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B cBs13M ¢ 4YTKUM OTKJIMKOM ITOJIIPHBIX 9KOCUCTEM Ha T7100aJIbHOE U3MEHEHUE KJIMMAaTa CTaJIM OCOOEHHO aK-
TyaJIbHbI UCCJICIOBAHUSI MUKPOOPTaHU3MOB AHTapKTUIbl. CypoBbIe KIMMaTUUECKUE YCIOBUS MaTeprKa Ipu -
BeJIM K (DOPMUPOBAHUIO YHUKAIBHBIX OMOre0leHO30B 0€3 LIBETKOBBIX PACTEHUI, HO C JOMUHUPOBAHUEM MU-
KOOUOTHI B TTOYBaX. AHTAPKTUYECKUE T'PUOBI BBIMOJHSIOT HE TOJBKO CBOU KJIACCUYECKUE IKOCUCTEMHBIC
GYHKLMU, HO U SIBJISIIOTCS OCHOBOM CYILIECTBOBAHUSI MECTHBIX COOOILECTB, MPEACTABICHHBIX SHIOJIUTAMMU,
MUKPOOHBIMU MaTaMu U T.1. Kpome Toro, aHTapKTU4ecKue rpudbl — Bedylllasi cujia B IpeoOpa3oBaHUU IOp-
HBIX IIOPOJ in situ U epeBoje GMO3IEMEHTOB B JOCTYIHYIO IJIsI APYTrUX opraHu3MoB dopmy. [ToaToMy MuKo-
OMOTa UTpaeT pelIalollyIo POjb IS MoAaepKaHUsI paBHOBeCUsI 3KocucTeM B AHTapkTuae. Cpenu rpruboB Ma-
Tepuka nomuHupyet Ascomycota (77.1%), a He Basidiomycota (9.1%), Kak Ha npyrux KoHTUHeHTax. [1o psimy
MNPUYMH B HEKOTOPBIX OMOTOIaX AHTAPKTUIBI IPOXKU M APOXKKEIOJOOHBIE MUKPOMMULETHI (MpeuMyliie-
CTBEHHO 0a3uanaibHOro ahGUHUTETA) SIBJISIOTCS 00JIee YCTOMYMBOI K SKCTPEMAaIbHBIM BO3IEHCTBUSIM TPYI-
Moii MMKOOGHOTBI, YeM MULleIUalbHble TpUObI. ECTh psii NpeAInoChbUIOK CYUTATh, YTO MULIETUATIbHbIC TPUOBI U
JIPOKKK afalTUPOBAaHBI K CYILIECTBOBAHUIO B GUOTEOLIEHO3aX C UPE3BbIYaiiHO HU3KOM TeMIIepaTypoil Jyyllle,
yeM JIpyrue MUKpoopraHusMbl. [1oCKOJbKY AHTApKTHIA IJUTEIbHOE BpeMsl Oblla M30JIMPOBAaHA OT APYTUX
KOHTHUHEHTOB, 3BOJIIOLUS 3[€Ch IILJIa OCOOLIM ITyTeM, IIPUBEILIMM K MOSIBIEHUIO MHOTUX SHAEMUYHBIX TAKCO-
HOB rpu60B. [IprcyTCTBUE 3BPUTOIOB HA MaTEePUKE CBSI3BIBAIOT C II00AJIbLHBIM MTOTEIUIEHUEM KJIMMAaTa U yCH -
JIEHHBIM aHTPONOIeHHBIM Bo3aeiicTBUeEM. B 0030pe paccMOTpeHO COBPEMEHHOE COCTOSIHME MCCIeI0BaHUIA
CTPYKTYPbI COOOIIECTB MUKOOMOTHI aHTAPKTUUYECKUX CyOaspaIbHBIX U CyOaKBaJbHBIX OMOTOIIOB, 9KOJIOTruYe-
CKasl pojib MULIEJIMAIbHO-IPOXKKEBOTO TMMOp(duU3Ma 111 TPUOOB AHTAPKTUIKI, IIPoOIeMa SHAEMU3Ma MUKO-
OMOTBI MaTepHrKa, 3KOJOTUYECKE U (PU3NOJIOTMYEeCKUe afarTaliy rpriOoB K HU3KUM TeMIlepaTypaM, 000OCHO-
BaHa HEOOXOAUMOCTh IIOMCKA BTOPUUHBIX METAOOIUTOB Y IICUXPOGIEHBIX MUKPOMULIETOB.

Karouesnie cnroea: bmomacca, TpuObI, IPOXKKH, KPUOKOHUT, MeTa0OIMYeCcKasi aKTUBHOCTbD, IICUXpOMIINS, Cy-
nparsiiuaibHble OpraHOMUHEpPaJIbHbIE CUCTEMbI, TAKCOHOMMUYECKOE pa3HOOOpa3ne, SKCTpeMaibHbIE 3KOCH -
CTEMBI, 9KOJIOTHS

DOI: 10.31857/50026364821020070

BBEAEHWE

B cBa3u ¢ YYTKHUM OTKJIIMKOM ITOJIAPHBIX 3KOCH-
CTeM Ha rJ100aJ1bHOe U3MEHEHHUE KJIMMaTa CTall 0CO-
OEHHO aKTyaJIbHbI MCCJI€JOBaHUsA MUKPOOTaHN3MOB
Anrtapktuasl (Rosa et al., 2019). buoreoiieHo3bI Ma-
TEPUKA YHUKAIbHBI, IMOCKOJBbKY XapaKTepU3YIOTCS
YpEe3BbIYAHO CYpPOBBIM KJIMMATOM M, KaK CJeICTBUE,
MPAaKTUYECCKU ITOJTHBIM OTCYTCTBHMEM ILIBETKOBLIX pac-
teHuii (Singh et al., 2018; Schultz, Rosado, 2019).
YcraHoBI€HO, UTO IO ITOKa3aTes o 01MoMacChl B aH-
TapKTUYECKHUX TTOYBaX U TPyHTaX MPeodIanaoT rpudbl
(Selbmann et al., 2014; Lysak et al., 2018; Gomes et al.,
2019), u3yd4eHuI10 KOTOPHIX B 3TOM PETMOHE YIEJIECHO
IToKa 3HAYUTCJIbHO MCHbIII€ BHUMAaHUA, YEM IIpOKa-
puotaM. MuKoOHOTa AHTApPKTUIbLI BBITIOJHSIET HE
TOJIbKO CBOM KJIACCUYECKHUE SKOCUCTEMHBIE (DYHKIIMN —
pa3oKeHNEe OPTaHUYECKOTro BEIleCTBa JII0OO0M CI0XK-

79

HOCTHU U IIPOUCXOXKICHUST — HO SIBJISIETCS OCHOBOM CY-
IIECTBOBAHUS I APYTUX OPTAHU3MOB U JaXe CO00-
LLIECTB, MPEeACTaBJIECHHBIX JIMIIANHUKAMU, DHIOJIUTA-
MU, MUKpOOHBIMU MaTaMmu U T.1. (Brunati et al., 2009;
Furbino et al., 2014; Archer et al., 2017; Coleine et al.,
2018, 2020; Meslier, DiRuggiero, 2019). AHTapkTHUe-
CKUe TpUOBI BHITIOJIHSIOT (DYHKIIWIO paHHE! KOJIOHU-
3allUM CKAJIbHBIX OOHAXXEHWIA, TepeBOIIT OHO3JIe-
MEHTBI TOPHBIX OPO/JI B JOCTYITHYIO JJIsI APYTUX Opra-
HU3MOB (hOpMY, CIIOCOOCTBYIOT CTPYKTYPHUPOBAHUIO
MECTHBIX II0YB CO cJlabopa3BuThiM npodumieMm (Mer-
gelov et al., 2012; Onofri et al., 2014; Yeager, 2019).
I[MosTOoMy TpuOBI MMEIOT pelialollee 3HaUYeHUE JJIst
MOIIEPKaHWsSI PAaBHOBECHST 9KOCUCTEM B AHTapKTUIE
(Arenz et al., 2014; Rosa et al., 2019). OcobeHHOCTHU
MeTaboaM3Ma AaHTApPKTUYECKUX INTAMMOB TpHOOB
MO3BOJISIOT UM OBITh YCTOMYMBBIMU K IIMPOKOMY
CIIEKTPY CTPECCOB MECTHBIX YCIIOBUM U KOJIOHU3UPO-
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BaTh BCE JOCTYITHBIE aKonorndeckue Huiy (Ruisi et al.,
2007; Coleine et al., 2018; da Silva et al., 2019; Coleine
et al., 2020). JIn1g AHTapKTUOBI XapaKTEPHO LIMPOKOE
pacnpocTpaHeHHe TPHUOOB ¢ MULICIMAIBLHO-IPOKIKE -
BbIM ITUMOP(MU3MOM, UYTO, BUAMMO, TaKXKE CIY>KUT
IUTST UX JIyYIIei amanTaiuuy K 9KCTpeMalbHbIM YCI0-
BusiM (Gorbushina et al., 2003; Boyce, Andrianopou-
los, 2015; Rosa et al, 2019). 1o HacTOSIIIEr0 BpeMEHU
HUCCe0BaHUsST MUKOOMOTHI KacajaucChb MpeuMyle-
CTBEHHO pa3HOOOpa3uss MUKPOMMIIETOB Ha pas3ind-
HBIX cyOcTparax Matepuka (Marfenina et al., 2016;
Gomeset al., 2019; de Carvalho et al., 2019; Oliveira et al.,
2019; da Silva et al., 2019; Gomes et al., 2019; Kochki-
na et al., 2019) B To Bpemsi, KaK 3KOJIOTMYECKON U
(YHKIIMOHAJILHO# CTPYKTYPbl MUKOLIEHO30B YIeJIsi-
JIOCh MEHBIIIe BHUMAHMSI.

KAYECTBEHHBIE 1 KOJIMYECTBEHHBIE
XAPAKTEPUCTUKHN MUKOBHNOTHLI
AHTAPKTHWbI

N3ydyenne MUKOOMOTHEI AHTAapKTUALI HA4aJloCh B
1960-x rr. (Ruisi et al., 2007; Kochkina et al., 2014;
Rosa et al., 2019), a mpokapuoT — ¢ Hadaya XX BeKa
(Bratchkova, Ivanova, 2011), moatomy rpubbl MaTepu-
Ka MeHee uccieaoBaHbl. Haumbosblliee BHUMaHUE
YAEISJIOCH U3YUYEHUIO JIMXEHE3UPOBAHHOM U JIUXEHO-
¢unpHOIT MMKOOMOTHI AHTapKTUABI (Santiago et al.,
2015; de Carvalho et al., 2019). BoabmuHcTBO padoT
10 CBOOOIHOXUBYIIEH (He CBSI3SIHHOM C JIMIIANHU-
KaMu) MUKOOMOTE CAEIaHO C TIOMOILbIO METO/Ia MUK~
POOMOIOTMYECKOrO TI0CEBa, 3a4aCTyIO, C MOJICKYJISIP-
HOM naeHTUdUKanueit Kyabryp (tada. 1). K Hactos-
11IeMy BpeMEHU B AHTAPKTU/IE BbISIBJIEHBI CIEAYIOIINE
TaKCOHbI MUKOOMOTHI: Ascomycota, Basidiomycota,
Mucoromycota, Chytridiomycota n Glomeromycota, a
TaK>Ke OTMEYEHEBI rpudoronooHsie Qomycota u Myce-
tozoa (Kirk et al, 2008; Arenz, Blanchette, 2011; Puda-
saini et al, 2017; Duarte et al., 2019; Rosa et al, 2019).
Ipeobnanaror Ascomycota (77.1%); 3HAYUTEIBLHO
MeHble Basidiomycota (9.1%); coBcem mano Mucoro-
mycota n np. (Rosa et al, 2019). B nepByto ouepenb,
9TO CBSI3aHO C MPAKTUYECKU MOJHBIM OTCYTCTBHUEM
COCYIMCTBIX paCTeHU, C KOTOPHIMU OOBIYHO (POPMU-
pyIOT cuM0OMO3bI, B TOM umcie Mukopusbl (Ludleya,
Robinson, 2008; Frisvad, 2008; Smith, Read, 2010).
Hab6moneHust moka3bIBaloOT, YTO B BBICOKMX ITMPOTaX
TOMUHUpPYeT Ascomycota, a B yMEpeHHOM KJIMMaTe —
Basidiomycota (Zumsteg et al., 2012). B xoHTUHEH-
TaIbHOU AHTapKTUIE U3 0a3sMAUOMUIIETOB MPUCYT-
CTBYIOT TOJIbKO nIpoxcku (Onofri et al., 2007) u Her
MUKOpU3HBIX TprbOoB (Smith, Read 2002; Harrington,
Mitchell, 2002; Cripps, Eddington 2005). Huskoe
pa3HooOpa3ude M YUCIEHHOCTh Mucoromycota BO3-
MOXHO CBSI3aHO CO CTPOEHMEM UX LIEHOLIUTHOTO MU~
LeJusl, TAe pedKUe CenThl He MOTYyT 00eCHevYuThb
YCTOMYMBOCTh OpraHu3Ma K pa3pbIBY KJIETOK IpPU OT-
putareabHbIX TemIrepaTypax (Frisvad, 2008; Maggi et al.,
2013).

MUKOJOI'A U ®PUTOIIATOJIOTUA

Otnen Ascomycota B AHTapKTHAe IpelcTaBjiIeH
12 cemeitctBamnu: Arthrodermataceae, Chaetomiaceae,
Hypocreaceae, Lasiosphariaceae, Microascaceae, Myx-
otriaceae, Orbiliaceae, Saccharomycetaceae, Sclerotini-
aceae, Thelobolaceae, Trichocomaceae, Trichosphearia-
ceae. 1 nopsinkamu Eurotiales, Hypocreales, Leotiales,
Microascales, Onygenales, Pezizales, Saccharomy-
cetales, Sordariales u Trichosphaeriales (Frisvad, 2008).
B otnene Basidiomycota npeobnanairor 2 KJjiacca —
Tremellomycetes n Cystobasidiomycetes (Hassan et al.,
2016), a B Mucoromycota — Mortierellaceae (Onori et al.,
2007). Hanbonee pacnpocTpaHEeHHbIE MOPSIAKU TPU-
0oB B AHtapktune: Onygenales, Eurotiales, Mortierel-
lales, Mucorales, Saccharomycetales, Thelebolales n
Helotiales (Newsham et al., 2018). XapakTepHbIMU BU-
TaMU1 aHTapKTUTYECKHUX CyOCTPATOB SIBIISIIOTCS: Antarc-
tomyces pellizariae, Antarctomyces psychrotrophicus, As-
pergillus niger, A. versicolor, Aureobasidium pullulans,
Cadophora fastigiata, C. luteo-olivacea, Cadophora
malorum, Cladosporium herbarum, C. sphaerospermum,
Cryptococcus albidus, C. antarcticus, C. friedmannii,
C. victoriae, C. vishniacii, C. wieringae, Glaciozyma
watsonii, Goffeauzyma gilvescens, Mortierella amoe-
boidea, M. antarctica, M. alpina, Mrakia frigida, Para-
phoma fimeti, Phoma herbarum, Penicillium antarcti-
cum, P. funiculosum, P. chrysogenum, P. roqueforti,
P. verrucosum, Pseudogymnoascus panorrum, Rhodotor-
ula mucilaginosa, Thelebolus globosus, Th. microsporus
(Arenz, Blanchette 2011; Alias et al., 2013; Arenz et al.,
2014; Marfenina et al., 2016; Gomeset al., 2019; Koch-
kina et al., 2019; Rosa et al., 2019). CamMbIM pacrpo-
CTpaHEHHBIM POIOM B AHTAapKTHIE SBJISIETCS acKO-
muner Thelebolus n ero aHamopda Hyphozyma
(Brunati et al., 2009). C sKoi10TM4YeCcKOI TOUKU 3pe-
HUSI, IJIT aHTaPKTUIECKUX U30JISITOB MUKPOMUIIETOB
OTMEYaloT MPUYPOYSHHOCTD K TEM WJIM UHBIM OHMOTO-
maMm. Tak, B JOHHBIX OcamKax Mopeil AHTapKTUIbI OC-
HoBHBbIe ponbl — Cylindrocarpon, Glomerella, Golovino-
myces, Penicillium, Phoma (Lai et al., 2007; Singh et al.,
2014;); B o3epax MaTeprKa JOMUHUPYIOIINE BUIbI —
Cadophora luteo-olivacea, C. malorum, Geomyces pan-
norum, Thelebolus spp. (Brunati et al., 2009; Gon-
calves et al., 2012); Ha MopcKkux Bogopocisix (Adeno-
cystis utricularis, Desmarestia anceps, Palmaria decipi-
ens) — Antarctomyces psychrotrophicus, Geomyces pan-
norum, Metschnikowia australis (Loque et al., 2010;
Furbino et al., 2014); Ha tumaitHukax — Antarctomyces
psychrotrophicus, Pseudogymnoascus sp., Thelebolus sp.,
(Santiago et al., 2015); Bo mxax — Cadophora malorum,
Geomyces pannorum, Phoma herbarum (Tosi et al.,
2002; Frisvad, 2008); Ha LIBETKOBBIX pacTeHUsIX — Al-
ternaria spp., Phaeoshaeria spp. (Rosa et al., 2009); B
nouBax — Antarctomyces psychrotrophicus, Phoma spp.,
Thelebolus microsporus (Arenz et al., 2006; Connell et al.,
2006; Loque et al., 2010; Arenz, Blanchette 2011); Ha
nTtuabux 6azapax — Thelebolus globosus, Th. ellipsoide-
us, Th. microsporus (Alias et al., 2013), a Takxe Apio-
sordaria antarctica, Thielavia antarctica, Hypocrea psy-
chrophila, Microascus caviariformis, Myriosclerotinia
borealis (Frisvad, 2008); Ha ckajax 1 KaMHSIX — 4ep-
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HUKHUTHUH

Tabauna 2. TakcoHOMMYECcKOe pa3HOOOpa3rie MUKOOMOTHI Pa3IMYHBIX OMOTOTIOB AHTAPKTUIbI

Takcon

buoron

bubnunorpaduyeckas ccpuika

Cylindrocarpon, Glomerella, Golovinomyces, Penicillium,
Phoma

Cadophora luteoolivacea, C. malorum, Geomyces pannorum,
Thelebolus globosus v T. ellipsoideus

Antarctomyces psychrotrophicus, Geomyces pannorum, Met-
schnikowia australis

Antarctomyces psychrotrophicus, Pseudogymnoascus sp.,
Thelebolus sp.

Cadophora malorum, Geomyces pannorum, Phoma herbarum
Alternaria, Phaeoshaeria

Alternaria, Botrytis, Cladosporium, Fusarium, Penicillium,
Phaeosphaeria, Phoma

Apiosordaria antarctica, Thielavia antarctica, Hypocrea psy-
chrophila, Microascus caviariformis, Myriosclerotinia borea-
lis, Thelebolus globosus, T. ellipsoideus, T. microsporus

Antarctomyces psychrotrophicus, Phoma spp., Thelebolus
microsporus

Friedmannomyces endolithicus, Cryomyces spp., Dioszegia spp.

Metschnikowia australis, Antarctomyces psychrotrophicus,
A. pellizariae, Cryomyces antarcticus, Friedmanniomyces
simplex, F. endolithicus, Mortierella antarctica, Penicil-
lium antarcticum, P. tardochrysogenum, Thelebolus glo-
bosus, T. ellipsoideus, T. balaustiformis, T. spongiae

Aspergillus, Cryptococcus, Paramicrosporidium, Penicillium

Leucosporidium, Curvibasidium

A. pellizariae, Bannozyma yamatoana, Cryptococcus spp., Cys-
tobasidium pallidum, Glaciozyma antarctica, Hamamotoa
singularis, Holtermanniella nyarrowii, Leucosporidium spp.,
Phenoliferia spp., Phaeococcomyces sp., Rhodotorula muci-
laginosa, Vishniacozyma victoriae, Mrakia frigida

MOpPA U X JOHHBIC
ocCaIaKH

o3epa, aJIbrobakTepu-
aJIbHbIe MaThI

MOPCKHE MaKpPOBOIO-
pociau

JUIIAHHUKN

MX1

1IBETKOBbIE PACTEHUSI
(Deschampsia antarc-
tica n Colobanthus
quitensis)

pacteHus (Moxoo0pas-
HbIC U LIBETKOBBIC) 1
JIMIIANHUKI

NTUYbU O6a3aphl

ITOYBbI

CKaJIbl, 9HIOJJIMNTHI

pa3HooOpa3HbIe CyO-
CcTpaThl AHTapKTUIbI

CHET
KPHUOKOHMUTLI
CHET

Lai et al. (2007); Singh et al. (2014)

Ruisi et al. (2007); Brunati et al.
(2009); Goncalves et al. (2012)

Loque et al. (2010); Furbino et al. (2014)
Santiago et al. (2015)

Tosi et al. (2002); Frisvad (2008)
Rosa et al. (2009)

Rosa et al. (2019)

Alias et al. (2013); Frisvad (2008)

Arenz et al. (2006); Connell et al.
(2006); Loque et al. (2010); Arenz,
Blanchette (2011)

Connell et al. (2006); Ruisi et al.
(2007); Selbmann et al. (2014)

Rosa et al. (2019)

Antony et al. (2016)
Sanyal et al. (2018)

Thomas-Hall, Watson (2002); Guffogg
et al. (2004); Thomas-Hall et al.
(2010); de Menezes et al. (2017, 2019)

HBbIe MEpUcTeMaTU4YeCKue rpudnl ponoB Friedmanno-
myces  Dioszegia (Connell et al., 2006; Selbmann et al.,
2014) (Ta6a. 2).

B Awntapktmoe oTMeueHa Treorpadmdeckasi 30-
HaJIbHOCTh MUKOOUOTHI. Tak, B CyOaHTapKTUKe
(Tabi1. 2) TOMUHAHTAMM CPeA MUKPOMMIIETOB SIBJISI-
1ot1cs1 Antarctomyces psychrotrophicus, Geomyces panno-
rum, Exophiala sp. (Rosa et al., 2019); Ha AHTapKTHUYe-
CKOM I1osIyocTpoBe — Geomyces pannorum, Thelebolus
microsporus n Mortierella spp. (Arenz, Blanchette,
2011; Gongalves et al., 2012); B OMHUX U3 CAMBIX CYpO-
BBIX 1O KJIMMAaTUUYECKUM YCJIOBUSIM paiitOHOB AHTapK-
tuabl 3emiie Bukrtopuu u B cyxux nojimHax MakMep-

MUKOJOI'A U ®PUTOIIATOJIOTUA

no npeobnanatoT Cadophora luteo-olivacea, C. malo-
rum, Dioszegia sp., Geomyces pannorum, Mortierella
alpina, Phoma herbarum, Thelebolus microsporus
(Arenz, Blanchette, 2011) (ta6ua. 2). Tem He MeHee,
HECMOTpSI Ha pa3HbIi TaKCOHOMMYECKMII COCTaB
TPYNIHUPOBOK MHUKPOMUIIETOB B pa3HBIX paiioHax,
€CTb OOIlIMe TEHICHIUU IJIsI AHTAPKTUIbI B LIEJIOM.
IToBcrony Ha MaTepuKe BeJIMKa YUCIIEHHOCTb U OO -
e Geomyces pannorum, XapaKTepHOTO IS 9KCTpe-
MaJIbHO XOJIOOHBIX MecTooouTaHuii (Ozerskaya et al.,
2009; Cox et al., 2019); Thelebolus microsporus 4acTo
BCTpeYaeTCsl Ha NTUYbMX Oa3zapax IoOepexXbs M OCT-
poBax y matepuka; Antarctomyces psychrotrophicus oT-
MeyJaloT, B OCHOBHOM, Ijisi CyO0aHTapKTUKM, a B ce-
Ne 2
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BEPHBIX IIMPOTaX (KpoMe BBICOKOII APKTMKHM) M B
KOHTUHEHTAJTbHON YacT AHTapKTHIBI 3TOT BUI pe-
nok (Cox et al., 2019).

Yucaennocts KOE rpnboB B MOJISIPHBIX ITOYBaxX
YMEHBIIIAETCS JIMIIb HA TIOPSIAOK MO CPABHEHMIO C 30-
HaJIbHBIMU IIOYBaMHM YMEPEHHOTO M JaXKe TPOITYe-
ckoro kiauMata (Timling et al., 2014). Taxk, 3HaYeHUs
3TOr0 IToKa3aTesl IJisl KYJIbTUBUPYEMBIX MUKPOMU-
LETOB B NOYBax AHTapKTUIbl KojebmoTes ot 10? no
10° KOE/r nouBbl, U JUIIb B HEKOTOPBLIX aHTPOIIO-
reHHBIX cybcTparax Bospacraior go 10 KOE/r cy6-
crpata (Arenz, Blanchette, 2011; Cowan, 2014).
B apkTryeckux moyBax 4MCJIEHHOCTh OOBIYHO TaKasl
XKe, 1 JIMIIb peako Ha nopsaok ooibire (Cox et al.,
2016). C omgHOI CTOPOHBI, 3T (AKThI MOTYT JOKAa3bI-
BaTh BBICOKMI adalTUBHBINA MOTEHIINA MUKOOHOTHI
MOJISIpHBIX peTMOoHOB. OnQHAKO MHOTME M3 IpopacTa-
IOIIMX Ha MUTATEJIbHBIX Cpefax KJIeTOK HaXOAsITCs B
AHTApPKTUYECKUX CyOCTpaTaxX B MOKOSIIEMCS COCTOSI -
Huu (Kochkina et al., 2014). 3naunTenbHast 4acTh Ta-
KMX TIpOMaryj OTHOCHUTCSI K TEPMOTOJIEPAHTHBIM U
TepMO(WILHBEIM BHAAM, CIHOCOOHBLIM pacTU IIpU
45°C, 1 NOTeHLUMAJILHO OITACHBIM IS KMBOTHBIX U
yejioBeKa (Hampumep, Acremonium spp., Aspergillus fu-
migatus, Debaryomyces hansenii, Penicillium chrysogenum,
P. citrinum, P. tardochrysogenum n Rhodotorula muci-
laginosa), BeposiTHO, 3aHECEHHBIM B AHTapKTUIy U3
JIPYTUX PETMOHOB 1 HE IIPUCIOCOOJIEHHBIM K CYPOBO-
my kimumaty (Vlasov et al., 2012; Vincent, 2000;
Goncgalves et al., 2015; de Sousa et al., 2017; Alves et al.,
2019). bonvliiast YacTh TEPMOMDUILHBIX IITAMMOB BbI-
JIEeJISTIOT M3 OPHUTOTeHHBIX II0YB NTUYbMX 0a3apoB
(Roser et al., 1993, 2012), Temniepatypa KOTOPHIX ya-
CTO BBIIIIE, YEM IJIsI OpKYyxKatonux rpyHToB. [ToaTomy
BOIIPOC O XXKM3HECITOCOOHOCTN KOHKPETHBIX TPUOHBIX
TaKCOHOB B aHTAPKTUYECKUX CyOCTpaTax MmoKa ocTa-
€TCsI OTKPBITHIM. B MOJISIpHBIX OMOTOMNAX YaCcTO OTMeE-
4aloT CyIIepAOMMUHAHTHOCTh OTHOIO MJIA Majloro KO-
muuectBa BuaoB (Kirtsideli, 2010; Matveeva et al.,
2015), 4yTO MOATBEPKIAET TUIIOTE3Y O CTPYKTYPHOI
IPUMUTUBHOCTHA COOOIIECTB 3TUX MECTOOOMTAHWUIA.
Ecau ynciaeHHOCTh rprOOB HEOOIbINIAS, TO BEIPAXKEH -
HOM JTOMMHAHTHOCTUA HET — BCEX BUIOB OYCHb MaJio
(Kochkina et al., 2011). YacTo misa cyOcTpaToOB 3KC-
TPEeMaJIbHO XOJOMHBIX MECTOOOUTAHUI BBISBIISIETCS
TEHIICHLIMS K MUKPOOYaroBOCTHU Pa3BUTUS MUKPOMU-
LIETOB, KOTOpasi OOBIYHO IIPUYypOUYCHA K HAJIMYUIO Op-
raHuKu B KoHKpeTHOM Jiokyce (Kochkina et al., 2011).

BoabIIMHCTBO MUKOJIOTUYECKHNX UCCIIETOBAHUI B
AHTapKTHAE CIOelaHO METOJAaMU MUKPOOMOJIOTHYE-
ckoro nocena (Rosa et al., 2009, 2019; Arenz, Blanch-
ette, 2011; Godinho et al., 2013; Connell et al., 2018) ¢
LIeJIbIO BBISIBJIEHUSI TAKCOHOMUYECKOIOo pa3HOOOpa-
34T U BBIAECJACHUS IITAMMOB, IPOAYLIMPYIOLINX LIEH-
Hble MeTabonuThl. HecMOTpsT Ha COBepIIEHCTBOBA-
HYE€ METONOB KYJIbTUBHUPOBAHWSI, UMW BbIIEJISIETCS
10—30% Bceit Muko6uoTe (Magnuson, Lasure 2002),
IMOATOMY HaIlld 3HAHUSI 00 3KOJIOTMU MUKOOMOTHI AH-
TapKTUIIbl OcTaroTcsd HemoctaTouHbiM (Duarte et al.,

MUKOJIOTHUA U GUTOIATOJIOTIUA
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2019; Pulschen et al., 2017). 3HaunTenbHasE 4acThb
TPUOHBIX IIPOITAryJl B 9KCTPEMAIbHO XOJIOJHBIX KO-
cUCTeMax HaXOMUTCS B TOKOSIIIIEMCSI U TPYIHO-/He-
KynbtuBupyemMoM coctossaum (Frisvad, 2008; Duarte
et al., 2019). IToaTOMYy aHTaPKTUYECKYI0O MUKOOHOTY
CTaJIM HWCCAeAoBaThb IPYTMMU METOJaMM, BKJIOYast
npssmyto (Coleine et al., 2018a), cKaHUPYIOIIYIO 3JIeK-
tpoHHy1o (Yung et al., 2014; Archer et al., 2017) u m10-
MUHECIIEHTHYI0 Mukpockonuto (Wierzchos et al.,
2004; D’elia et al., 2009; Marfenina et al., 2016; Niki-
tin et al., 2017; Lysak et al., 2018), aHanu3 MUKpOUIU-
noB (Chan et al., 2013; Wei et al., 2016) u kKonuue-
CTBEHHOE ompeneiieHrue (pochoInIImaoB Mo 3procre-
pOJIy METOIOM BBICOKOI((PEKTUBHOM KUIKOCTHOMN
xpomatorpadpun — BOXKX (Velazquez et al., 2016).
B nocnennue necsatuietust pa3paboTKa HOBBIX MOJIE-
KYJISIpHBIX MeTomoB, Takmx Kak IILP-ammimnduka-
uus obiacreil reHa pPHK B couetaHuu ¢ Mmetogamu
“Finger-print” (Lawley et al., 2004; Yergeau et al.,
2007; Rao et al., 2012; Kochkina et al., 2012; Dreesens
et al., 2014; Selbmann et al., 2017), OMGIMOTEKHN KJIO-
HoB (Lawley et al., 2004; Antony et al., 2016), xonuue-
crBeHHoit TP (Jiet al., 2016) PHK skctpakums c
nocienyomum cekseHuposanueM pIHK (Rao et al.,
2012), mo3BOMWIN ITOIYYaTh MH(GOPMALIUIO O HEKYJIb-
TUBHpYeMoil MukoouoTte AHtapktuabl (Duarte et al.,
2019). [ToaTOMy B HacTOsI1I€E BPEMSI 3TU MOJIXOIbI aK-
TUBHEE (IT0 CpPaBHEHUIO C KJIACCUYECKUMU METOIaMM )
HWCTIOJIB3YIOTCS AjIs1 M3Y4EHUSI MUKOOMOTHI MaTepHKa.
HenaBHO momxombl CEKBEHUPOBAHUS CJEAYIOIIETO
nokojienust (NGS) cranm moctyrHee U IIMPOKO UC-
MOJIL3YIOTCS B MCCJIENOBAHUSIX T'PMOOB AHTAPKTUIBI
(Dreesens et al., 2014; Newsham et al., 2018; Baeza et al.,
2017; Borruso et al., 2018). M3yuyeHune pazHooOpa3usl
MHUKOOMOTHI MaTepuKa Ha ocHoBe NGS ImpoBoIniInch
C UCIMOJb30BaHUEM IIaTPOpM cekBeHUpoBaHUs Ti-
tan 454 FLX (Dreesens et al., 2014; Newsham et al.,
2018; Ji et al., 2016; Pudasaini et al., 2017; Brady et al.,
2018), Illumina MiSeq (Czechowski et al., 2016; Rojas-
Jimenez et al., 2017; Borruso et al., 2018; Coleine et al.,
2018) u Ion Torrent (Baeza et al., 2017). B pe3yabraTe
MPUMEHEHMS KIACCUYECKUX U MOJIEKYJISIPHO-OMO0JI0-
TMYECKMX METOHOB IUISI aHTApPKTUYECKMX ITOYB ya-
JIOCh IOKA3aTh COOTHOIIIEHUE J0JIE POJIOB MUKOOMOTHI
(Pudasaini et al., 2017) (puc. 1). HecMoTps1 Ha pa3nu-
yus B pe3yJibTaTax 110 pa3HbIM METOJaM, HEKOTOPbhIE
POIBI OTMHAKOBEIE, a pabOT C IIPUMEHEHHNEM METOA0B
MeTabapKogWHTa MO0 MUKOOMOTEe AHTapKTUIbI MOKa
O4YeHb MaJjio. B cBsI3U ¢ 3TUM, ITOKa HE CTOUT 3KCTpa-
MOJUPOBATh Pe3yAbTAThI 110 JTAHHOMY METOIY Ha BECh
matepuk. CrnpaBelJIMBOCTA paad OTMETHUM, 4YTO JO-
MUHUpPYIOIINE POoAbl IpruO0B B AHTapKTuIe (Antarcto-
myces, Aureobasidium, Cadophora, Cladosporium,
Cryptococcus, Exophiala, Geomyces, Phoma, Rhodotorula,
Thelebolus) KyTbTUBUPYEMBI, IIO3TOMY XOPOIIIO BEISIB-
JISTIOTCSI HE TOJIBKO C ITIOMOIIBIO MEeTa0apKOAMHTa, HO
1 TIPU UCHIOJIb30BaHUU MUKPOOMOJIOTNYECKOTO Toce-
Ba (Cowan, 2014; Marfenina et al., 2016; Pudasaini et al.,
2017). OmgHako, MpaKTUIECKU BCE MOJIEKYJISIPHO-01O-
JIOTUYECKHUE MCCIIeTOBaHUSI AHTApPKTUABI MOCBSIIE-
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(@)

W Aureobasidium
B Cladosporium

Malassezia
B Exophiala
W Nigrospora
Cadophora
Hortaea

Rhodotorula

Toxicocladosporium

Geomyces

W Thelebolus

W Cladosporium

W Cadophora
Phoma
Penicillium

W Antarctomyces
Cryptococcus

W Rhodotorula
Mrakia

Puc. 1. Joiu 1OMAHAHTHBIX TAKCOHOB MUKOOMOTHI AHTAPKTUABI PA3IMYHBIMU METOAAMU: @ — MOJICKYJIIPHO-O0MOJIOTNUYEeCKUMU
(Pudasaini et al., 2017); 6 — MukpobuonorndeckuM rmoceBomM (Arenz et al., 2014; Ruisi et al., 2017).

HBI M3YYEHUIO COCTaBa MUKOOMOTHI CHETa, JIbIOB U
MHoroyieTHeMep3Jibix mmopona (Knowlton et al., 2013;
Choudhari et al., 2014; Cameron et al., 2015; Simon et al.,
2009; Michaud et al., 2015; Rivkina et al., 2016), a He
MMOYBBI — OJJHOMY M3 HanboJiee OoraThIX rpudaMu cyo-
cTpary.

BBuay oTHOCUTENTBEHOM JOPOTOBU3HBI MOJIEKYJISIP-
HBIX METOIOB M HEBO3MOXHOCTU BBISIBICHUS UMU
CTPYKTYPBI OMOMAacCChl (COOTHOIIIEHUS: SKUBbIE/MEPT-
BbI€, MULIEINIA/CIIOPEL U Ap.), BaXKHYIO IIJIST XapaKTe-
PUCTUKM aKTUBHOCTM MHUKOOMOTHI in situ, HamboJiee
aKTyaJIbHBIM METOJOM U3Y4YeHUs IpruOOB AHTapKTU-
IIbI CTajla JJIOMUHECLeHTHAasE MUKpocKorus (Marfeni-
na et al., 2016; Nikitin et al., 2017; Lysak et al., 2018).
Ham ynamoch HaliTu mokasaTesIbHYIO paboTy Io
OlLleHKe I'PMOHOI1 0MOMAaCCHI METOIOM JIIOMUHECIICHT-
HOI MUKPOCKONINHU JJIST 0a3McoB XOaMbI JlapceMaHH
u Xonmel Tama (Marfenina et al., 2016; Nikitin et al.,
2017; Lysak et al., 2019). bosnee macitabHbIe MO OXBa-
TY TEPPUTOPUU UCCIETOBAHUS 3aITacOB TPUOHOM OMO-
Macchl B AHTapKTH/Ie MPOBOAWINCH TOJbKO B CybOaH-
TapKTHKE, TlIe KJIMMAaT 3HAYUTEIbHO MsITYEe, a IIOYBHI,
NpPEeUMYIIECTBEHHO, OpHUTOreHHble (Abakumov,
2014; de Sousa et al., 2017). Tak, Ha ocTpoBax BuH-
MIUI OBUIM MOMNBITKM OLIEHUTH OOIIYI0O MHUKPOOHYIO
o6uomaccy (B TOM YMCJIE 1 MUKOOMOTHI) IO CyOCcTpar
VHAYLIUPOBAHHOMY IBIXaHUIO, CONEPKAHUIO alleHO-
3uH Tpudocdara (ATP) u akTuBHOCTU (HEPMEHTOB
rpyniisl actepas — DA (Roser et al., 1993). OgHako
aBTOpaM He yIaJoCh YBUIETh MPaKTUUYECKU HUA OTHOM
rpuOHOM THdBI IIPY UCHOJIb30BAHMU METONA JIFOMU-
HECLIECHTHOM MUKPOCKOIIMM, YTO CTaBUT I10J COMHE-
HUE TOYHOCThb pe3yJbTaToB padoThl. Kpome TOTO,
MOYBEI, C(pOpMUPOBaHHEIE IO ITUYBMMU O0a3apamMu,
BecbMa cneur(pUIHbI U HE SBISIIOTCSI TUIIMYHBIMU
mas matepuka (Goryachkin et al., 2012). B npyroit
cratbe (Malosso et al., 2004) aHanmu3upoBaau rpud-
HyI0 Omomaccy B rmouBax CyO0aHTapKTUKHU IO COIep-
KaHUIO chenu@UuyecKux HeUTpaabHbIX (paKiuid
dochommnumos u 3procrepoiy. Pabora rmpoBonuiack
B “OXUBISIEMBbIX” 00pa3lax, B yCIOBUSIX MUKPOOHOIM
cykueccuu 1pu 4°C. B HaTUBHBIX ke oOpaslax 3Tu

MUKOJOI'A U ®PUTOIIATOJIOTUA

oKa3aTeJIv He OlLIeHUBaJINCh. BackHO OTMETUTD, YTO B
JIAHHOI CTaTbhe pe3ybTaThl OKAa3aJIMCh COITOCTaBUMbI
C MOTPEUTHOCTSIMU MTPUOOPOB, YTO OTMEYAIOT U JIPY-
rre MUKOJIOTH, MCTIOJIb3YIOIINE 3TU METOIBI IJIsl Oec-
TUIOHBIX TIOYB C HU3KOM OMOJIOTMYECKOI aKTUBHO-
cteio (Gutarowska, Zakowska, 2009). Takum oOpa-
30M, ITOCKOJIbKY JaHHBIIA METOJ HU3KOUYBCTBUTEIICH,
a obmire TpuboOB B cyOCTpaTX AHTAPKTUABI OTHOCH-
TeJIbHO HU3KO, OYEBUIHO, YTO MO 3ProCcTeposy 1 JU-
MUIHBIM (ppaKIIMsSIM 3aI1achkl 0MIOMacChl MUKOOMOTHI B
AHTapKTHAE aHAJTM3UPOBAaTh HE KOPPEKTHO. YPOBEHb
OroMacChl MUKPOOHOTEI KOHTUHEHTAJbHBIX aHTapK-
TUYECKUX MOoYB 110 a3Muccuu CO, olieHUBAJICS TOJIbKO B
IBYX pabotax: B qoHe MakMepao — 47 MKMOJIb/M? X
X muH (Gregorich et al., 2006) u oazuca Xoamsl Jlap-

cemanH — 0.470—2.90 mmonb/mM>Xvac (Ding et al.,
2013).

APOXKXKHN N APOXKEITOAOBHBIE
I'PUBbl AHTAPKTHW/bI

HApoxckn — Xu3HeHHasi (popMa rpuboB, TIpeumMy-
IIECTBEHHO C OJHOKJIETOYHBIM CTPOEHUEM, Y KOTO-
PBIX IPU OECOJIOM Pa3MHOXKEHUY TIpeodJiazacT Mov-
KOBaHUe, a MpY MOJ0BOM He (pOPMUPYIOTCS TIOIO-
Bele Tena (Kurtzman et al., 2011). Hpoxku B
aHTapKTUYECKUX CyOCTpaTaXx B OCHOBHOM IIpe/icTaB-
JIeHbl 0a3sMIMOMUIIETOBbIM, a HE aCKOMUIIETOBBIM
adpdunurerom (Shivaji, Prasad, 2009; Connell et al.,
2014). K 2012 r. B AHTapkTHae ooHapyxeHo 70 BUIOB
npoxckeit — 13 ackomulieToB U 57 0a3MAMOMUIIETOB
(Buzzini et al., 2012). Han6o1ee oOMJILHBIMY 1151 aH-
TapKTUYECKUX CYOCTpaToB SIBJSIIOTCS ponabl Bullera,
Bulleromyces, Candida, Cryptococcus, Cystofilobasidi-
um, Dioszegia, Hyphozyma, Leucosporidiella, Leuco-
sporidium, Mrakia, Rhodotorula, Sporobolomyces n
Trichosporon (Frisvad, 2008; Shivaji, Prasad, 2009;
Connell et al., 2014; Buzzini et al., 2012; Zhang et al.,
2013). OcobGeHHO YacTo B 3KCTPEMaJIbHO XOJOMTHBIX
5KOCUCTEMaX JOMUHUPYIOT (10 30% ob6umus) mpe-
craBurenu pona Cryptococcus: C. albidus, C. antarcti-
cus, C. consortionis, C. friedmannii, C. laurentii, C. lupi,
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Tabauna 3. TakcoHOMMYECKOe pa3HOOOpa3ue IPOXKKeEN pa3TMUHbIX OMOTOTIOB AHTAPKTUIbI

Takcon

Buoron bubnunorpaduyeckas ccpuika

Candida frigida, C. gelida, C. nivali, Cryptococcus albidus, C. antarcti-
cus, C. consortionis, C. friedmannii, C. laurentii, C. lupi, C. socialis,

C. vishniacii

Aureobasidium pullulans, Cryptococcus carnescens, Leucosporidium,

Metschnikowia australis, Rhodotorula mucilaginosa

Bensingtonia yamatoana, Candida davisiana, Candida parapsilosis, Crypto-
coccus antarcticus, C. aquaticus, C. friedmannii, C. gilvescens, C. lauren-
tii, C. terricola, C. victoriae, Debaryomyces hansenii, Exophiala sp.,
Friedmanniomyces endolithicus, Goffeauzyma gilvescens, Leucosporidiella
creatinivora, Mrakia frigid, Mrakiella aquatica, Naganishia friedmannii,
Rhodotorula arctica, Rh. glacialis, Rh. laryngis, Rh. mucilaginosa, Soli-
coccozyma terricola, Vishniacozyma victoriae, Yarrowia lipolytica

Candida oleophila, Cryptococcus albidus, C. fildesensis, C. humicolus, C.
laurentii, Cystobasidium laryngis, Epicoccum nigrum, Mrakia sp.,
Naganishia albida, Papiliotrema laurentii, Rhodotorula minuta, Rh.

mucilaginosa, Sporidiobolales sp., Zygosaccharomyces sp.

