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Hapamy ¢ BbICOKMMM MPOW3BOMCTBRHHBIMU MOKa3aTens-
mu, Kuposo-Henevykmid comnman KomnaHun «Ypa<mms, KaKk co-
LMansHo OTBETCTBEHHLIN Ou3Hec, BemEr macluTabHyio pabo-
Ty, HanpaBmeHHylo Ha coxpaHeHue W yKpermeHne sKonorvde-
cKoi BesonacHocTu. MHhopMaLMOHHAR OTKPLITOCTL — [MABHBIA
NpyHUMT paboTs! MPEmnpUATAS, STO KacaeTcd W SKorornue-
CKOM TeMaTWKW. SKOMOrM4eckMiA OTYET, KOTOpbIA BbIMyckaeTcA
ke Bonee 10 mer, — eKerogHo MPE3EHTYETCA MPenCTaBuTe-
AM ODLLECTBEHHbIX OpraHM3aLAl, OpraHos BIACTW W yrpas-
MeHMS, NpernofaBaTesiAM W CTymeHTaM, CoTpyOoHWKaM Oubmmo-
TeK, BeTepaHam ropoga v op. B omvéTte momBomATCS MTOMM U
OMpenensioTes OCHOBHbIE MEPOTPUATUA W HanpasneHns mpu-
PODOOXpaHHON DeATenbHOCTH,

Komnarma «Ypamaim», Kak COUMANbLHO HarpasneHHoe
NpenIpuATWE, MPOOOMMKAET aKTUBHYKD paboTy B peanMsalyn
BaXKHbIX COLMabHBIX Mporpamm. EXxeromHo pykosomcTaom Ku-
poBcKoW obnacty U . Kuposo-Yerelixa nomnyckiBaloTca Co-
MaeHUA 0 COTPYIHWYeCTBe B 0OMacTV COUMansHOM nomm-
TviM. OcHOBHaA Mx Lenb — B3aumomelicteue B cdepe pea-
MM3aLAA MPOrpaMM M MEPOTPUATWNA, MMeloLLWX ocofoe 3Ha-
YeHvie OnA ureredl obmactv. OHW CrocoDCTBYIOT peLueHuIo
Lenoro pAga COUMATBHO SHaMMMBDX BOMPOCOB. COLMALHON
3allMTe M 3aHAToCTU MMTenel r. Kuposo-Yeneuxa w obmne-
CTW, pa3BUTMIO TPAHCMOPTHOA WH(pacTpyKTypel, 0Opasosa-
HUA, OXpaHbl OKDYMEIOLLEN Cpembl Vi MpMPOHOnors30BaHus,
pasBUTMIO CdDepBl KyMsTYpbl, FOCYLOAPCTBEHHON MOMOOENHON
MOMVTVKK, (hM3UYECKOl KymbTypbl W Maccosoro criopra. Cro-
UT OTMETWTE, YTO «YDarn®n» OTBETCTBEHHO OTHOCMTCA K pas-
BUTWIO I. Kmposo-Yemeuka, roe pacrionoyeHo MpemnpusTuie.
Kpome Toro, mpakmika coupansHoro MepTHEPCTBa Ha MpoTA-
WKEHMM MHOrVX MeT pPAaChpOCTPaHAETCA Ha [EBATb MYHMLI-
NarnsHLX paioHoB, UHTEPECH! MUTENel KoTopsl: B 3akoHOma-
TerbHoM cobpaHuy Kupoeckoil obmacTv npencrasnaior memny-
Tarbl — COTPYOHMKA KOMMaHWM.

[MpmopuTeTHIM ONA «Yparivma» Beerna Obll W ocraérea
BHyTPeHHWA pbiHoK. OcobeHHo celvac. Poccuidckme Cenbxo3npo-
M3BOOUTENM — [TaBHbIR CTpATErVMECKME NapTHEPLL. KommaHma
ymenaer ocofoe BHUMaHVe 3arpocaM OTeYecTBEHHBIX arpapues
W DasBUBAET MAKCUMANbHO YOOOHYIO [OiA HMX CMCTEMY OMC-
TPUOYLMM. TToHMMAR BCKO COLMAITBHYIO OTBETCTBEHHOCTL, Ha Ce-
FOOHALLHMA DeHb «Yparmymes CombLUyio YacTb CBOMX MPOOYKTOB
NOCTaBMAET HA BHYTPEHHWA PbIHOK.

[Monmmmo mpopax yooBpeHmil, «Ypamwim» HanpamMyto pabo-
TaeT C KIMEHTaMW — MpenoCTaBNAST CEPBUCH!I Y MpOrpaMMbl
oA noBkiLLeHUs sdpdbekTMBHOCTM WX BmaHeca, CeromHa aTo 00-
pasoBareribHsle Nporpamiibl (ArpOKOHCYNETUPOBaHKE M arpoco-
NPOBOXOEHME, KOTOpble MPOBOOATCA MPaKTUMECKM BO BCEX pe-
rmoHax P®), yermyrv arponaboparopu, pa3paboTka CUCTEM M-
TaHWA pacTeHMid M MHoroe gpyroe. C 31Ol uenbio B asrycre
2022 r. «/parxum» MPOBEN TPeThe ekeromHoe arpapHoe he-
ponpuaThe «deHb mona» B Kuposckoi ofmactv. MeponpuAmme
HanpaeneHo Ha MoBbILLEeHKe YPOBHA OCBEOOMIIEHHOCTH KMeH-
TOB, a Tak¥e DEMOHCTpaLMIO mpyMeHeHua yooDpeHwin w cep-
BUCOB KOMMAaHWW B pearbHbIX YCOBMAX. «Ypamwim» pabora-
er B TecHo Koomepaumm ¢ MurnpomTopron, MyHCesX030M U
Mun-skoHomMpaseuTvsl PD no obecrieyeHmio pOCCUNCKUX arpa-
PUEB MMHEPaNbHBIMA YIOOPEHNAMM.

Yenexw v foCTVXKEHWA KOMMaHWW OTMEMEHb! He TarbKO py-
KOBOOCTBOM permoHa, Ho W crpaHsl B axsape 2022 r. B Kpew-
e mpowna pabodan Berpeva lpesnoeHra PO Bnaoymmpa [ly-
TWHa C Mpencenarenem cosera aupexTopos OGbenMHEHHON Xy~
MWMECKol KommaHwn «Ypamwms Ovurprem MaservHbiv, a
aBrycre o KomraHuy «Yparmmm» ¢ [TpesnpeHToM roBopurl yke
masa Kuposckoll ofmactu AnexcaHpp Coxonos. [To ero cro-
BaM, <Ypamwm» — 310 (narmMaHcKoe NpempuATMe PErvoHa,
OOMH W3 €ro KpYMHeMLUMY HanoronyiaTesbLLyKoB, a Take rpa-
pmooGpasylollee oA . Kuposo-Heneuka, oHo Bnevamaer obb-
Emamu, TEXHOTOrMAMM.



()
> ()
()
()
C. .
()
()
' ()




Theoretical
and Applied

ECOLOGY
No. 3, 2022

The journal is included in the list of the leading peer-reviewed
journals and issues for publishing the main results

of research for PhD and doctoral dissertations.

The journal is included into Ulrich’s Periodicals Directory,
bibliographic databases Scopus (SourcelD 21100828916),
Web of Science Core Collection, RSCl on WoS,

Google Scholar and Russian Science Citation Index (RSCI).

The journal is published since 2007.

The founders of the journal: Publishing house Kamerton |,
Vyatka State University.

Editor-in-Chief T.Ya. Ashikhmina,

Doctor in Technical Sciences, Professor,

hief Researcher of Viyatka State University,

Head of Laboratory of IB FRC Komi SC UB RAS
Vice-Editor-in-Chief SV. Degteva,

Doctor in Biology, Corresponding Member of RAS,
Professor, Director of FRC Komi SC UB RAS
Vice-Editor-in-Chief L.I. Domracheva,

Doctor in Biology, Professor, Professor

of Vyatka State Agrotechnological University
Vice-Editor-in-Chief 1.G. Shirokikh,

Doctor in Biology, Senior Researcher,

Head of Laboratory of Federal Agricultural
Research Center of North-East named N.V. Rudnitsky
Vice-Editor-in-Chief B.I. Kochurov,

Doctor in Geography, Professor, Leading
Researcher of the Institute of Geography RAS
Executive Secretary S.G. Skugoreva,

PhD in Biology, Associate Professor,
Researcher of IB FRC Komi SC UB RAS
Technical Secretaries:

T.l. Kutyavina, PhD in Biology,

Senior Researcher of Vyatka State University,
V.V. Rutman, Junior Researcher of Vyatka State University

The articles are reviewed. Reprint without permission of the publisher
is prohibited, links to the journal are obligatory when citing.

The editorial Board is not responsible for the accuracy

of the information contained in advertisements.

Editorial Address: 36 Moskovskaya St., Kirov, Kirov region, Russia, 610000
phone/fax: (8332) 37-02-77, e-mail: envjournal@vyatsu.ru

The edition is registered by Federal service for supervision

in the sphere of communication, information technology and mass
communications. Registration number and date of the decision on
registration: series Pl No. FS77-74434 on November 23, 2018.

Subscription index 248 in the joint catalog Press of Russia .

To effect subscription it is necessary to address to one of the partners
0of JSC MK-Periodica inyour country or to JSSC MK-Periodica directly.
Address: 39 Gilyarovsky St., Moscow, Russia,129110.

Tel: (495) 281-91-37, 281-97-63, Fax: (495) 281-37-98

E-mail address: info@periodicals.ru. http:/Amww. periodicals.ru

Publisher: the publishing house of O-Kratkoe
Publisher s Address: 67 Svobody St., Kirov region, Russia,
Kirov, 610020. E-mail: okrat@okrat.ru.
Designer  Tatiana Korshunova. Translation ~ Grigoriy Kantor. Photos
on the 1stand 4th cover - Alexander Shirokikh. Administrator
of Website  \yacheslav Rutman. Managing editor - Mariya Zelayeva.
Director of the publishing house O-Kratkoe Evgeniy Drogov.

= Publishing house O-Kratkoe .

Release date: September 26, 2022.
Circulation 250 copies. Order No. 7822. Free price.

Kirov digital printing house , LTD
Printing Address: 23, Anfisy Gorbunovoy St., Kirov, Russia, 610017

THE EDITORIAL BOARD OF THE JOURNAL
THEORETICAL AND APPLIED ECOLOGY

.. Askhabov
TK Golovko

A Gross
EV. Dabakh

MV. Dorodnikov
GM. Zenova
G.Ya. Kantor
VL Kovalenko
.Yu. Kolbovsky
E.l. Kolomiyets

LV. Kondakova
\.P. Meshalkin

V. Kuchin

VN. Lazhentsev

V.Z Latypova

LiYu

SG. Litvinets

VA Malinnikov
. . Moskalev

SV. Pestov

V.S, Petrosyan

S. . Rubtsova

V.P. Savinykh

F. Scapini

VA Sysuev
VA Terekhova
E.l. Tikhomirova
T.A Trifonova

V.I. Kholstov

B. . Chojnicki

M. . Hussein
V.T. Yungblud

Doctor in Geology and Mineralogy, Academician of RAS,
Professor, Scientific Director of FRC Komi SC UB RAS
Doctor in Biology, Professor, Chief Researcher
of IB FRC Komi SC UB RAS
Doctor in Chemistry, Professor of Aarhus University (Denmark)
PhD in Biology, Associate Professor,
Senior Researcher of IB FRC Komi SC UB RAS
PhD in Agricultural Sciences, Associate Professor, Professor
of Georg August University of Géttingen (Germany)
Doctor in Biology, Professor, Professor
of Lomonosov Moscow State University
PhD in Technical Sciences, Researcher
of IB FRC Komi SC UB RAS
PhD in Technical Sciences, Associate Professor, Associate
Professor of Ukrainian State University of Chemical Technology
Doctor in Geography, Leading Researcher, Professor,
Professor of Lomonosov Moscow State University
Doctor in Biology, Professor, Corresponding Member of the
National Academy of Sciences of Belarus, Director of Institute
of Microhiology, National Academy of Sciences of Belarus
Doctor in Biology, Professor, Professor of Vyatka State University
Doctor in Technical Sciences, Academician of RAS,
Professor, Director of International Institute of Logistics
Resource saving and technological Innovations
of Mendeleev University of Chemical Technology
Doctor in Chemistry, Academician of RAS,
Professor, Head of Department and Head of Laboratory
of Institute of Chemistry FRC Komi SC UB RAS
Doctor in Geography, Professor, RAS Advisor
Doctor in Agriculture, Corresponding Member of Tatarstan
Academy of Sciences, Professor, Professor
of Kazan Federal University
Doctor in Biology, Foreign Associate of RAS (China), Professor,
Director of Mycology Institute of Jilin Agricultural University
PhD in Agricultural Sciences, Associate Professor, Vice-Rector
for Science and Innovation of Vyatka State University
Dactor in Technical Sciences, Professor, Professor of Moscow
State University of Geodesy and Cartography
Doctor in Biology, Corresponding Member of RAS,
Chief of the Laboratory of 1B FRC Komi SC UB RAS
PhD in Biology, Assaciate Professor, Associate Professor
of Vyatka State University
Doctor in Chemistry, Professor, Head of Laboratory
of Moscow State University
Doctor in Chemistry, Senior Researcher, Director
of the Institute of Chemistry FRC Komi SC UB RAS
Doctor in Technical Sciences, Academician
of RAS, Professor, President of Moscow State University
of Geodesy and Cartography, Pilot-Cosmonaut,
twice Hero of the Soviet Union
Doctor in Biology, Professor of Florence University (ltaly)
Doctor in Technical Sciences, Academician of RAS, Professor,
Scientific Director Federal Agricultural Research Center
of North-East named N.V. Rudnitsky
Doctor in Biology, Assistant Professor,
Professor of Lomonosov Moscow State University
Doctor in Biology, Professor, Head of Department
of Saratov State Technical University
Doctor in Biology, Professor, Professor
of Lomonosov Moscow State University
Doctor in Chemistry, Professor, Head of the Center
of the Federal State Unitary Enterprise

State Scientific Research Institute
of Organic Chemistry and Technology
Doctor in Biology, Professor of Poznan University
of Life Sciences (Poland)
Doctor in Biology, Professor of University of Assiut University (Egypt)
Doctor in History, Professor, President of Vyatka State University




( ) st 6
' C ) 14
>
’ e 26
’ . 34
...... 41
S. V. Degteva, Yu. A. Dubrovskiy, M. V. Dulin, G. V. Zheleznova,
V. A.Kanev, D. V. Kirillov, D. A. Kosolapov, D. I. Kudreavtzeva,
M. A. Palamarchuk, T. N. Pystina, N. A. Semenova, T. P. Shubina
Rare species of plants and fungi in the Koigorodskiy National Park
(Komi REPUDIIC, RUSSIA) .....cvueviieieirinireeiesee et 49
S. Llerena, G. Toasa, A. I. Kurbatova NDVI alpha diversity
relationship in tropical montane cloud forest of Ecuador ...........cccccovevnicrnicinnnee. 58
Haemopissanguisugal. 68
TS o Arianta arbustorum...75
........................... 82
e 9
....................................................................................... 96
« M etetetere et 103
’ ettt 110
o ' Tricho’de.rmé viride
Alternaria alternat CU PDueserce s 118
...................................................................................... 128

R. Berdja, L. Lamari, N. Bouras, M. D. Holtz Host by strain association
study of rhizospheric actinobacteria on two Algerian date palm cultivars...........




. éypripedium calceolus L.

.......................................................................................................... 166
’ (Ondatra zibethiCuS L.) ....ccoccvvereeeererreririeeirennes 175
..................................................................................... 183
1 ’ I5inus sylvestris L.
........................................................................................................ 192
ettt 199
' .Hordeum wulgare,L. L. 206
L Parastagonospora nodorum ..................... 212
’ e 219
- S 226
’ L 235
VIII e —————————— 241
REVIEWS
THEORETICAL T. K. Sheshegova, L. M. Shchekleina Phytopathogenic biota
PROBLEMS in the conditions of climate Warming (FeVIEW) ..........cccoerereneierenee e 6
OF ECOLOGY L. 1. Domracheva, S. G. Skugoreva, A. L. Kovina, A. I. Korotkikh,
P. A. Starikov, T. Ya. Ashikhmina Specificity of plant-microbial complexes
under anthropogenic soil pollution (FeVIEW) ........coceiiiiiinnciicree e 14
ARTICLES
METHODOLOGY V.A.Belyy, I. M. Kuzivanov, I. V. Fedorova, E. U. Ipatova,
AND RESEARCH I. Yu. Chukicheva, A. V. Kuchin Photoprotection properties
METHODS. of terpenophenols in polylactide against UVC radiation ............ccccooeoeiiennineieenn 26
MODELS AND A. . Fokina, E. G. Fominykh, K. I. Yuzhanin Electrochemical methods
FORECASTS for the determination of ascorbic acid in biologically active additives ...................... 34
E. V. Kosheleva, L. A. Kalinina, Yu. N. Ushakova, B. A. Ananchenko
omparative evaluation of the prospects of using sulfide-conducting solid
electrolytes in the composition of sensors for hydrogen sulfide and sulfur dioxide .... 41
MONITORING NATU- S. V. Degteva, Yu. A. Dubrovskiy, M. V. Dulin, G. V. Zheleznova, V. A. Kaneyv,
RALANDANTHRO- D.V.Kirillov, D. A. Kosolapov, D. I. Kudreavtzeva, M. A. Palamarchuk,
POGENICALLYDIS- T.N.Pystina, N. A. Semenova, T. P. Shubina Rare species of plants and fungi
TURBED AREAS inthe Koigorodskiy National Park (Komi Republic, RUSSI@) ........cccovrrriniennes 49
S. Llerena, G. Toasa, A.l. Kurbatova NDVI alpha diversity
relationship in tropical montane cloud forest of Ecuador ............ccccooeoniiiennicicnnnne 58
L. V. Chernaya, L. A. Kovalchuk, N. V. Mikshevich Features of bioaccumula-
tion of heavy metals in the tissues of the great false horse leech
Haemopis sanguisuga L. in aquatic ecosystems of the Urals ...........ccoceovivvereiviinennne 68
N. N. Kamardin, S. V. Kholodkevich, V. M. Makeeva Monitoring of parks
in the coastal zone of the Neva bay with the snail Arianta arbustorum ..................... 75
€ .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



CHEMISTRY

OF NATURAL
ENVIRONMENTS
AND OBJECTS

ECOTOXICOLOGY

ECOLOGIZATION
OF PRODUCTION

POPULATION
ECOLOGY

AGROECOLOGY

ECOLOGY AND
CLIMATE CHANGE

SOCIAL ECOLOGY

INFORMATION

.Domnina, T. . Adamovich, A. S. Timonov, T. Ya. Ashikhmina
Monitoring of overgrowing of abandoned agricultural lands using
high-resolution satellite IMAJES .........cccveeeieieieee e 82

V. I. Poletaeva, M. V. Pastukhov Technogenic impact of wastewater

on the hydrochemical composition of the Angara RIVer ...........cccccoeevvevrenenne. 90

A.N. Eirikh, T. G. Serykh, E. A. Ovcharenko, D. P. Podchufarova,

A. V. Kotovschikov Chemical composition of the surface water

INTNE OB RIVEL ..ottt 96
. I. Kutyavina, I. A. Vartan, E. V. Shemyakina, V. V. Timina

Hydrochemical conditions for the formation of wetland

ecosystems in the Bylina State Nature RESErVe ........ccocoovevveveceveneeneneene, 103
E. A. Gornostaeva, G. I. Berezin, E. V. Dabakh Heavy metals
iN sNow cover and Urban SOIIS ... s 110

E. V. Fedoseeva, A. P. Kiryushina, D. I. Stom, V. A. Terekhova
Resistance of soil micromycetes Trichoderma viride
and Alternaria alternata to heavy metals Cuand Pb ..., 118

N. P. hrunina, A. Yu. Cheban Reduction of technogenic geochemical fluxes
during the operation of a polymineral deposit in the Far Eastern Region ....128

R. Berdja, L. Lamari, N. Bouras, M. D. Holtz Host by strain association

study of rhizospheric actinobacteria on two Algerian date palm cultivars ...135
1. D. Svistova, N. N. Nazarenko Ecological trend of succession

in mycobiome of the old botanical garden chernozem ...........ccccccooveviveeennee 142
I. V. Novakovskaya, E. N. Patova, E. G. Makeeva Snow algae

and cyanobacteria in several regions of the Urals and the Western Sayan ...149
V. A. Kovaleva, S. V. Deneva, Yu. A. Vinogradova, A. N. Panjukov,

E. M. Lapteva The influence of landscape conditions on the functioning

of microbial communities of postagrogenic soils of the tundra zone .............. 157
N. Y. Egorova, V. N. Suleymanova, E. V. Ryabova Ecological

and demographic characteristics of Cypripedium calceolus L.

coenopopulations in the Kirov region ... 166
N. S. Korytin, V. V. Shiryaev Survival and reproductive value

of different cohorts in the muskrat population (Ondatra zibethicus L.) ......... 175
E. M. Luchnikova, , A. V. Kovalevskiy, S. I. Gashkov,

L. A. Voronina, K. S. Zubko, A. V. Filippova Influence of various methods

of forest reclamation on the restoration of the community of mammals

in the dark coniferous taiga forests ... 183
A. Ya. Grigoryevskaya, Yu. S. Gorbunova, . Deviatova

Phyto-diversity as an indicator of the restoration of the Pinus sylvestris L.
formation of the Usman forest after a forest fire ..o, 192

L. V. Pilip, N. V. Syrchina, V. A. Kozvonin, E. P. Kolevatykh,

T. Ya. Ashikhmina, A. V. Sazanov Biological contamination

of arable land With PIGWASLE ........cciiiiiiiie s 199
T. K. Sheshegova, 1. N. Shchennikova, L. M. Shchekleina, S. A. Emeleyv,

M. V. Cheremisinov, N. A. Zhilin Bioecological and immunological
assessment of grain and plants of Hordeum vulgare L. in the

conditions of the KIroV regION ..........cuevvii i 206
A. V. Bakulina, D. V. Popyvanov, A. V. Kharina Study of the
properties of local isolates of Parastagonospora Nodorum ...........ccceceeevveenens 212
N. V. Syrchina, L. V. Pilip, T. Ya. Ashikhmina hemical land
degradation under the influence of animal husbandry waste ........................ 219

S. V. Zagirova, J. F. Mikhailov Seasonal variation of concentration
and net CO, exchange in the spruce forest ecosystem of the middle taiga .....226

A. V. Minkina, S. A. Dvinskikh, T. V. Zueva An approach to the
development of an integral index of ecological well-being of the territory ....235

V111 Congress of the Society of Soil Scientists named after V. V. Dokuchaev ...241

.2022. 3/ Theoretical and Applied Ecology. 2022. No. 3




581.524:551.58:632.11:632.7 doi: 10.25750/1995-4301-2022-3-006-013

( )

" 2022. . . > b e e

610007, , , .166 ,

e-mail: immunitet@fanc-sv.ru

100 1, 1.4
0,4 . -

Phytopathogenic biota in the conditions of climate warming (review)
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The article provides information on the state of climatic factors in the Russian Federation over the past 100 years
and notes the overall warming of the climate by 1, while for the cold period of theyear by 1.4 ,warm by0.4
Further, the features of changes in the species and intraspecific structure of phytopathogenic microorganisms, insect
pests and plant communities are considered in connection with the unfavorable dynamics of climatic factors in the Euro-
North-East of the Russian Federation, including the Kirov region. The positive and negative consequences of climate
warming on plant-microbial interactions are shown. The possibility of the emergence of new phytopathogens and insect
pests and the elimination of the existing harmful biota under conditions of changing ecology and climate is substantiated.
In the Kirov region, due to warming, the harmfulness of snow mold may decrease and it will be possible to fully cultivate
such crops as winter triticale, winter barley, wintering oats, but the damage to grain crops by ergot, pome and stone fruits
by moniliosis, field and horticultural crops by viral diseases will increase. New diseases and pests are likely to appear,
such as yellow rust and yellow spot, ramularia and harmful bug on crops. There will be a need to adjust cultivated crops and
introduce more heat-loving and non-traditional ones, for example, corn, soybeans, millet, sorghum, spring triticale, etc.
Therefore, agricultural production and biological science must be prepared for regional environmental and climate changes.

Keywords: climate change, phytopathogenic microorganisms, insect pests, bioecology of microorganisms, plant
diseases.
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The review presents the results of studies on the characteristics of the plant microbiome under anthropogenic soil
pollution and the possibilities of its regulation for bioremediation measures. Any type of soil pollution, including the ap-
pearance of invasive plants, leads to the rearrangement of native microbial complexes, which manifests itself in a decrease
in the species composition, a decrease in the abundance of certain groups of microorganisms (MO), outbreaks in the
abundance of phytopathogens and antagonist microbes, toxin formers, and melanization of micromycete complexes. Such
negative changes in microbial complexes become the cause of inhibition of plants and a decrease in their productivity.

It is known that in the soil of any type, in the process of cohabitation of plants and rhizospheric microbiota, a holobiont
is formed, which is the unity of the host and all its symbiotic microbes. At the same time, the number of the microbial com-
ponent of the holobiont can reach up to 10 thousand species, and the number of microbial cells in the rhizosphere can reach
10" CFU/g. In many ways, the chemical nature and volume of root secretions are regulators of the abundance, species and
group composition of MO. Plant resistance to stressful abiotic and biotic factors is determined by the presence and functioning
of the rhizosphere microbiome; therefore, not only natural and artificially constructed plant-microbial complexes are promising
agents in the remediation of soils contaminated with various pollutants. Among the most promising groups of MO-introducers,
representatives of cyanobacteria, pseudomonas, bacilli, actinomycetes, micromycetes of genus Trichoderma. Plant-microbial
complexes enriched with these MO groups were successfully used for bioremediation of soils contaminated with oil, oil products,
heavy metals, benzo[a]pyrene, and phytopathogens. Therefore, one of the urgent tasks of modern agrobiotechnology is the
isolation of useful representatives of the rhizosphere microbiota into pure cultures and the creation of artificial plant-microbial
complexes enriched with MO antagonists, growth stimulators, and pollutant decomposers for these purposes.

Keywords: holobiont, hologenome, plant-microbial complexes, soil pollution, bioremediation.
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Polylactide is one of the most environmentally friendly polymers to replace fossil-based materials. In this work we
quantitatively evaluated the effectiveness of new photostabilizers in preventing the photodegradation of polylactide under
UVC radiation by using the spectrometric criteria calculated from FTIR spectra. We have proposed a method including a
treatment of the samples of polylactide mixed with the photostabilizers by the UV radiation with a wavelength of 254 nm for
4 hours followed by the calculation of the effectiveness of the photostabilizer based on the FTIR spectrometric data. The
number of terminal hydroxyl groups increased during photodegradation due to the cleavage of ester bonds in the polymer,
this caused the increase of the absorption at 3600 3100 cm™ in the FTIR spectra. Several photostabilizers of the terpe-
nophenol class were studied, namely 4-methyl-2,6-diisobornylphenol, 2-isobornylphenol, 2-isobornyl-4-methylphenol
and 2-isobornyl-6-methylphenol, as well as bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate  the well-known hindered
amine light stabilizer. The mass concentrations of these photostabilizers varied from 0.05 to 1.00%.

