~ ISSN 2311-1402

HKHEBAPTOBCKOIO
FTOCYAAPCIBEHHOIO
VHVBEPCUTETA

BUOJNIOI'MYECKUE HAYKU



BECTHUK

HHUKHEBAPTOBCKOI'O
I'OCYJAPCTBEHHOI'O
YHUBEPCUTETA

Kypnan ocrnosan ¢ 2008 2.

exnouen ¢ Ilepeuens peyensupyemvix Hay4HbIX U30aAHUI,

ymeepaicoennvlii Boicuteli ammecmayuonnoti komuccueit Munucmepemesa obpazosanus u nayku Poccutickoit @edepayuu om 01.12.2015.

https://doi.org/10.36906/2311-4444/26-2

VYupenurens: ®I'BOY BO «HmkxHeBapTOBCKUi
TOCYHapCTBEHHBII YHUBEPCUTET)

Kypnau 3apeructpuponan PenepanbHol ciyx00ii 1Mo
HaJ30py B cepe CBiI3U, HHPOPMALMOHHBIX
TEXHOJIOTUH ¥ MAaCCOBBIX KOMMYHMKALIUHI
(PockomHaa30p).

CeugerensctBo o peructpanuu [IM Ne ®C 77 — 80105
ot 31.12.2020.

CaugerensctBo 0 peructpanuu DJI Ne dC 77 — 79658
ot 27.11.2020.

Tlogmucuoit nugexc AO «Iloura Poccum» I111617

TeproanuHoCTh M3AaHMs: 4 pa3a B OA / ©KEKBAPTAIHHO
SI3bIK U3JaHUS: PYCCKUM, aHIIMACKUNA

WNunexcupyercs u pasmeraercs: Crossref, Poccuiickuit
uHJekc HaygHoro nuruposanus (PYHLT), HOB
KubepJlennnka (CyberLeninka), 95C IPRbooks, 35C
«Jlanp», ZENODO, OpenAIRE, ZDB, Google
Axanemus, Information Matrix for the Analysis of
Journals (MIAR), Open Academic Journals Index
(OAJD), Polska Bibliografia Naukowa (PBN),
Dimensions.

Anpec penakiun: Poccus, 628616, XMAO-IOrpa,

r. HwkaeBapToBek, yi. Jlenunna, 56. ten./daxc: (3466)
44-39-50, dakc: (3466) 45-18-05

e-mail: nvsu@nvsu.ru, red@nvsu.ru

Anpec uznarennctBa: Poccust, 628616,
XMAO-HOrpa, . HwxaeBapToBCK, yi1. Mapiana
Kyxoga, 1. 4. Ten./dakc: (3466) 24-50-51, e-mail:
izd@nvsu.ru

I'naBubrii penaxrop: Iopros C.HU. (r. HmxueBapToBck, Poccust)
3am. 1. penakropa: Maxymog b.H. (1. HixaeBapToBck, Poccns)

OtB. penakrop: FOmazynosa 3.P. (r. HwxueBapToBck, Poccns)

PenakuuoHHas KoJLIerus:

Aukun B.A. (r. Omck, Poccus)

Boiimenro A.A. (r. Mocksa, Poccust)

TI'ooko C.K. (r. byake, Kor-n'lByap)
Topwikos-Kanmaxyszen B.A. (r. Munncekc, BenukoOpuranus)
Jaiinexo H.M. (r. I'omens, benapycs)
Hopazumosa JI.A. (. HwxueBapToBCcK, Poccus)
Emanoe A.I. (r. Tiomens, Poccust)

Kazanckuiit M.M. (r. Iaprx, ©pannms)
Kynazun A.1O. (1. Y da, Poccus)

Jyovuuesa JIL.H., (. Mockra, Poccus)
Maiimeposa I'11l. (r. bumikex, Keiprezcran)
Meoseoes C.C. (r. Canxt-IletepOypr, Poccus)
Hypoexog b.JK. (r. Actana, Kazaxcrtan)
Cunsaeckun H.U. (r. Cypryt, Poccust)
Conookun A.I. (r. HmxHeBapToBck, Poccns)
Cypmaesa H.H. (r. Canxt-IlerepOypr, Poccust)
Tanwi6oe T.I. (r. HaxupiBaH, AzepOaiimkaH)
Damynnaes I1.Y. (r. HaxasiBaH, A3epOaiimKaH)

Lvice B.B. (1. HmwxaeBapToBCK, Poccus)

16 +

JKypnan exniouen 6 nepeuerv peyen3upyemupix HAy4HbIX USOAHUI, 8 KOMOPLIX O0NAHCHbL ObING ONYOIUKOBAHBL OCHOBHBLE HAYYHbIE Pe3YTbMAmb
duccepmayuii Ha COUCKAHUE Y4eHOU ChmeneHu KaHOUOAma HAyK, Ha COUCKAHUe Y4eHOU cmeneHu 00OKmopa HayK (N0 cOCMOAHUIO HA
29.04.2026 2.) no cneyuanvnocmam: 1.5.15. Dxonoeus (buonoeuueckue nayku), 5.6.1. Omeuecmeennasn ucmopus (ucmopuieckue HayKi),
5.6.2. Bceobwas ucmopus (ucmopuueckue nayku), 5.8.7. Memodonozus u mexnonoeus npogeccuonanvhozo o6pasosanus (nedazocuyeckue
Hayku),; 6xooum 6 EOunblil 20cyoapcmeenvlii nepeyens Hayunlx uzoanui — «benvitl cnucoky (yposens 3).

Tun mmuensun CC, mopepxuBaeMslii sxypHanom: Attribution 4.0 International (CC BY 4.0).
=

Wznarens: ®T'BOY BO «HukHeBapTOBCKHI rocynapCTBEeHHBIN yHIBepcHTeT», Poccus, 628605, XMAO-IOrpa, r. HmxHeBapToBck, yi1. JlenuHa, 56
HWcnonnurens: U3narensctBo HBI'Y, Poccust, 628616, XMAO-IOrpa, . HmxreBapToBck, yi. Mapmana JKykosa, 1. 4.

ISSN 2311-1402 (Print)
ISSN 2686-8784 (Online)

Iloozomosneno u omneuamaro 6 usoamenvcmee HBI'Y

H30. nuy. JIP Ne 020742. Ioonucaro 6 newams 17.06.2026
Jlama evixooa 25.06.2026

Dopmam 60%84 1/8. F'aprumypa Times. Vcn. ney. mucmos 9,1.
Tupaoic 100 sx3. 3axasz 2381 Llena: 6ecniammno

Hkoenesa A.M., sbinyckarowuii pedakmop
Bunssun J].B., mexuuueckuii pedaxmop

© Huoicnesapmosckuii 2ocyoapcmeennuiii ynusepcumem, 2026


https://rkn.gov.ru/mass-communications/reestr/media/?id=81313&page=
https://rkn.gov.ru/mass-communications/reestr/media/?id=832711&page=

BULLETIN

of NIZHNEVARTOVSK
STATE UNIVERSITY

Bulletin of Nizhnevartovsk State University was founded in 2008

Included in the List of peer-reviewed scientific publications,

approved by the Higher Attestation Commission of the Ministry of Education and Science of the Russian Federation dated 01.12.2015

https://doi.org/10.36906/2311-4444/26-2

The journal is published quarterly by the Publishing
House of Nizhnevartovsk State University

Registration certificate PI number FS77-80105 on
31.12.2020.

Registration certificate EL number FS77-79658 on
31.12.2020.

Subscription index in the JSC “Russian post”- PP617.

Quarterly
Language of publication: Russian, English

Indexed: Crossref, Russian Science Citation Index
(RSCI), NES Cyber-Leninka (CyberLeninka), EBS
IPRbooks, EBS Lan, ZENODO, OpenAIRE, ZDB,
Google Academy, Information Matrix for the Analysis of
Journals (MIAR), Open Academic Journals Index (OAJI),
Polska Bibliografia Naukowa (PBN), Dimensions.

Editorial address: 628616, Russia, Khanty-Mansiysk
Autonomous Area — Yugra, Nizhnevartovsk, Lenin Str.,
56. tel./fax: (3466) 44-39-50; (3466) 45-18-05

e-mail: nvsu@nvsu.ru, red@nvsu.ru

Publisher address: 628616, Russia, Khanty-Mansiysk
Autonomous Area —Yugra, Nizhnevartovsk, Marshal
Zhukov Str., 4, of. 1001. tel.: (3466) 24-50-51,
e-mail: izd@nvsu.ru

Attribution 4.0 International (CC BY 4.0).

ISSN 2311-1402 (Print)
ISSN 2686-8784 (Online)

Prepared and printed in the publishing house of NVGU

Ed. persons. JIP No. 020742. Signed for printing on 17.06.2026
Release date 25.06.2026

Format 60x84 1/8. Times typeface. CONV. print sheets 9.1.
Circulation 100 copies. Order 2381. Free

Editor-in-Chief: S.1. Gorlov (Nizhnevartovsk, Russia)
Deputy Editor: B.N. Makhutov (Nizhnevartovsk, Russia)
Executive editor: E.R. Yumagulova (Nizhnevartovsk, Russia)

Editorial Board:

V.A. Aikin (Omsk, Russia)

A.A. Voitenko (Moscow, Russia)

S.K. Gboko (Bouake, Cote d'Ivoire)

V.A. Gorshkov-Kantakuzen (Middlesex, UK)
N.M. Daineko (Gomel, Belarus)

L.A. Ibragimova (Nizhnevartovsk, Russia)
A.G. Emanov (Tyumen, Russia)

M.M. Kazansky (Paris, France)

A.Yu. Kulagin (Ufa, Russia)

L.I. Lubysheva (Moscow, Russia)

G.Sh. Maymerova (Bishkek, Kyrgyzstan)
S.S. Medvedev (St. Petersburg, Russia)
B.Zh. Nurbekov (Astana, Kazakhstan)
N.I. Sinyavsky (Surgut, Russia)

Ya.G. Solodkin (Nizhnevartovsk, Russia)
N.N. Surtaeva (St. Petersburg, Russia)
T.G. Talibov (Nakhchivan, Azerbaijan)
P.U. Fatullayev (Nakhchivan, Azerbaijan)
V.V. Tsys (Nizhnevartovsk, Russia)

16+

A.M. Yakovleva, commissioning editor
D.V. Vilyavin, technical editor

© Nizhnevartovsk State University, 2026



COILEPKAHUE

Cobonesa B.A., ['ony6 B.b.

Mo3anyHOCTh MECTOOOHTAaHUI KakK (hakTop
ycroitunBocTH momyJsiuu Dimorphopterus
spinolae (Heteroptera, Lygaeidae) B npouecce
MOCTIHPOTEHHOM CYKIIECCUU B
BOCTOYHOEBPOIEUCKOUN JIECOCTEIH ..ovvvrvvvereinirerennnns 4

Cmapuxos B.I1., Matioposa A./]., Bepwunun E.A.,
bepnuxos K.A., Ecopos C.B., Haxoneunwviti H.B.,
Capanynvyesa E.C., ®edopsiesa B.H.
DKTOMapa3uThl MEJIKUX MIICKOTIMTAOIINX
3aKa3HUKa «YHTOPCKUI» U UX POJIb B
MOJICPKAHUH ITUPKYJISAIUU BO30yTUTEICH
MPUPOTHOOYATOBBIX MHOEKIIHH ..o.vvvvveeieiierinns 16

Koxapes H.A., Jlapuonose M.B.
buoskonornyeckue acrekTsl 6a0e31030B U OOprOa
T 2171, 1 USSP 31

LHlanamosa E.FO., Iloconviuesa HU.A.,

Pazosun O.H., Iloconviwes /. A., Kyuymose M.C.
[ToxazaTeny qesATeIpPHOCTH CepIa y CTYACHTOK T.
HwxHeBapTOBCKa B 3aBUCHMOCTH OT 00bheMa
IBUTATEILHON AKTHUBHOCTH ..vvvvvvvvvvnvnrsrssnsnsasssnnsnnes 40

Cuszenyog A.H., Byneaxosa M.A., Carvnuxosa E.B.
[epcriekTUBBI MPUMEHEHHS OaKTepHii poia

Bacillus B 6uopemenuanuu no4s, 3arps3HEHHBIX
(63371515001, SNSRI 50

Kynaeuna JI.C., Cmopuax T.B., Kynaeun A.A.
VHBa3MOHHBIE BUIBI IPEBECHBIX PACTCHUH Ha
CTPOUTENBHBIX IUIONIAKax roponos Poccum:
MacuITabbl, perHOHaIbHBIE OCOOCHHOCTH H
9KOHOMHUYECKHE acleKThl KOMIIEHCAIIHOHHBIX
BBITITAT ..uvveeretiesuneessneesseeessneesntnesnneessnesneeanseesnseeas 60

Manesa M.I'., Uenamosa A.C., Coxonos H.A.,
bopucosa I'.T.

Mukpo3sesnens Vigna radiata ¢ noBsiiieHHbIM
coJiep’kaHueM Hofa: 3KOJIOTHYECKH
OPHEHTHPOBAHHBIH ITOIX0]]

¢ ucrons3oBanneM PGP-puzobaxrepuii u
BHEKOPHEBOT'O HOJUPOBAHMSL ...oovvvvnririnriniiinsnensn 71

Ezeoposa U.H., Ecoposa H.O., Manvyesa E.M.
Bimusiaue ycnoBuit mpouspacTtaHus Ha COAEpIKaHUe
JIyOMIIEHBIX BEIIECTB B HA3EMHBIX U TIOA3EMHBIX
opranax Sanguisorba officinalis L. ...........c.......... 84

Ileuenxuna B.A.
DKoJoro-reHeTHIeCKuit aHaau3 copros Secale
cereale L., Bo3nensiBaembix B [Ipeaypanse .......... 98

Yyxkuna H.B., ['nasvipuna M.A., @uaumonoea E.H.,
Jhyxuna H.B., Koporwk A.A.
Amnaromo-mopdonornyeckue u OHOXUMHYECKHE
XapaKTepUCTUKH opxuaeH Epipactis palustris

Ha TEXHOTEHHBIX CYOCTPATAX ...ovvvveviiesiiernenenes 109
Jlosxosa H.A.

MunepanbHbIi TPO(UIH U BUAOBBIE 0COOCHHOCTH
AKKyMYJISILIAHU JIEMEHTOB JIeKapCTBEHHBIMU
pactenusiMu LlenTpanbHoro YepHo3eMs ........... 123

CONTENT

V.A. Soboleva, V.B. Golub

The Mosaicity of Habitats as a Factor Of Stability of
the Population of Dimorphopterus Spinolae
(Heteroptera, Lygaeidae) in the Process of
Postpyrogenic Succession in the East-European
FOrest-StepPe ....occveieiiiircr e 4

V.P. Starikov, A.D. Mayorova, E.A. Vershinin,

K.A. Bernikov, S.V. Egorov, N.V. Nakonechny,

E.S. Sarapultseva, V.N. Fedoryaeva

Ectoparasites of Small Mammals in the Untorsky
Nature Reserve and Their Role in Maintaining

the Circulation of Pathogens Causing Natural

Focal INfeCtions ........cocoveiiriiiiiceee e 16

I.A. Kokarev, M.V. Larionov
Bioecological Aspects of Babesiosis
and its CONLrol ......oovcvvviiiciiccee e 31

E.Yu. Shalamova, I.A. Pogonysheva, O.N. Ragozin,
D.A. Pogonyshev, M.S. Kuchumov

Cardiac Activity Indicators in Female Students

of Nizhnevartovsk Depending

on Physical Activity Level ... 40

A.N. Sizenzov, M.A. Bulgakova, E.V. Salnikova
Prospects for the Use of Bacillus Bacteria in
Bioremediation of Lead-Contaminated Soils ........... 50

L.S. Kulagina, T.V. Storchak, A.A. Kulagin

Invasive Woody Plant Species on Construction Sites
in Russian Cities: Scale, Regional Features, and
Economic Aspects of Compensation Payments ....... 60

M.G. Maleva, A.S. Ignatova, N.A. Sokolov,

G.G. Borisova

lodine-Enriched Vigna Radiata Microgreens: an
Environmentally Oriented Approach Using PGP-
Rhizobacteria and Foliar lodization .............c.c........ 71

I.N. Egorova, N.O. Egorova, E.M. Maltseva

Growing Conditions Effect on the Tannic Substances
Content in the Sanguisorba Officinalis L. Above-
Ground and Underground Organs ..........c.ccceeereeeene. 84

V.A. Pechenkina
Ecological-Genetic Analysis of Secale Cereale L.
Cultivars Grown in Cis-Urals .........ccccccevveveiieiiecinenne.

N.V. Chukina, M.A. Glazyrina, E.l. Filimonova,

N.V. Lukina

Anatomical, Morphological, and Biochemical
Characteristics of the Orchid Epipactis Palustris

on Technogenic SUDSEIates ..........cccoevenerenenennnee 109
N.A. Dyakova

Mineral Profiles and Species Features of
Accumulation of Elements by Medicinal Plants

of the Central Black Earth Region ...........cccccoe..e. 123

CHON



IKOJIOI'Us ’KUBOTHBIX / ANIMAL ECOLOGY

V]IK 595.754:574.34 (470.324)
https://doi.org/10.36906/2311-4444/26-2/01

V.A. Soboleva, V.B. Golub

THE MOSAICITY OF HABITATS AS A FACTOR OF STABILITY OF THE POPULATION
OF DIMORPHOPTERUS SPINOLAE (HETEROPTERA, LYGAEIDAE) IN THE PROCESS
OF POSTPYROGENIC SUCCESSION IN THE EAST-EUROPEAN FOREST-STEPPE

Cobonesa B.A., I'onyé B.b.

MO3AUYHOCTH MECTOOBUTAHUM KAK ®AKTOP YCTOMYNUBOCTH
MOMYJISIMUHA DIMORPHOPTERUS SPINOLAE (HETEROPTERA, LYGAEIDAE)
B IPOLIECCE NIOCTIMUPOTIEHHOM CYKIIECCHUHA

B BOCTOYHOEBPOIIEMCKOM JIECOCTEIIN

Abstract. Based on the results of quantitative
surveys conducted from 2021 to 2024, the
dynamics of abundance and spatial distribution of
the xerophilic species — the bug Dimorphopterus
spinolae  Signoret  (1857)  (Heteroptera,
Lygaeidae) — were studied on a former fire site in
the Usmansky Forest (Voronezh Region), formed
after the 2010 fire. The formation of a stable
population grouping of the species was
established. Significant interannual fluctuations in
abundance were revealed, with a peak in 2021
followed by a subsequent decline. During the
period of maximum abundance, its average values
ranged from 10.88 (in the Calamagrostis-
Chenopodium association) to 17.88 (in the
Festuca-Calamagrostis association) individuals
per 100 sweeps with a standard net. In 2023, with
the minimum abundance of the species in different
plant associations, it decreased by 2.6-11 times.
The main limiting factors for the abundance of D.
spinolae were high temperature maxima and
prolonged drought periods. These factors led to
premature drying and hardening of the vegetative
parts of the main food plant, Calamagrostis
epigeios, which worsened its quality for feeding
the nymphs and adults of the bug. The greatest
decline in the abundance of D. spinolae was noted
in the most xerophilic area occupied by the
Festuca-Calamagrostis association (1.63
individuals per 100 sweeps). Under prolonged
abiotic stress towards xerophily, more mesophytic
conditions ensured better preservation of the food
base and a more favorable microclimate,
providing for the preservation of the local
population grouping of the species. The obtained
data indicate the naturalization of the typical
meadow steppe species, the bug D. spinolae, in
the conditions of a forming xerophilic biotope in

AnHotanus. Ha ocHOBe pe3ylbTaTOB KOTUYECTBEHHBIX
yueroB 2021-2024 rr. mpociexeHsl JUHAMHKA
YHCICHHOCTH U MPOCTPAHCTBEHHOE paclpeleieHue
kcepoduibHOro Buaa — kitorna Dimorphopterus spinolae
Signoret (1857) (Heteroptera, Lygaeidae) na yvactke
ObiBIICH Tapu B YcManckom Oopy (Boponexckas
obnactp), oOpa3oBaBmieiics mocie moxkapa 2010 .
YcTaHOBIEHO (hopMupoBaHue YCTOMYUBOH
MOMYJISILIMOHHONH — TPYIIHPOBKA  BUZAA. BBISBICHBI
3HAYUTENFHBIE MEXKTO/IOBBIC KOJIEOaHUsI YUCICHHOCTH C
ee mukoM B 2021 r. u mocienyromuM CHIKeHHEM. B
MEepUo], ¢ MAaKCUMAILHOW YHCICHHOCTBIO €€ CpelHHe
3HaUCHHUA HaxoAWwnuch B mpexenax ot 10,88
(BeTHHKOBO-MapeBast accoITrarus) o 17,88
(THITYaKOBO-BEHHUKOBAS accoruarus) 5k3./100 B3maxoB
cTaHjapTHEIM caukoM. B 2023 rogy ¢ MuHUMaIbHOU
YHCIEHHOCTBIO BHJAa B  Pa3HBIX  PaCTUTEIHHBIX
accouuanusax oHa cHu3miIach B 2,6—11 pa3. OcHOBHBIMU
JTUMUATHpYOIMMHU (hakTopamu gyuciernocty D. spinolae
SIBUJIUCh BBICOKHE TEMIICPATyPHbIE MAaKCUMyMbl U
JUTATEIIHHBIE TIEPUOIBI 3aCyXH. DTU (HaKTOPBI IPUBEITH K
MPEKICBPEMEHHOMY  YCBIXaHHI0 M JKECTKOCTH
BEreTaTHBHBIX YaCTEH OCHOBHOTO KOPMOBOTO PACTCHUS,
Calamagrostis epigeios, 4To yXyaIIuio ero KayecTsa
JUTSl TUTaHWUS JIMYMHOK W MMaro kjoma. HawmbGombmee
cHKeHne uyncienHoctr D. spinolae ormedeno Ha
Haubosee KCepo(hUTHOM y4acTKe, 3aHATOM THITUYAKOBO-
BelHUKOBOM acconmanuei (1,63 5k3./100 B3maxos). [Ipu
JUIATEIFHOM a0MOTHYECKOM CTpecce B HaIlpaBJICHUU
Kcepodunuzanmu ~ Oonee  Me30(UTHBIE  YCIIOBHSA
obOecrevniTi Ty4IIyl0 COXPaHHOCTh KOPMOBOH 0asbl u
Oosiee  ONarompusATHBIA MHUKPOKIMMAT, OOeclevnB
COXpaHEHHUE JIOKAJIbHON NONYJIILUOHHON IPYyIIIUPOBKU
Buna. llonmydeHHbIE JaHHBIE CBHUJIETEIBCTBYIOT O
HaTypaJlu3allid THIIMYHOTO JIyTOBO-CTEITHOTO BUJA,
kiorna D. spinolae, B ycioBusix ¢opmupyromerocs Ha
MeCTe Tapu KCepOPUTHOTO OHOTONA W OTPAXKAIOT

Ot
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place of the fire site and reflect the general trend
of xerophily in the post-fire ecosystem in the
Eastern European forest steppe zone.
Keywords: Hemiptera, Heteroptera,
pyrogenic  succession,  Usmansky
Voronezh Region.
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Introduction

Post-fire successions are among the most evident and important manifestations of the
transformation of natural ecosystems, and their study is of considerable theoretical and practical
interest. Most research on this process has traditionally been focused on coniferous and mixed
forest zones, which are the most vulnerable ones to fire disturbance [3; 6; 8]. At the same time, the
specific features of recovery processes in the forest steppe zone remain insufficiently studied. In
forest steppe areas affected by fire, forestry practice is generally oriented toward artificial
reforestation. However, it remains unclear to what extent natural ecosystems in forest steppe
conditions are capable of self-recovery after the large-scale loss of the tree and shrub layers, and
what new features they acquire during this process.

The 2010 wildfires, which represented a large-scale natural disaster, affected vast areas of
the Central Russian forest steppe, causing a profound transformation of forest biocenoses that had
developed over centuries and inflicting substantial ecological damage. In the Usmansky Forest
(Voronezh Region), the fire had a destructive effect on the soil cover, litter layer, root systems of
woody and shrubby vegetation, and the aboveground forest strata. In most of the burned area,
complete sanitary logging was subsequently carried out, followed by reforestation through mixed
plantations of Scots pine and silver birch. However, artificial reforestation was not implemented
on a large area of 84 ha. The greater part of this territory, which retained its initial post-fire
appearance after the removal of the remnants of the burned stand, was designated by researchers
of Voronezh State University as a permanent monitoring site for a long-term study. The research
conducted there is aimed at investigating post-fire succession, the dynamics of developing
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phytocoenoses and faunal communities, and in particular assemblages of phytophagous insects
under the conditions of natural forest regeneration.

The aim of the study was a comprehensive assessment of the mechanisms maintaining the
stability of the population of the xerophilic phytophagous bug Dimorphopterus spinolae
(Heteroptera, Lygaeidae) through analyzing a long-term dynamics of its abundance and spatial
distribution in the heterogeneous conditions of a post-fire ecosystem.

Materials and Methods

The study was conducted in the southwestern part of the Usmansky Forest (Voronezh
Region), within the territory of the Voronezhsky Federal Nature Reserve, in the vicinity of the
Venevitinovo Biocenter of Voronezh State University (20 km northeast of Voronezh; the
coordinates of the centre of the study site: 51°48°43.8” N, 39°23°40.9” E; Fig. 1). In zonal terms,
the surveyed territory belongs to the Eastern European forest steppe [7]. A mixture of pine and
broad-leaved species dominates the unburned forest area, primarily oak, aspen, birch, and black
alder. In 2021-2024, we collected material and carried out quantitative surveys of heteropteran
insects on former burn sites in order to determine species composition, dominance structure, and
population dynamics. Sampling was conducted from May to October, twice a month. Quantitative
surveys were performed by using sweep-net sampling, with 100 sweeps on each of the three
transects established in different parts of the study site:

1. Transect 1 was located along the southern boundary of the compartment, in close
proximity (2040 m) to the edge of the unburned forest stand (51°48°39.4” N, 39°23°37.8” E).
The transect was characterized by a pronounced ecotone effect, with increased shading and
humidity due to its proximity to the forest stand. The plant association: Calamagrostis epigeios
(L.) Roth — Chenopodium album L.

2. Transect 2 was located in the central part of the compartment, the most open and well-
sunlit area, on sandy and sandy loam soils (51°48°42.0” N, 39°23°42.8” E). The transect
represented the most xerophytic biotope within the study site. The plant association comprises
Festuca valesiaca Schleich. ex Gaudin and Calamagrostis epigeios (L.) Roth.3. Transect 3 was
located along the northern boundary of the compartment, near the Klyukvennoye-1 sphagnum bog
(51°48°47.3” N, 39°23°42.8” E). The transect exhibits specific microclimatic conditions due to its
position at the boundary between the xerophytic burned area and the mesophytic area adjacent to
the bog. The plant community comprises Calamagrostis epigeios (L.) Roth, Chenopodium album
L., and Festuca valesiaca Schleich. ex Gaudin. In addition to the burned areas, control biotopes
unaffected by the 2010 fire were also surveyed:

1. A steppe-like site with the elements of ruderal vegetation (vicinity of Maklok settlement;
51°48°29.2” N, 39°24°46.5” E). The open biotope. The phytocoenosis is dominated by xerophytic
species: baby's breath (Gypsophila paniculata L.), field wormwood (Artemisia campestris L.),
mugwort (Artemisia vulgaris L.), and sandy immortelle (Helichrysum arenarium (L.) Moench),
motherwort (Leonurus quinquelobatus Gilib.), corn brome (Bromus squarrosus L.), hill cinquefoil
(Potentilla collina Wibel), and desert madwort (Alyssum desertorum Stapf).
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2. The forest edge adjacent to the study site (51°48°35.0” N, 39°23°34.3” E). The tree layer
is mixed, with the dominance of Scots pine (Pinus sylvestris L.) and pedunculate oak (Quercus
robur L.). The shrub layer is well developed; common species included Russian broom
(Chamaecytisus ruthenicus (Fisch. ex Wol.) Klask.), red elder (Sambucus racemosa L.), verrucose
spindle tree (Euonymus verrucosus Scop.), and low serviceberry (Amelanchier spicata (Lam.) K.
Koch). The herb layer comprised grass—forb and Aegopodium—Chelidonium associations.

L , £

Fig. 1. Post-fire ecosystem with natural vegetation recovery in the Usmansky Forest
(Voronezh Region, 2024)

Additional sampling of heteropteran insects was carried out in areas with artificial forest
plantations (51°47°46.7” N, 39°23°05.3” E). The tree layer is formed by mixed plantations of Scots
pine (Pinus sylvestris L.) and silver birch (Betula pendula Roth), with a minor admixture of aspen
(Populus tremula L.). The shrub layer is sparse, represented by single individuals of dyer’s
greenweed (Genista tinctoria L.), Russian broom (Chamaecytisus ruthenicus (Fisch. ex Wol.)
Klask.), and red elder (Sambucus racemosa L.). The herb layer is dominated by grasses, primarily
wood small-reed (Calamagrostis epigeios (L.) Roth) and purple small-reed (Calamagrostis
arundinacea (L.) Roth).

The spatial arrangement of the surveyed biotopes and sampling transects, as well as a
photograph of the dominant heteropteran species recorded in the samples, are presented in Figure
2.
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Fig. 2. Study object — the bug Dimorphopterus spinolae Signoret (A) and the layout of sampling
transects and control biotopes (B) in the Usmansky Forest, Voronezh Region
1 —Transect 1; 2 — Transect 2; 3 — Transect 3; 4 — steppe-like site (vicinity of Maklok settlement);
5 — forest edge; 6 — artificial forest plantations

Meteorological conditions (mean daily temperatures and snow cover depth) were obtained
from the Kordon Usmansky meteorological station by using the data from the weather service RP5
weather service (rp5.ru). Statistical processing of the quantitative data was performed by using the
Microsoft Excel software.

Results and Discussion

Long-term surveys (2021-2024) revealed that the dominant species in the heteropteran
assemblage of the studied post-fire area in the Usmansky Forest is the bug Dimorphopterus
spinolae (Signoret, 1857), belonging to the family Lygaeidae (ground bugs). This trans-Palaearctic
species is widely distributed across the southern half of Europe, reaching northwards to Denmark,
Germany, Austria, the Czech Republic, Poland, and the forest zone of European Russia. In Asia,
it occurs as far as Kazakhstan, southern Siberia, the Russian Far East, Mongolia, and the Korean
Peninsula. The southern boundary of its European range runs through Italy, the former Yugoslavia,
Moldova, and southern Ukraine, while in Asia it extends through Azerbaijan, Iran, Kyrgyzstan,
and Tajikistan [9-11; 14;]. In Voronezh Region, the species was previously recorded from the
vicinity of Ramon settlement [2; 11] and the Tellerman Forest [13].

In the Usmansky Forest, single individuals of D. spinolae were first recorded by us in 2016
[12]. A gradual increase in abundance of the species made it possible, starting from 2021, to
conduct statistically reliable estimates of the population assemblage within the model site.
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According to the published data [10; 11] and the authors’ own observations, the species is
associated with relatively extensive open steppe-like habitats, light and sparsely forested stands,
large clearings, and forest edges, mainly on light sandy and sandy loam soils. Trophically, the
species is strictly associated with grasses, primarily wood small-reed (Calamagrostis epigeios (L.)
Roth) [4; 10; 11]. In addition, various grass species have been reported as host plants in different
regions, including bearded oat-grass (Melica nutans L.), northern wheatgrass (Leymus angustus
(Trin.) Pilg.), sea lyme grass (Leymus arenarius (L.) Hochst.), and marram grass (Ammophila
arenaria (L.) Link) [11; 1; 5; 10; 15]. Almost all of these grass species currently occur on the post-
fire model site affected by the 2010 fire, with the dominance of C. epigeios.

Our analysis of species abundance across different biotopes revealed a pronounced spatial
heterogeneity, correlating with the composition of vegetation formations and microclimatic
conditions established on different transects (Table 1).

Table 1
Mean abundance of Dimorphopterus spinolae (Signoret, 1857) on sampling transects
of the post-fire succession site in the Usmansky Forest and adjacent areas (Voronezh Region)
in 2021-2024 (individuals per 100 sweeps)

Transect 3
Transect 1 Transect 2 (Calamagrostis- Acrtificial
Date of | (Calamagrostis- (Festuca- gre Steppe- | Forest
. . Chenopodium- e forest
Research Chenopodium Calamagrostis like site | edge X
L " Festuca plantations
association) association) o
association)
2021 10.88 £ 1.61 17.88 +2.54 11.13 £ 1.63
2022 478 £0.45 4.56+1.06 4.33 +1.08 071+ |2.62+ 2334032
2023 2.88+0.31 1.63 +£0.46 4.25+1.06 0.23 0.73 ‘ '
2024 4.86 +0.46 3.29+1.01 5.29+1.26

Within the post-fire area, the peak abundance of the population was recorded in 2021. By
the time the quantitative surveys were initiated at the model site, more than ten years had passed
since the large-scale wildfires of 2010. Over the period, stable and extensive forb-grass
phytocoenoses had formed on the burned areas, with a strong dominance of wood small-reed
(Calamagrostis epigeios (L.) Roth), the main host plant of the studied species. The biotopes had
developed a structure optimal for D. spinolae: open, well sun-exposed sites on light sandy soils.
The highest abundance of the species was recorded on Transect 2, characterized by the most
xerophytic conditions, which corresponds to the ecological preferences of the species. The weather
conditions during the spring-summer period of 2021 were also favourable for overwintering adults
and larval development, contributing to high survival and successful reproduction.

In 2022, a sharp decline in abundance was observed across all sampling transects. On the
one hand, this may reflect natural cyclic fluctuations in population size. On the other hand,
unfavourable weather conditions during critical developmental periods acted as a limiting factor.
Conditions during the vegetation period, namely high temperature maxima and prolonged
droughts, led to premature drying and increased rigidity of shoots of the main host plant, thereby
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reducing their nutritional quality for both larvae and adults. Low precipitation conditions were also
recorded during the winter. The mean snow cover depth in the winter of 2022 did not exceed 6.6
cm (Table 2).

Table 2
Temperature conditions during vegetation periods and snow cover depth
in the Usmansky Forest (2021-2024)
Mean daily temperature, °C Maximum temperature, °C

2021 | 2022 | 2023 | 2024 | 2021 | 2022 | 2023 | 2024
April +8.9 | +10.2 | +9.9 | +14.6 | +24.1 | +23.1 | +19.9 | +28.2
May +16.2 | +11.9 | +14.8 | +14.0 | +31.5 | +27.2 | +26.1 | +29.5
June +21.0 | +20.5 | +17.5 | +21.4 | +35.0 | +30.9 | +27.6 | +32.1
July +24.0 | +20.9 | +20.5 | +23.7 | +34.4 | +32.6 | +31.6 | +34.9
August +23.8 | +23.4 | +21.6 | +21.8 | +35.7 | +31.7 | +32.4 | +335
September +12.6 | +11.9 | +16.1 | +18.6 | +25.9 | +22.6 | +28.8 | +29.3
October +6.8 | +8.6 | +7.8 | +10.0 | +16.7 | +21.1 | +24.4 | +25.4
Mean snow cover depth, cm 23.5 6.6 22.0 20.6

The negative trend continued in 2023, when D. spinolae abundance reached its lowest values
over the entire observation period. The decline was especially pronounced on the most xerophytic
Transect 2. This indicates the long-term consequences of the 2022 population depression,
expressed in reduced reproductive potential. A decrease in the number of adults in the previous
season must have resulted in a reduced number of eggs laid and, consequently, low abundance of
the 2023 generation. Notably, on Transect 3, influenced by the nearby sphagnum bog, the
population density remained substantially higher. This suggests that under a continued abiotic
stress, more mesophytic conditions provided better preservation of the food base and a more
favourable microclimate, thereby supporting the persistence of the local population.

In 2024, a positive trend in the abundance of D. spinolae was observed, expressed as an
increase across all sampling transects. A particularly marked rise in abundance was recorded on
Transect 3. This increase may indicate the onset of a population recovery phase as a result of
adaptation to altered environmental conditions. In addition, the weather conditions during the
spring-summer period of 2024 were close to optimal for the species, providing sufficient moisture
for host plant development and the absence of extreme temperatures.

The spatial distribution of D. spinolae within the study site over the entire observation period
was heterogeneous, which is directly associated with the ecological requirements of the species
and the specific characteristics of the three sampling transects.

The most suitable habitat for the studied xerophilic species was the Festuca-Calamagrostis
association along Transect 2. It was the transect, characterized by maximum insolation, sandy
soils, and dominance of wood small-reed (Calamagrostis epigeios (L.) Roth), where the absolute
peak abundance was recorded in 2021. However, that habitat also proved to be the least stable
under the prolonged climatic stress of 2022-2023, when the most pronounced decline in
abundance was observed. Sparse woody and shrub vegetation does not form a reliable wind barrier
and does not promote the accumulation and retention of a stable snow cover. This leads to early
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snowmelt in spring and, more importantly, to the absence of a stable thermal insulating layer
during winter temperature minima. As a result, overwintering adults located in the litter layer or
at the bases of grasses are more vulnerable to mortality during frosts and sharp temperature
fluctuations in early spring.

Transect 1 (Calamagrostis-Chenopodium association) occupied an intermediate position in
terms of species abundance during the peak year of 2021. Proximity to the undisturbed forest stand,
which provided increased shading and humidity, created conditions that were less optimal for the
xerophilic D. spinolae compared to Transect 2. However, during the critical periods of 2022—2023,
the decline in abundance was not so severe as in the central part of the study site. The ecotone
effect must have played a stabilizing role, ensuring a more buffered microclimate and possibly
better preservation of host plants during dry periods. The dynamics on this transect reflect a
balance between suboptimal conditions in favourable years and greater stability under adverse
conditions.

Transect 3 (Calamagrostis-Chenopodium-Festuca association) proved to be the most stable
habitat for the population persistence during unfavourable periods. In 2021, its abundance values
were comparable to those of Transect 1, while remaining lower than those of Transect 2. However,
that transect exhibited the smallest amplitude of fluctuations in subsequent years. In 2023, when
the abundance reached minimum values on the other transects, it remained the highest across the
entire study site, and in 2024 it showed the most pronounced recovery. The boundary position
between open xerophytic habitats and the mesophytic area adjacent to the Klyukvennoye-1
sphagnum bog creates a unique microclimatic regime. This suggests that under drought conditions
such xeromesophytic sites function as refugia where host plants stay preserved and conditions
remain suitable for the survival of both adults and larvae. Thus, this transect acts as an ecological
buffer, contributing to the stability of the population at the scale of the entire study area.

In 2021-2024, we conducted population surveys of Dimorphopterus spinolae on control
sites unaffected by the 2010 fire, as well as in young plantations established on former burned
areas. The habitats were characterized by consistently low abundance of the species, with no
significant interannual fluctuations.

The steppe-like site in the vicinity of Maklok settlement is an open xerophytic habitat,
generally corresponding to the ecological preferences of the studied species. However, its
abundance there was extremely low (0.71 £+ 0.23 individuals per 100 sweeps), and occurrences
were sporadic. This allows us to consider this biotope to be a peripheral habitat. The main reason
is likely to be the structure of the phytocoenosis: although host grasses are present, they do not
form extensive and dense stands comparable to those of Calamagrostis epigeios on burned sites.

The forest edge and artificial forest plantations function as buffer refugia with consistently
low, but slightly higher than in the steppe-like site, population abundance (2.62 + 0.73 and
2.33 +£0.32 individuals per 100 sweeps, respectively). Their key importance lies in the combination
of two factors: the presence of a food base (wood small-reed dominates the herb layer in
plantations and is present at the forest edge) and a more moderate microclimate compared to open
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burned areas. Shading and wind protection ensure more stable temperature and humidity
conditions, thereby reducing the stress caused by weather anomalies. These habitats are not
capable of supporting the high population densities typical of post-fire sites during their optimal
phase, but they reliably maintain a small resident population of D. spinolae.

Conclusions

Based on the long-term study (2021-2024) of the dynamics of the xerophilic dominant
species Dimorphopterus spinolae under the conditions of post-fire succession in the Usmansky
Forest, the following main conclusions can be drawn.

1. The population of D. spinolae exhibits abundance dynamics shaped by the combined
influence of successional habitat stages and climatic factors. The population peak observed in 2021
resulted from the formation of extensive grass-dominated communities on burned areas, with the
dominance of the main host plant — wood small-reed (Calamagrostis epigeios (L.) Roth), which
created optimal conditions for the species at a specific stage of post-fire recovery. The subsequent
sharp decline in 2022-2023 indicates a high sensitivity of the population to abiotic factors, which
exert a long-term depressive effect.

2. The key factor ensuring population stability under such dynamics is the habitat
heterogeneity. The study revealed a clear functional differentiation of biotopes: open xerophytic
sites (Transect 2) act as “corridors”, supporting high abundance during favourable periods but
leading to the greatest population losses under stress conditions. At the same time, Transect 1 has
been undergoing an active ecotone succession process: woody and shrub vegetation has been
expanding from the forest edge, altering microclimatic conditions toward increased shading and
humidity. This leads to a gradual replacement of grasses by forest species and an overall thinning
of the herb layer, creating increasingly unfavourable conditions for the light- and heat-loving
D. spinolae. As a result, the population core is being gradually shifted from the forest edge toward
open areas. Under these conditions, xeromesophytic ecotones (Transect 3) perform an important
function as stable refugia. They provide a buffered microclimate and preserve the food base during
stress periods, thereby maintaining a stable population core.

3. Control biotopes unaffected by fire (forest edges and plantations) form a stable low-
density population background, functioning as buffer zones.

Thus, the stability of the Dimorphopterus spinolae population in forest steppe landscapes is
ensured not by a single habitat type, but by a network of functionally diverse environments — from
post-fire open habitats to stable mesophytic and xeromesophytic ecotones and buffer forest
plantations. The preservation of landscape heterogeneity is a necessary condition for maintaining
biodiversity and the stability of populations of specialized species under post-fire ecosystem
conditions.
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SKTOMAPA3UTHI MEJTKUX MJIEKOMUTAIOIIUX 3AKA3HUKA «YHTOPCKHIA»
1 ¥X POJIb B ITOJIEPKAHUH IIUPKYJISIIAN
BO3BYIUTEJIEI MPUPOJHOOYATOBbIX HHOEKLIMIA

V.P. Starikov, A.D. Mayorova, E.A. Vershinin, K.A. Bernikov,
S.V. Egorov, N.V. Nakonechny, E.S. Sarapultseva, V.N. Fedoryaeva

ECTOPARASITES OF SMALL MAMMALS IN THE UNTORSKY NATURE RESERVE
AND THEIR ROLE IN MAINTAINING THE CIRCULATION
OF PATHOGENS CAUSING NATURAL FOCAL INFECTIONS

Andotamuss. B 2019 u 2025 rr. Ha Tepputopuu
3aka3HuKa «YHTOpckuit»  (OKTAOpbCKUIT  paiioH,
XaHTeI-MaHcuiicknii aBTOHOMHBIA OKpyr — lOrpa) B
JIETHE-OCEHHUN IIEPUOJ, IPOBEACHBI YUYETHl MEIKHUX
MJIEKOTIUTAIOMINX (HACEKOMOSAHBIE U TPBI3YHBI) U UX
sKTOmMapa3suToB. Bcero yureHo 966 ocobelt Menxmx
MJIEKOMUTAOMUX 12 BUAOB, ¢ KOTOPbIX ouécaHo 1470
9K3eMIUIIpOB 3KkTomapa3uToB 31 Buma. Cpenu HuX 8
BHJIOB MAapa3sUTHUYECKUX IaMa3oBBIX KIEIIeH, 2 BUAA
HMKCOJOBBIX KiIellel, 3 Buaa Buieil U 18 BHIOB OJIOX.
[ns BeisgBIeHus OoJjiee IIOJIHOTO COCTaBa MENKHX
MJIEKOTIUTAIOMINX (TIPOKOPMHUTENEH 3KTONApa3UTOB)
UCIIOJIB30BAJIN JBA METOJa Y4ETOB — JIOBUMX KaHABOK
(HampaBisAOMKUX 3a00PYUKOB) M JIOBYIIKO-JIMHUH. B
OTHOIIIEHWH BHUAOBOTO COCTaBa MPOKOPMHUTENEH W
Napa3suTHPYIOLINX Ha HHUX 9KTONApPa3UTOB
spdextnBHee  paboTamy  JIOBYME ~ KaHAaBKH W
HanpasJsitonue 3abopunku. Cpe/y raMa3oBbIX Kilelei
HE3aBHCHUMO OT clocoba OTJIOBa HACEKOMOSIHBIX H
rpei3yHoB  gomuuupoBan Laelaps algericus. Tlpu
OTCYTCTBMM B Y4€Tax BOJSHOHN IOJEBKH (Aemnpeccus
4uCIIeHHOCTH), e€ crermpuueckuii mapasut Laelaps
MUrisS TpokapmiIMBajCs Ha IOJIEBKe-9KOHOMKe. J[Ba
BHJIa MKCOIOBBIX Kiemei — Ixodes persulcatus u I.
apronophorus, cBoiicTBeHHBIE U CEBEPHOW Taiiru
3amagHoit Cubupu, OTMEYeHbl M HA TEPPUTOPUH
3aKa3HuKa «YHTOpCKHii», nomuHuposa |. persulcatus.
Cpenu BIIeH AWKMX MIIEKOMMTAIOUINX ITOAABIISIONIE
npeobmagan Hoplopleura acanthopus, ma momo H.
edentula u Polyplax hannswrangeli npuxoammtock
MmeHee 2%. OCHOBHBIMU MPOKOPMUTEISIMH OJI0X OBLIH
KpacHasi TIOJIeBKa, OOBIKHOBEHHas Oypo3yOka w
MOJIEBKA-IKOHOMKA. BonpmmHCcTBO
3aperuCTPUPOBAHHBIX HKTONAPAZUTOB B TOM WM MHOHN
CTENIEHH YYAacCTBYIOT B LHUPKYJSIMH BO30yAHTENeH
MHQEeKIMA B MNPUPOJHBIX oyarax TYJISAPEMUH,
KJIEILIEBOTO SHIE(aINTa 1 KIEIEeBoro Ooppennosa.

Abstract. In 2019 and 2025, in the territory of the
Untorsky nature reserve (Oktyabrsky district,
Khanty-Mansi Autonomous Okrug — Yugra),
recorded of small mammals (insectivores and
rodents) and their ectoparasites were carried out
during the summer-autumn period. A total of 966
individuals of small mammals of 12 species were
registered, from which 1,470 specimens of
ectoparasites of 31 species were collected.
Among them are 8 species of parasitic gamasid
mites, 2 species of ixodid ticks, 3 species of lice
and 18 species of fleas. To identify a more
complete composition of small mammals (hosts
of ectoparasites), two methods of surveys were
used: ditches with pitfalls or polyethylene guide
fences and trap lines. In terms of the species
composition of hosts and ectoparasites
parasitizing them, ditches with pitfalls or
polyethylene guide fences were more effective.
Among gamasid mites, regardless of the method
of catching insectivores and rodents, Laelaps
algericus dominated. In the absence of water
voles in the records (depression of numbers), their
specific parasite Laelaps muris fed on the root
vole. Two species of ixodid ticks — Ixodes
persulcatus and |. apronophorus, typical for the
northern taiga of Western Siberia, were also noted
in the territory of the Untorsky nature reserve,
with I. persulcatus dominating. Among the lice of
wild mammals, Hoplopleura acanthopus was
overwhelmingly predominant, with H. edentula
and Polyplax hannswrangeli accounting for less
than 2%. The fleas' main fidder were the northern
red-backed vole, the common shrew, and the root
vole. Most registered ectoparasites are involved
to varying degrees in the circulation of infectious
agents in natural foci of tularemia, tick-borne
encephalitis and tick-borne borreliosis.
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BBeaenne. [lapasutrueckue 4I€HUCTOHOTHE — BayKHAsl 4YaCTh O€CIIO3BOHOYHBIX KUBOTHBIX.
MHorue u3 HHMX CIIOCOOHBI COXpPaHATh W IepelaBaTh YENOBEKY M JKMBOTHBIM DPa3IHYHBIX
BO30yAMTENEH MPOTO30MHBIX, OaKkTepUalbHBIX M BUPYCHbIX uHGpekuui [1; 5]. B 3anannoii
Cubupu paboT 1o MapazuTUYECKUM UYJIEHHUCTOHOTUM (TaMa3oBble KJEIIH, UKCOAOBbIE KIIEIIH,
BILM, OJIOXH U JIp.) CPAaBHUTEIHHO MHOTO. BOJIBITMHCTBO U3 HUX MOCBSILEHO OT/IEIbHBIM IPYIIIIaM
[6; 17]. 3HauuTenbHO MEHBIIE paboT O Mapa3sUTUPOBAHUH WJICHHUCTOHOTUX HA OTIENBHBIX BUAAX

npokopmuteneit [9; 20], a Takke myOIuKanuii, KOTOpble Obl OXBAaThIBAJIM MPAKTUYECKU BECh
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KOMIUIEKC MTapasUTUUYECKUX WICHUCTOHOTMX Ha OTAEJIBHO B3sATON Teppuropuu [8; 16]. 3akazHuK
((YHTOpCKHfI)> OlHAa U3 HEMHOT'UX TeppHTopHﬁ, rae HO,Z[O6HBI€ HCCIICO0BaHUs ITPOBECICHEI.

