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M3ydeH BUIOBOIi COCTaB KYJIBTUBUPYEMbIX MUKPOCKOIMYECKMX IPUOOB B ITOYBE U OIaze TUIITSPOKAPIIOBOrO, Jia-
TepCTPEMUEBOTO U TAJIbMOBOTO YYaCTKOB JIECOB HallMOHAJIBHOTO Tapka byssiMarn (BeeTHam, mpoBuHIIMS buHb-
(BIOK), PacIONIOXEHHOIO B IpearopHoii yactu LleHTpanbHOoro Haropbsi. BoisiBieHo 88 BUIOB MUKPOCKOIIMYE-
CKMX TpUOOB, OTHOCSIIUXCS K 42 pomam, U3 Hux 13 BugoB oTMedyeHo mist BbeTHama BriepBbie. BunoBoii coctaB
OTJIMYAETCS BHICOKMM Pa3HOO0Opa3reM M XapaKTepHBIMU IS TPOITMYECKUX JIECOB 0COOEHHOCTSIMU TAKCOHOMM-
yecKoit cTpyKTyphbl. Otaen Mucoromycota IpeAcTaBieH AByMs BUAaMU, OOUH BUI — Rhizoctonia solani — 0THO-
cUTCA K oTneny Basidiomycota, ocTajbHbIe 85 BUIOB IIPUHAIIEKAT K OTAETY Ascomycota, BEAYIIIUMHU MOPSIIKaMU
srsitores Eurotiales (42 Buna) u Hypocreales (17 BunoB). BbIsSIBIEHO CpaBHUTENIBHO OOJBIIOE KOJUYECTBO MOTEH-
LIMAJIbHO (DUTOIMATOTEHHBIX TPUOOB U CTEPWIBHBIX (DOpM. B rpymmy 1TOMMHAHTOB Ha BCeX M3YYEHHBIX CyOCTpa-
Tax BXONST Tpu Buna: Aspergillus tubingensis, Penicillium ochrochloron, Trichoderma harzianum. B HauymoHanbHOM
napke by3smar BbISIBIIEHbI TaKWe penkue Buabl, Kak Chaetomella circinoseta v C. raphigera, BblnensieMble mpe-
HMMYIIECTBEHHO 13 TPOIIMYECKMX II0YB U pacTeHUii. B mouBe Ha yyacTke Jjieca IO JarepCcTpeMUSIMU BbLIEICH
penkuit Mukpomulietr Heterocephalum taiense, odaamaronivii yHUKaJIbHO Mopdonorueii KOHUIUOTEHHOTO ar-
napata. OTMeueH penKuil rpud, cBsI3aHHbII ¢ nanbMaMu — Endocalyx melanoxanthus. Muxkpomuuet Thielaviopsis
radicicola, IBISIOIIUIACS TOBOJIBHO CEPhE3HBIM IIATOreHOM (DMHUKOBO IAIbMbI, OOHAPYXEH B II0YBE Ha y4aCTKE
Jieca ¢ npeobiaganueM Lagerstroemia sp. KoMILIeKCh MUKPOMUILIETOB M3yYEHHBIX YY4ACTKOB Jieca ITOapa3ae/IeHbI
Ha TPYMITBI IO TUIIaM M3YYEeHHBIX MECTOOOMTAHUI U 110 THIIaM cyocTparoB. Hanbosee cxomHbIMM OKa3alliCh
00pa31ibl IOYBBL ¥ OIaAa B IIpeaeaax oqHoro 6uoromna. OLieHKa CTeleH! M3y4eHHOCTH BUIOBOIO COCTaBa II0OYBO-
00HMTAIOLIMX MUKPOMHUIIETOB AJIS BCEX MECTOOOMTAHMIT HEBeMKa — OT 56 1o 78%.

Karouegvie crosa: Guoaoruyeckoe pasHooOpasue, MUKOOUOTA, TPOITUYECKHUE Jieca, TOYBEHHbIE MUKPOMULIETHI.
DOI: 10.31857/S0026364824030017, EDN: vjepki

BBEJEHHME

[nomany HeHaPYILIEHHBIX JIECOB BO BCEM MMPE CTpe-
MUTEILHO COKPAIIAIOTCS B CBSI3U C aHTPOITOTEHHBIM
HapylLIeHUEM KOCUCTEM U INIOGAIbHBIM U3MEHEHUEM
KJIMMaTa, 3TO BeIeT K COKPAIIeHUIO0 BUIOBOTO Pa3HOO-
Opasust Bcex rPyITT OPraHU3MOB, HACEIISTIONINX 3TH Jieca,
B ToM uucie u rpu6os (Tsui et al., 1998). I1o 3T0ii ipu-
YUHE B HACTOsIIIIEE BpeMsI KpaiiHe BaXKHBIMU SIBJISIIOTCS
HCCIeNOBaHUsI OMOPa3HOOOPa3UsI TAKMX PACTUTETBHBIX

coo01IecTB. MUKPOCKOIMYIECKIE TPUOBI B TPOITMIECKIX
pPErvoHax sSIBJISIIOTCS BaXKHBIM KOMITOHEHTOM MTOYBEHHOM
OUOTBI, OOBIYHO COCTABJISIIOT OOJIbIIYIO YACTh OMOMACCHI
MUKPOOPTaHU3MOB U BBITIOJTHSIOT PSJI BAXKHBIX (DYHKIINIA,
CBSI3aHHBIX C TTOAIep>KaHUEM CTaOUIBHOCTU 3KOCUCTE-
MmbI (Devi et al., 2012). I'pubbI-canipoTpodbl SIBISIOTCS
OCHOBHBIMHU IE€CTPYKTOPAMU PACTUTEILHBIX OCTaTKOB,
IIO3TOMY 1 UX BUIOBOM COCTAaB MOXET KOppeInpOBaTh
C BUAAMHU pacTeHUM, GOPMHUPYIOIINMU COOOIIECTBA,
B KOTOpbIX oHU oOuTatoT (Hawksworth, 2004).
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B nmocnemnue necsaruiieTyst rppbaM TPOIUKOB yIie-
JIsieTcsl 0co00e BHMMaHKUE, aKTUBU3MPOBAHbI MCCIIEN0-
BaHMs BCeX TPYIIT IpUOOB HEHAPYIIEHHBIX TPUPOIHBIX
MECTOOOUTAHUI, SIBJISTIOIINXCS MECTOM COXpPaHEHUS
BUIOBOTO 0OTAaTCTBA M CIIOCOOHBIX €T0 ITOAIePXKUBATh.
W3 BbIIeIeHHBIX B XO/e TaKMX Pa0dOT YMCTBIX KYJIBTYP
MUKPOMUILIETOB (hopMUpyroTcs Kosuiekiuu (Brandt et al.,
2018), ¢ KOTOpBIMU MOXHO BECTHU Ja/IbHEHILINE UCCIen0-
BaHMS B 00J1aCTU (DMJIOTeHUH, (DU3NOJIOTUY 1 BHISIBIISITH
OuoTexHosornyeckuii moreHuman aTux BuaoB (Bills et al.,
2004; Lihovidov et al., 2017a, 201706).

3HaYnUTeIbHAS 9aCTh UCCICNOBAHUM MUKPOMMUIIE-
TOB TPOIIMKOB NUMeET IMIPUKIIATHON XapaKTep: U3y4aroT
naToreHoB pacTeHuit (Abbas et al., 2003; Hyde et al.,
2007; Ammar, 2011; Gajbhiye et al., 2016) 1iu XUBOTHBIX
u yenoBeka (Ashbee, Evans, 2002), a Takxxe rpuObI-NIpo-
IYIEeHTHI OMOJIOTmYecKr aKTUBHBIX BemecTB (Visalakchi
et al., 2009; Brandt et al., 2018). MHoro paboT IOCBSIIIIEHO
HU3YyYEHMIO BUIOBOIO COCTaBa I'pu0OB, CrieM(PUIeCKU
CBSI3aHHBIX C OIIpee/icHHBIMU BuaamMu pactenuii (Hyde,
1988; Hyde et al., 2000; Frohlich, Hyde, 2000; Guu et al.,
2010; Taylor, Hyde, 2003). Harrpumep, B FOro-BoctouHoit
A3MM U3yvay MUKPOMMUIIETHI, CBSI3aHHBIE C 0aMOyKaMu:
oTMeudeHo Oosiee 1100 BUIOB 10 BceMy perMoHy, a B TPO-
nuYecKux 6aMOyKoBbIX Jecax — 290 BUIOB, Cpeaur KOTO-
PBIX TIPENCTaBUTENIN KaK CyMYAThIX, TaK 1 0a3UINaIbHBIX
rpuOOB, BCTYIAIOIIYX B pa3IUYHble TPO(PUUECKIE B3aMO-
nerictBus ¢ atumu pacteHusimu (Hyde et al., 2002; Shukla
etal., 2012). Ha npencraButensix cemeiictBa Pandanaceae
oTMeueHo 0oJee 114 ponos u 226 Bugos (Whitton et al.,
2012). B Tannanze, Kak cBI3aHHbBIE C TaJTbMaMU, OTMeUe-
HbI MUKPOMMUIIETHI, CPEIY KOTOPBIX OITMCAHBI HOBBIE JIJIST
Hayku Bunbl (Somrithipol, Jones, 2006; Konta et al., 2016).
Iloka3aHo, 4TO poTaHTOBBIC ITAJBMEI U3 pona Calamus
(Arecaceae) 9BnSAIOTCS OOTaTHIM pe3epByapOM YHUKAITb-
HOTO pa3HOO0Opa3us rpuOOB, OTHOCSIIUXCS MO OOIbIIEH
yactu K otaeny Ascomycota (Frohlich, Hyde 2000; Hyde
et al., 2000; Konta et al., 2016).

Tponuueckue jieca OTINYAIOTCSI BBICOKUM BUOBBIM
pa3HOOOpa3ueM APEBECHBIX TTOPO U, KaK MPaBUIIO, SIB-
nsoTCs monmaoMuHaHTHEIMU (Kuznetsov, 2016). B csizn
C 3TUM TPU BBIOOPE TEPPUTOPUM JJISI MUKOJIOTUUECKUX
HCCJIENOBAHUI B TAKUX MECTaX OYEHb TPYAHO, a 3a4a-
CTYIO TTIPOCTO HEBO3MOXXHO, BBIIEIUTh YYaCTKU C Mpe-
o0JazaHuEM ONIPENETIEHHOTO BrAIa AepeBbeB. OMHaKO
Ha TEPPUTOPUU HALIMOHATBHOTO Tlapka byssimamn cdop-
MUPOBAMChH JIOKAIbHbIE YUaCTKHU Jieca C MPAKTUYECKHU
MOHOIOMWHAHTHBIM IPEBOCTOEM, YTO JAET BOZMOXHOCTh
aQHAJIU3MPOBATh BIUSHYE (PUTOLIEHO3a HA BUOBOI COCTaB
KOMIIJIEKCa MUKPOMMUIIETOB.

Llenbio naHHOI pabOTHI CTAJIO UCCIEI0BAHKE TAKCOHO-
MMUYECKOM CTPYKTYPhI U (DYHKIMOHAJILHOM aKTUBHOCTH
MMULEINATBHBIX MUKPOCKOITMYECKUX TPUOOB B MIOUBE

MUKOJOTI'A U ®PUTOITATOJIOTUA

AHTOHOBA u np.

¥ Ha pacTUTEIBHOM Omazie TpeX pa3IndHbIX OMOTOIOB
IIPEIrOPHBIX TPOITMIECKUX JICCOB B HAIIMOHAIEHOM IapKe
byzaman (BbeTHam), a TakKe TTpeAnpUHSITA MONbITKA BbI-
SIBUTb CBSI3U MEXAY COCTABOM PACTUTEILHOIO COO0IIIeCTBa
1 KOMITIEKCaMU MUKPOMMUIIETOB ITOUBBI Y CBSI3aHHEBIX C HEl
cyocTparoB. PaHee HaMu yxke ObLIO ITIPOBENEHO U3YyYeHE
MUKPOCKOIMMYECKUX TPHOOB paBHUHHBIX, IIPEATOPHBIX
¥ TOPHBIX JIECOB Pa3IMYHBIX pernoHoB BreTHama (Ka-
lashnikova, Aleksandrova, 2014, 2015; Kalashnikova et al.,
2016; Aleksandrova, Aldobaeva, 2018). JlaHHast ctaTbst IIpo-
JOJDKAET 3TY CEPHUIO UCCIIEMOBAHMIA U IOIIOIHSIET JaHHBIC
0 MMKPOMMULIETaX MPUPOIHBIX MECTOOOMTaHU1 BheTHaMa.

MATEPHUAJIBI U METObI

Mecto coopa Mmatepuana. HammonanpHbIM Tapk by-
3sIMall pacIloIoXKeH Ha Ioro-3amnaie BeeTHama B IIpo-
BUHIIMU BUHBMBIOK, B MepeXoaHOil 30HE MEXIY 1IeH-
TpajibHOI TopHOI MecTHOCTBIO (LleHTpanbHOE Haropne)
1 HU3BMEHHOCTBIO 103kHOTO BheTHaMa. OH ObLI BbIIEIEH
B KauecTBe 0C000 OXpaHSIeMOii TPUPOTHOM 30HLI B 1995 T.
IIJISI COXpaHEHMS PEIKUX BUIOB PACTCHUI, OTHOCSIIINX-
csl K ceMeiicTBy Fabaceae n BunmoB pona Lagerstroemia,
a TakKe MCUYe3aloNInX IITUI U MieKonuTaiux (Van
Sung, 1995). B 2002 r. 3Ta TeppuTOpUS NOJy4nia CTa-
TyC HallMOHAJIBHOTO TapKa. Penbed TeppuTOopuy oueHb
U3pe3aHHbIN, Tpeob1anaroT HEBBICOKHE TOPHbBIE TPSIIbI,
MEXITy KOTOPBIMM PACIIOJIOKEHBI JOJMHBI peK. bobliryio
JacTh TEPPUTOPUM ITapKa 3aHUMAIOT TPOIIMYECKHE IOy~
JINCTONAIHbBIE IOJIUIOMUHAHTHBIC JIeca, HAa HApYIIEHHBIX
TEPPUTOPUSIX CPOPMUPOBATUCHL ODAMOYKOBBIE COOOIIECTBA
(Sterling et al., 2006). Msrkue KIMMaTUIeCKUE YCIOBUS,
pa3zHooOpa3ue popM peabeda MECTHOCTU U peXUMa
YBIIAXKHEHUSI, a TAaKXKe BRICOKHMI YPOBEHb 9HAECMI3Ma
pacTeHUi1 CO3Mal0T YHUKAIbHbIE SKOJIOTMYECKIX HUIIIN,
obecrieunBalollie pa3HooOpa3re BUIOB IPUOOB.

Marepuai B HalIMOHAJILHOM MapKe ObL1 COOpaH B pam-
Kax paboT Poccuiicko- BbeTHaMCKOro TpOIMMYECKOTo Ha-
YYHO-UCCICAOBATEIBCKOTO U TEXHOJIOTUYECKOTO LIEHTPa,
Ha 6a3¢ KOTOpOro UAYT KOMILIEKCHBIC MCCICTOBAHUS
CTPYKTYPHO-(PYHKIIMOHATBHOM! OpraHu3aluy TpOIuyec-
KUX JIECHBIX 9KOCHCTEM U OLIEHKA COBPEMEHHOTO COCTO-
STHUST OMOJIOTMIECKOTO pa3HOOOPa3nsI paCTUTEIILHOTO
1 XKMBOTHOTO MUPA, B TOM YHCJIE U MUKPOCKOITMYECKHUX
rpu6oB. CO0p MOYBHI M pacTUTEAbHOTrO onana (mo 10
00pa3loB Kaxa0ro cyocTpaTa) sl BhIAEICHMS TOYBO-
00UTaIOIIMX MUKPOMULIETOB OBLIT MPOBENEH B HavaJje
BJIaKHOTO ce30Ha (Mait 2013 1.) B Tpex pa3HbIX OMOTOIaxX
MPEATOPHOTO TPOIIMYECKOTO Jeca:

1. T1epBUYHBIA AMNITEPOKAPIIOBLIiL Jiec Ha rpsiae ¢ Dipterocarpus costatus
(Dipterocarpaceae) (B3M-/1, 12.1975° c.u1. u 107.205278° B.11., BbICOTa HAL yp.
M. 480 M), mouyBa KpacHO-XkejTas peppaiuTHasI, JMCTOBOM OIaa B MOMEHT
cOopa Jiexast TOJICTBIM CJIOEM U HE 3aTPOHYT Pa3IOKEHUEM.
Ne 3
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2. JlarepcTpeMMEBBII JieC Ha BTOPOI MPUPYCI0BOii Teppace peku Ka
¢ mpeobnananuem Lagerstroemia sp. (Lythraceae) (B3M-J1, 12.198333° c.mr.
n 107.206667° B.1., 440 M), mouBa Oypas heppa/UIMTHAs, CJIO oraaa He IMoJI-

HOCTBIO MOKPBIBAET MOYBY, YACTUYHO (PParMEHTUPOBAH U YHECEH TEPMUTAMMU.

3. [TanbMOBBIIi JieC B 3aJIMBaeMOii HU3MHE MPUPYCIOBOI yacTn peku Ka
¢ Arenga westerhoutii (Arecaceae) (b3M-Ila, 12.211389° c.ur. u 107.208611°
B.I., 370 M) TTOYBa aJUTIOBUAJIbHASI CyTIecYaHasi, OTaj| CKYIHBIN, CMBIBAJICS

TIOTOKaMH BOAbI BO BpEM:A TOXACH.

Boizesienne noYyBooOMTAIOIINX MUKPOMHUIIETOB. Bhi-
JeJieHre rprOOB OCYIIECTBISIIM METOAOM I1I0CEBa U3
CepUITHBIX pa3BeneHuit 3. BakcMaHa B MonmupuKamm
.I'. 3paruHIIEBa Ha arapr30BaHHBIC ITUTATEIBHBIC CPEIbI
(Methods.., 1991). dns noceBa BIOpaHO NIBE CPEAbl: MO-
nuduimpoBaHHas cpena Yareka — Jlokca ¢ comepskaHueM
caxaposbl 0.3% u cycino-arap, aHTUOMOTHK — TETPALUKIMH
(0.001 r/7 cpenpr), pa3Benenue B 1000 pa3, marukparHast
IMIOBTOPHOCTh. BEIAeIeHHBIE IITAMMEI MUKPOMMIIETOB
XpaHsITcs B MUKpoIpooupkax rmpu —70 °C B KOJIJIEKLIUN
Kadenpbl MUKOJIOTUHU U anbrojiorun MI'Y.

Nnentudukamms. Buaosas npuHamaiexXHOCTb TpuOOB
YCTaHOBJIEHA IT0 KYJIBTYpaIbHO-MOP(HOIOTMUECKIM IIPH3-
HakaM, MCITOJIb30BajIy OOIIETIPUHATHIC ONPEAeTUTE NN
U CTaTbM, coAepKalirue o0paboTKM OTAEIbHBIX POIOB
u ontucanus BunoB (Ellis, 1993; Ramirez, 1982; Domsch
et al., 2007 u np.). HaumeHOBaHUS BUOOB 1 CUCTEMAaTH-
yeckoe IMoJIOXKEeHUE TaHo 1o 6a3aM aaHHbIX MycoBank
Fungal databases (2023) u CABI Bioscience Databases
Index Fungorum (2023).

Mouekyasipaas uaentuukamus. B Tom ciyyae, Kkorna
UAEHTU(DUKALUS TOTBKO HA OCHOBE MUKPOMOP(HOJIO-
T'MU HEOMHO3HAYHA, ObLTY MPUMEHEHBI MOJIEKYJISIPHBIE
MeTobl. 1711 U30J9TOB, HE JAaIINX CIIOPOHOIIEHNE
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B KYJIBType (CTepUIbHBIX (DOPM), UCITOIb30BAIA YIaCTOK
ITS, cunTaromuiics yHuBepcaJlbHBIM T€HETUUECKUM
JHK-mtpuxkonoMm mist rpudos (Schoch et al., 2012; Vu
et al., 2019). I pona Talaromyces ObL1 BBIOpaH YIaCTOK
reHa 6eta-TyoynuHa (BenA): oH paHee NpemioxeH Yilmaz
¢ coapropamu (2014) B KauecTBe BTOPUYHOTO MapKepa JIIst
3TOrO poia 1 IToKa3a 60jiee BEICOKYIO pa3pelIarolryio
cmocobHocTh, yeM ITS (Tsang et al., 2018).

