1 20 Ulmus glabra Huds. 153 1 154
2 Ulmus parvifolia Jacq. 3 3
3 Larix sibirica Ledeb. 19 19
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Continuation of Table 1

- Quantity by status of the category, samples

No Quarter Specific name 1 > 3 4 5 5 Total-
4 Rhamnus cathartica L. 0
5 Acer negundo L. 0
6 Padus avium Mill. 185 185
7 Sorbus aucuparia L. 16 16
8 Betula pendula Roth 43 43
9 Acer platanoides L. 12 12
10 Populus italica (Du Roi) Moench 1 1
11 Fraxinus excelsior L. 11 11
12 Tilia cordata Mill. 1 1
13 Berberis vulgaris L. 4 4
14 Ribes aureum Pursh 5 5

14 (13) 453 0 1 0 0 0 454
1 21 Rhamnus cathartica L. 88 88
2 Betula pendula Roth 41 1 42
3 Acer negundo L. 36 36
4 Caragana arborescens Lam. 9 9
5 Malus baccata (L.) Borkh. 3 3
6 Lonicera tatarica L. 2 2
7 Lonicera xylosteum L. 152 152
8 Ulmus laevis Pall. 3 1 4
9 Crataegus sanguienea Pall. 2 2
10 Ulmus pumila L. 2 1 3
11 Sorbaria sorbifolia (L.) A. Braun 1 1
12 Sambucus racemosa L. 1 1
13 Acer tataricum L. 2 1 3
14 Acer platanoides L. 5 1 2 8

14 (10) 306 41 0 1 1 5 354
1 22 Amelanchier ovalis Medikus 4 4
2 Betula pendula Roth 32 4 36
3 Cotoneaster lucidus Schltdl. 1 1
4 Juniperus horizontalis Moech 30 30
5 Larix sibirica Ledeb. 78 1 20 99
6 Lonicera tatarica L. 453 453
7 Malus baccata (L.) Borkh. 1 1
8 Padus avium Mill. 7 7
9 Picea abies (L) H. Karst. 1 1
10 Pinus sylvestris L. 105 105
11 Prunus spinosa L. 15 15
12 Rhamnus cathartica L. 6 6
13 Rosa canina L. 102 102
14 Rosa spinosissima L. 3 3
15 Sorbus aucuparia L. 18 18
16 Symphoricarpos albus (L.) S.F. Blake 13 13
17 Syringa vulgaris L. 3 3
18 Ulmus glabra Huds. 9 25 34
19 Ulmus laevis Pall. 4 4

19 (17) 881 1 0 0 0 53 935
1 Amelanchier ovalis Medikus 1 1
2 Berberis vulgaris L. 1 1
3 Betula pendula Roth 15 6 4 25
4 Caragana arborescens Lam. 1 1
5 Crataegus laevigata (Poir.) DC. 3 3
6 Crataegus laevigata (Poir.) DC. 1 1
7 Larix sibirica Ledeb. 2 5 4 11
8 Lonicera xylosteum L. 2 2
9 Lonicera tatarica L. 35 35
10 Malus baccata (L.) Borkh. 12 12
11 Padus avium Mill. 4 4
12 Picea abies (L) H. Karst. 145 5 150
13 Pinus sylvestris L. 10 10
14 Populus italica (Du Roi) Moench 29 29
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Continuation of Table 1

- Quantity by status of the category, samples

No Quarter Specific name 1 > 3 4 5 5 Total-
15 Prunus spinosa L. 10 10
16 Quercus robur L. 1 1
17 Rhamnus cathartica L. 30 30
18 Ribes alpinum L. 1 1
19 Rosa canina L. 8 8
20 Rubus idaeus L. 17 17
21 Sorbus aucuparia L. 12 12
22 Swida alba (L.) Opiz 43 43
23 Symphoricarpos albus (L.) S.F. Blake 207 207
24 Syringa vulgaris L. 73 73
25 Tilia cordata Mill. 3 3
26 Ulmus glabra Huds. 40 15 44 99
27 Viburnum lantana L. 4 4

28 (26) 713 26 4 0 0 53 796
1 Lonicera caerulea L. 9 9
2 Cotoneaster lucidus Schltdl. 6 6
3 Malus baccata (L.) Borkh. 10 10
4 Crataegus sanguinea Pall. 42 42
5 Ulmus glabra Huds. 23 23
6 Malus baccata (L.) Borkh. 70 70
7 Acer tataricum L. 65 65
8 Rhamnus cathartica L. 48 48
9 Betula nigra L. 2 2
10 Picea pungens f. glauca Beissn. 9 9
11 Pinus sylvestris L. 10 10
12 Lonicera tatarica L. 114 114
13 Tilia cordata Mill. 17 17
14 Hippophae rhamnoides L. 7 10 23 3 23 66
15 Acer negundo L. 42 42
16 Berberis vulgaris L. 4 4
17 Rosa rugosa Thunb. 47 47
18 Caragana arborescens Lam. 3 3
19 Padus avium Mill. 53 53
20 Betula pendula Roth 154 154
21 Prunus spinosa L. 20 20
22 Amelanchier ovalis Medikus 33 33
23 Elaeagnus angustifolia L. 34 34
24 Padus virginiana (L.) Mill. 15 15
25 Salix alba L. 4 10 14
26 Populus alba L. 47 47
27 Cotoneaster integerrimus Medik. 6 6
28 Swida alba (L.) Opiz 5 5
29 Viburnum lantana L. 2 2
30 Ulmus pumila L. 1 1
31 Spiraea hypericifolia L. 3 3
32 Syringa vulgaris L. 23 23
33 Sorbus aucuparia L. 3 3
34 Symphoricarpos albus (L.) S.F. Blake 21 21
35 Lonicera xylosteum L. 3 3
36 Sambucus racemosa L. 2 2
37 Viburnum opulus L. 1 1

37 (29) 958 10 23 13 0 23 1027

According to preliminary data identified plant species belong to 42 genera, 22 families of 14 orders and
two classes (Pinopsida, Magnoliopsida), which belong to two divisions — Gymnospermae, Angiospermae.
Conifers are represented mainly by species: Juniperus horizontalis Moench, Larix sibirica Ledeb., Picea
asperata Mast., (P. pungens Engelm. form blue, P. excelsa Link., P. obovata Ledeb., P. omorica (Panc.)
Purk.), P. pungens Engelm., Pinus contorta Dougl., P. sibirica (Rupr.) Mayr., P. sylvestris L.
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Deciduous species also include representatives of woody and shrub life forms. According to preliminary
data, a total of 22,489 specimens of woody and shrubby plants grow on the surveyed blocks, of which
2,347 (10.4%) are conifers and 20,142 (89.6%) are deciduous. Based on the results of inventories, the high-
est taxonomic diversity was found in the family Rosaceae, followed by Pinaceae.

Sanitary condition of tree and shrub plantations of the arboretum

According to the scale of sanitary condition, trees and shrubs growing on the territory of the arboretum
according to their quantitative ratio can be divided into the following categories: category 1 —
20,558 (91.41%), category 2 — 1,038 (4.62%), category 3 — 285 (1.27%), category 4 — 267 (1.19%), catego-
ry 581 (0.36%), category 6 — 260 (1.16%) (Fig. 3, Table 1).

Hl1 N2 N3 N4 ES5 86

Figure 3. Percentage ratio of tree and shrub plants by their sanitary condition according to a 6-point scale

According to the condition categories, most plants belong to the first category — without signs of weak-
ening, with a dense crown, green foliage, without drying out and damage (Fig. 4). Quarters 18, 19.2, 22, 23
turned out to have the largest number of plants belonging to 5, 6 categories.

Figure 4. Woody plants of the first category: A — Picea pungens, B — Tilia cordata

It should be noted that trees and shrubs of the 5th category are fresh deadwood (of the current year),
their foliage is shrunken, withered or absent, partial fall of the bark, and have signs of pest settlement or de-
parture.

Trees and shrubs of the 6th category have the following features: lack of foliage, bark and small
branches crumbled partially or completely, there exit holes of stem pests, under the bark a mycelium of
wood-destroying fungi. Trees and shrubs of the 5th-6th category are in a depressed and emergency state,
which is why they are fire hazardous, they need to be removed and cleared of thickets (Fig. 5, 6).
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Berberis vulgaris L. Ulmus glabra Huds. Acer platanoides L.

Figure 5. Plants in emergency, fire and disease-prone condition

Figure 6. Overgrowth of self-sown oyster maple in quarter 15

In the 18th quarter, Siberian spruce (11 specimens) and Squat elm (28 specimens) turned out to be “un-
favorable”. In quarter 22, all plants of the sixth category constitute a threat. These are: Rough elm (25 speci-
mens), Siberian larch (20 specimens), Silver birch (4 specimens), and Smooth elm (4 specimens). In the 23rd
guarter, also, plants of an unfavorable state belong to the 6th category: Siberian larch (4), European spruce
(5), Rough elm (44 specimens). These tables also indicate the ecological vulnerability, mainly of species of
the genus EIm and Spruce. A slightly worse condition of trees is observed in Quarter 19 (2), where all larch
specimens are in weakened condition. All larch specimens are characterized as Category 3, i.e. weakened.
The trees have foliage that is heavily trailing and very small, light-colored, yellowing and falling off early,
very weak or no growth; desiccation of up to 2/3 of the crown damage to the trunk and root paws on 2/3 of
their circumference; attempted settlement or local settlement of trunk pests; abundant water shoots; fruiting
bodies of fungi on the trunk. Five specimens of common hawthorn were categorized as Category 5 — fresh
dry wood (current year). Trees are characterized by wilted foliage, partial bark fall with signs of stem pest
infestation.
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Thus, the plants of the surveyed neighborhoods are represented by woody and shrub forms. According
to the condition categories, most of the plants belong to the first category. Plants classified in the 5th and 6th
categories are in an emergency condition and require removal.

It should be noted that the surveyed squares are often overgrown and require thinning. Root-
propagating plants produce a lot of shoots, occupying the free space around them or choking out nearby
plants of other species. By now, many shrubs, due to their short life cycle, have become old and naturally die
off. In dense plantings, thinning, removal of damaged and stunted plants, cutting down or digging up self-
seeded plants should be carried out. Old plantings should be cut down and replaced with young plantings.
For this purpose, breeding material (seeds, seedlings, cuttings, etc.) shall be sought and the collection shall
be replenished with new species.

In addition to the threat of extinction of rare species, there is a general degradation of introduced ob-
jects, weed infestation of the territory, their overgrowing with less valuable species, deterioration of sanitary
condition, reduction of protective functions of plantations and loss of their aesthetic visibility, increasing
cases of fires.

Conclusion

In the course of the research work an inventory of existing plantations was carried out. The predominant
number of plants in the arboretum of LLP “KAZSRIFA named after A.N. Bukeykhan” is in satisfactory con-
dition, a significant part of them — in good condition.

It is necessary to perform shaping and sanitary pruning of preserved trees, as well as related phytosani-
tary measures to improve their condition.

Preservation of the planning structure, reconstruction of existing plantings, landscaping, development of
the necessary infrastructure for the full utilization of the recreational potential of the garden — a way out to
the modern level, today should be brought to the forefront in the strategy of its further development. This
will give an opportunity to improve the recreational quality of plantings and confirm the status as a nature
conservation site.

Plant introduction is the main way to enrich the northern region with new valuable plants. Especially in
the conditions of increasing anthropogenic activity, it is impossible to solve the problem of preserving exist-
ing forests and artificial plantations of various purposes (forest crops, protective and landscaping plantations,
fruit orchards and others) and increasing their productivity at the expense of local, naturally growing species.
Dendropark activities should be aimed at attracting from other regions various species of trees and shrubs
that are most sustainable for the region.

In addition to the threat of extinction of rare species, there is a general degradation of introduced ob-
jects, weed infestation of the territory, their overgrowing with less valuable species, deterioration of sanitary
condition, reduction of protective functions of plantations and loss of their aesthetic visibility, increasing
cases of fires.

The arboretum has a large resource of trees and shrubs acclimatized and adapted to climatic features of
Northern Kazakhstan and can serve as a key site for concentration of genetic diversity.

Acknowledgements

This study is funded by the Ministry of Ecology, Geology and Natural Resources of the Republic of
Kazakhstan (BR10263776).

References

1 Global Strategy for Plant Conservation and the Convention on Biological Diversity. — [Electronic resource]. — Access
mode: http://www.bgci.org

2 Convention on Biological Diversity. — [Electronic resource]l. — Rio de Janeiro, 1992. — Access mode:
http://www.conventions.ru/view_base.php id=55

3 O xonmenuuu nepexona Pecry6mukn Kazaxcran k ycroitunBomy paszsutuio Ha 2007-2024 roxsr. Yka3 [Ipesunenra Pecry6-
mukun  Kaszaxcram o 14.11.2011 I. Ne  47. — [Onexrponnslii  pecypc]. —  Pexum  pocryna:

https://adilet.zan.kz/rus/docs/U060000216_

4 O parudukaiun KapraxeHCKoro mpoTokoia mo 6uobe3omnacHocTH K KOHBEHIMH 0 OHOJOTMYECKOM pasHOOOpas3uu. 3aKoH
Pecriyonukn  Kazaxcram or 17.06.2008 r. Ne 43-IV. — [Onexrponnsii pecypc]. — Pexum pocryna:
https://adilet.zan.kz/rus/docs/Z080000043

Cepus «buonorua. MeguunHa. MNeorpadms». Ne 4(112)/2023 85



S.K. Mukhtubayeva, N.K. Kuanyshbaev et al.

5 TenpasieBa I'.B. Jlannmadrer Kasaxcrana / I'.B. I'enbapiesa, JI.K. BecenoBa. — Anma-Ara: I'sutbiM, 1992. — 176 c.

6 UYepenanoe C.K. Cocynucteie pactenust Poccun u comnperneibHbIx rocyaapets (B npenenax osismero CCCP) / C.K. Yepemna-
noB. — CII6., 1995. — 990 c.

7 WmmocTpupoBaHHBINA onpenenuTens pacTeHnii Kazaxcrana. — Anma-Ara: Hayxka, 1969. — T. 1. — 643 c.
8 WmmocTpupoBaHHbIi onpenenutens pacrennii Kazaxcrana. — Anma-Ara: Hayka, 1972. — T. 2. — 572 c.
9 ®mnopa Kazaxcrana. — Anma-Ara: Hayka, 1956-1966. — T. 1-9.

10 Jlanmu IL.U. OueHka mepcrneKTHBHOCTH MHTPOIYKLIUH JPEBECHBIX PACTCHHI 110 JaHHBIM BH3yaldbHbIX Habmoxenuit / 1.1
Jlannn, C.B. Cuzanesa // OnbiT MHTPOAYKIME ApeBecHbIX pactenuit. — M.: TBC, 1973. — C. 7-67.

11 IlIpaBuia 3arOTOBKM OpeBECHHBI Ha ydacTkax ['ocymapcTBeHHOro jnecHoro ¢gonza. [Ipukas MHHHCTpa CENBCKOTO XO03sicTBa
0t 27.02.2015 r. Ne 18-02/178. — [DnexrponHsiit pecypc]. — Pexum mpocryna: https://adilet.zan.kz/rus/docs/\VV1500010679

12 Bopownmos A.W. Texuonorus 3ammtsi jJeca / A.W. Bopornos, E.I'. Mo3zonesckast, 9.C. Cokonos. — M., 1991. — 439 c.

13 TIpoekT HAyYHO-TEXHHYECKOrO OOOCHOBAHUS HAa JIECHOW IHMTOMHHK. — [DIEeKTpOHHBIH pecypc]. — Pexum mocryma:
http://gis-terra.kz/press-centr/proekt-estestvenno-nauchnoe-obosnovanie.html

14 Bep3ynoB A.M. PexoMeHaluyu 1Mo acCOPTUMEHTY M TEXHOJIOTHH CO3JIaHMs IUTaHTalui HHTpoayLneHToB (CeBepHblil Kazax-
cran) / A.W. Bepsynos, C.B. Manosuk. — II{yuunck, 2010. — 37 c.

C.K. Myxty6aeBa, H.K. Kyansrnm6aes, A.K. JKamanrapa, K.C. Cugakos,
M.P. Paxxanos, P.M. Xanues

«9.H. bekeiixan arbinaarsl KasOLHATF3W» KIIC
JenapocasioarbIHAA KYPri3iireH 0apJiay sKyMbICTAPbIHBIH HITHKeIepi

Maxkanana «9.H. bexeiixan atsiaaarst KazOILLIAF3U» XKILIC denapocasOarsiHAAFE aFamTap MeH OyTanap-
IIBl eCETIKe ay HOTIDKelepi OepiireH. ABTopiap eciMIiKTepAiH 6ackiM (opManapbelH aHBIKTail OTHIPHII, 23
TOKCAHHBIH TaKCOHOMMSUIBIK KYPaMbIH YCHIHFaH JKOHE caHaTTap OOMBIHINA ©CIMAIKTEpAiH CaHUTAPIBIK JKar-
naiisiHa Gara GepreH. AraiiThl-OyTaibl eKIelepIiH TAKCOHOMUSUIBIK KypaMbel Gymnospermae, Angiospermae
Genimaepine katatelH 14 katap, 22 TyKeIMaac, 42 TybIcnieH OepiireH. AHBIKTaJFaH aramIThl-OyTallbl ©CiM-
nikrepaiH 22 489 manachiHBIH 89,6%-b1 xambIpakThl xkoHe 10,4%-b1 KBUIKAH >KambIpakTsl. EH ylIkeH Takco-
HOMUSUIBIK 9pTYpIIitik Rosaceae »xoune Pinaceae TykpiMzacTapbiHga Oaikanisl. OCiMaikTep i 6achiM Kerl-
nrijiri OipiHIN caHaTKa jKaTaTbIHBI aHBIKTAIAbL 18, 19.2, 22, 23 xBapTanmap eciMIIKTepAiH €H KoIl CaHbIHA
ue Oonapl, an 5 KoHe 6 caHaTKa >KaTaThlH ©CIMAIKTEPIi albIl TacTay YChHBUIABEL JleHaponapk ConTycTik
KazakcTaHHBIH KIMMATTHIK epeKIIeTikTepine OeliMIenreH KoHe KePCIHAIPIIreH aramTap MeH OyTanapablH
YJIKEH pecypchiHa He )KoHe TeHETHKAIIBIK PTYPJILTIK MOFBIPIaHybIHBIH HETi3ri 00bekTici 00ma anazpl.

Kinm ceszoep: ecenke any, aramirap, oyranap, $Gaopa, CAHUTAPIIBIK JKaFIail KaTeropusachl, OCIMIIKTEpIiH Oa-
CBIM (hopMaapsl.

C.K. Myxty6aeBa, H.K. Kyansimbaes, A.K. )Kamanrapa, K.C. Cunakos,
M.P. Paxanos, P.M. XanneB

Pe3yabTaThl peKOrHOCIHMPOBOYHBIX 00cIe10BaHuil JleHaponapka
TOO «KasHUHNJIXA umenn A.H. Bykeiixana»

B craTbe npuBeneHb! pe3yibTaThl MHBEHTAPU3ALUH JPEBECHO-KYCTapHUKOBBIX pactenuii Jenaponapka TOO
«KasHUNJIXA numenn A.H. Bykeiixana». ABTopamu IpeacTaBlIeH TAKCOHOMHUECKHHA COCTaB 23 KBapTAaJoB C
BBISIBJICHUEM JIOMHHHUPYIOINX ()OPM PacTeHHUH, U JJaHa OIEHKA CAHUTAPHOTO COCTOSIHUSI PACTEHHUH 110 KaTe-
ropusM. TaKCOHOMHYECKHI COCTaB IPEeBECHO-KYCTAPHUKOBBIX HACAKACHUN mpeacTasieH 42 ponamu, 22 ce-
MmelictBamu u3 14 mopsiakoB u3 otaenoB — Gymnospermae, Angiospermae. 13 BoisiBieHHbIX 22 489 3K3eM-
IUIIPOB JIPEBECHO-KYCTAapHUKOBBIX pacTeHui 89,6 % mpezncraBineHsl TUcTBeHHBIMU U 10,4 % XBOWHBIMHU IIO-
ponamu. HauGosiblliee TaKCOHOMHYECKOE pa3HOOOpasue OTMeueHO B cemelictBax Rosaceae m Pinaceae.
VYcTaHOBNIEHO, YTO OOJBIIMHCTBO PACTEHUH OTHOCATCS K MepBoi kareropuu. Keapraner 18, 19.2, 22, 23 oka-
3aJIMCh ¢ HAaUOOJIBIIMM KOJIMYECTBOM PACTEHHH, OTHOCSIIUXCS K 5, 6 KaTeropusM, KOTOPbIE PEKOMEHIYIOTCS
K ypaneHuio. JleHapomnapk pacroiaraeT OOJBIINM PECypcoM AEPeBhEB M KyCTapHHUKOB, aKKIMMATH3HPOBaH-
HBIX U aalITHPOBAHHBIX K KIMMaTHIecknM ocobeHHocTsIM CeBepHoro Kazaxcrana, M MOXKET CITyXKHTH KITIO-
YEeBBIM 00BEKTOM KOHIICHTPALUH TeHETHIECKOTO Pa3Ho00pasHsl.

Knroueevie cnosa: iHBeHTapHU3alusl, 1epeBbsl, KYCTAPHHUKH, (IIOpa, KATErOpUsi CAHUTAPHOE COCTOSIHUE, TOMH-
HUpYoIIne GOPMBI PACTCHHI.
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The study of the biological age of university teachers in the period of urgent transition
to distance education as a result of pandemic

In the article, the biological age of university teachers was studied (using the express method of
V.P. Voytenko), a total of 127 people (64 women, 63 men) were examined, they were divided into three
groups according to their age (1st group — 23-39 years old, 2nd group — 40-59 years old, 3rd group — 60 years
old and older). A special health self-assessment questionnaire and a number of physiological indicators and
mathematical formulas were used to calculate the value of biological age (BA); the appropriate biological age
value (ABA) was calculated; he obtained biological age and the corresponding biological age were compared,
it was determined how many years the subjects' aging rate was ahead or behind their peers. This approach
makes it possible to divide people of the same age into several degrees according to the degree of “age wear”,
as well as according to the “reserve” of health (degrees | and Il — slow aging, Il1 — BA corresponds to the
population standard, IV and V — accelerated aging). The research was conducted during the transition of
universities to distance education during the pandemic (October-November, 2020). More than half of the
teachers (55.90%) were found to be experiencing accelerated aging (grade IV-V of BA), and this was more
common among men than among women. Among those examined, the rate of aging is evident in the youngest
group of teachers. Due to the pandemic, in the period of urgent transition from the usual traditional
educational format to distance learning, the accelerated rate of aging according to biological age indicators
was observed in almost all groups of teachers: 23%-80%. And there is a conclusion that the gender and age of
the subjects affect the biological age.

Keywords: health, stress, distance education, pandemic, age, biological age, university teachers, gender.

Introduction

The human’s age is a concept that interests every person. In general, the appearance of a person
corresponds to the previous years of life. But sometimes a person's appearance does not correspond to his
age. People can look older or younger than their age. Calendar or passport age means how many years a
person has lived. In addition, there is also a concept of biological age [1].

Biological age is the age of the human body (health), not the number of years of life. People themselves
are interested in knowing their real age. For that, it is necessary to determine the biological age of a person.
This allows not only a true assessment of the state of health, but also to detect the beginning of functional
deterioration as early as possible and take measures before the first signs of health problems appear.

Russian scientist P. N. Sokolov (1935) published a study of biological age. He described the method of
calculating the biological age indicators by dividing the table of age transitions in order to divide the
informative signs (skin wrinkles) into their intensity levels using the ranks of middle-aged groups [2]. In
1975, Scientists such as T.L. Dubina, A.N. Razumovich [3] first reviewed the concept of biological age in
periodicals. In addition, T.L. Dubina can be called a Russian pioneer in the development of methods for
determining the biological age of humans and laboratory animals [4]. It is known that the employees of the
Institute of Gerontology of the Academy of Sciences in USSR, conducted in the 80s years under the leader-
ship of V.P. Voytenko, intensively developed new methods in the study of biological age. A detailed descrip-
tion of the biological age determination method, which can be used by other researchers, was published by
V.P. Voytenko and co-authors in 1984 [5]. At present time, there are many methods for determining BA,
which are analyzed in detail in a review article by S.G. Abramovich [6].

The formation of modern higher education aimed at the transition to the global educational space,
multifaceted changes in pedagogical practice are accompanied by a radical violation of stereotypes in the
minds, actions and lifestyles of subjects of higher professional education. In this regard, the study and
analysis of conditions related to the health of university teachers is of particular relevance.
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Currently, methodologies are being developed that combine physical and psychological-social
components of the human race with other fields and consider human health as a whole system. Health is one
of the necessary conditions for the effective professional activity of a modern person and is the main and
relatively non-specific basis of the productivity of all aspects of work and the general well-being of a person.
At the same time, the modern teacher's work, which requires a high demand for mental stability, the lack of
objective criteria for evaluating work results, the large number of daily processes at work and its high temp,
and the constant reforms in the field of education and the decrease in the social status of the teacher lead to a
long-term stress on his nerves and it can lead to health problems. [7] This is also related to the urgent
transition of higher education institutions to distance learning due to the pandemic [8]. That’s why; the
purpose of this study is to assess the status of personal health of university teachers by determining their
biological age.

Experimental

127 teachers of Karaganda University named after E.A. Buketov participated in the experiment
(64 women, 63 men). We divided teachers into 3 groups according to age: 23-39 years old, 40-59 years old;
60 years old and older.

To determine the biological age of teachers, we chose the express method of V.P. Voytenko [5]. The
logical scheme of assessment of BA includes the following stages: calculation of the value of BA for a given
person (a mathematical formula using a series of physiological indicators and self-assessment of health
according to a special questionnaire); calculate the appropriate biological age (ABA) value for this
individual; comparison of obtained (BA) and appropriate value (ABA): to determine how many years the
subject is ahead or behind his peers. The obtained value is relative: the calculation point is the population
standard — the average value of the degree of aging (ABA) at this calendar age (BA) for the population. This
method makes it possible to classify people of the same age according to the degree of “age wear”, and
therefore according to the “reserve” of health (grades | and Il — slow aging, Ill — BA corresponds to the
population standard, IV and V — accelerated aging).

In this version, the following parameters were determined for the calculation of BA: body mass (kg),
arterial blood pressure (BAP and pulse pressure calculation — PP), static balance (SB, sec), as well as self-
assessment of health according to a special questionnaire (SAH, etc.).

Results and Discussion

Examination of basic physiological indicators, analysis of self-assessment of university teachers and
calculation of individual numbers of BA and ABA according to A.P. Voytenko's express method made it
possible to classify the results shown in Table 1. Biological age also indicates the degree of physiological
wear of the body and shows the slowing down of the aging of the body compared to the calendar age.

Table 1 shows that 21.26% of teachers belong to the slow aging group. Based on the data in the table,
teachers are aging according to their population (22.83%). In addition, the analysis showed that more than
half of the teachers (55.90%) are experiencing a rapid aging rate and these indicators are a stress load during
the pandemic period.

Table 1
Average biological age of university teachers (%)
n-127 BAranks
BA-47,07 [ Il I [\ \
6.30 14.96 22.83 20.47 35.43
(8) (19) (29) (26) (45)

The biological age describes the physiological status of the human body, in particular, the status of the
cardiovascular, respiratory and nervous systems, it would be a matter of attention to determine BA indicators
separately in men and women. Because the ability of men's and women's bodies to work has significant
differences due to their hormonal characteristics [7].

It can be seen from the table that 11.11% of the examined teachers were in the group of men of | and Il
degrees. People in this category have a slower rate of aging and this indicates that they have a good reserve
of health. The rate of aging of 9.52% of the examined (grade I11) corresponds to the population standard, and
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a significant group of male teachers (79.37%) has an accelerated rate of aging, which means that they are at
the limit of health. And the data obtained from women turned out to be different. A third (31.25%) of the
examined female teachers have a slow aging rate. 35.94% met the population standard and female teachers
with a rapid aging rate were also in this range (32.82%) (Table 2).

Table 2
Average biological age of male and female university teachers
n-63 BA ranks of men
I I 1 v vV
1.59 9.52 9.52 19.05 60.32
() (6) (6) (12) (38)
n-64 BA ranks of woman
10.94 20.31 35.94 21.88 10.94
@) (13) (23) (14) @)

Thus, our studies have shown that there’s the existence of gender differences in the leading morpho-
functional systems of the organism. Male teachers were more exposed to chronic stress in the context of the
urgent transition to distance education [9].

It is known that the reaction to stress is manifested in different ways depending on the age
characteristics of the organism [10]. In this regard, we considered BA indicators in three groups of teachers
according to their age: 1st group 23-39 years old: 2nd group 40-59 years old: 3rd group 60 years old and
older. Indicators of men and women, divided by age, were considered separately.

As can be seen from Table 3, 2.86% of male university lecturers aged 23-39 years were assigned to the
1st and 2nd degrees, and the same result was recorded in the 3rd degree, and 94.29% of the university
teachers have a fast aging rate. 5.6% of 18 examined male teachers in group Il were assigned to grades 1
and 2, that is, slow aging of these teachers can be observed. 22.2% correspond to the population standard,
and 72.2% have rapid aging. According to our data, half of the male adult group is aging slowly, 10% of the
teachers correspond to the population standard for BA, and 40% were found to be aging faster than the
population standard.

Table 3
BA indicator of teachers in terms of age ( % ), KarU

Ranks Tested groups (men) KarU
1-group (23-39 years old) n-35 | 2-group (40-59 years old) n-18 | 3-group (60 years old and older) n-10
I 0 0 10
I 2.86 5.6 40
i 2.86 22.2 10
v 14.29 27.8 20
\ 80 44.4 20

The examination of the features of the BA in women showed the following data (Table 4). Among the
group of young teachers, 21.21% of those examined were assigned to the category | and I, and the rate of
aging of these categories is slowly passing. In 36.36% of the studied female teachers, the rate of aging
corresponds to the population standard, that is normal. And 42.42% of women have an accelerated rate of
aging, that is, they are in a state of extreme health.

Table 4

BA indicator of teachers in terms of age(%0), KarU

Ranks Tested groups (women) KarU
1-group (23-39 years old) 2-group (40-59 years old) 3-group (60 years old and older)
I 3.03 18.52 25
1 18.18 22.22 25
I 36.36 37.03 25
v 27.27 14.81 25
\Y 15.15 7.41 -
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In the second age group, the number of female teachers with a slow aging rate is increasing, they consti-
tute 40.74% of the examined and correspond to the population standard of 37.3%. In addition, 22.22% of the
examined middle-aged female teachers have an accelerated rate of aging (Table 4).

Among female teachers in the oldest third group, those with a slow aging rate were 50%, and among
those tested, 25% corresponds to the population standard, and a quarter of these female teachers appeared in
the category of fast aging.

Conclusion

During the determining the biological age according to the method of V.P. Voytenko, the research
showed that more than half of the teachers (55.90%) felt an accelerated rate of aging (grades IV-V of BA),
through this research we can see that the stress pressure during the pandemic period had a significant impact.

The received BA indicators showed gender differences in the work of leading morphological and
functional systems of the body. The health of male teachers is chronically stressed due to the urgent
transition to distance education.

BA indicators vary depending on the age of the examinees. The highest rate of aging is observed in the
studied group (23-39 years old), and this process is more prevalent among male teachers.

An urgent transition from the usual traditional education format (during the pandemic) to distance
education showed that there is an accelerated aging rate in a significant group of teachers (23-80) according
to the BA indicators. At the same time, the biological age is affected by the gender and age of the person
who was tested.
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A.b. Mrip3abaes, I'.T. Taumosa, I'.I'. Cokonosa, M.T. boxees, E. Kabnomnna

IanaeMus caagapblHaH KAIIBIKTHIKTAH 0iJ1iM aJ1yFa HIYFbLT KONy Ke3eHiHae
YHHBEPCHUTET OKBITYIIBLIAPbIHBIH OMOJIOTUSUIBIK KACHIH 3ePTTEy

Makanajga yHHUBEPCHTET OKBITYIIBUIAPBIHBIH OHonorusutblk skackl (BXK) (B.I1. BoiireHkoHBIH dKcmpecc-aici
OoiibIHINA) KapacThIpbUraH, 6apabrsl 127 agam (64 oiien, 63 ep) 3epTTeii, ojap KacTapblHa Kapai yIil TOIl-
ka Oeminai (1-tom — 23-39 xac; 2-tonm — 40-59 xac; 3-tom — 60 xac xoHe 0JaH KOFaphl). bHONOTHsITBIK
kacteiH (BXX) MoHIH ecenTey ymIiH apHaibl JIeHCayIBIKTHl ©31H-031 Oaranay cayajaHaMachl )kKoHe OipkaTtap
(bU3HOTOTHSIIBIK KOPCETKIITEP MEH MaTeMAaTHKAaJIBIK GopMyiaiap KOJNAaHBUIABI; THICTI OHOIOTHSIIBIK JKac-
TeiH MoHI (TBXX) ecemrenmi; anslHFaH OMONOTHAJIBIK KaC KOHE THICTI OHMOJOTHSUIIBIK JKacC CaJbICTHIPBUIIH,
3epTTENYIIUIEPIIH KapTaro KbUIIAM/IBIFbl KYpAacTapblHaH KaHIIA KbUT OYPBIH HEMece apTTa KalFaHbl aHbBIK-
Tanael. MyHAai Tocin skacTapsl Oipaeid azaMaaps «oKacklHa Kapail Kaycaybl» Jopeeci OOHBIHIIA, COHBIMEH
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KaTap JICHCAyJIBbIFBIHBIH «KOPBI» OolibiHIIa OipHenie nqopexere 6enyre mymkinaik oepeni (I sxone II napexe-
nep — OGasy kaprtato, Il — BX nomysmsiumsiiblk ctanaapTka coiikec keneni, [V xxone V. — jxeenyeriiarexn
KapTaro). 3epTTey JKYMBICTaphl MaHJIEMHUs Ke3iHJIe XKOFapbl OKY OPHBIHBIH KalIbIKTHIKTAaH OKBITYFa KOIlyi Ke-
3iHge xyprizinai (2020 >xpUTFE Ka3aH-Kapaima). OKBITYIIBUIapAbIH KapThICEHAH ke0i (55,90%) Te3 xapraro
KapkbiHbIH (BXX IV-V nopexeci) Oactan kemripreHi 6eirit 00yasl, OV peTTe sWenaepre KaparaHua epiep
apachklH/la OCHIHAAHN JKaF/iai aHarypJiIM KeIl. TeKkcepiireHAepAiH imIiHAe KapTalo KapKbIHBI €H jKac OKBITY-
IIBIIap TOOBIH/A alKBIH KepiHgi. [Tannemusira OaiylaHBICTHI 9ETTET] HACTYPII OKY (OpMaThIHAH KAIIBIKTHIK-
TaH OKBITYFa LIYFBUI ayblCy Ke3eHIHIe OMOJOTHAIBIK Kac KepCeTKiIuTepi OOHBIHIIA KapTaloAbIH JKeIel Kap-
KBIHBI OKBITYIIBLIAPBIH OapIIBIK TONTAPbIHAA Aepiik Oaikanapr: sirau 23%-80%. Anl OHOJIOTHSIIBIK KACTBIH
[IaMachlHa 3epTTEIYIIIEPIiH KBIHBICHI MEH JKachl 9CEp €Telll AereH TYKBIPBIM Oap.

Kinm ce3dep: neHcaymnbIK, CTpecc, KAIIBIKTBIKTaH OiTiM Oepy, MaHIeMHus, jkac, OHONOTHANBIK XKac, >KOFaphI
OKY OPHBIHBIH OKBITYIIBIIAPEI, TEHIEP.

A.b. Mrip3abaes, I'.T. Taumosa, I'.I'. CokonoBa, M.T. boxees, E. Kabnomnna

HccaenoBanne nokaszareis «0M0J0rH4ecKril BO3pacT y npenojgaBaresiei
YHHBEPCHUTETA» B EPUOI CPOYHOIO MePexXo1a HA TUCCTAHIIMOHHOEe 00pa3oBaHue
B pe3yJbTaTe NaHJAeMHH

B cratpe m3yuen 6unonormyeckuii Bo3pact (bB) (axcmpecc-merox B.I1. BoifteHko) mpenomaBaTeneld yHUBEp-
curera. Beero o6cnenoBano 127 genosek (64 KeHIIMHBI, 63 MY>KYHHBI), KOTOPBIX Pa3lIeliIn Ha TPHU BO3-
pactablie rpymms (1 rpymna — 23-39 ner; 2 — 40-59 net, 3 rpynna — 60 net u crapuie). Pacyer 3HaueHus
BB Brurouan mateMaTHdeckylo (GOpMyIy ¢ HCIIOJIb30BaHUEM psija (GU3HOJIOTNYECKUX ITOKa3aTeleld U caMo-
OLICHKHU 3/I0pPOBBs IO CIICNHAIBHON aHKEeTe; pacyeT JOJDKHOTO 3HaueHHs1 Ouonormdeckoro Bospacra ([IBB);
comocrapnenne monyueHHoi (bB) u nomxkHoit Benmuunnb! (JIBB) BhIYMCIM, HA CKOJBKO JIET 00CICIyEMbIi
oIeperkaeT MM OTCTaeT OT CBEPCTHHKOB MO TEMIIaM IOCTapeHus. Takoil MoaXoJ MO3BOJSIET PAHXHPOBATH
qn ogHoro KB 1o cremeHn «BO3pacTHOTO M3HOCa» H, CIEAOBATEIBHO, MO «3amacy» 310poBbs (| u |l panru
— 3amMemreHHoe nocrapenue, |1l — BB cooTBercTByeT nonmynsaunonHomy cranaapry, |V u V — yckopeHnoe
nocrapenue). McciaenoBanue NpoBeAeHO B IEPHOA MAHAEMHH IIPH MEPEX0/ie By3a Ha JUCTAHIMOHHOE 00yde-
Hue (okTsA0ph—HOsA0ps 2020 r). OKa3zanock, 4To Gosee MoJOBHHBI Tpenoaasareiei (55,90 %) UCHBITHIBAIOT
yckoperHbIi Temn noctapenust (IV-V panru bBB), npu 5ToM cpexu My)KYUH TaKOBBIX OOJIBILE, YeM YKESHIIHH.
Temmbl mocTapeHus: HanboJiee BEIPAKEHBI y MOJIOOW IpyHITEl 00cieqoBaHHbIX (23—39 51eT) u B BO3pacTHOM
acrieKTe y mpernojaBateneii-myxanH. CpodHBIi epexo Ha AUCTAaHIMOHHOE 00pa3oBaHKe ¢ OOBIYHOTO Tpa-
JMIHOHHOTO (B MEPHO. MAHIEMUH) POSIBUJICS B PETHCTPALIMH 3HAYUTEIBHOM IPYIIIBI IIpernofasareieii (23—
80 %) ¢ yCKOpeHHBIM TEMIIOM HOCTapeHHs 1o nokasaresisiM BB. TIpu 3ToM Ha BeIMYHHY OHOJIOTHYECKOTO
BO3pacTa BIUSAIOT IO ¥ BO3PACT 00CIEIOBAHHOTO.

Kniouesvie crosa: 3m0poBbe, cTpecc, TUCCTAHIMOHHOE OOpa3oBaHME, MAHIEMHS, BO3PACT, OMOIOTHYECKHN
BO3PACT, MPEMOIaBaTENN By3a, TCHIIEP.
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Flora synopsis of the “Kamenny lake tract” natural monument
(Kostanay region)

The article presents the results of the floristic diversity study of the state natural monument of local signifi-
cance — “Kamenny lake tract” with a total area of 2.5 hectares. According to natural conditions, this territory
is included in the subzone of arid forb-feather grass steppes on low-humus southern chernozems and dark
chestnut soils, plowed up to 80%. Under the birch forest soils are dark gray, loamy, and sandy; on slopes they
are leached chernozem; near-shore soils are meadow-marsh soils. The studies were carried out in 2019-2022.
On the basis of field studies, five main ecotopes were identified: shrub thickets on slopes, birch forest on
steep slopes, upland meadows with shrub thickets, meadow-marsh communities on coasts, and meadow-
steppe communities. A synopsis containing species’ habitat information within the specially protected natural
area was compiled. In the study area, the total list of higher vascular plants includes 177 species from
48 families and 132 genera. The leading families are Asteraceae, Rosaceae, Poaceae, Fabaceae, Lamiaceae,
and Caryophyllaceae. The basis of the flora is herbaceous plants, followed by woody, aquatic plants. The
steppe ecological-coenotic group is the richest by the volume of species. In the flora of the “Kamenny lake
tract” a large proportion of species has significant extent areas: cosmopolitan, holarctic, and palearctic. The
holarctic and palearctic types are the largest number of species. The Red Book of Kazakhstan species in the
study area are Adonis wolgensis, Stipa pennata, and Tulipa biebersteiniana.

Keywords: flora, specially protected natural area, natural monument “Kamenny lake tract”, higher vascular
plants, rare and endangered plants.

Introduction

The study of flora of specially protected natural areas plays an important role in the identification and
conservation of biological diversity [1]. In the valley of the Tobol River there is a unique natural monument
— “Kamenny lake tract”, which in 1992 received its conservation status. The natural monument itself is a
remnant of the ancient old town of Tobol, the flora of which includes a large number of boreal elements.

However, to date, a flora summary has not been compiled for this object, which allows planning moni-
toring and environmental measures.

The purpose of this work is to compile a summary of the flora of the natural monument “Kamenny lake
tract”.

Experimental

The object of the study is the botanical natural monument “Kamenny lake tract”, located 3 km from the
village of Zarechnoye. According to natural conditions, this territory is included in the subzone of arid forb-
feather grass steppes on low-humus southern chernozems and dark chestnut soils, plowed up to 80% [1, 2].

The soils under the birch forest are dark gray, loamy, and sandy, on the slopes they are formed by
leached chernozem, near the shore they are meadow-marsh soils. The studies were carried out in 2019-2022.
During the floristic study, the following ecotopes were identified: birch forest on a steep slope, shrub thickets
on a slope, upland meadows with shrub thickets, meadow-marsh communities on the shore, meadow-steppe
communities.

The collections of the authors are stored in the funds of the Kostanay Regional University named after
A. Baitursynov. The collected herbarium material was supplemented with literature data [3-6].

The synopsis contains a list of wild (native and adventitious) species of vascular plants of the natural
monument “Kamenny lake tract”. Families of angiosperms are located according to the system of
A.L. Takhtadzhyan (2009) [7], and genera within families and species within genera alphabetically in Latin
names. The Latin and Russian names of the species are given according to S.A. Abdulina (1999) [8], taking
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into account modern data. Phytoprotective status was assessed on the basis of the Red Book of Kazakh-
stan [9].

Results and Discussion

On the territory of 2.5 hectares, there 177 species concentrated belonging to 132 genera and 48 families.
Description includes the following data: taxa names, habitat, life form, ecological group, period of reproduc-
tion, areal type, and useful properties.

Division Equisetophyta, Class Equisetopsida

Family Equisetaceae Rich. ex DC.