Cystobasidium laryngis, Leucosporidium aff. golubevii, Rhodotorula

mucilaginosa, Vishniacozyma victoriae

Cryptococcus curvatus, C. arrabidensis

npeacTaBuTenu ponoB Aureobasidium, Dioszegia, Exophiala, Fried-

manniomyces, Hortaea

Bannozyma yamatoana, Cystobasidium pallidum, Glaciozyma antarc-
tica, Hamamotoa singularis, Holtermanniella nyarrowii, Leucosporid-
ium fragarium, L. golubevii, Mrakia frigida, Phenoliferia glacialis, P.
psychrophenolica, Phaeococcomyces sp., Rhodotorula mucilaginosa,

Vishniacozyma victoriae

Lai et al. (2007); Singh et al.
(2014); Singh, Raghukumar
(2014); Nagano et al. (2014)

Loque et al. (2010)

MODps 1 UX JOHHBIC
ocaaku

MOPCKHE MaKpOBO-

JIOPOCIIN

JIMIIAMHUKI Santiago et al. (2015); Rosa et
al. (2019)

MXU Tosi et al. (2002); Zhang et al.

(2013b); Rosa et al. (2019)

LIBETKOBBIE pacTe- | Rosa et al. (2009, 2019)
Hus (Deschamp-
sia antarctica n
Colobanthus
quitensis)

Fell et al. (2006); Arenz,
Blanchette (2011); Connell
etal. (2014)

Selbmann et al. (2014);
Meslier, DiRuggiero (2019);
Oliveira et al. (2019); Cole-
ine et al. (2020)

Thomas-Hall, Watson (2002);
Thomas-Hall et al. (2010);
de Menezes et al. (2019)

IIOYBbI

CKaJIbl, 9HIOJJIMNTHI

CHET

C. socialis n C. vishniacii (Buzzini et al., 2012; Frisvad,
2008), a takxe Candida (C. frigida, C. gelida v C. niva-
lis). CxomHOe MO CpaBHEHUIO C AHTAPKTUYECKUMU
9KOCUCTEMAaMU pa3HOOOpa3ue IpoXoKeit OTMedaloT B
BbIcoKOli Apktuke (Butinar et al., 2007; Shivaji,
Prasad, 2009), nennukax EBporsl (Branda et al., 2010;
Turchetti et al., 2011), ropax u Bbicokoropmsax (Tur-
chetti et al., 2010), a TakXe B INTyOOKOBOIHBIX MOPSIX
(Nagano et al., 2014). YucneHHOCTb OIpoxokeil B AH-
TapKTHEe OYeHb BBICOKA TSI OOJIBITMHCTBA UCCIIENO-
BaHHBIX 6uoTonos — a0 10° KOE/r u onu, npenmy-
IIECTBEHHO, TPUYpPOYEHBl K aKBaJIbHBIM 3KOCUCTE-
MaM WIX pacTUTEIBHOCTH (TadJI. 3).

BboapmmmHaCTBO padoT 110 IpoxkkaM B AHTApKTHIE
MOCBSIICHO MX pa3HOOOpa3uio Ha pa3jIMYHBIX CyO-
ctpaTtax: Mopckoii Bome (Singh, Raghukumar, 2014;
Nagano et al., 2014), makpoBogopocisMm (Loque et al.,
2010), uBeTkoBbIM pacTeHUusIM (Zhang et al., 2013),
No

MUKOJIOTHUA U PUTOMATOJIOTUA  tom 55

2

mxaM (Tosi et al., 2002; Zhang et al., 2013). ITouBeH-
HBbIM aHTAPKTUYECKUM JIPOKKAM YIEJISIIOCh MEHbIIIe
BauMmaHus (Arenz, Blanchette, 2011; Connell et al.,
2014). 3a nocienHue Tobl B AHTapKTUAE OOHApYyKe-
HO HECKOJIbKO HOBBIX BUIOB Apoxkeit — Cryptococcus
adeliensis (Scorzetti et al., 2000), C. antarcticus (Vish-
niac, Onofri, 2002), Glaciozyma antarctica, Mrakia
robertii (Turchetti et al., 2011). I'eorpacpuyeckast uso-
JIIMUSET U CYPOBBIN KJIMMAT OOYCIIaBIMBAIOT OCOOBIIA
XOJI PBOJIIOLIUM OPTAHM3MOB Ha MaTepukKe, MO3TOMY
BEPOSITHO OOHAPYXXEHWE U NPYTUX, PAHEE HE U3BECT-
HBIX, TAKCOHOB MUKOOMOTHI (Gostincar et al., 2010).

B skcTpeManbHO XOJIOOHBIX 9KOCUCTEMAX IPOKKI
MOTYT SIBASITBCS CaMOI YCTOMYMBOI I'PYMIIO MUKO-
ouotsl (Margesin, Miteva 2011). Bo-1iepBbIX, y HUX
€CTh IIUPOKUIA CIIEKTp (PEePMEHTOB IJISI PA3JIOXKCHUS
pazHooOpa3HbIX cyocTpaTtoB (Vaz et al., 2011; Carras-
coetal., 2012), mo3TOMY OHM MOTYT CYIIIeCTBOBATh J1a-
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Puc. 2. MulieimaabHO-APOXKeBO numopbusm Cryomy-
ces antarcticus 1io Selbmann et al. (2014). byksamu Ha pu-
cyHKe o0o3HaueHbl: a — Cryomyces antarcticus, pacTylIUi
Ha pas3JIMYHbBIX cpenax; 6 — IPOXKeIroao0Hasi opraHusa-
11s1; B — MOHUJIMOUIHBIE THOHI.

Ke B oIurorpodHseIix yciaoBusx (Buzzini et al., 2012;
Maggi et al., 2013; Nagano et al., 2014; Godinho et al.,
2015). Bo-BTOpbIX, OOJBIIMHCTBO APOKKEil OTHOCHU-
TEJIbHO OBICTPO pacTeT IPM HU3KUX TeMIeparypax
(Mazur, 1980; Nagano et al., 2014; Panikov, 2014). ¥
HUX €CTh P KPUOMPOTEKTOPOB, HAKATIIUBAKOLIINXCST
B 3HAYMUTENbHBIX KoiuuyecTBax (Maggi et al., 2013;
Panikov, 2014). B mpoxkeBbIX KjIeTKaxX, 3a4acTylo,
6oJice BBICOKOE IO CPAaBHEHMIO ¢ MUILETHATbHBIMU
rpudamMu cofep>KkaHne HACHIIEHHBIX XUPHBIX KUCTOT
M TPErajo3bl — OCHOBHBIX aT€HTOB, MPEITSITCTBYIOLINX
3aMep3aHuio KieTok (Buzzini et al., 2012; Guptaet al.,
2015). Apo>xKu MOTYT OBICTpee peryJIMpoBaTh Coaep-

MUKOJOI'A U ®PUTOIIATOJIOTUA

JKaHUe 3TUX BELIECTB B KJIETKAX, YeM MULIEeTUATIbHbIE
rpUObI, TO3TOMY OHU JIyYIlle aAalITUPOBAHBI K PE3KUM
nepernagaM Temieparypsl (Buzzini et al., 2012; Maggi
et al., 2013; Boyce, Andrianopoulos, 2015). B-tpe-
ThUX, MHOTHE IPOXKKU SIBJISIOTCSI OCMOMUIAMU U Ta-
JoduaaMu, 4YTO ITIO3BOJISIET UM JieTye IepeHOCUTh
HU3KYI0 aKTUBHOCTH Boabl B AHTapkTtuae (Roth-
schild, Mancinell, 2001; Connell et al., 2014). B-uet-
BEPTBHIX, HEKOTOPbIE IPOXKKU YCTOMUUBBHI K YJIbTpa-
dHoIeTOBOMY U3TYYECHHIO 3a CUET CMHTE3a U HaKOTI-
JIEHUSI KapOTUHOMIOB 1 MeJIaHNHOB (Selbmann et al.,
2014; Villarreal et al., 2016). Kpome TOTO, Y MHOTHX
ncuxpoUIbHEIX BUIOOB IOPOXKEil OTHOBPEMEHHO
JIEUCTBYIOT BC€ MEXaHM3MBbI afdalTalluii K CypOBOMY
KJIMMaTy AHTapKTUABI (pUC. 2): OHM 00J1amaioT OeIKa-
MU-aHTUdpu3aMu, GpepMeHTaMU, aKTUBHBIMU TIPU
Hu3KMx Temrieparypax (Vaz et al., 2011; Carrasco et al.,
2012), TIOBBIIIEHHBIM COAEPKAHMEM HACHIIIIECHHBIX
SKUPHBIX KUCJIOT W JIUTIUAOB JJIs1 TIOHUXKEHUST TeMTIe-
patypbl 3aMmep3aHus Kijetok u T.11. (Connell et al.,
2014; Boyce, Andrianopoulos, 2015; Villarreal et al.,
2016). Takke HEOOXOAMMO OTMETUTh, YTO YAaCTh U30-
JIITOB aHTAPKTUYECKUX APOXKKEM TIPU ONpeaeTe HHBIX
yCIIOBUSIX (DOPMUPYIOT MULICTNI (SIBJIEHUE MUIIEIU-
aJIbHO-IPOXKKEBOro AuMopduiMa), ¢ IIOMOIIbIO0 KO-
TOPOro UM Jierde KOJJOHU3UPOBATh JOCTYITHBIE Opra-
Huuyeckue Bellectsa (Branda et al., 2010; Buzzini et al.,
2012; Boyce, Andrianopoulos, 2015). IIpyyuHbl M-
LeTUaTbHO-IPOXKEeBOro fuMopdu3Ma He sicHbl. He-
KOTOpbI€ MCCAEAOBaHUS TOoKa3aau MPsSMYIO 3aBUCH-
MOCTh MEXKIY COAEPKaHUEM PAMHO3BI B KJIETKAX U UX
MepexoioM B IPOXKEBYIO (pa3zy y MUKPOMUIIETOB C
onactmaecknM KoHuamoreHesoM (Boyce, Andrianopou-
los, 2015). BepositTHO, 3Kojorudeckas 3HAYMMOCTb
3TOoro (eHOMeHa 3HAYUTEJILHO OOJIbIIe, YeM MBI
npennoiaraeM (Branda et al., 2010). Bens nipu uccie-
JIIOBAaHUM TPUOHOTO IIyJa Pa3JIMYHBIX BKOCHUCTEM
OOBIYHO MPUMEHSIIOT METO/IbI, HE BBISBIISIIONINE (hOp-
MY XXM3HU MUKpPOMUIIETA (HAXOIUTCS OH B MPUPOJE B
BUAC MUILEINsS, CIIOp WM APOxKeil). MHOXeCcTBO
JIPOXCKETIONOOHBIX TpUOOB OOHApPYXXKEHO B 3KCTpe-
MaJIbHBIX MECTOOOUTAHUSIX — CKaJlaX, SHIOJIUTAX, IO~
JISIPHBIX ITyCTBIHSIX APKTUKY U AHTapKTUKU (Merge-
lov et al., 2012; Onofri et al., 2014; Selbmann et al.,
2014; Meslier, DiRuggiero, 2019; Oliveira et al., 2019;
Coleine et al., 2020). OngHako MOSIBJISIETCS BCE OObIIIE
JaHHBIX O HaXOAKaxX 3TUX OPraHM3MOB B GMOTOMAX C
yMepeHHbIM KiauMaToM (Wei et al., 2015).

B BBICOKMX IIMPOTaxX APOXKKKM HA3EMHBIX 9KOCH-
CTEM, MMO-BUIUMOMY, MOTYT IIPUMEHSITH OTHY U3 ABYX
cTpaTeruii BeKuBaHus. JINOo aBISThCS aheMepaMu,
OBICTPO Pa3BUBAIOIIMMUCS Ha JIETKOJOCTYITHBIX Cy0-
cTpaTax (OOBIYHO HA MXaX WJIM BBICIINX PACTEHUSIX) B
JIETHUI CE30H TIPY OTTaMBAaHUU BEPXHUX CJIOEB ITOY-
BBI, WJIM TIPOAOJIKATH MEIJIEHHBII POCT KPYTJIOTOIAY~
Ho (Chernov, Marfenina, 2010; da Silva et al., 2019).
DTO IpUeMIIEMO IIJIsI IPOXKKEM, MOCKOIbKY OHU OfI-
HOKJIETOYHBI, YTO MMO3BOJISIET YMEHBIIUTD, 110 CPABHE-
HUIO C MULEIUATBbHBIMU (OpMaMU, BEPOSITHOCTH
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pa3pbIBa KJIETOK MPU OTPULATENILHBIX TEMIIEpaTypax
(Maggi et al., 2013; Boyce, Andrianopoulos, 2015).

B mocnemHee Bpems BhiAesieHa coenuduiecKas
9KOJIOTUYecKas TpyIIa “YepHBIX IPOXoKen”, Xxapak-
TepHast UCKIIOUUTEJILHO JIJISl 9KCTPEMaIbHbBIX MECTO-
00OUTAaHMIA 1 OTKPBITAsi coBceM HemaBHO (Selbmann et al.,
2013, 2014; Onofri et al., 2014). Y “depHbIX IPOXKKEid”
eCTb psif crielnGpUIecKuX MPU3HAKOB, XapaKTEPHBIX
TOJIBKO IJIsI 3TOoM rpynnbl. OHM OTHOBpPEMEHHO (op-
MUPYIOT KaK MUILEIWi, TaK U JIPOXKETOJ0OHbIE
KJIeTKM (pUC. 2); UMEIOT MepUcTeMaTUYeCKUM (aee-
HHe KJIETOK B Pa3HbIX IUIOCKOCTSIX) MHUIIECINIA; 9aCTO
He 00pa3yloT HU OeCTOJIbIX (KOHUINEHOCHBIE CTPYK-
TYpbl), HU TOJIOBBIX (ACKW) OPTaHOB Pa3MHOXEHMUSI;
CUHTE3UPYIOT MHOTO MEJIAHMHOB; OJIUTOTPOMHEI, MO-
IyT IOCTAaTOYHO JOJIO XWUTh B Cpede, COoAaepXKallleil
MaJlo a30Ta, 32 CYET HAKOTUIEHHBIX 3aI1aCOB; CUHTE3U -
PYIOT IIMPOKUiIT HAabOp (pepMEeHTOB, YTOOLI ITOTPEO-
JISITH TPYAHO pasjiaraeMble CyOCTpaThl; HaKarInuBaloT
BBICOKUIT YPOBEHb TPErajao3bl, MHOTOATOMHBIX CITUP-
TOB M caxapoB, KaK OCMOIIPOTEKTOPOB IJISI IepeXXnBa-
HMS 3aCYIIUIMBBIX YCJIOBUIA; BBIIEPXKUBAIOT BHICOKIE
1 HU3KHE TeMIlepaTypbl, a TaKXe pe3Kue mnepernaabl
TeMIepaTyp, Metadbonu3upys gaxe rmpu —17°C (Selb-
mann et al., 2014; Onofri et al., 2014). YepHble 1uTO-
OUOHTHBIC TPUOBI — BKCTPEMOTOJIEpaHTHAsI TpyIna
OpraHM3MOB, YacTO BCTPEUYAIOIIMXCSI B BBICOKOIO-
PBSIX, TIYCTBIHSX, TTOJSPHBIX 00JIacTsaX, HA OECIIION-
HBIX TOpPHBIX Topojax. OHU SIBISIOTCSI OMHUMU U3
“IIMOHEPHBIX OPraHU3MOB”, yIaCTBYIOIINX B hOPMHU-
poBaHUM IIEPBUYHBIX ITouB (MeprenoB u ap., 2012;
Onofri et al., 2014). DTa rpynia MUKPOMUIIETOB B AH-
TapKTHUAEC PACIIPOCTpaHEHA B IOYBAX CYXMX IOJIMH U
TOPHBIX MOpoAax, MpeacTaBieHa pogamMu Aureobasidi-
um, Dioszegia, Exophiala, Friedmanniomyces, Hortaea
u gap. (Connell et al., 2006; Selbmann et al., 2013).
“YepHble IPOKKU~ TIEPEXOIAT B IPOXKKEBYIO M B
MUILEIUATBHYIO CTaAul0 B 3aBUCUMOCTU OT YCJIOBUiA
cpenbl — IpU pe3KOM M3MEHEHUM TeMIIEpaTyphl WIN
pH, ipu cunbHOM 06ydeHun YD Win Ipyroii MIOHU-
3upyloleil paguanueii. Cpeau 4epHBIX JUTOOMOHT-
HBIX TPHMOOB MHOIO TMCUXPO- M TEPMOTOJICPAHTOB.
IIpennomoxnTenbHass 3KOJIOTTIECKasT poJib “YepHBIX
JIPOXKEeN” COCTOUT B 3allIUTE IPYTUX YICHOB 3HIO-
JIMNTHBIX COOOIIECTB OT HETATUBHEIX (haKTOPOB — Ie-
penanbl Temrepatyp, Y®, BeicbixaHue u ap.) (Selb-
mann et al., 2014; Meslier, DiRuggiero, 2019; Oliveira
etal., 2019; Coleine et al., 2020). YacTo oHU SBISIOTCS
OCHOBHOI COCTaBHOII YacThlO BHIOJUTHBIX CO00-
IEeCTB, (POPMUPYSI MyTyaTUCTUUECKUE CBSI3U C OaKTe-
pusimu 1 Bogopocisimu (Wei et al., 2015; Meslier, Di-
Ruggiero, 2019; Oliveira et al., 2019; Coleine et al.,
2020).

ITPOBJIEMA SHAEMHN3MA
MUKOBHNOTbBI AHTAPKTHWbI

INovck HOBBIX WIS HayKd MHWUKPOOPTAHMW3MOB B
AHTapKTHEe BIIOJJHE OOOCHOBaH, TaK KaK MaTepuK
MUKOJIOTHUA N ®PUTOIIATOJOTI A
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Puc. 3. 'pubbI — sHIEeMUKU AHTApKTUIBL: a — Antarctomy-
ces pellizariae o de Menezes et al. (2017); 6 — Friedman-
niomyces simplex no Selbmann et al. (2014); B — Thelebolus
microsporus mo Anupama et al. (2011); v — Penicillium ant-
arcticum 1io Park et al. (2014).

JUTUTEIbHOE BpeMsI ObLIT M30JIUPOBAH OT APYTUX KOH-
TUHEHTOB, UMEET YPE3BbIYaifHO CYPOBBIE KIIMMAaTHUE-
CKUE YCIOBUSI, Y DBOIONHNS 3€Ch IIIJIA OCOOBIM IyTeM
(Vincent, 2000; Onofri et al., 2007; Brunati et al.,
2009; Hassan et al., 2016; Cox et al., 2019). B I1aneo-
30e 1 Me3o3oe, Korma AHTapKTHIa Oblla OJ11M3Ka K K-
BaTOpy, pa3HooOpa3ue rpudoB MaTepuka, Mo-BUIU-
MOMY, OBIJIO 3HAYMTEIIBHO BHIIIE, YEM ceifuyac U MaK-
CUMaJIbHO 3a BCclo ucrtopuio 3emun (Arenz et al.,
2014). CornacHo CeromgHsIIIIHUM IPOTHO3aM, B CBSI3U
C riIo0aJbHEIM IIOTCIUICHUEM KjIMMaTa, pa3HooOpa-
31ie MUKOOMOTBI B AHTapKTHAE Bo3pacteT Ha 20—27%
(Newsham et al., 2015). B nocienHee BpeMsl MOJIEKY-
JIIPHBIMU METOAAMU MOATBEPKIECHO Haaudue B AH-
TapKTUIe HOBBIX SHIESMUYHBIX BUIOB U JaXe POIOB
MUKOOUOTHI (puc. 3): Antarctomyces pellizariae, A. psy-
chrotrophicus, Cryomyces antarcticus, Friedmanniomy-
ces simplex, F. endolithicus, Metschnikowia australis,
Mortierella antarctica, Penicillium antarcticum, P. tar-
dochrysogenum, Thelebolus balaustiformis, T. ellipsoide-
us, T. globosus, n T. spongiae (Rosa et al, 2019).

B 10 ke BpeMsI HeTaBHO MOSIBUIMCH JaHHBIE 00 00-
Hapy>KCHUM MHOTMX aHTApKTUYECKUX SHIEMUKOB B
yIaJeHHBIX IPYT OT Ipyra perMoHaX MUpa C OYeHb XO-
JIOMHBIM KIUMaTOM (APKTHUKE, BBICOKOTOPBSIX U T.1I.)
(Vincent, 2000). Tak, u3 cyoctpatoB [ umasnaes Bbiae-
neHsl: Penicillium antarcticum, P. luteum, P. olivaceum,
Thelebolus ellipsoideus, T. globosum, T. microsporus,
T. psychrophilum (Anupama et al., 2011; Hassan et al.,
2016); u3 Tubeta u Beicokoropuit Kurast — Cadophora
luteo-olivacea, Psychrophila antarctica (Wang et al.,
2015); u3 appoB nunodeprena — Cryptococcus ade-
liensis (Butinar et al., 2007), a u3 mopckux Boxn y Ko-
peu — Penicillium antarcticum (Park et al., 2014). Ilo-
3TOMY BHIAEMUYHBIMU 3TU BUIbI (POPMaTbHO Ha3bl-
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BaThb yxe Henb3s. C Ipyroil CTOpOHBI, €CTh (haKTHI,
CBUJIETEJILCTBYIOIIME OO0 OrpaHUYEHHOCTH apeayioB
pacripocTpaHeHUsT MHOTUX TCUXPOTOJEPAHTHBIX
Mmukpoopranusmos (Taylor et al., 2006; Adams et al.,
2013). Yacth MUKpPOOMOJIOTOB MOJIAraioT JUMHUTHUPO-
BaTh UX TOJSIPHBIMU OOJIACTSIMU, TIO3TOMY B IOCJIE/I -
Hee BpeMsi (popMyIMpyeTcsl KOHLETIUS “OUITOJISIpHO-
rosHgemusma” (Cox et al., 2016, 2019). MccnenoBanue
TaKCOHOMMYECKOTO Pa3HOOOpa3usi MMKPOOPTraHU3-
MOB, OOMTaIOIIMX B M30JUPOBAHHBIX IPYr OT Opyra,
HO HMMEIIIUX CXOAHBIN KJIMMAT pervoHax (Harpu-
Mep, APKTUKU U AHTApKTUKM) TIOMOXKET BBISIBUTH
HauboJiee UHTEPECHbBIE U TIPOCThIE 3aKOHOMEPHOCTHU
nx oumoreorpadpum (Cowan Don, 2014; Cox et al.,
2016; Pinseel et al., 2017). [Tomobue CTPyKTypHI 1O-
JIIPHBIX 3KOCHUCTEM U KOJIOCCAJIbHbIE PACCTOSIHUS
MEXIy HUMU obecriedyaT BO3MOXHOCTb ITPOBEPUTH
3 dEKTH 9KOTOTUYECKON UIBTPALIIU U OTpaHUYe-
HYEe paclpOCTpaHEeHUsI MUKPOOPIaHM3MOB B IPUPOIE
(Cox et al., 2016), a TakXe BBISIBUTb CXOICTBO WJIH
pazmuust MUKpoOHbIx coobiecTB (Ricklefs, 2004).

B cBsi3u ¢ u3MeHeHUEM KJiMMaTa, BETphbl U Tede-
HUSI, a TAK3Ke ITYTH MUTPALAM IITULL, MOPCKUX MJIEKO-
MUTAIINX W pbIO craHOBSATCS npyrumu (Vincent,
2000; Furbino et al., 2014; Cox et al., 2019; Kochkina
et al., 2019). Kpome Toro, BaustHuE Jroneir Ha AH-
TapKTUAY IO OT rofa Bce MHTEHCUBHEH U 1mpe. Bme-
CT€ C HUMM Ha KOHTUHEHT 3aHOCSITCS MHBa3MBHBIC
Bunabl (Vincent, 2000; Kochkina et al., 2019). Tak, B
MOCJIeAHUE TOAbl B COCTaBe IPUOHBIX COOOIIECTB Ma-
TepuKa, IIPEeUMYIIeCTBEHHO, B aHTPOITOTCHHBIX Cy0-
CTpaTax, BBISIBIISIIOT BCe OOJIbIIIee KOJIMYECTBO KOCMO-
MOJIUTHBIX TaKcOHOB (BnacoB m np., 2012; Kochkina
et al., 2019; Cox et al., 2019). Aspergillus obHapyxuBa-
IOT Ha MaTePUKE B OPHUTOTeHHBIX IOYBaX 1 Ha pacTe-
Husx (Arenz et al. 2014; Godinho et al., 2015); Clado-
Sporium — B TIOYBaX CyXux AoJauH Mak-Mepao (Arenz
et al., 2014); Mortierella — ipypO4YeHBbI K aHTAPKTU -
yeckuM mxaM (Tosi et al., 2002; Melo et al., 2014) u
puzocepe eaUuHCTBEHHBIX ILIBETKOBBIX pPaCTeHMIA
(Gomes et al., 2019); Pseudogymnoascus — imMeeT 111U~
pokoe reorpaduyeckoe pacopoCTpaHEHHE B XOJIO-
HBIX 3KOCHCTeMaX, BKIIIOYasi aHTAPKTUIECKIE IIOUBBI
(Arenz, Blanchette, 2011; Godinho et al., 2015;
Goncgalves et al., 2015; Gomes et al., 2019). OnHako,
BBUIIY ITpeo0IagaHns HU3KMUX TeMIteparTyp, (pakrt oo0-
HapyXXeHMUs ellle He ToKa3bIBaeT pa3BUTHE KOCMOIIO-
JIUTHBIX MUKPOMMIIETOB B AHTapKTHUAE in situ. Bro-
HE BO3MOXHO, UTO Ha MaTepUKe MPOUCXOMAUT JIMIIb
COXpaHEHHUE >KM3HECIIOCOOHOCTU IpoIarysl 3aHocC-
HBIX BUJIOB. DTO MPEAINOI0KEHNEe OCHOBAHO HA ABYX
¢akrax. Bo-11epBbIX, cyliecTByIOT paboThl (Adams et al.,
2013), moka3spIBaolIye BO3MOXHOCTb IJIUTEIBHOTO
COXpaHEHMSI B BO3OyXe IIpOMaryJl MeJKOCHOPOBBIX
rpuOOB, KOTOpPhIE, 3a4acTyI0 U SIBJISIFOTCSI 3BPUTOII-
HbIMU. BO-BTOpPHIX, TeMIlepaTypHbIE OIITUMYMBI I10-
YTHU BCEX MHBA3MBHBIX BUIOB, KOTOPBIE YACTO MEJIKO-
criopoBble, 00bIYHO He Huke 20°C (Vincent, 2000;
Kochkina et al., 2014). B AHTapkTuae xe Takue TeM-

MUKOJOI'A U ®PUTOIIATOJIOTUA

repaTyphbl BCTPEUYAIOTCI TOCTATOYHO PEIKO U UX IIPO-
IOKUTEIbHOCTh HeBesMKa (Abramov et al., 2011).
IToaTOMYy MBI MOXEM JONYCTUTh, UTO 3aHOCHBIE MUK~
POMUIIETHI, B OTIMYKUE OT IMCUXPOTOJECPAHTHBIX CTE-
HOTOITHBIX BUIOB, HE SIBIISIIOTCS aKTUBHBIM KOMIIO-
HEHTOM 1LIEHO30B MaTepuKa.

OKOJIOT'MYECKHUE U PU3NOJTOTMYECKHUE
AIJAIITAIMU TPUBOB K HU3KNUM
TEMIIEPATYPAM

CyliecTBOBaHUE MUKPOOPTAHU3MOB TIPU OTpHUIIA-
TEJILHBIX TeMIIepaTypax He JIabopaTopHEIN (heHOMEH,
a oOpryHOe TipupomHoe sBiaeHue (Panikov, 2014).
B xone nnuTenbHOI 3BOIOLMY OHU, U TPUOBI, B 4acT-
HOCTH, CMOTJIM BbIPAa0OTaTh Ps agallTalllii K 3TUM
yciaoBusiM. Takue amanTaliiyd MOXKHO pa3aeuTh Ha
aKoJorudyeckue u usnonorndeckue (puc. 4). K ako-
JIOTMYECKMM afanTalusM MOXHO OTHECTH OOHY U3
cTpaTternii pasBuTHs: 3peMEpHBINA I cOaTaHCHUPO-
BaHHBI (KOHOMHBIN) pocT. Kakoii-To TmpoMexy-
TOYHBIA BapUaHT CYIIECTBOBAHUS MUKOOMOTHI B
YCJIOBUSIX YPE3BBIUATHO KOPOTKOTO IIOJISIPHOTO JIETa,
cKopee Bcero, HeBo3MoxkeH. IIpu cbamaHcupoBaH-
HOM Pa3BUTUU TPUOHI, BEPOSITHO, BEIHYKIECHBI PaCTU
B OJIMTOTPO(HBIX YCIOBUSX, HE BBIAESPXKMBAsI KOHKY-
peHLIUU 3a cyocTpaT ¢ adeMepaMu. TakuM OJIMTO-
TPO(HBIX CyOCTpaTOM 3aYacTyl0 CTAHOBSITCSI MECT-
HbI€ TOPHBIE ITOPOIBI, I KOJOHM3AIUM KOTOPBIX
JIMTOOMOHTHON MMKOOMOTE MPUXOAMUTCS MCITOIb30-
BaTh MEPUCTEMATUUYECCKUI U OPOXKKEIIOTOOHBIN POCT
(Selbmann et al., 2013). BBuay Toro, 4ro Bce rpuobl
SIBJISTIOTCSI reTepoTpodaMu, B AHTApKTUAE UM MTPUXO-
OWUTCS BXOOMTH B JUINAMMHUKOBBIA U SHIOJWUTHBINA
CUMOMO3bI, TIe MUKOOOTA BBIMIOJHSIET BasKHbBIE KO-
Jjorndyeckue (YHKUIMU, HEOOXOIUMBbIEC IS BbDKMBA-
HUSI Bcero coobiectna B nejiom (Yung et al., 2014; Ar-
cher et al., 2017; Coleine et al., 2018, 2020). O6unue
MOHU3UPYIOILIETO U3TyUYeHUS B MOJSIPHBIX IIIMPOTAX U
BBICOKOTOPBSIX  JIMMUTHUPYET XKU3HEIEeATEIbHOCTh
MHOTHUX TPYIIIT MECTHBIX MUKPOOpPraHu3MoB (Singh et
al., 2011; Villarreal et al., 2016). OnHako B TaKUX 3KO-
cucTeMax Mmpeo0JiafaloT MeJIaHU3UPOBAHHbBIE TPUOHI,
MATMEHTHI KOTOPBIX 3((OEKTUBHO MOIIOIIAIOT ONac-
Hoe yJsTpaduosieToBoe usnydeHue (Singh et al., 2011;
Selbmann et al., 2013, 2014). JTo cux mop TOYHO He 13-
BECTHO, II0OYEMY B DKCTPEMaJIbHBIX IKOCHCTEMAaX pac-
MMPOCTPAHEHO OJINTO- U MOHOAOMMWHUPOBAHUE TeX
WIA WHBIX MHUKPOOPraHM3MOB. DTO MOXHO OOBSIC-
HUTb, B TOM YMCJIE, CUHTE30M aHTarOHUCTUYECKUX
BEIIIECTB, TMOIABJISIONINX XU3HEACATSIbHOCTh KOH-
kypeHToB (Wei et al., 2015). B To ke BpeMs moka He
JIOKa3aH CMHTE3 aHTUMETa0OoINTOB in situ B cyocTpa-
Tax AHTapKTUKM. MHOTHUE aBTOPHI OTMEYAIOT, YTO JJIsI
BBDKMBAHUSI B 9KCTPEMAJIbHO XOJIOTHBIX 9KOCHUCTEMAaX
MUKPOOPTraHU3MaM MPUXOIUTCS OBITh OMHOBPEMEH-
HO HE TOJIbKO TICUXpoduJIaMU, HO U OCMOPIIaAMU,
rajopmwriamMmu u oymrorpodamu (GostinCar et al.,
2009). D10 00yCcI0BIE€HO HU3KOU aKTUBHOCTHIO BOJIbI
MPpY BBIMOPa>KMBaHUU, YaCTO BBICOKUM COIEPKaHU-

TOM 55 Ne 2 2021



BKOJOI'MYECKHME OCOBEHHOCTHU I'PUBOB AHTAPKTHU/bI 93

Anarnrauus

v

N

DKOJOTUYECKIE \ Pusnosornyecke »| Cnekrp dhepmeHTOB
+ * / OKMCJIUTENIbHOIO CTpecca
MULeUATBHO- DdemMepHOCTD/ I [MurmeHTHI l IOHMFOTpocmeI Il'lcuxpotbvmnﬂl Ocmodbunust l

TIPOXKIKEBOIT cOaJlaHCUPOBAHHbBIN
nuMopdu3M (9KOHOMHBIIT) pOCT

LIupoxwit Benku- Caxapo- | MMUKOCTIOPUHBI |

\ 4 + CIIeKTp rMapoJia3 aHTUGhPU3BI CIIUPTHI
DHIOIUTHBIA/ MepucTeMaTH4eCKUit YIVY Y
JMIIAAHUKOBbI CUMOHO3 pocT XonomHoananTUBHbIE MHoOroaToMHbIe

OenKu CITMPTHI
\

HacpleHHbIC
SKUPHbIE KUCIIOThI

Puc. 4. Anantaliuy MUKOOUOTBI AHTAPKTUIbI K 3KCTPEMaIbHbIM YCIOBUSIM.

€M JIETKOPACTBOPUMBIX COJICH U MaJIbIM (MHOTAA CJie-
JIOBBIM ) KOJTMUYECTBOM OPIraHMKM B OPKYKarolleii cpe-
ne. KpoMme TOro, MUKpOOpPraHM3Mbl 3KCTPEeMaJIbHO
XOJIOOAHBIX 3KOCUCTEM IS YCIEIIHOTO BLIKUBAHUS
JOJDKHBI 00JTafaTh IIMPOKUM CIHEKTPOM (hepMEHTOB
TSI U3BJICUECHUS IIMTATEIbHBIX 3JICMEHTOB ITPpaKTUYEC-
cku u3 Jmoboro cyoerpara (Panikov et al., 2006) u
UMETb PSII KPUOTIPOTEKTOPOB — CaXapOCIIUPTHI, MHO-
TOAaTOMHBIC CITUPTHI, OEIKM-aHTUGPU3BI W T.I.)
(Fenice et al., 1997; Gesheva, 2010; Mojib et al., 2011;
Dolev et al., 2016). Toabko mpu COOTIOAEHUN BCEX
9TUX YCJIOBUII BO3MOXHO oOeclieueHUe BbIKUBAHUS
MUKPOOPTraHW3MOB TMTOJISIPHBIX Y BBLICOKOTOPHBIX O1O-
toroB (Maggi et al., 2013).

I1pu HeOGONBIINX OTPULIATESIBHBIX TEMIIEpATypax B
MOoYBax TOMUHUPYIOT MUKPOMUIETHI (00bIYHO (Geo-
myces pannorum) U IPOXKU (TIpeICTaBUTEIN POAOB
Leucosporidium, Cryptococcus, Mrakia), a He OakTe-
puu (Panikov, 2014). EcTh uccienoBaHMsI, MOCBSI-
HIeHHbIe u3MepeHuto amuccuu CO, (oOycaoBiIeHHas
B OCHOBHOM [I€SITEJIbHOCTbIO TPUOOB) U3 TTOYB IO
CHEXHBIM NMOKPOBOM, MMEIOIINX TeMIEpaTypy 10 —
39°C (Oechel et al., 1997, Panikov et al., 2006). 115
HEKOTOPBIX YUCTBIX KYJIbTYpP U3 BKCTPEMAJIbHO XO-
JIOMHBIX MECTOOOUTAHUI TOCTOBEPHO MOKa3aH MeTa-
00JIM3M TIpU OTPULIATEIBHBIX TeMreparypax mpu —2°C
st Cladosporium cladosporioides, C. herbarum, Cado-
phora sp., Penicicllium crustosum, P. brevicompactum, —
6°C mnst C. herbarum, —10°C nns C. cladosporioides
(Onofriet al., 2004) u gaxke npu —12°C (Mazur, 1980).
Y Takux mMTaMMOB MHOTIa OOHAPYXUBAIOT cEeU(U-
yeckrue MeTaboJUThl — (hepMEHTBI, aKTUBHbIC MpPU
HU3KUX TeMIlepaTypax; OeJKu-aHTU(hPU3bl U J1p.,
MHOTJA U MOP(MOJOTUYECKUE OTIUYUUS — APOXKKEIO-
IOOHBIN pOCT; OOMIbHBIE CMHHEMBI U 1p. (Gostincar,
2012). YacTp TaKMX IITAMMOB MOXET IIPOAYLIIPOBATh
LIEHHbIe [IJIsi OMOTEXHOJIOTUN (DU3UOJIOTUYECKU aK-
TUBHBIE BelllecTBa U aHTUOMOoTUKU (Gupta et al., 2015;
Rosa et al, 2019).

MUKOJIOTHUA U GUTOIATOJIOTIUA
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MHoTHe MUKPOOPTaHU3MBI XOJIOAHBIX 9KOCUCTEM
SIBJISIIOTCS TICUXPOTOJIEPAHTHLIMU U IICUXPOMMIIHLHBI-
mu. K 1mociemHUM OTHOCSITCSI OpTaHU3MBI, CIIOCO0-
HbIe METabOJIM3UPOBATh TIPU TeMIlepaTypax He BbIIIIE
20°C u nMeromux onTUMyM pocta 1ipu 15°C mnmm Hu-
xe (Cavicchioli et al., 2002; Bratchkova, Ivanova,
2011). 1151 ICUXpOTOJIEpaHTOB BEPXHSISI TEMIIEepaTyp-
Hasl TpaHU1Ia XXN3HU 1 ONITUMAaJIbHAS TeMIlepaTypa Ha
NSTh TPAIycoB BhINIe, YeM y ncuxpodmioB. Kak H1
CTpaHHO, 1aXe B 3KCTPEeMaJIbHO XOJIOAHBIX 9KOCUCTE-
Max MHOTIO He NCUXPO(]MIOB, a ICUXPOTOJIECPAHTOB
(Koukuna u ap., 2011). BepositHO, Takue maHHbIE
CBSI3aHBI C TEM, YTO HA UCKYCCTBEHHBIX MUTATEIbHBIX
cpenax pU3NOoIOrus MUKPOOPraHU3MOB MEHSIETCS I10
CpPaBHEHUIO C TOI, KaKoli OHU 00JIagaloT B IIPUPOI-
HbIX MecTooOuTaHusax (Buzzini et al., 2012; Maggi
et al., 2013). B yMepeHHEBIX ¥ TPONUYECKUX IIIPOTaX
MICUXPO(MIBI TaKXKe BCTPEYAIOTCS, XOTS SIBIISIIOTCS
MUHOPHBIM KOMITOHEHTOM MUKpOOo1ieHO030B (Buzzi-
ni et al., 2012) B cBSI3M ¢ TeM, 4YTO UMEIOT OoJjiee HU3-
Ky10 (DepMEHTAaTUBHYIO ¥ TPAHCIIOPTHYIO aKTUBHOCTh
(Fenice et al., 1997; Gesheva, 2010; Buzzini et al.,
2012).

MHorue TpuOBI 3KCTPEeMaIbHO XOJIOOHBIX 3KOCH-
CTE€M MOTYT JIETKO TIpeoa0ieBaTh TaK1e HeOIaronpusIT-
Hble (HAaKTOPhI, TYOUTEIbHBIE IJISI APYTUX OPTaHU3MOB,
KaK OBICTphle ILIMKJIbI 3aMOpaXXMBaHMUSI-OTTaBaHUS,
HU3KWE OTpUILATeJIbHbIC TeMIIepaTyphbl, IOBBIIICH-
HEI ypoBeHb Y@, nccylienue, u 3acojienue (Robin-
son, 2001; Onofri et al., 2004; Selbmann et al., 2014).
MexaHu3Mbl aganTaluii NcUxXpod@uianud J0 KOHIIA
ellle He pacKphIThI, XOTsSI U3BECTHO, YTO Y IICUXPOTO-
JIEpAHTHBIX IITAMMOB BCETIa MHOI'O CaXapo-CIIMPTOB,
MHOTOaTOMHBIX CIHUPTOB, OEJIKOB-aHTUMPPU30B U
¢depMeHTOB, pabOTAIOIINX ITPY HU3KKUX TEMIIepaTypax
(Weinstein et al., 2000; Robinson, 2001). OmxHa u3
amanTalrii ICuXpo@UIbHBIX TPUOOB, MAIOIIUX BO3-
MOXKHOCTb POCTa IIPU OTPULIATEIIBHBIX TEMIIEpaTypax
— HAaKOIUICHWEe HACBIIIEHHBIX XXWPHBIX KHUCIOT B
KJIETKE, KOTOpbIe YBEIUUYMBAIOT TEKYYECThb [IUTOTLIA3-
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Mbl. Hampumep, antapkrundeckue mramMmmel Cadopho-
ra fastigiata, Geomyces pannorum, Mortierella alpina n
M. antarctica CUHTE3UPYIOT 3HAUYUTEJBHOE KOJIWYE-
CTBO apaXxMAOHUKOBOM W JIUHOJUEBOM KUPHBIX KUC-
ot (Maggi et al., 2013). ¥ MUKOOUMOTHI XOJIOTHBIX ME-
CTOOOMTAHU HaKaIIMBaloTcs cnelupudyeckue doc-
donunuabl U JAUOMAB B KJIETOYHBIX MeMOpaHax,
nmeiicTByoimnne kKak aHTudpusbl (Weinstein et al.,
2000; Maggi et al., 2013; Gupta et al., 2015). 3Hauu-
TeJIbHAsI YaCTh aBTOPOB CYUTAET OCHOBHBIM KPUOIIPO-
TeKTopoM y TpuooB Tperanody (Kochkina et al., 2011).