T'enomnyto ITHK akcTparupoBaiu U3 MULIEAUS UC-
OJIL3Ys TM3upylomuii 6ydep (2%-it LITAD (uetuntpu-
MeTtunamMmmoHuitopomun), 1.4 M NacCl, 20 MM BTA,
100 MM Tpuc-HCI pH 8). ITLIP npoBoauIn ¢ UCIIOJb-
30BaHMeM ToToBOI cMecH ScreenMix (OOO “Epporen”,
Poccus) B repmoriukiepe T100 (Bio-Rad) ¢ mpaiiMepamu
ITS1/ITS4 (White et al., 1990) nst cTepuabHBIX KyJb-
Typ U napoii mpaiimepos Bt2a/Bt2b (Glass, Donaldson,
1995) nna pona Talaromyces. Ilocie aMIuMuKaluu
I P-niponyKThl pasroHsyiv B 1%-M arapo3HoM rejie
¢ OpOMMCTBIM STUINEM U BU3yanu3upoBaiu B YO caere.
IIponykThl aMIIM(pUKaLIUK BRIPE3aIn U3 TeJlsd U OUMIIAIN
Ha CITMH-KOJIOHKAaX ¢ KpeMHHEBOM MeMOpPaHOii ¢ TOMO-
mkio Habopa Cleanup Standard (OOO “Eporen”, Poc-
cust). CekBeHMpOBaHue MpoBoamiIa Komnanus “EBporen”
(Mocksa, Poccust) mo npotokonay BigDye (ABI Prism)
Ha aBToMaTtuueckoM cekBeHaTope Applied Biosystems
3730x1 (Applied Biosystems, Kanudpopuus, CIIIA) kak
C IIPSIMBIM, TaK U C OOpaTHBIM MpaiiMepaMu.

ITonyuennsie nociaegoBarenbHocTu JJHK 6b111 110-
IMapHO BBIPOBHEHBI ¥ 00beHEeHHI B Tporpamme MEGAIL
(Tamura et al., 2021). ITouck cxogHBIX HYKJIEOTUIHBIX
TocIenoBaTeILHOCTEI TTpoBeneH 110 6a3e manHeIX NCBI
(GenBank) mpu momoiu BLAST. BHOBB noslydeHHBIE

Taomuna 1. [TocnenoBatensHoctu IHK, nemonnpoBannbie B 6a3y naHueix NCBI (GenBank)

BunmoBast mpuHaIIekKHOCTD Ne mrramma Jlokyc Ne s

I'enbanke

Talaromyces albobiverticillius (H.M. Hsieh, Y.M. Ju et S.Y. Hsieh) Samson
N. YilrJrzlaz, Frisvad et Seifer(t , ) | 1826 BenA | ORI80083
»» 1828 BenA | ORI180089
» » 1875 BenA | ORI180090
»» 2127 BenA | OR333985
T stollii N. Yilmaz, Houbraken, Frisvad et Samson 1878 BenA OR180091
Talaromyces sp. 1 1971 BenA | ORI180092
T. siamensis Samson, N. Yilmaz et Frisvad 2134 BenA | ORI180093
Talaromyces sp. 2 2126 BenA | OR333984
Rhizoctonia solani J.G. Kiihn FV-13 30 WSM 30A ITS OR398668
»» FV-13243 LSM 48A ITS KP747696
Cordana terrestris (Timonin) Hern.-Restr., Gené et Guarro FV-13 87 DM 45A ITS OR398669
Lasiodiplodia pseudotheobromae A.J.L. Phillips, A. Alves et Crous FV-13 69 DSM 56A ITS OR398670
Pyrenochaetopsis leptospora (Sacc. et Briard) Gruyter, Aveskamp et Verkley | FV-13 39 DSM 60A ITS OR398671
Pestalotiopsis vismiae (Petr.) J. Xiang Zhang et T. Xu FV-13 47 80A ITS KP747709
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nocienobareabHocTy JHK, xkak ITS, Tak 1 BenA obumn
nenoHupoBaHbl B GenBank (Ta6g. 1).

O0paboTtka aaHHbIX. [IpencTaBIeHHOCT BUIOB OLICHH -
BaJIX 110 TTOKA3aTeIIIM IIPOCTPAHCTBEHHOM YaCTOTHI BCTPE-
YaeMOCTH Y OTHOCUTeNIbHOTO 00uaus BuaoB (Mirchink,
1982; Zak, Willig, 2004). J1y11 xapaKTepUCTUKU BUIOBOTO
COCTaBa IMOYBEHHBIX TPUOOB pa3HbIX MECTOOOUTAHUIMA
HCITOJIB30BAJIN IIOHSTHE KOMIUIEKCA TUITMYHEIX BUIOB,
BBIZEIIIEMOTO HAa OCHOBE YacTOTHI BcTpeyaeMocTH (Mirch-
ink, 1982). B kauecTBe mmoka3aTesist pa3HOOOpa3usl BU-
JIOB B paboTe ObLIT UCIOIb30BaH UHAEKC pa3HOOOpa3ust
IllenHoHa, a Takke 0OpaTHas ¢popma uHaekca CUMIICOHA.
[B-pa3Ho00Opa3ue y4acTKOB OBLIO OIPENEICHO C TTOMOIIEIO
pacueTta KO3 PUIIMEHTOB cXoAacTBa (KOG OUIINESHTHI
CépeHceHa u XKakkapa).

J11s BU3yaau3aly CXOACTBA KOMIUIEKCOB MUKPOMM-
LIETOB 13 00Pa3lIOB UCIIOJH30BAIU CTAHIAPTHBIE METO-
IIbl OPAMHAIIMY: TIPOBENEH aHaIN3 [JIABHBIX KOMIIOHEHT
B nporpamme PCO3 (Anderson, 2003). OueHka cTereHu
M3YYEHHOCTH BUJOBOTO COCTaBa Obljia IIPOBeeHA B IIPO-
rpamme EstimateS8.0 (Colwell, 2006). Mcnionb3oBaH Me-
TOI TTOCTPOEHUS KPUBBIX pa3pstkeHus Konayamia — Mao
(TToTeHIIMaIbHBIE KPUBbIe HAKOIJICHUS, ITIOCTPOSHHBIE
METOIIOM 3KCTPAIIOJISIIIAN ), a TAKKe pacdeT MHACKCOB
OLICHKW BUJIOBOTO OOTATCTBA aJITOPUTMOM ““CKJIaTHOTO
Hoxa” Broporo ypoBHs (Jack2) u Yao BToporo ypoBHs
(Chao2). Ins cxeMaTU4eCcKoOro n3o0paxkxeHusl HaTn4dus
OOLIMX BUIIOB MEXNY Pa3TUYHBIMU MECTOOOUTAHUSIMU
Obl1a MOCTpOeHa quarpaMma BeHHa ¢ ucronb3oBaHueM
aJieKTpoHHOro pecypca (http://www.interactivenn.net/;
Heberle et al., 2015).

OneHka aHTHOMOTHYIECKOI AKTHBHOCTH B OTHOIIIE -
Hun MoaudumpoBaHHbIX mTaMmmoB Escherichia coli. s
ucciienoBaHus 0610 0ToOpaHo 120 mTaMMOB rpubOB,
BBIJIEJIEHHBIX 13 BCEX MCCIIEIOBAHHBIX MECTOOONTAHUIA.
AHTUMUKpPOOHOE AeiicTBYE onpeaessiiv MeToaoM n1uddy-
311 U3 aTapOBBIX OJIOKOB M M3 JIYHOK. AHTUOMOTUYECKAsI
aKTUBHOCTbH ObLJIa UCClIeIOBaHa Ha 1Tammax Escherichia
coli: JW5503 AtolC (Baba et al., 2006), TpancopmMupo-
BaHHOM PENoOPTEPHOI Mnasmunoit pDualrep2 (AmpR)
(Osterman et al., 2016), 1 BW25113 IptD™" (Orelle et al.,
2013), tpancdopmuposanHoM pDualrep2 (Kan®). g
MPOBENEeHWS aHaIn3a KJIeTKU E. coli HaHOCUIY Ha ara-
pusoBaHHYy10 cpeny LB ¢ nobaBiieHrueM aMITULMJIJIMHA
(100 Mxr/Mi1) nnm KaHamunrHa (50 MKT/MII) COOTBET-
CTBEHHO. B KauecTBe KOHTPOJIE penopTepHOil CUCTEMBI
HUCIIOJb30BaIM AaHTUOMOTUKHN IPUTPOMULIMH (5 MKT)
u aeBoduiokcalH (25 Hr). ITocne HaHeceHUsT 00pa3LoB
YaIllKX C KJICTKaMU MHKYOMpOBaIH 18 4 IIpy TeMIrepary-
pe 37 °C. g BU3yanu3amnuu pe3yabTaToB ITOJydeHHBIS
YaIku CKaHUpOoBaIu Mpu oMol cucteMbl ChemiDoc
(Bio-Rad, Kanudopuus, CIIA) B kananax Cy3 (ms
IeTeKI UHAYKTOpOB SOS-0TBETa: NpU UX HATUYUU
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akcripeccupyetcs 6enok TurboRFP) n Cy5 (g metek-
LMY THTUOUTOPOB OMOCHHTE3a OeJKa: TIpU UX HAJTUUU U
aKcrpeccupyercs 6enok Katushka2S).

PE3VJIBTATbI

B nccaenoBanHbIX 00pa3iiax ITOYBBI M OT1a1a C TPeX
Y4aCTKOB IIPEATOPHBIX TPOITMUECKUX JIECOB HAIIMOHATIbHO-
ro napka byssiMan BeIsIBJIeHO 88 BUIOB KYJIBTUBUPYEMBIX
MUKPOCKOITMYECKMX TPUOOB, OTHOCSIINXCS K 42 pogaM
n 15 HecrropoHocsamux ¢popm (Tadai. 2).

Otnen Mucoromycota TipencTaBieH BCEro IByMs BU-
namu — Absidia spinosa n A. glauca, oTHOCSIIMMCS K I10-
psaaky Mucorales. I1o j7aHHBIM TUTEPATYPHI, 3TU BUIBI
ObLTU paHee HaiineHsl B mouBax TaitBans (Ho et al., 2004),
B HAIlIMX UCCIIEIOBAHMUSIX 0CO00 OXpaHSIEeMBbIX TEPPUTO-
puit BoeTHaMa, A. glauca 6bl1a HalineHa ¢ HEOOJIbIIOH
4acTOTOI B HallMOHAJbHOM Mapke baBu, a A. spinosa pa-
Hee He BcTpedanach. OauH B (MICXOTHO — CTepYITLHAS
KyJbTYpa) Rhizoctonia solani, Ha OCHOBE MOJIEKYJIIPHBIX
JaHHBIX, OTHOCUTCS K oTaeny Basidiomycota. OcTanbHbie
85 BUIOB MpUHAMIeXaT K OTAeIly Ascomycota, Benylue
nopsaku — Eurotiales (42 Buna) v Hypocreales (17 BunoB).

Hawubonee kpyIHble 110 YUCIEHHOCTU BUIOB POAbI
nopsaka Eurotiales coctaBisitoT aHaMOp(HBIE TPUOHI,
npeacTaBieHHbIE pa3IUYHbIMU BugaMu Penicillium
(18 BunmoB), Aspergillus (11 BunoB) u Talaromyces (11 Bu-
J0B). JJOMMHMPOBaHKE 3TUX POIOB XapaKTEePHO JIJIST TIOYB
U CBSI3aHHBIX C HEll cyOCTPaTOB, OMHAKO, OTHOCUTEIbHAS
nonst Penicillium (21% ot o0111ero yncia BUI0B B TaHHOM
HCCJICIOBAHNM) B TPOIIMKAX OOBIYHO HIXKE 10 CpaBHE-
HUIO C IOYBAMU YMEPEHHBIX IIIMPOT, TIe OHA MEHSIETCS
B nuana3oHe 40—70% (Mirchink, 1988). boabmmHCcTBO
BBIACJACHHBIX HAMU TIpeAcTaBUTeel poaoB Aspergillus
n Penicillium no nanaeiM utepatypsl (Klich, 2002; Pitt
1979; Domsch et al., 2007) BcTpeuaroTcs yallie BCEro
B TPOIMYECKUX U CYOTPOIMMIECKUX 00JIACTSX.

ITokazaTenu YMCAEHHOCTH U pa3HOOOpa3UsI TIOYBEH-
HBIX MUKPOMMIIETOB ITO YYaCTKaM Jieca IIPeaCTaBICHbI
B Ta611. 3. YncaerHocth KOE MUKpocKkommmyecKux rpu-
0OB B HCCJIeAOBAaHHBIX cCyOCTpaTax Obljia 3aKOHOMEPHO
BBIIIIE B OITajie, yeM B ITouBe. CaMoe BBICOKOE BUIOBOE
00raTCTBO OBLIO BBHISIBJICHO IJISI KOMILIEKCA MUKPOMM-
LIETOB M3 00pa3lIoB MOYBHI C y4acTKa MaJIbMOBOTO Jieca,
¥ MHAEKCH BUAOBOTO Pa3HOO0pa3us TaM IIpUHUMAaIN
HauOoJbllIee 3HaUeHWe. BumoBoe pasHooOpasue Kom-
IUIEKCOB KYJIETUBUPYEMbIX MUKPOMUIIETOB, OLICHEHHOE
¢ moMolbio uHaekcoB CumricorHa u IlleHHoHa, ObLIO
JIOBOJILHO BBHICOKMM. B mouBe Bcex MecTOOOUTaHMI OHO
BHIIIIE, YeM B OITajic, pa3HOOOpa3ue coKpallaeTcs 1o
ITPagveHTy OT IOJWHEI peKH 10 TpeOHS XpeoTa.

KpuBsle paHTroBOro pacripeneyieH1usl BUZOBOrO 00U-
nus (puc. 1, A, B, [1) WITIOCTpUPYIOT BICOKOE BUIOBOE
2024
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Ta6muua 2. Yacrora BcrpeyaeMocTu (%) MUKPOCKOIMMYECKUX TPUOOB pa3IMYHbIX YYACTKOB JIECOB HAlIMOHAIBHOIO IapKa by3smMan

B3M-JI B3M-IIa B3M-[
Bunosoii cocraB A Ay A A, A A,
ONNONEONNONEONN,
Ascomycota
FEurotiomycetes
Eurotiales
Aspergillus aculeatus lizuka 20 10
A. alliaceus Thom et Church 20 20
A. clavatus Desm. 10
A. flavipes (Bainier et R. Sartory) Thom et Church 100 10 10
A. fumigatus Fresen. 10 10
A. neoniveus Samson, S.W. Peterson, Frisvad et Varga 50 40 10
A. niger Tiegh. 10 10
A. parasiticus Speare 10
A. sparsus Raper et Thom 10
A. tubingensis Mosseray 20 50 20 50 70 | 100
A. ustus (Bainier) Thom et Church 20
Heterocephalum taiense Persiani et Maggi 30
Penicillium atrofulvum Houbraken, Frisvad et Samson 20 10
P. brevicompactum Dierckx 50
P. citreonigrum Dierckx 10
P, citrinum Thom 70 70
P. daleae K.M. Zalessky 30 10 90
P. dierckxii Biourge 10
P. glabrum (Wehmer) Westling 30
P. herquei Bainier et Sartory 70 30 70 20
P. implicatum Biourge 70
P. javanicum J.F.H. Beyma 10
P. miczynskii K.M. Zaleski 60 10
P. novae-zeelandiae . F.H. Beyma 30
P. ochrochloron Biourge 30 10 60 10 90 80
P. sclerotiorum J.F.H. Beyma 20 | 100 | 90 60 40
P. steckii K.M. Zalesky 50 | 100 80
Penicillium sp. No 1 60
Penicillium sp. No 2 40
Penicillium sp. Ne 3 20
*Pseudopenicillium megasporum (Orpurt et Fennell) M. Guevara-Suarez, J.F. Cano et 10
J. Guarro
* Talqromyces al!;obiverticillius (H.M. Hsieh, Y.M. Juet S.Y. Hsieh) Samson, N. Yilmaz, 20 20 60 80 30 80
Frisvad et Seifert

*T. amestolkiae N. Yilmaz, Houbraken, Frisvad et Samson 70 20
T. apiculatus Samson, N. Yilmaz et Frisvad 10
T. flavus Stolk et Samson 40
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Tao6mmua 2. [IponomkeHue
*T. islandicus (Sopp) Samson, N. Yilmaz, Frisvad et Seifert
T. minioluteus (Dierckx) Samson, N. Yilmaz et Frisvad
*T. siamensis Samson, N. Yilmaz et Frisvad
*T. stollii N. Yilmaz, Houbraken, Frisvad et Samson
T. wortmannii (Klocker) C.R. Ben,.
*Talaromyces sp. 1

*Talaromyces sp. 2

Sordariomycetes
Amphisphaeriales
* Pestalotiopsis vismiae (Petr.) J. Xiang Zhang et T. Xu
Pestalotiopsis sp.2
Chaetosphaeriales
Gonytrichum macrocladum (Sacc.) S. Hughes
Coniochaetales

*Cordana terrestris (Timonin) Hern.-Restr., Gené et Guarro
Glomerellales
Nectriopsis lindauiana (Bubak) Zare et W. Gams
Hypocreales
Acremonium sp.
Bionectria byssicola (Berk. et Broome) Schroers et Samuels
Emericellopsis minima Stolk
Fusarium solani (Mart.) Sacc.
F stilboides Wollenw.
Gliomastix luzulae (Fuckel) E.W. Mason ex S. Hughes
Mariannaea elegans var. elegans (Corda) Samson

Metacordyceps chlamydosporia (H.C. Evans) G.H. Sung, J.M. Sung, Hywel-Jones et
Spatafora

Metarhizium marquandii (Massee) Kepler, S.A. Rehner et Humber
Purpureocillium lilacinum (Thom) Luangsa-ard, Hywel-Jones et Samson
Sarocladium kiliense (Grutz) Summerb.
Trichoderma asperellum Samuels, Lieckf. et Nirenberg
T. atroviride P. Karst.
T. hamatum (Bonord.) Bainier
T. harzianum Rifai
T. koningii Oudem.
T. longibrachiatum Rifai
T virens (J.H. Mill., Giddens et A.A. Foster) Arx

Microascales
Pseudallescheria boydii (Shear) McGinnis, A.A. Padhye et Ajello
Thielaviopsis radicicola (Bliss) Z.W. De Beer et W.C. Allen

Sordariales

Botryotrichum atrogriseum J.F.H. Beyma

MUKOJOTI'A U ®PUTOITATOJIOTUA
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Tabmuua 2. OKoHYaHUe
Chaetomium malaysiense (D. Hawksw.) Arx
Dichotomopilus funicola (Cooke) X. Wei Wang et Samson
Humicola fuscoatra Traaen
Xylariales
Arthrinium phaeospermum (Corda) M.B. Ellis
*Beltraniella carolinensis (M.E. Barr et Hodges) Jaklitsch et Voglmayr
Endocalyx melanoxanthus var. melanoxanthus (Berk. et Broome) Petch
Microdochium bolleyi (R. Sprague) de Hoog et Herm.-Nijh.
*Xylaria sp. 1
*Xylaria sp. 2
*Xylaria sp. 3

Dothideomycetes
Botryosphaeriales

Neoscytalidium dimidiatum (Penz.) Crous et Slippers
*Lasiodiplodia pseudotheobromae A.J.L. Phillips, A. Alves et Crous
Capnodiales
Cladosporium cladosporioides (Fresen.) G.A. de Vries
C. oxysporum Berk. et M.A. Curtis
Dothideales
Aureobasidium pullulans var. melanogenum Herm.-Nijh.
Pleosporales
Coniothyrium sp.
Curvularia eragrostidis (Henn.) J.A. Mey.
Epicoccum nigrum Link

*Pyrenochaetopsis leptospora (Sacc. et Briard) Gruyter, Aveskamp et Verkley

Leotiomycetes
Helotiales
Chaetomella circinoseta Stolk
C. raphigera Swift
Dactylaria sp.
Idriella variabilis Matsush.
Pilidium sp.
Mucoromycota
Mucoromycetes
Mucorales
Absidia glauca Hagem
A. spinosa Lendn.
Basidiomycota
Agaricomycetes
Cantharellales

*Rhizoctonia solani J.G. Kiihn

Kyabsrypsl, He naioiiye criopoOHOIIeHUS
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ITpumeuanue. *BumoBast mpuHAamIEXXHOCTD ONpeeieHa ¢ NCITOIb30BaHeM MOJIEKYIIpHBIX MeTonoB. Coxkpamenns: B3AM-I1 —
JIUTITepOKapmoBblit yyacTok; b3M-JI — narepctpeMmueBslit yuactok; b3M-ITa — manbMoBbIit y9acTok; A (S) — BEpXHUi1 TOpU-

30HT NOYBBI; A (1) — onaz.
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pasHooOpa3re n3ydeHHBIX MecTooouTanuit (Magurran,
1992). TTokazaHo, 4YTO Ha BCEX yYacCTKaxX OOJIbIIE BUIOB
BBISIBJIEHO B IIOYBE, BBIILIE TAM Y BEIPOBHEHHOCTb BUIIOBBIX
obunuiit. I'paduku BUIOB B HIOYBE COOTBETCTBYIOT MOMEU
“pa3IoMaHHOIO CTEPXKHS”: HAOII01aeTCsl MUHUMAJIbHBIA
YIOJ1 HaKJIOHAa KPUBOM, 4YTO COOTBETCTBYET BBICOKOM
BBIPOBHEHHOCTH BUIOBEIX oOwnii. Pacripenenenue Bu-
JIOB B onajie 0J1uke K JJorHopMasibHoMy. CoriacHO 3Toit
Moesid, OOMIME BUAOB B OMOTE ONpeaesieTcs AeiCTBU-
eM OOJIBIIIOTO YKrciia MPUOJIN3UTENBHO PABHO3HAYHBIX
¢dakTOpOB, Cpear KOTOPBIX HE BCE CBSI3aHBI C pecypca-
mu. Takasi cuTyaumsi 3a4acTyro HaOJ0aaeTcsl B 3pesibiX
U CTAaOMJIBHBIX COOOILIECTBAX, IIe HEOOXOAUMBIE PECYPChI
MPEeACTaBIEHbI B JOCTATOYHOM KOJIMYECTBE 1 3HAUUTEb-
HoM MHoroo0pasun (Leontyev, 2008).