The best protection effect from the UVC radiation in regard to polylactide was shown by 4-methyl-2,6-di-
isobornylphenol at the concentration of 0.05% by weight. Its photoprotective activity was almost 2 times higher
than that of bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate of the same concentration. The high photoprotecting
26 activity of 4-methyl-2,6-diisobornylphenol was due to the increased stability of the phenoxy radical provided by

bulky isobornyl substituents in the aromatic ring. In the opposite, the strong photosensitizing effect accelerat-
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ing the photodegradation of polylactide was manifested by 1% concentrations of 2-isobornyl-4-methylphenol and
2-isobornyl-6-methylphenol. In this case, the delocalization of the unpaired electron in the conjugation chain with the
formation of many resonance forms contributed to the transfer of the radical to polylactide macromolecules. The protec-
tion of polylactide from UVC radiation opens up prospects for expanding the areas of application of polylactide, a polymer
synthesized from renewable raw materials.

Keywords: renewable raw materials, polylactide, photoprotectors, infrared spectrometry.
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One of the negative consequences of the impact of adverse environmental factors on on a humans is the develop-
ment of oxidative stress in the body, which causes deviations in the state of human health. An important role in the fight
against oxidative processes is played by antioxidants, including ascorbic acid (AA). Along with food, biologically active
additives (BAA) can be an additional source of AA intake into the body.

The correct assessment of the content in pharmaceutical preparations helps to solve an important problem of
food ecology the balanced use of vitamin C. Therefore, the development of new and improvement of existing methods
of analysis for determining the content of AA in various objects remains an urgent task.

The use of instrumental methods for fixing the end point of the titration increases the accuracy of the analysis.
Simple and economical electrochemical methods such as potentiometry and coulometry can be used to implement the
iodometric titration method. Despite all the advantages of coulometric and potentiometric methods of analysis and their
widest distribution in various fields of science and technology, there are no data in the literature on the possibility of
implementing the coulometric determination of with potentiometric indication and direct potentiometric titration,
which are based on the reaction with iodine.

As a result of the study, it was found that in the determination of AA by both methods, well-repeated results were
obtained (the relative standard deviation does not exceed 2.0%), the dependence of the analytical signal on the sample
mass (in the range of 80 120% to standard weight 0,1 or 0,2 g depending on the method) is linear with R not less than
0.99, and the results obtained by the introduced-found” method satisfy the requirement of correctness.

Keywords: ascorbic acid, glucose, rutin, coulometry, potentiometry, determination.
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The article presents a comparative evaluation of the prospects for using sulfur-conducting solid electrolytes CaY,S,
and CaYb,S, doped with ytterbium sesquisulfide (Yb,S,) as part of solid electrolyte sensors of sulfur-containing gases
(hydrogen sulfide and sulfur dioxide). The relationship between the magnitude of the sensor signal and the electrode
reactions at the working electrode is considered, taking into account the partial pressures over its components, and the
nature of the signals during the detection of H,S and SO, is substantiated. The intervals of gas concentrations that fall
into the group of linear signs depending on the content of the detected gas are determined. It has been suggested that
the reason for the low sensitivity of the sensors in the range of P, < 10° atm is a kinetic nature. As a result of the study,
it was found that when detecting a gas containing hydrogen sulfide, the limiting stage is the reaction of adsorption of
hydrogen sulfide on the surface of the working electrode (reaction of the first order), and when determining the content
of sulfur dioxide, the limiting rate reaction is the desorption reaction of a by-product oxygen (reaction of the second
order). It was carried out a kinetic study of the relationship between the sensitivity of hydrogen sulfide and sulfur dioxide
sensors and outlined the sensitivity path of performance sensors. It was found that for the detection of hydrogen sulfide
and sulfur dioxide, it is more promising to use the sulfur-conducting solid electrolyte CaY,S, x mol.% Yb,S,, where is
0 to 16 mol.%, the sensor sensitivity is an order of magnitude higher than the use of solid electrolyte CaYb,S, x mol.%
Yb,S,, where is0to 12 mol.%.
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Keywords: solid state electrochemical sensor, hydrogen sulfide, sulfur dioxide, sulfur-containing gases, sulfide-
conducting solid electrolytes, calcium thioitrate, calcium thioytterbiate, ytterbium sulfide.
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1/ Tablel
Synthesis and annealing modes of solid electrolytes
, The time , The time of
Solid Temperature of sinthesis, h Temperature of annealing, h
electrolyte of sinthesis, annealing,
cavy,S, Yb,S, 1136 7 1136 6
CaYb,S, Yb,S, 1000 10 1000 10

6

9 ;
Fig. 1. Measuring cell design: 1

03

©10
quartz glass tube; 2

;11

02

[5]

fitting for gas supply; 3  fitting for gas outlet;

4 graphite electrode; 5 graphite conductor; 6 nichrome conductors; 7 quartz glass;
8 solid electrolyte membrane; 9

reference electrode; 10  high-temperature composition; 11

stopper [5]
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2/ Table2
Yb,S, Y.,S,
Main electrolytic characteristics of Solid Electrolytes based on CaYb,S, and CaY.,S,
Solid electrolytes t=350
Conductivity Sulfidion transfer , 1 Upper
att=350 numbers limit of temperature
stability,
Cay.,s, 1,1-10* 0,99 650
Cay.,S, % Yb,S, 10+ 1,00 620
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3/ Table 3

Possible mechanisms of the heterogeneous electrode process of the hydrogen sulfide sensor

1/ Mechanism No. 1

2 / Mechanism No. 2

1)
thermal decomposition of the detected gas:
H,S <H,+1/28S,

1)
/ adsorption of hydrogen sulfide on the
electrode surface: H,S < H,S

2)
adsorption of sulfur on a graphite electrode:
1/2S,<S

2)

/ actual electrochemical
reaction at the measuring electrode:
HS +2.<S*+2H

3)

/ actual electro-
chemical reaction at the measuring electrode:
S +2+¢< 8%

3)
/ transition of adsorbed hydrogen to the gas phase:
2H < H,

4) / ionic transfer: S*

4/ Table 4

Possible mechanisms of the heterogeneous electrode process of the hydrogen sulfide sensor

1/ Mechanism No. 1

2 / Mechanism No. 2

1)
thermal decomposition of the detected gas:
SO, <0,+1/25S,

1)
/ adsorption of hydrogen sulfide on the
electrode surface: SO, < SO,

2)
adsorption of sulfur on a graphite electrode:
1725, <S

2)
/ actual electrochemical
reaction at the measuring electrode:

SO, +2+<S*+20

3)

/ actual electrochem-
ical reaction at the measuring electrode:
S +2+<8*

2
3)
/ transition of adsorbed hydrogen to the gas phase:
20 <O,

4) /ionic transfer: S* < §*
- (G 7dgC =
, 66,9 90,0 )
, (0 /70dgC=6,8 11,2 )
, SO,
ksoz =5,73+102 /( ¢ ).
4.
. H,S
SO, - SO,

6 ; ’ 47
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The importance of the Koigorodskiy National Park (Komi Republic) for conservation of protected plants and
fungi key habitats is demonstrated for the first time. By now, we registered here 367 occurrences of 32 rare species of
plants and fungi, included in the Red Data Book of the Komi Republic. Among them, 11 taxons of plants (7 species of
vascular plants and 4 species of bryophytes), and 21 taxons of fungi (9 species of fungi, 11 species of lichens and 1 species
of lichenicolous fungi) were found. Three species of vascular plants and nine taxons of lichens require monitoring of their
nature populations and are included in the Appendix 1 to the Red Data Book of the Komi Republic. Our results confirm
the priority of the Koigorodskiy National Park for conservation of biological diversity in the ecotone zone between the
middle and southern taiga, and for protection of rare plants and fungi key habitats.

Keywords: biodiversity, bryophytes, fungi, key habitats, lichens, nature protected areas, vascular plants.
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(Sarcosoma globosum, Lobaria pulmonaria, Tuckneraria laureri) -
Dendriscosticta wrightii, Usnea longissima, Neckera pennata

Recently, the problem of studying and pre-
serving biological diversity becomes crucial due
to the global ecological crisis. In the second half
of the XX century, people realized the growing
trend of a steadily increasing intensity of the bio-
logical resources use, which causes the threat of
an ecosystem biological diversity decrease. The
need to preserve the diversity of life at various
levels of its organization from genetic to land-
scape was claimed by the resolutions of the UN
Conference on Sustainable Development, Rio de
Janeiro, 1992 (https://www.un.org/ru/confer-
ences/environment/rio1992).

The creation of Nature Protected Areas
(NPA) networks is considered to be the most
effective way to preserve natural ecosystems
[1]. Since the late 1950s, systematic research
has been conducted in the Komi Republic on the
formation of a NPA system. The Republic has
one of the most extensive networks of protected
areas in the North-West of Russia, including
four federal objects, and 228 regional reserves
and nature monuments [2]. The total area of the
NPAs is about 5.47 min ha (13.1% of the total
Komi Republic area). The local system of NPAs
isof greate value for the conservation of habitats
of rare species listed in the Red Data Book of
the Komi Republic [3] andthe Red Data Book
of the Russian Federation [4, 5].

The Koigorodskiy National Park with an
area of 56700 ha was created in 2019 at the
south-west of the Komi Republic. Itis located in
the ecotone area between middle and southern
taiga [2] and protects a large array of undis-
turbed natural boreal forests [6]. Pristine forest
ecosystems have high diversity of fungi, lichens,
invertebrates, and birds [7, 8]. So, such areas
are the key habitats for populations of rare spe-
cies. Therefore, for the Koigorodskiy National
Park, we expected many findings of rare spe-
cies, including protected taxons, which have the
northern boundaries of their areas in the region.

At the time the national park was founded,
information about its biological diversity was
fragmentary. There are still no data on the flora
and vegetation diversity. In the literature, one
can find only information about the diversity
of vascular plants and lichens in the adjacent
territories of the southern regions of the Komi

Republic. In 2021, specialists of the IB Komi
SC UrB RAS began systematic studies of
flora, lichen- and mycobiota on the territory
of Koigorodskiy National Park. The main goal
of the research was to identify the habitats of
protected taxons listed in the Red Data Book of
the Komi Republic [3]andthe Red DataBook
Book of the Russian Federation [4]. Thearticle
is devoted to the characteristics of habitats and
populations of rare species.

Materials and methods

The Koigorodskiy National Park is located
in the eastern part of East-European Plain (Fig-
ure) on the watershed of the largest European
rivers the Volga (Caspian Sea basin) and the
Northern Dvina (White Sea basin). Its southern
border coincides with the administrative bound-
ary between the Komi Republic and the Kirov
region. Inthe Kirov region, the Tulashor cluster
site (area 17,815 ha) of the Nurgush State Na-
ture Zapovednik adjoins the boundaries of the
National Park.

Tectonically, the Koigorodskiy National
Park is confined to the Russian Platform over-
lain by deposits of the Jurassic and Cretaceous
periods [9]. Deposits of the Quaternary period
are fluvioglacial pebbles and sands. The most of
the territory is a part of the Northern Uvaly an
elevated denudation-accumulative gently hilly
plain, dissected by the sources of rivers. The
elevation ranges from 200 to 220 (240) m [9].
The climate is intracontinental, temperate [9].
The winter is cold and long with a short frost-
free period. The summer is cool and short. The
precipitation is reduced (700 850 mm/year) and
falls mainly in the warm season. The amount of
annual precipitation exceeds the annual land
evaporation (500 530 mm/year). This contrib-
utes to the formation of a dense hydrographic
network. The national park watercourses belong
to the basins of the Suran, Mytets, Fedorovka
and Letka rivers. Rivers have a mixed feeding
with a predominance of snow one, and the waters
are hydrocarbonate-calcium with a salinity of
250 mg/dmé3.

According to botanical-geographical zon-
ing, the study area is in the Kama-Pechora-West
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Ural subprovince of the East-European Plain
taiga province of the Eurasian boreal area [10].
Forest is a dominant type of vegetation [6] and
covers about 98% of the territory. Mixed aspen
and birch stands are common at the watersheds
and cover 42 and 24% of the afforested area. Co-
niferous forests are mainly presented by spruce
stands formed by Picea obovata Ledeb., often
with co-dominant Abies sibirica Ledeb., Betula
pubescens Ehrh. and Populus tremula L. Spruce
forests cover 32% of the afforested area.

Tree stands are old and have medium density
(0.7). Anaverage yield class of the stands is 11.5,
ranged from I11.4 in spruce stands to 1.7 in aspen
stands. Scots pine (Pinus sylvestris L.) stands
are rare and cover about 2% of the afforested
area. There are large arrays of wind fallen stands
on the territory of the National Park. Bogs are
common in the wet depressions, meadows and
willows in the river valleys. These types of
vegetation have a small area.

Podzolic soils are formed on loamy bedrocks
under green moss spruce forests. Ferruginous
podzols are developed on drained sandy bedrocks
under lichen and green moss pine forest. Under
the canopy of spruce and aspen forests of her-

baceous type sod-podzolic soils are developed,
in river valleys alluvial sod and alluvial sod-
gley soils. In areas of watershed with stagnant
moisture under the canopy of dark coniferous
forests dog-podzolic and peat-podzolic-gley soils
are dominate [9].

The inventory of the biological diversity
of plants and fungi was carried out in June
September 2021 in the northern part of the
Koigorodskiy National Park (the vicinity of
the Fedorovka and Matvey Shor tourist
sites). The samples of plants, fungi and lichens
were collected by route method according to the
standard approach [11] in all types of plant com-
munities found at the study sites. The length of
radial routeswas up to 3 4 km. Vascular plants
floras were studied using standard local flora
approaches [12, 13]. To identify the diversity
of mosses, fungi and lichens, various substrates
were examined: trunks and branches of living
and dead trees, stumps, decks, soil, etc. The
processing and determination of the collections
was carried out in laboratory conditions using
the comparative morphological, anatomical and
morphological methods generally accepted in
biology. Species names of vascular plants are
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given according the Plants of the World Online
source (https://powo.science.kew.org/). The
size and names of moss families, genera and spe-
cies are given according to the list of bryophytes
from Europe, Macaronesiaand Cyprus [14]. The
nomenclature, volume of taxa, taxonomic posi-
tion of lichens and associated fungi are indicated
from the MycoBank Database (http://www.
mycobank.org). The taxonomy and nomencla-
ture of fungi taxa are given in accordance with
the recommendations of the Index Fungorum
resource (www.indexfungorum.org).

Results and discussion

The regional Red Data Book contains 532 ta-
xa, including 150 species of fungi and lichens,
314 species of plants and 68 species of inverte-
brates and animals. The distribution of species
listed in the third edition of the Red Data Book
of the Komi Republic [3] by categories of rarity
status is shown in the Table.

Analysis of the plants and fungi rare species
representation within the regional NPA network
showed that 86% of rare species are presented in
the NPAs. At the same time, 13 species of fungi
(including 5 lichen species) and 54 taxons of
plants (5 species of algae, 12 bryophytes, and
37 vascular plants) are not protected in NPAs.
The main reason is that the regional NPA net-
work does not includes all types of landscapes
of the Komi Republic [2]. The establishment of
the Koigorodsky National Park in 2019 filled
one of the gaps in the regional NPA network
and ensured the preservation of the moraine
plain landscapes with a silty mantle loams of the
ecotone area between the middle and southern
taiga subzones.

We found 32 populations of protected plants
and fungi, including 11 taxa of plants (7 vascular

and 4 bryophytes) and 21 taxa of fungi (9 fungi
and 12 lichens). The dataset on rare species
with 367 occurrences was published in GBIF
(https://www.gbif.org/dataset/d2fa65c0-4e89-
4763-af31-29bf09183a5d). Information about
rare species listed in the Red Data Book of the
Komi Republic is contained in 43 more data sets
also published in GBIF. The largest of them was
prepared by specialists of the IB Komi SC UrB
RAS and contains records of 8893 occurrences of
470 species [15]. Comparison with other GBIF
data showed that our information significantly
complete the knowledge on protected rare species
in the Komi Republic.

All the protected vascular plant species has
acategory of rarity status 3: Cinna latifolia (Tre-
vir. ex GOpp.) Griseb., Dryopteris filix-mas (L.)
Schott, Anemonoides ranunculoides (L.) Holub,
Ranunculus ficaria L., Thalictrum aquilegifo-
lium L., Tilia cordata Mill., Viola selkirkii Purs
ex Goldie. Moreover, we found three species
included in the Annex 1 to the Red Data Book
of the Komi Republic: Platanthera bifolia (L.)
Rich., Dactylorhiza maculata (L.) Sod, and Viola
mirabilis L. The most interesting findings are
Thalictrum aquilegifolium, Anemonoides ranun-
culoides, and Ranunculus ficaria (Ranuncula-
ceae). Thalictrum aquilegifolium was previously
known only from two sites in the southern part of
the Komi Republic. There are no new herbarium
specimens of this species in the SYKO during
the last 50 years and there are no the species
findings at other regional NPAs. Moreover, the
previously collected samples were vegetative
individuals. Our findings confirm the emergence
of this species in the Komi Republic. Its popula-
tion establishes the Suran floodplain, between
herbaceous meadow and the edge of mixed for-
est. We found about 300 individuals growing
along the river bank. Thalictrum aquilegifolium

Distribution by category of rarity status of species of fungi and plants, Table
included in the Red Data Book of the Komi Republic [3]
Group of organisms Category of rarity status Total
o | 1 | 2 | 3 | a4 | s

Kingdom Fungi 150
Fungi 0 0 1 55 9 0 65
Lichens 2 17 12 48 6 0 85
Kingdom Plants 314
Algae 0 0 0 10 0 0 10
Bryophytes 0 0 12 52 7 0 71
Vascular plants 0 16 43 144 30 0 233

Note. The categories of species rarity status are given according to the system adopted in the Red Data Book of the Rus-

sian Federation [4].
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is included in the Red Data Book of the Kirov
region [16],andwas recorded from the Tulashor
cluster, Nurgush State Nature Reserve.

Anemonoides ranunculoides and Ranunculus
ficaria were also found in the Suran floodplain
grass-sedge communities, where the species
grown in the silted open hollows. The popula-
tions are large and consist of more than 500 in-
dividuals, growing along the river course. There
are the northern borders of the species ranges
in the Komi Republic, and their occurrences
are rare. Earlier, the species were protected
only in the Pechoro-llychsky State Nature Re-
serve. Population of Cinna latifolia (Poaceae)
was found in the riverine spruce forest in the
wet hollow. The population is small  about
30 individuals. This species is sporadically
distributed in the Komi Republic and protected
in the Pechoro-llychsky State Nature Reserve
and three landscape regional reserves. On the
Vychegda Plain, Cinna latifolia is protected only
in the Koigorodskiy National Park.

Fern Dryopteris filix-mas (Dryopteridaceae)
was recorded in the mixed forest of herbaceous
type. The population is small about 50 indi-
viduals. In the Komi Republic, the species rarely
grows in the forests of the Northern and Subpo-
lar Urals,onaplain inthe southern part of the
middle taiga in the old growth mixed forests of
herbaceous type. Many of the species habitats
are out of the limits of NPA. A single plant of
Tilia cordata (Tiliaceae) of bushy form and 3 m
height was found in the floodplain mixed forest
ataslope to the stream Matvey Shor. In the Komi
Republic this species is on the northern bound-
ary of its range. Its populations are growing in
the basins of the rivers Sysola, Luza, Letka, and
Kobra. The populations are small. The species
is under protection in one botanical reserve and
two nature monuments.

Numerous populations of Viola selkirkii
(Violaceae) were found in the old growth mixed
forests of herb-green moss type. This species
prefers south-west of the Komi Republic and
sometimes grow in Suburals. Viola selkirkii is
well provided with territorial protection in the
regional NPAs. In addition to the Koigorods-
kiy National Park, it is under protection in the
Pechoro-llychsky State Nature Reserve and
six local reserves. All rare species of vascular
plants, found in the national park, belong to
southern latitudinal elements (nemoral-boreal
and nemoral) and may be suggested as relics of
the Holocene climatic optimum.

Two speciesare inthe Red Data Book of the
Kirov Region [16]: Corallorhiza trifida Chatel.

and Neottia cordata (L.) Rich. Single plants of
Corallorhiza trifida were noted at the fen. Neot-
tia cordata was recorded from mixed and spruce
forests of the green moss type. Analysis of the
data on the flora of the Tulashor cluster, Nurgush
State Nature Reserve [17, 18] revealed that it
contains 12 species of the «Red Data Book of
the Komi Republic» [3]: Carex pseudocyperus L.,
Chimaphila umbellata (L.) W.P.C. Barton,
Dactylorhiza traunsteineri (Saut. ex Rchb.) Sod,
Dryopteris cristata (L.) A. Gray, Epipogium
aphyllum Sw., Iris sibirica L., Monotropa hypopi-
tys L., Polygala comosa Schkuhr, Potentilla erec-
ta (L.) Raeusch., Thelypteris palustris Schott,
Viola collina Besser, and Viscaria vulgaris Rohl.
They will probably be found on the territory of
the Koigorodskiy National Park during further
research. Most of these taxons are not under
protection in the NPAs of the Komi Republic.

Neckera pennata Hedw. and Schistostega pen-
nata (Hedw.) F. Weber et D. Mohr., rare moss
species included in the Red Data Book of the
Komi Republic [3] with a status 3, are mainly
concentrated in the old-growth forests and
floodplain habitats of the Koigorodskiy National
Park. Rarity of Neckera pennata and Schisto-
stega pennata in the Komi Republic is mainly
due to natural reasons. These species have nar-
row ecological range and is near the northern
border of their area. Neckera pennata is rare in
many European countries [19] and 52 regions
of Russia. This species is typical for the zone
of broad-leaved and coniferous-broad-leaved
forests, where its populations had significantly
decreased since the middle of the 20th century.
In the Komi Republic, Neckera pennata grows
mainly in the ecotopes with high air humidity,
usually old-growth aspen forests. In most cases,
the moss is confined to the bark of old aspen
trees, climbing 3 4 m on trunks.

The species can be of interest as an indica-
tor of aspen forests that have not been disturbed
by felling or fires for a sufficiently long time.
166 species occurrences are known in the Komi
Republic, of which more than a half (52%) was
found in the southern part of the region in the
southern and middle taiga. In the Koigorods-
kiy National Park, we registered 12 habitats of
Neckera pennata. The species is protected in the
Pechoro-llychsky State Nature Reserve, and five
regional reserves. Neckera pennata is included in
the Red Data Book of Kirov Region [16], and
found in the Tulashor cluster, Nurgush State
Nature Reserve [18].

Schistostega pennata was found in a wooded
valley of stream on fine sand under the roots of
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fallen tree. This small annual moss is adapted to
grow in shaded habitats. In Russia, Schistostega
pennata is sporadically found in the European
part, Siberia and the Far East. The species is
listed in the Red Data Books of 19 regions of
Russia. There are 21 known occurrences of this
species in the Komi Republic, including two in
the Koigorodskiy National Park. The species was
recorded in the northern, middle and southern
taiga, as well as in the Northern Urals. Until
recently, Schistostega pennata was protected only
in the Pechoro-llychsky State Nature Reserve.

New habitats of liverworts Lophozia ascen-
dens (Warnst.) R.M. Schust. and Scapania apicu-
lata Spruce were found in the National Park.
The species are included in the Red Data Book
of the Komi republic [3] with status 3. Lopho-
zia ascendens was found in old windfall site in
spruce-birch forest of hair-cap moss-sphagnum
type, and in mixed spruce-aspen forest of dwarf
shrub-bilberry-green moss association. The
species inhabits rotting wood. The species is
found sporadically in the taiga zone of the Komi
Republic. It is under protection in the NPAs of
federal (Pechoro-Ilychskiy State Nature Reserve
and Yugyd va National Park) and local (regional
reserves) levels. Scapania apiculata was found
in the same habitats as Lophozia ascendens, and
in the reed-dwarf shrub-fern-green moss aspen
forest. The species is found sporadically in the
middle taiga of the Komi Republic (basins of the
Luza, Sysola, and Vychegda rivers, and upper
course of the Pechora river), and is under pro-
tection in the Pechoro-llychskiy State Nature
Reserve and two local reserves.

Inthe Koigorodskiy National Park, we found
9 species of fungi included in the Red Data Book
of the Komi Republic [3]: Leucocortinarius
bulbiger (Alb. et Schwein.) Singer, Microstoma
protractum (Fr.) Kanouse, Onnia tomentosa (Fr.)
P. Karst., Pluteus umbrosus (Pers.) P. Kumm.,
Rigidoporus crocatus (Pat.) Ryvarden, Sarcosoma
globosum (Schmidel) Casp., Thelephora palmata
(Scop.) Fr., Trichoderma nybergianum (T. Ul-
vinen & H.L. Chamb.) Jaklitsch & VVoglmayr. It
counts 14% from total number of fungi species
protected in the region. Onnia tomentosa and
Thelephora palmata have status 4, other species
status 3. One species, Sarcosoma globosum, is
included in the Red Data Book of Russian
Federation [4], with the status 2. All species
were recorded earlier in the other federal NPAs
of the Komi Republic: Leucocortinarius bulbiger,
Pluteus umbrosus, and Trichoderma nybergianum
in the Yugyd va National Park; Leucocortinarius
bulbiger, Onnia tomentosa, Phlebia coccineofulva,

Rigidoporus crocatus, Sarcosoma globosum, and
Thelephora palmate in the Pechoro-llychskiy
State Nature Reserve; Microstoma protractum
was found in the federal reserve Paraskiny lakes.

Onnia tomentosa and Phlebia coccineofulva
prefer pristine and old-growth forests. Popula-
tions of Leucocortinarius bulbiger and Pluteus
umbrosus are on the northern border of their
ranges, and their emergence indicates the
nemoral character of the micobiota. Leucocorti-
narius bulbiger was collected in the fern spruce
forest. Fruiting bodies of Pluteus umbrosus
established mainly the large fallen wood of as-
pen. In the northern part of the National Park,
where old-growth aspen and mixed forests are
widespread, optimal conditions are formed for
this species. In the Komi Republic, there is an
eastern border of the Trichoderma nybergianum
range. In the Koigorodskiy National Park, the
species was collected in the fern spruce forest.
Sarcosoma globosum is found sporadically in the
boreal zone of the Komi Republic. The species
emergence indicates the intact state of forests in
the Koigorodskiy National Park. Four rare spe-
cies: Leucocortinarius bulbiger, Microstoma pro-
tractum, Rigidoporus crocatus, and Trichoderma
nybergianum, are found in the Tulashor cluster,
Nurgush State Nature Reserve [20].