EcTb psig mpeanochuUIoK CYUTaTh, YTO MULIETUATb-
HBIE€ TPUOBI M APOKKM JIYUIIIE, YeM APYTHUe CarpoTpO-
(bl a1aNTUPOBAHBI K CYIIECTBOBAHUIO B 9KCTpEMaslb-
HO XoJomHbIx OuoreoieHo3ax (Panikov, 2014). Bo-
MEPBBIX, Y TPUOOB €CTh MULEIUN (a Yy HEKOTOPBIX
JIPOKEeN — IMICeBIOMUIIENI), C TIOMOIIBIO KOTOPOTO
OHU MOTYT UCKAaTb OJIaronpusiITHbIE MUKPO30HBI B Ta-
KMX CyOCTpaTax, KakK ITOYBbI ¥ TPYHTEL. I prOEI ycrem-
Hee M ObIcTpee OaKTepuii OCBaMBAIOT YKAa3aHHBIC Te-
TeporeHHbIe cpenbl. Bo-BTOphIX, MHUKOOMOTa HaeT
PE3KUIT M OBICTPBIN BKCIIOHSHIIMAIBHBINA pOCT (1O
CpPaBHEHUIO C OAKTEPUSIMU U apXesIMU) TIPU HEOOJIb-
IIMX OTPULATEIBHBIX TEMIIEpATypax, a TakKe JIydlle
OakTepHii IIEPEeKMBAIOT YaCThIe IIMKIIBI 3aMOpaXXBa-
HUA 1 otTanBaHus (Sharma et al., 2006). B-TpeTbux,
OOBIYHO TPUOBI XOPOIIO amalTUPOBAHBI Cpa3y KO
MHOTI'MM cTpeccaM (HU3KUE TeMIIepaTyphbl, BIaXKHOCTb
1 KOJMYECTBO OPraHMKM, BEICOKUE N03bl Y@ U T.11.),
a OGakTtepun — OoJjiee y3KOCHEIUATU3UPOBAHHBI MO
OTHOIIIEHUIO K CTpeccaM (HallpuMep, TOJIBKO K BEICO-
KOMY COIep:KaHUIO COJIeit; TONbKO K Hu3KoMy pH u
T.1.), yeM rpuosl (Panikov, 2014). ITockoabKy Ipu OT-
pUIIaTeJIbHBIX TeMIlepaTypax pe3Ko CHMXKaeTcs M0-
CTYITHOCTh BOJBI [JIsI OPraHU3MOB (OCMOTUYECKUIA
cTpecc), BeJMKa pojib Kcepopuiuu st Icuxpodu-
J10B. Cpeay aHTapKTU4YeCKOM MUKOOMOTEI MHOTO KCeE-
POMUTHBIX IITAMMOB, amallTUPOBAHHBIX K HU3KOM
aktuBHocTu Boabl (Frisvad, 2008): ontumym a,, mis
Aspergillus sydowii u A. versicolor — 0.78, nns Penicilli-
um aurantiogriseum — 0.79, nnst Geomyces pannorum —
0.89 (Onofri et al., 2004). B-ueTBepTHIX, POCT, Pa3BU-
THE 1 OOMEH BellleCTB IpHUO0B (B 0COOEHHOCTH, IPOXK-
XKei) mpy HU3KUX TeMIlepaTypax 0ojee cOalaHCHUpO-
BaH, YeM y OakTepuii. DTa amanTamnus II03BOJISIET TPU-
OaM OoJjiee DKOHOMHO TMOTPEOJISITh SHEPIUI0 W3
OeIHBIX CYOCTPaTOB, KOTOPHBIE ITPpeo0d1agaloT B X010/ -
HbIX LeHo3ax (Panikov, 2014). KpoMe Toro, Mukoou-
0OTa 3KCTpEeMaIbHO XOJOIHBIX MECTOOOUTAHMIA, B OT-
JIM4ne OT psiga 0aKTepuii, 4aCTO UMEET psil (PepMeH-
TOB, aKTUBHO palOTaIOIIMX U MPU OKOJOHYJIEBBIX
temriepatypax. IloatoMy MMeHHO TPUOBI U JPOXKKHU
HauboJjiee BaXXHbI B KPYroBOpOTE yrjiepoja HU3KO-
TeMIepaTypHbIX a3KocucteM (Singh et al., 2014; Gupta
et al., 2015). Eme ogHUM IIPEeMMYILIECTBOM IICUXPO-
(GUIBHBIX TPUOOB Mepen 0aKTEpUSIMU SIBIISIETCS CHH-
T€3 MUKOCIIOPMHOB, MTPAIOIIMX BaxKHYIO POJIb B 3a-
mute oT Y®-usnyyenus u uccymenus (Gorbushina
et al., 2003; Kogej et al., 2006). Hanpumep, MHOTO

MUKOJOI'A U ®PUTOIIATOJIOTUA

MHUKOCIIOPMHOB OOHApyXXeHO Vy aHTapKTUYECKUX
mraMMoB  Trichothecium roseum w Rhodotorula sp.
(Hassan et al., 2016). ¥ ncuxpodWiIbHBIX IITAMMOB
YacTO OTMEYAlOT yBeJIMYEeHME KOJIMYECTBAa CYNEepOK-
CUIIMCMYTa3bl, YMEHBIIAIOIIEH OKWUCIUTEIbHBIN
cTpecc TIpM HU3KUX Temrieparypax (Maggi et al.,
2013).

BUOTEXHOJIOTUYECKUI MOTEHLIUAI
INTAMMOB I'PUBOB S5KCTPEMAJIBHO
XOJIOAHBIX SKOCHUCTEM

IITaMMBI MUKPOMHUIIETOB U3 9KCTPEMATIbHBIX Me-
CTOOOUTAaHUIA YaCTO CUHTE3UPYIOT MeTa00IUTHI ((hep-
MEHTbI, AHTUOUOTMKHU, IENTUIBI, TOKCUHBI W 1p.),
MPEACTABISIONINE OOJILIION MHTEPEC IS OMOTEXHO-
gorun (Brunati et al.,, 2009; Bratchkova, Ivanova,
2011; Pudasaini et al., 2017). Hanboab1mmii OMoTexXHO-
JIOTMYECKUI MOTEHIMAJl Cpear W30JISITOB 3KCTpe-
MaJbHBIX 3KOCUCTEM, BEPOSITHO, UMECIOT IIOJISIpHEIE
mrammbl (Fenice et al., 1997, 2012; Tscherko et al.,
2003; Gesheva, 2010; Tosi et al., 2010; Bratchkova,
Ivanova, 2011; Vaz et al., 2011; Buzzini et al., 2012;
Carrasco et al., 2012; Loperena et al., 2012). Hanipu-
Mep, antapktndeckuii mramm Cladosporium cladospo-
rioides MpoAyLIMPYET TAKNE MHTUOUTOPHI MPOTEUHK -
Ha3, KaK KaTb(OCTUHBI U U30KIa10CIOPUHKL; Penicil-
lium islandicum MOXeT CUHTE3MpOBaTh UCIaHIUIINH,
SMOIWH, SHAOKPOLIMH, CKalPUH, a TAK:KE MHOXKECTBO
TOKCUHOB; TpEeHJaHICKUM IuTtamMm P griseofulvum
MPOOYyLUpYyeT Ipru3eodyIbBUH, POKBUGOPTUH U Ya-
HOKJIaBUH; P. coprobium n3 ApKTUKHN UMEET CIICIYIO-
1IMe [IEHHbIE BTOPUYHBIE METAOOJIMTHI: CTUPEHBI, IaTy-
JIMH, TAKJIONMUaMuH, HeokcanH (Bratchkova, Ivanova,
2011). 13-3a n3011poBaHHOCTH AHTAPKTUIBI OT IPYTUX
MAaTepPUKOB U YPE3BBIYAHO CYPOBBIX KJIMMATUYECKMX
YCIIOBUIA, GUOTEXHOJOTMUYECKUI TMOTEHIIMAT MUKPO-
MUIIETOB PAacKpPBIT 3Aech He moiaHocThio (Gongalves
et al., 2015).

BboapmmmHCTBO padboT Mo aHanm3y (pepMeHTATUB-
HOI1 aKTUBHOCTU MUKOOMOTHI AHTApKTHUIbI TIPOBEIC-
HO B OTHOIIIEHUM 3K30(pepMeHTOB. CTaTeil 1Mo nx Ka-
YeCTBEHHOI OIICHKE HETTOCPEICTBEHHO B ITOYBAaX Ma-
Tepuka — eauHunbl (Tscherko et al., 2003), a mo
YUCTBIM KYJIbTypaM — JecsaTKu (taba. 4). OcobeHHO
ITOIPOOHO TIPOAHATM3UPOBAHBI KYJBTypaJbHBIE JIN-
na3sl 1 amuiasbl (Loperena et al., 2012; Carrasco et al.,
2012), mpuueM, IIperMYIIECTBEHHO, IS IPOXKell, a
He MunemanbHbIx ¢opm (Tanino et al., 2009). Thele-
bolus microsporus, Rhodotorula glacialis, Rh. psychro-
phenolica nmeloT anbda-amuiaaspl, padoTaloliue B
mrana3oHe oT 4 mo 20°C (Singh et al., 2014). 3Haun-
TeJIbHAsI YaCTh IICUXPOTOJICPAHTHBIX APOXKEH MMeeT
BBICOKYIO JIMTTa3HYI0 aKTUBHOCTb ITPY HU3KUX TeMIIe-
parypax (Tanino et al., 2009), a aHTapKTU4YEeCKMIi
wtamm Cryptococcus gilvescens — aMUIa3HYIO aKTHB-
HOCTBb TIpW HU3KUX TeMIlepaTypaX. MHOTO IIEHHBIX
IJIST TIPOMBINIJICHHOCTH JINTIa3 Y BBICOKOITMPOTHBIX
1ITaMMOB Aspergillus versicolor, Alternaria sp., Clado-
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sporium cladosporioides n Phoma sp. (Fenice et al.,
1997). Hepenko m3ydaercs u (ocdarazHasgs akKTUB-
HOCTB IPOXKeit 9KCTpEMaIBHO XOJIOTHBIX OMOTOIIOB.
Hanpumep, anTapkTudeckuii miraMM Mrakia sp. 110-
Kaszaj BbICOKHE 3HAYCHMS 10 STOMY ITapamMeTpy Ipu
temrnepatypax ot 4 1o 15°C (Gupta et al., 2015), ay
TICUXPOTOJIEPAHTHBIX Aspergillus niger i Penicillium ci-
trinum BBISIBJIEHA paboTta ¢ocdaTtas gaxe IpUu OKOJIO-
HyJeBbIX TemIiepaTypax (Singh et al., 2011, Gawas-
Sakhalkar et al., 2012). OTHOCUTEIILHO 4aCcTO M3y4Ya-
JINCh XUTUHA3BI M TEMUTIEIUTIONA3bl — MaHHA3BI U KCH-
smanassl (Bradner et al., 1999; Fenice et al., 2012). Kpo-
M€ TOTO, €CTh TaHHBIE O TEPMOCTAOMILHBIX KCHIaHa-
3ax Yy MUKOOMOTHI XOJIOMHBIX OMoTonoB (Scorzetti et al.,
2000). OueHb MaJIo UCCISTOBAHUIA TTOCBSIIIIEHO TAKUM
BaXXHBIM JUIST (DYHKIIMOHUPOBAHUSI SKOCUCTEM DK30-
¢depMeHTaM TOJISIPHBIX IITAMMOB TPUOOB, KaK 1IeJUTIO-
Ja3sl 1 actepassbl (Vaz et al., 2011). Tak, Cladosporium
oxysporum n Geomyces Sp. U3 Cyxux noJuH MakMepao
(AHTapKuIa) UMEIOT LEJUTI0JIa3bl, XOPOIIO paboTaio-
mue rpu 4°C (Duncan et al., 2008). B 3HaunTe1pbHOM
YacTH STHX pabOT pe3yabTaThl OIICHEeHHI JIUITh Kade-
CTBEHHO Ha MUTATEJIBHBIX Cpelax, a He KOJTMIECTBEeH-
Ho (Krishnan et al., 2019; Duncan et al., 2006). BaxkHo
TaKke MMETh CBEIEHUS O PA3JIOKEHUU CIOXKHOTO I10
CTPOEHMIO, HO PACIIPOCTPAHEHHOTO B MUPE MOJIMMe-
pa — IMTHUHA, B 9KCTPEMAILHO XOJOAHBIX 9KOCUCTE-
Max. Ceifuac HeT JaHHBIX, TMTOATBEPXKAAIOIIMX HAIM-
yye JUTHUHOJUTUYECKON aKTUBHOCTU Y IITAMMOB
MUKPOMMIIETOB WM JPOXKEW, BBIACICHHBIX U3 AH-
tapktuabl (Loperena et al., 2012). 310, BeposTHO,
CBSI3aHO C OTCYTCTBMEM HATMBHOI IpeBeCMHBI Ha
KOHTUHEHTe. M3BeCTHO, 4TO YacTh (hepMEHTOB, IT1O-
JIy4eHHBIX M3 TICUXPOTOJIEPAHTOB W TICUXPOGIIIOB,
MOTYT OBITh aKTUBHBI B IITUPOKOM AMaria30He TeMITe-
patyp. HammpuMmep, y BeIIEJIEHHOM € IEMTHUKOB MUKO-
ouoTthl (Aspergillus ustus, Cryptococcus gilvescens, Mra-
kia gelida v Rhodotorula laryngis) oTMedeHbl mpoTe-
as3pl, akTUBHBIE B quana3oHe oT 4 1o 50°C (Turchetti
et al., 2011). B To xxe Bpemsi, 1o s3HAOMDEpMEHTaM aH-
TapKTUYECKUX ITAMMOB MHUKOOHOTHI OITyOJIMKOBAHO
MaJio crareii. Msydannce, B mepByIO odepenb, aHTH-
OKCHIAHTHBIC (CYITepOKCHIIUCMYTA3bl M KaTajia3bl)
sH3uMEbI (Gocheva et al., 2009; Tosi et al., 2010), nme-
fOIIIe BaKHOE 3HAYEHUE B CTPECCOPHBIX YCIOBHSIX C
Ype3BbIYAiHO HU3KUMU TeMIIepaTypaMu U BBICOKUM
ypoBHeM Y®D-U3TydeHUsI, pe3KO TOBBIIIAIONINE KO-
JINYECTBO aKTUBHBIX (pOPM KHMCIOpOAa B KIETKE.

Hccnenosarenu Bce yallle UILYT IMPOAYLIEHTOB aH-
TUOMOTUKOB B 3KCTPpeMaJIbHbIX MECTOOOUTAHUSIX, TTO-
CKOJIbKY Yy TaKMX IIITAMMOB Y4acTO OOHAapy>KWBAIOT
OTJIMYHBIE OT OOBIYHBIX, ITyTU METa00/IM3Ma U, B KO-
HEYHOM UTOI€, HOBBIE OMOJIOrMYEeCKM aKTUBHEIE 3JIe-
MeHTBI (Santiago et al., 2015). BoiapImuHCTBO aHTU-
OMOTHKOB ITOJIy4Y€HO M3 MOYBSHHBIX IITAMMOB MUK-
poMUIIETOB MOJsIpHBIX 9KocucTeM (Kawaguchi et al.,
2013). IToaTOMY 1151 TOMCKa HOBBIX BELIECTB JAHHOTO
KJIacca, M3O0JSThI 3TOM cpelbl OOMTaHUSI HauboJjee
MePCIEKTUBHBI. BO3MOXHOCTH CMHTe3a aHTUOMOTHU -
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KOB Y MUKPOMUIIETOB ¢ MTOHIMXEHHBIM TeMITepaTyp-
HBIM ONITUMYMOM TIJIOXO M3yYeHBI, ITOCKOJIBKY TECThI
Ha TaKylo CIIOCOOHOCTh MPOBOAAT C TEPMOTOJICPAHT-
HBIMU KyJIbTypaMu. HecMOTpsT Ha 3T0, M30JISITHl MUK-
POOPTAaHM3MOB YPE3BBIYANTHO XOJIOAHBIX IKOCHUCTEM
SIBJISIFOTCSI OObEKTaMU TTOMCKA HOBBIX aHTUOMOTUKOB
(Tosi et al., 2010). Takue ucciaemoBaHus IPOBEICHBI,
B OCHOBHOM, B OTHOIIIEHNMN aHTAPKTUIECKUX IITaM-
moB bakTepuit (Gesheva, 2010; Tomova et al., 2015), B
TO BpeMsI KaK MUKPOMMUIIETaM CyOCTpaTOB AHTapKTH-
ITBI IO TIOCJIETHUX JIET TIOYTH He YIeISITOCh BHUMAHMS
(Wei et al., 2015). Kpome Toro, 3HayuMTeIbHAsI 4acTh
paboT TIOCBAIeHa W3YyYEeHWIO aHTarOHUCTHYECKOI
aKTMBHOCTM MHUKPOMMUIIETOB MOPCKHUX, a He Oosee
MEPCIEKTUBHBIX B JTAaHHOM paKypce, Ha3eMHBIX 3KO-
cucteM (Furbino et al., 2014; Henriquez et al., 2014).

Ha HacTosmuii MOMEHT BbIIEJIEHO HEMHOIO 4m-
CTBIX AHTUOMOTHMKOB M TOKCHUHOB W3 MOJSIPHEIX
IITAMMOB MUKPOMMIIETOB. BONIBIIMHCTBO 13 HUX OT-
HocsTtcs K pony Penicillium (Brunati et al., 2009). Ha-
MpuMep, CyOaHTapKTU4YeCKUil nu30aaT P. nalgiovense
CUHTE3UPOBaJI IPOTUBOIPUOHOE COEAMHEHNE T10JIME-
HoJioBoro psga “amgorepunmH B” (Svahn et al.,
2015), a Geomyces sp. 2481 — aHTUMMKOTUK “TEOMU-
ouH B” m mpormBoOakTepuanbHbIil “reomunnH C”
(Li et al., 2008). P. islandicum w3 aHTapKTUYECKUX
OMOTONOB IPOAYLIMPYET LEABIA PSII OMOXUMUYCCKU
LIEHHBIX aHTUMETA0OJIMTOB. MCJIAHIWIIVNH, SMOINVH,
9HJIOKPOILINH, CKaliprH, (p1aBocKaiipuH, pybpockari-
puH, xpu3odaHOJ, PO3eOCKailpuH, MPUINCKANPUH
(Bratchkova, Ivanova, 2011). CuurtaeTrcsi, 4TO aHTH-
OMOTHKHM, MOJTYyYEHHbIC M3 NCUXPODMILHBIX U TICH-
XPOTOJIEPaHTHEIX IITAMMOB, HECKOJIBKO OTJIMYAIOTCS
OT TIPOOYLIMPYEMBIX aHAJIOTOB  Me30(DMILHBIMU
mrTamMMmaMu (Sanchez et al., 2008). DToT pakr, 6e3-
YCJIOBHO, BaXXeH B 00pb0e ¢ ToJIepaHTHEIMU (popMaMu
MaTOT€HHBIX MUKPOOPraHU3MOB.

SAKITIOYEHHMNE

Takum o6pa3zoM, MUKOOMOTA AHTAPKTUALI UMEET
CBOH 3KOJIOTUYECKHE 0COOeHHOCTU. I'pubbI MaTepu-
Ka SBJISIIOTCS OCHOBOM CYIIIECTBOBAHMSI MECTHBIX DH-
JIOJITUTHBIX COOOIIECTB M ajibro0aKkTepualbHbIX Ma-
ToB. B AHTapkTume npeobaanaior He Basidiomycota,
KaK Ha OCTaJbHBIX KOHTHMHEHTax, a Ascomycota. Ilo
MOJIEKY/ISIPHO-OMOJIOTUYECKNM MeTodaM B AHTapK-
TUAE JOMUHUPYIOT ponbl: Aureobasidium (32%), Clad-
osporium (15%), Malassezia (10%), Exophiala (10%),
Nigrospora (6%), Cadophora (6%), Hortaea (4%),
Rhodotorula (4%), Toxicocladosporium (2%), a cornac-
HO KJIAaCCHMYECKOMY MUKPOOUOJIOIMYECKOMY COOTHO-
meHuio uHele: Geomyces (29%), Thelebolus (24%),
Cladosporium (12%), Cadophora (9%), Phoma (7%),
Penicillium (6%), Antarctomyces (5%), Cryptococcus
(4%), Rhodotorula (2%), Mrakia (2%). 1 HEKOTO-
PBIX aKBaJbHBIX Y CKAJBbHBIX OMOTOMOB AHTAPKTHIBI
XapaKTePHO MpeobIiagaHe IPOXIKEH 1 TPUOOB C MU-
LI TUAIBHO-APOXCKEBBIM  AUMOp(PU3MOM (IIpelcTa-
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BuUTeau ponoB Bullera, Bulleromyces, Candida, Crypto-
coccus, Cystofilobasidium, Dioszegia, Hyphozyma, Leu-
cosporidiella, Leucosporidium, Mrakia, Rhodotorula,
Sporobolomyces u Trichosporon, a TakKe TpyIIIa “dep-
HBIX IPOXKei”, B ToM umciie ponoB Exophiala, Fried-
manniomyces, Hortaea). B AHTapKTHI€E BBISIBJIEH DS
SHIEMWYHBIX BUIOB MUKOOUOTHI: Antarctomyces pelli-
zariae, A. psychrotrophicus, Cryomyces antarcticus,
Friedmanniomyces simplex, F. endolithicus, Metschniko-
wia australis, Mortierella antarctica, Penicillium ant-
arcticum, P. tardochrysogenum, Thelebolus balausti-
Jormis, T. ellipsoideus, T. globosus, n 1. spongiae. OnHa-
KO B TIOCJIETHUE TOIBI UMEINCh CIMHUYIHBIE HAXOIKH
SHAEMHUKOB MaTepruka B ApKTHKE, IT0O3TOMY HEKOTO-
pble MccliefoBaTe v MPEeaI0XMIN TEPMUH “OUIIONSIP-
HBI 2HIeMu3M”’. MukoOuora AHTaApKTUIB MMEET
IIMPOKUI CIIEKTP BSKOJOTMYECKUX (MUTMEHTAIINS,
MULETUATBHO-IPOXKEBOI TUMOPDU3M, MepUcTe-
MaTUYeCKUiA pocT, 3deMepHOCTh/cOaTaHCUPOBaH-
HOE pa3BUTUE, BXOXIAECHUE B IMIIANHUKOBBINA U 3HI0-
JIMTHBbIE CUMOMO3bI U ApP.) U PU3NOJIOTUYECKUX (OJTU-
rorpodusi, ncuxpoduiansi, OocMOPUIMs, CIIEKTp
(GEPMEHTOB OKMCIUTEIILHOTO CTpecca, OeJIKM-aHTH-
¢pu3sbI, MOBBIIIEHHOE COAEPXXaHNE caxapo-CIIMPTOB,
MHOTOAQTOMHBIX CITUPTOB, MMKOCIIOPMHOB, HaCHI-
MIEHHBIX XKUPHBIX KUCIOT M Ap.) amanTaluii K cypo-
BBIM MOJISIPHBIM YCJIOBUSIM. BeposiTHO, mo 3Toi1 npu-
YUHEe MHOTHE aHTapKTUYECKHE INITaAMMBI MUKPOMU-
IIETOB W JPOXKEW CITOCOOHBI CHHTE3UPOBaTh
METabOoIUThI, LICHHBIE M1JIS1 OMOTEXHOJIOTUU.

HMccnenoBaHue BBITIOJHEHO MPUY MOAAEPXKKE MPO-
ekta PODOU Ne 20-04-00328 (“Dxojormyeckue u
¢uU3HOoNIOTUYECKUE afalTallui TpuOOB K HUZKUM
TeMmIiepaTypaM; OMOTEXHOJOTMYECKUI TOTeHLIMA
IITAMMOB TpUOOB 3KCTPEMAIbHO XOJIOMTHBIX 3KOCH-
creM”), a TakxKe IIpM Toanaepxkke Tpoekra PH®
Ne 20-17-00212 (“O6006111eHMe MaTepHraa 1o rpubdam
B CynparisiiiaabHOl 30HE JIETHUKOB”).
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Ecological Portrait of Antarctic Fungi
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In connection with the sensitive response of polar ecosystems to global climate change, research on the micro-
organisms of Antarctica has become especially relevant. The harsh climatic conditions of the continent led to the
formation of unique biogeocenoses without flowering plants, but with the dominance of mycobiota in soils. Ant-
arctic fungi perform not only their classic ecosystem functions, but are the basis for the existence of local com-
munities represented by endoliths, microbial mats, etc. In addition, Antarctic fungi are a leading force in the
transformation of rocks in situ and the conversion of bioelements into a form accessible to other organisms.
Therefore, mycobiota plays a crucial role in maintaining the balance of ecosystems in Antarctica. Among the
mainland fungi, Ascomycota (77.1%) dominates, but not Basidiomycota (9.1%), like on other continents. For a
number of reasons, in some biotopes of Antarctica, yeast and yeast-like micromycetes (mainly basidial affinity)
are a more successful mycobiota group than mycelial fungi. There are a number of prerequisites to consider that
mycelial fungi and yeast are better adapted to exist in extremely cold biogeocenoses than other microorganisms.
Since Antarctica was isolated for a long time from other continents, evolution here followed a special path leading
to the emergence of many endemic fungal taxa. The presence of eurytopts on the mainland is associated with
global warming and increased anthropogenic impact. This review examines the current state of research on the
structure of the mycobiota communities of Antarctic subaerial and subaquatic biotopes, the ecological role of
mycelial-yeast dimorphism for Antarctic fungi, the problem of endemicity of the continent mycobiota, ecologi-
cal and physiological adaptation of fungi to low temperatures, and substantiates the need to search for secondary
metabolites in psychrophilic micromycetes.

Keywords: biomass, cryoconite, ecology, extreme ecosystems, fungi, metabolic activity, psychrophilia, supragla-
cial organomineral systems, taxonomic diversity, yeast
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HccnenoBaHBI cOCTaB U CTPYKTYypa 6GMOMacChl MUKPOCKOTTMUECKHUX IPUOOB, a TaKKe BUIOBOE pa3HOOOpa3ue
KYJIBTUBUPYEMBIX MUKPOMMUILIETOB B C€30HHOTAIBIX CJI0sIX (CTC) Top(hsIHBIX MEP3TIOTHBIX ITOYB IMJIOCKOOYTPU-
CTOTO GOJIOTHOTO KOMILIEKCa I0XKHOM TYHIPHI (6acceifH BepxHero TeueHus p. Koporanxa, boibiiresemebekast
TyHapa, Heneukuii aBToHOMHBII OKpyT). PaccMoTpeHo ux rpoduiibHOe pacnpeaeieHue B TOpSTHbIX TOYBax,
3aHUMAIOIIVX Pa3IMYHOE TTOJIOXKEHNE B pesibede OYyrprcToro 6010Ta oA pa3HbIMKU TUIIAMH PACTUTEITBHOCTH.
ITokazaHo, yTo 6uomMacca rpu6oB (cnop u muuenus) B CTC 6yrpuctoro topdsinHuka Bapeupyet ot 0.44 no
21.46 MT/T aBGCOJTIOTHO CcyX0it MouBHI (a.c.1.). B BepxHux cinosix CTC B cTpyKType 6MOMacChl IOMUHUPYET MU~
Leauii, B HaAMEP3JI0THBIX — CHOPBI IpO0B. MakcUMyM OMOMacChl TpMOOB OTMEYEH B ITOYBaX TOPMSIHbIX M-
TEH, JIUIISHHBIX paCTUTEIBHOTO IMoKpoBa (11.5—20.2 Mr/T a.C.I1.), MUHUMYM — B IIOYBaX MUKPOITOHMKEHUIA C
MOXOBO-JIUIIANHUKOBBIMU coobiecTBamu (0.4—16.8 Mr/T a.C.I1.) 1 MOYaKMHAX C OCOKOBO-C(harHOBBIM pac-
TUTEJIBHBIM TTOKPOBOM (2.3—6.9 Mr/T a.c.11.). Mulieaunii rpuboB B MOYBaX pacCMOTPEHHOTO TOP(MSTHUKA TTpeI-
CTaBJIeH B OCHOBHOM (byHKLIMOHAJIbHO aKTUBHBIMU rudamu (81—100%). TakcCOHOMUYECKHIT CITUCOK KYJIbTH-
BUPYEMbIX MUKPOMUI1IETOB BKJTtoUaeT 40 BUAOB (B T.4. ABe (hOpMbI cTepriibHOTO Mulienust). Otnen Mucoromy-
cota npenctaniieH 11 Bugamu (28%) us ponoB Mucor, Mortierella, Umbelopsis. T1o 4ncity BUOOB JOMUHUPYET PO
Penicillium (13 BunoB). Ponbl Akanthomyces, Alternaria, Cladosporium, Pseudogymnoascus, Oidiodendron BKiio-
4aloT eAMHUYHbIE BUIbL. [0 yacToTe BCTpeuaeMOCTH CTPYKTypa KOMILIEKCa MUKPOMMUIIETOB MpencTaBieHa
cIyJaiflHBIMU BUOaMHM (55%), Ha DOJIIO PEIKKX, YACTHIX U TOMUHUPYIOIIMNX ITPUXOIUTCS COOTBETCTBEHHO 25,
13 u 7%. HauGosnee oOMIbHBI B CE30HHOTAJIBIX CII0SIX 1Ba Buna — Talaromyces funiculosus (28%) u Pseudogym-
noascus pannorum (16%). HauboabImM BUIOBBIM pa3HOOOpa3reM TpuboB (21 BUI) XapaKTepH3YIOTCS ITOUBBI
TOP(MSHBIX MSITeH, MUHUMaJIbHBIM (13 BUIOB) — 1ouBa MoyaxkuH. OCHOBY KOMILIEKCa MUKPOMUIIETOB COCTaB-
JISIIOT Me30(DUITbI M TICUXpOTosiepaHTHBIC BUIBI (OT 75 1o 100%). K TMIMMYHBIM TTCMXpOMWIHLHBIM BUIaM, pac-
TYIIMM IIPpU TeMIepaType KyiabTuBupoBaHus 4°C, cienyet otHecTu Mortierella alliacea, M. schmuckeri, Mucor sp.,
Penicillium lividum. [Jlanabie Bunbl akTuBHO criopyinpyoT B CTC nmouB TopdsiHOro 6yrpa u He BCTpeUeHbI
B [TOYBE MOYaXKMH.

Kniouesvie crosa: 6Guomacca rpuboB, OYIrpUCTBI TOPMSIHUK, KYJIbTUBUPYEMbIE MUKPOCKOIIUYECKHE TPUOHI,
Mep3JI0Ta, Ce30HHOTAIBIN CJI0ii, TOPDSIHBIE TOYBBI, pa3HOOOpa3Ne

DOI: 10.31857/50026364821020100

BBEAJEHUWE

B ycIToBUSIX aKTUBHOTO OCBOEHUSI CEBEPHBIX PETH-
OHOB 0c000€ BHUMAaHUE YACISIETCS U3YYSHUIO COCTa-
Ba M CTPYKTYPBI TPUOHBIX COOOIIECTB, (DYHKIIMOHU-
PYIOIIMX B ITOYBAX TYHIPOBBIX M MOJISIPHBIX 00I1aCTeil.
OTO O0YCIOBJIEHO 3HAYMMOI POJIbIO 3YKapUOTUYE-
CKOT'0 KOMIIIEKCA MUKPOOHBIX COOOIIIECTB B ITPOIIEC-
cax mouyBoobOpa3oBaHus (Soil functions.., 1990; Kura-
kov et al., 2016) u dopMHpOBaHUS KadyecTBa CPEIbI
(Korneykova et al., 2012, Kirtsideli, 2015). bnaromgapsi
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KCITOJIb30BAHUIO KJIACCUUYECKUX U COBPEMEHHBIX MO-
JIEKYJIIPHO-TeHETUYECKUX METOAOB B MOCIeAHEE Bpe-
MSI CYIIECTBEHHO PaCIIMPeH TAKCOHOMUYECKUA CITv-
COK TTOYBEHHBIX MUKPOMUIIETOB KPUOTEHHBIX ITOYB,
YCTaHOBJIEHbI OCOOCHHOCTU UX BUAOBOIO COCTaBa B
3aBUCHMMOCTU OT XapakTepa cyOcTpaTa B Ha3eMHbBIX
skocucteMmax Apktuku (Blaud et al., 2015; Nikitin et
al., 2019) u Antapktuku (Arenz et al., 2011; Kirtsideli
et al., 2018; Fungi.., 2019). BoIsiBieHO JOMUHMPOBa-
HUE B IOYBaX IOJIIPHBIX PETHOHOB MUKPOMUIIETOB C
IIMpOKoit 3Konorndeckoit amruiutynoii (Cox et al.,
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Puc. 1. [Tn10ocKoOGYrpUCTbIii OOJOTHBII KOMILUIEKC, PACTIOIOKEHHBIN B LIECHTPaJIbHOM YacTu bosblie3eMenbekoil TyHAPHI (MoA30Ha
IOXHBIX TYHIP): @ — OOIIMIA BU IJIOCKOOYTPUCTOTO 00JI0Ta; 6 — paCTUTEIbHBIN OKPOB TOP(MSIHBIX OYTPOB; B — PACTUTEILHOE CO-

0OIIIECTBO MOYAXKHMH.

2016), ycTaHOBJIEHBI MEXaHU3MBbI UX aJanTaluu K He-
0J1aronNpUSTHBIM YCJIOBUSM CpPENbl — HU3KUM TEMIIE-
paTypaMm, HaJIM4UIO0 MHOTOJIETHENT Mep3JI0THI, BhICO-
Koit Y@ MHCONSLIMU, YaCThIM LIMKJIaM 3aMep3aHUsI-
OTTaMBaHUsI, HU3KOMY YPOBHIO U CJIa0Oi1 TOCTYITHO-
ctu aneMeHToB muTaHus (Ruisi et al., 2007; Hassan et al.,
2016; Sazanova et al., 2019). OTMeueHO U3MEHEHUE
M0/, BAUSIHUEM aHTPOIOIreHHOI'O 3arpsi3HEeHUsI BUIO-
BOI'O COCTaBa U CTPYKTYPhl MUKOILIEHO30B B TYHIPO-
BBIX ITOYBAaX, BO3pacTaHUEe B HUX JOJIU ITaTOT€HHBIX 1
CHIDKeHHMEe Hoiau penkux BumoB (Marfenina et al.,
2016; Kirtsideli et al., 2018, 2020).

OIHUM M3 XapaKTePHbIX U IIMPOKO PacIpocTpa-
HEHHBIX BJIEMEHTOB B CTPYKTYype Ha3eMHBIX 3KOCH-
CTEeM KPHMOJUTO30HHI SIBJISIIOTCS OYTrpUCThbIE TOP(SIHU-
KU, TIpeJCTaBIeHHbIE cOUeTaHUEM TOP(MSHBIX OYTpoB
W PpasIeISIIoNINX UX MepeyBIaKHEHHBIX TOHVIKEHUI —
MoyaxuH (Toreii). COBOKyITHOCTb KPUOTEHHBIX MPO-
1eccoB (IIydeHue, KpuoTypOalu, CHeroBasi Koppa-
3Us1), 0COOEHHOCTU peJibeda 60JJ0THOro KoMIieKkca 1
MUKpopenbeda ITOBEpXHOCTH OYIpoB, cHenmduKa
TUAPOTEPMUUECKUX YCIOBUI 0OYCIOBINBAIOT pa3BU-
THEe 3AeCh IIOJ Pa3sHBIMU TUIIAMU PACTUTEIbHOCTU
TOpGSHBIX TTOYB C Pa3HOM MOIIHOCTHIO aKTUBHOTIO
cezoHHoTasoro cios (CTC) (Kaverin et al., 2019), B
TOM UMCJIe NECTPYKTUBHBIX MOYB TOP(PSHBIX TSITEH,
JIMIIIEHHBIX pacTuTeabHoro mokpona (Kaverin et al.,
2016; Ogneva et al., 2016; Seppila 2006; Matyshak et
al., 2017). Paznmuums B xapakTepe HaKOILUICHMS Opra-
HUYECKOIo BellleCTBa, 3JIEMEHTOB MUTaHUSI, 3aKOHO-
MEPHOCTSIX MPOLIECCOB IIPOMEP3aHUSI-OTTaANBAHMSI,
TETJI0BOM U BOAHOM PeXMMeE TOYB B TOWM WU MHOM
Mepe OTpakalmTcd B pacHpeaeeHUN U (DYHKIIMOHU-
pPOBaHUU KOMILJIEKCA MUKPOCKOIIMYECKUX TPUOOB
(Effmert et al., 2012; Andersen, 2013; Timling et al.,
2014; Persoh, 2015). OgHaKo MUKPOOHLII CTaTyC TOP-
(STHBIX MEp3JI0THBIX MTOYB, IPOMUIIBHOE pacipeaeiie-
HUE B HUX MUKPOOPTraHMU3MOB, B TOM UK CJIE MUKPOCKO-
MUYECKUX TPUOOB, VX ITPOCTPAHCTBEHHASI U BpPeMEH-
Hasl IMHaMKKa HCCleloBaHbl KpaiiHe (pparMeHTapHO
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(Vinogradova et al., 2019; Yakushev et al., 2019), uyto u
MPEIOIPEaETNIIO LIeIb JaHHOMN pabOTHI.

Lenn ncciienoBaHusI — BBISIBJIEHUE OCOOEHHOCTEN
pacripenejieHusi B CE30HHOTAJbIX CJOSIX OyrpucTOro
Top(pssHKa 0MOMACChl MUKPOCKOIIMYECKUX T'PUOOB,
€e CTPYKTYypbl M pasHooOpasusi KyJIbTUBUPYEMBIX
MUKPOMUIIECTOB.

MATEPUAJIBI U METObI

HccnenoBaHusi IpOBOAMIIU B LIEHTPAJIbHOM YacTu
Bbomnpesemensckoit TyHapsl (B3T). Paiton ucciemo-
BaHUS pacnojioXkeH B rpaHuliax HeHeukoro aBTo-
HOMHOTrO OKpyra, B 160—165 kM ceBepHee [ToasipHoro
KpyTa, B PETMOHE CO CIUIOIIHBIM pacpoCcTpaHEeHUEM
MHoroJieTHeMep3JibiX 1opon (MMII). IlpuypouyeH kK
CpenHekopoTauxuHckoMy p-Hy Koporauxo-Ilpu-
ypajbCcKoro okpyra Ilpenypanbcko-YpanbcKkoit mom-
npoBuHIMU EBporieiicko-3anagHocuOMPCKOM TYHI -
pOBOIi  TIPOBUHIIUM  MOA30HBI  IOXHBIX  TYHIP
(Lavrinenko, 2013), mjsi KOTOpOTro XapaKTepHO pac-
MIPOCTPaHEHUE UBHSKOBO-MEJIKOEPHUKOBBIX TYHID B
COYETAaHWUU C TJIOCKOOYTPUCTBIMU 32036 PEHHBIMU 0O-
JIOTHBIMU KOMILIEKCaMU.

TepputopualbHO HCCIEIOBAHUS IIPOBOAUIU B
OacceitHe BepxHero TeueHus p. Koporauxa. Hemo-
CpeICTBEHHBIM OOBEKTOM UCCIIETOBAHUS TTOCTYKIUITU
MOYBBI OOJIOTHOIO MAacCCHUBa, PACIOJOXEHHOTO Ha
TUIOCKOM C OOILIIMPHOM Ierpeccueii Bogopasaeie pek
Koporauxa u ee neBoGepesxkHoro nputoka Iagumeii-
Tei-Buc (68°02' c.m.; 62°43" B.0.) ¢ aOCONMIOTHBIMU
Beicotamu oT 30 o 100 M Hazg yp. M. OCHOBHYIO 4acThb
IUIOIIAAY paccMaTpUBAEMOro OOJIOTHOIO KOMILIEKCa
3aHMMAIOT IUIOCKIE Oyrphl BEICOTOM 10 1—1.5 M (puc. 1).
IToBepXxHOCTb OYIpOB MMEET MEJIKOOYTrOpKOBaThIM
MUKpOpeNbed ¢ peIKUMU MOPO300OMHBIMU TpeI-
Hamu. [erpaganust TopsSTHUKOB BhIpaxkeHa c1abo: B
npeaenax 0yrpa orojeHHbIE TOP(MsHBIEC TISITHA BCTPe-
YaloTCd eIUMHUYHO, UMEIOT HeOObIIMe IO TUaMeTPpy
pa3Mepsbl, 10 Tiepudepun 3apacTaloT MXaMu U JIH-
mwaiHukamu. IToHXeHusT Mexny TOpPSIHBIMU OyT-

TOM 55 Ne 2 2021



BUOMACCA T'PUBOB 11 PASBHOOBPA3UE KYJIbTUBUPYEMbIX MUKPOMUIETOB 107

paMH 3aHITHI MOYaXXWHAMU (TOIISIMU) U O3epKaMU,
3aHuMaromumMu 10 20% toromanu. PactuTenbHBIN
MOKPOB TOP(MPSIHBIX OYIrpOB HEOAHOPOACH, MTPEACTaB-
JIeH TIOJTMITOMUHAHTHBIMHA KYCTapHUYKOBO-MOXOBBI-
MU 1 MOXOBO-JIMIIAHHUKOBBIMU cooOiiiecTBamMu. M3
KyCTapHUYKOB TOMUHUDPYIOT Ledum decumbens, Betu-
la nana v Rubus chamaemorus. BbicokuMm oOnem oT-
Jmyaiorcss Empetrum hermaphroditum, Vaccinium vitis-
idaea, V. uliginosum, Andromeda polifolia v Eriophorum
vaginatum. EpmamaHo BcrpevaroTcst E. russeolum,
Carex brunnescens, C. globularis. HariouBeHHBII I10-
KpPOB 00pa30oBaH MXaMHM U JIMIIaliHUKaMu. MXu Tipe-
CTaBIIEHBI Sphagnum fuscum, S. russowii, BAUGaMu po-
noB Polytrichum n Dicranum. CuHy3uu TAIIaiHUKOB
TSTOTEIOT K MEXOYropKoBbIM TOHMXeHusiM. Cpenu
HuxX mpeodaanaioT Bunbl pona Cladonia (C. arbuscula,
C. rangiferina, C. coccifera, C. gracilis, C. crispata n
np.), Flavocetraria nivalis, Cetraria islandica, Icma-
dophila ericetorum. PacTUTEIPHOCTh MOYAXKUH IIPE-
CTaBJIeHa OCOKOBO-C(ArHOBBIMM TPYIITUPOBKAMU C
rocronctBoM Carex rotundata n Sphagnum lindbergii.
M3 mpyrux pacteHmMit OOBIYHBI TOJNBKO FEriophorum
russeolum, Sphagnum jensenii u Warnstorfia exannula-
ta. OcTaibHbIE BUIIbI IPEACTABICHBI €AMHUYIHO.

JI1s1 OlLIEHKM BUAOBOIO Pa3sHOOOpa3usl KyJIbTUBU-
pyeMbIX MUKPOMUIIETOB U paclipenesieHUsI TpUOHOI
ouomaccel B CTC Mep3noTHOro TopdssHruKa aHaIu-
3UpOBaIM MPoOKLI Topda, OTOOpPaHHBIE M3 Pa3pPe30B,
3aJI0’KEHHBIX B Pa3IMYHbIX MO3ULIMSIX MUKpOpeibeda
TopdsaHoro Oyrpa 1 B Modaxkuse (torm). Mccienona-
JI KOMIIEKCHl MUKPOMUIIETOB: a) TOP(SIHBIX OJIUTO-
TPOMHBIX NECTPYKTUBHBIX MEP3JOTHBIX TOYB, MpHU-
YPOUEHHBIX K HeHTpaibHOU 4yactu (I) orojseHHoOro
TopdsaHoro IsITHA U ero KpaeBoii 3oHe (II), 3apacra-
IOllEe MXaMU W JIMIIIaHUKaMU; 0) TOPMSIHBIX OJTUTO-
TPOMHBIX OCTATOYHO-3YTPOGHBIX MEP3TOTHBIX TTOUB,
pPa3BUTBIX B MUKPOIIOHUXEHWU MO MOXOBO-JIUILIAl-
HUKOBBIM coobiiectBoM (III) 1 MUKpOMOBBIILIEHUN
(6Yyropok) ¢ KyCTapHMYKOBO-MOXOBOW PaCTUTEIbHO-
ctiio (IV); B) TopdhsiHOM onurorpodHOii MEp3T0THOM
MOYBBI MOYAXKMHBI (TOMH) C OCOKOBO-C(harHOBBIM CO-
o6irectBoM (V).

OT1b6op NMpo6 MPOBOAUIU HA TIIYOMHY CE30HHOTO
OTTaMBaHUs MOYB C yYeTOM M3MEHEHMs B Tpenesax
CTC 6oTtannyeckoro cocraBa Topda M CTEIIEHU €Tro
paznoxeHHocTu. [TpoOsl Topda ussiekamiu ¢ cooIto-
JNIEHUEM YCJIIOBUI, MPEMSATCTBYIOIIMX UX KOHTAMUHA-
1 (Methods.., 1991). o Havyaga MUKOJIOTMUECKUX
UCcleaoBaHui o0pa3libl Topda XpaHWIM B MOpPO-
3WJIbHOM KaMmepe npu TeMmiieparype —18—20°C.