HGJ'IB Hallamux I/ICCJ'IG,Z[OBaHI/Iﬁ 3aKJIrogaJlaCb B BBISIBJICHHHW KOMIIJIICKCA YJICHHCTOHOI'HX,
Mapa3sUTUPYIOLIKUX HAa MEJIKUX MJIEKOIHUTAIOIINX 3aKa3HUKA «Y HTOPCKUM.

Martepuanbl U MeTOAbI. 3aKa3HUK «YHTOPCKUU» — 0OCO00 OXpaHseMas MPUPOIHAs
tepputopus (OKTIOpbCcKuii paiioH, XaHThI-MaHCHICKHH aBTOHOMHBIN OKpyT — FOTrpa), oOpazoBan
B 1984 r. 3aka3HuK pacmoyiokeH B JeBoOepekHOM yacTu OacceitHa p. OO0u (1o130Ha ceBepHOM
Taiirm necHoW 30HBI 3amagHoit Cubupm). Wccnenoanusi mposenensl B 2019 u 2025 rr.,
OXBaTbIBAJIN IUIAKOPHBIC U OMMEHHLIE MGCTOO6I/ITaHI/I$I. 3BepLKOB IIOGBIBEUII/I C IIOMOIIBKO
METOAOB J'IOByuH(O-J'IPIHPIPL JIOBYMX KaHABOK W HAITPABJIAIOMINUX 3360qu/IKOB W3 MOJINATUICHOBOH
mwieHku. Bcero orpabdorano 3533 maBumiiko-cyTok W 4065 KOHYCO-CYTOK, yuTeHO 966 ocolOeit
MEJIKMX MJIeKonmuTaromux 12 BUIOB: 0OBIKHOBEHHast Oypo3yOka Sorex araneus Linnaeus, 1758,
KpymnHO3yOass Oypo3yOka S. daphaenodon Thomas, 1907, cpemnsis Oypo3yOka S. caecutiens
Laxmann, 1788, paBHo3ybOas Oypo3ybka S. isodon Turov, 1924, manas Oypo3ybka S. minutus
Linnaeus, 1766, necnas wmbimoBka Sicista betulina Pallas, 1779, mecuoii nemmunr Myopus
schisticolor Lilljeborg, 1844, peixast mosieBka Myodes glareolus Schreber, 1780, kpacHas mosieBka
M. rutilus Pallas, 1779, rémuas (namennast) mosjeska Agricola agrestis Linnaeus, 1761, nosieska-
sxkoromka Alexandromys oeconomus Pallas, 1776, meimbs-mamorka Micromys minutus Pallas,
1771. OHpeI[eJ'IeHI/IC MIICKOIIUMTAOIIUX IIPOBECACHO B COOTBCTCTBHUU CO CIIPABOYHHUKOM-
onpenenuteneMm [15]. C yka3aHHBIX MEJKHUX MIIEKOMHUTArOIMX ouécaHo 1470 sk3eMIuisIpoB
AKTOMAPa3uToOB (ramMa3oBble U MKCOJAOBBIE Kiel, Buid U Omoxu) 31 Buma. ['amazoBbie kiemnu:
Haemogamasus mandschuricus Vitzthum, 1930, Hg. nidi Michael, 1892, Hg. ambulans (Thorell,
1872), Eulaelaps stabularis (C.L. Koch, 1839), Hirstionyssus eusoricis Bregetova, 1956, Hi.
isabellinus (Oudemans, 1913), Laelaps algericus Hirst, 1925, L. muris (Ljungh, 1799).
Hxcomoseie kiemu: Ixodes persulcatus Schulze, 1930, 1. apronophorus Schulze, 1924. Bm:
Hoplopleura acanthopus (Burmeister, 1839), H. edentula Fahrenholz, 1916, Polyplax
hannswrangeli Eichler, 1952. Broxu: Amalaraeus penicilliger (Grube, 1851), Ceratophyllus
gallinae (Schrank, 1803), C. indages Rothschild, 1908, Megabothris turbidus (Rothschild 1909),
M. rectangulatus (Wahlgren, 1903), M. calcarifer (Wagner, 1913), Frontopsylla elata (Jordan et
Rothschild, 1915), Amphipsylla rossica Wagner, 1912, A. sibirica (Wagner, 1898),
Peromyscopsylla bidentata (Kolenati, 1863), P. silvatica (Meinert, 1896), Catallagia dacenkoi
loff, 1940, C. ioffi Scalon, 1950, Rhadinopsylla integella Jordan et Rothschild, 1921,
Corrodopsylla birulai loff, 1928, Palaeopsylla soricis Dale, 1878, Ctenophthalmus uncinatus
(Wagner, 1898), Hystrichopsylla talpae (Curtis, 1826). Dxronapasuros ¢pukcupoBaiu B 70%-HoM
criupte. Onpenenenne JNINHOK U HUM{$ WKCOJIOBBIX KJICIIEH MPOBEICHO Ha Mpemnaparax (cpesa:
xunkocte Popa-beprnese). [nst 1uarHOCTUKK Mapa3UTHYECKUX UYJIEHHUCTOHOTHX IMOJIb30BAIIUCH
onpeaenutensmu: N.I'. Modhd u O.U. Ckanon [10], H.I'. bpererosa [4], [I.1. bnarosemmenckuit

[3]u H.A. ®ununmnosa [24]. B paboTe ucmnonp30BaHbl OOMIETPUHSITHIE B TAPA3UTOIOTHU HHACKCHI:

[@@| 18



https://doi.org/10.36906/2311-4444/26-2/02 Cmapuxkos B.I1., Maiioposa A.J]., Bepwunun E.A. u op.

uHaekc Bcrpeuaemoctu — UB, unnmeke obwnus — MO u cpenHsss MHTEHCUBHOCTH 3apaskeHUs
3BEpHKOB AKTOMapazutramu — 13 [2].

Pe3yabTaThl 1 006cy:k1enue. Ha reppuropuu ceBepHoii Taiiru 3amaanoit Cuoupu M3BECTHO
oOuTaHue mpecTaBuTeNe 28 BUIOB MEITKUX MIeKONHUTAIMUX [ 19]. VI3 HUX TpH BUAA TOCTOSITHHO
Y COBMECTHO JJOMHHHPYIOT: KpacHasl MOJIeBKa MMOBCEMECTHO, IPeodIajaHe cpeHe 0ypo3yoKku
BO3pacTaeT B BOCTOYHOM HAIpPaBIIEHUU 3TOM MOJ30HBI, a OOBIKHOBEHHOH Oypo3yOku — B
3anagHoM. Ha pa3HbIX yyacTKax CEBEpPHOM Talrd perucTpupoBayioch oT 6 g0 17 BHUAOB
HAaCEKOMOSIHbIX M TpbI3yHOB. B 3aka3Huke «YHTOpcKMil» yuTeHO 12 BHAOB MEIKHUX
MJICKOTMTAIOMINX. 3/1eCh TPYIIy JAOMHUHAHTOB COCTABHIIM: OOBIKHOBEHHash Oypo3yoOka (46%),
KpacHas noJjieBka (22) u mayiasg 6ypo3yoka (12), ComoMHUHAHTHI — ITOJIEBKAa-9KOHOMKa (9) U cpeansis
Oypo3ybka (7). Ydactue B cOOOIIECTBE MEIKHX MJIEKOIUTAIOIMNX JPYTrUX CEMU BHUIOB
(kpymHO3y0ast 1 paBHO3yOast Oypo3yOKH, JIeCHAs! MBIIIOBKA, JIECHOW JIEMMUHT, pbDKasl MOJICBKA,
TéMHasl (MMalleHHas ) TTOJIEBKA U MBIIIb-MAJIIOTKA) COCTABUIIO JHIIb 4%.

[lapasuTnueckue ramaszoBble Kiemu. M3 12 BHIOB MENKHX MIIEKOMUTAIOUIHX,
3aperuCTPUPOBAHHBIX B 3aKa3HUKE «YHTOPCKUI», TaMa30Bble KIICHIM Mapa3uTUPOBAIM Ha
YeTHIPEX YMCICHHO Mpeo0iaJarolnX BHIAX MEIKUX miekonurarommx (tadn. 1). KommuectBo
BHJIOB ramasuj] BappupoBaio oT 2 (cpemusisi Oypo3yoOka) 10 6 (mosieBka-skoHOMKA). O0muMu
KICIIAaMH Ui BceX mpokopmuteneii obutn E. stabularis (kocmomoaut) u Hg. mandschuricus
(BocTouHOMNANIEAPKTUYECKUI BUJI). MakcuManbHbIE CyMMapHbIe IMOKa3aTenu OOWIHS ramasui
(Y4€TBI C MOMOILBIO JIOBUUX KaHABOK) OTMEUEHBI JJIs 0JIeBKU-3KOHOMKH (1,13). B T0 ke Bpems,
Ha 0ypo3yOKax 3TOT moka3aTelsb OblT B 25—28 pa3 Huxke. M3 BceX YUTEHHBIX raMa30BBIX KIIEIIeH
Ha JIOJIIO 3amajHonaieapkruyeckoro Buma L. algericus, kortopelii Oosice CBONCTBEH st
eBpomneiickoil yactu Poccun, mpuxoaunock 10 65% OT CyMMapHOro OOMJIMS BCEX YUYTEHHBIX
ramasuj (JloBure KaHaBKH). JlaHHAs TEHAEHILIMS COXPAHSJIACh U B YUYETAX JIOBYLIKO-TMHHSIMH,
nokasarenb eme Boiie (73,7%). B BuoBoM oTHOIIEHHH y4€TOB ramMa3oBBIX Kielled Hanbolee
3¢ deKTUBHO paboTany JOBYME KAaHABKU U HAMPABIISIONIME 3a00pUMKH, 3apEeTUCTPUPOBAHBI Bce 8
Bun0B. Ha mpotsokenuu nocneanux 10 netr B moitMeHHBIX O6uoTonax Cpenueidt u Hukneir O0u
Ha0J1t0/1aeTCs IeTpecchsl YUCIEHHOCTH BOASIHON TOJIEBKY — OCHOBHOT'O HOCUTEJS TYJIIpEMUITHON
uHopexun. He ormeuen 3ToT 3Bepek u B yuérax 2019 u 2025 rr. Ha TeppUTOpPUH 3aKa3HUKA.
Creruduyeckuii mapasut 3TOro rpbisyHa — L. MUris, B OTCYTCTBUH OCHOBHOTO MPOKOPMHUTEIIS
MOXKET BCTpEYaThbCid M Ha JAPYTUX MEJIKUX MIEKONUTaromux. B uacTHocTH, B 3aka3HHKE
«YHTOPCKHII» 3TOT KJIEI] apa3suTUPOBAII Ha MOJIEBKE-DKOHOMKE, U TaK WK MHaue, MOoIep KUBal
mUpKyJsiuio Bo3oyaurens — Francisella tularensis moiimennoro ouara tynspemun. Hapsiny c L.
MUrIS Takke J0Ka3aHO Y4acTHe B IMPKYJSILUU TYJIspeMHUitHOro Mukpoda kiemed Hg. nidi, E.

stabularis, Hi. isabellinus, a Taxxe kiemeBoro sunedanura [22; u ap.].

19 [@®|



Becmuux HBI'Y. Ne 2 (74) 1 2026 DKOJIOT' Usl JKUBOTHBIX / ANIMAL ECOLOGY

Tabnuna 1

IMapa3uTuyeckue raMa3oBble KJeld MEJIKUX MJIEKONUTAIONIUX 3aKA3HUKA «Y HTOPCKUI»

ITpoxopMuTETH 54| %524 2 S o) - “

z 8| 58 3 s | = S &

S 3] ™M O = o
aa}
Y4eThl METOZIOM JIOBUMX KaHABOK (3a00PUYHKOB)
4 Hi. eusoricis 5 1,04 0,01 1,25
2 [E. stabularis 2 0,52 0,005 | 1,00
S. araneus 383 4  Hg. ambulans 4 1,04 0,01 1,00
2 |Hg. nidi 4 0,52 0,01 2,00
3 Hg. mandschuricus 4 0,78 0,01 1,33
S caecutiens 67 2 [Hg. mandsghuricus 2 2,99 0,03 1,00
1 . stabularis 1 1,49 0,01 1,00
5 [E. stabularis 5 3,40 0,03 1,00
. 4  Hg. mandschuricus 5 2,72 0,03 1,25
M. rutilus 147 =g, ambulans 1 | 068 | 0,007 | 1,00
1 Hg. nidi 1 0,68 0,007 | 1,00
5 |L.algericus 48 7,69 0,74 9,60
4 Hi. isabellinus 11 6,15 0,17 2,75
L oeconomus 65 1 . stabularis _ 1 1,54 0,02 1,00
2 |Hg. mandschuricus 8 3,08 0,12 4,00
3 L. muris 4 4,62 0,06 1,33
1 |Hg. ambulans 1 1,54 0,02 1,00
Y4eThl METOOM JIOBYIIKO-JIMHUN
Hi. eusoricis 2 2,17 0,04 2,00
S. araneus 46 1 - - - - -
S. caecutiens — — — — — — —

1 E. stabularis 1 5,00 0,05 1,00
M. rutilus 20 2 Hg. n)andsch_u!ricus 2 10,00 0,10 1,00
1 Hi. eusoricis 1 5,00 0,05 1,00
1 Hg. nidi 3 5,00 0,15 3,00
15 L. algericus 142 75,00 7,10 9,47
20 7 Hi. isabe_lli_nus 28 35,00 1,40 4,00
L oeconomus 2 Hg. nidi _ 3 10,00 0,15 1,50
) 4 Hg. mandschuricus 12 20,00 0,60 3,00

Hkconosrie kiemu. B ceBepHoii Taiire 3anmannoit CuOupu U3BECTHO JBa BHUJA UKCOJOBBIX
knemeit — |. persulcatus u . apronophorus [7; 14]. B 3aka3Huke «YHTOpPCKHI» TH JBa BHJIA
PErUCTPUPOBAINUCH HA MATH (OHOBBIX BUAAX MEJKUX Miekonurtaroumx (tadn. 2). Haubonee
3aKJICIIECBIICHBI TIOJIEBKM YKOHOMKA U KpacHas. Ha Hux npuxoaunock 6osnee 92% ot cymMMapHOTO

oOmnus (JTMYUHKY + HUM(BI) BceX MpokopMuTeneil kiemeil. JloMMHIpOBan macTOMIHBIN KIIeIl
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I. persulcatus (80%) — ocHOBHOI1 XpaHHTENb U MEPCHOCYHK BUpPYCa KIICIIEBOTO JHIE(AINTa,
KJIemeBoro ooppenuosa B 3amaganoi Cubupu, B ToM uuciie Ha tepputopun FOrpsel. Jlns Hero
TaK)Ke YCTAaHOBJICHA €CTECTBEHHAS 3apPXKCHHOCTh BO30ynuTeneM Tyisapemud [13]. Bo3oyaurenn
KJICIIEBOTO HIE(aNNTa, KICIEBOro 0Oppenno3a, a TakkKe TyIIPEMUU MOTYT IUPKYJIHUPOBATh B
onHoi skocucteMme [12]. [To muenuto D.1. Kopenbepra [11] nmroboe 3a6osieBaHne, BOSHUKIIIEE B
pesynbrare ykyca l. persulcatus cieayer paccMaTpuBaTh Kak MOTEHIMATBHYIO MUKCT-HHPEKIIHIO.
Jlonss THe310BO-HOpoBOro kiema |. apronophorus B dyetsipe paza Hike. OH sBIsieTCS
cneun(pUIECKUM Mapa3suToOM BOASHOM MOJIEBKH M TaKXKe MPUHUMAET HETIOCPEICTBEHHOE ydacThe
B MIEPEHOCE TYJISIPEMUUHOTO MUKPOOa OT OOJIbHBIX KHBOTHBIX, IIPH YKYCE 3apa’kaeT YeoBeKa U
3JI0pPOBBIX KHUBOTHBIX. B 11€710M HEOOXOAUMO OTMETUTbH, YTO MOKA3aTeNd OOUIIUS MKCOIOBBIX
KJIeHIe B CEBEpHOM Taiire CpaBHUTEIbHO HeBbicOkue. Kilemu, kak MmpaBHIIO, BCTPEUAIOTCS B
OTpaHUYEHHBIX HanboJiee TEMI000ECICYeHHBIX MECTOOOUTAHHUSIX.

Bum. Ha yeTsIpéx BHIax MEIKUX MIIEKONIMTAIOLIMX TEPPUTOPHUH 3aKa3HUKA «YHTOPCKHII»

YCTaHOBJICHO Mapa3UTUPOBaHKUE TPEX BUOB BiIeH (Tadu. 3).

Tabnuma 2
HKCO}IOBBIC KJICHIN MEJIKUX MJUICKOIIUTAKWIIUX 3aKaAa3HUKA «YHTOPCKI/Iﬁ»
5 . Jlnanakn Humdbr
=) 2 = s
o a = = =
= o [P) < <
(7 2 2 2| = e " | = o o
2 o <2 2 ol X = 2 2 ol X & iz
= |2 O R = A
=] = 8lo| = 2l g =
3 2 g 1 = | 5 &5 = |5
= 8 > &
= 3 A
Y4eTsl METO/IOM JIOBYHX KaHABOK (3a00pYHKOB)
S araneus 383 I. persulcatus 519131002 1805|9131 | 002 |1,80
' I. apronophorus 2151052001 | 250 |22 052 (0,005]|1,00
S caecutiens 67 I. persulcatus 2141299| 0,06 | 200 | - | — - - -
' I. apronophorus 112]149| 0,03 | 2,00 1149 | 0,01 |1,00
S minutus 117 I. persulcatus 1/1]085/0009| 1,00 | — | — — — —
’ I. apronophorus 1141(085| 0,03 | 400 | — | — — — —
M. rutilus 147 I. persulcatus 49 |272| 0,06 | 2,25 |11|43| 7,48 | 0,29 | 3,91
' I. apronophorus 2151136 0,03 | 250 |9 (14| 6,12 | 0,01 |1,56
4 oeconomus | 65 I. persulcatus 3|44(4,62| 0,68 | 14,67 | 7 |58 10,77 | 0,89 |8,29
) I. apronophorus 212|308 003|100 |4]|23] 6,15 | 0,35 |575
Y4eTsl METOI0M JIOBYIIKO-TMHUN
S. araneus 46 |I. apronophorus 1131(217| 0,07 | 3,00 | — | — — — -
S minutus 54 I. persulcatus 1121185| 004|200 |3|4] 556 | 007 [1,33
' I. apronophorus 1/2]185| 004 | 200 | 5]5] 9,26 | 0,09 1,00
4 oeconomus | 20 I. persulcatus 114|500 020 | 400 |3 |5]1500| 0,25 |1,67
’ I. apronophorus — — — — 215] 100 | 0,25 |2,50
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Tabnuna 3
B MeJIKHX MJIEKONIMTAIOIIMX 3aKA3HUKA «Y HTOPCKUIN»

Y4yeTsl MET OZ0M JIOBUHX KaHABOK o
= VYuernl METOAOM J'IOBYHIKO-J'II/IHI/II/I
5 (3a00pUHKOB)
= bl IS
= o Q 3 o o 3
T ml S m 2 . . T al S m ) .
2 |28/88 5 |fs<| gl¢|28 358 &8 | F|s<|gld
Z = o % A4 2 1o o o = A ¥ 4 2 I o o
g g 585 = 5 g O || 58 5 = 5 g Ol
= |8585  §F O |F T S|F 8885 § | ~ |5
/m /m
H.
S. araneus | 383 | 1 acanthopus 2|0.260,0052.001 45 | — - R
1 |H.edentula |10,26/0,003|1,00 — — - - | =] -
S
) H.
gaphaenodo 12 1 acanthopus 110,26/0,003(1,00 — - - - - | ==
P.
M. rutilus 147 | 1 |hannswrangel| 2 |0,26/0,005(2,00, 54 - - - - | ==
i
H. 14,0 H.
’ 3 acanthopus 42\4,62| 0,65 0 14 acanthopus 122(70,00(6,10(8,71
oéconomus 65 P. 20 P.
1 |hannswrangel| 2 |1,54| 0,03 2,00 1 |hannswrangel| 1 | 5,00 |0,05/|1,00
i i

bonee Bcero Bmieill mpokapmiuBaia Ha cebe IOJEBKa-3KOHOMKa — modtu 98% ot
CYMMAapHOT0 OOMJIUS BCEX 3aperucTpupoBaHHbIX. Cpelln yUYTEHHbIX BILIEH JOMUHUPOBAJI LIUPOKO
pactipoctpanennblii Bux — H. acanthopus (98,4%). OH Takke y4acTBYeT B IHPKYJISIHUA
BO30yauTeNs Tynspemuitnon undekuuu [18].

bnoxu. B 0600meHHO# cBoJKe B ceBepHOM Taiire 3amagHoit Cubupu HacuuThBaeTcs 28
BUJI0B 010X [21]. Ha TeppuTopuu 3akazHuka yareHo 18 BHAOB 0JI0X, KOTOpPHIE Mapa3uTUPOBAIN
Ha |1 Bumax menkux muiekonurtaromux (tabdn. 4). @OHOBbIE BUABI MEIKUX MJIEKONUTAIOMINX
3aKa3HUKa «YHTOPCKUI» (MTOJIEBKU KpacHas U SKOHOMKa, Oypo3yOKH OOBIKHOBEHHAs!, CpeIHsASA U
MaJiasi) mpokapMJIMBaiIM Ha cede oT 6 10 17 BuaoB 6s0x. Hanbonbine nokasarenn cyMMapHOTro
00T XapaKTEPHBI JJI1 KPACHOM MOJIEBKH, OOBIKHOBEHHOW OypO3yOKH M TMOJEBKH-DKOHOMKHU
(y4€Tbl METOJIOM JIOBUMX KaHaBOK). Crnenuduka y4€TOB MEIKHUX MIIEKONMHUTAIOIIUX Pa3HbIMU
METO/IaMHU CKa3aJlach Ha JOMUHHMpOBaHUHU On0X. Tak, B ydeTrax ¢ MOMOIIbIO JIOBUMX KaHABOK
(3abopumkoB) gomuuaupoBamu C. birulai (56,2%) u Ct. uncinatus (11,1). B kauectBe
CoZIOMHHAHTOB oTMmeueHbl P. soricis (8,8) u H. talpae (6,9). B yuérax ¢ momoIipo J0BYIIKO-
JUHUM OOoJibllIE OTJIABIMBAJIOCH TPHI3YHOB, YTO HE MOIJO HE OTpPa3uThCsi Ha COCTaBe
nomuHupyromux osox: Ct uncinatus (23,0%), C. birulai (18,4), H. talpae (14,9) wu
M. rectangulatus (13,8), comomunantsl — A. penicilliger (9,2) u P. soricis (6,9). [Tonanstomiee
OOJIBIIMHCTBO 3apErMCTPUPOBAHHBIX OJOX OTHECEHBI K Ipymme JecHbIX. Cpenn peaKux BHUIOB
ormeueHa F. elata Gosee cBoiicTBeHHast 11st tora 3anaaHo-Cudupcekoii paBHuHbL. bioxa A. rossica
B 3amagHoi CuOupu BHepBble OTMEYEHAa B CTOJb BBICOKMX ILIMpOTax. Psa BUIoOB 0650x

MMPOKapMJIINBAJINCh Ha HECBONCTBEHHBIX BUAAX MEIKMX MJICKOMUTAIOIIUX. TaK, B HaImMx yqéTax
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HE 3aperuCTPUPOBAHBI a3UATCKUM OYpYHIYK M OOBIKHOBEHHAs OejKa, OTHaKO uX cnenuduyeckas
610xa C. indages eqMHUYHO OTMEYEHA HAa KPACHOMW IMOJICBKE, YTO KOCBEHHO MO3BOJISET CYJAHUTH O
npeObIBaHUM STHX TPBHI3YHOB Ha TEPPUTOPUHM 3aka3HuKa. Ha mamoii Oypo3yOke W IoJieBKe-
AKOHOMKE 3aperucrpupoBana nruubs 010xa — C. gallinae. bioxu takke MOryT BOBJEKAaThCs B
UPKYJSIIHIO Psifia TPUPOTHO-0YAaroBbIX HHQEKIUl. B eCTECTBEHHBIX YCIOBUSIX ObLIH BbIJCICHBI
Bo30yaurenu tyaspemun y A. penicilliger, A. rossica, M. calcarifer, Bo30yauTenu KiemeBoro
sunedanura y C. indages, C. gallinae, P. soricis, M. rectangulatus u mp. [23].

Tabnuna 4
BJ’IOXI/I MEJIKHUX MUICKOIIUTAKOIIINX 3aKa3HUKA «yHTOPCKI/Iﬁ»
Y4eTsl METOIOM JIOBUMX KaHABOK (3a00pYHKOB) Y4eThl METOJOM JIOBYIIKO-JIMHUN
= | 5 o 5
[ @) 9] o (o]
g | & a = =] ¥ == @ =] ¥
= |29 58 D 58| 2|2 ]8¢g 8¢ D 5l R 2|2
2 | &5 ¥ 4 2 c N o | s | & & % 2 2 S N )
o ©c g s g9 = m o o O o 3 & = /M N >
o S 9 o O o S = @) o™ S 0] & 0 = 5 = @) o
2 | 59 s A4 =6 S = |= |58 54 =4 S ST
a O M o M = T o N M = D-‘
= m [aa]
. . < | O ~ P . . (=} @ | N~
111 | C.birulai | ® | g © @ | © 6 C.birulai | Q| | N | =
™M | N o ™ — o~
33 P. soricis B | < — |~ 3 P.soricis || © |2 | ™
0 o — © o
. - N~ (9] o R M~ AN o
11 |Ct.uncinatus | S | S | © 1 | Ct. uncinatus | — i1 Q| S
AN o — [9\} o —
< — LN
4 H.talpae |w | 2 | @ | - -
o —
%) . (00 o o
S 3 | M.calcarifer| o | ™~ | S | < — —
GC-’ o o —
© | 383 46
© M 0 I ™
& 3 ' o S L A ) - -
rectangulatus =) o | -
A. o o o
2 L ™ 0 | © oo 10 — —
penicilliger o |o -
. (9N o
2 |Rh.integella| v | 2 | Q0| 2 — -
o —
e . O o
1 A.sibirica | < | N |Q m S - -
o —
. . O o o
1 P.silvatica | = | N |Q m| S — —
o (e} —
. . < | < o ™
16 C.birulai | & | oo N [ | _ - —
— o
(72}
=
= .. — o o
S 117 2 P. soricis o~ | o | 9| — — —
= — o —
%)
Lo o o
1 H.talpae | < | R |Q ol 2| - — —
o o —
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3akaroyenne. Ha Menknx MIIEKONHTAIONIMX 3aKa3HHUKA «YHTOPCKUN» YCTaHOBIIEHO
napasuTupoBaHue 31 BHJIAa YWIEHUCTOHOTUX YETBIPEX IPYNIl — IaMa30BbIE U UKCOJOBBIC KIIEIIH,
BIIM U O6510XU. J{71s1 KaXk10M U3 TpyII AKTONAapa3uTOB MPUBEICHBI BUAbI, UTPAIOIIHE HAUOOJIBIIYIO
poJIb B LIMPKYJSALMU Bo30yauteneil 6onesnell. CoxpaHeHHE MPUPOJHBIX O4aroB MHGEKIUH Ha
TEPPUTOPUN 3aKa3HHKA OIPENENAI0T YHUCIEHHO Mpeobafaolie MPOKOPMHUTENH (TIOJIEBKU
KpacHass U SKOHOMKa, Oypo3yOkuM OOBIKHOBEHHas, Manas U cpeaHss). HecomHeHHO, uTO B
pe3yabTaTe MOCIEAYIOIUX UCCIEA0BAaHUI KTONApa3UTOB MIIEKONUTAIOIUX 3aKa3HUKA Ha UX
3apa’keHHOCTh MAaTOr€HaMH KOJIMYECTBO BUJI0B MAPA3UTUYECKUX WICHUCTOHOTUX yBeauuuTcs. O0
3TOM He cjelyeT 3a0bIBaTh NpU U3YYEHUHU SMU300THH Pa3IMUHBIX MJICKOMUTAIOIINX 3aKa3HUKA.
Peub un€r o Takux JKUBOTHBIX KaK JIOCh, Oypblii MeaBeab, OOBIKHOBEHHAs JIMCHLA, COOOIb,
OHJIaTpa, 3ad1l Oesk u apyrue. [Ipu npeaHaMepeHHOM WM CITy4aifHOM KOHTaKTe COTPYIHUKOB U
JPYruX MOCEeTUTENel 3aKa3HWKa BO3MOXKHBI OTMEUEHHBIE 3a00JeBaHus (KJIeIeBol HIe(aTuT,
KJIeIeBoi Ooppennos, Tynspemust). KpoMme TpaHCMHCCHBHOTO MEXaHM3Ma 3apakeHUs 4eJI0BeKa,
3apakeHHe BO3MOXKHO U JIPYTUMH MYyTAMU. B 4acTHOCTH, NP CHATHM LIKYPOK OHJATp, 3ailieB
(OHU OTHOCSITCSI K BBICOKOUYBCTBUTEIBHBIM U BHICOKOBOCTIPUUMYMBBIM K TYJIIPEMHH), a TaKxkKe

IIpU YMbIBAHWUH WUJIA KYIIAHUH B 3aPa’KCHHBIX OTKPBITHIX BOAHBIX UCTOYHHUKAX.
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BUO3KOJOI'MYECKHUE ACIHIEKTbBI BABE3U030B U BOPBBA C HUMU

I.A. Kokarev, M.V. Larionov

BIOECOLOGICAL ASPECTS OF BABESIOSIS AND ITS CONTROL

AnHoTanmusi. babe3wo3sl  ABISAIOTCA  MPHUPOIHO-
0YaroBbIMH HH(PEKIIMOHHBIM 3200ICBAHUAMHE YKHUBOTHBIX
M 4YEJOBEKa, BBI3BIBACMBIC IMPOCTCHUIIMMHM K3 POja
Babesia. OcHOBHOM TyThb 3apa)KCHHUS: Yepe3 YKYChI
KJICIe, YTO TPHUBOAWT K Pa3sBUTHIO MHOXECTBA
cuMnToMoB. Cpeii HUX MOXKHO BBIICIUTh JIMXOPAJIKY,
Mapero, amatuio, ciaadocTh, MBIINIEYHBIE OOy,
OJICAHOCTh  CJIM3MCTHIX  O0OJIOYEK M IOYCUHYIO
HEJOCTATOYHOCTh. OJTH TMPOSBICHUS YKa3bIBAIOT Ha
HAYaJI0 MaTOJOTHIECKOro MPoIiecca, KOTOPBIi mopaxaer
sputpounTsl. [Ipn TsHKEnTOM TeueHUM 0abe3u03 MOXKET

OCJIO>KHUTBCSA JTUCCEeMUHUPOBaHHBIM
BHYTPHUCOCYTUCTBIM CBEPTHIBAaHUEM KpOBH,
KPOBOTECUCHHUSIMH, HapylIeHHEM pa0oThl IMOYEK C
pa3BUTHEM TIOYEYHOW  HEJOCTATOYHOCTH, OTEKOM

JIETKUX, Pa3pblBOM CEJIE3€HKU M aHeMueu. B cBsizu ¢
oTUM Ooprba ¢ maHHBIM 3a0oJeBaHHEM TpedyeT
KOMILJIEKCHOTO T01X0/1a B M30aBJICHUH U PEaOHINTAIIH.
Jnst Tepanuu 3a00s1eBaHNS BETEPUHAPHBIE CIICIIMATHICTBI
MPUMEHSIOT IPOTUBONAPA3UTAPHBIE MIPErapaThl IPYIIIbI
MMHJI30IMHOB (mampumep, doprtukap0) u
MIPOTUBOIIPOTO30HHEIE CpeAcTBa (Takue kak HeosummH
M). Heo3unua M Bo3zeiicTByeT Ha mapasuroB Babesia
MyTEeM HHTMOMPOBaHUsI a3pOOHOI0 IIIMKOJIN3a U CHHTE3a
JHK, paspymas ux HUTOCKENeT. DTO MPOUCXOIUT 3a
CueT mojaBieHus akTuBHOCTH ¢epmentoB LIOI-1 u
[OI'-2, 4To HapymaeT NpEBpALIECHHE apaxuAOHOBOH

kucinoTel.  Kpome  Toro, mpemapar  oOmagaer
YKAPOTIOHMKAOIIIUM, 00e300JIMBAIOITIM u
MPOTUBOBOCHIANUTENBHEIM 3 dektamu.  DopTukapd
JeiCTBYeT WHa4de: OH OJOKHPYET TIOCTYIICHHE

WHO3UTOJIA B 3PUTPOLUTHI - BEIECTBa, HEOOXOAUMOTO
IUISL KU3HEIEATEIbHOCTH MAapa3suToB. DTO NPHBOAUT K
rubemn 0abe3wii W HAPYHNIEHHIO WX CIIOCOOHOCTH
CUHTE3UpOBATh IMONUaMUHBL. [IOMUMO  yKa3aHHBIX
npenapaToB, AJs YCIEUIHOTO JIeYeHHs 3a00JIeBaHUM,
BBI3BAaHHBIX  MapasUTapHBIMU  MHKPOOPTaHU3MaMH,
MPUMEHSFOTCS. UMMYHOMOIYJISITOphL. OIHAM U3 TaKHX
npenapaToB  sBisieTcss  ['amMaBuUT. DTO  KOMIUIEKC
OMOJIOTUYECKH AaKTHBHBIX KOMIIOHEHTOB, KOTOpBIE
CIOCOOCTBYIOT ONTHMU3AIMH OOMEHHBIX IPOIECCOB B
OpraHu3Me, BKJIIOYas OCIKOBBIM, BHUTAMHHHBIA |
MUHEpalbHbIE 00MeH. OH TOMOraeT BOCCTaHOBHTH
HOPMaJIbHBIH COCTaB KpOBHU U yCHIHMBAeT

Abstract. Babesiosis is the natural focal
infectious disease of animals and humans
caused by protozoa of the genus Babesia. The
main route of infection is through tick bites,
which leads to the development of many
symptoms. These include fever, diarrhea,
apathy, weakness, muscle aches, pallor of
mucous membranes and renal failure. These
manifestations indicate the onset of a
pathological process that affects red blood cells.
With a severe course, babesiosis can be
complicated by disseminated intravascular
coagulation, bleeding, renal dysfunction with
the development of renal failure, pulmonary
edema, rupture of the spleen and anemia. In this
regard, the fight against this disease requires a
comprehensive approach to treatment and
rehabilitation. For therapy of the disease,
veterinary specialists use antiparasitic drugs of
imidazoline group (such as the Forticarb) and
antiprotozoal agents (such as the Neosidine M).
The Neosidine M affects of the Babesia
parasites by inhibiting aerobic glycolysis and
the DNA synthesis by destroying their
cytoskeleton. This occurs by inhibiting the
activity of the COX-1 and COX-2 enzymes,
which disrupts the conversion of arachidonic
acid. In addition, the drug has antipyretic,
analgesic and anti-inflammatory effects. The
Forticarb acts differently: it blocks the entry of
inositol into erythrocytes — the substance
necessary for the vital activity of parasites. This
leads to the death of babesia and disruption of
their ability to synthesize polyamines. In
addition to the above drugs, immunomodulators
are used for the successful treatment of diseases
caused by parasitic microorganisms. One such
drug is the Gamavit, which is the combination
of biologically active components that help
optimize metabolic processes in the body,
including protein, vitamin and mineral
metabolism. It helps restore normal blood
composition and enhances the bactericidal
properties of serum. These properties provide

31

Ot



Becmuux HBI'Y. Ne 2 (74) 1 2026

OKOJIOT M )KUBOTHBIX / ANIMAL ECOLOGY

OaKTepUITUIHBIE CBOWCTBA CHIBOPOTKU. OTH CBOWCTBA
o0ecrevYnBalOT HWMMYHOMOIYTUPYIOIHNA 3 ekt u
oOmiee ykperuienne opranuszma. Cogepxanne padOTsl U
MPUMEHSIEMbIC TTOJXO/bl HANPABJICHB Ha OoOecreueHue
THTMEHNYECKON U DKOJIOTHYECKOM 0€30IaCHOCTH, KaK 110
OTHOIICHWIO K JOMAITHAM MIIEKOIIUTAIOMINM, TaK M K
JIPYTHM KXUBBIM 00BEKTaM OKPYXKAIOIICH CPEIbL.
KawoueBble cjioBa: (U3MOIOTUYECKHE IapaMeTpEl,
JKUBOTHBIE, 0a0e3r03b1, DopTukad, I'amaBut, Heozumma
M, >03uHO(WITBI, HEUTPOPHITBI, AHEMHSI, THTHCHIHIECKOE
Y 3KOJIOTUYECKOE 3HAUCHUE.

Ceenennsi 00 aBTopax: Koxapes Unvs Anopeesuu,
Poccuiickuit OMOTEXHOJIOTHYECKHA  YHUBEPCHUTET
(POCBUOTEX), r. Mocksa, Poccust, moll_sin@mail.ru;
Japuonos Maxcum Buxmoposuy, ORCID: 0000-0003-
0834-2462, I-p OmouI. HayYK, Poccuiickui
onotexnonornueckuii  yausepcuter (POCBUOTEX),
r. MockBsa, Poccust, m.larionow2014@yandex.ru

immunomodulatory  effects and  overall
strengthening of the body. The content of the
work and the approaches applied are aimed at
ensuring hygienic and environmental safety,
both in relation to domestic mammals and to
other living objects of the environment.
Keywords: physiological parameters, animals,
babesiosis, Forticab, Gamavit, Neosidin M,
eosinophils, neutrophils, anemia, hygienic and
ecological significance.
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Beenenue

babe3rno3bl, OTHOCSIIMECS K TPYIIE MPOTO30030B, HIMPOKO PACIpPOCTPAHEHBI B Pa3HBIX
peruoHax M IpU  pa3IMyHBIX  KJIMMAaTMYECKUX  YCIOBHAX,  IPEAyCMaTPHUBAIOLIMX
KHU3HEIEATEILHOCTh M Pa3MHOXKEHHE Kileled. DTH maykooOpa3Hble SIBIISIOTCS NepEeHOCUUKAMU
npocreimux Buga Babesia [15], Bo3oynuteneir 6abe3ro30B. M3-3a 3T0ro0 BO30YAUTEIN UMEIOT
BO3MOXXHOCTH PACIPOCTPAHITHCS HAa 3HAUUTEIBHBIE PACCTOSHUS U TTOPAXKATh TUKUX, JTOMAITHHX
U CeIbCKOXO3SHCTBEHHBIX KHUBOTHBIX, a Takke moged [1; 3; 6; 9; 13-20]. HeaktuBHoe
NPOSIBJIIEHUE 3TUX 3a00J€BaHUN TaKXKe 3aKJII0YaeTcs B CUMITOMAax, KOTOPbIE YacTO HE yJaeTcs
pacro3HaTh BOBpeMs. B pe3yibrare maroreHe3 CTPEMHTENBHO pPa3BHBACTCS W IEPEXOTUT B
TSOKemyto (asy, KoTopas CONpPOBOXKIAETCS aHEeMHEH, MOJIHOPTaHHON HEJOCTAaTOYHOCTHIO W
BBICOKOH JieTanbHOCTRIO [3; 17]. Mcxons u3 BBHINIEONUCAHHOTO, JiedeHHe 0abe3M030B JOMKHO
ObITh HE3aMEIJIUTEIbHBIM U JIOCTaTOYHO 3(P(PEKTUBHBIM IJIsi NMPENOTBPAIIECHUS HACTYIUICHUS
TshKenol (opMel maHHOTO 3a0oieBanust [16]. C 3TOH 1enbl0 B pacCMaTpPUBAaEMBIX B JaHHOU
0030pHOI cTaThe paboTax MPHUMEHSUIMCh TaKue Tpemnaparbl, kak [amaBur, DopTukapd wu
Heo3unun M. ®oprtukap0 npencrtaBiseT coOol mpemnapar, OKa3bIBaOIIUNA aHTHIIPOTO30HHOE
neiictBue Onarogapsi OJOKMPOBAaHUIO MOCTYIUIEHHS WHO3MTOJA B APUTPOLMTHI, YTO JIMIIAET
Mapa3uTOB HEOOXOIMMOTO ISl MX JKU3HENEATSIHOCTH BEIIECTBA M NMPHUBOJUT K WX THOENH.
JIOTIOTHUTEIBHO OH HApyIIaeT MPOIECChl CHHTE3a U UCIIOIb30BAHUS ITOJHAMUHOB Y 0ade3uit [6].
B cBoro ouepens, Heosuaun M nelcTByeT myTeM NOAABIEHHS a’3pOOHOrO TIJIMKOJIW3a WU

OuocuHTE3a ,[[63OKCI/IpI/I60HYKJICI/IHOBOI71 KHCJIOTBIL Y HpeﬂCTaBHTCHCﬁ KPOBAHBIX ITAPA3UTOB. 910 B
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UTOTe pa3pyllacT UX KIETOYHYIO CTPYKTYpY M BbI3bIBaeT rubenb [3; 6]. /lanHble mpenapatsl
UCIOJb3YIOTCS B Ka4eCTBE OCHOBHBIX KOMIIOHEHTOB Tepanuu 0abe3u030B, OAHAKO B CBS3U C
NOTPeOHOCThI0 ~ Hambosiee  CTPEMHUTEIBHOIO  Hayajga  MPOTUBONPOTO30MHOM  Tepamuu
UCTIOJNB3YIOTCS TaK)X€ HMMMYHOMOJYJISTOPBI, CIIOCOOHBIE YKPENUTh HMMYHHUTET M YCHIIHUTH
pEaKLuIo OpraHu3Ma B OTBET Ha narorene3. OJJHUM U3 TaKHX mpenaparoB ssisiercs ['amasur [13;
14], KoTophIli CTUMYNIHMPYET €CTECTBEHHYIO pPE3UCTEHTHOCTb, IIOBBIIIAET OaKTEPUIUIHYIO
aKTUBHOCTb CHIBOPOTKH KPOBH, YCTOMUMBOCTB )KMBOTHBIX K CTPECCY M UPE3MEPHBIM Harpy3Kam.

Henp paGorhl: MpoaHANU3UPOBATH HCCIIENOBATENICKUE CTATbU M HMEIOLIMECS B HHUX
JaHHBIE O TUHAMUYECKUX M3MEHEHMAX (PU3MOJIOTHUECKUX MOKa3aTesnel codaKk Mpu MPpUMEHEHUH
paccMaTpuBaeMbIX B X0/i€ JeueHust 6a0e31n030B;

TpeGoBasioch  BBIABUTH  pasHUIly TepaneBTHUECKUX 3(P(EeKToB  MpeacTaBIeHHBIX
JICKApCTBEHHBIX TPENapaToB; OMUCATh MPeoOpazoBaHus (U3MOIOTHYECKUX MapKepoB. Takxke
HEOO0XO0AMMO OBUIO OICHHTh HEKOTOpPBbIE OCOOCHHOCTH M a0CONIOTHYIO MPOAYKTUBHOCTH
I'amaBura, ®oprukapba u Heosuauna M npu nedenun 6abe3nosa y *KUBOTHBIX [6; 14], T. e.
KOTOpBbIE SIBJIAIOTCA MOJICNIBHBIMU B OLIEHKE COOTBETCTBYIOIIMX 3KOJIOIr0-(U3MOJOTHYECKUX
IIOKAa3aTeJICH.

Matepuajbl, MeToAbl. BrimonHeH monbop, aHamu3 ¥ 0000ImIeHne coJep KaHusl CTaTei,
MOCBSAIIEHHBIX HCCIIEOBAHUIO0 TUHAMUYECKMX W3MEHEHMH 303MHO(pMIOB, 6a30(uiaoB, oOmMX
JEUKOLUTOB, a TAaKXK€ HHBIX IapaMEeTPOB KPOBU HCHBITYEMBIX COOaK NpH BBEICHUU B HUX
opraum3mbl ['amaButa, @oprukap6a u Heozuauna M [1; 11; 20]. Onenka 3Ha4eHHid SKOJIOTO-
(U3NOOTHYECKUX MapKEepOB MPOBOJMIACH C HCIOJIH30BAaHMEM OOIIECHPUHATHIX METOJOB M
npuemoB. [Ipu noaroToBke U HaNMCaHUK AAHHOW PabOThI UCIOIb30BAHBI JOCTYITHBIE HCTOUHUKU
OTKpbITON nHpopmanuu [1-20].

PesyabTaTel, ux o0cyxiaenue. I[lo pesynbraraM NpOBOJUMBIX HCCIEJOBaHUM B
aHAJIM3UPYEMbIX B JTaHHOW O0O030pHON cTaThe HAYYHBIX paboTax MapaMmeTpbl SPUTPOLIUTOB,
reMorjao0MHa U reMaTtokputa y cobak rpymmsl @opTtukap0 u y )KUBOTHBIX rpymisl Heosuann M
yBenuumnuch Ha 32,43%, 38,48%, 24%, 21,05%, 19,66%, 16,15% cootBercTBeHHO. [IpHn 3TOM,
nokasareian 0a30(UiI0B, CETMEHTOSIEPHBIX HEUTPOPMIOB U JIEHKOIUTOB YBEIUMYMUIUCh Ha
42,86%, 22,42%, 20,18%, 61,54%, 8,70%, 118,60%, cooTBeTCTBEHHO. BhIllIeOnMCaHHbBIE
U3MEHEHMsI TMapaMeTpoB KPOBH M €€ KIETOK CBUJAETENBCTBYIOT O Oojiee BBICOKOM
TepaneBTHueckoil 3pdextuBHocTH Doprrkapba B cpaBHeHuun ¢ Heosmpmnom M Onaromaps
MPOTHBOAHEMHYECKOW H TPOTHBOMapasuTapHoi aktuBHOCTAM [1; 19]. HWuble Mapkeps
MPOBOJIUMBIX HCCIEIOBAaHUH B 00EHMX Tpynmax H3MEHSUIUCh CO CXOXeH apyr ans apyra
IMHaMUKOM. B cBoro ouepens, mpuMeHeHHe ['amaBHUTa MPHUBENO K YBEJIWYEHUIO SPUTPOLIUTOB,
remMorjaoOnHa W remMaTokpuTa y cobak Ha 75%, 74,61%, 61,45% COOTBETCTBEHHO, a TaKKe
MOBBIIIECHUIO 3HAUEHUN CETMEHTOSIEPHBIX HENTpouioB Ha 62,12% U CHIKEHHUIO TToKa3aTenen
6azo¢pmnoB u sumbouutoB Ha 100% wu 32,4%, uyTo yKa3pIBaeT Ha KpailHEe BBICOKYIO
3G (EKTUBHOCTh MPOTUBOAHEMHUYECKOW aKTUBHOCTH ['amMaBUTa B COBOKYMHOCTH C BBICOKOH

3G EKTUBHOCTBIO CIIOCOOHOCTH JTAHHOTO MMMYHOMOYJISITOpa YCUJIMBATh
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NPOTUBOIIAPA3UTAPHBIA OTBET UMMYHHOM CUCTEMBbI OpraHn3Ma KUBOTHBIX [14]. CpaBHUTEIBHBIH
aHAJIU3 UCCIEAYEMbIX (PU3NOJIOTUYECKUX MTOKa3aTese IEMOHCTPUPYET BHICOKYIO a0COMIOTHYIO U
OTHOCHUTEIIbHYIO TepaneBTUYecKylo 3¢ dekTuBHOCTh cpenctBa Doprtukapd [3; 6]. Takxke
BBISBJICHA 3Ha4yMTeNbHas d3(PPEeKTHBHOCTH HUMMYyHOMOIynsiTopa ['amMaBuTa B KadyecTBe
JIOTIOJTHUTEIIBHOTO  AJIEMEHTa Tepanuu 0abe3no3a sl JICYCHHS AaHEMUH U YCHJIICHHSA
POTHUBOIIAPA3UTAPHOTO OTBETA UMMYHHOW CHCTEMbI OpraHM3Ma MileKonuTaromux [6; 14].