Pacuet mokasareneii, olieHUBAIONIUX ITOJIHOE BUIOBOE
060raTcTBO (CTeNeHb U3YYEHHOCTU BUIOBOTO COCTAaBa,
BBISIBJISIEMOTO TTIOCEBOM M3 IIOYBEHHBIX Pa3BeACHUIA) MU~
kpomuuetoB (puc. 1, b, I, E, Tabn. 4) nokasa, 4yto ajs
BCEX YYaCTKOB Jieca CTEIIeHb M3yYeHHOCTH TIPU OMHOKPAT-
HOM HMCCJIENOBAaHUM HeBenKa — oT 56 1o 78% 1o Chao2,
u oT 64 10 71% 1o Jack2, 4To rOBOPUT O 3HAYUTEIHHOM
reTepOreHHOCTU BUAOBOTO COCTaBa MUKPOMUILIETOB M3y~
yaeMBIX TeppuTopuii. Camast BbICOKasI CTEIIEHb U3yYeH-
HOCTH TTOJIYYMJIACH JIST yU4ACTKa JIarepcTpeMUEBOTro Jieca,
PAaCIIOJIOKEHHOTO HAa BTOPOU IIPUPYCIIOBOI Teppace, Tie
caMasl HM3Kasl FeTepOreHHOCTh BUAOBOIO COCTaBa. DTO
MOXKET OBITh CBSI3aHO C TEM, YTO TaM MeHee BEIPaKEHO
JIeCTBUE TaKNX (DaKTOPOB, KaK IepeChIXaHUe WIN T1e-
peyBIaKHEHUE U YCIOBUS IJIST pa3BUTUSI MUKPOMULIETOB
HauOoJjiee OMHOPOIHBI. JlanbHeile uccieqoBaHus 3TUX
OGMOTOMOB MEePCHEKTUBHbBI U JOJIKHBI IPUBECTU K BhISIB-
JICHUIO HOBBIX BUIOB.

CpaBHeHME CITMCKOB BUIOB KYJIFTUBUPYEMBIX MUKPO-
CKOMMMYECKUX IPHOOB MCCIIeNOBAaHHBIX MECTOOONTAHMIT
B HallMOHaJIbHOM Tapke by3siman rmokasajio 10BOJbHO
BBICOKOE CBOE€0Opa3ne BUIOBOTIO COCTaBAa MUKPOMMUIIE-
TOB U3YyYeHHBIX MecTooOuTaHuii. Ha nuarpamme Benna
BUIHO (pUC. 2, A), UTO OOIIUX BUIOB MEXIY Y4aCTKaAMU
TOJIBKO JIEBSITbD.

Bunbl-TOMMHAHTEI, XapaKTePHBIE IJIsI UCCIETOBAHHbIX
cyOCTpaToB, 3HAYUTEILHO OTIMYAINCh. JIOMUHUPYIOLITE
MO3UIIMK Ha yYacTKe gunTepokaprioBoro jeca (b3M-/1)
TaK e, KaK 1 Ha OCTAJIbHBIX YU4acTKaX, 3aHMMAIOT BU/IbI,
CBSI3aHHBIE C pACTUTEILHBIMY CyOCTpaTaAMU U TTIOYBEHHBIE
canpoTpodnl. B mouBe 3TOrO yyacTKa jJeca JOMUHUPOBA-
JIV TIIeCTh BUJIOB OYBEHHBIX canipoTpodoB: Penicillium
ochrochloron (90%), P. aculeatum (80%), Purpureocillium
lilacinum (80%), Trichoderma harzianum (80%), Aspergillus
tubingensis (70%) u Penicillium citrinum (70%), Xxpome
TOTO, B KaXKIOM IOYBEHHOM 00pa3iie ObIIM HaliIeHBI KO-
JIOHUM IPOXKel, oHu mpeodiananu B mouse (100%), Ho
6bL1M MeHee YacThl (50%) 1 OOMILHEI B JINCTOBOM OIIaJIe.
MOXHO IIPEAIONI0KUTh, YTO OHU HE SIBJISIOTCS 0OMTAaTe-
JISIMU (PUILTOTUIAHBI, @ 3aCEISIIOT 3TOT CYOCTpaT U3 MOYBbI.
B micToBOM omane TMITEpPOKAPIIOBOTO y4acTKa B Kaye-
CTBE BUIOB-JOMUHAHTOB OBUIM OTMEYEHEI LIIECTh BUIOB:
Aspergillus tubingensis (100%), Cladosporium cladosporioides
(100%), Trichoderma harzianum (100%), Penicillium daleae
(90%), P. ochrochloron (80%), Talaromyces albobiverticil-
lius (80%). CtepuiabHble GOPMBI, KaK 1 Ha YIacCTKe IO
JIarepCTPEMUSIMU, JTOMUHMPOBAJIU TOJILKO B OIAJIE.

B nouse marepctpemueBoro neca (yaactok b3M-JI)
JTOMUHUPOBaIX (4acToTa BCTpeyaeMocTu 6onee 60%)
ceMb BHUIOB MMOUYBEHHBIX canpoTpodoB: Purpureocillium
lilacinum (100%), Aspergillus flavipes (100%), Trichoderma
harzianum (90%), Aureobasidium melanogenum (90%),

Ta6auua 3. KonyecTBeHHbIE XapaKTepUCTUKU 1 TTOKA3aTeJIM pa3HO00Opa3ust KOMILIEKCOB IOYBEHHBIX MUKPOMUILIETOB U3
MOYBHI M OTaJia TPEX YY4aCTKOB JIECOB HAILIMOHAJIBHOTO napKa bys3smar

XapakTepucTuka B3M-]1 B3M-JI B3M-Ila

A(s) Ay A®) Ay () A®) Ay ()
N 10 10 10 10 10 10
NK 682 1523 356 1589 608 1335
KOE 16616 3507 105+6 502423 104+2.4 299+6.4
N 37 22 35 26 40 30
NS 10 (6—19) 10 (5—14) 12 (5—16) 12 (10-17) 16 (11-19) 13 (7-17)
1/D 5.62 5.96 6.29 8.96 18.54 8.4
H 2.47 2.24 2.79 2.24 3.2 2.6
E, 0.68 0.72 0.78 0.69 0.87 0.76

IIpumeuanue. YcnoBHble o603HaueHus: B3M-JI — nuntepokapnoBslii yuacTok; B3M-JI — marepcTpeMueBblii y4acToK;
B3M-Ila — nanpMOBEIit y4acTok; A (S) — BEpXHUIT TOPU3OHT MOUBHL; A, (1) —omnan; N — yncno o6padoTaHHbIX 06pa3Los; NK —
KoJIm4ecTBO BhiIeIeHHbBIX KojtoHuit; KOE — konmmyectBo KOE MUKpoMHUIIETOB (THIC./T BO3MYyIITHO-CyXoTo cyocTpata + 95%-it
JIOBEPUTEIbHBIN MHTEPBAN); S — KOJTUYECTBO OOHApYKeHHbIX BUI0B; NS — CpenHee KOIUYECTBO BUAOB B 00pasiie (peaebl
BapbupoBaHus); 1/D —unnekc pazHoo6pasust CumncoHa; H — unaekc pasHoo6pasust LlleHHOHa; E;; — BHIPOBHEHHOCTD.
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Puc. 1. PaAaroBoe pacnpeneiaeHne BumoBoro oomwms (A, B, /1) m sKkcTpanonsinus BUIOBOTO O0TaTCTBa KOMILICKCOB
nouBooobuTaroux mukpomulietoB (b, I, E) yuactkoB gunrtepokapnoBoro (A, b), narepctpemuenoro (B, I') u nanb-
MoBoro ([I, E) necoB B HallMoHaIbHOM MapKe by3simar. BepTUKalIbHBIMU JTUHUSIMU 0003HaueH 95%-i1 MOBEpUTETh-
HBIN mHTepBaJl. S(est) — 9MciI0 BBISIBICHHBIX BUIOB; Chao2 — olleHKM BUIOBOTO OOTAaTCTBA alropuTMoM Yao BToporo
ypoBHSI; Jack2 — olleHKU BUIOBOI0 OOraTCTBa aJropuTMOM “CKJIaJHOrO HOXa” BTOPOTO YPOBHS.

TOM 58 Ne 3
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186 AHTOHOBA u np.
Tabmuna 4. CteneHb U3yYEHHOCTU BUJOBOTO OOTaTCTBAa KOMILIEKCOB MUKPOMUILIETOB UCCAEIOBAHHBIX MECTOOOUTAHUIA
AJITOPUTM “CKJIaTHOTO HOXa” BTOPOTO
Aunroputm Yao Broporo ypoBHs1 (Chao2
Yyacrok Yucno P poroyp ( ) ypoBH4 (Jack?2)
Jjeca BUIOB IIpeanonaraemas olieHKa CreneHb IIpeanonaraeMas olieHKa CreneHb
BUIOBOTO OOTraTCTBa M3YYCHHOCTHU BUIOBOTO OOTraTCTBa M3YYCHHOCTHU
B3M-/ 44 60 73% 68 64%
B3M-J1 51 65 78% 71 71%
Bb3M-Ila 49 87 56% 74 66%
ITpumeyanue. YcnoBHBIE COKpallleHUsI — CM. Ta0J1. 2
A b

BE3M Ma
(44)

B3M-1
©)

Puc. 2. iluarpamma BeHHa, oToOpaxaroiiasi CXoACTBO B KOMILUIEKCAX BUIOB KYJIbTMBUPYEMBIX MUKPOCKOITMYECKNX
IrprOOB UCCICIOBAHHBIX YYACTKOB JICCOB B HAIIMOHAJIIBHOM Iapke by3simalr: A — cpaBHeHMe OOIIMX BUTOBBIX CITMCKOB;

b— CpaBHEHUE BUIOB-JOMUWHAHTOB.

Penicillium citrinum (70%), Talaromyces stollii (70%),
T. siamensis (70%). B mucToBOM omaje TOTO Xe y4acT-
Ka Jieca B Ka4eCTBE BUAOB-IOMWHAHTOB ObLIA OTMeE-
yeHbl Cladosporium oxysporum (100%), Neoscytalidium
dimidiatum (100%), Penicillium sclerotiorum (100%),
P. steckii (100%), Trichoderma harzianum (100%), Pesta-
lotiopsis vismiae (90%), Purpureocillium lilacinum (90%),
Penicillium herquei (70%). B onazne npycyTcTBOBAJIO 3Ha-
YUTENBHOE KOJIMYECTBO CTEPUIBHBIX (hOPM.

B nouse mansMoBoro neca (b3M-I1a) nomuHMpoBanu
ceMb BUIOB ITOYBEHHBIX CANIPOTPOMOB U MOTEHIINATBHBIX
MaToreHoB pacteHuit: Purpureocillium lilacinum (100%),
Trichoderma harzianum (90%), Penicillium sclerotiorum
(90%), Gonytrichum macrocladum (80%), Penicillium
implicatum (70%), Talaromyces amestolkiae (70%) u Phoma
sp. (70%). B micToBoM onajne, COOpaHHOM C ITIOYBHI STOM
TEPPUTOPHUH, B KAUECTBE BUIOB-IOMUHAHTOB ObLIH OT-
MeueHbl Trichoderma harzianum (100%), Pestalotiopsis
sp. 2 (100%), Fusarium solani (90%), Penicillium steckii
(80%), Talaromyces sp. 2 (80%), Purpureocillium lilacinum

MUKOJOTI'A U ®PUTOITATOJIOTUA

(70%), Penicillium herquei (70%). CtepuibHble (DOPMBI,
B OT/JIMYHME OT JIATEPCTPEMMEBOIO Y4aCTKa, HAOTIOAATUCE
KakK B [TI0OYBE, TaK U B OIAJeE.

W3 3TiX TaHHBIX BUTHO, YTO CITMCKY JOMUHUPYIOIINX
BUJIOB TIPaKTUYECKU He TIepeKphiBatoTes (puc. 2, b), odm-
MH JIJIS1 BCEX MCCIIEOBAHHBIX YYACTKOB CTAJIM TOJILKO JBA
u3 Hux: Trichoderma harzianum v Purpureocillium lilacinum.

MHOeKcHl cxoncTBa, pacCUMTaHHBIE C YIETOM COCTaBa
BUIOB (KaYeCTBEHHBIX TaHHbBIX), MEXITY MECTOOOUTAHU -
SIMU HEeBEJIUKM (Ta0JI1. 5), HanboJIbIIIee CXOICTBO HAOIIO-
JaeTcs MEeXIy KOMITJIEKCaMH BUIOB C IIOYBHI M OITaga
yJyacTKa MaJibMOBOTO Jieca, a TakXKe MeXIy KOMILIeK-
caMu BUIOB C OIlaja JarepCTpeMUEBOT0 1 MaJIbMOBOTO
ygacTkoB JiecoB. Mungekcel Yao — Cépencena (Tabi. 5),
OCHOBAHHBIC HAa KOJIMYECTBEHHBIX TaHHBIX, ITOKA3bI-
BalOT, UYTO HAMOOJIbIIIEE CXOACTBO HAOIIOAAETCS MEX-
Iy KOMITJIeKCaMU MUKPOMUIIETOB B IIpenesiax OMHOTO
y4acTKa Jieca, HO MeXIy pa3IMYHbIMU TUIIAMM CyOCcTpa-
TOB. boJiee HANISIAHYIO MHTEPIIPETALIUIO TTOJTYICeHHBIX
Ne 3
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Tab6mmua 5. Muaekcol cxonctBa CépeHceHa (KauyecTBEHHbIE JaHHbIE, HIKHSS YacTh Tabauibl) 1 Yao — CépeHceHa (Koamye-
CTBEHHBIE JaHHBIE, BEPXHSIST YACTh TAOJIMIIBI) MEXKIYy KOMITIEKCAMM ITOYBOOOUTAIOIINX MUKPOMHUIIETOB Pa3HBIX CYyOCTPAaTOB

MN3YUYCHHBIX MECTOOOUTaHU A

MecTooburaHus B3M-JI s B3M-JI1 Bb3M-Ilas Bb3M-Ilal B3M-/I s B3M-JI 1
B3M-JI's - 0.504 0.403 0.384 0.389 0.382
B3M-J11 0.328 — 0.376 0.440 0.187 0.300
B3M-Ilas 0.240 0.333 - 0.810 0.276 0.469
B3M-Ilal 0.277 0.500 0.600 - 0.263 0.349
B3M-/ s 0.278 0.254 0.286 0.299 - 0.606
B3M-1 1 0.246 0.333 0.355 0.308 0.508 —

ITpumeuanue. YcnoBHbIe 0003HAUYEHUS — CM. TaOI. 2.

3aKOHOMEPHOCTEN MOXKHO TTOJTYYUTh C UCIIOIb30BAHUEM
MeTola opAMHauu (puc. 3).

OpnuHanys TaHHBIX BUTOBOMY COCTaBY KOMILIEK-
COB MUKPOMMIIETOB U3 00pa310B ITIOYBKI 1 omnajaa Jajs
KaXKJI0ro U3 TPEX YYaCTKOB B OTAeIbHOCTH (puc. 3, A, b,
B) mokasbiBaeT, UTO OHU OPraHU3YIOTCS B OTHOCUTENIBHO
KOMITAaKTHBIE TPYMITBI, COOTBETCTBYIOIIME CyOCTpaTaM.

OpauHauus, MOCTPOSHHAs 1JISI BCEX YYaCTKOB JIECOB
HallMoHaJIbHOTO napka byssaman (puc. 3, I'), noka3sana
CcBoeoOpa3ne KOMILIEKCOB MUKPOMUIIETOB IUNTEPOKAp-
IMOBOTO Jieca. Jpyrue ydyacTku OJIvKe IpyT K IPYyTry, HO
BCe ke 00pa3yioT 000co0IeHHbIe TpyIbl. CHIbHEE BCETO
OTJINYAIOTCSI KOMILIEKCH MUKPOMMIIETOB, BBISIBICHHBIC
B IIOYBE 1 Ha JIUCTOBOM OIIaJIe JarepCTpeMHUEBOTO Jieca
(B3M-JI). BunoBoii cocTaB MOYBBI 3TOI'O MECTOOOUTAHUS
ObLJT OJIVKe K TAKOBOMY B ITOYBE 3aJIMBA€MOI0 yyacTKa
¢ nanbMamu (b3M-I1a), a BUIoOBOI cocTaB MUKpOMMUIIE-
TOB M3 onazaa OJIrkKe K TAKOBBIM M3 omafa IUIITepoKap-
noBoro jeca (B3M-]I), a He Mexxay co00if, 3TO MOKHO
0OBSICHUTH OTHOCUTEIbHBIM CXOICTBOM YCJIOBUI B 3TUX
MecTooOnTaHUSIX. OTIMYMS MEXTY KOMITJIEKCaMU BUIOB
MOYBHI 1 oTajaa najabMoBoro yyactka jieca (b3M-I1a)
Ha ruApoMOp@HBIX IOYBaX B JOJIUHE PYUbsI BhIpaxKe-
HBI MEHBIIIe. DTO MOXET CBUAETEIbCTBOBATH O TOM, UYTO
B 00JIee BIIAXKHBIX YCIOBUSIX IOYBOOOUTAIOIINE BUIBI
paHbllIe HAYMHAIOT 3aCeJISITh OIa ITOCJIe CYyXOTo Ce30Ha.

PesyabraTsl HcciiefoBaHus AaHTHOMOTHYECKO# aKTHB-
HOCTH B OTHOHIEHUH MOIU(DUIIMPOBAHHBIX MTaMMOB Esche-
richia coli. J1;1s1 Bcex 122 mTaMMOB, KOTOPBIC BBIIEICHBI
B pe3yJibTaTe JaHHOT'O MCCIISIOBaHMSI, ObUIO IIPOBEIEHO
MEPBUYHOE TECTUPOBAHUE B OTHOILLIEHUM IBYX PEIOp-
TEepHBIX IITaMMOB O0akTepuit Escherichia coli. [Tomu-
MO IiaMeTpa 30HbI ITOIABJIEHUS POCTa OaKTepUaTbHBIX
TECT-KYJBTYP, Mbl TIOJIy4asiv IEpBUYHbBIE TaHHbBIE OTHO-
CHUTEJIPHO BO3MOXHOTO MEXaHU3Ma IeHCTBHUS aHTUOMO-
THKOB, IIPOU3BOIMMBIX UCCIIEAYEMBIMU TPUOaMU.

AHaJM3 OJTyYeHHBIX Pe3y/IbTATOB MTOKa3ajl, YTO CPeau
IIPOTECTUPOBAHHBIX ITAMMOB TIOYTH TPETh BhHIAEIISIET
BeIllECTBA, MOAABJISTIONINE POCT TECT-KYIbTYp (36 1mram-
MOB 13 122), 13 HUX IISITh IITAMMOB OJIOKMPOBAJIA CUH-
Te3 0OaKTepUATbLHBIX 0EJTKOB, 12 — BHI3BIBAIN MHIYKIINIO
MUWKOJIOTMS U ®UTOIIATOJIOTUA

TOM 58 Ne 3

SOS-oTBeTa, a MeXaHU3M ACHCTBUS BEILECTB, BbIACISIC-
MBIX OCTaJIbHBIMU aKTUBHBIMY IITAMMAMU, HEU3BECTEH.
Cpenu npoTeCTUPOBAHHBIX IITAMMOB IJISI JaTbHE -
et padboThl 661K 0TOoOpaHb! 10 06pa3ioB, 0Opasyro-
IIUX HauOOIbIIIME 30HBI TTOJABJICHUS POCTA U XapakK-
TepU3yIoIInecs BEIpaXkKeHHO MHAYKIMEH peropTepa:
Ne 1809 Pseudobotrytis terrestris, Ne 1823 Penicillium sp.,
Ne 1824 Penicillium javanicum, Ne 1833 Aspergillus al-
liaceus, No 1834 Aspergillus clavatus, Ne 1837 Trichoderma
virens, No 1841 Trichoderma virens, Ne 1883 Trichoderma
virens Ne 1974 Aspergillus clavatus, Ne 2128 Penicillium au-
rantiogriseum. J11s1 TaHHBIX IITAMMOB OBLITU TTOT0OPaHbI
OITUMaJIbHEIE YCIIOBUS KyJBTUBUPOBAHMS Ha KUIKAX
MMUTATeIbHBIX CpeaX, B JaJbHEHIIIEM aHAIM3€ UCIIOIb30-
BaJI1 TIOJTy4EHHbBIE KYJIBTYPaIbHbIC XXKMIKOCTH Ha CEIbMbIE
n 10-e cytku pocta. C HUMU B HaCTOsIIIIee BpeMsI BeJeT-
cs1 paboTa 1o MISHTU(MUKALUY aKTUBHBIX COSAMHEHUIA.