As a result of lichenological studies in the
Koigorodskiy National Park, new habitats of 12
species from the Red Data Book of the Komi
Republic [3] were found: Cetrelia olivetorum
(Nyl.) W.L. Culb. & C.F. Culb., Coenogonium
luteum (Dicks.) Kalb & Liicking, Dendriscosticta
wrightii (Tuck.) B. Moncada & L.iicking, Hetero-
dermia speciosa (Wulfen) Trevis., Usnea longis-
sima Ach. (= Dolichousnea longissima (Ach.)
Articus) (status 1); Cheiromycina flabelliformis
B. Sutton, Cliostomum leprosum (R&sénen)
Holien & Tensberg, Lobaria pulmonaria (L.)
Hoffm., Pertusaria hemisphaerica (Florke) Er-
ichsen (= Varicellaria hemisphaerica (Florke)
I. Schmitt & Lumbsch), Sclerophora coniophaea
(Norman) J. Mattsson et Middelb. (= S. pallida
(Pers.) Y.J. Yao & Spooner), Tuckneraria laureri
(Kremp.) Randlane & A. Thell (status 3); Multi-
clavula mucida (Pers.) R.H. Petersen (status 4).
Lobaria pulmonaria, and Tuckneraria laureri
are included in the Red Data Book of the Rus-
sian Federation [4] with statuses 2 and 3. Nine
species (Chaenotheca gracillima (Vain.) Tibell,
Cladonia parasitica (Hoffm.) Hoffm., Evernia
divaricata (L.) Ach., Hypogymnia bitteri (Lynge)
Ahti, H. vittata (Ach.) Parrique, Physconia
detersa (Nyl.) Poelt, Ramalina farinacea (L.)
Ach., R. thrausta (Ach.) Nyl., Rostania occultata
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(Bagl.) Otjlora et al.) require care demanding
and are included in the Appendix 1 to the Red
Data Book of the Komi Republic [3].

Some of the rare species (Cetrelia olivetorum,
Coenogonium luteum, Cliostomum leprosum,
Dendriscosticta wrightii, Heterodermia speciosa,
Multiclavula mucida, and Tuckneraria laureri)
may be found only in the southern part of the
republic, being at the northern border of ranges.
Coenogonium luteum, Dendriscosticta wrightii
and Multiclavula mucida are extremely rare
species with a single occurrence. Many of the
species, especially epiphytes of deciduous trees,
Cetrelia olivetorum, Coenogonium luteum, Den-
driscosticta wrightii, and Heterodermia speciosa
are suggested to be nemoral relics of the Holo-
cene climatic optimum [21]. Rare populations
of Cetrelia olivetorum, Coenogonium luteum, and
Dendriscosticta wrightii are under protection in
the Pechoro-llychskiy State Nature Reserve and
the Uninskiy reserve (Northern Urals foot-
hills). On the Vychegda Plain, these species are
more common. The creation of the Koigorodskiy
National Park made it possible to protect some
of the southernmost habitats of these species in
the republic.

During the monitoring protected lichen
populations in the southern part of the Komi
Republic in 2016 2018, we found the loss of
previously known habitats as a result of for-
est fellings. The greatest damage was made to
populations of a very rare species Dendriscos-
ticta wrightii. This species has a intermittent
eurasian-north american range and is known
from India, China, Japan, USA (Alaska), Canada
(British Columbia) and Russia (Central Russia,
Urals, Western and Southern Siberia, Far East).
Despite the wide geographical distribution of
the species, its populations are rapidly declining
throughout the entire range due to deforesta-
tion, air pollution, construction and recreation.
A few habitats of Dendriscosticta wrightii in the
Europe are historical. In Germany, the taxon is
considered extinct, herbarium specimens date
back to the end of the 19th century [22]. Other
European findings are in Russia. In Vologda
region and Karelia the species is considered
extinct [23, 24]. The last living European popu-
lations are found in the Kostroma region [25],
Perm region [26] and Komi Republic [3]. In
the Komi Republic, seven habitats of the spe-
cies have been found in the southern regions
(Priluzsky, Koigorodsky) and two occurrences
are in the foothills of the Northern Urals. In the
Koigorodskiy district, the only known popula-
tion of the species is located on the territory of

the Koigorodskiy National Park (near the tour-
istsite Matvey Shor ). Lichenthalliemergedon
trunks of large old trees of Sorbus aucuparia L. in
the spruce fern forest.

In the old fern spruce forest, we found 10
of 12 protected lichen species of the national
park. Several species grow only in this habitat:
Cliostomum leprosum, Coenogonium luteum,
Sclerophora coniophaea, Usnea longissima. Rare
relic species Cetrelia olivetorum and Dendris-
costicta wrightii form relatively large popula-
tions. It should be emphasized that indigenous
spruce and fir-spruce forests with large trees
of Salix caprea L. and Sorbus aucuparia in the
lower canopy of the stand serve as a key biotope
for nemoral relics, as Cetrelia olivetorum, Den-
driscosticta wrightii, Heterodermia speciosa and
some other species. Such stands are of small
areas and occur along the streams at slopes and
in the relief depressions. In the primary spruce
forests on the trunks of Salix caprea and Sorbus
aucuparia, the epiphytic community Lobarion
pulmonariae Ochner is formed. It is known to be
rich in rare species of lichens that can grow only
in climax forests [27]. At single trees of Sorbus
aucuparia, we registered 3 7 species of lichens
considered as rare and requiring monitoring in
the Komi Republic. More and more information
is accumulating about the reduction of ranges
and sometimes the complete disappearance of
some lichens characteristic of the communities
of Lobarion pulmonariae Ochner in a number of
regions of Europe [28]. Thus, the preservation of
the last arrays of the pristine forests is extremely
important, and the organization of the Koigoro-
dskiy National Park contributes to the solution
of this problem.

Eight protected lichen species were found in
the old aspen forests. Pertusaria hemisphaerica
and Multiclavula mucida were registered only in
aspen stands. Pertusaria hemisphaerica grows
on the bark of large aspen trees, Multiclavula
mucida on decaying woods. Despite the fact
that a significant number of rare species have
been recorded in the aspen forests, their oc-
currence is not high, and their abundance is
low. The only exception is Lobaria pulmonaria,
which massively populates the trunks of aspen.
This species is also found on the territory of the
Tulashor cluster, Nurgush State Nature Reserve.

Conclusion
The results of a survey of the territory of

the Koigorodskiy National Park, carried out
by specialists from the IB Komi SC UrB RAS,
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confirmed the assumption about the importance
of the reserve for the conservation of biologi-
cal diversity in the ecotone zone between the
middle and southern taiga and, in particular,
key habitats of rare plant and fungi (including
lichens) species. General state of ecosystems in
the Koigorodskiy National Park is closed to the
natural.

The national park has 32 species of protected
plants and fungi listed in the Red Data Book of
the Komi Republic [5]. Among them, there are
seven species of vascular plants, four bryophytes,
nine fungi and 12 lichens. Three representatives
of the fungi kingdom (Sarcosoma globosum,
Lobaria pulmonaria, and Tuckneraria laureri)
are protected at the federal level. In a number
of European countries, Dendriscosticta wrightii
disappeared and populations of Usnea longis-
sima and Lobaria pulmonaria are degrading as
a result of increased anthropogenic pressure on
ecosystems. Thus, regional protection of these
species is facilitated by the establishment of the
Koigorodskiy National Park.

The high diversity of lichens and fungi is
explained by the fact that an array of intact co-
niferous and deciduous forests is located within
the boundaries of the national park. Among
the protected vascular plants and lichens, there
are many species that can be considered as rel-
ics of the climatic optimum of the Holocene.
The adjoining territories of two federal NPAs
(Koigorodskiy National Park and Tulashor
cluster, Nurgush State Nature Reserve) provide
the inter-regional protection of Leucocortinarius
bulbiger, Lobaria pulmonaria, Microstoma pro-
tractum, Neckera pennata, Rigidoporus crocatus,
and Thaollictrum nileberg, included in the Red
Data Books of the Komi Republic and the Kirov
Region. It is necessary to continue targeted bo-
tanical research on the territory. This will allow
to obtain more data on the species and coenotic
diversity of the flora of the reserve and to reveal
new habitats of rare species of plants and fungi,
as well as to formulate recommendations aimed
at their more effective protection.

The research was carried out in accordance
of the state assignment of the IB Komi SC UrB RAS
122040600026-9.
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In tropical forest the biodiversity is in a constant threat, some species are listed in the IJUCN as vulnerable, endan-
gered or threatened with extinction. Thus, a fast method for biodiversity determination or monitoring can contribute to
its conservation. Remote sensing has demonstrated to be a powerful tool, and together with the vegetation indexes, can
determine the vegetation state of forest. Recently researches have correlated the normalized differentiated vegetation
index (NDV1) with species richness, structure and biodiversity of forests obtaining successful results.

This study, conducted in a Tropical Montane Cloud Forest (TMCF) of Ecuador, aims to correlate NDV1 with alpha
diversity estimators to understand its relationships. NDVI of Landsat OL 1 8 Level 1 images in five months was determined.
We considered a scene as valid in case of cloud coverage in the areas of interest below 25%. Radiometric and atmospheric
corrections, with flaash tool, and the delimitation of the study site (ROI) were developed in ENVI 5.3 program. NDVI
was calculated with ENV1 5.3 program (histograms allowed the determination of mean, maximum and minimum NDVI),
and with ArcGIS 10.3 (for classification index). In field, species richness, Chaol, Shannon index, Simpson index, and
biomass of three plots were quantified for treeswith DBH t 10 cm. Then, we calculate Pearson coefficient to correlate and
disentangle the effects of altitude, diversity, richness, biomass and NDV1. A positive relationship was observed between
Mean NDVI and Chaol (p <0.10) and Mean NDVI richness (p < 0.05). In conclusion, NDVI can be considered useful
to estimate richness and biodiversity and even to detect ecotone as was the case in this research. The application of this
methodology could allow biodiversity assessment and monitoring in real time and low cost, which contributes in forest
conservation programs.

Keywords: Landsat, normalized differentiated vegetation index, vegetation richness, diversity, tropical montane
cloud forest.

504.064.37;502.2.05

NDVI -

= 2022, . L2 ) ,
31 ) ) 1’ ) )
l 1
117198, , , - , .6,

2
150150, , , 8 ,
3 ,
170501, , ,

e-mail: alellerenag@gmail.com

58

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



(NDVI)
NDVI

NDVI
Chaol (p <0,10),

. Landsat,

The Andes Mountain range is along the
center of Ecuador and includes Tropical Mon-
tane Cloud Forest (TMCF). It is considered a
hotspot due to their biological richness and high
level of endemism. Agriculture expansion plus
extensive cattle ranching and forest clearing
have fragmented and isolated this ecosystem.
For this reason, the tropical Andes are a world
conservation priority [1 3].

The knowledge of richness species and bio-
diversity in these forests is necessary to develop
monitoring and conservation strategies. Owing
to its current state of critical conservation, the
tropical forest needs a rapid method for assess-
ment and monitoring the biodiversity. For this
type of forests, with high levels of biodiversity,
the traditional field methodology is often costly
and time consuming [4, 5]. Remote sensing has
displayed great potential to perform this labor.
This is a fast and nondestructive method which
allows to estimate species richness, biodiversity
and characterize the structure and composition
of forests [6 8].

Thanks to satellites, it is possible to acquire,
process and interpret images of a distant objects.
Landsat 8 satellite was launched in 2013, its im-
ages are processed by geographic information
systems (GIS), and have been used to assess
the state of tropical forests and quantify prop-
erties of the earth s surface at a high spatial
and spectral resolution with the application of
vegetation indexes [5, 9, 10]. Normalized Dif-
ference Vegetation Index (NDVI) is one of the
most used vegetation index, it was introduced by
Rouse et al. in 1974 and takes advantage of the
fact that greener or healthier vegetation absorbs
more visible light and reflects a large amount of
near infrared light, while unhealthy or sparse
vegetation (less green) reflects a large portion
of visible light and less near infrared light [11].
Chlorophyll pigments, which are the largest

NDVI :

LandsatOLI8 Level 1
Chaol,
t10
NDVI
NDVI (p<0,05).

absorbers of radiation in the visible region,
absorb in the red and blue regions of the visible
spectrum (wavelength bands between 0.44 and
0.66 m), but not in the green region where the
reflectivity is much higher and its maximum
value is observed in the near infrared range [12].

NDVI is found in many studies related with
forest assessments or monitoring studies. It has
been used to predict speciesrichness [4,13 17].
Also, it is associated with forest structure [5,
18 20]. With the contribution of the species-
energy theory, NDVI has been connected with
patterns of species diversity and tree species
composition [4, 7, 21]. This theory states the
energy as a limiting resource for species in an
specific area [22].Thus, the greater resource
availability increase the primary productivity,
specialization and diversity of species [5]. In
addition, biodiversity and richness researches
have shown a positive correlation between NDVI
and diversity indexes like Shannon and Simpson
[4,23 27].

Although the number of investigations
about biodiversity and its relationship with
NDVI has increased, there are no studies that use
thisindex and correlates it with species richness
or biodiversity in tropical montane cloud forest
(TMCF). Therefore, our aim is to demonstrate
the potential of using remote sensing through
NDVI to determine diversity and species rich-
ness in EIl Cedral Ecolodge a TMCF. The re-
sults will help to monitor the biodiversity in this
type of forest and can be applied in other forests.

Materials and Methods

The study area is El Cedral Ecolodge
with extension of 71 ha. It belongs to TCMF
within Eastern Cordillera Real montane for-
ests (NT0121). Itis located in Yunguilla in the
Northwestern of Pichincha province (Fig. 1),
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Fig. 1. Distribution map of the plots in the study area

in Ecuador country (latitude 0.114055 and
longitude -78.570176 ). The topography is rug-
ged with sloping ravines and few flat areas. The
annual precipitation ranges are between 1394
to 2414 mm. The vegetation cover is continuous
with a canopy between 20 and 25 meters high.
The site experiences two rainy seasons: March
April and October November. According with
the methodology of the National Forest Assess-
ment of Ecuador [28], three plots of 60 m x 60 m
were established (plot 1: 2521 meters above sea
level (m.a.s.l.), plot 2: 2409 m.a.s.l., and plot 3:
2220 m.a.s.l).

In each plot of 60 m x 60 m, all individuals
with a Diameter at Breast Height (DBH) t10cm
were sampled. The DBH t 10 cm was measured
at 1.3 meters [29]. The species identification was
carried out based on botanical samples collected
previously [30], virtual herbarium specimens,
specialized literature of similar vegetation to
the study area. Later, scientific names and dis-
tributions of the species were verified with the
Catalog of Vascular Plants of Ecuador [31], and
the database from Tropicos website [32]. Finally,
a database with taxonomic information (S1)
associated to each specimen was created and
transformed to compatibles files with statistical
packages PAST 2.17c [33], and JIMP v 8.0 [34]
where alpha species diversity estimators (rich-
ness S, Chaol, Shannon and Simpson indexes)
were quantified.

For richness (S) calculation, the total num-
ber of species in each plot was registered [35].
Also, the richness estimator Chaol, based on the
rare species number, was determined with the
following formula [36]:

2

Chaol=5+ a4
2b

In the formula S is the species number in
a sample, a is the number of singletons and b
is the number of doubletons [37]. In addition,
Shannon index (H) [38, 39] was calculated with
the following formula:

H= —i p;-Inp,
i=1

where S is the species number, p, the total
sample proportion corresponding to the specie i
inaplot, and In is natural logarithm. We consid-
ered lowdiversity H=0 0.35, medium diversity
H=0,36 0.7,andhighdiversityH=0.71 1.

Also, Simpson index (D1) was determined
by the following formula:

Dl=1- i Pl
i=]

The variables represent the same as in Shan-
non index. The interval of D1 is between 0 and
1, D1 = 0 means one species.

The above ground biomass (AGB) of each
individual of each plot was estimated based on the
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allometric equation for humid montane forests
[40]. In this equation, D represents the diameter
(cm) and Dens is the wood density (g/cm?3). In
order to get density values, a bibliographic review
for each species was carried out and an average
value was assigned [41]. The AGB formulais:

AGB = exp[3.44153 +(~1.80919 - In D) +
+(1.23665- (In D)*) +(—0.12606 - (In D)’ )+
+1.7438 - In(Dens)]

Five Landsat OLI 8 Level 1 images were
downloaded from the United States Geological
Surveys (USGS), for March, August, Septem-
ber, October and December. Thus, an annual
variation in the vegetation index could be deter-
mined. A valid Landsat image had as a require-
ment the percentage of cloud coverage less than
25inthe area of interest. Landsat image process-
ing was developed in ENVI 5.3 program. Here,
the area of interest (ROI) was specified in the
multispectral file (MTL). Radiometric calibra-
tion and atmospheric correction, with FLAASH
Atmospheric Correction Model of the program,
were performed. From these images, the NDVI
was calculated with the formula:

_ NIR - RED
NIR + RED'

where NIR is near infrared region (wave-
length bands between 0.75 1.3 m) and RED
is red region (wavelength bands between 0.62
0.75 m) of visible spectrum [12]. The relations
between the coefficients in the formula gener-
atesvaluesintherangeof l1land+1(Tablel),
where the intervals represent different types of
land cover [42 44].

NDVI

Finally, the quick statistics (mean, maxi-
mum, minimum and StdDev) from histograms
were extracted for each NDVI image, and the
corresponding NDVI values for pixels of the
three plots were extracted from each image.

Then, Mean NDVI of all pixels falling in
each plot (60 m x 60 m) at different elevation
gradient and in each month was determined.
These results were correlated with elevation,
diversity indexes (Shannon Wiener, Simpson),
richness (S and Chaol), and biomass for each
plot in STATISTICA program. Finally, for the
most significant correlations, simple linear re-
gressions were developed in RStudio software
[45]. The strength of relationship was assessed
by using coefficient of determination (r?) and
p value.

Results

Atotal of 657 individualswithaDBH t10cm
were registered in 3 plots (1.08 ha). In plot 1,
the total individuals were 239 and 40 species
were found. Plot 2 obtained a total of 247 indi-
viduals and 45 species. Finally, the total indi-
viduals in plot 3 was 171 with 43 species. Thus,
the density of individuals in plot 3 was the low-
est. When considering the altitudinal gradient,
it was found that plot 2, located a 2409 m.a.s.l.,
possess the greatest species richness (S = 45,
Chaol = 51), followed by plot 3 (2220 m.a.s.l.)
with 43 species (Chaol =49.6) and plot 1 (2521
m.a.s.l.) with 40 species (Chaol = 44.5). These
data could define plot 2 as an ecotone between
this 300-meter gradient, if we consider that
diversity (Shannon and Simpson indexes) de-
creases with altitude (Table 2).

Table 1

Intervals of NDVI scale

NDVI values Type of land cover
<0 No vegetation, water, clouds
0 0.09 Bare ground (degraded land, settlements, soil without vegetation cover)
0.1 0.29 Sparse Vegetation (scattered shrub, irrigated crops)
0.3 0.49 Medium Vegetation (forest plantations, bushes, slow-growing plantations)
>0.5 Dense Vegetation (forest, dense growth plants)
Table 2
Richness and Diversity indexes for 3 plots in EIl Cedral
Richness and Diversity indexes Plot 1 Plot 2 Plot 3
(2521 m.a.s.l.) (2409 m.a.s.l.) (2220 m.a.s.l.)
Shannon Wiener 3.15 3.105 3.38
Simpson 0.93 0.91 0.95
Chao1l 44.5 51 49.6 61
Richness (S) 40 45 43
e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3
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Fig. 2. Aboveground biomass (AGB) in kg/0.36 ha for three plots in EI Cedral

The calculated biomass was 3858.41 kg/0.36 ha
(Mean 16.14, Sd 7.77) in plot 1, 5230.48 kg/0.36 ha
(Mean 21.17, Sd 10.74) in plot 2 and
2926.58 kg/0.36ha (Mean 17.11, Sd 8.48) in
plot 3. Like in richness species, plot 2 showed
the greatest value of biomass (Fig. 2).

Mean NDVI differences, for each plot, be-
tween rainy season (March, August, September,
and October) and dry season (December) are
clear (Fig. 3, see color insert 1VV). All NDVI for
each plotin rainy season is more than 0.5 (Dense
vegetation), while mean NDVI in December is
located in the interval 0.3 0.49 (Medium veg-
etation). Accordingly, NDVI value decreases
between rainy and dry season.

In the monthly NDVI data (Table 3) the
same result of the NDV I graphs can be observed.
In the rainy season, the months of March, Au-
gust, September and October shows a mean
NDVI of 0.82, 0.92, 0.86 and 0.79 respectively,
that corresponds to dense vegetation. On the
other hand, on December (dry season month) the
media NDVI for the tree plots is 0.47 (medium
vegetation).

In the relationships NDVI-richness and
NDVI-biodiversity at different altitudes and
seasons, it was found that in rainy season the
NDVI correlates with Chaol index with a posi-
tive Pearson coefficient (March: r = 0.992, Au-
gust: r = 0.983, September: r = 0.963, October:
r=0.7) with asignificance between 0.07 and 0.1.

With richness (S) the relationship with NDVI
was also positive, however the level of signifi-
cance was lower than the previous mentioned.
This could be mainly due to the small number of
plots sampled. A strong and significant correla-
tion was found between mean NDV 1 and eleva-
tion in October (Fig. 4, r =-0.99, p < 0.06). In
remain months, a negative correlation was also
obtained, but the significance was lower, due to
the number of plots.

Discussion

The alpha diversity indexes yielded high
diversity results for TMCF. Similar results have
been seen in Ecuador, such as those found in the
study carried out in Andean Montane Evergreen
Forestat an altitude of 2705 m.a.s.l. Here, diver-
sity was high with amaximum index of Shannon
species of 0.90 and Simpson of 0.87. In general,
in this type of tropical forest at altitudes between
2000 and 3000 m.a.s.l., similar diversity values
are observed, as is the case of Peruvian Andean
Montane Cloud Forest were diversity indexes
reached higher values. Simpson index was lo-
cated between 0.8 and 0.19 and Shannon index
between 2.7 and 3.6 [46]. Likewise, in Myanmar
Tropical Forest the maximum Shannon Diver-
sity Index was 3.20 and Simpson Diversity Index
0.96. This study pointed precipitation as crucial
factor in the development of plant diversity [47].
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Minimum, maximum, and mean NDV I — standard deviation of NDVI by months Tables
Plot Min NDVI Max NDVI Mean NDVI StdDev
March
Plot 1 0.80 0.83 0.81 0.01
Plot 2 0.82 0.84 0.83 0.01
Plot 3 0.82 0.83 0.83 0.00
NDVI Mean (month) 0.81 0.83 0.82 0.01
August
Plot 1 0.86 0.93 0.89 0.02
Plot 2 0.90 0.96 0.93 0.02
Plot 3 0.90 0.95 0.93 0.02
NDVI Mean (month) 0.89 0.95 0.92 0.02
September
Plot 1 0.69 0.85 0.79 0.05
Plot 2 0.88 0.91 0.89 0.01
Plot 3 0.87 0.93 0.90 0.02
NDVI Mean (month) 0.81 0.90 0.86 0.03
October
Plot 1 0.45 0.85 0.70 0.13
Plot 2 0.70 0.84 0.79 0.25
Plot 3 0.82 0.93 0.89 0.03
NDVI Mean (month) 0.66 0.87 0.79 0.14
December
Plot 1 0.51 0.58 0.54 0.03
Plot 2 0.44 0.47 0.46 0.01
Plot 3 0.41 0.43 0.42 0.01
NDVI Mean (month) 0.45 0.49 0.47 0.01
1.0
_ 097 R=-0.99, p=0.065
3
z
S 08]
[<5)
=
0.7 1
0.6 1
2300 2400 2500
Elevation

Fig. 4. Relationship between mean NDVI (October) and elevation (m.a.s.l.)
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Similar values of AGB for cloud forest in
Ecuador were found in the Rio Guajalito Reserve,
where other allometric equation was applied
[48]. In such study, the estimated tree biomass
for primary forest was 15160 kg/ha and we de-
termined for the three plots the AGB amounts of
10717.8, 14529.11 and 8129.38 kg/ha.

A positive and strong relationship between
NDVI and Chaol was expected because it is
known that between species richness and pri-
mary productivity there is a positive relationship
[22], which in other forest studies has been esti-
mated with NDV1 as reflectance indicator [49].
In addition, these findings are consistent with
the research results where the species richness
was identified using remote sensing and NDVI
[4, 13, 14, 16, 27, 50, 51]. This suggests that
NDVI calculated from Landsat 8 images could
be used to estimate species richness in TMCF
when plot data are available.

Regarding the relationship between mean
NDVI and elevation, its negative correlation
means that when the elevation diminishes the
NDVI increases. This can be explained with
the fact that the number of individuals, also
decreased with the altitude. Thus, in plot 3 the
number of individuals was the lowest. According
to [52], in the majority of altitudes the relation-
ship between NDVI and elevation is positive.
Nevertheless, in the range of altitude between
2200 to 2500 m.a.s.l. a negative relationship
has been observed like in this research. A high
NDVI showed in the lower elevation is because of
ahigher productivity owing to high temperature
and sufficient water availability [53]. In addi-
tion, it is important to mention that plot 2 was
catalogued as an ecotone because it can explain
the NDV I decrease between plot 1 and plot 2.

Since species diversity is related to rich-
ness and abundance [54], a strong correlation
between Shannon and Simpson indexes with
NDVI was expected [20]. Nevertheless, the
relationship was moderate and positive, like in
other studies [5, 13, 55] where Shannon index
and Simpson index were applied [4, 24, 26, 56].
Our correlations were not significant, hence, we
recommended to sample more plots to discover
the real relationship between these parameters.
The plot size of 60 m x 60 m was established due
to the fact that the pixel dimension of Landsat
image is 30 m x 30 m and the small number of
plots (3) was because of the difficulty in estab-
lishing extensive plots (60 x 60) homogeneous
in terms of slope percentage. TMCF in the study
area has a strong steep and very strong steep
slope and the larger the plot, the less homoge-

neous it is [57]. Besides the TMCF usually are
difficult to access [58]. Based on bibliography
reviewed about positive and significant relation-
ships between NDVI and diversity indices with
agreater number of plots[4 6, 9, 15, 16, 19, 20,
24, 27,52], the relationships in this study were
also expected to be significant considering the
difficulties mentioned.

Conclusion

Remote sensing, with the use of satellite im-
ages, has been playing an increasingly important
role in forest conservation. Together with vegeta-
tion indexes have estimated richness, diversity
and biomass over time. Within its advantages
are high spatial-temporal resolution and easy
global availability. On the other hand, its ap-
plicability is still limited by technical issues
such as cloudiness in the images and the need
for calibrations and corrections. Nevertheless,
when overcome these limitations through ap-
propriate techniques and the inclusion of envi-
ronmental factors, diversity predictions can be
more accurate.