Equisetum arvense L. Northern slope to the lake basin. Meadow-marsh communities on the shore.
Long-rhizome herbaceous horsetail. Cosmopolitan. Mesophyte. Weedy. V. Medicinal, food, dyeing.

Equisetum hyemale L. Northern slope to the lake basin. Birch forest on a steep slope; meadow-marsh
communities on the shore. Long-rhizome herbaceous horsetail. Holarctic. Xeromesophyte. Forest. VII-VIII.
medicinal, technical.

Equisetum pratense Ehrh. Meadow-marsh communities on the shore. Long-rhizome herbaceous horse-
tail. Holarctic. Mesophyte. Swamp. V-VI.

Division Polypodiophyta, Class Polypodiopsida

Family Athyriaceae Ching

Athyrium filix-femina (L.) Roth. Birch forest. Short rhizome herbaceous fern. Holarctic. Mesophyte.
Forest. VI-IX. Decorative, poisonous.

Cystopteris fragilis (L.) Bernh. Wet ravine. Short rhizome herbaceous fern. Cosmopolitan.
Hygromesophyte. Petrophytic. VII-1X. Decorative.

Family Onocleaceae Pichi Sermolli

Matteuccia struthiopteris (L.) Tod. Shore of the lake. Short rhizome herbaceous fern. Holarctic. Hy-
gromesophyte. Forest. VII-1X. Decorative, insecticidal, poisonous.

Division Pinophyta, Class Ephedropsida

Family Ephedraceae Dumert.

Ephedra distachya L. 1753, Shore of the lake. Evergreen shrub. Pannono-Black Sea-Kazakhstan. Xero-
phyte. Steppe. VI. Medicinal, food, poisonous.

Division Magnoliophyta, Class Magnoliopsida, Subclass Magnoliidae, Order Nympheales

Family Nymphaeaceae Salisb.

Nuphar lutea (L.) Smith. Meadow-marsh communities on the shore. Floating and underwater long-
rhizome polycarp. South Mediterranean. Hydrophyte. Aqueous. VI-VIII. Medicinal, food, dyeing, tanning,
insecticidal, decorative.

Order Ceratophyllales

Family Ceratophyllaceae S.F. Gray

Ceratophyllum demersum L. Meadow-marsh communities on the shore. Floating and underwater long
shoot polycarp. Plerctic. Hydrophyte. Aqueous. VII-VIII.

Subclass Ranunculidae, Superorder Ranunculanae, Order Ranunculales

Family Ranunculaceae Juss.

Adonis wolgensis Steven. Birch forest on a steep slope. Short rhizome polycarp. Pannono-Black Sea-
Kazakhstan. Mesophyte. Steppe. V-VI. Medicinal, decorative, poisonous.

Ranunculus lingua L. Coast of the lake. Amphibious long-rhizome polycarp. Eastern Mediterranean.
Hygrophyte. Coastal water. VI-VIII. Paginate, ornamental, poisonous.

Ranunculus repens L. Northern slope to the lake basin. Birch forest on a steep slope; meadow-marsh
communities on the shore. Long-rhizome polycarp. Holarctic. Hygrophyte. Coastal water. V-VIII. Medici-
nal, melliferous, poisonous.

Ranunculus sceleratus L. Northern slope to the lake basin. Meadow-marsh communities on the shore.
Long vegetative annuals. Holarctic. Hygrophyte. Coastal water. VI-1X. Medicinal, melliferous, poisonous.

Thalictrum minus L. Dry meadows with shrubs. Kistekornevy polycarpic. Holarctic. Mesophyte. Forest.
VI-VII. Medicinal, dyeing, perganate, poisonous.

Thalictrum simplex L. Meadow-steppe communities. Kistekornevy polycarpic. Palearctic. Mesophyte.
Forest. VI-VIII. Medicinal, perganic, poisonous.

Subclass Caryophyllidae, Superorder Caryophyllanae, Order Caryophyllales

Family Caryophyllaceae Juss.
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Elisanthe viscosa (L.) Rupr. Shrubs on the slope. Biennial, perennial monocarpic. Kazakh-Turano-
Central Asian. Xeromesophyte. Steppe. VI-VIII. Melliferous.

Eremogone koriniana (Fischer ex Fenzl) Ikonn. Dry meadows with shrubs. Semi-shrub. Zavolzhsko-
Kazakhstan. Xeromesophyte. Steppe. VI-VII. Fodder.

Eremogone longifolia (M.Bieb.) Fenzl. Northern slope to the lake basin. Birch forest on a steep slope;
meadow-steppe communities. Taprooted polycarpic. Trans-Volga-Kazakhstan-Mongolian. Xeromesophyte.
Steppe. VI-VII. Fodder.

Gypsophila paniculata L. Northern slope to the lake basin. Shrubs on the slope; meadow-marsh com-
munities on the shore. Taprooted polycarpic. East Palearctic. Xeromesophyte. steppe. VI-VII. Medicinal,
decorative, poisonous.

Melandrium album (Mill.) Garcke, Northern slope to the lake basin. Birch forest on a steep slope. Tap-
root polycarpic, perennial monocarpic, annual. Holarctic. Mesophyte. Weedy. VI-VIII. Fodder.

Otites wolgensis (Hornem.) Bess. ex Spreng. Dry meadows with shrubs. Perennial, biennial monocar-
pic. South Palearctic. Xeromesophyte. Steppe. VI-VII.

Silene nutans L. Shrubs on the slope. Long-rhizome polycarp. Euro-Siberian. Mesophyte. Forest. VI-
VI1I11. Melliferous, food, fodder.

Stellaria graminea L. Northeast slope to the lake basin. Dry meadows with shrubs; meadow-steppe
communities. Long-rhizome polycarp. Palearctic. Mesophyte. Meadow. V-VIII. Melliferous, poisonous.

Family Chenopodiaceae Vent.

Chenopodium album L. Northern slope to the lake basin. Meadow-steppe communities. Long vegetative
annual. Cosmopolitan. Xeromesophyte. Weedy. VI-IX. Food, fodder, perganic, dyeing, technical.

Superorder Polygonanae, Order Polygonales

Family Polygonaceae Juss.

Persicaria lapathifolia (L.) Gray. Northern slope to the lake basin. Meadow-steppe communities. Long
vegetative annual. Palearctic. Hygrophyte. Coastal water. VII-IX. medicinal, food, fodder, melliferous.

Polygonum aviculare L. Northern slope to the lake basin. Birch forest on a steep slope. Long vegetative
annual. Palearctic. Mesophyte. Weedy. VII-1X. Medicinal, fodder, dyeing, tanning.

Rumex confertus Willd. Northern slope to the lake basin. Meadow-marsh communities on the shore.
Short rhizome polycarp. Palearctic. Meadow. VI-VI1I. Medicinal, fodder, dyeing, tanning.

Rumex crispus L. Meadow-steppe communities. Short rhizome polycarp. Holarctic. Hygrophyte. Mead-
ow. VI-VIII. Food, medicinal, melliferous, fodder, dyeing, tanning.

Order Plumbaginales

Family Limoniaceae Ser.

Limonium gmelinii (Willd.) Kuntze. Dry meadows with shrubs. Taprooted polycarpic. Common Medi-
terranean. Xeromesophyte. Saline. VII-VIII. Tanning, dyeing, melliferous, decorative.

Subclass Hamamelidae , Superorder Hamamelidanae, Order Betulales

Family Betulaceae S.F. Gray

Betula pendula Roth. Northern slope to the lake basin. Shrub thickets on a slope, birch forest on a steep
slope, meadow-marsh communities on the shore, meadow-steppe communities. Tree. Western Palearctic.
Mesophyte. Forest. V. Wood, tannic, medicinal, sugar-bearing, essential oil, ornamental, perganic, dyeing,
fodder, decorative.

Superorder Primulanae, Order Primulales

Family Primulaceae Batsch ex Borkh.

Androsace filiformis Retz. Meadow-steppe communities. Ephemera. Palearctic.Hygrophyte. Steppe. V-
VIIIL.

Lysimachia vulgaris L. Northeast slope to the lake basin. Birch forest on a steep slope: meadow-marsh
communities on the shore. Long-rhizome polycarp. Western Palearctic. Mesophyte. Forest. VI-VII. Medici-
nal, melliferous, dyeing.

Naumburgia thyrsiflora (L.) Rchb. Meadow-marsh communities on the shore. Amphibious long-
rhizome polycarp. Holarctic. Hygrophyte. Swamp. VI-VII.

Superorder Violanae, Order Violales

Family Salicaceae Mirb.

Populus tremula L. Shrub thickets on a slope, birch forest on a steep slope, meadow-marsh communi-
ties on the shore, meadow-steppe communities. Tree. Palearctic. Mesophyte. Forest. V. Wood, medicinal,
tannic, perganic, dyeing, fodder.
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Salix caprea L. Northern slope to the lake basin. Birch forest on a steep slope. Bush. Palearctic. Meso-
phyte. Forest. V. Medicinal, woody, ornamental, melliferous, perganic, fodder, tannic, dyeing.

Salix triandra L. Northern slope to the lake basin. Birch forest on a steep slope, meadow-steppe com-
munities. Bush. Palearctic. Mesophyte. Forest. V. Melliferous, perganate, ornamental, fodder, tannic, dyeing.

Family Brassicaceae Burnett

Alyssum tortuosum Waldst. & Kit. ex Willd. Northern slope to the lake basin. Dry meadows with
shrubs. Semi-shrub. Western Mediterranean. Xerophyte. steppe. V-VI. Melliferous, decorative.

Capsella orientalis Klokov. Northern slope to the lake basin. Shrubs on the slope. Long vegetative an-
nual. Black Sea-Central Kazakh. Xeromesophyte. Weedy. V-1X. Medicinal, food, fatty oil.

Lepidium ruderale L. Shrubs on the slope. Long vegetative annual. Western Palearctic. Xeromesophyte.
Weedy. V-VIII. Fatty oil, insecticidal.

Sisymbrium loeselii L. Northeast slope to the lake basin. Dry meadows with shrubs. Long vegetative
annual. Palearctic. Xeromesophyte. Weedy. V-VIII. Fodder, melliferous, fatty oil.

Family Cannabaceae Martinov

Humulus lupulus L. Northern slope to the lake basin. Meadow-steppe communities. Lianoid polycarpic.
Holarctic. Mesophyte. Forest. VI-VIII. Medicinal, food, spicy, fibrous, perganic, decorative.

Family Urticaceae Juss.

Urtica dioica L. Northern slope to the lake basin. Shrub thickets on a slope, birch forest on a steep
slope, upland meadows with shrub thickets, meadow-marsh communities on the shore. Long-rhizome poly-
carp. Western Palearctic. Mesophyte. Weedy. VI-VIII. Medicinal, food, fodder, fiber, dyeing.

Superorder Euphorbianae, Order Euphorbiales

Family Euphorbiaceae Juss.

Euphorbia subcordata C.A.Mey. Meadow-steppe communities. Long-rhizome polycarp. Transwolgo-
central-Kazakhstan. Xeromesophyte. steppe. V-VI. poisonous.

Euphorbia virgata Waldst. & Kit. Northern slope to the lake basin. Birch forest on a steep slope, mead-
ow-marsh communities on the shore, meadow-steppe communities. Long-rhizome polycarp. Panno-Black
Sea-Kazakhstan. Xeromesophyte. Weedy. VI-VIII. Medicinal, dyeing, melliferous, insecticidal, poisonous.

Subclass Rosidae, Superorder Rosanae, Order Saxifragales

Family Crassulaceae J. St.-Hil.

Hylotelephium triphyllum (Haw.) Holub (Sedum telephium L.). Northern slope to the lake basin. Shrubs
on a slope birch forest on a steep slope, upland meadows with shrubs, shrubs. Succulents. Eurosiberian.
Mesophyte. Forest. VII-VIII. Medicinal, melliferous, perganic, decorative.

Family Grossulariaceae DC.

Ribes nigrum L. Northern slope to the lake basin. Birch forest on a steep slope. Bush. Eurosiberian. Hy-
grophyte. Forest. V-VI. Food, medicinal, spicy, tea substitute, melliferous.

Order Rosales

Family Rosaceae Juss.

Amygdalus nana L. Birch forest on a steep slope. Bush. Pannono-Black Sea-Kazakhstan. Xeromeso-
phyte. steppe. V. Medicinal, melliferous, essential and fatty oil, ornamental, poisonous.

Cerasus fruticosa (Pall.) G. Woron. Northeast slope to the lake basin. Dry meadows with shrubs. Bush.
Pannono-Black Sea-Kazakhstan. Xeromesophyte. Forest. V-VI. Food, melliferous, decorative.

Cotoneaster melanocarpus Fisch. Ex Blytt. Northeast slope to the lake basin. Shrubs on the slope.
Bush. Paleoarctic. Xeromesophyte. Forest. V-VI. Food, melliferous, decorative.

Crataegus sanguinea Pall. Northeast slope to the lake basin. Shrubs on the slope. Tree. Trans-Volga-
Kazakhstan-Mongolian. Xeromesophyte. Forest. V-VI1. Medicinal, food, melliferous, dyeing, decorative.

Filipendula vulgaris Moench. Northeast slope to the lake basin. Shrubs on the slope; upland meadows
with shrubs. Tuber-forming polycarpic. South Palearctic. Xeromesophyte. steppe. VI-VII. Food, Fodder,
melliferous, tea substitute, decorative.

Fragaria viridis (Duchesne) Weston. Northeast slope to the lake basin. Birch forest on a steep slope.
Stolon-forming polycarpic. Western Palearctic. Xeromesophyte. steppe. V-VI. Food (berry), medicinal, tea
substitute, melliferous.

Malus domestica Borkh. Meadow-steppe communities. Tree. Originated in culture. Mesophyte. Culti-
vated and wild. V. Food (fruit), melliferous.
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Padus avium Mill. Northern slope to the lake basin. Birch forest on a steep slope; meadow-marsh com-
munities on the shore. Bush. Western Palearctic. Mesophyte. Forest. V-VI. Medicinal, food, melliferous, or-
namental, decorative.

Potentilla anserine L. Northern slope to the lake basin. Birch forest on a steep slope; meadow-steppe
communities. Stolone-forming and creeping polycarp. Cosmopolitan. Mesophyte. Coastal water. VI-IX.
Medicinal, food, melliferous, dyeing.

Potentilla argentea L. Northeast slope to the lake basin. Dry meadows with shrubs. Stolone-forming
polycarpic. Eurosiberian. Xerophyte. Meadow. VI-IX. Medicinal, melliferous, fodder, tannic, dyeing.

Potentilla bifurca L. Northern slope to the lake basin. Birch forest on a steep slope, shrub thickets on
the slope, upland meadows with shrub thickets. Long-rhizome polycarp. Trans-Volga-Kazakhstan-
Mongolian. Xeromeophyte. Steppe. VI-VIII. Fodder, melliferous.

Potentilla canescens Besser. North slope. Meadow-steppe communities. Short rhizome herbs. Western
Palearctic. xeromesophyte. Steppe. VI-VII.

Potentilla humifusa Willd. Ex Schltdl. Northeast slope to the lake basin. Dry meadows with shrubs.
Short rhizome herbs. Black Sea-Kazakhstan. Xeromesophyte. Steppe. V-VI.

Rosa acicularis Lindl. Shrubs on the slope. Bush. Holarctic. Mesophyte. Forest. VI-VII. Medicinal,
food, melliferous, essential and fatty oil, decorative.

Rosa majalis Herrm. Northern slope to the lake basin. Shrub thickets on the slope, meadow-marsh
communities on the shore, meadow-steppe communities. Bush. Eurosiberian. Xeromesophyte. Forest. VI-
VII. Medicinal, food, melliferous, perganic, essential and fatty oil, dyeing, decorative.

Rosa spinosissima L. Shrubs on the slope. Bush. Western Palearctic. Xeromesophyte. steppe. V-VI.
food, melliferous.

Rubus caesius L. Northern slope to the lake basin. Meadow-marsh communities on the shore. Creeping
shrub. Western Palearctic. Mesophyte. Forest. VI-VIII. Medicinal, food, fodder, melliferous, perganate, dye-
ing, decorative.

Rubus idaeus L. In the undergrowth of a birch forest. Bush. Eurosiberian. Mesophyte. Forest. VI-VII.
Food, medicinal, tea substitute, melliferous.

Sanguisorba officinalis L. Northern slope to the lake basin. Birch forest on a steep slope, meadow-
marsh communities on the shore, meadow-steppe communities. Long-rhizome polycarp. Holarctic. Meso-
phyte. Meadow. VI-VII. Medicinal, food, melliferous, fodder, dyeing, tanning.

Spiraea hypericifolia L. Northern and northeastern slope to the lake basin. Shrub thickets on a slope,
birch forest on a steep slope, meadow-steppe communities. Bush. Kazakh-Turano-Central Asian. Xeromeso-
phyte. steppe. V-VI. Ornamental, melliferous, decorative.

Family Onagraceae Juss.

Chamaenerion angustifolium (L.) Scop. Northern slope to the lake basin. Birch forest on a steep slope.
Long-rhizome polycarp. Holarctic. Mesophyte. Forest. VII-VIII. Medicinal, Melliferous, Food, Fodder, Tea
Surrogate, Tannic, Fibrous, Fatty Oil, Decorative.

Epilobium montanum L. Meadow-marsh communities on the shore. Stolone-forming and creeping pol-
ycarp. Holarctic. Mesophyte. Coastal water. VI-VII. Fodder.

Superorder Fabanae, Order Fabales

Family Fabaceae Lindl.

Amoria repens (L.) C. Presl. Northern slope to the lake basin. Birch forest on a steep slope; meadow-
steppe communities. Stolone-forming and creeping polycarp. Cosmopolitan. Mesophyte. Weedy. VI-IX.
Fodder, melliferous, medicinal, dyeing.

Astragalus danicus Retz. North slope. Meadow-steppe communities. Long-rhizome polycarp. Eurosibe-
rian. Mesophyte. meadow. VI-VII. Fodder, melliferous.

Astragalus cornutus Pall. Lug, June 29, 2004, collections of KSPI students. Semi-shrub. Black Sea-
Kazakhstan. xeromesophyte. Steppe. V-VI.

Astragalus onobrychis L. North slope. Meadow-steppe communities. Taprooted polycarpic. Western
Palearctic. Xeromesophyte. Steppe. VI-VII. Fodder, melliferous.

Astragalus varius S.G. Gmel. North slope. Meadow-steppe communities. Semi-shrub. Black Sea-
Kazakhstan. Xeromesophyte. Steppe. VI-VII. Fodder.

Caragana frutex (L.) K. Koch. Northern slope to the lake basin. Shrub thickets on the slope, upland
meadows with shrub thickets. Bush. Black Sea-Kazakhstan-Mongolian. Xeromesophyte. steppe. V-VI. Or-
namental, fodder, melliferous, dyeing, decorative.
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Genista tinctoria L. Northern slope to the lake basin. Shrubs on the slope. Bush. Pannono-Black Sea-
Kazakhstan. Xeromesophyte. steppe. VI-VIII. Medicinal, dyeing, decorative, poisonous.

Medicago falcata L. Northeast slope to the lake basin. Dry meadows with shrubs, meadow-marsh
communities on the coast, meadow-steppe communities. Taprooted polycarpic. Palearctic. Xeromesophyte.
Steppe. VI-VIII. Fodder, melliferous.

Melilotus officinalis (L.) Pall. Northern slope to the lake basin. Shrubs on the slope. Taprooted polycar-
pic. Western Palearctic. Xeromesophyte. Weedy. VI-IX. Medicinal, Fodder, spicy, melliferous, insecticidal,
dyeing.

Oxytropis pilosa (L.) DC. Dry meadows with shrubs. Taprooted polycarpic. South Palearctic. Xero-
phyte. steppe. VI-VIII. Melliferous, ornamental, poisonous.

Superorder Rhamnanae, Order Rhamnales

Family Rhamnaceae Juss.

Rhamnus cathartica L. Meadow-marsh communities on the shore. Bush. Western Palearctic. Meso-
phyte. Forest. V-VI. Medicinal, dyeing, tannic, melliferous, ornamental, decorative.

Order Geraniales

Family Geraniaceae Juss.

Geranium collinum Stephan ex Willd. Northern slope to the lake basin. Meadow-marsh communities on
the shore. Long-rhizome polycarp. South Palearctic. Hygromesophyte. Meadow. VI-VII. Tanning, dyeing

Geranium pratense L. Northern slope to the lake basin. Meadow-steppe communities. Short rhizome
polycarp. Palearctic. Mesophyte. Forest. VI-VIII. Medicinal, fodder, melliferous, dyeing, decorative.

Order Apiales

Family Apiaceae Lindl

Falcaria vulgaris M. Bernh. Meadow-steppe communities. Taprooted polycarpic. Western Palearctic.
xeromesophyte. Steppe. VII-VIII.

Heracleum sibiricum L. Northern slope to the lake basin. Birch forest on a steep slope, meadow-marsh
communities on the shore. Taprooted polycarpic. Eurosiberian. Mesophyte. Forest. VI-VII. Medicinal, food,
fodder, dyeing, melliferous.

Kadenia dubia (Schkuhr) Lavrova & V.N.Tikhom. Northern slope to the lake basin. Birch forest on a
steep slope, meadow-steppe communities. Short rhizome polycarp. Western Palearctic. Mesophyte. Forest.
VII-VIIL.

Seseli ledebourii G. Don. Dry meadows with shrubs. Taprooted polycarpic. Zavolzhsko-Kazakhstan.
xeromesophyte. Steppe. V-VI.

Seseli strictum Ledeb. Birch forest on a steep slope. Taprooted polycarpic. Kazakh. Mesophyte. Mead-
ow. VII-VIII.

Family Caprifoliaceae Juss.

Lonicera tatarica L. Northern and northeastern slope to the lake basin. Birch forest on a steep slope, up-
land meadows with shrubs, meadow-marsh communities on the shore. Bush. Zavolzhsko-Kazakhstan. Meso-
phyte. Forest. VI. Melliferous, decorative, poisonous.

Family Valerianaceae Batsch

Valeriana tuberosa L. Northeast slope to the lake basin. Dry meadows with shrubs. Tuber-forming pol-
ycarpic. Western Mediterranean. Mesophyte. Steppe. V-VI.

Subclass Lamiidae, Superorder Lamianae, Order Rubiales

Family Rubiaceae Juss.

Galium boreale L. Shrubs on the slope. Long-rhizome polycarp. Holarctic. Mesophyte. Forest. VI-VIII.
Dyeing, melliferous.

Galium palustre L. Meadow. Long-rhizome polycarp. Holarctic. Hygromesophyte. Swamp. VI-VIII.

Galium verum L. Northeast slope to the lake basin. Dry meadows with shrubs meadow-steppe commu-
nities. Short rhizome polycarp. Holarctic. Xeromesophyte. steppe. VI-VIII. Dyeing, melliferous, fodder.

Order Solanales

Family Solanaceae Juss.

Hyoscyamus niger L. Meadow-steppe communities. Biennial monocarpic. Palearctic. Xeromesophyte.
Weedy. VI-VIII. Medicinal, melliferous, insecticidal, poisonous.

Family Convolvulaceae Juss.

Calystegia sepium (L.) R. Br. Meadow-marsh communities on the shore. Lianoid polycarpic. Cosmo-
politan. Mesophyte. Forest. VI-VIII. Medicinal, melliferous, decorative.
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Convolvulus arvensis L. Shrub thickets on the slope meadow-steppe communities. Long-rhizome poly-
carp. Cosmopolitan. Mesophyte. Weedy. VI-IX. Medicinal, melliferous, fodder.

Family Boraginaceae Juss.

Cynoglossum officinale L. Meadow-marsh communities on the shore. Biennial. Western Palearctic. Xe-
romesophyte. Weedy. VI-VIII. Melliferous, insecticidal, poisonous.

Nonea rossica Steven. Meadow-steppe communities. Taprooted polycarpic. Eurosiberian. Xeromeso-
phyte. Weedy. V-VIII. Melliferous.

Onosma simplicissima L. Northern slope to the lake basin. Shrub thickets on the slope, upland meadows
with shrub thickets. Long-rhizome polycarp. Eastern Black Sea-Kazakhstan. Xeromesophyte. Steppe. V-
VII1I. Dyeing, melliferous, decorative.

Family Scrophulariaceae Juss.

Veronica longifolia L. Meadow-steppe communities. Long-rhizome polycarp. Palearctic. Mesophyte.
Lugovoi. VI-VIII. Melliferous, fodder, decorative.

Veronica prostrata L. Shrubs on the slope. Long-rhizome polycarp. Western Palearctic. Xeromeso-
phyte. Steppe. V-VI.

Veronica spicata L. Northern slope to the lake basin. Shrub thickets on the slope, meadow-steppe
communities. Long-rhizome polycarp. Western Palearctic. Xeromesophyte. Forest. VI-VIII. Perganate, fod-
der, decorative.

Veronica spuria L. Northern and northeastern slope to the lake basin. Shrub thickets on the slope dry
meadows with shrub thickets. Long-rhizome polycarp. Eurosiberian. Xeromesophyte. Steppe. VI-VIII. Dec-
orative.

Family Plantaginaceae Juss.

Plantago major L. Meadow-marsh communities on the shore. Kistekornevy polycarpic. Holarctic.
Mesophyte. Weedy. V-IX. medicinal, food, fodder.

Plantago media L. Northeast slope to the lake basin. Dry meadows with shrubs. Kistekornevy polycar-
pic. Holarctic. Xeromesophyte. Weedy. V-1X. Medicinal, fodder.

Plantago urvillei Opiz. Steppe. Kistekornevy polycarpic. Pannono-Black Sea-Kazakhstan. Mesophyte.
Lugovoi. V=VIII. Medicinal, fodder.

Family Lamiaceae Lindl.

Dracocephalum thymiflorum L. Northeast slope to the lake basin. Dry meadows with shrubs. Long-term
vegetative one-biennial plants. Kazakh-Turano-Central Asian. Xeromesophyte. Weedy. VI-VIII. Mellifer-
ous.

Glechoma hederacea L. Northern slope to the lake basin. Shrub thickets on the slope, upland meadows
with shrub thickets, meadow-marsh communities on the shore. Stolon-forming polycarpic. Palearctic. Meso-
phyte. Forest. V-VI. Medicinal, essential oil, food, melliferous.

Hyssopus ambiguus (Trautv.) lljin. Mesophilic meadow-forest community (Pugachev, 1994). Semi-
shrub. Trans-Volga Kazakh-Mongolian. Xeromesophyte. Steppe. VI-VIII.

Leonurus glaucescens Bunge. Dry meadows with shrubs meadow-steppe communities North-eastern
slope to the lake basin, shrubs; meadow community northern slope. Short rhizome polycarp. Common Medi-
terranean. Xeromesophyte. Weedy. VI-VIII.

Phlomis tuberosa L. Northeast slope to the lake basin. Dry meadows with shrubs, meadow-steppe
communities. Tuber-forming polycarpic. Palearctic. Xeromesophyte. Steppe. V-VIII.

Salvia stepposa Des.-Shost. Dry meadows with shrubs. Short rhizome polycarp. Common Mediterrane-
an. Xerophyte. steppe. VI-VIII. Medicinal, essential oil, melliferous.

Scutellaria dubia Taliev et Sirj. Meadow-forest community. Long-rhizome polycarp. Eurosiberian. Hy-
gromesophyte. Forest. VI-1X. Medicinal, dyeing, melliferous.

Stachys palustris L. Meadow-steppe communities. Long-rhizome polycarp. Western Palearctic. Hy-
gromesophyte. Coastal water. VI-1X. food, melliferous.

Thymus marschallianus Willd. Northeast slope to the lake basin. Dry meadows with shrubs. Semi-
shrub. South Palearctic. Xeromesophyte. steppe. VI-VIII. medicinal, essential oil, melliferous, spicy, decora-
tive.

Superorder Asteranae, Order Campanulales

Family Campanulaceae Juss.

Campanula wolgensis P.A. Smirn. Northern slope to the lake basin. Birch forest on a steep slope. Short
rhizome polycarp. Eurosiberian. Mesophyte. Steppe. VI-VII. Melliferous, decorative.
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Order Asterales

Family Asteraceae Berht. et J. Presl

Achillea millefolium L. Northern and northeastern slopes to the lake basin. Birch forest on a steep slope,
upland meadows with shrubs, meadow-marsh communities on the shore. Long-rhizome polycarp. Holarctic.
Mesophyte. VI-1X. medicinal, essential oil, spicy, melliferous, dyeing, insecticidal.

Achillea setacea Waldst. & Kit. Dry meadows with shrubs. Long-rhizome polycarp. Western Palearctic.
Xeromesophyte. Forest. VI-VIII. medicinal, essential oil, spicy, melliferous, dyeing, insecticidal.

Arctium tomentosum Mill. Northern slope to the lake basin. Birch forest on a steep slope. Meadow-
marsh communities on the shore. Biennial monocarpic. Palearctic. Xeromesophyte. Weedy. VII-VIII. Me-
dicinal, melliferous, food, fodder.

Artemisia austriaca Jacq. Meadow-steppe communities. Long-rhizome polycarp. Western Palearctic.
Mesoxerophyte. steppe. VII-IX. Essential oil.

Artemisia commutata Besser. Meadow community northern slope. Short rhizome polycarp. Central Ka-
zakh-Mongolian. Xeromesophyte. Steppe. VII-VIII

Artemisia dracunculus L. Northern slope to the lake basin. Shrub thickets on the slope meadow-steppe
communities. Short rhizome polycarp. Holarctic. Xeromesophyte. steppe. VII-IX. Spicy, essential oil, fod-
der.

Artemisia proceraeformis Krasch. Meadow-marsh communities on the shore. Semi-shrub. Western Pa-
learctic. Mesophyte. Steppe. VII-IX.

Artemisia vulgaris L. Northern slope to lake. Birch forest on a steep slope, upland meadows with
shrubs, meadow-marsh communities on the shore. Short rhizome polycarp. Holarctic. Mesophyte. Weedy.
VII-IX. Medicinal, spicy, insecticidal

Centaurea scabiosa L. Northeast slope to the lake basin. Dry meadows with shrubs. Taprooted polycar-
pic. Western Palearctic. Xeromesophyte. Forest. VII-VIII. Melliferous, fodder.

Centaurea sibirica L. Dry meadows with shrubs. Taprooted polycarpic. Zavolzhsko-Kazakhstan. Xero-
phyte. steppe. V-VII. Melliferous, decorative.

Centaurea stoebe L. Dry meadows with shrubs. Biennial. Black Sea-Central Kazakh. Mesophyte. For-
est. VII-VIII. Melliferous, decorative.

Cichorium intybus L. Shrubs on the slope. Taprooted polycarpic. Western Palearctic. Xeromesophyte.
Weedy. VII-IX. Medicinal, food, coffee substitute, fodder, melliferous.

Cirsium setosum (Willd.) Besser. Meadow-marsh communities on the shore. Long-rhizome polycarp.
Palearctic. Xeromesophyte. Weedy. VII-I1X. Melliferous, medicinal.

Echinops ritro L. Northern slope to the lake basin. Shrub thickets on the slope, meadow-steppe com-
munities. Taprooted polycarpic. Common Mediterranean. Xeromesophyte. steppe. VII-VI1IIl. Medicinal, mel-
liferous, ornamental, poisonous.

Helichrysum arenarium (L.) Moench. Northeast slope to the lake basin. Dry meadows with shrubs.
Long-rhizome polycarp. South Palearctic. Xerophyte. Steppe.VII-VIII. Medicinal, decorative.

Lactuca serriola Torner. Meadow-marsh communities on the shore. Long vegetative annuals. Palearc-
tic. Xeromesophyte. Weedy. VI-IX. Medicinal, fodder.

Ptarmica salicifolia (Bess.) Serg. Meadow-marsh communities on the shore. Long-rhizome polycarp.
Palearctic. Mesophyte. Meadow. VII-1X. Melliferous.

Scorzonera austriaca Willd. Meadow-steppe communities. Long-rhizome polycarp. South Palearctic.
Mesoxerophyte. steppe. V-VI. Fodder, decorative.

Scorzonera parviflora Jacq. Meadow-marsh communities on the shore. Long-rhizome polycarp. Com-
mon Mediterranean. Hygrophyte. Meadow. VI-VIII.

Scorzonera purpurea L. Shrubs on the slope. Long-rhizome polycarp. South Palearctic. Xeromeso-
phyte. Steppe. V-VII. decorative.

Senecio jacobaea L. Meadow-steppe communities. Long vegetative annual. Palearctic. Mesophyte.
Forest. VII-VIII. Poisonous.

Solidago virgaurea L. Northern slope to the lake basin. Birch forest on a steep slope. Long-rhizome
polycarp. Western Palearctic. Mesophyte. Forest. VII-1X. Melliferous, dyeing.

Tanacetum vulgare L. Northeast slope to the lake basin. Meadow-steppe communities. Long-rhizome
polycarp. Holarctic. Mesophyte. Forest. VII-1X. Medicinal, essential oil, spicy, insecticidal, poisonous.
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Taraxacum officinale F.H. Wigg. Northern and northeastern slopes to the lake basin. bushes on the
slope, birch forest on a steep slope, upland meadows with shrubs. Long vegetative annual. Cosmopolitan.
Mesophyte. Weedy. V-VI. Medicinal, melliferous.

Tragopogon pratensis L. Shrubs on the slope. Perennial, biennial. West Palearctic. Xeromesophyte.
Meadow. V-VI.

Tripleurospermum inodorum (L.) Sch.Bip. Shrubs on the slope, meadow-marsh communities on the
shore. Perennial, biennial. Pannono-Black Sea-Kazakhstan. Mesophyte. Weedy. VI-1X. Insecticidal.

Trommsdorffia maculata (L.) Bernh. Northeast slope to the lake basin. Dry meadows with shrubs,
meadow-steppe communities. Short rhizome polycarp. South Palearctic. Xeromesophyte. Forest. VI-VIII.

Class Liliopsida, Subclass Alismatidae, Superorder Alismatanae, Order Butomales

Family Butomaceae Mirb.

Butomus umbellatus L. Meadow-marsh communities on the shore. Amphibian short-rhizome polycarp.
Palearctic. Hydrohygrophyte. Coastal water. VI-VII. Food, fodder, melliferous.

Family Hydrocharitaceae Juss.

Hydrocharis morsus-ranae L. Meadow-marsh communities on the shore. Floating and underwater
grasses. West Palearctic. Hydrophyte. Aqueous.VII-VIII.

Stratioes aloides L. Meadow-marsh communities on the shore. Floating and underwater grasses. West-
ern Palearctic. Hydrophyte. Aqueous. VII-VIII. Fodder

Family Potamogetonaceae Dumort

Potamogeton lucens L. Meadow-marsh communities on the shore. Floating and underwater grasses.
Holarctic. Hydrophyte. Aqueous. VII.

Order Liliales

Family Liliaceae Juss.

Fritillaria meleagroides Patrin ex Schult. et Schult. fil. Northeast slope to the lake basin. Dry meadows
with shrubs. Bulbous polycarp. Black Sea-Kazakhstan. Hygromesophyte. Meadow. V. Decorative.

Fritillaria ruthenica Wikstr. Northern slope to the lake basin. Shrubs on the slope, birch forest on the
steep slope. Bulbous polycarp. Black Sea-Kazakhstan. Xeromesophyte. Steppe. V. Decorative.

Tulipa biebersteiniana Schult. et Schult. f. Northern and northeastern slope to the lake basin.
N53.28597°, W63.77815°, h=141 m a.s.l. Shrubs on the slope, upland meadows with shrubs. Bulbous poly-
carp. Black Sea-Kazakhstan. Mesophyte. Steppe. IV-V. Decorative.

Family Alliaceae Agardh

Allium lineare L. Northern and northeastern slope to the lake basin. Shrub thickets on the slope, upland
meadows with shrub thickets. Bulbous polycarp. Black Sea-Kazakh-Mongolian. Xeromesophyte. Steppe.VI-
VII. Food.

Order Asparagales

Family Convallariaceae Horan.

Polygonatum odoratum (Mill.) Druce. Northern slope to the lake basin. Birch forest on a steep slope.
Long-rhizome polycarp. Palearctic. Mesophyte. Forest.\V-VI. Medicinal, decorative, poisonous.

Family Asparagaceae Juss.

Asparagus officinalis L. Northeast slope to the lake basin. Dry meadows with shrubs. Short rhizome
polycarp. Eurosiberian. Mesophyte. Forest. VI-VII. Medicinal, food, perganic, decorative.

Family Cyperaceae Juss.

Carex riparia Curtis. Meadow-marsh communities on the shore. Long-rhizome polycarp. Western Pa-
learctic. Hygrophyte. Coastal water. V-VI. Fodder, pulp, technical.

Carex supina Willd. ex Wahlenb. Northeast slope to the lake basin. Dry meadows with shrubs. Long-
rhizome polycarp. Pannono-Black Sea-Kazakhstan. xerophyte. Steppe. IV-V. Fodder.

Superorder Poanae, Order Typhales

Family Typhaceae Juss.

Typha angustifolia L. Meadow community on the shore. Amphibious long-rhizome polycarp.
Cosmopolitan. Hydrohygrophyte. Coastal water. VI-VII. Technical, cellulose, ornamental, food.

Typha latifolia L. Meadow-marsh communities on the shore. Amphibious long-rhizome polycarp.
Cosmopolitan. Hydrohygrophyte. Coastal water. VI-VII. Technical, cellulose, ornamental, food.
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Order Poales

Family Poaceae Barnhart

Achnatherum splendens (Trin.) Nevski. Northern slope to the lake basin. Dry meadows with shrubs.
Short rhizome polycarp. South Palearctic. Xeromesophyte. steppe. VI-VII. Cellulosic, technical.

Agropyron cristatum (L.) Gaertn. North slope. Meadow-steppe communities. Short rhizome polycarp.
Western Mediterranean. Xeromesophyte. Steppe. VI-VII.

Agrostis gigantea Roth. Northern slope to the lake basin. Birch forest on a steep slope. Soddy loose
bushy polycarp. Palearctic. Mesophyte. Lugovoi. VI-VIII. Fodder, decorative.

Agrostis stolonifera L. Northern slope to the lake basin. Meadow-marsh communities on the shore.
Stolniforming friable bush polycarpic. Eurosiberian. Hygrophyte. Meadow. VI-VIII. Fodder, decorative.

Bromopsis inermis (Leyss.) Holub. Northeast slope to the lake basin. Meadow-marsh communities on
the shore, meadow-steppe communities, upland meadows with shrubs. Long-rhizome polycarp. Palearctic.
Mesophyte. Weedy. VI-VII. Fodder.

Calamagrostis epigeios (L.) Roth. Meadow-steppe communities. Long-rhizome polycarp. Palearctic.
Xeromesophyte. Meadow. VII. Fodder, technical.

Elytrigia repens (L.) Nevski. Northern slope to the lake basin. Birch forest on a steep slope. Long-
rhizome polycarp. Palearctic. Mesophyte. Meadow. VI-VIII. medicinal, food, fodder.

Festuca valesiaca Gaudin. Northern and northeastern slopes to the lake basin. Shrub thickets on a slope,
birch forest on a steep slope, meadow-steppe communities. Sod dense bush polycarpic. Black Sea-
Kazakhstan. Xerophyte. Steppe. VI-VII. Fodder, decorative (lawn).

Hierochloe odorata (L.) Beauv. Northern slope to the lake basin. Birch forest on a steep slope. Long-
rhizome polycarp. Holarctic. Mesophyte. Forest. V-VI. Medicinal, technical, fodder.

Leymus angustus (Trin.) Pilg. North slope. Meadow-steppe communities. Long-rhizome polycarp.
Turano-Central Asian. xerophyte. Steppe. VI-VII. Fodder.

Melica altissima L. Birch forest on a steep slope. Long-rhizome polycarp. Western Palearctic. Meso-
phyte. Forest. VI-VII. Decorative, poisonous.

Poa angustifolia L. Northern and northeastern slope to the lake basin. Birch forest on a steep slope, up-
land meadows with shrubs, meadow-marsh communities on the shore. Long-rhizome polycarp. Palearctic.
Xeromesophyte. Meadow. VI-VII. Fodder.

Poa pratensis L. Northern and northeastern slope to the lake basin. Birch forest on a steep slope, upland
meadows with shrubs, meadow-marsh communities on the shore. Long-rhizome polycarp. Palearctic. Xero-
mesophyte. Meadow.VI-VII. Fodder.

Puccinellia distans (Jacg.) Parl. Northeast slope to the lake basin. Meadow-steppe communities. Turf
loose polycarpic. Eurosiberian. Mesophyte. Weedy. VI-VIII. Fodder.

Stipa capillata L. Northern slope to the lake basin. Shrubs on the slope. Sod dense bush polycarpic.
Western Mediterranean. Xerophyte. Steppe. VI-VII. Fodder.

Stipa lessingiana Trin. et Rupr. Northeast slope to the lake basin. Dry meadows with shrubs meadow-
steppe communities. Sod dense bush polycarpic. Eastern Black Sea-Kazakhstan. Xerophyte. Steppe. V-VI.
Fodder, decorative.

Stipa pennata L. Northern and northeastern slopes to the lake basin. Shrubs on the slope. Sod dense-
bush polycarpic West Palearctic. Xerophyte. Steppe. V-VI. Fodder, decorative.

Superorder Aranae, Order Arales

Family Lemnaceae Martinov

Lemna minor L. In the water of stagnant and slow-flowing water bodies. Floating and underwater
monocarpic. Holarctic. Hydrophyte. Aqueous.VI-VII. Fodder.

Lemna trisulca L. Meadow-marsh communities on the shore. Floating and underwater monocarpic.
Holarctic. Hydrophyte. Aqueous. VI-VII. Fodder.

Conclusion

In the flora of “Kamenny lake tract” 177 species of vascular plants belonging to 132 genera and
48 families have been registered. The leading families are Asteraceae, Rosaceae, Poaceae, Fabaceae,
Lamiaceae, Caryophyllaceae. The richest genera are: Artemisia, Astragalus, Potentilla, Centaurea, Galium,
Plantago, Ranunculus, Veronica.

The basis of the flora is herbaceous plants, followed by woody and aquatic plants. The steppe
ecological-coenotic group is the richest in terms of the volume of species.
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In the flora of the “Kamenny lake tract” a large proportion of species has a significant area of
distribution — Cosmopolitan, Holarctic, Palearctic. The Holarctic and Palearctic types are the largest in terms
of the number of species.

Three species of plants Stipa pennata, Tulipa biebersteiniana, and Adonis wolgensis listed in the Red
Book of Kazakhstan were found on the territory of the natural monument [9].