OBCYXIEHHME

OO6Hapy:XeHHbIe HAMW MUKPOMMIIETHI OTHOCSITCS
K pa3HBIM 3KOJIOTO-TpodUIecKuM rpyiam. Hamnbo-
Jiee MHOTOUYMCJICHHBI CalipoTpO(dbl, pa3BUBaIOIIUECS
B ITOYBE U Ha pa3Jiaralolmxcsl paCTUTEIbHBIX OCTaTKaX —
9TO B MIEPBYIO OUEPENDb ITPENCTABUTENM PONOB Aspergillus
u Penicillium, Talaromyces, Trichoderma, Chaetomium,
Humicola. IlpencraBieHbl TakKe 1 (GUTOIIATOTCHHBIC
IpUOBI — XOPOIIIO U3BeCTHBIE BUIbI ponoB Cladosporium,
Fusarium, Curvularia, Pilidium, Epicoccum, cTiocOOHBIE
KaK K canpoTpodHOMY pa3BUTUIO HA PACTUTEIbHBIX
ocTaTKax, TaK M K aKTUBHOMY ITOpaXXeHMIO IPEBECHBIX
U TpaBIHUCTLIX pacTeHuit. Chaetomella circinoseta u C.
raphigera — penKyie BUIBI TPOIMYECKIX MUKPOMHUIICTOB
(Rossman et al., 2004), oHu yXe OBLIV BCTpedeHBI HAMU
Ha pacTUTEIbHBIX OCTaTKaX B CBETJIOM AUMNTEPOKAPIIO-
BOM Jlecy HallMOHaIbHOTO NapKa MoknoH (Aleksandrova,
Aldobaeva, 2018). JIpyrux BUI0OB 3TOro poja Ha Teppu-
topuu BeeTHaMa B HacTostIee BpeMsI He BhIsIBIeHO. He-
OOJIBIIIYIO TPYIIILY COCTABIISIIOT CAIIPOTPOMBI, IIPEATIOTH -
TalOIIMe PACTUTEIbHBIC OCTATKU, U3 TTopsinka Xylariales.
Bun Beltraniella carolinensis, NCXOOHO BbIIECIEHHBIN
U OTNIMCAaHHBINM KaK MOTEHIIMAIbHbIN 3HIOMUT U3 KUBBIX
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Puc. 3. OpanHalusg KOMIUIEKCOB MOYBOOOUTAIOIINX MUKPOCKOITUYECKUX TPUOOB, BBIAEJIEHHBIX B HALIUOHATBHOM
napke By3sMar ¢ yaeToM mpeacTaBIeHHOCTA BUIOB. METOI INIAaBHBIX KOMIIOHEHT C MCIIOIb30BaHIUEM MEpBI OTIN-
yus bpesa-Kyprtuca B mporpamme PCO3 (Anderson, 2003): A — yyactok neca b3M-/I; b — yuyactok neca b3M-JI;
B — B3M-Ila; I' — cpaBHeHUe TpeX y4acTKOB JIECOB, S — BEPXHUI TOPU30HT MOUBHI; | — omnaa. TpeyroabHUKOM 000-
3HaYeHBI 00pa3Ilbl OMana, KBagpaToM — 00pa3mbl MOYBEL. OCH OTPaXKaIOT aOCTPAKTHYIO BETMIMHY CTETICHU CXOICTBA
KOMILJIEKCOB BMJ0OB MUKPOMMUIIETOB B MPOAHAIM3UPOBAHHBIX 0Opa3lax.

U onaBIINUX TUCTheB Quercus B SimoHum (Shirouzu et al., ObLT BcTpeueH Ha yyacTke (b3M-I1a) ¢ mpeobnaganuem
2010), ObLT HaliAeH B xoAe JAHHOTO MCCIeA0BAHMS C Bbl- TajbM Arenga westerhoutii (Arecaceae). MUKpOMULIET
cokoii yactotoii (90%) Ha pacTUTeIbHOM omaje ydactka 7Thielaviopsis radicicola Toxe onycaH KaK CBSI3aHHBIA
neca nop narepctpemusimMu (B3M-JI). Endocalyx melano- ¢ naabMaMu BUI, OH SIBJSIETCS JOBOJILHO CEPbe3HBIM
xanthus (Vitoria et al., 2011) mpaKTU4YeCKH BCEINa CBsSI3aH I1aTOTeHOM (DMHUKOBOM ManbMbl (Phoenix dactylifera),
C MaJIbMOBBIMM OCTaTKaMM (€ro MaTOTeHHOCTb OCTaeTCS  BBI3bIBAET pa3MUHbIE CUMIITOMBI MOpaxXeHus (Am-
HeIoKa3aHHOI), B XOA€ HaIlIMX UCCIeA0OBaHUiA 3TOT BUuI  mar, 2011) — yepHy10 MITHUCTOCTb, BUTOU3MEHEHMUSI

MUKOJOTI'A U ®PUTOITATOJIOTUA ToM 58 Ne 3 2024
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HaJ3eMHbBIX U MIOA3EMHbIX YacTeil, IJI0A0BbIE THUIN.
BcTpeuaeTcs OH TOBCEMECTHO B TeX perMOHAX, KOTOPhIE

ITOIXOIAT JIJISI pOCTa STUX PACTEHUIA, BHIACISACTCS OOBITHO

U3 XKUBBIX YacTel pacTeHus win omnaaa (Abbas, Abdulla,
2003; Polizzi et al., 2007; Zaid et al., 2002). OnHako oH

ObLT OOHapYXeH HaMU B ITOYBE Ha yJacTKe Jieca ¢ mpeoo-
naganueM Lagerstroemia sp. Cpeay SHTOMOIIATOT¢HHBIX

MpeICTaBUTENEH MUKOOUOTEI MOXXHO OTMETUTD Purpureo-
cillium lilacinum, KOTOPBINA BXOIWIT B CIUCOK JOMWHHU-
PYIOIINX BUAOB 1 IIOYBHI, 1 OIafa BCEX YIACTKOB JIECOB

HaLMOHAaJIbHOTO Napka by3smarn, a Takxke Metacordyceps

chlamydosporia, BblI€IEHHBII ¢ HEOOJIBIIION YACTOTOM U3

MMOYBHI yYacTKa JJarepCTPEMMUEBOTO Jieca.

CrenyeT OTMETUTD, YTO B ITOYBE Ha yJaCTKe Jieca oI
narepctpemusiMu (b3M-JI) Hamu BeIIeIeH pEaKUii MUKPO-
muieT u3 pona Heterocephalum, o6manarommii yHUKaJIbHOM
MopdoJIoTHel KOHMAMOTEHHOTO anapara, H. taiense: oH
OITMCaH M3 JIECHOM ITOYBHI HALIMOHAILHOTO ITapKa Tau (3amaz-
Hast Adpuika, Kor-n’WByap) (Persiani and Maggi 1986), ot1-
MedeH B mousax ITaHnamel u Ha AnmoHckux octpoBax (Yaguchi
et al., 1996). B xone npo1iibIX vccaen0BaHU TEpPUTOPUI
BbeTHama oH ObLT BbISIBJIEH HaMU B HALIMOHAJILHOM ITapKe
Katthen B mouse mutomanku “Jlarepcrpemusi” ¢ HEOOBIION
(10%) yactotoii (Alexandrova et al., 2011), a B HALIMOHATIEHOM
mmapke JIokGaK OH BXOIWII B COCTaB JOMUHUPYIOIINX BUIOB
(80%) B ouBe iommanku JIb-12 B monumoMuHaHTHOTO
Tponuueckoro jgeca (Kalashnikova, Alexandrova, 2015).

HMHTEepecHO OTMETUTh BUIBI, KOTOPBIE HE BCTpeUa-
JOTCSI ITOBCEMECTHO, a BIIEPBbIE OTMEUEHEI B XOJI€ 3TOTO
ucciaenoBaHud 1jig nous BoeTHama, ux Bcero 13: Absidia
spinosa, Arthrinium phaeospermum, Aspergillus clavatus, A.
sparsus, A. tubingensis, Emericellopsis minima, Endocalyx
melanoxanthus, Gliomastix luzulae, Mariannaea elegans,

JIb
(110)

B3M
(88)

189

Metarhizium marquandii, Penicillium novae-zeelandiae,
Cordana terrestris, Thielaviopsis radicicola.

Cpenu rcclieqoBaHHBIX HAMH paHee JIECHBIX MacCH-
BOB MOXHO CPaBHUTH BUIOBOI COCTaB MUKPOMMUIIETOB
HallMOHAJIBHOTO NapKa by3smar ¢ BbISIBIEHHBIM B IPe/I-
TOPHOM TTOJIMAOMUHAHTHOM JIECHOM X03siicTBe JIokbak
(vesn bao Jlam, mposunHtms Jlam JIoHT, 105KHBII BheT-
Ham) (Kalashnikova, Alexandrova, 2015), rae Takxe ObLIv
HCCJIENOBAHBI TPY YYacTKa MOJIUIOMUHAHTHOTO Jieca,
pa3nuyarolrecs peXXMMOM YBIaXHeHus. B 11e;1oM Mbl
HaOJI0MaeM pa3Iinyus 3TUX YIaCTKOB JIECOB KaK 10 00-
IIeMy BEISIBICHHOMY BUIIOBOMY cOCTaBy (puc. 4, A), Tak
U IIPY CPAaBHEHUM CITMCKA TOJIBKO 110 JOMUHUPYIOIIUM
BugaM (puc. 4, b), KoaduimeHTsl CXOACTBa BUAOBO-
IO COCTaBa TOXE OKa3aJIMCh HEBEJIMKU: KOIPHUIIMEHT
Kakkapa — 0.29, a koappunment Cépencena — 0.45.
B BBISIBIEHHOM BUIOBOM COCTaBE TEPPUTOPHUIA ABYX Ha-
LIMOHAJIBHBIX ITAPKOB €CTh PSI OOIIMX YepT: IepeKphIBa-
1oTcs Buabl poaa Cladosporium, 10BOJIbHO MHOTO BUIOB
pona Penicillium, cpenu KOTopbiX ObL10 11 001IMX, 1IECTh
u3 ceMu BUIOB Trichoderma spp., HaliieHHBIX B by3smarr,
BCTpeTuuCh Takxke B JlIokOak. Takue paznuuus MOTYyT
OBITh CBS3aHBI C COCTABOM PACTUTEIIBHBIX COOOIIECTB Ha
3TUX TEPPUTOPUSIX.

I1pu cpaBHEeHNM OOILINX BUIOBBIX CITMCKOB, BBISBJICH-
HbIX B HALMOHATBHBIX TapKax Byssmar 11 FIokIoH, MOXHO
OOHApYXUTH 15 OOIIVX BUIOB, YTO COCTABJISIET OKOJIO 17%
OT BCero Ux KonmuecTsa B by3smart (puc. 5, A), a mpu cpaB-
HEHUU BUAOB-IOMUHAHTOB ITO CyOCTpaTaM ObLT HaiineH
BCEro oauH o0 Bun — Aspergillus tubingensis (puc. 5, b).

ITonyyeHHBIE JaHHBIE CBUIETENBCTBYIOT 00 YHM-
KaJIbHOCTA MUKOOMOTHI JIECOB HAIIMOHAJILHOTO MapKa
bysgmar, TeM He MeHee COCTaB BUJIOB B 3TUX OMOTO-
rnax UMeeT psif OOLIMX YePT: OH OTIMYAETCSI BHICOKUM

B pomMUHaHTLI

B3M gomuHaHThI
(28)

(25)

Puc. 4. Inarpamma Benna, orob6paxaroniasi CXoACTBO B KOMIJIEKCAaX BUIOB KYJIBTUBUPYEMbIX MUKPOCKOTTUYECKUX
rpruOOB UCCIeAOBAHHBIX YUaCTKOB JIECOB B HallMOHAJIbHBIX Tapkax byssman (b3M) u Jlok6ak (JIB): A — cpaBHeHUe
OOIIMX BUAOBBIX CITMCKOB; b — cpaBHeHNE BUIOB-TOMIUHAHTOB.
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va
(42)

B3M
(88)

A

AHTOHOBA u np.

vas

2=}

B3M-A1
@

b

Puc. 5. Ilnarpamma BenHa, orobpaxatoniasi CXoACTBO B KOMIUIEKCAX BUJOB KYJIBTUBUPYEMbBIX MUKPOCKOIUYECKUX
TrpUOOB UCCIIEIOBAHHBIX YYACTKOB JIECOB B HallMOHANBHBIX TTapkax byssman (b3M) u Moxknon (M1): A — cpaBHEHUE
O0IIMX BUIOBBIX CITUCKOB; b — cpaBHeHNE BUIOB-TOMUHAHTOB YYaCTKOB JUTITEPOKAPIIOBOTO Jieca M0 TUTIaM CyOCcTpa-

TOB, S — 00pa3libl MOYBHI, | — 0Opa31IbI OMaaa.

BUIOBBIM pa3HOOOpa3ueM, PUCYTCTBUEM PENKUX BUAOB,
0COOEHHOCTSIMU TAKCOHOMMYECKOM CTPYKTYPBI — Kpaii-
HE HU3KOU NMpeAcTaBIeHHOCThIO oTaena Mucoromycota,
3HAYMTEIbHOM N0JIeii BUTOB pona Aspergillus, iMeromumx
TPOIMYECKOE PACIIPOCTpaHEHNE 1 CPABHUTEIILHO OOJIb-
LM KOJIMYECTBOM MOTEHUMATIBLHO (PUTONATOTEeHHBIX
rpruOOB, OOMIIEM CTEPUITBHBIX (hOPM.

SAK/IIOYEHHE

HanHast paboTa JeMOHCTPUPYET YHUKAIbHOCTh KOM-
IJIEKCOB MUKPOMMUIIETOB MCCJIENOBAHHBIX YI4aCTKOB
TPOMUYECKOTO Jieca HallMOHaIbHOTO Mapka by3smar.
CyliecTBeHHbIE OTJIUYMS B KOMILIEKCax BUIOB 1 B UX
YHMCJICHHOCTHU B Pa3HBIX OMOTOITaX MOXKHO OOBSICHUTH
3aBMCUMOCTBIO pa3HOO0pa3ys rpuboOB OT COCTaBa JOMU-
HUPYIOIIYX APEBECHBIX IIOPOI, a TAKXKe pexXrMa yBIax-
HEHUS: 3acejieHre JMCTOBOTO Olaga MUKPOMUIIETAMMU,
XapaKTepHBIMU JJIS1 TIOYBBI, MIET C Pa3HOil CKOPOCTHIO.
AHaIM3MpPYsI CIMCOK BBISIBICHHBIX BUIOB, MOXHO BCTpe-
TUTh TUITMYHBIX TOYBEHHBIX CalIpOTPO(P OB, MUKOPH30-
oOpazoBarteJieil, HaTOreHOB paCTeHUIA, XKUBOTHBIX U MU-
KOITapa3uToB. B Xome maHHOTO McclienoBaHUs HAliICHBI
penkue BUIbLI TpUOOB, B CBSI3U € YeM JajdbHEeNIIe padoThI
10 BBISIBJICHUIO TIOYBEHHBIX MUKPOMUIIETOB HE TOJIBKO
Ha TeppuTOpur BheTHaMa, HO ¥ B HAIIMOHAJIEHOM ITapKe
ByzsMan nepcrieKTUBHBI ¥ MOTYT IIPUBECTU K OOHapyKe-
HMIO HOBBIX BUIOB. HeKoTophie poasl MUKPOCKOITMYECKIX
IrpubOB, HATIpUMeEpP Acremonium Spp., B HACTOSIILIEE Bpe-
MsI ITIOABEPraloTCs peBU3MH, B CBSI3H C YEM IIPOBENCHUE
JIOTTOTHATETBbHBIX MOJIEKYJISIPHBIX MCCIEAOBAHUIA B 9THX
IpyIIax cpeayr coOpaHHBIX KOJUIEKIIMOHHBIX IITAMMOB
0CTaeTCsl aKTYaIbHBIM.

MUKOJOTI'A U ®PUTOITATOJIOTUA

I[)IFI YaCTU KOJJIEKILIMOHHBIX IITAMMOB ObLIa pOaEMOH-
CTpUPOBaHA aHTarOHUCTUYCCKAast aKTUBHOCTbD, UX meTabo-
JINTBI MOT'YT OBITh MCIOJIBb30BaHbI B MEIULIMHCKUX U OMO-
TEXHOJIOTNYCCKUX LECIISIX, pa60Ta C HUMMU IIPpOAOJIKACTCA.

HccnenoBanme TAKCOHOMUYECKOI CTPYKTYPHI I (DYHK-
LIMOHAJIbHOM aKTUBHOCTU KOMILIEKCOB MUKPOCKOITHYE-
CKUX TPMOOB B TTOYBE 1 HA PACTUTEITEHOM OITa/ie TAKNX MH-
TEPECHBIX, OOTaThIX U YHUKATbHBIX IPUPOIHBIX COOOILIECTB,
KaK TPOITMYECKHE JIECHBIC DKOCUCTEMBI, TTO3BOJISIET TTPO-
BECTU HEKOTOPYIO OLIEHKY POJIM IPHOOB B MPOTEKAIOIINX
Mpolieccax 1 UX B3aMOCBSI3eit CO BCEMU KOMITOHEHTaMU
ouoneHo3a. B cBs131 ¢ 3TUM HeoOxoaMa MHTeHCU(UKALIAS
MUKOJIOTUYECKUX UCCIISIOBAHUI HA HOBBIX TEPPUTOPHUSIX,
COYETAIONINX TPATUIIMOHHbBIE TTOIXONBI C TIPUMEHEHIEM
COBPEMEHHBIX MOJIEKY/ISIPHBIX METOOB.

ABTOpBI BEIpakaloT 0JIarofapHOCTh aAMUHUCTpaALIUU
U COTpYIHUKAM TpommaecKoro LieHTpa, OpraHN30BaBIINIX
KOMIIJIEKCHYIO paboTy IO U3yYEHUIO OMOJIOTMYECKOTO
pa3Hoo0Opa3us u 3KoJioTnu JiecoB BreTHaMa. OcoObIit
BKJIaJ BHeCJIM conupekTopa ['onoBHoro otaeneHus, Hry-
eH XoHr 36 1 A.H. Ky3nenos, connpexropa KOxHoro
otneneHus Hryen Txu Hra u B.JI. TpyHoB. HeonieHumyto
nomoulb B pabote okazanu Hryen Janr Xoii, @am Txu
Xa 3anr, A.b. BacunbeBa. OTnenbHyI0 61aroqapHoCThb
XOTEJI0Ch Obl BBICKA3aTh IMPEKTOPY HAIIMOHAJIBLHOTO
mapka byssmarn, Hryeny /lait ®y. ABTOpHI TpU3HATEITBHEI
O.I1. Konosanosoii u K.A. KananHukoBoii 3a moMo1ib
B IIPOBEIECHUY MOJICKYJISIPHO-T€HETUUECKHUX UCCIIEH0-
BaHUWM CTEePWIBHBIX KyJIbTyp. MccienoBaHme BBIITO-
HEHO B paMKax Hay4HOIO IIPOeKTa roCya1apCTBEHHOIO
zaganust MI'Y Ne 121032300081-7. Pa6oThl, CBSI3aHHEIS
¢ bopMUpPOBaHUEM KOJUIEKITUA MUKPOMUIIETOB, ITOAIEP-
JKaHBI IPOrpaMMoit MUHUCTEPCTBA HAYKU U BEICIIIETO
Ne 3
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Soil-Inhabiting Microscopic Fungi of the Foothill Forests of Bu Gia Map National

Park (Vietnam)
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The information about species composition and conformation characteristics of microfungi’s complexes in the soil
and leaf litter of specially protected natural areas of Vietnam. The mycological examinations of the Bu Zia Map
National Park were carried out for the first time. List of species that was found by dilution plate method from 60
samples includes 88 species of microscopic fungi belonging to 42 genera and 15 types of sterile forms. 13 species of
them were not observed previously for Vietnam. Mucoromycota was represented by only two species that related to the
order Mucorales. Basisiomycota was represented by only one species. The most of identified fungi belongs to Ascomycota,
domitant part of them is anamorphic. The leading orders are Eurotiales (42 species) and Hypocreales (17 species).
Among the anamorphic forms there is a lot of different species Aspergillus and Penicillium. In soil from dipterocarp
forest were identified 36 species microscopic fungi from 19 genera and eight sterile forms were isolated. There are
three species were included in the group of dominants: Aspergillus tubingensis, Penicillium ochrochloron, Trichoderma
harzianum. On a forest with Lagerstroemia sp. (Lythraceae) was found 47 species from 24 genera and 4 sterile forms
were isolated. In the palm tropical forest area with Arenga westerhoutii (Arecaceae) 44 species of micromycetes from 27
genera and 5 sterile forms were isolated. The number of typical (dominant and frequent) species is very large, especially
for the complex of micromycetes of the soil. Purpureocillium lilacinum and Trichoderma harzianum were also present.
Rare tropical fungi have been found, such as Heterocephalum taiense, Chaetomella circinoseta and C. raphigera — soil
fungi that are usually isolated from tropical soils and plants. Endocalyx melanoxanthus that has a tropical distribution
and is associated with palm trees was found in Vietnam for the first time. The micromycete Thielaviopsis radicicola
which is a rather serious pathogen of palm was found in the soil in a forest area with a predominance of Lagerstroemia
sp. Complexes of micromycetes of the studied forest areas are divided into groups according to the types of habitats
studied and by the types of different substrates. The complexes of micromycetes that were found in the soil and on the
litter of the Lagerstroemia forest are very different. The degree of study of the species composition for all habitats is not
very high: from 56 to 78%. Further studies of this group are promising and may lead to the identification of new species.