YucieHHOCTh Ccnop, MIMHY TpUOHOTO MULIEUs,
nx 6Gruomaccy 1 XKHU3HEeCTTOCOOHOCTh MULIEJIUS YIUTbI-
BaJIM METOJIOM JIIOMUHECUEHTHOI MUKPOCKOITUU
(Methods.., 1991) c wucrnoyib30BaHUEM KpacUTENs
dmoopecuenn muanerata (MJIA), ITO3BOJISIONIETO
nuddepeHIMpOBaTh MULIEJIMM ¢ HApyILIeHHOH (MepT-
BBII) M HEHApYILIEHHOM (3KMBOI1) KJIeTOYHOIT MeMOpa-
Hoii (Gaspar et al., 2001). 111 Kaxkgoro oopasiia roTo-
BUJIM 1o 12 mpenapaToB ¢ IPOCMOTPOM B KaxKIOM

MUKOJIOTHUA N ®PUTOIIATOJOTI A
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90 nmosneii 3peHusI oA TIOMUHECLIEHTHBIM MUKPOCKO-
noM Zeiss Axioskop (I'epmanust), yBenmueHnue *x400.
Bbuomaccy BBEIYMCIISIIIM C YYETOM M3MEPEHHOIrO JIura-
MEeTpa CITIOp TpUOOB U JUIMHEI (DParMEeHTOB MULICIUS B
COOTBETCTBUM C (OopMyJaMU, IPUBEACHHLIMUA B pa-
6ote (Polyanskaya, 1996).

st BBRISIBJIGHHWSI pa3HOOOpa3nsl KyJIbTUBUPYEMbIX
MUKPOCKOITMYECKUX TPUOOB MCIIOJB30BAIU METOI
CEepUMHBIX pa3BeAeHUI MOUYBEHHOM cycrieH3Uu. BuI-
JIeJeHUEe M y4eT MHUKPOMMIIETOB OCYIIECTBIISIM Ha
TBEPIBIX MUTATEJILHBIX cpeaax (MOAKMCIIEHHAs cpena
Yaneka, cpena I'erunHcoHa, cpena Cabypo, cycio-
arap) IIpy pa3HbIX TeMIlepaTypax OTTauBaHUS 3aMO-
pPOKeHHBIX 00pa3ioB Topda (25, 35, 52°C) u KyJIbTHU-
BUpoBaHus 1moceBoB (4, 25°C) (Ozerskaya et al., 2008;
Kochkina et al., 2014). ITouBeHHBIE CyCIIEH3UN TOTO-
BIJIM B TPEXKPAaTHOII MOBTOPHOCTU C TPEXKPaTHBIM
MIPUTOTOBJICHUEM Pa3BEACHUI U TPEXKPaTHBIM MOCe-
BoM Ha yamku Ilerpu u3 Kkaxmoro pa3BeacHus. Ta-
KM 00pa3oM, ITOBTOPHOCTh ITOCEBOB ITOYBEHHOI
CYCIIEH3UU Ha IUIOTHBIE MUTATEJIbHbIE Cpenbl ISt
KaXOoM TeMIIepaTyphl pa3MOpaKMBaHUSI U KyJIbTH-
BUpoOBaHU OblIa 21-KpaTtHad. JlaHHbIe TTO YUCIIEHHO-
CTU MUKPOMUIIETOB, MOJyYeHHbIE METOIOM MOcCeBa
Ha arapu3oBaHHEIe cpenbl, Beipaxkanu B KOE/r abco-
JIIOTHO CYXOM MOYBHI (a.C.11.).

TakCOHOMUYECKYIO TIPUHAIJIEKHOCTb MUKPOMMIIE-
TOB WACHTU(UIUPOBATIA C WCITONb30BaHUEM COBpE-
meHHbIx onpeaenutencii (Ellis, 1971; Ramirez, 1982;
Egorova, 1986; Pitt, 1991; Aleksandrova, 2006; Domsch,
2007). HazBaHMsI ¥ TOJIOXKEHUSI TAKCOHOB YHU(UIIPO-
BaJI ¢ MoMoIlpio 6a3sl JaHHBIX CBS (www.indexfun-
garum.org) 1 MycoBank (http://www.mycobank.org).
IMocme wmeHTHUKALMU KYJIbTYPHl MUKPOMMUIIETHI
repeceBaii B TPEXKPaTHOI MOBTOPHOCTU B CTEPUJIb-
HbIe TIPOOUPKU CO CKOILIECHHBIM arapom (cpeaa Yare-
Ka) ¥ XpaHWIN B XOJOAWIbHUKE IIpu TemmepaType 4°C.
B coBokymmHocTi M3 31 oOpa3iia Topda BBIIEICHO B YM-
cTy1o KynbTypy 40 BUIOB rpr0OOB C YYETOM IBYX BUIOB
CTEPUILHOTO MULIEIHSI.

JIag xapaKTepuCTUKN MUKOOMOTHI MCITOIb30BaIN
WHIEKChl BUAOBOro paszHooOpasus lllennona (H),
BeipaBHeHHOCTHU [Ineny (E), ntomuanpoBanus Cumii-
cona (D) (Magurran, 1992), a Takke moka3aTeJIn 4a-
CTOTBI BCTPEUYAEMOCTU U OTHOCUTETLHOTO OOMIS BU-
noB (Kurakov, 2001). Craructudeckylo oOpabOTKY
TTOJTyY€HHBIX TAHHBIX TIPOBOIMJIN C TTIOMOIITBIO TIJIark -
Ha nporpammbl “ExcelToR” (Novakovskij, 2016).

PE3VJIBTATBI 1 OBCYXIEHHWE

BuomMacca MEKpOCKONMYECKMX IPUOOB U €€ CTPYKTYpa.
Cnemudpurka MNTOBEPXHOCTA MEP3JIOTHBIX OOJOTHBIX
KOMIDIEKCOB (Hajimure TOPPSIHBIX OyTPOB 1 MOYAKIH),
MUKpopeiabeda TophsHbIX OyrpoB (CodeTaHre MUKPO-
OYropKoB 1 MUKPOIIOHMXKEHUIT ), HEOMHOPOIHOCTh pac-
TUTEJILHOTO IIOKPOBA OIIPEACIISIOT pa3INIMs B TIIyOM -
He nmpoTtanBaHust CTC TopdSIHBIX TTOYB M MX TEMIIC-
patypHbix pexumoB (Kaverin et al., 2019). Jlyuiue
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Puc. 2. VIameHeHue 6oMacchl MULEUSI, CITIOP IPUOOB M IJTMHBI MULIETIVS B CE30HHOTAIBIX CIIOSIX TOPGSTHBIX MEP3TOTHBIX TTOYB
TIJIOCKOOYIPUCTOTO OOJIOTHOTO KOMILIEKCa I0XKHOI TYHAPHI: I — oroeHHoe TopdsiHoe ImsATHO; 11 — KpaeBast 30Ha TOP(hSIHOTO IISIT-
Ha, 3apacralomias Mxamu u minaiinnkamu; [ — Mmukpononmkenue; IV — 6yropok; V — MouaxkuHa (Te XXe 0003HaYeHUs IS

puc. 3—8).

MPOrpeBaloTCd B JJETHUI MEPUOJ MTOYBBI HA yJacTKaX
TOpGhSIHBIX OyrpoB, JIMIIEHHBIX pPaCTUTEILHOCTU
(oroneHHbIe TISITHA TOpda). DTO CIIOCOOCTBYET OoJiee
[IyOOKOMY CHIDKEHUIO B HHUX BEPXHEW TIpaHULbI
MMII 110 cpaBHEHUIO C APYTUMH OMOTOIIAaMU B TIpe-
nenax 6ojiorHoro maccuBa. IlpoBeneHHbIE HAMU HC-
cJIeIOBaHMS IT0Ka3aJIv, YTO, B 3aBUCUMOCTHU OT y4acT-
Ka M ImyOMHBI oTOOpa Topda, bmoMacca MUKPOCKO-
nudyeckux rpuoos B CTC Oyrpucroro topdsHuKa
Bapbupyet oT 0.4 1o 21.5 Mr/r a.c.1t. OCHOBHOI BKJIa
B €€ CTPYKTYpYy BHOCAT rudnl rpuboB (52—88%), Ko-
TOpBI€ MpeCTaBICHBI MULIEINEM 0e3 npsikeK. Hecy-
U TIPSDKKA MULEINI 0a3MINOMUIIETOB, IPUCYT-
CTBUE KOTOPOTO XapaKTePHO IJisI MUKOLICHO30B IOYB
B JIeCHBIX 3KocucTemax (Domsch et al., 2007), 8 CTC
OyrpucTOoro TopsHUKA OKHOM TYHIPHI HE OTMEUEH.

MakcuManbHble BeJIMYMHBI OHMOMAacChl MUMKPO-
CKOMUYECKUX TPUOOB NMPUYPOUYEHBI K BEPXHUM CJIOSIM
CTC (mo rnmyounsl 20—30 cm), HauboJiee mporpenac-
MbIM B JieTHUI nepuon. B HuxHux cinosx CTC, Ha
KOHTaKTe ¢ BepxHei rpannteit MMII, ee 3HaueHns B
1.2—7.1 paza Huxe (puc. 2). [losydyeHHbIe HAMUW JaH-
HbI€ O BeJIMYMHE OruoMacchl TpMOOB B MOYBaxX Oyrpu-
CTOro TOp(psiHMKA COMTOCTABUMBI C pe3yJibTaTaMu ApY-
TMX HWCCJeAOBAaHUI, MPOBEICHHBIX Ha TEPPUTOPUU
B3T. B ywactHOCTH, B TTouBax BOpKyTMHCKOM TYHIPBI
onomMacca MUKPOCKOITMIECKUX TPUOOB XapaKTepu3yeT-
csl 3BHaYeHUSIMU TTopsiaka 7.9—14.8 mr/t (Ananyeva et al.,
2008), B TOopdstHMKAxX JecOTyHApbHl — 1.6—15.2 mr/r
(Lapteva et al., 2017). B nouBax Konnsckoro CeBepa u
MOJISIPHBIX 00JIACTSIX POCCUNCKON APKTUKHU (apXuIie-
nar 3emis @panna-Mocuda) 3Ti mokasarenu Cyiie-
CTBEHHO HIXe, cooTBeTcTBeHHO 0.009—2.6 MT/T IMoY-

BbI (Korneykova, 2018) u 0.1—0.6 mr/t (Nikitin et al.,
2019).

B nccaenoBanHOM HaM# TOPpMSTHUKE HAaOOIBIITNE
BEJIMYMHBI OMOMAaCChl TPUOOB BBISIBJIEHBI B 00Opa3liax

MUKOJOI'A U ®PUTOIIATOJIOTUA

Topda n3 CTC nouBbl OroJIeHHOTO TOPGhSIHOTO TMSITHA
(16.8—20.2 Mr/T a.c.1.) u ero nepudepudIecKoit yacTu
(11.5—18.4 mr/r a.c.nm.), IOCTENEHHO 3apacTalolei
MXaMU U JuilaiiHuKaMu. Beicokue nokasarein 61uo-
Macchl OOYCJIOBJICHBI MPUCYTCTBUEM 3IeCh 3HAYM-
TeJIbHOTO KoJindecTBa (3—5 ThIC. M/T a.c.11.) ¢hparMeH-
TOB MULIEUSI TPUOOB (pUC. 2), IPeACTaBIeHHBIX B OC-
HOBHOM (DYHKIIMOHAJTBHO aKTUBHBIMH THdaMH C
HEHApPYLIEHHOM KJIETOYHOM CTEHKOIA.

Ha yuyacTtkax TopdssHOro 0yrpa ¢ XopoIiio pa3Bu-
ThIM PaCTUTEIbHBIM MMOKPOBOM MPOMUILHOE pacipe-
JleJIeHUe MULeJUs B Mo4YBaX OyropKoBaToOro Kom-
TUIeKCa MMeeT OIIpelesicHHYI0 auddepeHInalunio.
B nouBe GOyropka (IV) ¢ KycTapHMYKOBO-MOXOBOii
pPacTUTEIBHOCTBIO TU(MHI TPUOOB BCTpEUeHBI HAMU Ha
Bcex rnyonHax CTC, ux miuHa Bapbupyer oT 396 1o
3033 Mm/r a.c.11., a bmomacca rpuboB — ot 2.8 no 13.5 mr/T
a.c.nn. B mouse mukpononmxenus (I111) ¢ MmoxoBo-nu-
aifHUKOBBIM MOKPOBOM TH(hbl I'PUOOB OTMEUYEHBI
TOJIBKO 10 T1yOuHEI 20—24 cM (puc. 2), HzKe Ha KOH-
TakTe ¢ MMII nmpucyTCTBYIOT TOJILKO CITOPHI TPUOOB.
MakcumaibHasi KoHLeHTpaluss muueaus (3050 m/r
a.c.1l.) BbIsIBJEHa B oOpasliax Topda, TpUypoOYeHHbBIX
K rnyoune 10—15 cM, roe mpuCcyTCTBYIOT (DparMeHThI
¢J1ab0- U CpeaHePasIOKEHHBIX OCTATKOB TUITHOBBIX U
carHoBeix MxoB. OHU COCTaBJISIIOT OCHOBY Topda
BepxHeil vactu CTC mmouBsl 6yropka. Ux Hanmume B
MOYBE MUKPOTIOHWKEHUSI 00YCIOBJIEHO MpolieccaMU
KPUOTYpOalum U KPpUMOTeHHOro MaccornepeHoca, TH-
MYHBIMA 1151 ipoduieit TyHapoBbix mouB (Ping et al.,
2008). B BepxHux ciosix Topda (0—5 cM) mouBbl MUK-
POMOHMXEHMUSI, TIPEICTaBI€HHbIX B OCHOBHOM XOPO-
1110 Pa3J0XEHHBIMU OCTaTKaM1 AUKPAHOBBIX MXOB U
MPOAYKTaMM Pa3JI0XEHUSI TAJJIOMOB JIMIIANTHUKOB,

ouomacca muuenus Hesenmka (1.0—3.3 Mr/r a.c.i.) u
cocrtaBisier 60—74% oT cymMapHOiT GMOMAacCHl TpH-
00B. B oTyinumne oT HOYB OrOJIEHHOTO TOP(MSTHOTO TISIT-
Ne 2
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Puc. 3. [IpodunbHoOe pacipeneieHre Yuciia Crop TpuboB B CE30HHOTAJIBIX CI0SIX TOPMSIHBIX MEP3JIOTHBIX MTOYB ITOCKOOYTPUCTO-
ro 60JIOTHOTO KOMITJIEKCA I0KHOM TyHAPHI. [T1aHKaMu ITOrpenTHOCTH TToKa3aHa BeJIMYMHA CTaHAAPTHOTO KBaJAPAaTUIHOTO OTKJIO-

HEHMUAA.

Ha (I, IT) u 6yropka (IV), B BepxHUX cJIOSIX Topa
mukponoHmxkeHus (III) mpucyrcTByer He TOIBKO
(GYHKIIMOHAJIBPHO aKTWBHBIM MUILIEIW, HO MU ¢par-
MEHTBI MULIEJIUS C HAPYUIEHHOU KJIETOYHOM CTEHKOMN
(m0 4—19%).

B MmouaxxuHe (yuacTok V), roe Topd npemcraBicH
B OCHOBHOM CJIa0Opa3iI0oXeHHBIMU (parMeHTaMu
c(arHoBBIX MXOB M OCOK, OMoMacca rpuboB BapbUpy-
eT oT 2.3 mo 6.9 Mr/r a.c.1. B ee cTpyKkType Ha Doio
mutenus npuxoautcst 37—59%. 'udol rpuboB 1pe-
UMYIIECTBEHHO HaXOASTCSI B (DYHKIIMOHAIBHO aKTUB-
HOM COCTOSIHWM, OIHAKO Ha riyouHe 5—10 cM BbIsSIB-
JIEHO 3HauMTeJIbHOe (10 49%) KOJIMYECTBO “MepTBO-
ro” MULIETUS C HApYIIEHHOU KJIETOUYHOU CTEHKOM.

Bo Bcex paccMOTpeHHBIX OMOTOIIaX CIIOPbI TPUOOB
BcTpeyatotes Bo Beeil Tonue CTC (puc. 3). Mx nua-
METP He IPEBBIIIAET 4 MKM, UTO XapaKTepPHO 15 ITOYB
TePPUTOPUI C BKCTPEMATBLHO XOJOIHBIM KJIMMAaTOM
(Sterflinger et al., 2012; Nikitin et al., 2019). Makcu-
MaJjlIbHOE YMCJIO CIIOP MPUYPOUYEHO K MTOUYBE MOYAXKHU-
Hbl — 153—328 MJIH KJ1./T a.C., B TTOYBaX TOP(SIHOTO
Oyrpa 4MciaeHHOCTb CITOp He mpeBhImaeT 114 + 2 MitH
KJ1./Ta.c.11. JI1st cpaBHEeHMSsI, B TOP(MSTHBIX TOYBAX OCO-
KOBO-C(ParHOBBIX TOIIE OOJOTHBIX MACCUBOB ToM-
CKOi1 00J1. yncno cnop cocTanisuio 60—80 MIIH Ki1./T
(Sergeeva et al., 2008), B mouBax TOp(dsHbIX OYTpoOB
cesepa 3anagHoit Cubupu — 4—8 maH ki1./r (Yaku-
shev et al., 2019), B mouBax BopKyTUHCKOI TyHIAPHI —
16.8—19.0 muiH ki1./T (Ananyeva et al., 2008). 3Hauu-
TEJBHBIN pa30opoc B coaepXaHUU HeaKTUBHBIX (DOPM
rpu0OOB (crop) B OOJOTHBIX ITOYBAX MOXKET OBITH 00Y-
CJIOBJIEGH MHOTMMHU (PaKToOpaMU: OCOOCHHOCTSIMU
KJIIMMaTUYECKUX YCJIOBUM PETrMOHOB MCCJEIOBaHUIA,
TeHe31COM II0YB, CBOeoOpa3reM OOTaHUIECKOTO CO-
cTtaBa Topca, IIOTOAHBIMU YCIOBUSIMU Ha MOMEHT OT-
6opa npoo.

B ycnoBusix 10XXHOI TYHApBI Hanboiee 61aromnpu-
SITHBIE yCJIOBUS IJIs1 QYHKIIMOHUPOBAHUSI MUKPOCKO-
MAYECKUX TPpUOOB B IIJIOCKOOYTPUCTOM OOJIOTHOM
Ne 2
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KOMILJIEKCE CKJIAAbIBAIOTCS B TOYBaX TOP(MSIHOTO ITSIT-
Ha. B CTC yyactkoB I u Il cpenHeB3BemIeHHBIC 3HA-
YyeHus IJIUHBI Muueans coctaBwind 3233—3700 m/r
a.c.m., B nouBe o0yropka (IV) — 1827 m/r a.c.11. MuHU-
MaJibHble MTOKa3aTeJIU BBISIBJIEHBI MPU UCCIIeTOBaHUU
oy mukponoHwxkeHus (III) u mouaxxuns! (V), co-
OTBETCTBEHHO 566 1 754 M/ a.c.11. [losydyeHHbIe Ha-
MU TaHHBIE TIPOTUBOpPEYAaT pesyabratam A.B. Sxyte-
Ba ¢ coaBTOopamu (Yakushev et al., 2019), coriaacHo Ko-
TOPBIM  MHUKPOCKOIMYECKHWEe TpUOBI B  MOYBax
TOpMSHBIX TISITEH HaXOISTCS MPEUMYIISCTBEHHO B
HEaKTUBHOM cocTostHMM. M3BeCTHO, 4TO pa3HOOOpa-
3Me W YUCIEHHOCTh MHMKPOCKOITMYECKUX TPHOOB
OTIPENEISTIOTCS TUTIOM IIOYB UM XapaKTepOM pacTH-
TeJibHOTo NokpoBa (Persoh, 2015), onHako Ha (hayK-
TyallMl0 MX YUCJICHHBIX XapaKTePUCTUK CYIIIECTBEH-
HOE BJIMSTHE MOTYT OKa3bIBaTh KIIMMaTH4IecKue (ak-
topel (Timling et al., 2014). IloromHeie ycioBusI B
TIepUO MPOBEACHNUS HAITUX MCCISTOBAaHNN OTIMYa-
JIUCh AaHOMAJIbHO TEIUIOW TpeThbed HeKaloll WIoNs
(18.9°C) u pe3kum gedUIIMTOM 0cagkos (8.3 MM), U4TO
00YCTIOBWJIO CYIIECTBEHHOE MCCYIIIeHne OOJIOTHOTO
MaccuBa (YpOBEHB OOJIOTHBIX BOII B MOYaXKMHAX HAXO0-
nuics Ha rayoune 25—30 cM). DTO MOTJIO CIIOCO0-
CTBOBaTb aKTUBU3AIIUU KU3HEIEeSITeJIbHOCTY MOYBEH-
HBIX MUKPOOHBIX COOOIIECTB, B T.4. MUKPOCKOIUYE-
CKMX rpu0OOB, B HauboJIee IIporpeBaeMbIXx (Hanboee
TEIUIbIX) IOYBaX TOPMSHBIX IISITEH OYTPUCTBIX OOJIOT
(Kaverin et al., 2016; Ogneva et al., 2016), xapakTepu-
3yIOIIMXCST Oojiee BBICOKON CTEIeHbIO Pa3ioXeHUs
Topda 1 boJiee TIIyOoKoM ryMUuduKaleit B HUX opra-
HUYECKOTOo MaTepuaja, 1O CpPaBHEHUIO C TOYBAMM
npyrux 6uoronos (Vasilevich et al., 2019).

YuCIeHHOCTDb KYJIbTHBUPYEMbIX MUKPOCKOMMYECKHX
rpuboB. Pe3ynbTaThl yuyeTta KOJOHUN MUKPOMMUIIETOB
Ha TBEPAbIX ITUTATEJIbHBIX CPelaX CBUACTEIbCTBYIOT O
TOM, YTO YHUCJIEHHOCTDb KYJIbTUBUPYEMBIX MUKPOMU-
IIETOB B MOYBaX OYrpHCTOTO TOophsHUKaA IOXKHOI

10°-10° KOE
TYHIpPBI BapbUpyeT B Mpeaeaax T a.c.m.
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B TopdssHMKax JecoTyHApPHI OHA OLIEHWBAllach Ha
yposHe 10° KOE/r a.c.i. (Lapteva et al., 2017; Vino-
gradova et al., 2019), B mouBax pa3JIMYHBIX OOTOMIOB
Apktukun He mnpesbimana 104 KOE/r cy6crpara
(Bergero et al., 1999; Kirtsideli et al., 2014; Kirtsideli,
2015). Takum o6pa3om, TOJIydYeHHbIe HAMU pe3yJibTa-
TBI MMOATBEPKIAIOT TUIIOTE3Y O TOM, YTO C BO3pacTa-
HHEM IIUPOTHI MECTHOCTH OOMIME TpUOOB B MMOYBAX
HE YMEHBIIIACTCSI, MEHSIIOTCS JIUIIb JOMUHUPYIOIINE
skonorndeckue rpynnupoBku (Timling et al., 2014).

MakcuManbHOE YUCIIO U30JISITOB ITOJydeHO HaMU
P VCITOJIb30BAaHUM OOTATHIX YIJICBOIAMY MUATATECIb-
HbIX cpen — Cabypo (82 x 103—123 x 10° KOE/r
a.c.a1.) u cycio-arape (50 x 103-94 x 10° KOE/r
a.c.r.). Ha cpemax Yameka u I'eTumHCOHa KOJIOHUI
rpuboB MeHblIe (cooTBeTcTBeHO 1.2 X 10°—10.8 X
x 10 KOE/r a.cm. m 1.0 x 10°—14 x 10° KOE/r
a.c.m.). Ha aTtux cpemax, ocobeHHo Ha cpene ['eTunH-
COHa, OTCYTCTBOBAJI POCT KOJIOHUWI IIpU aHAJIN3e 00-
pa3noB Topda n3 HaaMep3JIOTHBIX Topmn3oHTOB CTC.
OnHako B MoYBax OyropkoBaTOro Komiuiekca (0yro-
POK, MUKPOITOHIKEHUE), [Ie pa3BUTasl PACTUTEIIb-
HocTh 1 CTC, I pOHN3aHHBIN KOHIMH KYCTApHUIKOB,
CMOCOOCTBYIOT aKTUBHOMY  (DYHKIMOHUPOBAHUIO
rPUOHOIO COOOIIECTBA, YMCIIO MUKPOMUILIETOB, AAal0-
X POCT KOJIOHWM Ha cpene Yareka, Ha 2—3 Topsimka
BBIIIIE TTO0 CPAaBHEHMIO C TI0OYBaMU TOPGHSIHOTO MSATHA U
MOYa KWMHBI.

Yuactok V (MoyaxuHa) 3aHUMaeT 0co00e MeCTO B
HCCIEAOBAHHOM psAy No4B. B oT/Imune oT ocTalbHBIX
OMOTOIIOB, Te MPaKTUYECKHW Ha BceX ITyOMHaX OTMe-
YEeHO MPUCYTCTBUE KYJIbTUBUPYEMBIX MUKPOCKOIMH-
YeCKMX rpruOoB (0COOEHHO Ha OOTaThIX YIJIEBOIAMMU Cpe-
Jax), B TIOYBE MOYAXKWHBI OHU CKOHIEHTPUPOBAHBI
TobKO B BepxHUuX ciiossx CTC Ha myouHe 0—24 cM.
HMx makcuManbHasl YMCIIEHHOCTh MpUypoYeHa K ca-
MOMY BEPXHEMY CJIOI0 TOPGMSIHBIX OTJIOXKEHUM — CIIOI0
oueca cparHoBbix MxoB (0—5 cM). 3aech Ha cpene Ca-
6ypo yureHo (123 £ 6) x 10> KOE/r a.c.11., Ha cycJio-
arape — (94 = 27) x 10° KOE/r a.c.i1. B BepxHux
ropuszoHTax CTC ocTaJabHBIX ITOYB KOJIUYECTBO U30-
JISTOB, (PUKCUPYEMBIX Ha 3TUX Cpelax, Ha MOPSIOK
(yaactku 111, IV) unu Ha nBa—Tpu nmopsaka (ydyacT-
ku I, IT) Huxke. B cnosix Topda Ha rimyonHe 5—24 cM,
MPENCTABIIEHHBIX B TIOYBE MOYAXXMHBI CJ1abopa3siio-
KEHHBIMM OCTaTKaMU C(MarHoBBIX MXOB M OCOK,
POCT KOJIOHUI OTMeYaJicsl TOJIbKO Ha cpegax Cabypo
(10 x 10°-23 x 10* KOE/r a.c.im.) u Yaneka (18 X
x 10* KOE/ra.c.n.). Ha cpene Yaneka pocT KOJOHMIA
ObLT 3a(UKCUPOBAH TOJLKO TPU aHaIuU3e oOpasna
Topda ¢ rayomHbl 10—18 cM, B KOTOPOM BU3YAJIILHO
OIpEeNe/SIIIOCh 3HAYUTEIbHOE KOJIWYECTBO KUBBIX U
MEPTBBIX KOpHEil OCOK. B BHIIIE- U HUKeTeXalnx
citosx Topda pocT KOJOHU Ha cpeae Yamneka, B OT/IH-
yue oT cpenbl Cadbypo, oTcyTcTBOoBag. Bo3MoxHO, B
CTPECCOBBIX YCIIOBUSIX OOBOJHEHHBIX TOMEN TYHIPO-
BBIX OOJIOTHBIX KOMILIEKCOB CHOPHI IPUOOB MMEIOT
OYeHb HU3KYIO CKOPOCTh pocTa. HecMoTpst Ha 3HaUYm-

MUKOJOI'A U ®PUTOIIATOJIOTUA

TeJIbHOE KOJUYECTBO CIIOP I'PUOOB B IIOUBE MOYAKH-
HBI (puc. 3), HAU3Kas SHEePIUs UX IIpopacTaHMsI MOTJIa
OBITH MIPUYMHOI HeloydeTa YUCISHHOCTU U BUIOBOTO
pa3HOOOpa3usT KYJABTUBUPYEMBIX MHMKPOCKOIUYE-
CKMX rpu0OOB B ITOYBE ydyacTka V.

TakcoHOMIYECKasA CTPYKTYpPa W BHIOBOE PA3HOOOPA-
31e KyJbTUBUPYEMbIX MUKpPOMUIIETOB. M neHTHhUKaIs
TaKCOHOMMWYECKOUN MPUHAIJIEXKHOCTU U30JISITOB TOKa-
3ana, yro B CTC TopdsiHOIT 3a1eX1t pacCMOTPEHHOTO
00JIOTHOTO MaccHBa KOMILIEKC KYJIbTUBUPYEMBIX MUK-
POMMIIETOB, C YYETOM JIBYX (POPM CTEPUILHOTO MUIIE-
s, npencrasieH 40 Bunamu u3 11 pomoB (ta6m. 1).
OCHOBY COCTaBJISIIOT aHaMOpGHbIe IPpUOBI (27 BUIOB).
Otnen Mucoromycota BKiaodaeT 11 BUOOB U3 pOIOB
Mucor, Mortierella, Umbelopsis.

ITo BMIOBOI HACBIIIEHHOCTH MpeobdyagaeT pof
Penicillium. OH sgBiIsgeTCS TOMHUHUpPYIOMIEH (KOCMO-
MOJIUTHOI) TPYNION MUKPOOPTraHM3MOB M aKTHUBHO
BBIZIEJISIETCSI B IOYBEHHBIX 3KocucTeMax Kak Cybapk-
tnyeckux (Vinogradova et al., 2019), Tak u ApkTuue-
ckux tepputopuii (Sonjak et al., 2006). B paccmor-
peHHOM HaMu TopdsiHuKe pon Penicillium npencrap-
JieH Bcero 13 Bmmamu, 9To coctaBisgeT 30% oT Bcex
BBIJIEJIECHHBIX U UACHTU(GULIUPOBAHHBIX BUIOB MUK-
pomutieToB. OHAKO, KaK IoKa3aiu paHee MTpOBeAeH-
Hble uccienoBaHus (Vinogradova et al., 2019), B Top-
¢bsIHMKAaX JIECOTYHAPHI, B KOTOPHIX ObLI MCCJIENOBaH
TaKCOHOMUYECKUM COCTaB TOP(MSHBIX OTIOXEHUI U
CTC u MMII, Buns! pona Penicillium xapakTepusy-
I0TCS1 OOJiee 3HAYMTEJIbHBIM BUAOBBIM pa3HOOOpa3u-
eMm — 38 BunoB. Takasi pa3HUIIa MOXKET ObITh CBSI3aHa
C HEIOYYeTOM B ITOYBAX IOXKHOTYHIPOBOTO TOPGhSITHU-
Ka pasHoOOpa3usi MUKPOCKOTIMYECKUX IPUOOB, CIO-
PBI KOTOPBIX MPUYPOUYEHBI K MEP3JIbIM CI0IM Topda,
MUWKOJIOTHYECKUI aHAJTN3 KOTOPBIX HAXOIUTCS B CTa-
JIWU 3aBEplICHUSI U B JAHHOI CTaThbe HE TMPUBEACH.
Ha Bropom Mmecte HaxonsiTcst poabl Mortierella (7 Bu-
noB) u Trichoderma (6), Ha TpeTbeM — Talaromyces (3),
Mucor (3) u Umbelopsis (2). Ponvl Akanthomyces, Alter-
naria, Cladosporium, Pseudogymnoascus, Oidiodendron
BKJTFOYAIOT ITO OMHOMY BHILY.

Crpykrypa KoMitrekca MukpomuineroB CTC Top-
(SHBIX TOYB MpencTaBicHa B OCHOBHOM CITyJaifHBI-
MU BugamMu (55%), Ha HONIO PEIKUX IIPUXOIUTCS
25%, yacThIX U foMuHUpyOIUX — 13 u 7%, cooTBeT-
ctBeHHO. [Ipeobiramanme CIrydaifHBIX BUIOB MUKPO-
MUILIETOB OTMEYEHO HAaMU U TIPU UCCIEIOBAaHUM TOP-
daaukoB necotyHapbl (Vinogradova et al., 2019).
ITo otHOCHUTEeTLHOMY OoOMIHMIO B CTC TOpdhsHOIT 3a-
JIEXXU PaCCMOTPEHHOTO GOJIOTHOTO MacCHUBa TIOMUHM -
pywot Talaromyces funiculosus (28%) n Pseudogymno-
ascus pannorum (16%). DTo TUIIMYHBIE BUIBI apKTH-
yeckux ouotornoB (Kochkina et al., 2011; Edgington
et al., 2014; Kirtsideli, 2015). I'pynity BunoB, oouime
KOTOPBIX BapbUpPyeT B Ipeneax ot 1 1o 7%, cocras-
nsiot: Mortierella alpina (7%), cBeTI00KpallleHHBIM
CTepWIBHBIN Munenuii (6%), Penicillium simplicissi-
mum (6%), P. decumbens (5%), P. olivicolor (3%),
P. thomii (3%), Mortierella sp. (3%), Umbelopsis vina-
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Taoauna 1. BunoBoe pasHooOpa3re MUKPOMHUIIETOB U MX OTHOCUTEIbHOE oouire (%) B TOpGSHOM 3aeX1 Ce30HHOTAIBIX
CJIOEB IUIOCKOOYTIPUCTOro 00JI0Ta I0KHOM TYHIPHI

YuacTtok
Buabl MUKPOMULIETOB I I1 IT1 v Vv
0—44cm | 0—36cm | 0—44cm | 0—32cMm | 0—37 c™m
Mucoromycota

Mortierella alliacea Linnem. 0.00 0.40 0.00 0.00 0.00
M. alpina Peyronel 7.14 6.85 4.77 11.54 17.99
M. antarctica Linnem. 4.76 0.00 0.00 0.00 10.07
M. horticola Linnem. 2.38 8.47 0.00 0.00 0.00
M. humicola Oudem. 7.14 1.21 0.66 0.00 5.76
M. schmuckeri Linnem. 4.76 1.61 0.00 0.00 0.00
Mortierella sp. 9.52 12.10 1.33 2.66 2.16
Mucor hiemalis Wehmer 0.00 2.02 0.95 0.48 0.00
Mucor sp. 0.00 0.00 0.00 0.48 0.0

Umbelopsis ramanniana (Moller) W. Gams 0.00 0.00 0.10 0.00 0.00
U. vinacea (Dixon-Stew.) Arx 2.38 4.44 2.29 3.61 1.44

Ascomycota

Akanthomyces muscarius (Petch) Spatafora, Kepler et B. Shrestha 4.76 0.00 0.00 0.00 0.00
Alternaria alternata (Fr.) Keissl. 2.38 0.00 0.00 0.00 0.00
Cladosporium cladosporioides (Fresen.) G.A. de Vries 2.38 0.00 0.00 0.00 0.00
Oidiodendron maius G.L. Barron 0.00 0.00 0.00 0.48 0.00
Penicillium aurantiogriseum Dierckx 0.00 1.21 0.00 0.00 0.00
P. camemberti Thom 0.00 0.00 1.81 0.00 0.00
P. canescens Sopp 0.00 2.02 2.96 0.24 0.00
P. citreonigrum Dierckx 0.00 0.00 0.00 3.61 0.72
P. decumbens Thom 2.38 0.00 10.10 0.00 0.00
P. lanosum Westling 0.00 0.00 0.38 3.85 0.00
P lividum Westling 0.00 0.00 0.00 9.13 0.00
P. olivicolor Pitt. 0.00 0.00 0.19 0.00 0.00
P. roqueforti Thom 2.38 0.00 0.00 0.00 0.00
P. simplicissimum (Oudem.) Thom 0.00 0.00 5.24 11.38 14.39
P. spinulosum Thom 0.00 0.00 1.33 0.72 0.00
P. thomii Maire 7.14 0.81 2.19 7.02 0.00
Penicillium sp. 4.76 2.82 0.76 3.85 5.76
Pseudogymnoascus pannorum (Link) Minnis et D.L. Lindne 11.90 22.98 16.76 9.62 23.02
Talaromyces funiculosus (Thom) Samson, N. Yilmaz, Frisvad et Seifert 4.76 0.40 39.02 28.13 16.55
T. diversus (Raper et Fennell) Samson, N. Yilmaz et Frisvad 0.00 0.00 0.00 0.72 0.00
T. rugulosus (Thom) Samson, N. Yilmaz, Frisvad et Seifert 0.00 0.00 2.75 0.00 0.00
Trichoderma hamatum (Bonord.) Bainier 2.38 0.81 0.00 0.00 0.00
T. harzianum Rifai 0.00 2.82 0.00 0.00 0.00
T. koningii Oudem. 2.38 8.87 0.00 0.48 0.72
T. polysporum (Link) Rifai 0.00 0.40 0.00 0.00 0.00
T. viride Pers. 2.38 0.81 0.00 0.24 0.72
Trichoderma sp. 0.00 1.21 0.00 0.00 0.00
CBETJIOOKPAIIEHHBI CTEPUIBHBIN MULIETTUIA 9.52 17.74 6.25 1.94 0.72
TEMHOOKPAIIICHHBIN CTEPYILHBIN MULICTAI 2.38 0.00 0.38 0.00 0.00
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Taoauua 2. [Toka3zaTen CTPYKTYpbI KOMIUIEKCA MUKPOMUIIETOB B CE30HHOTAJIBIX CJIOSIX TOPGSTHOM 3aJIeXK1 TIIOCKOOYTpH-

CTOTO O0JIOTHOTO KOMILJIEKCa I03KHOM TyHAPHI

[TokazaTenu Ce30oHHOTaJIBIE CJTIOU TOpha
Howmep yuyactka I 11 I11 IV \Y%
MoONIHOCTh CE30HHOTAJIOTO CJIOS, CM 44 36 44 32 37
KonuyecTBO BBIIENIEHHBIX BUIOB, 1T 21 21 20 20 13
Wunexc BugoBoro pazHoobpasust [llenrnona (H) 1.66 2.42 2.08 2.32 1.79
Nunekc BeipaBHeHHOCTH [Tueny (E) 0.55 0.79 0.71 0.79 0.70
WNunexc nomuHupoBaHus CumiicoHa (S) (1-D) 0.57 0.88 0.80 0.87 0.86

cea (3%), Penicillium lividum (2%), Penicillium ca-
nescens (2%), Penicillium sp. (2%), Talaromyces rugulo-
sus (1%), Trichoderma koningii (1%), Mortierella horti-
cola (1%), Penicillium lanosum (1%), P. camemberti
(1%). Ans ocTtallbHBIX MASHTUMOUIUPOBAHHBIX BUIOB
rokasarejib oomiaus MmeHee 1%.

BunoBoe pasznoo6pasue rpuooB B CTC paccmor-
PEHHOTO psifia TIOYB MOCJIeA0BaTeIbHO CHIKAETCS OT
OroJIEeHHOTO TOp(STHOTO IIsITHA (21 BUI) K MOYaXKMHE
(13 BumoB). Hanbosee BbICOKUMM 3HAYECHUSIMU WMH-
JIEKCOB BUAOBOro pasHoob6bpasusi IllenHona (2.32—
2.42) u BeipaBHeHHOCTU Ilueny (0.79) xapakrepusy-
orcsg MukoneHo3bl CTC mouBsl KpaeBoit 30HBI TOP-
dsanoro natHa (II), 3apacTarliero TuiaifHUKaMu 1
MxaMu, 1 ITouBbI Oyropka (IV) ¢ KyctapHUYKOBO-MO-
XOBBIM PacTUTEJILHBIM coo01ecTBOM (Tada. 2). Kpu-
BbI€ PAHTOBOTO pacripeAeeHUs] BUIOB (10 OOWINIO)
BO BCEX PAaCCMOTPEHHBIX OMOTOMAX UMEIOT CXOMHbIN
XapakTep, OTBEYAIOIIU I JOTHOPMaJIbHOMY pacripe/ie-
neHuto (puc. 4). OgHako B mmouyBe y4yacTka I KkpuBas
pPaHrOBOTO pacripefe/ieHUs1 MMeeT 0oJjiee CriIaXKeH-
HbIiA BUI 32 CUET MPUCYTCTBUS 31€Ch OTHOCUTEIBHO
OospiIOoro koauvyectsa BUAoOB (13) ¢ He3HAUUTENb-
HbIM pa30dpOCOM B 3HAYEHUSIX BEJTMUMHBI 00U (OT
4 1o 12%). B ocTtanbHBIX OMOTOTIAX YETKO BBIIEIISIIOT-
csl JOMUHAHTBI ¢ oowreM Bhite 20% 1 cyomoMruHaH-
TBI ¢ obuaueM B mipeaeniax 10—20%. Takum oGpazom,
B TMOYBax MPaKTUUYECKH BCEX y4aCTKOB, KpOMeE IIE€H-

O6wnue Buna, %
) w N
(e (=] (e}
T T d

—
o
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TpajabHOI YacTu Top(dsHoro mnsarHa (I), mumeHHOM
pPacTUTEIBHOCTA, OTMEYEHO IOMWHHPOBAHHWE He-
O6ombiroro (3—5) konuyecTsa BUAOB (Tadd. 1).

HamnbGoiee pa3zHooOpa3HEI 110 BUIOBOM HACHIIIICH-
HOCTU MMKPOCKOMUYECKUX T'PUOOB BEpXHUE TOpU-
30HTEI CTC TopdsHoit 3anmexu (rmyomHa 0—5 cm).
31ech MACHTUMUIIPOBAHO, B 3aBUCUMOCTH OT y4acT-
Ka, oT 10 go 15 BumosB (puc. 5). B npoduie mouyB oro-
nenHoro 1siTHA (1) 1 ero kpaeBoii 30HbI (11) oTMedeHO
JIBa MUKa BUIOBOTO pa3HOOOpa3uss MUKPOMMUIIETOB:
MEPBBIN MpUypouYeH K riayoune 0—5 cMm, BTopoit — K
cpenneit vactu CTC (rmybuna 20—32 cm u 20—26 cm
COOTBETCTBEHHO). [losiBieHHue BTOPOro MUKa MOXKET
OBITh CBSI3aHO C UBMEHEHHEM OOTaHMYECKOIo COCTaBa
topda. B Bepxneit yactu (0—20 cMm) Topd TEMHO-KO-
PUYHEBBIM, XOPOIIO Pa3IOXKEHHBIN (CTEIIEHb pa3Jio-
xenus 40—50%), B HukHeit yactn (20—44 cm) Topd
uMeeT OoJiee CBET/IbINA OypoBaTO-KOPUYHEBBIN OTTE-
HOK C oomimeM cnabo- ¥ cpeaHepas3IoKeHHBIX ppar-
MEHTOB MXOB, OCOK, KOPbI KYyCTApHUYKOB. AHAJIOTUY-
Hasl KapThHa (IBa MMKa BUAOBOrO pa3HOOOpasus B
npoduie) ortmedeHa Takke B CTC 1mmouBbsl MOYaXKHU-
HBbI, TJI€ BTOPOI MUK, MIPUYPOUYEHHBIN K M1yonHe 10—
18 cM, cBsI3aH, 1O Bcelt BUIMMOCTH, C MMPUCYTCTBHEM
B cocTaBe cgarHoBoro topda (pparMeHTOB IPYrux
BUJOB MXOB, a TaKxXe cTebiieit u nuctbeB Carex rotun-
data. B Bepxneit vactu CTC, mpeacTtaBIeHHOM OYe-
coM carHoBbix MX0B (TiryonHa 0—5 cM) 1 ux ciaabo-

3 3 7 A A

Panur Buna

Puc. 4. KpuBbie paHroBOro pacmpeaejieHus (1o 00MINI0) BUAOB MUKPOMMIIETOB B IOYBAX IJIOCKOOYTPUCTOrO TOPGhSIHUKA IOXKHOMN

TYHJIPHI.
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Puc. 5. UameHeHue KoaudectBa poaoB (A) u BunoB (B)
KyJbTUBUPYEMbIX MUKPOCKOTTMYECKUX IPUOOB B ITpoduIe
CE30HHOTAJIbIX CJIOEB TOP(MSHBIX TTOYB TNTOCKOOYTPUCTOTO
00J10Ta I0XKHOM TYHIPHI.

pazyioXeHHbIMU (parmMeHTamMu (riayomHa 5—10 cm),
9T KOMITOHEHTHI OTCYTCTBYIOT. B mouBe Gyropka (IV)
C XOpOIIO PAa3BUTOM KyCTapHUYKOBO-MOXOBOW pac-
TUTEJILHOCTBHIO CPAaBHUTEJILHO BBICOKOE pa3HOOOpa-
31e MUKpoMuIleTHOro komriuiekca (10—13 BumoB u3
6—7 ponoB) oxBatbiBaeT Toaiy CTC mo rimyouHs 20—
25 cM, B KOTOPO¥ CKOHIIEHTpUPOBaHA OCHOBHAsI Mac-
ca KOpHell KycTapHUYKOB Ledum decumbens, Betula
nana, Vaccinium vitis-idaea, Empetrum hermaphrodi-
tum (puc. 5).

B HuxHux cnosix CTC, Ha rpanuue ¢ MMIT (ry-
o6uHa 35—45 cMm), pazHOOOpasue KyJIbTUBUPYEMBIX
MUKPOMMIIETOB BO BCEX PACCMOTPEHHBIX HAMU TMOY-
Bax pPe3KO CHMXKAETCsl, BIJIOTh IO MOJHOTO OTCYT-
ctBUs pocta Kojionuit (yuactku 111, V). Hecmotpst Ha
HaJluuue B 3TUX FTOPU30HTaX 3HAYUTEILHOTO KOJIrnUye-
ctBa cnop (puc. 3), uX CHOCOOHOCTh K aKTUBHOMY PO-
CTY Ha UCIIOJIb3YEMbBIX CpellaX B YCIOBUSX KYJIbTUBU-
pOBaHUs, MO Bcelt BUAMMOCTU, PE3KO OTpaHUYEHA.