The presented summary of the “Kamenny lake tract” flora is the basis for further work on plant
monitoring of this unique territory.
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«KamenHoe 03epo» Ta0ufu eckepTKimi ¢uiopacbIHbIH KOHCIEKTICI
(Kocranaii 00J1bICHI)

Makanaa ajmbl ayAaHsl 2,5 ra KypalThiH, )KEePriikTi MaHb3bl 0ap MeMiekeTTik Taburu eckeptkim «Ka-
MEHHOE 03epO0» IIAaTKAJIBIHEIH (JIOPUCTUKAJIBIK alyaHTYPJIUIITiH 3epTTey/IiH HoTikenepi Oepinren. Taburar
Karmaitnapeina coiikec 6yi1 aymak 80%-Fa JeiiiH )KbIPTHUIFAaH, Kapallipiri a3 OHTYCTIK Kapa TOMBIPAKTHI KOHE
KOHBIP-KBI3FBIIT TOMBIPAKTHI, KYPFaK TYypIi IONTi aK Ceneyii Jananapibly aiiMarsiHa Kipeni. Kaibinaer op-
MaHBIHBIH TOTIBIPAFBl Kapa—Cyp, Ca3/bl JKOHE KYMIBI, OETKeiiepie onap CiNTiCi3AeHreH Kapa TOIbIPaKIIeH,
JKaraJIaybIHBIH MaHBI IIaJIFBIHABI—0aTIaKThl TOTBIpAaKTapMeH KalblTackaH. 3eprreynaep 2019-2022 xpuiga-
pI xyprizingi. Janansik 3epTreyniep HeriziHae O0ec Herisri 3KOTONTap aHBIKTAIAb: OeTKeiineri OyTaisl ociH-
Iiep, Tik OeTKelaeri KaiblH OpMaHBI, KYpFaK IIANFbIHAApIAFel OyTanbl TOFai, )KarajaylaFbl IIaJFbIH/IbI-
0aTmakThl KaybIMIACTBIKTAp, IIAJFBIH/BI-Jala KaybIMAACTHIKTaphl. JlananblK 3epTTeynep Heri3iHae epexiie
KOpFaJIaThIH TaOWFH aiiMaK MIETiHAeri TYpJIepAiH MEKeH OpPTachl Typallbl MAJIIMETTep 0ap KOHCIIEKT »KacaJJibl.
3eprTeneTiH aymakTa 48 TyKpIMIacTaH jkoHe 132 TybICTaH JKOFaphbl caThUIbl ociMIiKTepAiH 177 Typi eceni.
Onapueiy iminge Asteraceae, Rosaceae, Poaceae, Fabaceae, Lamiaceae, Caryophyllaceae sxerexuii opbix
anazgpl. OIOpaHBIH HETI3IH IIeNTeciH oCIMIIKTEp, OJaH KEHiH aFaml )KoHE Cy ociMmiKTepi Kypaimasl. [ama
9KOJIOTHSUIBIK-IICHO3/IBIK TOOBI TYpP KeJIeMi aFblHaH eH Oail Typ Goubin caHanansl. «KaMeHHOE 03epoy mar-
KaJIbIHBIH (pJIOpachIH/Ia Tapajly ayMarbl OOHMBIHIIIA KOCMOIIOIMUTTIK, TOJaPKTHKAJIBIK, MaJeapKTUKAIBIK CHSIKTBI
TYpJIepAiH yieci emayip yiakeH. OHBIH IIIIHAE CaHBI XKArblHAH €H YJIKeHI — TONApKTHKAIBIK JKOHE Ma-
JICApKTHKANBIK TYypJep. 3eprreiren aitmakra KasakcranubiH Kpi3sut kiTaObiHa eHrizinren Adonis wolgensis,
Stipa pennata »one Tulipa biebersteiniana neren Typiep eceni.

Kinm co30ep. diopa, epekiiiec KOpFalaThiH Tabury aiiMak, «KaMeHHOe 03epoy MIaTKaibl TAOMFU e€CKepPTKilli,
JKOFaphI CaThUIBI OCIMIIKTEP, CUPEK KE3CCETiH KOHE KOMBLIBIN O0apa )aTKaH oCIMIIKTED.
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Koncnekt ¢guiopbl namsiTHUKAa npupoabl «KKameHnHoe 03epo»
(KocTanaiickasi 00,1aCTh)

B crarse npezncTaBieHs! pe3ynbTaThl H3ydeHHs (DIOPUCTHYECKOTo pa3HooOpasns ['ocynapcTBEHHOTO maMsT-
HHKa IPHPOABI MECTHOTO 3Ha4YeHHs ypouuia «KamenHoe o3epoy, obmeit miomanpio 2,5 ra. [lo mpupoaHsM
YCTIOBHSM 3Ta TEPPUTOPHS BXOAUT B MOA30HY 3aCyLUIMBBIX Pa3HOTPABHO-KOBBUIBHBIX CTEMEeW Ha Majory-
MYCHBIX IOKHBIX UYEpHO3EMaX M TEMHO-KAIITaHOBBIX MOYB, pacrnaxaHHbIX 10 80 %. ITouBsl mox Gepe3oBbIM
JIECOM TEMHO-CEpBIe, CYTIMHUCTBIC U IIeCYaHble, Ha CKJIOHAX c(OPMUPOBAHBI YEPHO3EMOM BBILIEIOYECHHBIM,
BO3JIc Oepera — JyroBo-00soTHBIE TTOoYBHI. VccnenoBanus nmpooamwmmch B 2019—2022 rr. Ha ocHoBe moute-
BBIX HCCJIC/IOBAHUII OBUIM BBICNICHBI IIATh OCHOBHBIX 9KOTOIOB: KyCTapHUKOBBIE 3apOCIIU Ha CKIJIOHE, Oepe-
30BBIi JIeC Ha KPYTOM CKJIOHE, CyXOJOJbHBIE JIyra ¢ KyCTapHUKOBBIMA 3apOCIISIMH, JIyTOBO-00JOTHBIE COO0-
mecTBa Ha Oepery, JyroBo-cTenHbIe coobmecTBa. COCTaBIEH KOHCIEKT, COAEpPIKAIINA CBEJCHUS O MECTO-
oOHWTaHWH BHIOB, B IIpeienax ocobo oxpaHseMoil mpupoxHoil Tepputopuu. Ha m3ydaemoil TeppuTOpum
YCTaHOBJIEHO MpOU3pacTaHue 177 BUIOB BBICHIMX COCYAMCTHIX pacTeHHi U3 48 cemeiict u 132 pomos. Cpe-
IM HUX Bedyllee 3HaueHWe 3aHuMatoT Asteraceae, Rosaceae, Poaceae, Fabaceae, Lamiaceae,
Caryophyllaceae. OcHoBy (GIOpBI COCTABISIOT TPABIHUCTBIE PACTCHHS, Jajiee CIEAYIOT APEBECHBIC M BOJ-
Hble. CTemHas 3KOJIOTO-IICHOTHYECKasi Tpylmna mo o0beMy BHIOB Hambojee Oorata. Bo ¢uope ypouuma
«KamenHoe 03epo» Oonbliasi T0Jsl BUAOB MMEET 3HAUUTENbHbBIC MO MPOTSHKEHHOCTH apeaibl: KOCMOIOJHUT-
HBIH, TOJapKTUUECKUH, TaneapkTuieckuii. Hanbosee KpymHBIME IO YNCITY BUIOB SIBIISTIOTCS TOAPKTHYESCKHIN
U najeapKTHYeCKWi Tumbl. Ha mccnemyeMoi TeppUTOpHH MPOU3PAcTAOT BHUABL, BKIIOYeHHBIE B KpacHyro
kuury Kazaxcrana: Adonis wolgensis, Stipa pennata u Tulipa biebersteiniana.

Kniouesvie cnosa: ¢nopa, ocobo oxpaHsemas MPUPOIHAsT TEPPUTOPHS, MAMITHHUK MpUposl ypounme «Ka-
MEHHOE 03€p0», BBICIIINE COCYANCTHIE PACTEHUSI, PEIKUE 1 NCUE3aIOIIIe PACTCHUS.
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Comparative evaluation of preparations’ fungicidal activity and their effect on
pathogenic micromycetes of spring wheat

The growing season of 2022 was characterised by a variety of weather conditions, some of which were unfa-
vourable to spring wheat growth and development. Plants were stressed by daytime temperatures, soil and air
moisture, and fungal disease pathogenic impacts. Spring wheat was infected with powdery mildew (Erysiphe
graminis), leaf brown rust (Puccinia triticina), and septoria leaf blotch (Septoria sp.). The main fertilizer, foli-
ar dressing, and compounds with regulatory properties in relation to the crop are used to boost yield and im-
prove grain quality. Fungicides such as Varro, Rex Duo and Kolosal Pro are effective for managing spring
wheat diseases. The study established the impact of Varro, Rex Duo, and Kolosal Pro fungicides on the re-
duction of the main spring wheat pathogens. This had an effect on grain quality and yield characteristics. The
fungicides (tested under stressful conditions produced by phytopathogens and unfavourable meteorological
conditions) enhanced the growth of spring wheat plants and positively influenced yield morphometric param-
eters, productivity, and grain quality parameters. The most effective agent for controlling diseases of spring
wheat is Rex Duo fungicide. The use of fungicidal treatments in combination with fertilizers and plant growth
regulators increased yield structure indicators, which resulted in an even greater impact on yield and quality
indexes. It was discovered that the use of fertilizers and growth stimulants to crops can be combined with the
application of fungicides.

Keywords: spring wheat, phytopathogens, micromycetes, fungicides, fertilizers, growth stimulator, powdery
mildew, brown rust, septoria leaf blotch.

Introduction

Plant diseases are one of the main factors leading to the loss of about 20% of the crop. Seed infection
occupies a special place among the pathogenic microflora [1]. It is estimated that 60% of all grain crops’
pathogens (alternaria, fusarium, smut, and others) are seed-transmitted [2]. The spread of fungal diseases of
plants occurs in the form of epiphytosis, which causes the loss of an extremely significant amount of agricul-
tural crops, and is also expressed in the colonization of the soil with fungi that form toxins which affect the
quality and productivity of cultivated crops [3]. The fight against pests and diseases of crops should be based
on the seed material's phytosanitary state. These findings are justified by the increased level of nutritional
components contained in the seeds, which are the optimal nutrient medium for the development of microor-
ganisms that produce mycotoxins [4]. Approximately 50 different microorganisms can be found on seeds.
Seed infection with pathogenic microflora occurs at any stage of plant development, both during the growing
season and when grain storage is disturbed [5].

In order to reduce plant disease incidences, it is necessary to conduct a phytosanitary examination of
seeds [6]. Phytoexamination of seed material makes it possible to assess the level of phytopathogenic load
exerted on seeds (as the main source of infection), and to give a quantitative and qualitative assessment of
their general condition, as well as their suitability for cultivation [7]. Crops must be treated in order to pro-
tect them from pathogenic microorganisms [8]. This fundamental component of crop cultivation technology
allows for the protection of the plant against phytopathogens even at the seed stage as well as the eradication
of the infection's cause [9].

A wide range of different disinfectants, including one or more active substances, which make it possible
to obtain a healthy crop, even taking into account the increased incidence of seed infections, is present on the
modern market [10]. At the same time, the degree of effectiveness of certain drugs depends on the nature of
the diseases in general as well as their specificity. As a result, the effectiveness of the outcome depends on
the selection of the disinfectant, which is made in light of the seeds' phytoexamination [11].

Currently, fungicides, which can both combat infections of phytopathogens and enhance the qualitative
attributes of seeds (growth activity, stress resistance to sharp fluctuations in abiotic environmental factors,
development of nonspecific immunity), are of significant interest [12]. These drugs are modern highly effec-
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tive chemical means of protection against phytopathogenic microorganisms. A suitable fungicide should be
chosen for each seed lot based on the degree of infection of the seed material and the pathogen composition.
The impact of fungal infections is manifested in significant damage to the studied crops at each stage of plant
development and production [13]. The evaluation of fungicide effects on seed material enables the identifica-
tion and control of the safety and quality of food and feed resources, reducing and thereby preventing signif-
icant economic losses.

The scientific study's goal is to compare the fungicidal activity of chemical protection agents and inves-
tigate their impact on pathogenic micromycetes of spring wheat.

Experimental

In the field conditions, the effect of fungicides on protection against a variety of fungal infections was
investigated. The field experiment was conducted in the 2022 growing season on the experimental spring
wheat fields of the Zhumabek Agro seed farm, which is located in the steppe zone of North-Eastern Kazakh-
stan (Pavlodar region).

“Omskaya 35” is a spring wheat variety of foreign selection that was used in the study. The breeder of
the “Omskaya 35 variety is FGBNU “Omsk Agrarian Scientific Center” (Russia). The variety is lutescens.
Its vegetation period is 87-90 days. Resistant to lodging is moderately drought tolerant. Moderately suscep-
tible to brown rust, susceptible to dusty mildew, strongly susceptible to hard knotweed, stem rust, powdery
mildew, root rot. The “Omskaya 35” variety has a high potential yield and forms high-quality heavy grains.
Thanks to the high productivity in combination with resistance to diseases and lodging, this variety can suc-
cessfully compete with varieties of similar ripeness groups.

Considering the spread of disease, we determined the systematic position of the pathogen, the intensity
of the plants damage, and the time at which the disease began (according to phenological and calendar indi-
cators). Observations were made at stationary sites during the plant growing season (at least every 10 days).
They were used to identify the time of disease occurrence. As a result, the dynamics of the disease's devel-
opment and the timing of its initial manifestations were defined. The route technique was used to account for
affected plants along the diagonals of the field by looking at 10 plants in 10 areas. Two parameters were used
to measure the phytopathological status of the crops: prevalence and degree or intensity of disease develop-
ment [14].

Prevalence calculation formula:

P =;* 100,

n — number of affected plants (organs) involved in the samples, pcs;
N — total number (diseased and healthy) plants (organs) involved in the samples, pcs.
Disease progression (R) calculation formula:

Hinsh)
En '

%(nb) — sum of the products of affected plants multiplied by the degree of damage;

xn — total number of damaged plants or similar organs in the samples, pcs.

The severity of the damage was determined by conditional grading [15].

The severity of disease development was expressed in percentages. We used the formula to convert the
score to a percentage:

R =

Hinsh)
Asrn

R = [222]+ 100,
%(nb) — sum of the products of affected plants multiplied by the disease progression score;
>n — total number of damaged plants or similar organs in the samples, pcs;
A — the highest score on the chart.
The calculation formula for the biological effectiveness of fungicides:
¢ = [£22]+ 100,
v
VY —rate of disease progression (control);

y — indicator of disease progression in the treated area.
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Laboratory tests were performed in accordance with generally accepted State Standards and methods:
state of crops and crop productivity according to the phenological stages of plant development; nature of the
seeds according to State Standard PO42-80; yield was recalculated for standard (14%) moisture and 100%
purity; crop structure — with the method of individual analysis of plants in a sheaf. Plant sampling was car-
ried out on the days of counting. The analysis was conducted with the help of special equipment at the Bio-
logical Research Laboratory of Toraighyrov University. The mass of the roots and plants’ underground parts
was determined by using an analytical balance. Mathematical processing was conducted according to
B.A. Dospekhov [16]. Variance and correlation analyses were performed on an IBMPC using the Excel pro-
gram.

Results and Discussion

The following climatic conditions characterized the growing season of 2022. The temperature regime in
May 2022 was quite mild. The average monthly temperature during the day was 17.5°C, which is 4.3°C
higher than the long-term average temperature. The first and third 10 days of the month were marked by rela-
tive temperature stability, while the second decade was defined by temperature indicator variations. The lack
of rainfall during the month was remarkable; the average amount of rainfall in May — 12 mm. The relative
humidity (RH) was about 38%.

June was characterized by a gradual temperature rise. The first and second 10 days of June are marked
by temperature reductions, although the average temperature for the whole month was almost 18.5°C. The
temperature indicators were relatively stable in the third decade. The average June rainfall increased by up to
30 mm, causing the RH to rise by 50%.

The average monthly temperature in July was 21.5°C, which formed a moderate temperature regime
that was 0.8°C higher than the long-term average. The monthly rainfall indicators showed uneven fluctua-
tions up to 33 mm (39% less than normal) and relative humidity of about 55%. August was characterized by
an absence of significant temperature variations: plus 20°C (average temperature) and a RH of 61%. Over
the previous months, precipitation indicators increased by up to 52.1 mm (Table 1).

Table 1

Meteorological conditions (2022 growing season)

Month _ Average temperature, °C _
Long-time average 2022 Deviation
May 13.2 175 +4.3
June 19.7 18.5 -12
July 20.7 22.5 +08
August 17.8 200 +22
Precipitation, mm
Month Long-time average 2022 Deviation
May 244 12.0 -124
June 39.3 30.0 -9.3
July 54.0 33.0 -210
August 374 52.1 +14.7

The growing season of 2022 was characterized by a variety of weather conditions, some of which re-
sulted in a negative impact on plant development and growth. A prolonged moisture deficit affected air tem-
peratures, resulting in indicators that were mostly above long-term average values. The climate created fa-
vorable conditions for the development of many fungal diseases and their significant manifestation in spring
wheat crops. Plants were affected by air and soil humidity, daytime temperatures, and fungal diseases.

Spring wheat was infected with powdery mildew (Erysiphe graminis), leaf brown rust (Puccinia tritici-
na), and septoria leaf blotch (Septoria sp.). Powdery mildew intensity of manifestation was around 30%, rust
intensity — 15%, and septoria leaf blotch intensity — 25% prior to the use of fungicides (during the stage of
flag leaf emergence). The intensity of disease manifestation was considerably reduced in 10 days after fungi-
cide application: powdery mildew by 75.1-90.1%, rust by 55.2-61.7%, and septoria leaf blotch by 35.1-
48.6%. At the same time, Rex Duo fungicide was the most effective against the disease complex. After
20 days, Rex Duo completely suppressed powdery mildew, reduced leaf rust manifestation by 78.7% and
septoria leaf blotch by 71.4%. By this time, the intensity of powdery mildew manifestation had dropped to
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17.0% due to the action of abiotic factors (untreated region), but the same indicators of leaf rust and septoria
leaf blotch had reached their maximum values (44,1% and 89.4%) (Table 2, Fig. 1-2).

Table 2
Biological efficiency of fungicides (flag leaf emergence)
Biological efficiency against disease, %
Option Powdery mildew Brown rust Septoria leaf blotch
10 days 20 days 10 days 20 days 10 days 20 days
Kolosal Pro, 0.6 L/ha 75.1 91.1 55.2 67.2 35.1 61.6
Rex Duo, 0.5 L/ha 90.1 100.0 61.7 78.7 48.6 714
Varro, CS, 0.25 L/ha 85.4 98.8 58.3 70.0 44.4 68.2
Control 275 17.0 17.7 44.1 28.5 89.4
LSDos 3.2 4.9 4.0 2.7 5.4 2.8
120 120
100 100
80 80
60 60 ¥
40 40 :
0 0
trol Powdery  Brownmust Septorialeaf Control Powdery Brown rust Septoria leaf
mildew bl otch mill dew blotch
mEolosal Pro mBRexDuo W Vammo. CS ® Kolosal Pro mRexDuo ®mVarro, CS
Figure 1. Biological efficiency of fungicide Figure 2. Biological efficiency of fungicide
application after 10 days application after 20 days

Fungicides used during the growing season to control fungal diseases of spring wheat contribute to an
increase in plant growth, the number of productive stems, ear height, grain number per ear, weight of
1000 grains, and the crop's biological yield (Table 3).

Table 3
Spring wheat indicators as a result of fungicide treatment (flag leaf emergence (37-39)
Indicators
Onti Productive Plant height, Grain Weight of Weight of Biological yield,
ption 2 . .
stems, pcs/m cm number per | grains per | 1000 grains, ¢ centner/ha
ear, pcs ear, g

Kolosal Pro, 0.6 393 97.0 25.2 0.932 36.6 36.5
L/ha

Rex Duo, 0.5 304 98.3 27.8 1.092 395 42.8
L/ha

I\_’fggo €S,0.25 391 98.3 25.8 0.985 38.1 385
Control 392 95.3 25.1 0.883 35.0 34.6
LSDgs 4.9 2.1 1.6 0.13 1.2 1.3
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The use of foliar dressings with Ammonium nitrate Ns. and Rex Duo fungicide significantly improved
the condition of spring wheat plants. As a result, the number of productive stems, height of plants, grain
number per ear, and weight of 1000 grains have increased. These two dressings are especially effective in the
tillering and heading stages. If the biological yield in the variant without fertilizers and fungicide was
38.9 centers/ha and 43.4 centers/ha in the variant with only fungicide, then a single dressing with ammonium
nitrate (tillering stage) followed by a fungicide (flag leaf stage) increased the indicator to 52.7 centers/ha,
while two dressings (tillering and heading stages) allowed for the maximum biological yield of
60.9 centers/ha (Table 4).

Table 4
Some indicators of spring wheat plants as a result of fungicide application
(Nitrogen fertilizers background)
Indicators
g g | 2 5 3 =]
~ o 5] o — [<5)
¢ | 2 |2 12 | 2| 3z
Option g > Za | 3 3 =5
2 > = O o o c
<= E o o> e L s
2 = | 2 5 5 | 8%
= c [ o o = O
S i) = x x 5=
3 o s = = @
o (<] (<)
& © = =
Ammonium nitrate Naq (tillering stage) + Rex Duo 0.5 413 107.4 29.1 1975 441 527
I/ha (flag leaf stage)
Ammonium nitrate Naq4 (tillering stage) + N34 + Rex
Duo 0.5 I/ha (ending of stem elongation stage) + N34 421 112.8 31.2 1.448 46.8 60.9
(heading stage)
Rex Duo 0.5 I/ha (ending of stem elongation stage) 389 104.2 27.8 1.115 40.1 43.4
Control 390 99.1 26.8 0.997 36.9 38.9
LSDos 6.5 4.9 2.2 0.22 2.1 2.9

The Rex Duo fungicide treatment (at a rate of 0.5 L/ha) led to a reduction in powdery mildew preva-
lence. As a result, on the 12" day, plant damage dropped from 100% to 18-20% and the severity of manifes-
tation decreased from 45 to 5%. In view of the degree of powdery mildew occurrence, the drug's biological
efficacy reached 89% (Table 5).

On the 22" day, the powdery mildew prevalence decreased to 3-5% (100% for the control) and the se-
verity of manifestation dropped from 60% (control) to 3% (treated plants). The biological effectiveness after
treatment against powdery mildew was 92-95%.

Table 5
Some indicators of spring wheat plants as a result of fungicide application
(Nitrogen fertilizers and growth regulator Binoram background)
Options
Rex Duo 0.5 L/ha + Bino- Rex Duo 0.5 L/ha Control
ram

) ] ) = 1= IS
Disease manifestation g o » S © 0 e » »
= > > =] > > = > >
58] (38} [3] 5+ (15 [3+] 5+ (35 ®©
= N N — N N + N N
S (3 (3 R I3} (3 £ I3 &
@ < < B < < d < <

Powdery mildew
Disease prevalence, % 100 18 4 100 20 5 100 100 100
Degree of development, % 30 5 3 30 5 30 45 60
Biological efficiency, % - 89 95 - 88 92 - - -
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Brown rust
Disease prevalence, % 50 13 12 60 14 13 50 60 70
Degree of development, % 15 10 8 15 10 8 15 25 45
Biological efficiency, % - 64 84 - 60 80 - - -
Septoria leaf blotch
Disease prevalence, % 45 28 20 45 30 23 45 60 90
Degree of development, % 25 20 15 25 20 15 25 35 50
Biological efficiency, % - 45 60 - 40 50 - - -

The drug's fungicidal activity on spring wheat was observed to be moderate in respect to leaf rust. After
12 days, the prevalence in the treated variations was 13-14%, compared to 60% in the control, and the degree
of disease manifestation was 10%, compared to 25% in the control. According to the level of development,
biological efficiency for this time period was 60-64%. After 22 days, the prevalence of brown rust in the
control plot climbed to 70%, whereas it was substantially lower in the treated variations — up to 12-13%. Af-
ter 22 days, the degree of disease development in the control area reached 45%, while in the treated variants
it was 8%. In 2022, the biological efficacy of Rex Duo against spring wheat brown rust was 80-84% (after 22
days).

The drug's fungicidal effect on spring wheat was less pronounced with regard to septoria leaf blotch.
After 12 days, the prevalence in the treated variations was 28-30%, compared to 60% in the control, and the
degree of disease manifestation was 20%, compared to 35% in the control. According to the level of devel-
opment, biological efficiency for this time period was 40-45%. After 22 days, the prevalence of septoria leaf
blotch in the control plot increased to 90%, whereas it was substantially lower in the treated variations — up
to 20-23%. After 22 days, the degree of disease development in the control area reached 60%, while in the
treated variants it was 15%. In 2022, the biological efficacy of Rex Duo against spring wheat septoria leaf
blotch was 50-60% (after 22 days).

The efficacy of Binoram was marginally improved by additional application to growing plants.

Conclusion

The adverse effect of fungal infections on cereal plants rose in the 2022 growing season. It was discov-
ered that if modern fungicides were not applied, disease spread, intensity of manifestation, and rate of devel-
opment reached maximum levels.

The fungicides (tested under stressful conditions produced by phytopathogens and unfavorable mete-
orological conditions) enhanced the growth of spring wheat plants and positively influenced yield morpho-
metric parameters, productivity, and grain quality parameters.

The research demonstrated an inhibiting effect of the fungicides (Varro, Rex Duo, and Kolosal Pro) on
pathogenic microorganisms. This had an effect on grain quality and yield characteristics. The most effective
agent for controlling diseases of spring wheat in the Pavlodar region is the fungicide named Rex Duo.

The use of fungicidal treatments in combination with fertilizers and plant growth regulators increased
yield structure indicators, which resulted in an even greater impact on yield and quality indexes. Thus, it was
discovered that the use of fertilizers and growth stimulants to crops can be combined with the application of
fungicides.
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P.M. Yanunesa

IpenaparrapablH GYHIMUUATIK O€JICEHALTITH KOHE 0JIapAbIH
sKa3AbIK OMJAalAbIH MaTOreHi MUKPOMMIIETTEPiHE ICEePiH CANBICTHIPMAJIBI OaFaJiay

2022 >KbIIIBIH BETETAUIIBIK MAyCBIMBI aya PalBIHBIH OPTYPJIi JKaFJalimapbIMeH epeKIIeICH Il XKIHE Ka3IbIK
OualiIbIH TaMyBIHBIH OeNrisi O0ip Ke3eHaepiHae AaKbUIIbIH 6Cyi MEH JaMy KOpPCETKIIITepiHe Koaichi3 060J1-
Ibl. OCIMIIKTep KYHII3M TeMIlepaTypara, aya bUIFaIIbUIBIFbIHA YKOHE Kep KAMBUIFBICHIHA, CAaHBIPAYKYJIAK
aypyJNapbIHbIH IECTPYKTHBTI ocepiHe OalaHbICTBI Kyi3emicke viublpansl. JKasaplk Oumaiima akyHTaK
(Erysiphe graminis), koHsIp TatT (Puccinia triticina) sxaHe cenTopro3 (Septoria sp.) CHAKTHI aypyJiap JaMbIJIbL.
OHIMIUTIKTI apTTBIPY JKOHE acTHIK CalachlH >KAaKCapTy YIUiH HETI3ri THIHAWUTKBI, TaMbIPAAH THIC YCTEI
KOPEKTEeHIIPTill, JaKbUTFa KaTBICTHI PETTEeYI KacueTTepi 6ap 3aTTap KoimaHbsuIansl. XKa3aplk Ounait aypyma-
pBIH OaKpUTayOBIH THIMII CaHBIpayKYJIaKKoWFbuapel — Bappo, Pekc [lyo, Komocan Ilpo. 3eprrey HoTH-
JKECIHZIE OCBI CaHBIPAYKYJIAKKOUFBUIAPBIHBIH Ka3/IbIK OWTaiIbIH HETi3ri KO3ABIPFHIIITAPEIH OacyFa )KoHE CO-
HBIH CaJJapblHAH aCTBHIKTHIH OHIM/IUIITT MEH camachlHa ocepi aHBIKTANABL. KO3ABIPFRINITap MEH aya pailbIHbIH
KOJIafChI3IbIFBPIHAH TYBIH/IAFAH KYH3elic jkaraailblHAa CaHbIpayKyJIAKKOWFbIIAp JKa3/AblK Oumai eciMIik-
TepiHiH ecyiHe, MaKblI KYPBUIBIMBIHBIH KOPCETKILITepiHe, OHIMIUIIK )KOHE acThIK CalachlHBIH KepceT-
KimTepine oy acep erri. XKazapIk Oupait aypymnapslH 6akpuIayablH eH THiMII 3aTel — Pekc [yo yHrummmi.
TeIHAUTKBIITAD MEH OCIMAIKTEPIH OCYiH PETTErimTepai KOJJaHa OTHIPHIN, (QYHTHIHATIK MperapaTTapsl
OipikTipreHe ska3ablK OMIAalABIH eTiH )KWHAY KYPBUIBIMBIHBIH KOPCETKIIITEePi KaKcapFaHbl aHBIKTAJIIbI, OYIT
JAKBUIIBIH OHIMIITITT MEH acTBIK CAITACHIHBIH apTybIHA ocep eTTi. THIHAWTKBIIITAD MEH 6Cy CTHMYJISTOPIIa-
PBIH Maiinanany TakeUIapas! QyHTHIMATIK TpenapaTTapMeH OHAeyMEH YilleCiMIl eKEeHIITT aifKbIHIaI bl

Kinm co30ep: xa3nplk Ounaii, puronaroreHnep, MUKpPOMHIETTEP, QYHIHIUATED, THIHAUTKBILITAD, OCY CTH-
MYJISITOPBI, aKYHTaK, KOHBIP TaT, CEITOPHO3.
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CpaBHuTe/IbHAsI OLEHKA (PYHTUIIUIHOM AKTHBHOCTH MPENapaToOB U UX BO3/AeCTBHE
Ha NATOreHHble MUKPOMHIETHI APOBOM MILIEHULbI

Bereranmonnsiii ce30H 2022 T. OTIIMYANICS Pa3IMYHBIMU YCIOBUSMHE TIOTOJIBI, H B OTPE/ICIICHHBIC (a3bl pas-
BUTHS SIPOBOM MIICHHUIIBI ObLT HEOMATOMPHUATEH LTS MTOKA3aTelle pocTa M pa3BUTHUS KyJIbTyphl. PacTeHus uc-
TBITHIBAJIM CTPECC 110 OTHOLICHHUIO K JHEBHBIM TeMIICpaTypaM, BIaKHOCTH BO3/yXa U MOYBEHHOTO IOKPOBA,
JIECTpYKTHBHOMY BIIHMSHHUIO TPUOHBIX Ooje3Heil. Ha spoBoii mieHuIie Noaydmin pa3BUTHE My4YHHCTas poca
(Erysiphe graminis), mucroBas 6ypast p>xaBunna (Puccinia triticina) u cenrropuos (Septoria sp.). C uesbro mo-
BBILICHUS YPOXKaHOCTH KYNBTYPHl M YJIy4IIEHHUS KadecTBa 3epHA HCIIONB3YIOT YHOOPEHHUs, BHCKOPHEBBIC
MOJIKOPMKH, TaK:Ke BEMIECTBA, KOTOPHIC 00JIAIAI0OT PEryISITHBHBIMU CBOMCTBAMHU MO OTHOIICHHUIO K KYJIBTYpE.
OnaumH U3 3QHEKTHBHBIX CPEICTB MO KOHTPOITIO 0O0JIe3HEH sIpOBOI MIIEHUIIBI SABISIOTCS QyHTUImAB Bappo,
Pekc lyo, Komnocane IIpo. B pe3ysnbrate mpoBeIEHHOTO UCCIEAOBAHHS YCTAHOBJICHO BIUSHHC YKa3aHHBIX
BhIIIC (DYHTHIIMIOB HA MOJABIICHHE OCHOBHBIX (DUTOMATOTEHOB SPOBOY MINICHHUITBI, H, KaK CICACTBHUE, HA YPO-
JKafHOCTh, U Ka4eCTBO 3€pHA. B cTpecCOBBIX YCIOBUAX, BEI3BAHHBIX (PUTOMATOT€HAMH M HEOIAronpHUATHBIMU
YCJIOBHSIMH TIOTOJIBI, HCCIeayeMble (pYHTHIUIBI CIIOCOOCTBOBAIM POCTY PACTCHHUIA SPOBOM MIICHHMIIBI, TTOJIO-
JKUTEJIBHO BIMSIN HAa MOP(HOMETpUUECKUE MTOKA3aTEeNH YpoXKasi, ypOosKailHOCTh KyJIbTYpHI U IOKa3aTeny Kade-
ctBa 3epHa. Hanbonee sddextuBHOE neiicTBue npu 60pb0e ¢ 0OJIE3HAMHU SPOBOW MIICHUIIBI, TAKUMH Kak
MY4YHHCTasl poca, Oypast p)kaBuMHa, CENTOPHO3, OKa3bpiBaeT ¢pyHruuun Pexc Jlyo. YcraHoBieHo, 4To B coue-
TaHUU (QYHTHITUAHBIX PENapaToB ¢ MPUMEHEHHEM yJIOOPEHHH U PEryIsSTOPOB POCTa PACTCHUH YIIyUIIUINCH
MOKA3aTeN CTPYKTYPhI YPOKask SPOBOY MIIICHHIIBI, YTO CKa3aJ0Ch Ha MOBBINICHUHN YPOXKAHHOCTH U KauecTBa
3epHa KyJIbTyphl. BBIsBIICHO, UTO BHECEHHE YIOOPEHUH U CTHMYJISATOPOB POCTa COBMECTHMO ¢ 00paboTKOH
MOCEBOB (D)YHTHUIMTHBIMH TPEriapaTaMH.

Kniouesvie cnosa: sipoBasi MIIEHAIA, PUTONATOTEHBI, MUKPOMHUIETHI, (QYHTHIUABL, YIOOPEHHUS, CTUMYIISTOP
pocTa, MydHHCTas poca, Oypast p>kaBuHHa, CEIITOPHO3.
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Floristic composition of sand massifs in the western part of the Sub Ural plateau

Currently, on the territory of Kazakhstan, one of the topical issues is the study of the current state of ecosys-
tems. The aim of the study is a biomorphological, geographical and ecological analysis of the sand massifs
flora in the western part of the Sub Ural plateau. 137 species of vascular plants belonging to 99 genera and 35
families were registered in the Karagash and Akkum sand massifs. Most of the flora (70; 50.4%) is occupied
by species belonging to the Asteraceae, Poaceae, Fabaceae and Chenopodiaceae families. The predominant
in the flora are rhizomatous species: Calamagrostis epigeios, Carex colchica, Helichrysum arenarium, Ley-
mus racemosus, Scirpoides holoschoenus, etc. The presence of adventitious species in the flora indicates high
anthropogenic pressure, unfavorable growing conditions and habitat disturbance. The predominance of xero-
phytes is associated with the adaptation of psammophytes and steppe species to growing in arid climates. The
chorological analysis showed the predominance of the wide-ranging Eurasian and Ancient Mediterranean
species. There is a need to protect meadow and psammophytic mixed-grass-stipa grass and juniper communi-
ties. They belong to plant species distribution area of which is currently being intensively reduced, so it is
necessary to organize comprehensive measures to protect their growing environment. Information about the
species composition of plants, their biological and ecological features, which in the future will become the
basis for the organization of monitoring work, are of great practical importance.

Keywords: West Kazakhstan region, Sub Ural plateau, sand massif, psammophytes, floristic analysis,
vegetation cover, Akkum, Karagash.

Introduction

The United Nations Convention on combating desertification, adopted in Paris on June 17, 1994, is
considered one of the most important international documents aimed at ensuring sustainable development.
Currently, the intensification of the desertification process leads to the formation of ecological disaster
zones. More than 66% of the territory of the Republic of Kazakhstan is affected by this phenomenon. This
process continues from year to year, and in this regard, one of the most urgent issues is the study of ecosys-
tems of sand massifs found in the dry steppe region. In this regard, the Republic of Kazakhstan is carrying
out a set of measures aimed at fulfilling the requirements mentioned in this convention [1].

The West Kazakhstan region is located in the north-west of Kazakhstan. The relief of the region is
formed by spurs of the Obshii Syrt, the Sub Ural plateau, the Presyrt slope, the Peri-Caspian depression, and
the Zhayik river valley [2].

The Sub Ural plateau is characterized by a high denudation step-slope hilly and ridged topography with
a height of 250-400 m, divided by the Presyrt slope, which stretches from the northwest to the southeast from
the Peri-Caspian depression in the west. There are salt domes, large and small chalk hills and individual
chalk outcrop, sand massifs, lakes, salt flats, river valleys, ravines and gullies. In the western part of the Sub
Ural plateau there are sandy massifs formed from surface alluvial-delta marine sediments. Their appearance
is due to the action of rivers found in the Sub Ural plateau. During the multi-phase transgression and regres-
sion of the ancient Caspian Sea, observed in the Pleistocene period, it was formed in the place of the deltas
of abundant water rivers flowing into the sea.

The well-known scientist, researcher of desert regions A.G. Gael and his colleagues believe that the
formation of these sand massifs was influenced by the alluvial sediments transported due to active erosion
processes during the Ice Age [3].

At the edge of the sand massifs, there are small sand dunes, and towards the central part, they change to
medium-height sand dunes and rolling sand ridges. Sand dunes vary in height from 2 to 17 meters. They are
alternated with large dune depressions, the depth of which is between 1-8 m, and the area reaches 1-2 sq.km
in some places.
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Currently, due to the rapid development of the processes of desertification and degradation of natural
ecosystems, the information about the species composition of plants growing in the sand massifs of the
western part of the Sub Ural plateau, their biological and ecological features is of great practical importance.

Experimental

Research work on the flora composition of sand massifs in the western part of the Sub Ural plateau was
carried out in 2020-2022.

The purpose of the work: to conduct a comprehensive analysis of the floral composition of sand massifs
in the western part of the Sub Ural plateau. In the course of the study, the following tasks were set: to clarify
the systematical groups of plants growing in the sand massifs of the western part of the Sub Ural plateau, to
analyze the biomorphological, geographical and ecological composition and to justify protection measures.

The Karagash and Akkum sand massifs in the western part of the Sub Ural plateau were taken as the re-
search area. They are located in the eastern part of the West Kazakhstan region, which, according to geobo-
tanical zoning, is included in the Black Sea region — Kazakhstan region of the Eurasian steppe zone [4]. Doc-
tor of biological sciences, professor V.V. Ivanov, who has studied the West Kazakhstan region for many
years, refers these sand massifs to the psammophytic southern steppes with feather grasses vegetation [5].
The Karagash sand massif is located between the Buldyrty and Tamdy rivers, and Akkum is located at the
confluence of the Kaldygayty and Kuagash rivers (Fig. 1).

Physical map
of the West Kazakhstan region
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Figure 1. Research area in the West Kazakhstan Region: Point 1 — Akkum sand massif; Point 2 — Karagash sand massif

Geobotanical studies were conducted on a standard area of 100 square meters using existing meth-
ods [6]. The floristic composition and projective cover of vascular plants were determined in the test areas.
To identify the plants, “Flora of the USSR (1934-1960) [7], “Flora of Kazakhstan” (1956-1966) [8], “Illus-
trated determinant of plants of Kazakhstan” (1969-1972) [9], according to V.V. Ivanov “The determinant of
the families of the Northern Caspian” (1966-1974) [10] and other handbooks were used. The flora list was
clarified according to the literary sources [11] and the data of the Herbarium fund of M. Utemisov West Ka-
zakhstan University (PPIU). Biomorphological analysis was carried out according to Serebryakov [12]. Ce-
notic groups according to the data of R.V. Kamelin [13], geographical groups according to A.L. Takhtajyan
[14] and ecological groups were determined based on the relation of plants to moisture. The names of vascu-
lar plants are given taking into account the summary of S.K. Cherepanov [15].

The Jaccard’s coefficient, which indicates the floristic similarity between the sites, is calculated as:
K;=(c/a+b-c)*100%,
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with: K; = Jaccard’s coefficient; a — the number of species in the first site; b — the number of species in
the second site; ¢ — the number of common species for these two sites [16].

Microsoft Excel statistical analysis package was used for statistical processing of the received research
materials.

Results and Discussion

Studies of the flora and vegetation of sand massifs in the western part of the Sub Ural plateau were car-
ried out by Shtromberg Ch. (1894), V.M. Savich (1908), I.V. Larin (1929), A.P. Shimanyuk (1941),
A.G. Gael et al. (1932, 1949), S.A. Nikitin (1954), V.V. Ivanov (1958), A.Z. Petrenko(1968),
A.Yu. Bogdanov (1971), S.K. Ramazanov (2001), T.E. Darbaeva (2002), T.E. Darbaeva et al. (2021), etc.

The Karagash sand massif is located at the high source of the Buldurty river [17]. On an area of
7 thousand hectares, there are moderately high and low sand dunes formed as a result of Aeolian processes.
The dominant psammophyte plants of sand dunes include Artemisia marschalliana Spreng, Carex colchica
J. Gay, Calligonum aphyllum (Pall.) Giirke, Helichrysum arenarium (L.) Moench, Leymus racemosus (Lam.)
Tzvel., etc. In the inter-sand depressions lying near the groundwater grows Betula pendula Roth.,
B. pubescens Ehrh., Carex colchica J. Gay, C. praecox Schreb., Populus tremula L., Salix caspica Pall.,
S. rosmarinifolia L., etc. In their shrub tier includes Frangula alnus Mill., Rhamnus cathartica L., Rosa cin-
namomea L., etc., and the herbaceous tier consists of mesophilic grasses and mixed-grass. On the slopes and
tops of individual sand dunes can be found juniper communities (Juniperus sabina L.) (Fig. 2).

Figure 2. Karagash sand massif: 1 — The sparse psammophilous communities; 2 — Communities with Ephedra distachya
L.; 3 — Birch-aspen groves; 4 — Communities with Juniperus sabina L.

In the central part of the region there are loose sand dunes that are not supported by vegetation. Sandy
massifs in the north, north-east and east side gradually change to fescue-feather-grass steppes (Festuca
valesiaca Gaud. + Stipa sp.).

Akkum sand massif is located on the plain terrace of the Kuagash and Kaldygayty rivers with an area of
7.5 thousand hectares. It is believed to have formed in the Quaternary period on the site of the abundant wa-
tery river deltas which flowed into the Khvalyn sea. The central part consists of rolling medium-height sand
dunes, the Windward slope of which is elongated and flat, and the slope side is steep towards inter-sand de-
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pressions in the form of horseshoe or crescent. On the outskirts of sand massifs grow psammophyte plants
(Artemisia marschalliana Spreng, Carex colchica J. Gay, Calligonum aphyllum (Pall.) Giirke, Leymus ra-
mosus, Juniperus sabina L., etc.).

In the areas close to the shores of the Akkum sand massif, tree-shrub plants grow in the hollows be-
tween high sand dunes and on their grassy slopes. Groundwater is unmineralized fresh (0.3-0.7 g/I) and is
located close to the surface (0.2-1.0 m). The vertical structure of birch communities consists of 3 tiers. The
first tree tier is birch (Betula pendula Roth., B. pubescens Ehrh.), which is considered an edifier, its height is
7-10 m, and its diameter is 15 cm.