Keywords: biological diversity, micromycetes, mycobiota, soil microfungi, tropical forest
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Goodyera repens — NpeACTaBUTENb CEMEMCTBA OPXUAHBIX, LIIMPOKO PACPOCTPAHEHHBIN M MACCOBBIM B XBOMHBIX
Jlecax ceBepHoro mnosymapus. Kak u mpoune opXumaHbie, B IPUPOTHBIX YCIOBUSIX CYLIECTBYET B OOJIMTaTHOM MU -
KOPM3HOM CMMOMO03€e, HO, HECMOTPSI Ha JUTUTEJIbHYIO UCTOPUIO U3YUeHUs, IS TIOMYJISILIMIA, TPOU3pacTalolnX Ha
Teppuropun Poccru, 1o HacTosIIero BpeMeHn He ObUIM MOJTYy9IeHbI JAHHBIE O MMKOOMOTE, aCCOLIMMPOBAHHOM C
KOPHEBOI CUCTEMOIi 9TOro BUIA. B CBSI3U ¢ 3TUM CTOUT 3a/aya OLEHUTh BCE pa3HOOOpa3ue rprudoB-accolaH-
TOB, BKJTIOUAsT HEKYJIBTUBUPYEMBIC BUIIBI, 2 TAKXKE IMOJIYYNUTDH KOJTMISCTBEHHBIE XapaKTePUCTUKI 1 OLICHUTD PETrHo-
HaJIbHYIO Crie(pUUHOCTb TPUOHBIX cooO1IecTB. B maHHOI paboTe ¢ MpuMeHeHHeM BbICOKOMTPOM3BOAUTETBLHOTO
CEeKBEHMPOBAHMUSI BIICPBBIC KAYECTBEHHO 1 KOJIMUECTBEHHO TTPOaHAIM3MPOBaHa MUKOOMOTA KOPHEBOIT CICTEMBI
G. repens, mpouspacralollieii Ha Tepputopuu JIeHuHrpanckoit 1 MockoBcKoii obnacreii u pecryoauku Kapava-
eBo-Yepkecus. B o0111eit CIIOXXHOCTH BBISIBICHO 438 ollepalimoHaTbHO-TAKCOHOMUIECKIX SIMHUII, B OCHOBHOM
OTHOCSIIIMXCS K OTA. Basidiomycota ¢ KOTAYECTBEHHBIM MpeodiagaHreM TTocaenoBaTesibHoCTel ponoB Russula,
Ceratobasidium, Piloderma, Mycena, Tomentella. YcTaHOBJICHBI 3HAUNMBIC PA3IMUUS MEXIY TPUOHBIMU COOOIIIE-
CTBaMU ITOYBBI U KOPHEBOI crCTeMBI G. repens BO BCeX M3YYEHHBIX pernoHax. IlokazaHa pernoHajgbHas CIIeLu-
¢$HKa TAKCOHOMUYECKOTO COCTaBa MUKOOMOTBI: 3HAYMMOE OTIIMIME CITeKTpa TAKCOHOB B 00pa3iiax n3 Kapaua-
eBo-Yepkecun ot TakoBoro ajis JleHnHrpaackoit 1 MOCKOBCKO# 06acTeit U OTCYTCTBUE 3aMETHOTO Pa3INuus
MEXIy ABYMS MOCAeAHMMU. B oTHOIIEHMU pacTipeaeieHUsT 9KOJOTMYeCKUX IPYI I'pUOOB CylLIECTBEHHbIE pa3-
JIMYMA MEXIYy PETMOHAMU HE BBISIBJICHBI.

Kaurouesvie croéa: MeTareHOMHBII aHAIM3, MUKPOOMOJIOrMYECKOe MpOMUINPOBaHUE, OPXHUAHAS MUKOPHU3a,
FUNGuild, Goodyera repens, 1TS2

DOI: 10.31857/S0026364824030025, EDN: vjacbw

BBEJIEHUWE 000c00IEeHHOCTU MUKOOMOHTOB, a CIIeUM(PUIECKUI CIIEKTP
BKCIIPECCUPYEMBIX TEHOB 1 CEKPETUPYEMBIX (hepMEHTOB
COOTBETCTBYET IEPEXOMHBIM CTAIUSIM MEXIY CalipoOTPO-
¢HOI 1 CUMOUOTPOGHOI SKOJIOTUUECKUMMU CTpATEeTUSI-
mu (Martin et al., 2016; Martino et al., 2018). Yare Bcero
MuKoOnoHTaMu OM gBISIOTCS TIPENCTABUTENIN CEMEICTB
Ceratobasidiaceae v Tulasnellaceae nopsinka Cantharellales

(Fuller, 1909; Oberwinkler et al., 2017). Muorue Buabt

bynyun omHIM 13 KpYITHEUIIINX CEMEMCTB COCYICTBIX
pacTeHUIi ¥ BKJII0Yas MPEACTaBUTEIIEN C Pa3IMYHON IKOJIO-
rueit, Orchidaceae emMHOO0OpPa3HBI B HEOOXOMMMOCTH yCTa-
HOBJICHUSI MUKOPU3HOTO CUMO103a (OpXMIHAS MUKOPH3a,
OM) Ha caMbIX paHHMX CTaIUsIX pa3BUTUS. JnTebHOe
BpPEMSI OHU MOJTHOCTBIO 3aBUCUMBI OT IIUTAHMS (B TOM
YHCJIe OPTaHNIECKOTO), ITOCTABIIIEMOIO0 MUKOOMOHTOM,

a HEKOTOpPbIE€ BUIBI COXPaHSAIOT YACTUYHYIO WIH MOJTHYIO
3aBUCHMOCTD OT YIJIEPOAA, ITOCTABISIEMOIO MIOCPEICTBOM
MUWKOPU3BI, HA TIPOTSKEHNHT BCETO XXKM3HEHHOTO ITUKJIA
(Cameron et al., 2006; Smith, Read, 2012).

OIHUM U3 HAaCYIIHBIX BOIIPOCOB B MCCICIOBAHUU
9KOJIOTUM U 3BoJiIoLMU OM sBisieTcs cieuuGpUIHOCTb
CcUMOMOHTOB. OTHOCUTEILHO MAaJIOe BpeMSsI KO3BOJIIO-
U1 00YCIIOBIIMBAET OTCYTCTBUE (PUIIOTE€HETUISCKOM

OPXHUIHBIX TAKXKE CIIOCOOHBI (DOPMUPOBATH MUKOPU3Y
¢ MUKOOHMOHTaMH, 00J1afaloIIUMU IITUPOKUM CIIEKTPOM
CUMOMOTMYECKMX aKTUBHOCTEH, TAKMMM KaK ITPEICTABUTE -
JI1 IopsinkoB Sebacinales, Russulales, Agaricales (Girlanda
et al., 2006; Weil} et al., 2016; Li et al., 2022) u Pezizales
(Suetsugu et al., 2017). Pexke B KOpHSIX OpXUIHBIX B KAYSCTBE
MMKOOMOHTOB BBISIBIISIIOT IIPEICTABUTENICI IPYTUX 9KOJIO-
TMYECKUX U TaKCOHOMUYecKuX rpymmn (Wang et al., 2022).

195



196

Goodyera repens (L.) R. Br. in W.T. Aiton otHOCUTCS
K Tpube Cranichidae n IBnsieTcs eMMHCTBEHHBIM BUIOM
3TOM TpUOBI, TPOU3PACTAIOLLIMM Ha TEPPUTOPUU €BpOIIEii-
ckoit yactu Poccum (Averyanov, 2000; Maevskiy, 2014).
G. repens — KJIOHAJIbHBII CLIMO(UTHBIN BUA, TPOM3PACTalo-
1IMi B XBoitHBIX Jiecax CeBepHoro nosyiapust. Hanbonee
pacnpocTpaHeHHBIMU MUKOOUOHTaMU . repens CUNTaIOTCS
npencraButean cemeiictBa Ceratobasidiaceae (Cantharel-
lales, Agaricomycetes, Basidiomycota) (Costantin, Dufour,
1920; Cameron et al., 2006). Ha mpumepe HECKOJIBKUX BU-
IoB pona Goodyera ToKa3aHO, YTO Ha YPOBHE ITOITYIISIIIAN
OHM cTT0cOOHBI (hopmTpoBaTh OM ¢ HECKOJIBKUMM TIPE-
craButensmu Ceratobasidiaceae (Shefferson et al., 2010).

B kopHsix G. repens BbIABIISIOTCSI U MUKOOMOHTBI 3KTO-
MuKopu3bl (DKM) u3 nopsinkoB Russulales v Thelephorales,
YTO MpeAnoaraeT CrrocOOHOCTh 3TOTO BUIa K 00pa3o-
BaHUIO MUKOPU3HBIX CeTeil ¢ ApeBEeCHBIMU MOPOAAMU
(Voronina et al., 2018).

Muxkopu3a G. repens aBAsIeTCsI 0OBEKTOM HCCIIEIOBA-
Huii Ha poTseckennu 80 et (Downie, 1943). Tem He Me-
Hee, JTaHHbIE 110 CTPYKTYPE aCCOLIMMUPOBAHHOIO I'PUOHOTO
Co00I1IeCTBa 1 pa3HOOOPA3NI0 MUKOOMOHTOB Ha TaHHBII
MOMEHT HeloJiHbIe. B padoTax, HanpaBieHHbIX Ha UCCIe-
JoBaHMe OMOpa3sHO00pa3rsi MUKOOMOHTOB 1 9HI0(PUTOB
G. repens MeTomamu cekBeHupoBaHus (Shefferson et al.,
2010; Voronina et al., 2018), 1m60 orpaHndyeHa BbIOOpKa
TTOITYJISIIUIA, JTNOO OTCYTCTBYIOT KOJIMYECTBEHHbBIE JaHHEIE
10 COCTaBy KOpHeBOIi MUKOOMOTHI. MccienoBaHue Tak-
COHOMMYECKOTO COCTaBa IPUOHOTO COOOIIECTBA KOPHEM
G. repens ¢ UCTIOJIb30OBAHUEM METOIOB BHICOKOITPOU3BO-
JTUTEILHOTO CEKBEHUPOBAHUS CYIIICCTBEHHO PACIIMPUT
COBpPEMEHHEIC IIpeAcTaBiIeHus 00 aKonoru OM, B 9acT-
HOCTH BUIa-clienuaiucta G. repens.

Lenbio naHHO pabOTHI SIBJISICTCSA aHAIN3 TAKCOHOMU-
YECKOTO COCTaBa U SKOJIOTUUECKUX TPYIII I'PUOOB B KOPHSIX
G. repens 1 BBIIBJICHUE TAKCOHOB, OOYCJIOBIMBAIOIINX
crie(UIHOCTb KOPHEBOI MUKOOMOTHI U peTMOHAIBHbBIC
pa3Inuus B CTPYKType I'pUOHOro coo0IecTBa.

Taomuma 1. XapakTepucTUKu Touek coopa o6pasion

BUBWUKOB u ap.

MATEPHAJIBI U METO/1bI

Coop marepuana. O6pa3ibl KopHell G. repens 1 IIpU-
JIerarolleil K HUM MOYBbI ObUIM cOOpaHbI B aBrycre 2022 1.
B XBOIHBIX JiecaxX Ha TEPPUTOPUU TpeX peruoHoB Poccuu:
JleHuHrpaackoii 00J1. (I1Be TOUKU, MOA30JUCTAS TTIOYBA,
COCHSIK C eJiblo, BeIOOprcKuii p-H, OKpeCTHOCTH 03. bosb-
moe JlecHoe), MocKoBcKoit 001acT (Tpy TOUKH, JEPHO-
BO-TIO30JIUCTAsI TTOYBA, COCHSIK C €J1bl0, 3BEHUTOPOACKAs
ouocranuusg MI'Y) u pecnyonuku Kapayaeso-Yepkecust
(1mecThb TOYEK, Oypasi TOpHO-JIECHAS IT0YBA, MUXTAPHUK
¢ cocHoi, TebepnuHcKuii 3anoBegHUK). B 0011eit ciiox-
HOCTHU OBLIO M3y4eHO 11 Todek, ¢ KaxkIoit U3 KOTOPHIX
OBLIO OTOOPAHO IO OTHOMY 00pa3Ily KOPHEBOI CCTEMBbI
G. repens 1 110 OTHOMY 00Opa3Ily Mpuieraplleii Mo4YBhbI.
Onucanne Toyek cOopa IpeacTaBieHo B Tao. 1.

Muxkpoouosornyeckoe npopumposanue. KopHu G. re-
pens ObLIY OUYMILIEHBI OT ITOYBHI U CTEPUIM30BaHBI ITyTEM
MOCJIEN0BATEILHOIO norpyxeHust B 70%-ii aranon (1 MuH),
Morolee cpenctso Fairy (30 cex), 0.1%-i1 p-p aMOKCUIIIT-
nmHa (1 MUH) ¥ CTepWIBHYIO TUCTULTUPOBAHHYIO BOMY.
O6pasLbl ITOUBBI M KOPHEI OBLIN M3MEIbYCHEI B CTYIIKE
M XpaHWIVCh B aOCOJIIOTHOM 3TaHOJIE 10 MTPOBEACHUS
aHajuM3a.

Boinenenue JHK 1 MeTareHoMHBbII aHaIM3 110 y4acT-
Ky ITS2 npoBeneHs B Komnanuu buoCnapk (Tpowuik,
MockoBcKast 0071.) B COOTBETCTBUY C METOIUKOM (DUPMHEI.
I'enomHag IHK BeiaesneHa U3 o6pa3lioB ¢ UCITOIb30-
BanueM Habopa FastDNA SPIN Kit for soil (MP). Jlns
CEKBEHMPOBaHMS NCITONB30BaHbI TTpaitMepsl NR _5.8SR
(mpsimoii) 1 NR_ITS4R (o6patHbIif):

npaiimep M0CJIEN0BATENILHOCTD

NR 5.8SR TCGTCGGCAGCGTCAGATGTGTATAAGAGAC
= AGATCTCGATGAAGAACGCAGCG

NR_ITS4R GTCTCGTGGGCTCGGAGATGTGTATAAGAG

ACAGGCATCCTCCGCTTATTGATATGC

Pervon Touka Koopaunats (°c.111., °B.1.) ITpumeuanus
NMesmtrpanckas o6, JI1 60.800425, 28.941970 Cpenu Mxa, ion, Picea abies
J12 60.801061, 28.950757 ITon mepTBOIt Pinus sp.
M1 55.691680, 36.715776
MockoBcKast 00JI. M2 55.691485, 36.714948 Ilon Pinus sp.
M3 55.694775, 36.739656
K1 43.441397, 41.711269 Ha paznoxeHHoit npeBecuHe Pinus sp.
K2 43.447487, 41.694842 Ha BeiBOpoOTE Pinus sp.
Kapauaeso-Uepkecist K3 43.439822, 41.710351 Ilon Pinus sp.
K4 43.438488, 41.714561 Ha Banyne
K5 43.260450, 41.427480 Ilon Abies nordmanniana
K6 43.438966, 41.718041 IToxn Picea abies
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MUKOBUOTA KOPHEBOM CUCTEMbI GOODYERA REPENS

AMIumdukaims mpoBeneHa B aMImInduKaTope B pe-
aimpHOM BpeMeHn CFX96 Touch (Bio-Rad).

[TonroroBiieHHBIE OMOIMOTEKH IPOAHATN3UPOBAHEI
METOJIOM BBICOKOTIPOU3BOIUTEIBHOTO CEKBEHUPOBAHMS
Ha cekBeHaTope HoBoro nokoJyieHus Illumina MiSeq
(Illumina). ITomydyeHHBIE TTPOUYTEHUST 0OPAOOTAHBI C UC-
noJib3oBaHueM ajaropurma QIIME 1.9.1.

O0pabdoTKa ganHbIX. JIJIs TTIOATBEPXKISHUS TAKCOHO-
MMYECKOTO cTaTyca, mprcBoeHHoro anmroputMoM QIIME,
MOCJIENOBATEIbHOCTU OBLIU TOTIOJHUTEBHO UAECHTU -
(uIMpoBaHkI ¢ UCTTOIb30BaHUEM 6a3 naHHbBIX GenBank
u UNITE. I1puHamiexxHOCTb MOCaeI0BaTeIbHOCTH K pe-
¢epeHTHOMY BUIY IIpeAroaraiach MCXoIs U3 CXOICTBa
He MeHee 97%. AKTyallbHbIe Ha3BaHUS TAKCOHOB IIPU-
BEIEeHbI B COOTBETCTBUU C 0a30ii naHHbIX MycoBank
(MycoBank, 2023).

DKoJiorndeckast IpuHaIIEKHOCTh TAKCOHOMUYE -
CKMX eIWHMUII OIIpeiesieHa C TTOMOIIbBIO 0a3bl JaHHBIX
FUNGuild (Nguyen et al., 2016) B nporpamme Ana-
conda. Craructuyeckass 00padboTKa 1 BU3yaJan3alins
MHOTOMEPHOTO LIKAJTMPOBAHKS IIPOBEACHEI B IIPOrpaMMe
RStudio, Bu3yanu3zanus ocTaJbHbIX JaHHBIX TPOBEACHA
B nporpamme MS Excel.

PE3VJIBTATBI U OBCYXIEHUE

ITapameTpnl OHOpa3HOOOpa3us

B o0111ei1 C10)XHOCTH METOAOM MUKPOOMOJIOTMYECKOTO
npodunrpoBaHus 1o yyactky ITS2 B uccieqoBaHHbBIX
oOpasiax BbIsIBIeHO 21 460 mocienoBaTebHOCTEN, CIPyII-
MMMPOBAaHHBIX B 438 ornepaloHaIbHO-TAKCOHOMUYECKUX
enunull (OTE), otHocsmmxcs K 262 ponam, 168 cemeii-
cTBaM, 75 mopsiakaM 1 26 KiiaccaM 13 6 OTaeI0B rpuloB.

CymMapHo Bo Bcex obpasnax mogasisiomas nonsd OTE
(98.3%) nipencrasieHa otaeaaMu Ascomycota (28.0%)
u Basidiomycota (70.3%). 13 ackoMU11eTOB JOMUHUPYIOT
knacchol Leotiomycetes (Helotiales: Hyaloscyphaceae), Do-
thideomycetes (Mytilinidiales: Gloniaceae), Eurotiomycetes
(Eurotiales u Chaetothyriales: Herpotrichiellaceae) u Sor-
dariomycetes. 13 6azuauomunieToB 97.2% cocraBisieT
KJacc Agaricomycetes ¢ JOMAHUPYIOIIMMU TTOPSIKAMU
Cantharellales (Ceratobasidiaceae, Oliveoniaceae), Agari-
cales (Tricholomataceae, Hygrophoraceae), Russulales
(Russulaceae), Atheliales (Atheliaceae) n Thelephorales
(Thelephoraceae) (puc. 1).

Hawn6omsmuMm auciiom OTE 6bpU1H TIpeacTaBIeHE
ponbl Russula (3235), Ceratobasidium (2620), Piloderma
(1564), Mycena (1344), Tomentella (970), Hyaloscypha
(673), Tylospora (637), Cenococcum (599), Oliveonia (513)
u Hygrophorus (502). Ha BumoBoM ypoBHe IIpeo01ananu
Ceratobasidium sp. 7 (1480), Piloderma sphaerosporum
Jilich (1021), Russula recondita Melera et Ostellari (939),
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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Puc. 1. CymmapHbIii TAKCOHOMUYECKUIT COCTaB MUKOOMO-
THI BCEX 00PAa3IIOB IO paHra ceMeMcTB (ITPUBEICHbBI TAKCOHHI,
npencrapieHHble 6onee 500 OTE, 2%):

1 — Sordariomycetes, 2 — Thelephorales, 3 — Mytilinidia-
les, 4 — Chaetothyriales, 5 — Eurotiales, 6 — Hyaloscyphaceae,
7 — Gloniaceae, 8 — Herpotrichiellaceae, 9 — Oliveoniaceae,
10 — Hygrophoraceae.