Pe3ynbTaThl CBHIIETEILCTBYIOT O BO3MOKHOCTH 3((HEKTUBHON OOpHOBI ¢ BO30YIUTEIIMU
paccmarpuBaeMoro 3abojeBaHuii M3 poxa Babesia, a Taxke 00 UMEIOIIEMCS MHCTPYMEHTE
yIpaBiIeHUs] IMMYHHOH M IpYyTUMHU (yHKIIMOHAJIBHBIMU CHCTEMaMHU KHBOTHBIX. buonornyeckue
MapKepbl Yy JKMBOTHBIX CBHUAETEILCTBYIOT O pOCTE ONAronpusATHBIX MPOSBICHUM TpU
UCIIOJIb30BAaHUU YKa3aHHBIX mpernapatoB. boppba ¢ Bo30yautensmMu 0Oabe3no3a uMeeT
THTHEHUYECKOE U KOoJIoTnueckoe 3HaueHue [9]. ['uruennyeckoe 3HaueHHE 3aKIF0UASTCs B 3T
JIOMAIITHUX, SKCIIO3UIIMOHHBIX M CEIhCKOXO3SMCTBEHHBIX JKUBOTHBIX OT JAHHOTO 3a00JICBaHMS.
DKOJOTHYECKOe 3HAUYCHUE OMPEENIAeTCsS COKpAIlleHHEeM OMacHOCTH PaclpOCTPaHEHHs JAHHOTO
MPUPOIHO-0YaroBoro HHGEKIHOHHOTro 3a0oaeBanus. Kpome Toro, neaecoodpas3Hbl: opraHu3anus
MOHHUTOPHHTA 32 KJICIAMH M KOMIUIEKCHBIH MEIHKO-IKOJIOTUIECKUH MOHUTOPHHT 33 MEIKHMU
TphI3yHAMH, JUKUMH KUBOTHBIMH, JOMAITHUMH KHBOTHBIMHU H, 0COOEHHO, 32 KPYITHBIM POTaThIM
CKOTOM, JIOIIAJIbMU ¥ JIPYTMMH MPOAYKTHBHBIMH KUBOTHBIMH [2; 15].

Cyl1iecTBeHHBII METMKO-IKOJIOTUYECKUH pUCK 0a0€3M03bI TPEICTABIISIOT 171 JitoieH [4; 8;
15] ¢ ocnabneHHBIM HWMMYHUTETOM W TIpU  psAAe APYyrux AUCOYHKIHHA OpraHu3Ma.
TpaHcMHCCUBHBIN XapakTep paclpocTpaHeHus BO30yauTesnei 6abe3no30B onpenensier (GakTop ux
CE30HHOM OMAaCHOCTH, MPEUMYIIECTBEHHO B IEPHO/Ibl MACCOBOI aKTUBHOCTH UKCOOBBIX KJICIICH.
Heobxoaumo oOecrieynTh MOHHUTOPHHI HEMOCPEACTBEHHO 3a TNpencraBurensimu Babesia u
OpraHU30BBIBATH MEPBI OOPHOBI C HUIMU B COOTBETCTBYIOUIMX PaHOHAX C BHICOKOW BEPOSTHOCTHIO
06a0e31030B. /17151 HAcCENEHHBIX MECT, CENTbCKOXO035IMICTBEHHBIX U JIECOX031CTBEHHBIX TEPPUTOPUH,
nUTOMHHUKOB KHUBOTHBIX U OOIIT Takue AelcTBUS MOTYT UMETh ONpEENEHHYI0 3HaUUMOCTh B
qHCIIe MEePBOOUYEPEIHBIX MPO(UIAKTUYECKHX, CAHUTAPHO-TUTHEHUYECKUX U 3KOJIOT0-OXpaHHBIX
Mep.

[Tone3HbIM TaKkxe MpEACTaBISAETCA OpraHM3alus OHoreorpaguueckux M 3KOJOTMUYECKUX
UCCIIEIOBAaHMM, KaK HEMOCPEICTBEHHBIX MEpPeHOCUMKOoB Oabe3moszoB [5; 7; 10; 15], tak u
CHCTEMHOE M3y4eHHE OMOJIOTHYECKUX, IKOJOTHYECKUX M MEIUKO-TeOorpaduIecKux MpOsSBICHUN
0COOCHHOCTEH camux Bo30Oyaurtenei [2; 5; 10-12; 15; 19; 20], ¢ yuerom ux BHIOCTIEIU(PHIHOCTH
U TpaHchopMalMu CpenoBbIX (akTopoB. B TOM uHcie akTyanbHbl Ooiee JeTajabHOe
paccMOTpeHHEe BONPOCOB 00 MX paclpoCTpaHEHHH, BUIOBOM DPa3HOOOpPA3UH, MOMYISIMOHHBIX
XapaKkTEepUCTHKaX H  JAHAMHUKE  OHOIEHOTHYECKMX  OTHONIeHWH, O  crnenuduke
KU3HENIEATSITFHOCTH W TEUCHHH TAapa3UTHUYECKUX MPOIECCOB IMPH JICHCTBUU HCKYCCTBEHHBIX
IpenapaToB, a Takke MOUCK Hanbojee >PPEKTHUBHBIX HMCKYCCTBEHHBIX M MPUPOAHBIX CPEICTB
JMMUTHPOBAHMS pAcIpoCTpaHeHHss npeacraBureneil Babesia B okpyxkaromei cpene.

[IpumenuTensHO K BO3OyaUTENsIM 0abe3M030B HEOOXOTUMBI JIETAbHBIE HWCCICAOBAHUS |
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COBPEMEHHBIE CBEJICHUS O BUOCTICIIM(PUUHOCTH U TeorpaduyeckoM pa3sHooOpa3uu B POSBICHUT
0COOCHHOCTEH MX OHMOJIOTMH M 3KOJIOTHH, BKIIIOUUTEIBHO 00 3KOJOTHYECKOW TOJIEPAaHTHOCTU
TakKMX MPOTHCTOB K JIMMUTHUPYIOIIUM TMPUPOJHBIM U HCKYCCTBEHHBIM (BKJIOYas K
¢dapmakonpenaparam) (akropam. OTO BaXHO [UIA HAJEKHOCTH OKCHEPTHBIX CAHUTApHO-
SNUAEMHUOJIOTMUECKUX, BETEPUHAPHO-CAHUTAPHBIX M MEAMKO-IKOJIOTMUECKHUX  OLICHOK,
KapTUPOBaHUS U IMPOTHO3UPOBAHUS PUCKA U PAalOHOB PACHPOCTPAHEHHUS COOTBETCTBYIOIIMX
TPAaHCMHCCHUBHBIX OOJIE3HEH >KUBOTHBIX U JIOJIeH, BbI3bIBaeMbIMU 0Oabe3msimu. HeoOxoaumbl
cBeneHus 0 Habope u crenupuKe OMOIEHOTHYECKUX CBs3el 0a0e3uil B pa3HbIX reorpaduyeckux
pPEruoHax C COOTBETCTBYIOUIMMHU SKOJIOTO-3MUIEMUYECKUMH, JIAHAMAPTHO-KINMATHYECKUMH H
MEIMKO-COI[MAIbHBIMU  YCJIOBUSMU. bolibllioe 3HaYeHHEe HEOOXOAWMO MpHUAAaBaThb H3YYCHHIO
OMOJIOTHM, SKOJOTMHM U Ouoreorpaduu >KUBOTHBIX-XO35€B, OpraHU3alMd JOJHKHOTO
SMHU300THYECKOTO W BETEPUHAPHOTO KOHTPOJS, a TaKKe KOMIUIEKCHOTO OHOJIOTHYECKOTO
MOHHUTOpHUHra. be3ycioBHO, 1enecooOpa3HO MPOJOKUTH B3aMMOCBSA3aHHBIA  KOMILJIEKC
¢busznonornyeckux,  (HapMakoIOTUYECKUX,  BETEPUHAPHBIX M MEAMKO-3KOJOTHYECKHX
UCCIIEIOBAHMM 110 JaHHOMY Hay4YHO-TIPAKTUYECKOMY HAIPaBICHHUIO.

OTtaenpHBIN MIacT padoT 3aKIHOYAETCS B OPraHU3AlMU [JIAHOMEPHOU MPOCBETUTEILCKOM
paboThI 1o BompocaM OHOJOTHU M KU3HEICSITEIHLHOCTH, KaK HEMOCPEICTBEHHO BO30yAHMTENeH
6a0e3M030B, TaK U MX MEPEHOCUYUKOB. Takas HEOOXOAMMOCTh OOYCJIOBIIEHA 3apa3HOCTHIO U
CE30HHOCThI0 0a0e31M030B (M JPYrHMX MPUPOJHO-OYArOBBIX HH(EKIHH), YTO MPEACTaBIsAET
pEATbHBIN PUCK JUTSI )KUBOTHBIX PA3HBIX XO3SIICTBECHHBIX TPYIII, & TAKXKE JJISl JUKUX KUBOTHBIX U
Jofe ¢ 0cabICHHONH MIMMYHHOM CHCTEMOM.

BriBoanbI

Heo6xonumo Ooniee THIATETBHO OTHOCHTBCS K ONACHOCTSM IOPAKEHUS HKUBOTHBIX
00JIe3HETBOPHBIMU TIpocTeiuMu. B ToM uncie 3To kacaeTcst 3a0oyeBaHuit 6abe3no3zamMu codax,
JPYTHUX TOMAITHUX )KHBOTHBIX, & TAK)KE TUKUX U CEITBCKOX03HCTBEHHBIX )KUBOTHBIX [2; 7; 10; 13;
15; 16].

[Ipumenenne @optukapba B KauecTBe OCHOBHOI'O KOMIIOHEHTa JiedeHus O0abe3nosa
MPUBEJIIO K HauOOJBIIMM TMOJIOKUTEIbHBIM HM3MEHEHUSIM (PU3MOJOTHYECKUX TIOKa3aTeleH,
CHHKEHUIO aHEMHUYECKOW W MPOTHBOMAPAa3UTApHON aKTUBHOCTEH mpocreimux Babesia B
CpPaBHEHHUU C JAMHAMUYECKUMHU TMPEOOPA30BaHUSIMH aAHAJIOTMYHBIX [apaMeTpOB Yy TPYIIIIbI
KUBOTHBIX, B Tepaluio KOTOopblXx Bxoawn Heosumun M, uro cBuaerenscTByeT o Oojee
3HAYUTENILHON a0COJIFOTHOM M OTHOCHTENIbHOW TepamneBTuueckor 3¢ dexktuBHOCTH DopTrKapOa
[6].

BwMmecte ¢ Tem, 1o06aBieHne B KOMIUIEKC JIEKAPCTBEHHBIX MPENapaToB UMMYHOMOIYJISTOPA
['amaBuTa B 3HAUUTEIHHON CTENIEHH CHUYKAET aHEMHUYECKHE MPOosBIIeHUs 6abe3103a U yCUIIMBaeT
MPOTHUBOMAPA3UTAPHYIO (PYHKIIMIO MMMYHHON CUCTEMBI y )KUBOTHBIX [13; 14].

I[To pe3ynbpTaTaM BBITOJIHEHHOTO aHANIM3a BISBIIEHA BHICOKAst a0CONIOTHAS M OTHOCUTEIhHAS
IPUTOJHOCTh HCIONb30BaHug PopTHkapba B KadyecTBE OCHOBHOTO KOMIIOHEHTA JICUEHUS

6abe3no3a, Oeps BO BHHMAaHHME BBICOKYIO NPOTHBOAHEMHYECKYI0 U IMPOTHBONAPA3UTAPHYIO
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AKTUBHOCTH JIaHHOTO JICKApCTBEHHOTO cpexactBa. llpu »3TOM, n00aBieHHE JEKapCTBEHHOTO
npenapara l'amMaBuTa B KadecTBe MOMOJHUTEIBHOTO KOMIIOHEHTA M HMMYHOMOAYISATOPA
MO3BOJIICT B BBICOKOW CTENEHHM CHH3WTh AaHEMHUYECKHE MPOSIBICHMS NAaTOTeHE3a W YCHIIUTH
IPOTHBONPOTO30MHYI0 (YHKIHMIO MMMYHHUTETa coOak. CHIIKAETCS PUCK PAa3BUTHUSA TKEIBIX
CTaguil AaHHOTO 3a00JIeBaHUS, M MPEAOCTABISIOTCS BO3MOXKHOCTH JJISi KOPPEKTHPOBKH X0/
J€YCHUSL.

Heo0xoanmo rnpoBeieHre MacTabHOr0 MOHUTOPHHTA KJICIIEH U MIIEKOITUTAIONINX Pa3HBIX
TpyII, KOTOPbIE MOTYT OBITh B KOHTAKTE€ C 3THUMH NaykooOpasHeiMu. [Ipum HeoOXxommmocTu
TpeOyroTcsi Mepsl OOphOBI C caMMMHU KJCIAMH, a TaKKe Jajee HENOCPEICTBEHHO — C
BO30OyauTenssMu 0abe3n030B, B TOM 4YHCIE C HCIOIb30BAaHMEM JCHCTBEHHBIX MpPENaparoB.
[TonezeH MeTUKO-’KOIOTUYECKUI MOHUTOPHHT 32 MJICKONHUTAIOIIMMHE Pa3HbIX IPYI, H, IPEX/Ie
BCETO, 32 JIOMAIIHUMH ¥ CEIbCKOX03s5IiCTBEHHBIMH )KUBOTHBIMHE. Mccie10BaHus IO OOIIUPHOMY
KPYT'y BOIIPOCOB 10 PAaCCMOTPEHHOH TEMaTHWKe, MMEIOUICH B ILIEJIOM HKOJIOTO-TUTHEHHYECKOE
cofiep)KaHue, He0OXO0AUMO TPOJODKUTh U PacIIUpuTh. JlOCTyNHBIE JaHHBIE, CTATUCTUYECKUE
BBIKJIAJIKU M KapTOTPaMMBbI O pacpocTpaHeHnu 06a0e31030B 00 3TOM CBUIETEIbCTBYIOT.

[ToaToMy OMOIKOJOTHYECKHI MPOPIIb HUCCICIOBAaHUN 0a0e3nii W WX Mapa3UTUYCCKUX
BO3/ICCTBUI Ha J>KMBOTHBIX W 4YEJIOBEKa COXPAHHUT CBOIO AaKTyaJlbHOCTh, TEOPETHYECKYIO H
NPUKIAJHYI0 3HAYUMOCTbh, KaK B PaMKaxX HEMOCPEICTBEHHO HAYYHBIX MEAMLIMHCKAX U MEIUKO-
reorpa)u4ecKnx, BETCPHHAPHBIX U (PapMaKOJIOTHYECKUX HW3BICKAaHWW, TaK U B OOIIUPHBIX H
UHTETPUPOBAaHHBIX  HANpaBICHHAX  Treorpagum  pacmnpocTpaHeHHS, B JKOJIOTUH
MEXKITOIYJISIMOHHBIX U MEXBHUJIOBBIX CBS3EH, a TAK)KE HEMOCPEICTBEHHO — B pPaMKax OMOJIOTHH
NaTOJIOTHYECKUX MTPOIIECCOB M BCEBO3MOXKHBIX MOCIIEACTBUI. bobiioe 3HaueHe 3aKkIroyaeTcs B
HEOOXO/IMMOCTH CHUCTEMHOCTH Hay4YHBIX MCCIIEJOBAaHUH IO paccMaTpuUBaeMON TeMaTHKE U B
MOBBIIIEHUS] TOYHOCTH OSKOJIOTO-3TUAEMUOJIOTHIECKAX OIICHOK W TPOTHO30B pa3BUTHS /

pacpoCTpaHEHHsI COOTBETCTBYIOIINX IPUPOJHO-0YATOBBIX CUTYAIUN.
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CARDIAC ACTIVITY INDICATORS IN FEMALE STUDENTS OF NIZHNEVARTOVSK

DEPENDING ON PHYSICAL ACTIVITY LEVEL

Hlanamosa E.IO., Ilozonvimesa H.A., Pazozun O.H., Ilozonviues /I.A., Kyuymos M.C.

HHOKA3ATEJIM AEATEJIBHOCTHU CEPJALA Y CTYAEHTOK r. HU7KHEBAPTOBCKA
B 3ABUCUMOCTHU OT OFBEMA JIBUT'ATEJIbHOM AKTUBHOCTH

Abstract. Physical inactivity as a serious health
threat to students is exacerbated in the North by
extreme environmental and climatic conditions.
The aim of the study was to assess the state of the
circulatory system at rest and during graded
physical exercise in female students of a northern
university, depending on the volume of their
organized physical activity. The study involved
female students from the Faculty of Physical
Culture and Sports (PCS) (n=37) and the Faculty
of Ecology and Engineering (EE) (n=51) of
Nizhnevartovsk State University (NVSU). The
parameters were obtained using volume-
compression oscillometry with the APKO-8-
RITs-M device at rest and during a test with
graded muscle exercise (20 squats in 30 seconds).
Results and Discussion. In female students with
higher volumes of organized physical activity
(OPA) (Faculty of Physical Culture and Sports),
significantly lower values were observed at rest
for: systolic blood pressure (SBP, mm Hg);
cardiac output (CO, L/min); cardiac index (ClI,
L/(min. m?)); stroke volume (SV, mL); stroke
index (SI, mL/m?). Following the exercise test,
female students from the Faculty of Ecology and
Engineering demonstrated higher values for SBP,
diastolic blood pressure (DBP), CO, Cl, SV, and
SI. Conclusion. The study results indicate a
pronounced economization of hemodynamic
function in females with a higher volume of
habitual motor activity, both under resting
conditions and during a physical load test with
limited duration and muscle group involvement.
This economization may be attributed to a partial
redistribution of the load from the cardiac muscle
to the skeletal musculature, which maintains good
functional status due to adequate OPA volume.

Keywords: students, northern regions, cardiac
output, stroke volume, heart rate, blood pressure.

Annoramusi.  Ceppe3HOM  yrpo3oil  370pPOBBIO
CTYJICHUYECKOH MOJIOJICKU BBICTYIACT THUIOIMHAMUS,
YCYTYOIIOmasics Ha  CeBepe  OKCTPEMabHBIMU
MIPUPOTHO-KIIUMATHYECKUMH  YCIIOBUSIMHU. Lenp
UCCIIEJIOBAaHUS — OILIGHUTh II0Ka3aTedd CUCTEMBI
KpOBOOOpalIeHNnsT B TOKOE€ M TIPH JO3WPOBAHHON
(hu3nueckoif Harpy3ke y CTyJeHTOK CEBEPHOTO By3a B
3aBHUCHUMOCTH oT o0bema OpraHU30BaHHON
neurareinbHolt  aktmBHOCTH (OJ[A). OOcnemoBaHbI
CTYINeHTKH (HaKynbTeTOB (DHM3MUECKOW KYIBTYpHI H
criopta (®KuC) (n=37), 3KOJOTHH W WHXUHHUPHHTA
(Qul) (n=51) HBI'Y. IlokazaTenu moy4eHbl METOI0M
00BEMHOH KOMIIPECCHOHHOW OCHMJUIOMETPUH IPH
riomotu AIIKO-8-PULI-M B nokoe 1 ¢ T03UpOBaHHOM
¢buznveckoit Harpy3kou (poba Maptune-
Kymenesckoro). Pesymbratel u oOcyxaeHue. Y
neByiiek ¢ O0onpmuM oobeMoMm OJIA (cTynmeHTKH
¢dakynbrera @KuC) B yCIOBHSAX MBIIIEYHOTO TOKOS
OBUIM 3HAYUMO HWKE BEJIMUUHBI CUCTOJIMUECKOro AJ]
(CAH, MM pT. cT.), cepaeuroro BeiOpoca (CB, i/mMuH.),
cepreunoro uuuaekca (CU, n/(Mun. M?)), ymapHOro
oowvema (YO, mi), ymapaoro unaekca (YU, mi/m2).
Ilocme  BBIMONHEHWS  HArpy3kH, Yy  CTYICHTOK
(haxymprera Dull ObuH BhIre mokazarenu CA, JA/L,
CB, CH, YO u VYH. 3axmrouyenue. Pesynbrarhl
WCCIIEJIOBAHUSI CBHUJETENBCTBYIOT O BBIPAKEHHOU
SKOHOMHM3AIlMM TEeMOAMHAMUYeCKOoW (QyHKIUU Y
JEeByIIeK ¢ OOmpImUM oObeMoM mpuBbuHONW OJIA B
YCIOBUSIX JBUTATENbHOTO TOKOSIT W B Tpobe c
(bn3nueckoil Harpy3Koi, OrpaHUYEHHOW 10 BPEMEHU
BBITIOJTHEHUSI W BOBJICYCHHOCTH MBIIICYHBIX TPYIIIL.
DKOHOMM3AITHS MOXKET OBITh 00YCIIOBICHA YaCTUIHBIM
repepacnpe/ielieHieM Harpy3Ku ¢ CepIeYHON MBIIIITbI
Ha CKEJETHYI0 MYCKYJaTypy, HMEIOIIYI XOPOIIHHA
(YHKIMOHANBHBIA CTaTyC 3a CYeT JIOCTATOYHOTO
obwema O/IA.

KiaroueBbie cJI0Ba: CTYJIEHTHI, CEBEp, CEPJCUHBIN
BBIOpOC, yHIapHBIH 00BEM, YacTOTa CeplIeYHBIX
COKpAIIIeHHUH, apTepraTbHOE JIaBJICHHE.
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Introduction. National security largely depends on the health status of the population.
“Human health is a most important indicator and condition for the development of an individual,
the society, and the economy” [14, p. 142]. From an ecological perspective, human health may be
negatively affected by adverse environmental factors [5, pp. 8-9]. In northern regions, these
include low air temperatures, altered photoperiod, and abrupt weather changes [8]. Adaptation of
the human organism to extreme environmental conditions is largely determined by the state of the
cardiovascular system (CVS). In turn, the CVS functioning depends on the level of adaptation to
various influences, primarily physical exercise, which has a beneficial effect on its function,
overall endurance, skeletal muscle condition, and psychological status [1; 10]. Maintaining the
optimal level of physical activity is particularly important in northern territories, where during the
prolonged cold season people spend considerable time indoors, spontaneous physical activity
decreases, and as a result hypoxia is aggravated, “motor deficiency” increases, and skeletal muscle
function deteriorates [9, p. 62].

Reduced physical activity negatively affects students’ well-being [20]. Among acquired risk
factors for cardiovascular diseases, physical inactivity is one of the most significant [13], and its
prevalence increases during the period of university education [11]. The combined effect of these
negative influences leads to a deterioration in the health status of modern students. For example,
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only one quarter of male students and a half of female students examined at the health centre of
Stavropol State Medical University demonstrated favorable hemodynamic status, normal blood
pressure values, and normal vascular wall stiffness [12]. For the students of northern regions, the
daily volume of habitual physical activity is limited by climatic and weather conditions that hinder
walking and outdoor activity. Adverse trends in the health status of student youth highlight the
urgent need for continuous monitoring of cardiovascular system function, while “studies
addressing cardiovascular risk factors ... in this social group remain clearly insufficient” [11,
p. 24]. Exercise tests with graded physical load are widely used to assess the functional state of
the circulatory system [19].

Based on the above, the aim of the study was to assess cardiac function parameters at rest
and during graded physical exercise in female students of a northern university, depending on the
level of organized physical activity.

Materials and Methods. The study was conducted at the Laboratory of Human Physiology
and Ecology of Nizhnevartovsk State University (NVSU). Female students from the Faculty of
Physical Culture and Sports (PCS) (n = 37) and the Faculty of Ecology and Engineering (EE)
(n = 51) were examined. According to the curricula and class schedule, these groups differed in
the volume of organized physical activity (OPA): the students of the PCS faculty had at least 8-10
academic hours of in-class physical education per week, whereas the students of the EE faculty
had 4 academic hours of physical education per week. Cardiac function parameters were assessed
by using the APKO-8-RITs-M device (oscillometric circulatory parameter analyzer, Russia) [2].
The method of volume compression oscillometry provides high reliability in the estimation of
circulatory system parameters. The measurements were obtained under resting conditions and
during a graded physical exercise test (Martinet—Kushelevsky test), in accordance with standard
methodological recommendations [16]. The following cardiovascular parameters were assessed:
heart rate (HR, beats/min); systolic blood pressure (SBP, mm Hg); diastolic blood pressure (DBP,
mm Hg); cardiac output (CO, L/min); cardiac index (CI, L/min-m?); stroke volume (SV, mL); and
stroke index (SI, mL/m?).

The study was conducted in accordance with the principles of the World Medical
Association Declaration of Helsinki (2013 revision) and was approved by the Local Ethics
Committee of Nizhnevartovsk State University (Protocol No. 1 dated 12.09.2024). Statistical
analysis was performed by using Microsoft Excel 2010. Normality of the data distribution was
assessed through the Kolmogorov-Smirnov test. Comparison between two independent samples
was performed via the non-parametric Mann-Whitney U test [4]. Descriptive statistics are
presented as mean (M), median (Me), and interquartile range (Q1-Q3). Differences were
considered statistically significant at p < 0.05. Probability values with more than four zeros after
the decimal point were reported as p < 0.0001.

Results and Discussions. In female groups with different volumes of organized physical
activity (OPA), circulatory system parameters were compared under resting conditions (Table 1)
and during graded muscle exercise (Table 2). Heart rate is one of the most important characteristics
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of hemodynamic function, representing the integrated outcome of multilevel regulatory
mechanisms. As shown, resting heart rate (HR, beats/min) did not differ significantly between the
compared groups, and in at least 50% of examined participants (Q1-Q3) it remained within the
normal range [2]. After physical exercise, a tendency toward higher HR values was observed in
female students of the Faculty of Physical Culture and Sports (PCS).

Table 1

Cardiac function parameters in female students of NVSU with different levels of organized
physical activity under resting conditions

Students of the Faculty of

Students of the Faculty of Physical

Parameters Ecology and Engineering (n=51) Culture and Sports (n=37) P
M/Me (Q1-Qs) M/Me (Q1-Qs)

. 79.5/77.0 73.6/75.0

HR, beats/min (68.0-89.0) (71.0-80.0) 0.101
124.8 /125.0 109.5/107.0
SBP, mm Hg (120.0-130.0) (101.0-120.0) <0.0001
57.4/58.0 54.3/54.0
DBP, mm Hg (49.0-64.0) (49.0-58.0) 0.079
Cardiac  output, 5.53/5.60 4.29/4.30
L/min (4.90-6.10) (4.10-4.80) <0.0001
Cardiac index, 3.34/3.30 2.76/2.90
L/(min-m?) (3.00-3.80) (2.60-3.20) 0.00009
Stroke  volume, 74.4/72.0 57.7/55.0
mL (61.0-83.0) (53.0-62.0) <0.0001
Stroke index, 45.98/46.00 36.89/37.00 0.003
mL/m? (36.00-57.00) (32.00-41.00) !
Note: p — Mann-Whitney U test.
Table 2

Cardiac function parameters in female students of NVSU with different levels of organized physical
activity during a graded muscle exercise test

Students of the Faculty of

Students of the Faculty of Physical

Parameters Ecology and Engineering (n=51) Culture and Sports (n=37) P
M/Me (Q1-Qs) M/Me (Q1-Qs)
. 92.7/94.0 98.6/100.0
HR, beats/min (77.0-106.0) (89.0-103.0) 0.089
128.2/127.0 117.1/117.0
SBP, mm Hg (118.0-136.0) (108.0-123.0) 0.0001
56.6/56.0 50.2/50.0
DBP, mm Hg (51.0-62.0) (47.0-55.0) 0.0002
Cardiac output, 5.8/5.8 49/5.1
L/min (4.7-6.8) (4.3-5.5) 0.0003
Cardiac index, 3.5/3.4 3.1/3.1 0.006
L/(min-m?) (3.1-4.0) (2.9-3.5) '
Stroke volume, 65.9/65.0 50.8/54.0
mL (55.0-75.0) (42.0-57.0) 0.00001
Stroke index, 40.9/41.0 32.6/34.0 0.0008
mL/m? (30.0-48.0) (29.0-37.0) !
Note: p — Mann-Whitney U test.
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The results of studies on cardiovascular responses to physical exercise are often
contradictory and may depend on several factors, including the characteristics of the load itself —
duration, intensity, involvement of muscle groups, etc. — as well as the functional state of the
organism. Published data on trained individuals indicate that “during standard exercise, trained
subjects have a lower heart rate in absolute values, while in relative terms it may be higher than in
untrained individuals” [7, p. 103-104].

Among blood pressure parameters, systolic blood pressure (SBP) reflects the cardiac
component of hemodynamics; it corresponds to the maximal blood volume ejected into the
vascular bed and largely depends on myocardial contractility. Under both resting conditions and
during the exercise test, SBP (mm Hg) was significantly higher in female students with a lower
volume of OPA. Diastolic blood pressure (DBP), measured at the end of diastole, is determined
by blood outflow through the capillary network and heart rate [2]. This is considered to be a so-
called vascular component of blood pressure. At rest, a tendency toward lower DBP values was
observed in students with a higher volume of OPA,; after exercise, the trend became more
pronounced and reached statistical significance. According to clinical definitions, optimal, normal,
and high-normal blood pressure levels are defined as follows (mm Hg): SBP < 120 and/or
DBP < 80; SBP 120-129 and/or DBP 80-84; SBP 130-139 and/or DBP 85-89 [15]. At rest, SBP
values in at least 25% of students from the EE faculty corresponded to high-normal blood pressure,
whereas in 75% of students from the PCS faculty they fell within the optimal range. The DBP
values in both measurements were within the optimal range according to the 2024 Clinical
Guidelines [15], and corresponded to normal values according to the device software (50—71 mm
Hg) [2], while the elevated DBP is generally considered to be a more unfavorable indicator than
the increased SBP. Such DBP values may be associated with the optimal functional state of the
vascular wall in female students, regardless of the volume of organized physical activity.

There is evidence that, depending on the characteristics of physical work, “blood pressure in
the brachial artery increases less in trained athletes, but in some cases may also increase more than
in untrained individuals,” as “in active regions of the body arterial pressure increases less in trained
subjects than in untrained ones, while in inactive regions it may be somewhat higher” [7, p. 104].
During the squat test, the main load is imposed on the large muscles of the lower limbs, resulting
in a redistribution of blood flow. Female students of the Faculty of Physical Culture and Sports
(PCS) demonstrate a better adaptation to muscular load due to a higher volume of habitual
organized physical activity (OPA). Lower indices of central hemodynamics, including systolic and
diastolic blood pressure and heart rate, in athletes compared to non-athletes are considered an
“advantage in cardiovascular system function” [3, p. 25]. Both components of blood pressure
depend on vascular stiffness; therefore, it was suggested that “assessment of vascular stiffness
should be included in cardiovascular health screening programs for young people” [11, p. 21].
Cardiac output (CO), defined as the volume of blood ejected by the heart into the main vessels per
minute, characterizes the pumping function of the heart. This parameter depends on circulating
blood volume and blood flow velocity; additional influencing factors include age, sex, body mass,
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and others. Normal CO values are considered to be 5.0 £ 1.5 L/min [2]. At least a half of the female
participants in both groups demonstrated CO values within the normal range. At rest and after the
squat test, cardiac output was higher in students with a lower level of OPA. Thus, even under a
low-intensity physical load, an intensification of cardiovascular function is observed, indicating
reduced adaptation and insufficient readiness of the organism to perform such a load. The cardiac
index (CI) is defined as cardiac output normalized to body surface area. The CI is an individual
characteristic of the circulatory system and normally equals 3.0 = 1.0 L/(min-m?) [2]. At rest, the
Cl values in both groups were within normal limits; however, after exercise, 25% of students from
the EE faculty exceeded the upper normal threshold. In both resting and post-exercise conditions,
the CI was higher in students with a lower level of OPA.

The myocardial contractile strength defines the stroke volume (SV), a volume of blood
ejected with each heartbeat into the great vessels; its normal value is 70 £ 20 mL. At rest, normal
SV values were observed in female students regardless of the level of organized physical activity
(OPA). After the squat test, at least 25% of students from the Faculty of Physical Culture and
Sports (PCS) showed the SV values below the lower limit of normal. In both resting and post-
exercise conditions, the SV was higher in students from the Faculty of Ecology and Engineering
(EE).

The stroke volume normalized to body surface area is defined as stroke index (SI), with
normal values considered to be 40 + 10 mL/m? [2]. At rest, the SI in at least 25% of students from
the EE faculty exceeded the upper limit of normal values; after exercise, almost a quarter of the
PCS faculty students demonstrated the Sl values below normal. In both measurements, higher SI
values were observed in female students with a lower level of OPA.

Conclusion

Lower values of HR, SBP, DBP, and other functional cardiovascular parameters in females
with a higher level of physical activity are considered to be a sign of functional economization and
better adaptation [6]. The reduced demand placed on the circulatory system in individuals adapted
to physical exercise is explained by “a relatively lower oxygen demand and more efficient oxygen
utilization by body tissues” [7, pp. 103-104]. Insufficient physical activity among students leads
to a reduction in the functional capabilities of the cardiovascular system and contributes to
increased regulatory strain under resting conditions [17; 18, p. 76].

Thus, the results of the study indicate increased regulatory strain of the cardiovascular
system in female students with a low level of habitual organized physical activity, and pronounced
economization of hemodynamic function in those with a higher level of activity, both at rest and
during a limited in duration and in the involvement of muscle groups exercise test. This
economization may be attributed to a partial redistribution of workload from the cardiac muscle to
the skeletal musculature, which maintains a good functional status due to an adequate level of
physical activity. In northern environmental conditions, the improvement of cardiovascular
function can be achieved through an increase in students’ physical activity via feasible, systematic,
low-intensity exercise programs.
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HEPCIIEKTUBbI IPUMEHEHUA BAKTEPI{!ﬂ POJA BACILLUS
B BUOPEMEJIUAIINU I10YB, 3ATPAA3HEHHBIX CBUHIIOM

AN. Sizenzov, M.A. Bulgakova, E.V. Salnikova

PROSPECTS FOR THE USE OF BACILLUS BACTERIA
IN BIOREMEDIATION OF LEAD-CONTAMINATED SOILS

AnHoTanusi. llempr0  HaAcTOAMIETO  HCCIETOBaHMSA
ABJSICTCSL  OLIEHKA  BO3JEHCTBUSL  OaKTEpPHUAIBHOTO
npenapata Ha ocHoe Bacillus sp. m cBuHIa, Kak 1o
OT/AENBHOCTH, TaK M B KOMOMHAINY, Ha (PU3NOIOTHYECKOES
cocTosHHE MOXAeBbIX uepBelr Eisenia fetida B
KOHTPOJIMPYEMBIX  JIa0OPAaTOPHBIX  YCIOBHSIX,  JUIA
NpEeBAPUTEIGHON OLEHKH ITOTEHIUAIBHBIX PHCKOB H
NPEHMYIIECTB MPUMEHEHHS JaHHOTO OaKTepUabHOTO
mraMMma B OMOpeMeTuali CBUHEI-3arpsi3HEHHBIX TTOYB.
Beinenenne mouBeHHbIx — u3onAToB  Bacillus - spp.
OCyHIeCTBISUIH W3  00pa3noB ¢ Tepputopun [IAO
«[aiickuit ropHO-O0OTaTHTENBbHBIA KOMOMHAT. J{71s1 ombITa
OBUIO TPOTECTHPOBAHO YEThIpE JKCIIEPUMEHTAIbHBIC
TPYHIIBLI: KOHTPOIb (IUCTHILTUpOBaHHas Boja), Bac+H:O,
Pb+H.O, Pb+Bac. CHmkeHHe OTHOCUTEIBHOM MaccChl
JTIOKIIEBBIX depBeit 10 68,8%, OTHOCUTENTEHO KOHTPOJIS, K
14-m cyTkam, 3a)UKCUPOBAHO B BAPHAHTE CO CBHHIIOM 0€3
Oakrepuit (Pb+H20). B xomOuHHpOBaHHOW rpymIe
(Pb+Bac) Ha mpoTsSHKEHHHM BCETO MepHojaa HabIoIeHNI
3aperucTPUPOBAHO CTaOMIIbHOE NpeBBIIICHUE
nmokaszaTteneid, Tak Ha 3-i JOeHb Macca 4YepBei
MpeBOCXOAMIAa KOHTPOIh Ha 11,7%, Ha 14-it — Ha 15,6%, a
kK 21 cyrkam — 19,3%. Takum o6pa3om MpHUCYTCTBUE
6akrepuii mrramma Bacillus licheniformis resistantPb

HUBEIIMPYET  TOKCHYECKOE  JICHCTBHE  CBHHIIA U
CrocoOCTByIOIMI  pocTy  uepBeir.  MccnemoBanue
MONTBEPXKIAET  IEJIeCOO0Pa3HOCTh  HCIOJIB30BaHUS

OHOJIOTMUECKHUX TECT-CUCTEM, B yacTHOCTH Eisenia fetida,
JUIE  OOBEKTUBHOW  ONEHKH  J(PQPEKTHBHOCTH  H
0e30MmacHOCTH  OMOpPEeMEAMAIIMOHHBIX  TEXHOJOTHUH.
[TonyyeHHble  JaHHBIE  MMOTYEPKUBAIOT  TOTEHIMAI
npuMeHeHust Oaktepuii poma Bacillus mis cHmwkenus
(HUTOTOKCUYHOCTH TSDKENBIX METAJUIOB M BOCCTAHOBIICHHUS
NIOYBEHHBIX 9KOCHUCTEM.

KamoueBnsie ciaoBa: Ouopemenuarusi, cBuner] (Pb),
Bacillus, Eisenia  fetida, TokcuuyHOCTHL  IIOYB,
OMOIOCTYITHOCTb.

Caenenns 06 aBropax: Cuzenyos Anexceii Huxonaesuu,

ORCID: 0000-0003-1099-3117, xaHn. Owuol. Hayk,

Abstract. The aim of this study was to evaluate
the effect of a bacterial preparation based on
Bacillus sp. and lead, both separately and in
combination, on the physiological state of
Eisenia fetida earthworms under controlled
laboratory conditions, for a preliminary
assessment of the potential risks and benefits of
using this bacterial strain in the bioremediation
of lead-contaminated soils. Soil isolates of
Bacillus spp. were isolated from samples from
the territory of PJSC Gai Mining and
Processing Plant. Four experimental groups
were tested for the experiment: control
(distilled water), Bac+H-O, Pb+H.O, Pb+Bac.
A decrease in the relative weight of earthworms
to 68.8%, relative to the control, by day 14 was
recorded in the variant with lead without
bacteria (Pb + H20). In the combined group (Pb
+ Bac), a consistently higher value was
recorded throughout the observation period: on
day 3, worm weight exceeded the control by
11.7%, on day 14 by 15.6%, and by day 21 by
19.3%. Thus, the presence of Bacillus
licheniformis-resistantPb bacteria neutralizes
the toxic effect of lead and promotes worm
growth. The study confirms the feasibility of
using biological test systems, in particular
Eisenia fetida, for an objective assessment of
the effectiveness and safety of bioremediation
technologies. The obtained data highlight the
potential of using Bacillus bacteria to reduce
the phytotoxicity of heavy metals and restore
soil ecosystems.

Keywords:  bioremediation,
Bacillus, Eisenia fetida,
bioavailability.

About the authors: Alexey N. Sizenzov,
ORCID: 0000-0003-1099-3117, Candidate of

Biological Sciences, Orenburg State University

lead
soil

(Pb),
toxicity,

[@®| 50



https://doi.org/10.36906/2311-4444/26-2/05

Cusenyoe A.H., byneaxoea M.A., Canvnukosa E.B.

OpeHOyprekuii roCcyIapCTBECHHBIN YHUBEPCUTET UM. B.A.
Bounapenko, r. OpenOypr, Poccus, asizen@mail.ru;
byneaxosea Mapuna Anexcanoposna, ORCID: 0000-0002-
1238-6276, xann. Hayk, OpeHOyprckuit
rOCyIapCTBEHHBIN yHUBepcuTeT nM. B.A. bormapeHko, T.
Openoypr, Poccus, biosu@mail.ru; Cansnuxosa Enena
Braoumuposna, ORCID: 0000-0002-8901-1798, a-p
ouou. HayK, OpenOypreckuit rOCyJapCTBEHHbIN
yHuBepcuter nMeHu B.A. Bbommapenko, r. OpenOypr,
Poccus, salnikova_ev@mail.ru

ounoi.

named after V.A. Bondarenko, Orenburg,
Russia, asizen@mail.ru; Marina A. Bulgakova,
ORCID: 0000-0002-1238-6276, Candidate of
Biological Sciences, Orenburg State University
named after V.A. Bondarenko, Orenburg,
Russia, biosu@mail.ru; Elena V. Salnikova,
ORCID: 0000-0002-8901-1798, Doctor of
Biological Sciences, Orenburg State University
named after V.A. Bondarenko, Orenburg,
Russia, salnikova_ev@mail.ru

CusennoB A.H., bynrakoBa M.A., CanbaukoBa E.B. IlepcnektuBsl npuMeHenus 6akrepuii poaa Bacillus
B OMOpeMeaManuy IMO4B, 3arpsA3HEHHBIX CBUHLIOM // BecTHuk HumkHEBapTOBCKOTO rocynapCTBEHHOTO
ynuBepcurera. 2026. Ne 2(74). C. 50-59. https://doi.org/10.36906/2311-4444/26-2/05

Sizenzov, A.N., Bulgakova, M.A., & Salnikova, E.V. (2026). Prospects for the Use of Bacillus Bacteria in
Bioremediation of Lead-Contaminated Soils. Bulletin of Nizhnevartovsk State University, 2(74), 50-59. (in
Russ.). https://doi.org/10.36906/2311-4444/26-2/05

Beenenue

AHTpOIIOreHHasi AESTENbHOCTb, BKJIIOYAOLIAsl MPOMBIIIJIEHHbIE BbIOPOCHI, MPUMEHEHUE
MECTUINIOB ¥ HEMPABWIbHYIO YTHJIM3AIMIO OTXOO0B, IPHUBENa K TOBCEMECTHOMY 3arps3HEHUIO
noyB TsokEnbiMu MeTaruiamu [3]. Ceuner (Pb), xak oaun u3 Hambonee pacnpocTpaHEHHBIX U
OMACHBIX 3arps3HUTENEH, 00JIaJaeT BBIPAKEHHBIMU TOKCHUKOJIOIMUYECKHMHU CBONCTBaMH,
HEraTHBHO BIIMAS HA 3[J0POBBE KUBBIX OPraHU3MOB U PYHKIIMOHUPOBaHUE Beel akocucTemsl [ 10].
Ero nHakomenue B mo4se HapyIraeT MUKPOOHUOJIOTUYECKYIO AaKTUBHOCTh, CHIDKAET TUIOA0POIUE U
MPEACTABISIET MPAMYIO Yrpo3y nepemaud mo Tpoduueckum nemsm [11]. B cBssu ¢ stum
pa3paboTka 3(p(PEKTUBHBIX M YCTONYMBBIX METOJOB OYUCTKU IOYB OT 3arpsi3HEHUS CBHHIIOM
ABJIAETCS IPUOPUTETHOM 3a1a4eil COBPEMEHHOM 3KOJIOTUU U MIPUPOOIIOIB30BAHHUS.

duropemenuanus U XUMUYECKas SKCTPAKLHsS HUMEIOT DPsii OTPAaHUYEHUM, CBSI3aHHBIX C
[12].

IIOTCHIIMAaJIa

KIIMMaTH4Y€CKUMU YCII0BUAMU, FJ'[}I6I/IHOI\/’I OYHUCTKH n BBICOKOM CTOMMOCTBIO

buopemenuanusi, OCHOBaHHasT Ha  KCIOJb30BAaHUM  META0OJIUYECKOIO
MUKpPOOPTaHW3MOB U PACTEHUH, NPEUIaracT 3KOHOMUYHYIO U JKOJIOTMUECKH JPYKECTBEHHYIO
anpTepHaTHBY [2]. Cpeiu MUKpOOPraHU3MOB 0COOBIN HHTEPEC MPEACTABISIOT CIIOPOOOpasyroIne
Oaktepun ponma Bacillus, u3BectHbie cBOEil yCTONYMBOCTBIO K HEOIArOMPHUSTHBIM YCIOBHUSIM,
BBICOKOW  (DepMEHTAaTUBHOM  AKTUBHOCTHIO M  CIOCOOHOCTHIO MMMOOMJIM30BaTh MU
TpaHC(HOPMHUPOBATH TKEIBIE METAIIIBI 32 CUET MEXaHU3MOB OMOCOPOIUH, OUOTIPEIUITUTALINN U
BHYTPUKJIETOYHOI'O HAKOIIJIEHUS [7].

W3-3a BBICOKOM TOKCUYHOCTH CBUHIA HE KaXKJbI OPraHu3M COCOOEH €ro BhIAEpKaTh, HO
CYIIECTBYIOT HECKOJIbKO BHIOB pona Bacillus, koTtopsie NpOSBISIOT PE3UCTEHTHOCTH IO
OTHOIIEHHUIO K 3TOMY MeTajuly. bakTepun nposBiIsiOT yCTONYMBOCTD K 3arpsI3HEHUIO CBUHIIOM 3a
CUET BHEKJIETOYHOTO OCAXKJCHMs, HUCIApeHMs, OMOMETWIMPOBAHUS, CBS3BIBAHUS KIETOYHOM

MMOBEPXHOCTH, BHYTPHUKJIETOUHON CEKBECTPAIlUU U YCHJICHHOU MpoayKiuu cuaepodopa [15].
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Bacillus spp. ucnosnp3ytoT pbr onepoH 1 aKTHBHBIN TPAHCHIOPT B KAYECTBE MOTCHIHATBHBIX
cTpareruii 60pb0bI ¢ TokcudeckuMu 3 dexramu Pb [4]. Mukpooprann3msl n30aBIISFOTCS OT HETO
myTeM aJcopOIuu dYepe3 KIETOYHYIO CTEHKY, IOCKOJIbKY OHA COCTOUT M3 OPraHMYeCKHX
MaKpOMOJIEKYJ, BKJIIOYas IOJUIENTHBI, MOJUCcaxapuabl U OCNKH, KOTOpbIe O00JaJaloT
CHOCOOHOCTBIO a/icopOupoBaTh Pb ¢ MOMOIIBIO AJIEKTPOCTATUYECKUX CHJI, BKIIOYAs CHIIbI BaH-
nep-Baanbca, KOBaJIGHTHBIE WJIM MOHHBIE CBSI3U [4].

Onnako 3G ¢GEeKTUBHOCT, U 0€30MaCHOCTh OMOpEeMEIUAllMOHHBIX TEXHOJOTUH TpeOyIOT
BCECTOPOHHEH OILIEHKM, BKJIOYAs aHAJIW3 WX BO3JCHCTBHA Ha TOYBCHHYIO Me30(dayHy,
SIBIISTIONIYIOCS] KJTFOYEBBIM KOMIIOHEHTOM ITOYBOOOpPA30BaTEIbHBIX MpOIeccoB. J{0KIeBble YepBU
Eisenia fetida siByisit0TCsI CTaHAAPTHBIM TECT-00BEKTOM B 9KOTOKCHKOJIOTHYECKUX MCCIICTOBAHUAIX
coryacHo pykoBojictBaM OECD u ISO [9; 14], Tak Kak OHU HaNPAMYIO KOHTAKTUPYIOT C MIOYBOM,
007a/1al0T BBICOKOM UYBCTBUTEJIBHOCTbIO K 3arpsi3HUTENIIM U WUrPAOT BaXHYIO pOJb B
Pa3I0KEHUU OPTaHUYECKOTO BELIECTBA U a’palinu ouBkl. [TapameTpsl uX BHIKMBAEMOCTH, pOCTa
Y TIOBEJICHUS CIIY’KaT UHTETPAIbHBIMU UHIMKATOPaMHU KauecTBa CPEIbl.