ITouBbl TOpGSIHOrO TNATHA, JUIISHHOTO PACTHU-
tenbHOCTH (I, 1I), M1 OyropkoBaTOoro KomMrjiekca ¢ Mo-
XOBO-JIUIIAMHUKOBLIM U KYCTapHUYKOBO-MOXOBBLIM
coobiectBamu (111, IV) moctaTouHo 4yeTKo paznmya-
IOTCS MO BUOOBOI HACBHIIIEHHOCTU BEIyIIUX POHOB
MUKPOMHULIETOB (pHc. 6). B mepBoM ciiydyae Hanboee
HaCBIIIEHBI BUmaMu ponsl Mortierella (6 BUIOB) U
Trichoderma (3—6), Bo BropoM citydae — pon Penicilli-
um (8—9). IlouBa movyaxuHs! (V) Mo BUIOBOI HAChI-
IIEHHOCTU POJOB 3aHMMAET MPOMEXYTOYHOE IT0JIO-
JKEHUE.

MUKOJIOTUA YU OUTOIIATOJIOTI'UA
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v
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B Cladosporium
O Mycelia sterilla c/o
) B Mycelia sterilla m/o

20 25
KonnyecTBo BUIOB, LIT.

Puc. 6. BunoBast HachIIIIEHHOCTD BEAYIIINX POIOB MUKPO-
MMIIETOB B CE30HHOTAJIBIX CJIOSIX TOP(DSIHBIX ITOYB IJIOCKO-
OyrpHCTOro 00JI0Ta I0KHOM TYHIPHI.

B 3aBucuUMOCTU OT TUIIA TOYBBI, KOTOPBIM HaIpsi-
MYIO CBSI3aH C ITOJIOKEHUEM B pesibede (MUKpOpeabe-
¢e) 60710THOTO MaccHUBa U XapaKTEPOM PacTUTEJIbHO-
ro ToKpoBa, HAOJII0JAI0TCS COOTBETCTBYIOIIUE U3ME-
HEHUSI B JNOMWHMUpPOBaAHUU (IO OOWJIMIO) BUIOB B
coo0lIllecTBaX  KYJbTUBUPYEMBIX MUKPOMUIIETOB.
B yactHocTH, B mouBax TopdsiHoro msaTHa (I) u ero
kpaeBoii 30HbI (II) B TpoOiiKy TOMWHAHTOB BXOMIST
Pseudogymnoascus pannorum (COOTBETCTBEHHO 12 u
23%), CBETJIOOKpAIlleHHBIN CTEPUJIbHBII MULEIU
(10 v 18%) u Mortierella sp. (10 u 12%).

B nmouBax 6yropkosaroro komruiekca (yuyactku I11
u IV) Bun Pseudogymnoascus pannorum coxpaHsieT
cBou Beayuive mmosunun (oounue 17 u 10% coorser-
cTBeHHO). OmHAaKO B HUX Ha II€PBOE MECTO I10 OOM-
o Beixonut Bun, Talaromyces funiculosus (= Penicil-
lium funiculosum), cootBeTcTBeHHO 39 U 28%. DTOT
BUJ YYaCTBYET B pa3jioXeHUU C(HarHOBBIX MXOB, OH
XapakKTepeH JIsi MUKOLIEHO30B BEPXOBBIX OOJIOT
(Grum-Grzhymaylo et al., 2012), BcTpeyaeTcsi B o4~
Bax 3a00JI0YEHHBIX MECTOOOMTAHUI TTOJSIPHBIX PETH-
oHoB (Kirtsideli et al., 2014). Cpenu moYBeHHBIX MUK~
POCKOITMYECKUX TPUOOB 3TO HAaMbOJIee CTPECCOYCTOM-
YUBBI BHUI, NPUYPOUYCHHBLI K 30HE pusochepsl
(Kanse et al., 2015), xots mo ganHsiM E.}O. BopoHu-
Hoit (Voronina, 2011), B XBOMHBIX JiecaX OH BCTpeYa-
eTcsl TIPEMMYIIIECTBEHHO B CBOOOIHOI OT pacIipo-
CTpaHEeHMsI KOpHell U rud 0a3suaruoMMIIETOB TTOYBE.
I[ToMuMO 3THX BUIOB B YMCI0 TOMHUHAHTOB (C OOMIN-
eM 10—12%) Bxomsat takxke Penicillium decumbens
(yuacrok III), P. simplicissimum w Mortierella alpina
(yuacrtok IV).

B mouBe MouaxkuHbI (V) KOMIUIEKC TOMHHHPYIO-
X 110 OOVJTIIO BUIIOB TIPEICTAaBICH TISITHIO BUIAMU —
Pseudogymnoascus pannorum (23%), Mortierella alpina
(18%), Talaromyces funiculosus (17%), Penicillium sim-
plicissimum (14%) n Mortierella antarctica (10%). U3-
BECTHO, YTO BUIbI poaa Mortierella SBASIIOTCSI aKTUB-
HBIMUA TpUOaMHU-3HIOPUTAMU MOXOOOpAa3HBIX, JIH-
ITAHUKOB, COCYOMCTBIX pacTeHUil ApPKTUKH W
Antapktuku (Tossi et al., 2002; Mello et al., 2014;
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Taoauua 3. KoaddunmeHT cxoncrBa CépeHceHa—YeKaHOBCKOTO (%) KOMILIEKCOB KYJIBTUBUPYEMbIX MUKPOMMIIETOB, BbI-
SIBJICHHBIX IpPU aHaIu3e TOPMSTHOI 3ajieXu B pas3JMUYHBIX OMOTOIaX IUIOCKOOYIPHUCTOro OOJIOTHOTO KOMILIEKCA IOXKHOM

TYHAPBI
Buoror TopdsHoe Kpaesas 3oHa MukponoHmxeHnue |  byropok MouaxuHa
nsitHO (1) topdsiHoro nisstHa (11) (I1T) (Iv) %)
Topdsaoe msaTHO (1) —
Kpaesast 30Ha TopdstHOTO 67 -
nsTHa (11)
Mukpononumxenue (I11) 51 53 —
Byropoxk (IV) 50 60 65 -
MouaxuHa (V) 67 59 52 67 —

Miinchberg et al., 2015; Fungi.., 2019), oHu mupoko
HpeACTaBJeHbl U 3a4acTyl0 JOMUHUPYIOT B ITOYBaX
stux pernoHoB (Kirtsideli et al., 2014; Nikitin et al.,
2019). B paccMoTpeHHOM HaMu TOphsSHUKE I0XKHOM
TYHIPHI, B OTJIMYME OT TOP(MSHBIX MTOYB JIECOTYHIPbI
(Vinogradova et al., 2019), oTMe4YeHbl HOBbIE BUIbI U3
pona Mortierella — Mortierella alliacea, M. antarctica,
M. schmuckeri. 13075Tbl 3TUX BUIOB BbIAEICHBI U3
o0paszuoB Topda CTC moyBe OroaeHHOrO TOPPSIHO-
ro risiTHaA (1), ero kpaeBoii 30HEI (1) 1 MoyaxkuHE! (V)
(Tabm. 1).

HexkoTopble BUTBI MUKPOMHUIIETOB NMEIOT YETKYIO
MPUYPOYEHHOCTb K KOHKPETHBIM O1oTomnam. Tak, Ha-
npumep, ToJabKo 13 00pasiioB CTC nouBsl TOpdhsIHO-
ro nsitHa (1) ObLIM BhISIBIICHBI M30JI9ThI BUna Clado-
sporium cladosporioides, 13 TOYBBI KpaeBOt 30HBI TIST-
Ha (IT) BUunbl Penicillium aurantiogriseum u
Trichoderma polysporum. B mouBe MUKPOIIOHKEHUS
C MOXOBO-JIMIIIaHUKOBHIM ITOKpoBoM (111) ormeueHo
npucytcTBue BUAoB Talaromyces rugulosus v Penicilli-
um olivicolor. B mouBe 6yropka ¢ KyCTapHMKOBO-MO-
xoBoii pactutenbHOCTBIO (IV) BecTpeuen Bun Oidio-
dendron maius, SBASIOIUIACSI MUKOPU3HBIM SHI0DU-
ToM BepecKoBEIX (Rice, 2006).

II

111

v

10 15 20

Puc. 7. lenaporpamMmma cXoacTBa KOMITJIEKCOB MUKPOMU-
LIETOB B CE30HHOTAJIBIX CJI0SIX TOPMSHOM 3aJIeKU TJI0CKO-
OyrpucToro 60J10Ta I0XKHOM TYHIPHI (KJIacTepu3ams — o
Bapny, Mepa paccrosiHusi — MaHX3TTeHCKOE PacCTOSIHUE).

MUKOJOI'A U ®PUTOIIATOJIOTUA

B uenoM, KOMIUIEKCHI KYJIbTUBUPYEMBIX MUKPO-
muieToB, TpeacTtaBieHHble B CTC TopdsSHBIX TOYB
HUCCIEAOBAaHHBIX OMOTOIIOB, JOCTAaTOYHO BUIOCIIEIIM-
duannl. Koapdpunnent CépenceHa—YekaHOBCKOTO
(Ks) mexnmy pa3HbIMM ITapaMu I104B BapbupyeT oT 50
1o 67% (ta6a. 3). CoracHO pe3ynabTaTaM KJIACTEPHO-
ro aHa/In3a, ITOYBBI PACCMOTPEHHBIX OMOTOIIOB I10 CO-
CTaBY BUIOB KyJIbTUBUPYEMBIX MUKPOMUIIETOB 00pa-
3y10T ABa Kiacrtepa (puc. 7). [lepBblit KacTep Impen-
ctaBieH mouyBamMn ydactkoB I u II, B KoTOpmIX
CTPYKTYpa, COCTaB M CTEIIEHb pa3jIoKeHUs Topda 10-
cTaToyHO OJM3KK. BTOpoit Kitactep 06pa3yroT ITOYBEI
BCEX OCTaJbHBIX YYaCTKOB, OOILIIHOCTb BUIOBOTO CO-
CTaBa MUKPOMMIIETOB B KOTOPBIX MOXKET OIPEACIISITh-
ca npucyrctBueM (ydactku 111, 1V) mimm npeo6iama-
HueM (V) B coctaBe Topda ¢pparMeHTOB C(harHOBBIX
MXOB, a TakKxXKe HaJlddueM ollada M KOpHeil cocyau-
CThIX pACTEHUM.

B apkTuueckux m cybapKTUYECKHUX PETMOHAX OJ-
HUM U3 OCHOBHBIX (haKTOPOB CTpecca JJisi MUKPOOP-
TaHU3MOB SBIISIIOTCS HU3KUE TeMIIepaTypbl CpPenbl,
KOTOpBIE OIPENEISIIOT pa3IMYHbIE CTPATETUH aJanTa-
LMY K HUM MUKPOOUOTHI, B TOM YHMCJIe TIPUCYTCTBUE B
COCTaBe MUKPOOHBIX COOOIIECTB MCUXPOTPOGHBIX U
MCUXPO(PUILHBIX TPYII MUKpoopraHusmMoB (Bergero
et al., 1999; Hassan et al., 2016; Nikitin et al., 2019).
B nccnenoBaHHBIX HAMU MOYBaX IJIOCKOOYIPUCTOTO
60J10Ta I0XKHOM TYHIPhI KOJIMYECTBO BUIOB-IICUXPO-
¢uI0B, CIOCOOHBIX AABAaTh POCT KOJOHHUI TOJBKO
npu Temneparype 4°C, He3HauuTesabHo. [lpu aToit
TeMIeparype ObUIM MACHTU(MUIIUPOBAHBI U30JISIThHI
Mortierella alliacea, M. schmuckeri, Mucor sp., Penicil-
lium lividum. K TunuaHsiM Me3odhuiaM (MaeHTUDU-
LIMPOBaHbl TMPU TeMIIEpaType KYyJIbTUBUPOBAHUS
25°C) MOXHO OTHecTH 14 BUIOB MHUKPOMMIIETOB
(Cladosporium cladosporioides, Akanthomyces muscarius,
Alternaria alternata, Oidiodendron maius, Penicillium
olivicolor, P. aurantiogriseum, P. roqueforti, Talaromyces
diversus, T. rugulosus, Trichoderma hamatum, T. harzianum,
T. koningii, T. viride, Umbelopsis ramanniana) u tem-
HOOKpAIIeHHBbII CTepWIbHBIM MulLleaunii. OcTaabHbIE
BUIBI, B 3aBUCUMOCTH OT OMOTOIIa, MUKpOpeibeda u
TUIA MTOYBBI, MOTYT BECTH CeOsI TMOO0 KaK MCUXpodu-
JIBI, MO0 KaK TICUXPOTPO(dBbI, JIMOO KaK Me30(UIbI.
Ne 2
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Puc. 8. ons (%) Bunos mukpomuiietoB B CTC TopdhsiHOi
3aJIeKU TIOCKOOYTPHUCTOTO GOJIOTA I0XKHOM TYHAPHI, Taf0-
LIAX POCT KOJOHUM MIPU Pas3IMYHbIX TEMITEpaTypax KyJib-
TUBUPOBAHUSI.

ITpu atoM B CTC Bcex pacCMOTPEHHBIX [TIOYB OCHOBY
MUKOILIEHO30B COCTaBJISIIOT MCUXPOTPOGbI U Me30(pU-
JIbI, HA UX JOJII0 Ipuxomutces oT 75 mo 100% (puc. 8).
ITpocnexxuBaeTcsl 1OCTATOYHO YETKUIA TPEH YMEHb-
IIEHUSI 101 Me30(UI0B OT IMOUBbI TOP(STHOTO TISITHA
(I), Haubonee TeruI0OOECIIEYEHHOI B JIETHUI IIepHU-
011, K ToYBe OyropKa ¢ XOpoIllo pa3BUTHIM KyCTapHUY -
KOBO-MOXOBBIM MTOKpoBoM (IV), urparoliium aKpaHu-
PYIOIIIYIO POJb HpU IIOCTYIUICHMM B IIOYBY TEILIa B
JICTHUI IepUO/I, U YBEJUYEHUS B 3TOM HaMpaBJICHUU
MUKPOMMUILIETOB — micuxpoduiaoB. Ocobdoe Tojioxe-
HHE B 9TOM PSIIy 3aHMMAaeT ImouyBa ModaxXuHbI (V), B
MMKOILIEHO3aX KOTOPOI, HECMOTPSI HAa HaJu4ue 3Ha-
YUTEIBHOTO KOJIMYECTBA CIIOp HE TOJbKO B HaAMEP3-
JIOTHBIX TOpM30HTax, HO 1 Bo Bceit Tomme CTC (puc.
3), MUKPOMMIIETHI, aKTHBHO pa3MHOXaOIIecs
TOJIBKO TIpM HU3KMX TemIiepaTypax (ICUXpOMUIIbI),
He 3adukcupoBaHbl. [locaenHee, ckopee BCero, CBsI-
3aHO C OoJiee HU3KUMU TEMIIaMU POCTa MOYBEHHBIX
MUKPOMMUIIETOB B 3TOM OMOTOIIE, 0OYCIOBJIE€HHBIMU
COYETAaHHBIM JEHCTBUEM HECKOJbKUX (aKTOPOB
cTpecca, HauboJjiee 3HAUMMbIMU 13 KOTOPBIX CJIEAyeT
cuyuTaTh 1) HU3KME TeMIlepaTypbl U 2) HEIOCTaTOK
KHCJIOpoda B CHUIy 3HAYUTEIbHOW OOBOITHEHHOCTU
MMOYBEHHOTO TTPOPUIIS.

3AKJIIOYEHUE

YcTaHOBIEHBI 3aKOHOMEPHOCTU MTPOCTPAHCTBEH-
HOTrO pacrpenejieH1sI T[puOHOM 6110MacChl 1 BUAOBOIO
pazHoOOpa3us KyJIbTUBUPYEMBIX MHMKPOMMIETOB B
rpejesiax CEe30HHOTAJoro cjios TOpGSHBIX II0YB
MJIOCKOOYTPUCTOTO OOJIOTHOTO KOMILIEKCa, (popMu-
pyIoIIerocss B OMOKINMATUIECKIX YCIOBUSIX IOXKHOM
TyHapel. [Toka3zaHo, 4TO cooOIllecTBa KyJIbTUBUPYES-
MBIX IIOYBEHHBIX MUKPOMUIIETOB ITpeacTaBiieHbI 40 BU-
TaM MHWKPOCKONMMYECKUX TpUOOB M3 12 pomos,
BKJIIOYast ABe (pOpMBI CTEPUIIbLHOTO MUlleaus. JJomMu-
HUPYIOT B CTPYKTYpe MUKOLIEHO30B Pseudogymnoas-
cus pannorum (77%), Mortierella alpina (65%) n cBeT-
JIOOKpAIIEHHbIN CTepWIbHBIN MuLienuii (65%). Bemy-

MUKOJIOTHUA U GUTOIATOJIOTIUA
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IYE TO3ULINK 110 OOWJIMIO 3aHMMAaroT ABa BUIA —
Talaromyces funiculosus (28%) wn Pseudogymnoascus
pannorum (16%). B TopdsiHBIX TOYBaX TYHIPOBOIA 30-
HBI, 10 CPAaBHEHMIO C TTOYBAMU JIECOTYHIPHI, OTMEYE-
HbI HOBBIE BUBI MUKPOCKOITMYECKNX IPUOOB 13 poaa
Mortierella — M. alliacea, M. antarctica, M. schmuckeri.

ITouBbI OrOJIEHHOTO TOPHhSIHOTO MSATHA, JTAIIIEHHO-
ro pacturenbHoctu (I, 1), m OyropkoBaToro MUKpo-
KOMILIEKCa ¢ MOxoBoO-JMmaiHuKoBeIM (III) m ky-
CTapHUYKOBO-MOXOBbIM (IV) coobiiectBaMu pasinu-
YaroTCs MO BUAOBOUM HACHIILIEHHOCTHU BEAYILIMX POIOB
MUKpomulleToB. B mepBoM ciyuyae HauboJjiee Hachl-
1eHbl BugamMu ponbl Mortierella v Trichoderma, BO
BTOpOM — Penicillium. IlouBa Mmoyaxxunsl (V) 3aHUMAa-
€T MPOMEXYTOUHOE IMOJIOXKEHUE MO BUIOBON HaChl-
LIEHHOCTU POJIOB.

Ha xommyecTBeHHBIE XapaKTEPUCTUKU MUKOIIE-
Ho30B, mnpenctaBieHHbIX B CTC mo4yB TyHIPOBOTO
TopdsHMKa (BeTMIMHA TPUOHOI OMOMAacChl, BUIOBOE
pa3HooOpasve, BUIOBas HACHIIIEHHOCTb BETYIINX
pOIOB MUKPOMMIIETOB), 3HAYNMMOE BIIMSTHHE OKa3bI-
BaIOT ITOJIOXKEHME ITOYBHI B pejibede (MUKpopeabede)
OOJIOTHOTO KOMIUIEKCA U XapakKTep PacTUTEIBLHOTO
MOKpoBa. MaKCUMaJIbHbIMU BEJIWYMHAMM KOHILIEH-
Tpaluuu rpubHOK 6roMacchl xapakTtepusyrworcss CTC
(mo 30 cm) mouBBI oOrojieHHoro mnsaTHa (16.76—
20.21 Mr/T) M ero KpaeBoit 30HbI, MOCTENIEHHO 3apac-
Taroleil MxamMu 1 aumaiHukamu (11.49—18.39 mr/r).
Bo Bcex ncciienoBaHHBIX TOPPSHBIX ITOYBAX B CTPYK-
Type rpuoHoii omomaccel CTC B OCHOBHOM TOMUHMU-
pYyeT XWBOM MWIIECIUI TPUOOB, MOJST KOTOPOTO CO-
crapisieT 81—100% ot 001ero KoJM4ecTBa yauThiBa-
€MOro MHULEIUsI, Ha OO0 MEPTBOTO MMUILIEIUS
npuxoaures 5—19%.

Pa6orta BEIIOTHEHA B paMKaX TeMBI TOCYIapCTBEH-
Horo 3aganust Macruryra omonornu Komm HII ¥YpO
PAH “BrisiBieHue oO0ILIMX 3aKOHOMEPHOCTEN (op-
MUPOBAaHUS U (DYHKIIMOHUPOBAHUST TOPGIHBIX TOYB
Ha Tepputopnn ApKTtrdeckoro m Cyb0apKTHUECKOTro
cektopoB EBporeiickoro Cesepo-Boctoka Poccun™
(Ne AAAA-A17-117122290011-5).
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Soil Fungi Biomass and Diversity of Soil Microfungi in the Active Layer
of South Tundra Peatlands
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The composition and structure of the microscopic fungi biomass, as well as the species diversity of cultivated mi-
cromycetes in active layers (AL) of peat permafrost soils of the southern tundra peatland (basin of the upper
course of the Korotaikha river, Bolshezemelskaya tundra, Nenets Autonomous Okrug) were studied. Their pro-
file distribution in peat soils, which occupy different positions in the relief of peatland under different types of
vegetation, is scrutinized. It was shown that the biomass of fungi (spores and mycelium) in the AL of peat soils
varies from 0.44 to 21.46 mg/g a.d.s. (absolutely dry soil). In the upper layers of AL, the mycelium dominates in
the biomass structure, fungal spores dominate in the horizons located above permafrost. The maximum of fungi
biomass (11.5—20.2 mg/g a.d.s.) was observed in the soils of bare peat circles on flat-topped peat mounds, the
minimum of fungi biomass was observed in soil of microdepressions (0.4—16.8 mg/g a.d.s.) with moss-lichen
communities and in soil of sponge (swamp) (2.3—6.9 mg/g a.d.s.) with sedge-sphagnum vegetation cover. The
fungal mycelium in the soils of the peatland is represented mainly by functionally active hyphae (81—100%). The
taxonomic list of cultivated micromycetes includes 40 species (including two forms of sterile mycelium). The Mu-
coromycota division is represented by 11 species (28 %) from the genera Mucor, Mortierella, Umbelopsis. The genus
Penicillium dominates in the number of species (13 species). The genera Akanthomyces, Alternaria, Cladosporium,
Pseudogymnoascus, Oidiodendron include single species. According to the species abundance, the structure of
micromycetes complex is presented by random species — 55%; rare, frequent, and dominant species account for
25, 13, and 7%, respectively. Two species — Talaromyces funiculosus (28%) and Pseudogymnoascus pannorum
(16%) are most abundant in active layers. The greatest species diversity of micromycetes (21 species) is charac-
terized by soils of bare peat circles on flat-topped peat mounds, soil of sponge has a minimum number of species
(13 species). The basis of the micromycete complex is composed of mesophylls and psychrotrophic species (from
75 to 100%). Mortierella alliacea, M. schmuckeri, Mucor sp., Penicillium lividum are typical psychrophilic species
growing at a cultivation temperature of 4°C. These species actively sporulate in the active layer of flat-topped peat

mound soils and are not found in the soil of sponge.

Keywords: active layer, cultivated microscopic fungi, diversity biomass of microscopic fungi, peatland, perma-

frost, peat soils
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B Kpachyto kHury Xa6apoBCKOTo Kpast BKIIOYeHBI 16 BUTOB 6a3MINOMUILIETOB: Amanita caesareoides, Clavari-
adelphus pistillaris, Cortinarius violaceus, Dictyophora duplicata, Fomitopsis officinalis, Ganoderma lucidum, Gri-
Jola frondosa, Harrya chromipes, Hericium coralloides, Leucoagaricus nympharum, Pleurotus djamor, Polyporus
umbellatus, Porphyrellus porphyrosporus, Sparassis crispa, Strobilomyces strobilaceus, Tylopilus atrobrunneus. J1an-
HBII TIepeveHb MpeuraraeTes K mepecMoTpy Ha OCHOBAaHUM COOCTBEHHBIX JaHHBIX aBTOPOB, MTyOIMKAIINIA ITO-
CJIEIHUX JIET U C Y4ETOM COBPEMEHHOI0 COCTOSIHUSI TaKCOHOMUU I'puboB. Dictyophora duplicata n Hericium
coralloides peKOMEHIOBaHBI K NCKITIOUYEHUIO M3 CITMCKA OXPaHSEMBIX BUAOB. Sparassis crispa TiepeoripeneieH
Kak S. latifolia v peKOMeHI0BaH K OXpaHe Ha pernoHajibHOM ypoBHe. LllecTh BUAOB MpemIOKeHbI 151 BKITIO-
YeHUs B TlepeueHb PeIKUX U OXpaHseMbIX st XabapoBcKoro Kpasi: Bondarcevomyces taxi, Chroogomphus
sibiricus, Gyroporus punctatus, Lentinula edodes, Leucopholiota lignicola, Tricholoma caligatum. [1na eie nsitu
BUJIOB peKOMEHIOBAaH MOHUTOPUHT COCTOSTHMS TTOMYJISILIUIA M pacTipOCTpaHeHUs B peTuoHe: Boletopsis grisea,
Cryptoporus volvatus, Favolus pseudobetulinus, Gomphus clavatus, Hericium flagellum. 11lecTb BUTOB YKa3bIBalOT-
csI BIIepBbIe I perroHa. JIJis psima BUIOB IPUBEIESHBI HOBBIE BBISIBIICHHBIE MeCTOOOUTaHYSI. BOTBITMHCTBO
HaXOJOK IOJITBEPKICHO TrepbapHbIMU oOpa3uaMu. 11 HEKOTOPHIX BUIOB NPUBOISTCS TaKxKe HAOJIOJEHUS,
COITPOBOXIaeMble aHHOTAIIUEA.

Karouesnie crosa: 6aznnuanbHble MakpoMmulieThl, Jansauii Boctok Poccnu, KpacHast kaura, penkue BUIbI

DOI: 10.31857/50026364821020033

BBEIAEHUE

Paznen “I'pu6nr” B KpacHoit kanre XadbapoBCKOTO
Kpas BrepBble nosiBuiics B uzganuu 2008 r. B 2019 r.
BBIILILUIO B CBET HOBOE M3IaHUE, aKTyaIbHOE Ha TEKY-
it MoMeHT. OOHOBIIeHNEe MH(OpMAITNA O Oa3UIN-
aJIbHBIX MAaKpOMMIIETaX B HEM CBOIMJIOCH K JIOIIOJIHE -
HUIO CBEICHN 00 X HOBBIX BEISIBICHHBIX MECTOOOM -
TaHuSIX. B HacrosimeM COOOIIeHNMN IIPEaI0KEeHbBI
pPEKOMEHAAMN 10 KOPPEKTUPOBKE CITMCKA PEIKUX
OXpaHsIeMBIX BUIOB 0a3UIMOMUIIETOB Xa0apOBCKOTO
Kpasi ¢ y4eTOM HOBBIX JAHHBIX O PETHMOHAIBHOM pa3-
HOOOpa3uu MUKOOUOTHI U CBEACHU M O 3aperucTprpoO-
BaHHBIX MECTOOOUTAHUSIX PEIKUX BUIOB, a TaKXKe B
COOTBETCTBUHU C COBPEMEHHBIM COCTOSIHUEM HOMEH-
KJIaTypbl U CUCTEMATUKMU.

B texyuee nznanue KpacHoit KHUru XabapoBcKo-
ro Kpasi BKJIIOUEHBI 16 BUIOB 6a3MIMOMULIETOB: Ama-
nita caesareoides 1j.N. Vassiljeva, Clavariadelphus pis-
tillaris (L.) Donk, Cortinarius violaceus (L.) Gray, Dic-
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tyophora duplicata (Bosc) E. Fischer, Fomitopsis
officinalis (Vill.) Bondartsev et Singer, Ganoderma lu-
cidum (Curtis) P. Karst., Grifola frondosa (Dicks.)
Gray, Harrya chromipes (Frost) Halling, Nuhn, Os-
mundson et Manfr. Binder [= Leccinum chromapes
(Frost) Singer|, Hericium coralloides (Scop.) Pers.,
Leucoagaricus nympharum (Kalchbr.) Bon [= Macro-
lepiota puellaris (Fr.) Mos.], Pleurotus djamor (Rumph.
ex Fr.) Boedijn, Polyporus umbellatus (Pers.) Fr., Por-
phyrellus porphyrosporus (Fr. et Hok) E.-J. Gilbert
[= P. pseudoscaber (Secr.) Singer|, Tylopilus atrobrun-
neus (Lj.N. Vassiljeva) Wolfe [= Porphyrellus atrobrun-
neus 1j.N. Vassiljeva], Sparassis crispa (Wulfen) Fr.,
Strobilomyces strobilaceus (Scop.) Berk. [= S. floccopus
(Vahl.) P. Karst.].

Llenb naHHO pabOThl — peBU3USI IPEACTABICHHO-
ro MepevyHs HaA OCHOBAaHUM COOCTBEHHBIX JAHHBIX aB-
TOPOB MO PACIPOCTPaHEHUIO BUIOB B PETMOHE, ITy0-
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JIMKALUKA MOCJIEAHUX JIET U C Y4€TOM COBPEMECHHOTIO
COCTOSIHUSI BUTOBOM TAKCOHOMMUM.

MATEPUAJIBI U METO/ bl

Kpnrepnu otbopa BUIOB OBUIM pa3paboTaHBI Ha
OCHOBE peKOMeHAaluii 1Is1 (POPMUPOBAHUS CIHCKA
rpu0oB, oxpaHseMbIX Ha ypoBHe Poccuiickoit Mene-
paumm (Svetasheva, 2015): 1) Bunpl, IeTKo naeHTUDM -
LIMpyeMbIe 10 BHEIITHUM ITpU3HAKaM; 2) MHINKATOPHI
€CTECTBEHHBIX MECTOOOMTAHUI, YSI3BUMBIX IJIsI aH-
TPOIIOTEHHOTO pa3pyllIeHus U BMECTE C TeM TPY-
HO/IJIUTEILHO BOCCTAaHABJIMBAIOIIMXCS: Hampumep,
BUIbI, IPUYPOUYEHHBIE K CTAPOBO3PACTHBIM IEPBUY-
HBIM JiecaM; 3) BUAbI, UMEIOIINe OOIIMPHEBIN apeal,
HO ITOBCEMECTHO OTMedaeMbIe PeIKO; 4) BUIbI, BKIIIO-
YeHHbIC MO0 PEKOMEHIOBAaHHBIE K BKIIIOUCHUIO B
Kpachbie knuru P® (Svetasheva et al., 2017) u Mex-
JyHapoaHoro coro3a oxpaHbl mpupoasl (IUCN).

Bce nutupyembie 06pa3ibl ObLUIN OIIpeaeeHbl O
MopdosornueckuM mnpusHakaM. Eciam oOpazenr niam
npyrast uHdopMaius ObUIU IpenoCcTaBlIeHbl HE aBTO-
pamu cooOllieHusI, 3TO YKa3aHo B aHHoTaluu. Ha3pa-
HUS BUOOB NPUBEIEHBI COTJIacHO 0a3e maHHbIX Index
Fungorum (2020) u pacriojioxXeHbl B aJiIpaBUTHOM IT0-
psake. JIaTMHCKHUe Ha3BaHUSI pacTeHUi MPUBOASTCS
corsiacHo Vorobyov (1968). O6pa3siibl XpaHSTCS B rep-
6apusix PeaepaibHOTO HAYYHOTO LIeHTpa GHOpa3HO-
o0Opa3ust HazeMHoi1 6uoThl BocTounoit Azun (PHLI
buopasznoo6pasusa) JABO PAH, r. BmamuBocTok
(VLA) u Amypckoro ¢duimana boraHuueckoro caga-
nHctutyta IBO PAH, r. bmarosemenck (ABGI).
Jlng BumoB, BHeCEHHBIX B MesxmyHaponHbiin Kpac-
HBII CMIMCOK, TIPUBEACHBI KATETOPUU OXPAHHOTO CTa-
tyca IUCN: EN — uncuesatomue; VU — ysI3BUMBIC,
NT — Haxopsiyecss B COCTOSIHUU, OJIM3KOM K yTPO-
>KaeMOMY.

PervonanbHbBIe KATETOPUU OXPAHHOTO CTaTyCca BU-
JIOB B HACTOSIIIIEM COOOIIIEHUU He pacCMaTPUBAJIUChH.
C oaHOIi CTOPOHBI, BOCTpeOOBAHHOCTh TTPUBOINUMbIX
CBEJICHUII Ha YpOBHE peruoHa B OJVCKailinie He-
CKOJIBKO JIET MAJIOBEPOSITHA, C IPYIOil CTPOHBI, OLIEH-
Ka CTEINeHU YSI3BUMOCTU BUAa MOXET ObITh 000CHOBA-
Ha JOCTAaTOYHBIM KOJIMYECTBOM HAOMIOOEHUIA, B TO
BpeMsI KaK MHOT'ME 13 pacCMaTpUBaeMbIX BUIOB B Ha-
cTosiliee BpeMsl U3BECTHBI [IJIsl peroHa JIMIIb 10 €11 -
HUYHBIM HAXOJIKAaM.

PE3VIIBTATBI 1 OBCYXIEHWE

Ha ocHoBaHumu IIPOBEACHHOI'O aHaJin3a HEKOTO-
PBIC BUAbI MOI'YT OBITH PEKOMECHIOBAHbI K MCKITIOYC-
HHIO U3 CITMCKa OXpaHACMbIX.

Bun Dictyophora duplicata B HacTosIIee BpeMsI pe-
KOMEHIOBaH K NUCKIIIOYCHHIO U3 CITMCKA PEIKUX IS
Poccuu u oxpansiembix. CorjiacCHO COBpeMEHHBIM MC-
CJIeIOBaHUSIM, BCE CBEICHMSI ¢ TeppuTOoprii Poccum n
Espomnbl otHOCsTCS K Phallus impudicus var. pseudodu-
plicatus O. Andersson, Torma Kkak cooctBeHHO Dictyo-

MUKOJOI'A U ®PUTOIIATOJIOTUA

phora duplicata pactipoctpaneH B CeBepHOII AMepUKe
u Adpuke (Gorbunova, Rebriev, 2017; Svetasheva et al.,
2017). Phallus impudicus var. pseudoduplicatus B Xaba-
POBCKOM Kpae MPUypodeH K MeCTOOOUTAHUSIM C J0-
CTaTOYHO C(POPMHUPOBAHHOM ITOACTMIIKON U CTAOMITB-
HBbIM YPOBHEM BJIQXKHOCTHU B CMEIIaHHBIX U MEJKO-
JIMCTBEHHBIX JlecaX. YKa3aHUIl Ha HEOOXOAUMOCTh
KaKUX-JIMOO CIeUaIbHBIX Mep OXpaHbl IJISI 3TOTO
BUJA B HACTOSIIIIEE BpeMsI HE UMEeeTCsl.

Hericium coralloides, 10 HaIlIM HaOJIIONEHUAM, HE
SBJISIETCSI PEAKUM JINOO YSI3BUMBIM BUAOM Ha TEPPHU-
TOpHH XabapoBCKOTO Kpas. XOTs TUIOJOHOIIIEHUS He
HOCSIT MacCOBOI0 XapaKTepa, OJHaKO IpH OJ1arornpu-
STHBIX TTIOTOOHBIX YCIIOBUSIX IUIOMOBEIE Teja OTMeda-
JOTCSI JOCTAaTOYHO PETYJISPHO, HE MPOSBIISISI 0CO0OI
cIleuMaiM3allid HU K cyOCTpaTy, HU K TUITY MECTO-
obutanuii. TakuMm o6pa3oM, 3TOT BHIA MOXKET OBITh
MpPEeII0XKEH K MCKIIIOUEHMIO U3 CITMCKA OXpaHsEMBbIX.

Sparassis crispa peKOMEHIYeTCS K UCKTIOUEHUIO U3
CITMCKAa OXpaHsIeMbIX BUAOB IJIs1 Xa0apOBCKOTO Kpasl,
MOCKOJIBKY, KaK 0Ka3aJloCh, OTCYTCTBYET B PETMOHE.
BocrouHoa3zuarckue oOpasubl poma Sparassis, co-
JIacHO coBpeMeHHBIM faHHbIM (Dai et al., 2006), or-
Hocsarcs K S. latifolia Y.C. Dai et Zheng Wang 1 oTjiu-
YaloTCs OT eBpoIleiickoro BUaa S. crispa Kak 1o MoJie-
KYJISIPHBIM IIPU3HAaKaM, TaK 1 MOP(OJIOTMYSCKU: IS
HEro XapakTepHbI IIMPOKUE, PacCeYeHHbIE U CJIEerKa
U30rHyThie adesnl. S. latifolia — IMPoOKo pacipo-
cTpaHeHHbIN B BocTouHoit Asuu Bup (Dai et al., 2006;
Ryoo et al., 2013; Zhao et al., 2013).

CeMb peaKuX IS peTMOHATBLHON MUKOOMOTHI BU-
JIOB TPUOOB MOTYT OBITH ITPEIJIOKEHBI K BKITIOUYCHUIO B
IepeyeHb OXpaHsIeMbIX B Xab0apOBCKOM Kpae.

Bondarcevomyces taxi (Bondartsev) Parmasto —
KCUIOTpO(, MPUYPOUYEHHBII K NpeBECUHE XBOWHBIX,
XapaKTepU3YIOIIUNACS JIETKO y3HaBa€MbIMU MaKpo-
MOpPGOJIOrMYeCKUMU TIpU3HaKaMu. PacrpocTpaHeH
1o Bceli Tepputopuu Poccun, Ho oTMeuaeTcst UCKITIo-
yuteabHO penko (Bondartseva, 1998). TUCN: VU
(Kiyashko, Svetasheva, 2019). Ha /lansHem BocTtoke
U3BECTHBI HAXONIKMU U3 10XKHOU yacTtu [Tpumopckoro
kpast (Bulakh, Govorova, 2006; Bulakh et al., 2016).
B XabapoBcKoM Kpae U3BECTHO OJTHO MECTOHAXOX/IE-
HUE — 3amoBegHUK “bBoiblrexexuupckuii”, ceBep-
HBII MakpockiaoH xp. b. Xexump, 6acceitn pyd. Coc-
HUHCKU, 48°14.40" c.111., 134°46.77’ B.11., BTOpUYHBIIA
SICEHEeBO-0epe30BbIii Jiec (Ha MecTe KeIpOoBO-IIUPO-
KOJIMCTBEHHOTO), B OCHOBaHMU cTBoJia Picea ajanen-
sis, 05.09.2013, omp. B.A. Criupun, VLA M-23953
(puc. 1, e).

Chroogomphus sibiricus (Singer) O.K. Mill. — Bun
npearnojaraercss K BKIIOUYEHUIO B HOBOE M3IaHUE
KpacHoii knuru P® kak oueHb peIKuii 1o BceMy ape-
airy (Krom et al., 2020). Ha JlanpHeM BocToke MOKpY-
xa cubupckas usBecTHa u3 IIpumopckoro Kpas
(Nazarova, 1990; Azbukina et al., 2002a; Bulakh,
Govorova, 2006) u CaxanuHckoil obiactu. [lepBas
HaxoJika B Xa0apoBCKOM Kpae: HallMOHAJIbHbIN MapK
“IIManTapckue ocrposa”, o. b. Ilanrtap, 55°06.40
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Puc. 1. Penkue Buabl 6a3unnaibHBIX MAKPOMUIIETOB XabapoBCKOTO Kpasi: a — Fomitopsis officinalis (boto E.A. EpodeeBoit); 6 —
Leucoagaricus nympharum, VLA M-27195 (¢oto H.A. KouyHoBoit); B — Chroogomphus sibiricus, VLA M-27193 (¢oto E.A. Epode-
eBoit); r — Cryptoporus volvatus, VLA M-24205 (doto E.A. EpodeeBoit); n — Grifola frondosa (doto 3.B. Tyru); e — Bondarcevo-
myces taxi, VLA M-23953 (dboto H.B. ByxapoBoii); x — Lentinula edodes, VLA M-23386, 26594 (poto E.A. Epodeenoit).

c.1I., 137°57.00’ B.4., BOCTOUYHBIH CKJIOH I. BOKOBUKO-
Ba, 3apocau Pinus pumila ¢ Picea sp. 1 oTneJIbHBIMU
Larix sp., Hatiouse, 22.08.2019, VLA M-27193 (puc. 1, B).

Gyroporus punctatus 1j.N. Vassiljeva — Bua peko-
MEHIOBaH K BKIIOYEHUIO B CICAyIOIIce W3IaHUE
KpacHoii kuuru P® (Svetasheva et al., 2017). IUCN:

MUKOJIOTHUA U GUTOIATOJIOTIUA
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VU (Svetasheva, Bulakh, 2019). B /lanpHeBOCTOYHOM
peTroHe 3apeTUCTPUPOBAH B 10XKHOM yactu [1pumop-
ckoro kpas (Koval, 1972; Azbukina et al., 2002a; Az-
bukina et al., 2002b; Bulakh et al., 2016), BK/Ii0YeH B
Kpacnyio knury IIpumopckoro kpasi (Red Data
Book.., 2008a). B XabapoBckoM Kpae U3BECTHO OJTHO
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Puc. 2. Penkuvie Buibl 6a3uariaibHBIX MAKPOMUIIETOB XabapoBCKOTO Kpast (TponosskeHue): a — Gyroporus punctatus, VLA M-26827
(dorto E.A. EpodeeBoit); 6 — Tricholoma caligatum (doro E.M. bynax); B — Boletopsis grisea, VLA M-27139 (¢doto H.B. Byxapo-
Boit); T — Favolus pseudobetulinus, VLA M-27035 (oto E.A. Epodeesoit).

MmecTtooouTtanue: HaHaiickuit p-H, BepXoBbs p. Xaco
(6acceitn 03. T'acen), 48°57.15 c.ui., 137°03.64° B.1.,
eJIbHUK-TIMXTapHUK, Ha BaJIeKHOW JIpeBEeCHHE,
18.08.2014, VLA M-26827 (puc. 2, a).

Lentinula edodes (Berk.) Pegler — Bum Takke peko-
MEHIOBaH K BKJIIOUEHMIO B ClIelylolliee U3IaHue
Kpachoit kauru P® (Svetasheva et al., 2017). Ha
HanpHem Boctoke Poccum oH u3BecteH n3 CaxajuH-
CKOM O0JI. U pacHpoCTpaHEH IO BCEUM TEPPUTOPUU
ITpumopckoro kpas (Azbukina et al., 2002a; Azbukina
et al., 2002b; Bulakh, Govorova, 2006; Komin, 2017);

MUKOJOI'A U ®PUTOIIATOJIOTUA

BHeceH B KpacHyto kaury IIpumopckoro kpas (Red
Data Book.., 2008a). B a3uaTckux cTpaHax LICHUTCS
KakK JeJMKaTeCcHbIN 1 JiekapcTBeHHbIit rpud (Bulakh,
2015). B XabaposckoMm Kpae L. edodes ObL1 HalineH B
AHIOICKOM HAIlMOHAJILHOM TapKe: B HIDKHEM Tede-
HUM p. AHIOIl — Ha npeBecuHe Quercus mongolica Ha
yJacTKe C JIECHOI pacTUTEIbHOCThIO Ha 6ojtoTe OXH1-
HEPOHHM, a B cpegHeM TedeHun (49°21.64° c.u.,
137°30.00’ B.1.,) 6BUIO BIIEPBBIE OTMEYEHO €TI0 ITPOU3-
pactanue Ha npeBecuHe Salix sp. (Erofeeva, Bulakh,
2015; Erofeeva, 2016). IToBropHOe 00cieqoBaHMeE Ye-
pe3 HeCKOJIbKO JieT, B 2018 T., moaTBepAUIO YCTOMUM -
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BO€E CyIIEeCTBOBaHME MTONYJISLIMA B CpeIHEM TeUYCHUN
p. Axioii (puc. 1, x).