R. laricina Velen. (864), Ceratobasidium sp. 5 (743), Tomen-
tella bryophila (Pers.) M.J. Larsen (615), Cenococcum geophilum
Fr. (599) u Oliveonia pauxilla (H.S. Jacks.) Donk (513).

BroisasnenHnbsie OTE o0beIMHEHbI B 9KOJIOTMYECKHE
TPYIIIEI ¢ CcIONb30BaHMeM 0a3bl maHHbIX FUNGuild.
C nomoupio FUNGuild onpeaeiaeHbl 9KOJI0rM4ecKue
rpyrmbl 350 u3 438 OTE (80%). B Tekcre npuBeneHa
cJIemyolasi Bepcusl epeBoaa TEpPMUHOB:

9KOJIOTUYECKas IpyIira 1mo

FUNGuild TIepeRon
endophyte 3HA0DUT
endomycorrhizal SHIOMUKOpHU3a
ectomycorrhizal 3KTOMUKOPU3a

ericoid mycorrhizal 3PUKOUIHASE MUKOpHU3a

enimal pathogen TIaTOTeH XUBOTHBIX

plant pathogen dutonaroreH

leaf saprotroph carnpoTtpo Ha JiMcTBe

litter saprotroph TOACTUIOYHBIN canpoTpod

wood saprotroph Kcutocanpotpod

canporpod Ha
HEUIEHTU(ULNPOBAHHOM
cyocrpare (HC)

undefined saprotroph

711 ycTaHOBJIEHUSI KOJIOTUYECKHUX IPYIII ObljIa UC-
nojp3oBaHa 0a3a maHHbIX FungalTraits (Polme et al.,
2020), omHaKO MOJIyYeHHbIE JaHHbIE TPAKTUUECKU He
OTJIMYAJINCH, B CBSA3U C YeM He TIPUBENCHBI B TeKCTe. basbl
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manaberx FUNGuild n FungalTraits mpennucanm skomo-
TUYECKYIO POJIb IIPUMEPHO C paBHOM 3D (HEKTUBHOCTHIO
(80 1 82% OTE cooTrBeTcTBEHHO). OCHOBHOE pa3inyue
B UX IIPUMEHEHUH 00YCJIOBJIEHO pa3HOi MHTepIpeTaluei
9KOJIOTUUECKOI pou npenctaButeneil poga Ceratobasi-
dium, COCTABIISIIOIINX CYIIECTBEHHYIO JOJIIO B M3y9aeMbIX
o6pasnax. ITo manabeiM FUNGuild npencraBuTenu pona
Ceratobasidium OTHOCSITCS K 3KOJIOTMYECKOM rpyrne “OH-
nomukopusa/PuronaroreH/Canporpod Ha HEUACHTHU -
¢uumpoBanHoM cyoctpate (HC)”. YuutsiBast xapaxkrep
ncciaenyeMbix oopa3noB u nmpeodnaganue OTE pona
Ceratobasidium, B TeKCTe OHU pacCMOTPEHBI KaK MUKO-
OMOHTBI SHAOMUKOPU3LI, a UMeHHO OM. B ocTaibHOM
00e 6a3bl JaHHBIX BRISBAIN B KAYECTBE JOMUHUPYIOIINX
rpynn MUKOOMOHTOB DKM, a TakKe MOYBEHHBIX, IO/ -
CTUJIOYHBIX CarpoTpOdOB 1 KCUIocarpoTpodos (puc. 2).

Paznuuus B TaKCOHOMUYECKOM COCTaBe U pacIipene-
JIEHUH 9KOJIOTUIEeCKUX TPYIII TPUOHBIX COOOIIECTB ITOKa-
3aHbl pu oMol aHaiuza PERMANOVA. BrisiBieHo
CYLIECTBEHHOE pa3inuve B TAKCOHOMUUYECKOM COCTaBe
IPUOHBIX COOOIIECTB KOpHEH (. repens U Ipujierarouieii
nouBkl (p = 0.010). I1Ipu cpaBHEHMM 00PaA31I0B U3 pa3-
HBIX PETMOHOB BBISIBJIEHO CYIIECTBEHHOE OTINYNE MHU-
KOoOMOTHI KOpHEH G. repens u3 KapayaeBo-Yepkecuu ot
Jlenunrpanckoii (p = 0.030) u Mockosckoii (p = 0.010)
obnacreii. JlocToBepHOE pasnuuue Mexmy odbpasuamMu
KopHeii G. repens B JlennHrpanckoit 1 MocKoBCKoOIi 00-
JIaCTSIX BBISIBJIEHO He ObL10 (p = 0.130).

IIpu cpaBHEeHUM 00pa3LOB MO pacHpeaeIeHUIO KO-
JIOTUYECKUX TPYTII BBISIBJICHO CYIIECTBEHHOE OTIMUYe
00pas1oB KopHei G. repens ot mouskl (p = 0.001). Bmecte
C TEM pa3Iumii B MPEICTaBIEHHOCTH SKOJIOTUIECKMX TPYIIIT

BUBWKOB u np.

B coo0IIIecTBax rpudOB, aCCOLUMPOBAHHEIX C G. repens
B U3YyYEHHBIX PETMOHAX, BbISIBIEHO He ObUTO (p = 0.363).
OTImunst BU3yaTu3upOBaHBI ¢ UCIIOJIb30BAaHINEM METONA
HEMETPUYECKOTO MHOTOMEPHOTO IIKAJIMPOBAHUS, OCU
rpaduka OTpaxkaloT YCIOBHBIE KOOPIMHATHI TOYEK B IBYX-
MepHoM TpocTpaHcTBe (NMDS1, NMDS2) (puc. 3).

Cy11ecTBEeHHOE pa3inyre B TAKCOHOMMYECKOM COCTa-
BE€ MUKOOMOTHI KaK IT0 TUITy MaTepraa, TaK 1 IT0 PETUOHY
MPOIEMOHCTPUPOBAHO Ha puc. 3, A. OTCYyTCTBUE OTIYMNIA
B TAKCOHOMITYECKOM COCTaBEe KOPHEBOI MUKOOUOTEHI G. re-
pens MoCKOBCKOI 1 JIeHMHTpancKoit odmacTeii, BO3MOXHO,
00YCJIOBJICHO TEM, UTO B JIByX TOUKax coopa 13 JIeHuHrpas-
CKoit 0011. G. repens popMUpyeT MUKOPHU3Y C pa3HLIMU
npeacraBuTesisiMu cemeiictBa Ceratobasidiaceae. YUuThbi-
Bas BBICOKYIO JOJIIO IIPEACTABUTEICH 3TOrO CEMENCTBA
B oOpa3sliax, pa3iImuue Mexay obpasuaMu u3 JIeHnH-
rpajackoit 00J1. 0Ka3bIBae€TCs CylLLECTBEHHEE pa3InuUi
MEXIY PETMOHAMMU.

I'pubHOE cOOBIIIECTBO MOYBHI 0.4. eAMHOOOPA3HO U HE
NMeeT PerMOHAJIbHON CIeMM(UIHOCTH, TOIIa KaK CO-
OTHOIIICHUE SKOJIOTMYECKMX IPYIIIT I'pHOOB B KOPHEBOIM
cucreMe G. repens HEOMHOPOIHO Y TaKKe HE 3aBUCHUT OT
pernoHa npouspacrtanus (puc. 3, b).

TakuMm 06pa3oM, TAKCOHOMUYECKUI COCTAB U pac-
MpeaesieHre 3KOJIOTMIECKUX TPYITIT MUKOOUOTHI KOpHE
G. repens B KaXIOM perOHE OTJIMYAIOTCS OT COCTaBa IT0Y-
BEHHOIT MUKOOMOTHI. ['eorpacduyeckuii pakTop MOXeT
00yCIIOBIMBATh Pa3jiMYMe JIUIIb B TAKCOHOMUYECKOM
coCTaBe KaK KOpPHEBOI, TaK 1 TMTOYUBEHHON MUKOOUOTHI,
B TO BpeMsI KaK pacrpene/ieHe 3KOJIOTMYeCKUX IPYIIIT
OCTaeTCsl TOCTOSIHHBIM BHE 3aBUCUMOCTH OT PeTHOHa.

B — DKTOMHKOpH3a
— HennenTudunuposanssIi canporpod

® — Dunomukopusa/ @uronarores/
HeunentudurupoBanusii canporpod

m — Campotpo¢ Ha mucTBe/ puTOIATOreH/
HEMJIeHTH(QHUIMPOBAHHEIH carpoTpod/ Kernocanporpod

m — Kcunocanporpod

m — [JopcTriounsrii canpotpod
B — DpHKONIHAs MUKOpH3a

m — @uronaroreH

— OcranbHble + HEHACHTH()UIIHPOBAHHBIE.

Puc. 2. PacnipeneneHue 3K0JIOrudecKux rpyIi rpuboB mist Becex o6pasios mo nanusM FUNGuild.
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Puc. 3. OpauHainus o6pasloB ¢ ucnoab3oBaHueM auctaHuuu bpes — KepTuca: A — mo TaKCOHOMHUYECKOMY COCTaBy (3Ha-
yeHue crpecca 0.20); b — nmo pacnpeneneHuio 3kojornyeckux rpymnn (3HayeHue crpecca 0.08). 3eneHblit 1BeT — JIeHUH-
rpaackas o6J., KpacHbIM — MocKoBcKast 061., cuauii — KapagaeBo-Uepkecusa. KpyxkoukoM o603HaueHBI KOpHU G. repens,

TPEYroJbHUKOM — TOYBa.

Pa3imuus KopHeBOii M NOYBEHHOl MHKOOHOTBI

C 11eJ1b10 BBISIBJIEHUSI TAKCOHOB 1 3KOJIOTUYECKUX
TPYIII, O0YCIOBIMBAIOIINX OTINYMS KOPHEBOI MUKOOMO-
THI OT TTIOYBEHHOM, OBLT MPOAHAIN3UPOBAH TAKCOHOMMU-
YECKHUI1 COCTaB 1 pacIipeieicHUe SKOIOTMISCKUX TPYIIIT
rpudOB B 00pa3liax MoUBbI U KOpHei G. repens (puc. 4, 5).

Pazauume B TAKCOHOMUYECKOM COCTaBe KOPHEBOM
Y IOYBEHHOIT MUKOOHOTHI BBISIBIISIFOTCSI HA YPOBHE IO~
psinkoB. B KopHax G. repens OONbIIEH TOJICH IPEICTaB-
seH opsnok Cantharellales, cymiecTBEHHYIO 9acTh KO-
Toporo (99.5%) cocrasnsier cemeiictBo Ceratobasidia-
ceae, Vi MOpSNOK Sebacinales — rpynibl, BKIIOYAOIINE
cnetuduIHbIX MUKOOHMOHTOB OM (Weil} et al., 2016).
Ipeo6aaganne MukoOonoHToB OM B KopHSIX G. repens
00YCJIOBIIMBAET OTJIMYME B COCTaBE SKOJOTMYECKUX IPYIIIT
KOpHEBOI U IMMOYBEHHOI MUKOOMOTHI. B cuity pazHoo-
Opa3us SKOJIOTMUECKUX CTpaTeruii BHyTpU cemMeiicTBa
Ceratobasidiaceae (Pilshchikova, Gannibal, 2016), ero
MPEeACTaBUTENIN KIaCCUGDULIMPYIOTCS MO 6a3e JaHHBIX
FUNGuild B rpynny “Dnaomukopusa/PdutonatoreH/
HC”, apnsioliyiocst ToOMUHUpPYIOLIEH B 00pa3Lax KopHei
G. repens. IlpencraBurtensm nopsiaka Sebacinales He ipu-
CBOEHa 3KoJyiornueckas rpyrmna ¢ nomoibio FUNGuild.
B xopHsix G. repens IpUCYTCTBYET TaKXKe SKOJIOTHYECKas
rpynmna “¢guronaTtoreH”, mpeacraBieHHas IpeumMyllie-
ctBeHHO (65.2%) OTE Rhizoctonia ochracea (Massee)
Oberw., R. Bauer, Garnica et R. Kirschner. 3ToT Buza
OTHOCHUTCS K ceMeMcTBY Ceratobasidiaceae n cnocobeH
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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dopmupoBats OM (Roberts, 1998). HecmoTpst Ha 370,
Jajee 3TOT BUJ OyIeT pacCMOTpeH KakK (puTonaToreH
B cooTBeTcTBUU ¢ JaHHBIMU FUNGuild 1151 o0bsicHeHUS
pasnInyurii Mexay oopas3amMu.

TakcoHOMUYECKHI COCTAaB MOYBEHHON MUKOOMOTHI
oTIMyaeTcst OOJIbIIIEH ToJeit TIpeacTaBUTEIeH oTaea
Ascomycota: nopsinkoB Helotiales, Mytilinidiales n Euro-
tiales, a Taxke niopsiaka Trechisporales. IlpencraButenu
nopsinkoB Helotiales v Trechisporales (Trechispora spp.)
KJ1accupUIMPOBaHbI KaK callpoTpOdbl HAa Pa3IUIHBIX
cybcTpaTax, 4To 0OyCIOBIUBACT OOJBIIYIO OO 3TOM
3KOJIOTUYECKOM I'pymIibl B ITouBe. Cpenu nopsinka Helo-
tiales TOMUHUPYIOT canipoTpodsl Hyaloscypha spp. v Mu-
KOOWOHTHI 3pUKOouIHON MUKopu3nl Oidiodendron spp.
Hopanxku Mytilinidiales w Eurotiales npeactaBiieHbI CO-
orBerctBeHHO OTE Cenococcum geophilum (99.0% OTE
nopsiaka) u Elaphomyces spp. (65.5% OTE nopsiaka),
KTaccu(UIIMPOBAHHBIMU KaK MUKOOMOHTHI DK M. [pnos
3TUX TAKCOHOB Ha UCCIIEAYEMBIX TEPPUTOPUSIX pa3BU-
BaIOTCS JIOKAJIIBHO 1 COCTABJISIIOT CYIIECTBEHHYIO 1010
B OIHOM WJIY IBYX 0Opa3nax mouBkl. TeM He MeHee OHU
BHOCST BKJIaJl B JOMUHUPYIOULYIO 100 MUKOOUOHTOB
DKM B nmouBeHHOI MuKoouoTe. [logapistiomast mos
MMKOOMOHTOB DKM Kak B IOYBEHHOM, TaK U B KODHEBOM
COOOIIECTBE MpencTaBIeHa 0a3uANOMUIIETAMY ITOPSIIKOB
Agaricales, Russulales, Atheliales w Thelephorales.

Taxum oOpa3oM, OTJINYME B COCTABE MUKOOMOTHI MEXKITY
00BemMHEHHBIMI 00pa3iaMy KOPHEBOI cucTeMbl Goodyera
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Puc. 4. TakcoHOMUYECKUi COCTaB MUKOOMOTHI KOpHEi Goodyera repens (A) v moussl (B) 10 paHra mopsiakoB (ITPUBENeHBI TAKCOHHI,
npeacraBaeHHbie 6osee 2% — 150 OTE st kopHeit u 250 miist moussl): 1| — Eurotiomycetes, 2 — Sordariomycetes, 3 — Chaetothyriales,
4 — Mytilinidiales, 5 — Eurotiales, 6 — Thelephorales, 7 — Trechisporales.

B — Oujomuxopusza/ @uronaroren/ HewnmentndHIupoBaHHBIH
carporpod
B — OKTOMHKOpH3a
m — IToncTunounsli canporpod
m — Keunocanporpod
m — CanpoTpod Ha THCTBE
— HenpeHTH)HOHPOBaHHBIH canpoTpod
m — Quronaroren
= — DpUKOHIHAA MHKOPH3a

— OcTansHsle + HeHACHTH(HINPOBAHHEIE.

Puc. 5. CocTaB 3K0JIOrMYeCKUX Ipyn rpuboB B KOpHIX Goodyera repens (A) u B mouBe (b) mo nanaeiM FUNGuild.

repens U TIOUBBI MPOCJIEXXMUBAETCS KaK B TAKCOHOMUYECKOM  a Takxke carpoTpodamu nopsiakoB Helotiales v Trechispo-
COCTaBe, TaK U B paclpeae/ieHUNA SKOJIOTMYECKUX TPy rales, OOWIbHee NPeICTaBJIEeHHbIMU B I10YBE.

¥ 00YCJIOBJIEHO B TIEPBYIO OYePeIb IPUOAMU-MUKOPU30-
obpazosatensamu pona Ceratobasidium — MUKOOHMOHTAMU
G. repens, OTHECEHHBIMU K DKOJIOTUYECKOI rpymre “OH-
nomukopuza/®Puronaroren/HC”. Paznuuuist MUKOOUOTBI Peruon npouspacrauusi Goodyera repens onpenensi-
9THX 3KOTOIIOB CBA3aHbI TAKXKE C HCKOTOPbIMH TAKCOHAMM  eT pas3inyusgd B TAKCOHOMUYECKOM COCTaBe KOpHeBOﬁ
9KTOMMKOpU3000pazoBateneit: Cenococcum geophilum, MuKOOGUOTBI, HO HE B pACIPENETEHNN SKOJTOTUYECKHAX
FElaphomyces spp., ipeo0iIagaloniiMy B 00pasiiax IToYBkl, Ipymil. B oTimyne oT 00pas3ioB MOYBBI, IMHOOOPA3HBIX

PernonanbHas cnenuuyHOCTh KOPHEBOI
MMKOOHOTBI

MUKOJIOTUA N PUTOMATOJIOTUA  tomM 58  Ne3 2024



MUKOBUOTA KOPHEBOW CUCTEMbI GOODYERA REPENS

I10 3KOJIOTMYECKOMY pacIpee/IeHUIO IpUOOB, KOpHEBasI
MHUKOOMOTa pa3HOPOMHA, U PA3INIUSI MEXOy TOUKa-
MM BHYTPU OITHOTO PETMOHA MOTYT OBITh CYIIECTBEHHEE
pa3INIMii MEXIy TOYKaMU B pa3HBIX peTnoHax (puc. 3).
B cBs131 ¢ 3TUM TaKCOHOMUYECKHIT COCTAB PACCMOTPEH
IIJIsI TOYeK, 0ObeAMHEHHBIX TT0 pETMOHAM, a pacIipele-
JIEHUE DKOJIOTMYECKMX IPYII 0OCYXIEHO OTAEIbLHO IS
Kaxnoit Touku (puc. 6, 7).

TakcoHoMuueckuii coctaB rpuOHOro coo0IecTBa
B KOpHSX G. repens N3 pa3HbIX PETMOHOB CXOX Ha YpOB-
HE OTIEJIOB 1 KJIacCOB, a CYIIECTBEHHBIE pa3InuMs Ha-
GIIoaIoTCS Ha YPOBHE MOPSIIKOB Kitacca Agaricomycetes.
B o6pasuax kopHeBoii cuctembl G. repens U3 JIeHUHTpa-
CKOi1 00J1. TOMUHUPYET SAUMHCTBEHHBII TTOPSAI0K 3TOTO
kiacca — Cantharellales (cemeiictBo Ceratobasidiaceae)
(puc. 6, A). long npeacTaBUTeNeil 3TOoro mopsiaka B 06-
pasuax cocrapiseT 98.6% OTE kiacca. B o6pasuax u3
MoOCKOBCKO# 00J1. 3HAUUTEIBbHYIO JOJII0 TAKXKE COCTAB-
TS0t opsinku Agaricales (31.6%), Atheliales (15.8%)
u Trechisporales (11.1%) (puc. 6, b). B o6pasiax kopHeit
G. repens u3 KapauaeBo-Yepkecun, mOMMMO BHILIIEyKa-
3aHHBIX ITOPSIIKOB, TOMUHUPYIOT TAKXKe TOPSIIKUA Rus-
sulales (25.2%) n Sebacinales (8.0%) (puc. 6, B).

Takum obpazoM, HauboJee IpKue pa3Iudus B TAKCO-
HOMMYECKOM COCTaBe Ha YPOBHE MOPSIIKOB B MUKOOMOTE
KopHeit G. repens 00yCIOBIICHBI TAKCOHAMY MUKOOMOHTOB
OK M. OTCyTCTBME OTANYMIA B TAKCOHOMUYECKOM COCTaBe
KOpHEeBOI MUKOOUOTHI G. repens u3 MockoBckoit u Jle-
HUHTPAJICKOI 00JIacTeit 00yCIOBIIEHO CYIIIEeCTBEHHBIM
pa3ImIreM TAKCOHOMUYIECKOTO COCTaBa ABYX 00pa3lioB
JleHuHTIpaackoii odnacTu: B 00oux odpasiax rpudsl ce-
MeiictBa Ceratobasidiaceae coctaBnsior 6oiiee 79% nipu
OTCYTCTBUY MUKOOMOHTOB DKM, OIHAKO MpeICTaBIeHBI
pasHubeiMu OTE pona Ceratobasidium (tabu. 2).
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PernonanbHbIe pa3anyns B COCTaBE SKOJOTMIECKUX
IPYII KOPHEBOI MUKOOUOTHI G. repens 00yCIOBIEHbI TPYII-
mamu “OHaomukopu3sa/PuroraroreH/HC” (ceMeiicTBO
Ceratobasidiaceae), a Tak:ke MUKOOMOHTaMU DKM 1 puTO-
natoreHamu. B KopHsix G. repens u3 JIeHUHTpaackoit 061.
JIOJIS1 MUKOOMOHTOB DKM HIZKE, YeM B OCTaJIbHBIX PErv-
oHax. Beicokast o151 puTonaToreHoB B KOpHSIX G. repens
13 MOCKOBCKOIt 001. 00yC/IOBJIeHA OTHECEHUEM K 3TOM
rpynne OTE Rhizoctonia ochracea. OmHaxo OBLTO TIOKa3aHO,
YTO TIPEACTABUTEIN 3TOTO BUJIA CITOCOOHBI (DOPMUPOBATh
OM Hapsny ¢ Ceratobasidium (Roberts, 1998).