Llenbto JaHHOTO KCCIeIOBaHUS OblIa OLIEHKA BO3/IEUCTBUA 0aKTepHAIbHOTO IpernapaTa Ha
ocuoBe Bacillus sp. u cBuHIIa, Kak MO OTACIBLHOCTH, TaK ¥ B KOMOMHAIINH, Ha (DU3HOIOTHYECKOE
COCTOSIHHME JTOXKJIEBbIX uepBeil Eisenia fetida B koHTpomupyeMbIX J1aOOpaTOPHBIX YCIOBHSIX, JJISI
MpeBapUTENbHON OIEHKM MOTEHIMAIbHBIX PUCKOB U MPEUMYIIECTB MPUMEHEHUS IaHHOTO
OakTepHUaIbHOTrO IMITaMMa B OMOpeMeNalii CBUHEI-3arpsI3HEHHBIX TTOYB.

Matrepuanbl 1 MeTOABI

[TpenBapuTenbHbIM 3Tan MPOBOJUMBIX MCCIEIOBAaHUN ObUI HAaNpaBi€H HA BbIIEICHUE
METAJJIPE3UCTEHTHBIX B OTHOIICHUU CBUHIIA mTamMmmoB Bacillus spp. u3 mouseHHbIX 00pa3IoB ¢
tepputopun [TAO «laiickuii TOpHO-000TaTUTENBHBIA KOMOMHAT», OTOOPAaHHBIX METOJOM
KOHBepTa. Brinenenne mouBeHHbIX H30saTOB Bacillus spp. ocymiecTBisiiig myTeM TepMHYECKOM
o0pabotku 100 r. cpeHelt HaBecku B BOJsiHOM OaHe npu Temmneparype 98°C B reuennn 90 MUHYT.
OavH TpaMM HaBeCKHM IIOYBEHHOro oOpa3ua cycneHaupoBaid B 10 MI  crepuiIbHOR
JUCTUJIIMPOBAHHONW BOJABI M IPOBOAMIIM CEpUIO0 TOCIEA0BaTENbHBIX pa3BeneHuil ot 1:10 mo
1:10000. BsiceB wucciaeayeMblX MHUKPOOPTAaHU3MOB OCYIIECTBIISUIA HA HAKOMHUTEJIbHBIC
nutarenbHble cpefbl (I'PM-arap OOosieHCK: MaHKpeaTHYeCKM TMAPOJIM3aT pPhIOHOW MYKH,
HATpUs XJIOpUJ, arap MHKpoOuosoruueckuii), myrem mnepeHoca 100 MK CycneH3uH ¢
HOCJEIYIOIMM HMHKYOUpOBaHMEM KyJbTypbl npu Temmeparype 37°C B TeueHue 24 4acoB U
UJCHTUPHUKAIMEH MUKPOOPTaHU3MOB Ha OCHOBAaHUH KYJIbTYPAJIbHBIX XapaKTEPUCTUK U OKPACKU
o I'pamy.

[IpenBapuTenbHYIO OLIEHKY YPOBHS PE3UCTEHTHOCTH BbIACIIEHHBIX U30JISTOB K XUMUYECKIM
COC/IMHCHUSAM CBHHIIA C BBICOKMM YpPOBHEM JIHCCOIMAanuu B BOIHBIX pactBopax (Pb(NOgz)2,
Pb(CH3COO)2) ocymiecTBisiiiM ¢ UCMONB30BaHUEM MeTona aupdy3un B arap (METOA JTYHOK) B
KOMOWHAIMM ¢ METOJIOM CEepUHBIX pazBeaeHnid. B vamku [letpu 3amuBanu 20 M1 cTepUIbHOTO
arapuzoBaHHoro cyOctparta (I'PM-arap) c comepkanuem arap-arapa 2,5%. Ha moBepxHOCTB

cyOcTpara OCYIIECTBIISUIM BBICEB MCCIIEIYEMbIX CMEIIEHHBIX KYJIbTYp MHKPOOPTaHM3MOB poja
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Bacillus spp. «razonom» nmyrem nepenoca 100 mxn cycnensun no Mak®@apnanay (OD 0,1 npu
JUTHHE BOJHBI 625 HM). MHUKPOOHOJIOTMYECKUM MPOOOWHHUKOM B TOJIIE CyOCTpaTa BhIpE3ald
JYHKH, B KoTopple BHOcWIM 10 30 MKJI HCCIEAyeMbIX pacTBOPOB C IOCIEAYIOIIUM
WHKYOHpOBaHMEM MHUKPOOPTaHHU3MOB B TepMocTaTe npu temmneparype 37°C B TeueHune 24 4acos.
VY4er peakuuy IpoU3BOAWIN IIyTEM 3aMepa 30H MHTMOMPOBAHUS pOCTa MUKPOOPraHU3MoB. Jlis
0TOOpa KOJOHUH 001aJaroIuX BBICOKMM MOTEHLUAIOM METaIPE3UCTEHTHOCTH HCIOJIb30BaIN
MeToA «peruk» (meron Jlenep6epra). Crienuduka MeToa 3aKI04aeTcs B IEPEHOCE MOMYIISILIUY
OaKkTepHadbHBIX KJIETOK C OJHOW wvamku llerpy Ha MHOXECTBO JAPYIHMX C pa3HbIMHU
KOHLEHTPALUAMU HCCIENYEMBIX XMMHUECKUX COECIUHEHHUI, 4YTO B CBOIO OYEpeab I03BOJISET
OBICTPO HAXOJUTh MUKPOOPTaHU3MBI, CIIOCOOHBIX PACTH B IPUCYTCTBUHU B CyOCTpaTax ¢ BBICOKUM
YPOBHEM KaTUOHHOW HATPY3KH.

Jns uneHTH(QUKAIUK BBIACTICHHBIX H30JSTOB JIO YPOBHS BHJA HCIIOIB30BAM METOJ
MALDI-TOF wmacc-cnektpomerpus. Ilpu mnpoenennn MALDI-aHanu3a  BbIIeJIEHHBIC
U30JIMPOBAHHBIE KYJIbTYpbl MHUKPOOPIaHM3MOB CMEIIMBAIM C MaTpuleH, oOianaromei
ONTHYECKON abcopbuuell B Juana3zoHe HCIOJIb3YEMBIX JJIMH BOJIH. lIponeccMHr MHTaKTHBIX
mukpooprann3MoB B MALDI-TOF mnpoBoawmics ¢ npeaBapuTenbHONW MPOOOIIOATOTOBKON
BKJIFOYAOIIell /100aBiIeHne CHUpTa, TaK Kak aHAJIW3UPYyeMble MHKPOOPTaHU3MBbl 00Jal1al0T
BBICOKOM cHopyiupyromeil crnocoOHOCThIO. AHanu3 BKIOYAI M3MEpPEHHe pasMmepa H
MHTEHCUBHOCTU ITMKOB OOHApYyXEHHBIX MOJEKYJI C THocieayouleil uaeHtudukanvein Ha
OCHOBaHUU BBIPAXKEHHBIX Pa3IMuuil MapKEPOB «OTIEUATKOB NaJIbLIEB» OMOaHAINUTOB [1].

[MoaroroBky uwmctod KymsTypbl B. licheniformis resistantPb  ocymectBisuin
KyJIbTUBUPOBAHUEM IOIMYJISANH OaKTepUaIbHBIX KJIETOK B TeUeHUE 48 4acOB Ha HAKOMUTEIbHBIX
MATATEIBHBIX Cpelax, B KadyecTBE KOTOPBIX ucnoiab3oBa ['PM-arap, n0 HacTyrieHus
cTaliMoHapHOM ¢a3bl pocta. [To okoHYaHNYM FTana KyJIbTUBUPOBAHUS OMOMACCy KJIETOK CMBIBAIN
C MOBEPXHOCTH MHUTATENLHOM Cpejibl myTeM no00aBieHus 2 mi crepuibaoro 0,7% pactBopa NaCl
C yAajieHHeM OMoMacchl CTepUIIbHBIM InmaTeneM [[puransckoro. buomaccy cycnenaupoBainu B
CTEPHIIbHBIX KOJIOAX C JOBEACHHWEM ONTHYecKOW moTHocTH 1o 3HaueHus 0,1 OD mpu nnmne
BOJHBI 625 HM, UYTO COOTBETCTBYeT cTeneHu paszBenaeHus 0,5 mo Mak®aknangy uiau
1,5x10® KOE/m. TlonmydeHnyIo CycHeH3HI0 BHOCHIN B TIOUBEHHBIE 06pasibl, B 103upoBke 100
MJI/KT TIOYBBI, MOJABEPrHYTHIE MpPEABAPUTENLHOMY 3arpsizHeHHio cBUHIIOM B j1o3e 10 ITAK mns
nmouB (60 MI/KI), COOTBETCTBYIOLIEH BBHIOOp a B KadyecTBE HCTOYHMKA (aKTOpHUaIbHOU
KCCHOOMOTHYECKON HAarpy3kud wucnoib3oBaan BonHblii  pactBop Pb(CH3COO). (YIA)
(0,1098 1/ Xr MOYBBI) BHIOOP KOTOPOTO OOYCIOBIEH TE€M, YTO AHUOHHBII KOMIIOHEHT OKAa3bIBAeT
MUHUMAaJIbHOE BIMSHUE HAa TECTUPYEMBII IITaMM B YCIOBHUSIX MOJAEIBLHOTO SKCIIEPUMEHTA.

B pabote ncnonb30Baioch YEThIPE IKCIEPUMEHTAIbHBIE TPYIIIIBL:

1. Konrtponb: BHeceHue B mouBy S50 M JUCTHIUIMPOBAHHOM BOABI C JallbHEHIINM
MIEPEMEIIMBAHUEM JI0 OJJHOPOIHOCTH.

2. BapuanT 1 (Bac): Buecenue B mouBy 25 mi cycrieHsun Oakrepuit Bacillus sp. + 25 mn

JUCTUIUTAPOBAHHON BOBI C JAJTbHEUIIINM MTEPEMEIIMBAHUEM 0 OJJHOPOJIHOCTH.
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3. Bapuant 2 (Pb): BHecenme B mouBy 25 wmi pactBopa cBuHua (Pb) + 25 wmn
JTUCTHUTUPOBAHHOM BOJIBI C JAIbHEHIITUM MTEPEMEIIMBAHUEM IO OJTHOPOTHOCTH.

4. Bapuant 3 (Pb+Bac): BHeceHrne B mouBy 25 MJI pacTBOpa CBHUHIIA, IEPEMEIIMBAHUE
oOpasia, BHeceHue 25 mi cycriensuu Bacillus sp. u moBTopHOe nepememmBanue.

BnaxxHocTh 1MOYB  KOPPEKTUPOBANACh JBAXKIbl B HEACNIO NYyTEM J00aBICHHS
JTUCTHUTUPOBAHHOM Boabl. [locie TiaTensHOro mepeMemBaHus cyocTpaTa ¢ TECTHPYEMbIMU
pacTBOpaMH B KaXKIyi0 EMKOCTB rmomeranu mo 10 310poBsIX MOJI0BO3pEbIX ocobeit Eisenia fetida
C pa3BUTBHIM KJIMTEIUTYMOM, CTaHJAPTHU3MPOBAHHBIX MO pa3Mepy M Macce. B TeueHume Bcero
21-MHEBHOTO JKCIIEpUMEHTA YepBEl €KEHEACNbHO JOKAPMIIMBAIM OBCSIHOH MYKOH M3 pacuéra
0,5 r Ha uepss.

HaGnronenuss m u3mepenus mnpoBoauiuchk Ha 3, 7, 14 m 21 CyTKM SKCIIEpUMEHTA.
PeructpupoBanuce 0COOEHHOCTH IOBEJIEHMS, BBDKMBAEMOCTh M Macca uepBeil. OOpaboTka
JAHHBIX BKJIOYaja pacuéT MPOLEHTHOTO HM3MEHEHHUS MacChl Telna 4YepBed OTHOCUTEIHHO
KOHTPOJILHOH TPYIIIBI © OTHOCHTEIBHO X UCXOHON MacChl Ha MEPBBIC CYTKU IKCIIEPUMEHTA.

CraTtuctudeckas 00pab0TKa JJaHHBIX BBIIIOJHEHA C PACUETOM CPEIHEH apupMETUICCKON U
cTa"aapTHoi omnoOku (SE).

Pe3yabTaTsl U 00cyKIeHHE

B pamkax mnpenBapUTENbHBIX HCCIICIOBAaHWI, HANpPABICHHBIX Ha BBIICICHUE U
UICHTU(UKAIMIO TOYBEHHBIX M30JIATOB MHKpOOpranu3mMoB poaa Bacillus, meronom Jlenepbepra
(«perTuk») ¢ WCIOJIb30BAaHWEM HACBIMEHHBIX cyOctpatoB (I'PM-arap ¢ mobaBieHuem
Pb(CH3COO), (YIA) B mo3ax 0,250 mousb, 0,125 moap u 0,063 MOab) BBIACICH IITAMM
NPOSIBIISIFOIINEI MaKCUMAJIbHBIC TIOKA3aTeIH METAJUITOJICPAHTHOCTH, UICHTH(QHUIIMPOBAHHBIN KaK
B. licheniformis resistantPb. IIpoBeneHHBII CpaBHUTENBHBI aHANIN3 YCTOWYMBOCTU IAHHOTO
mraMMa K XHMHYECKAM COCIMHEHHSM CBHHIIA, MTO3BOJWJI YCTAaHOBHTH NOPOTOBBIC 3HAYCHUS
MHHUAMAJTbHBIX HHTHOUPYRONIHX 103, Tak B oTHOIeHnHn PD(CH3COO0), ona cocrauina 0,125 moub,
Pb(NO3)2 — 0,063 Mojb cooTBeTCTBEHHO (Tab. 1).

Baxuelimmm nokaszareneM MpUeMIEMOCTH YCIOBUN SKCIIEPUMEHTA U OCTPOM TOKCUYHOCTH
SIBIISIETCS BEDKMBAEMOCTh TECT-OPTaHU3MOB. B Teuenne 21 1Hs SKCriepruMEHTa B KOHTPOJIBHBIX
EMKOCTAX He ObL10 3aMKCUPOBAHO HU OJJHOU rrlenu uepBeil. JTanoHHas BbbKUBaeMocTh B 100%
COXpaHHJIACh U BO BCEX OMBITHBIX BapuaHTax (Bac, Pb, Pb+Bac). [lis olieHKH CTHMYIHPYIOLIETO
WJIM YTHETAIOIIETO BIUsSHUS 00paOOTOK Ha POCT uepBed ObUT MPOBENEH aHAINW3 U3MEHEHUS UX
Macchl B MPOLEHTAaX K CPEJHEMY 3HAUEHHIO MAcChl YepBEH B KOHTPOJIE HA COOTBETCTBYIOIINE

cyTkH (Tabm. 2).
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Tabmuna 1
CpaBHUTEJIBLHBIH aHATU3 TOKCHYHOCTH HCCJIETyeMbIX COeTMHEHH I CBHHIIA
B ornowmenun B. licheniformis resistantPb
COCJIMHEHMSI CBUHIIA
Pb(CHsCOO0), Pb(NO3).
KOHIICHTPAIUS Jota KOHIICHTPAITUS Joma
Moin Pb. /M WHTUOMPOBAHUS Mot Pb, /M MHTHOMPOBAHUS
pocrta, MM pocrta, MM
1,000 63,697 31,26+0,51 1,000 62,559 33,58+0,95
0,500 31,849 23,49+0,45%** 0,500 31,280 27,74+0,53**
0,250 15,924 14,92+0,63*** 0,250 15,540 20,30+0,43***
0,125 7,962 9,22+0,31*** 0,125 7,820 15,52+0,46***
0,063 3,981 R 0,063 3,910 8,91+0,28***
0,031 1,991 R 0,031 1,955 R
0,016 0,995 R 0,016 0,978 R

[Mpumeuanue: **p<0,01; *** p<0,001 (OTHOCHUTEIILHO MPEABIIYIEH KOHIIEHTPAIH); R — pe3uCTEeHTHOCTH
(oTCyTCTBHE 30H HHTHOUPOBAHUS POCTA)

Tabnuua 2
Ha6op macchl 10:K1€eBbIX YepBeil 0THOCHTEIbHO KOHTPOJIs1, Yo
PactBop / cyTKH 3 7 14 21
Bac 87,8+2,0 83,5+1,7 101,9+6,3* 104,3+4,8
Pb 117,1+4,5 104,8+7,6 68,8+2,3%* 83,9+4,6*
Pb+Bac 111,7£3,9 97,8+5,5 115,648,6 119,3+7.5

[Mpumeuanue: *p<0,05; ** p<0,01

B skcnepumenTansHON rpynne Bac Ha 7 cyTkM OTMEYEHO HE3HAYUTEIbHOE CHMXKEHHE
MacChl JIOKICBBIX YepBEil OTHOCUTEIBHO KOHTPOJILHOM rpyIibl, HO K 14 cytkam Eisenia fetida
aJlanTUpyeTcss K M3MEHEHUI0 MUKPOOHOro cocTaBa cyOcTpaTa M MOKa3aTeld MacChl HAUMHAIOT
IIPEBBIIIATH MOKa3aTesn KOHTpoIs. [lomydeHHble pe3yabTaThl KOPPEIUPYIOT C JTUTEPaTypHBIMU
JAHHBIMU U JIAlOT BO3MOXKHOCTb MPEANOJIOKUTH ONarornpHUsTHOE BIMSHHUE HA 3arps3HEHHBbIE
MOYBHI OaKTEpUANTbHON MHOKYIISILIMK B OTAAJIEHHON NepCreKTUBe [7].

Bapuant onbita Pb okazan Hanbosee BrIpakeHHOE TOKCHYECKOE BO3/ICHCTBUE HA KYJIBTYPY
Eisenia fetida. B mepBbie 7 cyTok 3kcreprMeHTa OBUIO OTMEYEHO CYIIECTBEHHOE MPEBBIIICHUE
KOHTpObHBIX 3HaueHuid (104,8%), omHako yxe k 14-my JHIO ombITa Macca 4epBeil pe3Ko
cokparuiach a0 68,8% U HecMOTps Ha TO, YTO K KOHIy HaOJMIOJEHUH 3aperucTpupoBaHa
yacTUyHas KommeHcauus maccel (83,9%), oHa ocTaBajiach HUXKE KOHTPOJBHOTO YpPOBHS.
[IposiBiieHHass AWHAMHMKa Macchl 4epBEel COOTBETCTBYET KapTHHE IPOSBICHUS TOKCHUYECKOIO
ctpecca [10].

Baxkneitimmii pesynpTaT ombiTa ObUT MOJIydeH B KOMOMHHMpoBaHHOM rpymme Pb+Bac. Ha
MPOTSHKEHUH BCEro Iepuojia HaOMIOJACHUN 3aperuCcTpUpPOBAHO CTAaOMIIbHOE TPEBBIIICHHE
IIOKa3aresel, Tak Ha 3-i 1eHb Macca 4epBel peBOCXoauiIa KOHTpoub Ha 11,7%, Ha 14-i1 — Ha
15,6%, ak 21 cyrkam — 19,3%. Takum oOpa3om npucytcTBue OakTepuii mramma B. licheniformis

resistantPb HuBenmupyeT TOKCHYECKOe JCHCTBHE CBUHIA U CTUMYJIUPYET POCT.
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Ha6JIIOI[eHI/Ie 3a HU3MCHCHUCM MACChl TCJIa OTHOCHUTCIBHO ICPBLIX CYTOK IIO3BOJIACT

3aperucTpUpoBaTh IMHAMUKY OMOMAcChl BO BCEX OMbITaX B XOJI€ dKcIepuMeHTa (Tadi. 3).

Tab6numa 3
JInHAMHKA MACCHI I0KIEBBIX YepBeil 0OTHOCHTEIbHO MEPBBIX CYTOK, %o
PactBop / cyTKH 3 7 14 21
Bac 98,5+5,9 96,4+5,8 88,1+6,9 103,1+8.4
Pb 90,7+7,0 95,146,3 86,454 103,8+6,6
Pb+Bac 92,7+6,8 91,3+7,6 50,0+3,1%* 122,748 2%**

IIpumeuanue: **p<0,01; *** p<0,001

B rpymnmnax ¢ B. licheniformis resistantPb u cBunitom x 14-My qHIO OBLIO 3apErHCTPUPOBAHO
CHUKEHUE MacChl OTHOCUTENBHO NEpBbIX cyToK 88,1% u 86,4% coorBeTcTBeHHO. B BapuanTe
Pb+Bac necMoTpst Ha 3HaUNTEIBHYIO YyTpaTy Macchl K 14-m cytkam (50,0%), K KOHILY orbITa ObLI
OTMEYEH pocCT Mokasarens 10 122,7%.

Takum oOpa3om, mnpucyrcTBue Oakrepuit mramma B. licheniformis resistantPb B
yepBeoOUTaeMOM cyOcTpaTe HE TOJIbKO OCTAHABJIMBAET CYIIECTBEHHOE COKpAIllEHHUE MacChl
YyepBeil B CIIEACTBUM BO3JEHCTBHUSA CBHHIIA, HO U OOecleyuBaeT CTaOMIbHOE IPEBBIIICHUE
KOHTPOJIbHBIX 3HAUYEHUH Ha MPOTSLKEHUH dKCnepuMenTa. bruocopOimonHbie cBoiicTBa OakTepun
7100 TMO3BOJISIIOT MM CBS3BIBATh MOHBI CBHHIIA HAa TOBEPXHOCTH KIIETOK, JIMOO MEPEBOMAAT MX
MaJIOJIOCTYIIHbIE (OPMBI TOCPEACTBOM OMOMNPELMIUTALIMM, YTO, B JIFOOOM H3 BO3MOXKHBIX
BapHUaHTOB, CHIDKAET (PaKTUYECKYIO KOHILIEHTPALMI0 TOKCUKAHTa B TIOYBEHHOM pacTBope [8; 16].
Kpome BbIIIEOO03HAYEHHOTO MOXHO IPEANONOXKUTh, YTO OakTepualibHas JECTPYKIIMS
OpPraHMYeCKOTO BEIECTBA MOYB COKPAIIACT YHEPreTUYECKHE 3aTpaThl YEpPBEH, YTO, BEPOSATHO,
HI03BOJISIET KOMIICHCHPOBATh 3aTPaThl OpraHU3Ma Ha CTpecc-peakiuio [5; 6].

3akio4enue

[TogBoast UTOr MOXKHO TOBOPUTH O TOM, YTO K 14-M CyTKam CBUHEIl MHTHOMpPYET HaOop
Oromacchl JTOKIACBHIMH YEPBSIMH TTOJITBEPXKAasi TEM CaMbIM, CBOE TOKCHYECKOE BO3JICHCTBHE.
Onnako, Baecenue B. licheniformis resistantPb B 3arps3HeHHYIO CBHHIIOM MOYBY HUBEIHPYET
HEraTUBHBIN 3P deKT MeTasia, YTo OTpaXkaeTcs B HAOOpe MacChl YepBel, Jocturaromnieit k 21-m
cytkam 119,3% otHocuTenbHO KOHTpOs. [lonydeHHBIE pe3yabTaThl CBUICTEIHCTBYIOT O
BBICOKOM OHMOpEeMeHalliOHHOM MOTEHIIHAlle HCCIIeIOBAHHOTO ITaMma Oaktepuit poaa Bacillus,
croco0HOro 3¢ (EeKTUBHO CHW)XKAaTh TOKCUYHOCTh CBUHIA JUIsl TOYBEHHOW Me3odayHbl U
CTHUMYIIUPOBaTh €€ pocT. McciemoBaHuWe MOATBEPKAAET IEIeCO00pa3sHOCTh HMCIOIb30BAHUS
OMOJIOTMYECKUX TeCT-CHCTeM, B dactHocTd Eisenia fetida, mus OOBLEKTUBHOH OIEHKH
3P PEKTUBHOCTH U 6€30IaCHOCTH OHOpEMETNAIMOHHBIX TEXHOJIOTHH [5].

[TepcnekTHBBl AaMbHEUIIMX HMCCIEIOBAHUN JIOJDKHBI OBbITH HANpaBICHbl HAa H3y4YCHHE
MOJICKYJISIPHBIX MEXaHU3MOB B3auMo ieiicTBus mtamma B. licheniformis resistantPb kak ¢ nonamu
CcBUHIA (MMMOOWIM3alus, TpaHchopMalusi), TaK U C OPraHU3MOM JOXAEBBIX YEpPBEM.

HCO6XOI[I/IMBI MMpAMBIC XUMHUYCCKHUEC aHAJIU3bl COACPIKAHUA IMOJABUKHBIX (bOpM Pb B mouse B
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INVASIVE WOODY PLANT SPECIES ON CONSTRUCTION SITES IN RUSSIAN CITIES:
SCALE, REGIONAL FEATURES, AND ECONOMIC ASPECTS OF COMPENSATION

Kynazuna JI.C., Cmopuax T.B., Kynazun A.A.

PAYMENTS

HUHBA3UOHHBIE BU/IbI JPEBECHBIX PACTEHUIA HA CTPOUTEJIBHbBIX ILIOIIAJIKAX
I'OPOJOB POCCHUM: MACIITABbBI, PETUOHAJIBHBIE OCOBEHHOCTHU "
9KOHOMMYECKHUE ACHHEKTbBI KOMIIEHCAIIMOHHBIX BBIIIJIAT

Abstract. Based on tree-level data from
engineering-environmental  surveys at 9
construction sites in four Russian cities (Ufa,
Dmitrov, Moscow, Birobidzhan),  the
distribution of invasive woody plant species was
analyzed. A total of 27.418 trees of 57 species
were recorded. The proportion of invasive
species ranged from 0% in Birobidzhan to 46.8%
in Moscow. The absolute dominant among
invasives is Acer negundo L. (5.751 individuals,
21% of all trees). Regression analysis of the
log-transformed compensation cost (calculated
according to regional regulatory documents)
showed that, all else being equal (diameter,
height, condition, city), invasive trees have, on
average, a 9.9% lower cost (p < 0.001), which is
explained by the reduced species coefficients for
box-elder maple already embedded in the
existing valuation methods. However, this
reduction is insufficient to cover the costs of
subsequent invasion control and monitoring. For
A. negundo L., significant inter-city differences
were found: the highest proportion (9.9% of all
trees) and the lowest average cost (1,106 RUB)
were recorded in Ufa, due to a high number of
small-diameter individuals on disturbed lands. In
Moscow and Dmitrov, despite lower
proportions, the average cost of invasive trees is
much higher (6.836 and 6.085 RUB,
respectively) due to larger tree sizes and better
condition.  Invasive  herbaceous  species
(Heracleum sosnowskyi Manden., Solidago
Canadensis L., Ambrosia artemisiifolia L., etc.)
were also recorded at the survey sites, requiring
special attention during post-project monitoring.
We propose changes to the regulatory
framework: introduction of an additional
reduction factor (0.1-0.3) for invasive species
when  calculating  compensation  costs,
mandatory inclusion of post-project monitoring
(at least 5 years) with removal of invasive

AnHoTanus. Ha ocHOBe JaHHBIX MOJEPEBHBIX YUETOB,
BBIMIOJIHEHHBIX B XOAE HH)XEHEPHO-IKOJOTMYECKHX
U3BICKaHUN HAa 9 CTPOUTENBHBIX OOBEKTaX B UETHIPEX
ropogax  Poccuum  (Vda, JmutpoB, Mocksa,
bupoOumkaH), TpoBeA€H aHANU3 PACHPOCTPAHEHHS
WHBA3MOHHBIX BHJIOB [JPEBECHBIX pacTeHuil. Bcero
yuteHo 27 418 nepeBbeB 57 BUAOB. YCTaHOBIEHO, UTO
IOl WHBa3HOHHBIX BUAOB BapeupyeT oT 0% B
bupobumkane no 46,8% B Mockse. AOCOTOTHBIM
JIOMMHAHTOM CpEId WHBAa3HOHTOB sBIseTcs Acer
negundo L. (5751 ocobb, 21% ot oOmero uucia
nepeBbeB). C  TOMOIIBIO PETPECCHOHHOIO aHaIu3a

norapudma KOMIIEHCAllHOHHOMN CTOUMOCTHU
(paccuMTaHHOW MO pErMoOHAJbHBIM HOPMATHUBHBIM
JOKYMEHTaM)  TOKa3aHo, 4YTO  TPH  PaBHBIX
TaKCallUOHHBIX  IIOKa3aTensax (Auamerp, BBICOTA,

COCTOSIHUE, TOpOJl) WHBA3HMOHHBIE JEPEBbS HMEIOT B
cpenHeM Ha 9,9% Gosnee Hu3KyI0 cTonMocTh (P<0,001),
YTO  OOBACHSETCS 3aJOKEHHBIMH B  METOAMKAX
NOHW)KEHHBIMA  TIOPOAHBIMUA KOG GUIIMEHTaMU  JUTS
KJI€Ha sceHenucTHoro. IIpu 3TOM cCyliecTByrolee
CHIDKCHHE HEJOCTATOYHO JJIsl MOKPBITUSI PacxoJoB Ha
MocJeIyoyo 60ps0y ¢ MHBa3HeH 1 MOHUTOPUHT. Jli1s
A negundo L.  BbISIBICHBI  CYIIECTBEHHBIC
MEXXTOPOACKHE Pa3Inyusi: MakcuManbHas 104 (9,9% ot
BCEX JEPEBbEB) M MUHHMMANbHAS CPEOHSSI CTOUMOCTb
(1106 py6.) 3adukcupoBaHbl B Yde, 4TO CBS3aHO C
BBICOKOH JI0JIEi MeKOMEpHBIX 0co0eii Ha HapyIIEeHHBIX
3emisix. B Mockse u JIMUTpoBe, HECMOTPSI HA MEHBIILYIO
JIOJI0, CPEIHSSE CTOMMOCTh WHBA3WOHHBIX JIEPEBBCB
3HaYUTENbHO BhIMIe (6836 1 6085 py0. COOTBETCTBEHHO)
3a cuyér Oojee KpPYNHBIX Pa3MEpPOB U JIy4YLIETO
coctosiHus. Ha ywacTkax n3bIcKaHWH 3a()MKCHPOBaHBI
TaK)Ke WHBAa3WOHHBIC TPABSHUCTBIC BHUJIBI (OOPIEBHK
COCHOBCKOTO, 30JIOTapHUK  KaHAJICKWH, aMOpo3us
MOJILIHHOJIUCTHAS W Jp.), TpeOyromme oco0oro
BHUMaHUS TPH  TIOCJIENPOCKTHOM  MOHHUTOPHWHTE.
[IpemtoxkeHpl W3MEHEHHsT B HOPMAaTHBHYIO 0as3y:
BBeJleHUe MoHmKatoniero koaddumuenra (0,1-0,3) mis
WHBA3UOHHBIX BHJIOB INPH pacu€Te KOMICHCAIIMOHHOM
CTOUMOCTH, 00s3aTeIbHOE BKIIIOYEHHUE B IPOEKTHI

Ot
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seedlings, and priority use of native fast-growing
species in compensatory plantings on reclaimed
sites.

Keywords: invasive species, Acer negundo,
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urban forest management.
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Introduction

Invasive woody plant species represent a pressing problem in urban green space
management [2; 11]. The most aggressive alien species that has spread widely across disturbed
habitats in the European part of Russia is box-elder maple Acer negundo L. [13; 15; 16]. Its high
seed production, rapid growth, and tolerance to pollution allow it to dominate synanthropic
communities, displace native species, and transform vegetation cover [9; 16].

Conventional control measures (mechanical removal, chemical treatment) require
substantial resources and are often ineffective without a systematic approach [2; 10]. At the same
time, large infrastructure projects preceded by engineering-environmental surveys involve
complete clearing of woody vegetation within the right-of-way, creating an opportunity for the
large-scale elimination of invasive species. To date, however, no comprehensive quantitative
estimates have been available on the presence of invasive woody plants at construction sites across
different regions of Russia, nor has an analysis been conducted on the economic consequences of
their removal under the existing regulatory framework.

In the Russian Federation, the compensation cost for cutting down urban green spaces is
calculated according to regional methodologies, which, as a rule, do not differentiate between
native and species [1; 8]. Tree-level contained in

invasive inventory data
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engineering-environmental survey reports remain an under-utilized resource for monitoring
invasion processes and informing management decisions (Khorun, Martynyuk, 2016).

The aim of this study is to quantitatively characterize the distribution of invasive woody
plant species, identify regional features, and assess the economic aspects of compensation
payments for their removal, based on tree-level inventories at nine construction sites in four
Russian cities (Ufa, Dmitrov, Moscow, Birobidzhan).

Materials and Methods

Study sites. The initial data were obtained during engineering-environmental surveys at nine
construction sites located in four cities: Ufa (three sites: Sipailovskaya St., Kuznetsovskii Zaton
micro-district, Nizhegorodka micro-district), Dmitrov (two sites: a bridge on Rogachevskaya St.,
Tatishcheva St.), Moscow (one site: METK), and Birobidzhan (three sites: BUL, a bridge over the
Bira River, and an additional plot). The total sample comprised 27,418 trees.

Table 1
Characteristics of the study objects
. . Share of
City Natural zone Sites | Right-of-way | 1 jang type | disturbed
(number) area, ha land
Residential, .
Ufa Forest-steppe 3 ~120 industrial High
. . Urban and .
Dmitrov Mixed forest zone 2 ~45 suburban High
Moscow Mixed forest zone 1 ~25 Urban High
Broadleaved—Korean pine Urban
Birobidzhan| forests of the Russian Far 3 ~70 " Medium
East floodplain

The sites represent typical disturbed urban and suburban territories (highway shoulders,
vacant lots, power-line corridors, garage cooperatives, private sector, clear-cuts). These sites
cannot be considered representative of the entire territory of the cities; however, they characterize
the most typical habitats where invasive species find optimal conditions for expansion.

Field methods. Fieldwork was carried out by the authors in 2020-2025. At each site, a
complete inventory of all woody plants with a trunk diameter at breast height (1.3 m) > 8 cm was
conducted. For each tree, the following parameters were determined: species identity, trunk
diameter (to the nearest 1 cm), height (to the nearest 0.5 m), and condition category (“good”,
“satisfactory”, “poor”, “hazardous”). The absence of plant species listed in the Red Data Book of
the Republic of Bashkortostan [6] and the federal Red Data Book was also recorded.

Species classification. Invasive status was assigned based on the “Black Data Book of the
Flora of Central Russia” [16] and regional “Black Books”, taking into account current data on
species distribution [12; 15]. The main invasive species in the sample is A. negundo L.; isolated
individuals of Populus alba L. (3 trees) and Ulmus pumila L. (1 tree) were also recorded, which
does not affect the general patterns.
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Non-woody invasive species. During the surveys, invasive herbaceous plants were recorded
at all sites. The most frequent were Heracleum sosnowskyi Manden., Solidago canadensis L.,
Reynoutria sachalinensis (F.Schmidt) Nakai, Impatiens glandulifera Royle, Echinocystis lobata
(Michx.) Torr. & A.Gray, Bidens frondosa L., Conyza canadensis (L.) Cronquist, as well as
Ambrosia artemisiifolia L. in Birobidzhan. These species were not included in the quantitative
analysis of woody vegetation but were taken into account when assessing the overall invasive
potential of the territories.

Calculation of compensation cost. The compensation cost of each tree was determined
according to regional regulatory documents.

— For Ufa: Decision of the Council of the City District of Ufa of the Republic of
Bashkortostan No. 23/19 of 26.02.2010 “On the Rules for the Protection, Conservation and
Reproduction of Forests and Maintenance of Green Spaces...” with amendments.

— For Dmitrov and Moscow: “Methodology for Calculating the Fee for Cutting Down Green
Spaces and Determining the Amount of Damage Caused by Their Destruction or Damage on the
Territory of Municipalities of Moscow Region” (approved by Protocol No. 53 of the Commission
for Administrative Reform in Moscow Region of 29.01.2018).

— For Birobidzhan: Rules of Improvement of the Territory of the Municipal Formation “City
of Birobidzhan (Decision of the City Duma No. 224 of 23.12.2021).

All methodologies are based on multiplying the base cost (or the unit rate per volume of
wood) by coefficients that account for diameter, height, condition, and species composition of the
tree. For A. negundo L., the Moscow Region methodology sets a reduced species coefficient of 0.3
(i.e., the cost is reduced by 70% relative to the most valuable species); the Ufa and Birobidzhan
methodologies also include species coefficients that vary depending on the region and land
category.

For comparative analysis, the cost of each tree was also calculated using the unified Moscow
Region methodology but without applying the species coefficient (species coefficient = 1), which
made it possible to assess the influence of this coefficient on the final cost.

Statistical analysis. Data were aggregated by city and project, calculating: total number of
trees, proportion of invasive species, mean values of diameter, height, and compensation cost. To
identify factors influencing the logarithm of compensation cost, a linear regression model was
constructed:

In(Compensation cost) = fo + Bi'D + B2-H + B3-V + Pa-Invasive + fs:Cond + Pe-City + &
where:

D — trunk diameter, cm;

H — height, m;

V — stem wood volume, m3;

Invasive — binary variable (1 — invasive species, 0 — native);

Cond — condition (1 — good ... 4 — hazardous);

City — categorical variable for city (reference — Birobidzhan).
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Coefficients were exponentiated to interpret the percentage change in cost. All calculations
were performed in the R environment (version 4.5.3) using the dplyr and ggplot2 packages.

Results

1. General characteristics of the sample. In the sample of 27,418 trees, 57 species were
recorded. Native species constitute the vast majority (98.2%). Invasive species are almost
exclusively represented by A. negundo L. (5,751 individuals, 99.9% of all invasive trees). The
proportion of invasive species varies sharply among cities (Table 2): the maximum is in Moscow
(46.8%), followed by Dmitrov (34.7%) and Ufa (23.8%); in Birobidzhan, invasive woody species
are entirely absent (0%). This reflects both climatic constraints for A. negundo L. in the Russian
Far East and the different history of development and landscaping.

Table 2
General characteristics of the sample by city
. Total Number Invasive Invasw_e Mean Mean
City of proportio . .
trees . trees diameter, cm height, m
species n,%

M‘\j\fco 3807 24 1783 46.83 22,6 9.8
Dm\;tm 3603 29 1249 34.67 18.7 11.9

Ufa 11461 25 2722 23.75 22.6 13.8

2. Species composition and distribution of A. negundo L. A. negundo L. occurs in three
cities: Moscow (1,783 individuals), Dmitrov (1,246 individuals), and Ufa (2,722 individuals). In
Ufa, the species is the most numerous but is represented predominantly by young, small-diameter
individuals (median diameter 11 cm, average cost 1,107 RUB; Table 3), indicating ongoing active
expansion on disturbed lands. In Moscow and Dmitrov, the trees are larger (mean diameter 17.9
and 15.0 cm, respectively), reflecting a longer invasion history, and have a higher average cost.
The distribution of compensation cost for A. negundo L. by city is shown in Fig.

Ot

Table 3
Population parameters of A. negundo L. by city
Proportion Mean Total Mean Mean
. Number of wood . .
City individuals of all cost, volume diameter, height,
trees,% RUB m ! cm m
Dmitrov 1246 4,54 6085 346.6 15.0 10.6
Moscow 1783 6.50 6836 437.9 17.9 6.9
Ufa 2722 9.93 1107 444.3 12.4 7.8
64



https://doi.org/10.36906/2311-4444/26-2/06

Kulagina L.S., Storchak T.V., Kulagin A.A.

10

n = 5751 individuals

Cost, thousand RUB

Moscow

Dmitrov
City

Ufa

Fig. Distribution of compensation cost of A. negundo L. by city

3. Regression analysis of compensation cost. Linear regression of the log-transformed cost

showed high explanatory power (R* = 0.74). With fixed inventory parameters and city, invasive
status leads to an average cost reduction of 9.9% (exp(-0.1043) = 0.901; p < 0.001) (Table 4). The
negative coefficient for the is_invasive variable is explained by the fact that regional
methodologies assign lower species coefficients to A. negundo L. compared to most native species.

Table 4
Regression coefficients (dependent variable — log compensation cost)
- - 5

Pred!ctor (variable Coefficient Std. t p exp(coef) 95% ClI

in model) Error value value for exp

1325.9-

Intercept 7.220 0.015 476.4 <0.001 1365.9 1407 1

. 1.0557-

Trunk diameter, cm 0.055 0.0005 116.3 <0.001 1.0567 10577

. 1.0351-

Tree height, m 0.036 0.0006 55.1 <0.001 1.0364 10377

0.8059—

Wood volume, m? -0.210 0.003 —69.7 <0.001 0.8106 0.8154

Invasive species - 0.8830—

(1 - yes, 0 - no) -0.104 0.010 10.13 <0.001 0.9010 0.9193

;l;rEEg((I)(())r(lldltl(‘)‘n_ -0.198 0.008 . <0.001 0.8200 0.8080--

' ' 26.35 ' ' 0.8322
emergency)

City: Dmitrov 1.8524—

(city_name Dmitrov) 0.641 0.013 50.55 <0.001 1.8991 1.9469

City: Moscow 1.8955-

(city_name Moscow) 0.665 0.013 51.82 <0.001 1.9437 19932

. - 0.4024—

City: Ufa -0.892 0.009 94.07 <0.001 0.4099 0.4176

Note: Reference city — Birobidzhan; the model explains 74% of the variance (R? = 0.74).
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4. Economic aspects of compensation payments. The total compensation cost of invasive
species in the sample amounted to 22.78 million RUB (16.1% of the total payments for all
surveyed trees). Regression analysis showed that, for identical inventory characteristics, the cost
of A. negundo L. is, on average, 9.9% lower than that of native species (Table 4). This difference
reflects the reduced species coefficients already embedded in the regulatory methodologies.
However, such a reduction does not compensate for the costs of targeted eradication of invasive
thickets and subsequent monitoring.

If an additional reduction factor of 0.3 were introduced for invasive species (i.e., the cost
would be reduced to 30% of its current level), payments for their removal would decrease by
approximately 15.95 million RUB (11.3% of the total compensation sum). These released funds
are proposed to be directed specifically to finance post-project monitoring and measures to prevent
secondary invasion, which are currently not provided for in project budgets. Such an approach
would allow the financial burden to be redistributed toward specialized environmental works
without increasing the overall estimated project cost.

The existing system of compensation payments thus already contains elements that take
invasive status into account, but their economic effect is insufficient to stimulate active control of
invasive species. The proposed adjustment of the regulatory framework would strengthen this
incentive and create a permanent source of funding for mandatory post-project monitoring.

Discussion

The obtained results confirm that A. negundo L. is the dominant invasive species in
urbanized landscapes of the European part of Russia, especially on disturbed lands [14; 15]. The
high proportion of invasive species in Moscow (46.8%) and Dmitrov (34.7%) reflects the long
history of anthropogenic transformation of the territory and, probably, milder climatic conditions
compared to Ufa. In Ufa, despite a lower proportion of invasive species in the total number of trees
(23.8%), the absolute abundance of A. negundo L. is the highest, and the population is
characterized by a predominance of young individuals a typical picture of active expansion against
the background of ongoing land development [3; 4].

The absence of A. negundo L. and other invasive woody species in Birobidzhan is explained
by the harsh climatic conditions, geographic isolation, and a different history of introduction [14].
At the same time, invasive herbaceous species (A. artemisiifolia, I. glandulifera, Helianthus
tuberosus, etc.) were recorded at the Birobidzhan sites, indicating the need for post-project
monitoring regardless of the presence of woody invaders [5].

Regression analysis showed that, for identical inventory characteristics, the compensation
cost of A. negundo L. is, on average, 9.9% lower than that of native species. This is explained by
the effect of reduced species coefficients established in regional methodologies (especially in the
Moscow Region methodology) [8]. Consequently, the regulatory framework already indirectly
recognizes the lower economic value of box-elder maple; however, this reduction is insufficient
to make the targeted removal of invasive thickets and subsequent monitoring economically
justified. It should be borne in mind that A. negundo L. is capable of forming a persistent soil seed
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bank [13]; therefore, a one-time removal of adult individuals does not guarantee eradication of the
species. The proposed introduction of an additional reduction factor (0.1-0.3) would release funds
that should be purposefully directed toward post-project monitoring (at least 5 years) and control
of invasive seedlings, rather than remaining at the disposal of the developer.

Large infrastructure projects can serve as a powerful, albeit unintentional, tool for the local
suppression of invasive species [2; 10]. However, to consolidate the effect, mandatory measures
that are currently not provided for are necessary: post-project monitoring with removal of
self-seeding, and priority use of native species in compensatory plantings. For formal street and
highway landscaping, species from the standard assortment (small-leaved lime, Norway maple,
European rowan) should be used [7]. Fast-growing pioneer species (silver birch, goat willow) are
appropriate on reclaimed and buffer sites, where the main task is the rapid formation of a closed
canopy that impedes the secondary spread of invaders.

Conclusion

1. Invasive woody plant species at the surveyed construction sites in four Russian cities
are almost exclusively represented by A. negundo L. (5,751 individuals, 21% of the total number
of trees). The proportion of invasive species varies from 0% in Birobidzhan to 46.8% in Moscow,
reflecting the climatic and historical characteristics of the regions.

2. Regression analysis showed that, for equal inventory parameters, the compensation cost
of A. negundo L. is, on average, 9.9% lower than that of native species, which is explained by the
reduced species coefficients embedded in the valuation methods. The existing reduction is
insufficient to fund invasion control measures.

3. The population of A. negundo L. in Ufa is characterized by the highest abundance but
the lowest average cost (1,107 RUB) due to the predominance of small-diameter individuals; in
Moscow and Dmitrov, the cost is significantly higher (6,836 and 6,085 RUB, respectively) due to
the larger tree sizes.

4. Invasive herbaceous species were recorded at all sites, which necessitates the mandatory
inclusion of measures for their control in post-project monitoring programs.

5. To improve the effectiveness of invasive species management, we propose:

— introducing an additional reduction factor (0.1-0.3) for invasive species in compensation
cost calculation methodologies, with the saved funds purposefully directed to monitoring;

— requiring developers to include post-project monitoring (at least 5 years) with removal of
invasive seedlings in project designs;

— differentiating compensatory plantings: native ornamental species for street landscaping,
fast-growing pioneer species for buffer and reclaimed zones.