By using field data and satellite imagery, our
study has important implications in understand-
ing the relationships between NDVI and alpha
species diversity. We found a strong positive and
significant relationship between species richness
and NDVI. This relationship was analyzed in the
two seasons of tropical forest and it was observed
that in the rainy season the NDVI is higher,
which is attributed to precipitation that offer bet-
ter water availability and temperature to increase
the photosynthetic rate and therefore productiv-
ity. The differences in seasonal NDV |1 are crucial
to understand as it can be predicted how forests
will respond to future climate changes. Finally,
NDVI can be considered a useful method to esti-
mate richness and biodiversity (using a greater
number of plots) and even to detect ecotone as
was the case in this research.
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Investigation into intense impact of industrial pollution on the aquatic ecosystems of the Ural region is one of
tasks of environmental monitoring. To estimate peculiarities of the bioaccumulation of Cu, Zn, Cd, Pb in tissues of the
leech Haemopis sanguisuga (L., 1758) from aquatic ecosystems of natural and anthropogenically disturbed territories
of the Ural have been first studied. The studies were based on the verification of 100 samples of bottom sediments and
100 adults of H. sanguisuga from 10 water bodies of the Sverdlovsk and Chelyabinsk regions. The gross contents of
Cu, Zn, Cd, Pb in the skin-muscle tissue of leeches and in the bottom sediments were estimated by atomic absorption
method on an AAS-3 spectrophotometer and on an Analyst-100 instrument from Perkin Elmer. 800 element deter-
minations were carried out. stimated ranges of background concentrations of Cu, Zn, Cd, Pb for bottom sediments
of water bodies of Ural region are determined. It was found that the content of Cu, Cd, Pb in the bottom sediments
68 of water bodies located in anthropogenic disturbed areas is higher than in natural water bodies (p < 0.001), with the

exception of Zn (p = 0.929). It is shown that in the tissues of H. sanguisuga individuals living under anthropogenic
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stress, the content of HM is significantly higher than that of leeches from natural water bodies (p < 0.001).

nd the

level of HM in tissues of leeches is directly related to their concentrations in bottom sediments: Cu (r =0.69; p <0.001),
Zn (r=0.67; p<0.001), Cd (r =0.75; p<0.001), Pb (r =0.52; p < 0.001). This indicates the fundamental possibility
of using leeches as indicator organisms when monitoring the pollution of the aquatic ecosystems of the Ural by such

pollutants as Cu, Zn, Cd, Pb.

Keywords: heavy metals, leeches, bottom sediments, bioaccumulation, indicator organisms.
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1/ Table 1l

/ The total c<()nter/1t of heavy meta)ls ( 9/g dry matter)
in the sediments aquatic ecosystems in the Urals
, / / The content of HM, g/g
Water bodies Cu \ 7n \ cd \ Pb
/ Natural ecosystems
/ Lake B. Miassovo | 17,48-0,70 45,52—1,38 1,36 —0,01 8,28 —0,05
/ Lake B. Tatkul 20,49-0,72 " | 69,69-1,59* | 1,65-0,05° 8,14-0,02

. 18,65—0,89 51,61-0,94% 1,42—-0,03 8,46-0,13
Reservoir Sulemskoe

/ Sulem River 9,29-0,78 48,91-1,41¢ 1,38-0,05 8,11-0,09
/ Bardym River 13,57-0,43 64,80—1,31° 1,29-0,01 7,96—0,22

15,90-0,64 56,11-1,45 1,42-0,02 8,19-0,06

Average for reservoirs

53,5 66,2 19,9 2,43
ANOVAF, s (P) (<0,001) | (<0001) | (<0,001) (0,614)
/ Anthropogenically disturbed areas
/ Lake Ilmenskoe 26,71-0,9° 83,74-1,16 1,76—0,01" 9,25-0,25
/ Lake Shartash 23,03-1,24% 38,73—1,2° 2,04—0,03¢ 15,50-0,23°
/ Iset River 24,74—1,40¢ | 40,74-1,13 2,22—0,02 17,47—-0,22°
Lo o 33,65-1,20 | 50,87—1,19% | 1,89-0,03* 12,36-0,25
Reservoir Nizhneserginskoe
/ Tagil River 58,61-1,64 75,42—2,29° 1,98—0,04¢% 16,18—-0,39°
. 33,35-1,96* | 57,90-2,71 1,98-0,02* 14,20-0,44*
Average for reservoirs
83,9 181,2 51,3 189,0
ANOVAF, 45 (P) (<0,001) | (<0001) | (<0,001) (<0,001)
/ Benchmarks
larks in the lithosphere [12] 4t 83 0,13 16
Background water bodies [11] 40 500 8,0 60,0 0112 50 18,0
i* p <0,05;
p>0,05.
70 Note: *  statistically significant differences at p < 0.05; the same superscript letters indicate no statistically significant

differences at p > 0.05.
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(p < 0,001).
Cd Pb
[21]. : (. ) .2).
H. sanguisuga -
- Cu(0<K  <2),
- (K .>2)( .3).
¢ .1, -
(ANOVA)
Cu,
Zn, Cu, Cd (p <0,001) -
, Pb :
(p=0,614) ( 1) > : ’ , H. sanguisuga
> Pb, Zn ( . 3),
’ :Pb, Zn, Cu, Cd (p<0,001). Zn : -
’ ] - > >
> -
) - Cu ) L
(p <0,001) ,
Zn (p=0,929). > [14].
Cd
Cu,Cd,Pb 63,14 21 (  .3)
(p <0,001) ( . 1). > H. sanguisuga
: : , Cd
’ cd
(
) Zn -
- Cd. ,
113 . > - " Zn , cd
cd Pb ’ .
, : , H. sanguisuga
(ANOVA) - Pb, , -
(p<0,001) ( .2).> ; ’
Zn Cu, Zn, , | -
Cd > . , ( 3).
H. sanguisuga, : T
, Cu,Zn Cd,
(p<0,001). > ,
’ , Cu, -
Zn, Cd, Pb 94,37,34 17 71
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2/ Table 2
« 7/ ) H. sanguisuga
The total content of heavy metals ( g/g dry matter) in the tissues of leeches H. sanguisuga
, / / The content of HM, g/g
Water bodies Cu | Zn | cd Pb
/ Natural ecosystems
Lake B. Miassovo 25,55-1,46 435,27-4,13 1,98-0,17 17,00-1,00
/ Lake B. Tatkul 27,57-1,74 979,80—9,13° 2,94—-0,07 15,66-0,77 °
. 26,63—0,68 553,00—7,90¢ 3,35-0,12° 20,20-0,43¢
Reservoir Sulemskoe
/ Sulem River 19,44-0,72 455,11-6,07 2,14-0,03 15,71-0,86 °
/ Bardym River 26,59-1,41 526,62—13,28° 3,15-0,11° 15,62—-0,47 °
. 25,16-0,68 589,96—28,73 2,71-0,09 16,84—0,38
Average for reservoirs
8,05 442,3 28,3 7,21
ANOVAF, s (P) (< 0,001) (<0,001) (<0,001) (<0,001)
/ Anthropogenically disturbed areas
69,93-1,27° | 1253,62—13,98 3,67-0,14° 23,70-1,14%
Lake Ilmenskoe
/ Lake Shartash 79,37-1,17>* | 1097,64-12,31¢ 4,90-0,07¢ 28,98-0,90¢
/ Iset River 84,82—1,24° | 1114,65-22,85¢| 8,46—0,25¢ 31,52—-0,94¢
- > 52,92-1,20 989,50-10,43° 4,52-0,16° 22,69-0,88
Reservoir Nizhneserginskoe
/ Tagil River 182,35-3,38 | 1690,57—-27,12 7,30-0,18¢ 27,44—2,66%
. 93,88—6,59* | 1229,20-36,20* | 5,78-0,27* 26,89—-0,69*
Average for reservoirs
752,7 240,5 155,6 9,46
ANOVAF, s (P) (<0,001) (<0,001) (<0,001) (<0,001)
i* p <0,05;
p>0,05.
Note: * statistically significant differences at p < 0.05; the same superscript letters indicate no statistically significant

differences at p > 0.05.

3/ Table3
H. sanguisuga
The coefficients of biological accumulation of heavy metals in the tissues of leeches H. sanguisuga

Water bodies The coefficients of biological accumulation
Cu Zn Cd Pb
/ Natural ecosystems
/ Lake B. Miassovo 1,46 9,56 1,46 2,05
/ Lake B. Tatkul 1,35 14,06 1,78 1,92
/ Reservoir Sulemskoe 1,43 10,71 2,36 2,39
/ Sulem River 2,09 9,31 1,55 1,94
/ Bardym River 1,96 8,13 2,44 1,96
/ Average for reservoirs 1,66 10,35 1,92 2,05
/ Anthropogenically disturbed areas
/ Lake llmenskoe 2,62 14,97 2,09 2,56
/ Lake Shartash 3,45 28,34 2,40 1,87
/ Iset River 3,43 27,36 3,81 1,80
>
Reservoir Nizhneserginskoe 311 22,42 3,69 L.70
/ Tagil River 1,57 19,5 2,39 1,84
72 / Average for reservoirs 2,84 22,52 2,88 1,95
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Cd (r=0,13; p=0,368) Pb
(r =0,19; p = 0,186) H. sanguisuga,

7

Cu(r=0,48;p<0,001) Zn
(r=0,75;p<0,001),

H. sanguisuga,
>

Cu (r=0,69; p<0,001), Zn (r=0,67: p<0,001).
Cd (r=0,75;p<0,001), Pb (r=0,52; p<0,001),

122021000091-2 -
« -

»12- -4-1049.
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Analysis of environmental problems, assessment and prediction are closely related to the study of populations of
widespread animal species, in our case, of mollusk Arianta arbustorum (Linngus, 1758), mass invasion of which is known
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for the Leningrad region and in St. Petersburg since the second half of the 2000 years. The concentration of heavy met-
als (HM) in snail s hepatopancreas was measured on an atomic absorption spectrophotometer and an atomic emission
spectrometer using inductively coupled plasma emission. In order to monitor accumulated anthropogenic pollution in
the parks on the coast of the Neva bay the thermoresistance of snails from various coastal biotopes was studied. The rate
of decrease in heart rate (HR) after switching off the heat exposure (lasting for 20 minutes) was compared in snails from
the village of New Ropsha (reference location) and other locations: Alexandria Park, Oranienbaum Park, Dubki Park.
According to the accumulation of HM in the snail s hepatopancreas, in Oranienbaum Park significant (p d0.05) excess
for all studied HM (Cu, Mn, Zn, Ni, Cd, Pb) was found in comparison with the reference location in the village of New
Ropsha and with other locations. The potential environmental risk determined according to Hakanson in Oranienbaum
Park was rated as high. The thermoresistance of snails from this location contaminated with HM is characterized as
low, which suggests a possible violation of the protective system of heat shock proteins. This may reduce their ability to
restore heat-denatured proteins, including contractile proteins of the heart, which usually leads to a rapid drop in HR
in mollusks from polluted sites.

Keywords: Arianta arbustorum, accumulation of heavy metals, potential environmental risk, heart rate, thermo-
resistance.
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The results of monitoring the overgrowth of abandoned agricultural lands (deposits) with trees and shrubs on the
basis of multi-temporal ultra-high resolution satellite images taken in different phenophases are presented. The dy-
namics of overgrowing for more than 12 years is shown on the example of three different sites located in the subzone of
the southern taiga. An analysis of the images made it possible to assess the structural parameters of the tree and shrub
vegetation forming on the fallows. Spatio-temporal heterogeneity of post-agrogenic natural regeneration of woody veg-
etation at the local level was revealed. The overgrowing of small areas, mostly surrounded by a forest wall, occurs almost
simultaneously over the entire area. On a fallow with a large area and an insignificant forest wall, overgrowing occurs
82 from the forest wall, gradually moving away from it over time. At the same time, the predominance of deciduous trees

near the forest wall is replaced by the predominance of conifers as they move away from it. The results obtained make
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it possible to trace the dynamics of the development of natural tree and shrub cover on abandoned agricultural lands, to
assess the state and importance of forest plantations growing on the fallow.

Keywords: monitoring, satellite imagery, different phenophases, abandoned agricultural land, fallow, forest wall,
trees and shrubs.
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The Angara River is a source of drinking water supply for the population of Irkutsk Oblast (Russia). The ecosystem
of the river has been under anthropogenic impact from the large Usolie-Sibirsky industrial zone for several decades. The
aim of the present study was to analyze the concentrations of trace elements in the wastewater entering the Angara River
and to determine their impact on the river s hydrochemical composition. For this purpose, concentrations of 21 trace ele-
ments were measured in the wastewater and waters of Angara River at different distances from the technogenic sources.
The results obtained show that wastewater contains high concentrations of a large range of trace elements. The intensity
of anthropogenic impact was determined using a contamination factor (CF), which allowed to identify four groups of
trace elements depending on their concentration exceeding the background level. The largest factors are determined for
Sb (CFup to 123), B (CF up to 345), Ti (CF up to 651), Br (CF up to 913), Ge (CF up to 1093), Hg (CF up to 1991). The
inflow of elements of anthropogenic origin is reflected in a negative change in the hydro-chemical composition of the
Angara River at sites where waste- and river water are mixed. However, due to intensive dilution of wastewater by the
Angara River, concentration of most trace elements in the river water at a distance of 5 km downstream of contamination
sources are reduced to background levels. At the same time, elements (Li, As, V, Mo, B, Br, Ge, Hg) have been identified,
whose concentrations in the water of the Angara River in this section remain above the background values. Increased
concentrations of the observed trace elements can lead to negative consequences for hydrobionts, which are vulnerable
even to minor changes in the chemical composition of the Angara River.

Keywords: Angara River, wastewater, pollution, migration of technogenic microelements.
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The Ob River is a multifunctional water body used for fishery purposes, shipping, irrigation, recreation and drink-
ing water supply. The research on the river water quality related to the assessment of ecological state and studying the
regularities of chemical composition dynamics is topical nowadays. The paper presents the results of investigation of
the hydrochemical composition (major ions: Ca**, Mg, Na*, K*, SO,? , Cl , F , nutrients: N, P, Si and trace elements:
Li, Be, B, Al, Ti, V, Cr, Co, Ni, Cu, Zn, As, Sr, Mo, Cd, Ba, Pb, Fe, Mn) of the Ob River water near the city of Barnaul.
The study was performed by Chemical-Analytical Center, Institute for Water and Environmental Problems of Siberian
Branch RAS. The content of ions PO ? , Si, and COD (chemical oxygen consumption) was determined using a DR-2800
Hach Lange spectrophotometer, while the mineral composition, NH,*, NO, , NO, ions with a Dionex ICS-3000 ion
chromatograph. The concentration of trace elements was measured by inductively coupled plasma mass spectrometry
(ICP MS) on an ICAP-Qc spectrometer. The dynamics of elements content in the Ob water was determined in different
hydrological seasons of 2018. The river water is enriched by major ions and nutrients due to increased runoff of more
mineralized groundwater in winter. Based on the factor analysis, we revealed three main groups of components, which
differ in content and spatial distribution within the Ob surface water. In addition, we made the assessment of water pol-
lution and revealed the excess of MAC for fishing waters in organic matter content (COD), Al, Ti, Cu, Fe and Mn.

96 Keywords: the Ob River, surface water, hydrochemical characteristics, biogenic elements, trace elements.
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1/ Tablel
, 2018 ./ Average, minimum and maximum values
of hydrochemlcal characteristics in the Ob water near Barnaul in 2018
Min | Max B
Characteristics Average Maximum allowable World rivers
n=42 oncentration (MAC) [17]
, /
Chemical oxygen demand, mgO/L 25 2 87 30
Y 4
Hardness, mEqg/L 1.9 1.2 2.8
2+ 27,1 18,2 41
Mg?* 59 31 | 95 40
N * 5,9 2,6 9,4 120
K* 14 0,7 3,8 50
SO? 14,0 7,0 | 20,0
cl 2,9 1,0 6,0
NH,* 0,18 0,01 | 0,45 05( NH,9) 0,015
NO, 0,013 | 0,001 | 0,035 0,08 0,001
NO, 1,60 0,26 | 35 40 0,10
PO’ 0,07 | 0,01 | 0,29 015( PO) 0,01
Si 3,0 2,1 54 10 4,85
98 : Si / <« »
Note: the content of ions and Si in mg/L, no data.
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2/ Table 2

. . 2018 ., / / Average, minimum and
maximum concentrations of trace elements in the Ob water near Barnaul in 2018, g/L
Min Max
Characteristics Average MAC
n=42 River water World
clark [18] rivers [17]
Li 1,4 0,3 2,6 80 2,5 1,8
Be 0,004 0,001 0,033 0,3 0,2
B 12,6 3,57 27,1 500 10
Al 43,4 1,0 272 40 400 32
Ti 75,4 0,9 163 60
\% 0,73 0,08 1,44 1,0 0,9
Cr 0,57 0,15 2,13 20 1
Mn 9,3 1,27 45,9 10 7 34
Co 0,24 0,02 1,04 10 0,2 0,2
Ni 1,72 0,11 3,15 10 0,3 0,8
Cu 1,68 0,2 3,7 1 7 1,5
Zn 4,31 0,97 14,0 10 20 0,6
As 0,74 0,09 1,42 50 2,0 0,6
Rb 0,51 0,08 0,89 100 1
Sr 82,3 33,1 186 400 50 60
Mo 0,54 0,19 0,75 1 1 0,4
Cd 0,053 0,01 0,20 5 0,1
Ba 18,7 10,6 66,4 740 10 23
Pb 0,14 0,01 0,60 6 3 0,1
Bi 0,007 0,001 0,072 0,1
Fe 63,7 3,4 246 100 67 66
LK»
Note: no data.
2,8
- 12 - / ,
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The article presents the results of an analysis of the hydrochemical conditions for the formation of wetland ecosys-
tems located on the territory and in the vicinity of the state natural reserve of regional significance Bylina . The swamp
Chistoe located on the territory of the Bylina State Nature Reserve, is one of the most important marsh reserves in Rus-
sia, it is characterized by a rich species composition of waterfowl and marsh birds, the presence of rare species of plants
and animals. Several rivers originating from the swamp Chistoye are flowing through the territory of the Kirov region.
Water taken from the swamp Chistoye and 1.5 km from it is characterized by an acidic and slightly acidic reaction (pH
4.3 5.8) and a low content of dissolved oxygen. In water of the swamp Chistoye, a high content of biogenic elements and
organic substances was noted, which is associated with intensive processes of decomposition of organic matter in this
ecosystem. The current conditions are unfavorable for the development of coastal aquatic vegetation in wetland ecosys-
tems of the swamp Chistoye. Water in wetland ecosystems located 3 4 km north from the Bylina State Nature Reserve,
in the floodplains of the Pushma and Yug rivers, is characterized by a low content of nitrogen, phosphorus, and organic
compounds, a higher concentration of oxygen dissolved in water, and a higher pH value. Environmental conditions
in these ecosystems are more favorable for the development of aquatic organisms compared to ecosystems the swamp
Chistoye, however, with an increase in the content of biogenic elements in water, the development of eutrophication and
waterlogging processes is possible.
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Obtained data on the chemical composition of water of the swamp Chistoye located on the territory of the state
natural reserve Bylina and having the status of a specially protected natural area for more than 27 years, can be used
as background indicators in the study of wetland ecosystems of adjacent territories.

Keywords: wetland ecosystem, hydrochemical analysis, biogenic elements.
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/ Table

Results of physical and chemical analysis of water samples from wetland ecosystems
located on the territory and in the vicinity of the Bylina State Nature Reserve

/ Sampling area

. - 15
Indicator, units swamp - .
of measurement Chistoye plots in the floodplain . ¢
. . of the Pushma river quarry
northeastern 1.5km near the
edge of northeast of Yug River
the swamp the swamp
Chistoye Chistoye
1 2 3 4 5 6
/ Organoleptic indicators
Smell, points 2 ! 0 0 0 0
' > 500 >500 243-10 24,8-3,7 436-16 16-2
Color, degrees

1 1 3
Turbidity, units turbidi-| 61-9 294 11,6-2,3 1,11-0,22 304 <1
ty according to formazin
per 1 dm?

- / Physical and chemical indicators
> 4,3-0,2 5,8-0,2 5,5-0,2 7,0-0,2 6,3-0,2 6,5-0,2
! / . 34,4-3,4 69—7 404 283-14 451-23 229-11
Specific conductivity,
S/cm
/ e ’
. o 25—4 49-8 29-5 200-18 322-29 160-15
General mineralization,
mg/dm?

VA 1,85— 1,98— 2,27—
Dissolved oxygen, 0,19 2,58-0,26 353-0.11 1 6,10-0,20 0,20 0,23
mg/dm?

1 / 3
COD, mg0/dm? 57-11 82—-16 58—-12 9,1-2,7 63—13 15-4
/ B , 3,57—
Permanganate 707 50-5 26,4—2,6 3,567-0,36 | 13,6-1,4 0,36
oxidizability,
mgO/dm?
> , [/ 3| 0,032— 0,013—- 0,0073— 0,027— 0,015— 0,057—
Oil products, mg/dm? 0,011 0,005 0,0037 0,010 0,005 0,020
. > -
: ( 1
L) - 2) )
106 36( ). ,
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Fig. The content of mineral forms of nitrogen and phosphorus in the studied ecosystems
(designations of sampling sites are indicated in the table, background sections
of the largest rivers of the Kirov region were used as a background [12])
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Heavy metals in snow cover and urban soils
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The pollution of snow cover and soils of different functional zones of the city of Kirov with heavy metals (HM)
has been assessed. Judging by the state of the snow cover, the level of air pollution with Zn, Cu, Pb, Ni, Cd in winter
in different functional zones of the northern part of the city and in the background territory differs slightly, but varies
significantly over the years of observation. A correlation was found (r = 0.98 0.99) between the content of HMs in the
snow cover and their total content in the soil.

It is shown that the level of soil pollution depends on the selected background indicators. In the absence of excess of
gross forms of HM over approximate permissible concentrations, the indicator of total pollution (Z) corresponds to the
average level of soil pollution in the industrial zone. Pollution is diagnosed by the accumulation of mobile HM compounds,
and the mobility coefficients (indicators that do not depend on the selected background) make it possible to assess the
risk of accumulation of Pb and Cd in soils in exchangeable and carbonate-related forms in the industrial, as well as in
the recreational areas of the northern part of the city, as very high.

110 Keywords: heavy metals, accumulation snow cover, urban soils, urbanized areas, atmospheric air.
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1/ Tablel

2020 2021 ./ Heavy metal content (mg/dm?®) and concentration factor in snow samples taken in 2020 and 2021

Pb Cd Zn Cu Ni
Area
2020 / 2020 year
0,122—-0,028 0,002—0,001 0,068—0,018 0,008-0,002 0,074-0,015
Background
1 0,103-0,024* 0,003-0,001 0,003-0,001
0,8 1,5 <0,1
2 0,003—0,001 0,006—0,002 0.006—0,001 0.063—0,013
1,5 0,1 0,8 0,9
3 0,121-0,028 0,004—0,001 0,011—-0,003 0,009-0,002 0,045-0,013
1,0 2,0 0,2 11 0,6
4 0,17-0,04 0,004—0,001 0,006—0,002 0,005—0,001 0,060-0,013
1,4 2,0 0,1 0,6 0,8
2021 / 2021 year
0,054—0,012 0,014-0,003 0,005-0,001 0,054-0,012 0,014-0,003
Background
1 0,044-0,012 0,005-0.001 0,005-0,001
0,8 0,4 1,0
2 0,064—0,015 0,010—0,002 0,003-0,001
1,2 0,7 0,6
3 0,097-0,022 0,012—0,002 0,026—0,007
1,8 0,9 5,2
4 0,111-0,025 0,013-0,002 0,008-—0,002
2,1 1,0 1,6

ke

Note: * above the line HM content, below the line  concentration factor;

detection limit of the method.

>>

R

the measurement result is below the

2/ Table2
/ Indicator of total pollution of snow cover by heavy metals in the studied areas of the city of Kirov
/ Area
Total pollution index 1 2 3 4
2020 / 2020 year 1,5 15 2,1 2,4
2021 / 2021 year 1,2 6,0 2,7
Note: the dash indicates that the indicator cannot be calculated.
> b
3 4 -
( .2). > ,
Zn , -
- ) i) b
(
[6. 71 4),
( Pb)
: 1), , 113
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[8]. >
2021 . Cu 1,7
( . 3). 25 / ,Pb 10 6,6 / [15]. -
, - ( 3)
[81, - -
( . 3). _
( >61 7)), Cd Ni , Zn
( .3). - [15] -
Zn Pb
> 49 [16]:
- - Zn 2 ,
; Pb
: [17],
) 3 -
4 50%.
3/ Table 3
ﬁml./ﬂmcmﬂmﬁdgm$cmuﬂmanbﬂnmsdhmwymﬂMs
and concentration coefficient in the studied areas in 2021
/ Area ( )
4 Background 1 2 3 4 mg/kg
Element content, MPC (APC)
mg/kg mg/kg
> 4,9-0,2 7,1-0,2 7,0-0,2 6,1-0,2 7,0-0,2
6.9—1,6* 5,0-1,2 — 38—9 x
Cu 3,7-0,9 1.9 14 12.4 10.3 66 132
Gross 4,8-1,0 2,6-0.4 4,2-0,9 24-5 o
content Pb 2,6-05 1,9 1,0 1,6 9.2 65 130
30-10 18-6 190-60 140-50 o
Zn 21-7 14 0.9 9.2 6.9 110 220
. 11,6-3.8 9,2-3.1 47-13 164 o
Ni 13,4-3,7 0.9 0.7 35 12 40 80
0,20-0,10 | 0,20-0,10 | 0,30-0,10 0,90-0,20 xe
Cd | 0,20-0,03 1.0 1.0 15 45 12
0,50-0,10 | 0,15-0,04 6.0-1.4 2,1-05
cu | 006-002 8,3 2,5 100,0 35,0 3
Mobile 1,8-0.4 1,9-0.4 3,7-0,8 4,9-1,0
form Pb | 1,60-0.30 11 1,2 23 3,1 6
6,2—2,1 2,6-0,9 36—12 30,00-10
zn | 1.1-04 5,6 2,4 32,7 27,3 23
. 0,95-0,39 | 0,30-0,10 | 0,60-0,30 0,60-0,30
Ni | 0,30-0,10 3.2 1.0 2.0 2.0 4
0,10-0,03 | 0,16-0,05 | 0,06—0,02 0,70-0,20 0,65 1,11
Cd | 0,04-0,01 2,5 4,0 1,5 17,5 [15]
TKo» * >>
Hiaked > pHKCI<5’5’
pH, ., > 5.5.
Note: no value; * above the line  HM content, below the line  concentration factor; ** the first digit in the

APC value corresponds to acidic (clayey and loamy), pH

clayey), pH,., >5.5.