The height of the second tier is 1.5-2.1 m., consisting of shrubs: Calligonum aphyllum (Pall.) Giirke,
Chamaecytisus ruthenicus (Fisch. ex Woloszcz.) Klask, Salix caspica Pall., Spiraea hypericifolia L. The
height of the third grassy tier is 0.2-0.9 m., consists of herbaceous plants (Asperula danilewskiana Basiner,
Calamagrostis pseudophragmites (Haller f.) Koeler, Carex colchica J. Gay., etc.). Projective cover reaches
20-40%, saturation of species — 4-5, number of species — 9-11. Hand-planted Populus alba L., P. nigra L.,
Pinus sylvestris L. can be found in some depressions between dunes (Fig. 3).

Figure 3. Akkum sand massif: 1 — General view, 2 — Pine plantings in depressions between sandy dunes,
3 — The sparse psammophytic communities, 4 — The willow communities

On the slopes of moderately high sand dunes and ridges, and sometimes even at elevations, there are
shrubs (Salix caspica Pall., S. rosmarinifolia L., S. daphnoides Vill., Chamaecytisus ruthenicus (Fisch. ex
Woloszcz.) Klask., Ch. zingeri (Nenukow ex Litv.) Klask, Spiraea hypericifolia L.), semishrubs (Artemisia
marschalliana Spreng.) and communities of psammophytic herbaceous vegetation (Achillea micrantha
Willd., Carex colchica J. Gay, Festuca beckeri (Hack.) Trautv., Polygonum arenarium Waldst. et Kit. etc.).

The first tier with a height of 0.8-1.2 m. is overgrown with shrubs; the second tier has a height of 0.4-
0.7 m. forms herbaceous plants, and semi-shrubs that can be: Artemisia marschalliana Spreng, Chondrilla
ambigua Fisch. ex Kar. et Kir., Helichrysum arenarium (L.) Moench., Jurinea arachnoidea Bunge, in the
third tier there are low (0.15-0.35 m) herbaceous plants: Agropyron desertorum (Fisch. ex Link) Schult.,
Festuca beckeri (Hack.) Trautv., Poa bulbosa L. Projective cover in these communities does not exceed 30-
50%, the saturation of species is 3-5, the number of species is 11-13.

Towards the central part, on the slopes of sand dunes and ridges, communities with Calligonum aphyl-
lum (Pall.) Giirke, are formed. In these communities, 3 tiers are also distinguished. The first tier is dominated
by Calligonum aphyllum with a height of up to 1.5 m. The second tier is formed by Agropyron fragile (Roth)
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P. Candargy, Aristida pennata Trin., Artemisia marschalliana Spreng, Gypsophila paniculata L., Leymus
racemosus (Lam.) Tzvel. with a height of 0.4-0.7 m. and 3 tiers are formed by low plants with a height of
0.15-0.3 m: Anisantha tectorum (L.) Nevski, Poa bulbosa L. Projective cover does not exceed 40-50%, spe-
cies saturation — 7-9, number of species — 14-18.

Towards the southern part of the massif, monocenosis communities of Juniper (Juniperus sabina L.) are
observed on the slopes and higher sides of the sand dune.

As a result of the conducted research, it was revealed that 137 species of vascular plants belonging to 99
genera and 35 families grow on the sand massifs of the western part of the Sub Ural plateau. 94 species were
recorded in the Karagash sand massif, and 121 species in the Akkum massif (Table 1).

Table 1

Taxonomic diversity of the sand massif flora in the western part of the Sub-Ural plateau

Number of Average number of
Regions . . speciesin | generain | speciesin
species genera families : ]
family family genera

West Kazakhstan region 1256 487 117 10.7 4.16 2.57
Sand massifs of the western part of 137 99 35 391 283 138
the Sub Ural plateau

Karagash sand massif 94 74 29 3.24 2.55 1.27
Akkum sand massif 121 86 32 3.78 2.69 1.41

This is 10.9 percent of the 1256 species found in the region, according to the scientist O.T. Kolchenko,
who studied the vegetation cover of the West Kazakhstan region for many years [2].

A comparative analysis of the species composition of these two arrays was performed by calculating the
Jaccard’s similarity coefficient, K; = 56.9%. The high coefficient of similarity indicates the similarity of their
species composition, that is, it can be concluded that the similarity of environmental conditions plays an
important role in the formation of flora.

Among them, the basis of the flora is made up of Magnoliophyta (132 species; 96.4%), and the share of
Equisetophyta (2; 1.4%) and Pinophyta plants (3; 2.2%) is insignificant. The Magnoliopsida are dominant
with 102 species (74.5%). The Liliopsida include 30 species (21.9%). The ratio of monocotyledonous and
dicotyledonous plants is 1: 3.4.

The taxonomic analysis of the composition of plants found in the region showed the predominance of
the Asteraceae family, which includes 25 species, representing 18.2% of the plants found in the study area.
The dominant families include Poaceae (20 species; 14.6%), Fabaceae (16; 11.7%), and Chenopodiace-
ae (9; 6.5%). This 4 family makes up half of the species found in the region (50.4%). Most of the dominants
that make up the main vegetation cover also belong to this family (Agropyron fragile (Roth) P. Candargy,
Aristida pennata Trin., Artemisia lerchiana Web., A. marschalliana Spreng, Leymus racemosus (Lam.)
Tzvel. etc)

The average species richness per family is 3.91. The level of species wealth above the average is
8 families; the total number of them is 94 species (68.6%). The rest of the families are limited to 2-3 species.
The 16 families are limited to only 1 species.

The largest genera are Carex (5 species), Astragalus (4), Achillea (4), Artemisia (4). Results of the
analysis show a small number of large polymorphic genera; most genera are limited to only 2-3 species.
73 genera are limited to only 1 species.

Life forms of plants are considered an integral indicator of their relationship with the environment
formed in the course of adaptive evolution. The flora of sand massifs in the western part of the Sub Ural
plateau contains 7 species of trees and 17 shrubs. They are often found in inter-sand depressions where fresh
groundwater lies close to the surface (Table 2).
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Table 2

Life forms of the sand massif flora in the western part of the Sub-Ural plateau, according to I1.G. Serebryakov’s
classification

Life forms Number of species Percentage of the _total
number of species
Tree and woody plants 32 species (23.36%)
Trees 7 5.11
Shrubs 17 12.41
Semishrubs 4 2.92
Dwarf semishrubs 4 2.92
Perennial (polycarpic) herbaceous plants 80 (58.39%)
Grassy horsetails 3 2.19
Long-rhizomatous 15 10.95
Rhizomatous 10 7.30
Short-rhizomatous 8 5.84
Tuberiferous-rhizomatous 1 0.73
Taproot 26 18.98
Bulbiferous 2 1.46
Loose-tussock 1 0.73
Dense-tussock 7 5.11
Tussock 4 2.92
Soboliferous 3 2.19
Annual (monocarpic) herbaceous plants 25 (18.25%)
Biennials 12 8.76
Annuals 13 9.49
Total 137 100

The results of the analysis of the flora composition of the research area showed that the dominant life
form is perennial herbs (80 species, 58.39%). Polycarpics are dominated by vegetatively mobile bio-
morphs (37 species, 27.01%). The vast majority are long rhizomes, as they are well adapted to fixing sand:
Calamagrostis epigeios (L.) Roth., C. pseudophragmites (Haller f.) Koeler., Carex colchica J. Gay., Heli-
chrysum arenarium (L.) Moench., Leymus racemosus (Lam.) Tzvel., Scirpoides holoschoenus (L.) Sojak.,
etc. There are 25 species of monocarpics, which make up 18.25 percent of the flora.

Since the degradation processes are quickly observed in sandy areas, on the species composition of
plants also has a significant influence. For example, the degraded steppes are mainly dominated by annual
plants but the protected steppes contain more perennials [18].

The flora of sandy massifs is characterized by its diversity in its cenotic composition (Table 3).

Table 3

Cenotic analysis of the sand massif flora in the western part of the Sub-Ural :kplateau
Percentage of the total

Florocenotic element Number of species .
number of species

Forest 12 species (8.76%)

Forest 11 8.03

Meadow-forest 1 0.73

Forest-steppel7 (12.41%)
Steppe 67 (48.91%)

Steppe 48 35.04
Desert steppe 7 5.11
Mountain steppe 4 2.92
Meadowsteppe 8 5.84
Desert 8 (5.84%)

Desert 6 4.38
Steppe desert 1 0.73
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Sandydesert 1 | 0.73
Meadow 23 (16.79%)

Meadow 18 13.14
Meadow-swamp 1 0.73
Field-Meadow 3 219
Forest-meadow 1 0.73
Waterside 3 (2.19%)

Weed 7 (5.11%)

Total | 137 | 100

7 major florocenotypes consisting of 16 florocenoelements were distinguished. The dominant floroce-
notype is the steppe florocenotype, which occupies 48.91% of the flora of the region. It should be noted that
the steppe type of vegetation includes communities of xerophilous , for the most part, herbaceous plants [19].
Abundant moisture and proximity of unmineralized groundwater in the depressions between the sand dunes
contribute to the increase in the share of meadow florocenotypes (23; 16.79%).

The flora also contains adventive species (weeds) (7; 5.1%), which is associated with high anthropogen-
ic pressure on the region and unfavorable growth environment, and is also an indicator of ecosystem destruc-
tion. Deterioration of the habitat leads to the reduction of the range of local natural species, the reduction of
nutritious fodder plants, and the increasing effect of poisonous, harmful and poor forage plants adapted to
grow in unfavorable conditions [20].

In the composition of the flora, there was a predominance of plants adapted to growth in drought, espe-
cially with an increased proportion of intermediate groups — mesoxerophytes and xeromesophytes (Table 4).

Table 4

Ecological groups in relation to the humidity of the sand massif flora in the western part of the Sub-Ural plateau

Ecological groups according to humidity Number of Percentage of the total number
species of species

Mesohygrophytes 3 2.19
Hygromesophytes 2 1.46

Mesophytes 35 25.55
Xeromesophytes 31 22.63
Mesoxerophytes 31 22.63

Xerophytes 35 25.55

Total 137 100

Chorological or geographical analysis shows the physico-geographic features of the region, nature and
climate conditions within the range of plants and the nature of migration. The results of the analysis showed
that there are 7 major areal types and 13 geoelements (Table 5).

Chorological or geographical analysis shows the physical and geographical features of the region, the
climatic conditions of nature and the nature of migration within the range of plant distribution. The results of
the analysis showed that 7 large area types and 13 geoelements occur (Table 5).

Table 5

Chorological analysis of the sand massif flora in the western part of the Sub-Ural plateau

Percentage of the total number

Name of types of area (geoelements) Number of species of species
Eurasian areal type 48 species (35.04%)
Eurasian 34 24.82
Euro-Siberian 13 9.49
East European-Kazakhstan 1 0.73
European areal type 24 (17.52%)
European 5 3.65
Pontic 19 13.87
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Holarctic areal type 11 (8.03%)

Ancient Mediterranean area type 29 (21.17%)

Ancient Mediterranean 26 18.98

Asiatic 3 2.19

Mediterranean area type 9 (6.57%)

Turanian areal type 10 (7.30%)

Aral-Caspian 6 4.38

Pre-Caspian 2 1.46

Sarmatian 2 1.46
Pluriregional areal type 6 (4.38%)

Total | 137 | 100

The analysis of the composition of the flora showed a predominance of wide-area Eurasian (48 species,
35.04%) and Ancient Mediterranean (29 species, 21.17%) species. The meeting of Holarctic, European, Eur-
asian and Turanian species is explained by migration processes.

The vegetation cover of sand massifs fixes loose sands and has a favorable effect on the ecological con-
dition of the adjacent territory. Both sand massifs are surrounded by riverine forests with unique forest and
meadow vegetation, denser forests and large lake basins in depressions near large ravines and groundwater.
Sand massifs are used in animal husbandry, therefore it is necessary to systematically carry out measures to
improve the variety and quality composition of vegetation and maintain ecological stability. Degraded areas
are dominated by milkweed communities (Euphorbia seguieriana + Leymus racemosus).

Both sand massifs are included as geological objects in the list of subsurface areas of special ecological,
scientific and cultural value [21]. Stipa pennata L. is listed in the “List of Rare and Endangered species of
plants and animals of the Republic of Kazakhstan (2006) [22], and 8 rare and endangered species are listed
in the Green Book of the West Kazakhstan region [23]: Achnatherum splendens (Trin.) Nevski, Betula
pendula Roth, B. pubescens Ehrh., Chamaecytisus borysthenicus (Gruner) Klask., Ch. zingeri (Nenukow ex
Litv.) Klask., Helichrysum arenarium (L.) Moench., Juniperus sabina L., Rhaponticoides kasakorum (lljin)
M.V. Agab. & Greuter ex C. Shih & L. Martins. They need to status correction by preparation of new issue
of the Red data book.

Forest groves, meadows, mixed-grass-stipa grass communities and juniper-grown areas are now rare
due to the influence of natural and anthropogenic factors (wildfires, excessive livestock grazing, non-
observance of mowing regime, unsystematic collection of medicinal plants, etc.), therefore their protection it
is necessary to organize measures. In order to organize effective protection measures for individual plants,
their populations and communities, there is a need to comprehensively protect their growing environment
first.

“Karagash” and “Akkum” psammophyte massifs should be organized not only as specially protected
natural areas at the local level, but also as a complex ecosystem at the republican level with large-scale bio-
sphere significance.

Conclusions

As a result of the conducted research, it was revealed that 137 species of vascular plants belonging to
99 genera and 35 families grow on the sand massifs of the western part of the Sub Ural plateau.

The flora composition of sand massifs in the western part of the Sub Ural plateau was determined. In
the study area, 137 species belonging to 35 families are found. Most of the flora composition (70 species;
50.4%) is occupied by the families Asteraceae, Poaceae, Fabaceae and Chenopodiaceae. The results
showed that in the flora composition of the study area is dominated by long-rhizomatous species that adapted
to fixing sand: Calamagrostis epigeios (L.) Roth., Carex colchica J. Gay., Helichrysum arenarium (L.)
Moench, Leymus racemosus (Lam.) Tzvel., Scirpoides holoschoenus (L.) Sojak., etc. The meadow vegeta-
tion is dominated in the blowing depressions and in sites with closely located non-mineralized fresh ground-
water (23; 16.79%). The flora showed a predominance of xerophytes and intermediate groups (mesoxero-
phytes and xeromesophytes). Their predominance is associated with the adaptation of psammophytes and
steppe species to growing in arid climates. The chorological analysis showed the predominance of the wide-
ranging Eurasian (48 species, 35.04%) and Ancient Mediterranean (29 species, 21.17%) species. The pres-
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ence of adventitious species in the flora (7; 5.1%) indicates high anthropogenic pressure, unfavorable grow-
ing conditions and habitat disturbance. The deterioration of the ecological state of the distribution area af-
fects the communities of rare plants both directly and indirectly. In this regard, it is advisable to organize
reference areas of biodiversity or key botanical territories in meadows, and psammophytic mixed-grass-stipa
grass and juniper communities. It is necessary to carry out measures to reduce anthropogenic pressure on the
ecosystems of this territory, taking into account the biodiversity of plants and the possibilities of their effec-
tive use in the economy.
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A.Y. Yray6aesa, K.IlI. Hyprassl, V.K. bucenos, b.C. AnpxanoBa

Hoaypan ycripTinin 0aTbic O6airinaeri KyMabl MacCHBTePAiH (PIopaJIbIK KypaMbl

Byrinri kyni Kazakcran aymarbiHIa S9KOXKYHenepIiH Ka3ipri skaif-KyHiH 3epaeney e3eKTi Macenenepin Oipi.
3eprreynin Makcatsl — [logypai ycTipTiHiH 6aThic OeiriHmeri KyMabl aKanTapablH (opacsiHa OHoMop-
(OTOTHATIBIK, TeorpadUsIIbIK KOHE SKOJOTHSUIBIK Talfay jkacay. AKKYM skeHe Kapaaramr KyMabl MaccHBTe-
pirae 99 tysic neH 35 TYKbIMAAcKa >KaTaThIH TYTIKTI eciMaikrepmin 137 typi Tipkenni. diaopa KypaMbIHEIH
6aceiM Gemirin (70 Typ; 50.4%) Asteraceae, Poaceae, Fabaceae sxone Chenopodiaceae TykpiMaachiHa kara-
TBIH Typiep anaael. Tanmay HOTHXKeNepiHIe TaMbIpcabakThl Typyiep OachIMABIFBIH KepcerTi. Omap:
Calamagrostis epigeios, Carex colchica, Helichrysum arenarium, Leymus racemosus, Scirpoides
holoschoenus sxone 1.6. ®nopa KypaMbIHAa aBEHTHBTI TYPJEPIiH Ke3[eCyi aHTPOMOreH K KbICHIMHBIH KO-
FApBUIBIFBIH, ©CY OPTACHIHBIH KOJAHCHI3JBIFBIH JKOHE MEKCH €Ty OPTAaCHIHBIH OY3BUFaHIBIFBIH KOPCETEe.
Kcepodpurrepain 6acsIMIbIFEl IcaMMOMUTTEp MEH JalaiblK TYPIEPIiH Kyprak KIMMaT jKaFlaibIHAa ecyre
GeftiMaenyiMeH OaiaHBICTHI. XOPOJOTHSIIBIK Talgay HOTIDKETIepl KeH apeasbl eypa3sHaTThIK JKoHe eKell-
TbKepopTaTeHi3AiK TYpiepaiH 6achkiM ekeHAIriH kepcerTi. IllaxFpHap! xKoHe IcaMMO(UTTI op TYpIIi IIONTi-
celeyi, COHJal—aK apiua KaybIMIACTBIKTaphIH KOpFay KaXKeTTUIr TybIHAaiasl. Bys KaysIMaacTBIKTap Ka-
31pri yakpITTa Tapaly aliMarbl KapKbIHIBI TYpPAE a3aifblll Oapa >kaTKaH eCiMIIK TypiepiHe >kaTa[abl, COHIBIK-
TaH OJIAPIBIH 6CY OPTACHIH TYTac KOPFay apKbUIbl KEIICH ] Mapanapasl YHBIMAACTEIPY KaXKeT. OCIMIIKTepAiH
TYPJTIK KYpambl, 0JIap/IbIH OHOJIOTHSIIBIK KOHE SKOJNOTHSUIBIK ePeKIIETiKTepi Typaibl MaFayMaTTapAblH IpaK-
THKAaJIBIK MaHBI3BI 30p, OJ1ap O0JaIaKTa MOHUTOPHHT )KYMBICTAPBIH YIBIMAACTRIpYFa HeTi3 OOJIBIN caHasa bl

Kinm ceszoep: batpic Kazakcran o6usicsl, [logypan ycTipTi, KyMIIbl MacCUB, IcaMMOGUTTED, (HIOPANBIK Taj-
nay, eciMIiK )KaMbUIFBICH], AKKyM, Kapaarar.

A.Y. Yray6aesa, K.II. Hyprassl, ¥Y.K. bucenos, b.C. AnpxanoBa

DI0pUCTHYECKHUI COCTAB MECYAHBIX MACCHBOB 3aMIa/IHON YaCcTH
IMoxypanbckoro miaro

B nacrosmiee Bpemst Ha Tepputopnn KazaxcraHa ofHMM U3 aKTyalbHBIX BOIPOCOB SBIISETCS M3y4EHHE COB-
PEMEHHOTO COCTOSTHHMS 3KocucTeM. Llenbio uccnenoBanus sBIsieTcs 6HOMOpQOIOrniecKnii, reorpapuaeckuit
U DKOJIOTHYECKHH aHanmu3 (Iopsl mecyaHbIX MAacCHBOB 3amagHoi yactu [logypanbckoro miato. B mecuansix
MaccuBax Kaparad u AkkyM 3apeructpupoBaso 137 BUJOB COCYAUCTBIX paCT€HUM, OTHOCAIUXCS K 99 ponam
u 35 cemeiictBam. Bounblryro yacte coctaBa dopsl (70; 50,4 %) 3aHMMArOT BUIBI, MPUHAICKAIINE K Ce-
MmeiictBam Asteraceae, Poaceae, Fabaceae u Chenopodiaceae. IIpeoGnanaromumu B coctaBe (JIOpbI sB-
mstotest KopHeBuinabie Buapl: Calamagrostis epigeios, Carex colchica, Helichrysum arenarium, Leymus
racemosus, Scirpoides holoschoenus u ap. Hanutne agBeHTHBHBIX BUIOB B COCTaBe (IIOPHI CBHAETEIBCTBYET
0 BBICOKOM aHTPOIIOT€HHOM MIABIICHUH, HEOIArONPHUATHBIX YCIOBUSX MPOMU3PACTAHMS U HAPYIICHHS CPENbI
oburtanus. [Ipeobnaganue kcepoUTOB CBA3aHO ¢ afanTanueil mcaMMo(UTOB U CTEMTHBIX BHIOB K MPOU3pac-
TaHUIO B YCJIOBHUSIX 3aCYLUIMBOTO KiMMara. Pe3yabTaTel XOpOJOrHueckoro aHain3a MoKasaiu npeobiaagaHue
MINPOKOAPEATBHBIX €BPAa3HaTCKUX U IPEBHECPEIM3EMHOMOPCKIX BHIOB. Bo3HMKaeT HEOOXOANMOCT OXPaHbI
JIYTOBBIX ¥ ICAaMMO(HUTHBIX Pa3HOTPABHBIX-KOBBUIBHBIX H MOMOKEBENEBBIX cO00IIecTB. OHM OTHOCSITCS K BH-
JlaM pacTeHUi, apeayl paclpOCTPaHEHNs] KOTOPBIX B HACTOsIIEe BPEeMsi HHTEHCHBHO COKpAIAETCsl, TI09TOMY
HE0OXOMMO OPraHM30BaTh KOMIUIEKCHBIE MEpHI 3alIUTHI CPEeIbl NX NMpOHU3pacTaHusi. BaxkHoe mpakTHdaeckoe
3HAUCHNE MMEIOT CBEJICHNUS O BUJIOBOM COCTaBE PACTEHHH, 00 MX OMONOTHYECKUX M IKOJIOTHIECKHX O0COOCH-
HOCTSIX, KOTOpBIE B OyIyIIieM CTaHyT OCHOBOM JUISl OpPTaHU3aI[M MOHUTOPHHTOBBIX PadoT.

Kniouesvie crosa: 3anamno-Kazaxcranckas o6mnacts, [logypanbckoe miato, mec4aHblii MACCHB, TICAMMOMHTEI,
(rropucTHYECKH aHATIN3, pACTUTENBHBIN MOKPOB, AKkyM, Kaparau.
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To the methodology for the study of intraspecific variability and selection of wild
forms of Viburnum opulus L.

The methodological recommendation for the study of intraspecific variability and the selection of wild-
growing promising for breeding forms of common Viburnumis written on the basis of a large amount of fac-
tual material obtained from the study of this species in the East Kazakhstan region. It includes an assessment
of the current state of Viburnum opulus L. populations, with range mapping in ArcMap and ArcGis programs.
The geobotanical, phytocenotic description is given. First, the forms are described according to 25 quantita-
tive and qualitative features. Then, on the basis of this, the selection of promising forms, the collection of
seeds and cloning with green cuttings is carried out. The distribution of Viburnum plants occurred according
to the degree of flowering, fruiting, fruit length and diameter. The data were divided into classes with the
smallest, average and largest values into five groups, by weight and number of fruits into four groups. The
scoring system was applied to seven characteristics: the general condition of plants, winter hardiness, the de-
gree of flowering and fruiting, color, taste, and the nature of the detachment of fruits. The study of endoge-
nous variability of morphological and economic-biological characters is carried out in the crown of one indi-
vidual. After studying the average indicator of the trait and the amplitude of its variation for different individ-
uals, they proceed to the study of intra-population variability. After mathematical processing, a questionnaire
is filled out for each plant according to the selected form, which will make it possible to better represent the
studied form to study genotypic and phenotypic variability in the future. The use of this recommendation in
research work will allow assessing the genetic potential of the species, the level of its intraspecific variability,
and selecting promising forms.

Keywords: distribution, quantitative characteristics, degree of flowering, fruits, color, variability.

Introduction

A comprehensive study of fruit and berry plants in natural habitats is essential for solving issues of
ecology, phytocenology, floristics, population biology, and nature conservation.

In the programs for breeding and variety study of fruit and berry crops, the main attention is paid to
such leading fruit and berry crops as apple, pear, plum, cherry, apricot, black currant, strawberry (1980).
There are several methods for studying rare fruit and berry plants: sea buckthorn [1, 2], blueberries, cranber-
ries [3, 4].

Common viburnum — Viburnum opulus L. is the most interesting in terms of studying variability and in-
troducing into cultivation among wild-growing species of fruit and berry plants growing on the territory of
the East Kazakhstan region. The advantages of viburnum vulgaris include high winter hardiness, productivity
and usefulness of fruits. Due to its medicinal properties of all parts the plant is widely used in medicine. Its
fruits have the richest chemical composition. They contain up to 8% sugars, mainly glucose and fructose, up
to 3% tannins. Viburnum bark, which contains up to 4% tannins, has an exceptional therapeutic effect on the
human body and most importantly, viburin glycoside, which has a pronounced vaso-constrictive effect [5].

The genus Viburnum L., belongs to the Adoxaceae family, order Dipsacales, includes about 140 spe-
cies. Common viburnum (Viburnum opulus L.) is a multi-stemmed shrub, 1.9 — 4.5 m high with brown-gray
bark and smooth light young branches. Buds with two fused outer scales, ovoid, slightly pointed, reddish
green. The bushes are multi-stemmed, their number reaches 35 pcs. The leaves are broadly ovate, rounded,
6-13 cm long, 5-11 cm wide, with 3, rarely 5 large-toothed lobes. The middle lobe is larger, with parallel,
often elongated lateral margins, shortly pointed at the very apex or with a more or less elongated point. The
upper side of the leaves is bare; the lower side is bare or pubescent. Viburnum vulgaris is a cross-pollinated,
anemophilous plant that blooms in late May — early June. White and pink-white flowers are collected in large
inflorescences — umbellate corymbs up to 8 cm in diameter, along the edges of the inflorescence there are
larger sterile flowers (1.8-2.5 cm) in diameter with white petals. The flowers are heteromorphic, with a dou-
ble perianth, collected in flat umbellate 6-8- ray panicles, 4.9-7.5 cm in diameter, on a peduncle 2.5-5.0 cm
long, marginal flowers on pedicels 1-2 cm long, barren, flat, white, 4-5 times larger than internal, median —
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bisexual, sessile or almost sessile, white or pinkish-white, shortly bell-shaped, about 5 mm in diameter. In-
florescences are located at the tops of young branches. The fruit of the viburnum is a bright red spherical
drupe 8.3-10.3 mm long and wide, with one large flat stone inside, ripens in September — early October.

V. opulus is undemanding to growing conditions, easily tolerates drought and frost, and is most com-
mon in the temperate climate of Europe and Asia. It grows in the undergrowth and along the edges of moist
deciduous and mixed forests, in tree and shrub thickets along the banks of springs, rivers, lakes, swamps,
ravines, gorges and mountain slopes. It grows everywhere in the European part of Russia (except the north
and southeast) in Eastern and Western Siberia, the Caucasus, Central Asia, Western Europe, Asia Minor,
North Africa.

In Kazakhstan it grows in the following floristic regions: 2. Tob. Ishim. (north), 3. Irtysh, 4. Semipala-
tinsk forest, 5. Kokshetau, 7. Aktyubinsk, 10a. Ulutau, 11. Eastern Uplands, 12. Zaisan, 22. Altai, 23.
Tarbagatai, 24. Dzhungarskiy Alatau (north), 25. Zailiskiy Alatau [6].

It is widely distributed on the territory of the East Kazakhstan region: the Saur ridge, Tarbagatai, in the
floodplain of the Kenderlyk river, in the foothills of the Ubinsky ridge, near the village of Cheremshanka,
Zimovye, the village of Sharavka, Mount Kozlushka, as well as on the floodplain terraces of the river Bol-
shaya Talovka, Malaya Talovka, on southeastern slope of Mount Barkhot near the village of Livino, at the
foot of the Ivanovsky ridge in the area of the Gornyak rest house [7].

Experimental

Surveys of natural habitats are carried out by expedition trips in September-October, during the period
of harvesting fruit ripeness.

To determine the distribution of common viburnum in one area, we recommend using the Brown-
Blanque scale in points:

1 — grows singly, 2 — in groups, 3 — in small spots, 4 — in small colonies or large spots, 5 — in large
thickets.

In the description of phytocenoses the concept of layering is used, based on the life forms of the species
included in its composition [8]. Latin names of plants are given according to S.K. Cherepanov [9].

At each trial plot, a detailed geobotanical description is carried out, the collection of herbarium, seeds,
cloning of selected forms with green cuttings, measurements and description of morphological features in
even-aged plants with a continuous count of trees.

Results and Discussions

The selection and description of forms of viburnum vulgaris in wild populations is carried out in the fol-
lowing order.

Specify the date of the examination.

Assign a number to the plant.

Specify the location through range mapping in ArcMap and ArcGis.

Brief description of the habitat (relief, soil, plant community).

Do a soil analysis.

The description of wild-growing forms of viburnum is carried out according to the phenotype, which
takes into account quantitative and qualitative indicators of traits.

Determine the life form: tree, shrub.

Crown shape: round, oval, conical, etc.

Indicate the age state of the described plant (approximate number of years), according to the size of the
bush, the diameter of the stems and the general condition.

Shrub height, m.

Stem diameter, cm.

In determining the general condition of the bushes, the main attention should be paid to the ratio of the
processes of neogenesis (the number of zero shoots) and the death of old stems in the crown, the diameter of
which is higher than 6-8 cm, as well as broken stems. The condition of the plant is assessed as follows: ex-
cellent — 3 points, completely healthy, not damaged by pests and diseases, height more than 2.2 m, number of
stems from 8 to 16 pieces, no broken and dry stems, growth 18-35 cm, healthy leaves; average — 2 points; not
damaged by pests and diseases, height more than 1.8 m, number of stems 6-12 pieces, broken and dry stems
up to 10%, growth 12-25 cm, leaf apparatus without damage; bad — 1 point; up to 25% of the leaf apparatus
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on the plant is damaged by pests and diseases, the height is more than 1.8 m, the number of stems is 6-12,
broken and dry stems are up to 15%, the growth is 8-20 cm.

Winter hardiness: 0 — no damage, 1 — very weak damage, 2 — weak (up to 10% of fruit-bearing branch-
es), 3 — medium (up to 30%), 4 — strong (up to 40%), 5 — very strong (more than 50%).

The color of the bark of skeletal branches (gray, light gray).

The length of annual shoots (with an accuracy of 0.5 cm, the average of 30-40 measurements).

Blade length and width, cm (average of 30 measurements).

The color of the upper side of the leaves is established according to the A.S. Bondartseva (light green,
green, dark green), while indicating the intensity of the shade.

The degree of flowering of plants (in points) according to the following scale:

1 — very weak (single brushes, up to 3 pcs. per branch, the number of flowers in a brush up to 35 pcs.);
2 — weak (the number of brushes per branch, up to 6 pcs., The number of flowers in the brush 36-65 pcs.); 3
— medium (number of brushes per branch, up to 9 pcs., number of flowers in a brush 66-95 pcs.); 4 — good
(the number of brushes per branch, up to 12 pieces, the number of fruits in the brush is more than 95 pieces);
5 — plentiful (the number of brushes per branch, up to 15 pieces and more, the number of fruits in the brush is
more than 95 pieces).

Fruit set: below 30% — low, 40 — 50% — medium, above 60% — high, determined fourteen days after
flowering, when an increase in the size of the ovary is noticeable.

The degree of fruiting plants (in points) according to the following scale:

1 — very weak (single brushes, up to 3 pieces per branch, the number of fruits in the brush up to
15 pieces); 2 — weak (the number of brushes on a branch, up to 6 pcs., The number of fruits in a brush 16-30
pcs.); 3 — medium (the number of brushes per branch, up to 9 pieces, the number of fruits in the brush 31-45
pieces); 4 — good (the number of brushes per branch, up to 12 pieces, the number of fruits in the brush is
more than 45 pieces); 5 — plentiful (the number of brushes per branch, up to 15 pieces and more, the number
of fruits in the brush is more than 45 pieces).

To determine the weight of 100 fruits, with an accuracy of 0.01 g, fruits from different parts of the
crown are collected from each plant in triplicate, 25-30 pieces each. Taking into account the population pa-
rameters by weight in fruit-bearing plants of viburnum vulgaris from 0.30 g to 0.79 g, an interval of 0.15 g
was adopted in the gradation, four groups: small — below 0.45 g; medium — from 0.46 to 0.60 g; large — from
0.61to 0.75 g; very large — above 76 g.

In determining the size of fruits with a caliper, with an accuracy of 0.1 mm, measure the length and di-
ameter of 25-30 fruits from different parts of the crown, then determine statistical indicators that will charac-
terize not only this sample (25-30 fruits), but the entire set fruits of a given bush in a particular area of
growth.

Describing the shape of the fruit, their index is established — the ratio of the length of the fruit to its di-
ameter, given the index (0.95; 1.01-1.06; 1.07-1.2), the shape of the fruit is described as (round, spherical,
oval).

In determining the color of viburnum fruits, the colors of the solar spectrum are taken, they are de-
scribed as (orange, orange-red, reddish-orange, red, cherry). Fruit color: cherry — 15 points, dark red and red
— 10 points, orange — 5 points.

The evaluation of fruit taste is determined by the organoleptic method (excellent, good, mediocre,
poor). The nature of the taste of fruits (sweet, sour, sour-sweet, sweet-sour, indicating the presence of bitter-
ness. Taste of fruits: dessert — 20 points, pleasant with a slight aftertaste of bitterness — 15 points, with a sig-
nificant bitter aftertaste — 10 points, bitter — 5 points.

The nature of the detachment of fruits from the hand is dry — the fruit is torn off without juice release
(10 points), wet — with juice release (5 points).

Taking into account the population parameters in terms of the number of fruits in the cluster of fruit-
bearing plants of viburnum vulgaris, from 9.7 to 50.9 pieces, an interval of 15 pieces was adopted in the gra-
dation, four groups: few — less than 15 pieces; average — 16-30 pieces; high — 31-45 pieces; very high — more
than 45 pcs.

Seeds: a) Color (light brown, brown); b) shape (ovoid, elliptical).

The percentage of seed weight from the weight of fresh fruits is determined within a week.

In terms of ripening, we distinguish early forms, fruit ripening in the third decade of September and
late ones in the first decade of October.

Pests and diseases of viburnum vulgaris, nature of damage.
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The study of intraspecific variability of a species (endogenous and individual) is carried out by studying
the most common populations within its range, on temporary trial plots.

Variability is one of the basic biological concepts along with the concepts of metabolism, reproduction,
and heredity. All changes are divided into two groups: hereditary and non-hereditary [10].

Variability is the main property of all living organisms, therefore in nature there are no individuals ab-
solutely identical in all signs and properties. I.I. Schmalhausen [11] defined variability as the property of liv-
ing organisms to reproduce similar but not identical. “Variability”, he wrote, “is an expression of the conti-
nuity of organic forms in the process of reproduction, in which dissimilar structures and functions appear
(i.e. develop) in the offspring”.

In individual variability, a change characterizes only an individual, and such changes are always caused
by the influence of external conditions, i.e. arise as a result of modifications. This kind of variability corre-
sponds more or less to non-hereditary variability.

With group (intrapopulation) variability, the change no longer characterizes an individual, but a whole
group of them within the species. Such changes always arise as a result of mutations or combinations, due to
which this kind of variability more or less corresponds to hereditary variability.

Baur, on the other hand, suggested that the word “variation” should be given a broader meaning and
understood by variations as all three types of possible changes in organisms, i.e. modifications, mutations
and combinations. The first group covers a change of a non-hereditary nature, the second and third — heredi-
tary; modifications and mutations arise without any participation of crossing, combinations — as a result of
the latter, but all these are different types of variability, as a process or variations.

Thus, the division of variability, in fact, into individual and group is as basic as the division of varia-
tions into modifications, mutations and combinations. In one case we are dealing with a known state, in the
other with a process.

Crossings are constantly taking place in natural populations, as a result of which new forms appear due
to the formation of new combinations from old combinations of hereditary factors. New combinative chang-
es are always of a group nature. Meanwhile, most combinations are split as well as the forms that produced
them, due to the fact that each such new phenotype usually includes several different genotypes. In nature,
mutational and combinative variability act together, intertwining in the most intimate way with each other.
The variability of organisms in a population under the pressure of natural selection leads to the formation of
new species and morphogenesis processes.

Studies of the intraspecific variability of common viburnum are carried out on the basis of a population-
genetic approach to species assessment, where a species is understood as a system of populations [12-14].

The study of intraspecific variability of common viburnum is carried out according to the method [15]
in three stages:

1. The study of endogenous variability of morphological and economic-biological traits in the crown of
one individual. In order to determine the endogenous variability, the sample size is 20-50 measurements of
each trait, depending on the variability, by crown tiers, exposure sides, etc. (Table).

Table

Accuracy and number of measurements of signs of Viburnum opulus

Feature Measurement accuracy Number of measurements

Plant height 10 cm 30-40
The number of trunks and the presence 1 pcs. 40-45
of zero shoots, pcs.

Length (one-year growth) 0,5¢cm 30-40
Number of flowers in inflorescence, 1 pcs. 40-50
pcs.

Number of fruits in inflorescence, pcs. 1 pcs. 40-50
Fruit length 0,1 mm 20-25
Fruit diameter 0,1 mm 20-25
Weight 100 pcs. fruits, g 0,01g 20-25
Weight 100 pcs. seeds, g 0,01¢g 30-40

2. After studying the average indicator of the trait and the amplitude of its variation for individuals, they
proceed to the study of intrapopulation (organism, individual) variability. The sample size (the number of
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model bushes) required to obtain reliable results when characterizing the structure of populations is deter-
mined by the level of variability of different traits.

3. Study of interpopulation variability. To assess the degree of variability of traits, a unified scale of
variability levels developed [16] is used. According to the scale, the amplitude of variability is estimated by
the value of the coefficient of variation: less than 12% — the level of variability is low, 13%-20% — medium,
21%-40% — high, more than 40% — very high.

Phenotypic variability is a set of features and properties of an organism or a group of individuals
formed under the combined influence of heredity and environmental factors.

n the study of variability, biometric research methods are used, based in whole or in part on statistical or
probabilistic patterns. To find the arithmetic averages — M and the errors of the averages — m of the studied
parameters, the coefficients of variation C%, the standard deviation — o, the reliability criterion —t, and the
accuracy of the experiment P for each plant and for a separate population, the obtained digital data are pro-
cessed using methods of mathematical statistics [17-20].

The calculation of statistical indicators is carried out separately at two levels of variability: endogenous
(within the body) and individual within the population (location).

A number of other features: differences in the color of fruits, bark, the nature of taste and separation of
fruits are of a qualitative nature. Let us consider an example of comparing the qualitative variability in our
case by the color of viburnum fruits. Statistical data show that among the examined plants, the following
percentage distribution of the total number of individuals by color was obtained: with red fruits 42.6%, with
orange 37.4%, with cherry 20.0%.

With qualitative (alternative variability), no matter how many separate groups (in our case, three), they
are divided into two classes: class 1 — having one or another feature and class 0, devoid of it. In cases of
gualitative variability, the coefficient of variation completely replaces the quadratic deviation. The calcula-
tion of the square deviation is carried out according to the following formula:

o=x()/(a+b)

and always expressed as a percentage. The first includes individuals, the second b individuals. Accord-
ing to the color of the fruits of each of them, it is necessary to contrast with all the others (red — not red, cher-
ry — not cherry, etc.), and for each, the following values of the square deviation are obtained: red 42.6% ver-
sus 57.4% not red; orange 37.4% versus 62.6% non-orange; cherry 20.0% versus 80.0% non-cherry.

o=+()/100=48,3%.

The square deviation is always expressed here as a percentage, and its value does not exceed 50%.

After mathematical processing, it is necessary to fill out a questionnaire for each studied plant in a se-
lected form (data on 25 traits), which will make it possible to better imagine the studied form and study gen-
otypic and phenotypic variability in the future.

Conclusions

The ecological and biological features of the common viburnum from natural habitats, its comparative
characteristics reveal its genetic potential, which is extremely important for the conservation of biological
diversity and breeding work.

For each region, the plants of viburnum vulgaris have their own ecological and biological features. This
recommendation will help to study this plant according to the main morphological and economic characteris-
tics, to conduct a comparative characteristic.

In the section objects and methods of research based on actual data, a map has been developed for de-
scribing wild-growing forms of viburnum, which is filled in according to 25 quantitative and qualitative
characteristics.
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T.A. Bnosuna, O.A. Jlaryc

Viburnum opulus L. ska6aiibl popmManapbin TaHAAY KIHE
TYPILITIK €3repriluTiKTi 3epTTey daicreMecine

Typiwinik e3reprimTikTi 3epTTey XKOHE ocipyre MepCreKTHBAIbBI K9AIMII KaluHaHBIH jkabalbl ©CeTiH TypIie-
piH Tagmay OoiipiHImIa omicremenik ychiHbIC LIpFpic KasakcTan OONBICHIHOAFBI OCHI TYPZl 3€pTTEy HOTH-
JKECIH/Ie allbIHFaH YJIKeH KeneMzaeri (axTinik marepuanmap Herisinze kassurran. On ArcMap skone ArcGis
OarmapraManapbelHIa ayKbIMABI KapTanmay apkeuisl Viburnum opulus L. momysisuusuiapblHBIH aFbIMAAFBI
JKargalblH Oaranaynbl KaMTHABL ['e000TaHUKAMbIK, (UTOIEHO3BIK cHIaTTaMa OepiireH. 25 caHIBIK KOHE
camanplK Oenrizep OoifbiHIIa (hopMaTapAblH CHUIATTAMACHl JKacajFaH, COHBIH HETi3iHIe MepPCIEeKTHBAIBIK
TYpJIepAi ipiKTey, TYKBIM XHHAY JKOHE KOK KaJleMIIIeMeH KIIOHAay xypriziireH. KannHa ecimaikrepin ryime-
HY, JKeMic Oepy apexeci, xeMicTep/iiH Y3bIHIBIFEl MEH TraMeTpi OoibIHIIA OeIy Ke3iH/ae JepeKTep eH Killi,
opTalla koHe eH YJIKeH MoHepi 6ap (bec Tom) KimacTapra; ai KeMicTep/iH Maccachl MEH CaHbl OOMBIHIIIA —
TopTKe OemiHmi. bangpik kyite xeTi Oenri GONBIHIIA KONTAHBUIIBL: ©CIMIIKTEPIIH Kbl JKaFJalbl, KbICKa
TO3IMIILTIT], TYJACHY JKOHE JKeMic Oepy TopeKeci, TYCl, IoMi, )KeMiCTepIiH Y3uTy cunatel. Mopdomorusibik
JKOHE MIaPyallbUTBIK-OHOIOTHSITBIK OSNTiIepaiH 3HIOTeHAIK O3TepTillTiTiH 3epTTey Oip AapaKThIH KaIlblpa-
FBIHA JKYpri3inmi. benriHiH oprama KepceTKilliH >KoHe OHBIH ©3Tepy aMIUIHTYIAChIH JKeKe Japakrap YIIiH
3epTTereHHEH KeiiH MOMyJsilMs iNIJIK e3repriluTik 3epTrenai. MaTeMaTHKaiblK OHACYAEH KeiliH apOip
ociMIIiKKe TaHAal albIHFaH TYp OOWBIHIIA cayalHaMma TONTHIPbUIAbI, OYJI 3epTTENeTiH TYpIepIi *KaKchl Oiry-
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re JkoHe 0oJalllaKTa TeHOTHITIK jkoHe (DeHOTUINTIK ©3reprillTiKTi 3epTTeyre MyMKiHaik 6epeni. By ycbinbic-
ThI FBUIBIMH-3€PTTEY XKYMBICTAPbIHAA KOJIAAHY TYPIIH TeHETUKAIIBIK SJICYCSTiH, OHBIH TYPIIIiNIK ©3reprillTik
JIeHreliiH Oaranayra oHe MEePCIeKTUBANIbI TYpPIEpal TaHAayFa MYMKIHAIK Oepeni.