Leucopholiota lignicola (P. Karst.) Harmaja — Bun
BkimoueH B KpacHyio kaury P® (Red Data Book..,
2008b) m pernoHanbpHble KpacHbie kHuru BypsTun
(Red Data Book.., 2013), 3a6aiikanbckoro kpasi (Red
Data Book.., 2017) u Ilpumopckoro kpas (Red Data
Book.., 2008a); oTMeyeH Takke B AMYpPCKOM OOI.
(Bulakh et al., 2003) u EBpeiickoii AO (Bulakh et al.,
2007). B XabapoBckoM Kpae oxpaHsieTcs B Komco-
MOJIBbCKOM 3armoBemHuKe (Azbukina et al., 1989).

Sparassis latifolia Y.C. Dai et Zheng Wang moxeTt
OBITh TIPEIJIOKEH K BHECEHMIO B MepeYeHb OXpaHsie-
MBIX BUIOB KaK BOCTOYHOA3MATCKUIA BHI, OOMTAIO-
muii B XabapoBCKOM Kpae Ha CEBEpHOM ITpeesie pac-
NPOCTPAHEHUS U CBSI3aHHBIN C XBOMHBIMU MOPOJAMU
JIEPEBLEB, T.€. NMPUYPOUYCHHBII INIaBHBIM O00Opa3oM K
KOpPEHHEBIM JiecaM. B monojgHeHne K U3BECTHBIM Me-
CTOHAXOXIECHUSIM IIPUBOIMM e1lle omHo: Hanaiickuii p-H,
cpenHee TedyeHue p. AHIoi, 49°22.61" c.ur., 137°43.41" B.11.,
CMEILIIaHHBIN Jiec ¢ mpeobiagaHueM XBOMHEBIX, B Tpe-
LIIMHE CTBOJIa XUBOTro Pinus koraiensis 1 Ha TIOYBE
non HuMm, 13.08.2018, coop. C.II. IIpokonbkes, VLA
M-26485.

Tricholoma caligatum (Viv.) Ricken [= T. matsutake
(S. Ito et S. Imai) Singer] — Bua peKoMeHAOBaH K
BKJIIOUEHMIO B clienyiolnee uznanue KpacHoit kHuru
P® (Svetasheva et al., 2017). IUCN: VU (Brandrud,
2020). Ha JansHeMm BocToke m3BeCTHBI MECTOOOUTA-
Hus 1. caligatum B OOIIT 1oxHoi1 yactu [IpuMopcko-
ro Kpas, rje OH Ipou3pacTacT B COCHsIKax u3 Pinus
densiflora, a TakxXe B CMeIIaHHEIX JIEcaX C y9acTUEM
Pinus koraiensis u Quercus mongolica (Azbukina et al.,
2002a; Bulakh, 2006; Bulakh, Govorova, 2006; Bulakh
et al., 2016) (puc. 2, 6); MO BceMy U3BECTHOMY apeany
B [IpMopbe MaTCyTake 3a4acTyio IIPUYypPOdeH K IIeo-
HUCTBIM CKJIOHaM. B BOCTOUHOA3MaTCKOI KyXHE 3TOT
rpub LEHUTCS KaK JEeTUKATEC U ABISIETCS OOBEKTOM
cbopa, 3aTOTOBOK M HE3aKOHHOTO BbIBO3a IrpakaaHa-
mu Kurtas 3a npenensl Poccun. 7. caligatum BHeceH B
Kpacnyio kaury I1pumopckoro kpas (2008). B Xab6a-
POBCKOM Kpae 3apeTUCTPUPOBAHO OJHO MECTOHAXOXK -
JneHue: AMypcKUii p-H, JieBblii Oeper p. TyHrycka B
cpenHeM TeuyeHuu, 48°35.87" c.m., 134°41.53" B.1.,
nyOoHSsIK ¢ Betula sp., Ha mouBe non, Quercus mongolica,
17.09.2018, VLA M-26905.

B xone uccnenoBaHuit ocienHUX JIET HaMU ObLIU
BBISIBJICHBI HOBBIE MECTOOOMTAHUS psida PEIKUX BU-
0B XabapoBcKoro Kpas. Huxke mpuBomsITCs CBele-
HUS, HE ONYOJIUKOBaHHbBIE B NEMCTBYIOIIEM U3JaHUN
peruoHanbHolt KpacHoii kHuru (Red Data Book..,
2019b).

Clavariadelphus pistillaris (L.) Donk — 3amoBen-
HUK “borumHckmit”, 6acc. pyd. CoOJIOHYAKOBBINA,
48°17.50" c.1u1., 139°34.00” B.11., €710BO-TMXTOBLIA JIEC,
Ha 1ouBe, 23 u 24.08.2008, VLA M-22003, 22004,
22005, 22006, 22007, 22012 (Bulakh, Vasilyeva, 2011);
BepxnebypenHckuii  p-H, 1. YermoMblH, mapk,
51°07.36 c.u1., 133°03.05” B.4., OCUHHUK ¢ Betula sp.

MUKOJIOTHUA U GUTOIATOJIOTIUA
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371aKOBO-Pa3HOTPABHLINA, CpeAy TpaBbl Ha MOYBE,
13.09.2011, VLA M-23904 (Erofeeva, Bulakh, 2012);
AHIONCKWIT HallMOHABHBIN MMapK, cpeaHee TeUeHUE
p. AH1014, 49°22.50" c.1u1., 137°42.70” B.11., XBOHO- 111 -
POKOJIMCTBEHHBIN Jiec, Ha moyBe, 19 u 23.08.2010,
VLA M-23777, M-23753 (Erofeeva, Bukharova, 2018);
3aKa3HUK “XeXUMpCKUI”, CEB. MaKpPOCKIJIIOH Xp.
M. Xexump, 48°19.35" c.uu., 135°11.10” B.1., cMelnan-
HbI Jec, Ha mouse, 12.09.2019, ABGI 1205/86531,
VLA M-27037.

Fomitopsis officinalis (Vill.) Bondartsev et Singer —
AMypckuit p-H, xp. BangaH, 0acceiin p. IIloxwma,
49°04.60" c.uu1., 135°02.30" B.I1., cMeLIAaHHBI JIEC C CY-
XOCTOSAIMU Larix Sp. Mocjie JaBHETO IMoxXapa, B HIK-
Hell 4acTM cTBoJia CyXocTosl Larix sp., Ha y4acTKe C
oTnasleil Kopoit, 26.07.2014, VLA M-24963; Bepx-
HEeOYpenMHCKUI p-H, IOKHBIN MaKpPOCKJIOH Xp. D30I,
BepxHee TedyeHue p. OJrakaH, JUCTBEHHUYHOE peli-
KoJieche, Ha ychixatwueil Larix sp., 04.07.2012 (Ha-
omoneHue u ¢oto) (puc. 1, a). Takxke, 3TOT BuI ObLI
oTMeueH B OacceiiHe 03. 'accu (Hanalickuii p-H) Ha
Larix sp. (Mukhin et al., 2005). IUCN: EN (Katucka,
Svetasheva, 2019).

Ganoderma lucidum (Curtis) P. Karst. — AHIoOIi-
CKMI HalMOHAJLHBLIA TapK, CcpeaHee TedeHUue
p. Anroii, 49°22.50" c.ur., 137°42.70° B.1., XBOiiHO-
LIMPOKOJUCTBEHHBIN JleC, Ha BaJIeXKHOM CTBOJIE
xBoiHoTO0, 30.09 1 14.08.2012, VLA M-24655; Tam Xe,
CMeEIIaHHBIN JIeC, Ha THIUJIOM BaJIeXKHOM CTBoJIe Abies sp.,
23.07.2013, VLA M-24656 (Erofeeva, Bukharova,
2018); 3anmoBenHUK “BoplexeximpcKuii”, ceB. MaK-
pockiioH xp. b. Xexmup, 6acceitd pyd. COCHUHCKMIA,
48°14.40" c.mr., 134°46.77° B.A., KeIpOBO-IIUPOKO-
JIMCTBEHHBI Jiec, Ha cTBoJie Abies nephrolepis,
05.09.2013, VLA M 23985; ConHeuHslii p-H, 1. bepe-
30BbIl, Oeper p. Benu, Ha tHe, 07.07.2014 (Habmrone-
HUE 1 POTO); 3aKa3HUK “XeXIUPCKUIi”, BOCT. OTPOrA
xp. b. Xexuup, 48°16.00” c.u1., 135°02.43’ B.1., XBOIi-
HO-IIMPOKOJUCTBEHHBIN Jiec, Ha TiHe Abies sp.,
14.09.2018, co6p. C.I1. INIpokomnwseB, ABGI 1076/86534;
HaunuoHanbpHBIM Tapk  “lllanTapckme octpoBa”,
o. IIpokodwena, 55°05.60” c.ur., 138°21.55" B.1., pas-
PEXEHHBIN eILHUK, Ha yChIXallleM cTBolie Picea sp.,
11.08.2019, ABGI 1203/86524; o. b. IllanTap, OyxTa
IMankosa, 55°02.85" c.u1., 138°04.09’ B.1., €1bHUK, HA
BajiexkHOM cTBose Picea sp., 12.08.2019, 18.08.2019,
ABGI 1204/86526, VLA M-27033, 26791.

Grifola frondosa (Dicks.) Gray — 3aloBeIHUK
“BomnpirexexunpcKuii”, ceB. MaKpocKiIoH xp. b. Xex-
oup, BepxoBbs p. [lomoBuHka, ipu ocHoBaHuM Quer-
cus mongolica, 26.09.2019 (HabmoneHue 1 GoTo — co-
obmenue D.B. Tyrn) (puc. 1, o); 3anmoBemHuk “bot-
yuHCKUA”, 48°17.50" c.m., 139°34.00” B.1., enoBo-
JIMCTBEHHUYHBIH Jiec, B OCHOBaHUMU CTBoJIa Larix sp.,
24.08.2008, VLA M-26774. Cnenyet 3aMeTUTh, YTO Ha
Hanpaem Boctroke Poccuu G. frondosa otmedaercs,
Kak nmpaBuJjio, Ha Quercus, U Ha Larix OTMeUeH JIUIb B
3anoBeHUKE “BoTymHCKUL” .

Harrya chromipes (Frost) Halling, Nuhn, Osmund-
son et Manfr. Binder — BepxHeOypeuHcKMii p-H,
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. YernoMelH, mapk, 51°07.36" c.ur., 133°03.05’ B.1.,
CMeIIaHHBI Jiec, Ha ITouBe 1o Betula sp., 07.07.2009,
VLA M-23804; okp-Tu 11. YernomsiH, 51°09.00 c.u.,
133°04.77 B.1., 6epe3nsk ¢ Populus tremula v Larix sp.,
Ha 1ouBe, 06.09.2011, VLA M-23805 (Erofeeva, Bu-
lakh, 2012); Amypckuii p-H, xp. BaHmaH, GacceiiH
p. lllokma, 49°04.32’c.m1., 135°01.87° B.1., OyOHSIK C
Betula ermanii TpaBSIHO-KyCTapHUYKOBBII, HA TIOYBE,
28.07.2014, VLA M-23757.

Leucoagaricus nympharum (Kalchbr.) Bon — Hamu-
oHanbHBIN TTapkK “IllanTapckue octpoBa”, o. I[Ipoko-
dbeBa, 55°05.60" c.u., 138°21.55" B.1., pa3peKeHHBII
eNIbHUK C Betula lanata, Ha TOACTUIIKE CPeIy TPaBHI,
11 VIII 2019, VLA M-27195 (puc. 1, 6).

Porphyrellus porphyrosporus (Fr. et Hok) E.-J. Gil-
bert — 3aka3HUK “XeXUMPCKUIi”, BOCT. OTPOTH XP.
B. Xexuup, 48°16.00" c.ur., 135°02.43" B.1., cMelIaH-
HBI Jiec, Ha TouBe, 28.08.2017, VLA M-26222; 3aka3-
HUK “XeXIUPCKUii”, ceB. MaKpOCKJIOH Xp. M. Xex-
uup, 48°19.35” c.ur., 135°11.10° B.11., cMeLIaHHBI JIeC,
Ha nouse, 12.09.2019, VLA M-27182.

st BUIOB, COCTOSIHME IIPUPOIHBIX ITOIYJISIIMIA
KOTOPBIX BBI3BIBAET OIACEHME, HO HJAHHBIX IUISI TOY-
HOI OLIEHKU UX OXPAaHHOTO cTaTyca HeI0OCTaTOYHO, Ha
denepaabHOM yPOBHE ObLI BBEIEH MOHUTOPUHIOBBIIA
cnucok (Red Data Book.., 2008b). Takue BUIbI SIBISI-
I0TCS TMOTEeHUMAIbHBIMU KaHIMAaTaMU Ha BKIIIOYeE-
HHE B IIOCJIeIYIOIINE U3IaH1S KPYITHOPETMOHAIbHBIX
KpacHpix kHur. [Jis1 BHeCEHUS B MOHUTOPUHIOBBII
CIIMCOK rpuboB XabapoBCKOIo Kpasi MOTYT OBITh pe-
KOMEHIOBAaHbI CIEAYIOIINE BUIEL.

Boletopsis grisea (Peck) Bondartsev et Singer —
BKJIIOYEH B MOHUTOPUHTOBBIH cricok KpacHoit KHu-
ru P® (Red Data Book.., 2008b), mist EBpa3uu pac-
cMaTpUBaeTCs KaK BUI C COKpaIlaroIlIecs YMCIeH-
HocTbio (Ageev, Bulyonkova, 2020). TUCN: NT
(Dahlberget al., 2019). B XabapoBckoM Kpae Ioka 13-
BECTHO OJTHO MECTOOOMTaHUE: AMYPCKUI p-H, JICBBII
Geper p. TyHrycka B cpefHeM TedyeHnu, 48°35.87’ c.u.,
134°41.53" B.n., ny6HAK ¢ Betula sp., Ha TIOYBE,
09.2019, coo6p. C.II. IIpoxkonbeB, VLA M-27139
(puc. 2, B). B otmnuue ot nmomyssiiuit u3 EBponbl u
Cubupu, roe rpub cBsi3aH ¢ Pinus sylvestris (Kotiranta,
Shiryaev, 2015; Ageev, Bulyonkova, 2020), HaiineHHast
rpubHuIa (popMUpoBaIa MUKOPHU3Y, MO-BUAUMOMY,
¢ Quercus Sp., 9YTO YKa3bIBAETCS UISI HAXOIOK C CEBe-
poaMepuKaHCKOro KoHtuHeHTa (Baroni, 2017).

Cryptoporus volvatus (Peck) Shear — xcunmorpod,
MIPpUYPOUYECHHBIN K IpeBecuHe XBOHEBIX. B Poccun n3-
BeCTeH ToJIbKO Ha JlammbHeM BocToke: AMypckas o6:1.,
IMpumopckuit kpaif, roxXHasi 4acTb XabapoOBCKOTIO
Kpas, tor CaxamuHa (Lyubarskiy, Vasilyeva, 1975;
Bondartseva, 1998; Azbukina et al., 2002a; Bulakh,
Govorova, 2006; Kochunova, 2015). Bue Poccuu ape-
aJl oxBaThIBaeT BocTouHylo Asuio (Kwurait, Kopes,
Smonus). I1nogoHOIIEHNST OTMEYAIOTCSI JOCTAaTOYHO
penko 1 He MaccoBo. BHecen B KpacHbie kHuru ITpu-
Mopckoro Kpag (2008), Amypckoii 0611. (2019) u Ca-
XaJlMHCcKoi 06:1. (2019). B XabapoBckoM Kpae U3BecT-
HBI IBA MECTOOOUTAHUS: P-H UM. JIa30, OKpEeCTHOCTU
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c. O6op (Lyubarskiy, Vasilyeva, 1975); AHIolicKkuit Ha-
OUOHAIBHBIA TIapK, CcpemHee TedeHue p. AHION,
49°22.09 c.u1., 137°45.77° B.1., Ha ycwIxatomeM Pinus
koraiensis, 30.06.2013, VLA M-24205 (Erofeeva,
Bukharova, 2018) (puc. 1, r).

Favolus pseudobetulinus (Murashk. Pilat) Sotome et
T. Hatt. — romapkTudecKuii BUI, peIKo OTMeYaeMbIiA
o BceMy apeany. IlpuypoueH, rj1aBHBIM 00pa3oM, K
npesecuHe Populus tremula, pexxe orMedaeTcst Ha Ipy-
rux Bumax Populus, a Taxke Ha Bunax Salix u Betula
(Zmitrovich et al., 2010; Red Data Book.., 2013). B
JanbHeBOCTOYHOM (eAepaibHOM OKpYre W3BECTEH
n3 Amypckoii o6ia. (Bondartseva, 1998; Kochunova,
2016); oxpansiercs B Pecnyonmuke bBypstusa (Red
Book.., 2013). B XabapoBcKoM Kpae U3BECTHO OJHO
MecToHaxoxaeHue: KoMCcOMOJIbCKUIT p-H, HIDKHEe
teueHue p. ['yp, 50°04.32’ c.u., 137°01.12" B.4., 1UCT-
BEHHBII MMOMMEHHBIN Jiec, Ha BaJIeXKHOM cTBoJie Pop-
ulus tremula, 03.06.2019, VLA M-27035 (puc. 2, 1).

Gomphus clavatus (Pers.) Gray — BuI BKJIIOYEH B
MOHUTOPUHIOBBI cniucok KpacHoii knuru P® (Red
Data Book.., 2008b). B maipbHeBOCTOYHOM pETHOHE
otMeueH B AMypckoii 0611, (Bulakh et al., 2003), EB-
peiickoit AO (Bulakh et al., 2007; Bukharova, Zmitro-
vich, 2014), MaragaHckoii o6a. (Sazanova, 2009),
IIpumopckom Kkpae (Azbukina et al., 1984; Azbukina
etal., 2002b; Bau et al., 2011; Bulakh et al., 2016); BHe-
ceH B KpacHyio kuury AMypckoit 061. (2019). B Xa-
0apoOBCKOM Kpae M3BECTHHI IBA MECTOHAXOXIECHUS: B
KomcomonbckoM (Azbukina et al., 1989) u botuuH-
ckoM (Bulakh, Vasilyeva, 2011) 3anoBegHUKAaX.

Hericium flagellum (Scop.) Pers. [= H. alpestre
Pers.] — Bun BkmoueH B KpacHyio kaury P® (2008).
B ykazaHHOM M31aHUM NpUBEACHO OOMTaHUE BUAA B
XabapoBCcKOM Kpae 0e3 CChIJIKM Ha UICTOYHUK, U 000-
3HAYEHBI Ha KapTe TOUKU, IIPUMEPHO COOTBETCTBYIO-
mue KoMcomonbckoMy 1 BOoTYMHCKOMY 3alIOBEIHI-
KaM. B mMeromuxcs B HaIleM pacIropskKeHUU CBOJI-
kax (Nikolaeva, 1961; Lyubarskiy, Vasilyeva, 1975;
Azbukina et al., 1986; Azbukina et al., 1989) He comep-
XKNUTCSI VIIOMUHAHUKN O Haxomkax M3 XadapOBCKOTO
Kkpas. He umeercst oopasios u B repoapuu @HILI buo-
pazHoo6pasusa IBO PAH. B repbapumn boranuue-
ckoro nHctutyta um. B.JI. Komaposa PAH (r. CaHkr-
IleTepOypr) xpaHsaTcs aBa odpasua: “Hericium alpes-
tre Pers., XabapoBckuii kpaii, Ct. PazgonpHasi. Corr.
T. Nikolajeva (mamee Hepa3oopumBo), LE 20495”;
“Hericium alpestre Pers., Ct. PaznonbHast, Turponas
nmava, Ha MeptBoit ruxTe (?), 08.1933. Co06. 3aBbsIOB.
Omnp. T. Hukonaena, LE 20496”. I1o Bceit BepOSITHO-
CTU, HAJIUUME 3TUX 00Pa310OB U SIBUJIOCh OCHOBAaHUEM
IS yKa3aHusl XabapoBCKOIro Kpasi KaKk perioHa oou-
tanust H. flagellum B KpacHoii kHure P® (Red Data
Book.., 2008a). OnHako, XabapoBckuit u Ilpumop-
CKUii Kpasi B COBPEMEHHEBIX IpaHMIIax ObLIM 00pa30-
BaHBI T1IIb B 1938 1. /10 3TOro BpeMeHM CyIIeCTBOBAI
JlanbHEeBOCTOYHBIN Kpail ¢ afMUHUCTPATUBHBIM LIEH-
TpoM B I. Xabaposcke. CrnenoBaTesibHO, B 1933 1. mo-
HAITHE “XabapOBCKMiT Kpaii” MOTJIO IIPUMEHSITHCSI K
IaJbHEeBOCTOUHOMY peruoHy B 1enoM. Ct. Pa3goib-
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HOe pacIiojioxxeHa B HameXXnHCKOM p-He HbIHEIITHE -
ro IIpumopckoro Kpast, B OKpeCTHOCTSIX I. BiragnBo-
croka. I'lo Bceit BUTMMOCTH, yKa3zaHHbIe 00pa31Ibl Obl-
JI1 coOpaHbl MMEHHO TaM. OTO IIPeIIloJIOXKEHUE
MOITBEP3KIAeTCS U TeM, UYTO B OoJiee TTo3aHel padboTe
T.JI. Hukonaesoii (Nikolaeva, 1961) ykazaHo obuta-
Hue H. alpestre MuIIb B I0KHOI 4aCTU COBPEMEHHOTO
ITpumopckoro kpasi. Takium o6pa3om, 3aperucTprupo-
BaHHbIe MecToobuTanust H. flagellum B XabapoBCKOM
Kpae OTCYTCTBYIOT. BMmecte ¢ TeM, obuTaHue 3TOTO
BUIIa B PETHOHE HE BHI3BIBAET COMHEHMI, IIOCKOJIbLKY
OH OBbLT HalileH He ToibKo Ha 1ore [Tpumopss (Niko-
laeva, 1961; Koval, 1972; Azbukina et al., 2002a; Bau et al.,
2011), Ho m B MaramaHckoii o6i. (Sazanova, 2009;
Red Data Book.., 2019¢). OgHako, BKJIIOUEHUE €ro B
IepedYeHb OXpaHsIeMbIX BUIOB 0€3 YeTKOI0 YKa3aHUsI
MECTOOOUTAaHUI, MOIJIEKAIIUX COXPAaHCHUIO, IIped-
CTaBJISIETCSI HEAOCTAaTOYHO KOHKPETU3UPOBAHHBIM.
H. flagellum MoxXeT OBITh IPEIJIOXKEH IUISI BHECEHUS B
MOHUTOPUHTOBBIN CITMCOK C OTOBOPKOI 0 HEOOXOIM -
MOCTHU MOMCKa MECTOOOUTAHUIA.

TakuMm o6Gpa3oM, TIepedeHb PEIKHX OXPaHSIEeMBIX
BUIOB 0a3MIMOMHUIIETOB XabapoOBCKOTO Kpast MOXKET
OBITH paciirpeH 10 20 BUOOB: C UCKIIOUYEHUEM TpeX
BunoB (Hericium coralloides, Sparassis crispa, Dictyo-
phora duplicata) n BkmoueHneMm cemu (Bondarcevomy-
ces taxi, Chroogomphus sibiricus, Gyroporus punctatus,
Lentinula edodes, Leucopholiota lignicola, Sparassis lat-
ifolia, Tricholoma caligatum). J1OIIOMHUTENBHO, IS
1T BUAOB rpuOoB (Boletopsis grisea, Cryptoporus vol-
vatus, Favolus pseudobetulinus, Gomphus clavatus, He-
ricium flagellum), mpeaNONOXKUTEIHFHO HYKIAIOIITNXCS
B Mepax OXpaHbl, MOXET OBITb MPEIIOKeH MOHUTO-
PHHT B IEJISIX YTOYHEHUSI UX 9KOJIOTHH M PacIIpoCcTpa-
HeHus B peruoHe. Haxonku Boletopsis grisea, Bondarce-
vomyces taxi, Chroogomphus sibiricus, Favolus pseudo-
betulinus, Gyroporus punctatus u Tricholoma caligatum
C TeppuTOopuM XabapoBCKOTO Kpas ITyOJMKYIOTCS
BIIEPBHIC.

ABTOpBI TJIyOOKO MTpU3HATEIbHBI AAMUHUCTPALIUU
u corpynHukam PI'BY “3anoBemHoe Ilpnamypne” 3a
BCECTOPOHHEE COJIEUCTBUE B MPOBEIEHUN MOJIEBBIX pa-
60T. Takke aBTOpbI ITy00KO O1aropapHbl C.I1. ITpoko-
MbeBY 3a TpedocTaBjieHWE HaXOAOK HECKOJIbKUX
WHTEPECHBIX BUIOB, K.0.H. B.A. CimpuHy 3a npeno-
CTaBJIeHHYIO0 MH(MOpMaLIMIO 1 onpenesieHue Bondarce-
vomyces taxi, TUPEKTOPY 3anoBenHUKa “boibliexex-
uupckuin” D.B. Tyru 3a nmeHHble HaOmMoneHns u po-
TO, K.0.H. C.B. BonoOyeBy 3a 1100€3HYI0 IIOMOIIbL B
pab6orte ¢ repbapuem b H PAH.
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To the Rare Basidiomycetes Red List of the Khabarovsk Territory
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There are 16 basidiomycetous macrofungi species in the Red Book of the Khabarovsk Territory: Amanita cesare-
oides, Clavariadelphus pistillaris, Cortinarius violaceus, Dictyophora duplicata, Fomitopsis officinalis, Ganoderma
lucidum, Grifola frondosa, Harrya chromipes, Hericium coralloides, Leucoagaricus nympharum, Pleurotus djamor,
Polyporus umbellatus, Porphyrellus porphyrosporus, Sparassis crispa, Strobilomyces strobilaceus, Tylopilus atrobrun-
neus. Now, Dictyophora duplicata is recommended to be removed from the rare species Red List due to taxonomic
changes. Hericium coralloides is more common in the Khabarovsk Territory than previously thought and is to be
excluded from the Red List, too. Sparassis crispa has been redefined as S. latifolia and is considered regionally
rare. Six species are proposed to be added to the Red List of the region: Bondarcevomyces taxi, Chroogomphus si-
biricus, Gyroporus punctatus, Lentinula edodes, Leucopholiota lignicola, Tricholoma caligatum. Monitoring of hab-
itats and population status in the region is offered for five more species: Boletopsis grisea, Cryptoporus volvatus,
Favolus pseudobetulinus, Gomphus clavatus, Hericium flagellum. All findings have come from the south part of the
Khabarovsk Territory. Six species have been found in the region for the first time. Also, newly found habitats of
some rare species are provided. Most of the specimens have been herbarized and annotations are cited. Field ob-

servations for some species are also given.

Keywords: basidiomycetous fungi, mushrooms, rare species, Red Book, Red List, Russian Far East
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The material for this investigation was samples spoil tips of coal mines from the northern region of the Komi Re-
public (near the Vorkuta city). Samples were obtained from spoil tips of coal mines with different ages: formed
(exploited), 10-year-old, 20-year-old and 45-year-old. 39 species of microfungi from 29 genera were isolated. An
increase in the number, biomass and species diversity depending on the age of the spoil tips of coal mines were
shown. Species of the genera Botrytis, Cladosporium, Penicillium, and Pseudogymnoascus were identified both in
the spoil tips of coal mines and in the control soils of the southern tundra. Only in the control samples of soils
from the southern tundra species from the genera Cosmospora, Glaciozyma and some other were identified. Mod-
ification of micromycete complexes was also noted, depending on the age of the spoil tips of coal mines. It is
shown that microfungi complexes of the spoil tips of coal mines are much closer to each other than to the south-
ern tundra community those. The processes of the formation of the mycobiota which is characteristic of the nat-
ural soils of this region are extremely slow.

Keywords: Arctic, coal mines, Komi Republic, microfungi, micromycetes, southern tundra, species diversity,

spoil tips, succession, Vorkuta
DOI: 10.31857/50026364821020045

INTRODUCTION

The northern region of the Komi Republic is in the
permafrost zone. Despite the severity of the subarctic
climate, this region has great economic importance
(Kuznetsov et al., 2016).

Vorkuta city is located in the southern tundra zone.
Despite the relative development and economic poten-
tial of this region, few studies have been devoted to the
mycobiota of the ecosystems of the Polar Urals and the
Urals. The soils of the northern, southern and moun-
tainous tundra (Stenina, 1974; Khabibullina, 2009;
Kirtsideli et al., 2010, 2011; Kovaleva et al., 2020) and
the soils subjected to agricultural development
(Khabibullina, Panyukov, 2010; Kovaleva et al., 2017)
were the most investigated soils. However, the territo-
ries that were affected by the greatest anthropogenic
impact, which include the territories associated with
coal mining, were the least investigated territories.
Thus, an investigation of the soil microbiota, plant
community, and soils in the area affected by the spoil
tip of the Vorkutinskaya coal mine is noted (Khabibul-
lina et al., 2015).

Coal mining is accompanied by the destruction of
natural ecosystems and the formation of new techno-
genic landscapes. Coal mining can spread over large
areas in the case of the long-term large-scale operation
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of mines and open pits. The discovery of the Pechora
coal basin dates to 1924, but its s development started
in 1931. At the peak of economic development in the
1980s, 13 mines functioned in Vorkuta and nearby vil-
lages. This proliferation led to the transformation of
significant areas of the city into various forms of land-
scape that consist of spoil tips of coal mines. Currently,
coal is mined in a closed way by the Zapolyarnaya,
Vorkutinskaya, Komsomolskaya, and Vorgashorskaya
mines, as well as by open pit mining at the Yunyaginsky
open pit. There is also the Pechorskaya Central Con-
centration Plant (Vorkuta.., 2011).

Some micromycetes are able to settle on rocky sub-
strates in natural and technogenic ecosystems (Vlasov
et al., 2005; Gadd, 2010). These technogenic ecosys-
tems include spoil tips of coal mines. In addition to the
lack of nutrients and water, microscopic fungi of spoil
tips, due to the subarctic climate, are subject to pro-
longed exposure to low temperatures, repeated cycles
of freezing and thawing, ultraviolet (UV) radiation and
low humidity (Ruisi et al., 2006).

The formation of spoil tips is associated with the re-
moval of deep mine heavy clay and sand-pebble rocks
to the surface. Due to this removal, the surface layer of
the spoil tip, whose heavy clay and sandy-pebble na-
ture is the primary substrate for the growth of micro-
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Table 1. Sampling locations

Samples Mine Horizons Coordinates Projective cover
Formed (exploited) spoil tip Pechorskaya CCP Not formed 67°30"18”N 63°40°44”E 0%
10-year-old spoil tip Zapolyarnaya 1 (0—10 cm) 67°29°31”N 63°46'54"E 0%
2 (10—40 cm)
20-year-old spoil tip Komsomolskaya 1 (0—10 cm) 67°33’09”N 63°50’40”E 1-2%
2 (10—40 cm)
45-year-old spoil tip Komsomolskaya 1 (0—10 cm) 67°35’51”N 63°50°06”E 15%
2 (10=20 cm)
3 (20—40 cm)
Control (soils of southern tundra) 1 (0—3 cm) 67°27°09.9”N 100%
64°01’08.3"E
2 (3—20 cm)
3 (20—50 cm)

fungi, is practically devoid of available organic matter.
Primary succession occurs with natural overgrowth of
waste dumps, and young technogenic soils are formed
(Egorova et al., 2013). Soil formation begins with the
weathering of the original rock, including weathering
due to biogenic weathering (Frouz et al., 2011). Simul-
taneously, microscopic fungi have a central role in the
formation of young soils and participate in biogenic
weathering and the formation of humus and mycorrhi-
za of plants-pioneers (Detheridge et al., 2018). Note
that the succession will proceed especially slowly in the
Arctic, since the northern ecosystems are more vulner-
able to technogenic impact and biological processes at
high latitudes are decelerated (Krause-Jensen, Duarte,
2014).

Due to the presence of soil tips that formed at dif-
ferent times, it is possible to study the biodiversity dy-
namics of microfungi in spoil tips over a sufficiently
long period of time. Note that reclamation was not car-
ried out on spoil tips in the Vorkuta region, which facil-
itates observation of the natural succession of spoil tips.

The purpose of this study was to explore the dynam-
ics of microscopic fungi complexes of spoil tips in coal
mines during the process of their overgrowth in the
southern tundra zone (Komi Republic).

MATERIALS AND METHODS

Sampling. The research materials were samples ob-
tained at the end of July 2019 from the spoil tips of the
Komsomolskaya and Zapolyarnaya coal mines and the
spoil tip of the Pechora Central Processing Plant near
the city of Vorkuta (67°30" N, 64°02” E). The samples
were obtained from 10-year-old, 20-year-old and
45-year-old spoil tips of the coal mines. Samples were
also taken from the spoil tip, which is still being ex-
ploited (formed). Soils of the southern tundra (dwarf-
willow-cotton tundra and grass-moss tundra) were
employed as the control. Geobotanical descriptions
were performed on the selected sites, soil profiles were
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constructed, and average samples of soils and spoil tips
rock were selected (Table 1).

Samples of rock and soil for mycological analysis
were collected in individual sterile 50-milliliter plastic
tubes. The depth of sampling was determined by the
soil horizons. All samples were stored at 4°C.

Isolation and identification. Fungi were isolated by
serial dilutions followed by sowing a soil or rock sus-
pension on a Czapek’s agar (CZA) (Raper, Thom,
1949; Goldman, Green, 2015). The fungi were culti-
vated in the dark at 20°C and 4°C. Chloramphenicol
(100 mg/L) was added to the culture medium to sup-
press the growth of bacteria. The initial identification
of fungal isolates was carried out based on the morpho-
logical characteristics using the most common deter-
minant after their isolation in a pure culture (Domsch
et al., 2007). For micromorphological examination,
microscopy by Carl Zeiss Axiolmager Al was em-
ployed.

Some isolates were also identified by molecular
methods. The cultures employed for molecular studies
were cultivated on Czapek’s agar (CZ) at 20°C for
14 days. Deoxyribonucleic acid (DNA) was extracted
by using a Diamond DNA Plant kit (ABT, Russia, Bar-
naul) according to the manufacturer’s instructions.
The internal transcribed spacer (ITS) region was ap-
plied as a phylogenetic marker. ITS rDNA region
(ITS1-5.8S—ITS2) was amplified using the poly-
merase chain reaction (PCR) primers ITS1 (5'-TCC-
GTA-GGT-GAA-CCT-TGC-GG-3") and ITS4 (5'-
TCC-TCC-GCT-TAT-TGA-TAT-GC-3") (White et
al., 1990). Upon completion of the amplification, the
samples were detected by an electrophoretic method in
1.5% agarose gel with GelRed. The obtained DNA
fragments were sequenced by the commercial company
BioBeagle (St. Petersburg, Russia) via the Sanger
method. Sequences were inspected and assembled us-
ing BioEdit version 7.1.9. Newly generated sequences
were compared to the available sequences in the Gen-
Ne 2
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Bank database (National Center for Biotechnology In-
formation, NCBI) by using the Basic Local Alignment
Search Tool (BLAST) instrument (http://blast.nc-
bi.nlm.nih.gov/Blast.cgi). In addition, the followed
criteria were applied to interpret the sequences from
the GenBank database: for query coverage and se-
quence identities 298 %, the genus and species were ac-
cepted; for query coverage and sequence identities be-
tween 95% and 97%, only the genus was accepted (Go-
dinho, 2013).

The names and positions of the taxa of microfungi
were unified using the database www.indexfungo-
rum.org/Names/fungic.asp.

Characterisation of the complexes of fungi. Colonies
were counted after 10 days (20°C) of cultivation and
30 days (4°C) of cultivation. Data on the total number
of micromycetes were expressed in colony-forming
units per 1 g of absolutely dry soil (CFU/g). Biomass
indicators were determined by luminescent microsco-
py in accordance with the generally accepted method
(Hoch et al., 2005). To characterise the structures of
fungal complexes, the relative abundance of species
and genera were employed (Magguran, 1988, 2004).

The Shannon index of Diversity and Pielou index
were utilised to characterise the structure of a fungi bi-
ota (Magguran, 1988, 2004). To study the similarity of
micromycete complexes, we used the tree clustering
method, where the distances between two clusters were
estimated using the Ward method (Ward, 1963). To es-
timate the expected number of species in areas studies
and the completeness of the study, we employed the
approach developed by the Gotelli, Colwell and Chao
(Colwell et al., 2012) based on an algorithm for gener-
ating samples.

Statistical processing was performed using the sta-
tistical software package MS Excel 2007, Statistica 10.0
and EstimateS 9.

RESULTS AND DISCUSSION

Analysis of the structures of microfungi complexes.
From the research, 39 species of microscopic fungi
were identified (Table 2); they belong to 29 genera. The
specific abundance of the main genera of fungi in the
spoil tips of the coal mines is shown in Figure 1.

Eight species were identified in the formed (exploit-
ed) spoil tip, which belongs to the genera Botrytis,
Cladosporium, Penicillium, and Pseudogymnoascus.
Isolates of the genera Botrytis and Penicillium account-
ed for 38% each, whereas Cladosporium accounted for —
18%. The genus Botrytis was represented by only one
species — Botrytis elliptica. The percentage of Pseudo-
gymnoascus pannorum isolates was 6%.

Representatives of 10 species from 9 genera were
identified in samples of a 10-year-old spoil tip. The
percentage of Pseudogymnoascus pannorum isolates was
30%. The percentage of micromycetes of the genus

MUKOJIOTHUA N ®PUTOIIATOJOTI A

TOM 55 No 2

%
100
90 other
Phoma
80 Neonectria
70 ® Glaciozyma
60 m Fusicolla
m Botrytis
30 Mucor
40 = Cladosporium
30 = Cosmospora
m Pseudogymnoascus
20 m Penicillium
10
0

Fig. 1. Specific abundance of isolates of the genera of mi-
cromycetes in spoil tips of coal mines.

Cladosporium was 17%, whereas that of the genus
Botrytis was 15%.

In the soil of a 20-year-old spoil tip, the species di-
versity of fungi increased to 16 species from 11 genera.
It was also dominated by the genus Pseudogymnoascus
and Cladosporium. The percentage of isolates of these
species was 24% and 18%, respectively, whereas the
percentage of isolates of the genus Penicillium was 18%.
A remarkable fact is the discovery of the acidophilic
species Acidea extrema in a 20-year-old spoil tip.

Earlier this species was detected in various extreme
ecosystems, such as the coal mines of the Czech Re-
public and Antarctic deserts and tailings of the cinna-
bar deposit in the Altai Republic (Hujslova et al., 2014;
Ilyushin, 2017).

The species diversity in the 45-year-old spoil tip was
14 species from 11 genera. The species of the genus
Phoma (39%) dominated in this spoil tip. The percent-
age of Penicillium (13%), Pseudogymnoascus (12%) and
Botrytis (27%) remained significant. The percentage of
fungi of the genus Cladosporium has dropped signifi-
cantly to 2%.

As a result of the studies that were carried out,
30 species of microscopic fungi were identified in the
control samples (southern tundra soil) (Table 2), which
belong to 23 genera. The species diversity in the soils of
the southern tundra near Vorkuta was substantially
higher than that in the rock of spoil tips. The dominant
species were Pseudogymnoascus pannorum (30%),
Botrytis elliptica (17%) and Glaciozyma antarctica
(15%). The latter is a yeast characteristic of Antarctica
(Li et al., 2020). The discovery of this species in the
northern region of the Komi Republic enables it to be
classified as a bipolar species (Wirtz et al., 2008). The
control also included a significant percentage of mi-

2021



ILIUSHIN, KIRTSIDELI

132

CEI9LIMIN | AopIaA 10 dureysoay ‘19JAnin) (1ooeg
93 0I¢ 0L 61 LE 6 0 0 0 L 0 TEI9LIMIN | xa ssnalq) sap10110.42)os vriapydsorda]
oue)) 19 oureny) ‘[A3MMS ‘snox) ‘zado|
0 0 133 0 6 0 0 0 0 0 0 SEI9LIMIN -"ZUSBA (*008S) puaiddna vuwoydyxny
0 133 0 0 0 0 0 0 0 0 0 9EI9LIMIA [UBIINPQY winivdasynud uodpuapodijof
Suem IO 19
"“Mau0ID) A (JJeud 10 Iuny 11
SLI 00L Ge8C 0 0 0 0 0 0 0 0 6SI9LIMIN | TIRZIBIS “[12) pou2DIuD DUAZ01D]D
0 133 0 0 0 0 0 0 0 0 0 LYTI9LIMIN UBLISSOY 19 JBYIT DjOIISSO 3f
SISOIYDS 19 J9JI9S ‘UB|UAJBID)
0L 00L 193 0 0 0 0 0 0 0 0 VEIOLIMIN (eploD) soprouisiiout v]j02isn{
0 0 133 0 0 0 0 0 0 0 0 PYI9LIMIN "00S (BPI0D)) UINIIUIDL UNLIDSIL]
SISOIYDS 19 JI9JI9S ‘UB|UAJBID)
SLI SLS 01¢ 0 0 0 0 0 0 0 0 (1818 *d) vuPd9]2x.42q Di0odsouiso)
eloJeredS 10 BYISAIYS ‘g
0 0 0 0 0 0 6 <9 0 0 0 ‘1o1day] (NSWIOH) vsouLinf sdaddp.o)
olreng) J9 Quan ‘ueyy ‘N7 (ewAag
0 0 0 0 6 LE 0 0 0 0 0 8CI9LIMIN "H'd'[) Huuvuifjoy vjonys01u0)
S3 SLI 0L 6 6 Ly 61 €01 6t 14! 6 "Zusd wnuiiadsolaoyds )
133 133 SOl 0 0 0 0 0 0 0 0 NI ('s1d) wnivqiay -
SOLIA 9P V'O ("UISAI)
133 oyl 0€9 0 0 0 0 6 0 L S sap1otio0dsopp)o wintiodsopv))
00L 0501 0¢se 8¢ Ly €8¢ 0 6 133 8¢ 8¢ SCTI9LIMIN aooD (1eg) vondya g
0 0 0 SL €6 €01 0 0 0 0 0 "SIod pa4auld sydijoq
0 0 ¢ 0 0 6 0 0 0 0 0 "udsaL smpsnunfy
93 S3 0 0 0 0 0 0 0 0 0 UL SnAppf snjjisiadsy
SoUSnH °S 10 S9A0ID)
0 0 93 0 0 0 0 0 0 0 0 M (WY L) Syp140SU0d DIDULYY
PCI9LIMIN
0 0 0 0 0 0 Ly 6 0 0 0 ‘9TI9LIMIA PIHEBION "IN 19 BAOISINY v papioy
€ [4 I € (4 I (4 I (4 I
dn 1rods Joquinu
(expun) yanos josyros) | dn q1ods pjo-resk-gy jo | dn qrods pjo-1eak-g | dn [10ds po-12a&-01 | pouriog | uoISSEOY sapads

[OI}UOD JO SUOZLIOH

SUOZIIOH

Jo suozioy

Jo suozuoy

0,07 18 3/NAD (Joruod) vipuni Y} JO S[I0S PUB SAUTW [BOD JO Sdn [T0dS WOI} pIJe[OSI S9190AWOIDIA T dqRL

2021

o 2

TOM 55

MUKOJOI'A U ®PUTOIIATOJIOTUA



133

DYNAMICS OF COMPLEXES OF MICROFUNGI

0 0 0 0 6 0 0 6 0 0 0 'SIod apuia (]
G¢ S¢ 0 0 0 0 6l 6 0 0 0 1RJIY IPLIA0DAND DULIGPOYILL]
uadBIGNOH 19 Suepp 1OM X
0 0L 0 0 0 0 0 0 0 0 0 SYIOLIMIN (1oxon ) winpndsd winipo]20yoL [
JI9JI9G 19 PeASLI] ‘ZBWIIA "N ‘UOS
Se 0L SLI 0 0 0 0 0 0 0 0 -wes (wovy 1) snsojnoruny saofuioivjn],
6V19LIMIN Toupury "' 1o SluuIjy
Y49 0ovI 06¢€¢ 9¢ €6 L8I |14} 9¢ LL 6y S ‘LET9LIMINL| - (NUIT) winiouund snospouuidSopnasq
KIPJIaA 10 dweysoAy ‘I9JAni0)
0 0 0 0 0 0 0 0 L 8¢C 0 EET9LIMIN (13jong) aviuos.iapuay snuiopouald
IVI9LIMIN
‘0ET9LIMIN
0 0 S0l 8¢ 961 6¥8 0 6 0 0 0 ‘6CT9LIMIN "PURISOM WinLDq.L2Y DULOYJ
10gaIS "N'L 30 Srunin (JjuueN
0 S01 g€ 0 0 0 0 0 0 0 0 IVIQLIMIN | 10 UIRIN) #542q25p] DDy dad0DIYd
‘wnyona
0 0 0 0 0 0 61 Ly 0 0 0 LTI9LITMIN (‘MsIoNY) winiound vLvYdsodvyd
0 133 0 0 0 0 6 0 0 0 0 OVI9LIMIN QITeIN 11uUtoY]
S¢ S¢ ovl 0 0 0 0 6 0 0 14! DISOTeZ "M Huasual
CLI 0s€ 00L 8¢ LE L8I 0 0 0 0 0 DISA[RZ MM 1ysmazounl
SLI SLI 997 61 61 8¢ 6 9¢ 0 L S SUIISOM (TOWYIM ) UiniqD]s
0 0 0L 0 0 0 0 0 0 0 S WOy I, wnutij1o o
e SOl 01¢ 0 6 61 LE 6 L 0 S EVI9LIMIN WO I, winuaZ0SA4yd wnijj1o1uag
SYI9LIMIN ASPIOA 10 dwreysoAy
0L 0I¢ SEL 0 0 0 6 6 0 0 0 ‘CTIILIMIN | “101An1D) (pneunlgq) ol vuioydpivd
18D T 10 UayD ULl
0 S0l g¢ 0 0 0 0 0 0 0 0 ("8odg) wnuuivind v1WIEL20qDIDT
SnoI1)) 19 plequo T ‘uew
0 coI1 0S¢ 0 0 0 0 0 0 0 0 SEI9LIMIN | -SSOY ('QUAIYZ) DPIPUDD DIIIUOIN
0L ovl SIe 0 0 0 0 0 8¢C IC 0 Towyopm sypuiary L0onp
CBLLLIMIN
0 0 0 6 6 61 8T 0 w L 0 ‘THI9LIMIN [ou01Aad puidip vjjaia140p
€ (4 [ € (4 I (4 I (4 [
dn 1rods Ioquinu
(expun) ynos jospros) | dn [1ods pjo-1eak-gy Jo | dn rods p[o-1eak-g | dn [10ds plo-194-01 | powriog | uorssaooy saroads

[OI}UOD JO SUOZLIOH

SUOZIIOH

Jo suozioy

Jo suozuoy

(‘pIu0)D) "7 AqeL

2021

0 2

TOM 55

MUKOJIOTHUA U GUTOIATOJIOTIUA



134 ILIUSHIN, KIRTSIDELI

8270
= 5870
e L
1000
800
600
400
200
0 & © © © S
& @*p @p @«p &
S W %

Fig. 2. Number of microfungi (CFU/g) in the spoil tips of
the coal mine at 20°C and 4°C.

croscopic fungi of the genera Cladosporium (5%), Cos-
mospora (5%) and Paraphoma (4%).