KCI

< 5.5, the second for close to neutral and neutral (loamy and

e
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4/ Table 4

Index of total heavy metal contamination of soils in the studied area fKirov

/ Area . ! zZ* | Z**
Element content, mg/kg
Cu Pb Zn Ni Cd
( ) 28 12 58 33 0,65
Regional background (general) 1,11
. 65 20 157 96
Background for the city of Kirov
( ) 3,7 2,6 21 13,4 0,2
Conditional background (arboretum)
1 6,9 4,8 30 11,6 0,2 3,1
2 5 2,6 18 9,2 0,2 1,4
3 46 4,2 193 47 0,3 24,3 4,4
4 38 24 144 15,5 0,9 28,0 2,8
*xZ, > ( ), ** Z,

> [18], .
Note: *  Z calculated taking into account the conditional background (arboretum), **  Z calculated taking into account
the regional background [18], dash the indicator does not make sense.

. > 1.2.3685- -

21, ,
1 . Pb, Zn d-, ,

[19].
«2 », - -
- ( 4),
Zn ( ,
3). Cu Ni ,
( 3), Ni ; ' , ;
( 4). ,
( . 4), , : -
’ 1 2 ;
(Z,<16), 3 4 [20,
(2,=16 32) - 21]. :
’ ’ ; Pb,zn Cd )
[22].
- ( . 3)
, (
- 3 4) -
Zn,
[15, ( 4)
18], 3 4 -
. Cu.
[18],
« .4 (
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5/ Table5

Mobility coefficient of heavy metals in soil

/ Area , %
Mobility coefficients of heavy metals, %
Cu Pb Zn Ni Cd
/ Background 1,6 61,5 5,2 2,2 20
1 7,2 37,5 20,7 8,2 50
2 3 73,1 14,4 3,2 80
3 13 88,0 18,7 1,3 20
4 55 20,4 20,8 3,9 78
, , 2( ) 0,69, -
( . 3).
Cu Zn -
3 4.
[23] -
2 10%; , . ( -
1 , 15 30%; - Pb)
30 40%; ,
10 -
50 70%
- > -
Pb Cd : ( -
Zn)
( .5). -
Pb Cd . , -
10- - ,
Zn, Cu, Pb, Ni, Cd
50 70% -
[23]. :
Cu ,ZNn .
(< 30%) (r=0,98 0,99)
, 1 . -
( 1) -
( 3 4 - , -
Pb Cd (RAQC). ,
( 3
( 4).
2), -

3 4 : . ,
116 0,98 0,99 .
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Cu. -

K Cu,Zn Cd
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Pb Cd
«
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Heavy metals (HM) in the soil cause changes in the ratio of resistant and susceptible fungal species, the mechanisms
of interaction between which are not well understood. The aim of this work is to study the resistance to Cu and Pb cations
and the antagonistic properties of two species of soil micromycetes Alternaria alternata and Trichoderma viride. Fungal
resistance was assessed by the following test functions: biomass accumulation, colony diameter, and sporulation activ-
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ity. The antagonistic activity of fungal species was assessed by competition test. The calculated effective concentrations
and tolerance indices made it possible to conclude that A. alternata and T. viride are highly resistant to the investigated
HMs. At the same time, species differences in the patterns of reactions were found. The growth of A. alternata colonies
was inhibited to a greater extent than T. viride, however at the same HM concentration, the stimulation of sporulation
in Alternaria was more pronounced than in the rapidly growing Trichoderma. The studied strain T. viride turned out to
be quite competitive with respect to the phytopathogenic fungus A. alternata, and its antagonistic properties were well
pronounced in the medium with HM. The data obtained can be useful for predicting the phytopathogenic activity of
micromycetes against the background of chemical pollution and the dynamics of accumulation of various fungal species

under adverse environmental conditions.

Keywords: toxicity, heavy metals, Alternaria, Trichoderma, tolerance, biomass, growth rate, sporulation.

C )
] - [16].
Aspergillus, Fusarium, Trichoderma, Penicil-
- lium Alternaria
[1 5] - - («metal tolerant gene-
ra») ( 1)
Trichoderma,
[6]. -
[7] ]
20 100 /7 [8], - ( ),
200 1000 7/ [7],
7000 / [9] [4, 15, 17].
’ , 34 Aspergillus, Fusarium, Penicillium Alternaria,
348 /7 [9] , -
2420 / [10].
[4,5, 11]. > '
- [22].
Pb [12], ,
[2,6,11, 13]. ’ [4, 6],
[11, 13,23, 24].
- >
. >
Ascomycota,
80% [3,12,
14]. Ascomycota - -
[13, 15]. - (Cu Pb) -
Ascomycota
, Trichodermaviride
- Alternaria alternat . 119
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Metal-resistant soil micromycetes and sites of their isolation

1/ Tablel

Micromycetes Isolation sites Reference
Aspergillus niger, A. flavus, , [18]
Penicillium verruculosum, P. citrinum Ni, Pb, Cr, Cd / Soil samples
artificially contaminated with Ni, Pb, Cr, Cd
Fusarium, Mortierella , [5]
Pb,Cd,Cu Zn (<& ) 7/ Soils of
abandoned mines contaminated with Pb, Cd, Cu
and Zn (South Korea)
Penicillium, Trichoderma, , [12]
Umbelopsis, Pochonia Zn, Fe, Cu, Ni, Cd, Cr ( )
Forest soil samples artificially contaminated
with Zn, Fe, Cu, Ni, Cd, Cr (USA)
Aspergillus, Alternaria, , [19]
Geotrichum, Fusarium, Penicillium Pb, Cr, Cu, Zn, Cd / Water
and sediments contaminated by municipal
wastewater with Pb, Cr, Cu, Zn, Cd
Aspergillus niger, A. fumigatus, , [20]
Trichoderma asperellum, Penicillium ( ) / River sediments contaminated
simplicissimum, P. janthinellum with HM (Malaysia)
Acremonium persicinum, Penicillium Pb Zn( ) [21]
simplicissimum, Trichoderma harzianum, |Soils from Pb and Zn mining area (Iran)
Alternaria chlamydosporigena,
Fusarium verticillioides
Aspergillus, Penicillium, Mucor, Fe, Zn, Ni, Cr, Cu, Co, [14]

Fusarium, Alternaria, Trichoderma,
Rhizopus, Botrytis

Pb, Cd ( )
Soils contaminated with Fe, Zn, Ni, Cr, Cu, Co,
Pb, Cd (Saudi Arabia)

1 0,001 7/
Cu Phb.
- (fungal endpoints):

Alternaria alternata (Fr.) Keissl.

(1912) Trichoderma viride Pers.:Fr. (1974).
22 C [12, 20, 21].
100 103 C , -
10° 106 ./
. > ,
: 4 8 -
( [25].

) -
120 ' 2‘ '
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[28]: 0,00 0,39

5 : 0,40 0,59 -
: 0,60 0,79 -
( -80), , ;0,80 0,99 X
1,00
- R, Excel ExcelStat.
[26].
[27]. , A. alternata,
: « .2).
(Ra),
( ) - (C .1
(Ro). A. al-
. - ternata T. viride ( . 2).
35 ,
- : 50
, - A. alternata 4- 0,005 7/ ,
. 50 T. viride  4-
90, 50, 30, 10 0,123 / ; 50 A. alternata
. 4- 0,185 /7, 50
« ) : T.viride 4- 0,259 7/ .
(%) = /
-100. -
2/ Table 2
( )Cu Pb(7), 90,50,30 10%

A.alternata(7 ) T.viride(4 )*
Effective concentrations (EC) of Cu and Pb (g/L)reflecting 90%, 50%, 30%
and 10% inhibition of the growth points of A. alternata (7th day) and T. viride (4th day)*

EC Biomass Colony diameter Sporulation activity
A. alternata A. alternata \ T. viride A. alternata \ T. viride

Cu

90/ EC90 0,310 0,097 0,376 0,595 0,191

50/ EC50 0,046 0,005 0,123 0,316 0,054

30/ EC30 0,021 0,002 0,078 0,245 0,032

10/ EC10 0,007 0,0003 0,040 0,168 0,015
Pb

90/ EC90 0,523 0,569 0,781 0,696 0,828

50/ EC50 0,148 0,240 0,259 0,447 0,342

30/ EC30 0,088 0,169 0,166 0,374 0,239

10/ EC10 0,042 0,101 0,086 0,287 0,141

i , A. alternata T. viride

Note: *  different duration of exposure is due to the fact that A. alternata and T. viride differ in the rate of colony growth.
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Fig. 1. Growth dynamics of fungal colonies A. alternata in the presence of cations:
a) Cu, ) Pb; T. viride in the presence of cations ) Cu, ) Pb
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3/ Table3
( ) A.alternata (7 ) T.viride(4 )*
Cu Pb
Tolerance indices (IT) of A. alternata (7th day) and T. viride (4th day)*
to Cu and Pb cations based on the assessment of growth points
IT Colony diameter Sporulation activity
A. alternata \ T. viride A. alternata \ T. viride
Cu
01/ /g/L 0,161 0,212 4,488 0,028
0,01 /7 /g/L 0,384 0,840 5,390 2,401
Pb
01/ /g/L 0,941 1,032 5,409 3,992
0,01 / /g/L 1,032 1,032 4,619 2,699
e . 1/ Note: * see Table 1. 123
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Heavy metal oxides are potentially highly reactionary capable and cytotoxic. They cause direct DNA damage and
decrease viability of the cells of a living organism. To ensure environmental safety impacts that accompany processing
gold-bearing sands deposits, studies of microelement, phase and grain-size composition of rocks have been carried out.
There are established elements prevailing by mass: phosphorus, lanthanum, cerium, neodymium, barium, zirconium,
chromium, strontium, as well as clay minerals, complicating the process of selecting valuable components. The revealed
combination of mineral components has a high migration ability and toxicity.

It is developed the technology reducing operations of leaching and hydrometallurgical processing. The complex of
tools allows you to effectively select valuable components by hydrodynamic and cavitation impact on the clay component.
As a result of the implementation of the technology, dispersion fluxes and subsequent geochemical anomalies, the costs
of monitoring residual concentrations of strong polyelectrolytes and systematic toxicological assessment will be signifi-
cantly reduced. The developed technology includes new installations that ensure the destruction of the clay component
through ultrasonic and cavitation, hydroacoustic or hydrodynamic effects.
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S. Llerena, G. Toasa, A. |. Kurbatova

“NDVI — alpha diversity relationship
in tropical montane cloud forest of Ecuador”. P. 58.

Fig. 3. “El Cedral” Normalized Differential Vegetation Index map for: (a) March 2019,
(b) August 2019, (c) September 2019, (d) October 2019, (e) December 2019

Trichoderma viride
Cu Pb ». . 118.

.3
A. alternata T. viride: ) ( ); ) Pb;)
Fig. 3. Fixation of antagonistic properties by the competition method
of A. alternata and T. viride: a) on Czapek medium (control); b) with Pb; c) with lignohumate




R. Berdja, L. Lamari, N. Bouras, M. D. Holtz
“Host by strain association study of rhizospheric actinobacteria

on two Algerian date palm cultivars  ”. P. 135.

Fig. 3. Correspondence analysis biplot of species score and Cultivar's health state/penetration point.
Cultivar groups: Dim 1 [healthy Takerbucht], Dim 2 [healthy Aghamu], Dim 3 [diseased Aghamu]
and penetration point groups: 1 [endorhizosphere], 2 [pneumatodes]

1 11— ( « » )
2— ( « » ) 3-
( « » ), 4- ( « » )
Fig. 1. Algological sampling sites: 1 — Polar (red “bloom” of snow); 2 — Subpolar (red “bloom” of snow);
3 — Northern Urals (brown “bloom” of snow); 4 — Western Sayan (A — red “bloom” of snow)
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Fig. 1. Assessment of the ecological state of the subjects of the Perm Krai [15]
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Fig. 3. Distribution of the level of general morbidity in the Perm Krai
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on two Algerian date palm cultivars
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Extreme ecosystems such as the Algerian Sahara can be a source of untapped microorganisms that produce novel
bioactive compounds against fusarium wilt disease. Effective control of fusarium wilt agent Fusarium oxysporumf. sp.
albedinis relies on a thorough understanding of host-by-strain relations. Achieving this understanding can be highly
beneficial, particularly for extensive multidimensional experiments. This paper investigates the qualitative and quantita -
tive distribution of the actinobacteria in the rhizosphere (endorhizosphere and pneumatodes) of two date palm cultivars,
one resistant (Takerbucht) and one susceptible to fusariosis (Aghamu). Consequently, 199 actinobacterial isolates were
recorded; 13 species were identified, 6 were identified in root tips, and 10 in pneumatodes. The highest actinobacterial
densities were recorded in the rhizospheric soils of the susceptible cultivar. However, the dominant species are presentin
the roots of the resistant ones. Differences in the composition of genera and species were found between cultivars. Acti
nobacteria are mainly represented by the gener&treptomycesnd Nocardioides which are respectively related to healthy
and diseased date palm cultivars. Numerically, the most important species are related t&. chartreusis Nocardioides albus
and S. gannmycicusConsequently, correspondence analysis facilitated the visual representation (associations patterns)
of host-by-strain data and confirmed the aforementioned findings.

Keywords: Actinobacteria, saharan oases, date-palm, endorhizosphere, Pneumatodes, host by strain association.
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Actinobacteria, formerly known as actino -
mycetes, are a group of microorganisms com
monly found even in the soils of extreme ecosys
tems, such as the Saharan soils of Algeria that
are permanently exposed to challenging climatic
conditions. These soils are ecosystems worth
of being explored because of their significant
biodiversity [1, 2].

Actinobacteria are embroiled in the ecology
of these extreme habitats, as they are involved in
several transformation processes of complex bi
opolymers (lignocellulose, hemicellulose, pectin,
keratin, chitin) as well as being recommended as
potential biocontrol agents, such as certain spe
cies of Streptomyces, which can produce effective
antibiotics against phytopathogenic fungi such
as Fusarium oxysporum Pyrenochaeta lycoper
sici, Sclerotium rolfsii, Sclerotinia sclerotiorum
and Botrytis cinerea[3-6] .

In-plant pathology, host-by-pathogen or
genotype-by-strain association are particular
cases of genotype-by-environment interactions
studies. This is especially true for host-by-
strain interactions/associations in which there
are clear race differentiations such that a host
genotype can be described as resistant or sus
ceptible according to a specific/unique interac-
tion pattern. These patterns of associations are
generally challenging to characterize because of
the complexity of generated data that frequently
span on multiple dimensions [7] .

A genotype-by-strain association study on
actinobacterial species distribution was con-
ducted to characterize species associated with
healthy and diseased date palm cultivars. The
association pattern was assessed on healthy/
resistant and diseased/susceptible cultivars
affected byFusarium oxysporumf. sp.albedinis
(Killian et Maire) [8], which is a significant
threat to date-palm oases located in south-
western Algeria and the M>zab region[9-12] .

S. chartreusis Nocardioides albus S. gannmycicus,

Actinobacterial species distribution was assessed
at two different potential penetration points of

F. oxysporumf. sp. albedinis, namely on young
root tips (endorhizosphere) and pneumatodes,
which are complex respiratory structures that

form on older roots.

Materials and methods

Study site. The study site is an oasis with
a typical Saharan climate located in southwest
Algeria (28 00N, 0 30W) in the territorial
division of Adrar (south-western Algeria). The
experiment was carried out on a 160x 20 m plot
composed of 133 date palms belonging to the
cultivars Takerbucht (resistant) and Aghamu
(susceptible) to fusarium wilt (Bayoud disease)
caused byF. oxysporumf. sp. albedinis. Thirty
percent of the susceptible date palms were
affected by this disease in study area.

Rhizosphere sampling. Five plots, separated
from each other by approximately 25 m were
delimited. Each plot consisted of three date-palm
trees arranged in a triangle. These consisted
of one resistant Takerbucht palm tree and two
susceptible Aghamu trees where one was healthy
(no symptoms) and the second showed typical
symptoms of fusarium wilt. For the latter,
the disease was confirmed after isolation of
F. oxysporumf. sp.albedinis from the rachis.

Isolation and enumeration of actinobacteria
from the endorhizosphere and pneumatodes.
Roots were collected at 25-40 cm depth from
all around the date-palm trees. Two types of
structures are considered: (i) young roots
with exuding root tips and (ii) old roots with
whitish sleeves at the base of their branches
(pneumatodes).

Young roots tips and aged roots carrying
pneumatodes were washed and disinfected with
sterile distilled water and 3.5% aqueous calcium
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hypochlorite solution. Both were cut (2 cm
long), ground separately, filtered; and from the
resulting suspension, decimal dilutions were
made.

The enumeration in colony forming units
(CFU) per gram of dry roots was carried out
after 7-15 days of incubation. The actinobac
teria were isolated on Petri dishes by the mean
of suspension-dilution method [13] and spread
on the “chitin-agar” medium of Lingappa and
Lockwood [14].

Identification of actinobacteria. Actinobac-
terial species and genera identification was based
on macromorphological cultural characteristics
(colour of aerial and/or substrate mycelium
and diffusible pigments), micromorphological
structures (spore production, number of spores
and arrangement, straight to flexuous, hooked,
looped or spiral spore chains disposition) as
stated in the Bergey>s manuals [15].

We determined the configuration of the
isomer (LL or DL) of diaminopimelic acid, as
well as the presence of glycine [16], character
istic sugars [17] and the presence of parietal
mycolic acids on cell walls [18]. In addition,
several determination keys were checked out
[8, 15, 19-21].

Twenty-three (23) biochemical tests (car -
bohydrate assimilation as sole carbon source)
were determined as described by [22].

Statistical analysis. All data were analyzed
in R for Windows v4.1.0 [23] using the R-Studio
GUI v1.4.1717. Multivariate genotype-by-
strain data were analyzed using correspondence
analysis using abstract and product terms using
FactoMineR, Factoextra and Corrplot [24-26].

Results and discussion

Quantitative distribution of actinobacteria.
Enumeration results in Figure 1 showed a large
variability in bacterial density between the five
lots, ranging from 0.1 to 62 - 10* CFU/g root
and 1.5 to 83.3 - 168 CFU/g in pneumatodes.
This variability is even observed within the
same cultivar, whether healthy or diseased (i. e.,
diseased Aghamu: 0.33 to 62 - 10CFU/g root
and 4.17 to 83.3 - 16 CFU/g in pneumatodes).
This heterogeneity can be related to the uneven
distribution of the organic matter (1.1, 2.1, 3.2,
4.3 and 6.3% respectively inlot D, E, A, C and B).
Thus, the relatively small quantity and nature of
the organic matter, along with a heterogeneous
amendment with N-P-K fertilizers typically
combined with organic fertilizers, results in a
guantitative variability between the investigated
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plots and the proliferation of non-yeast-like bac -
teria at the expense of actinobacteria.

The comparison of the distribution of acti-
nobacteria regarding penetration points areas
indicates that their density is much higher in
the pneumatodes than in the endorhizosphere,
whether in diseased Aghamu, healthy Aghamu
or Takerbucht. This can be explained by the
loose anatomical structure of the pneumatodes
compared to young roots [27, 28]. This flexible
structure allows easy entry and adhesion of
rhizospheric microflora and pathogens such as
F. oxysporumf. sp. albedinis.

Overall, few actinobacterial species were able
to colonize the interior of the roots in the five lots.
Nevertheless, an exception can be seen in root
tips of healthy and diseased Aghamu (lots A and
B), which hosted more actinobacteria than the
pneumatodes did. This exception is due to the
exudation process, as it was found that susceptible
cultivars exudate a large amount of easily assim#
lable carbohydrates, proteins, lipids and mineral
salts. Whereas resistant cultivars secret complex
substances such as organic acids and phenolic
compounds, which inhibit phytopathogenic soil
microorganisms. This process induces an adapta
tion of the local microflora that becomes typically
associated with specific parts of the rhizosphere
(Fig. 2 and 3). The same observation has been
also reported by many authors [29, 30].

Qualitative distribution of actinobacteria.
This distribution is based on macromorphologi -
cal, micromorphological and physiological crite -
ria. A total of 199 actinobacterial isolates belong-
ing to 13 species were identified. Six species were
identified in root tips, and 10 in pneumatodes.
Two species S. narensis and S. coeruleoy are
not represented in figure 2, and were excluded
from subsequent analyses due to their rarity
(1 occurrence/5 lots). All the recorded species
belong to the genus Streptomyces (>75%) or
Nocardioides (about 25%). The latter is less
frequently isolated than Streptomyces, which
are among the most widespread telluric genera
worldwide (Fig. 2). This dictum has been noticed
by other authors [31]. Indeed, in culture media,
Streptomyces and Nocardioides grow much
faster than other actinobacteria, suggesting a
higher competitive ability.

Isolated Streptomycesare characterized by
the presence of an aerial mycelium that produces
long chains of non-mobile spores (straight to
flexuous, hooked, looped or spiralled) carried
by sporophores and a non-fragmented substrate
mycelium. Their cells contain the LL isomer of
diaminopimelic acid (DAP), glycine and sugars

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3

137



138

Fig. 1. Actinobacterial density (10 * CFU per gram of dry root) at the endorhizosphere
and pneumatode of the cultivars Aghamu and Takerbucht

Fig. 2. Species distribution of the 197 isolates identified on pneumatodes
and endorhizosphere in healthy and diseased cultivars

such as ribose, glucose and galactose; mycolic The dominant species areS. chartreusis
acids are absent. The isolates oNocardioides (36.54%) and N. albus(24.87%). In the present
are characterized by an aerial mycelium and a study, S. chartreusisis equally distributed be-
substrate mycelium with short filaments that  tween healthy cultivars (83.32%). This percent -
fragment into non-mobile elements. Their cells  age decreases sharply in the susceptible cultivar
contain the LL-isomer of DAP, glycine, ribose, = Aghamu when diseased (16.66%). ForN. albus,
glucose and galactose; mycolic acids are also the results are inverted. This species is present
absent. at 14.28% in the resistant cultivar Takerbucht,
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20.4% in healthy Aghamu and 65.3% in diseased
Aghamui; this species is ubiquitous and is present
in all sampled lots.

The speciesS. gannmycicus primarily as -
sociated with pneumatodes of the resistant
cultivar Takerbucht, constitutes 8.62% of the
total isolates. The rest of the speciesS. parvulus,
S. bottropensisS. tendae S. diastatochromogenes
S. eyagawaensisS. cyneogriseusS. coeruleorubi
dusandsS. exfoliatusshare the fourth rank of the
most dominant species and may be specific to one
or other part of the rhizosphere or be even quite
rare (i. e. S. narensisand S. coeruleoy.

The speciesS. chartreusisand S. gannmick
cus are two species associated with the healthy
state of both cultivars. Indeed, S. chartreusisis
a non-specific (ubiquitious) species present on
all sampled lots and S. gannmicicusis a species
predominantly found on pneumatodes. In vitro
confrontation tests, highlighted the antagonistic
activity of several isolates againstF. oxysporum
f. sp.albedinis (data not shown). These findings,
may explain the infield direct (antibiosis) and
indirect (attachment/penetration site/point
occupancy) biocontrol of fusarium wilt popula -
tions [32].

Correspondence analysis results. Applying
correspondence analysis “CA” on the data in figr
ure 1 (6 rows and 11 columns, with 2 explanatory
variables “cultivarss health state and penetra-
tion points) results in figure>s 3 contributions
and representation quality given by the Cos 2
colour scale. Each actinobacterial strain (active
variable) cultivarss health state and penetration
points (supplementary variables) is represented
by two scores for Dim 1 and Dim 2, respectively.
When the scores of Dim 1 and Dim 2 are pre
jected on the plane, each active and supplemen
tary variable is displayed as a point on the biplot
(Fig. 3, see color insert V).

The inertia of the first dimensions shows if
there are strong relationships between variables
and suggests the number of dimensions that
should be studied. The first two dimensions of
analysis express “80.37%" of the total dataset in-
ertia; that means that the plane explains 80.37%
of the rows (or columns) cloud total variability.
This percentage is high, and thus the first plane
represents an essential part of the data variabi
ity; From these observations, it is probably not
helpful to interpret the 3rd dimensions (Fig. 3;
Scree plot). Correspondence analysis results
demonstrate an association between cultivars
health state and penetration point area variables
with a raw score per order (Chisq = 227.33,
p-value = 0.001) [25]. However, no explicit pen-

‘11- 1‘ ..’

etration point-related pattern is present (Wilks>s

= 0.69). Instead, distances between individu
als on the plane seems to be best separated by
the cultivar>s health state variable (Wilks>s

= 0.35; Fig. 3). At this stage, results suggest
that subsequent analysis should consider cu}
tivarss health state as a factor but not penetra
tion point structure. These findings should be
taken with precaution as more evidence must be
brought by analogues confirmatory studies [33].

Row and columns score contributions (Fig. 3)
indicate that the first dimension represents the
latent variable cultivar's phytosanitary health
state which can either be healthy (Upside) or
diseased date-palm (Downside). The second
dimension represents the penetration point
structure where associated species can be <i
ther linked to roots (left side) or pneumatodes
(Rightside); the two latter are set in opposition
on the biplot (Fig. 3).

Overall, three distinct clusters of isolate
groups are present: cluster 1 consists ofS. par-
vulus, S. bottropensis S. tendae S. diastato-
chromogenesS. neyagawaensisand S. gannmy
cicus, cluster 2 consists of the isolateN. albus,
S. cyneogriseusS. coeruleorubidusand cluster
3 consists of two isolated groups, which are
S. exfoliatusand S. chartreusis(Fig. 3) . Among
all actinobacteria, red or nearly red represented
species are well projected on their respective di
mension (cos’? > 0.7) (Fig. 3). Thus, all members
of cluster 1 are well projected on Dim 1 and are all
equally associated (species clustering together;
no long vector) with the pneumatodes of healthy
Takerbucht.

The unique Nocardioides isolated group is
the only well-projected species among cluster
2 on Dim 2 and is associated with diseased
Aghamu roots rather than pneumatodes. For
cluster 3, S. exfoliatusis best projected on Dim 2,
where it is strongly related to pneumatodes of
healthy Aghamu even if it is plotted farthest.
Finally, although S. chartreusisis a frequently
encountered species (isolated from 4 among
5 lots), this species group is associated unam
biguously with pneumatodes of healthy date-
palm cultivars.

Conclusion

In the present host-by-strain association
study, information on actinobacterial genera and
species distribution in date palm rhizosphere are
highlighted. Indeed, correspondence analysis
allowed us to gain more insight through dimen -
sionality reduction and graphical representation
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of various isolate group association patterns on
date-palm cultivars and their endorhizosphere
and pneumatodes. Overall, differences were
observed between cultivars resistant and suscep
tible cultivars (healthy or diseased), particularly

in the distribution of some dominant actinobac -
terial species in the endorhizosphere. Globally,
a negative relationship is observed between the
two dominant genera (Streptomycesand Nocar-

4. Errakhi R., Bouteau F., Lebrihi A., Barakate M.
Evidences of biological control capacities of Streptomyces
spp. against Sclerotium rolfsii responsible for damping-off
disease in sugar beet Beta vulgaris L.) // World Journal
of Microbiology and Biotechnology. 2007. V. 23. No. 11.
P. 1503-1509. doi: 10.1007/s11274-007-9394-7

5. Minuto A., Spadaro D., Garibaldi A., Gullino M.L.
Control of soilborne pathogens of tomato using a commer
cial formulation of Streptomyces griseoviridignd solariza-

dioides), as we have noticed an apparent decrease tion // Crop Protection. 2006 . V. 25. No. 5. P. 468-475.

in the percentage ofStreptomyce$rom Takerbu-
cht to healthy then diseased Aghamu, in favour
of the Nocardioides genus, which is present at
an exceptionally high percentage in diseased
Aghamu. The rate of Streptomyceslso decreases
significantly in diseased Aghamu pneumatodes
(compared to healthy Aghamu and Takerbucht).
These findings are confirmed by the correspon
dence analysis biplot, where specific association
patterns are emphasized. Further investigations
should focus on the role and mechanisms of ac
tion of dominant rhizosphere species against
the fusarium wilt pathogen F. oxysporumf.
sp. albedinis, by considering their antagonis-
tic capability (molecular characterization of
secondary metabolites such as antibiotics and
antifungals) for an integrated pest management
strategy to limit Bayoud disease progression in
Saharan oases.