The conducted study demonstrates the high potential of engineering-environmental survey
data for the scientific substantiation of management decisions in the field of biodiversity
conservation and optimization of the regulatory framework.
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MHUKPO3EJIEHD VIGNA RADIATA C TOBBIIIEHHBIM COJEPXKAHUEM MO/IA:
IKOJOI'MYECKHN OPI/IEHTI/IPOBAH!’-ILIIE noaxoa € uCnoJb30BAHUEM
PGP-PU3OBAKTEPUHU U BHEKOPHEBOI'O HOIPOBAHUSA

M.G. Maleva, A.S. Ignatova, N.A. Sokolov, G.G. Borisova

IODINE-ENRICHED VIGNA RADIATA MICROGREENS: AN ENVIRONMENTALLY
ORIENTED APPROACH USING PGP-RHIZOBACTERIA AND FOLIAR IODIZATION

AHHOTaNUS. Hedurur 3CCEHUUATBHBIX
MHUKpPO3JIEMEHTOB, B YAaCTHOCTH HOAa, NpEACTaBIsET
CEpbE3HYIO YIpo3y IS 3I0pOBbS HaceneHus. B cBs3u ¢
ITHM TTOMCK 3¢ EKTUBHBIX METOJIOB
onodopTUdUKAIIUN PACTUTENHFHOTO CHIPHS, BKIIIOYAs
WCIIONIb30BAaHNE CTUMYJIHPYIOIIUX POCT pacTeHHUH
(PGP) puzobakrepuii, siBisieTcsi aKTyalbHOW 3a7aduei.
Lenp uccnenoBanus — cpaBHATH PGP-akTHBHOCTH Tpex
mrrammoB Pseudomonas sp. (CTF2, CTF7, STF13), a
TaKXKe MX BIMSHUE HA MapaMeTphl POCTa, COJepKaHUE
(OTOCHHTETHYECKUX MUTMEHTOB 1 HaKOIUIEHHE Hofa B
mukposernenu Vigna radiata (L.) R. Wilczek (mamr) B
COYETaHNHM C BHEKOPHEBOH 00pabOTKOW pacTBOpamu
Womnna u wonara xkamus. lIltaMMel ObUTH BBIIEIECHBI U3
pusocepor  Tussilago farfara wa TexHOreHHO
HapYyLICHHBIX TEPPUTOPHUSIX. BererannoHHbIi
SKCHEPUMEHT MPOBOJMIA B THIPONOHHOH CHCTEME C
WHOKYJISIIIMEH CEeMSH W TOcCiemyromeid o0paboTKo
pactenuii fogoM. OOHAPYKEHO, YTO CaMOW BBICOKOM
CIOCOOHOCTBIO K  CHHTE3y WHIOIWI-3-YKCYCHOM
KHUCJIOTBl M AaKTHBHOCTBHIO |-aMHMHOUMKIIONponaH-1-
KapOoHaT-ne3amMuHa3el  oOmaman  mramm  STF13.
WHoKkynsiust ceMsiH 3TUM IITAMMOM IIPHBOJAMIA K
HanOOJIbILIEMY YBEIIMUEHHUIO CHIPOH M CyXOH OMOMAacChI
14-cyTo4YHBIX TPOPOCTKOB, a TAKXKe MHIACKCA UX CHJIBI

pocta. Bce uW3ydeHHble INTAaMMbBI  TOBBIIIATH
COlepXKaHUEe XJIOpPOPMIIIOB M  KAapOTHHOMIOB B
cpeqHeM Ha 19% 1o CcpaBHEHMIO C KOHTPOJIEM.
BHrekopHeBast oOpaboTka Honom 3HAYNMO
yBEIUYMBAIA  COJepKaHUE  (POTOCUHTETHUECKHX
nUrMeHToB (B cpeaneM Ha 23%) u crmocoOcTBOBaja
HaKOIUICHWIO  HoJa B~ MHKpPO3EJIEHU:  IIpH

ucnonb3oBanuu Kl copepxkanue snemMeHTa BO3pacTaso
B 14,3 paza, KIOs — B 8,8 pa3. Takum oOpazom,
couyeTaHWe  MHOKymsuuM cemsH V.  radiata
NepCIeKTUBHBIMK  ITamMMamu ~ PSeudomonas — sp.
(ocobenno STF13 wu CTF2) ¢ BHeKopHEBOW
MOJKOPMKOW HOJOM  MOBBIMIAET  OHOJOTHYECKYIO

Abstract. The deficiency of essential
micronutrients, particularly iodine, poses a
serious threat to public health. In this regard, the
search for effective methods of biofortification of
plant materials, including the use of plant growth-
promoting (PGP) rhizobacteria, is a relevant task.
The aim of this study was to evaluate the PGP-
activity of three Pseudomonas sp. strains (CTF2,
CTF7, STF13), as well as their effect on growth
parameters, photosynthetic pigment content, and
iodine accumulation in Vigna radiata (L.) R.
Wilczek  (mung bean) microgreens in
combination with foliar treatment with potassium
iodide and potassium iodate solutions. The strains
were isolated from the rhizosphere of Tussilago
farfara growing in technogenically disturbed
areas. A vegetation experiment was conducted
using a hydroponic system with seed inoculation
followed by iodine treatment of the plants. It was
found that strain STF13 exhibited the highest
ability to synthesize indole-3-acetic acid and the
highest 1-aminocyclopropane-1-carboxylate
deaminase activity. Inoculation of seeds with this
strain led to the greatest increases in fresh and dry
biomass of 14-day-old seedlings, as well as in
their growth vigor index. All studied strains
increased the content of chlorophylls and
carotenoids by an average of 19% compared to
the control. Foliar treatment with iodine
significantly  increased the content of
photosynthetic pigments (by 23% on average) and
promoted the accumulation of iodine in
microgreens: when using Kl, the content of the
element increased by 14.3 times, KIOs — by 8.8
times. Thus, the combination of inoculating V.
radiata seeds with promising Pseudomonas sp.
strains (especially STF13 and CTF2) together
with foliar iodine application increases the
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Beenenue

[Tpobnema neduumTa 3CCEHIHMATBHBIX 3JIEMEHTOB U OMOJOTMYECKH aKTHBHBIX BEIIECTB B
palyioHe MUTaHUs HAaceNeHUs SBIAETCS aKTyaJdbHOW Kak Ay Poccuu, Tak U Ui 3apyOemHBIX
ctpan [1; 2; 4; 5; 9]. B mnacrosmee Bpems ion (I) orHocutcss k Hambosiee Ba)KHBIM
MUKPO3JIEMEHTaM, HEOOXOAUMBIM [JIsl TIPABHIIBHOTO (DYHKIIMOHUPOBAHUSI OPTaHOB YEJIOBEKA U
KUBOTHBIX [7; 12; 18]. OcHOBHas pomb ilofa 3aKiIt0YaeTcsl B y4acTUU B OMOCHHTE3€ TOPMOHOB
IIUTOBUTHOM KeJe3bl — THPOKCHHA U TPUHOATUPOHNHA, KOTOPbIE PETYINPYIOT MHOTOYHCIIEHHBIE
duznonorunueckrue U duoxumuyeckue npoueccel [2; 7; 13]. [loatoMmy ero gepuUT B MpoayKTax
NIUTaHUS PEACTABIISET CEPhE3HYIO YTPO3Yy AJIs 3I0pOBbsl HACEJIEHUs BO BceM mupe [9; 14].

OnHuM u3 Hambosee MepCIEeKTUBHBIX MOAXO0J0B K O00ECIeYeHHI0 COATaHCUPOBAHHOTO U
HKOJIOTMYECKH OE€30MaCHOT0 MUTAHUS HaceJIeHUs sBIsieTcs: OnodopTudukanms, uin odorameHue
PacTUTEIHLHOTO CHIPhS U MPOIYKTOB PaCTEHHEBOACTBA, BKIOUas MUKposeneHb [4; 10; 11; 13].
DKCTIEpUMEHTHI 10 O0OTAIICHUIO PA3IMYHBIX BUAOB KYJIBTYPHBIX PACTEHUI MUKPOIIEMEHTAMU

IMyTEM BHCECCHUA HX B IIOYBY WK BHCKOPHCBOTO OIPBICKUBAHUSA IMMPOBOAHUIINCE MHOTHUMHU
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aBTopamu [2; 5; 11-14; 18-21]. Pe3ynmbraThl 3THUX HCCIEIOBAaHUI CBHIETEIBCTBYIOT O
3HAYUTEIILHOM MOTEHIMANIe OTJEIbHBIX BUJIOB MUKPO3€JIEHH B 00pb0OE CO CKPBITHIM I'OJIOJIOM B
KauecTBe 3(PPEKTUBHOTO U SKOJIOTHUECKH 0€30IacCHOT0 MUIIEBOI0 pecypcea.

B mocnennue roapl 3HAUMTENBHBIM WHTEPEC BBI3BIBACT OMOOOOTAILCHHE KYJIBTYPHBIX
pacTeHHIA 1 MUKPO3€EJIEHU MaKpO- M MUKPOdJIeMEeHTaMu C ucrosb3oBanueM PGPR (ot anra. “Plant
Growth Promoting Rhizobacteria” — pusobakTepuu, CTUMYIHpPYIOIIHE pocT pacrenuii) [1; 18].
[Ipumenenne PGPR mis OmodopTudukanmum modyB ¥ pacTeHU SBISETCS TNEPCICKTHBHBIM
Onmarosmapst TaKMM CBOWCTBaM OaKTEpHid, KaK MPOU3BOACTBO (PUTOTOPMOHOB M CHIAEPO(OPOB,
azoT(dukcanus, comroOuIM3ams coeauHeHni ¢gocdopa, Kaaus, MUHKA U APYTHX 3JIEMEHTOB,
KOTOpBIEC B HEPACTBOpUMOH opMe HemocTymHbl pacTeHusM [1; 8]. Kpome Toro, MHOTHE aBTOpPHI
OoTMeYaroT, 4to MHOKYIsauus PGPR ctumynupyeT B pacTeHUSX CHUHTE3 HHU3KOMOJEKYISPHBIX
AHTHOKCHIaHTOB ¥ BUTaMHHOB [ 1; 8; 18]. Tem He Meree, OnodopTHdUKALUS ¢ UCTIOTE30BAHUEM
PGPR no cux mop He moiy4miia MUpOKOro TPUMEHEHHS.

B mnacrosiimee BpeMs BO MHOTHMX CTpaHaXx MHpa Bce Ooliee MOMYJISPHBIM CTAaHOBHUTCS
BeipamuBanie Vigna radiata (L.) R. Wilczek (mam) mns numeBsix neneil. MHKpo3eneHb
V. radiata mnpuBiekaeT NOTPEOHTENs JIETKOCTHIO IIOJYYCHHUS, BKYCOBBIMH JIOCTOMHCTBAaMH,
IIMPOKHUM CIIEKTPOM IPUMEHEHUs, (PU3HOIOTHIECKUM BIMSHUEM Ha opranmsMm [6; 11]. Hecmotps
Ha pacTyllMid HHTEpeC K OTOM KyJIbType, BOMNpPOChl coyeTaHHoro npumeHeHuss PGPR wu
HonuMpoBaHMsI OCTAIOTCS BHE IMOJIS 3peHUs HcchenaoBareneil. Bocromusis aToT npoben, HacTosas
pabota BriepBbIC OLIEHMBAET BO3MOXKHOCTh YIYYIIECHHSI pocTa U OMOOOOTalIeHUsT MUKPO3EICHN
V. radiata ¢ ucnons3oBanrem PGPR B coderannu ¢ BHCKOPHEBOH MOAKOPMKOM PacTBOPOM Ho1a.

Takum o0pazoMm, 1enab wuccienoBaHus — oneHUTh PGP-cBoiicTBa Tpex MITaMMOB
puzobaktepuii (Pseudomonas sp.), a Takke HX BIHMSHHE Ha MapaMeTpbl POCTa, COJCPIKAHUE
(OTOCHMHTETHUYECKMX THIMEHTOB M HaKOIUIEHHE Hojga B MukposeneHu V. radiata mocie
BHEKOPHEBOW 00pabOTKK pacTBOpaMu HOAWIA U HoAaTa Kajusl.

MarepuaJjbl 1 METOABI

Tpu mrramma Pseudomonas sp. (CTF2, CTF7 u STF13), oto6panHbIe Ui 3KCIIEPUMEHTA,
ObuTH BhIZETICHBI B 2023 1. 3 puzocdepsl Tussilago farfara L. (Mate-u-mauexa 0ObIKHOBEHHAS)
ceM. Asteraceae, mpouspacTaromeil Ha AByX TeXHOT€HHO HapylleHHbIX ydactkax: CTF2 u CTF7
— BOmm3m Kapabarickoro meneruiaBmiibHOro npennpustus (UYensOunckas obmacts); STF13 —
BONM3u pyanuka «CadnsinoBckas meap» (CBepuioBckas 00J1acTh). MOJEKyISIpHO-TeHETHYECKast
UIACHTHU(QUKAIUS TOJyYEHHBIX IITaMMOB Oblia IPOBEJEHA C MCIOJIb30BAaHUEM CEKBEHUPOBAHUS
renoma 16S pPHK [18; 19]. Ilouck mnocnemoBaTeabHOCTEH reHa y OTOOpPAHHBIX IITAMMOB
mpoBoaunu B 0Oa3ze naHHeix National Center for Biotechnology Information (NCBI),
OMonH(pOPMAIIMOHHBIN aHAJIN3 TIPOBOIMIIH C TIOMOIIIBIO TTakeTa mporpaMmm MEGAT1.

OToOpaHHbBIE IMTAaMMBI OBUIM MPOTECTUPOBAHBI HA CIIOCOOHOCTh K CHUHTE3Y WHIOJNI-3-
ykcycHoi kucnotsl (MYK), nponykuuu cupepodopoB M aMMuaka, a Takke Ha aKTUBHOCTh
¢depmenTa 1-amuHoOUUMKIONponaH-1-kapoonar (ALIK)-ne3amMuHa3bl U yCTOHYMBOCTD K pa3HbIM

kourentpanusam (ot 0 1o 0,1%) foguna (KI) u tiomata xamus (KIO3), kak ObIJIO OMKMCAaHO paHee
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[16; 18]. CnocobHOCTh K 0Opa3oBanuio MYK oneHuBamu cneKTpohOTOMETPUIECKH MPH JJTHHE
BotHBI 530 HM mocie peakiuu H30isAToB ¢ peareHToM CanbkoBckoro [18]. CrmocoOHOCTH K
IPOAYKIHK CHAEPO(OPOB OICHHBAIM C MCIOJb30BaHHeM Xpomasypoi-S (Fe-CAS) arapa, a
aMMHuaKa — 10 U3MEHEHUIO OKPACKH TOocJe MHKyOamuu KylnbTyp ¢ peaktuBoM Heccrnepa [16].
AxtuBHOCTh AIIK-ne3amMuHAa3BI ONpeIessuid CIIEKTPOOTOMETPUUYECKH TPH UTHHE BOJHBI 540 HM
1ocjie UX BbIpalIMBaHUS B TPUTHUKA3HO-COEBOM OYyJIbOHE 10 JOCTHIKEHHS CTallMOHApHOM (ha3bl
[16]. dns omeHKH yCTOHYMBOCTH M30JATOB K HOJAY MX MOABEPrajd JACHCTBHUIO BO3PACTAIOLIMX
koHuentpanuit (0; 0,001%; 0,01%; u 0,1%) onuna (KI) u #ionara (KIO3) kanus Ha 4damkax
[lerpu c Jlypua—bepranu (LB) arapom [18]. M3mepenus npoBoAWSIM B TpeX HE3aBUCHUMBIX
MOBTOPHOCTSIX.

BeretanroHHbli 3KCHEPUMEHT BKJIIOYAd KOHTPOJIbHBIA BapUaHT (HEMHOKYJIHPOBAHHBIE
pacrenusi, HP) u Tpu onbITHBIX, ¢ nHOKyJsiiued cemsiH V. radiata mrammamu CTF2, CTF7 u
STF13. Bausinue ceneKTUBHBIX IITAMMOB Ha ITPOpACTaHUE CEMSH OI[CHUBAIH Ha yamkax [lerpu.
3penble ceMeHa, CXOAHbIE MO pa3mepy U hopme, crepunuzoBaiu 70%-m staHonom B Teuenue 30 c,
3areM 2 MUH — 4%-M THUIIOXJIOPUTOM HATPUS W HECKOJIBKO pa3 MPOMBIBATIH CTEPUIbHOMN
JUCTWIIIMPOBAaHHON BOooM. CeMeHa OCTaBIISIM B BOJE HAa HOUYb J0 HaOyXaHHUs, U YacThb U3 HUX
WHOKYJIUPOBAIM B TeueHUE 2 4yacoB oThenbHbIMU mTammamu (108 KOE/mur), npeaBaputenbHO
BbIpallleHHbIMU Ha cpefe LB. B KOHTpOJbHOM BapuaHTE HCIONB30BAIU TOJIBKO CTEPUIBHYIO
cpeny LB. B kaxnyro yvamky Ilerpu nmomemtanu nmo 30 cemsn (nmo 10 yamiek Ha BapwaHT) U
©KEIHEBHO (DUKCHUPOBAIM MPOPACTaHWE CEMsIH 0 TOJHBIX BCcxoJ0B (5 cyrok). Ilocie storo
3JI0POBBIE MPOPOCTKHU MEPEHOCHIIA B IJIACTUKOBBIE TpopantuBarenu («Jomamnauit AspoCAI»,
000 «Cwmaptl'uapoKomnanus», Poccusi) ¢ rugpornoHHbIM HUTATENbHBIM pacTBopoM [18].
Kaxkgass mOBTOPHOCTh COCTaBisila 3 HE3aBUCHUMBIX MpOpallyMBaress, BKIoyarommx mo 60
IPOPOCTKOB.  MUKpO3€lneHb  BbIpalllMBaJId  MpPU  CIAEAYIOUIMX  YCJIOBMSIX:  IUIOTHOCTh
(oTocunTeTHYIECKOTO TOTOKA (hoTOHOB 180 + 20 MKMONE/(M? ¢), 06ecreunBaeMas (HUTONIAMITAME
(ULI-P10-18W/SPFR IP40); nens/Houb peskum 14/10 1 npu remneparype 23 + 3 °C. Ha 7-e cytku
OT 3aMaumBaHus ceMsiH npopoctku ompeickuBain 0,01% pactBopom KI (I1) wmu KIO3 (l2) wm
MIPOCTO CTEPHIIBHON BOj0M 0e3 iosa (0). Obiiee BpeMs SKCO3UIUU — 14 CyTOK.

Bcexoxects ceMsiH (%) onpeensiii Kak OTHOLIEHHE KOJIMYECTBa CEMSH, MPOPOCIIUX 3a 5
CYTOK, K Ux obmemy konudectBy X 100. CpenHeB3BELIEHHOE BpeMsl IPOpPacTaHUs CEMSH (CYTKH)
paccUMTHIBAJIM KaKk OTHOLIEHHE CyMMBbI POU3BEACHUIM KOIMUYECTBA CEMSH, IPOPOCIINX HA JECHb
ydeTa, Ha HOMED JIH, K 00IIeMy KOJIHU4YeCTBY popociux ceMsH [15]. Coipyro u cyxyro 6uomaccy,
MHJIEKC CHJIBI POCTa, a TaKXkKe cojepkaHue (POTOCHMHTETUUYECKUX IUTMEHTOB OLIEHUBAIU Y
14-cyrounsix pactenuii V. radiata. Muaexc cuisl pocta (Vigor index Il [15]) paccuutbiBaiu kak
MPOM3BEICHNE TTPOIIEHTA BCXOXKECTH (%0) Ha CPEIHIOI0 CYyXyI0 OMOMAacCy OJTHOTO MPOpocTKa (T).

DOTOCUHTETUYECKUE MUTMEHTHI IKCTparupoBain u3 cBexux jucteeB (30 mr) B 80%
pactBope anerona. Coxepxkanue xinopopuuioB a, b (Xn a, Xn b) u kaporuHonnoB onpenensim
cnekrpodoromerpuueckun («APEL» PD-303UV, SAnonms) mpu 470, 647 u 663 HM u
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paccuuteiBaniu cornacHo Lichtenthaler [17]. Conepixanue fiona B cyxoit Haa3eMHoM Onomacce
cesiaueB onpeaessuiy mo 'OCT 28458-90 [3] u BeIpakaau B MKI/T CyXOTo Beca.

[TonyyeHnnble naHHBIC OBLIM MPOAHAIM3UPOBAHBI C HMcHosb3oBaHueM MS-Excel 16.0 u
Statistica 13.0. B Tabnunax u Ha pUCyHKax MpeACTaBICHbI CpeTHUE apu(METHIECKUX 3HAYCHUS
W UX CTaHAapTHBIC OmMMOKU. J[nsi ompemencHUs OTIACIBHOTO M COBMECTHOTO BIMSHUS ABYX
(hakToOpoB (MHOKYJIALMU OaKTepuaibHBIMU IITAMMAMHU U ONPBICKUBAHUS HO0M) ObLIT MPOBEACH
0THO(AKTOPHBIN W IBYX(aKTOPHBIA aucriepcnoHHbIH aHam3 ANOVA. 3HaunMOCTh pa3inyuit
MEX/1y BapHaHTaMU OLEHUBAIM ¢ Momoullplo Kputepuss Tetoku npu p < 0,05. PasnbimMu
JTATHHCKUMU OyKBaMu 0003HAYCHBI JJOCTOBEPHBIC PA3IHUMs MEX]Ty BApUAHTAMHU.

Pe3ysabTarsl M UX 00Cy:KIeHHE

Bce m3ydennsie mrammel Pseudomonas sp. 6sutu criocoousl mpoayiupoats UYK, onnako
Haunboee BEICOKUI ypoBeHb cuHTe3a oTMeueH y STF13 (tabm. 1). Haubosee Bbicokasi akTHBHOCTh
AlIK-ne3amunassl Habmoganacek y mraMmmoB STF13 u CTF2, B To Bpems kak y mramma CTF7
oHa Obl1a B 7 pa3 Hibke. Bee U301 T MPOSBIISUIN CIIOCOOHOCTD K MPOAYKIIMK cuiepodopos, Toraa
KaK CcrocoOHOCTh K 00pa3oBaHWI0 aMMuaka Oblla oTMeueHa Toibko y STF13. TectupoBanue
IITaMMOB Ha YCTOMYMBOCTh K COCIMHEHUAM KOJa IIOKAa3aJl0 BBICOKHM YPOBEHb HX
HoxoronepanTHocTH (Tadm. 1).

Tabmuma 1
Pe3yabTaThl TECTHPOBAHHUSI OTOOPAHHBIX IITAMMOB poaa Pseudomonas sp. Ha Hekotopbie PGP-
CBOMCTBA M YCTOMYUBOCTb K COeITMHEHHUAM ii0/1a

Cures YK, AxtuBHOCTh ALIK- TponyKus TponyKus Ycroiuu-
HItamm JIe3aMHUHAa3kI, BocTh K Kl u
M/ HM/Mr Oelika yac cuznepoopos NHs KIO3
CTF2 12,98 + 0,07® 88,42+ 3,472 + - BBICOKAst
CTF7 12,20+ 0,51° 12,62 +0,88° + - BBICOKASI
STF13 14,25 + 0,252 89,81 + 3,33¢ + + BBICOKAas

BexoxecTs ceMsiH SIBJISIETCSl OJJTHON M3 BaXXHEHUIINX XapaKTEPUCTUK KYIbTYPHBIX PACTCHUN
[18]. Uepe3 5 cyTOK HKCIO3UIMK BCXOKecTh ceMsH V. radiata B KOHTPOJIBHOM BapHaHTE
coctaBisiia 87%. WHOKymsiumus cemssH BcemMu oToOpanHbiMH ImTtamMmMmMamu PGPR  cHmkana
BCXOKECTh CEMSH B cpeiHEM Ha 4%, 110 cpaBHEHUIO ¢ KoHTpoJeM (puc. 1A). CpeaHeB3BemeHHOe
BpeMs NPOPACTaHUsl Y HEMHOKYJIMPOBAHHBIX CEMSIH M MHOKYIMpOBaHHBIX mramMmamu CTF7 u
STF13 npakTtuveckn He OTIIMYATIOCH U B CPEIHEM COCTaBIISUIO 2,5 cyTok (puc. 1B). brictpee Bcero
popacTaiy ceMeHa rpu 3apaxkeHun mrammom CTF2 (2,2 cyTok).

Ceipass Omomacca JByXHeAENbHBIX cesHIeB V. radiata, MHOKYJIMPOBaHHBIX pa3HBIMH
mrrammamu Pseudomonas sp. (CTF2, CTF7, STF13) uameHsiach He3HAUUTEIBHO U HE 3aBHCEIA
ot o0paboTku oom (puc. 1B). Hanbonpmias ee BennurHa ObuTa OTMEUYEHA TTPU UCIIOJIb30BAHUHT
mramma STF13 (B cpennem Ha 13% Boitie HP u Ha 22% Bbime, yem npu uHOKYsiiun CTF7).
Pesynpratel nByx¢akropsoro ANOVA moaTrBepAMiaN BBICOKYIO 3HAYMMOCTh OakTepHalbHOU
WHOKYJSIIMKM Ha HakKoIUIeHHe chipoit 6momaccel (P < 0,001), Torma xak oOpaboTka obenmu

(dbopMamu Ho/1a HEe MPUBOUIIA K TOCTOBEPHBIM U3MeHEeHUsM (puc. 1B). Manekc cunsl pocta, Kak
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U cyxas OmoMacca pacTeHui, ObUIM TakKkKe MaKCHUMAalbHBI Yy CEsSHIIEB, WHOKYTUPOBAHHBIX
mrammoM STF13, a munumaneubl — npu wHOKysiiuu CTF7 (puc. 1IN). Hccnemoanus,
NpOBE/ICHHBIC HAMU paHee [ 1], TakKe MoKa3aiu, YTO WHOKYJISINS CEMSH MIICHUIIbl YBETMYNBAIIA
Oonomaccy cesHiieB Ha 14% mo cpaBHeHuto ¢ koHTposieM. CoriacHo pesyinbTaram ANOVA,
dakTop OakTepHaTBbHOW WHOKYJSIIUU OKa3bIBAJl JOCTOBEPHOE BIUSHUE HA HAKOIUICHHE CyXOW
Oromacchl M, COOTBETCTBEHHO, Ha BEIMYMHY WMHICKCA CHIJIBI POCTa, B TO XKE BpPEMs BIIMSHUE

OTPBICKUBAHUS 1010M OBLJIO CTATUCTHUECKU He3HaYMMbIM (puc. 1I).

A b
o 100 F=1528; p = 0,001 s F =4.814; p=0,007
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Puc. 1. ITpouenT BcxoxkecTu (A), cpeaHeB3BenieHHoe BpeMsi npopactanus (b) cemsin;
cbipas ouomacca (B), nnaexc cuabl pocta u cyxas ouomacca (I')
14-cyTounbix pacrenumii V. radiata

Hs3BecTHO, 9TO XJI0pOUIITBI 51 KapOTHUHOMIBI SIBIISIFOTCS AKTUBHBIMHA
MMMYHOMOJYJISITOpaMUd B opranusme ueioBeka [4]. Kpome Toro, KapoTHHOHABI SIBIISFOTCS
NpeIIIeCTBEeHHUKAMH BUTaMUHA A U 00JIaJaloT aHTHOKCHAAHTHBIMH CBoiicTBamu [18].
Wuokynsius ceMstH pa3HbiMu mitaMMmamMu PGPR 6e3 BHeKOpHEBOM ITOKOPMKH HOIOM TIPUBO/IHIIA
K YBEIMYEHHUIO cojepanus Xia a, Xi b u kapotuHOMI0B B cpeaHem Ha 16, 21 u 19%,

cooTBeTCTBEHHO (puc. 2A, b). AHanmoruusele pe3ynpTaTbl ObUIM IOJIyY€HBl HAMH paHee B
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TOPUICYHOM 3KCIEPUMEHTE Ha TPEXHEAENbHONM MHUKpoO3elieHH ropoxa [19], rae uHOKymsIus
mrammoM CTF2 mpuBoauia k cyniecTBeHHOMY (B cpeaHeM Ha 24%) yBEIMUYEHUIO COJIepiKaHus
(hOTOCHHTETHYECKUX TUTIMEHTOB. Taxke Obuto oTmedeHo [19], dTo ompbICKHBaHUE
0,01%-pacTBOpoM Hoauaa Kaius COBMECTHO C OaKTepHaJbHOW WHOKYIISALMEH BbI3bIBAa

3HAYMMBbI CHHEPrHYeCKHUi 3(P(PEKT B OTHOMICHUH KaK XJIOPOPHILIOB, TAK U KAPOTHHOHIOB.

Feery=12.22: p < 0,001 A Feeeny = 8.539: p < 0,001 b
F,=50.99; p< 0,001 Fy=24.549; p < 0,001
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Puc. 2. Conepxanue xjopodpusios (A) u kaporunouaos (b)
B JIHCThAX 14-cyTounbix pacrenuii V. radiata

B namewm skcnepumente Ha V. radiata oOpaboTka WomxoM (HE3aBUCUMO OT WHOKYJISIIIAH)
TaKKe TMPUBOJUIIA K YBEINYCHUIO COAepkKaHus kKak Xu a, Tak u X b (B cpennem Ha 25%), npu
stoM KO3 mposiBisin 6os1ee BbICOKYIO 3¢ (deKTUBHOCTh Mo cpaBHeHuUIo ¢ Kl. AHanu3 n3MeHeHus
COZep)KaHUSI ~ KapOTHMHOWIOB  BBISBHJ  CXOJIHBIC TCHICHIIMW: ONPBICKHBAaHUE  HOJOM
CTUMYJIMPOBAJIO UX HAKOIUJICHHE, YBEJIIMUMBAs coJepkaHue B cpeaHeM Ha 19%. Kak u B cinyuae ¢
xjopoduiuiamu, Haubodbmuil >PPexT okaspiBan Homar kamus (puc. 2b). DTu pe3ynbTaThl
COIJIaCYIOTCSl C MMEIOIIMMUCS AAaHHBIMU [14], CBHUIETENbCTBYIOIIMMH O TOM, YTO 00paboOTKa
HOJIOM MOXKET CTUMYJIMPOBATh HAKOIUIEHNE (DOTOCHHTETHYECKUX MUTMEHTOB 32 CUET aKTHBAIIUU
AHTHOKCHIAaHTHBIX ()EPMEHTOB, 3alIMIIAOIINX UX OT OKHUCIUTEIHHOTO cTpecca. MI3BeCTHO Takke
[20], uyTO #oOnx cmOCOOEH MOAYIUPOBATh SKCIPECCUI0 T'€HOB, OTBETCTBEHHBIX 3a CHHTE3
MUTMEHTOB, YeM, I[0-BUIAUMOMY, OOBSICHSIOTCS MOJy4YeHHble pe3yabTaThl. I[IpoBeneHHBIN
IBYX(aKTOPHBIN JUCIIEPCUOHHBIN aHAJIM3 TOATBEPANI JOCTOBEPHOE BIUSHHE Ha COJEPIKAHHE
(OTOCHHTETHYECKUX MUTMEHTOB B JIMCThSIX JBYXHEIENbHOW MuKposeieHu V. radiata kak
WHOKYJISIIMU CeMsiH IntamMmmaMu Pseudomonas Sp., Tak ¥ BHEKOpHEBOM 00paboTku HooM (puc.
2A, b).

B BapuanTax 6e3 OnpBICKUBaHUS HOIOM €T0 CoZiep KaHue B Haa3eMHo onomacce V. radiata
ObUT0 HU3KMM (B cpefHeM 1,4 MKI/T cyXoro Beca), Ipy 3TOM CTaTUCTHUECKU 3HAYUMBIX PA3TUUnit

mexay HP n unokynupoBanusiMu PGPR He 3adukcupoBano (Tabm. 2). O6pabotka noderos Ki
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CyllecTBEHHO (B cpeaHeM B 14 pa3) moBwlasia colepkaHue ioma B mukposenenu V. radiata,
HE3aBUCHMO OT MHOKYyssiiuu. B pabote Ciriello et al. [9] moka3aHo, 4TO IpH KCIIOIB30BaHUK 8
MKM KI conmepkanue ioma B MukposeiacHu Brassica rapa L. ysenmnumBaioch B 2 pasa, a y
Coriandrum sativum L. u Ocimum basilicum L.— B 7 pas3.

Tabnuna 2
Haxkonuienue iioga B Haa3eMHoii Guomacce 14-cyrounbix pactenuii V. radiata
Bapuants! onbita O6paboTka fiogom Coneprkanue foga, MKI/T CyXOro Beca

0 1,39 +£0,16°

KonTpons (HP) Iy 18,39 +2,19°

I2 11,59 £ 1,24°

0 1,42 +£0,05¢

Pseudomonas sp. CTF2 I1 20,56 £ 1,212
I> 13,68 +1,17°

0 1,29 +0,05°

Pseudomonas sp. CTF7 I 19,87 £ 2,128
I, 12,54 + 1,45°

0 1,38 £0,08¢

Pseudomonas sp. STF13 Iy 19,78 £1,652
I 10,67 £ 1,56°

I[Mpu onpeickuBannu KO3 coxeprkanue ioza B moberax V. radiata taxxe yBeanunBaioCh,
OJIHAaKO 3HAYEHUS OKa3aJHCh B cpelHeM B 1,6 pasza Huxke, ueM npu ucnoibzoBanuu Kl. B nenom
uHoKyssAuus cemsH PGPR He oka3blBana CTaTUCTUYECKM 3HAUMMOIO BIIMSHUS Ha HAKOIJIEHHE
roma B moOerax V. radiata.

[ToBbieHHOE HakoIuieHHE Hoxa npu obpadorke Kl moxer ObITh 00YCIOBIEHO TEM, UTO
HOIUA-MOH Jierdye TMOIJIONIAETCsl PACTUTEIbHBIMU KJeTKaMu Onarofapsi 0Oojee BBICOKOM
HOJBMKHOCTH B PacTBOpPE U CIIOCOOHOCTH MPOHUKATH yepe3 MeMOpansl [12]. Panee Taxxe OblI0
OTMEUeHO [22], 4To coleprkaHue Ho/a B JINCThAX cajlaTa-laTyKa, BHIPALIEHHOTO B THJIPOITOHHON
cucreMe ¢ ucrnonb3oanueM Kl, 6110 3HaunTENBEHO BEIIE IO cpaBHeHHIO ¢ KO3,

3akio4enue

VYcranosneno, uyro mramMm Pseudomonas sp. STF13, o6namaBmmii Haussicineir MYK-
cunresupyromed u AlIK-ne3amMuMHa3HONM aKTUBHOCTBIO, IPU HMHOKYJSLIMM CEMSH BbI3BIBAI
MaKCHMaJbHOE YBEJIIMYEHHE ChIpONl M cyXxoil Onomacchl 14-CyTOUHBIX HPOPOCTKOB, a TaKKe
UHJCKCa HSHepruu. TemM He MeHee, BCE HCIOJIb3YEMBIE IITaMMBbl MOBBILIAIN COAECPIKAHUE
XJIOPOQUIUIOB U KapOTHHOUAOB (B cpeaHeM Ha 19%) mo cpaBHEHMIO ¢ HEMHOKYJIMPOBAHHBIMU
pactrenusimu. O0paboTka nuctheB V. radiata fooM He Oka3bIBaia CYIIECTBEHHOTO BIUSHHS Ha
Maccy CEsIHIIEB, OJJHAKO 3HaYMMO YBEIMUYMBaJa cojiep:kaHrne (POTOCUHTETUYECKUX MUTMEHTOB (B
cpenHeM Ha 23%). [Ipu onpeickuBanuu pactenuil pactBopamu Kl ninm KIOs cogepxanue iona B
MUKpPO3€JIeHHU NMOBbIIIanock B 14,3 u 8,8 pa3, COOTBETCTBEHHO, 110 CPABHEHUIO ¢ HEOOPaOOTaHHBIM
BapuanToM. OJHaKO HEOOXOJMMBI MaTbHEUINE WCCIEOBaHUsA, OCOOCHHO B TOPIIECYHBIX
AKCIIEPUMEHTAX, IJISl TOATBEP K IEHUS MTOJIOKUTEIbHBIX 3P (HEKTOB, HAOII0TAEMBIX ITPU COYETAHUN

HN3YUCHHBIX ITaMMOB C BHCKOpHeBOﬁ HO,Z[KOpMKOfI HOIOM.
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GROWING CONDITIONS EFFECT ON THE TANNIC SUBSTANCES CONTENT IN THE
SANGUISORBA OFFICINALIS L. ABOVE-GROUND AND UNDERGROUND ORGANS

Ezopoea U.H., Ezoposa H.O., Manvyeea E.M.

BJIUSHHUE YCJIOBUI ITPOU3PACTAHUA HA COJIEP)KAHUE TYBWIBHBIX BEIIIECTB
B HAA3BEMHBIX U NIOA3EMHBIX OPI'TAHAX SANGUISORBA OFFICINALIS L.

Abstract. For the great burnet (Sanguisorba
officinalis L.) raw material rational harvesting,
as well as ensuring its comprehensive, waste-
free utilization, it is necessary to assess the
influence of growing locations, age, vegetation
phase, climatic, and soil conditions on the
tannins accumulation in its above-ground and
underground organs. The research was
conducted during the period 2018-2020. Raw
material harvesting was carried out in three
natural cenopopulations (CP): CP | — floodplain
grass-herbaceous meadow, CP Il — dryland
herbaceous meadow, CP IlIl — birch forest,
during different vegetation periods. The tannin
content in the raw material was determined by
permanganatometric titration in accordance
with the requirements of the XV edition State
Pharmacopoeia. It was found that in the herb
maximum tannins amount accumulates during
the flowering phase (6.096-9.323%) and t he
minimum during the fruiting period (4.049-
7.998%). Rhizomes and roots are characterized
by the presence of two accumulation maxima:
at the beginning of vegetation (19.194-
24.698%) and during the flowering period
(21.310-26.595%). The tannin content in the
fruiting phase decreases in underground organs
by an average of 1.3 times, and in the above-
ground organs — by 1.2 times. The studies
showed that the moisture level and light
availability, soil factors (high content of humus,
phosphorus, potassium) contribute to greater
tannin accumulation. Its highest content was
observed in the above-ground and underground
organs of burnet in CP | and CP Il. The
calculated extremality hydrothermal coefficient
(Kextr.) ranged from 0.22 to 0.26 in the study
years. The highest Kextr. was obtained for 2019
(0.26), which showed the lowest tannin content.
The tannin accumulation patterns obtained data
in the great burnet above-ground and
underground organs have a practical importance
for the pharmaceutical industry.

AHHoTaumsi. JIis  opraHuzaiuu  palMoHalIbHOMN
3arOTOBKH  PAacTUTENBHOTO  CBIPbS  KPOBOXJIEOKH
nekapctBenHoi (Sanguisorba officinalis L.), a Taxxke
obecneyeHust KOMILIEKCHOTO, 0€30TX0IHOIO
WCTONB30BAaHUS  JaHHOTO pAacTeHUs, HEo0XOIUMO
OLICHUTh BJMSHUE MECT TPOU3PACTaHMs, BO3pAcCTa,
¢da3pl  Bererauuy, KJINMATUYECKUX M IOYBEHHBIX
YCIOBUH Ha HAaKOIUIEHHE IyOWJIbHBIX BEIIECTB €€
Ha/I36MHBIMHU u MOJI3EMHBIMH OpraHaMu.
Hccnenosanus npoBoaunuck B nepuon 20182020 rr.
3aroToBKy ChIPbsSI OCYILECTBIISUIM B TpPeX MPUPOIHBIX
nenononyssiiusax (L{IT): LIT | — 3anuBHOM 31aK0BO-
pasHotpaBueiii  gyr, LIl Il — cyxomonbHbIH
pasHotpasusrii 1y, LIIT Il — GepesoBsrii ec, B pa3Hbie
Mepuoabl  BeretaloHHoro passutus. ConepxaHue
NyOWJIbHBIX BEUIECTB B CHIPhE OMPEIEISUIA METOIO0M
[IEpPMaHraHATOMETPUIECKOTO TUTPOBAHUS B
cootBeTcTBEH ¢ TpeboBanmsamu ['® XV wu3naxus.
YcTaHOBNIEHO, YTO  MaKCHUMaJbHOE  KOJIHYECTBO
OyOWJIbHBIX BEILECTB HaKallJIMBAaeTCsl B TpaBe B (hazy
mpererus (6,096-9,323%), a MUHUMAIIBHOE B MEPHOJT
wiononomeHus (4,049-7,998%). Jlns KoOpHEBUI |
KOpHEH, XapakTepHO HaIWYHMe JBYX MAaKCHMYMOB
HaKoILIeHUs, B Hadaie Bereranud (19,194-24,698%) u
B nepuoj 1Betenus (21,310-26,595%). Conepxanue
OyOWIBHBIX  BemiecTB B (a3dy  IJIOJOHOLICHHUS
CHMJKAeTCs! B IOJ3EMHBIX OpraHax B cpeaueM 1,3 pasa,
B TpaBe — 1,2 pasza. HccnenoBaHus mokaszaiu, 4TO
YPOBEHb BJIAaro00ECIEYEeHHOCTH ¥ OCBEIIEHHOCTH,
MOYBEHHBIN (akTop (BBICOKOE COJEpKaHHE TyMyca,
dbocdopa, kammsg)  cHocOOCTBYIOT — OoibIIEMY
HAKOIJICHUIO JyOWIBHBIX BellecTB. HamOounbinee mx
coJiep)kaHue OTMEUYEHO B HAJ3EMHBIX U TIOJ3EMHBIX
opranax kpoBoxi€oku B LII1 | u IIIT Il. Paccunrannsrii
THIPOTEPMHUUYECKHN KO3(D(DUIIMEHT HSKCTPEMaIbHOCTH
(Kakerp.) B rogs! u3ydenns coctasui ot 0,22 go 0,26.
Haunbonpmmit Kaketp. nomyuen ans 2019 roga (0,26), B
KOTOpPOM OBIJIO OTMEYEHO HauMEHbILEE COIEpKaHHE
TaHUHOB. [loNmydeHHBIE JaHHBIE O 3aKOHOMEPHOCTH
HAKOIJICHUSI JTyOMJIbHBIX BEIIECTB HAJI3EMHBIMH U
MOJ3eMHBIMH OpPraHaMHu KPOBOXJIEOKH JeKapCTBEHHON
UMEFOT MPAKTUIECKOE 3HaYeHUE JUISt
(hapManeBTHYECKOM MPOMBIIIIEHHOCTH.

Ot
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Introduction

Among tannin-containing medicinal plants of Kemerovo Region (Kuzbass), Sanguisorba
officinalis L. (Rosaceae) is one of the representatives. In the territory of the region, it forms fairly
large stands suitable for industrial harvesting of raw material [5]. Due to a complex of biologically
active compounds (BAC), including hydrolysable and condensed tannins, S. officinalis exhibits a
wide spectrum of pharmacological (anti-inflammatory, antimicrobial, antifungal, antioxidant,
antiviral, antiproliferative, etc.) activity [3; 7; 18; 28].

In official medicine, the underground organs of the plant — rhizomes and roots — are used,
while the herb is applied in folk medicine [12; 21; 22]. In recent years, the integrated utilization of
the great burnet has attracted increasing interest from the scientific community [7; 10].

The accumulation of tannins in different plant organs is influenced by a wide range of biotic
and abiotic factors, as well as by age, developmental stage, and habitat conditions [9; 11; 13; 17;
24].

The literature presents contradictory data regarding tannin accumulation in S. officinalis.
Most studies focus on rhizomes and roots — the medicinal plant raw material included in the State
Register of Medicinal Products of the Russian Federation (2015). Some authors report that the
highest tannin content in underground organs occurs at the beginning of vegetation [22], while
others indicate the budding stage [20], flowering [2; 8; 13. 27], fruiting [9; 14; 20], or the end of
the vegetation period [6]. There is limited information available on tannin content in the herb of
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great burnet across vegetation phases. Some data suggest that maximum accumulation in the herb
should occur during the flowering stage [4].

According to literature data, herbaceous plants, including S. officinalis, growing on soils
sufficiently supplied with available phosphorus [16; 23], tend to accumulate higher levels of
tannins [22].

Earlier studies by N. O. Egorova [4; 5] presented results on tannin content in rhizomes and
roots of S. officinalis, growing in selected districts of the region, as well as the distribution of
tannins among plant organs. However, no published data are available on tannin accumulation
across vegetation phases in both above-ground and underground organs of S. officinalis growing
in the Kemerovo Region (Kuzbass).

The aim of this study is to evaluate the influence of certain habitat-related factors on tannin
accumulation in the above-ground and underground organs of Sanguisorba officinalis L. growing
in Kemerovo Region (Kuzbass).

Materials and methods

The object of the study was the great burnet raw material (Sanguisorba officinalis L.,
Rosaceae), including herb and rhizomes with roots, collected in three cenopopulations (CPs)
located in Topkinsky District of Kemerovo Region (Kuzbass).

CP I — floodplain grass-herbaceous meadow (55.364814° N, 85.795937° E). Soil moisture
is provided by both groundwater and atmospheric precipitation. Mean light intensity is
90,704.0 lux. The soil is heavy loam with pH (salt extract) of 5.6, humus content of 7.3%, elevated
levels of available phosphorus (106 mg/kg), very high levels of available potassium (340 mg/kg),
and increased nitrate content (25.1 mg/kg). The occurrence of S. officinalis was relatively abundant
(score 3). Yields of fresh raw material ranged from 124.59 to 301.97 g/m? for rhizomes with roots
and from 143.43 to 688.03 g/m? for herb.

CP Il — dryland herbaceous meadow (55.360304° N, 85.793537° E). The site was fully
exposed to sunlight, with an average illumination of 73,343.3 lux. Moisture supply is provided
exclusively by atmospheric precipitation. The soil is heavy loam. Soil acidity (pH salt extract) is
5.8, humus content ranges up to 6.2%, available phosphorus is elevated (114 mg/kg), exchangeable
potassium is very high (345 mg/kg), and nitrate content is moderate (17.8 mg/kg). Yields of fresh
raw material ranged from 91.12 to 127.78 g/m? for rhizomes with roots and from 213.14 to
225.79 g/m? for herb.

CP 111 —Dbirch forest (55.355562° N, 85.819864° E). The birch was the dominant tree species.
The shrub layer is poorly developed. Mean illumination is 59,938.4 lux. Moisture supply is
atmospheric. The soil is heavy loam. Soil acidity (pH salt extract) is 5.6, humus content is 5.6%,
available phosphorus content is moderate (73 mg/kg), exchangeable potassium content is high
(180 mg/kg), and nitrate content is moderate (11.8 mg/kg). Yields of fresh raw material ranged
from 21.55 to 25.66 g/m? for rhizomes with roots and from 36.98 to 66.60 g/m? for herb.
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The productivity of S. officinalis rhizomes and roots at the study sites was calculated through
the model specimen method, while above-ground biomass productivity was assessed using the
sampling plot method.

Raw material was collected from June to September in 2018 and 2019, and from May to
August in 2020, during different vegetation phases (fully expanded leaf phase, budding phase,
flowering phase, and fruiting phase), in accordance with established requirements. Drying of the
raw material was carried out naturally in the shade. The raw material was stored in paper bags in
a cool dry place.

Simultaneously, soil samples were collected from the root zone of S. officinalis (0—20 cm
depth). Agrochemical soil parameters were assessed at the accredited testing centre of the
Kemerovo branch of RosAgrokhimsluzhba Federal State Budgetary Institution in accordance with
the following standards: GOST 26483-85 (soil extract pH), GOST 26213-2021, sections 1 and 2
(organic matter, %), GOST 26204-91 (mass fraction of available phosphorus (P-Os) and potassium
(K20) compounds, mg/kg), and GOST 26951-86 (nitrate content, mg/kg).

[llumination (lux) at the study sites was measured by using a TESTO 540 luxmeter.

The tannin content in the raw material was assessed in accordance with the requirements of
General Pharmacopoeial Monograph OFS.1.5.3.0008 in the 15th edition of the State
Pharmacopoeia of the Russian Federation through the Leventhal permanganate metric method
(Method 1). A total of 108 plant samples were analyzed.

Climatic conditions of Topkinsky District were evaluated by using data from the Topki
meteorological station. Two indicators were used to characterize weather conditions during the
2018-2020 vegetation periods: precipitation amount (mm) and mean daily air temperature (t, °C).

According to the data from the Topki meteorological station, the years of the study differed
markedly in weather conditions during the vegetation period, which is clearly demonstrated by the

data presented in Table 1.

Table 1
Temperature regime and precipitation during the vegetation periods of 2018-2020

Long-term Years
Months average 2018 | 2019 | 2020
Mean daily air temperature, °C
May 10.4 6.2 10.0 14.6
June 17.2 19.0 15.7 15.6
July 18.7 17.5 18.2 18.5
August 16.3 15.9 17.6 17.9
September 10.0 10.5 10.5 10.0
Sum of mean monthly
temperatures during the 72.6 69.1 72.0 76,6
vegetation
Precipitation, mm
May 53 59 30 56
June 69 82 58 32
July 78 71 73 156
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August 75 37 69 42
September 60 57 45 69
Total monthly precipitation 335.0 306.0 275.0 355.0
during the vegetation period
Notes: https://clck.ru/3UHoUT, https://clck.ru/3UHoXJ.

To analyze the influence of temperature and precipitation on tannin accumulation during the
vegetation periods from 2018 to 2020, the extremality hydrothermal coefficient (Kextr.) proposed
by Zykova 1.D. (2015) was used. This coefficient represents the ratio of the mean temperature
during the observation months (May-September) to the mean precipitation amount for the same
period [29].

All experiments were performed in triplicate. The obtained data were processed by using
MS Office 2013 software. The paper discusses values considered statistically significant at
p <0.05.

Results and Discussion

The study results are presented in Table 2. Quantitative assessment of tannin content in
Sanguisorba officinalis showed that their accumulation depends on the vegetation phase, weather
conditions, and habitat conditions.