Kinm ce30ep: Tapairysl, CaHIBIK CHITATTaMackl, TYJIJEHY TopeKeci, xKeMicTepi, TyCl, @3reprimITiri.

T.A. Boosuna, O.A. Jlaryc

K mMeToauKe 1Mo M3y4YeHH0 BHYTPHBHI0BOM H3MEHYHBOCTH U 0TOOPY
aukopactymux ¢popm Viburnum opulus L.

Mertonuyeckas peKOMEH/AIMs 110 U3Y4EHHIO BHYTPUBHAOBON H3MEHYMBOCTH U OTOOPY AUKOPACTYLIHX Gopm
KaJIMHbI OOBIKHOBEHHOM, NEPCIIEKTUBHBIX /IS CEICKINH, HaIIMCaHa Ha OCHOBE OOJILIOrO (haKTHYECKOro Ma-
TepHaia, MOJYyYeHHOTO IIPU MCCIEIOBAHUH 3TOTO BHIA Ha Tepputopuu Boctouno-Kaszaxcranckol obmacty.
OHa BKIIFOYaeT OLIEHKY COBPEMEHHOTO cocTosiHus momysinmii Viburnum opulus L., ¢ kaptupoBannem apea-
noB B nporpammax ArcMap u ArcGis. [lano reoboranudeckoe, gurtoneHoTHIecKoe onmcanue. [IpoBeneHo
ommcanue GopM 1o 25 KOIHYECTBECHHBIM M Ka4E€CTBEHHBIM IIPU3HAKaM, HA OCHOBE Yero ObUIM MPOU3BEICHBI
oTOOp MepcrneKTHBHBIX (HOpM, cOOp CeMsH M KIOHHPOBAHHE 3€JCHBIMH uYepeHKamu. [Ipu pacrnpenesieHHn
pacTeHHi KaJMHBI [0 CTETIEHH IIBETEHHS, IUI0JOHOIICHNUS, JJIMHE ¥ AUaMETPY IUI0I0B JaHHBIE OBUTH Pa3OHUTHI
Ha KJIaCChl ¢ HAMMEHBLINMH, CPSIHUMH U HauOOJIBIIMMY 3HAYEHUAMH (IIATh IPYII), 0 MACCEe U KOJIMYECTBY
IUIO/IOB — Ha yeThIpe. banbHas cucTeMa NpUMEHEHa K CeMH IPU3HAKaM: 00lee COCTOSHUE PACTEHHH, 3UMO-
CTOHKOCTb, CTEIICHb LIBETCHUS U IUIOJIOHOIICHUS, OKpacka, BKYC, XapakTep OTpbIBA IIIOO0B. M3yueHue sH10-
TCHHON M3MEHYMBOCTH MOP(OIOrHYECKUX U XO3iHCTBEHHO-OMOIOTMYECKUX MPH3HAKOB TPOBEICHO B KPOHE
onHoi ocobu. ITocne n3ydeHus cpemHero mokasareisl NPH3HAKa W aMIUIUTYIBI €ro BapbUPOBAHMS IS OT-
JEeTBHBIX 0CO0eH Iepenu K W3y4YeHHI0 BHYTPHIIONMYIIIMOHHON mM3MeHunBocTH. [locie MaTemaTHueckon
00paboTKH 3aMoNHEHa aHKeTa Ha KaXJ0e PaCTEeHUE 110 BBIACICHHOH (opMe, UTO JacT BO3MOXKHOCTH JIydIle
NPEJICTaBUTh HcciieayeMyto GopMy U B OyaylieM H3ydaTh TEHOTHIIMYECKYIO U (pEeHOTHIHYECKYI0 M3MEHYH-
BOCTb. VICIIONIB30BaHKME HACTOSIIEH PEKOMEHAALNH B UCCIIEOBATENBCKONH paboTe MO3BOJIUT AaTh OLICHKY Ie-
HETHYECKOrO IMOTEHIMaNa BHIA, YPOBHS €ro BHYTPHBHIIOBOII M3MEHYMBOCTH, OTOOPATh IEPCIICKTHBHbIC

(hopmbL.

Knoueswvie crnosa. pacopoCTpaHCHUE, KOJIUYECTBCHHBIC IIPU3HAKU, CTCNICHb LIBETCHUSA, IJIOABI, OKpacka, nu3-
MCHYHUBOCTb.
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A study of the cenopopulations and ontogenetic structure of Adonis wolgensis
in the Akmola region

The article presents the results of study of six cenopopulations of rare medicinal plant Adonis wolgensis
Steven ex DC. (Ranunculaceae) in Akmola region of Northern Kazakhstan. Ecological-phytocenotic
characterization was given and ontogenetic structure of cenopopulations was studied. It is established that in
the studied region Adonis wolgensis grows among steppe grasses, in bushes, occasionally on forest edges and
on forest lawns. In general, the condition of the studied Adonis wolgensis cenopopulations is satisfactory.
Analysis of age spectra showed that cenopopulations not or slightly affected by anthropogenic impact are
characterized by a spectrum in which the absolute maximum falls on the age states of the pre-generative
period. In the four cenopopulations, a significant proportion of individuals are in the young generative state,
indicating their capacity for self-renewal. This ensures the stability of the species in the plant communities of
the study areas. The condition of two cenopopulations is assessed as degrading, and urgent measures are
needed to preserve them and restore their numbers. Cattle grazing in cenopopulations leads to a decrease in
plant viability and suppression of seed reproduction. To preserve the species it is necessary to limit grazing,
prohibit collection of raw materials, develop methods of cultivation in culture, organize reproduction of the
species in industrial volumes, and strengthen protection measures. The results obtained have provided new
information on the status of the species in Northern Kazakhstan and serve as a reliable basis for its further
conservation.

Keywords: Adonis, Flora of Kazakhstan, rare species, biodiversity conservation, Northern Kazakhstan, state
of cenopopulations.

Introduction

Preservation of rare and endangered species has become an integral part of the general problem of plant
world protection. In connection with the growth of anthropogenic impact on ecosystems, the rate of industri-
al development, a wide scale of economic development of new and new territories, leads to significant
changes in landscapes, disruption of primary biocenoses, reduction of biodiversity reserves. Especially acute
is the problem of preservation of steppe cenoses, the destruction and transformation of which leads to a de-
crease in species diversity, reduction in the range of typical steppe species, the formation of populations with
a disturbed structure. One of them is Adonis wolgensis Stevex DC. (Ranunculaceae family) is a steppe Pan-
nonian-Pontic-Transwolgian-Kazakhstan species, listed in the Red Data Book of Kazakhstan (2014) in the
category of rarity Ill, a declining species [1]. Populations of this species are decreasing in number due to in-
tensive action of a number of factors of anthropogenic origin: economic activity of enterprises and popula-
tion, plowing of steppe areas, grazing and trampling of habitats by cattle, mowing, as well as intensive its
harvesting as a medicinal raw material and collection of bouquets.

Significant imprint on the state of cenopopulations is also imposed by biological features of the species
— low germination of seeds due to the short period of ontogenesis, slow development of seedlings, narrow
range of ecological and cenotic conditions necessary for their germination, interspecific phytocenotic compe-
tition. The genus Adonis L. is represented by annual and perennial rhizomatous herbaceous plants, which
belong to the tribe Adonideae T. Duncan et Keener, subfamily Ranunculoideae, family Ranunculaceae Juss.
Duncan et Keener subfamily Ranunculoideae of the family Ranunculaceae Juss. [2, 3]. The genus includes
40-50 species [4], which are mainly distributed in the extratropical zones of Eurasia. About 30 species grow
in Southwest Asia, Europe, North Africa, and the Mediterranean region [5]. Seeds, leaves and roots of the
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genus Adonis are poisonous to humans. The plant has numerous stamens, linear filaments, and single-seeded
ovaries with permanent stigmas [6]. Plants of this genus have historically been traditionally used to for the
treatment of edema in many peoples of the former Soviet Union. Extracts were first introduced into medicine
as a cardiac stimulant in 1879 by the Russian physician N.O. Buhnov. Since then, species of this genus have
been of great interest to people [7]. The chemical composition of Adonis is similar to other species, all or-
gans of the plant contain the same glycosides [8], carbohydrates, coumarins, cardenolides, flavonoids, fatty
oil and are used in scientific medicine as a cardiotonic agent and as a potential substitute for Adonis vernalis
[9-11], are used similarly to A. vernalis, but have less pronounced therapeutic properties [9].

A. wolgensis is mainly found in southeastern Europe, Western Siberia and the far north of Central Asia
(the Aral-Caspian and Balkhash regions) habitats. This species is common in steppe communities, very
rarely in shrubs and on the edges of forests. The range of A. volgensis occurs in the Caucasian ecoregion and
is isolated. In this region, A. wolgensis has a disjunctive range, and is distributed in the northeast of Turkey,
in Armenia (Sevan and Aparan floristic regions), in the extreme southeast of Azerbaijan (Zuvand, Talysh), in
the north and northwest of Iran. The distribution of this species is limited to the above-mentioned territories.
A. wolgensis was found in Shida Kartli, Gori municipality [12]. On the territory of Kazakhstan it is found in
the following floristic areas: 1. Spurs of the Common Syrt, 2. Tobol-Ishim, 4. Semipalatinsk boron, 6.
Caspian lowland, 10. Western and 11. Eastern Shallow Soil, 11a. Kark, 22. Altai [13].

In the flora of Kazakhstan genus Adonis is represented by 8 taxa, of which 5 species grow on the
territory of the study region [13]. A.N. Kupriyanov in his abstract “Flora of the Kazakh shallow-slope
zone” [14] gives 4 species: Adonis parviflorus Fiscj., A. vernalis L., A. villosa Ledeb., A. wolgensis. In the
Adonis wolgensis Steven ex DC. conspectus it is indicated for Akmola region, vicinities of Katarkol
settlement and Ereimentau Mountains.

A. wolgensis Steven ex DC. belongs to sect. Adonanthe W.T. Wang, subsect. Amurenses (Poschkurl.)
M.H. Hoffm., is of great interest in systematic, biological and resource relations.

The aim of the work is to study the distribution and density of A. wolgensis populations in Akmola
region of Northern Kazakhstan, floristic characteristics and ontogenetic states of individuals.

Experimental

The work was carried out on the basis of expeditionary studies conducted in 2021-2022 in the steppe
areas of Akmola region. 6 populations of A. wolgensis were surveyed and described (Fig. 1).
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Figure 1. Map of studied population of A. wolgensis

The studies were carried out by detailed-route and cameral methods, geobotanical common methods
were used to describe the objects. Ontogenetic age states were carried out according to the method of
A. Rabotnov [15] and Smirnova [16]. The following classification of age groups was used to describe the age
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groups: seedlings, juvenile, immature, virgin, young generative, mature generative, old generative, and senile
individuals.

To study the ontogenetic structure and population size of A. wolgensis, plots with a high density of
flowering individuals were selected with an area of 1 m2. In each population, 15 study plots were established:
10 x 10 m (100 m?). A total of 90 plots were counted. Characterization of age states was used according to
A.P. Poshkurlat [4]. The ontogenetic spectrum was constructed according to the generally accepted method-
ology [15]. The type of cenopopulation was determined according to the classification of A.A. Uranov and
O.V. Smirnova [16, 17].

All plant names are given according to the Plants of the World Online directory (POWO 2022) [18].

In addition to the materials of field studies, we used literature and materials from herbarium collec-
tions (AA) of the Institute of Botany and Phytointroduction and Astana Botanical Garden (Nur). Data on the
distribution of A. wolgensis are fragmentary [19], special studies of the structure of cenopopulations (CP) of
this region have not been conducted before.

Distribution map of A. wolgensis was obtained by ArcMap program.

Results and discussion

The geographical, ecological and phytocenotic features of habitats, population characteristics and pa-
rameters of individuals were studied. Age composition was determined, total population size was calculated.
As a result of floristic studies it was established that the cenoflora of A.wolgensis includes 119 species be-
longing to 28 families and 75 genera.

A. wolgensis is a perennial herbaceous, beautifully flowering plant, 5-25 cm tall, a species with a
shrinking range. It grows among steppe grasses, in bushes, occasionally on forest edges and on forest lawns.

This plant has pale yellow flowers, oblong, narrow, narrowed at the ends, sometimes weakly toothed, 1-
1.5 cm long and 0.5-1 cm wide; however, smaller than those of Adonis vernalis, 15-30 cm tall at the begin-
ning of flowering, lengthening to 30-40 cm after flowering. The rhizome is erect, short, thick, with lace-like
brownish-black roots. Stems solitary, with spreading branches; entire plant spreading-hairy, lower leaves
brown, scaly, subsequent stem leaves twice pinnate, sessile, with 2 shortened lobes at the base; flowers 3.5-
4.5 cm in diameter, petals 17-20 mm long and 6-7 mm wide; bracts globular or ovoid, sometimes drooping;
fruits numerous, rounded, vaguely wrinkled, 3-4 mm long, ovoid, slightly wrinkled, pubescent, spout small,
hooked downwardly bent. Nuts slightly wrinkled, hairy, about 4 mm long. The species blooms in late March-
April, fruits in May-June [13]. It grows along the edges of birch forests and in mountain steppes (Fig. 2).

Figure 2. Period of flowering of A. wolgensis in the surrounding of village of Enbek, Akmola region

A. wolgensis is easier to cultivate than A. vernalis. Propagation is seed and vegetative — by rhizomes. In
culture it blooms 6-8 years after sowing seeds, in separated years it gives self-seeding.
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In nature grows singly or in small groups, natural reserves of the plant are quickly depleted. Obviously,
in such a situation, studies of the peculiarities of biology, ecology and state of populations of this species in
natural conditions are extremely important. Availability of such information is necessary for organization of
works on preservation and increase of the number of its individuals and populations in the territories of their
natural growth.

One of the most important features characterizing the state of a cenopopulation is ontogenetic struc-
ture [20], which is one of the existing features of a population. The side of structural organization provides
the ability of a population system to self-maintenance and determines its sustainability. The analysis of the
ontogenetic structure of plants provides insight into the future fate of species populations [21, 22].

Life cycle duration and reproductive characteristics are the main indicators of the ontogenetic state of a
species. The ratio of the number of individuals of different age states allows determining the viability of ce-
nopopulations. The biological peculiarities of the species under study include short period and average seed
germination. Assessment of the vital state of A. wolgensis cenopopulations showed that plants in cenopopu-
lations are flowering and fruiting. Adults for this species have an optimal height of the aboveground part [23,
24].

Below a characterization of A. wolgensis cenopopopulations (CP) is given.

1 CP was surveyed along the Astana — Shuchinsk highway in the vicinity of Yenbek village, Akmola
region. Site coordinates — 51°52'46" N, 71°00'46" E, altitude 309 m above sea level (Fig. 1). A. wolgensis is a
part of steppe-grass-grass communities. The dominant species in the phytocenosis are Festuca valesiaca,
Stipa pennata, Limonium gmelinii. Steppe xerophytic species often occur in the community: Artemisia cam-
pestris, A. glauca, A. sericea, Glycyrrhiza glabra, Agropyron pectinatum, Galium verum. Total projective
coverage is 85%. Saline steppe chernozem soils.

Juvenile sprouts were absent in the cenopopulation, which is probably connected with sodden grass
cover, as the vegetation cover was dominated by species of the Poaceae family. Species of this family pre-
vent seed germination due to high density of rhizomes.

2 CP was surveyed in the vicinity of Krasny Gornyak village, Akmola region. Site coordinates —
52°08'43" N, 70°58'16" E, altitude 395 m above sea level (Fig. 1). The species is a member of shrub-grass-
grass communities. The dominant species in the phytocenosis are Stipa capillata, Spiraea hypericifolia,
Festuca valesiaca, Poa transbaicalica. Among minor species Achillea millefolium, Potentilla virgata, Allium
lineare, Artemisia sericea, Phlomoides tuberosa, Galium verum, Fragaria viridis. Cenopopulations are sub-
jected to anthropogenic impact in the form of cattle grazing. Adonis population is degrading, as young spec-
imens and seedlings are damaged and die due to trampling by cattle. The total projective cover is 65%.

3 CP was surveyed in the vicinity of the village. Zeleniy Bor, Burabay district, Akmola region. Site co-
ordinates — 53°08'34" N, 70°22'38" E, altitude 313 m above sea level (Fig. 1). The A. wolgensis population is
a part of steppe-grass-grass communities. The community is dominated by the following species: Stipa capil-
lata, S. zalesskii, Festuca valesiaca, Pulsatilla flavescens. Xeropetrophytic species often occur in the com-
munity: Carex humilis, Potentilla virgata, P. bifurca, Alyssum desertorum, Orostachys spinosa, Artemisia
glauca, Thymus pulegioides subsp. pannonicus, Antennaria dioica. The total projective coverage is 55%.
Populations of A. wolgensis occur in the form of microphytocenoses of 500-700 m?, mainly on gentle slopes
of hills or on tops. Participation of A. wolgensis in the herbage is 25-40%, the largest number of adult gen-
erative individuals is present, almost all of them flowered this summer and formed fruits (only 1.8 % were
temporarily non-flowering), no sub-senile and senile plants were found. In 40 % of plants shoots branched
up to the third order. Juvenile plants accounted for 15.5 %. No seedlings were found.

4 CP was carried out on the territory of SNPP “Burabai” in Zolotoborskylesnichestvo, quarter 4, Bura-
bai district, Akmola region. Coordinates — 53°03'18.9 "N, 70°30'48.2 "E, altitude 399 m above sea level (Fig.
1). The species is a part of mixed grass sparse birch colony forests and intercolumnar steppe areas. The tree
stand is formed by Betula pendula with insignificant inclusion of Populus tremula. The herbaceous layer is
dominated by mesoxerophytic grasses: Calamagrostis epigeios, Festuca valesiaca, Poa pratensis, Elymus
repens. Among herbs Artemisia sericea, Filipendula vulgaris, Inula salicina, Fragaria vesca, Thalictrum
simplex, Phlomoides tuberosa, Rubus saxatilis, Lathyrus pratensis, Vicia cracca, Geranium pratense, Allium
obliquumare frequently met. A. wolgensis is scattered over the territory of the population, renewal is satisfac-
tory. The cenopopulation contains the largest number of adult generative and juvenile individuals.

5 CP was surveyed in the territory of SNPP “Burabai” in Mirnylesnichestvo, in the vicinity of Kordon
Vesely, sq. 87, Burabai district, Akmola region. Coordinates — 53°03'06" N, 70°26'12" E, height 376 m above
sea level (Fig. 1). The species is a part of pine-birch herbaceous forests. The tree stand is formed by Betula
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pendula and Pinus sylvestris. The herbaceous tier is relatively species-poor, dominated by xeromesophytic
vegetation — Calamagrostis epigeios, Equisetum sylvaticum, Pyrola rotundifolia, Poa nemoralis, Rubus sax-
atilis, Geranium pretense, Melica nutans, Orthilia secunda, Phlomoides tuberosa. Adonis population of nor-
mal type, seed renewal is noted.

A high number of adult generative individuals were observed in the cenopopulation, the presence of ju-
venile and mature generative ontogenetic states indicates mature, established and stable populations.

6 CP was surveyed in the vicinity of Korgalzhin village along the Astana — Korgalzhin highway in Ak-
mola region. Nur-Sultan — Korgalzhin village, in Akmola region. Coordinates — 50°50'03" N, 70°19'28" E,
height 343 m above sea level (Fig. 1). The species is a part of grass-stipa-wormwood steppes (Stipa sarillata,
S. zalesskii, Festuca valesiaca, Artemisia glauca, A. frigida, A. commutata). The community often contains
xerophytes such as: Achillea millefolium, Galium verum, Pulsatilla uralensis, Eryngium planum, Artemisia
sericea, Potentilla virgata, Ranunculus repens. The relief of the site is leveled, soils are steppe chernozems.
The population is of normal type, good seed renewal is observed, the number of young individuals varies
within 3-6 pcs/m?,

A high number of adult generative individuals were observed in the cenopopulation, which indicates the
ecological plasticity of the cenopopulation. The presence of juvenile and mature generative ontogenetic
states indicates maturity, formation and stability. In the floristic environment of A. wolgensis there are the
following rare and protected plants of Akmola region: Iris sibirica, Tulipa schrenkii.

As a result of analyzing the age composition of the effective size of the studied cenopopopulations of
A. wolgensis, it was noted that most of them are full-members, as evidenced by the presence of juvenile indi-
viduals, with small deviations of CPs belong to normal. The exception is CP1 and CP2 located in a depres-
sion along the highway on saline soils, where we noted incomplete CPs associated with a small number of
senile individuals. A large number of young vegetative individuals was noted. We managed to identify seed-
lings only in CP 2.

Conclusion

Thus, the condition of the studied 6 cenopopulations of A.wolgensis was studied. They are in satisfacto-
ry condition, which is provided by vegetative and seed reproduction methods. The cenopopulations not or
slightly affected by anthropogenic impact are characterized by the ontogenetic spectrum, in which the abso-
lute maximum falls on the age states of the pre-generative period. In terms of vitality, they are medium thriv-
ing and are not located in a protected area. Grazing in cenopopulations leads to a decrease in plant vitality,
suppression of seed reproduction.

Ontogenetically, CPs are close and mainly centered on young generative individuals, indicating that
they are capable of self-renewal, are mature or transitional in mature. The evaluation of the gene pool status
of the studied CPs of A. wolgensis is satisfactory. They are depressed with a medium degree of depression.
The populations need urgent measures for their conservation and population recovery. It is necessary to pro-
hibit the collection of raw materials, develop methods of cultivation in culture, organize reproduction of the
species in commercial quantities, and strengthen protection measures in the places where the species grows.

In the long term, it is necessary to continue monitoring of price populations and careful counting of in-
dividuals of this species in order to develop and improve measures aimed at ensuring the conservation, pro-
tection and reproduction of this red-listed species.
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H.b. A6y6akuposa, A.Jl. PycremoBa

AKMoJ1a 00ibIchI GoiibiHIa Adonis wolgensis meHomonyasiiuAJIaAPbIH JKIHE
OHTOT€HETHKAJIBIK KYPbLIBIMBIH 3€PTTEY

Maxkanana Conryctik Kazakcranna, oHbIH immiHAe AKMola OONBICHIHIA CHPEK KE3IECETiH JOPUTIK OCIMIIK
Adonis volgensis Steven ex DC. (Ranunculaceae) antbl EHOMOMYJISALMACHIH 3epTTEy HOTHKENepi KenTipin-
reH. OCIMAIKKe IKOIOTHSIBIK-(QUTOLICHO3/IBIK CUMAaTTaMa OEpiireH KoHe IIEHOMOMY ISIIUsIapIbIH OHTOTeHe-
THKAIIBIK KYPBUIBIMBI 3epTTeNreH. 3eprrenerin aiimakra Adonis volgensis manansik menrecid ecimaikrepe,
OyTasbl Kepiepae, Keiiie opMaH JKHUETIHAC dKOHE OPMaH KerajlaapblHIa eCeTiHi aHBIKTaIIbl. JKammbl 3epT-
teared Adonis wolgensis reHomomy SIUsTapbIHBIH JKaFaaibl KaHaraTTaHapiblk. JKac crekTpiiepin Tanmay
KOPCETKEH/IeH, aHTPOTIOTEH/IIK dCepre YIIbIpaMaiThIH HeMece a3 YIIbIParaH IEHOMOMYJISIHSIAP CIIEKTPMEH
CHIATTaNaJbl, OHJa aOCONIOTTI MaKCUMyM MpPEreHepaTHUBTI KE3EHHIH JKac KarJaiiapblHa COWKeC Kelei.
TepT neHONOMYIAHSIA JapaKTapAblH enoyip OeJiri jkac TeHepaTuBTI Kyhae 60ajpl, OYI1 OJapabiH ©31H-031
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KaJIIIbIHA KeJTipy KaOUIeTTiliriH KkepceTeni. by 3epTrenerin aymakTapAblH ©CIMIIKTEp KaybIMIACTBIFBIHIA
TYPAiH TYPAKTHIIBIFbIH KAMTaMachl3 eTeli. Exi 1eHOnonmy LU HbIH JKaFiaibl AerpaJalusulblK Jen OaraiaH-
FaH, OJIap/ibl CaKTay JKOHE OJIAp/IbIH CaHbIH KaJIIbIHA KENTipy YIIiH LIYFbUI lIapajap Kaobuigay Kaxet. L{eHo-
HOMyJISIMsUIApAa Mall XKalo eCiMAIK TIpHIUITiHIH TOMEHAEYiHe JKoHe TYKBIMHBIH KOOCIOiHIH Te)XelIyiHe aKe-
neni. Typal cakray YOIiH Mail KaloAbl IIEKTey, IMUKi3aT )XKMHAayFa THIMBIM cally, ©CIHJIHI ecipy omicTepiH
a3ipIiey, TYpAIH OHEpKACINTIK KejeMae KoOeloiH YHbIMIAcTIpy, KOpFay IapaiapblH KYIIEHTy KakeT. AJbIH-
raH HoTmkenep Contycrik Kasakcranmars! TypaiH aif-Ky#i Typaisl jkaHa MOJIIMETTep allyFa MYMKIHZIK Oe-
peli )koHe OHBI OJIaH Opi CaKTall, iCKe XKaparyra 00omabl.

Kinm ce3zdep: Adonis wolgensis, eHOmomy IsIusl, OHTOTCHETHKAIBIK KYPBUTBIM, CHPEK, AKMOJIa OOJIBICHI.

M.XK. XKymaryn, C.K. MyxrtybaeBa, C.A. Kyoentaes, K.C. 36actuHa,
H.b. AGy6akupoBa, A.Jl. PyctemoBa

N3yveHue neHONMONYJISIIHIi 1 OHTOTeHEeTHYECKOi cTpyKTYypbl Adonis wolgensis B
AKMOJINHCKOH 00J1acTH

B cTaThe MpeacTaBIeHBI Pe3yIbTAThl H3YUCHUSI MECTH ICHOMOMY/ISALMI PEAKOrO JEKapCTBEHHOTO PACTECHHUS
Adonis wolgensis Steven ex. DC. (Ranunculaceae) 8 Akmonunckoit o6iactu Ceseproro Kaszaxcrana. JlaHa
9KOJIOTO-(PUTOLEHOTHIECKAsT XapaKTePUCTHKA, H W3YYeHAa OHTOTCHETHYECKast CTPYKTypa IIEHOIOIYIISLIHIA.
VYceraHoBieHo, 4To B HccienyeMoM perrone Adonis wolgensis mpouspacter cpean CTEMHOro pa3HOTPaBbs, B
3apOCIAX KYCTAPHUKOB, H3PEKA 0 OITyIIKaM JIECOB U HA JIECHBIX JIy)KalikaX. B 1enom, coctosHue n3ydeH-
HBIX HeHonomysuuii Adonis wolgensis yanoBieTBopuTensHOE. AHAIN3 BO3PACTHBIX CIEKTPOB MOKA3al, YTO
[EHOMOMYIISIIHM, HE TOABEPrarOIIHecs: WK ClIab0 MOIBEPTaoNIHeCs aHTPOTIOTEHHOMY BO3JIEHCTBHIO, Xapak-
TEPU3YIOTCSI CIEKTPOM, B KOTOPOM aOCONIOTHBIM MakCHMyM MPHUXOAUTCS HAa BO3PACTHBIC COCTOSHUS Mpere-
HEPaTHBHOTO MepHoa. B geThlpex HEeHOMOMy SIIUIX 3HAYUTENbHAS YaCTh 0CO0el HAXOIUTCS B MOJIOIOM Te-
HEPaTHBHOM COCTOSTHHH, YTO yKa3bIBa€T HA MX CHOCOOHOCTh K CAMOBO300HOBIEHHIO. JTO 00ECTIeunBaeT CTa-
OWIBHOCT BHIa B PACTHTEIBHBIX COOOIIECTBAX MCCIEAYyeMBIX TeppuTopuil. COCTOSIHHE ABYX LEHOIOIMYIIS-
Ui OIEHUBAETCS KakK JETPaJUpyIoIIee, OHU HYKIAIOTCS B MPUHATHH CPOYHBIX MED 110 MX COXPAHEHHIO H
BOCCTaHOBJIEHUIO YHCIEHHOCTH. BBIMAc CKOTa B NEHOMOMYJISAIMIX MPUBOJUT K CHUKEHUIO JKH3HEHHOCTH
pacTeHuii U MOJABICHUIO CEMEHHOTO Pa3MHOXKeHUs. [l coXpaHeHHs BUa HEOOXOUMO OTPAHAUYUTH BBITAC
CKOTa, 3allpETHTh COOP CHIPhsI, pa3paboTaTh METOIBI BRIPAIMBAHKA B KYJIbTYPE, OPraHM30BaTh BOCIPOU3BOI-
CTBO BHJa B IPOMBIIUIEHHBIX 00BEMaX, YCHIIUTh MEPBI OXPaHbl. [[oyueHHbIe PE3YIBTATHI TTO3BOIMIH MOITY-
YNTH HOBBIE CBEAEHHs O cocrosiHn Buaa B CeBepHoM Kazaxcrane W ciyXar HaJeKHOM OCHOBOM s €ro
JTaIbHENIIIEr0 COXpaHeH!s.

Knroueswie cnosa: Adonis, dopa Kaszaxcrana, peakuii Bui, coxpaHnenue 6uopasHooOpasus, CeBepHbiii Ka-
3aXCTaH, COCTOSHUE IICHOTIOMYJIALIHIA.
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dapMaKkorHOCTHYECKOE HccaenoBaHue chIpbsi Nepeta pannonica

DapMaKOrHOCTHYECKUH aHAIIN3 JICKaPCTBEHHOT'O PACTUTEIIBHOTO CHIPbS SBILSIETCS BAXKHBIM 3TAallOM BBECHHS
BU/Ia B OHUIHATBHOE UCTIONB30BaHNEe. OOBEKTOM HCCIeTOBaHUS SBSUTICH Hag3eMHbIe opranbl Nepeta pan-
nonica (cemeiictBo Lamiaceae), a1 KOTOPOTrO BBIMOJIHEH MAKPO- ¥ MHKPOCKOITMYECKHii ananus. Onpeene-
HBI CJICYIOLINE TMArHOCTUYECKHE TIPU3HAKH HAa MaKPOCKOIIMYECKOM YPOBHE: JILCT — ¢(opma JIMCTOBO# mita-
CTHUHKH, TUII XXMJIKOBAHUS; CTe0eIb — THIl BETBJIEHHS Io0era, OKpacka, CyIpOTHBHOE PACHOIOKECHHE JINCTh-
eB, caboe OIYIIEHNE; COLBETHE — DPACIHOJIOKEHHUE L[BETKOB; Yallleyka IBeTka — (opMa 3yOLOB, THI OIy-
IIEHMsI, MelIKasi peOpPHCTOCTh; BEHUNK IBeTKa — (opMa M pa3Mepbl, okpacka. B kauecTBe MHKpocKomnye-
CKHMX HPH3HAKOB CBHIPBS ONpeAeNeHbl (JopMa KIETOK SIUIepMUCa BEpXHEH U HIDKHEH CTOPOH, y4acTKOB Haj
JKUJIKAMH; TUALUTHBIC YCTHHIIA, HATMYNE MEJIKMX MHOTOKJICTOUHBIX TPUXOM U KPYITHBIX 3()HPHOMACITHYHBIX
JKENE30K B CTPOCHHUM JIUCTA, CTEOIs], YaIlleYKN M BEHYHKa L[BETKA; pa3ielieHne Me30(hulIa Ha CTOI0YaTyio 1
ry6uaryio TKaHH Ha OIEPEYHOM Cpe3e JICTA.

Knroueswie cnosa: Nepeta pannonica, GapMakorHO3usI, pACTHTEIBHOE CHIPhE, MAKPO- B MUKPOCKOTIHYECKHI
aHaNN3, IUarHOCTHYECKUE MPU3HAKN.

Beeoenue

Pon xorosHuk (Nepeta L.) orHocutcst k cemeiictBy Lamiaceae Lindl. (Labiatae) [1], pactenust koTopo-
'O IIPE/ICTABIISIIOT MHTEPEC B KAUECTBE HCTOYHUKOB JIEKAPCTBEHHBIX MPENapaToB.

Pon Nepeta L. nacuuteiBaer 6onee 250 Bu0B, u3 KoTophix B Kazaxcrane nmpouspacraer 16 HanMeHoO-
Banmii. [IpencraButeny naHHOTO poja 00JIaAal0T AHTHOKCHJIAHTHBIMH, MPOTHBOCYJOPOKHBIMU, TOHU3UPY-
IOLIVMH, >KapPOTIOHIDKAIOIIMMHY, TPOTHBOKAIIEBBIMH, CEIaTUBHBIMU, IPOTUBOACTMATHUYECKUMH, CHAa3MOJIH-
TUYECKUMH U IPOTUBOBOCTIANIUTENLHBIMH CBOMcTBamH [2, 3]. dapmakoiornieckasi akTHBHOCTb OOBSICHSIETCS
coJiep)KaHUEM B COCTaBE pa3HbIX IPYII OMOJOTHUECKUX COSAMHEHHH, KaK CTEPOU/IbI, OpraHUYeCKHe KHCIIO-
Thl, 3(UpHOE Maciio, TyOUIbHbIE BelIeCTBa, (IaBOHOMIBI, BUTaMUHBI M upugouasl [4—8]. Takxe B cocras
Pa3NUYHBIX 3KCTPAKTOB HEKOTOPBHIX BHIOB KOTOBHHKA BXOIAT (peHoNmponaHouasl. Hanpumep, xmoporeno-
Basi, pO3MapHUHOBAs M XMHHAs KUCIOTHl OKa3aJIMCh HauboJiee pacrpoCTpaHEHHBIMU coelMHeHnsIMU. Kpome
TOT0, OBUTH WACHTUPHUIIMPOBAHBI KeMIIDEpol, #-KyMapoBasi KUCJIOTa, alliTeHNH, JIIOTEOJINH U paMHETHH [9],
a¢upHoe macio [10].

Korosuuk Benrepckuii (Nepeta pannonica L., curonum N. nuda L.) — MHoOroJeTHEee TpaBSHUCTOE pac-
terne BbicoToi 50—120 cM. PacTeHne mOCTATOYHO pacIpoCTpaHEHO Ha TeppPUTOpPUU EBpa3uu, B TOM YHCIIE
IMpOKo npouspactaet U B LlenTpansHom Kazaxcrane.

KoroBHuK BeHrepckuil nmpumeHsieTcst B HapoaHoi MeaunuHe [10], ogHako MMeeT MepCreKTUBBI BKIIIO-
yeHus: B [ocynapctBennyro apmakoneto Pecnyonuku Kazaxcran, uto TpeOyer npoBenieHus hapMakorHo-
CTHYECKOT0 aHaJIn3a.
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CDapMaKorHocmquKoe nccnenosaHue...

L[CJ'IB Halero UCCICAOBaHNA — MPOBECTHU aHAIIM3 MAKPO- U MUKPOCKOIMNYCCKHUX IOKa3aTelIe KOTOB-
HHUKa BEHI'CPCKOT'0 U BBISIBUTH JUATHOCTHYCCKUEC TPU3HAKU PACTCHUS.

Mamepuanvt u Mmemoowt

OOBEKTOM HCCIIeIOBaHKs SBISUIMCh HAJ3eMHBbIC YacTH (JIMCThs, conBetust U moberu) N. pannonica.
Jauublii BUI coOpaH B a3y 1BeteHusi, mecto coopa — Crnacckue conku (Kaparanmuackas o0yiacts), nara
— 2-as nexana wrons 2021 r. (puc. 1).

Pucynoxk 1. Nepeta pannonica B dase mserenust (Criacckue COTKH)

Ilpu ananmuse Mopdoisoruyeckux Mokasareneil HCCiefoBaad OCOOCHHOCTU POCTa, BHEIIHErO BHIA,
CTPYKTYpPHBI IIOBEPXHOCTH, I[BeTa MOOETroB, JIUCTHEB, cOUBETHH 1 1BETKOB [11]. OOpasiel chipbs paccMaTpH-
Bayu ¢ nmomokko Digital Microscope Levenhuk DTX 30.

[Ipu BBIOTHEHWU aHATOMHYECKOTO HCCIIEAOBAHUS CyXHe 00pa3lbl HAA3EMHBIX OPTaHOB Pa3MaylBalIH
B ropsiueii BoJe W pa3Msrdyaid B CMECH TIHIEPHH—CIUPT—BOAa JUCTWILIMPOBAHHAS B cOOTHomeHuu 1:1:1
(peaxtuB Lltpayca—@nemunra) [12, 13]. MsroraBiuBain MOBEpXHOCTHBIC MpeNapaThl U CPe3bl BPYUHYIO.
MukpodoTorpaduu BEINOIHSUIM Ha CKaHUPYoleM Mukpockone BioMed B mporpamme Altami Studio, npu
paznuuHoM yBenunueHun. O0paboTky doTorpaduii BemonHsM B iporpamme Paint 10.1.

[Ipu onucanny MOpPQOIOTUH U AaHATOMHYECKOT'O CTPOEHHS MCIOJIb30BANM MPUHLMIIBL, W3I0KEHHbBIE B
tpyaax B.H. Bexosa, JL.W. JlotoBoii u Hopmarusax ®apmakonen Pecryonuku Kazaxcran [14-16].

Pezynomamot u ux oocysxcoenue

Mopgonocuueckuii ananuz. s onpenenenus ocobenHoctn crpoenust Nepeta pannonica mamu mpo-
aHAJM3UPOBAaHBl TOKA3aTeNIM HAJA3EMHBIX OPraHOB M COCTaBJIEHO COOTBETCTBYOIIEE MOPQOIOrHIecKoe
omnucanue (tabum. 1).

Tadnuma 1

Mopdosoruueckne nokasarejiu Haa3eMHbIX opraHos Nepeta pannonica

Ilokazareaun Onucanne
TloGern TIpsimocTosiiiiie, B BEpXHEH BETBUCTHIC H XOPOIIIO OJHCTBEHHBIC, B HIDKHEH YacTH — roibie. [[BeT
CBETJIO-3CIICHBIN B HIXKHEH U Cpe/IHel YacTH moOeroB. B BepXHel 4acTh ¢ CUPEHEBBIMU HITH (HHUOJIETO-
BBIMH peOpamu. JINCThs Ha CTEOJIC PACTIONOKEHBI CYITPOTUBHO

OnyeHue noberos [ToGeru rosple Ha BCeM NPOTSKEHUH
JIuctes dopma y3KOIUTUIITHYECKAsI, BEPXYIIKA 3a0CTPEHHAs], OCHOBaHUE KIIMHOBHIHOE, Kpail — MeJKko3yOua-
THI{, JKHJIKOBAHUE CETYATOE, )KUIIKUA XOPOIIO MPOCMATPUBAIOTCS C HIDKHEH CTOPOHBL
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IIpomomxenue Taduuiusl 1
CrpykTypa BepxHeit BepxHsist cTOpOHA JIMCTa HIEPOXOBATasi, C HESICHBIMU XKUIKaMH, BEPXHHUE JIUCThSI 3€JICHbIC, HIDKHUE —
CTOPOHBI JINCTA (uoseToBO-3€IeHEIe

CTpyKTypa HUKHEH HwxHss cropoHa cBeTsI0-3€51€Hast, )KUIKU XOPOLIO BBIPa)KEHBI, THIT XKUJIKOBaHUSI — ceT4athli. [1o
CTOPOHBI JINCTA BCel TTOBEPXHOCTH PaBHOMEPHO pa30pocaHbl MHOTOUHCIEHHbIE TOUEUHBIE KETe3KU

dopma conBeTust CouseTust BepXylIeuHble, y3KOMeTeNb4aThle, IBETKHU 10 3—6 coOpaHbl B MyTOBKH, JUIMHA OT 15 1o 40
50) cM. Ha comBeTnu pa3MenieHsl MeITKHIE IIHI0OBH/IHbIE IPUIBETHBIC JIHCTHS

Yamreuka Yameyka KOPOTKO OMYIICHHAs, 4—6 MM JUIMHOM, paJraibHO-CUMMETPHYHAS, 3yOIIbI KOPOTKHE,
mioBuAHbIe. [I0BEepXHOCTh — MeNKo-peOpucTas. L[BeT yamieukn cCHapyXu — 3€JIeHBIH; pedpa u
3yOILIbI YalIeYKH — (PHOJICTOBO-OKPAIICHHBIC. 3YOIIbI YalICYKH MOYTH TOJIbIC, OCHOBAHUE U CPEITHSIS
4acTh — T'YCTO-OITyIICHHBIE OSIIBIMU BOJIOCKAMH, IPEUMYILECTBEHHO BIOJIb KIJIOK

Benuuk Benurk BABOE UIMHHEE Yalieuku, 8—9 MM JUTHHOH, 6JieTHO-(HOIETOBBIN MK PO30BATHIN

Takum 00pa3oM, TUATHOCTHYSCKHMH MTPH3HAKAMH Ha MaKPOCKOITUYECKOM YPOBHE OMpECTICHbI ClIeTy-
rorue: hopMa M OKpacka cTedlis, CTpOeHHe JIcTa (BEpXHSS U HDKHSS CTOPOHBI, THIT )KHIIKOBaHUS), popma
COIIBETHS, CTPOCHHE U IIBET YAIlICYKH M BEHYHKA [IBETKA.

Anamomuyeckuti ananuz. Knetku BepXHEro v HIDKHETo snuaepmuca smcta N. pannonica okpyriion win
OBAJIBHOUM (OPMBI C CHIIBHO-M3BWIIMCTHIMUA CTEHKaMU (puC. 2); Haj KUIKAMU JINCTA — MPSIMOYTOIbHBIC U
ymanuHeHHble (puc. 3). YCThHIIa MEJKUE, AUAIUTHOTO TUIA, BCTPEYAIOTCS ¢ 00CHX CTOPOH JIMCTOBOW Iia-
CTHHBI, HO TPEUMYIIECTBEHHO ¢ HWXHEH cTopoHbl. [1o Bcell moBepXHOCTH pa3OpocaHbl MHOTOUYUCIICHHBIC
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KpYITHBIE 3(QHUPHO-MACINYHBIE JKeJIE3KU, OKPYTIIOH (HOpMBI, JIe)KaT HA YPOBHE MUAEPMBI JIUCTA. TpUXOMBI
penKue, ONHOKIJIETOYHbIE, HAOIIOAAI0TCS 110 KPalo JIUCTOBOM ILIACTHHBI.