SAKJIIOYEHUE

PesynbraThl, moJlydeHHEIC B X0OA¢ JaHHOM paOOTHI,
BIIEPBBIC KOJMYESCTBEHHO XapaKTEPpU3YIOT CTPYKTYPY
rpUOHOTO COOOIIECTBA, ACCOLIMMPOBAHHOTO C KOPHEBO
cucteMoit Goodyera repens Ha TipuMepe TTONYJIsSILIUN U3
Pa3IMYHBIX TUTIOB JIeca: COCHSIK C efIblo (JIeHnHTpamcKas
1 MockoBcKkast 06J1aCTU) U MUXTapHUK C COCHOM (pe-
cnybnuka KapauaeBo-Yepkecus). [TokazaHo, 4To nipea-
crasutenu Ceratobasidiaceae, ABIIIONIECS OCHOBHBIMU
MuKoonoHTaMu BUnoB Goodyera (Shefferson et al., 2010),
COCTABJISIIOT HAMOOJIBIIIYIO JOJIIO B KOPHEBOM MUKOOHOTE,
npuaeM OM crnioco6HBI popMupoBaTh Kak Ceratobasi-
dium, Tak u Thanatephorus (Rhizoctonia ochracea). 9tn
MUKOOMOHTHI B HANOOJIbIIIEH CTeIICHN 00YCIOBIMBAIOT
pa3Inyre TAKCOHOMUYECKOI'O 1 3KOJIOTMYECKOIo COCTa-
Ba KOPHEBOIT ¥ TOYBEHHOIT MUKOOMOTEI. Majiast 1oJs
npencTaBuTelei cemelictBa Ceratobasidiaceae B 00pa3iiax
IOYBHI 10N KypTUHaMu Goodyera repens yKa3bIBaeT Ha UX
TATOTEHHE K aCCOLMALINM C PACTEHUSIMU U TIPEAITOUTEHIE
CUMOMOTHYECKOro 00pa3a XKU3HU carpoTpodHoMy. [pruObI
cemeiictBa Ceratobasidiaceae 00yCIIOBIUBAIOT PETMOHAb-
HYIO CITIeIM(UUIHOCTh KOPHEBOI MUKOOUWOTHI, Oyaydu
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Puc. 6. TakcoHOMMUeCKUit cocTaB MUKOOMOTHI KOpHelt Goodyera repens B Jlenunrpanckoit 061. (A), Mockosckoit 061. (B) u Ka-
pauaeBo-Yepkecuu (B) mo paHra nopsinkoB (IpHBeIeHbI TAKCOHBI, IIpeacTaBieHHbie 6osee 2% ot obiero yucaa OTE B oGpas-
ue): 1 — Leotiomycetes, 2 — Eurotiomycetes, 3 — Pezizomycetes, 4 — Tremellomycetes, 5 — Helotiales, 6 — Chaetothyriales, 7 — Pezizales,

8 — Atheliales.
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Puc. 7. PacnipeneneHue sKOJIOTMYECKUX TPYIN TpUOOB B KOpHSIX Goodyera repens 13 pa3HbiX pernoHoB 1o naHHeiIM FUNGuild:
JI — Jlenunrpanackas o6j1.; M — MockoBckas 06i1.; K — KapauaeBo-Uepkecusi. Onucanus Touyek coopa rnpuBeacHbI B Ta0. 1.

Ta6mmma 2. TakcoHBI, TOMUHUPYIOIINE B 00pa3nax KopHeit Goodyera repens 1 00YCIOBIMBAIONINE PA3IMINAE MEXIY PETHOHAMM

DKoyiornueckas rpyrma

TakcoH Pedepenc CxonctBo | Pernon (1o FUNGuild)

Cladophialophora sp. OWS846714.1 | 99.7% M HEMICHTHUIMPOBAHHbIIE
canpotpod

Ceratobasidium sp. 3 MH248045.1 | 100% J,M SHIOMUKOPH3a/

Ceratobasidium sp. 5 0L437012.1 98.9% 12 ¢uTonaroreH/

Ceratobasidium sp. 6 KP056302.1 99.5% 1 HEUAEHTUGDULIMPOBAHH I

Ceratobasidium sp. T MN006062.1 | 98.9% K canpoTpod

R}ﬁ?ﬁg’e’r‘f ochracea (Massee) Ober., EU218892.1 | 97.4% | M tutonaroren

Russula laricina Velen. MF926568.1 99.7% K

R. recondita Melera et Ostellari MT252520.1 97.0% K

R. sanguinea (Bull.) Fr. KT934008.1 | 97.4% K ORTOMIROPHSA

Cortinarius casimiri (Velen.) Huijsman MG773833.1 | 99.7% M

Mpycena pura (Pers.) P. Kumm. MK309793.1 | 99.7% K TOACTUJIOYHBIN canpoTpod

M. sanguinolenta (Alb. et Schwein.) P. Kumm. MH856662.1 | 99.7% M canpoTtpod Ha JINCTBE

Xeg’ﬁgﬁ?g setulipes Esteve-Rav. et NR_121458.1 | 99.4% M HeHIeHTHNLIPOBAHHbIIT

Athelopsis fusoidea (Jiilich) Telleria KP814479.1 | 99.1% M canporpod

Trechispora invisitata (H.S. Jacks.) Liberta KP814425.1 100% M Kcujtocanpotrpod

Tylospora sp. MG597440.1 | 100% M, K

Tylospora fibrillosa (Burt) Donk MH?248063.1 | 100% M SKTOMMKOpPH3a

Tomentella bryophila (Pers.) M.J. Larsen AJ889981.1 100% K

Sebacina incrustans (Pers.) Tul. et C. Tul. JQ665539.1 100% K HI

Sebacina sp. MN265713.1 100% K

IMpumeuanme. HI — sKomornueckas rpyIina He HIeHTU(PUIIMPOBaHa.
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MUKOBUOTA KOPHEBOM CUCTEMbI GOODYERA REPENS

npencraBieHHbIMU pa3HbiMu OTE B 3aBUCHMMOCTH OT
pervoHa npouspactaHus G. repens (Tabi. 2).

ITomuMo crielIHBIX MUKOOMOHTOB, CYILIECTBEHHYIO
JIOJTIO B TPUOHOM COOOIIIECTBE KOPHEBOM cUCTeMEI (. repens
COCTaBJISIOT MUKOOMOHTEI DK M. IpubGHI 3TOI 3KOJIOTH -
YeCKOM I'PYMITHI paHee BHISABIISIN B KOPHIX G. repens
MeToaaMu npsiMoro cekBeHupoBaHus (Voronina et al.,
2018), n KomuYeCcTBeHHBIE TaHHBIC, TIOJTYIeHHEIE B X0/
JAHHOM pabOTHI, TOATBEPXKIAIOT MX BaXKHYIO POJIb B KOP-
HSIX opxuAHbIX. Hanuuue skTroMukopu3zoo0pa3oBaTeeit
B KOPHSIX TIOCJIE TIIATEIbHOM IMOBEPXHOCTHON OYMCTKA
W CTepUIN3aLUU CBUAECTEIbCTBYET O BO3MOXKXHOCTU UX
accouuaiuiu ¢ G. repens 1 GOPMUPOBAHNSI MUKOPU3HBIX
CETEM C XBOMHBIMU AepeBbsiMU. TAKCOHOMUYECKOE pa3-
HOOOpasue BbISIBJIEHHBIX MUKOOMOHTOB DKM BBIILIE MO
CPaBHEHUIO CO CIIELUPUIHBIMU MUKOOHOHTaMu OM:
BBISIBJIEHBI ITPEICTaBUTENN HOPSIAKOB Atheliales, Agaricales,
Russulales, Thelephorales, Eurotiales u Mytilinidiales. Jlons
9KTOMUKOPU3000pa3oBaresieii B KOPHIX BapbUPYET OT
IOJTHOTO OTCYTCTBUSI 10 JOMUHUPYIOLIEH 101 B 0Opasliie
(76.6%). OtcyrcTBrie MUKOOGHMOHTOB DKM B Toukax JI12 u K4
OOBSICHSIETCS HENOCTYITHOCTBIO KOPHEI XBOIHBIX JIEpEBLEB
(Tabn. 1), HOMOMHUTENBHO CBUIETENBCTBYS O BO3MOXHOCTU
yuyactus G. repens B pOpMUPOBAHNY MUKOPU3HBIX CETEH.

PervonanpHbIe pa3andus B COCTaBe KOPHEBOM MHU-
KOOMOTBI TAKXKE OTYACTH 00YCIOBIEHB MUKOOMOHTAMU
DKM u npocaexknBaloTcsd Ha ypoBHe MopsiakoB. B Jle-
HUHTPAJICKON 00JI. MUKOOMOHTHI DKM NpaKTUUeCKN
OTCYTCTBYIOT, B MOCKOBCKOI MIpeACTaBIeHBI TIOPSIKAMU
Agaricales n Atheliales, a B KapayaeBo-Yepkecuu — mo-
psankamu Russulales, Agaricales, Thelephorales n Atheliales.

HecMmotpst Ha cymecTBEeHHYIO TOJII0 MUKOOMOHTOB
DKM B KOpHSIX G. repens, B TOYBEHHO MUKOOMOTE OHU
TMpencTaBiIeHbl COM3MEPUMBIMU, TUOO0 OONBIINMU TOISIMU,
YTO MOXET OBbITh CBSI3aHO C 00pa30BaHUEM MULIEIATb-
HBIX TSDKEH B MOYBE.

ITomumMo Mukod6umoHToB OM u BkM, paznuuue co-
cTaBa KOPHEBOU U TTOYBEHHOU MUKOOUOTHI OOYCIIOBJIEHO
IIpencTaBUTEISIMU TTopsinka Helotiales, BKIIFO9alomero
carpotpodoB 1 MUKOOMOHTOB 3PUKOMIHON MUKOPU3HI,
u nopsiaka Trechisporales, BKI10YAIOIETO CalipoOTPOdOB.
DTN NOPSIKY TTpeodIanaloT B IOYBEHHO MUKOOMOTE.

Taxkum 00pa3zoM, METOTOM MUKPOOHOTO TTPOPUITUPO-
BaHUS Oblj1a MOKa3aHa perMoHaibHasl Crieuu(pUIHOCTD
KOPHEBOIt MUKOOUOTHI G. repens 1 BbISIBJIEHBI TAKCOHbI
rpuOOB, TATOTEIOIINE K KOPHEBOI crcTeMe 1 00YyCI0OB-
JIMBAIOIIMe PerTMOHAIbHYIO CITELIM(PUIHOCTh MUKOOMOTHI.
ITokazaHo, 4ToO cocTaB TPUOHOTO COO0IIECTBA KOPHEH
G. repens 11 IOYBBI PA3IMYACTCS KaK 110 TAKCOHOMUYE -
CKOMY COCTaBy, TaK U TI0 paclpeaeIeHUI0 9KOJIOTnYe-
CKUX rpy1i. OTCyTCTBUE 3HAYMMOTO OTIUYUS MEXIY
COCTaBOM T'PUOHOTO COO0IIIEeCTBA COCHSIKOB MOCKOBCKOIT
U JIeHnHrpaackoit odjgacTeit u OTaIMYMe UX OT COCTaBa
MUKOJIOTUA U GUTOMNATOJIOTUSA
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coobuiecTBa nuxtapHukoB KapauaeBo-Uepkecuu 1o-
3BOJISIET MIPEAITOIOXUTD, UTO TUII JIeca SIBJIICTCS OMHUM
13 akTOpOB, 0OYCIOBIMBAIOIINX PA3INUNE B TAKCOHO-
MUYECKOM COCTaBe aCCOLMMPOBAHHON MUKOOMOTHI. B TO
K€ BpeMSI 3KOJIOTHUYECKOE pacIpeeieHue HEOTHOPOTHO
B IIpeeiax peruoHa.

Pa6oTta BeInoaHEeHa Npu (PUHAHCOBOIM MOAAEPKKE
MuHUCTEpCTBa HAyKU 1 BhICLIEro odpa3oBaHus (TpaHT
Ne 075-15-2021-1396).
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Root-Associated Mycobiota of Goodyera repens (Orchidaceae) Populations from Three
Russian Regions
N. M. Bibikov*#, E. Yu. Voronina®**, and A. V. Kurakov®*#*

@ Lomonosov Moscow State University, Moscow, Russia
*e-mail: bibik0§808@mail.ru
**e-mail: mvsadnik @list.ru
***e-mail: kurakov57@mail.ru

Goodyera repens is an orchid, widespread and abundant in the coniferous forests of the northern hemisphere. Along with
other members of Orchidaceae, in natural conditions it exists in obligate mycorrhizal symbiosis. Despite a long history of
study, no data on the mycobiota associated with the root system of this species have been obtained for populations growing
in Russia. It is therefore necessary to assess the entire diversity of fungal associates, including non-cultivated species, as
well as to obtain quantitative characteristics and evaluate the geographic specificity of fungal communities. In this work,
the mycobiota of the root system of G. repens growing in the Leningrad and Moscow Regions and Karachay-Cherkess
Republic was analysed qualitatively and quantitatively for the first time using high-throughput sequencing. A total of
438 operational taxonomic units were identified, with the majority belonging to the subdivision Basidiomycota. The
quantitative predominance of sequences of the genera Russula, Ceratobasidium, Piloderma, Mycena, and Tomentella was
observed. Significant differences between fungal communities of soil and the root system of G. repens were established
in all studied regions. The regional specificity of the taxonomic composition of the mycobiota was demonstrated. The
taxa spectrum of the samples from Karachay-Cherkessia differed significantly from that of the Leningrad and Moscow
Regions, while no notable difference was observed between the latter two. With regard to the distribution of ecological
groups of fungi, no significant differences were found between the regions.

Keywords: FUNGuild, Goodyera repens, ITS2, metagenome, microbiology profiling, orchid mycorrhiza
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SEASONAL DYNAMICS OF SPOROPHORE FORMATION
OF MYXOMYCETES IN POLISTOVO-LOVATSKAYA BOG SYSTEM (PSKOV
AND NOVGOROD REGIONS, RUSSIA)
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We investigated the seasonality of myxomycete fruiting body formation under natural conditions in the field during
four years in the Polistovo-Lovatskaya bog system (Northwestern Russia). It was shown that the species diversity of
myxomycetes peaks in mid-summer and gradually decreases afterwards. The species composition of myxomycetes
varies depending on the season. There were five phenological groups distinguished: summer, early autumn, late
autumn, spring and species without pronounced periods of mass formation of fruiting bodies. It is shown the list
of identifiable taxa may significantly vary in different years and there are widespread species that do not form
sporophores every year. Thus, when conducting field studies, it is necessary to make observations over several years

and throughout the entire snowless period.

Keywords: biodiversity, methodology of field work, phenology, population dynamics, slime molds

DOI: 10.31857/50026364824030034, EDN: viyttd

INTRODUCTION

The myxomycetes are a relatively small group of soil
protozoans currently attributed to the Amoebozoa clade
(Adl et al., 2019). Their life cycle includes motile trophic,
dormant and dispersal stages. Myxomycetes are a tradi-
tional object of study for mycologists, as they form sporo-
carps that resemble the fruiting bodies of some fungi and
are well preserved in herbaria (Ronikier, Halamski, 2018).
They inhabit almost all terrestrial ecosystems and are ex-
tremely abundant (Bailly et al., 2007; Urich et al., 2008)
in soil and on many substrates of plant origin such as for-
est floor and tree bark. They influence the abundance of
bacteria, yeasts, fungal spores and other microscopic or-
ganisms (Stephenson et al., 2011).

As a rule, it is challenging to assess the abundance of
myxomycetes in a particular area. This is due to the fact
that identification of myxomycete species by morpho-
logical characters is only possible at the dispersal stage
represented by sporophores of diverse structure. The
trophic stages, apparently more numerous, are usual-
ly located within the substrate (Shchepin et al., 2019).
In most cases, they escape the eyes of researchers and
are not suitable for identification of morphospecies

(Novozhilov et al., 2016). Myxomycetes can form sporo-
phores during the entire snowless period that lasts from
the end of March to the end of November in Central
Russia. It is thought that the main factors influencing the
sporophore formation in myxomycetes are temperature
and humidity (Martin, Alexopoulos, 1969). As a result,
many species exhibit pronounced peaks of sporophore
formation (Schnittler, Novozhilov, 1996), whereas some
species may massively sporulate once in several years for
unknown reasons (Barsukova, 2001).

The seasonality of sporophore formation in myxomy-
cetes varies across the world depending on the climate.
In regions without snowy winters, the abundance and
diversity of myxomycetes are higher in warm and moist
seasons compared to cool and dry seasons (Stephenson
et al., 2004b; Ko Ko et al., 2011). In the boreal zone, the
periods of mass sporulation are thought to occur in early
to mid-autumn (Eliasson, 1981; Vlasenko, Novozhilov,
2011; Gmoshinskiy, Matveev, 2016), when nights be-
come cooler than in the relatively dry and warm begin-
ning of summer, the dew falls abundantly, and the pre-
cipitation is usually high (Schnittler et al., 2022).
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The Polistovo-Lovatskaya bog system is located
in the west of the East European Plain. Research and
nature conservation in this area are facilitated by the
Polistovsky and Rdeysky nature reserves in the Pskov
and Novgorod regions, respectively. The proximity of
the Polistovo-Lovatskaya bog system to the warm Baltic
Sea results in temperate continental climate with humid
summers and warm winters with frequent thaws. In Jan-
uary, the average monthly temperature is —8.1 °C and
the average snow cover reaches 20—30 cm, but the snow
completely disappears by mid-April, sometimes even in
March. The average temperature of July is 17 °C. The
average annual precipitation is 685 mm, 40% of which
falls in the summer months in the form of short showers
with thunderstorms (Zavyalov, 2022). However, accord-
ing to the recent data from the Kholmsk weather station
collected from 2009 to 2021, the average precipitation
has increased significantly and now amounts to 771 mm
(Zavyalov, 2022). The microclimate of the bog system
has a number of peculiarities. For example, due to the
low thermal conductivity of peat, the bog surface heats
more in summer and thaws slowly in spring so that in-
dividual blocks of ice can persist until mid-May. In the
warm season, the bog vapors increase the air humidity.
The high water holding capacity of bogs provides water
inflow in dry years and drainage in rainy years (Reshet-
nikova et al., 2006).

The Polistovo-Lovatskaya bog system is part of the Lo-
vat district of the Severodvinsko-Verkhnedneprovskaya
subprovince of the North European taiga province (Al-
eksandrova, Yurkovskaya, 1989). Most of the forest are-
as in the bog and along its edges have been subjected to

30.30° 30.40°

30.50°

GMOSHINSKIY et al.

anthropogenic pressure in the last centuries, the intensity of
which has significantly decreased after World War I1. Thus,
a significant part of the forests is represented by young sin-
gle-age stands, mostly spruce or mixed (with spruce, birch,
aspen, alder, etc.). Small areas of coniferous-broadleaf for-
ests are confined either to uplands or to well-drained areas
along river valleys. The herb layer is dominated by taiga
small herb species (Reshetnikova et al., 2007).

MATERIALS AND METHODS

Study area. Specimens of myxomycete sporophores
were collected in the Polistovsky (from 2018 to 2021)
and Rdeysky (in 2020 and 2021) state nature reserves
and adjacent territories. The material was collected in
trips of 7—10 days conducted 2—3 times per field season
at different times of the year. A total of 8 expedition trips
were made, during which 57 sample plots (Fig. 1) about
100x100 m in size were surveyed. The sampling effort
was identical in all surveys within one expedition trip.
A group of 2—3 people spent 60 min in the sample plots.
Sporophore specimens were collected throughout the
snowless period, from March to the end of October. In
May, June and November, no surveys were made for
technical reasons.