Table 2
Tannin content in the herb, rhizomes, and roots of S. officinalis (mean values, %) during 2018-2020

Ot

Vegetation | Collection Raw Tannin content, %
phase Date material CP I CP I CP IlI

12.06.18 Hb. 8.698+0.108 8.773 £ 0.056 6.362 +0.053

Rh.&Rt. 24.698+0.112 24367 +£0.184 23.565 +£0.049

Hb. 5.822+0.073 5.669 +0.056 4.398 £ 0.055
FLP 12.06.19 Rh.&Rt. 22.207+1.086 23.060 = 0.041 20.980 £ 0.066
24.05.20 Hb. 7.697+0.070 7.768+0.137 5.946 + 0.047
o Rh.&Rt. 22.667+0.624 23.216 +£0.054 19.194 £ 0.146

15.07.18 Hb. 8.880+0.080 8.966 + 0.155 6.968 + 0.032

Rh.&Rt. 23.320+0.570 23.878 £0.178 23.06 £ 0.083

Bp 13.07.19 Hb. 6.679+0.045 6.135+0.058 5.929 + 0.083
Rh.&Rt. 22.746+0.066 22.365+0.176 20.22 £0.362

30.06.20 Hb. 7.776+0.058 7.292 +£0.125 6.165+0.074

Rh.&Rt. 22.157+0.057 20.944 +0.205 18.14+0.104

04.08.18 Hb. 9.323 +0.050 9.105 £ 0.033 7.622 +0.089

Rh.&Rt. 26.225+0.126 26.304 +0.117 25.370 +,127

Fp 08.08.19 Hb. 7.146 + 0.048 6.587 £0.137 6.096 + 0.055
Rh.&Rt. 25.853 +1.083 25.165+0.612 23.54+£0.105

17.07.20 Hb. 8.797 £ 0.058 8.959 +0.071 6.465 +0.051

Rh.&Rt. 24.798 £ 0.083 26.595+0.169 21.31 £0.603
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16.09.18 Hb. 7.998 + 0.047 7.514 £0.038 5.824 £ 0.042

s Rh.&Rt. 23.484 +£0.074 24.742 + 0.075 19.498 + 0.248

ErP 07.09.19 Hb. 5.485+0.045 5.013 +0.068 4.049 + 0.047
Rh.&Rt. 19.436 + 0.050 17.844 + 0.322 15.396 + 0.446

23.08.20 Hb. 6.460 £ 0.057 6.179 + 0.069 5.627 +0.531
Rh.&Rt. 19.858 £ 0.274 19.022 + 0.228 19.170 = 0.054

Notes: FLP — fully expanded leaf phase; BP — budding phase; FP — flowering phase; FrP — fruiting phase;
Herb (Hb.) — above-ground parts; Rhizomes and roots (Rh.&Rt.) — underground organs of Sanguisorba
officinalis.

At the beginning of the vegetation period, Sanguisorba officinalis is characterized by a
relatively high tannin content both in the herb (4.398-8.773%) and in the underground organs
(19.194-24.698%) (Table 2, Figs. 1, 2). During this period, the plant actively increases the
vegetative mass of the basal leaf rosette and forms vegetative shoots, therefore, intensive synthesis
of many organic compounds, including tannins, occurs in the assimilating tissues [3; 10]. These
compounds gradually accumulate during vegetation and development of the vegetative organs,
reaching their maximum during the flowering phase (6.096-9.323%) (Fig. 1), when plants
accumulate substances performing protective functions, including this group of biologically active
compounds [19; 26].
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Fig. 1. Dynamics of tannin accumulation (X%b) in the herb of S. officinalis during
the study period (2018-2020) by phenological phases
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Fig. 2. Dynamics of tannin accumulation (X%b) in the rhizomes and roots of S. officinalis during
the study period (2018-2020) by phenological phases

A decrease in tannin content in the herb of S. officinalis occurs during the fruiting period,
reaching 4.049-7.998% (Fig. 1), which is associated with the plant’s preparation for deep
physiological dormancy at the end of the vegetation period. During this time, all physiological
processes slow down, and the intensity of photosynthesis decreases, resulting in reduced tannin
synthesis, as these compounds are then used exclusively for maintenance functions [25].

For rhizomes and roots, two peaks of tannin accumulation can be distinguished: during the
fully expanded leaf phase (FLP) and during the flowering phase (FP). In the first case, tannin
content ranged from 19.194 to 24.698%, and in the second from 21.31 to 26.595% (Table 2,
Fig. 2). During the period of active plant growth, the amount of tannins in the underground organs
decreases, as at this stage they are required for the formation of vegetative plant organs, after which
the second accumulation maximum occurs during flowering. Subsequently, during the fruiting
phase, a gradual decrease in tannin content up to 15.396-24.742% was observed. During this
period, tannin content in rhizomes and roots decreased on average by 1.3 times, and in the herb by
1.2 times. This pattern of tannin accumulation is also characteristic of other higher plants [1; 11].

Thus, the study demonstrated that regardless of habitat conditions, S. officinalis showed a
similar pattern of tannin accumulation during the years of observation (Figs. 1, 2), both in the herb
and in rhizomes with roots, depending on the vegetation phase. This confirms previously published
data on the variability in the content of this group of natural compounds [1; 9; 11; 13; 25].

Many researchers have noted that the determining factors for the synthesis of polyphenolic
compounds in plants are illumination under conditions of optimal moisture availability [9; 13; 25].
The maximum tannin content in the rhizomes and roots of S. officinalis under conditions of
sufficient moisture and illumination only confirms this observation. Conversely, in drier habitats
the quantitative content of tannins decreases, which is explained by the fact that under water deficit
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phenolic compounds are utilized to perform protective functions (Figs. 1, 2) [8; 25]. Our study
established that under the conditions of Kemerovo Region (Kuzbass), the levels of moisture
availability and illumination during the study years (2018-2020) were among the key factors
determining the synthesis and accumulation of tannins in all organs of S. officinalis (Table 2,
Figs. 1, 2). Thus, in the studied cenopopulations, the highest tannin content in both above-ground
and underground organs was recorded in CP | and CP Il compared with CP Il (Table 2, Figs. 1,
2). Considering that illumination at both sites is relatively high (from 90,704.0 to 73,343.3 lux),
we assume that the limiting factor affecting tannin accumulation in S. officinalis growing at these
sites is primarily the level of moisture availability [9; 11; 13; 17], since moisture deficiency
negatively affects all metabolic processes occurring in the plant organism [11].

Considering the influence of illumination on tannin accumulation in S. officinalis, it can be
noted that plants collected from shaded habitats — the understory of the birch forest (CP I11) —
contained lower amounts of tannins than plants growing in areas with sufficient solar insolation
(CP I, CP II) (Figs. 1, 2).

Correlation analysis showed that tannin content in the herb, rhizomes, and roots of
S. officinalis correlated with soil moisture (r = 0.71, r = 0.67, p < 0.05) and habitat shading
(r=0.68,r=0.39, p<0.05).

When studying the influence of soil conditions on tannin accumulation in S. officinalis, a
relationship was established between tannin content and the levels of humus, phosphorus, and
potassium in the soil. Based on the data of Prosyannikova O.l. (2007) and the agrochemical
characteristics of soils at the study sites, these soils correspond to those of the forest-steppe zone
of the Kuznetsk Basin (district B) [15]. The highest tannin content was observed in samples
collected from the floodplain grass-herbaceous meadow (CP ) and the dryland herbaceous
meadow (CP 1), while the lowest tannin content was recorded in the understory of the birch forest
(CP 111).

The closest relationship between tannin accumulation in S. officinalis and soil parameters
was established for the content of available potassium compounds (K20), both in the herb
(r = 0.65) and in the underground organs (r = 0.73), as well as available phosphorus compounds
(P20s5) (r=0.59 and r = 0.73, respectively). A moderate correlation was observed between tannin
content and soil humus levels in both the above-ground (r = 0.49) and underground (r = 0.50) plant
organs.

Assessment of the influence of temperature and precipitation on tannin content during the
vegetation period (May-September) in the study years (2018-2020) was carried out by using the
extremality hydrothermal coefficient (EC) [8]. For this purpose, averaged data on tannin content
in the herb, rhizomes, and roots during the studied periods were obtained (Fig. 3).
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Fig. 3. Dependence of tannin content (TC) in S. officinalis on the extremality hydrothermal
coefficient (EC) during the study years (2018-2020)

The EC values during the study years ranged within close limits from 0.22 to 0.26. As noted
by I.D. Zykova (2015), this indicator makes it possible to assess the extremality of weather
conditions during the study period. The highest EC value was obtained for 2019 (0.26). It was that
year that was characterized by the lowest tannin content in S. officinalis, both in the herb and in
the rhizomes with roots (Fig. 3).

During the study period, a rather strong negative correlation was revealed between tannin
content in the herb and EC (r = - 0.79), as well as a moderate negative correlation for rhizomes
and roots (r = - 0.39). This confirms the undeniable influence of these environmental factors
(temperature and precipitation) on the quantitative tannin content in the great burnet during the
vegetation periods of the study years.

Conclusion

The study results demonstrated that the accumulation of tannins in Sanguisorba officinalis
L. (Rosaceae) within the territory of Kemerovo Region — Kuzbass is influenced by the following
factors: sufficiently moist soils rich in humus and nutrients (high phosphorus and potassium
content), high illumination of the habitats, and warm humid weather during the vegetation period.
The maximum tannin content in the above-ground and underground organs of the great burnet
occurs at the middle of the mass flowering phase.

Identifying the patterns of tannin accumulation in plants is of great practical importance for
the proper organization of medicinal plant raw material harvesting and its comprehensive
utilization.

The work was carried out under the state assignments of the Federal Coal and Coal Chemistry Research
Centre, the Siberian Branch of the Russian Academy of Sciences, Project No. 124041100075-7,
and the state assignment of Kemerovo State Medical University, Project No. 056-00034-25-02.
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BO3JIEJBIBAEMBbIX B IIPEJIYPAJIBE

ECOLOGICAL-GENETIC ANALYSIS OF SECALE CEREALE L.

CULTIVARS GROWN IN CIS-URALS

AnHotamusi. B pabore mpemcraBieH  JKOJOTO-
TeHETUYECKUN aHAJIN3 3apaXKEHHOCTH COPTOB O3UMOM PIKU
(Secale cereale L.), Bo3menbiBaeMBIX B  YCIOBHAX
IIpenypanbs, BUpycaMu KEITOW KapIMKOBOCTH SUMEHS
(BYDV) m monocaroii mMo3zamkm mmreHABI (WSMV).
AKTyaJIbHOCTb WCCIIEZIOBAHUS o0ycioBieHa
BO3PACTAIOLICH POJIBIO BUPYCHBIX MH(EKIINI B CHUIKEHUH
NPONYKTUBHOCTH  3€PHOBBIX  KYJNbTYp, a  TaKxke
HEOOXOIUMOCTBIO BBISIBICHHS YCTOWYMBBIX I'€HOTHIIOB B
YCIIOBUAX U3MCHAIOIICTOCA KJImMarTta Ipu
OJTHOBPEMEHHOM YCHJICHUH (DPUTOCAHMTApHOU HArpy3KH
Ha arpoueHo3bl. Llens paboThl — n3yueHue 3apaKeHHOCTH
BHUpYCaMH J>KeNToN KapiukoBocTd suMeHs (BYDV) u
nosiocatoil Mmozavku nueHuns! (WSMV) moceBoB o3uMoit
pxu B llpenypanve. s OOCTHXKEHHSA MNOCTaBICHHOU
[ENM UCIOJIb30BaH METOJ] OOpaTHON TPaHCKPHILIUK C
MOCHEAYIOWEN TOJIUMEPA3HOM ILIEMHOM peakuuen B
pearbiom  Bpemenu  (OT-IILIP-PB).  Oo0wextamu
UCCIECAOBAHUS CIYXWIH &8 COPTOB OTEUYECTBEHHOM
CEeJIEKLIMH, BhIpaluBaeMble Ha Tepputopun Ilpenypanbs.
YcTaHOBIEHO, 4TO  BHPYC BYDV  saBnsercs

JOMUHHMPYIOIIMM  [AaTOr€HOM W BBIBIAETCS Y
OOJIBIIMHCTBA UCCIIEIOBAHHBIX COPTOB, TOr1a Kak WSMV
XapakTepusyercss Oojiee HU3KOH  BCTPEUaeMOCTBHIO.

BrisiBneHbl 3HaUUTENBHBIE PA3IUYUS MEXAY COPTAMU 10
CTEIEHU 3apa>KEHHOCTHU, YTO KOCBEHHO CBUIETENIbCTBYET
O  TEeHeTHYeCKH  OOYCJIOBJIEHHONW  YCTOWYMBOCTH.
OtnenbHBIE COpTa NPOAEMOHCTPUPOBAIN HOHUKEHHYIO
BOCIIPUMMYHBOCTD, YTO [IO3BOJISIET PACCMATPUBATh UX KAK
MEePCIEKTUBHBIN UCXOJHBIA Martepual JJisl JajdbHeuen
cenekiuu. HaydyHass HOBU3HA pPa0OTHI 3aKJIHOYACTCA B
MOJIYYEHUH HOBBIX [JAHHBIX O PAaCHpPOCTPAHEHHOCTHU
BUPYCHBIX HH(pEKIUi pku B ycioBusx [lpemypanbs c
WCIIOJIb30BAHUEM  BBICOKOUYBCTBUTEIBHBIX  METOJIOB
IuarHocTuku. lIpakTudeckass 3HAUUMOCTh PE3YNIBTATOB
UCCIIEA0BAHUM 3aKJIFOYAETCS B BO3MOXHOCTH
HCTIOJb30BaHUA pe3yJbTaToB npu pa3paboTke
MEPONPHUATUH 10 (PUTOCAHUTAPHOMY MOHUTOPHHTY U
nonoopy YCTOWYUBBIX COPTOB. ITepcnexkTuBbl
JIATbHEUIINX HKCCIIEIOBAHUM CBSI3aHBI C PaCUIMPEHUEM
CIIEKTpa aHAIM3UPYEMBIX [aTOT€HOB M HW3YYEHUEM
MOJIEKYJIIPHBIX MEXaHU3MOB YCTOMUYMBOCTU PACTCHUM.

KawueBbie ciaoBa: osmmas poxkb, Secale cereale L.,
BHUpYyCHBIE OoJie3Hn pacteruit, BYDV, WSMV, IIIP B

Abstract. Ecological and genetic analysis of
winter rye (Secale cereale L.) cultivars
cultivated in the Cis-Ural region for infection
with barley yellow dwarf virus (BYDV) and
wheat streak mosaic virus (WSMV) is
presented in this study. The relevance of this
research stems from the growing impact of viral
infections on grain crop productivity and the
need to identify resistant genotypes in the
context of climate change and increasing
phytosanitary pressure on agrocenoses. The
aim of this work was to assess the prevalence of
Barley yellow dwarf virus (BYDV) and Wheat
streak mosaic virus (WSMV) in winter rye
crops in the Cis-Urals region. To achieve this,
we used reverse transcription followed by real-
time polymerase chain reaction (RT-PCR). The
objects of study comprised eight domestically
bred cultivars grown in the Cis-Ural region. It
was established that BYDV is the dominant
pathogen, detected in the majority of the
studied cultivars, whereas WSMV exhibits a
lower incidence rate. Significant inter-cultivar
differences in infection rates were revealed,
indirectly indicating genetically determined
resistance. Certain cultivars demonstrated
reduced susceptibility, positioning them as
promising source material for further breeding.
The scientific novelty of the work lies in
obtaining new data on the prevalence of viral
infections in rye within the Cis-Ural region
using highly sensitive diagnostic methods.
Practical significance of the research is
attributed to the potential application of the
results in developing phytosanitary monitoring
strategies and selecting resistant cultivars.
Future research prospects involve expanding
the range of analyzed pathogens and
investigating the molecular mechanisms of
plant resistance.

Keywords: winter rye, Secale cereale L., plant
viral diseases, BYDV, WSMV, real-time PCR,
cultivar resistance, phytosanitary monitoring
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BBenenue.

B nocneanue gecaTuneTys B arpo3KocUCTEMaxX OTMEYAETCs YCUIICHUE POJIU OMOTHYECKUX
CTPECCOBBIX (DAaKTOPOB, CPEAM KOTOPBIX 0OCO00€ 3HAYCHHE NPUOOPETAIOT (PHUTOMATOTCHHBIE
BHUpYyCHL. X pacnpocTpaHeHue CBA3aHO C HHTEHCU(UKAIIUEH CEIbCKOT0 X0351UCTBA, U3MEHEHUEM
KJIUMAaTHYECKUX YCJIOBUM M PACHIMPEHUEM apeajoB HACEKOMBIX-TIEPEHOCUMKOB BHPYCOB, YTO
MPUBOJIUT K YBENTUYCHHUIO PUTOCAHUTAPHON HArpy3KH Ha MOCEBBI 36PHOBBIX KYIbTYD.

Osumast poxb (Secale cereale L.) sBisieTcst oiHOM 13 HanOO0JIEE SKOJIOTHYCCKH TUIACTHYHBIX
3€PHOBBIX KYJBTYp, CIIOCOOHOM (POPMHPOBATH CTAOMIIBHBIE YPOXKAW B YCJIOBHUSAX IMOHIKEHHOTO
IJI0JJOPOIMS TIOYB, HEOIArONPUATHBIX TEMIIEPATYPHBIX PEKUMOB U HEYCTOMYUBOTO YBIKHEHUS.
Bricokuil ypoBeHb aaTUBHOCTH DKM BO MHOTOM OOYCIIOBJIEH MEPEKPECTHBIM OIbUICHHEM,
00eCTIeYNBAIOIIMM 3HAYUTEIBHOE T€HETUYECKOe Pa3HOOOpa3ue W, Kak CIEICTBHE, MOTEHIHAI
YCTOMYMBOCTH K CTPECCOBBIM (hakTopam paznmuuHoil mpupoxasl [4; 7, 10; 12]. Kymnerypa
OTJIMYAETCS MCKIFOUYUTEIBHON 3MMOCTOMKOCTBIO: B IIEPHOJ NMEPE3UMOBKH OHA IMPOTUBOCTOUT
KOMIUIEKCY ~HEOJaronpusTHbIX (aKTOPOB — BBIMEP3aHUIO, BBIIPEBAHUIO, BBIMOKAHMIO,
o0Opa30BaHMIO JIEASHBIX KOPOK. BecHOH pob 3P (HEeKTUBHO HCIIONB3YyET 3anachl TAJIbIX BOJ, YTO
naéT eil TOTOTHUTETFHOE MPEUMYIIIECTBO B PETHOHAX C HEYCTOHYMBBIM yBIaxkHeHueM [ 10]. Poxb
Croco0Ha HCHOJb30BATh AarpoOKJIMMATHYECKUH TMOTEHIMANT pPa3InYHbIX PETHOHOB CTPaHbI.
Briarozmapst 5TUM mpeuMyIecTBaM poKb OTHOCUTCS K CTpaTeruueckuM KynpTypam Poccuu [12].

B coBpemeHHOM MUPOBOM ITPOU3BO/ICTBE 3€PHA POXKb UTPAET MEHBIIIYIO POJIb, YEM MILIEHUIIA
WU STYMEHB, OoJIHaKo B Poccuiickoit denepaniuu oHa OCTA€TCS OJHOM M3 BAXKHEUIINUX XJIEOHBIX
KYJIBTYp, 0COOEHHO B PETHOHAX CO CJIOKHBIMHU ITPUPOTHO-KIUMATUYECKUMHU yciioBusimu [4; 6; 10;
17]. IToMumoO BBICOKOI aJalTUBHOCTHU, POKb MPEJCTABIISET HHTEPEC U C TOUKU 3PEHUS MUIIEBOM
LIEHHOCTU. B €€ 3epHe copepKUTCS MIMPOKUIN CIIEKTP MUTATEIbHBIX U OMOJIOIMYECKH aKTUBHBIX
BelIeCcTB: O€JKH, YIJIEBOJbl, MUIIEBbIE BOJIOKHA, MaKpolyieMeHThl (docdop, Kanuii, HaTpui,
MAarHuH, KaJIbIUH ), MUKPOAJIEMEHTHI (3KEJI€30), BATAMUHBI, HCHACBIIIICHHBIC JKUPHBIC KUCIIOTHI [4].

W3BecTHO, YTO yposkail O3UMON P)KM M €ro KaueCTBO 3aBUCAT OT JCHCTBUSA (PakTOPOB

BHEIITHEH Cp€abl 1 MPEOAOJIETh UX HETAaTUBHOC BIIMAHUEC MOXKHO 3a CUYCT CO3/JaHUA SKOJIOTHYCCKU
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YCTOMYMBBIX COPTOB. BakHO yuuTBIBaTh XapakTep aJalTHBHBIX PEAKLM COPTOB B pa3iIMYHBIX
9KOJIOTHYECKUX ycioBusx [9; 13].

HecmoTps Ha BBICOKYIO YCTOWYHBOCTD KYJIbTYPhI K a0HOTUYECKUM (PakTOopam, OMOTHYECKHE
(akTOpBI MPEACTABIAIOT CEPHE3HYIO YIpo3y AJIS pealin3alui €€ MPOIyKIMOHHOTO MOTEHIHAIA.
[ToceBBbl 03UMOH pKH MOPaXKAIOTCS OOJIE3HAMHU MPAKTHUYECKH B TEUEHUE BCETO BETETAIIMOHHOTO
nepuoga. CUMITOMBI UHPUIIMPOBAHHOCTH BUPYCAMH YacTO CXOXKHM C TaKUMH a0HMOTHYECKUMH
dakTopaMu, Kak 3acyxa, XOJOJ, NEpeyBIaKHEHUE, HEJIOCTATOK MHUTATEIbHBIX BEIIECTB U .
Bupycsl u BbI3bIBacMble UM O0JIE3HU pacIpOCTPAHSIIOTCS IIUPE U3-3a TOTO, YTO UJET AKTUBHBIN
OOMEH CeMEHHbIM (OHJOM M HMHTEHCHU(HKAIMA BBIPAIIUBAHHUS 3E€PHOBBIX. B CBs3uM ¢ uem
HEOOXOJUM IMOCTOSIHHBIII MOHUTOPUHT BHPYCOB COBPEMEHHBIMU MOJEKYISIPHO-T€HETHYECKUMU
MeToaaMu auarnoctukm [11; 15; 21].

PUTONATOT€HHBIE BUPYCHI SBJISAIOTCS CEPHE3HOM YIPO30H Ul CEIBCKOIO X035ICTBA, B TOM
yKcae Ui KyJIbTyphl piku moceBHo# (Secale cereale L.). BupycHbie 3a0osieBaHusI, TaKHe Kak
Kenras xkapaukoBocts sumens (BYDV — Barley yellow dwarf) u [Tonocaras Mmo3anka miieHHIIbI
(WSMV — Wheat streak mosaic virus), crmocoOHbl HAHECTH 3HAYUTEIBHBIA YIICPO YpOXKaI0
3IIaKOBBIX KynbTyp [15; 21]. B cBs3u ¢ 3TUM, HCCIEAOBAaHUE 3apPAKEHHOCTH YKAa3aHHBIMHU
BHpPYCaMH COPTOB PKH ABJISIETCS aKTyaJIbHOW 3a4a4eH.

Bupyc WSMV moxet ecrecTBeHHbIM 00pa3oM HHQPHUIMPOBATH MHOTHE BHJIbI PACTCHHIA
cemeiicTBa 31akoBbIX. Ha 3epHOBBIX KynbTypax BUpyc WSMV 0OOBIYHO BBI3BIBAET CUMITOMBI
[10JIOCATON MO3aMKH, HO TAaK)K€ MOKET BbI3bIBaTh HEKPO3 MOOETOB U 00Illee 3aMeUIEHHE pocTa
pactenuil. B HekoTophix ciayyasx cumnToMbl WSMV MOXHO cnyTaTh ¢ CUMOTOMaMHu JIPYTHX
BUpYCcOB 31akoB [15; 18]. Bupycs! xenroii kapnukoBocTtH (YDV) nepenarotcs TasSIMU U IIUPOKO
pacnpoCTpaHEHBI B PETMOHAX, /1€ BO3ACIBIBAIOTCS 36PHOBBIE KYJIBTYPBI, BHI3bIBAsl 3HAUUTEIbHBIC
NOTEpH ypoxas U yXyAlleHne kauecta 3epHa. Mudpexunus BYDV nHapymaet gpynkuuio ¢gprosmsl,
IPUBOJSA K YMEHBIIEHUIO KYIIEHMsI, XJIOpO3y JIMCThEB, 3AMEUICHUIO POCTa M MOTEPSAM ypoxKast
[16]. BYDV HanocHT HauOOMbIIMI Bpe/ B YCIOBHIX HMPOXJIATHOTO KIIMMaTa, a BPSIOHOCHOCTD
WSMV nposiBisiercss akTUBHEE B IOXKHBIX pernoHax [8]. Ypoxkail 3epHOBBIX KylbTyp IpH
uHpunuposannu BYDV cumxaercs Ha 60%, a npu unpumpoanuu WSMV chHnxaercs Ha 18—
65% [3].

CHOXHOCTh JMAarHOCTMKM BHUPYCHBIX 3a0o0jieBaHMI OOYCIIOBIE€HAa CXOACTBOM HX
CUMITOMATUKU C TMPOSIBICHUAMU aOMOTHYECKUX CTPECCOB, a TAK)K€ M3BECTHO, YTO HECKOJIBKO
BHUPYCOB MOT'YT HH(PHUIIMPOBATH XO35IMHA U U3MEHSATh IPOSBIIEHUE CUMIITOMOB, BCE TO 3aTPyIHSAET
CBOEBPEMEHHOE BBIABICHHE HWHGeKIMu npu Bu3yanbHoi ouenke [10; 20]. B cBsmu ¢
BBIILICIIEPEUNCIIEHHBIM TIPUMEHEHHE MOJIEKYJIIPHO-TEHETUYECKUX METOAO0B, B yacTHocTtu OT-
[IIIP B peasmpbHOM BpeMEHH, SIBIACTCS HanOosiee HAACKHBIM HWHCTPYMEHTOM IS TOYHOMU
UACHTU(DUKAIINY TaTOTE€HOB.

B nacrosmee Bpemsi ocTaércsi HEJOCTaTOUHO M3YYEHHBIM YPOBEHBb PACIPOCTPAHEHHOCTH
BUPYCHBIX HH(EKIUI B moceBax O3UMOM pxku B ycnoBusx [Ipenypanbs, a Takxke CTENeHb

YCTOI\/'I'-H/IBOCTI/I COBpPEMCHHBLIX COPTOB OTECUYCCTBCHHOM CCJICKIMM K JaHHBIM IIaTOI'CHAaM.
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OTcyTcTBUE MOAOOHBIX JaHHBIX OTPAaHUYMBAET BO3MOKHOCTH HAy4HO 0OOCHOBAaHHOIO Mojdopa
COpPTOB U pa3paboTku 3PGEKTUBHBIX MEp (PUTOCAHUTAPHOTO KOHTPOJIS.

Ilenp paGoThl — M3yuyeHHE 3apaXKEHHOCTH BHUPYCAMHU JKEITOH KapjIMKOBOCTH SYMEHS
(BYDV) u nonocaroit mo3auku nienutibl (WSMV) noceBoB o3umoii pxu B [Ipeaypanbe.

Marepuan u MeTOAbI.

B 2023 u 2024 romax Ha Teppurtopuu Ilpemypaiibsi ObLTH NPOBEACHBI HCCICIOBAHUS
3apaKEHHOCTH ITOCEBOB 03uMor pku Bupycamun WSMV u BYDV. B wuccrnenoBanuu Obuin
MCIOJIb30BaHbl 8 copToB o3uMoOi pxku (Secale cereale) oreuectBenHoi cenmexuuu: Hwuka 3,
Bukpac, [1apom, UycoBas, JIuka, Putwm, [lamsatu Kynak6aeBa u I'paduns. MccnenoBannsie copra
BKJIFOYAJIM KaK JIONMYLIEHHbIE K MCIIOJIb30BaHUIO B Boiro-BstckoMm pernone pomycka (ITapowm,
INTamsaru Kynax6aeBa, Jluka, [I'paduns), Tak UM HaxoJdIiuecs Ha ToOCYIapCTBEHHOM
coproucnbiTanuu (Huxka 3, Bukpac, UycoBas, Putm). B mMecTtax BblpamiuBaHusi COPTOB IOYBa
nepHOBO-TIo130KcTast [21]. BOMM3M 1MOCEBOB HAXOAATCS MOTECHIMAIBHBIE MECTa pe3epBaIlUH
BUPYCHOM MH(EKIUU.

OneHka HalM4Msg NATOr€HOB B oOpasuax O3UMOM pxku mpoBeneHa metogoMm IIIP B
peanbHOM BpeMeHH. Marepuanom ans Beiaeneans PHK nocnyxunm dparmentsr noadaaroBsix
JUCTBEB, COOpaHHBIE BO BpEMsl T€HEPATHBHOTO IEpHOAA. BhigeneHne HYKIEHHOBBIX KHCIIOT
npou3BoAWIOCh, U3 20 Mr  pPacTUTENBHOIO MaTepuana B CTEPUWIbHBIX YCJIOBUSX IO
moaudurmpoBannomy CTAB meroxy [19], ¢ ucnonb3oBanuem B kauecTBe copbenta PVPP
(polyvinylpolypyrrolidone) [5]. Bcero 6but0 cobpano u npoananuzupoBano 80 oopasios (mo 10
obpasnoB kaxmoro copra) S. cereale KoHIEHTpanui W KayeCTBO HYKJICHHOBBIX KHCJIOT
onpenensuii Ha criekTpodoromerpe NanoDrop2000.

Metonom obpatHoi TpaHnckpunuuu BelneneHHyto PHK mepesenu B k/IHK B mporecce
oJinMepa3Hoi 1enHoil peakuuu B peanbHoM Bpemenu (OT-ITLP-PB). Pabots! ocymiecTBisuinch
Ha Tepmornukiepe CFX96 (Bio-Rad, USA) ¢ ucnonbs3zoBanuemM peakTuBoB mpoussojictea OO0
«HII® Cunron». Habopbl peakTHBOB COCTOSIM H3: PEaKIMOHHOW CMECH; MOJOKUTEIHHOIO
KoHTpoJbHOro obpasua (IIKO), conepxamero ¢pparmentsl K IHK uccnenyemoro Bupyca; JJHK-
noJinMepassl U 00paTHOM TpaHckpunTasbl (syntaq+RT); oTpuniaTesibHOro KOHTPOJIBLHOTO 00OpasLa
(OKO). Kaxnplif U3 HCHONb30BaHHBIX HAOOpPOB peareHTOB crelu(HuueH i OOHapyKeHUs
¢parmenToB Bupycos (JKentoit kapaukoBocTu sstumeHs 1 [TonocaToit Mmo3zanku nuenunsl). Kanan
¢dayopecueniuun FAM (cunuii) kauectBeHHO onpenenser Hannuue B mpoode PHK Bupyca. Bropoit
kanan ¢ayopecueniuu HEX (3ereHblit) SIBISETCS BHYTPEHHUM MOJIOKUTEIHHOTO KOHTposieM [1].
Kaxnas npo0a Obl1a mpoaHalu3upoBaHa HHIUBHUTYaJIbHO.

[II[P-PB mpoBeneHa mpu ycClOBHAX, IPEAYCMOTPEHHBIX B MHCTPYKLUU IPOU3BOAUTEIS
000 «HII® Cunton». Marepnperanus pesynsbraroB OT-IIIP-PB nposenena B nporpamme Bio-
Rad CFX Manager cornacHo nunctpykuuu komnanuu OOO «HII®D Cunromn».

PesyabTaTsl H 00cyKIeHHE.

B xoze nccrnenoBanus OblI0 MPOAHATU3UPOBAHO 8 COPTOB O3UMOM PiKH, BO3/IEIBIBAEMBIX B

[Ipenypanbe. VYcraHOBiIE€HO, UTO J0Ji1 00pa3loB, WHOUIUPOBAHHBIX BUPYCOM KENTON
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kapaukoBoctu stumens (BYDV), cocraBuna 43,8%, Torna kak ypoBeHb 3apa)KEHHOCTH BUPYCOM
nosiocaroit Mo3zavku mieHuisl (WSMV) ve npesbiman 11,3% (tabn.). Ilpu atom Habmonaercs
3HAYUTelIbHAs BapuabesbHOCTh 3HaueHuil moporoBoro mukia (Ct), oTpaxaromas pa3inyHYIO
CTEIIEHb BUPYCHOM HArpy3KH y UCCIEIOBAaHHbBIX PACTEHUN.

AHanu3  3apaXeHHOCTH [0 COpTaM  IMOKa3aJl 3HAYMTEIbHYI0  BapuaberIbHOCTD
BOCIIPUMMYHUBOCTU CcOpTOB K BuUpycy BYDV. VcraHnoBieHo, 4To MakcumaiabHas 075
MH(UIUPOBAHHBIX pacTeHUil oTMedeHa y copta Putm (90%), a Takxke y coptoB I'paduns (80%)
u Jluka (70%), 4TO CBUIETENBCTBYET O MX BBICOKOM BOCIPMMMYMBOCTH K JAHHOMY MAaTOIEHY.
Cpennuii ypoBeHb 3apake€HHOCTH XapaktepeH s coptoB [Tapom (60%), Huka 3 u Yycosas (1o
50%). B 1o xe Bpems y coptoB Bukpac u [Tamaru KynakbaeBa Bupyc He oobnapyxkes (0%), uto
MO3BOJIIET PACCMaTPUBATh UX KaK MOTEHIIMAIBHO YCTONYHBBIE (POPMBI.

Haunbonee nmskume 3nauenus Ct (menee 15 mukioB), 3aQUKCHpPOBAHHBIE Y OTACIHHBIX
o0pasnoB coproB Huka 3 u UycoBas, CBHAETEIBCTBYIOT O BBHICOKOW KOHIIEHTPALlMU BHpYca U
WHTECHCHUBHOM DPa3BUTUU HH(EKIIMOHHOTO MpoIlecca, a TaKKe MOKET KOCBEHHO YKas3bIBaTh Ha
MOBBILICHHYIO BOCIIPUUMYHUBOCTH COpTOB. B TO ke Bpemsa y psma coptoB (Bukpac, Ilamstu
Kynak0aeBa) Bupyc He 0OHapy>KeH, UTO MOYKET YKa3bIBaTh HA MX OTHOCUTEIHHYIO YCTOMYUBOCTh
WINA OTCYTCTBHE KOHTAKTa C UICTOYHUKOM HH(pekunu. Hanbonee BICOKast BCTpeuaeMOCTh BHpYCa
ormeueHa y coptoB Ilapom, Jluka u Purm, rae ¢pukcupoBanuck 3Hauenus Ct B auamnazone 30—
35 HMKJIOB, YTO CBUAETEIHCTBYET O HATMYUU BUPYCa B YMEPEHHON KOHIICHTPAIUH.

3apaxxeHHOCTh BUpycoM WSMYV Hocuia 3HauuTenbHO 00siee OrpaHUYeHHbIN XapaKkTep U He
npesbimana 20%. Hanbosee yacTo JaHHbBIN BUpYC BBIBIsUICS y copToB [lapom, ['paduns u Jluka
(mo 20%), Torma kak y OOJBIIMHCTBA COPTOB OH HE ObUT OOHApYKEH. OTO MOXKET
CBUJICTENLCTBOBAaTh O MEHBIIEH pPaclIpOCTPAaHEHHOCTH JAHHOTO MAaTOT€HAa B HCCIEIYEMBIX
arporieHozax. Bupyc WSMYV BrIsiBiIeH npeumymniecTBeHHO npu 3HaveHusix Ct Berme 28-30
IIUKJIOB, YTO YKa3bIBAET HAa HMU3KYI0 BHPYCHYIO HAarpy3Ky H, BEpOSTHO, MEHEE aKTUBHOE €ro
pacrpocTpaHeHHE B arpoleHO3e.

Tabnuua
3apaskeHHOCTH COPTOB 03UMOIi p:xu BUpycamu BYDV (Bupyc xeaToii KapaIuKoBOCTH SYMEHS)
u WSMYV (Bupyc nonocaroit MO3anKH NIIEHHIBI)
B ycjaoBusx [Ipexypanes ¢ ucnosn3oBannem meroga OT-ITIP-PB

Ne Copt BYDV, | WSMV, Ne Copr BYDV, | WSMV,
MK MK MK ITHKJT
1 - - 41 34,79 -
2 - - 42 - 28,92
3 - - 43 33,61 -
4 - - 44 - -
2 Bukpac 36170 . 22 I'paduns . 16.66
7 - - 47 - -
8 - - 48 34,53 -
9 - - 49 34,64 -
10 12,80 - 50 35,07 30,19
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11 12,28 - 51 - -
12 - - 52 - -
13 - - 53 - -
14 24,45 - 54 - -
15 Huxa 3 28,40 - 55 ITamsti - -
16 - - 56 Kynak6aeBa - -
17 30,13 - 57 - -
18 32,35 - 58 - -
19 - - 59 - -
20 - - 60 - 31,92
21 6,08 - 61 30,18 -
22 1,60 - 62 - -
23 2,38 - 63 33,44 32,60
24 30,90 - 64 - -
gg Yycosast : : gg JInka : :
27 - - 67 - -
28 - - 68 - 21,63
29 31,45 - 69 - -
30 - - 70 34,59 -
31 32,72 - 71 - 30,62
32 34,46 - 72 30,52 -
33 - 1,26 73 20,93 -
34 28,86 - 74 32,67 -
35 Mapow 31,36 - 75 —_ 33,61 -
36 27,71 - 76 34,53 -
37 31,77 3,22 77 34,79 -
38 - - 78 35,07 -
39 - - 79 13,79 -
40 - - 80 19,13 -

IMpumeuanue: BYDV — Barley yellow dwarf (Bupyc sxenroii kapiukoBoctr stumens), WSMV — Wheat
streak mosaic virus (Bupyc momocaToii MO3aMKH TIICHHWIB), UK — moporoBeid muki (Ct), No —
MOPSIIKOBBIN HOMEp 00pasia, - — OTCYTCTBHE HaToreHa

B pesynbrare MOIEKYyIApHO-TEHETUYECKOIO aHAIM3a YCTAHOBIIEHO, YTO 3apaKEHHOCTH
UCCIIEIOBaHHBIX COpPTOB O3uUMON pxku Bupycamu BYDV u WSMV HocuT HepaBHOMEpPHBIN
XapakTep M CYHIECTBEHHO BapbUpyeT B 3aBUCUMOCTH OT copTa. AHalU3 pacnpeaeieHus
MHOUIMPOBAHHBIX pAacTeHUM TMOKa3bIBaeT, uTro B YycinoBusax Ilpeaypanbs ¢dopmupyercs
YCTOMUYMBBIH ~ MHQPEKIHOHHBIH  (OH, OOYCIOBIEHHBIH  HAIMYMEM NEPEHOCUUKOB U
OJaroNpHUsATHBIMU  YCIOBUSIMU JUJISl LUPKYJISLUU BHUPYCOB. DBbISBIEHHbIE pa3nuuus B
3apaXEHHOCTH COPTOB OTPAXKaIOT MX T'€HETUYECKH OOYCIIOBICHHYIO YCTOMUHMBOCTh K BUPYCHBIM
uHpekusam. Copra ¢ HU3KOM YacTOTOM MHQUUIUPOBAHHS MOTYT paccMaTpUBAaTbCA Kak
NEPCIEKTUBHBIE JIUTsI BO3/IENBIBAHUS B YCIOBUAX MOBBIIIEHHOTO (PUTOCAHUTAPHOTO PHCKA.

[TonydyeHHble pe3yibTaThl YKa3bIBAlOT Ha BBIPAKEHHYIO COPTOBYIO  CHEIUPUKY
YCTOWYMBOCTH, YTO MOJATBEPKIAET 3HAUUTENIBHYIO POJIb COPTa B (POPMHUPOBAHUH YCTOHYMBOCTH K
BUPYCHBIM MH(EKIUAM U MOTUEPKUBACT HEOOXOJUMOCTh ydeTa JaHHOro (hakropa mpu noadope

COpPTOB JId BO3JCJIbIBAHUSA B YCJIIOBUAX IMOBBIIICHHOI'O Q)HTOCQ.HI/ITapHOFO pHUCKa. Pe3y.l'IBTaTLI
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TaKXKe COTJacyloTcsi C TeM (DaKTOM, YTO BHUPYC JKENTOH KapIUKOBOCTH SUMEHS HAHOCHT
HauOOJIBIINK Bpel B YCIOBUSIX MIPOXJIATHOTO KIUMATa.

ITo mabmoaeansm HUMCX Ceepo-Bocroka 1 daneHCKON CENEeKIIMOHHONW CTaHIIMKU Ha
Tepputopun HeuepHozemHol 30Hb1 Poccuu 13-3a 3aCOpEHHOCTH 371aKOBBIMU COPHSIKAMU IIOCEBOB
¥ O0OYMH MOJIEH, a TAK)KE M3-3a PACIPOCTPAHEHUS TJIEW YCHUIIMBAECTCS BUPYCHAs Harpyska Ha
MOCEBAaX 3EPHOBBIX KYJIbTYP, OCOOEHHO YacCTO MOABISAIOTCS OOJIE3HH C CHMITOMAaMH XKENTyX,
MOKpacHeHus, 3aKkykiauBaHus [2]. Ha uccnenoBanHO TeppuTOpUU OBUIM OTMEYEHBI 3J1aKOBbBIE
COPHSIKM 0 00OYMHAM IOJICH, YTO SIBIISICTCSI HEraTUBHBIM (akToOpoM sl purocaHuTapHON
o0cTaHOBKM mOceBOB. CoriacHo AaHHBIM (UTOCAHUTApPHOTO 0030pa Ha HCCIEIOBAaHHOM
tepputopuu B 2023 u 2024 rogax ObUT pe3KUid CKaYOK 3aCEJICHHOCTH 3JIaKOBBIMHU TJISIMHU, KOTOPBIC
SBJISIIOTCS TIepeHocYrKamMu BUpycoB (ocoberno BYDV) [3; 22; 23]. Bee 310 MOKET 0OBSACHSTH
IIPUCYTCTBHE BUPYCOB, a TaKXke OobIoe uncio 3apaxeHHbix BYDV pactenuii B moceBax 03uMoit
pxu. TakuM oOpa3om, AJis BbIpAlllMBaHMs B YCJIOBUSIX IOBBILIEHHOW BUPYCHOM Harpysku B
yenoBusix [lpenypanbs pekoMmeHayroTcs copTa o3umoil pxu Bukpac u [lamsartu KynakOaesa,
MIOCKOJIbKY OHH OKa3aJIMCh MEHEE BOCIPUUMYHBBI K BUPYCaM B IPOBEJECHHOM HCCIIEIOBAHUH.

3akiro4eHue.

[IpoBeneHHOE HCCIEAOBAHUE TO3BOJMIIO YCTAHOBUTH OCOOEHHOCTH PACIpPOCTPaHEHUS
BUPYCHBIX MH(]EKIMI B moceBax 03uMOil pxku B ycinoBusax I[Ipenypanbs. [lokazano, uto BUpYC
JKEJITOM KapJIMKOBOCTH SIUMEHS SIBIISIETCS AOMUHHUpPYIOIUM natoreHoM (43,8% 3apakeHHOCTH
UCCJIEIOBAaHHBIX MP0O0), TOrJa Kak BUPYC MO3aMKu MiueHunbl BcTpewaercs pexe (11,3%
3apaXEHHOCTH MCCJEAOBAHHBIX Mp00). BBIABIEHBI CYIIECTBEHHbIE pa3iWyusl B CTEIEHU
3apakKeHHOCTH MEX]Iy COPTaMH, YTO CBUJETEIILCTBYET O HAIMYMK T€HETUYECKH 00YCIOBICHHOM
YCTOMYMBOCTH. YCTaHOBJIEHO, 4TO oOTxenbHble copTra (Bukpac u Ilamsatu KynakGaesa)
XapaKTepU3YIOTCS TOHWKEHHOW BOCHPUUMYHUBOCTBIO K BHUPYCHOM MHQEKLIHUH U MOTYT OBITh
PEKOMEH/I0BaHbI JIsl UCTIOJIb30BaHMS B CEJIEKLIIMOHHBIX TPOTPAMMax U MPOU3BOJICTBE.

ITpumenenne Mmerona OT-IIIP-PB nonareepanno ero BBICOKYIO UYyBCTBUTEIBHOCTb U
UHPOPMATUBHOCT, NpPU JAMArHOCTHKE (PUTOMATOreHOB, YTO JesaeT ero 3¢ (eKTUBHBIM
UHCTPYMEHTOM  (PUTOCAHUTAPHOIO MOHHMTOpHMHra. llpakThueckas 3Ha4YMMOCTb PaOOTHI
3aKJIF0YAETCs B BOZMOYKHOCTU HCIOJIb30BAHUS MOJYYEHHBIX JaHHBIX MPU BHIOOPE YCTOMUMBBIX
COPTOB M pPa3paboTKe Mep IO CHWKEHMIO BUPYCHOM Harpy3ku B arpoueHosax IIpemypanbs.
[lepcrieKTHBBI JadbHEMIINX HUCCIIEOBAHUM CBS3aHBI C PACIIMPEHHEM CIHEKTpa H3y4aeMbIX
BHUPYCOB, aHAJIM30M B3aUMOJAEWCTBUSI TATOT€HOB M PAacTEHUIl, a TakKe HCIOJIb30BaHUEM

MOJIEKYJISIPHBIX MapKEpOB YCTOMUNBOCTH.

Paboma svinonnena npu noooepoicke Munoopuayxku P® ¢ pamxax I'ocydapcmeennozo 3a0anus
Iepmckozco ghedepanvrozo ucciedosamenbcko2o yeumpa Ypanockozo omoenenust Poccutickou akademuu
nayx (mema No 122032200247-7).
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AHATOMO-MOP®OJIOTHMYECKHUE U BUOXUMHNYECKHUE XAPAKTEPUCTUKU
OPXMAEH EPIPACTIS PALUSTRIS HA TEXHOTI'EHHBIX CYBCTPATAX

N.V. Chukina, M.A. Glazyrina, E.I. Filimonova, N.V. Lukina

ANATOMICAL, MORPHOLOGICAL, AND BIOCHEMICAL CHARACTERISTICS OF THE
ORCHID EPIPACTIS PALUSTRIS ON TECHNOGENIC SUBSTRATES

AuHoramus. Llenpo ucciaenoBaHust ObUIO HM3ydEHHE
aHaTOMO-MOP(OIOTHUECKHUX u OMOXMMHYECKUX
mokasareneii apemirka GosotHoro (Epipactis palustris

(L) Crantz, Orchidaceae), mnpowuspacraromero B
pacTUTENBHBIX  COOOIECTBaX, (OPMHUPYIOIIMXCS HA
3oimooTrBaiax ~ Hwxeerypuuckoitk um  Pedrunckoit

FOCYJApCTBEHHBIX PAMOHHBIX JJIEKTPOCTAHUMI U B
€CTECTBEHHOM PAaCTHTENBHOM cooOmiecTBe. AHATOMO-
Mopdorornyeckue mapaMmeTpbl JINCTHEB H3ydald Ha
MOTIEPEYHBIX Cpe3aX C HCHOJB30BAaHHUEM CHUCTEMBI
o0Opabotku  m3o0paxkenud  «SIAMS  Mesoplanty.
Copnepxxanue [IUT'MEHTOB, HU3KOMOJIEKYJISIPHBIX
AHTHOKCHUJAHTOB, a TaKXe YpPOBEHb IEPEKUCHOTO
OKHCJICHUA JIUIIN OB B JIUCTBhAX HnccJea0BajiIn
CTaHIAPTHBIMU CHEKTPOPOTOMETPHUUCCKHUMHU METOAAMH.
IMTokazano, yro y E. palustris B ycioBusx 30100TBaoB
MIPOMCXOAVIIO YMEHBIIIEHHE BBICOTHI T'€HEPATHBHBIX
Mo0eroB, IUIOMAAN JUCTOBOM IJIACTUHKH M KOJWYECTBa
IIBETKOB. Pacrenus, MIPOM3PACTAOIINE B
TpaHC(OPMHUPOBAHHBIX MECTOOOUTAHUSX, HAKATUTMBAIH B
JIUCThSIX MeEHbIIE a30Ta U (Qocdhopa, YTO CBI3aHO C
JNeUITITOM JJaHHBIX AJIEMEHTOB B 30JIbHBIX CyOcTparax. B
YCIOBHSIX  30JI00TBaOB y pactenmii E. palustris
MTPOUCXOIFIIO YBEIHYECHHE BHYTpEHHEH
ACCUMMJIUPYIOIIEH TOBEPXHOCTH JIUCTA, YTO SBISIETCS
aJaNTUBHON peakiuei (OTOCHHTETHYECKOTo anmnapara Ha
MOBBIIIICHHE  YPOBHS  OCBEIIEHUS W CHIDKEHHE
JIOCTYITHOCTH BOABI B cyOcTpate. B nmcThsIX pacTeHuti,
MPOM3PACTAONINX  HAa  30J00TBaJIaX, IMPOUCXOIMIIO
CHIDKEHUE KOHIIEHTpaIHH (hoTOoCHHTETHYECKIX
MMUTMEHTOB: XJIOpOo(HUIa @ U KapoTUHOMIOB. [Ipu 3TOM y
HU3YUYCHHBIX OpXI/IILeI‘/'I YBCIMYHNBAJICA CHUHTE3 B JIMCTBAX
HEPH3MMATHYECKUX  aHTHOKCHJIAHTOB:  aCKOPOMHOBOM
KHCJIOTBI, TMpoJiMHa W  (EHONBHBIX  COEAWHEHHH.
Pe3ynpTaTel KOMIUIEKCHOTO MCCIEAOBAHUS MTOKA3aIH, YTO

30JI00TBaJIBI MOTyT SIBIISITHCS BPEMEHHBIMHU
MECTOOOWTaHUSIMU il coxpaHeHus reHodonma E.
palustris.