1 — ycrbuia; 2 — OCHOBHBIC KIETKH 1 — s¢upHO-MaCIUYHEIE KETEIKN 1 — TpuxomsI
SMHAEpMHUca
A b B

Pucynok 2. Bepxunii srmpepmuc nmucta Nepeta pannonica. V. 16x40: 4 — ¢GparMeHT ¢ OCHOBHBIMH KJIETKaMH JIIU-
JepMHUCa H YCTBHIBI, 5 — (pparMeHT ¢ 3(pUPHO-MACIHIHBIMH JKelIe3KaMH; B — (GparMeHT Kpas JIUCTa C IPOCTBIMH TPH-
XOMaMH

1— Bq)HpHO-MaCHI/I‘IHLIe JKCJIC3KH, 2— yCThUIIA, 3 — OCHOBHBIC KJICTKH 3IIUACpPMHUCA, 4 — TPUXOMBI

Pucynok 3. Hikuuit snunepmuc nucta Nepeta pannonica. Vs. 16x40

Ha momepeunom cpese qmct N.pannonica miockuit, A0p30-BeHTpajbHOTO Thma (puc. 4), ¢ sACHO-
BBIPQ)KEHHBIM JIeJIEHHEM Me30(HiuIa Ha MaNUCaaHyIo U ryouaryio TkaHu. C 00erx CTOPOH JIMCT OKpYKeH 1-
CIIOMHBIM SMHMIACPMHCOM, KJIETKM KOTOPOTrO OBaJBbHOM (POPMBI C YTOJNIIEHHBIMH Hapy>KHBIMH CTEHKAMH.
Croi04aThiii ME30(HILII COCTOUT U3 1—2 CIIOEB KJICTOK.

[IpoBoasmuii My4oK KOJJIATepaabHOTO THUIA, 3aKPBITHIA, COCTOUT U3 TsDKa KCHIIEMBI U TsKa (DIOIMBEIL.
Han rnaBHOH KUIKOM pacnojIOXKeH Y4YacTOK KOJUIEHXHMMBI (OPHEHTHPOBAaH HAa HIKHIOIO CTOPOHY JIMCTA).
Xopo1Io NpocMaTPUBAIOTCS PEAKHE IPOCThIE TPUXOMBI U 3(QUPHO-MACITUYHBIE JKEJIC3KH.

1 — komieHxMMa,; 2 — HWKHUH anuaepMuc; 3 — TpuxoMmbl; 4 — ry6uaTelil Me30huiut; 5 — BepxHUii
snuaepmuc; 6 — cronbuaTeiii Me30GuIuT; 7 — HEHTPAIbHBIN TPOBOAANININ MyYOK

Pucynox 4. ITonepeunsrit cpes sucta Nepeta pannonica. Vs. 16x10
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Crebenb N. pannonica Ha monepevHoM cpe3e IPsIMOYTOJIbHO-JIONACTHBIN (puUC. 5), my4ykoBoro Tumna. 1o
HepuMeTpy cTeOJis pacmoyioxkeHa 1-cioifHas smuaepMa ¢ yTONIIEHHBIMH 00O0JOoYKaMu KieTok. [lox smwm-
JIepMOi1 3aJIeTafoT yYaCTKH XJIOPEHXHUMBI, TIPEPHIBAIOIINECS HaJ peOpaMy KPYIHBIMH YIaCTKaMHU YT OJIKOBOH
KOJUIEHXUMOM. Mexay MpoBoAsIIe 30HBI U XJIOPEHXUMOM 3aieraetr KopoBas napeHxuma. [Iposogsmas 30-
Ha OTpaHWYeHa OAHOCIONHON sHAoAepMoi. [lydkn KommaTepanpHble, 3aKppiToro Tuna. Habmromarores myd-
KM 2-X TUIIOB: B yIJIaX — KPYIHbIC IIUPOKOSIMLIEBUIHBIE ITyYKH, MEXIY YIIIaMU — MEJKHE U OKPYIJIble. Xo0-
POLIO BBIpa)KEHBI LIENOYKH KCHIEMBI. B 1IeHTpe cTebenb 3alodHeH PHIXJIBIME KIeTKaMH CepALCBUHHON ma-
PEHXVMBI.

1 — cepaueBnHHAS TapeHXUMa; 2 — KcuieMa; 3,4 — ¢mosma; 5 — sHmoxepma; 6 — XJIOpeHXuMa;
7 — yroakoBas KOJUICHXMMa; 8 — amuaepMuc

Pucynok 5. [Tonepeunsiii cpe3 credist Nepeta pannonica. ¥YB. 16x10: A — o0l monepeuHsiii cpe3; b — ¢pparment
MOTNIEpEeYHOro cpe3a

Ha noBepxHOCTHOM Mpenapate Jariedku iBetka N. pannonica ocHOBHbIC KJIETKH NPSMOYTOJIbHOI (pHcC.
6) BEITSHYTOH (hOPMBI CO CIA0OM3BUIIMCTHIMHE CTEHKaMHU. XOPOILO MPOCMATPUBAIOTCS IPOCTHIE X MHOTOKJIE-
TOYHBIE TPUXOMBI U KPYyTIHBIE 3()UPHO-MACIUYHBIC JKENE3KH, OKPYTJIONH (OPMBI.

1 — ocHOBHBIE KJIETKH SIHUIEPMBI; 2 — TPUXOMBI; 1 — Tpuxomsl; 2 — 3(UPHOMACIUYHBIE KETIE3KH
3 — 3¢dupHOMACITNYHBIE JKETE3KH

Pucynok 6. IloBepXHOCTHBIN SNMAEPMUC Yalleuku LBeTKa PucyHok 7. [loBepXHOCTHBIN 31UAepMUC BEHUMKA LIBETKA
Nepeta pannonica. YB. 16x40 Nepeta pannonica. VB. 16x40

Ha moBepxHOCTH mpenapaTa BeH4YrKa 11BeTka N. pannonica oCHOBHBIC KJIETKHU MPSIMOYTOJIbHON (OpPMBI
(puc. 7) ¢ TOHKUMH CTEHKaMHu. XOPOILIO IPOCMaTPUBAIOTCS PEAKHE MPOCTHIE TPUXOMBI M OKPYTJIbIE 3(pHUPHO-
MAaCIHYHBIE JKENE3KH.

MUKpPOCKOITMYECKHE MTPU3HAKHU CHIPhSi KOTOBHUKA ObLTH 00001IEeHBI B Ta0IUIIE 2.
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Tabnuma 2

MukpockonnuecKue MoKaareu HaJ3eMHbIX opranos Nepeta pannonica

[okazarenn Omnmcanne

Bepxuuii snunepmuc aucta OKpyTI0H WIIH OBAIBHON ()OPMBI C CHITBHO-U3BHIIUCTHIMU CTCHKAMHU

Hwxuuit snuaepmuc nucra OKpyTII0¥ MITH OBANBHOM (DOPMBI C CHIIPHO-M3BIITUCTEIME CTCHKAMU;
HaJI XKIJIKAMH JIFICTAa — MPSIMOYTOJIbHBIC U Y UIMHCHHEIC

Tun ycTeuly, JJoOKaIH3aIus Mernkue, THAIUTHOTO THIIA

D¢upo-mMacTuIHbIE KEIE3KH JITH- [To Bceit moBepXHOCTH pPa30pOCAHBI MHOTOYHCICHHBIE KPYITHBIE

JiepMuca JHcTa 3(UpHO-MaCITUIHBIC )KEJIEe3KH, OKPYTIION POPMEI, JIeKaT HAa YPOBHE
SIHIEPMBI JIHCTa

Tpuxomsl TpuxoMsl pegkue, OMHOKIETOUYHBIC, HAOMIOJAI0TCS M0 KParo JIHCTO-
BOM IJIACTHHBI

Tum arcTa HAa TIONIEPEYHOM Cpe3e JIuct mnockuid, TOP30-BEHTPAIBHOTO THIA, HO C SICHO-BBIPAKCHHBIM
JiefieHreM Me30(riia Ha TaJTHcaHylo M IyOUaTyro TKaH|

Yamreuka mBeTka KrneTku snmiepMel BEITIHYTEIE, CO CIa00-M3BUCIUCTEIME CTCHKAMH,

T10 TIOBEPXHOCTH Pa30pOCaHbl PEeJKHEe, MEJIKUE MHOTOKJIETOYHBIE TPH-
XOMBI M KPYIIHBIE 3(UPHO-MACIUUHbBIE KEIEC3KH

Benuunk OBCTKa Knetku IpAMOYTOJIBHBIC, C TOHKUMHU CTCHKAaMHU, I10 IMOBEPXHOCTHU
OTMEYCHBI PCAKHC IMTPOCTHIC OJHOKIICTOYHBIC TPUXOMBI 1 OKPYTJIBIC
3(pUpPHO-MaCIUYHBIE XKeJIe3KH. MHOTOKIeTOUHbIe BOJIOCKHU pa3Melle-
HBI 10 KPar0 BEHYHKa

Dopma crebiist Ha monepeyHoM cpese | IIpsMOYyrosibHO-JIONACTHOM, TYYKOBOT'O THIIA

Tun npoBoasied CUCTEMBI KonnarepansHoro tuma, 3aKpbIThIi, MyYKH IBYX TUIIOB — KPYITHBIE,
MEIIKHE

AHanu3 NOJy4YeHHBIX JAaHHBIX MO3BOJISIET ONPEAETUTh CIEAYIOUINe MUKPOCKONUYECKHE TUarHOCTHYe-
CKHE IpU3HAKHU: (OpMa U CTPOECHHUE KJIETOK SMHUAEPMHUCA JIUCTA U YALIETMCTHUKA, CTETICHb U BBIPA)KEHHOCTD
oIymeHus, popMa 1 pacHoNoKeHHe FIPUPHO-MACTUIHBIX KEJIE30K, CTPOCHHUE JIMCTa U CTeOJIsl Ha Monepey-
HOM cpese.

Raxnrouenue

ITo uToram McciaeI0BaHU ONPEACICHbI MAKPO- U MUKPOCKOMYECKHE MPU3HAKH chipbsi N. pannonica:

s nucma: MakpoCKONMYECKHe NMpH3HAKH: (OopMa JHMCTOBOM IUIACTHHKH, BEPXYIIKH, OCHOBAHHUS U
Kpasi, 0oJiee BEIpaKEHHBIE KUK C HU)KHEH CTOPOHBI JICTa. MUKPOCKOITMYECKUE PU3HAKK: OpMa KIIETOK
SMHUIACPMHUCA, U3BHIMCTOCTh CTEHOK, YCThHUIIA AWALMTHOIO TUIA, KPYIHBIE 3()MPHOMACIUYHbIC JKEIEe3KH U
penKHe TPUXOMBI.

Hns cmebna: dopma pocta ctelis, BETBICHHE IPEUMYILIECTBEHHO B BEPXHEH YacTH, IIBET, CYIPOTHBHOE
pacHONIOKEHNE JTUCThEB. MUKPOCKOIIMYECKHE MpH3HAKU: (opMa cTeOs Ha MOMEPEYHOM cpese, CTPOSHHE
IIy4KOB 2-X TUIIOB.

Hns coysemua: MakpoCKONMYECKUE IPU3HAKH: TUI COLBETUS, 0COOEHHOCTH PACHOJIOKEHUS 1IBETKOB U
MIPHUIIBETHBIX JIUCTHEB B COI[BETHH.

Lna yaweuxu yeemxa. MaKpOCKOIIMUYECKHE MPU3HAKK: (OopMa Yalleykd U 3yOI0B Yalleykd, TUI OIy-
LIEHUS] — MPEUMYILIECTBEHHO 110 pedpaM, OKpackKa, HaJlMuue MeJKUX peOpbliiek Ha noBepxHocTH. LIBer va-
IIEYKU CHapYKU — 3eJIeHBIN; pedpa u 3yOlbl yamedykun — (UOJIETOBO-OKpalleHHbIe. MHUKPOCKOYECKHE
MPU3HAKU: KIJIETKH SIUAECPMBI BBITSHYTBIE, CO CJIa00-U3BUCIUCTBIME CTEHKaMH, IO TMOBEPXHOCTU (hopma
KJIETOK 3IUAEPMHUCA, HAINYNE MEIKUX MHOTOKJIETOYHBIX TPUXOM M KPYITHBIX 3(UPHOMACITUYHBIX KEJIE30K.

Hns eenuuka yeemka:. MaKpOCKOIMYECKUE MPHU3HAKU: (OpMa U pa3Mepbl BEHUHMKa, BET — OJeqHO-
(broneToBBIN WM Po30BaThIil. MUKPOCKOTMYECKHE TPU3HAKH: (JOpMa KIIETOK SMHUAECPMICA, HAJHMYWe IMPO-
CTBIX OAHOKJIETOYHBIX TPUXOM Ha IMOBEPXHOCTH W MHOT'OKJIETOUHBIX — I10 Kparo, HaJIM4YHe KPYIHBIX dPup-
HOMACITUYHBIX JKEJIe30K.

Jlannas paboma Oviia GbINOIHEHA 8 pAMKAX eparmogo2o npoekma Komumema nayxu Munucmepcmea
Hayku u evicuie2o oopazosanus Pecnyonuxu Kazaxcman AP1677164 «Paspabomka Hogvix xocmeyegmuuec-
KUX Cpeocme aHmuoKCUOAHMHO20 0eUCmBUsl HAd OCHO8E OMeYeCMBEHHO20 PACMUMENbHO20 cblpbsay Ha 2023—
2025 ze.
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I'.K. KypmanTaeBa, M.}O. MmmyparoBa

Nepeta pannonica mmkizaTbiH GapMaKOrHOCTHKAIBIK 3€PTTEy

Jopinik eciMIOiKk MHKi3aTHIH (papMaKOTHOCTHKAIBIK TalAay TYpAl PECMH KOJIJaHyFa €HTI3yIiH MAaHBI3MbI
Ke3eHi. 3epTTey HbICAHBI MaKpO- KOHE MUKPOCKOMHUSUIBIK Tajmay >kypriziiredH Nepeta pannonica (Lamiaceae
TYKBIMZACHI) XKepycTi Mymienepi. MakpoCKONMSUIBIK AeHrelae Keleci IMarHOCTUKAJIBIK Oenrinep aHbIKTall-
JIBL: JKaIIBIpaK — JKarbIpaK alaKaHBIHbIH MillTiHI, XKYHKeNIeHy Typi; cabak — epKeHHIH TapMakTaly TYpi, Tyci,
JKanbIpaKTapAbIH KapaMa—Kapchl OpHANACYbI, JICI3 TYKTUIIK; TYJIMIOFBIPBI — TYJJEp/iH OpHalIacysl; I'yJ TO-
CTaFaHIIAChl — TICTEPIHIH MilliHi, XKacyla Typi, KIIKeHTai KBIPJBL;, T'YJI KeCcTeci — IiIIiHI MEH MeJIIepi,
Tyci. HIuKi3aTTHIH MUKPOCKOIHISIIBIK OeNriiepi peTiHe >KOFapFbl )KOHE TOMEHT] )KaKTapIbIH SITHIECPMHUC JKa-
CyIIANapbIHBIH MillliHi, TAIIBIK aiiMaKTaphl aHBIKTAIIBl; THANWTTI CaHBUIAYJIAp, JKANBIPAKTHIH, CaOaKTHIH,
TOCTaFaHIIAHbIH JKOHE TYJILIOFBIPBIHBIH KYPBUIBIMBIHIA YCAaK KeIl jKacyllasibl TpUxoMmanap MeH ipi adup
Maifbl Oe3nepiHiH OO0IybI; JKaNbIPaKTHIH KOJACHEH KAMAachlHAa Me30(IIIiH OaraHaibl )KoHE KeyeK Topi3i
TiHgepre GemiHyi.

Kinm co30ep: Nepeta pannonica, hapMakorHO3us, 6CIMIIK HIMKi3aThl, MaKPO-KOHE MHKPOCKOIHSIIBIK Tall-
Jay, IMarHOCTHKANBIK Oelriiep.
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¢>apM3KorHocmquKoe ncecnegoBaHue...

G.K. Kurmantayeva, M.Yu. Ishmuratova
Pharmacognostic analysis of plant material of Nepeta pannonica

Pharmacognostic analysis of medicinal plant raw materials is an important stage of introducing the species in-
to official use. The object of the study was the above-ground organs of Nepeta pannonica (family Lamiace-
ae), for which macro- and microscopic analysis was performed. The following diagnostic characters were de-
termined at the macroscopic level: leaf — shape of leaf lamina, type of veining; stem — type of shoot
branching, coloration, sub-rotative arrangement of leaves, weak pubescence; inflorescence — arrangement of
flowers; flower calyx — shape of teeth, type of pubescence, fine ribbing; flower corolla — shape and size,
coloration. The shape of epidermis cells of the upper and lower sides, areas above the veins; diacytic stomata,
presence of small multicellular trichomes and large essential oil glands in the structure of leaf, stem, calyx
and flower corolla; division of mesophyll into columnar and spongy tissues on the transverse section of the
leaf were determined as microscopic features of the raw material.

Keywords: Nepeta pannonica, pharmacognosy, plant raw material, macro- and microscopic analysis, diagnos-
tic signs.
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Po3mapuHoBasi kucjora u3 Salvia stepposa u ee aHTHPaIUKAJbHAsI AKTHBHOCTD

Pacrenus pona [landeii (Salvia L., cemeiictBo Lamiaceae) Bkiouator 700 BUIOB, KOTOPBIE IHPOKO TPUME-
HSIOTCS B HAPOIHOH MEIMIMHE MHOTHX CTpaH Kak JICKapCTBEHHOE chIpbe. B Hacrosmiee Bpems B I'ocynap-
cTBeHHYI0 (apmakoneo Pecrybmuku Kaszaxcran srmouen Tonsko Ilandeit nexapcreennsiii (Salvia
officinalis L.), omxako B ecrecTBeHHbIX ycnoBusix LleHTpansHoro Kasaxcrana 3ToT BHA He mpou3pacraet. B
KauyecTBE 3aMEIIaloIero pacrenus Hamu npemioxer landeit crenHoit (Salvia stepposa Des.-Shost.), mu-
POKO pacIpocTpaHeHHBIH Ha Tepputopnu PecryOmmku KasaxcraH, MMeIOmuUiicss 3HAUNTENbHBIE CHIPHEBBIS
pecypchl U 00IaIAIOIINH CPAaBHUTEIBHO BHIPAKECHHBIMI aHTUMHUKPOOHBIMH, IPOTHBOBOCIIAIUTEIILHBIMH, aH-
THOKCHJAHTHBIMH CBOMCTBaMH 3a CYET Ma)KOPHOTO KOMIIOHEHTa B CBOEM COCTaBe (eHMIITIPONaHOUIa pO3Ma-
PHMHOBOH KHCIOTBI. DKCTPAKLHUs CBHIPbs BIIEPBBIC IPOBE/ICHA Pa3IMYHBIMM METOJAMH C HCIIOJNB30BAHHEM
YJBTPa3ByKOBOWH KaBHUTAILMM, MHKPOBOJHOBOW OKCTPAKIMH ¥ MAalEpaldd C MCIOJIb30BAHHEM BOJIHO-
3TaHOJBHBIX pacTBOpoB. Metogom BOXKX nposeneHo ompezneneHue coaepxkaHus po3MapuHOBOM KUCIOTHI B
CYXUX IKCTpaKTax Iandes CTeHOro. MaKkCHMAaNbHBIA BEIXOJ AKCTPAKTOB OTMEUCH IPH MUKPOBOJIHOBOH K-
crpakuun 40 %-HBIM TWIIOBBIM ciMpTOM. J[JIs mocneyromel cranaapTH3aK JEKapCTBEHHBIX CPECTB Ha
OCHOBe Mmangest CTEHOr0 HaMH ObLT BBIJETIEH U UICHTH(OUINPOBAH OCHOBHON KOMIIOHEHT — PO3MapHHOBAs
KHUCJIOTa, KOTOpast 00J1a1aeT aHTHPAAUKAIbHOW aKTHBHOCTBIO.

Kniouesvie cnosa: mandett, heHmwmponanon, po3MapuHoBas kuciora, BOXX, antupannkansHas akTHB-
HOCTB.

Beeoenue

DeHnIIPOnaHou Il — NPUPOIHBIE APOMATHUECKUE COSIMHEHNS (PEHOIBHOTO XapaKTepa, ConeprKalie
B CTPYKTyp€ OJuH min Heckobko C6—C3 ¢dparmMeHTOB. DEeHMITTPONIaHOW B! BBIICTICHBI B OTACIBHBINA KIIACC
MPUPOAHBIX XUMHUYECKHX COCITUHEHUH CPaBHUTEIHHO HEJAABHO. YUMTHIBAs IIHMPOKOE pacrpocTpaHeHue de-
HWINPONIAHOUTHBIX COEIMHEHUI B PACTEHHUAX, UX HEOOXOIMMO M3YUUTh KaK BEeIyIIHE IPYMIIbl COeINHEHNI
C TIO3MIMH TOJIyYEeHHUs JIeKapCTBEHHBIX cpelAcTB. Po3MaprHOBasl KMCIOTa NpeACTaBIsieT co0oil GpeHumpo-
MaHOU/I, paCTIPOCTPAHEHHBIM BO MHOTHX BU/IaX BBICIIMX PACTEHHH.

HecmoTps Ha pazHOOOpa3ue COBpEeMEHHBIX MPUHIMIIOB CO3/IaHMUs JIEKAPCTBEHHBIX CPEJICTB, TTOUCK Tep-
CIEKTHBHBIX COCIMHEHHUH CPEAN BEIIECTB PACTHTENILHOTO MPOUCXOKACHUS MIPOAOIIKAET OCTaBATHCS OJJHUM
M3 OCHOBOIIOJIATAKOIIUX TIPU pa3paboTKe BHICOKOIP(PEKTUBHBIX U OE30MACHBIX JICUeOHO-TIPOPUITAKTHUECKUX
npemnapaToB. B Hacrosiee BpeMsi (heHUINPONAHOUIHBIE COSINHEHNsI PACTCHUH paccMaTpUBAIOTCS Kak HO-
BBIH KJIacC HU3KOMOJIEKYJISIPHBIX BEIIECTB.

DeHUIIPONaHOU bl SABJISIIOTCS MEPCIEKTUBHBIM HCTOYHUKOM aJalTOT€HHbBIX, TOHU3UPYIOLUINX, UMMY-
HOMOJYJIHPYIOIINX, TeMaTONPOTEKTOPHBIX M aHTHOKCHUAAHTHBIX JIEKApCTBEHHBIX cpeAcTB. dDenunmnponanon-
nsl BBeZieHsl mpo¢. B.A. KypkuneiM B papMakorHo3uio Kak CaMOCTOSITEIbHbIN KilacCc OMOJIOrMYEeCKH aKTUB-
HBIX COEIMHEHUH C TOYKHM 3peHUs (PU3MKO-XMMHUYECKHX, XUMUYECKHX CBOMCTB, OMOCHHTE3a, cieKTpa (dap-
MaKOJIOTHYECKOH aKTMBHOCTH B 1992 rojy, 4To HalLIO OTpakEHHE B XUMHYECKOW KIacCUUKAIMU JIeKap-
CTBEHHBIX PAacTeHHH, a Takke B yueOHHke «DPapmakornosus» [1-4]. Takxe B.A. Kypkun — cozgarens 20
HOBBIX JICKAPCTBEHHBIX CPEICTB HA OCHOBE (PEHMINMPONAHOMIHOTO CBHIPbS SXHMHALEU MyPIypHOH, POIUOIBI
PO30BOIA, pAaCTOPOMIIIH MSITHUCTOM, MEJIMCCHI JICKAPCTBEHHOM, CHPEHU 00BIKHOBEHHOM | p. [5-13].

DeHWIPONaHOK ] PO3MapPUHOBAs KMCIIOTA MPEACTABISIET COO0H CI0XKHBIN 3(hUp KOPEHHON KUCIOTHI U
3,4-1uruIpoKCUPEHNIMOIOYHON KUCIOTHI, KOTOpasi 0OBIYHO NPOAYLUPYETCs] HEKOTOPBIMH apOMaTHUECKH-
MH M JIEKapCTBEHHBIMH PAaCTCHUSIMH, NPHHAUISKAIIMMHA K pasHbIM ceMmelcTBam, Hampumep, Lamiaceae,
Boraginaceae, Apiaceae [14]. Coenunenne 005agaeT MHOKECTBEHHBIMH OHOJIOTMYECKHMH 3()(EKTaMH,
Cpeau KOTOPBIX aHTHOKCUAAHTHBIA, MEMOPAHOTPOITHBIN, PaINO3aIIUTHBINA U MPOTHBOBOCTIANUTENBHEIHN [15].
Panee ckpuHMHT pacTeHMi Ha coiepikaHhe (PEeHWIPONaHOUIHBIX COSAMHEHHH W uX BblaeneHue B Kazax-
CTaHe He TMPOBOUINCE.
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Po3mapuHoBas kucnota us Salvia...

[andet cremHol SBISCTCS HOBBIM WCTOYHUKOB JJISL BBIJICICHUS PO3MAPHUHOBON KHCIIOTHI, KOTOpas
MIPEeCTaBISIET HHTEpEC T (papMaIlii M MEIUIIMHBI KaK BEIIECTBO CO CPAaBHUTEIHHO BHICOKOW MPOTHBOBOC-
MaJUTENbHON, AaHTHOKCUIAHTHOM, MPOTUBOBUPYCHOM, aHTUT€PIETUUYECKON, aHTHAJIIEPTUYECKOM, MPOTHBO-
OIYXOJIEBOM aKTUBHOCTSMU IIPU HU3KOH TOKCUYHOCTH.

Mamepuanvt u memoowvt

JNukopacryiiee pactenue ¢utopsl Kasaxcrana Salvia stepposa Des.-Schost (Ilandeit crenHoit) codbpano
B OKCIEIWIIMOHHBIX Bble3aax mo Kaparanaunckoit oonactu, PecmyOnuka Kasaxcran, koopaunatet c6opa (N
49,88898; E 73,15569) B (haze OyroHM3aImu U 1IBeTeHUS B Utoje—asrycre 2023 roaa.

TonkocnoiHas xpomarorpadus OblIa BBITTOIHEHA B cOOTBeTCTBUH ¢ I'®D PK, 1. 1, 2.2.27. C ucnoms30-
BaaueM iactuH «Copodmn [ITCX-AD-A-YDy», mmuHa BoaHbl YO 366 HM, cHcTeMa pacTBOPUTENIEH XJ10-
podopmM—MeTaHoI-BOAa, 26:14:3.

Ananmu3 noaudeHONBHBIX COeTMHEHHH AKCTPAKTOB MPOBOIIIIN C HCIIOIB30BAaHUEM BBICOKOA((EKTHB-
HOM XuaKocTHOHM xpomatorpadun (BOXKX) B couetannu ¢ ympTpaduoneToBeiM aetekTopoM (YD) u Tan-
JIEMHO# Macc-crieKTpomerpueii B peaibHoM Bpemenu (ESI-MS/MS).

AHanu3 BBINONHSIA Ha KUAKOCTHOM Xxpomarorpade «Agilent 1260 Infinity HPLC system» (Agilent
Technologies, CIIIA), o6opynoBanHOM dYeTblpexkaHanbHBIM HacocoM G1311C 1260 Pump VL, aBrocam-
wiepom G1329B 1260 ALS, tepmocTtarom kosonku G1316A 1260 TCC; nerekTopoMm ¢ epeMeHHON ATUHON
BostHbl G1314C 1260 VWD VL + u macc-ciekrpomerpom G6130A Quadrupole LC-MS/MS. Hcnomns3oBa-
nock mporpammHoe obecniedeHre ChemStation ¢ ynpasieanem Windows NT.

Crektpsr SIMP 3ammceiBanmu Ha cnexktpomerpax «Bruker DRX-600» (pabouas wactora — 600.30 Ml
s tH).

OmpeneneHue aHTUPAIUKATBHON aKTUBHOCTH (manmee — APA) po3mMapHHOBO# KHCIOTHI TTPOBOIMIIN
METO/IOM MHTHOMpOBaHUs peakuuu 2,2-nmudennn-1-nukpunruapasmwipagukaia (DPPH). 0,1 mn crimproBo-
ro pacTBOpa PO3MapHHOBOM KHUCIOTHI B Auana3oHe koHieHntpamnuii 0,25; 0,5; 0,75 u 1,0 mr/mn gobasisuiu
K 3 M1 6x10°M pacrtBopa paavkana. OJHUM U3 yCIOBUH YCIIEIIHOIO IPOBEAEHHUS DKCIIEPUMEHTA ABIISETCS
NPOBECHUE PEAKIUU B TEMHOTE, B CBSI3U C BhIpaxkeHHOU APA po3MapuHOBON KUCIOTHI. JJis NpPOJIOHTHU-
pOBaHHSA BPEMEHH NPOTEKAHHS PEAKIMH MPOOMPKHU IJs HEeHTpH(YrHpOBaHUS TOMEIIAIOTCS B IITATHB,
KOTOPBIM NMPEIBAPUTEIBHO 3aBOPAUYNBACTCS B YEPHBIN MONUATWIECH IS CO3JaHUS TEMHOTHl PEAKLIMOHHOM
cmecu. [locne mepeMeImnBanus pacTBOPHI OCTABISIN B TEMHOTE Ha 30 MHH, ayiee U3MEpsUTd ONTHYECKYIO
IUIOTHOCTH pacTBopoB mpu 520 uM. 3nauenus APA (%) onpenensimu o gpopmyine (1):

APA=ArAvA0x 100 (%), (1)

rae Ao—3HadeHHe ONTHYECKOM IOTHOCTH KOHTPOIBHOM MPOObI; At — BEIMYMHA ONTUYECKOM TIIOTHO-
CTH TIPH ONPE/ICICHHON KOHIICHTPAIMU UCCIIeyeMOro pacTBopa. B kadecTBe cTaHgapTa UCHOJIB30BaIH Oy-
tunruapokcuanmson (BHA).

Peszynomamer u ux obcyscoenue

Panee HaMu yCTaHOBJIEHO, YTO BOJHO-3TaHOJBHBIC AKCTPAKTHI Manes CTENHOro o01ajaloT pa3ind-
HBIM CIIEKTPOM OHMOJIOIMYECKOW aKTMBHOCTH M Ha MX OCHOBE pa3paldoTaHbl TaOJETKW AJISl paccachlBaHUS
[16]. DKcTpakius ChIpbsl BIEPBBIE MPOBEACHA PA3IMYHBIMU METOAAMH C HCIOJb30BAHHEM YJIBTPa3BYKO-
BOIl KaBUTAalM{, MHKPOBOJHOBOM 3KCTPakUUMM M MalEpaluyd C HCIOJb30BAHHEM BOIHO-3TAHOJIBHBIX
PacTBOpPOB.

Metogom BIXX mpoeneHo ompejpencHre po3MapHHOBOW KHCIOTBI B CYXHMX JKCTpakTax Imandes
CTEMHOTO0, TOJYYE€HHBIX Pa3IMYHBIMM METOJIaMH, U IIyTEM CPAaBHEHHS BPEMEHU €€ yJep KHBaHHUs CO CTaH-
JapTOM PO3MapUHOBON KUCIIOTHI. MaKCUMaJIbHBIH BBIXOJ SKCTPAKTOB OTMEUEH NPH MUKPOBOJIHOBOW 3KC-
tpakunu 40%-HBIM 3THIIOBBIM CITUPTOM. Pe3yibTaTsl mpuBeAeHBI B Tabnwmie 1.

Jis1 MaKCUMaJbHOTO BBIICTICHUST (DEHIIIPOTIAHOWIa PO3MAPHHOBOM KUCIIOTHI HEOOXOAUMO MPOBOIUTH
Marepanuio HaazeMHol yactu manges: crenHoro 40%-ueiM 3THI0BEIM ciupToM. AHanu3 BOXKX nannbix
SKCTPAKTOB IOKa3aJl, YTO IKCTPAKT Iandes CTEMHOro, NOJIy4YEeHHBIH Mauepanuei, nmeer Oonbliee coaep-
YKaHNe PO3MApPHUHOBOM KHUCIIOTHI CPEAH IMPENCTaBICHHBIX 3KCTPAKTOB M cocTaBisieT 6,14 % B mepecuere Ha
Maccy 9KCTPaKTa.

Janee npoBoAMIN BIAEICHHE PO3MAPUHOBON KHCIIOTHI aHAJIOTUYHO CIIOCO0Y €€ MOJIyYeHHs] U3 TPaBhl
mandest MmyroBuatoro [17], HO B JaHHOM MAaTEHTE ChIPhE MPEIBAPUTEIHHO 3KCTparupoBanoch70 %-HbiM
STHJIOBBIM CIUPTOM. Hamu mosydeH roToBelii mpoayKT ¢ BeixogoM 0,5 % 0T Macchl BO3IyIIHO-CYXOTO ChI-
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AK. NeBas, . A. AtaxaHoBa 1 gp.

pbsi. BelIeneHHYI0 KPHCTAUIMYECKYI0 PO3MApHUHOBYIO KHCIOTY JAajiee HUACHTHUOUIHUPYIOT aHAJTUTHYECKUM
anam3oM TCX B cucTeme pacTBoputenell XiIopodopM—MeTaHon—Bona, 26:14:3. PozmapuHoBas kuciora
IpOSBIIETCS HAa XpoMaTorpamMme B Y D-cBeTe NpH [UTMHE BOJIHBI B 366 HM B BH/I€ OJJHOTO JTOMHHHUPYIOIIETO
ApKo-roiryooro ¢iyopecuupyroero nsarHa, Benuunsa Ricocrasiser 0,5. [lomydyeHHas po3MapuHOBas KUc-
J0Ta UMeeT (PU3NKO-XUMHUYECKHE U CIIEKTPabHbIE XapaKTePUCTUKH, COOTBETCTBYIONINE WHIUBHIYAILHOMY
COETMHEHHIO.

Tab6auma 1

Copep:xaHue po3MapHHOBON KHCJIOTBI B CyXHX IKCTPAKTAX Majades CTENHOro,
MOJIy4YeHHBIX PA3JIMYHBIMU MEeTOAAMH

Ne Bpewms ynepxuBanus HanmMeHnoBaHue skcTpakra KonunuectBenHoe

n/m PO3MapHHOBON KHUCIIOTHI conepxanue, %
OKCTpakT mandes CTEIHOTo, ITOJTYYSHHOT0 Malepari-

1 17.070 KCTp ¢ ya uepar 6,140,230
et 40%-HBIM YTHIOBBIM CIIHPTOM
OKcTpakT mandes CTEHOTO, MOTYYeHHOTO MHKPOBOJI-

2 17.070 P (e crem yd P 6,0920,176
HOBOI1 SkcTpakuueil 40%-HbIM 3THIOBBIM CIIHPTOM
OKCTpakT mandes CTEIHOro, MOIYYSHHOTO yIbTpa-

3 17.070 p ¢ » oy YIBTIP 5,530,089

3ByKOBOM kaBuTanuei 40%-HbIM STUIOBBIM CHHUPTOM

Boinenennass po3MapuHOBasi KUCJIOTa IPEINCTABISIET CBETJIO-XKENTOE aMOpP(HOE BEIIECTBO COCTaBa
Ci18H160s. tHNMR (DMSO-d6, 600 MI'w, J, T'n): 7.02 (x, 2.0 T'n, H-2), 6.73 (x, 8.1 T'u, H-5), 6.92 (ax, 8.2
I'u, 2.1 ', H-6), 7.35 (1, 15.9 T'n, H-7), 6.16 (1, 15.9 I'n, H-8), 6.65 (1, 2.1 I'u, H-2"), 6.58 (x, 8.0 I'u, H-
5%), 6.47 (nx, 8.0 I'y, 2.0 ', H-6), 2.73 (am, 14.4 I'n, 10.1 I'u, H-7°), 2.99 (an, 14.4 'y, 3.1 I'u, H-7"), 4.81
(mm, 10.0 I';, 3.1 I'm, H-8”).

[IpoBenena onenka APA BbiieneHHOM po3MapuHOBOH KUCIOTHI. MccnenoBanue ciocoOHOCTH po3Ma-
PUHOBOI KHCJIOTHI YJIaBJIMBATh PaJuKajbl ObIJIO KOJHUYECTBEHHO OLCHEHO MyTEM ONpEIesICHUs PEaKIHOH-
HoM cniocoOHOocTH panukana DPPH ¢ posmapunoBoit kucnoroit npu 520 aM. J[aHHBIE 110 IPOLIEHTY WHIHU-
OoupoBanus cBoOoHBIX paarkanoB DPPH npencrasiens! B Tabnuie 2 U Ha pUCYHKE.

TaGnuma 2

[pouent nHrudupoBanHus cBo0OAHBIX pagukaioB DPPH po3mapunoBoii kuciaoroii u BHA

Konnenrparus Wurnduposanue WNurnbuposanue cranmapTa
pacTBopa, Mr/mi PO3MapHUHOBOM KHCIIOTOMH, %0 BHA, %
0,25 32,76 80,7
0,5 68,96 80,3
0,75 88,01 80,5
1 89,45 80,7

0.2% 05 0,75 A

8 APA possapiion ol Kounome - APARHA
PucyHok. AHTHpaanKaJIbHAs aKTUBHOCTh PO3MAPHHOBON KHCIOTH U cTanaapTa BHA
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Wurubuposanne DPPH po3mapuHOBoii KucioToit konedanocs ot 32,76% no 89,45% npu KOHIEHTpa-
nusax ot 0,25mr/mia 1o 1 mr/mi. Beicokoit APA o0jamaeT po3MaprHOBasi KMCIOTa P KOoHIeHTpausax 0,75
Mr/mit u 1 Mr/Mi1, IPOIIEHT yaajeHusl CBOOOIHBIX paaukanoB coctasiseT 88,01 % u 89,45 % coorBeTcTBEH-
HO. APA po3mMaprHOBOW KHCIIOTHI 3HAYUTEIBHO MPEBOCXOAUT CTaHIAPTHEIN oOpasenr BHA B Tex ke koH-
HEHTPAIHUAX, YTO CBUJICTEIHCTBYET O BBICOKOW aHTUPAIUKAITBHOW CIIOCOOHOCTH.

Baxnouenue

Po3mapuHoOBas kucnoTa mpeAcTasisieT coboil mpupoaHoe GeHONbHOE coennHEeHne, o0nagarmee MHO-
TUMH OHOJIOTHYECKUMHU CBOWCTBaMU, TaKMMHU Kak WHruOupoBanue BIU—1, mpoTHBOOITyXO0JIEBBIM U TIPOTH-
BOBOCIAIUTEIBHBIM JeHCTBHEM. B JaHHOM CTaThe IpeaIoKeHO BEIIEIEHHE PO3MapUHOBOM KUCIOTH 13 Sal-
via stepposa, mpoBezieHa OLIEHKA e aHTHPaguKaIbHON akTHBHOCTH B oTHoIrennn DPPH panukana. Mcxoms
Y3 JUTEPATYPHBIX JAHHBIX, PAHEE BBIICICHUE PO3MAPHUHOBOM KUCIIOTHI U3 IIajdes CTEIMHOro, Mpou3pacTa-
rotero Ha Tepputopun Pecniyonmku KasaxcraH, He TpoBOIMIIOCH.

YcTaHOBIEHO, 9TO BBIJENIEHHAs PO3MapHHOBAs KUCIIOTa UMeEeT (PU3NKO-XUMHYECKHE U CTIEKTpaIbHEIE
XapaKTEPUCTUKH, CXOXKKE C WHAMBHUIYATLHBIM BEIISCTBOM, a TaKKe 00JIaaeT BhICOKOH aHTHPaIUKaIbHOU
AKTUBHOCTBIO B KOHIeHTparwsix 0,75 mr/mi u 1 mr/mi.

llannas paboma 6Ovina 6vINOIHEHA 8 paMKax spanmoeozo npoekma AP1677164 «Paspabomka Hosbix
KOCMeYe8mu4eckux cpeocme aHmuoKCUOAHMHO20 OelCmEUs. Ha OCHO8e OmMe4ecmBeHHO20 PACMUMEeNIbHO20
coipba Ha 2023-2025 22.», sbioannoeo Komumemom nayku Munucmepcmea HayKu u 8vicuieco 00pazo8anus.
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S1L.K. JleBas, I'.A. AtaxanoBa, C.A. UBacenko, A.O. CanueBa, M.K. Cmaryios

Salvia stepposa po3sMapuH KbIIIKbLIbI sKdHE OHbIH AHTHPAIMKAIbI 0eJICeH TiIiri

langeit TykpiMaace ecimaikrepinin (Salvia L., Lamiaceae tyksimaacer) 700 Typi Gap, oiap KemnrereH ei-
JIepAiH XaJblK MEAMLMHACBIHAA IOPUTIK IIMKi3aT peTiHae KeHiHeH KonmaHbutansl. Kasipri yakeirta Kazax-
cran PecriyOnukachiHblH MemiekeTTik (apmakonesicbiHa Tek emzik mandeit (Salvia officinalis L.) enrisin-
reH, Oipak Oy Typ OpTtansik KasakcTaHHBIH TaOuFH karqalibiHga ecneiiai. bi3 amMmacTeIpaThIH ©ciMIIK pe-
tinne Kasakcran PecryOnnkachIHEIH ayMarbIHAa KEHIHEH TapaliFaH, ailTapiblKTai IMKi3aT pecypcTapsl 6ap
JKOHE KypaMbIHAA (EHWIPONAHOUATH PO3MapHH KBHIIIKBUIBIHEIH HETi3Ti KOMIIOHEHTI ece0iHeH CalbICTBIp-
MaJlbl TypAe alKbIH MHKPOOKaKapchl, KaObIHyFaKapchl, aHTUOKCUAAHTTHIK KacueTTepi Oap nana mandeiin
(Salvia stepposa Des.-Shost.) yciHIbIK. [IIHKIi3aTTBl 3KCTPAKIHMSIIAY AFALI PET YIbTPAIBIOBICTHIK KaBUTa-
LMSTHBI, MUKPOTOJIKBIH/IBI 3KCTPAKIMSHBI J)KOHE CYJIBI-3TAHOJ ePITiHALICPIH HaiiataHbll, MaKkepalusHbl KOJ-
JTaHy apKbUIBI OpTYPJIi omicrepMer xyprizingi. XKOCX oxiciMen nana mandeliHiH KyprakK dKCTpaKIMAIaFbl
PO3MapHH KBINIKBUIBIHBIH KYPaMbl aHBIKTAIIBL. ODKCTPAKTTEPIH MAaKCHMAJIBl IIBFBIMBI MUKPOTOJIKBIHIIBI
akcTpakimana 40% stun cnuprinae Oaitkananel. Jlana mandeiinig Heri3iHaeri TopiliK 3aTTapabl KeiHiHHeH
CTaHIapTTay YIIH 0i3 aHTHpaIuKaIAbl OCICEHAITIKKE e HEeri3ri KOMIOHEHT — PO3MapuH KBIIIKBUIEIH Ge-
JII, aHBIKTA/IBIK.