This work is dedicated to the memory of the
deceased Nasserdine Sabaou and Ahmed Moustiri,
who were among the pioneers and influential re-
searchers who studied the microflora of Algerian
Sahara oases. These two exceptional people of great
kindness and dedication contributed to the training
of many professionals and enlightened the path of
the following generations of researchers, may they
rest in peace.
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Ecological trend of succession in mycobiome
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The article presents the results of long-term bioindication studies of the mycobiome of the leached chernozem of the
B.A. Keller Botanical Garden of the Voronezh State Agrarian University. In this article, for the first time in our longstand -
ing bioindication studies, we established the ecological trend of the succession of soil mycobiome of the Botanical Garden.
The influence of plant rhizodeposites led to an increase in the.- and -diversity of mycobiome compared to virgin soil,
the accumulation of copiotrophic, hydrolytic, phytopathogenic species. However, the transition of soil mycobiome to the
adaptive response of “stress” is observed, what appeared in the concentration of dominance of typical species, a decrease
in the proportion of stenotopic species and the accumulation of toxigenic micromycetes. A sensitive method was selected
for determining the biological (phytotoxic) activity of the soil, and the decisive role of micromycetes as a biotic factor
in its development was confirmed. The main direction of succession of the soil mycobiom under intense microbial-plant
interactions is the accumulation of species of fungi that synthesize mycotoxins. The stress reaction of the mycobiome
and the growth of phytotoxic activity of the soil indicate the important role of microbial-plant interactions in reducing
the stability of even such a high-buffer type of soil as leached chernozem. The results obtained can be used to assess and
predict the ecological state of soil ecosystems using mycoindication.

Keywords: soil micromycetes, biodiversity, taxonomic structure, micoindication, phytotesting.
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%0 ~ 1/ Table 1

General list of types of soil micromycetes isolated from leached chernozem

Note: * — toxigenic s

[16].
pecies [16].

% | Class / Family ‘| Genus " | Species
Zygomycetes Mucoraceae Mucor hiemalis Wehmer
miehei Cooney et Emerson
ramosissimus Samutsevitsch

Rhizopus stolonifer (Ehrenb. Ex Link) L.

Ascomycetes Trichocomataceae Talaromyces flavus* (Klocker) Stolk et Sams
Deuteromycetes Moniliaceae Acremonium alternatum Lk. ex Fries

Aspergillus candidus Link
clavatus* Desmaz.
alliaceus Thom. et Church.
ochraceus*Wilhelm
fischeri* Thom. et Church
niger* V. Tiegh.
ustus* (Bain) Thom. et Church.
terreus* Thom.
wentii* Wehmer

Botrytis cinereaPersoon ex Fries

Cephalosporium | acremonium Corda

Gliocladium virens* Miller, Giddens et Fost

Paecilomyces lilacinum Thom.

Penicillium simplicissimus (Oud.) Thom.
daleae Zaleski
restrictum* Gilb. et Abb.
tardum Thom.
canescenssopp.
lanosum Westling
funiculosum* Thom.
viridicatum* Westling
janthinellum Biourge
notatum* West.

Trichoderma koningii* Oudem
pseudokoningii* Rifai
harzianum* Rifai
album Preuss

Sporotrichum piluliferum Link et Fries

Dematiaceae Alternaria alternata* Ness.

Botryotrichum piluliferum Sacc. et March.

Drechslera sorokiniana Sacc. Subram

Humicola grisea Traaen

Stachybotrys chartarum* (Ehrenb.) Hugnes

Cladosporium herbarum (Pers.) Link

Stemphyllium botryosumWallr.

Aureobasidium pullulans (DB) Arnaud.

Tuberculariaceae Fusarium solani* (Mart) Appl.
oxysporum* Snyd et Hans
Mycelia sterilia Rhizoctonia solani* Kuhn.
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Influence of phytocenosis on the structure of the complex of typical micromycetes of leached chernozem

%0 ~ 2/ Table 2

Species rank micromycetes

%0
Control

Botanical garden

T / Dominants Paec. lilacinum Paec. lilacinum
Acr. alternatum P. simplicissimus
P. tardum P. tardum
P. expansum
T. koningii
C. acremonium
Acr. alternatum
F. solani
s |/ Frequent Tr. koningii A. candidus
P. daleae H. grisea
A. terreus A. ustus
G. virens
B. cinerea
S. piluliferum
Ch. piluliferum
Alt. alternat
C Rare F.oxysporum P. funiculosum
F. solani Rh. stolonifer
Ch. piluliferum A. wentii
P. funiculosum A. alliaceus
P. simplicissumus Tal. flavus
M. hiemalis Rhiz. solani
C. acremonium
. . -« » [22]. .
. Mucoraceag °
- £ (
Aspergillus, Penicillium, Trichoderma, ) €
Sporotrichum Humicola Stachybotrys %o « ». %o *
- 7 0,7 €€
Sporotrichum Aureobasidium Chaetomium
. %0 ,
Cladosporium
herbarum, Alternaria alternata, Botrytis cinereg, .
Mucor hiemalis, Fusarium spp., - L 4). .

~
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/ Indicators of the species diversity of the mycobioma
of chernozem without plants and under the phytocenosis of the botanical garden

%o ~ 3/ Table 3

€ %o
Indicators Control Botanical garden
Total number of species 26 4l
%o
Number of typical species 13 22
% 43 67

Percentage of typical species, %

, % 57 33
Share of typical types of, %
S z
Shannon diversity index 2.9 38
S
Simpson's dominance index 019 0,09
%o © Z‘
The coefficient of similarity of S grensen 1,0 0.7

%0 ~ 4/ Table 4

- € .

The contribution of the biogenic factor to the phytotoxic activity of leached chernozem

& / Indicators %0
Control Botanical garden
S . - %
Germination inhibitionseed test plants,% 3,6:0,5 4.8x1,2
5 A 6,5+0,7 12,1+0,8*
Root growth inhibition test plants,% T T
S y . %o of "
The number of micromycetes, thousand CFU/g soil 2815 4816
(€ , % "
Density of toxigenic species micromycetes, % 135 279
F— o, 5%.

Note: * — statistically significant differences with the control, the measurement error is 5%.

( :
: ) [4]. &
. . £
€€ € _
€ : .
(20%), -
€

€ €

»

€

«
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Snow algae and cyanobacteria in several regions
of the Urals and the Western Sayan

© 2022. I. V. Novakovskaya *

E' N Patoval ORCID: 0000-0002-9418-1601 ’ E G Make_evaz ORCID: 0000-0002-2445-2429 ’
Hnstitute of Biology of the Komi Science Centre of the Ural

Branch of the Russian Academy of Sciences,
28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,

2Khakassky State Nature Reserve,

PO Box 189, Abakan, Russia, 655017,

e-mail: novakovskaya@ib.komisc.ru, patova@ib.komisc.ru, meg77@yandex.ru

ORCID: 0000-0001-5056-9965 ’

We studied the species diversity of algae and cyanobacteria on the colored snow surface (red, brown and black) of
mountain slopes in the northern regions of the Urals (Polar, Subpolar and Northern Urals) and Western Sayan (the
eastern part of the State Nature Reserve “Pozarym named after V.M. Zimin”). The area of the snow patches was 50—45,000 fn
In average, 17.6—142.4thousand algal and cyanobacteria cells were found on the 1 cAof the snow surface. We identified
29 algal and cyanobacteria species from five divisions (Cyanobacteria — 1, Bacillariophyta — 1, Ochrophyta — 3, Chle
rophyta — 21, Charophyta — 3). Unicellular coccoid green algae predominate. Most of the identified species are widespread
in terrestrial and aquatic ecosystems. They are able to vegetate under conditions of low temperatures and high solar
radiation. Chloromonas reticulata(Gorozh.) Gobi and Chlamydomonas proteus.G. Pringsh. are main sources of the red
bloom of the snow pat hes. These species were found during direct visual inspection of snow samples in the field. Species
cf. Xerochlorella minuta (J.B. Petersen) Mikhailyuk & P.M. Tsarenko and Stichococcugf. bacillaris Né&geli also had a
high frequency of occurrence in the snow samples, but these species were found in laboratory conditions when cultivat
ing on nutrient media. We also studied chemical indicators in places of mass development of algae and cyanobacteria,
including: pH, conductivity, color, chemical oxygen demand (COD), permanganate value (PV), N ... P, C .. C o
C,,+ @ number of macro and micro elements. The melted snow is characterized by a slightly acidic pH, low electrical
conductivity and low content of the main biogenic elements.

Keywords: diversity of snow algae and cyanobacteria, Polar, Subpolar and Northern Urals, Western Sayan, chemical 149
composition of snow.
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%o =

<
Characteristics of sites where snow samples were collecte

1/Table 1

Region, year of sampling

Sampling site

Height above

%o
Coordinates

Color of snow

sea level
E . / Polar Urals
1 . %0 . 400 N 68 2982,37
%0 , 2011 E 66 1344,37 red
Mount Konstantinov snow patch among
Kamen, 2011 the screes
E . / Subpolar Urals
2 |« , . 951 N 65 12237
2019-2021 E60 12077 red
Ridge Maldynyrd, snow patch among
2019-2021 the screes
. / Northern Ural
3 |- . 670 N 63428237
, , 2018 E 59 0842,87 red
Upper reaches of the snow patch
Telpoz river, 2018 on the river bank
4 . 571 N 63 4081,27
, ,2018 . E590716,32 red
Near Telpozizridge, snow patch in a
2018 crooked birch forest
5 . 706 N 632252,77
.E ,2016 ,2018 E 58552287
Near Mount Pelener, snow patch red and
2016, 2018 on mountain meadow brown
6 . 585 N 63 2236,27
.E 2016 - E 585420,3Z .
Near Mount Pelener, red and
2016 snow patch on forb- bla k
grass meadow
7 . 650 N 63 4848,6 7
. %o , 2016 E59114587 red
Near Mount snow patch
Kuzkudiner, 2016 among the screes
¥ / Western Sayan
8 E - . 1782 N 514489,827
% < 2019, 2021 - E89504,687 Red
Foothill of the Cohosh
ridge, 2019, 2021 snow patch in larch-
cedar forest
Garmin GPS-
MAP 64st (% ). & S
« » € t-11. T
10 .
Z+ 15 Greiner Bio-One (f ), —. €5 2
e« o (E - 5 .ee
3N BBM Bg 11 [26, 27]. .
t : 1 : -
Ze (/26 ),
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€ . -

. i -

1

y « » ° €
€ - € [26, 27]. ©
Optris MiniSight —... .
( ). T . - 3N BBM Bg11.t
Hanna Water Test 98121 (, ). Nikon Eclipse 80i 1000
f -
. - )
° S... %o °
—_ e ‘f'.
%0 ~ 2/ Table 2
< °
Chemical indicators of snow in places of mass development of snow algae and cyanobacteria

& . T

Parameter Units Value range
pH . [ units 5,3+0,5 - 6,0+0,6
Conductivity / [ puS/cm 2,8+0,6 —9,8+2,0
— / Color / degrees 9+4 — 6717
<«E%/ COD / 3/ mgO/dm 3 5,7+1,7 — 7515
&

Permanganate oxidizability

/ 3/ mgO/dm 3

0,65+0,13 - 4,2+0,4

N-NH '

<0,010-1,21+0,29

N-NO <0,050
N /N, < 0,50 - 1,28+0,23
HCO, <6,1
PO,* < 0,05 -0,27+0,04
P /P, < 0,02 - 0,088+0,028
SO~ <20
CIl <05-1,8+0,4
C /TC / 3/ mg/dm 3 1,81+0,22 — 19,7+2,4
pale 0,47+0,07 — 1,35+0,16

/TOC 2,1+0,6 — 18,4+2,5
K 0,13+0,03 — 0,55+0,13
Ca <0,050 - 0,31+0,08
Mg <0,050 - 0,056+0,013
Na 0,051+0,012 - 0,62+0,15
Fe [Fey, <0,05
Si < 0,05 - 0,099+0,024
Mn <1,0-8,9+2,8
Zn <50-17+6
Cu <1,0-2,6+0,8
Pb <4,0

3 3 1

Cd / /hg/dm <02
Ni
Co <1,0
Sr
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‘11- s ()

/ List of algae and cyanobacteria isolated

%0 ~ 3/ Table 3

from the snow surface in the northern regions of the Urals and the Western Sayan

Taxon

E

L]

Polar
Urals

&

Subpolar
Urals

Northern
Urals

1

Western
Sayan

Cyanobacteria

Pseudanabaenasp.

Bacillariophyta

Navicula sp.

Ochrophyta

Botrydiopsis eriensisJ. Snow

oo

Characiopsis acuta(A. Braun) Borz i

o

Xanthonemasp.

Chlorophyta

Bracteacoccus giganteus
H.W. Bisch. et H.C. Bold

Chlamydocapsasp.

Chlamydomonas macrostellatal.W.G. Lund

N0 A~

Chlamydomonas proteu€.G. Pringsh.

Chlamydomonasspp.

3,5 -

cf. Chlamydopodium starrii (Fott)
H. Ettl et G. Gartner

cf. Xerochlorella minuta (J.B. Petersen)
Mikhailyuk & P.M. Tsarenko

Chlorella vulgaris Beij.

Chlorococcum ellipsoideum
Deason & H.C. Bold

Chloroidium saccharophilum (W. Kr dger)
Darienko, Gustavs, Mudimu, Menendez,
Schumann, Karsten, Friedl & Proschold

Chloromonas reticulata(Gorozh.) Gobi

Elliptochloris bilobata Tscherm.-Woess

Fernandinella alpina Chodat

Fernandinella semiglobosa
(F.E. Fritsch & R.P. John) Skaloud & Leliaert

Keratococcus bicaudatus
(A. Braun ex Rabenh.) J.B. Petersen

Monoraphidium terrestre (Bristol)
Krienitz & Klein

Pseudococcomyxap.

9]

Scotinosphaera grandigBristol)
Wujek & R.H. Thomps.

Spongiococcum tetrasporuieason

Stichococcugf.bacillaris Négeli

Symbiochloris reticulata (Tscherm.-Woess)
Skaloud, Friedl, A. Beck & Dal Grande

~N oo

Charophyta

Cosmarium saxicolaKaiser

Cylindrocystis sp.

Klebsormidium flaccidum (K ttz.) P.C. Silva,

Mattox & W.H. Blackwell
Po- e (

: . . 1),
Note: the numbers correspond to

LK—» — .
the sampling site number (see Table 1),

won
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. [27-29]. ,

AlgaeBase [30].

L] Z L] y
ExStatR [31].

« »

Chlamydomonas

€ 0
5,9, 12]. E .
50 45 000 2
, 17,6—
1424 . | 2,
0-5 , .
20
«K— » _— o

Chloromonas

[2-3, 7-11,
16-17.- € -« :
24 38 e -
18 10
06 -15
. 29 5 :

. Cyanobacteria — 1, Bacillariophyta — 1,
Ochrophyta — 3, Chlorophyta — 21, Charophyta — 3
( .3).... -

. E -
€ € ° -
. € « »
€
( 1 1
)
€ -
. %0 , -
[32]. ... »
€ 5 .
&.. % — s ‘f- (http://

ib.komisc.ru/sykoa/collection/225).

2. %o ©

Fig. 2. The simiiarity graph between algae
and cyanobacteria from different study regions
presented in the form of the Terentyev Pleiad
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of microbial communities of postagrogenic soils of the tundra zone
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Microbial communities of postagrogenic soils of the tundra zone of the Komi Republic were studied. It has been
established that the main part of functionally active microorganisms is concentrated in organogenic and humus-accu-
mulative horizons of postagrogenic soils. In the upper horizons of postagrogenic soils, the number of living bacterial
cells is 62—84%. The influence of landscape conditions on the quantitative and qualitative indicators of microbiocenoses
of 13-16-year-old fallows occupying different positions in the landscape, is shown. It was revealed that in the series of
postagrogenic soils, the watershed: the terrace above the floodplain : the floodplain, the number of bacteria changes
slightly, and the number of fungi increases. Micromycetes dominate in the microbial biomass of the analyzed soils. The
proportion of mycelium in the total microbial biomass in organic and humus-accumulative horizons varies from 36 to
71%. In mineral horizons, where fungal mycelium is not found, the main components of microbial biomass are fungal
spores — up to 99% of the total microbial biomass. The proportion of living functionally active mycelium in the soil of
the floodplain fallow (up to 100%) is higher than in the fallows located at the top of the watershed (up to 85%) and the
terrace above the floodplain (up to 70%). In the series of postagrogenic soils, the watershed the floodplain terrace : 157
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the floodplain, an increase in the reserves of microbial biomass from 2.20 to 8.44 t/ha was established. In the soils of
the above-floodplain terrace and floodplain, the main share in the distribution of microorganism stocks belongs to the
humus-accumulative soil horizons: 48 and 57%, respectively. In the postagrogenic soil at the top of the watershed, the
main reserves of microbial biomass are concentrated in mineral horizons (70%).

Keywords: tundra, post-agrogenic ecosystems, post-agrogenic soils, bacteria, fungi, microbial biomass.
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Agrochemical indicators of postagrogenic tundra soils

% ~ 1/Table 1

» . pH, N /' N E -
Horizon Depth, cm ot N Exchange cations
Mobile forms
PO, % 2 Mg?*
% /' mglkg /I cmol/kg
. Soe , 14- .
Site B, the top of the watershed, 14-year-old fallow
Ov 0-3 5,6 37,4 1,3 |288 304 2724 33,1 55
AYrz,ao 3-6 54 31,1 19 |164 402 1878 33,6 4.4
AYao 6-7 53 13,4 1,0 |13;3 343 631 10,7 1,2
AYpa,g 7-17 4,7 3,5 0,3 |12,1 154 395 6,2 0,6
Bg 17-36(39) 4,8 0,6 0,05 | 11,1 34 134 2,2 0,5
CRM1 36(39)-55(57) 5,0 0,3 0,04 | 75 58 157 4,6 14
CRM2g 55(57)-110 55 0,3 0,04 | 75 116 134 11,5 3,2
CRM3g 110-135 5,9 0,3 0,04 | 6,8 154 136 13,5 3,5
o -, , 16- .
Site AFT, above-floodplain terrace 16-year-old fallow
Ov 0-1 5,8 28,9 15 |18,8 1956 2093 40,8 4,7
AYrz,ao 1-5,5 6,1 23,7 15 |156 | 2906 1233 44,7 4,6
AYpa, g 5,5-13(26) 5,6 3,0 0,2 | 13,6 645 335 28,4 3,4
Gl@ 13(26)-39 6,1 0,2 0,04 | 4,8 190 151 16,2 2,5
G2 39-77 6,6 0,2 0,04 | 53 241 230 15,6 4,1
G3 77-88 6,9 0,2 0,04 | 53 151 188 17,9 4,0
CG 88-132 6,9 0,2 0,04 | 53 240 194 14,7 3,0
- G, , 13- .
Site F, floodplain of the river, 13-year-old fallow
Ov 0-2 6,1 27,4 09 |241 1784 1573 35,1 4,2
AYrz 2-6 6,7 14,0 0,3 4,2 1361 569 22,4 2,5
AYpa 6-20 7,3 17,4 0,2 2,6 427 145 17,1 1,0
AYpa,g 20-30 6,9 13,7 0,2 2,6 403 73 16,5 1,0
AYg/ g~~ 30-45 6,8 9,6 0,08 | 0,8 176 53 9,7 0,9
1~~ 45-111 6,9 9,6 0,04 | 04 206 62 7,6 0,9
2~~ 111-128 6,8 8,6 0,04 | 0,3 247 73 4,9 1,6
3g9~~ 128-170 6,8 9,2 0,04 | 0,3 265 81 3,1 14
.~ i ( ’
AY 26 ). - - N ), . -
(‘ 2 %02 )! ( 2
E( € ) g%) (Ov, A Yrz, ,
AYpa,g)
( - [11], -
. ). . ()
€ € - ) )
€ ’ ° - ) ’
. - € .
. [6], € - ) -
( .12).- [6].
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Fig. 2. The proportion (in %) of living mycelium in the total biomass of the mycelium of fungi
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The results of studying the ecological and demographic parameters of 10 cenopopulations (CP) o€ypripedium cat
ceolusL. in the subzone of the southern taiga in the Kirov region (Slobodskoy, Afanasievsky, Lebyazhsky districts) are
presented. In habitats with C. calceolus the main background of plant groupings is formed by representatives of boreal
and non-morale ecological-cenotic groups. The limiting factors affecting the spread of the species are the illumination
and acidity of the soil. The generative-oriented type of the ontogenetic spectrum is predominant. According to the “delta—
omega” classification, the studied CPs are represented by aging and transitional types. According to the vital state, most

CPs are thriving, with the exception of CP 5, 7. A comprehensive assessment of the state @f. calceolusshowed that the
populations are in a state “close to threatened” or “dependent on conservation”.

166 Keywords: Cypripedium calceolud.., cenopopulation, demographic characteristics, ontogenetic spectrum, ecological-
cenotic group, Kirov region.
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% ~ 1/Table 1

Cypripedium calceolus
Location and characteristics of the studied coenopopulations ofCypripedium calceolus

CP

Location

Type of phytocenosis, taxation
parameters of tree layer

E

, %
Projective coverage
of grass-bush
layer, %

= €

/ The upper part of the steep slope of 75

the southern exposure of the root bank

. , (°3@¢3E; T-RE, -—-
0,5;

/ Spruce forest forb;
density of tree crowns 0.5; stand age

75 years

60

of the Vyatka River

- e -
/ The upper part of the steep

slope of the south-western exposure o

the root bank of the Vyatka River

. , 8 2E

0,4;
70 / Spruce forest grassy; density
fof tree crowns 0.4; stand age 70 years

20

Lo The middle part of the
gentle hill of the eastern exposure of
the root bank of the Vyatka Rive

, 6 26 PE H-20F 5 — - -
0,4,
70 / Grassy pine forest;
density of tree crowns 0.4; stand age
70 years

60

%o € - ° -
( 30%) -
L The steep slope of the
southeastern exposure (about 30%) of
the root bank of the Vyatka River

. €

, 60 222 ;
2 0,5-0,6;
80  /Spruce forest with an admixture
of fir and pine grassy; density of tree
crowns 0.5-0.6; stand age 80 years

35

%o 1-7 )
/ Steep slopes (1to 7 m)

on the root bank of the Vyatka River

, 5 5S;
0,1-0,3; 25 /Pine
forest with mixed willow on the dumps of
an exhausted lime quarry; density of tree
crowns 0.1-0.3; stand age 25 years

25

%0 a-7 )
L - | Steep slopes
(1 to 7 m) on the root bank of the

Vyatka River

+S°t

0,2; 35—
40 / Wintergreen-green moss pine
forest; density of tree crowns 0.2; stand
age 35-40 years

8 2¢ +

40

%o 1-7 )
| Steep slopes (1 to
7 m) on the root bank of the Vyatka

River

. €
- , 5 5S;
0,2;
35 /| EHggeid pipeédiassiitlithaadd-
mixture of willow legume-grass; density
of tree crowns 0.2; stand age 35 years

35

%o - - ®e -0 - - ® --
. %o / The
steep slope of the northwestern expe

sure of the right bank of the Kama River

€ -
, 6 4o +E
0,6-0,7;
70  /Pine forest with an admixture of
spruce, nemoral-herbal; density of tree

crowns 0.6-0.7; stand age 70 years

25
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Fig. 1. Ecological and cenotic spectra of vascular plants in the studied phytocenoses

with Cypripedium calceolud_. Note: Br — boreal, Md — meadow and meadow-pubescent,
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2. E - Cypripedium calceolus
(PCA — Principal Components Analysis):
Hd- « ,Nt-— , Tr— e,
Rc - , fH— e ,Lc— -

Fig. 2. The position of the studied biotopes with Cypripedium calceolusin the system of the first two main
components (PCA — Principal Components Analysis): Hd — moisture, Nt — soil nitrogen richness,
Tr — soil salt regime, Rc — acidity, fH — moisture variability, Lc — illumination

38 64% . . - €
0 (—&>5) 10,5% (—E& 10).,
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Paris quadrifolia L., A. europaeum Aegopodium G. conopseaValeriana officinalis L.)
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). * € -
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pratensisL. 5,10 5,70 ).~
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( 477 639 ). -
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(L) .
.- 3,39 4,87 :
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%0 ~ 2/ Table 2

E Cypripedium calceolus
Populatlon and demographic indicators of the studied cenopopulations ofCypripedium calceolus
—E s - (€ , D, |l .|l ,% @ & &
CP , o oz % |y %
Ontogenetic state, Num- Density, vozob?
individuals bers, |individuals/ 2 %
. speci-
Jopimopv 9 mens
1125 0 | 58| 44 127 31,8 16,3| 73,6 | 26,4 1 0,203| 0,515 "
transitional
20| 3 31|54 88 3,4 26| 39,0 | 61,0 | 0,350 0,770 €.
aging
30| 0 |115]| 28 143 9,5 59| 65,1 | 34,9 | 0,252 0,622 "
transitional
4 | 0| 0 | 62 146 208 6,1 55| 30,7 | 69,3 /0,383 0,822 €.
aging
5 128|136 133 | 64 361 17,2 10,0, 62,4 | 37,6 | 0,245 0,579 "
transitional
6 | 0] 2 9 | 35 46 4,2 39| 10,2 | 89,8 | 0,460 0,936
7 | 0| 19 | 100 | 147 266 9,2 6,8 | 44,2 | 55,8 | 0,330/ 0,737 €
8 0| 0 | 16 | 27 43 2,7 22| 37,2 | 62,8 0,370 0,801 aging
9 0| 4 | 26 |115 145 3,6 3,2 | 19,3 | 80,7 | 0,426 0,886
10| O | 153|342 | 267 762 11 0,6 | 65,0 | 350 |0,238| 0,575 "
transitional
ol - (%);1 Lo (%); 0- ;
& - :D .« (. G H o (. 2),

€ oo ) (Im) L\ (9).

Note: |, |ndex of renewability (%); I en. — generativity index (%); 0—age index; & efficiency index; De — effective
density of individuals (0s./m?); density — total density, (0s./m?2). Ontogenetic states: juvenile (j), immature (im), virginal
(v), generative (g).