Kiwuesbie caosa: Epipactis palustris, 3omoorsai,
[CHOMOMYJ/ISIIHH, MOP(HODU3HOIOTHUECKHAE TapaMeTpHl,
IIUTIMCHTBI, aHTUOKCHIAHTHI

Abstract. The aim of this study was to
investigate the anatomical, morphological, and
biochemical parameters of Epipactis palustris
(L.) Crantz growing in plant communities
formed on ash dumps of the Nizhneturinskaya
and Reftinskaya state power stations and in a
natural plant community. Anatomical and
morphological parameters of leaves were
studied using the SIAMS Mesoplant image
processing system. The content of pigments
and non-enzimatic antioxidants, as well as the
level of lipid peroxidation in leaves, were
analyzed using standard spectrophotometric
methods. It was shown that in E. palustris
growing on ash dumps, the height of
generative shoots, leaf area, and the number of
flowers decreased. Plants growing in
transformed  habitats accumulated less
nitrogen and phosphorus in leaves due to
deficiency of these elements in the ash
substrates. On ash dumps, E. palustris
exhibited an increase in the leaf internal
assimilating surface, which is photosynthetic
apparatus adaptive response to increased
insolation and reduced substrate water
availability. In the leaves of plants growing on
ash dumps, the content of chlorophyll a and
carotenoids was decreased. Under such
unfavorable conditions, the content of non-
enzymatic antioxidants (ascorbic acid, proline,
and soluble phenol) was increased in E.
palustris leaves. The results of this
comprehensive study indicate that disturbed
habitats (ash dumps) can serve as temporary
habitats for the conservation of the gene pool
of E. palustris.

Key words: Epipactis palustris, ash dump,
coenopopulations, morphophysiological
parameters, pigments, antioxidants
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Chukina N.V., Glazyrina M.A., Filimonova E.I., & Lukina N.V. (2026). Anatomical, Morphological, and
Biochemical Characteristics of the Orchid Epipactis Palustris on Technogenic Substrates. Bulletin of
Nizhnevartovsk State University, 2(74), 109-122. (in Russ.). https://doi.org/10.36906/2311-4444/26-2/10

Beenenne. B HacTosiee BpeMs Bce 0ojiee akTyaaIbHONU CTAaHOBHUTCS Mpo0seMa COXpaHeHUs
Ouonoruueckoro pasHooOpasus. V3MeHeHHs ecTeCTBEHHOM cCpelapl OOWTaHUsS NPHUBOIAT K
HCUYE3HOBCHHMIO MHOTHX BHJIOB, B TOM YHCIIe TIpeacTaBuTeleii cemericta Orchidaceae Juss. B o
K€ BpeMsl B IOCIEIHUE JECATHJIETHs HEKOTOpble BUIbl PEIAKUX OpXHUIeH OOHapyKeHbl B
AHTPOIOTCHHO HAPYIICHHBIX MECTOOOUTAHHSIX, B TOM YHCJIC Ha MPOMBIILICHHBIX oTBanax [3; 16].
Onnum u3 Takux BUIOB sBisiercst Epipactis palustris (L.) Crantz. Bua Baecen B KpacHble KHUTH
49 peruonoB Poccuu, B Tom uncie u B KpacHyto kHury CBepajoBcKoil oOnacTtu, rae emy
npucBoeHa |l kareropus — ysi3Bumsiii Bua [9; 10].

Hpemnuk 6omotueiii (Epipactis palustris (L.) Crantz), cemeiictBo Orchidaceae Juss. —
eBpa3uiickuil 6opeanbHbIii reoGUT, JTMHHOKOPHEBUIIHBIN TPAaBIHUCTHI MHOTOJIETHUK, BBICOTON
10 50 cm. By nBeteT B MroHe-uroiie. Pa3MHOXkaeTcs MPEMMYIECTBEHHO BETETATUBHO € IIOMOIIBIO
BETBJICHUSI KOPHEBHILA, CEMEHHOE BO300HOBIIEHHE BcTpeyaercss HeyacTo. OOBIYHO B cllabo
UHOUIHPYETCST MHUKOPU30M, HO Ha OEIHBIX MOYBAX U B 3aTEHEHHBIX MECTOOOMTAHMSX OIS
MHUKOpH3HOW nHpekuuu yBenunuusaercs [3; 5]. M3 Bcex BumoB poaa Epipactis Zinn on maubosee

JICKOPATHBEH, JIETKO MOJIACTCs KYJIbTUBUPOBAHHIO, OYCHB MIEPCIICKTHBEH U MHTPOAyKIuu [3].
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E. palustris umeer y3kyto skonorndeckyro Huiry. OH CBETONIOOMB, MOXET BCTPEUaThCs Ha
TEPPUTOPHUAX C HEOONbIIMM 3aTeHeHHeM. [10 OTHOLIEHUIO K Biare — rurpouT, BbIIEPKUBACT
MEepUONYECKOe 3aTOIJICHHE U HEIOCTaTOYHYI al’paiuio mouBel. He TpeOoBaTeneH K
COJICpKaHUIO TyMyca B MO4YBE M ee OoraTcTBy azoTom. E. palustris mpeamnounTaer rivMHUCTBIC U
TOP(SHUCTHIE TIOYBBI C HEUTPATBFHON M IIEIOYHOM peakuue cpeipl, ¢ OONBIINM COJepKAHUEM
Kanplus. B CBS3M ¢ 3THM uyalle BCEro BCTPEYAETCs HA HM3BECTKOBBIX HU3MHHBIX OCOKOBBIX
0ostoTax, a Takxke B 3a00J0YEHHBIX Jiecax ¢ HECHIbHBIM 3aTeHeHueM [3; 5]. E. palustris moxer
BCTPEYATHCS BO BTOPHYHBIX MECTOOOMTAHHUSAXK: KAHABAX C BHICOKOH BIIAYKHOCTBHIO, N3BECTHIKOBBIX
kapbepax [3]. Uucnennocts E. palustris cokpamaercss mpeMMyIiecTBEHHO H3-3a aHTPOIIOTCHHOTO
BO3JICHCTBUS, OCOOEGHHO B pE3yJbTaTe€ 3arps3HEHUS OKpYKallled cpeiabl M OCYyIIEHHS,
Topopa3zpaboTKu U BbINIACa CKOTA.

B Hacrosiiee Bpemsi HaKOIJIEHO JOCTAaTOYHOE KOJUYECTBO JAHHBIX 00 IKOJIOTMYECKUX
MIPUCIIOCOOTICHUAX OPXHUIHBIX U O POJIM MUKOPH3BI B aIaNTallil dTHX PACTEHUH K HEraTUBHBIM
daktopam cpeabl [3; 5]. OpHako wHCCIeIOBaHUN, MOCBSIICHHBIX H3YYEHHIO (HU3HOIOTO-
OMOXMMHYECKUX TapaMeTPOB OPXUAHBIX, OCOOEHHOCTEH HUX ME30CTPYKTYpHOTO ammnapara,
(YHKIMOHMPOBAHUIO AaHTHOKCUAAHTHON CHCTEMBI B CTPECCOBBIX YCIOBUAX Masio. DparmMeHTapHbI
JaHHble W O  (OTOCHUHTETUYECKOM  aKTHMBHOCTHM  OpXMJEH, NpOM3pacTalolliuX B
TpaHCPOPMUPOBAHHBIX MECTOOOUTAHUSX. B CBSI3U ¢ 3TUM, HU3ydeHHE aJalTUBHBIX 0COOCHHOCTEN
E. palustris siBisieTcst BayKHBIM 151 pa3pabOTKH Mep 110 €ro OXpaHe ¥ HHTPOIYKIIHH.

Leas wucciieoBaHUs — KOMIUICKCHAas OIICHKA aHATOMO-MOP(OJIOTUYECKUX |
OnoxmMmYeckux xapakrepuctuk E. palustris, mpouspacraromero B TeXHOreHHO HapyIICHHBIX
€CTECTBEHHbBIX MECTOOOUTAHMSIX.

O0BeKTHI M MeTOBI Hccae10BaHuA. VccnenoBanus npoBoanin B CBepIOBCKOM 061acTu
(Cpennuit Ypain) B utone-utosie 2021-2023 rr. Paiion uccnegoBaHuii pacroyioxkeH B Ta€KHOM 30HE
M0/130HE 10KHOM Tairu. KinMar paifoHa — yMepeHHO-KOHTUHEHTaIbHBIN, IPOAOKUTENbHAS (5—
6 MecsleB) XOJOAHAas 3UMa, OTHOCUTENbHO Temjoe Jero (3 wmecsua). CpenHeronoBble
TeMIIepaTyphl 3a ToAbl HabmoaeHui coctaBumn 1,9°C — 3,3°C; cpennue cymMmbl ocaakoB: 429,8
MM — 469.,2 MM.

W3ydensl Tpu neHonomymsiiuu E. palustris: mBe w3 HUX B pacTUTENbHBIX COOOIIECTBAX,
(dbopMHpyOLIMXCS HAa 30J00TBajax, OHA — B €CTECTBEHHOM PAaCTUTEIBHOM COOOIIECTBE.

[epBas nenonomymsus E. palustris (L{I11) u3ydena Ha 30m00TBasie HKHETYpHUHCKOM
rocygapctBeHHOM paiionHoi asnektpoctaniiuu (HTTPOC), pacnomoxkennom B 19 kM oOT
r. Hwkusas Typa Ha Mecte ObiBiiero Borysnbckoro 6oj0Ta ¥ 3aHMMAIOLIETO IJIOLIAAb OKOJIO
440 ra (58°41'47” N; 60°01'19” E). 3omootBan 3amuBaics mynbmnoid ¢ 1992 r. mo 2015 r.
MoceKMOHHO. Kakux-nu0o peKyIbTUBALMOHHBIX MEPONPHUITHH Ha HEM HE MPOBOAUIIOCE.
E. palustris BmepBbie Obul OOHapykeH B 2017 T. Ha y4acTKe XBOIIOBO-3€JICHOMOIIIHO-
MapuianuueBoro uBHsaka [14]. K 2022 r. Ha naHHOU TeppUTOpUN CHOPMHUPOBAJICS pa3peKeHHBIN
noxpoct Pinus sylvestris L., Betula pendula Roth u Betula pubescens Ehrh. BeicoToit 10 3-3,5 m.
[IpoexktuBHoe mnokpeitue (IIII) npeBecHoro spyca B cpeaHem coctasisuio 20%. 3a 5 ner B
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pactutenbHOM cooOmiecTBe npousonuio yBenumdenue [T kycrapaukoBoro sipyca (mo 45%) u
yBEJIMUEHUE BUIOBOrO pasHooOpasusa. B cocraBe TpaBsHo-KycTapHuukoBoro sipyca (ITIT 35%)
nomuuupoBanu Equisetum fluviatile L., E. palustris, Bcrpeuanucs Taxke rpymmbsl Hieracium
umbellatum L. Yucnennocts E. palustris coctapnsina 164 pacrenuii Ha 15 M2, MOHUTOPUHTOBBIE
HaOJIOCHUST TMOKAa3aJId, YTO MO Mepe BBICHIXaHUS 30JIBHOTO CyOcTpara W TpaHcpopmaruu
pacTUTEILHOIO IMOKPOBa IMPOMCXOAWIA MHUTpanus ueHonomymsiiuu E. palustris Ha Gonee
yBIIa)KHEHHBIE yyacTku 30s100TBasia HTTPOC [4].

Bropas unenononymsinus E. palustris (II12) u3ydyena Ha mOJMroHe aBapUiHBIX COPOCOB
30161 PedTuHCKO#M rocymapcTBeHHOU paiioHHOM aekrpoctannuu (PI'POC), pacmnonoxeHHOM
PAIIOM C pEeKyJIbTUBUPOBAHHBIM 30J10TBaioM Nel B 18 km oT 1. Acbecra (57°07'33” N; 61°44'04”
E). [Tonmuron BeiBecH U3 9KkcITyaTanuu B cepeante 1980-x romos. LII12 E. palustris o6Hapyxena
B UBHSIKE TPOCTHUKOBO-BEHHUKOBOM, ()OPMHPYIOLIEMCs Ha 30JbHOM cyOcTpate. J[peBecHbIi apyc
He BeIpakeH. KycrapHukoBslii spyc mpeacrasiex Salix cinerea L., Salix myrsinifolia Salisb., Salix
triandra L., Salix pentandra L., Salix phylicifolia L. (TIIT 55%). B TpaBsiHO-KyCTapHUYKOBOM
spyce npeobnagamu Calamagrostis epigejos (L.) Roth, Phragmites australis (Cav.) Trin. ex
Steud., E. palustris, Melilotus albus Medik. u ap., I[1IT Bapsuposaiio ot 50 10 95%. Yucnennoctsb
E. palustris cocrapmsma 602 pactenns Ha 15 M2,

KontposnsHas rienononyssius (I{ITK) E. palustris uzydena B ecTeCTBEHHOM pacTHTEIbHOM
co00IllecCTBE HA TEPPUTOPUH THUIAPOJOTMYECKOTO M 300JOTMYECKOr0 MaMATHUKA MPUPOIbI
«bonoro Barapsk» (56°22°38” N; 60°50°07” E) (CeicepTckuii MyHUIMTAIBHBIA OKpYT).
E. palustris nmpou3spacran B mpuOpexHOMH 30HE Ha 3a00J0YCHHOMN MPOTaMHE, PACIIOI0KESHHON Ha
MECTE BBIX0J1a U3BECTHSIKOBBIX KUJI. PACTUTENTFHOCTD MPOTANMHBI OTINYATIACh OT OKPYKAIOIIETO
JIECHOTO MaccHBa U ObLIa MPeJCTaBIeHa Pa3HOTPABHO-OCOKOBBIM UBHSIKOM. Ci1a00 BBIPaXKEHHBIH
npeBecHbIR sipyc cocrosut u3 P. sylvestris, Betula humilis Schrank, B. pubescens, B. pendula.
BricoTa npeBoctos nocturana 3—4 wm, [1I1 gpeBecHoro sipyca cocrapisuia 30%. B kycrapaukoBom
sipyce Berpevanuch S. myrsinifolia u S. pentandra. B tpaBsiHo-kycTrapHH4uKoBOM sipyce (ITIT 40—
85%) nomMuHMpOBanu ocoku. Uncnennocts E. palustris cocrapisiia 434 pacrenuit na 15 M2,

N3y4enue mopdosiornueckux napamerpon E. palustris mpoBouiu B mosieBbIX yCIOBHSAX. Y
TeHEPATUBHBIX MOOETOB U3MEPSIIM: BBICOTY (CM), JUIMHY COLBETHs (CM), MOACYMTHIBAIN YHUCIIO
I[BETKOB U JIUCThEB (IIT.), 00BOAMIM HA Oymary JIMCThsl CpeAMHHOMN popmarun. Pacuer miomanu
JUCTHEB MPOU3BOAUIN B mporpamme JMicroVision 1.2.7 B 1aO0paTOpHBIX YCIOBUSX.

B kxaxxiom MecTooOuTaHUM OTOMpaIN 00pa3iibl HOYBBI C MITYOHMHBI KOPHEOOUTAEMOTO CIIOS.
Onpenenenne pH u MuHepanu3anuu cyocTpaToB MPOBOAMIIM B BOJAHOM BBITSKKE (HaBecka 10 T,
o0wem pactBopa 25 wmi) konaykromerpom PCE-PHD 1 (Mcmanus). OO0muii opraHudecKuid
yraepon (C) ompenensiiu  metonom TropuHa; oOmennbii Ca m Mg —TUTpOoBaHUEM;
TUTPOCKOIMYECKYIO BIXKHOCTh — METOIOM BhICymuBanusi, ipu 105°C B cymmiabHOM 1ikady [1].

Jnis u3ydeHns: OMOXMMHUECKUX M aHATOMHUYECKUX TOKa3aTesleld BO BCEX MECTOOOUTAHHUAX
oroupanu nmo 3—5 nucteeB ¢ 5—10 reHepaTHBHBIX MMOOEroB (yCpeJHEHHAsh HaBecKa JIUCTHEB).

Onpenenenne coaepkanus oOmiero azora u ¢gocdopa B JUCTHAX MPOBOJIUIU TOCIE MOKPOTO
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o3oJieHU cyxoil HaBecku cMechio KucioT: HoSO4 mu HCIO4 (10:1). O6muit a30T ompenensiau ¢
peaktuBoM Heccrepa, pochop — no peakuuu monubraTa aMMOHUSL B KUCIION cpesie MIpH JJIMHE
BostHbl 400 HM 1 640 HM, cooTBeTCTBEHHO [18].

Jlnist u3ydeHus: MEe30CTPYKTYPHBIX XapaKTEPUCTUK BBICEUKH JINCThEB (PUKCHpOBaiu B 3,5%
pactBope riryrapoBoro anbaeruaa (PH 7,0). Ha monepeunsix cpe3ax JUCThEB, M3TOTOBJICHHBIX HA
3amopakuBaronieM Mukpotrome M3-2 (Poccust), ompenensuid: TONIIMHY JIUCTA, TOJIIUHY
Me30(huIUIa U SIUAEPMHUCA, a TaKKe pa3Mepbl XJIOPOIUIacToB. PazMepsl KieTok mMe30¢uiia, ux
KOJIMYECTBO B €IUHUIIE IJIOLIAAM JIMCTA ONPENENIN HAa KIETOUHBIX MallepaTaXx Ha CBETOBOM
mukpockone Meiji MT 4300L (SInonust) cornmacuo metoauke [7]. Ha ocHOBaHMM M3MEPEHHBIX
MoKa3aresjae Me30CTPYKTYPhl PACCUUTHIBAIM MHTErpajbHbIe MMapaMeTphl: UHACKC MOBEPXHOCTU
Hapykueix MemOpan kietok (MMK) um Hapyxubeix MemOpan xiopormiactoB (MMX) [7].
Wzmepenus npooaumu B 30-kpaTtHoit moBTopHOCTH B Mporpamme SIAMS MesoPlant (Poccus).

Conepxxanne mpoayKToB TnepekucHoro oxucieHus iununoB (I1IOJI), ackopObuHOBOIM
KHCIIOTHI, TPOJIMHA, a Takxke (eHONOB U (DJIABOHOMIOB B JIMCTHAX OpXHIEH OIpenessuiv
criektpodoromerpuueckun Ha mpudbope PD-303UV (Slnonus) cormacuo Mmeroauke [2]. TIOJI
paccuuThIBaIM IO KOJIMYECTBY MajloHOBOro auanpaeruga (MIA), u3Mepsis ONbITHBINA 3KCTPAKT
npu januHax BoiH 520 w 600 HM, CBOOOIHBIM TMPOJIMH ONPENCIIIM TI0 PEaKIUu C
allMIHUHTHAPUHOBBIM peakTuBoM npu 520 HM, ackopOMHOBYIO Kkucioty mnpu 240 HM.
Konnentpanuto o6mux ¢eHonbHbIX coeiuHeHud u  (rmaBoHounoB ompeaensiii B 70%
ATaHOJIBHOM DKCTPAKTE IOCJIE HACTAaWBAHUS HABECKU MEJIKO M3MEJIbUYECHHBIX JIUCTHEB B TEUCHUU
24 gacoB B TemHOTe. PeaktuB ®onmnaa-YokanbTey, UCMOIB30BAIU ISl ONpeaeiacHus (PeHOIOB
(pacdet MPOBOJWIIM 1O PYTHHY), XJIOPUJ ATIOMUHUS — 17151 ()IaBOHOUIOB, B KaUeCTBE CTaHAapTa
UCIOJNIb30Bajach ramwioBas kuciora. CopepxkaHue (POTOCHHTETHYECKHX MUTMEHTOB B JIMCTHSIX
onpezaensin cnekrpodporomerpuuecku B 80% aneTOHOBBIX 3KCTpakTax Mpu JUIMHAX BosH 470,
624, 647 1 663 HM U pacCUUTHIBAIIN 10 MeToaAnKe [21].

®u3Hn0n0ro-0MOXMMHYECKUE TTOKA3aTeIH ONpeeNisiiin B 3-KpaTHOW Onosoruueckoi u 3—5
KpaTHBIX aHATUTUYECKUX TMOBTOPHOCTX. [loka3aTenu paccunThIBalid Ha CyXOl Bec nucTa (C.B.).
CraTucTuueckuii aHaIu3 TaHHBIX POBOIMIIN C UCTIOJIb30BaHUEM HEMApPAMETPUUECKOT0 KPUTEPHS
Manna-YutHu, npu ypoBHe 3HaunMocTH p < 0,05.

Pe3yabTaThl HccienoBanus u oodcy:xaeHue. VccneqoBanusi mokasainu, 4TO JJIsl 30JIbHBIX
cyocrparoB (LII11, III12), mo cpaBHEeHHIO ¢ TTOUBOM 3abosoueHHOr0 Oepera o3. barapsk (LK)
XapaKTepHO CYLIECTBEHHO 0O0Jiee HU3KO0E co/iep kaHne o0IIero opranndeckoro yriepona, Ca, Mg
U TUTpOCKONMYecKoi Biaru. Peakums cpensl cyocrpara c¢ 3oiootBaga HTTPOC u nmoussl u3
€CTECTBEHHOTO MeCTOOOuTaHus OblIa HelTpaiabHOU, ¢ 30moo0TBanta PI'POC — cmabomienodHo.
[Ipn >TOM MOYBBI U3 €CTECTBEHHOTO MECTOOOMTAHHS XapaKTepU30BAINUCH OoJjiee BBICOKOM

MUHepaau3anuen (taoi. 1).
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Tabnuna 1
ArpoxuMHuYecKue MmoKa3areju Mo4YBbl HCCIeAyeMbIX YYACTKOB HA 30J100TBaJIaxX
Huxnerypunckoii u Pegprunckoii 'PIOC u B KOHTPOJIbHOM MeCTOOOUTAHUHU

OOt Turpossara Conepxanue, Mr- OO1ee
Ne 11T pH mo OpraHHYCCKUI % > | 9kB/100 r cybeTpara CoJIepIKaHue
yraepon, % Ca Mg COJIeH, MI/J1
LIT1 6,58-6,97 4,53 0,37 1,7 0,3 31,33
III12 7,79-7,90 2,08 0,18 1,2 0,8 72,00
IK | 6,63-7,18 13,89 5,55 114 8,6 267,00

Ananu3 MOp(OJIOTHUECKUX MapaMEeTpOB IOKAa3all, YTO BHICOTA T'€HEPATHBHBIX MOOETOB
E. palustris, nmpouspacraronux Ha 30700TBasaX, OblIa HAa 20—25% MeHbIIIe, 4eM B €CTECTBCHHOM
Mecroooutannn. Cpennsisi miuHa corerus B IIII1 u I[I12 Gbuta Gosbline, a YUCIO IBETKOB
MmenbIne, yeM Ha L{ITK. Ob1ee yrcno 1ucTheB Ha MOOET CTaTUCTUYECKH 3HAYMMO HE Pa3Iniasoch.
Cpennsist IO JIUCTA CPeIUHON (opMannu y OpXUICH ¢ HapYIICHHBIX MECTOOOUTaHHIA ObLIa
MEHbIIIE, IO CPAaBHEHHIO C KOHTpoJjeM, B L{[11 — na 28%, B L{I12 — na 11% (Tadxn. 2).

Tabnuua 2
Mopdoornyeckas xapakrepuctuka E. palustris, npouspacraiouiero Ha 30;100TBaj1ax
Huxnerypunckoii u Pegprunckoii 'POC u B KOHTPOIbHOM MeCTOOOUTAHNHU

[TapameTpsl 1111 1I12 TIIK
Bricora nobera, cM 39,40+2.75a 42,17+1,45a 52,03+2,08b
JlinHa couBeTusi, CM 9,32+0,67ab 10,70+0,47b 8,66+0,58a
YuMCIIo LBETKOB, IIT. 6,18+0,62a 10,22+0,62b 11,56+0,91¢c
‘;:60;() JIMCTHEB CPEMHHON (hOpMAIlHH, IIT. HA 5.9440,24b 4,3540.13a 6,000,14b
ITnomas 1McTa cpeIMHHOM GopManum, cm? 13,8+1,1a 17,1+1,3b 19,24+0,9¢

Ipumeuanue: TpencrapneHsl cpeanue apupmerrueckue 3Hadenus = SE (n = 30). Pa3HbiMU JTaTHHCKUMUA
OyKBaMU OTMEUYEHBI JJOCTOBEPHBIE PA3IMUUS MEX Ay ydacTkamu mpu p < 0,05.

Kak Obl10 OTMEUYEHO paHee, cozep’kaHHe a30Ta M JOCTYMHOCTh (ocdopa (BakHEHIINX
CTPYKTYPHBIX JJIEMEHTOB pAaCTCHHH) B 30JbHBIX cyOcTpatax Huskue [14]. WccnemoBanus
MOKa3aJu, 4To B IUCThsX opxuaent uz LI11 u LII12, Habmromaercst cHUKEHUE Co/iep KaHus OOIIETo
azora (%) (1,90+0,03 u 2,00+0,03 cootBercTBeHHO) U hochopa (%) (0,24+0,01 u 0,21+0,01) mo
cpasuenuto ¢ LIIK (a3zora — 3,67+0,01; docopa — 0,29+0,01).

Pacrenuss crnocoOHBI mpucriocabaMBaTBCS K HEOJNAronpUSATHBIM YCIOBHUSIM CpelIbl Ha
KJIETOYHO-TKAaHEBOM YpOBHE Onarojapsi nepectpoilkam (OTOCHHTETHYECKOIO armapara, 4To
BBIp@)KAeTCsl B M3MEHEHHUU ME30CTPYKTYPHBIX XapaKTEPUCTUK JIUCTa. DTH IMpeoOpa3zoBaHMs
MO’KHO paccMaTpuBaTh Kak MOKa3aTelb aJalTHBHBIX criocoOHOoCcTel pacteHus [13].

Hns  jucteeB E.  palustris  xapaktepeH  romoreHHblii  Me3o¢wul.  [aBHas
dboTOoCHHTE3UpYIOIIasi TKaHb MPEACTaBiIeHa TyO4YaThIM Me30(HIUIOM, COCTOSIIHM U3 KIETOK
HeNpaBWIbHOW (POPMBI, yacTo ¢ OOJNBIION J0JIel MEKKIETHUKOB. Y CTAHOBJICHO, UYTO Y pacTeHUN
E. palustris Bo Bcex M3y4eHHBIX MECTOOOMTAHUSIX TOJIIMHA JIMCTA CTATUCTUYECKU 3HAYMMO HE
paznuyanach. ToJIMHA BEPXHETO W HWXKHETrOo smmaepmuca Obina Oosbine B L{I12 (Tadm. 3).

Tonmuna mezoduina — 6onpine y pacteHuit B LII11. B mUCThsIX M3yd4eHHBIX PACTEHHI B YCIOBUSIX
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30JIO0TBAJIOB JOCTOBCPHO YBCINYNBAJIOCH YUCIIO KIICTOK MCSO(I)I/I.HJIa B CAMHUIIC ILIOIIIaaM JIMCTA,

HO IIpU O3TOM YMCHBIIAJIWCH HX Ppa3MEpPhI. HOJ'Iy‘IeHHBIC PE3YIbTAaThl COOTBETCTBYIOT

JIUTEPaTyPHBIM JTAaHHBIM, B KOTOPBIX OTMEUEHO, YTO OPXHJICH, 3aCEIISFOLIHE 30JIbHBIC CyOCTPATHI,
XapaKTepU3YIOIUECS HU3KUMH 3HAYCHUSMU TUTPOBIIATH, TPUOOPETAIOT KCepoMOp(HBIE YePTHI B
crpoeHuu Jimcta [15].

VienbHash TOBEPXHOCTHAs  IUIOTHOCTh  JIUCTA

(VIIIUT) -

CTPYKTYpHYIO  IUIOTHOCTH

BaXHas aHaToOMO-

MOp(OJIOTHYECKasT XapaKTEPUCTUKA, OTpaKkarouias JMCTOBOM
TUIACTUHKH, KOTOpasi MOXET M3MEHSThCS B 3aBUCHMOCTH OT (paktopoB cpenbl [13]. ¥V pacrenuit
E. palustris, u3 {11, L{I12 u LIIK VIIIJI craTucTHYecKH 3HAYMMO HE pasziudaiachk (Tadi. 3).
Amnanmoruunbele pe3yiabTaThl ObLaIM mosryueHbl jusi opxuaeu Platanthera bifolia (L.) Rich.,

npou3pacraroineii Ha 3omooTBanax [15].

Tabmuua 3
Me3socTpykTypHble mapametpsl E. palustris, mpon3pacraromero Ha 30;100TBajiax
Huknerypunckoii u Pedprunckoii 'POC u B KOHTPOJIbHOM MeCTOOOUTAHUHT

ITapameTpsl 111 1112 IIIK
VIIIUL, mMr/cm? 370,22+16,69a 368,90+10,68a 361,27+13,07a
Tommuaa nucTa, MKM 199,92+6,49a 190,76+3,39a 190,70+3,06a
ﬁiﬁml{a BEPXHETO M HIDKHETO SUHACPMAICA, | 54 9549 924 73,24+1,64b 63,39+3,66a
Tonmuua Me3oduiia, MKM 145,00+6,08b 117,52+3,06a 127,31+3,06a
KonmuecTtBo kineTok Mesopmmia, 10%/cm? 150,39+6,94c 122,88+4,81b 99,14+4,09a
O6beM KkeTkn Mesoduia, 10°mxm® 63,34+4,89a 88,17+4,47b 104,32+5,67¢
KonruecTBO XJI0pOIIIacTOB B KJIETKE, IIIT. 68,93+2,23a 72,63+2,01a 71,73£1,81a
KomuuecTtBo xnopomnactos, 10%/cm? 9,61+0,44b 8,92+0,35b 7,12+0,33a
O06bEM XJI0pOIIACTA, MKM® 52,67£2,01a 46,57+1,74a 52,02+1,88a
MK, cm?/cm? 16,19+0,75b 16,73+0,66b 12,09+0,50a
NMX, cm?/cm? 7,00+0,17b 5,53+0,14a 4,97+0,11a

IHpumeuanue: Tlpeacrapnensl cpeanne apudmerndeckue 3HadeHus = SE (n = 30). PazubiMu TaTHHCKUMU
OyKkBaMH OTMEYEHBI JIOCTOBEPHBIC pa3IHuus MEXIy ydacTkamu mpu p < 0,05.

Uurcno XJI0poriacToB B KIETKE Me30(IIa U UX pa3Mephl Y PACTECHHUI B MCCIETOBAHHBIX
[EHOMOMYJISIUAX CTATUCTUYECKH 3HAYMMO HE Pa3INYaIiCh, YTO TOBOPUT O CTAOMIIBHOCTH THX
MoKasaresiei, Majo TOJABEPKEHHBIX (EHOTUIIUYECKUM HM3MEHEHUSIM H COTJIacyeTcsi C
JUTEpaTypHBIMU TaHHbIMU [12; 15; 18].

JIuctest OpxuIeH, TPOM3PACTAIOIIMX B YCIOBHSIX 30JI00TBAJIOB, XapaKTEPH30BAJIHCH
nocroBepHo Oonpmnmu 3HadeHus MM MK mo cpaBHEHHIO ¢ pacTeHUSIMH U3 €CTECTBEHHOTO
¢urtonienoza (Tabn. 3), YTO CBUAETENBCTBYET 00 YBETMYEHUU OOIIEH acCHUMUIUPYIOIEH
MOBEPXHOCTU Me30(uiIa, KOTopas ooecrednBaeT POTOCHHTETUUECKYIO I TEbHOCTh PACTEHUI.
BeposiTHO, 3TO CBsI3aHO C 60JIee BBICOKOW OCBEIICHHOCTHIO Ha JAHHBIX YYaCTKaX MO CPAaBHEHHIO B
€CTECTBEHHBIM (DUTOIIEHO30M, BCIIEJCTBHE MEHBIICH CTETIEHN CPOPMUPOBAHHOCTH JIPEBECHOTO U
TPaBsHO-KYCTaApPHUYKOBOTO sipycoB. CXONHBIE M3MEHEHHUS OBLTU Tak)Ke OTMEUEHBI paHee s

opxujieil, KOMOHU3UPYIOUIMX TeXHOreHHble cyOcTparsl [18]. MHmekc moBepXHOCTH HapyKHBIX
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MeMOpaH xsoporutactoB (MMX), cBsi3aHHBIN ¢ HHTEHCUBHOCTHIO (hoTOCHHTE3a, ObLT BhIIe B L{I11;
B LII12 »ToT mokazarens He oTauvaics oT LIITK (tadm. 3).

H3BecTHO, UTO MO/ ACWCTBUEM HETaTUBHBIX CTPECCOBBIX (PaKTOPOB OKPYKAIOIICH CPEebl y
pacTeHHii HapymarTcs (U3NOIOr0-OMOXUMHUYECKUE IPOIECChl B KIETKAaX, B TOM YHCIE U
nporecc ¢orocunteza. Hanbonee 4yBCTBUTEICH K CTPECCY SBISAETCS MUTMEHTHBIM KOMILIEKC
pactenuii. PazHooOpasHbie O IPUPOJIe CTPECCOBBIE BO3ACUCTBUS, B TOM YMCIIE HEOCTaTOUHAs
00€eCreYeHHOCTh 3JIEMEHTAMU MUHEPAJbHOrO MUTAHUS, TAKUMH Kak a30T U ¢docdop, Hepeako
NPUBOAT K CHIDKESHHIO CHHTE3a (POTOCHHTETUUECKUX MUTMEHTOB B jiucte [17; 19].

HccnenoBanus mokaszanu, 4ro B jmcThix E. palustris w3 LIl u LII2, conepxanue
xyopodusuia @ ymeHpmioch Ha 14% u 27% cOOTBETCTBEHHO MO CPABHEHUIO C KOHTPOJIbHBIMU
pacrenusmMu. OTMEUEHO TakKe, YTO B YCIOBHUSX 30J00TBAJIOB y OpXHUAEH CYHIECTBEHHO
CHWKaJach KOHIIEHTpAIMsi KapoTHHOMIOB (OoJjiee 4yeMm B jaBa paza). Ilpu stom couepxkaHue
xyopopmuia b B nmuctesax opxuaei w3 LII12 gocToBepHO HE OTIMYAIOCH OT KOHTPOJISA, a y
pactenuii u3 LI11 6bu10 HemHorO BhILIE (puc. 1). CooTHOIIEHHE (OTOCUHTETUYECKUX MUTMEHTOB
UTpaeT BaXHYIO POJIb B MPUCIIOCOONICHUHM PACTEHHH K Pa3HBIM JKOJOTHYECKHM YCJIOBUSM, B
OoJIbIIICH CTENIEHH K YPOBHIO COJIHEUHOM paauanuu [11]. B ycioBHsX 305100TBalOB y pacTeHUt
E. palustris coornomenune xmopodumia a k xmopoduwury b CHMXKAIOCH MO CPaBHEHHUIO C
KOHTPOJIbHBIMH, & OTHOILIIEHUE CYMMBbI XJIOPO(QHUIIIIOB K KapOTUHOMIaM, HapOTHB, BO3PACTAJIO.
D10 cBs3aHO ¢ Ooyee CYHIECTBEHHBIM CHIDKEHHEM JIONM KAapOTHUHOMIOB B 0OOIIeM IIylie

(OTOCUHTETHUECKUX MUTMEHTOB JHUCTa (puc. 1).
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Puc. 1. Conep:xanue (pOTOCHHTETHYECKHX MUTMEHTOB (a) U UX COOTHOLIEeHUsI (0)
B JicThsAX E. palustris, mpouspacrariero na 3on0orBanax HuskHeTypuHckoi
U Pedprunckoii 'PIC u B KOHTPOJIBLHOM MecTO0OMTAHUM. Pa3HBIMM JIATHHCKHMH OyKBaM#
OTMe4YeHBbI 10CTOBEPHbIE Pa3JINYMA MeXKIy y4acTkamu npu p < 0,05

PacTeHns B TEXHOT'C€HHBIX MECTOOOUTAHMIX 3a4acCTyYI0 IOABCPraroTCsa OAHOBPEMCHHOMY

BO3/ICHUCTBHUIO CTPECCOBBIX (hakTOpoB. OHOM 13 HeCTIEU(PHUECKUX OTBETHBIX PEaKLUil pacTeHHH
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SIBJISIETCSI OKUCIMUTEIbHBIA B3PbIB, CBSI3AHHBIA C aKTUBALMEW NMPOOKCHUJAHTHBIX PEAKLIMM, YTO
IPUBOAMT K mepekucHoMy okucienuto yunumoB (ITOJI) [8]. V E. palustris comepikanue
npoayktoB [1OJI craTucTHYeCKH 3HAYMMO HE Pa3Inyalioch BO BCEX M3YYEHHBIX MECTOOOUTAHUAX
(Tabm. 4).

M3BecTHO, YTO B MpoOLECCEe KHU3IHEAEATSIHHOCTH B PACTUTENBHOW KJIETKE IOCTOSHHO
oOpa3zyrotcst akTuBHbIe (opmbl kuciopona (ADK). Ilpu ymepeHHBIX KOHIEHTpALUSX OHU
BBICTYNAIOT CHUTHAJIBHBIMM MOJIEKYJIaMU, a TPU CTPECCe HX KOJMYECTBO B KIETKE PE3KO
BO3PACTacT, 4TO, B CBOIO OUEPEe/Ib, aKTUBUPYET CHHTE3 aHTHOKcHIaHTOB (AO) [6]. V pacrenwmii
OJHUM M3 CaMbIX pacrpocTpaHeHHbIX AQO SBISETCS acCKOpPOMHOBAs KHUCIOTA. JTOT METabOIUT
UTPaeT BAKHYIO POJIb B 3alIUTE PACTEHUIN OT OKUCIUTEIHHOTO CTPEcca, O YeM CBHUAETEIbCTBYET
YCUJIGHHE €ro CHHTe3a B HEOJAronpHsATHBIX YCIOBHsIX cpenbl [8]. BhIABIEHO CTaTUCTHYECKH
3HAYMMOE TOBBIIICHHE COACPKaHMsI aCKOPOMHOBOM KHCIOTHI B JMCcThsx E. palustris u3 LII1 u
HII2 nmo cpaBHeHuto ¢ pactenusiMu KoHTpodpHOUM meHomomymsauun (LIIK) — na 28 u 38%
COOTBETCTBEHHO (Ta0I. 4).

Tabnuua 4
Buoxumuyeckune nokasaresau E. palustris, nponspacraromero Ha 30;100TBajiax HuzKHeTypHHCKOI
u Pedrunckoit I'POC 1 B KOHTPOJILHOM MeCTOOOUTAHUM

Iloxa3zarenu LI11 LI12 HIIK
I1OJI, TBKPI/r c. B. 187,69+5,10a 186,31+3,54a 172,55+9,70a
PeHobl, MIT C. B. 37,86+1,01b 49,96+0,69¢ 31,11+1,31a
P1aBOHOMIIBI, MITT C. B. 13,99+0,75a 24,08+1,15b 11,93+0,74a
[IpomuH, MKI/T ¢. B. 638,27+12,21c | 464,70+6,79b | 274,65+11,69a
AckopOHHOBas KMCIIOTa, MI/ T C. B. 7.14+0,42b 8,30+0,40b 5,15+0,32a

Ipumeuanue: Ilpencrasnensl cpennue apupmerndeckue sHadenus + SE. PazHsimu natuHckuMy OykBamu
OTMEUEHBI I0CTOBEPHBIE Pa3Inuus MEeXAy ydacTkamu npH p < 0,05.

AMUHOKHUCIIOTA MPOJIMH TaKKe BBICTYNAET B POJIM CTpeccoBoro metadonuta. MccnenoBanus
MOoKa3alk, B JUCThAX pacteHuid E. palustris, mpom3spacraromux Ha 30J00TBajiax, YpOBEHb
HaKOIUICHUs MpoJsinHa Obul Beilie B 2,3 pasa B L{I11, u B 1,6 pa3 B LI12 no cpaBuenuto ¢ LIIK.
W3zBectHo, uto E. palustris smnsercs rurpoduToM, U MOITOMY UYYBCTBUTEICH K CTpeEcCy,
BBI3BAHHOMY HEJI0CTaTKOM BOJIbl. BeposiTHee Bcero, B JaHHOM CiIy4ae MPOJIMH BBICTYIIAET B POJIU
ocMmonpoTekropa. [lokazaHo, 4To y pacTeHHil, B TOM YHUCIIE U Y OPXHUIHBIX, COAECpPKAHHUE NTPOJINHA
MOJKET YBEJIMYMBATHCS B YCIOBUSAX 3aCyXM, UTO CIIOCOOCTBYET HX aJanTallid K BOJHOMY
nedunury [20; 22]. Kak yxe otMedanocsk Bbiie (Tabi. 1), coaepkanue TMrpoCKOITUYECKON BIar
B MICCIIEZIOBAHHBIX 00pa3Iiax MOYBKI C 30JI00TBAJIOB OBLJIO CYIIECTBEHHO MEHbIIIE, YEM B KOHTPOJIE.

@deHONbHBIE COENMHEHHMS, B TOM uucie u (¢raBoHOUABI, oOmangas (QyHKIHEH
AQHTUOKCHUIAHTOB, TAaKXKE MOBBIIIAIOT YCTOMYMBOCTh PAaCTEHHH K CTPECCOBBIM (akTopam [6; 8].
Ananu3 cojepkanust 00X (EeHOIBHBIX COeTUHEHNH B nucThsax E. palustris mokasan, uto mx

KOJIMYECTBO JIOCTOBEPHO YBEIMYUBAIOCH Y OPXUIEH, MPOU3PACTAIOUINX HA 30J100TBasax (TaldJI.
4).
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JIMCKpUMUHAHTHBIN aHAJIN3 0 OMOXMMUYECKUM MapaMeTpaM JuctbeB E. palustris mokasai,
YTO M0 JUCKPUMUHAHTHOW (QYHKIMH | OTIAenwiack KOHTPOJIbHAsS IeHOnomysus. OCHOBHBIMU
napaMeTpaMH, OINPEICIISIONIMMHI 3TO pasjeieHue, OblIn: coaepkanue xmopodumia a (-0,98),
kaporuHonioB (2,0), mpomuHa (-0,85) u ¢enonop (-0,46) B nmcThax pactenmid. Ilo
TUCKPUMHUHAHTHON (YyHKIMK 2, pa3feisiomMMU IapamMeTpaMu SBISUIUCH:  COJCpIKaHHE
xiopoduta a (-1,25), nponuna (0,94), ackop6ara (-0,79) u duaBonounmos (-0,70) B JHCTHAX

pactenui (puc. 2).
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Wilks' Lambda: 0.00009 F (22,82)=379.27 p < 0,0000

Puc. 2. luckpuMHUHAHTHBII aHAJIN3 0 OHOXHUMHUYeCKUM napamerpam E. palustris,
npou3pacrawiuiero Ha 307100rsajgax Huxnerypunckou u Peprunckoit I'PIOC
U B KOHTPOJIbHOM MeCTOOOUTAHUM

Bakaouenne. s opxuzeit E. palustris, komonusupyrommx 3o0100tBaibl Ha CpeaHem
VYpaine, 0TMEUEHO CHUKEHHE BBICOTHI T€HEPATUBHBIX MOOErOB, KOJINYECTBA I[BETKOB U IJIOLIAAN
JUCTOBOM MJIACTUHKU. PacTeHus, mpouspacTaronye B TpaHC(POPMUPOBAHHBIX MECTOOOUTAHUSIX,
HaKaIUIMBaJIM B JIMCTBSIX MEHbLIE a30Ta U Qocdopa BeaeACTBUE NePUIMTA TaHHBIX OMOT€HHBIX
3JIEMEHTOB B 30JIbHBIX cyOcTpatax. B ycnmoBusix 3omootBanoB y E. palustris mpowcxomuio
YBEJIMUEHUE BHYTPEHHEH acCCUMUIIMPYIOUIEH MOBEPXHOCTU JIUCTA, YTO SIBJSIETCS aAalTUBHOMN
peakuuel (OTOCHHTETHYECKOIO armapara Ha IOBBIIIEHUE YPOBHS WHCOJSIUN U CHIDKEHUE
JIOCTYITHOCTH BOABI B cyOcTpare. B mucthsx E. palustris, mpouspacraromiero Ha 30100TBajax,
OPOMCXOIWIO CHWXKEHHE KOJIW4yecTBa (POTOCHHTETUUECKUX IHUIMEHTOB: XJopopmwiia a Hu
KapOTHHOMJIOB; MPU 3TOM OTMEUYEHO YBEJIMYEHUE CHHTE3a HEIH3MMATUUECKUX aHTHOKCHIAHTOB:
aCKOpOMHOBOW KHCIIOTHI, NMPOJIMHA U PAaCTBOPUMBIX (EHONBHBIX coeAuHeHuil. [lomydyeHHble
JTAaHHbIE MOTYT OBITh MOJE3HBI s Pa3paboTKH 3(P(PEKTUBHBIX Mep MO OXpaHE OPXUIHBIX U UX

JaJIbHEUIIEN UHTPOAYKIUH.