Kinm ce30ep: mandeit, peHUIPOIaHONA, pO3MapHH KbIIKBUIEL, JKOCX, aHTHpaauKaiasl OeICeHATIK.

Ya.K. Levaya, G.A. Atazhanova, S.A. Ivasenko, A.O. Sapiyeva, M.K. Smagulov
Rosmarinic acid from Salvia stepposa and its antiradical activity

Plants of the genus Sage (Salvia L., family Lamiaceae) include 700 species, which are widely used in folk
medicine in many countries as medicinal raw materials. Currently, only medicinal sage (Salvia officinalis L.)
is included in the State Pharmacopoeia of the Republic of Kazakhstan, but this species does not grow in the
natural conditions of Central Kazakhstan. As a replacement plant, we have proposed steppe sage (Salvia
stepposa Des.-Shost.), which is widespread in the Republic of Kazakhstan, has significant raw material
resources and has relatively pronounced antimicrobial, anti-inflammatory, antioxidant properties due to the
major component in its composition, the phenylpropanoid rosmarinic acid. Extraction of raw materials was
carried out for the first time using various methods using ultrasonic cavitation, microwave extraction and
maceration using water-ethanol solutions. The HPLC method was used to determine the content of rosmarinic
acid in dry extracts of steppe sage. The maximum yield of extracts was observed during microwave extraction
with 40% ethyl alcohol. For the subsequent standardization of medicines based on steppe sage, we isolated

and identified the main component — rosmarinic acid, which has antiradical activity.
Keywords: sage, phenylpropanoid, rosmarinic acid, HPLC, antiradical activity.
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Overview on remogliflozin SGLT-2 inhibitor in the management of type-2 diabetic
mellitus in human beings

Sodium-glucose transport protein 2 inhibitors have become a significant category of oral medications in order
to manage type 2 diabetic mellitus, particularly in people with heart disease or kidney disease, and have been
highly advised overall current studies advice on how to treat. They can reduce blood pressure and help people
lose weight, but they also come with drawbacks like genitourinary infections. The newly approved remogli-
flozin combinations are the product study of the pharmaceutical business for a new pharmaceutical class and
novel drug combination with a view to managing diabetes. Remogliflozin etabonate is the term for the remo-
gliflozin ester form. This study examines the clinical effectiveness, safety profile, pharmacokinetics, and
pharmacodynamics of remogliflozin etabonate. However, its analytical profiling using RP-HPLC, UV, RP-
UPLC, HPTLC, and LC/MS. this review addresses the individual experiments conducted during the devel-
opment of analytical method for remogliflozin etabonate.

Keywords: Remogliflozin Etabonate, SGLT-2 Inhibitor, Type-2 Diabetic Mellitus, Analytical Method.

Introduction

Type 2 diabetes is a complicated metabolic condition that frequently needs several Therapy approaches
to be effectively treated. The 2 sodium-dependent glucose transporteris inhibited (SGLT-2) gives a unigque
therapeutic strategy for type 2 diabetes using enhanced renal glucose excretion, it brings down blood sugar
and results in losing weight [1]. Numerous specific sglt2 inhibitors are being developed or are already in
use [2]. Selective SGLT2 inhibitors are being created or are already in use in numerous applications: [3].

The goal of this trial was to assess the effectiveness, security, and tolerability of daily one remogli-
flozin (RE) given to type 2 diabetic patients for a period of 12 weeks as a monotherapy, oral drug class of the
new generation (t2dm). They work by increasing blood sugar levels are lowered by urinating glucose out.
They benefit patient in the presence of insulin resistance or decreased pancreatic function due to their distinct
insulin-independent mode of action.

They inhibitors of SGLT-2 are a common type 2 diabetes mellitus are known to enhance renal function,
lower the especially beneficial in patients are SGLT-2 with hypertension and high risk of hypoglycaemia [4-
6].

Worldwide, kind 2 diabetic mellitus incidence and prevalence are growing, along with 90% of adults
having diabetes mellitus and one in eleven having t2dm. China and India are the diabetes epidemic's epicen-
tres in Asia [7]. Today, 8.9% of India's population, or 77 million people, have diabetes [8]. Guidelines for
t2dm management are offered in accordance with the American organization of clinical endocrinologists.
They incorporate lifestyle counselling, weight loss with medical assistance, and personalized targets for
reaching a haemoglobin alc (hbalc) level of 6.5%.selection of antidiabetic agents is based on the traits of the
patient, including lifestyle, co-morbidities, weight, glycemic index, and unfavourable side effects of pharma-
cotherapy. Digestive problems, hepato-renal damage, hyperinsulinemia-related weight gain, and hypoglyce-
mia are the adverse consequences of oral medicines that treat diabetes that are frequently reported [9, 10]. A
safer anti-diabetic drug is necessary given the rise in adverse effects, long-term negative effects, possibility
for weight gain with this medication, and hypoglycemia are the critical effects to be consider [11].
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Review

History and Development of RemogliflozinRegimen

Japan's Kissei pharmaceutical company made the initial discovery of remogliflozin; and was later creat-
ed byBHV pharma, a joint venture between Glaxosmithkline and Glenmark [12]. Remogliflozin has been
tested on 2500 people from different ethnic backgrounds in 26 registered trials worldwide [13]. A phase 3
study and two pharmacokinetic (PK) studies, and a clinical trial for this medication were all carried out Indi-
an (CTRI/2017/06/0088887, 2017/07/009121, and 2017/10/010043) [14-16]. Glenmark pharmaceuticals
gained regulatory authorization for 100 mg pills to administered twice daily for t2dm in April 2019 follow-
ing the conclusion of In a phase-3 clinical investigation, remogliflozin etabonate showed its Comparing effi-
cacy and safety to dapagliflozin [17, 18]. Glenmark then introduced remogliflozin on the market in India,
and under a sub-licensing deal, an Indian company named torrent pharmaceuticals took over marketing [19,
20]. After Glenmark released remogliflozin onto the Indian market, torrent pharmaceuticals, an Indian busi-
ness, took over marketing as part of a sub-licensing agreement [21]. Remogliflozin and remoglifozin-
metformin combination are safe and effective for treating type 2 diabetes in a real-world context, according
with regard to a potential active post-marketing surveillance research called the reform India trials, which
was started in November 2019 [22, 23]. A Phase Il study of remogliflozin for non-alcoholic steato-hepatitis
etabonate in rash In the US, a patient (rein) research is now in progress in addition to these Indian investiga-
tions. A Phase-I study of the obesity drug remogliflozin and a Phase-1 experiment for people with type 1 dia-
betes were both stopped in us in May 2019 for unknown reasons [24].

Mechanism of Action (Fig. 1, 2):

Remogliflozin etabonate is an antagonist of The SGLT-2 cotransporters in the
SGLT-2, the sodium ghicose cotransporter kidneyare in charge of reabsorbing
glucose from glomerular filtrate.

\ MECHANISM ACTION ,

OF REMOGLIFLOZIN
The glucuretic action brought on by SGLT-2 It helps with weight loss. lowers
mhibition decreases renal glucose uptake blood pressure, and contributesto
and lowers the renal glucose threshold, lessened hyperglycemia
increasing glucose excretion.

Figure 1. Mechanism of action of remogliflorzin
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Figure 2. Mechanism of action of SGLT-2 inhibitor
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Pharmacological Profile

Pharmacodynamics

Remogliflozin having in vitro ki values for human slgtl and 2 of 4520 and 12.4 nm, respectively
[25]. Remogliflozin etabonate, when given orally in standard rats and mice, an amount-dependent rise in
urine insulin excretion and a fall in plasma insulin concentrations in vivo. In normal and streptozotocin-
induced diabetic rats, delivering a single oral dosage decreased the rise as a result of glucose loading in
plasma glucose in a dose-dependent manner, with the latter group showing a noticeably improved effect
[25]. Remogliflozin etabonate was given orally in a single dosage to db/db mice. remogliflozin
etabonate was also found to lower fasting blood sugar, glycated haemoglobin (hbalc), and insulinand
urine expelling glucose in db\db mice when given orally once daily for six weeks. Remogliflozin
etabonate, when taken orally for eight weeks, reduced hyperglycaemia, hyperinsulinemia, hypertriglyc-
eridemia, and having a high-fat diet causes insulin resistance in goto-kakizaki rats [25]. The drug remo-
gliflozin etabonate was given orally and decreased plasma lipids by 40%, hepatic lipid content by 42%,
and liver weight by 42%. 76 and 48% decreases in the levels of alanine and aspartate aminotransferases,
respectively when compared to a mouse model of non-alcoholic fatty liver disease [26]. Remogliflozin
etabonate was given to healthy volunteers (50-1000 mg) and t2dm patients (50 and 500 mg) in a phase |
trial. This led to a rise in total urine glucose excretion that is dose-dependent from 0-24 h. the propor-
tion of Filtered glucose load was comparable amongst the groups. When urine glucose excretion was
adjusted in accordance with Plasma glucose levels and creatinine clearance in circulation (to calculate
the proportion of filtered glucose load) [27, 28].

Pharmacokinetics

Pharmacokinetics after oral treatment, Ester prodrug remogliflozin etabonate is quickly riveted be-
fore being thoroughly gastrointestinal mucosa, where it is de-esterified to create the crucial element,
which manifests most noticeably in the plasma. The metabolism of remogliflozin primarily by cyto-
chrome p450 (CYP) 3a4 to GSK 279782 (the energetic metabolite) and GSK 333081 before being glu-
curonidase to form inactive glucuronide conjugates. Remogliflozin etabonate is taken orally after oral
administration is quickly absorbed, and the gastrointestinal mucosa significantly de-esters it to the ac-
tive molecule remogliflozin, that seems most prominently in plasma over 93% of [14] remogliflozin
etabonate was absorbed, according to a mass balance investigation with a single dosage on healthy par-
ticipants. remogliflozin is metabolised primarily by cytochrome p450 (CYP) 3a4 to GSK 279782 and
GSK 333081, which then undergo glucuronidation to create [30]. Remogliflozin C max and AUC at
constant state and in Indian individuals with t2dm was 559 ng/ml and 1861 ng/h/ml, respectively [29]
about 65% of remogliflozin remained tethered to plasma protein. Remogliflozin neither differently
transported toward plasma cells nor have they been found to selectively associate with tissues that con-
tain melanin [29]. Cyp3a4 and CYP2C19 both significantly contribute to the metabolism of drug keto-
conazole, a powerful cyp3a4 antagonist, demonstrating a modest hazard of medication interactions with
drugs that suppress CYP [29] individuals with mildly implies some degree of renal impairment showed
similar pharmacokinetic profiles for remogliflozin etabonate, indicating that dosage modifications are
not required in these patients [31] when metformin is co-administered with 500 mg twice per day of re-
mogliflozin etabonate in individuals with t2dm (n=13) there is no change in the steady-state pharmaco-
kinetic profile [32, 33].

Clinical Efficacy and Safety

During phase 111 study, remogliflozin 100 mg twice daily for 24 weeks was given to those with
uncontrolled type 2 diabetes hyperglycaemia who were receiving metformin alone. These participat-
ing patients noticed an early and steady decline in hbalc, with a decline of 0.72% at 24 weeks. At 24
weeks, a decrease with postprandial plasma glucose values of 39.2 mg/dl and 17.86 mg/dl, respective-
ly, while fasting, was seen. After 24 weeks, a 2.7 kg decrease in body weight was seen. Systolic pres-
sure decreased by 2.6 mmhg, and diastolic pressure decreased by 2 mmhg [34, 35] having a low prev-
alence of urinary tract infections (3.1%), mycotic infections in the vagina (1.7%), and hypoglycemia
(1.3%) the whole unfavourable reactions occurring mid-treatment occurred 8.5% of the time. 100 mg
bid of remogliflozin treatment was therefore determined must be efficient, secure, and well-tolerated
[35, 36].

Adverse effect

During phase I1I trial mentioned above (ctri2017-07-009121), among the most commonly reported side
effects were urinary tract infections, pyrexia, headaches, bacteriuria, constipation, diarrhoea, reduced glo-
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merular filtration rate, ketonuria, cough, dyslipidaemia, asthenia, and viral infections [37] in the phase iii
trial, individuals taking dapagliflozin or remogliflozin as a supplement using metformin reported hypogly-
caemia in roughly equal amounts (2% in each treatment arm). There were 1.8%, 1.2%, and 2.7% of recipi-
ents 100 and 250 mg, respectively, of the medication remogliflozin etabonate, and recipients from dapagli-
flozin who reported having vulvovaginitis, balanitis, and other similar genital diseases, all of mild to moder-
ate severity, all of which responded to a first round of conventional treatment. Urinary tract infections had
been seen in 3.1% and 6.6% respectively. By people who took 100 and 250 mg of remogliflozin etabonate
dapagliflozin patients in 2.1% of cases. Remogliflozin or Those who take dapagliflozin did not experience
hypovolemia [37].

Advantages and Limitations of Remogliflozin Etabonate Based on Available Data

Advantages effectiveness that is acceptable, with an average hbalc reduction of 0.5% to 1.0% mild
weight loss lower the risk of hypoglycaemia low possibility of contact with medications that block the
p450 enzyme system overall, it was positively received. Limitations to obtain optimal efficacy, twice-
daily dose could be recommended. Genital mycotic infections, urinary tract infections, and light-
headedness are typical side events (3—12% versus 0% placebo), must be examined as a supplement ther-
apy, in the elderly, and in people with chronic renal disease lack of long-term safety and effectiveness
data not published in another trial [38]. Additionally, urinary tract infections (UTI) were reported by 3-
11% more frequently with re use compared to 0% with placebo [39, 40]. The higher prevalence of he-
reditary mycotic infections and urinarytract infection is most likely connected to the rise in urine glu-
cose excretion caused by sglt2 inhibitors, whilst dizziness is most likely connected to dehydration as a
result of their diuretic impact [41, 42] increased genital mycotic infection prevalence was linked to
higher re dosages, but other negative side effects were not clearly associated with this trend [39, 40]. It
was interesting and comforting that none of the two biggest re trials had hypoglycaemia documented
[39, 40]. In fact, SGLT-2 inhibitors generally have a low risk of causing hypoglycaemia, with the excep-
tion of when they are used with sulfonylureas or insulin [41-43].

Pharmacoeconomic consideration (Table 1, 2).

Table 1
Comparison of the prices of sglt-2 inhibitors on the Indian market
Sr.no. Drug Manufacture Company name | Dose (in mg) Cost per tables

1 . Remo 100 12.5($0.17)
Glenmark pharmaceuticals Remozen 100 12.5($0.17)

Remogliflozin Mankind pharma Itd SGLTR 100 12.6 ($0.17)

Torrent pharmaceuticals Itd | Zucator 100 100 12.6 ($0.17)
2 Lupin Gibtulio 25 57 ($0.76)
pharmaceuticals 10 47 ($0.63)
Empagliflozin 25 57 ($0.76)
Boehringer Ingelheim Jardiance 10 47 ($0.63)
3 Sun pharmaceutical Oxra 10 52 ($0.69)
industries Itd 5 50 ($0.67)
Forxigo 10 52 ($0.69)
Dapagliflozin Astrazeneca plc 5 50 ($ 0.67)
10 52 ($0.69)
Abbott Gledepa 5 50 ($ 0.67)

4 Johnson & Johnson Ltd Invokana 100 54.5($0.73)
Canagliflozin UsV itd Sulisent 100 55 ($0.74)
Janssen pharmaceuticals Motivyst 300 120 ($ 1.6)
5 A 5 300($3.75)
Ertugliflozin Merck Sharp &Dohme Corp | Steglatro 15 310($3.89)
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Table 2
Comparative costs of SGLT-2 inhibitors with dpp4 available in combination form
Sr.no. Drug Manufacture Brand name Dose Price per tablet
(in mg)
1 Dapagliflozin+Metformin Sun pharmaceutical OxrametXR 10\500 15
industries Itd Udapa-M
USVLTD 500XR 500 12.5
2 Empagliflozin+Metformin Boehringer Ingelheim Jardiance met 500 40
12.5mg/500mg 1000 42
Lupin Itd Gibtulio met 500 40
12.5mg/500mg 1000 42
3 Empagliflozin+ Cipla Itd Tiptengio 10/5 75
Linagliptin 25/5 82
Boehringer Ingelheim Glyxambi 10/5 75
25/5 82
4 Dapagliptin +Saxagliptin Astrazeneca Qtern 5/10 46
5 Ertugliflozin +Sitagliptin Merck Sharp & Dohme Steglujan 5/100 1500
Corp. 15/100 1500
6 Remogliflozin etabonate + | Glenmark pharmaceuticals Remo-zen mv 500 16.5
Vildagliptin + Metformin Itd Remo mv 1000 175

Analytical Method

Analytical processes are created to compare certain chemical properties to predetermined acceptability
criteria for those qualities. As a result, choosing the most accurate assay techniques to assess a drug's compo-
sition is a part of developing analytical methods. In order to obtain clean extract with good quality, sample
preparation is crucial in bioanalysis. Effectiveness of extraction additionally, the analyte influences the de-
tector choice. Conscientiousness span choosing an appropriate internal standard (ISTD) is also crucial. Bio-
analytical method has development problem. The function of internal standard is to make up for getting pre-
cise findings and avoiding matrix effects.

HPLC and RP-HPLC Method

One of the most vital methods for separating proteins and the technique of choice for separating pep-
tides is reversed-phase HPLC (RP-HPLC). In addition to being used on a large industrial scale for prepara-
tive purifications, RP-HPLC has also been used on a nano, micro, and analytical size. RP-HPLC is a crucial
instrument in proteomic research because it works well with mass spectrometry. Complex protein-peptide
combinations can be separated at attomolar levels for subsequent analysis using contemporary apparatus and
columns.

Nandeesha | tigimatha et. al in 2020

By the HPLC method, a 4.6 mm x 250 mm x 5 m c18 kromasil column was used as the stationary
phase, even if the mobility phase was containing a 0.02 m ammonium acetate buffer, acetonitrile, and tetra-
hydrofuran in that order (v/v), with the PH being corrected to 4.0 by 1.0 Orthophosphoric Acid (m-OPA).
With a 2.0 millilitres per minute flow rate, 101 sizes of the sample injection, and a 228 nm detection wave-
length, this experiment was completed. In the spectral UV approach pure ethanol was used to dilute the
RMZ. At 228 nm, the remogliflozin had the highest absorption. Consequently, 228 nm was employed
throughout the investigation to determine during the analysis for the purpose of determining RMZ, 228 nm
was employed. The RTS for atorvastatin (ATST), an internal benchmark, and RMZ they were 6.2 and
7.0 minutes, respectively. It was discovered that the resolution between the peaks was greater than 2.0. There
were 10 minutes allotted for the run. At a fixed concentration of std, it was discovered that the RP-HPLC
method's linearity window was between 10 g ml-1 to 50 g mi-1. The use of the UV spectroscopic method
was demonstrated to have a between 100 and 250 g linearity ml-1. Both strategies had regression coeffi-
cients (r2) that were higher than 0.999 it was discovered that the thresholds for quantification and detection
of RMZ were 1.0 g ml-1 and 3.5 g ml-1, respectively. Remogliflozin etabonate (RMZ) has been determined
using straightforward, unique, further more to selective RP-HPLC, ultraviolet (UV), and liquid chromatog-
raphy spectroscopy procedures that have been created and improved. The primary peak and internal standard
peak were individually eluted using various retention durations (RT) in the HPLC technique [44].
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Swapnil Suresh Mankar et al. (2021)

Tests for the system's applicability, reproducibility, precision (day and night/interval), linearity and cali-
bration, robustness, force degradation, specificity, and drug recovery and accuracy studies are used to test the
method's suitability and validate it for solid dosage form estimation of diabetes medications using RP-HPLC
results: in accordance with each criteria, remogliflozin's performance met all standards for system appropri-
ateness, including those for factors for tailings (t), separations, theoretical plates (n), capacity (k'), resolution
(r), and RSD (%); the verified stress breakdown investigations for remogliflozin under heat, oxidative, alka-
line, and acidic circumstances in a few breakdown products (rem) [45].

Dr. Srinivasan et. al. (2020)

Remogliflozin and ertugliflozin are estimated using UV, RP-UPLC, RP-HPLC, and LC-MS methods.
There are numerous previously published articles that describe analytical methodologies and similar ap-
proach validation, the established levels of remogliflozin and ertugliflozin in its pharmaceutical preparations
and biological matrices are accounted for by the disclosed analytical procedures that are detailed in the cur-
rent review. The most popular approaches, including spectrometric and liquid chromatographic procedures,
are outlined in this article. Remogliflozin and ertugliflozin HPLC procedures take into account factors like
the matrix, composition of the stationary and mobile phases, detection wavelength, and others for remogli-
flozin and ertugliflozin both separately and together, spectrometric methods incorporate variables like max,
solvent, matrix, etc., variables used in HPTLC procedures include combinations of rf, stationary phase, and
mobile phase. Additionally, this review gives thorough details on how remogliflozin and ertugliflozin sepa-
rate when used separately, in combination with other medications, and when their breakdown products are
present. There have been reported Remogliflozin and Ertugliflozin determination techniques [46].

Vashi Dhara et al. (2022)

Isocratic mode methodology was used to perform the RP-HPLC process on a column of reversed-phase
Cosmosil C18 (250 mm, 4.6 mm, 5 i.d.). Acetonitrile made up 60:40% of the mobile phase by volume and
water, with a 1 ml/min flow rate, 210 nm detector wavelength was employed. Vildagliptin and remogliflozin
etabonate had average retention durations of 3.29 and 5.64 minutes, respectively. The calibration curves for
vildagliptin and remogliflozin etabonate were linear (r2>0.999) for between 5-80 g/ml and 10-80 g/ml in
terms of concentration, respectively vildagliptin and remogliflozin etabonate both had LODs of 0.010 g/ml
and 0.029 g/ml and, correspondingly, LOQs of 0.031 g/ml and 0.088 g/ml. The measurement of Pharmaceu-
tical dose type of Vildagliptin with Remogliflozin Etabonate, an easy, sensitive, verified, specific, and accu-
rate Chromatography RP-HPLC method has been developed [47].

Amit Chaudhary et al. (2022)

With the use of a C18 (250 mm 4.6 mm, i.d. 2.5 m) column and isocratic elution, the separation was ac-
complished. The separation of the analytes employed acetonitrile and 20 mm ammonium formate buffer (PH
3.5) combined at a 60:40 ratio with a flow rate of 1 ml/minute as the stage of mobility. At a wavelength of
243 nm, a diode array detector was used to monitor the segregated effluents. For remogliflozin and met, re-
spectively, the results revealed satisfactory linearity. Additionally, the typical % assessment of commercially
available compositions of met as well as remogliflozin turned out to be 100.52% and 100.30%. LOD and
LOQ for remogliflozinis 0.42 and 1.28 g ml-1, respectively, while these values are 1.97 gml-1 and 5.96 g ml-
1 for met. The suggested approach's selectivity, precision, linearity, and accuracy were all verified. There
were no validation parameters outside of the permitted range [48].

Mahesh Attimarad et al. (2020)

Utilizing a monolithic ¢18 column and full factorial box-Behnken design model, under ideal chromato-
graphic circumstances, MFH and RGE were separated by chromatography. The basis for the spectroscopic
method was the peak UV spectral intensity of the second-order derivative at zero crossings. Additionally;
this is an attempt used for the simultaneous estimate in laboratory-based mixed solutions and formulations of
MFH and RGE. Out of 47 possibilities, the final chromatographic condition was selected. Recommended
Plots of perturbations, response surface models, and the desirability function demonstrated the impact of the
Chromatographic specifications. Additionally, the RGE and MFH HPLC methods both shown high linearity
in the range by using spectroscopic and HPLC methods. Average percent assay for MFH and RGE, respec-
tively, yielded results of 99.51% and 99.80% and 99.60% and 100.07%. Remogliflozin as well as metformin
in dosage form was effectively determined using this approach, with acceptable recoveries [49].

Mahesh Attimarad et al 2022

Three variables, acetonitrile, ethanol, and water, interact and have a quadratic impact. Percentage, mov-
able stage, pH, and the resolution of the flow rate between the peaks were optimised using the box-Behnken
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approach and response surface design. The desirable function design space was utilised to identify the ideal
chromatographic environment in order to predict the Resolution of the three anti-diabetic medications' peaks
(2.7 and 6.5) the isocratic elution method, which employed Acetonitrile and phosphate buffer (20 mm
kh2po4, pH adjusted to 4.9 with orthophosphoric acid) were applied over a zorabx c18 HPLC column at a
ratio of 58:42, successfully separated all three analytes in 2.5 minutes. Additionally, recommendations were
used to validate the optimised HPLC process. The low percent relative standard deviation (0.60-1.65%),
good percentage recovery (98.18-101.50%), and low percent (0.20-1.82%) relative errors provided evidence
for the precision and accuracy of the developed HPLC method. By gently changing the five various parame-
ters, the resilience of the method was also shown [50].

Shivani v. Trivedi et al. (2021)

In order to measure metformin HCL and remogliflozin etabonate simultaneously are in their synthetic
mixture. There was developed a reverse phase high performance liquid chromatographic technique created
by using a cosmosil ¢18 column (250 mm x 4.6 mm, 5 m) methanol (60:40) as the mobile phase, flowing at a
rate of 1 ml/min, and buffer (pH 4.0), the separation was accomplished. The detection wavelength was
241 nm. It was discovered that metformin HCL and remogliflozin etabonate have retention times of
5.493 minutes and 3.183 minutes, respectively. Linearity, accuracy, and precision have all been verified for
the approach. 5-15 g/ml of remogliflozin etabonate and 20-60 g/ml of metformin HCL both showed lineari-
ty. This approach was created with the goal of simultaneously estimating the remogliflozin and metformin in
bulk and commercial dose forms [51].

UV -Spectroscopic

Spectrophotometry, another name for UV-vis spectroscopy, is a quantitative technique for determining
how much light each particular molecule absorbs. In order to do this, the amount of light passing through a
sample is compared to the amount of light passing through a reference sample or a blank. Glass, liquids, sol-
ids, thin films, and other sample types can all be analysed using this method.

Attimarad Mahesh et al. (2022)

In order to establish two processed UV spectrophotometric approaches, the peak amplitude at zero-
crossing of second derivative spectra ofanalytes. The second approach is creating zero-order spectra from a
mixture of analyte spectra by multiplying and dividing them by the spectra of the pure analyte in order to
cancel out the influence of one of the analytes. Results: for RGF and VGT, respectively, both methods
demonstrated linearity concentrations in the range of 2-75 g/ml and 2-50 g/ml. Low LOD and LOQ values
discovered for RGF and VGT by both approaches demonstrated the methods' high sensitivity. For RGF and
VGT, respectively, the mean percentage recovery was 98.60% and 100.78%, and both had low relative error
percentages of 98.81% and 99.15%. The results were compared to the reported techniques for the assay of
the VGT and RGF from the drug [52].

HPTLC method

HPTLC (high-performance thin-layer chromatography), a development of thin layer chromatog-
raphy (TLC), is a reliable, easy-to-use, quick, and effective technique for quantitative analysis of substances.
An analytical method called HPTLC is based on traditional liquid chromatography (TLC), but it has been
improved to allow for quantitative analysis of the compounds and to improve the separation of the com-
pounds' resolution. Some of the improvements allow for better resolution, such as when higher-quality TLC
plates are used, which have finer stationary phase particle sizes. Using a multiple development apparatus, the
plate can be developed again to further increase the separation. Consequently, HPTLC delivers higher reso-
lution and a lower limit of detection (LOD’s) [53].

Reema Jaiswal et al. (2022)

On a precoated silica gel aluminium plate 60f254 (20 x 10) 100 m thick, the medicines were separated
by chromatography, with the mobile phase being a mixture of methanol, ethyl acetate, and acetic ac-
id (6:3.5:0.5v/v). The TLC scanner was tuned at 245 nm. 0.23 rf values for met and 0.83 for remogliflozin,
respectively, indicate that the two medicines were satisfactorily resolved. Remogliflozin etabonate and met-
formin hydrochloride had polynomial calibration curves in the 200-1200ng/band and 1000-6000ng/band
concentration ranges, respectively. The values for the Metformin has correlation values (r) of 0.9999 and
0.9999 etabonate and hydrochloride, respectively, of remogliflozin. The suggested method is accurate and
resilient, as evidenced by the both with a modest relative standard deviation (2%) the studies on precision
and robustness. The approach obtained a 98.82% accuracy rate for metformin hydrochloride and 98.42% for
remogliflozin etabonate were approved in accordance with regulatory regulations. They came to the conclu-
sion this experiment that the newly created approach for simultaneously estimating the remogliflozin and
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metformin hydrochloride discovered towards straightforward, accurate, exact, high resolution, with time-
efficient which made this technigque extra palatable and economical [54].

DimalA. Shah et al. (2021)

The stationary phase was a mixture of methanol, ethyl acetate, toluene, and nh3 (2:4:4:0.1, v/v/v) on
HPTLC plates coated with silica gel 60 f254 was utilized as the mobile phase, and densitometry was em-
ployed to quantify the drug's estimate. The suggested approach was tested prior to usage, for durability, line-
arity, accuracy, and precision estimate the dosage of a medicine in tablet form Remogliflozin etabonate was
found to have a RF value of 0.61 at 229 nm, the reflectance mode was used to carry out the densitometric
estimation. For remogliflozin etabonate, the technique was discovered to be linear in the 500-8000 ng/band
range by conducting tests on forced degradation, the potential degradation pathway was estimated. With re-
spect to their rf value, The deteriorating summits were satisfactorily separated since the drug peak. The new-
ly created HPLC technique was easy, quick, accurate, and precise. Therefore, the technique can be effective-
ly applied to the study of the pharmaceutical industry use of remogliflozin etabonate [55].

UPLC and RP-UPLC

UPLC is a novel class of separation technology that makes use of sub-2 m particles for the stationary
phase and is based on established liquid chromatography concepts. The clarity and sensitivity, and analysis
rapidity of these particles have dramatically increased due to their high mobile phase linear velocities. This
approach has received a lot of interest recently for pharmaceutical and biomedical analysis due to its speed
and sensitivity [56].

Ali, s. m. et al. (2021)

A new kind of separation is known as UPLC method that makes use for the stationary phase, of sub-2 m
particles and is based on well-known liquid chromatography principles 0.1 m acetate buffer at PH 5.7 and a
ratio of 25:75 (v/v) methanol at a flow rate of 0.3 ml/min with a PDA detector operating at 215 nm under
these circumstances, the compounds' it was resolved measured at 12.57, with remogliflozin's retention dura-
tion being 2.67 minutes, compared to 3.84 minutes for vildagliptin. The technique's applicability for the sys-
tem, scope of analysis, accuracy, specificity, stability, and robustness were all confirmed. The analytes were
subjected to five distinct stress conditions throughout the forced degradation investigation, and the overall
degradation condition. The approach can separate and measure the amounts of vildagliptin and remogliflozin
in pharmaceutical formulations, and the percentage of degradation was very low [57].

V.A. Patel et al. (2021)

The goal of this project is to simultaneously create quick and easy RP-UHPLC methods for quantifying
remogliflozin. Remogliflozin and met were separated by chromatography using acetonitrile: phosphate buff-
er (PH: 3) (60:40%, v/v) on a zorbax eclipse plus ¢18 (1504.6 mm, 5 m) column. Mobile phase, a diode array
detector, and a flow rate of 1.0 ml/min at 230 nm. Remogliflozin had an average percent assay of 99.51%,
whereas met had an average percent assay of 99.60%. The outcomes of the retrieval studies conducted vali-
date the projected process's high degree of accuracy. The devised chromatographic approach can therefore be
effectively used for estimate of metformin and remogliflozin in their formulation and bulk. It is accurate,
precise, and selective [58].

LC-MS method

In the LC-MS analytical procedure, target chemicals (or analytes) are physically separated before being
detected by mass spectrometry despite being a relatively new technology, it has quickly gained popularity for
its ability to detect various analytes in microgram or even nanogram concentrations, such as insecticides,
food additives, medication metabolites, and natural product extracts.

Application of LC-MS /MS:

1. The measurement of genotoxic contaminants in pharmaceutical active ingredients [59].

2. Measurement of drug metabolites in bodily fluids.

3. Bacterial cell quantitation of nucleotides and their derivatives [60].

Sai Prudhvi n. et al. (2021)

In the therapy of type Il diabetes in human plasma, remogliflozin and vildagliptin are utilized. Liquid-
liquid extraction was used to separate the analytes from the spiked plasma matrix and choose the medication
analogliptin as the internal standard and the extracts underwent chromatographic analysis on an in ertsilods
(4.6 mm100 mm, 5 m) C18 column. The mobile phase contains methanol, acetonitrile, and 0.1% formic acid
in a ratio of 40:50:10 (v/v) at a flow rate of 0.5 ml/min. The analysis was finished in 6 minutes. The tech-
nique generates peaks at 2.6 min for remogliflozin etabonate, 2.7 min for vildagliptin, and 1.2 min for
alogliptin with adequate symmetry and resolution with satisfactory system compatibility (internal standard).
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The characteristic fragment ion transitions for remogliflozin and vildagliptin at m/z 523 to m/z 247 and 304
to m/z 180, respectively, are confirmed by mass spectral analyses. The technique has a lower LOQ of
5 ng/ml and can identify analytes uptol1.5 ng/ml. it has a wide calibration range of LOQ to 300 ng/ml &HQC
(high quality control concentration) levels and generate findings that are suitable. Remogliflozin and vildag-
liptin multiplexed quantification techniques have been designed and validated using sensitive, specific, and
dynamic LC-MS/MS assay. The presented techniques can handle significant research trials with enough
through put.

Dr. Satyadev et al. (2022)

This article reviews current developments in bioanalytical Ic-ms/ms techniques for utilising water sx
bridge ¢18 column (150x4.6 mm, 3.5) and 70:30 ratio's organic mobile phase, combine acetonitrile and sodi-
um dihydrogen phosphate. In the case of remogliflozin, the calibration curve was linear at 350ng/ml. Results
for stability, matrix effect, accuracy, recovery, and precision were determined to be within acceptable
bounds. In pharmacokinetic investigations, a quick and effective method for observing the examined analytic
and was created.

Conclusion

This review article discusses the remogliflozin’s physiological characteristics, drug profile, and clinical
studies including safety and efficacy and adverse effect of a drug. The review that is being presented pro-
vides on the many approaches that have been used to identify remogliflozin and its ester form. This review
conclusion that many analytical techniques, including RP-HPLC, UV, HPTLC, RP-UPLC, LC-MSmethod
have been described for estimating remogliflozin alone and its combinations. Thus, these techniques were
discovered to be straightforward, precise, economical, and repeatable in nature because RP-HPLC and RP-
UPLC offered the best available reliability, repeatability, analysis time, and sensitivity, these techniques
were used for the majority of procedures. The developed RP-HPLC and RP-UPLC chromatographic condi-
tions are used in a method for the simultaneous measurement of singles and their combination is quick, accu-
rate, precise, and simple, and it may be used in laboratories for standard quality control tests on both formu-
lations.
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Overview on remogliflozin SGLT-2...

Carap unne, lBera ABxan, Bunbs Mopkap, Yaiitanss [latku, Xemant Yuxarne,
Jlakcmukant bopce

Anamaapaarbl 2-TunTi KaHT quadetin emaeyae SGLT-2 pemorauduiosun
HHTMOUTOPHIHA IOy

Harpuii-rnroko3a taceiManmay akybi3bl 2 MHTHOHTOPIApHI, dcipece )ypek Hemece Oydpek aypymapsl Oap
ajamaapia, 2-TUNTI KaHT Aua0eTiH emJeyre apHalIFaH Mepopatbabl 1opi-TopMeKTep/IiH MaHbI3(bl CaHAaThIHA
aifHaJIBI JKOHE JKAJIIBI 3aMaHayH 3epTTeyJIepdiH >Koraphl OarackiHa He 6016l Onap KaH KBICHIMBIH TOMEH-
JIETIM, aJiamMJapra cajMak >KOFalNTyFa KeMeKTeceli, Oipak OoJapJblH KEMIILTri Oap, aram aiTcak, Hecer-
JKBIHBIC JKYHeCiHIH MHGEKIMACHIH TyAbIpaabl. PeMorian¢ro3nHHIH jkaHalaH MaKyJIaHFaH KOMOUHAIHSCH —
Oyt »kaHa (hapMareBTHKAIBIK KJIace IeH KaHT AUa0eTiH eMaeyre apHalfaH IpenapaTTapAblH KaHa KOMOHHa-
LHSACHIH 3epTTey. Pemorin¢io3ud 3TaboHaThl — peMoraudIo3HHHIH dQUpITiK TypiHe apHanFaH TepMuH. by
nrosryaa peMoraugIo3uH 3Ta00HATHIHBIH KIMHUKAIBIK THIMAUIIT, Kayirncizaik npowii, GapMakOKHMHETHKA-
ChI JKoHE (hapMaKoIMHAMHKACKI 3epTTenreH. Anaiina, oust RP-HPLC, UV, RP-UPLC, HPTLC sxone LC/MS
KOMETIMEH aHAJTUTUKANBIK NMPOoQMIbAey KaXeT. ABTOpiap peMOru(IIO3HH 3Ta0OHATHIHBIH aHATUTHUKAIIBIK
QIICIH 93ipJiey Ke3iH/Ie KYPTIi3iIreH jKeKe SKCIepUMEHTTepIi KapacThIPFaH.

Kinm coe30ep: pemoriuinosut 31aboHatsl, SGLT-2 HHrHOUTOPEI, 2-THITI KAHT TUa0eTi, aHATUTAKANBIK JJIiC.

Carap Iunne, [lIBeta ABxan, Buabss Mopkap, Yaittanbs [1atku, Xemant Yuxare,
Jlakcmukant bopce

00630p uaruéuTopa SGLT-2 pemoriudio3nHa B JeYeHUH CAXapPHOTo AuadeTa
2-T0 THIA Y YeJIoBeKa

MHrubuTopsl HaTPUI-TIIOKO3HOTO TPAHCIIOPTHOTO OeNka 2 CTaNN 3HAYNTENbHOI KaTeropueil mepopaitbHBIX
IpenaparoB Ui JICUCHHUSI CaXxapHOTO Auadera 2-ro THIA, 0OCOOCHHO y JItoAel ¢ 3a00IeBaHUAME CepALa WIH
HOYeK, U, B LIeJIOM, HOJYYHIN BBICOKYIO OLICHKY COBPEMEHHBIX HccienoBartesneil. OHM MOTYT CHM)KaTh apTe-
pHaNbHOE JIaBJICHHE W MOMOTAIOT JIOASM B IPOLECCe CHWKEHHS Beca, OJHAKO y HUX €CTh M HEIOCTaTKH,
HanpuMep, HHPEKIIMA MOYETIoNIoBoi cucteMbl. HexaBHO 0q00peHHass KOMOMHAIMS peMOTandIo3nHa — 3T0
HCCIIeIOBaHNE HOBOTO (hapMalleBTHIECKOT0 KiIacca M HOBOM KOMOMHAIIMY HperapaToB Ui JedeHus Auadera.
«PemMornudo3nH 3TaboHaT» — TEPMUH, 0003HAYarONIMN dPUpHYIO hopMy pemoriudio3nHa. B HacTosmem
0030pe M3y4eHB! KIMHUYeCKas: 3(QEKTHBHOCTD, MPoduiIb 6e30IacHOCTH, GpapMaKoKHHETHKa U (hapMaKkoau-
HaMHKa peMornQo3nHa 3TaboHaTa, HO €ro aHAJIMTHYECKOe NMPOQHINPOBaHHE NPOU3BOIUTCS C HCIOJIB30-
Bannem RP-HPLC, UV, RP-UPLC, HPTLC u LC/MS. ABropamu pacCMOTPEHBI OTAEIbHbIE IKCIICPUMEHTHI,
MIPOBENICHHBIE TIPH Pa3paboTKe aHATUTHYECKOTO METOA IS peMOru(IIo3uHa 3Tab0HaTA.

Kniouesvie crosa: pemornugnosun staboHar, HHrHOuTOp SGLT-2, caxapHslit tnadeT 2-ro THIa, aHATUTHYE-
CKHH METO/I.
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AHaJIU3 3aBUCHUMOCTH MEKAY MOTOJHbIMH YCJIOBHAMH U Ka4eCTBOM aTMOC(epHOro
Bo31yxa B ropogax Ka3zaxcrana 3a 11-jeruunii nepuog (2010-2020 rr.)
KAaK 0CHOBA 3MHNAEeMHUOJIOTHYECKUX PHUCKOB

B cratee 611 IpoBeEH PETPOCIEKTUBHBIN aHATN3 3aBUCHMOCTU MEXy MOTOAHBIMU YCIOBHSAMH U NIPUCYT-
CTBHEM MOJUTIOTAHTOB B BO3IYILIHOM IpocTpaHcTBe ropoja Kaparanas! u Ilerponasnoscka 3a 11-netHuit me-
puox (20102020 rr.). [IuHamuKa KOAa 3arpsS3HEHHOCTH aTMOC(Epbl HUCCIIEIYEeMbIX TOPOJIOB CBUICTEINb-
cTBOBasa 0 OoJiee BHICOKOM YPOBHE 3arpsi3HEHUS Bo3myxa B I'. Kaparanae Ha MpoTsHKEHHH BCEX CE30HOB, 110
CpaBHEHHIO ¢ ToKa3zatelsiMu T. [lerpomasnoBcka. B razoo0pasHbix BeIOpocax mo T. Kaparanae nocroBepHO
npeo0iIafany BeIecTBa, OTHOCAIINECS K NEpBOi KaTeropuH ONMAacHOCTH: JHOKCHJ a30Ta B 3UMHHUI NEpPHO,
030H BecHOH u seToM. OeHoB! 1 (opMabIeruy MPUCYTCTBOBAIM B Bo3ayxe I'. Kaparanapl Ha MpOTSDKCHUH
BCEX CE30HOB, A0CTOBepHO npesbiasd [1JIK. Ananu3 KoppensuuOHHBIX 3aBUCUMOCTEN MKy TIOTOJHBIMU U
9KOJIOTHYECKUMH (PAKTOpaMH MO3BOJIMI OOHAPYXHUTH CPEAHUE U CIadble MpsIMbIe W OOpaTHBIE KOPPEISIHN
MEX]y 3arpsi3HEeHHEM aTMOC(EpHl, TOTOJHBIME YCIOBHSIMU U C€30HaMH. Bpu1o 0OHapyXeHO, 4TO B 3UMHHUH
CE30H CHHEPTU3M MOT NPOSBILITECS BCISACTBUE OJHOBPEMEHHOTO IPUCYTCTBHS AUOKCHA a30Ta U (hopMallb-
JIETUJIOB, COJEp)KaHUE KOTOPHIX B atMocdepe mocroBepHo mperbimano [1J]IK. B neTHuii ce3oH cuHeprusm
MOKHO OBLTO 0’KHJATh BCIIEICTBIE OJHOBPEMEHHOT'O IIPHCYTCTBHS B BO3/IyXe OOJBIINX KOHIEHTPAIMI 030Ha
n ¢popmanberuga. KoMmmekcHoe BO3JeHCTBUE MOTOMHBIX YCIOBHH, YPOBHS U XapakTepa 3arpsi3HEHHOCTH
aTMocgepHoro Bo3ayxa B KaparaHanHCKOM perroHe 10 CpaBHEHUIO C T. [1eTponaBIoBCKOM CBHIETEIBCTBY-
€T 0 BEpOSITHOCTH 3HAYHMTEIHHOTO YCHJICHUS WIM BHIOM3MCHEHHS] HETaTHBHBIX MOCIEICTBUH JUIS 30POBBS
YeJI0BeKa.