- —&E C. calceolus ).
.- —E1-318 / 2( .2).
€ , - —E C.calceolus € -
2-3 . , —E
€ € 19-24 - - -
, ) ( .2).°
67 —E 1, 3,5 10,
—ES5." —E - 37,7% (—E 5)
5 40 (—E 1, 3, 10 — 45,7,
C. calceolus 80,4 44,9% )
S C. calceolus - —CE ,
—E 43 762 - €
( .2). .. , (55,3-79,3%). " —E 1 5
) € - € -
f , € 19,7
[19]., - - 7,8% .S -
C. calceolus € . €
- —CE C. calceolus
[20] . [21] €
. - € € -
. C. cal- .
ceolus . —E —E -
« = »( .2 ,
(1,2-17,2 0,6-16,3 / 2 - . —E& € € 171
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% ~ 3/ Table 3

< Cypripedium calceolus
Characteristics of the vitality structure of Cypripedium calceolus
—E| T , % S )
CP The proportion of individuals —EQ Vitality type of coenopopulation
of the class of vitality, % The index of
coenopopulation
large,a | average, b | small, c quality Q
1 30,00 63,33 6,67 46,67
2 13,33 66,67 20,00 40,00 e rosperin
3 | 1481 62,96 22,22 38,89 prospering
4 13,33 63,33 23,33 38,33
5 0,00 16,67 83,33 8,33 / depressive
6 0,00 80,00 20,00 40,00 € / prospering
7 0,00 20,00 80,00 10,00 / depressive
8 59,26 40,74 0,00 50,00
9 66,67 33,33 0,00 50,00 € / prospering
10 16,67 50,00 33,33 33,33
%0 ~ 4/ Table 4
E Cypripediumcalceolus
Indicators of environmental significance and status of the studied populations of Cypripedium calceolus
—E A B cC D E & SC
CP The average score SC
Parameters of status
assessment
A B C|D|E
1 1,08|045 346 127 > 2 |33 2.4~ .
conservation dependent
1,8 - ,
2 1/097|0,27|61,4 | 88 2 1 13| 2 e in anear-
threatened state
3 098 047 19,6 143 2Vera%e | 5 | 3 | 3| 3| 2 | 26— .
conservation dependent
2,0- ,
4 11,02 0,46| 70,2 | 208 2 2 13| 2 e in anear-
threatened state
5 10,79|0,19]| 17,7 | 361 3 3 312 3 2.8- .
conservation dependent
6 | 097|0,26| 76,1 | 46 2 3 13| 3 24— .
strong conservation dependent
7 10,78|0,44| 55,3 | 266 3 2 2,13 3 26— .
conservation dependent
1,8- ,
8 11,19|0,35|62,8| 43 1 2 13| 2 o in anear-
threatened state
1,8 - ,
9 |1,25|0,45]| 79,3145 average 1 2 113 |2 o in anear-
9 threatened state
1,8 - ,
10 /0,96 | 0,6 | 35,0 | 762 2 1 311 2 e in anear-
threatened state
CA - (IVC),B— o o .. .,
C- , %, D - .« LE- . « ,SC-
Note: A — the index of coenopbpulation vitality (IVC), B — the severity of the protective strategy?(R, C — proportion of
172 generative individuals, %, D — number of individuals, ind., E — level of anthropogenic load, SC — integrated indicator of

the state of coenopopulations.
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A few demographic parameters of the muskrat population have been obtained. The study is based on data from trap
ping muskrat samples (total 2018 individuals) and information on the fertility of 868 females. Variation in the cohort>s

survival rate and reproductive value were studied for the first time on the basis of the muskrat population age distribution
in the Ili River delta. The females specific survival rate was slightly higher than males in all age intervals. Both males

and females survival rate was dramatically reduced starting at the age 1+. Maximal specific survival rate in the 0+ — 1+ 175
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age interval is typical for animals of the first cohort, minimal — for the second, which is most numerous. The picture of
specific survival rate changes as cohort is growing older. In older age classes, the maximum survival rate turn out to
last, third cohort. So, in the last age class the largest part of individuals belong to the third cohort (75%). As a result,
the largest number of offspring is brought by females of this cohort (1.24-1.57 times more than representatives of the
first and second cohorts). This is indicating the highest reproductive value of the third cohort females. No significant
discrepancy in the fertility of females from different cohorts were found. That is, differences in the reproductive value of
muskrats belonging to different cohorts arise due to the difference in specific survival rate. The number of representa
tives of the first two cohorts, which survived for the next year, is quite enough to form the population parent number.
The muskrat retains the mechanism of forming next year reproductive core, which is typical to small voles, but it does
not have a determining value for it.

Keywords: population, survival, reproductive value, dynamics, cohort, Ondatra zibethicus.
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t .S
Muskrat harvest and number in the study area (lli River delta)
. | Year 1972 1973 1974 1975
T, . Harvest, n 557 151 895 304
S , Number, n 777 636 1088 383
_ %0 ~ 2/ Table 2
° o . S
Estimation of muskrat whole generation survival rate (Ili River delta)
~ é e s | ° ° , p><
Age S, Survival, | Specific survival rate, p,
Age classnumber, S, n
0+ 4225 1 0,435
1+ 183,75 0,435 0,26
178 2+ 47,75 0,113 0,042
3+ 2 0,0047 -
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%0 ~ 3/ Table 3

y ( ) .
Specific survival rate (pj of muskrats belonging to different cohorts

" 1- [ First cohort | 2- / Second cohort | 3- / Third cohort
Age class S, P, S, P, S P
o+ 94 0,65 206,7 0,36 180 0,44
1+ 61 0,087 74,3 0,22 79,7 0,49
2+ 53 - 16 0,021 39,3 0,026
3+ — - 0,3 - 1 -

%0 ~ 4/ Table 4

Proportion of cohort number in the each generation age class

" s , %
Age class Cohort size, % of the total generation
1- / first 2- | second 3- / third
0+ 19,6 43,0 37,4
1+ 28,4 34,6 37
2+ 8,8 26,4 64,8
3+ 0 24,8 75,2

% ~ 5/ Table 5

Calculation of the different cohorts reproductive value

- IS , S, m * S m, IS oo
Female number, S, The number of newborns
Age class
1- / First cohort
1+ 30,5 7,67 233,94
2+ 2,65 6,18 16,38 250,32
2- / Second cohort
1+ 37,2 7,07 263,00
2+ 8,0 6,41 51,28 315,24
3+ 0,15 6,41 0,96
3- / Third cohort
1+ 39,9 6,71 267,73
2+ 18,7 6,49 121,36 392,34
3+ 0,5 6,49 3,25

- . . .

Note: * — fertility, average females number which were born by each female.

(3+) T . .
, - T .
75%. , .
E °
9,13+0,97 . 1,25
20,62+3,79 - ., 2-
& . 1,57 °,
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The restoration of natural communities on anthropogenically disturbed lands is one of the world>s problems. Our
studies in Kuzbass show that even after 35—40 years, areas reclaimed in different ways do not create full-fledged condi
tions for mammals, inhabitants of the dark coniferous taiga forests. In all studied areas, the indices of the abundance and
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species richness in mammalian communities are significantly inferior to the original taiga communities. The similarity with
indigenous communities of mammals was found in pine plantations adjacent to self-growing deforested areas of the dark
coniferous taiga. These habitats are characterized by the highest indices of abundance and species richness among the studied
sites. The most impoverished in terms of the species richness of small mammals and their number were terraced areas with
a very insignificant soil layer, reclaimed by the European white birch Betula pendula Roth. and sea-buckthorn Hippophae
rhamnoides L. The communities of small mammals that have formed here show a faunistic similarity with the population

of dry meadows on the place of the felled dark coniferous taiga, but not with the indigenous taiga population. Large and
medium-sized mammals in reclaimed areas are few or absent altogether. The reclamation methods should involve the forma
tion of forage and protective functions for forest dwellers. During reclamation, it is necessary to abandon mono-plantings.
To create vital conditions, it is necessary to mosaic planting of various groups of plants with the obligatory alternation of
coniferous, mixed, and deciduous forest areas. The share of various shrubs is about 50%. Since animals are concentrated in
ecotone areas, when carrying out forest reclamation, it is necessary to provide for the formation of an extended forest edge
line, that is, to lay “forest glades” surrounded on all sides by woody plants and shrubs.

Keywords: coal mining, reforestation, Kuznetsk Basin, Kuzbass, flora, fauna, biodiversity.
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Fig. 1. The structure of the community of small mammals in the undisturbed dark coniferous taiga
in the middle reaches of the Tom River (Azhendarovo Biological Station, 1978-2020), in %
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% ~ 1/Table 1

/ Main characteristicf of the communities of small mammals in reclaimed and control sites
E %o S S f €
Site €, ./
Number Polydominance The absolute number of small
of species index mammals, specimens per hectare
Simpsonssdiversity
index

1 13 0,76 4,12 628

2 7 0,69 4,67 144

3 7 0,64 6,23 93

4 12 0,66 5,94 417

5 7 0,57 4,28 216

6 17 0,75 4,05 888

7 21 0,89 7,02 746

%0 ~ 2/ Table 2
E €
, /100 - [/ Relative abundance of small mammals
at reclaimed and control sites, specimens per 100 traps-days
~ | Species S / Studied sites
Biotopic / reclaimed control
preferences 1 4 2 3 5 6 7
Sorex isodon 26,43| 6,43 | 1,43 | 1,43 | 1,43 | 48,57 | 21,92
Sorex caecutiens 10,71| 0,71 — 0,71 | 1,43 | 10,71 | 8,36
Myodes rufocanus  forest - - - - - 12,86 | 5,34
Sicista betulina - - - - - 3,36 | 3,30
Apodemus peninsulae 0,71 - - - - 1,12 | 3,11
Microtus agrestis 0,71 - - - - - 1,19
Sorex araneus . 22,14| 9,29 | 0,71 | 0,71 | 5,71 | 19,29 21,22
5 / eurytopic
Myodes rutilus 2,14 0,71 | 0,71 | 0,71 | 5,71 | 7,14
Microtus oeconomus 1,43 | 1,43 - 0,72 | 0,71 | 6,43 | 12,3
Neomys fodiens 0,71 | 0,71 - - - 1,43 | 2,08
- _ / near water
Arvicola amphibius - - - - - - 0,52
Arvicola amphibius - - - - - - 0,52
Sorex minutus 429 | 429 | 2,14 | 1,43 | 357 | 4,29 | 461
Myodes glareolus 0,71 | 1,43 - - - 0,67 | 2,71
Crocidura sibirica - 0,71 - - - 1,79 | 2,08
Sorex roboratus [ forest- 2,86 | 429 | - - - 0,9 | 201
. . meadow
Micromys minutus - - 0,71 - - 0,22 | 0,66
Sorex minutissimus - - - - - - 0,32
Talpa altica - - - 0,71 - 0,71 | 0,01
Sorex tundrensis 0,71 | 5,00 | 3,57 - - 0,71 | 0,91
Apodemus agrarius 0,71 - - - - - 0,79
Microtus arvalis / meadow - - - - - - 0,54
Microtus gregalis - 2,86 - - 1,43 | 1,43 | 0,12
Cricetus cricetus - 0,71 | 0,71 - - - 0,001
- / Insectivores 67,85|31,43| 7,85 | 4,99 | 12,14 | 88,4 |63,52
, | Rodents 6,41 | 6,43 | 2,13 | 1,42 | 2,85 | 31,8 |37,72
L=» = .
Note: “~” — the species is absent in captures.
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Fig. 3. The rates of the species and quantitative compliance
of the communities of small mammals of the studied sites relative to the control
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%0 ~ 4/ Table 4

Ce 2020 .
Estimated density of hunting animals in different areas of reclamation in February 2020
Species ./1000
Estimated density on studied sites,
specimens per 1000 hectares
reclaimed dark coniferous taiga
- / No. of sites
1 2 3 6 7
%o / Mustela sibirica 1,4 0 12,8 25,6* 3,9
/ Mustela eversmannii 0 0 0 0 1,95
/ Martes zibellina 0 0 0 0 21,6
/ Vulpes vulpes 12,7 3,3 11,6 15,6 1,45
F- Lepus timidus 33,7 19,3 25,3 25,8 110,2
/ Capreolus pygargus 0 51 0 9,3 1,21
. / Alces alces 0 0 0 0 14,3
Note: * MaxiFnum densiiy of species.
eversmannii Lesson, 1827; . 8
Alces alceqLinnaeus, 1758). . . %o -
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The analysis of the dynamics of phyto-diversity over 10 years of thePinus sylvestrisL. formation in the Usman forest of
the Voronezh region on the territory of Russia is carried out. We used formalized methods for processing the data array when
describing 140 accounting sites of 1 n¥ on two test sites in the background and pyrogenic formations ofP. sylvestris. Account-
ing for abundance was conducted according to O. Drude. The pyrogenic factor, along with temperature, light, humidification,
and edaphic conditions, has a strong effect on the phyto-diversity of forest ecosystems. Four phases of succession of pyrogenic
phytocenoses with determination of time intervals between them have been established. The first phase of 2010 is a pioneer
group, random plant species are noted, separated among themselves; second phase 2011-2014 — the pioneer group is being
transformed, plants are being introduced, they are breeding, consort relations between organisms are appearing, a weed-ruderal
erigeron-pine community ( Pinus sylvestris ce Erigeron canadensid has been recorded; third 2015-2018 — the initial phase
is herb-shrub, there is a restructuring of the structure of the plant community, which is expressed in the replacement of the
dominants of the phytocenosis tiers; the fourth phase begins in 2019 — the formation of the forest phytocenotic group is as
sociated with dimming and, as a result, a change in temperature. The characteristic of anthropotolerant groups is given. In the
ratio of species in the background and pyrogenic areas to the total number, the replenishment of species diversity in pyrogenic
areas is observed. The obtained values of the regression coefficient for anthropotolerant groups emphasize the sensitivity of
the flora to the pyrogenic effects of especially synanthropophytes and hemiapophytes.

Keywords: formation, flora, pyrogenic factor, phases of succession, Usmansky pine forestPinus sylvestrisL.
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Large industrial pig farms are a source of biological contamination of arable lands located in the immediate vicin-
ity of these enterprises, as a result of the introduction of large volumes of liquid fraction of manure effluents. Utilization
of these biogenic wastes is a serious economic and environmental problem for the agro-industrial complex. The work
is devoted to the study of the influence of the liquid fraction of pig farm manure effluents on the sanitary condition of
arable land according to agrochemical and microbiological studies of soil samples. The study revealed that the regular
introduction of pig manure into arable land (for 5 years) led to a significant increase in the content of mobile forms of
phosphorus and potassium; there was a pronounced tendency to the accumulation of copper and zinc in the arable ho
rizon of the soil, in addition, high values of the total microbial number, the index of bacteria of the group Escherichia
coli, Enterococciand Clostridium perfringens Salmonella, including pathogenic and thermophilic bacteria, were found in
significant quantities. In addition, pig manure effluents are potential sources of ingress into the soil of agricultural land,
as well as adjacent territories with saprophytic microorganisms, as well as bacteria of the groupE. coli, C. perfringens
Proteusspp., Clostridium spp., Salmonella enteritidis, fungi Alternaria alternate , Botrytia cinerea, yeast Saccharomyces
cerevisiae Insufficient attention to environmental monitoring of territories adjacent to livestock enterprises can lead to
chemical and biological pollution of the environment by a wide range of pollutants present in manure runoff, and the
intensification of the development of the industrial pig industry will accelerate this process.

Keywords: ig manure effluents, microorganisms, industrial pig farms, biological soil contamination, heavy metals,
pig manure management.
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<

/ Agrochemical research of soil

%0 ~ 1/ Table 1

E %o d
Indicators Analysis method
Test Control
samples samples
%o
Weighted average
agrochemical index
of arable soils of the
Kirov region
T » » 26423-85
PH, o0 GOsT26483-85 | ©02*0:1 6,7+0,1 missing data
- 26483-85
| W
ke GOST 26483-85 5,9+0,1 6,310,1 4.8
f (NO;), [/ . ' 53210-
Nitrogen (NO ), mg/kg 2008 3,0£0,9 1,304
f (NH 9, [/ GOSTR53219- . . missing data
Nitrogen (NH "), mg/kg 2008 1845 12,334
. (p 0 ! * 54650-
Mobile phosphorus (* , ), mg/kg 2011 1170230 360+70 107
%o e (%o ) ! GOST R 54650-
Mobile potassium (% ), mg/ kg 2011 850+130 13420 122
° / . » 26490-85
Mobile sulfur, mg/kg GOST 26490-85 10,4£0,8 6,0£0,5 5.9
, % » »26213-91
Organic matter, % GOST26213-91 | %08 1,60+0,31 2.1

The heavy metals content in selected soil samples, mg/kg

%0 ~ 2/ Table 2

E | Test samples %0 / Control samples
Indicators . .
gross form movable form grossform movable form
Zn 54+18 3,211 46+15 2,9+1,0
Cu 2145 2,9+0,7 12,0+3,0 1,21+0,30
Cd 0,23+0,07 0,080+0,030 0,21+0,06 0,070+0,030
Pb 7,8+2,0 0,81+0,20 5,3+1,3 0,54+0,13
ce - (>095) - .

Note: bold type indicates significant differences (P > 0.95) between the experimental and control samples.

, .
8
, € .
€ €
[14]. -
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(.3 -

.coli  C.perfringens e

. %0 -

v Yo E 3 C. perfringens

° . S L] -

6 .
116 -, -
’ € -

s

e 6 . 7

Peptostreptococcusp. (P. anaero-
bius) Peptoniphilus sp. (P. asaccharolyticus,

Klebsiella sp., Enterococcusp.,
Escherichia coli, Proteussp ., Bacteroides fragt
lis, Fusobacterium nucleatum Clostridium sp .,
Staphylococcus epidermidisSalmonella aureus,
Alistipes putredinis (A. utredinis ), Prevotella
spp. (P. bivia, . intermedia), .
Candida sp. [16-18]." - -

12 ,
Alternaria
Botrytia cinerea (0,79%),
Saccharomyces cerevisiae
(8,99%)." -
Lactobacillus spp.,Eubacteriumspp., Proteus
spp., Pseudomonasspp., Enterococcus faecalis
E. faecium, Bacillus megaterium, Clostridium
septicum . Actinomycesspp.,

alternate (89,9%)

A~

€
Pseudoramibacterspp., E. oli, Bacillus cereus
B. subtilis, Bifidobacterium spp., Clostridium
putrificum, Alternaria alternate , Botrytia cinerea,
Saccharomyces cerevisia&almonella enteritidis.
%o -

( Lactobacillus spp., Bifidobacterium
spp., Eubacterium spp., E. oli, Enterococcus
spp.), -

( Salmonella enteritidis). ~

€ Alternaria alternate (32,83%),

Saccharomyces cerevisig@8,14%), Clostridium

4. sporogenef32,83%). -
: - Bifidobacterium Pseudoramibacter -
%o ~ 3/ Table 3
Sanitary and bacteriological indicators of soil
E %0
Index Test samples Control samples

§, %o o/ / Total microbial count, CFU/g (5,0+0,8) - 108 (1,0+0,6) - 10*
end0(E , Yool | index, CFU/g 27 6
Escherichia coli | titer 108 102
S ° y %o /|
Enterococcusndex, CFU/g 18 3
Clostridium , %o ol | index, CFU/g 11 7
perfringens / titer 10° 102
i  Joo e/ (8,0£0,2) - 10° (6,0+1,6) - 10°
Thermophilic bacteria, CFU/g e T

] y %D ./ 3

Salmonella, including pathogenic, CFU/g (7,0+1.8) - 10 (6,0£1,9) - 10
- yoo €
Helminth eggs, ind./kg not found
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%0 ~ 4/ Table 4

, %o ¢/ | Microbiocenosis of soil, CFU/mL

™
. Zo - o€’ .
€ . )
€
(P (%o ,), e

%o
Microorganisms Test samples Control samples
Bifidobacterium spp. (7,0£0,8) - 10° (6,0£1,4) - 10°
Lactobacillus spp. (6,0£1,2) - 10°
Eubacterium spp. (8,0+£0,9) - 107 0 €
Proteusspp. (6,0+1,2) -10° not found
Pseudomonasspp. (7,0£1,2) - 1®
Pseudoramibacterspp. (7,0£1,3) - 10° (6,0+1,9) - 108
Escherichia oli (7,0£1,3) - 108 (6,0+1,9) - 108
Enterococcus faecalis (7,0£0,4) - 10° o] €
faecium (7,0£0,9) - 104 not found
Bacillus cereus (8,0+1,3) - 10° (6,0+0,8) - 102
subtilis (7,0+1,1) - 10° (8,0+1,1) - 10?
megaterium (6,0+0,9) -10° o] €
Clostridium sporogenes (7,0+1,6) - 108 not found
putrificum (6,0+0,6) - 10° (5,0+1,3) - 10?
bifermentans (7,0£1,5) -10° (8,0+0,7) -10°
septicum (6,0+1,4) -10° o] / not found
perfringens (6,0+0,6) - 10° (5,0£1,3) - 102
Salmonella enteritidis (7,0£1,8) -10° (6,0+1,9) - 10t
Alternaria alternate (7,0+1,4) - 108 (8,0+0,8) - 10°
Botrytia cinerea (8,0+0,6) - 108 (7,0+£0,8) - 104
Actinomyces spp. (8,0+1,1) - 10°
israeli (6,040,7) - 10° €
- not found
naeslundii (8,0+0,9) - 10°
Saccharomyces cerevisiae (6,0£0,9) - 108 (8,0£1,5) -10°
%0 ,
Alternaria alternate Botrytia - ,
cinerea, . , €
Salmonella (S. enteritidis). -, €

Lactobacillus spp., Eubacterium spp., Proteus
spp., Pseudomonasspp., Enterococcus faecalis,
Enterococcus faecium, Bacillus megaterium,
Clostridium sporogenesClostridium septicum,
Actinomycesspp. (A. israelii, A. naeslundii).

€ €
. - . %0 -
-, € -
S .
€
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The research was carried out at the Federal Agricultural Research Center of the North-East (FARC) in 2018—2020.
Taxonomic structure of seed>s microflora and resistance of plants to the most common fungi diseases were analyzed in 18
new spring barley varieties bred in of FARC and Vyatka State Agrotechnological University (VSAU). With a high total
seed infestation (average 83.3%), the trait state in the FARC>s varieties was an average 4.2% less than in the VSAU>s
mutant lines. In the seed contaminant, representatives of 8 fungal taxa are identified: Alternaria spp., Bipolaris spp.,
Torula spp., Cladosporium spp., Stemphylium spp., Curvularia spp., Penicillium spp., andFusarium spp. In the studied
accessions, they ranged from three (cv. Ecolog, M 4-10) to six (cv. Novichok, Dobryak, Tandem, Pamiaty Rodinoy,
Belgorodsky 100, and M 10-12). SpeciesAlternaria spp.,Bipolaris sorokiniana and representatives of saprotrophes were
206 found in all varieties with a frequency of 13.0-48.0%, 3.0-32.0% and 2.0-52.0%, respectively; Fusarium species — in
16 accessions with a frequency of 2-21%. Among fungi taxa, onlyAlternaria spp. species are statistically significantly
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(at P t 0.95) associated with seed infestation ¢ = 0.45). A reliable (P t 0.99) relation was found between the combined
proportion of saprotrophes and species ofFusarium spp., Alternaria spp. andBipolaris sorokiniana (r = -0.72), which
indicates the possibility of the inhibitory effect of alternaria infection on phytopathogens. Assessing the studied gene
pool of barley by the nature and level of infection of seeds and plants, one can select accessions with the best bioecologi
cal and immunological assessment: cv. Dobryak, Ecolog, Novichok and 94-13; mutants: M 11-13 Xa and M 2-37-6. Cv.
Dobryak successfully passes the State Test.

Keywords: barley, varieties, mutants, microflora, grain contamination, environmental quality of variety.
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To study the cultural, morphological and pathogenic properties of fungi that cause Septoria blotch of wheat in the
conditions of the Kirov region, phytopathogenic fungi were isolated from the affected plants. Of the 38 fungal isolates
selected in pure culture, eight were identified by cultural and morphological features as Parastagonospora nodorum
which causes Septoria nodorum blotch (SNB). To confirm the species identity, the DNA of fungi was used for real-time
PCR using the commercial test system “Septorioz zlakov (Stagonospora nodoruryi (“AgroDiagnostika”, Russia). Based
on experimental data, a modification of the method for isolating fungi that cause Septoria blotch of wheat is proposed.
Cultural and morphological properties of local P. nodorumisolates (TR1, TR2, P12, H7, H9, KR, SB, TC) were charac
terized on potato-glucose agar (PGA). The use of malt-yeast agar as a medium in comparison with PGA stimulated the
growth rate of the P. nodorum KR isolate and did not affect the growth rate of other fungal isolates. Evaluation of the
pathogenic properties of localP. nodorumisolates on wheat plants showed that TC and H9 isolates are highly pathogenic.
These isolates can be used to screen the resistance to SNB of a wide range of wheat genotypes grown in the Kirov region.

212 Keywords: Septoria nodorum blotch, Parastagonospora nodorumecultural and pathogenic properties, pycnidospores,
growth rate.
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Systematic introduction of significant volumes of liquid fraction (LF) of manure effluents into arable land leads to
a significant transformation of the physical and chemical properties of agrozems. Under the influence of LF, the content
of mobile forms of phosphorus (up to 980-1170 mg/kg), exchangeable potassium (up to 860 mg/kg), and organic matter
in the arable horizon significantly increases, and acidity decreases. The LF of manure effluents of cattle contributes to a
more pronounced increase -, , and a more intensive accumulation of organic matter than the LF of pig manure effluents,
which may be due to the different chemical composition of manure. Cattle manure contains more C and Mg, which lower
the pH, as well as lignin and fiber, leading to the accumulation of humus in the soil. The concentration of all studied heavy
metals (HM) in arable land did not exceed the values typical for agrozems of the Kirov region. The content of gross and
mobile forms Cu, Cd, Pb in the surveyed agro-ecosystems turned out to be higher than in the background territories. The
amount of HM in corn stalks did not exceed the usual content of these elements in plants of uncontaminated territories.
The accumulation indices of all studied HM, except Cu, were significantly higher when growing plants on acidic soils. A
possible reason for the increased bioavailability of Cu for plants in neutral soils may be the formation of soluble chelate
complexes. To prevent environmental pollution in the area of livestock complexes, it is necessary to improve the exist
ing system of animal waste disposal and introduce technologies that allow waste to be transported over long distances.