The presence of Pseudogymnoascus pannorum was
observed in all studied rock of spoil tips and soils.
Moreover, in most of the spoil tips and control soils
that we studied, this species was dominant with a per-
centage of 12—30%. In the formed spoil tip, its percent-
age is only 6%, which apparently, is due to the instabil-
ity of the newly formed community. This species is not-
ed as dominant in Arctic and Antarctic soils and
permafrost samples. This species is an oligotroph that
can quickly populate substrates that are unsuitable for
other species (Hayes, 2012).

Note the high percentage of fungi of the genus Clad-
osporium in young spoil tips. In the formed, 10-year
and 20-year spoil tips, the percentage of fungi of this
genus was at the level of 17—18%. Micromycetes of the
genus Cladosporium are distributed throughout our
planet and occupy many ecological niches (Bensch et al.,
2012).

Number of microfungi and biomass. The number of
microfungi (CFU/g) in the spoil tips of the coal mine
was relatively low (Fig. 2). This indicator increased
with the age of the spoil tips. Thus, in the formed (ex-
ploited) spoil tip, the quantity of microscopic fungi was
on average 12 times lower than that in the 45-year-old
spoil tip at 20°C. The number of microscopic fungi in
the spoil tips was significantly lower than that in the
control (southern tundra soil). When cultivated at 4°C,
the regularities number of microfungi growth with in-
creasing age of the spoil tips of the coal mine is pre-
served. However, the number of microfungi in this cul-
tivation regime was lower since fungi did not develop,
for which the minimum growth temperature was higher
than 4°C.

The biomass in the spoil tips of the coal mine was
also relatively low. This indicator increased with the
age of the spoil tips. Thus, in a 10-year spoil tip, the
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Fig. 3. Dendrograms of the similarity among complexes of
micromycetes in spoil tips of coal mines, taking into ac-
count separation by horizons.

biomass of microscopic fungi was on average 4 times
lower than that in a 45-year spoil tip and amounted to
0.09 mg/g of rock. In the 20-year spoil tip, the biomass
was already 1.4 times lower on average than that in the
45-year spoil tip and amounted to 0.26 mg/g.

The soils of the north are characterised by a pre-
dominance of propagules in the upper horizon. With
depth, from the litter to the mineral horizons, the num-
ber of micromycetes decreases (Kirtsideli et al., 2011).
We observed this trend in the control and the older
spoil tips (45- and 20 year-old spoil tips). However, in
a young 10-year-old spoil tip, the number of micromy-
cetes increases with depth. Thus, the upper horizon
contained 197 CFU/g, and then the underlying hori-
zon contained 271 CFU/g. This finding is probably
due to the formation of the spoil tip. During its forma-
tion, the rock that was on the surface and contained vi-
able propagules was submerged under the new mine
rock. Over time, the number of propagules in the upper
horizon increases, which we observed for the 20-year
spoil tip.

Comparison of micromycete complexes. From the
data presented in the dendrogram (Fig. 3), the micro-
mycete complexes are divided into four clusters. The
first cluster combines the complexes of micromycetes
that inhabit the formed spoil tip and those in different
horizons of the 10-year spoil tip. The second cluster
consists of micromycete complexes from a 20-year
spoil tip. The third group includes micromycete com-
plexes from different horizons of the 45-year spoil tip.
The fourth cluster includes complexes of micromycetes
from different soil horizons in the southern tundra
(control). Moreover, the spoil tip communities are
much closer to each other than to the southern tundra
community. This finding indicates that the process of
the formation of the mycobiota characteristic of the
natural soils of this region is extremely slow.

To evaluate and compare the mycobiota of spoil tips
were used the Shannon index of diversity and the
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Pielou index (Table 3). The lowest diversity indices
were observed for micromycete complexes of young
spoil tips (formed and 10-year-old). With the age of the
spoil tips, with the development of the succession, this
indicator increases. The highest Shannon index of di-
versity is characteristic of the soils of the southern tun-
dra (control). The lowest uniformity of species abun-
dance (Pielou index) is also characteristic of the soils of
the southern tundra. This is due to the simultaneous
presence of pronounced dominants, such as P. panno-
rum, Botrytis elliptica, Glaciozyma antarctica, and a
large number of rare species.

As indicated by the graphs of species accumulation
(Fig. 4) and the values of the Chaol index, we identi-
fied most of the expected species in the control (south-
ern tundra soils), which comprised 91% of all expected
species. However, in the spoil tips, the percentage of
identified species from the expected species decreased.
Moreover, the younger is the spoil tip, the lower is the
detection rate probably due to the instability of the
complexes and the detection of random species in
them, as well as the small number of isolates in com-
parison with the control. Thus, for the formed (ex-
ploited) spoil tip, where the complex of micromycetes
has not formed, we identified only 63% of the expected
species in the graph of the species accumulation, which
is not shown in the figure due to an extremely small
number of isolates.

10-year-old

16 -

0 10 20 30 40 50

16 45-year-old

12

0 50 100 150

200 250

Table 3. Shannon index of diversity (H) and Pielou evenness
index (E) of mycobiota of spoil tips of coal mines (medium
for horizons)

Habitats H E
Formed (exploited) spoil tip 0.785224 0.869486
10-year-old spoil tip 0.797004 0.797004
20-year-old spoil tip 0.913081 0.758297
45-year-old spoil tip 0.823262 0.718298
Control (soils of tundra) 1.004004 0.673213

Thus, the data obtained indicate the presence of
micromycetes in the spoil tips of coal mines of different
ages. The differences in the complexes of micromy-
cetes in the formed 10-year-, 20-year- and 45-year-old
spoil tips are shown, taking into account their horizons.
A comparison of these complexes with the complexes
of the micromycetes of the southern tundra soil is also
shown. The dynamics of the indicators of the number,
biomass and composition of micromycete complexes
with an increase in the age of the spoil tips are shown,
which can be considered stages of succession. With an
increase in the time elapsed after stopping the exploita-
tion of the spoil tip, the number of species gradually in-
creases and the number and biomass increase, which
indicates an increase in the stability of the complexes
and the changes that occur during the succession.

25

20-year-old

0 10 20 30 40 50 60 70

Control

0 100 200 300 400 500 600 700

Fig. 4. Bootstrap analysis results that show the dependence of species richness of microfungi in spoil tips and control soils from the
number of investigated isolates. The thin lines show the average values of the Chaol index (expected number of species) as the number
of studied isolates increases, and the solid lines represent the smoothed curves of species accumulation, in depending on the number
of isolates (along the abscissa axis, the number of isolates; along the ordinate axis, the number of species).
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Pa3HBIX 9KOJIOrO-TpOoGUIECKUX IPYIII HPEACTABIICHBI IIPAKTUYECKH B pPABHOM COOTHOIIeHU. BriepBhIe mory-
YyeHbl cBefeHus o ouocopouuu Cu, Pb, Zn B 6a3uanomax rpuboB, COOpaHHBIX B 6 pa3IMYHBIX 3KOTOIAxX Ha
tepputopun r. KrpoBa. YcTaHOBIEHO, UTO B YCIOBUSIX YPOOSKOCHCTEMBI HanboJiee BEICOKOE HAKOIUICHIE
rpubamu Zn 1 Pb, B pa3pe3e OTIeIbHBIX KOJIOTO-TPpO(PUUECKMX IPYIIIT, XapaKTepHO IJISI MUKOPHU3000pa3oBa-
Teneii, a HakorieHre Cu — IS HOACTHIOYHBIX CallpoOTPOdOB.
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BBEAEHUE

l'opona, gBisitoliuecs: KpynmHbBIMU TIPOMBIIIICH -
HBbIMM 1IEHTpaMHu, BKJIIOYAIOT B ce0sl, Kak MpaBuiio,
JIOCTaTOYHOE KOJIMYECTBO PeKpeallMOHHBIX TEPPUTO-
puii, KOTOpbi€ BBIMOJHSIOT KYJIbTYpHO-0310POBHU-
TeJbHbIE, CAHUTAPHO-TUTUEHWYECKHE, DCTETUYECKUE,
TOYBO3aIIMTHBIE U BOJOOXpaHHbIE PyHKIIMU. B TO Xe
BpeMsi, TOpOACKasl cpela MUCIBITHIBAET CYILIECTBEH-
HYIO Harpy3ky OT TPOMBIIIJIEHHBIX TPEeINpUsITUIA,
TEeIUIOOHEPTreTUUEeCKOro KOMIJIeKCca U €XXEroaHo pac-
TYIIEro YMciia aBTOTpaHCIopTa.

Bo3spacTatoiasi aHTporioreHHasi Harpy3ka Ha yp-
0039KOCHCTEMBI TPUBOAUT K CHIKEHUIO UX YCTOUYU-
BOCTU U OHMopa3HooOpa3us. B cBsI3U ¢ STUMU HeEyTe-
LIUTEbHBIMU TEHAEHILIUSIMU OCTPO BCTA€T BOMPOC O
CIToco0ax OLIEHKU OTAEbHBIX 9KOCHCTEMHBIX KOMITO-
HEHTOB C LIEJIbIO MPUHATHUS YIIpaBIeHYECKUX pelle-
HUU JJ1 AOJTOCPOUYHOIO pallMOHaJIbHOTO MPUPOIO-
TOJIb30BaHUSI.

OnHrMU U3 HauboJjiee ONacHbIX B TOPOACKOM cpe-
Jle 3arpsSI3HSIONIMX BEIIECTB SIBJSIOTCS COEAVMHEHUS
TseKeablx MeTautoB (TM) mo mpuyMHe uX BBICOKOM
TOKCUYHOCTHU, TTIOJBUKHOCTU U CITOCOOHOCTU K OHO-
akkymynsinuu (de Miguel et al., 1997; Dabakhov et al.,
2005; Korolev, Boev, 2017; Hussain et al., 2019). B
r. KupoBe 17 npeanpusTuii UMEIOT rajibBaHUYeCK1e
nexa (Ashikhmina, 2012), B cBs13u ¢ uem Cu, Zn u Pb
SIBJISIIOTCSI TIPUOPUTETHBIMU 3arPSI3HUTENISIMU TEPPU-
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Topun Topoma. CrocOOHOCTBIO OOMIIBHO HaKallIM-
BaTh JaHHBIC COCAMHEHUS XapaKTEePU3YIOTCsI 6a3uIm-
anmpHble MakpoMulleThl (Churakov et al., 2000; Tsvet-
nova et al., 2001; Shcheglov, Tsvetnova, 2002; Ivanov,
Kostychev, 2007; Kostychev, 2009; Otnyukova et al.,
2012; Anishchenko et al., 2016), B CHTy 4eTo OHU MO-
TYT NPEACTaBIATbh UHTEPEC IJISI 9KOJOTMIECKOTO MO-
HUTOPUHTA COCTOSIHUS CPEIIbI.

M3ydeHnio cooOIIecTB arapukKoOMUIIETOB Ha Tep-
PUTOPUM TIAPKOBO-PEKPEALIMOHHBIX 30H ITPOMBIIII-
JIEHHBIX TOPOJOB YAEJACHO 3HAYUTEIBHO MEHbIIICE
BHUMaHUeE, YeM Ha HeHapylIeHHBIX TPUPOIHBIX TepP-
puTtopusix. B nurepaType mpuCyTCTBYIOT JIMIIb OTPhI-
BOYHEIE CBEIICHUS O BUIOBOM pa3HOOOpa3uu arapu-
KOMHILIETOB B Tropoackoii cpeae (Dremova, 2014;
Shilkova, 2015; Palamarchuk, Kirillov, 2017; Savelyev,
Kikeeva, 2018), cBeneHuit o Bumax, akKyMyJaIUpPYIOIIUX
TM B ycinoBusx ropoaa, Toxke HegoctaTrouno (Demir-
bas, 2001; Yamac et al., 2007; Ivanov et al., 2008; Kosty-
chev, 2012; Siri¢ et al., 2017; Abulude, Ndamitso, 2018;
Kokkoris et al., 2019).

Conepxanue TM B IJIOOOBBIX TeJIaX arapuKoOMUILIE-
TOB, PaBHO KaK U CTPYKTypa arapuKOMUKOTbI, paHee Ha
TeppuTopyu r. KupoBa nmpakTuiecKy He N3ydaiicCh.

Lenbio maHHOII pabOTHI SIBASUIOCH BBISIBJICHUE
0COOEHHOCTEN OMOAKKYMYJISIIIUU TSIKEJTBIX METAJLIOB
MPEACTABUTENISIMU  PA3IMYHBIX DKOJOro-Tpoduue-
CKHUX I'pYHIT 6a3UIMOMULIETOB B YCIIOBUSIX TOPOACKOM
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= Agaricales 1 Agaricales
@ Polyporales @ Polyporales
B Boletales @ Cantharellales

[ Russulales ™ Russulales

Puc. 1. CooTHollIeHUE TIpeNCTaBUTEEH Pa3IMIHBIX TO-
PSIIKOB B IMapKax M ckBepax r. KupoBa (a) 1 B 3aropogHoOM
secy ¢hoHOBOM TeppuTopuu noc. ITopoiuHo (0).

cpenbl (Ha TpuMepe MapKOBO-peKpeallMOHHBIX 30H
r. Kuposa), a Takxke omnpenejeHue BUIOBOIO COCTaBa
arapukKOMUKOTBHI.

MATEPUAJIBI 1 METObI

Mecta cOopa IUIOOOBBIX TEJ arapukKOMUIIETOB, a
TakKe 0TOOpA MOYBBI M APEBECUHBI OB ITPUBSI3aHBI
K mapkaM M CKBepaM ropoja, Kak HamboJjiee xapak-
TEPHBIM MECTOOOUTAHUSIM I'PHUOOB B TOPOICKMX YCIIO-
Busix. OOclieqoBaHa TEPPUTOPUS TPAHCIIOPTHOIA,
MPOMBIIIJIEHHOM U peKpeallMoHHOM 30H T. Kuposa,
MpeacTaBIeHHAas. B Pa3HOU CTeIleH! IIpeoOpa3oBaH-
HBIMU aHaJIOTaMU €CTeCTBEHHBIX IePHOBO-MOA30JIM-
cThiX 1MoYB (Albic retisols), obuueii iomanbio 79.8 ra
(puc. 1). B cocTraBe 1peBOCTOSI TOPOACKUX 9KOTOIIOB B
OCHOBHOM NPUCYTCTBYIOT JIMCTBEHHbIE IOPOBI: Acer
platanoides, Acer negundo, Tilia cordata, Quercus robur,
Betula pendula. B xadecTBe (0OHOBOI1 BEIOpaHa TeppHU-
TOpHS JIeCHOro Maccusa BOMM3u m. IlopommHo, Ha
MMPOTUBOIIOJIOXKHOM Topofy 6epery p. Bsatku, roe npe-
BOCTOI IIpeACTaBIeH XBOMHBIMU IToponaMu: Picea ab-
ies, Abies sibirica. Co0op TIpUPOTHOTO MaTepHrasa IIpo-
BOJIMJICSI B OCEHHUI MIEPUOT, C CEHTSIOPSI TTO OKTSOPb.
COop IUIOMOBBIX TEJI OCYIIECTBIISUIA B TEYSHUE TPEX
set ¢ 2015 1o 2017 rr. B 0611e#t ciTo3KHOCTH Ha TeppH -
Topuu T. KnpoBa 1 (hpoHOBOI TeppUTOPUU OBLIO CO-
OpaHo 1 06padoTaHo 145 006pa3LOB arapuKOMUIIETOB,
51 oGpa3sel 1TOoYBHI, 24 00pa3iia APeBECUHBI, KaxKIbIi
obpasel] — B TpeXKpaTHOI MOBTOPHOCTM.

C0Oop 06pa3oB IUIOAOBBIX TeJI TPUOOB OCYIIIECTB-
JISITA MapUIpyTHBIM METOJIOM, omnucaHue u (ukca-
LIMIO MaTepuaja MPOBOAWIN IO CTAaHIAPTHOM METO-
nuke (Bondartsev, Singer, 1950). Mopdonoruueckue
MpU3HAKU M3yyald C MOMOIIbI0O MUKpocKora Leica
DM 2500 (I'epmaHust), C MCIIOJIb30BAaHUEM CTaHAAPT-
Horo Habopa peakTuBoB. [Ipu uaeHTUUKALIUN BU-
JIOB MAaKPOMMUIIETOB OBLIM MCTHOJIb30BaHbI OTIPEIETN-
TeM TI0 Pa3JIMYHBIM TaKCOHAaM arapMKOMMUIIETOB
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(Bondartseva, 1998; Nunez, Ryvarden, 2000; Niemela,
2001; JIecco, 2003; Knudsen, Vesterholt, 2008; Kibby,
2009). HazBaHue oOHapyXeHHBIX BUAOB IPUOOB MPHU-
BeIEHDBI B COOTBETCTBUU C 6a30ii maHHbBIX Index Fun-
gorum (2020).

CobOpaHHBIE TUIOTOBBIE Tejla TPUOOB BBICYIITNBAIIN
npu 70°C 10 TOCTOSTHHOTO Beca U pa3MalibIBaud 110
OOHOPOIHOM MAacChl C IIOMOIIBIO JIAOOPATOPHOI
MenbHUOE. [lonydeHHBIE 0Opas3lbl XpaHWIN B Zip-
MakeTax Uil TipeIoTBpalleH1sI Habopa Biaru. ITpoobl
JIpeBECUHEBI OTOMpaiY IIpY MOMOIIM CBepyia U aKKy-
MYJISITOPHOI Ipen, ITyTeM BEICBEPJIMBAHMS KEpHA Ha
rryouHy 1o 7 cMm. IIpoObl MOYBBI OTOMpaNIU U3 MO-
BepXHOCTHOro ciost 0—5 cM MeTOOOM KOHBEpTa C
mwomwany 100 Mm% HaBecku KaxIoro U3 cyocTpaTroB
Maccoil 1 T oj1s 030J1eHMUs TTIOMEIIaId B My(eIbHYIO
neyb 1pu 450°C. BanoBoe conepxanue Cu, Zn, Pb B
IUIOAOBBIX TeJlaX TPUOOB U IPEBECUHE OIPEASIISIIIN Ha
aTOMHO-a0COpOIIMOHHOM cIleKTpoMeTpe Shimadzu-
AA-6800 ¢ mpeaBapUTENIBLHBIM PACTBOPEHUEM 30JIb-
Horo octatka B 1 M1 1 M HCI (Otmahov et al., 2004).
[1poGbI MOYBEI aHAMM3UPOBAIM TOXE METOIOM aTOMHO-
a0COpPOLIMOHHOIM  CIHEKTPOMETPUM, TPEeaBapUTEITIHBHO
9KCTParupysl BO3AYIIHO-CyXHe oOpa3lbl aMMOHMIAHO-
aneratHbIM 6ydepom (pH 4.8) (Vorobyova, 2006).

Conepxanne TM B MULIeIMK ONpPEeISIA aTOM-
HO-a0COPOIMOHHBIM METOIOM ITOCJIE O30JICHUS B MY-
¢denbpHOM ey ¢ NOoCAeAYIOIINM PACTBOPEHNEM 30J1b-
"Horo octatka B IM HCI. Yuer v aHaiu3 aHHBIX BEIU
MIpU IIOMOIIY 3JIEKTPOHHOIO KaTajora, IIOCTPOeHHO-
ro Ha OocHOBe ITporpaMmbl Microsoft Excel. Paccuu-
ThIBaIM Ko3(ppunmeHThl HakomieHus (KH) kak oT-
HolIeHNe KoHIeHTpauuu TM B 6asuammomMax rpuooB
K KOHIIEHTpAlluU eTo B cyocTparte (IoYBe WM IpeBe-
cuHe). KH mo3BoisieT onpeaemTh CHOCOOHOCTh K Ha-
KoruieHno TM, BBEISIBUTH BUIBI-OMOKOHIIEHTPATOPHI
TM (npu KH > 1). HacToTy BCTpeyaeMOCTH TpudOB
(%) onpenensiiv Kak OTHOIIEHUE Y1ClIa SKOTOMNOB, B
KOTOPBIX TpNO OOHAPYKEH K YUCITY BCeX 00CIeI0BaH-
HBIX BKOTONOB. JIJIs1 onpeaeeHus: CTEIIEHU CXOICTBA
MUKOOMOTHI Pa3jIMYHBIX 3KOTOMNOB MCIIOJIb30BaIN
uHaekc Cépencena—Yexkanonckoro (Ks), paccuutsi-
BaeMblii mo popmysie K =2c¢c/(a+b), rne au b — unc-
JIO BUAOB, OOHAPYXKEHHBIX B KaXXIIOM M3 CpaBHUBae-
MBIX 9KOTOIIOB, C — YMCJIO OOIIUX IJISI HUX BUIOB.

Cratuctudeckasi 00padoTKa 3KCIIEpUMEHTATbHBIX
JIAHHBIX ObLJ1a BHIMOJIHEHA C UCIIOJIb30BaHUEM ITaKeTa
MpUKJIaaHbIX TporpamMM Microsoft Excel 2007 u Sta-
tistica 12.0. Ilpum oOpaboTKe MOIYIESHHBIX NAHHBIX
MNPUMEHSUIM OJHOMEPHBIIA aHainu3 BapuallMOHHBIX
psiIoB (CpeaHNe BEJIMYMHBI IPpU3HAKA 1 UX OIIMOKN)
(Lakin, 1990).

PE3YJIBTATBI 1 OBCYXIEHHWE

Ha Ttepputropun mnapKoBO-peKpeallOHHBIX 30H
r. KupoBa obHapyXeHO 56 BUIOB arapuKOMMUIIETOB,
MpUHALIeKalX K 4 mopsakaM U 25 ceMeiicTBam
(tabm. 1). Ha ¢ponoBoit Teppuropuu (moc. IToporm-
HO) ObLIIO OOHapykeHO 25 BUAOB arapukKOMUIIETOB,
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ITOITBIBAHOB, IIMPOKMNX

Taomma 1. CpaBHHTeJILHI;Iﬁ aHaJIN3 TAKCOHOMMNYECKOro CoCTaBa arapukKOMMUIECTOB B pa3JIMYHBIX OKOTOIIaxX I'. KHpOBa 4 (1)0—

HOBOI TeppuTopuu noc. ITopoImHo

DKOTOITBI TOpoaa

CpaBHUBaeMBbIi1 CyMmapHo Don 1

rmokasareb, CKBCD MapK M. napk | AJieKcaHApOB- e MapK M. B ropoie HOpO]_L[I/I.HO

Komuectso | KOMOMHATA Tarapuna | ITo6ennl CKWIA caj HarIomamn Kuposa

NCKOXK Jlerice

[Topsiaxku 4 2 4 3 4 4 4 4
CemeiicTBa 8 9 12 13 8 15 25 15
Ponbr 10 13 17 17 8 20 41 22
Buabl 10 13 20 20 8 21 56 25

Ta6mma 2. Marpuna creneHu cxoactna (Ks) BUmoBoro cocraBa arappKOMHUIIETOB B Pa3IMYHBIX 9KOTOIMAX Topoaa v 0a3muan-

OMUKOTOU (DOHOBOI TEPPUTOPUU

Ciaep ITapk um. ITapk AJlekcaHIpoOB- Aunest Ha ITapk um. Hoc.
KomOumara Tarapuna IMoGennr CKWUIi can fUIotaH Kuposa Topoumso
NCKOX Jlemice (®OH)
CkBep KOMOUHAaTa 0.19 0.20 0.13 0.22 0.39 0.11
NCKOX
[Tapk um. "arapuHa 0.19 0.24 0.24 0.19 0.35 0.11
IMapk IToGenn 0.20 0.24 0.30 0.29 0.29 0.13
AJTeKcaHIpOBCKMI 0.13 0.24 0.30 0.29 0.34 0.18
can
AJutest Ha IO 0.22 0.19 0.29 0.29 0.28 0.12
Jlerice
[Tapk um. Kuposa 0.39 0.35 0.29 0.34 0.28 0.22
Ioc. ITopormHo 0.11 0.11 0.13 0.18 0.12 0.22
(POH)

MIpUHAIJIEKAIINX K YeThIPeM MopsiaKaM u 15 cemeii-
crBaM (puc. 1) (Ainsworth, 2008).

Cpenu Bcex oOHapykeHHbIX BUIOB (73 Buma ara-
PUKOMUIIETOB) TOJBKO 8 BHUIOB BCTPEUYATHUCH OTHO-
BPEMEHHO B TOPOACKHUX dKOTOoNax U (OHOBOI TEppH-
Topuu (JiecHoro MaccuBa Toc. IlopomuHo). Hau-
OoJiblIee KOJUYECTBO OOLIMX BUAOB MPUHALICKUT
nopsiaky Agaricales | Agaricus bisporus (J.E. Lange) Im-
bach, Flammulina velutipes (Curtis) Singer, Gymnopus
dryophilus (Bull.) Murrill, Hebeloma mesophaeum
(Pers.) Quél., Megacollybia platyphylla (Pers.) Kotl. et
Pouzar, Pholiota aurivella (Batsch) P. Kumm.,
Tricholoma terreum (Schaeff.) P. Kumm.]. U3 npen-
craButeneii nopsinka Polyporales oOGmiuM ObLT BUI
Daedaleopsis confragosa (Bolton) J. Schrét. buora ara-
PUKOMUIIETOB B TOPOJIE XapaKTepru3yeTcs 6onee 6ora-
TBIM BUIOBBIM pa3zHOOOpa3ueM, yeM onmorta (pOHOBOI
tepputopur. C HauOoJblIeid YacTOTOU B TOpoJe
BCTpeUaTNCh MUKOpH3000pasytomme BUIbl 1richolo-
ma terreum (100%), Paxillus involutus (Batsch) Fr.
(66%) n xcunorpod Bjerkandera adusta (Willd.)
P. Karst. (83%).

JI1s1 OLIEHKM CTEMEHM CXOACTBAa MEXKIY MUKOOMO-
TOM B Pas3IMYHBIX PKOTOIAX MCIOJIb30BAIN WHICKC
Cépencena—YexkanoBckoro (Ks). YcraHosieHa BBI-
coKasl CIelM(PUIHOCTL TaKCOHOMUYECKOIO COCTaBa

MUKOJOI'A U ®PUTOIIATOJIOTUA

arapMKOMUIIETOB B KaxKIOM M3 3KoToroB. Ks mMernm
HU3KKE 3HaUYeHUs, n3MeHssich ot 0.13 go 0.39 (Tab. 2).
Huzkoe cXOACTBO MOXET OOBSICHSATHCS Pa3HBIM
BO3pacTOM IPEeBOCTOEB B OOCJIEMOBAHHBIX ITapKaxX U
CKBepax, KOTOpPHIi BapbupyeT oT 50 JIeT B mapKe nM.
C.M. Kuposa go 200 yner B AJeKCaHIPOBCKOM caiy.
MakcuMasbHbIE pa3Iddns BEISIBICHBI MEXIy COOOIIe-
CTBaMM arapMKOMMIIETOB (hOHOBOI1 TEPPUTOPUU U ara-
puxkomukoToii mapka um. FO.A. I'arapuna (Ks = 0.11), a
Takke ckBepa komOnHata MCKOXK (Ks = 0.11).
CormnacHo  kjaccudukauuvu, MOPeIIOXEHHOMN
A.E. KoBanenko (Kovalenko, 1980) ¢ HekoTopbIMU
nonoHeHusiMu O.B. Mopo3soBoit (Morozova, 2001)
BBISIBJIEHHBIE BUIBI OTHOCSITCS K CJ€IYIOIIUM TPOdu-
yeckuM rpynmnam: Le — kcunoTpodsl, Mr — cumouo-
Tpodsl, St — IToACTMIIOUHBIE cartpoTpodbl. Hanmboiee
MHOTI'OYMCJIEHHOM MO KOJIMYECTBY BUIOB B TOPOJICKOM
cpene ObLIa TpyIa KcrtoTpodos (59%) (puc. 2).
Bonpnree pacipocTpaHeHne KCHUIOTPOPOB 0OBSIC-
HsIeTCsl HanboJsiee 0JIaronpUsITHBIMU YCJIOBUSIMU IS
X IIPOM3pACTaHMs: BO3pACTHBIE HACAXKICHMSI JIMCT-
BEHHBIX MOPOJ, OClIaljieHHbIe aHTPOIOIeHHOM Ha-
I'PYy3KOIi, MMO3BOJISIIOT KCUIoTpodaM 6e3 Tpyaa KoJio-
HU3UPOBaTh OOCTYIIHLINA cyocTpar. Kpome Toro, mist
MHOIMX KCHJIOTPO(HBIX I'pHUOOB XapaKTepHa CyO-
CTpaTHasl CrielraJn3aliusi, KOTopasi BhIpaXkaeTcs B UX
Ne 2
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E Kcunorpodsl

&8 [loncTuiiouHble cCapoTPOdbI
B Muxopuzoo0Opa3oBaTean

Puc. 2. CooTHOILIIEHKE BUAOB U3 Pa3HbIX 3KOJIOr0O-TPOodu-
YecKUX TPYMIT B ITapKax U ckBepax . Kuposa (a) u B 3aro-
pomHOM Jiecy ¢oHOBOM Tepputopuu noc. [TopoimHo (0).

HPUYPOYEHHOCT K IPEBECHBIM OCTAaTKaM OIIpele-
JIEHHBIX BUJOB JCPEBhLEB.

Bunpi-cumouoTpodbsl TOMUHUPYIOT B XBOMHBIX U
XBOWHO-IIIMPOKOJUCTBEHHBIX JiecaX, 00pa3yss MUKO-
pU3Y C IPpeBECHBIMU JOMUHAHTAMU, YTO TAKXKE OTMe-
yeHO apyrumu aBropamu (Burova, 1986; Malysheva,
Malysheva, 2008).

JlucroBoii omnan, SBISIOLIMICS CyOCTpaTOM JJist
MOACTUJIOUHBIX canpoTpodoB, B TOpoaax yaajsieTcs
KOMMYHaJbHBIMU CITy>KOaMU, B CBSI3U C YeM JaHHas
rpyrmna npeacTaBjieHa B TOpoaaxX HeOOIbIINM KOJIuye-
CTBOM BUIOB. B ecTrecTBeHHOM Jiecy (DOHOBOI TEppU-
TOPUU paclpenesieHue BUIOB IO 9KOJIOro-Tpodude-
CKUWM TpyIlaM, HalTpoOTUB — OTHOCUTEIBHO paBHOMED-
HOe. 3HayUTeJIbHOE KOJIMYECTBO CUMOMOTPOMHBIX
rpUOOB B TACXKHBIX JIECAX OMPEALIISIETCS pa3HOOOpa3zueM
MUKOTPO(MHBIX IPEBECHBIX MOPOJ, (€1b, COCHA, TNXTa,
JIMCTBEHHUIIA, Oepe3a, OCUHA U JIp.), a TAaKXKe CMEIeH-
HBIMU K IIECCUMYMY YCJIOBUAMMU UX ITPpOU3pACTaHUA.

M3yyeHHbIe BUALI TPUOOB IMIPUHUMAIOT y4acTHE B
OMOJIOTUYECKOU aKKYyMYJISIIIMU TSKEJIbIX METAJLJIOB B
YCJIOBUSIX TOPOACKUX 3eJIeHbIX HacaxaeHuit. Orpene-
JeHue BajioBoro conepxxanust Cu, Zn u Pb B mmono-
BBIX TeJIaX TPUOOB, COOpPAaHHBIX HA TEPPUTOPUU TTap-
KOBO-peKpealluOHHBIX 30H, II0Ka3aJI0, YTO BeJIMYMHA
CcopOLIMY BapbUpPYeT B IIMPOKUX Mpenesiax B 3aBUCH-
MOCTH OT BKOTOITa, BUIa Tpr10a v OT TPUPOILI METaJLIA.

Hau6onee Beicokum coaepxkaHueMm TM (317.9 MKkr/T)
OTJIMYAJINChH TUIOJOBBIE TeJIa TPUOOB-MUKOPU3000pa-
30BaTelieii, COOpaHHbBIX B IMIPOMBIIIJIEHHON 30HE (aJI-
nes Ha 1. Jlence) (Ta6ir. 3).

ComnocTaBieHUe HAaHHBIX IO comepkaHuio TM B
TUTOAOBBIX TeJIaX TPUOOB U3 Pa3IMIHBIX IKOJIOTO-TPO-
¢duyeckux rpymni u cyocTpate (ouBe) MO3BOJISICT 3a-
KJTIOYNTEH, YTO CyMMapHoe HakoruieHne TM yBemmam-
BaeTCs B IUIOMOBBIX TeJIaX TPUOOB BCEX IKOJIOTO-TPO-
¢duryeckux Tpyr B HAIpaBJIeHUH C Iora M Ioro-3amaja
Ha CeBEepO-BOCTOK, aHAJIOTUYHO paHee OTMEUYCHHOMY
TSI TT0YB (Tab:1. 4).

YposeHb HakomieHus1 TM B 6azuaromax ajist pas-
HbIX METAJIJIOB ObI He OonuHaKkoB. Tak, Ijs BUIOB
BCEX 3KOJIOTO-TPO(UUYECKUX TPYyIIN HauboJiee BbICO-
KMe 3HAYEHUS] aKKyMYJISIIMU ObLIM OTMEYEHBI B OT-
HomeHuun Zn (puc. 3). B MeHbIINX KoJIMyecTBax ILIO-
JIOBBIE TeJla TPUOOB COPOMPOBAJIN U3 TOPOJICKOI cpe-
nel Cu 1 Pb. JlanHast 3aKOHOMEPHOCThL Ha0Io1a1ach
BO BCEX 00CIEA0BAaHHBIX 3KOTOTIAaX, B TOM UMCJIe, U Ha
¢dhoHOBOIT TEppUTOPUM.

MakcuManbHbIe 3HaUYeHUsT Zn OTMEUEHBI Y CACAy-
IOIIMX MUKOPU3000pa3yolux BUIoB (MKr/T): Paxil-
lus involutus — no 293.3, Tricholoma terreum — no
286.0, Hebeloma crustuliniforme (Bull.) Quél. — 253.8;
Pb: Tricoloma terreum — 147.8; T. sciodes (Pers.)
C. Martin — 60.2; Cu: Infundibulicybe geotropa (Bull.)
Harmaja — 74.1, Paxillus involutus — 71.6. Bunpl, Ha-
KaIJIMBaKIIe BLICOKHME KOHIEHTPAUU Zn U3 TPyII-
bl MOACTUJIOUHBIX carpoTtpodoB (MKr/T): Clitocybe

Ta6auna 3. CpenHue 3HaUSHUSI CyMMapHOTO HakoruieHUs1 TM (MKT/T) B TIJIOAOBBIX TeJlaX TPMOOB M3 pa3HbIX (YHKIIMOHAJIb-

HBIX 30H
DKoJ0ro-TpohudecKre rpyIiibl
Okoron
KCHJIOTPOMDBI MHUKOPHU3000pa3oBaTeiM | MTOACTUIIOYHBIE carpoTPOdbI
TTpombIluIeHHAsT 30HA
Aunnes Ha 1. Jlerice 118.7 317.9 H/0
ITapk INoGenpr 108.0 238.7 151.5
PekpeaiionHast 30Ha
AJleKcaHIpOBCKUIA cal 105.0 233.0 112.2
IMapx um. N'arapuHa 95.5 71.7 143.0
TpancnopTHast 30Ha
Ckaep kom6. MCKOXK 269.7 281.4 303.8
IMapx um. Kuposa 111.5 196.9 153.0
doHoBast TEpPUTOPUS
IToc. IMopomunHo (POH) ‘ 78.2 152.3 214.8

MUKOJIOTHUA U GUTOIATOJIOTIUA
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Tabauna 4. Conepxanue noaBxxHbIX opMm TM (MKr/T) B mouse, 0—5 cm

IMonBrxHbIE POPMBI, MKT/T

DKoTor
Cu?* PbZ* Zn?t CyMMapHO

IIpoMEIlIUIEHHAsT 30HA

Annest Ha Ttoanu Jlerce 2.1+0.2 0.7+0.2 16.5+ 0.4 19.3

IMapk IToGenbt 0 0 9.1 £2.8 9.1
PexpealimoHHast 30Ha

AJNeKCaHIPOBCKUIA caj, 0.5+0.2 31%0.6 271 +04 30.8

ITapk um. TarapuHa 0.5+0.1 4.7+0.2 139+ 1.9 19.1
TpaHcopTHast 30Ha

Ckaep kom6uHata MCKOXK 0.1 £0.1 11.0 £ 2.1 14.5%0.1 25.6

IMapk um. Kuposa 0.7£0.2 2.7%0.6 13.1£2.7 16.5
DoHOBast TEPPUTOPHS

Jlec B ITopommHo 0 0 48+2.1 4.8

rivulosa (Pers.) P. Kumm. — 276.1, C. phyllophila
(Pers.) P. Kumm. — 210.1, Agaricus bisporus — 201.5.

Bricokue 3HaueHUA Zn B IUIOOOBBIX Tenax Paxillus
involutus oTMe4YeHBbI TaKXe B pabOTax IpyTUX aBTOPOB,
TaK, yCTAHOBJIEHO, YTO KOHIIEHTpaILUsl Zn MOXeT A0-
cruratb 540 mMxr/T, Pb — 4.7 mxr/r, Cu — 120 MKT/T
(Brzostowski et al., 2011). ITnonoBkie Tena Tricholoma
terreum, COTJIACHO JAHHBLIM APYTMX aBTOPOB, HaKar-
ymBaroT Zn 1o 179 mxr/r, Cu — no 51 Mxr/r, Pb — no
4.4 mxr/T (Sazanova et al., 2017).

IMoactunounsie canpoTrpodbl HaKaIJIUBAJIU TaK-
>Xe HauOoJiblne KoHueHTpauuu Cu (MKr/T): Agaricus
bisporus — 173.8; Lycoperdon perlatum Pers. — 129.8. Pb
B MaKCUMaJIbHbIX KOHLEHTpAIMIX B IpyIine ObLI OT-
MedeH y Buna Melanoleuca polioleuca (Fr.) Kithner et
Maire — 121.1 MKr/r. Agaricus bisporus B paboTax Apy-
rux uccieaoBaTeeii akkyMmynuposai Cu mo 107 Mkr/T,
Pb — 10 29.7 Mkr/r, Zn 0o 57.2 Mxr/T (Sazanova et al.,
2017). CnocobHocTh Lycoperdon perlatum K akTUBHO-
My HakomieHuto Cu — mo 70 MKT/T oTMeYeHa U Ipy-
rumMu ucciegoBateiasiMu  (Sarikurkcu et al., 2015).

163.70

8 Kcunorpodst
IMonctunounsie canpoTpodbl
O Muxkopur3oobpazoBareau
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Cu Pb Zn
MoHbI MeTaJJIOB

Puc. 3. YcpenHeHnHble faHHbIe M0 OMoakKymyasiuuu TM
GasuauoMuIieTaMu (MKT/T B.-C. Macchl). ['pynima Mukopu-
3000pa3oBaresieil XapaKTepu3yeTcsi B CpelHeM 0oJiee Bbl-
COKMMHU KOHIIeHTpauusiMu Zn u Pb (163.7 u 18.1 Mxr/T),
YyeM KCHJIOTPO(MHI 1 MOACTUIIOUHBIE CalPOTPOMDHI.

MUKOJOI'A U ®PUTOIIATOJIOTUA

ITo matepaTypHBIM TaHHBIM, BUOBI poma Melanoleuca
HaKaruiMBaloT B IUIONOBBIX Tejlax Pb — 2.68—3.74 MK1/T,
Zn — 75—150 mxr/T (Kula et al., 2011).

HecmoTpst Ha TO, 4YTO B CpemHEM KCUJIOTPOdbI
ycTynalli  BUAAM JPYIMX SKOJOTrO-TpoPrUyecKux
TPYII B HAKOIJIEHUM Zn Cpeln HUX TakKXKe BCTpeua-
JIUCh BUIBI C BEICOKUM COJECP>KaHUEM BTOTO 2JIEMEHTA
B Oasuamomax (MKT/T): Bjerkandera adusta — 247.6;
Heterobasidion annosum (Fr.) Bref. — 243.5; Pb: Armil-
laria ostoyae (Romagn.) Herink — 53.0; Cu: Trametes
hirsuta (Wulfen) Lloyd — 90.6; Coprinellus disseminatus
(Pers.) J.E. Lange — 72.5.

Pacuer KH MeTaioB [Jist mpeacTaBUTEE pa3HBIX
5KOJIOTO-TPO(PUIECKUX TPYIII MOKAa3aJl, YTO BCE ara-
PUKOMMIIETBI B TOPOJCKOI cpelie aKTUBHEE BCEro
KOHILIEHTPUPYIOT U3 cyoctpatoB Cu, 3aTteM Zn u, B
nocJieHIow odepens — Pb (puc. 4).