Paboma evinoanena npu ghunarncoeoii nodoepaicke Munucmepcmea HayKu u gvicuieco oopasosanus P®

(mema Ne FEUZ-2026-0017).
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MUHEPAJIBHBIA TPO®WJIb U BUJIOBBIE OCOBEHHOCTH AKKYMYJISLIUHA
SJIEMEHTOB JIEKAPCTBEHHBIMU PACTEHUAMHU HEHTPAJIBHOI'O YEPHO3EMbA

N.A. Dyakova

MINERAL PROFILES AND SPECIES FEATURES OF ACCUMULATION
OF ELEMENTS BY MEDICINAL PLANTS OF THE CENTRAL BLACK EARTH REGION

AnHotanusi. JlekapcTBeHHBIE  pacTeHHS  LIMPOKO
HCIHONB3YOTCS KaK TPAAUIMOHHOM, TaKk U B HAPOJHOMU
MEAWLUHE, IPU 3TOM CHOCOOHBI HAKaIJIMBATh HE TOJIBKO
KU3HEHHO HEOOXOIUMBbIE, HO M TOKCHYHBIC DIIEMEHTHI.
Lenp paboTel — HM3y4eHHE MUHEPATHHOTO NTPOPIIT U
BUAOBBIX OCOOEHHOCTEH aKKyMYJSILIMM Makpo- |
MHUKPO3JIEMEHTOB JIeKapCTBEHHBIMU pacTeHuAMH
3aroBeIHON 30HBI BoOpoHekckol 00jacTH Ha NpUMEpe
TpaB moJjbiHM ropbkoi (Artemisia absinthium L.),
TeIcsiuenucTHIKa oObikHOBeHHOTo (Achillea millefolium
L) wu nmycreipumka nstwionactHoro  (Leonurus
quinquelobatus Gilib.). 3aroroBky pacTHTEIBHOTO CHIPBS
mpoBoawan B (eHodaly IBETEHHS MPOU3BOISIINX
pacreHuii B BOpOHEX)CKOM roCyJapCTBEHHOM IIPUPOJAHOM
ouocepHoMm 3amnoBenHuke. [lapamrensHO ¢ 3aroToBKOi
PaCTHTEIHHOTO CBHIPhS OBUTH OTOOpaHBI MPOOBI MOYBHI C
BepxHero ropuzonta (0-20 cm) ¢ mMecta mpou3pacTaHUs
JUISL TIOCTIEYIOUIETO CPaBHUTENBLHOTO aHamu3a. MeTogoM
MAacC-CIIEKTPOMETPUH C MHIYKTHBHO-CBSI3aHHOM IIa3MOi

OTpENENsUIA  DIIEMEHTHBI COCTaB PACTUTENBHBIX W
MOYBEHHBIX 00pasmos nocJjie MPEBAPUTEIbHOU
MPOOOIIOATOTOBKH METOJIOM KHCIIOTHOTO "

MUKPOBOJHOBOTO pa3yiokeHWs. B oOpasmax mouyB u
pPacTUTENHHOTO CHIPBSl OMpeneneHo 59 smemeHTOB. Bcee
W3y4eHHBIE pAcCTeHHs] — AaKTUBHBIE AaKKyMYJSTOPBI
¢dbocdopa, kanws, IMUHKA U MEIU, YTO TOAYEPKHYTO HX
KU3HEHHO HEOOXOJUMBIM 3HAaYCHHEM B (PH3HOIOTUH
pacrenunii. OHAKO MpoU3pacTas Ha OJTHOM U TOH XKe MOYBe,
JIEKapCTBEHHBIE  pacTeHus (QOPMHUPYIOT  Pa3IHYHBIN
MUHEPATbHBIA MPO(HITE HA3EMHON YaCTH, OTPAKAFOIIUI
1704 aJanTaluoHHbIe CTpaTeruu. BrisBiennble
OCOOCHHOCTH K THIIEPAKKYMYJSAIUA MEINU TIOJBIHBIO
TOpPbKOH,  KoOambTa M HHUKENS  MYCTBIPHUKOM
MATWIONACTHBIM, JIUTHS TBHICAYETUCTHUKOM  CO3JAI0T
crennpUIeCKUt MUHEPATBbHBIN MPOQHITE, KOTOPBIA MOXKET
MOJyJMPOBaTh aKTUBHOCTH (PEPMEHTOB, yYaCTBYIOILMX B
CHHTE3€¢ alIKaJIOUJIOB, TEPICHOMIOB, (DIABOHOWJIOB, T.€.
HANpSAMYIO BIHSTH Ha (HapMaKOJOTHUYECKHH IMOTEHIHAT
ceIpbs. [IpoBea€HHBIN aHAMTN3 TOJUYEPKUBAET, UTO OLIEHKA
JIEKapCTBEHHOT'0 PACTUTENIBHOTO ChIPhsS JOJKHA BKIIOYATh
HE TOJBHKO aHAIM3 OCHOBHBIX OMOJOTHMYECKH AKTHBHBIX
COEIMHEHMH, HO W TIONHBIA CKPUHUHT MHKpPO- H

Abstract. Medicinal plants are widely used in
both traditional and folk medicine and are
capable of accumulating not only essential but
also toxic elements. The purpose of the work
is to study the mineral profile and species
characteristics of the accumulation of macro-
and microelements by medicinal plants in the
protected area of the Voronezh region using
the herbs Artemisia absinthium L., Achillea
millefolium L., and Leonurus gquinquelobatus
Gilib. as examples. Harvesting of plant raw
materials was carried out in the phenophase of
flowering plants in the VVoronezh State Natural
Biosphere Reserve. In parallel with the
collection of plant materials, soil samples
were collected from the upper horizon (0-20
cm) at the growing site for subsequent
comparative analysis. Inductively coupled
plasma mass spectrometry was used to
determine the elemental composition of the
plant and soil samples after preliminary
sample preparation using acid and microwave
digestion. Fifty-nine elements were identified
in soil and plant material samples. All studied
plants are active accumulators of phosphorus,
potassium, zinc, and copper, underscoring
their vital importance in plant physiology.
However, even when grown in the same soil,
medicinal plants develop different mineral
profiles in their aboveground parts, reflecting
their adaptive strategies. The identified
hyperaccumulation of copper by wormwood,
cobalt and nickel by motherwort, and lithium
by yarrow create a specific mineral profile that
can modulate the activity of enzymes involved
in the synthesis of alkaloids, terpenoids, and
flavonoids, thereby directly influencing the
pharmacological potential of the raw
materials. The analysis underscores that the
evaluation of medicinal plant materials should
include not only an analysis of the main
biologically active compounds but also a
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MaKpOdJIEMEHTHOIO COCTaBa C Y4Y€TOM YHUKaJIbHOU
OMOTeOXIMMHYECKON CTPATErny Ka)XI0TO BU/IA.

KuroueBbie cioBa: BoOpoHEXKCKHII rocygapCTBEHHBIN
MPUPOJTHBINA OMOC(EpHBIN 3aMOBEHUK, MOJBIHA TOPHKOH

TpaBa, MTyCThIPHUKA MSATHIONACTHOTO TpaBa,
THICSIYETICTHUKA OOBIKHOBEHHOTO TpaBa,
MHUKPORJIEMEHTHBIN COCTaB, KO3 UITUCHT
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comprehensive screening of the micro- and
macroelement composition, taking into
account the unique biogeochemical strategy of
each species.

Keywords:  Voronezh  State  Natural
Biosphere Reserve, wormwood bitter grass,
motherwort five-lobed grass, yarrow grass,
microelement  composition, biological
absorption coefficient.
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BBenenne. CoBpeMEHHBIMU HAayYHBIMH JIaHHBIMH YOEIWUTENbHO JOKA3bIBAETCS BaXKHOE
3HaYeHHE MAaKpO- W MHKpPOIJIEMEHTOB B Tporecce (GopMHUpOBaHUS (PapMaKOIOTHIECKOM
AKTHUBHOCTH JIeKapcTBEHHOTO pactutesnbHoro ceipbsi (JIPC) [3; 6; 19]. YcranoineHno, 4to
MUHEPATbHBIE KOMIIOHEHTHl TECHO COMPSIKEHBI C BBICOKOMOJEKYISIPHBIMU OPTaHUYECKUMU
CTPYKTypaMu pacTeHHH, BBIMONHIS (QYHKUMU KOPAKTOPOB B (HEPMEHTATUBHBIX CHUCTEMAX,
oOecnieunBasi MPOCTPAHCTBEHHYIO CTaOMJIBHOCTh OMOMOJIEKYN MM BXOJS B COCTAaB AKTHUBHBIX
HEHTPOB (PU3UOTOTHYECKH aKTUBHBIX coenuHenuit [1; 2; 14; 15]. Ilpu stom JIPC BeicTymaer He
TOJIEKO HAKOMHUTEISIMHU 3CCEHITUAIBHBIX AJIEMEHTOB, HO U JCTIO JIJIsl TEXHOTEHHBIX 3arpsi3HUTENCH,
B TOM YHCII€ TSDKEJIBIX METaJUIOB, YTO SIBJISETCS KPUTUYECKUM (DAKTOPOM, OMPEIeINSIOIUM
JT0OpOKAaYECTBEHHOCTh M 0Oe30macHOoCTh (utonpenaparoB [2; 11]. B cBere BBIMIEU3I0KEHHOTO
0Cc00YI0 3HAUMMOCTh TPUOOPETAET PErMOHATIbHBIE HCCIel0BaHusl MUHepaibHoro npoguis JIPC.
Jlns nexapcTBEHHBIX PACTeHUM, MpoM3pacTaroImux B yciaoBusx LleHTpambHO-UepHO3EMHOTO
peruoHa, B HAy4yHOW JUTEpaType TMpeACTaBlIeHbl JHUIIb (parMEeHTapHbIE CBEICHUS,
OTrpaHMYEHHBIE, KaK MMPaBUJIO, aHATIM30M OTPAHUYEHHOIO MEePEYHs] XMMUUYECKUX AJIEMEHTOB. JTO
CYIIECTBEHHO 3aTpyAHsAET (OPMUPOBAHHE KOMIUIEKCHOTO MPEACTAaBIEHUS 00 UX MHUHEPaJIbHOM
npoduie U He MO3BOJISIET B MOJIHOM Mepe 0XapaKTepr30BaTh BUAOCTICHU(DUYHYIO HAKOTTUTETHHYIO
crocoonocts JIPC [8; 9].

K uncny TunuuHeix npezacraBureneil sekapcTBeHHON Quiopsl LlenTpanbsHoro YepHo3embs,
B ToM unciie BopoHexckoii o0mactu, 001ajaromux MIMPOKUM CIIEKTPOM IPUMEHEHUS], OTHOCATCS
Takue€ BHUJABI, KaK THICSYCTUCTHUK OOBIKHOBEHHBINA, TMOJBIHb TOPbKass W IYCTBHIPHHUK
naTHIomacTHo [13].

TeicsuenuctHrk oObikHOBeHHBIH (Achillea millefolium L.) — mHoronernee TpaBsHUCTOE

pacTeHue, THIIUYHBIN CHHAHTPOIHBIN BUJI C BBICOKOW 3KO0JIOTMUeCKOM riacTuyHOCThIO [13]. TpaBa

Ot

124



https://doi.org/10.36906/2311-4444/26-2/11 Hvaxosa H.A.

THICSTYEIIMCTHHUKA OOBIKHOBEHHOTO W3BECTHA KPOBOOCTAHABJIMBAIOLIUM,
MIPOTUBOBOCIIANIUTENIbHBIM, OAaKTEPULIUIHBIM, PAHO3KUBIAIOIMIUM, CIIA3MOJUTHUYECKUM U
JKETYETOHHBIM AeiicTBUeM [23; 26]. bruonornueckass akTHBHOCTh THICSUYEIIMCTHUKA O0YCIIOBICHA
CJIO)KHBIM KOMITJICKCOM OHMOJIOTHYECKH aKTHUBHBIX COCIWHEHUH, BKIIOYAIOIIMM 3PHUPHOE MACIO
(mo 0,9%), ¢raBoHOMIBI, CECKBUTEPIICHOBBIC JIAKTOHBI, AIKAJIOWIBI, TyOWIbHBIC BEIIECTBA,
OpraHUYeCKUE KHUCIOThI, BATAMUHBI, a TAKYKE MAaKpO- U MUKpodeMeHThl [13; 15; 20; 23].

ITonsine Topbkas (Artemisia absinthium L.) — MHoromeTHee TpaBSHHCTOE pacTEHUE,
CUHAHTPOIHBIN pyaepalIbHbII BUJ ¢ IUPOKUM apeasioM [ 13]. [lonbiHu ropbkoii TpaBa OKa3bIBAeT
KEJITUETOHHOE, CMa3MOJIUTUYECKOE, MIPOTUBOBOCHAIIUTENILHOE. renaTonpoTEeKTOPHOE,
AQHTUCEINITUYECKOE W TpOTUBOIapaszutapHoe nericreue [12; 21; 22]. Haumbonee 3HaYMMBIMH
rpynnamMu OMOJIOTUYECKU aKTUBHBIX COEAMHEHUN sBIst0TCA dhupHOe Macio (10 0,8%), ropbkue
CECKBUTEPIICHOBKIC JIAKTOHBI (110 0,4%), hrmaBoHOM B (110 1,8%), MyOnapHBIE BemecTBa (10 10%),
(heHOKapOOHOBBIC KHUCIIOTHI, KYMapWHBI, JIMTHAHBI, CAlOHWHBI, OPTAHWMYECKHUE KHUCIIOTHI,
Butamunsl rpynmsl B, C u PP. Pactenue Takxe HakarinBaeT 3HAUUTEIbHOE KOJIHUYECTBO MaKpoO-
(kanui, KaJIBIMI, MarHU ) 1 MUKPOJIEMEHTOB (IIMHK, MEIb, XKene30, Mapranen) [3; 4; 15; 16; 19].

[Mycteipuuk nsatuionactaoit (Leonurus quinquelobatus Gilib.) — mHoronetnee TpaBsinucToe
pacTeHue, TUMHYHBIA pyaepainbHblil eBpoazuarckuid Buja [13]. IlycTeipHMKa MSATHUIONACTHOTO
TpaBa UCHOJb3YeTCs KaK CeJaTUBHOE, KapJUOTOHNYECKOE, CIIa3MOJIUTUYECKOE U INYPETUIECKOe
cpencto [18; 24; 25]. ®apmakonornueckas akTUBHOCTh IYCThIPHHKA 00YCIOBIIEHA KOMILIEKCOM
OMOJIOTMYECKH aKTUBHBIX coeauHeHHi: ¢uaBoHOWAb! (10 1,5%), MpUAOUIBI, amKaIoumsl (J10
0,4%), nyounbnble BemecTBa (10 2,5%), adupHoe macio, carloHWHBI, aCKOPOMHOBAsI KUCIIOTA,
KapoTHUHOUABI. HakamnuBaer IUPOKHUM CHEKTp Makpo- (Kanmui, KanblMi, MarHuii) u
MHUKPODJIEMEHTOB, MIPOSBIISAS CIOCOOHOCTH K KOHIIEHTPALIUU CeJIeHa, MoNubieHa, 60pa U HUKeTs,
YTO BaXKHO YYUTHIBATh IPH 3aTOTOBKE ChIpbs [9; 10].

Henap uccnenoBanusi — M3ydeHHE MHUHEpPAIbHOrO NpOQUIS U BUIOBBIX OCOOEHHOCTEH
AKKYMYIILIUA MaKpO- M MHKPOSJIEMEHTOB JIEKAPCTBEHHBIMH PACTEHUSMHU 3allOBETHOM 30HBI
Boponexckoif 061acTu Ha TpUMepe TPaB MOJBIHU TOPHKOH, THICSYETUCTHUKA OOBIKHOBEHHOTO U
MyCTBIPHUKA MSATUJIONACTHOTO.

Martepuanbl U MeToabl uccieaoBanusa. 3arotoBky JIPC mnpoBomunu B (deHodasy
LBETEHUS] MPOMU3BOAAIIMX pACTEHUH Ha TeppUTOpUU BOpPOHEKCKOro TrocyaapCTBEHHOTO
ouocdepnoro 3anoBenuuka [S]. TpaBy cpe3anu, 3aTeM CYIIWIA B YCIOBHSIX €CTECTBEHHON TEHHU.
[TapannensHo oTOUpanu MpoObI MOYBKI BepxHEro ropu3oHTa (0—20 cM) ¢ 1ebio MOCIEIYIOIETO
CPaBHHUTEIHHOTO aHAJIH3A.

[Tpo6GomoOATroTOBKY BBIMOIHSIIN C UCTIOIB30BAHUEM CUCTEMBI MUKPOBOJIHOBOTO Pa3JI0KEHUS
mocyie o0paboTKH CMECHIO KOHIICHTPUPOBAHHBIX a30THOM M TUIABUKOBOM KHUCIOT. [lomydeHHbIH
MOCJIe PA3JIOKEHHsI PACTBOP KOJWYECTBEHHO TEPEHOCHUINM B MEPHYIO MPOOUPKY, BBITOTHSS
TPEXKpaTHOE CMBIBAHUE PEAKTOPA IEMOHN30BAaHHOU BO10M (Topuusamu 1o 1 mu). J{s mpoBeneHust
aHaJlM3a METOJIOM MacC-CIIEKTPOMETPUHU ¢ MHAYKTUBHO-CBSI3aHHOM T1a3MO allMKBOTHYIO YacTh

pactBopa paszbaBmsmu B 10 paz 0,5% pactBopoM a3zoTHOM KuCHOTHL. OmnpeneneHue
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MHUKPO3JIEMEHTHOTO COCTaBa BBIMOJHSUIA METOJIOM MAacC-CIIEKTPOMETPUU C HMHIYKTUBHO-
cBsi3aHHOM 1ia3Mol Ha crnekTtpomerpe «ELAN-DRC» B COOTBETCTBUM C METOJIMYECKUMH
ykazanusimu  MVYK  4.1.1483-03. KonTpoms

OCYILECTBIISUIM € MOMOIIBIO MeToja 100aBok [7]. Bce aHanu3bl BHINOJIHSIM B TPEXKpPaTHOMN

MNpaBUJIBbHOCTU IMOJYYaCMbIX PEC3YyJIbTaTOB

MOBTOPHOCTH, TIOCJIE Yero JaHHBIC MOJABEPTalid CTATHCTUYECKON 00pabOTKe MpH JOBEPUTEILHOMN
BeposiTHOCTH p < 0,05 (t-xputepuii Cteronenra 4,30).

Jnsa anamm3a crmocobHoctn JIPC HakammmBaTh XMMHYECKHE 3JIEMEHTHI M3 IOYBBI OBLI
paccuutal ko3 dunment ouonorudeckoro nornomenus (KBII). Pacder npoBoaunu o opmyie
(1)

KBIT = Cype / Criousa 1)
rae: Cupe — koHIIeHTpauus 35eMeHTa B JIPC; Croupa — KOHLIEHTpaLIUs 3JIEMEHTA B 1TouBe [ 14].

Pe3yabTaThl HCCIe0BAHUA M UX 00CYKIeHHe. AHAIN3, BRITIOJHEHHBI METOJOM Macc-
CIIEKTPOMETPHH C MHIAYKTUBHO CBSI3aHHOW TUIa3MOM, TIO3BOJIWI MIACHTH(PHUIIMPOBATH B 00pa3max
JIPC u comnpsikeHHON MoYBe 59 XUMUYeCcKuX 31eMeHTOB (Tabu. 1). [lomyuyeHHble JaHHBIE JIETIIN B
OCHOBY paCHpeeNeHUs JJIEMEHTOB IO TPEM KaTeropusiM: MaKpOdJIEeMEHTHhI (KOHIICHTpaIus
koTophIx npesbimaet 0,1%), scceHnnanbHble (OMOreHHbIE) MUKPOAJIEMEHTHI, a TAKKE TOKCUYHbIE
U HEJIOCTaTOYHO HU3y4yeHHbIE 37eMeHThl [1; 14]. IIpu comocTtaBineHuH BUIOBBIX OCOOEHHOCTEH
HAKOIUICHHS YCTaHOBJIEHO, YTO MaKCHUMaJbHOE CyMMapHOE COJEpKaHHE M3YUYEHHBIX MHUKpPO- U
MaKpOd3JIEMEHTOB 3a(UKCHUPOBAaHO B TpaBe IMYyCThIpHHKA msATWiIonacTHoro (58,1 wMr/r).
[TomrydeHHBIE pe3yabTaThl KOPPEIUPYIOT C UMCIOIIMMHUCS B JIMTEPATYpe JAHHBIMH O TOM, YTO
Han0oJjIee BBICOKOM HAKOIMHUTEIBLHON CIIOCOOHOCTHIO KaK B OTHOIICHHHM TOKCHUKAHTOB, TaK U B
OTHOIIEHMH OWMOTEHHBIX BEIIECTB OTIUYAIOTCS PACTEHHUS, XapaKTEpU3YIOLIUEeCs pa3BUTOM

MOBEPXHOCTHIO JINCTOBBIX IJIACTUHOK U HAaJIM4KMeM omnymieHus [13].

Tabmuma 1
Pe3yabTaThl HecaeqoBaHus MUHepaabHOro npoduias JIPC u nous
CopeprkaHue 3JIEMEHTa, MKT/T KBI1
% =i

5 = ° = E g | 3 | €

2 k= i3 5 z 2| 3| %

O = g G s E| £ | €|

< 2 < < = <

Makpo3J1eMEHTHI
Ca 10938 + 856 16905 + 996 10009 + 741 19660 + 838 | 0,56 | 0,86 0,51
K 14535 £ 702 30612 + 796 25933+ 616 10500 + 502 1,38 | 2,92 2,47
Mg 2407 + 148 4019 + 258 1983 + 146 4400 + 146 0,55 | 0,91 0,45
Na 39+1,8 56+29 41=+1,1 3300+ 79 0,01 | 0,02 0,01
P 2813 + 89 4330+ 77 4267 £99 730 £91 3,85 | 5,93 5,85
OcceHIMalIbHbIE MUKPO3JIEMEHTHI
Co 0,21 £0,026 0,56 + 0,069 0,20 + 0,025 3,3+ 0,41 0,06 | 0,17 0,06
Cr 0,38 + 0,047 0,34 + 0,042 0,59 £ 0,073 4,2+0,52 0,09 | 0,08 0,14
Cu 6,55+ 0,81 6,47 £ 0,30 12,54 + 1,56 3,1£0,38 2,11 | 2,09 4,05
Fe 115+ 14,3 192 + 23,8 185,0 £22.9 19100+ 1368 | 0,01 | 0,01 0,01
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Li 1,644 +£ 0,204 | 0,284 + 0,035 0,074 £ 0,009 8,50 £ 1,05 0,19 | 0,03 0,01
Mn 38,3+4,75 60,3 + 7,48 45,67 + 5,66 370,0 £ 45,9 0,10 | 0,16 0,12
Mo 1,15+0,14 0,67 £ 0,08 0,925+ 0,115 0,9+0,11 1,32 | 0,77 1,06
Ni 0,86 +0,11 1,39+ 0,17 1,09+ 0,14 2,30+0,29 0,37 | 0,60 0,47
Se 0,028 £ 0,003 | 0,030+ 0,003 0,041 + 0,004 8,5+ 1,05 <0,01 | <0,01 | <0,01
Si 1623 £ 91 1499 + 86 1262,4 + 78 347000 + 528 | <0,01 | <0,01 | <0,01
Vv 0,58 £ 0,01 0,76 +£ 0,05 0,25 +0,02 78,00 + 2,67 0,01 | 0,01 | <0,01
Zn 19,6 +2,4 27,0+£3,3 25,27+ 3,13 12,0£1,5 1,63 | 2,25 2,11
Toxcuuusie u MaHOHSy‘ICHHLIC MHKPO3JIEMCHTEIL
Ag 0,073 £ 0,006 | 0,028 + 0,004 0,014+ 0,001 0,19+ 0,01 0,38 | 0,15 0,07
Al 116,5+ 8,4 191,4 + 13,7 135,6+7,8 31100+ 856 |<0,01| 0,01 | <0,01
As 0,210+ 0,015 0,19+ 0,012 0,364 + 0,025 0,90 + 0,07 0,23 | 0,21 0,40
Au 0,0013 +0,0001|0,0032 £+ 0,0003 | 0,0055+ 0,0004 | 0,060+ 0,005 | 0,02 | 0,05 0,09
Ba 9,31 +£0,85 70,3 +£5,7 11,98 + 0,49 290,0 £ 24,0 0,03 | 0,24 0,04
Be 0,008 + 0,001 0,015+ 0,001 0,001 £0,0001 2,00+£0,2 <0,01| 0,01 | <0,01
Bi 0,012+0,001 | 0,001 £0,0001 | 0,004 +0,0004 0,110+ 0,008 | 0,11 | 0,01 0,04
Cd 0,022 + 0,002 0,034 + 0,002 0,025+ 0,002 0,02 + 0,002 0,96 | 1,48 1,09
Ce 0,13 +0,01 0,18 £0,02 0,15+0,01 38,0+4,7 <0,01 | <0,01 | <0,01
Cs 0,022 + 0,001 0,019 +£0,002 0,04 £ 0,003 2,30+£0,12 0,01 | 0,01 0,02
Dy 0,011 +£0,001 0,011 +£0,001 0,01 £0,001 2,00£0,13 0,01 | 0,01 0,01
Er 0,005 £ 0,0005 | 0,0069 £+ 0,0005| 0,005 + 0,0004 1,20+ 0,10 <0,01| 0,01 | <0,01
Eu 0,002 +0,0002 | 0,001 £0,0001 | 0,003 + 0,0002 0,650+ 0,045 | <0,01 | <0,01 | <0,01
Ga 0,044 + 0,003 0,069 + 0,004 0,065 + 0,005 8,80+ 0,09 0,01 | 0,01 0,01
Gd 0,0102+ 0,001 | 0,019+ 0,002 0,012+ 0,001 3,00+£0,17 <0,01| 0,01 | <0,01
Ge 0,002 + 0,0002 | 0,0087 + 0,001 | 0,003 = 0,0002 1,10+0,14 <0,01| 0,01 | <0,01
Hf 0,0077 £ 0,0006| 0,015=+0,001 0,006 £ 0,0005 1,60 £0,12 <0,01| 0,01 | <0,01
Hg 0,0027 + 0,0002 | 0,0041 + 0,0003| 0,0045 +0,0005 | 0,050+ 0,006 | 0,05 | 0,08 0,09
Ho 0,006 + 0,0005 | 0,007 = 0,0006 | 0,002 + 0,0002 0,36 £0,03 0,02 | 0,02 0,01
La 0,065 +£0,004 | 0,086+ 0,007 0,07 £ 0,007 18,00+0,73 | <0,01 | <0,01| <0,01
Lu 0,002 + 0,0002 | 0,003 +0,0002 | 0,001 +£0,0001 0,16 + 0,02 0,01 | 0,02 0,01
Nb 0,017 +0,001 0,029 + 0,002 0,024 + 0,002 6,70 £0,42 <0,01 | <0,01 | <0,01
Nd 0,08 £0,01 0,11 £0,01 0,061 + 0,005 150+£1,2 0,01 | 0,01 | <0,01
Pb 0,27 £0,02 0,23 +0,02 0,35+0,03 40+04 0,07 | 0,06 0,09
Pr 0,015+0,002 0,021 £ 0,002 0,016 £ 0,002 4,10+0,51 <0,01| 0,01 | <0,01
Rb 9,5+ 0,67 5,68 £0,23 27,66 £2,17 63,0+7,8 0,15 | 0,09 0,44
Sb 0,023 + 0,002 0,031 +£0,003 0,061 + 0,005 0,41 £0,03 0,06 | 0,08 0,15
Sc 0,84 £ 0,05 0,92 £ 0,06 0,54 £ 0,04 50,0 £3,2 0,02 | 0,02 0,01
Sm 0,017+ 0,001 0,047 £ 0,002 0,011 +0,001 3,20+ 0,23 0,01 | 0,01 | <0,01
Sn 0,33 £0,02 0,42 £0,03 0,46 + 0,04 1,20 + 0,06 0,28 | 0,35 0,38
Sr 81,6 +5,1 65,2 +4,1 24,9+2,1 73,0+ 5,1 1,12 | 0,89 0,34
Ta 0,001 £0,0001 {0,0017 £+ 0,0001| 0,002+ 0,0002 0,50 £ 0,04 <0,01 | <0,01 | <0,01
Tb 0,006 + 0,0005 | 0,005 £ 0,0004 | 0,002 + 0,0002 0,44 £ 0,04 0,01 | 0,01 | <0,01
Te 0,061 £0,006 | 0,053 +£0,005 0,004 + 0,0005 0,10 +£0,01 0,61 | 0,53 0,04
Th 0,016 + 0,002 0,016 £ 0,002 0,021 £ 0,002 5,40 £0,47 <0,01 | <0,01 | <0,01
Ti 12,5+ 1,07 19,2 + 1,38 9,52 +£1,02 2400 &+ 198 0,01 | 0,01 | <0,01
TI 0,0032 £ 0,0003 | 0,0069 £ 0,0004 | 0,0016 £ 0,0002 0,230+ 0,03 0,01 | 0,03 0,01
Tm 0,004 + 0,0004 | 0,003 +0,0003 | 0,001 £+ 0,0001 0,160+ 0,012 | 0,03 | 0,02 0,01
U 0,0052 +0,0004 | 0,0069 + 0,0007| 0,016 +0,0015 1,20+0,11 <0,01| 0,01 0,01
W 0,0098 = 0,0011 | 0,0096 + 0,0011 0,15+0,01 0,78 £0,07 0,01 | 0,01 0,19
Y 0,043 +£ 0,004 | 0,069 + 0,007 0,054 + 0,004 990 +1,11 <0,01| 0,01 0,01
Yb 0,005 £ 0,0004 | 0,005 £ 0,0004 | 0,005+ 0,0004 1,10+ 0,11 <0,01 | <0,01 | <0,01
Zr 0,21 £0,01 0,36 £ 0,03 0,26 0,02 78,0+£9,7 <0,01 | <0,01 | <0,01
Bcero 32771 £ 764 58066 + 400 43979 + 653 439370 + 482
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[ToyBeHHBIII TMOKPOB y4YacTKOB cOopa o00pa3llioB XapakTepusyeTrcs JOCTaTOYHOU
00€CreYeHHOCThI0 OCHOBHBIMHM MAakKpoOdJeMEeHTaMu (Kajuil, KaJblLud, Maruuii). AHanu3
COJIep>KaHusl IPUOPUTETHBIX TOKCUYHBIX AJIEMEHTOB (CBHHELl, HUKEIb, PTYTh, KaJIMHU, MBIIIbSIK)
[OKa3aj, 4YTO MX KOHIEHTpAaluud B II0YBE HE IIPEBHIIIAIOT 3HAYEHUH PErHMOHAIBHOIO
reoXuMHUYeckoro (oHa, a B psjae CiIydaeB OKa3bIBAIOTCS HUXKE €ro. BBISABICHHBIE YpPOBHU
HAKOIUICHHS SKOTOKCUKAHTOB TMO3BOJIAIOT CJAENIaThb BBIBOJ 00 OTCYTCTBHM BBIPAKEHHOMN
TEXHOT€HHOW HArpy3Ku Ha TEPPUTOPHUU 3arO0TOBKH ChIpbs [8; 14].

ThICSYENUCTHUK OOBIKHOBEHHOTO TpaBa TMPOSBISET H30UPATENbHYIO CIOCOOHOCTh K
koHuentpupoBanuto (ocdopa (KbBII 3,85) u xamua (KBII 1,38). MHTeHcHBHOE HaKOIUICHUE
docdopa, mo-BUAMMOMY, OOYCIOBIIEHO €ro KIIIOUEBOH pOJbI0 B JHEPreTHYECKOM OOMEHe
(yuactue B coctaBe AT® um AJI®P) m mpoueccax OWocHHTE3a (PU3MOIOTHYECKH AKTUBHBIX
coequHeHU. [loBBIIIEHHOE OTHOCUTENBHO IOYBEHHBIX KOHLEHTpPALUN CoOJIep)KaHue Kajus,
BBICTYAIOLIETO INIABHBIM OCMOTHUYECKUM PETYJISITOPOM PACTUTEIbHON KIETKH, SBIISETCS LIUPOKO
pacrpoCTpaHEHHOM 3aKOHOMEPHOCTBIO I MHOTHMX BHJOB pacteHuit [2; 11]. Hecmotrps Ha
3HAYUTENIbHOE COJepXKaHUEe KalblMsi B TIOYBEHHOM cyOcTpaTe, pacTeHue 3(PQPeKTUBHO
aumuTHpyeT nocrymuienue 3toro iementa (KbBII 0,56), ananornynast kaptuHa HaOI0qaeTcs u
it Hatpust (KBIT 0,01). ITogo6HOE siBIICHME, BEPOSTHO, OTPAKAET aIANITAIMOHHBIC MEXaHU3MBI K
MIPOU3PACTAHHIO HA MOYBaX C YMEPEHHBIM COACPKAHHEM JAHHBIX 3JIEMEHTOB MO0 crernupuKy
MeTaboIMUYECKUX MyTeil, He TPeOYyIOIMUX BRICOKUX KOHIIEHTPAIIMA 3TUX KaTHOHOB [2].

Cpean SCCEHLMANBHBIX MMKPOAJIEMEHTOB TpaBa ThICSUEIMCTHUKA XapaKTepU3yeTcs
nosbimieHHbIM norsomenuem menu (KBII 2,11), uunka (KBIT 1,63) u monmubaena (KBII 1,32),
KOTOpBIE BBIMOJHAIOT KO(AKTOPHYIO poiib B (PepMEHTATHBHBIX cCHCTeMax. Menp SBIsSETCS
CTPYKTYpPHBIM KOMIIOHEHTOM OKCHJA3, LIMHK BXOAWT B COCTaB JETHAPOreHAa3 M CHHTa3, a
MOJIMOEH HeoO0XoauM s (PYHKIMOHUPOBaHUS HUTpaTpenykrassl [2; 11]. BoisBnenHas
AKKyMYJIALIMSL 3THUX DJIEMEHTOB KOCBEHHO CBMJIETEJNIBCTBYET O BBICOKOM HWHTEHCUBHOCTH
OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX U OMOCUHTETUUECKUX PEaKIMii B paCTUTEIILHOM OpraHU3Me.
Hakonnenue d¢ochopa, Menu M IUHKA MOXKET OBITh CONPSIKEHO C MPOSIBIEHUEM TaKUX
(apMaKoJOTUYECKMX  CBOWCTB  THICAYENIMCTHUKA, KaK  MPOTHUBOBOCHAIUTENIBHOE U
paHozaxupmstomiee Aeiicteue [1; 17]. IlpumeuatensHoil (U3MONTOTHUECKON OCOOEHHOCTHIO
uccnenyemoro Buza JIPC sBnsercs 3ametHoe Hakorenue ctpoHius (KBII 1,12), BeicTynatomiero
OMOXMMHUYECKUM aHajoroMm kamnbius [2; 11]. M30upaTtenbHas akkyMyssiiids CTPOHIUS Ha (oHe
caepxuBanus nocryrmieHus kanbims (KBIT 0,56) MokeT yka3blBaTh Ha HECOBEPILEHCTBO
JUCKPUMHUHALIMOHHBIX MEXaHW3MOB TPAHCIIOPTHBIX CHCTEM, KOTOpPBIE HEAOCTATOYHO YETKO
T epeHMpYIOT 3T JBYXBaJCHTHBIE KaTHOHBI, OJHAKO IIPU 3TOM pacTeHue obyagaer
3¢ (HEeKTUBHBIMU MYTSIMH 3JIMMUHAIUU W30BITOYHOTO Kablivg. He UCKIII0UeHO TakKe Haluuue y
CTPOHIUS criennPUUecKuX QYHKIHMH B METaO0IM3ME ThICSUETUCTHUKA.

ThICSIUENMCTHUK OOBIKHOBEHHBIM HMMEET XOpOIIO BBIpaKEHHbIE OapbepHBbIE CBOMCTBA B
OTHOILEHUH IIUPOKOTO CIIEKTPAa TOKCUYHBIX 3JIEMEHTOB. J[71s1 OOJIBIIMHCTBA TSHKEIBIX METANJIOB,

TOKCHUKAaHTOB W PCAKO3EMCIBHBIX 3JICMCHTOB (BKJ'IIO‘IaSI aHIOMI/IHPIfl, XpoM, CBHUHECH, ypaH H
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npyrue) 3HaueHusa KBII naxonsarcs B npepenax 0,01-0,1, uto moarBep:kaaeT CyliecCTBOBAHUE
HAaJIeKHBIX MEXaHU3MOB KOPHEBOM 3KCKIt03uH. Mckmouenue cocrasiser tutuid, KBII koToporo
nocturaer 0,19. M3BecTHO, 4TO JIUTHUH CIIOCOOEH MOIYJIMPOBATh HEHpPOMETuaTOpHbI 0OMeH [1;
17], 9TO0 MOTEHUMAILHO MOXET OBITh COOTHECEHO C HEKOTOPHIMH ACIEKTaMH HEUPOTPOIMHOIO
JCHCTBYS THICSYCTUCTHHUKA (CEJAaTUBHBIN, CIIA3MOIUTUICCKHA (D PEKTHI).

[TosbHY TOpHKOIA TpaBa Takke 00J1a1aeT IPKO BhIPAXKECHHON U30UPATENbHOCTHIO B ITPOLIECCE
HAKOIUICHUS XMMHUYECKUX 3JIeMEeHTOB. McciieqyeMoe Chipbe XapaKTepU3yeTcsl UCKIFOUUTEIBHO
BBICOKOH cITOcOOHOCTHIO K KoHIeHTpammu Gochopa (KBIT 5,85) u kanus (KBII 2,47). [Ipu atom
IIOCTYIUIEHUE KaJlbliug M HaTpusl B PACTUTENbHBI OpPraHW3M CYHIECTBEHHO OIPaHUYEHO
(cooTBercTByrOmME ToKazaTenu coctapiasor 0,51 wu 0,01), 4TO0 THUOWMYHO Ui BHUIOB,
aJIalTUPOBAHHBIX K MPOU3PACTAHHUIO HA MOYBAX, HE CKJIOHHBIX K 3aCOJICHHIO U C YMEPEHHBIM
cojepxanueM Kanpius [2; 11].

[TosibIHB TOpBKasi JEMOHCTPUPYET YHUKAIbHbIE aKKYMYJISTUBHBIE CBOICTBA B OTHOLICHUU
vean (KBIT 4,05). M3BectHO, 4TO Menb BBICTyMaeT KO(MAKTOPOM IENOro psiaa KIFOYEBBIX
(epMEHTAaTUBHBIX CHUCTEM — OKCHJa3, HUTOXPOMOKCHIA3bl, CYNEPOKCHITUCMYTA3bl, KOTOPHIE
MIPUHUMAIOT HETOCPEJCTBEHHOE y4acTHE B MPOIECCAX TKAHEBOT'O JAbIXaHUS, 00€3BpEKUBAHUU
aKTUBHBIX (hOpPM KHCIIOpO/a, a TaKkKe B OMOCHHTE3€ (PEHOIBHBIX COSTMHEHUN U TEPIICHOHIOB [2;
17]. MOXHO MPEeANOI0KUTh HATUYUE TPSIMON KOPPETSAIUU MEXKAY HHTEHCUBHBIM HAKOILICHUEM
MeIH U MPOIYKIUEH crennuprUuecKuX BTOPUYHBIX META00JIUTOB — TOPHKUX CECKBUTEPIIEHOBBIX
JAKTOHOB (B 4YacTHOCTH, aOCHMHTMHAa W apTaOCHHA), C KOTOPBHIMH CBSI3aHBI OCHOBHBIC
bapmakonorndeckne 3 (HeKTh MOIBIHY (CTUMYIISIIHAS aleTHTa, XKelrderonHoe neicraue) [1; 17].
I[ToMmuMo Menu, TpaBa MOJIBIHK TOpPbKON akTUBHO HakarummBaeT MUHK (KBIT 2,11) u Mmonmubnex
(KBII 1,06), Torna kak moruolnieHue Hukens onenuBaetcs kak ymepenHoe (KbII 0,47).

N3ydenne OapbepHbIX PYHKIMHA MOJBIHU TOPHKOM MOKa3alo, YTO MPU JOCTATOYHO HU3KUX
3HaueHusix KBII 1 OonbIIMHCTBA TOKCUYHBIX JJIEMEHTOB (QJIIOMUHUN, CBHUHEI, XPOM,
peaKo3eMeNbHbIE METAIUIBI) pacTeHHEe OOHAPYKUBAET MOBBIIICHHYIO akkyMyJsiiuto kaamust (KBIT
1,09). Takxe oOpamaer Ha ceOs BHUMaHHe 3HauuTelbHOe coaepskanue pyounus (KBIT 0,44),
SBJIAIOIIErocs OMOXMMHUECKUM aHasiorom kanus, 1 Melbsika (KBII 0,40), koTopslit nposiBisieT
cxo01cTBO ¢ pochopom [2; 11]. JlaHHBIE PaKTHI CBUIETENBCTBYIOT O HAINYHMH Y MOJIBIHA TOPHKOM
MOIIHOM, HO HEJOCTAaTOYHO CEJIEKTUBHOM CHUCTEMBI IOIVIOIIEHUS DJIEMEHTOB W3 ITOYBEHHOTO
pacTBopa, 4YTO MOYKHO paccMaTpuBaTh KaK BaXKHYIO BHUIOCHELHU(UUYHYIO XapaKTEPUCTUKY,
TPEOYIOIIYI0 0053aTeILHOT0 KOHTPOJISI IPU 3aroTOBKE U uctoyib3oBanuu JIPC.

[TycThipHMKa TATWIONACTHOTO TpaBa XapakTepu3yeTcs HauOollee  BBIPAKEHHOM
YHUBEPCAJIbHON aKKyMYJIATUBHOW CHOCOOHOCTHIO B OTHOLIEHHWH IIMPOKOTO Kpyra Makpo- H
MHUKpPODJIEMEHTOB CpEeAH HCCIEAOBAHHBIX BUAOB. PacTeHue AeMOHCTpHUPYET HCKIIIOUUTENBHO
Bbicokoe mnoriouenue ¢ocdopa (KBIT 5,93) u xamus (KBII 2,92), yto yka3biBaeT Ha ero
MOBBIIIEHHYI0 MOTpeOHOCTh B (hocdarax, 3aJeiiCTBOBAHHBIX B CHHTE3e (HOCHOIUITUAHBIX
KOMIIOHEHTOB MeMOpaH, HYKJICOTHAOB U JPYTrUX J>KU3HEHHO BAXHBIX COEJUHEHUH [2].

Copepxanne maraus B JIPC npaktuuecku cooTBeTCTBYET ero KoHueHTpauu B nouse (KbI10,91),
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OJIHAKO a0COJIOTHBIC 3HAUEHUS JOCTATOYHO BEJIHKH, YTO OOYCIOBIIEHO 3HAYMMOCTBHIO TAHHOTO
3JIeMeHTa 1 00pa3oBaHus Xyopoduiuia U GyHKIMOHUPOBAHUS MarHuii-3aBucuMbix ATda3z [2].
Hakorienne kanbIiusi TakKe HaXOIWUTCS Ha ypoBHe, Onm3koMm k mouBeHHoMy (KBIT 0,86).
[TpuMedaTennbHO, YTO COOTHOIICHHE Kaiblus U (Gochopa B ChIpbe cOXpaHseTcs npumepHo 4:1,
YTO CXOJHO C JAPYTMMHU aHAIM3UPYEMbIMHU BUAAMH, HECMOTpsI Ha CYLIECTBEHHBIC Pa3IudMs B
a0COTIOTHBIX KOHIIEHTPAILIUSIX JIEMEHTOB.

[TyCTBIpHUK MSTHJIONACTHON aKTUBHO HaKariuBaeT B Haa3eMHol yactu uHK (KBII 2,25) n
meap (KBIT 2,09), npuyem ux copepkaHue OTIUYACTCS BRICOKUMHU aOCONIOTHBIMU 3HAYCHUSMU.
[Tomumo 3TOTO, JUIsI pacTeHHs] XapaKTePHBI 3HAYUTENbHBIC KOX(P(GUIIMEHTH HAKOTUICHUS
KoOasibTa, HUKENS M MapraHija. JTO CBUJECTEIBCTBYET O BBICOKOH aKTHBHOCTU (PEPMEHTHBIX
KOMIUIEKCOB, B KOTOPBIX JIaHHbIE METAJIIbl BBINOIHSIIOT KO(aKkTopHble (PyHKIMU (KOOANbT — B
ButamuHe B12, mapranen — B cynepokcuaaucmytase u ap.) [2; 11; 17]. HMuTeHcuBHOE
noromenue Gocdopa, Kanus, MarHus, a TakXKe IMUPOKOTO CIIEKTPa MUKPOIJIEMEHTOB (KOOAJbT,
MoOJIeH, OOp) MOXKET BHOCHTH BKJIaJ B peanm3anuio (papmakosorndeckux 3hQexTon
MyCThIPHUKA — KapAUOTOHUYECKOTO, CEIATUBHOTO U Auyperudeckoro [1; 17].

bapbepHble MeXaHM3MBbl MMYCTHIPHUKA MATUIONACTHOTO, OIPAaHUYMBAIOIINE MOCTYIUICHUE
TOKCHYHBIX  3JIEMEHTOB, TMpPOSBISIIOTCA cjia0ee 1O CpPaBHEHHIO C  THICSYEIUCTHUKOM
OOBIKHOBEHHBIM M MOJIBIHBIO TOpbkoi. Hanbomnee nokasarenbHbIM B 3TOM OTHOLICHUH SIBIISIETCS
BbIcOkHi kodpunnent nakorenus kaamus (KBII 1,48). Pactenue He TONbKO HE MPEMSITCTBYET
NOCTYIUIEHUIO 3TOT0 TOKCUKAHTA, HO U, BEPOSATHO, aKTUBHO TPAHCHOPTUPYET €0 B HAJ3EMHBIE
oprasbl, 3aJefCTBYsl CHUCTEMbl INEpPEHOCa, MpeJHA3HAYEHHbIE I (PU3UOJIOTMYECKU ONM3KUX
9JIEeMEHTOB (HampuMmep, LHUHKa WM Kaiubius). Takxke cienyer OTMETUTh OTHOCHTEIBHO
MOBBIIICHHBIE MTOKA3aTeNN HAKOIUJICHUSI PTYTH, Oapus M TaJUTUs, YTO TpeOyeT TOMOTHUTEIHEHOTO
BHHUMaHUs IIPU OIIEHKEe 0€30IaCHOCTH ChIPbSI.

Takum 06pazom, Bce paccMarpuBaeMbie BUIbl JIPC — akTBHBIE akKyMyIaTOpHI hochopa u
KaJusi, 0COOCHHO MYCTBIPHUKA MATUJIONACTHOTO W TOJBIHU TOPHKOM TpPaBbl, YTO MOAUEPKUBACT
KPUTHYECKYIO poJib Gocdopa u kamusi B GU3NOIOTUH JaHHBIX pacTeHuid. [lonsiHU TOpBKOI TpaBa
pe3ko BeiensieTcs kak cynepakkymynsarop menu (KBIT 4,05). ¥V ocransubix pactenuit KbII meau
TaK)Ke BBICOK (Ha ypoBHE 2,1), 4TO yKa3bIBaeT Ha YHHUBEPCAIbHYIO BaXKHOCTH 3TOTO JIEMEHTa AJIs
(bepMEHTAaTUBHBIX CUCTEM.

ThicsuenucTHUKa OOBIKHOBEHHOro (B OOJIBLIEH CTENEHU) UM MOJBIHU TOPbKOW TpaBbl
00J1a/1a10T BBICOKOM CEJEKTUBHOCTHIO B MUHEPaJbHOM NUTaHUU. OHU aKTHBHO HaKaIlJIMBAaKOT
ACCEHIIMATbHBIE JJIEMEHThl (Kamuif, ¢docdop, HHUHK, MeAb), U OJOKHUPYIOT TMOCTYIUICHHUE
OCTaJbHBIX, YTO XapaKTEPU3yeT UX META0OIN3M KaK BHICOKOCTIEITMAIN3UPOBaHHBIN. [TycThIpHIKA
MATUIONACTHOIO TpaBa XapakTepusyercs Ooyiee HHU3KOM CENeKTHMBHOCTBIO B HAKOIJIEHUU
AIIEMEHTOB, YTO MOKET OBbITh ajanTalnueld K HEeCTaOMIbHBIM YCIOBHUSM WIIH OBICTPOMY pOCTY.
Camblii TPEBOXHBIM TpagUEHT OTMEYEH Mg KagMusi — OT YMEPEHHOr0 HaKoIUleHus (B
THICSIYETUCTHUKA OOBIKHOBEHHOTO U TOJBIHU TOPHKON TpaBax) K aKTUBHOMY (B MYCTBIpHHKA

MATUIIOTIACTHOTO TPaBe).
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BrisiBneHHBIE 0COOCHHOCTH K THIIEPAKKYMYISIIUA MEIU TOJBIHBIO TOPHKOHM, KOOaIbTa U
HUKENSl MYCTHIPHUKOM MSTHUJIONACTHBIM, JIMTUS THICAYEIMCTHUKOM CO3JaI0T crenuduyecKuit
MUHEPaIbHBIN PO UIb, KOTOPBIA MOXKET MOIYIMPOBATH AKTUBHOCTH ()EPMEHTOB, YUACTBYIOIINX
B CHHTE3€ AJIKAJIOUIOB, TEPICHOWAOB, GiaaBoHouaoB [1; 11; 17], T. e. HanpsIMyIO BIUATH Ha
(hapMaKoIOTHYECKUI TOTEHIMAI ChIphs. JlaHHOE MpEeArnoyIoKeHHe TpeOyeT OTAETHLHOTO
UCCIIETOBAHMS U MOXKET SIBUTHCA MEPCIIEKTUBHBIM IS JalIbHEHIIIET0 U3yYeHUSI.

BoiBoabl. Pe3ynpTaThl HCcleAOBaHHSA 3JIEMEHTHOrO Mpoduis JEeKapCTBEHHBIX TpaB
[enTpansHOro YepHO3eMbs MMOKA3BIBAIOT, YTO JIAXKE PACTYIUE HA OJTHOM TTOYBEHHOM CyOCTpaTe
pacTeHuss MCHOJIb3YIOT MPUHLUIIHAAIBGHO pa3Hble CTPaTerMd MHUHEPAJIbHOTO IHUTAHMUS,
JETCPMUHUPOBAHHbIE WX TEHETUKOM M JKoJOorm4yeckod Humen. IIpoBenéHublii aHamus
MOAYEPKUBAET, YTO OLIEHKA JIEKAPCTBEHHOT'O PACTUTENILHOTO ChIPhsI JOJIKHA BKJIFOYATh HE TOJIBKO
aHAJIM3 OCHOBHBIX OMOJIOTMYECKH aKTUBHBIX COCIMHEHHM, HO W TOJHBIA CKPUHUHI MHUKpPO- U
MaKpO3JIEMEHTHOTO COCTaBa C YYETOM YHUKAIbHOW OMOT€OXMMHUYECKOW CTPATerHd KaXKI0To
Buja. M3ydeHHble 0COOGHHOCTH AJIEMEHTHOTO MPO(UIIs JIEKApCTBEHHBIX TPaB MOTYT CIYKUTh
OCHOBOH [uIsi pa3pabOTKM CTaHIApPTU30BAaHHBIX IMpemapaToB W bBAJl, HampaBieHHBIX Ha

KOPPEKIHUIO 3JIEMCHTHOI'O CTaTyCa 4YCJIOBCKA.
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