Keywords: manure runoff, soil pollution, heavy metals, accumulation index, degradation of agrozem.
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S

%0 ~ 1/ Table 1

Changes of the properties of agrozem under the influence of the liquid fraction of manure

E ¥ / Value of indicator
Indicator -/  agrozem / background %o
1 2 1 2 *
Kirov region *
S 5,3+0,2 7,240,2 4,0£0,2 4,2+0,2 4,6-5,5
0
Organic, % v 2,9+0,6 5,4+1,1 2,1+0,4 2,0£0,4 2,1
‘s ./ mobile 980+200 1170+230 94+19 184+37 151-250
7,1+1,1 13,2+2,0 8,2+1,2 10,3%£1,5 10,1-15,0
exchange
%q exchan 660+100 850+130 122+18 119+18 121-170
ge
Fe . / total 9300+2400 | 5900+£1500 | 9200+2300 | 2600+600 -
o . / mobile 18+£5 256 133+33 122+31 35,7-51,1
~ Mn / total 550+130 500+120 650+150 630+150 430-1500
g / mobile 124429 116x27 19+4 12,8+2,9 43,2-82,4
Cu / total 2816 19+4 13,9+3,2 10,2+2,3 9,2-37
-~ / mobile 1,8+0,4 1,19+0,27 0,47+0,11 | 0,08+0,02 1,6-3,3
= 7n / total 3813 17+6 40x13 7,32,4 24,8-49,5
/ mobile 8,5+2,8 5,4+1,8 2,8+0,9 4,3+1,4 2,1-50
cd / total 0,18+0,05 0,16+0,05 |0,038+0,011| 0,07+0,02 0,15-0,23
/ mobile | 0,026+0,008 | 0,067+0,020 <0,01 0,08-0,11
Pb / total 6,2+1,5 7,8£2,0 3,2+0,8 2,02+0,25 11,6-14,0
/ mobile | 1,11+0,28 0,91+0,11 0,66+0,16 | 1,13+0,14 1,7-1,9
Ni / total 23+9 1446 13+6 11+4 10,2-33,5
/ mobile 0,76x0,32 0,30£0,10 0,43+0,18 | 0,46x0,19 0,3-1,1
. [9-11]. '
- (p < 0,05) e - .£

Note: total — total content; mobil — movable form. * — Characteristic values for the central part of the Kirov region [9-11].
Statistically significant differences between the determined indicators and the corresponding indicators of the background

territories (p < 0.05), are highlighted in bold. Data missing in published sources are marked with a dash.

KCI

- [18-19]." e
E Cd . .2
€ €
[20,21].
Cd € -
Pb . . 2
: € d
7.,2) [22].
- 2
- 2016 2018
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%o ~ 2/ Table 2
DTynamics of changes in chemical properties of agrozem
& / Indicator ¥ / Value of indicator
e 1/ agrozem1l » 2 [ agrozem?2
2016 2018 2016 2018
. 4,6+0,1 4,4+0,1 5,7+0,1 6,7+0,1
, % / organic,% 2,9+0,6 2,5+0,5 5,4+0,8 5,0+0,7
‘L o 1 mglkg ./ mobile 270450 390+80 360+70 430+90
%o, | 1 mg/ kg / exchange 209+31 242+36 350+60 468x70
Cd, / /| mg/kg ./ total 0,12+0,03 0,14+0,04 0,10+0,03 | 0,12+0,03
Pb, / / mg/kg / total 4,6+0,9 5,6+1,1 6,6+1,3 8,8+2,2
%0 ~ 3/ Table 3
The content of heavy metals in the middle part of corn stalks
& ¢ ) / Content, mg/kg (per dry matter)
Indicator o 1 e 2 . .
agrozem 1| agrozem?2 | [10, 23]/ normal content in plants of uncontaminated areas [10, 23]
Fe 112+14 81+10 20-80
Mn 210+£50 131+30 17-334
Cu 1,18+0,27 | 0,89+0,20 1-30
Zn 18,4+3,9 9,4+2,0 7-27
Cd 0,14+0,05 | 0,18+0,06 0,05-0,20
Pb 3,4+1,2 2,1+0,7 1,5-14,0
Ni 4,8+0,7 1,4040,20 <9,0
e, - (<0,05) - (¢,1 «,2).
Note: Significant differences (p < 0.05) between the variants (agrozem 1 and agrozem 2) are highlighted in bold.
. %0 ~ 4/ Table 4
[S oo
Indices of accumulation of heavy metals in corn stalks
. / Elements S / Indices of accumulation
1 [agrozeml e 2 [agrozem?2
Fe 6,1 3,25
Mn 1,69 1,13
Cu 0,65 0,74
Zn 2,17 1,74
Cd 54 2,7
Pb 3,1 2,2
Ni 6,3 4,7
1 2 . ,
™ y ° ’ y s , -
o o £ o . , -
Cd Phb. . .
, , - e € . . ( Cd).
£ . Cd - -
. E o o
h 3 . - y , -
: : . 2,
. Cd,
e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



. 1(
).
) 4
CE’ . 4 .
€
) [24, 25].
S Cu - -
° 2.’\ . -
. Cu
T u
- [26].
™
, €
° ™ _
- € £
Z -
° ™ -€
cE® -
. u, Cd, Pb.§ - i
E .
€
-'.
€ .
" , — «— I e«

04 o

. f ™  teef
§1220401000325.

References

1. Vasil'ev E.V. Basis of the rational radius of the ma-
nure transportation // Molochnokhozayistvenny vestnik.
2014. No. 1 (13).* . 49-55 (in Russian).

2. Jrvan M., Vettik R., Tamm K. The importance
and profitability of farmyard manure application to an
organically managed crop rotation // Zemdirbyste-Agri -
culture. 2017. V. 104. No.4.* . 321-328. doi: 10.13080/z-
a.2017.104.041

3. Pilip L.V., Syrchina N.V., Ashikhmina T.Ya. Indus -
trial pig farms as sources of environmental pollution with
heavy metals // Proceedings of the Komi science centre
of the Ural division of the Russian Academy of Sciences.
2021. No. 5 (51). ‘. 88-91 (in Russian).

4. Pilip L.V., Kozvonin V.A., Syrchina N.V., Kole-
vatykh E.P., Ashikhmina T.Ya. Effects of acidifying
manure effluent on its microbiological characteristics //
Theoretical and Applied Ecology. 2020. No. 3. ‘. 161-167
(in Russian). doi: 10.25750/1995-4301-2020-3-161-167

5. Kumar R.R., Park B.J., Cho J.Y. Application and
environmental risks of livestock manure // Journal of Ap -
plied Biological Chemistry. 2013. No. 56. ‘ . 497-503. doi:
10.1007/s13765-013-3184-8

6. Novotnf J., Seidel H., Kovy @., Babcek R. Bioavail-
ability of trace elements proteinates in pigs // Medycyna
Weterynaryjna. 2005. V. 61. No. 1. . 38-42 (in Polish).

7. Hejna M., Moscatelli A., Onelli E., Baldi A.,
Pilu S., Rossi L. Evaluation of concentration of heavy
metals in animal rearing system // Italian Journal of
Animal Science. 2019. V. 18. No. 1. . 1372-1384. doi:
10.1080/1828051X.2019.1642806

8. Report on the scientific and production activities of
FSBI GCAS Kirovsky for 2017. Kirov: State Center of Ag -
rochemical Service “Kirovskiy”, 2018. 149 p. (in Russian).

9. Shikhova L.N., Egoshina T.L. Heavy metals in
soils and plants of the North-East of the European part of
Russia. Kirov: Zonalnyy NIISKh Severo-Vostoka, 2004.
264 . (in Russian).

10. Simonova O.A., Simonov M.V., Tovstik E.V. Con-
tent of heavy metals (Zn, Cu, Mn, Fe) in agrosoils of a non
chernozem zone of Russia in the conditions of application of
mineral fertilizers (on the example of Kirov) // Ecobiotech.
2019. V. 2.No. 3. ‘. 302—-306. doi: 10.31163/2618-964X-
2019-2-3-302-306

11. Komyakova Y.M., Antonova O.l. The composition
of cattle and swine manure, features of use and prospects
for recycling // Vestnik Altayskogo gosudarstvennogo
agrarnogo universiteta. 2020. No. 6 (188). ‘. 63—68 (in
Russian).

12. Dacha J., Starmans D. Heavy metals balance in
Polish and Dutch agronomy: Actual state and previsions
for the future // Agriculture, Ecosystems & Environ -

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



ment. 2005. V. 107. No. 4. P.309-316. doi: 10.1016/j.
agee.2005.02.017

13. Gomonova N.F., Mineev V.G. Iron transforma-
tion under the effect of the long-term application of agro-
chemicals in an agrocenosis // Eurasian Soil Science. 2003.
V. 36. No. 11.P. 1216-1224.

14. Vasilev A.A., Chashchin A.N. Heavy metals in soils
of the city of Chusovoy: assessment and diagnosis of polku
tion. Perm: Permskaya GSKhA, 2011. 197 p. (in Russian).

15. Dube A., Zbytniewski R., Kowalkowski T., Cuk -
rowska E., Buszewski B. Adsorption and migration of heavy
metals in soil // Polish Journal of Environmental Studies.
2001. V. 10. No. 1. . 1-10.

16. Efremova M.A., Sladkova N.A., Vyalshina A.S.
The dynamics of cadmium and potassium accumulation
in wheat on soddy-podzolic and lowland peat soils //
Agrohimia. 2013. No. 11. ‘. 8696 (in Russian).

17. Reddy K.J., Wang L., Gloss S.P. Solubility and
mobility of copper, zinc and lead in acidic environments //
Plant Soil. 1995. V. 171. ‘. 53-58.

18. Yakovets L. Migration of heavy metals in the
soil profile // Norwegian Journal of development of
the International Science. 2021. No. 54. ‘. 8-12. doi:
10.24412/3453-9875-2021-54-1-8-12

19. Singh B.R., Narwal R.P., Jeng A.S., Almas A. Crop
uptake and extractability of cadmium in soils naturally high
in metals at different pH levels // Communications in Soil
Science and Plant Analysis. 1995. V. 26. P. 2123-2142.

20. Plekhanova V.A. Problem of fixing maintenance of
cadmium in soil // Vestnik Kazanskogo Gosudarstvennogo En -
ergeticheskogo Universiteta. 2010. No. 2. ‘. 55-59 (in Russian).

21. Wang W.Z., Brusseau M.L., Aftiola J.F. The use
of calcium to facilitate desorption and removal of cadmium
and nickel in subsurface soils // Journal of Contaminant
Hydrology. 1997. V. 25. No. 3—4. P. 325-336. doi: 10.1016/
S0169-7722(96)00046-0

22. Medvedev I.F., Derevyagin S.S. Heavy metals in
ecosystems. Saratov: Rakurs, 2017. 178 p. (in Russian).

23. Sibgatullina M.Sh., Aleksandrova A.B., lvanov D.V.,
Valiev V.S. Estimation of the biogeochemical status of
herbs and soils in the Volga-Kama reserve // Uchenye
zapiski Kazanskogo universiteta. Seriya estestvennye
nauki. 2014. V. 156. ‘. 87-108 (in Russian).

24. TakipP., Szaboa T., Kozékov i ., Benkova M.
Heavy metals and their bioavailability from soils in
the long-term polluted Central Spi § region of SR //
Plant Soil Environ. 2009. V. 55. No. 4. ‘. 167-172. doi:
10.17221/21/2009-pse

25. Zhang M.K., Liu Z.Y., Wang H. Use of single ex -
traction methods to predict bioavailability of heavy metals
in polluted soils to rice // Communications in Soil Science
and Plant Analysis. 2010. V. 41. No. 7. ‘. 820-831. doi:
10.1080/00103621003592341/

26. Mengel K., Kirkby E.A., Kosegarten H., Appel T.
Soil copper // Principles of Plant Nutrition. 2001. No. 5.
*.599-611. doi: 10.1007/978-94-010-1009-2

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3

225



574 doi: 10.25750/1995-4301-2022-3-226-234
‘e ‘Z - - -%02 5
S / — 7— S ‘o
©2022. .f., S, . %. . ... ..*ESS .%o . ..
é %o °
167982, . , . %o , . 28,

E , X :
. - NEE) . 2017 .
~150 150  J( *- ), NEE ~780 g :
® 2 S 2
0-30 . & .
€ , e
2 v
f . ,
0,5 92 ppm, 2,5 —67 ppm, e 47 ppm.
€ . L] L] 2
0-30 ce - . E
€ ,

Seasonal variation of concentration and net CO,exchange
in the spruce forest ecosystem of the middle taiga
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Measurements of CQ concentration in atmospheric air and CQ, fluxes over the forest canopy were carried out to
guantify ecosystem net exchange (NEE) in spruce stands during the growing season of 2017. In the conditions of cool
and rainy summer, the rate of net CQ exchange between the spruce forest and the surface atmosphere varied from -15.0
to 15.0 gCQ/(m 2 - day), the cumulative NEE from May to August was -780 gCQ/m 2. In the second half of August the
spruce forest became a source of C@elease into the atmosphere. The change in the CQconcentration in the air column
was approaching zero and did not affect the accumulation of ecosystem exchange. Measurements at eight heights of spruce
stands showed a gradual decrease in C@oncentration in the first half of the growing season, the minimum values were
noted in July and August, during the period of maximum photosynthesis of forest trees. The main source of CQis soil,
respectively, the maximum concentrations are noted in the ground layer of air. The amplitude of seasonal fluctuations in
the CQ,content in the air at a height of 0.5 m was 92 ppm, at 2.5 m — 67 ppm, and in the crown space did not exceed 47 ppm.
The rate of turbulent air mixing and photosynthetic activity of the canopy of the stand determined the daily changes in
the concentration gradient according to the altitude profile of the phytocenosis. Decrease of CQin the air column 0-30 m
after sunrise and before noon corresponded to an increase in net exchange in the ecosystem of forest. The results of one
year of observations indicate that the spruce forest ecosystem performs the function of a sink of carbon dioxide, however,
to assess the interannual variability of net exchange, continuous long-term measurements are required.

Keywords: spruce forest, middle taiga, surface layer of atmosphere, carbon dioxide net exchange, eddy-covariance.

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



° € o £
, . £
363 / [1, * -—546 /
[2]. , ®
BLE €
4.~ €
[5]. .
€

, . 3,3% [6], -

1995 2014 . 0,23
061 /( 2-ppm) [7]. . -
« £ ,
) [8].
1,5 [9].
€ _ 2
[10]." €
2 * €
[11]."
- € 9,
€
[12],
€ [13. E €

°
2

[12, 14].

T . 5
€ 5 -
€
€
10 , € -
. €- [15].
S 2
€ ) [16],
[17]. — i
2
%" o Z o S
S
. S
%o —— e 'f-( :
%o , 62 164,9¢ee ¢, 50 41450 ).
. e .
[15, 18]. "
'PiceaobovataLedeb.,
€ Pinus sylvestrisL ., Abies
sibirica Ledeb., Betula pubescen&hrh ., Populus
tremulaL.” 22
80 215 , -
56 . E Sa-

lix sp., Rosaacicularis Lindl ., Juniperus com-
munis L., Sorbusaucuparia L.,

27

31

,* ( NEE) -
2
F ), :
0-30 ( Fstorage)
1

2017 .,

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3

221



AP 200 /- , Atmospheric Profile System oo , -
(Campbell, zf) € - - )
(0,5; 1,5; 2,5; 6; 12; 18; CR3000 ( Campbell
24 30 ), Li 840A (Li-Cor Scientific, zf).
Inc., Zf). %o € , ( 2) - , (F 2) . -
. - €
ppm (1 ppm = 10° ( WindMaster, Gill Instruments
Co,/ ) 30- - Limited, Zf) - -
.S 5 ( Li-7200, Li-Cor Inc.,
I( 3.) €: zf). T
20, -
di;tz) =k,-10°-P-M/(RT), (1) EddyPro (Li-CorlInc., Zf)
dc(z)/ dt —
) z, I( ) k- - [19], [20].
5 z, ppm/;
P— , E M — « 30- -
o ! yR— ¥ NEE c « i» -
, 8,31 E - 3IC - %o); o — - 5
, %o . :
) &+» — ° -
0-30 € .
€ - " 2017 .
[14]: , o€ -
Toc(z '
Fipge =£ a(z i, @ ( .1)." . .
z - . - Lo €
, 2-5 ., -
storage «+» 10 N
, € €, € -
, « i» — . .
10
E ( -
, € 405
% ~ 1/Table 1
2017 *
Average for the month surface air temperature and sum of precipitation in 2017*
/ Month , , , L.
Temperature, Precipitation, mm/month
c ** * %
average deviation average deviation
| May 5,0 -5,4 54,2 8,3
S€ [ June 12,5 -2,3 97,6 25,5
S€ /[ July 18,3 0,3 79,0 3,0
f / August 16,0 1,0 83,2 6,2
| September 7,5 -1,6 82,2 13,6
/ October 2,3 0,44 49,8 -8,7

2007—2016 .

(http://rp5),** —

Note: * — according to Roshydromet data for Syktyvkar station (http://rp5), ** — deviation from the average for the
period 2007-2016.
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The deterioration of the ecological state of all natural components in the territory of the Perm Krai is associated with
an intense technogenic impact on the environment and an increase in the incidence of the population. Currently, in the
practice of nature management there is no single, generally accepted method of integral assessment of both the ecological
state of territories and the social conditions of life of the population. Most of the existing indicators (indices) consider
only individual components of the general ecological state and are usually based on monitoring data. We believe that for
a large region (for example, for the Perm Krai), it is advisable to take the technogenic impact as the basis for assessing
the ecological state of the territory, with the obligatory consideration of the consequences of this impact on public health.
To assess the ecological state of the territory, it is proposed to use the integral index of the ecological well-being of the
territory. The stages of development of the integrated index of the ecological well-being of the territory are presented, the
methodology for assessing the ecological state of the territory, assessing the social conditions of life and the incidence of
the population is proposed. For the first time, a conditional norm was used as an evaluation criterion — the value of 50%
probability of exceeding the selected calculated indicators. The main results of using the methodology are given on the
example of the administrative-territorial units of the Perm Krai are presented.

Keywords: Perm Krai, ecological state, index of ecological well-being, social conditions, morbidity of the population, 235
assessment of the state of the territory.

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



« e
°

» (EPI — Environmental
Performance Index) [1]. GE
«e

, »
(The Ecological Foot-print) [2, 3],

€
LE e «

o€ » (Environmental
sustainability index) [4]. e«

%o
«
»

(Ecosystem Wellbeing index), €

51 , *€ ,

. E
7 € °
€ (3],
[6]."

(%o
Eco Standard group),

[7,8]. &
236

. 2022.

€
_ ° » [9]
-7, «
» (KSOT) [10]. t
[11]. & —e
€
- , €
€ .
€
- (&)
* ( = )
%" ¢ Z o S
VA
, €€
(f) E
2000 2018 .~
(
)s
o Stokstat 1.2
”S -

(ArcGis AutoCad). &

Web of Science Core Collection
(Clarivate Analytics), eLIBRARY.RU. E

Yandex Google

L«
o £ », «e
», « », «e

», «® ».

C— o Yo «—
. €

( 1 I

) e
—S.... [12, 13].

3/ Theoretical and Applied Ecology. 2022. No. 3



. zZ— i ; i’—f,-; K, K, K —
€ . m—
E - - &
€ .S
) € @)
€ |—Se.. i~ fer L 1 1 1 -
c .
- K € E . - .
fo Se.. -
« S €
« 2 E . - .
: (1,0-1,5 ), (1,51-
. Ze - 2,0 ), (
£ )(2,01-25 ), e (2,51—
. : 40 ), ( 401 ).
. CE « ).)( 1
) VII).
« € » (8S S ).E
€ €50% €
€[14].
L] -i
(1),
(
): . .
(1) »  «'
» 2 3
) « VIlI).
) (2): f ( .1-3)
(2)
K — .
i_ f!.; K — ( )
( ) € 50% -
é [ ] f— [ ] (1]
3) | € ,
, €
| = (K, +K,+ .K ) m, 3) - 937

.2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



c. 2. . E
238 Fig. 2. The state of the social conditions of the Perm Krai

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



. & S , E ) , °
T , %o ,S e ) ° ,
(. 2). ;
« » « A4 o - , oo
21 fe (%0 ,E& , , 38% f,e; K oo
¢ , , ¢ , %0 - , -
— )( . 3). ° »— e
Z 19,1%
( 8 64 %0 5 ,
, - o Soe, -
€ o ( 1346 . 2) -
- 0
( 10933,7 ). 14 (r,=0,72-0,79, =0,95)
- e - (r,=0,63-0,67, =0,95)—
e , £
19.2% f, - J ,
— 80,2%; (0- '
14 ) - 29,8 58,4% f,e. ,
- 0 o0 ‘
1, £ -
34,0%, ( r,=088-0,89, =0,95).- -
- 25,5%, (
— 40,5% f,. , ) €
° - . o £ €
16 1 - ( r,=0,86-0,89, =0,95)
25 . ().
1 . , , & -
(
, € -
%0 ~ | Table
%0 . ( rs) ° )
Se...
Spearman»s rank correlation coefficients (r)) between social conditions,
EBI and population morbidity rates
E %o * (rs)
Indicators of general morbidity Spearman'’s rank correlation coefficients (r)
EWI social conditions
General morbidity of the adult population 0,76x0,10 0,88:0,07
(0-14 )
General morbidity of children (0—14 years old) 0,72%0,10 0,80+0,07
General morbidity of adolescents 0,79£0,09 0,89£0,07
0,64+0,11 0,89+0,07

General morbidity of children to 1 year

2 nosological forms of diseases
diseases of the blood and hematopoietic organs 0,66:0,11 0,89:0,07
/ anemia 0,66+0,11 0,87+0,08
/ respiratory diseases 0,67+0,11 0,89+0,07
oo / congenital anomalies 0,63+0,11 0,86+0,08

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3

239



€ . ,
) ™
° €,
€ o -
GEV . ° -
(Se...) ., -
€ 50% ’
€.
31 6% ,
- 47 2% -
€
z
. E
References

1. Environmental Performance Index —About the
EPI [Internet resource] https://epi.yale.edu/ (Accessed:
05.11.2018).

2. Global Footprint Network — Ecological Footprint
[Internet resource] https://www.footprintnetwork.org/
our-work/ecological-footprint/ (Accessed: 18.01.2021).

3. Sustainable Business Magazine — Ecological
footprint — a vivid imprint of human morality [Internet
resource] https://csrjournal.com/ (Accessed: 18.01.2021)
(in Russian).

4. Sustainability Now — Ecosystem Wellbeing Index
(EWI) [Internet resource] http://sustainabilitynow.com/
(Accessed: 09.11.2018).

240

5. Brilevskij M.N., Vitchenko A.N., Morozov E.V.
Assessment of the ecological state of the territory of
Belarus // Actual problems of geoecology and landscape
science. 2015. No. 2. P. 17-20 (in Russian).

6. Vojtekhovskaya E.V. The index of sustainable de
velopment of regions as a tool for assessing the results of a
sustainable development strategy // Actual problems and
prospects for the development of state statistics in modern
conditions. Saratov: Saratovskiy sotsialno-ekonomicheskiy
institut, 2016. P. 20-25 (in Russian).

7. Group of Companies “ECOLOGY” — Environmen-
tal and medical assessment of Moscow [Internet resource]
http://ecology.ru/ (Accessed: 11.11.2018) (in Russian).

8. Independent Evaluation Department — Ecological
map of Moscow. Assessment of the apartment taking into
account the pollution of the city area [Internet resource]
https://www.ocenka-i.ru/ecologiya.html/ (Accessed:
11.11.2018) (in Russian).

9. Bakumenko L.P., Korotkov P.A. Integral assess-
ment of the quality and degree of environmental sustain
ability of the regions>s environment (on the example of the
Republic of Mari El) // Prikladnaya ekonometrika. 2008.
No. 1 (9). P. 73-92 (in Russian).

10. Sadov A.V., Napolov O.B. Role and meaning
of natural resourses at working out ecologically bal-
anced development of the region // Theoretical and Ap-
plied Ecology. 2011. No. 2. P.21-27 (in Russian). doi:
10.25750/1995-4301-2011-2-021-027

11. Kaplina S.P., Kamanina |.Z. Comprehensive as
sessment of the ecological state of Dubna, Moscow region //
Ekologiya urbanizirovannyh territoriy. 2017. No. 2.
P. 30-35 (in Russian).

12. Minkina A.V. Development of the index of eco
logical well-being of the territory on the example of the
Perm Region // Development of geographical research in
Belarus in the XX—XXI centuries. Minsk: Belarusian State
University, 2021. P. 182-188 (in Russian).

13. Isaeva A.Yu., Khripkov Yu.l., Poklonsky D.L.,
Zygin D.A., Semenov E.A., Lagutkina E.E. Joint impact
of ecologically dangerous factors // Theoretical and Ap-
plied Ecology. 2017. No. 4. P. 25-31 (in Russian). doi:
10.25750/1995-4301-2017-4-025-031

14. Minkina A.V. Spatial characteristics of the
ecological state of water resources of the administrative
districts of Perm Krai // Modern problems of reservoirs
and their watersheds. Perm: Perm State University, 2021.
P. 469-474 (in Russian).

15. Minkina A.V., Dvinskih S.A, Zueva T.V. The use
of the geosystem ecological well-being index in the devel
opment of regional environmental policy // Geographical
space: balanced development of nature and society. Chelya-
binsk: Kray Ra, 2021. P. 189-196 (in Russian).

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



~ ~

VI " %0 S SS SZ f.f. <S
" 10 14 2022 . . - -
v(‘ %o ) , ° -
VIl . R | -
. Z — -
B .
- 2021 . ,
€ 2022 . (https://ib.komisc.ru/add/conf/ oo ,
s0il2020/?page_id=559). t - S e -
lo- - -
14 2022 . S -
«%o . Z  (https://ib.komisc.ru/add/conf/
‘ » s0il2020/?page_id=692), -
- (https://ib.komisc.
.E - ru/add/conf/soil2020/?page_id=675)
N VA | a4 ; IOP Conference Series: Earth and
«E - 3 Y Environmental Science (https://iopscience.
T Z - iop.org/journal/1755-1315),
820 e 79 - . 3 :
790 , " Z
(o , %o , f o ¢ - - . -
)G
) c.- Z 37 «%o »,
139 -
’ 7 81 58 ’ .
Z .
- Vil Z - .
) € - ) - - ° - -
. 2021 € Z . .
2022 ., . . - . %o
17 546 -
) v! ) ) €. ,
- 5 i
, , - € . -
C . -z 2

<o o - 241

e .2022. 3/ Theoretical and Applied Ecology. 2022. No. 3



« €» (7-9
2022 ).t Z
S— «E ~o
» (. ), -E
-CE -
)
(. ) fe <f . %of.
(. ), %o
(.% ), &
('E. - )!.
(.
), Ce
(. --1t ). z
l€ -
.z
€
.E
- E " .A’.A. T
. — %o (E - )
242
e

S VIl Z
~a ot
E , E o
. E
"ot
o 0T , -
o E
%o X Z
R
2024 . .%o ,
E
‘ %o
é— %o -—e ‘f-,
. E
.S
S
é—%o -— ‘f—,‘
, <%0 £'-%0 »,
f « "(E %0, «é”f...
» Ef ... 7.,
«” » . 7
€
Vil £ € ...

.2022. 3/ Theoretical and Applied Ecology. 2022. No. 3






248

[ SSN 1995-4301

19951430004