B paspese oOTmenbHBIX 3KOJOTO-TPO(PUUECKUX
TPYII KCUTOTPO(MBI XapaKTEPU30BaTUCh MEHBIIMMU
3HaueHusIMU kKo3dduuueHToB HakoruieHuss TM (K,
ot 0 1o 1o 15.29 B 3aBUCUMOCTH OT MeTaljia), IO CpaB-
HeHMIO ¢ MUKopu3ooopazoBatensaMu (K, ot 12 1o 53)

=
= 132.9
E 160 8 Kcunorpodbt
E OlTonctunoyHsle canpoTpodbl
g 53.3 Mukopuzoobpa3oBareau
2120
e
&= 16.3
T 80
=
z .
-54 40 8.9 =
27 it
S 0 i anw
@]
v Cu Pb Zn

HMonbl MeTanios

Puc. 4. YcpenHeHHbIe TaHHBIE 110 KO3 dUIIMEeHTaM Ha-
koruteHus (K;;) TM 6asunuoMulieTaMy U3 pa3HbIX 3KO-
JIOTO-TPO(PUIECKUX TPYIIIL.
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Taoauua 5. Hakorutenve TM B IUTODOBBIX TeslaxX 6a3MAMOMHUIIETOB, XapaKTepU3YIOIIUXCST BEICOKO (=50% ) yacToTOol BCTpe-

YaeMOCTHU B rOpOACKHX SKOTOIIax

KoadpumeHT HaKOITUIEHUS
ConepxaHue 2JIEMEHTOB, MKT/T B.-C. MaCChI
Bunsl rpu6os (cpennee)

Cu Pb Zn Cu Pb Zn
Tricholoma terreum (*M) 17.3/10.9-23.6 35.0/0.0—147.7 185.3/17.0—286.0 | 36.06 17.46 16.79
Bjerkandera adusta (*K) 14.3/1.2—-36.0 10.8/0.0—23.7 96.7/23.1-247.6 1.48 0.43 3.43
Paxillus involutus (M) 40.3/13.1-71.6 18.8/1.0—54.2 224.1/139.4—293.3| 123.16 | 16.65 16.81
Agaricus bisporus (*I1) 79.5/38.1—173.8 15.2/0.9—-20.0 116.1/21.7—201.5 360.68 | 4.26 12.00
Trametes hirsuta (K) 33.99/5.45-90.63| 3.65/0.0—10.95 55.25/39.61-74.95| 3.72 0.14 3.31
Cerioporus squamosus (K) 18.6/7.4—41.0 13.5/3.4-22.0 65.1/10.8—192.3 1.70 0.56 1.17
Heterobasidion annosum (K) | 23.0/1.7—46.3 16.4/0.0—58.8 130.5/41.0-243.5 | 2.20 0.65 3.62
Postia stiptica (K) 8.9/3.0—13.6 13.0/0.0—19.7 54.9/12.1-136.9 0.87 0.52 1.17
Trametes gibbosa (K) 15.9/8.0—29.6 7.3/0.0—-12.4 46.0/9.1-80.0 1.47 0.19 3.33
T. versicolor (K) 9.2/2.5—12.7 12.5/0.0—30.2 80.3/62.8—97.7 0.93 0.51 4.65
Melanoleuca polioleuca (IT) 52.5/40.3—53.6 58.2/11.5—121.1 156.2/129.6—172.3 | 292.73| 8.79 13.13
Pluteus cervinus (IT) 16.9/12.3—19.3 8.8/0.0—9.7 103.7/40.9—145.2 | 19.47 2.57 9.91
Trametes hirsuta (K) 34.0/5.4-90.6 3.6/0.0—11.0 55.3/39.6—75.0 3.72 0.14 3.31

IMpumeuanue. B uncnurene — cpenHee 3HaYeHUE B TUIOAOBBIX TelaxX (MKT/T), B 3HAMEHAaTesle — MUHUMYM M MakKCUMyM. *M — Mukopu-

3000pa3oBatenb, ¥*K — kcunorpod, *I1 — moncTuinounHsblii canpoTpod.

U MOACTUI0YHbIMU carnpoTtpodamu (K, ot 5 no 110).
ITpu ananuze K,, y Mukopn3oo0pa3symoiimux BUI0B OT-
Medyajau HauOOJbIIYIO CIIOCOOHOCTh K OMOaKKYyMYJIs -
uu Cu, HeCMOTpPSI Ha €€ HU3KYI0, B CpPaBHEHUH C ApY-
TMMU MeTaJJIaMH, KOHIEHTPALIVIO B TUIOJOBBIX TEJax.
Maxkcumanbhbie K,, Cu umenu Buanl Paxillus involutus —
511.4; Tricholoma terreum — 148.3; Hebeloma crustulin-
iforme — 139.1.

ITo cnocobHOCTH cOopOUPOBaTH U3 CYyOCTPATOB Zn
MuKkopuzoobpazoBarenn (K, 16) m momcTmiodyHbIe
canporpodsl (K, 13) B cpeaqHeM pasnuyaiuch Hecy-
mectseHHo. Hanbonbmue K, Zn oTMe4YeHbl y BUIOB
Tricholoma fulvum (DC.) Bigeard et H. Guill. — 45.7;
Hebeloma mesophaeum — 33.8; Tricoloma album
(Schaeff.) P. Kumm. — 33.8. KpomMe TOro, Mukopu-
3000pa3ypllne BUIbl XapaKTepU30BaJIUCh, TI0 CpaB-
HEHWIO C BHIAMM [JPYIMX 3KOJOTO-TPOPUIECKUX
rpyni, B 2.5—4 pa3a 6onee Boicokumu K,, Pb: 7. terre-
um — 97.2; T. sciodes — 84.8; Paxillus involutus — 76.4.
IMoacTunounslie canpoTpodbl OTIMYATIUCH OT APYTUX
5KOJIOTO-TpO(PUUECKUX TPYMIl arapukKoOMMIIETOB ca-
MbiMU Beicokumu K, Cu (B cpenneM 110) (Agarius bis-
porus — 1241.7; Melanoleuca polioleuca — 452.1; Copri-
nus comatus (O.F. Mull.) Pers. — 135.5 u Lycoperdon
perlatum — 129.8). Cpeau 4acTo BCTpEUAIOLIUXCS B IO-
DPOJICKOI cpene BUAOB, MaKCUMAaJIbHBIM COAepXKaHU-
eMm Cu otmmvancs Agaricus bisporus (173.8 mMxr/T), Pb —
Tricholoma terreum (147.7 mxr/r), Zn — Paxillus invo-
lutus (293.3 MKr/T) (TabI. 5).

KoadduimeHtsl Koppeassimum MeXay colaepxka-
areM TM B cyOcTpaTe 1 X CyMMapHBIM HaKOTIJICHH! -
eM B 0asuaromMax MUKOPH3000pa3oBartesieii 1 KCUIIO-
No

MUKOJIOTHUA U PUTOMATOJIOTUA  tom 55

2

TpodoB cocTaBUI cooTBeTCTBEeHHO 0.31 1 0.46, uTO
TOBOPUT O HAJIMYUM CJIA0O0I TTOJIOXKUTEIbHOU CBS3U
MEXIy 3TUMU BeJIMUYMHAMMU, TOTAA KaK IJIsT TTOACTU-
JIOUHBIX canpoTpodoB TakKasl CBsI3b HE YCTaHOBJIEHA
(r=—0.04). YcraHoBiieHa IIOJIOXUTEIbHAS KOPPEJI-
st MeXay coaepxkaHuem Pb B 6azuamomax u3 pas-
JIMYHBIX 9KOoTOoNnOoB Tricholoma terreum (r = 0.8), a Tak-
Xe He3HaunTeabHas Koppelsiuusd no Zn — B Paxillus
involutus (r = 0.52) u cogepkaHueM MeTaJlJIOB B CyO-
ctpate (Tabiu. 6). JaHHBII (aKT CBUAETEILCTBYET O
JIOTIOJTHUTENIbHBIX MCTOYHMKAX MocTyruieHuss TM B
TJIOAOBBIEC TeJla, CPEAU KOTOPHIX MOXKHO paccMaTpu-
BaTbh adPOTeHHbIN MTyTh MOCTYTJIEHUS 3arpsi3HUTENCH.

IMoka3zaHa 3HAYUMOCTb 3KOJOTO-TpOhUYECKOt
crnelyaiun3alii arapukoMUIIETOB Kak hakTopa, CIrio-
COOHOrO BJIMSITb Ha COCTaB 3JIEMEHTOB-3arpsi3HUTE-
JIeH B IJIOIOBBIX Te€JlaX arapukKoOMULETOB (puc. 5).

Crioco6HocTh HakanuBath Cu Bo3pacTaja B psSay
KCUJIOTpO(bl — MUKOPU3000pa3oBaTeJu — IMOICTHU-
JlouHble carnpoTpodbl. KcunorpodHblie BUbl arapu-
KOMUIIETOB HaKarulMBaloT MeHblIee KonnyecTBo Cu,
Pb, Zn, yeM npeacTaBUTEN APYTUX IKOJTOTO-TPODU-
Yyeckux Tpynn. MukopuzoobpazoBarenu xe, Hao00-
pOT, CITOCOOHBI HaKarJMBaTh Zn 1 Pb B 60JbIINX KO-
JINYECTBaXx, YeM JAPYyrue BUIBI.

C110c00HOCTD K HaKoILTeHUI0 TM T10I0OBBIMU TE-
JIJaMU BBIpaXkeHa B pa3HOM CTEeIIeHM BO BCEX 9KOJIOTO-
TpoUUYECKUX IPyMHITax UCCICAOBAHHBIX arapuKOMU-
LIETOB U HOCUT clieuududecKuili xapakrep. Takxke
YCTaHOBJIEHO, YTO aKKyMYJIMPOBaHNWE HEKOTOPBIX U3
U3YYEHHBIX 3JEMEHTOB 0a3uauoMaMU MaKpOMUIIE-
TOB MOXET OINPEAETATHCI UX TAKCOHOMUYECKOU NPU-
HaJIEXKHOCTBIO (puc. 6).
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Tabauna 6. KoaddurimeHTs KOppeasiiiuu HaKOTUIEHUS TSKETbIX METAJIJIOB arapuKOMUIIETaAMU C BBICOKOI YaCTOTOM BCTpe-
yaeMocTtu (=50%) 1 comepkaHueM 3TUX METAJJIOB B CyOcTpaTe

KoadduimeHTh Koppenasiiuu
Buast
Cu Zn Pb
Kcunorpodsl
Bjerkandera adusta —1.00 0.21 —0.26
Cerioporus squamosus 0.05 —0.31 0.01
Heterobasidion annosum —0.10 —0.52 0.47
Trametes gibbosa —0.48 0.57 —0.37
T. versicolor 0.50 0.22 —0.92
T. hirsuta —0.50 —0.75 0.50
Postia stiptica —0.49 —0.26 0.59
Mukopuzoobpa3oBarenu
Tricholoma terreum 0.11 0.07 0.80
Paxillus involutus 0.32 0.60 0.17
IMoncTumounslie campoTpodbl
Agaricus bisporus —0.71 0.35 —0.05
Melanoleuca polioleuca —0.92 —0.60 0.71
Pluteus cervinus 0.41 —0.62 0.84

3AKITIOYEHHNE

AHammM3 TONYYeHHBIX HAaHHBIX CBUICTEILCTBYET,
YTO B DKOJIOTO-TPODUYECKOI CTPYKTYype arapukKoMu-
IETOB B TOPOIICKOI cpelle TOMUHUPYIOT KCUIOTPOGEI
(59%), Torma Kak B CTPYKTYpe OMOTHI arapuKOMMUIIE-
TOB (POHOBOM TEPPUTOPUU KCUITOTPODHI, TOACTUIOY -
HBIE CalpoTpOdBl 1 MHUKOPU3000pa30oBaTeId MPE.-
CTaBJIeHBI PUOIN3UTEILHO B PaBHLIX 101X (37, 26
37% COOTBETCTBEHHO).

BrisiBlIEHO OTCYTCTBUE YETKO BbIPAKEHHOMN CBSI3U
Mexny akkymyssiaueid TM (Cu, Zn u Pb) nmiionoBeIMU
TeJlaMU OOJIBIIIMHCTBA 6a3uauagIbHBIX MAKPOMUIIETOB
(3a uckmwouenueM Paxillus involutus, Tricholoma terre-
um) M colepxkaHuem MeTajila B cyoctpare. IIpose-
JNEHHBIM KOPPEJISIUMOHHBIN aHaIu3 MeXIy BeTudM-

200 -
O Kcunorpods

= -
3 150 @M Muxkopu3zoob6pazoBaTeau ]-
Q
< B [MonctunoyHsie
= canpoTpodbl ook
. 100 -
= e
2 501 i
= ke

Cu Pb Zn
WonHbl MeTanioB

Puc. 5. YcpenHeHHble KoHUEeHTpauuu TM B ILIOOOBBIX
Tenax 0a3sMIMOMUIIETOB M3 PAa3HBIX 2KOJOro-Tpoduue-
CKMX TPyMIT (MKT/T).

MUKOJOI'A U ®PUTOIIATOJIOTUA

Hoit HakomieHUs1 TM B IUIONOBBIX TejlaX, COOpPaHHBIX
B PA3IMYHBIX 9KOTOIIaX, ¥ COAEPKaHIEM ITHX XKE Me-
TaJUIOB B CyOCTpaTe, He BBISIBUJI TECHOI CBSI3U (r =
= 0.12—0.17) Mexxay 3TUMU IMOKa3aTeJsIMHU. DTO COB-
nagaeT ¢ pe3yiabTaTaMu padoT psima 3apyOesKHBIX MC-
cinenoBateneil (Kokkoris et al., 2019). Bo3aMoxHbIM
OOBSICHEHHIEM TOMY MOXET CIIY>KUTh Cla0ast MOIBIK-
HOCTb MOHOB TSIXKEJIBIX METAJIOB B IIEJIOUHOM cpefie
(Gébler, 1997), koTopasi xapakTepHa IJisi OOJbIIWH-
CTBa ropoJ0oB, 0Jaroaapsi MIPOMBIILIEHHOMY W TpaHC-
noptHoMy 3arpsisHeHuio (Ashikhmina, 2012). Kwuc-
JIOTHOCTB TT0YB T. KupoBa namensiercs ot pH 7.5 no
pH 8.2 Ha TeppuTopuM ImapKOBO-peKpeallMOHHBIX
30H (Efremova et al., 2013), 4TO HEe CITOCOOCTBYET BbI-
COKOM IIONBMKHOCTM uHOHOB MeTauioB (Gabler,

S 1201

E B Agaricales (49 BunoB)
E 100 Cantharellales(1 Bym)
§ B Russulales (6 BumoB)
S 80 0 Boletales (4 Buzna)

3 [0 Polyporales (13 BumoB)
E 60

jes

[3)

= 40

i

g 20t

8

2 0

HMonbl MeTaioB

Puc. 6. YcpenHeHHble naHHBIE 110 KO3 ULIMEHTaAM Ha-
KorieHust TM 6a3uanoMuliieTaMi pa3HbIX TTOPSIIKOB.
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1997). Kpome TOrOo, Ha KOHLEHTPALIMIO 3JIEMEHTOB B
TUTOIOBBIX TeJIaX OKA3bIBACT BIMSTHUE CyMMapHOe Ha-
koruieHue metajuioB (Kokkoris et al., 2019; Borovicka
et al., 2019), a Takxe a’poreHHbIii crocod NocTyIe-
HUS YKa3aHHBIX MOJUTIOTAHTOB.

Ha ocHoBe pacueTa ko3 PULINEHTOB HAKOIIJICHH S
BBISIBJIEHBI BUAbI-OMoKOoHLIeHTpaTopbl Cu (KH): Agar-
icus bisporus — 1241.67, Paxillus involutus — 511.43,
Melanoleuca polioleuca — 452.14, T. terreum —148.33,
Zn: T. fulvum — 45.73, Clitocybe phyllophila — 43.41,
Gymnopus dryophilus — 37.24, Tricholoma fulvum —
45.73, Hebeloma mesophaeum — 33.82, Tricholoma al-
bum — 33.76 u Pb: T. terreum — 97.21, T. sciodes — 84.75,
Paxillus involutus — 76.36, Armillaria ostoyae — 74.58,
Pholiota aurivella — 40.42. TlosyyeHHBIE CBEASHUS O
BUIaX-OMOKOHIIEHTpaTOpaxX B HaCToOsIee BpeMsI
MPEACTABIISIIOT MHTEPEC AJISI UCTIOTb30BaHUs TPUOOB B
MUKOpEMenualuu oT 3arpsi3HeHus1 TM pa3audHbIX
00bekToB M cpen (Bharath et al., 2019; Demasi et al.,
2017; Alves et al., 2017).
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The Agaricomycetes Ability to Accumulation of Heavy Metals
in Urban Ecosystem Environment
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Ecological and trophic structure of Agaricomycetes species composition of parks and squares in Kirov and the sur-
rounding natural forest area were studied. It was found that xylotrophic species are characterized by the highest
frequency of occurrence in urban parks and squares. Surrounding natural forest area (the southern taiga subzone)
species from different ecological and trophic groups are represented in almost equal proportions. For the first
time, data on sorption of Cu, Pb and Zn in basidioms of fungi collected in six different ecotopes on the territory
of Kirov were obtained. It was found that in the conditions of the urboecosystem, the highest accumulation of
zinc and lead by fungi, in the context of individual ecological-trophic groups, is characteristic of mycorrhizal
fungi, and the accumulation of copper is characteristic of saprotrophic fungi. Metal accumulation coefficients
calculated for representatives of different ecological and trophic groups make it possible to rank metals according
to accumulation activity in a row: Cu > Zn > Pb. The absence of a clear relationship between the accumulation
of copper, zinc and lead in the fruit bodies of most basidiomycetes (with the exception of Paxillus involutus,
Tricholoma terreum) and the metal content in the substrate was revealed. The correlation analysis between the
amount of accumulation of heavy metals in fruit bodies collected in different ecotopes and the content of these
same metals in the substrate showed almost no connection (r = 0.12—0.17) between these indicators.

Keywords: accumulation coefficients, copper, lead, mycorrhizal fungi, saprotrophic fungi, taxonomic structure,

xylotrophic fungi, zinc
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The pathogenesis of Verticillium wilt in 8 varieties of cotton (Gossypium hirsutum) zoned in Uzbekistan has been
established by the method of fluorescence diagnostics. According to the duration of the incubation period, indi-
cating the rate of accumulation of the pathogen, and the presence of ruptures in the fluorescence zone of the va-
sicentric parenchyma, indicating the termination of its spread through tissues, all varieties were divided into
3 groups. The validity of such a division of varieties in terms of resistance to the pathogen was confirmed by the
method of evaluating the indicator that characterizes the degree of staining of the stem vessels cut longitudinally
from the soil level. Measurement of the physiological parameters of the hypersensitivity reaction of infected tis-
sues allowed us to divide the studied cotton genotypes in more detail according to the degree of resistance to the
causative agent of Verticillium wilt into 4 groups: 1 — unstable, in which there was no hypersensitivity reaction:
Ibrat; 2 — susceptible varieties, the quantitative content of phytoalexin — Isohemigossypole in the tissues of which
was fixed at a level less than 10 ug/g of raw tissue: Bukhoro-102, S-4727; 3 — medium-resistant varieties: Navba-
hor-2, Bukhoro-6, Sulton; 4 — resistant varieties: Gulbahor-2, Ishonch.

Keywords: cotton, fluorescence diagnostics, Gossypium hirsutum, hypersensitivity reaction, phytoalexins, stem

browning, Verticillium wilt
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INTRODUCTION

One of the most important components of the
adaptive capabilities of plants and the ability to pro-
duce a stable harvest in changing environmental condi-
tions is their resistance to biotic factors, in particular to
diseases (Dyakov, 1983; Hanson, 2000; Figen, 2002).
Physiological and biochemical study of various aspects
of the life of plants makes it possible to use the immune
properties of the organism itself, with which help it de-
fends itself against the attack of pathogens in nature.

A distinctive feature of the reaction of plants to the
introduction of vascular pathogens is a number of suc-
cessively developing processes that create barriers to
the advancement of the fungus to the xylem vessels. In
this case, the browning of the vascular walls occurs, as-
sociated with a change in polyphenolic compounds
and necrosis of the cells surrounding the vessels, from
which polyphenolic compounds diffuse into the ves-
sels, causing lignification of their walls (Avazkhodjaev,
Zeltzer, 1980; Avazkhodjaev et al., 1990). As a result,
their mechanical strength increases, the penetration
and spread of the parasite and the inflow of nutrients to
it are limited, which increases the protection of the wall
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components from the attack of fungus enzymes (Deis-
ing et al., 2009).

In this regard, the degree of browning of the longi-
tudinal cut of the stem can be used as a criterion for as-
sessing the wilt resistance of plants. In addition, the
property of phenolic compounds and their oxidation
products to fluoresce in ultraviolet light is used to diag-
nose plant diseases with wilt (Subba-Rao, 1954; Co-
hen, Ibrahim, 1975), and the rate of advancement of
fluorescent substances front in the tissues of the infect-
ed cotton stem sections and the presence or absence of
breaks in the fluorescence zones characterize the de-
gree of its wilt resistance (Lanetskiy, 1970; Avazkhod-
jaev, Zeltzer, 1980).

The main manifestation of varietal immunity of
cotton is the induction of a hypersensitivity reaction in
plant tissues infected with the causative agent of Verti-
cillium wilt. This increases the synthesis of fungitoxic
substances, post-infectious inhibitors of growth and
sporulation of the fungus, phenolic compounds of the
gossypole series — phytoalexins (Metlitskiy, Ozerets-
kovskaya, 1985; Kodama et al., 1988; Avazkhodjaev et al.,
1995; Kuc, 1995; Zeringue, 1995; Hammerschmidt,
1999; Hanson, 2000; Dyakov et al., 2001; Figen, 2002;
Mavlanova, 2012; Konan et al., 2014), however, the in-
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tensity of phytoalexin formation in different cotton
genotypes differs markedly (Agaev et al., 2009; Kur-
banbaev et al., 2011; Khotamov, Rejapova, 2019). In
this regard, to characterize the resistance of cotton to
Verticillium wilt, the generally accepted method for
determining the parameters of the hypersensitivity re-
action in infected plant tissues is used.

Considering that this method has been successfully
tested on samples of the genetic collection of cotton
from the Institute of Genetics and Experimental Bio-
logical of Plants of the Uzbek Academy of Sciences
(Kurbanbaev et al., 2011; Khotamov, Rejapova, 2019),
it is of interest to compare the content of phytoalexins,
isohemigossypol and phytoalexin-equivalent, toxic to
the causative agent of the disease, in tissues artificially
infected with the fungus Verticillium dahliae Kleb. A
comprehensive study, including various physiological
and biochemical methods, can make it possible to es-
tablish the degree of wilt resistance of genotypes — rep-
resentatives of cotton varieties zoned in Uzbekistan
with a high probability.

The aim of this work was to study the resistance of
cotton varieties to the Verticillium wilt causative agent
by measuring the physiological parameters of the hy-
persensitivity reaction of tissues infected with the
pathogen, the degree of staining and ultraviolet fluo-
rescence of the plant stem longitudinal sections.

MATERIALS AND METHODS

In the experiment, 8 promising or zoned varieties of
cotton (Gossypium hirsutum) were used: C-4727, Ibrat,
Sulton of the Scientific Research Institute of Breeding
and Seed Growing of Ministry of Agriculture of Uz-
bekistan, Bukhoro-6, Bukhoro-102 of the Scientific
Research Institute of Cotton Growing of Ministry of
Agriculture of Uzbekistan, Ishonch, Novbahor-2,
Gulbahor-2 of the Institute of Genetics and Experi-
mental Biology of Plants of the Academy of Sciences of
the Republic of Uzbekistan.

The degree of plant injury was studied in artificial
infection of cotton in phase with 5—6 true leaves by mi-
crocapillary inoculation the root neck zone with spore
suspension of Verticillium dahliae race-2.

A monospore culture of V. dahliae from the Collec-
tion of Unique Scientific Subjects of Phytopathogens
and Other Microorganisms of the Mycology Laborato-
ry of the Institute of Genetics and Experimental Plant
Biology of the Academy of Sciences of the Republic of
Uzbekistan was grown for 8 days in test tubes on a solid
Czapek medium of the following composition:
NaNO; -3 g; KH,PO, — 1 g; MgSO, — 0.5 g; KCI —
0.5 g; FeSO, — 0.01 g, sucrose — 30 g, agar-agar — 20 g
per 1 liter of distilled water. The inoculation was carried
out by the prick method on the surface of the agar me-
dium. Conidia or microsclerotia of micromycetes, as
well as a mixture of these fungal structures, were used
separately as inoculum. Then, using the microbiologi-
cal loop aseptically part conidia were transferred to pe-
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tri dishes with Czapek medium where they are germi-
nated in a thermostat at a temperature of 27°C in com-
plete darkness. Spore suspension was prepared by
shaking 2 ml of sterile distilled water in a test tube with
a fungus culture of 10—15 days of age (Mavlanova,
2012). The density of fungal spores in suspension was
calculated according to the method described in (Is-
raeli et al., 1968). The suspension of fungal conidia ob-
tained in a test tube, after calculating its density, was
diluted at the required concentration.

Plants were infected by inoculum injection (2.5 min
spores/ml) using a triple injection into the stem with a
syringe. The inoculum was discharged from the syringe
as a drop of suspension at the end of the needle. The
needle is inserted into the stem at an angle of 45°. The
drop was sucked into the stem, and this gave visible
confirmation of inoculation. The appearance of chlo-
rosis on the lower leaves of cotton, yellowing of tissues
and necrotization of areas of the leaf blade testified to
infection of plants by wilt (Avazkhodjaev, Zeltzer,
1980).

Control over the germination of conidia in the tis-
sues of the infected plant was carried out by the method
of fluorescence diagnostics (Lanetsky, 1970). Observa-
tions of the development of infection by the formation
and advancement of the front of fluorescent substances
along the stem of cotton infected with wilt were carried
out in a stream of UV rays in darkened conditions. The
source of ultra-violet rays were mercury quartz lamp
SVDSH-120A with filter UFS in PRK-4 unit, trans-
mitting light waves in the range 3600—4000 A. Longi-
tudinal sections of cotton stalks were watched and val-
ue of the fluorescence band and its progress up to the
point of growth of the germ were measured. The infect-
ed tissue of the stem fluoresces with bright yellow-
green light, and the intact tissue — with violet light. As
control served plants, into the root neck of which dis-
tilled water was similarly introduced. In all cases, in the
control group, formation of a specific fluorescence in
the longitudinal sections was not observed.

When assessing the resistance of cotton to the caus-
ative agent of Verticillium wilt, an indicator was used
that characterizes the degree of staining of the vessels of
the stem cut in the longitudinal direction from the soil
level (Avazkhodjaev, Zeltzer, 1980). The assessment of
the degree of staining was carried out according to the
scale for recording the staining of the stem vessels (in
points from 0 to 3): 0 — no symptoms; 1 — light brown
stripes of reddened vessels; 2 — dark brown stripes of
stained vessels are visible; 3 — dark-brown stripes of
painted vessels, death of the plant.

When studying the parameters of the hypersensitiv-
ity reaction, etiolated hypocotyls of cotton were used.
Seedlings were grown in a thermostat at 24°C. The
qualitative composition of phytoalexins (FA) was de-
termined by thin layer chromatography on Silufol-UV-
254 plates from Kavalier (Czech Republic). For the
quantitative determination of isohemigossypol (IHG)
and phytoalexin-equivalent (FA-E), cotton seedlings
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were finely chopped with scissors, filled with chloro-
form at 1 : 3 ratio, and placed in a refrigerator for
24 hours. Then obtained chloroform extract contain-
ing FA was filtered from solid residues and dried with a
water jet pump. The dried residue was dissolved in 1 ml
of chloroform. The resulting chloroform eluate was
used for coating Silufol UV-254 plates. The plates were
placed in chromatographic chambers and a single sep-
aration was performed in a benzol — methanol (9 : 1)
solvent system. Benzol and methanol must be anhy-
drous because with an admixture of water, the system
turns out to be cloudy and unsuitable for analysis. The
heat-dried chromatograms were viewed under UV light
and developed with fluoroglicin (2% in 96% ethanol).
For this, the plate was covered with a developing re-
agent using a spray gun, then left for several minutes in
air to evaporate the solvent, after which the chromato-
grams were heated for 1 min in a thermostat at 100°C.
Phytoalexins IHG and FA-E are stained in a stable
dark crimson color. The quantitative determination of
FA was carried out by elution of spots from chromato-
grams with a benzol-methanol mixture (9 : 1) and
measurement of the color intensity on a photoelectro-
colorimeter with a blue light filter. The eluate from the
clean zone of the chromatogram was used as a stan-
dard. The quantitative content of IHG was calculated
using a pre-drawn calibration graph using pure IHG
preparation as a standard. The results obtained were
expressed in ug per g of wet tissue of etiolated seedlings.

The experiments were carried out 3—4 times. The
results were processed by methods of mathematical
statistics according to Dospehov (1985).

RESULTS

The germination of infectious structures and the
development of pathological processes in the tissues of
infected plants was controlled by the formation and ad-
vancement of the fluorescence zone. Fluorescence di-
agnostics showed that in the infected tissues of all stud-
ied cotton genotypes, 48 hours after infection, a patho-
logical process began, as evidenced by the formation of
a specific fluorescent zone at the injection sites of the
inoculum. Further studies of longitudinal sections of
cotton in a stream of ultraviolet rays showed that the
zone of fluorescent substances moves up towards the
point of plant growth, spreading along the veins of
leaves.

The study of the disease incubation period dynam-
ics, the length of which was limited by the dosed inoc-
ulum (Avazkhodjaev, Zeltzer, 1980), showed a differ-
ent degree of activation of plant defense reactions
(Fig. 1). Thus, in the cotton varieties Gulbahor-2 and
Ishonch, the rate of advancement of the fluorescence
zone during the first 5 days of the incubation period
was lower than in all other 6 varieties, in which by
day 8, fluorescent substances, spreading along the leaf
veins, reached the growth point. A week later, i.e. 15—
16 days after infection, varieties S-4727, Ibrat and Buk-
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Fig. 1. Dynamics of fluorescent substances front advance-
ment along the cotton stem. The ordinate shows the size of
the fluorescence zone, in % of the stem length from the site
of inoculation to the point of growth. Cotton varieties:
1 — Ibrat; 2 — S-4727; 3 — Bukhoro-102; 4 — Sulton; 5 —
Bukhoro-6; 6 — Navbahor-2; 7 — Ishonch; 8 — Gulbahor-2.

horo-102 showed symptoms of wilt disease in the form
of necrotic spots on plant leaves. Similar symptoms of
the disease, but to a somewhat lesser extent, were man-
ifested in varieties Navbahor-2, Sulton and Bukhoro-6
only by day 18—20 after artificial infection of plants. It
should be noted that there are no signs of the disease in
the cotton varieties Gulbahor-2 and Ishonch.

Thus, the differences in the infection of varieties ap-
pear at the earliest stages of the incubation period:
Gulbahor-2 and Ishonch are characterized by a slower
advance of the fluorescence front as compared to other
cotton genotypes. At the same time, by the day 11 after
infection, varieties Gulbahor-2 and Ishonch are ob-
served numerous ruptures of fluorescence zones, indi-
cating the pathogen spread cessation through plant tis-
sues. To a comparatively lesser extent, ruptures of the
fluorescent zones were observed in Navbahor-2 variet-
ies and to a much lesser extent in Bukhoro-2 and Sul-
ton. A continuous, without gaps, fluorescence zone in
infected plants of the remaining three varieties (S-4727,
Ibrat and Bukhoro-102) spreads along the veins of
leaves with the manifestation of external signs of wilt
disease. This indicates differences in duration of the in-
cubation period in the studied varieties: its long dura-
tion in varieties Gulbahor-2 and Ishonch, to a certain
extent, reflects resistance to the pathogen, the accu-
mulation of which is slower (Agaev et al., 2009).

To confirm these conclusions, studies were contin-
ued, in which the degree of staining of the stem vessels
was used as a criterion for assessing wilt resistance. By
the degree of staining, according to the assessment in
points, the plants were divided into 4 groups (0, 1, 2, 3)
and the percentage of plants in each group was calcu-
lated from the total number used in the experiment.

As the obtained data showed, the infection of cotton
with the causative agent of Verticillium wilt leads to a
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Table 1. Distribution of cotton plants varieties in 4 groups in
accordance with the degree of staining of stem vessels (in %
of total plants number in each experimental group)

Plant groups
Variety (in points from 0 to 3)

0 1 2 3
Ibrat (control) 100 — — —
Ibrat (V. d.) 224 | 21.7 25.1 30.8
S-4727 (control) 100 — — —
S-4727 (V. d.) 36.9 17.7 24.2 21.2
Bukhoro-102 (control) | 100 — — —
Bukhoro-102 (V. d.) 34.6 | 24.8 21.2 19.4
Sulton (control) 100 — — —
Sulton (V. d.) 56.4 | 18.8 16.5 8.3
Bukhoro-6 (control) 100 — — -
Bukhoro-6 (V. d.) 443 | 23.6 22.6 9.5
Navbahor-2 (control) 100 — — —
Navbakhor-2 (V. d.) 50.0 | 16.7 26.2 7.1
Ishonch (control) 100 — — —
Ishonch (V. d.) 74.1 14.8 11.1 —
Gulbahor-2 (control) 100 — — —
Gulbahor-2 (V. d.) 78.0 13.1 8.9 —

Note. V.d. — plants infected with spores of Verticillium dahliae (in-
fection load — 2.5 million spores/ml).

significant redistribution of the number of plants of all
varieties in groups relative to the control (Table 1). So,
for all varieties, the appearance of plants with weak
signs of vessels staining (group 1) and with signs char-
acteristic of group 2 was noted. The appearance of
plants with traits belonging to the lethal group 3 was
not detected only in representatives of 2 varieties (Is-
honch, Gulbahor-2). At the same time, the largest
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Fig. 2. The use of infected cells hypersensitivity biochemi-
cal markers in rapid assessment of cotton varieties disease
resistance: 1 — Ibrat; 2 — S-4727; 3 — Bukhoro-102; 4 —
Sulton; 5 — Bukhoro-6; 6 — Navbahor-2; 7 — Ishonch; 8 —
Gulbahor-2; ¢ — control (intact tissue); inf — experiment
(infection with Verticillium wilt). IHG content: (+) — less
than 10 ug/g of tissue; (++) — more than 10 pug/g of tissue;
(+++) — necrogenic concentrations; (—) — no reaction.
The arrow indicates the zone corresponding to the IHG.
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number of plants assigned to the lethal group 3 (more
than 30%) were characteristic of Ibrat variety and, to a
somewhat lesser extent (19—21%) Bukhoro-102 and
S-4727. Varieties Sulton, Bukhoro-6 and Navbahor-2
occupied an intermediate position in this indicator, be-
cause the number of plants with dark brown stripes of
stained vessels did not exceed 10%.

The above data correlate with the number of plants
with signs of infection by causative agent of Verticilli-
um wilt. Thus, in Ibrat variety, about 35% of diseased
plants were detected, in varieties S-4727 and Bukhoro-
102, plants with similar signs of infection were noted in
24—26% of cases, in varieties Sulton, Bukhoro-6, Nav-
bahor-2 this indicator did not exceed 14%, and resis-
tant varieties (Ishonch and Gulbahor-2) were charac-
terized, practically, by the absence of plants infected
with wilt.

Figure 2 shows thin-layer chromatography on Silu-
fol-UV-254 plates (chromatograms were developed by
fluoroglicin) of chloroform extract from etiolated hy-
pocotyls of cotton seedlings, 48 hours after artificial in-
fection of plants with the causative agent of Verticilli-
um wilt.

Chromatograms analysis made it possible to reveal
that infection of plants with the causative agent of the
disease induces a hypersensitivity reaction in the etio-
lated seedlings hypocotyls tissues of most of the cotton
varieties used in the experiments, except for Ibrat vari-
ety. To the greatest extent, the hypersensitivity reaction
is manifested in infected tissues of cotton varieties Is-
honch and Gulbahor-2, the total content of phytoalex-
ins in which reaches concentrations that are practically
toxic for the pathogen. The varieties Sulton, Bukhoro-6,
and Navbahor-2, under conditions of wilt infection,
were characterized by a lower ability to induce phyto-
alexin formation processes, while IHG concentration
exceeded 10 pg/g of raw tissue, but did not reach
necrogenic. And a very weak reaction to infection was
shown by varieties S-4727 and Bukhoro-102, the con-
tent of IHG in the tissues of which was lesser than
10 pug/g (Table 2).

Thus, the assessment of various genotypes by using
biochemical markers of the hypersensitivity of infected
cells made it possible to divide in more detail the cotton
varieties studied in the experiment according to the de-
gree of wilt resistance into 4 groups: 1 — unstable, in
which the absence of a hypersensitivity reaction was
noted: Ibrat; 2 — susceptible varieties, the quantitative
content of IHG in the tissues of which was fixed at a
level less than 10 ug/g; Bukhoro-102, S-4727; 3 — me-
dium resistant varieties: Bukhoro-6, Sulton; 4 — resis-
tant varieties: Gulbahor-2, Ishonch. In addition, the
Navbahor-2 variety, according to the phytoalexin for-
mation indices, occupies an intermediate position be-
tween the groups of medium-resistant and resistant va-
rieties, nevertheless, it was assigned to the group of me-
dium-resistant varieties.
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DISCUSSION

Recently, the widespread development of studies of
the mechanism of the relationship between the host
plant and the pathogen has made it possible to ap-
proach the understanding of physiological and bio-
chemical factors from new positions that determine the
resistance and susceptibility of cotton to verticillium
wilt (Avazkhodjaev et al., 1995; Deising, 2009; Kara-
demira et al., 2012; Le et al., 2020). These factors un-
derlie various methods for identifying pathogen-resis-
tant genotypes (Avazkhodjaev, Zeltzer, 1980; Hanson,
2000; Dyakov et al., 2001; Malinovsky, 2004; Celik et
al., 2019). Among them, one can single out methods
for determining the rate of growth of the zone of sub-
stances fluorescent in ultraviolet rays in the stems of
plants infected with wilt and the degree of brownness of
the cotton stem (Subba-Rao, 1954, Lanetsky, 1970;
Metlitskiy, Ozeretskovskaya, 1985; Agaev et al., 2009).
The use of these methods allowed us to divide a num-
ber of varieties zoned in Uzbekistan according to the
values of the studied indicators into 3 groups.

Another effective method for determining the wilt
resistance of plants is the method of measuring the
physiological parameters of the hypersensitivity reac-
tion of the tissues of artificially infected seedlings,
which is based on measuring the content of phytoalex-
ins, the particular importance of which in the protec-
tive reactions against wilt in cotton and other crops is
noted in a number of studies (Cohen, Ibrahim, 1975;
Kodama et al., 1988; Avazkhodjaev et al., 1995; Kuc,
1995; Hammerschmidt, 1999; Figen, 2002; Kurban-
baev et al., 2011; Mavlanova, 2012; Khotamov, Reja-
pova, 2019). Differences in the intensity of phytoalexin
formation in the tissues of etiolated seedlings made it
possible to assign more correctly 8 cotton genotypes to
4 groups that differ in the degree of resistance to the
causative agent of Verticillium wilt.

Comparison of the experimental data on the effi-
ciency of phytoalexin formation in the tissues of infect-
ed seedlings and the qualitative and quantitative indi-
cators of the fluorescent zones of stem sections, as well
as the degree of their staining in various cotton geno-
types, showed the presence of certain dependencies be-
tween them. Calculation of the Pearson correlation co-
efficient (r,) between the content of IHG as the main
phytoalexin, which determines the efficiency of the re-
action of cotton hypersensitivity to the phytopathogen,
and the length of the fluorescence zone made it possi-
ble to establish the value r, = —0.92 with an average er-
ror of the correlation coefficient m, = 0.058. Thus, a
high negative correlation was found between the com-
pared indicators of resistance of different cotton variet-
ies to the causative agent of Verticillium wilt: the short-
er the length of the fluorescence zone of the infected
tissues, the more effective the system of plant defense
reactions, determined by the level of FA content in the
tissues of resistant varieties. Conversely, a low level of
IHG synthesis contributes to the unimpeded spread of
the pathogen through the tissues of susceptible variet-
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Table 2. The content of phytoalexins — isohemigossypol
(IHG) and phytoalexin-equivalent (FA-E) in etiolated hy-
pocotyls tissues of cotton varieties seedlings 48 hours after
infection of plants with causative agent of Verticillium wilt

Phytoalexin content, [1g/g raw tissue
Variety
IHG FA-E
Ibrat 0.1 £0.09 0.2 x0.15
S-4727 9.0+0.95 7.8 £0.92
Bukhoro-102 7.3 +£0.88 6.9 +0.72
Sulton 18.4 £ 1.99 15.2 = 1.61
Bukhoro-6 17.7 £ 1.79 13.4 £ 1.38
Navbahor-2 25.2 +2.39 19.8 +2.07
Ishonch 34.8 £3.53 25.7 £2.62
Gulbahor-2 32.6 £ 3.45 24.5 £ 3.01

Note. The confidence interval of the mean values was at least 95%
(P <£0.05).

ies, which is reflected in an increase in their fluores-
cence level. In addition, a fairly high correlation was
found between the indices of the size of the fluores-
cence zone, as well as the content of phytoalexins on
the one hand, and the number of plants with character-
istic signs of wilt disease, on the other. The correlation
coefficients between them are set at 0.86 & 0.131 and —
0.88 = 0.091, respectively. This indicates the legitimacy
of using these methods in the study of plant wilt resis-
tance and a fairly accurate assessment of the degree of
resistance of the studied cotton genotypes to the caus-
ative agent of Verticillium wilt — the fungus V. dahliae.
A complex of physiological and biochemical studies es-
tablished differences in the degree of wilt resistance of
various varieties of cotton, which, according to this fea-
ture, are divided into groups: unstable (Ibrat), suscep-
tible (C-4727, Bukhoro-102), medium-resistant (Sul-
ton, Bukhoro-6, Navbahor-2) and resistant varieties
(Ishonch, Gulbahor-2).
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Metonom ¢bayopeciieHTHOM TMarHOCTUKY YCTAHOBJIEHBI 0COOEHHOCTH MaToreHe3a BEPTULIMILIE3HOTO BUJITA Y
8 palioHMPOBaHHBIX B Y30eKUCTaHe COPTOB XJomuatHuka (Gossypium hirsutum). IT1o IpoaoKUTEIbHOCTU UH-
KyGallMOHHOTO TTepHro/Ia, CBUIETETLCTBYIOIIETO O CKOPOCTU HAKOTIJICHMST ITaTOTeHa, U HATMYUIO Pa3phIBOB 30-
HbI (DJTyOpeCLIEHIIMY Ba3ULIEHTPUYHOM MapeHXMMbI, YKa3bIBAIOIIMX Ha MpeKpallleHne ero paclpoCcTpaHeHUs
10 TKaHSIM, BCe cOpTa ObLIN pasaeiieHbl Ha 3 rpyniibl. [IpaBoMepHOCTh TAKOTO pasaeeHUsI COPTOB IO YCTOM-
YUBOCTU K MaTOTeHy Oblja MOATBEPXkKIeHa METOIOM OLIEHKM ToKa3aTeJsisl, XapaKTepU3YIOIIeTo CTeNeHb OKpa-
IIUBaHUsI COCYIOB CTeOJIsI, pa3pe3aHHOro B MIPOIOJBHOM HAIIPaBJICHUM OT YPOBHs MouBbl. M3MepeHne du-
3UOJIOTUYECKUX MapaMeTPOB PeaKIIUU CBEPXUYBCTBUTEILHOCTU MHMUIIMPOBAHHBIX TKaHEH TTO3BOIWIO OoJiee
NIeTAIbHO Pa3lesINTh MCCIIeIOBAHHbIE T€HOTUITbI XJIOMUAaTHUKA 110 CTEIeHM YCTOMYMBOCTU K BO30OYIUTEIIO
BEPTULIWJIJIE3HOTO BUJITA HA 4 TPYNIIBL: 1| — HEYCTOMUMBBIE, Y KOTOPBIX OTMEUEHO OTCYTCTBUE PEAKIIMU CBEPX-
yyBCTBUTENbHOCTU: MOpaT; 2 — BocripuMMYMBBIE cOpTa, KoimyecTBeHHoe conepxkanue MI'T B TkaHsAX KOTO-
pPBIX (PUKCUPOBAJIOCh Ha YpoBHe, MeHbllieM 10 Mkr/r: Byxopo-102, C-4727; 3 — cpeaHeycTOMYMBBLIE COpTa:
Has6axop-2, Byxopo-6, CynToH; 4 — ycroitunBbie copta: ['yiabaxop-2, Miony.
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CUHBI, DJIyopeclieHTHAasl NTMarHOCTUKA, XJIOMYaTHUK, Gossypium hirsutum
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