Kniouesvie cnosa: norona, 3arpsisHEHUE BO3AyXa, KO 3arpSI3HEHHOCTH, KOMILICKCHBIH WHAEKC 3arpsA3HEHHO-
CTH, CTAaHIAPTHBII HWHIEKC, OMOKINMAaTHIECKIE HHICKCHI, TBEPIbIC U ra3000pa3HbIe BEIIECTBA.

Beeoenue

M3MeHeHHe KIIMMaTa [MIMPOKO MPU3HAHO CePhEe3HON Yrpo30il 00MIeCTBEHHOMY 370poBbio [1] ¢ mmpo-
KHM CIIEKTpOM TociencTBuil. HenaBHre ncciemoBanus MOKa3ald, 9YTO CIeIyeT TIATebHO YUYUTHIBATh JIBY-
CTOPOHHEE B3aUMOJCHCTBUE MEXy IMOTOJHBIMH IMEPEMEHHBIMH (HAIPUMED, TEMIIEPATYPON) U 3arpsa3HEHH-
€M BO3J1yXa, YTOOBI OXapaKTepHU30BaTh CHHEPTETUIECKOE BO3ICHCTBHE Ha 310pOoBbe [2, 3], 0COOEHHO B KOH-
TEKCTe U3MEHeHUs Knumara [4, 5].

BrnusHne MeTeopoIorndecKux MePeMEHHBIX BapbUPYET B 3aBUCHMOCTH OT 3arps3HSIOIIETO BEIIECTBA.
ITokazaHo, YTO BIUSIHHUE TTOTOHBIX U3MEHEHHM 3aBUCUT KaK OT SBJIICHUH MMEPEHOCA, TAKUX KaK aJBEKIINS WU
mudy3us, TaK 1 XUMUYECKUX PEaKIfii B aTMocdepe, YIPaBIIOMUX 00pa30BaHHEM BTOPUYHBIX 3arps3HU-
tenerd. [Ipu 3Tom Temmeparypa urpaet GyHIaMEHTAIBFHYIO POJIb B XUMHYECKOM cocTaBe atMocdepbl NO»
[6]. Bonee BhicOkHe TeMmImepaTypbl yBenu4aT ckopocth okuciaeHus NO, a Gosee crnabblie BETpbl OrpaHUYAT
pacceuBanue. M3MeHeHHs BIQYKHOCTH TaK)Ke MOTYT UTPaTh POIb, MIOCKOJIBKY OHH BIHSIOT HA OTHOCHTEIh-
HOE COJIepiKaHue TUAPOKCHIbHOTO panukana (OH), KoTopsli, B CBOIO ouepe/b, OKa3bIBaeT (DyHIaMEHTAllb-
HOE€ BJIUSTHUE HAa XMMHUYECKHE MPOIECChI, KOHTPOJIUPYIONIUE KOHIICHTPAIMIO ra3000pa3HbIX 3arps3HUTEIICH,
Bisrouast NO; [7].

OOBIYHO OIIEHKM PHCKAa Ha OCHOBE JMHJIEMHUOJIOTHYECKHX HCCICIOBAaHUA MOJCIHPYIOT TEMIIEPATypy
KaK NCKaKAMUN (pakTop, B TO BpeMs KaK B HECKOJIBKUX HUCCIIEIOBAHMAX U3y9allach POJIh TEMIIEPATYPHI KaK
Moaudukaropa dhdexra KpaTKOBPEMEHHOTO BO3IACHCTBHS 3arps3HAIONINX BEIIECTB, TAKUX KaK 030H, TMHA-
MHKa KOTOPOT'O TaKK€ CUIIBHO 3aBUCUT OT TEMIIEPATYPHI.

Kepon u mpyrue [8] usyuniau TeHaeHIMK KadecTBa Bo3ayxa B Mcmanuu 3a mepuoa 2001-2012 rr. u
MIPEIIOIOKUIIN, YTO, XOTSI COKpAIlleHHEe 3arps3HEHNs BO3JlyXa B OCHOBHOM OBIJIO 00YCIIOBJICHO COKPAICHH-
€M BBIOPOCOB, METEOPOJIOTUYECKUE U3MEHEHHUS TaK)Ke MOTJIHM TOBIIUATh HA TEHICHIMHM KauyecTBa BO3IyXa B
TeUEHHUe HTOro nepuona. Jpyrue uccieqoBaHUs 3arpsA3HEHUS BO3AyXa BO BPEMEHHBIX psAaxX Tak:Ke pac-
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AHanua 3aaBncuUMOoCTu MeXay NorogHbIMu. ..

CMaTpUBAJIH U3MEHECHUS MOTO/BI KaK BIMATENbHBIA (pakTop B EBpone [9-11]. B To BpeMsi kKak KOJIMYECTBO
perynupyeMsix 3arpsusomux BemectB (SO2, NO, CO, PMi u PM3s) CcylliecTBEHHO COKPATHIOCH 3a I10-
crnenHue To/bl, YpoBHA O3 OCTAaNHMCh NOCTOSIHHBIMH WIIM B HEKOTOPBIX CIIy4asX YBEIHUYHINCH. Y CHIIHS IO
COKpAIIIEHHIO BEIOPOCOB B VIcaHuM 0OKa3ajauch YCIEUIHBIMU B CHU)KEHHH CMEPTHOCTH, CBS3aHHOM C 3arpsi3-
HeHueM Bo3xyxa. OOHapyKeHO, 4TO CHIKEHHE KOHIEHTpamu PMio B OKpykaromeil cpeae yMeHbIIHIO KO-
JMYECTBO CMEPTEH, CBA3aHHBIX C 3arPsA3HEHHEM BO3/1yXa, 3a 25-JIETHUI IIepHO/] HCCIIEJOBAHMS.

H3ydeHa u posib TeMneparypbl kak Moaudukaropa 3¢ ¢pekra KpaTKOBPEMEHHOTO BO3JICHCTBHS 030HA.
JUxyH u apyrue [12] npunumi K BBIBOAY, YTO TEIUIOBOE BO3JCHCTBHE MOXKET yCYTryOUTh HEOIaronpHsTHOS
JelCTBHE 030HA Ha 30POBBE, IIPH 3TOM B3aMMOJCHCTBHE MEXKIY 3arpsi3HEHHEM BO3IyXa M TEMIIEpPaTypou
HOCHT HeNMHEHHBIH XapakTep. M3MeHeHus moroas! crnocodcTBoBau Oosiee BBICOKMM KoHIeHTpanusM Oz B
TEIJIOe BPeMs T0JIa, YTO U3YyUYCHO MPEAbIIYIINMH UCCICIOBAHUSIMHU, B KOTOPBIX OMPEIeIsiacCh YyBCTBUTEIb-
mocts O3 K morogusM mapamerpam [13-15].

TeMm He MeHee, TOCKOIBKY KIIMMAT U KaueCTBO BO3/lyXa TECHO B3aMMOCBS3aHBI, HX CIIEIyeT pacCMaTpH-
BaTh KOMIUIEKCHO B OILICHKE JKOJOTMYECKOW CHTyaluu. AKTyanbHas MH(GOpPMAIMs O MaciuTadax moclie-
CTBHI HeoOXoauMa i pa3paboTku 3()(HEeKTUBHBIX MEp 0 CHIDKEHHIO BPEJHBIX BBIOPOCOB B aTMocdepy ¢
[EeNbI0 3aIIUTHl 37I0pPOBbS HaceleHMs. B 3Toil craThe HaMU OBUT IIPOBEIEH PETPOCIICKTHBHBIN aHATIH3 3a-
IPSA3HEHHOCTH BO3/1yXa W KOPPESILMOHHON 3aBUCHMOCTH MEXKIY METCOPOJOTMYECCKUMHU YCIOBUSIMU M KO-
sorueii 3a mocneauue 11 et (2010-2020 rr.) B roponax Kazaxcrana.

Mamepuanvt u memoobvi

Martepuansl Ui aHaIM3a 3arpsA3HEHUs aTMOC(EPHOro Bo3ayxa ObLIIM CKOIMMPOBAHBI U3 OTKPBITHIX HC-
ToyHnKOB («MH]popManmoHHbIe OIOJIIETEHH O COCTOSHUU OKpYKaroleit cpeasl no Pecryonuke Kazaxcram»
3a 2010-2021 rr.). HabiroeHus 32 COCTOSIHUEM OKPY’KAIOIEH Cpejibl, COrmacHo cT. 144 DKOJIOrHYecKoro
kozekca PK, ocymecTBisIFOT akkpeauTOBaHHBIE aHAIUTHYECKHE JabopaTopun oOmacTHbIX (uimanos PITI
«Kasrugpomer». HabnroneHus 3a cocrosiHueM atMochepHoro Bo3ayxa B r. Kaparanne Benuch Ha 4, a ¢ 2014
I. Ha 5 py4YHBIX IIOCTax. MaTepuansl 110 SMUCCHH 3arpsi3HSAIOIIMAX BEIIECTB B3AThI U3 JlenmapraMeHTa cTaTh-
ctuku Kaparanauackoi obnactu o oxpaHe okpy»katorieit cpenpl (16 cepus) — bromrerens «O coCTOSHUU
atMocepHoro Bo3ayxa B Kaparanaunckoii oosactu» 3a 2021 .

HabGnronenust 3a coctosHueM aTMocepHOro Bo3ayxa B T. [leTpomaBioBcke Benuch Ha 2 pydHBIX U |
aBTOMaTHYEeCKOM NocTax. B arMocdepHom Bo3myxe ompenensuiuch 27 mapaMeTpoB, cpeld KOTOPHIX B He-
MPEPBIBHOM PEXUME PETUCTPUPOBANOCH cofepkanue neu PMio, PM2 s, tuokcuaa cepbl, OKCUAA yIiiepoaa,
OKCHJIa ¥l TMOKCHJI a30Ta, CEPOBOJIOPO/Ia, 030HA, AMMHUAKa, CYMMBI YTJIEBOJAOPOOB, METaHA.

Jlis oLieHKHM KayuecTBa 3arpsA3HEeHHs aTMOC(HEPHOTro BO3LyXa 3a MECSI] Mbl HCIIOJIb30BaIM TPH MTOKa3arTe-
ast: 1) U3A — KOMIUIEKCHBIH HHIEKC 3arpsi3HeHHs1 aTMOc(epbl, mapaMeTp OnpeaesseT XpoHuueckoe (-
TeNbHOE) 3arpssHenue Bo3ayxa, 2) CU — cranmapTHBINH MHIEKC, pACCUMTHIBAETCS JEJICHUEM Pa30BOM KOH-
nerrpanuu npumecr Ha TTJIK; 3) HIT — HaubombImas moBTOpsseMocTh (%) MPEBBIIIEHHS MAKCHMAIBHO pa-
3oBoit ITJIK 3a Bpems.

BapuaioHHbIi 1 KOPPESIHOHHBIN aHaIM3bl MPOBOJAMIKCEH C MOMOIIBIO nakera Statistica 10 (ucmosib-
30BaJIMCh TOJBKO 3HAYMMbIC 3HaUeHUs Kod(duimentoB koppessiuu mpu P<0,05).

Pesynomamot u obcyscoenue

AHanu3 roJjoBO IWHAMUKU KOZAA 3arpsA3HEHHOCTH aTMoc(epbl HccieqyeMbIX ropoJoB 3a 11-netHuil
HEepHO/ MO3BOJIMI 0OHAPYKUTh B I1eJI0M Oojiee BBICOKHE YPOBHHM 3arpsi3HEHMs Bo3ayxa B I. Kaparanae Ha
IIPOTSKEHUU BCEX CE30HOB, 110 CPABHEHMIO C MoKa3aTessiMu I'. Ilerponasioscka (cM. puc.).

Kon 3arpsi3HeHHOCTH B 3MMHMI CE30H COCTaBMI — 2 B JieKadpe M siHBape Mecsuax (MOBBIIICHHBINH ypo-
BeHb) 1 3 — B (peBpalie, UTO OIICHMBAETCSI KaK BBICOKHI YPOBEHB 3arpsi3HeHHOCTH. B Toxe Bpems B T. [let-
POTIaBIOBCKE KOJ 3arpS3HEHHOCTH HE MPEBBIIIAN 2 BCE 3MMHHE MECSIIB M OLIEHUBAJICA Kak HU3KWH. B Be-
CeHHHue Mecslbl B I. Kaparanne ypoBeHb 3arpsi3HEHHOCTH OB BBICOKHM, a B T. [leTponaBnoBcke kox cocra-
Bux 2,27 B MapTe Mecsle. B neTHe-oceHHUI nepro 3arpsA3HEHHOCTh BO3AyXa Oblla MOBBIIEHHOH B . Ka-
paranze, B IlerponaBioBcke ke HaOJIIOJAIOCh MOBBILIEHNE B UIOJIE U aBI'yCTE MeCALaX, B OCTAJIbHbIE MECs-
LBl 3arPSI3HEHHOCTD ObliIa HU3KOH.
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Pucynok. ['ogoBast nuHaMuKa Koaa 3arpsi3HEHHOCTH atMocdeps! rT. Ilerponasmoscka u Kaparanmsr 3a 2010-2020 rr.

KommnekcHbIil HHIEKC 3arps3HEHUsT aTMOC(epsl, XapaKTepU3YIOIUNH XpPOHUYECKOe (JUIMTENIbHOE) 3a-
IpA3HEHHE BO3/lyXa BCE CE30HBI, HE NMPEBBILIAN HU3KUM YPOBEHb B UCCIEAYEMBIX PETHOHAX, OJHAKO ITOKa3a-
tenu 1. Kaparanne! 6putn Bhimie B 1,5-2 pa3a aHanorn4HbIX pe3ynbTaToB 1o T. [lerponaBnoscky. s onen-
KM KauecTBa 3arps3HEHUs] aTMOC(EpPHOTo BO3LyXa Mbl MCHOJb30Banu nBa nokaszaress: CU (cranmapTHbIN
WHAECKC) — HaWOOIbINasi W3MepeHHas KOHIeHTpamus mpumecw, neneHHas Ha [IJJK ™. p.,, mw HII —
HanOOJIbIIAs TOBTOPSIEMOCTh TPEBBIIICHHUS pa30BbiMU KoHIeHTpausiMu npuMecH 1K (8 %). Ilo r. Kapa-
TaHjae CTaHIAPTHBIA MHIEKC B 3MMHHUE MECAIBI U B BeCEHHe-JIeTHUH nepuos Obut BeicokuM. 1lo . IleTtpo-
nasnoBcky CU Obu1 noBeiieHHBIM. HanbonpIas moBTOPsIEeMOCTh NPEBBILICHUS PA30BBIMHA KOHLIIEHTPALMAMU
npumecu T1JIK cocrapuna 11,91 £4,068 % 3umoii u 11,4 £2,644 % ocenbto B T. Kaparanje, 4to siBiseTcs
MPU3HAKOM TMOBBIIIEHHON MOBTOPSIEMOCTH, B TO BpeMs Kak 1o T. [lerponanoBcky noseimenue HIT 6bu10
OTMEYEHO TOJILKO B JICTHHIA epuo (Tadu. 1).

Tabnuma 1

IMoka3zarenu U3A, CHU, HII u koaa 3arpsA3HEeHHOCTH 110 TOPOIaM

Kaparanna 3uma Becna Jleto OceHb
N3A 5 3,06 0,685 2,91+£0,646 2,62 £0,622 2,45 +0,621
CU 7,1+1,413 5,02 +0,977 3,17 +0,528 5,2 £0,972
HII, % 11,91 +4,068 6,59 +1,526 6,39 +£1,292 11,4 +2,644
Ko 3arpsisHeHHOCTH 3,09 +0,133 2,75 +0,123 2,48 +0,098 2,69 +0,119
[TeTponaBioBCcK 3umMa Becha Jleto Ocenb
N3A 5 1,6 £ 0,35 1,5+0,33 1,4+0,34 1,44 + 0,34
CU 1,4+0,28 4,1+1,27 3,8+1,18 1,26 + 0,258
HII, % 54 +£2,03 4,8+ 1,85 10,1 + 3,86 4,42 + 1,846
Ko 3arpsisHeHHOCTH | 1,66 +0,13 2,33+ 0,196 2,12+ 0,193 1,54 +£0,134

Macca BbIOpOIICHHBIX B aTMOC(EPHBIN BO3ayX T. KaparaHnsl TBepbIX 4aCcTHUI] JUAMETPOM 2,5 MKM 3a
HccieayeMblit mepro pocroBepuo npessimaina [TIK B sumumit (0,13 £0,065) n Becennnit mepuoasr (0,04
+0,007). TBepabix vactul] quamerpom 10 MmxMm Obuto noctoBepHo Oombine I1JIK B Becennuit mepuon (0,07
+0,038) (Tadum. 2).

Tabnuma 2

IMoka3aTey 3arpA3HEHHOCTH ATMOC(EPHOro BO3yXa TBEPALIMH H ra3o00pa3sHbIMH BeliecTBamMu (Mr/m°) r.

Kaparanasi
Kaparanga NAK 3uma Becna Jleto Ocenb

B3semannsie Beniecta (BB) 0,150 0,084 +0,01217 0,0778 +£0,00884 0,0761 +0,00878 0,0769 +0,01227
Bssemennsie yactuisl PMo s 0,035 0,13 +£0,065** 0,04 £0,007** 0,01 £0,005 0,04 +0,009
Bssemennsle yactuisl PMig 0,060 0,06 £0,012 0,07 £0,038* 0,01 +0,003 0,03 +0,007
SO2 (nuokcun cepbl) 0,050 0,0217 +£0,00236 0,0121 +0,00177 0,0117 +£0,0017 0,0143 +£0,00213
Cynbdatst 0,0028 +0,00061 0,0025 +0,00058 0,0328 +0,03023 0,0044 +0,00156
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CO (okcuna yraeposaa) 3,0 1,65 +£0,207 1,08 £0,115 1,36 £0,163 1,25 +0,115
NO2 (quokcus a3ota) 0,050 0,07 £0,017* 0,05 £0,006 0,05 +£0,007 0,05 +0,005
NO (okcun azora) 0,060 0,0155 +0,00268 0,0133 £0,00265 0,0108 £0,00236 0,0136 +0,0025
O30H 0,030 0,03 +£0,005 0,05 £0,003* 0,04 £0,003* 0,01 +0,001
CepoBoopos 0,002 0,0008 +£0,00006 0,0008 +0,00007 0,0015 +£0,00121 0,002 £0,00062
DeHon 0,003 0,05 +£0,02** 0,06 +£0,022%** 0,05 +£0,02%* 0,04 +£0,017**
DopMabIeTU 0,010 0,08 +0,027%* 0,08 +£0,028** 0,07 +£0,024%* 0,07 +£0,023%*
AMMHAK 0,040 0,0043 +0,00091 0,0046 +0,00093 0,008 £0,00301 0,0044 +0,00092
CH (cymMa yriieBo10poioB) 0,24 +0,067 0,27 +£0,071 0,32 £0,079 0,34 +0,085
CH4 (MeTan) 0,73 £0,1 0,61 £0,094 0,63 £0,088 0,52 £0,093

Tlpumeuanue. * P<0,05; ** P<0,01.

B razoo0pasHbix BEIOpocax I0CTOBEPHO Mpeodafaiu JUOKCua azoTa B 3uMHuit nepuoz (0,07 + 0,017)
(p<0,05), o30mu BecHoii (0,05+0,003) n netom (0,04+0,003) cooTBeTCTBEHHO. V13 MHOTOUHMCIIEHHBIX HHT'PEIN-
€HTOB, 3arpPsA3HAIONINX BO3IYIITHBINA OacceliH Tropoja, STH BEIIeCTBa OTHOCSTCS K IEPBOW KaTErOpHH OIac-
HOCTH. BeriecTBa BTOpOl KaTeropuu ONacHOCTH — ()eHOI U (POopMalIbJCTH] PUCYTCTBOBAIM B BO3AYXE T.
Kaparanas! Ha MPOTSHKESHUH BCEX CE30HOB, JocToBepHO mpeBbimast [TIK (p<0,01).

IIo r. IlerponaBinoBcKy OoTMeUeHO nocToBepHOE mpeBbiieHrne 11JIK Toapko Mo 030HY U CEPOBOAOPOLY
B BeCeHHe-IeTHuU# mepuo. [To ocranbHeiM mokasaTesM mpesbimierns ITJ[K He obHapyxkeno (Tabm. 3).

Tabnuma 3

IMoka3aTen 3arpA3HEHHOCTH aTMOC(EPHOr0 BO3AyXa TBEPAbIMH H ra3000pa3HbIMHU BellleCTBAMHU
r. [lerponasioBcka

IleTponaBnoBck AK 3umMa BechHa Jleto Ocenb

B3Bemannbie Bemecrsa | 0,150 | 0,072 £ 0,0076 0,075+ 0,0073 | 0,079 + 0,0056 0,07 £ 0,0067

(BB)

B3Bemennsie vactunpr | 0,035 | 0,007 + 0,0018 0,009 +0,0012 | 0,005+ 0,0011 0,004 + 0,0008

PMzs

B3Bemiennsie yactunpr | 0,060 | 0,008 £ 0,0024 0,009 £ 0,001 0,013 + 0,0049 0,007 +0,0014

PMio

SO; (mrokcHa cepbl) 0,050 | 0,007 +0,0004 0,02 + 0,0099 0,015 +0,0051 0,006 + 0,0004

Cynbdarst 0,008 + 0,0004 0,008 +0,0003 | 0,008 + 0,0006 0,007 + 0,0003

CO (okcup yraepona) 3,000 | 0,95+0,088 0,78 + 0,081 0,78 £ 0,071 0,86 + 0,066

NO; (amokcuy azora) 0,050 | 0,026 + 0,003 0,021 £ 0,0021 0,02 +0,0015 0,019 £ 0,0021

NO (oxcup asora) 0,060 | 0,009 +0,0034 0,003 £+ 0,001 0,002 £ 0,0008 0,004 + 0,0013

O3 (030H) 0,030 | 0,028 +0,0059 0,049 £+ 0,0055* | 0,036 + 0,0046* 0,03 £ 0,0049

H2S (cepoBomopo) 0,002 | 0,001 £ 0,0002 0,004 £+ 0,0023* | 0,006 + 0,0026* 0,001 + 0,0002

Denon 0,003 | 0,001 +0,0001 0,001 £+ 0,0001 0,001 £+ 0,0001 0,001 +0

HCOH 0,010 | 0,006 + 0,0005 0,006 + 0,0006 | 0,006 + 0,0007 0,006 + 0,0007

(bopmanbaerun)

NH3 (ammuaxk) 0,040 | 0,0044 + 0,003 +0,0009 | 0,004 +0,0011 0,003 + 0,0009
0,00026

CH (cymma 1,39 +0,435 1,55+ 0,026 1,12+ 0,278 1,91 +£0,192

YIIIEBOJIOPOJIOB)

CH4 (metan) 1,74 £ 0,56 1,98 £ 0,055 1,39 £ 0,344 1,89 £ 0,232

Ipumeuanue. * P<0,05; ** P<0,01.

AHanm3 KOPPENSIUOHHBIX 3aBHCUMOCTEH MEX/ITy NOTOJHBIMU H 3KOJIOTHYECKUMH (HaKTOpPaMHU TOPOJIOB
3a MCCIIEAYEMBI TIEpHOJ MTO3BOJIUII OOHAPYKUTH MPSIMBIE U 00paTHBIC KOPPEISIIUA MEXAy 3arps3HeHHEM
aTMoc(epbl, TOTOJHBIMH YCIOBUSIMH U CE30HAMU.

Tax, B r. Kaparanzne mnpocnexuBanach CpeaHssl NOJOXKUTENbHAs KOPPEISILAA MEX Ty HAINIMEM BETpa
Y MIPUCYTCTBHEM B BO3J[yX€ TAKUX 3arpsi3HUTENICH, KaK OKCHJI U JUOKCHUIT a30Ta, (DEHOJBI U (hOPMAaIIbICTHIbI

(tabm. 4).
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Tabnuma 4

KoppeasinnoHHble 3aBHCUMOCTH MEKIY MeTeo- U IKojdorndeckumu gpaxkropamu r. Kaparanabi

SO2 CcO NO2

K Kon BY PM- B (muox- | (oxcunm | (muox- NO Pop- CH4

aparaHjia | zarpass- | BB PM- (oxcun | O3zon | Denox | Majb-

2,5 cun | yriepo- cHJI (meTtan)
HEHHOCTH 10 asora) JIETH]T
cephl) na) asora)

Ce3oHbI -0,30 - -0,19 - -0,26 - - - - - - -
Betep - -0,40 - - -0,34 | -0,49 0,36 0,55 - 0,69 0,59 -0,33
T (O -0,31 - -0,18 - -0,27 - - - 0,21 - - -
f Bax- 0,24 - - - 0,27 - - - -0,29 - - -
HOCTh (%)
P(rlla) 0,18 - - - - 0,23 - - -0,29 | -0,21 -0,17 -
Ocanku -0,17 - - - - - - - 0,18 - - -
(M)
CHer (cm) 0,24 - 0,28 - 0,25 - - - - - - -
Ipumeuanue. B mabnuye yxazanvl mobko 00Cnogephvle 3Haverus Koagguyuenmos koppersyuu (p < 0,05).

Hapsny ¢ sTuM Habmronanacek crnadas OTpHIaTeNIbHAST KOPPEIAIHS MKy BETPOM U B3BEIICHHBIMH Ya-
CTHUIIAMHU, TUOKCUIOM CEPbI, OKCHJIOM YTJIEPO/a U METaHOM.

Kpome Toro, mpucyTcTBue 030Ha B atMocdepe MOJOXKHUTEIBHO KOPPEIUPOBAIO ¢ TEMIEpaTypol u
0CaJIKaMH, OTPHUIIATENILHO — C BIAKHOCTHIO ¥ JABJICHUEM BOISHBIX MapoB. Koj 3arps3HeHHOCTH cnabo
KOPPEIHPOBAJI C CE30HOM U MPAKTUYECKH CO BCEMHU MOTOTHBIMU MTapaMeTPaMHu, 3a UCKIIOYCHHEM BETPA.

Cnabast oTpuIiaTesbHas KOPPEJSAIMs, OTMEUCHHAsT MEXKIY KOHIeHTpanusiMu BB, muokcuna a3zora, ok-
CHJIa YTIepoJia U BETPOM, OTPAXKAET BIMSHUE 3aCTOWHBIX SBJICHUHN HA POCT MPU3EMHBIX KOHIICHTPAIUH.

ITo r. IleTpomaBiIOBCKY OOHApY>KEHBI CIIA0bIe KOPPEISAIMOHHBIC 3aBHCUMOCTH MEXKIY MOTOJHBIMU
YCIOBHUAMMH U 3arpA3HCHHUEM BO3JyXa, BMECTC C TEM, Ha6JHOILaJIaCI) CBsA3b MCXKY BETPOM M IMOJOKHUTECIIbHAA
koppensius ¢ BB, okcuom yriepona u oTpHIaTeNbHAs KOPPENAIHS ¢ TAKUMH 3arPsS3HUTEISIMA BO3/1yXa,
KaK TUOKCHUJI CepHI H 030H (Tabi. 5).

Tabnuma 5

KOppeJ’lﬂHl/IOHH])le 3aBUCUMOCTH MEKAY METEO0- U IKOJIOTUICCKUMHU q)aRTOpaMl/l r. HeTpOHaBJ’lOBCKa

Kox SO2 CcO HCOH
[lerponasioBck 3arpss- BB quPSM_ BLIlI(;M- (wox- (oxcnn Os denon (bop- CHq
, cup yriepo- | (030H) Manb- | (MeTaH)
HEHHOCTH cepi) 1a) ferun)
Ce3oHbI - - - - - - - - -0,21 -
Betep - 0,31 - - -0,27 0,27 -0,32 - - -
T(C) - - - - - - - - 0,20 -
f BnaxxnOCTH - - -0,20 -0,20 - - - - - -
(%)
P (rI1a) - 0,26 0,27 - - 0,25 - - - -
R ocanku -0,21 -0,43 -0,30 - - -0,32 - - - -
(M)
S cHer (cm) - 0,21 - - - 0,21 - - - -0,20

AHanu3 CTaTUCTUYECKUX CBSI3€H MEXTy KOHIEHTPAIMSIMH 3arPSA3HSIOMNX BEIIECTB M METEOPOIOTHYe-
CKMMHM IIapaMeTpaMH, TAKUMH KaK CKOPOCTb BETPA, TEMIIEPATypa U BIaKHOCTb BO3/1yXa, TO3BOJIUII BbIABUTH
JTUIb cnadyro KOppeNsuio, YTO CBA3aHO, Ha HAI B3MJIAJ, C TEM, YTO Ha YPOBEHb 3arps3HEHHUS BIUSET HE
OTZIEJIbHASL METEOPOJIOTHYECKAsT XapaKTEPUCTHKA, 4 KOMIIIEKC 3TUX XapaKTEPUCTHUK, ONPEACIISIOIINX CUHOII-
THYECKYIO CUTYALUIO.

BuoknumaTuyeckue WHAEKCH B (PU3MYECKOM OTHOLICHHWH XapaKTEPHU3YIOT OCOOEHHOCTH TEIUIOBOM
CTPYKTYPBI CPEIbl U SBJISIFOTCS KOCBEHHBIM MHAMKATOPOM COCTOSIHHSI TEIUIOBOI'O IOJISI OKPY’KAIOIIEro Yello-
Beka. [Ipu pacuere KOppENALMOHHBIX CBS3€H MEXIY KOMIUIEKCHBIMH ITOKA3aTEIsIMH MOTOJbl U SKOJIOTHYe-
ckumHu GakTopamu T. Kaparannsl cnalOble MOJIOKUTEIbHBIE U OTPULIATEIbHBIE CBSI3H BBISBJICHBI B OCHOBHOM
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MEXTy KOJIaMH 3arps3HCHUS U OMOKIMMATHICCKUMHE ITOKA3aTeNIMHA. JKBUBAICHTHO-3((EKTUBHAS TEMIIepa-
Typa (39T) — mokasarens TEIIOBOM YyBCTBUTEIHHOCTH C YUETOM BIUSHUA BeTpa. Kak BHIHO W3 TaOIM4-
HBIX JIAHHBIX, ATOT MOKa3aTelh UMEI CIa0yr OTPHIIATSIBHYI0 KOPPEISALUIO C JUOKCHIIOM CEPbl, MEIIKUMU
B3BEIICHHBIMU YaCTHIIAMH M KOJOM 3arpsi3HEHHOCTH W TMOJOXKHUTEIBHO KOPPETUPOBAT ¢ 030HOM (Tabdi. 6).
[oxazaremnw . [leTponaBnoBcka He 0OHAPYKIITH TOAOOHBIX KOPPEISIIHA.

Tabnuma 6

KoppeasinnoHHbIe 3aBHCUMOCTH Mek1y KOMILICKCHBIMHU NMOKA3aTeJIIMH MOT0bI M 3K0JI0THYeCKUMH
¢akropamu r. Kaparanast

Kon gy | 502 | €O | NO: | yq HCOH
BY (muoxk- | (oxcun | (muok- O3 CH4
Kaparanna | sarps3- | BB PM- (oxenn ®enon | (hopmais-
PM2,5 cuny | yrme- | cun (030H) (metan)
HEHHOCTHU 10 a30Ta) JIeTH)
cepsl) | pona) | azoTa)
39T -0,32 - 1-018] - | -0,26 - - - 0,22 - - -
S cypoBocTh
TIOTOJTBI 0,31 - - - 0,19 - 0,21 0,25 | -0,19 - - -
bonmana
W Betpo-
xoJoAoBoH 031 | - | - - - - | 023|020 |-018]018 | 018 -
HHICKC
Caiiria
AT spdexrt | -0,32 - 1-018] - | -0,26 - - - 0,25 - - -

Takum 00pa3oM, Kak BUAHO M3 HAIIMX HCCIEIOBAHUH, BEIIECTBA, 3arpsi3HSIONIME BO3AYIIHOE IPO-
CTPaHCTBO, MOT'YT BIMATh Ha MOTOJHBIE MOKA3aTENM, B YACTHOCTH, TEMIIEPATypy BO3IyXa, HApsAAy C 3TUM,
MOTOTHBIE YCIIOBHUS B CBOIO OYEpeb MOTYT CIOCOOCTBOBATh KOHLIEHTPAIIMHU 3arpsi3HUTENICH BO3/lyXa U YCH-
JICHUIO MX BO3AEWCTBUS Ha OpPraHU3M, O YeM CBUAETEIbCTBYIOT MOJIOKHUTEIbHBIE U OTpUIATEIbHBIE KOppe-
JSIMOHHBIE CBS3U MEXKIy UCCIIEAyEMbIMU TIOKA3aTEIISIMH.

Raxnrouenue

PeTpocnekTHBHBIN aHAIN3 3arpsiI3HEHHOCTH aTMOC(Ephl B UCCIICIyEMbIX PETHOHAX TO3BOJIMI OOHApY-
JKUTb BBICOKUU YPOBEHb 3arpsI3HEHHOCTH BO3yXa Ha MPOTSLKEHHUM BCEX CE30HOB B I'. Kaparanze no cpaBHe-
Huio ¢ T. [leTponaBioBCKOM. M3 MHOTOYMCIIEHHBIX UHIPEIUEHTOB, 3arpsI3HAIONIMX BO3YIIHBINA OaccelH ro-
pona, B BO3AYyXE NPHUCYTCTBOBAJIM BEIIECTBA MEPBOM KATErOPUU OMACHOCTHM — JMOKCHJ a30Ta M O30H, a
TaK)Ke BEIIEeCTBA BTOPOW KAaTETOPHH OMACHOCTA — (heHON M PopMallbAeTHA, CO/epKaHue KOTOPHIX 3HAYH-
tenbHO TipeBbimano [1JIK. [TpocnexuBanach cpemaHssi TOJOXKHUTEIbHAS KOPPEISIIHS MEXIy HATHIHUEM BEeTpa
Y MPUCYTCTBUEM B BO3JyX€ Ha3BaHHBIX 3arps3HuTesied. Hapsay ¢ 3tuM, HaOmoaiack ciadasi OTpHUIaTeb-
Has KOPPEJSIUS MEXAYy BETPOM U B3BELLICHHBIMU YaCTULIAMU, THUOKCUIOM CEPbI, OKCUAOM YIJIEpOoJa U MeTa-
HoM. Kpome Toro, mpucyrcTBue 030Ha B atMoc(depe MOJIOKHUTEILHO KOPPEIUPOBAIO C TEMIEpaTypoud U
0CaJIKaMH, OTPUIIATEIIBHO — C BIIAXHOCTBHIO M JABJIEHUEM BOJSIHBIX MApPOB, YTO COTJIACYETCS C MCCIIEI0Ba-
HHUSIMH U Ipyrux aBTopoB [13-15].

CrnenyeT OTMETHTbh, YTO CHTYyallMs MOTIJIa YCYryOJsThCS B PE3yJIbTaTe CHHEPIM3Ma HEKOTOPBIX Be-
IIECTB, CXOIHBIX M0 XUMHUYECKOMY CTPOCHHIO M CIIOCOOHBIX MPU COBMECTHOM MPUCYTCTBUHU B BO3IIyXE yCH-
JIUBATh HETATUBHOE BIIMSHUE HA 37I0POBbE HAceJeHHs. B Hammx wmccienoBaHUsaX ObLIO OOHAPYKEHO, YTO B
3MMHUN CE€30H TaKOW CMHEPrU3M MOT MPOSIBJIATHCS MPU COBMECTHOM JISHCTBHH JUOKCHIA a30Ta U (hopMalib-
JIETUJIOB, COJICPIKaHUEe KOTOPBIX B aTMochepe nocroBepHo npesbimano [1JIK. B jgeTHuli ce30H aHaaoruuHbie
3¢ (ekTbl MOTTH OBITH TIPOSIBJIICHBI B pe3ylibTaTe CHHEpru3Ma o30Ha M (opmanpaeruna. Takum obOpazom,
MO>KHO TPEJIoIaraTh, YT0 KOMIUIEKCHOE BO3€HCTBUE KIMMAaTUUECKUX YCIOBUM M YPOBEHB 3arpsA3HEHHOCTU
atMocdepHoro Bo3ayxa B KaparaHamHCKOM pernoHe MOTIIA 3HAYUTENIFHO YCHIIMBATh WIN BHIOU3MEHSTH T
BO3MOJXKHBIE HETaTHBHBIE TIOCIEICTBUS IS 3[I0POBBS YEJIOBEKa, KOTOPhIE MOXKHO OBLIO OXKUIATh IPH BO3-
NEHCTBUM ATHX (hAaKTOPOB B OTIEIBHOCTH.

Hcenedosatue 8bInOIHEHO 6 paMKAX 2panmogozo gunancuposanus Komumema nayxu Munucmepcmsa
Hayku u gvicuteco obpazosanus Pecnybruxu Kaszaxcman — Ne AP14871897.
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H.K. Cmarynos, A.E. Konka6aesa, I'.M. TikexxanoBa, A.2K. CangpikoBa,
I'.2K. Myxkamesa, A.T. Cepik

11 xbrabIK Ke3eHaeri (2010-2020 x:x.) Kazakcran KajgajapbIHAarbl
aya paiibl ’KaFJaiibl MeH aya canachbl apacbIHAAFbl 0AHJIAHBICTHI TAIAAY

Maxkanana 11 xeuiasik kesenaeri (2010-2020 »xox.) Kaparanas! xxoHe [lerponasn KanagapblHBIH aya KEHICTi-
riHje aya paibl )KarJaiiapbl MEH JacTayIlbl 3aTTapAbIH OOyl apachIHAarbl ©3apa OaillaHbICKa PEeTPOCTIeK-
TUBTI TaJlIay JKYPri3iireH. 3epTTeNeTiH Kajianap aTMOc(epachiHbIH JIacTaHy KOJBIHBIH TUHaMHUKackl [leTpo-
MaBJ KaJAChIHBIH KOPCETKIIITepiMEH CaJbICThIpFaHaa OapIiblk maychiMaap Ooiibl Kaparanmbl KamacelHma
ayaHBIH JIACTAHYBIHBIH HEFYpJIbIM XXOFapbl JeHreilin kepcerti. KaparaHpl KalachlHBIH ra3ropi3ec IIbFa-
PHIHABLIAPBIH/A OIpIHIII KayiNTi CaHATKA JKaTaThIH 3aTTap alTapIbIKTail 0achIM OONABI: KBICTA a30T TUOKCH-
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AHanua 3aaBncuUMOoCTu MeXay NorogHbIMu. ..

I, KOKTeMIe JKoHe Ka3aa 030H. KaparaHabIHbIH ayachiHaa GeHoianap MeH Gpopmajbaeruarep Oapiibik mMay-
coivzaa IIIPK-nan enoyip achin Tycti. Aya paiibl MeH KoplaraH opTa (akTopiapbIHbIH apachlHAAFrbl KOppe-
JALMSAHBL Ta1aay aTMoc(epaHbIH JIaCTaHybl, aya paifbl XKaraaiiaapsl MEH JKbUI ME3TiIiepl apachlHIarbl OpTa-
I1a JKOHE dJIci3 TiKelel koHe Kepi KoppessiusHbl Tabyra MyMKIHAIK Oepmi. KpICKpI MaychIMIa CHHEPTU3M
a30T AMOKCHII MeH (opmampaeruarepiin Oip Mesrinme OoiyblHa OaiIaHBICTEI KOPiHYl MYMKIH eKEHJIITi
aHBIKTaJIBI, OMapAblH atMocdepanarsl Memmepi IIIPK-man afitaprmsikrail acem kerti. XKa3rel mMaycsIMza
ayajga 030H MeH (opManbAeruATIH KOFaphl KOHIIEHTPAIMACHIHEIH Oip Me3rinae 0oiryslHa OaiIaHBICTHI CH-
HeprusHel KyTyre Oomansl. IlerpomaBn KamackIMeH canbicThIpraHaa KaparaHabl OONBICBIHIAFBI aya paibl
JKarAailapbIHbIH, aTMOC(EpaBbIK ayaHbIH JIaCTaHy JeHreill MCH CHIIAThIHBIH KELICH I dcepi afnaM AeHcayIbl-
FBIHA JKaFBIMCBI3 Calapiap/blH alTapiIbIKTail apTybl HeMece MOAN(UKAIUAIAHY BIKTHMAJIBIFBIH KOPCETE .

Kinm ce30ep: aya paiibl, ayaHbIH JIACTaHYBI, JIACTAaHY KOJBI, JIACTAHYJIbIH KEIICHI MHAEKCI, CTaHAapTThl HH-
JIeKC, OMOKIIMMATTHIK KOPCETKIIITep, KaTTHI )KaHEe Ta3Tapi3 i 3aTTap.

N.K. Smagulov, A.E. Konkabayeva, G.M. Tykezhanova, A.Zh. Sadykova,
G.Zh. Mukasheva, A.T. Serik

Analysis of the relationship between weather conditions and air quality in the cities of
Kazakhstan over an 11-year period (2010-2020) as the basis of epidemiological risks

In this study, a retrospective analysis of the relationship between weather conditions and the presence of pol-
lutants in the airspace of the city of Karaganda and Petropavlovsk for an 11-year period (2010-2020) was car-
ried out. The dynamics of the air pollution code of the studied cities indicated a higher level of air pollution in
the city of Karaganda throughout all seasons, compared with the indicators of the city of Petropavlovsk. Sub-
stances belonging to the first hazard category significantly prevailed in gaseous emissions in the city of Kara-
ganda: nitrogen dioxide in winter, ozone in spring and summer. Phenols and formaldehyde were present in
the air of Karaganda during all seasons, significantly exceeding the MPC. An analysis of the correlations be-
tween weather and environmental factors made it possible to find medium and weak direct and inverse corre-
lations between atmospheric pollution, weather conditions and seasons. It was found that in the winter season,
synergism could manifest itself due to the simultaneous presence of nitrogen dioxide and formaldehydes, the
content of which in the atmosphere significantly exceeded the MPC. In the summer season, synergy could be
expected due to the simultaneous presence of high concentrations of ozone and formaldehyde in the air. The
complex impact of weather conditions, the level and nature of air pollution in the Karaganda region compared
to the city of Petropavlovsk indicates the likelihood of a significant increase or modification of negative con-
sequences for human health.

Keywords: weather, air pollution, pollution code, complex pollution index, standard index, bioclimatic indi-
ces, solid and gaseous substances.
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