For convenience of data processing, all plots were
grouped by location:

Vicinities of the Fryunino village, edge of the bog (R1): Loc. 1 (N57.07747°,
E30.73317°): 30.09.2020, 14.07.2021; Loc. 2 (N57.07580°, E30.73447°):
30.09.2020, 14.07.2021; Loc. 3 (N57.09136°, E30.72548°): 01.10.2020,
12.07.2021; Loc. 4 (N57.09343°, E30.72402°): 01.10.2020, 12.07.2021; Loc.
5 (N57.09311°, E30.72947°): 01.10.2020; Loc. 6 (N57.09219°, E30.72915°):
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Fig. 1. Schematic map of study area. Points indicate 56 sampled plots.
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01.10.2020, 12.07.2021; Loc. 7 (N57.06966°, E30.73573%): 02.10.2020, 19.07.2021;
Loc. 8 (N57.06797°, E30.73731°): 02.10.2020, 19.07.2021; Loc. 9 (N57.06747°,
E30.73497°): 02.10.2020, 19.07.2021; Loc. 10 (N57.09060°, E30.70301°):
03.10.2020; Loc. 11 (N57.08379°, E30.70135°): 03.10.2020. Loc. 12 (N57.06496°,
E30.73463°): 03.10.2020, 19.07.2021; Loc. 13 (N57.08098°, E30.72466°):
04.10.2020, 13.07.2021; Loc. 14 (N57.08290°, E30.72396°): 04.10.2020,
13.07.2021; Loc. 15 (N57.07890°, E30.72867°): 04.10.2020, 13.07.2021; Loc.
16 (N57.09127°, E30.73434°): 12.07.2021; Loc. 17 (N57.08355°, E30.72676°):
13.07.2021; Loc. 18 (N57.07397°, E30.73525°): 14.07.2020; Loc. 19 (N57.07183°,
E30.73602°): 14.07.2020.

Mixed forests on the edge of a bog near Fryunino village (R2): Loc. 20
(N57.08553°, E30.75351): 17.07.2021; Loc. 21 (N57.09913°, E30.76080°): 17.07.2021;
Loc. 22 (N57.08447°, E30.75736°): 17.07.2021; Loc. 23 (N57.08231°, E30.75506°):
17.07.2021; Loc. 24 (N57.12268°, E30.73109): 18.07.2021; Loc. 25 (N57.12463",
E30.73076°): 18.07.2021; Loc. 26 (N57.12490°, E30.72612°): 18.07.2021.

Koroleva Borina Island (K): Loc. 27 (N57.078211°, E30.548037°): 28.08.2019,
27.07.2020, 19.10.2020, 25.03.2021, 13.07.2021; Loc. 28 (N57.075392°,
E30.546172°): 28.08.2019, 27.07.2020, 19.10.2020, 25.03.2021, 13.07.2021; Loc.
29 (N57.077021°, E30.546965 °): 28.08.2019, 27.07.2020, 19.10.2020, 25.03.2021,
13.07.2021; Loc. 30 (N57.076061 ° E30.569385°): 28.08.2019, 27.07.2020, 19.10.2020,
25.03.2021, 13.07.2021; Loc. 53 (N57.076715°, E30.564218°): 25.03.2021.

Dubovets Island (D): Loc. 31 (N57.077252°, E30.675861°): 29.08.2019,
28.07.2020, 20.10.2020, 15.07.2021; Loc. 32 (N57.077772°, E30.674964°):
29.08.2019, 28.07.2020, 20.10.2020, 15.07.2021; Loc. 33 (N57.080269°,
E30.677567°): 29.08.2019, 28.07.2020, 20.10.2020, 15.07.2021.

Plavnitskoe bog (P): Loc. 34 (N57.098263°, E30.372753°): 07.09.2018,
30.08.2019, 31.07.2020, 24.10.2020, 27.03.2021, 13.07.2021; Loc. 35 (N57.101996°,
E30.387909°): 30.08.2019, 31.07.2020, 24.10.2020, 27.03.2021, 19.07.2021; Loc.
36 (N57.104007°, E30.371716°): 30.08.2019, 31.07.2020, 24.10.2020, 19.07.2021;
Loc. 37 (N57.105113°, E30.388360°): 30.08.2019, 31.07.2020, 24.10.2020,
27.03.2021, 19.07.2021.

Vicinities of Mazurovo and Tereshikha localities (M): Loc. 39 (N57.048300°,
E30.351386°): 31.08.2019, 01.08.2020, 18.07.2021; Loc. 38 (N57.048006°,
E30.334258°): 08.09.2018, 31.08.2019, 01.08.2020, 23.10.2020, 18.07.2021; Loc.
41 (N57.045130°, E30.368872°): 04.09.2018, 31.08.2019, 01.08.2020, 23.10.2020,
18.07.2021; Loc. 57 (N57.071356°, E30.353906°): 11.09.2018.

Slepetnoe locality (S): Loc. 40 (N57.085199°, E30.505156°): 02.09.2019,
29.07.2020, 21.10.2020, 14.07.2021; Loc. 42 (N57.087105°, E30.511542°):
02.09.2019, 29.07.2020, 21.10.2020, 14.07.2021; Loc. 43 (N57.083305°,
E30.512137°): 03.09.2019, 29.07.2020, 22.10.2020, 14.07.2021; Loc. 44
(N57.084458°, E30.513806°): 10.09.2018, 03.09.2019, 29.07.2020, 22.10.2020,
14.07.2021; Loc. 45 (N57.085370°, E30.517817°): 10.09.2018, 03.09.2019,
29.07.2020, 21.10.2020, 14.07.2021.

Osinovy Island (L): Loc. 46 (N57.09871°, E30.58971°): 26.03.2021,
12.07.2021; Loc. 47 (N57.09922°, E30.58775°): 26.03.2021, 12.07.2021; Loc.
48 (N57.09948°, E30.58180°): 26.03.2021, 12.07.2021; Loc. 49 (N57.09883",
E30.57788°): 26.03.2021, 12.07.2021.

Forest by Tsevlo Lake (T): Loc. 50 (N57.04909°, E30.24463°): 28.03.2021,
17.07.2021; Loc. 51 (N57.04981°, E30.23364°): 28.03.2021, 17.07.2021; Loc. 52
(N57.05754°, E30.21841°): 28.03.2021, 17.07.2021.
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Polisto Lake vicinities, quarters 14—15 (Q): Loc. 54 (N57.158131°,
E30.493145°): 5.09.2018; Loc. 55 (N57.158491°, E30.488823°): 5.09.2018;
Loc. 56 (N57.166274°, E30.470525°): 6.09.2018.

Methods for collecting and identifying sporophores of
myxomycetes. Sporophores were collected using standard
methods (Wrigley de Basanta, Estrada-Torres, 2022; No-
vozhilov et al., 2022) described in our first works on the
biota of the Polistovsky (Gmoshinskiy, Matveev, 2019)
and Rdeysky nature reserves (Borzov et al., 2021). This
work adopts the concept of morphospecies like most mod-
ern monographs (Martin, Alexopoulos, 1969; Novozhilov,
1993; Neubert et al., 1993, 1996, 2000; Ing, 1999; Poulain
etal., 2011a, b; Stephenson, 2021). In the present work, the
classic system based on the morphology of myxomycete
sporophores (Lado, Eliasson, 2022) is used, and the names
and authors of taxa are given according to the Nomenmyx
information system (Lado, 2005—2023). Despite the fact
that the genus Ceratiomyxa belongs to the class Ceratiomyxo-
mycetes rather than Myxomycetes (Leontyev et al., 2019),
we included its only representative, Ceratiomyxa fruticulosa
(O.F. Miill.) T. Macbr. in order to compare our data with
the results of previous studies (Vlasenko, Novozhilov, 2011;
Matveev, Gmoshinskiy, 2016).

Statistical data processing. Species diversity was mea-
sured using the Hill numbers (Hill, 1973), a parametric
family of metrics based on the inverse of the weighted power
mean of relative species abundances: /D = (25,_, p9)/1 =9,
where S'is the number of species, p, is the relative abundance
of species i, and ¢ is the order determining the sensitivity
of the function to abundance.

Species richness (at order ¢ = 0), the exponential Shan-
non index (at ¢ tending to 1), and the inverse of the Simp-
son index (at ¢ = 2) are special cases of the Hill numbers.
Diversity continuous g-profile characterizes the species
relative abundance distribution best: species richness has
high sensitivity to rare species, Shannon diversity is bal-
anced with respect to abundance, and Simpson diversity
is most influenced by dominant species.

Since empirical diversity values strongly depend on
the sample size, statistical estimation was used to make
a more fair comparison of results. For asymptotic estima-
tion of diversity, a method based on the slopes between
neighboring points of the species accumulation curve was
used (Chao, Jost, 2015).

A parametric family of metrics dependent on the order
g was used to determine the completeness of detected spe-
cies diversity (Chao et al, 2020). The theoretical formula
IC = (Zeqe 1)/ (25, _, p%) is equal to the ratio of the sums
of abundances (raised to the power of ¢) for sampled spe-
cies and all species present in the general population (natu-
ral community). Since quantitative data for the general
population are most often unknown, a statistical estimate
2C is used. In the special case of ¢ = 0 it is equal to the
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conventional measure of completeness, °C = S, /Scy.01

which is widely used in ecological studies of myxomycetes.
It represents the ratio of detected species richness and its

estimate, expressed according to the formula by A. Chao

(Chao, 1984). When g = 2, the measure is equal to sample

coverage 'C= X, p; first proposed by A. Turing (Good,
1953), which is interpreted as the proportion of individuals

in the general population belonging to the species iden-
tified in the sample. The coverage estimate is equal to

'C= 1= ()AL = A)/(Z, XX, — 1)/[n(n — 1]), where

A =12f/l(n—1)f, + 2f,], nis the total number of count
units, f; is the number of singletons (species represented

by one count unit), f; is the number of species represented

by two count units, X; is the empirical absolute abundance

of species i. This measure is less sensitive to sample size

than °C. In addition, it quantifies sample completeness

when all specimens are treated equally, in contrast to the

conventional measure (which disproportionally sensitive

to rare species), and may therefore be preferable when

interpreting the results (Chao et al., 2020).

The Serensen similarity coefficient was used for pair-
wise comparison of species lists: Cg,, = 2¢/(a + b), where
¢ is the number of common species for two biotas, a is
the number of species in the first biota, b is the number
of species in the second biota (Sgrensen, 1948).

Calculations were performed in the statistical envi-
ronment R4.2.1 (R Core Team, 2022). The diversity and
completeness of the sample set were evaluated using the
iNEXT.4step 1.0.1 package (Chao, Hu, 2023). The vegan
2.6.4 package was used for pairwise comparisons of periods
using the Sgrensen index and for non-metric multidimen-
sional scaling (Oksanen et al., 2022).
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RESULTS AND DISCUSSION

During 4 field seasons, 3394 specimens of myxomycete
sporophores were collected, 3359 of which were identi-
fied to species level and are discussed below. A total of
162 species from 40 genera, 11 families and 6 orders were
identified. For convenience, all results were summarized
by decades of the survey months. However, for the most
accurate interpretation of the results, it should be noted
that sporophores of most species are able to persist in
natural conditions for a long period of time (sometimes
up to half a year).

The number of identified species varies considerably
depending on the survey period (Table 1). The highest
number of species (88) was identified during expeditions
in Polistovsky nature reserve between 20—30 August 2019
and between 10—20 July 2021. In total, 104 species were
identified during the expedition conducted in July 2021.
This high diversity is due to the large number of sampling
areas investigated and, as a consequence, a large sampling
effort. At the same time, the summer of 2021 in the study
area was characterized by very high air temperatures (up to
35 °C) combined with abundant heavy rainfall, which
probably created favorable conditions for the formation
of myxomycete sporophores. The ratio of the number of
detected species to the Chaol species richness estimator
(a conventional measure of completeness) ranged from
68.5% for 10—20 July 2021 to 82.5% in July 2020 (Table 1),
indicating that species diversity was sufficiently detected.

Thus, it can be concluded that for comparable sam-
pling efforts, both the highest number of specimens and
the highest number of taxa detected were observed dur-
ing the summer months.

Table 1. Characteristics of myxomycete biota of the Polistovo-Lovatskaya bog system in different time periods

March—| July—II | July—II | July—III | August—| September October—

Decades 111 (P) (P) (R) P) 111 (P) “1(P) October—I (R) 111 (P) Total
Number 259 743 479 450 653 227 188 360 3359
of specimens
Species richness 47 88 74 68 88 54 56 58 162
Number of species 6 9 4 3 13 3 9 7
found during this
period alone
Estimate D 61 128.4 100.4 82.4 122.7 78.1 66.7 72.7 196.2
ofspeges D 29.6 48.8 48.6 40.8 51.7 46 43.4 34.7 67.9
diversity

D 18.7 30.6 33.7 24.5 29 27.9 31 21.1 44.2

Sample °C 77 68.5 73.7 82.5 71.7 71.7 80.9 79.8 82.6
comple- IC 942 | 964 | 952 | 962 | 962 89.4 93 95 98.9
teness, %

Note. Roman numerals indicate decades in the corresponding months. The reserve where the material was collected is indi-
cated in brackets: R — Rdeysky Nature State Reserve, P — Polistovsky Nature State Reserve.
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It is important to note that the value of the Shannon
diversity was significantly lower between 20—30 March
and 20—30 October compared to other study periods (Ta-
ble 1), indicating the presence of some medium-to-high
abundance species in the biota, whereas the other species
were much less frequent. The six most abundant species
[ Trichia botrytis s.1. (J.F. Gmel.) Pers., Hemitrichia deci-
piens (Pers.) Garcia-Cunch., J.C. Zamora et Lado, Meta-
trichia vesparia (Batsch) Nann.-Bremek. ex G.W. Martin
et Alexop., Oligonema persimile (P. Karst.) Garcia-Cunch.,
J.C. Zamora et Lado, 7. varia (Pers. ex J.F. Gmel.) Pers.,
and Lycogala epidendrum s.1. (L.) Fr.] accounted for 51.4%
of the total number of finds. In other months, this share
was much lower. Therefore, during the rest of the year, the
Shannon diversity was much higher (Table 1). Similar pat-
terns can be observed for Simpson’s diversity. Its lowest
values are observed between 20—30 March and between
20—30 October (18.7 and 21.1, respectively), while in other
periods its values range from 24.5 to 33.7.

Pairwise comparisons were made between spe-
cies lists obtained at different time periods using the
Serensen coefficient (using binary presence-absence
data, i.e. without taking abundance into account). The
highest similarity was observed between pairs of species
lists obtained during the summer months (mid-July and
late August) and late July and September (Cs,, = 0.67).
In contrast, the greatest differences compared to the
other periods were observed in the species lists identi-
fied in late March (Table 2).

Non-metric multidimensional scaling results confirm
the differences in species composition and abundance
(Fig. 2). Differences between the samples in mid-summer,
late-summer, early-autumn and late autumn — spring pe-
riods are clearly expressed. The outlier in the Plavnitskoe
group of sample plots (point P) in September 2018 is
explained by the fact that in this period only one plant
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association from this group with a small sample of speci-
mens, including some rare species, was investigated.

Differences are also observed at the level of the taxo-
nomic structure of the biota. To make comparisons
with results from other regions, specimens studied dur-
ing one-decade period during different expeditions were
combined together. In early spring and autumn, the
greatest diversity (representation of orders by species)
of the Trichiales order representatives can be detected
in the field, while in the summer months there is a rel-
ative decrease in their abundance (Fig. 3). The greatest
diversity and abundance of representatives of the order
Stemonitidales is observed in mid-summer, and closer to
the autumn their relative proportion in the biota gradually
decreases. For representatives of the order Physarales, on
the contrary, an increase in species diversity and abun-
dance is observed in early autumn (Figs. 3). It is impor-
tant to note the unusual biota structure revealed in the
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Fig. 2. Results of non-metric multidimensional scaling. Sam-
ple areas are grouped by geographical position (see materials
and methods section).

Table 2. Values of the Serensen coefficient for different periods of material collection

Collection March—III | July—II | July —II | July —III | August—III | September—I | October—I | October—III
periods (P) (P) (R) (P) (P) (P) (R) (P)
March—III (P) 1
July—II (P) 0.46 1
July—II (R) 0.51 0.72 1
July—III (P) 0.52 0.68 0.66 1
August—III (P) 0.52 0.64 0.62 0.62 1
September—I (P) 0.53 0.55 0.55 0.67 0.56 1
October—I (R) 0.52 0.50 0.48 0.58 0.56 0.6 1
October—III (P) 0.59 0.53 0.56 0.59 0.60 0.55 0.58 1

Note. Roman numerals indicate decades of the corresponding months. The reserve where the material was collected is indi-
cated in brackets: R — Rdeysky Nature State Reserve, P — Polistovsky Nature State Reserve.
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second decade of July 2020. During this period, the great-
est diversity was observed among representatives of the

order Cribrariales, while the proportion of representatives

of the order Physarales significantly decreased. The contri-
bution of other orders remained at the same level.

Considering relative abundances of orders (representa-
tion by specimens) and the total number of specimens
collected during the corresponding period, we can see
that while in spring and autumn months Trichiales is the
dominant order, in mid-summer there is a gradual de-
crease in their abundance (Fig. 3). In August, there was a
simultaneous decrease in the abundance of the order Cri-
brariales and a significant increase in the representation
of Physarales. Similar phenomena were observed when
analyzing the seasonal differences in sporulation in the
Moscow region (Matveev, Gmoshinskiy, 2016) and the
Novosibirsk region (Vlasenko, Novozhilov, 2011). This
fact may indicate different temperature and humidity
optima for the formation of sporophores by represent-
atives of these orders. However, it should be taken into
account that in our study this phenomenon is well ex-
pressed only between 20—30 August. Thus, additional
long-term observations on standardized plots are re-
quired to confirm this hypothesis.

No strong differences in the representation of myxo-
mycetes substrate complexes between the collection peri-
ods were detected (Fig. 4). The observed outliers in some
months are largely explained by the peculiarities of sam-
pling and, presumably, by weather conditions. Additional
studies are needed to fully explain the fluctuations in the
ratio between substrate complexes and to establish the fac-
tors influencing the substrate confinement of myxomycetes
and its expression in different phenological periods.

The core biota (species making up at least 3% of all
observations) is formed by 9 species: Physarum album
(Bull.) Chevall. (5.7%), Arcyria cinerea (Bull.) Pers.

Trichiales Stemonitidales
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(4.8%), Lycogala epidendrum s.1. (4.8%), Stemonitis axif-
era (Bull.) T. Macbr. (4.3%), Metatrichia vesparia (3.9%),
Trichia varia (3.9%), Hemitrichia decipiens (3.6%), A. af-
finis Rostaf. (3.6%), and Ceratiomyxa fruticulosa (3%).
However, depending on the season when the material
was collected, the list of the core biota varied considerably.
Fig. 5 and 6 shows the proportion of species in the biota
during different phenological periods. All species diversity
can be roughly divided into 5 categories:

1) Mid-summer species. Quite a large number of
myxomycete species have relatively short periods of
sporophore formation in mid-summer, when warm
weather with high precipitation was observed in the
years of research. Such species include Arcyria cinerea
(Fig. 5, k), Ceratiomyxa fruticulosa (Fig. 5, j), Cribraria
cancellata (Batsch) Nann.-Bremek. (Fig. 5, i), Stemoni-
tis axifera (Fig. 5, 1), Stemonitopsis typhina (F.H. Wigg.)
Nann.-Bremek. (Fig. 5, h), Stemonitopsis hyperop-
ta (Meyl.) Nann.-Bremek. (Fig. 5, g). For these spe-
cies, we made similar observations on the seasonality
of sporophore formation in the Moscow region (Mat-
veev, Gmoshinskiy, 2016). In the Moscow region, these
species begin massive sporulation in late May and reach
their peak abundance in June and mid-July, with a signif-
icant decrease in the number of their findings afterwards.

2) Late summer-autumn species. This group includes
Hemitrichia calyculata (Speg.) M.L. Farr (Fig. 6, ¢),
Physarum album (Fig. 6, a), and Oligonema favogineum
(Batsch) Garcia-Cunch., J.C. Zamora et Lado (Fig. 6, g).
Reaching the maximum in late August-early September,
their abundance decreases strongly by October.

3) Autumn species. These are Arcyria stipata
(Schwein.) Lister. (Fig. 6, j), Metatrichia floriformis
(Schwein.) Nann.-Bremek. (Fig. 6, h), and Trichia var-
ia (Fig. 6, i). They are formed in early autumn and pos-
sess comparatively fragile sporophores, which are almost

Physarales Cribrariales
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Fig. 3. Number of species (white bars) and specimens (black bars) belonging to different orders in % of the total number of specimens

collected during the corresponding period.
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Fig. 4. Relative representation of substrate types (by specimens and by species of myxomycetes) in different periods of material col-
lection. Due to specimen occurrences on mixed substrates, the sum of abundances can exceed 100% in some decades.

completely destroyed under snow. Therefore, their de-
tection in spring months is quite rare.

4) Spring species. In the present study, this group in-
cludes Oligonema persimile (Fig. 5, c), Trichia botrytis
s.l. (Fig. 5, b), T. contorta (Ditmar) Rostaf. (Fig. 5, a),
Licea variabilis Schrad. (Fig. 5, d), and Hemitrichia de-
cipiens (Fig. 6, 1). Most likely, sporophores of these spe-
cies are formed in late autumn and persist under snow
during winter due to their relatively large colony size and
dense peridium. This is supported by an increase in their
abundance in the third decade of October. It should be
noted that no species of the nivicolous group were found
during the present study.

5) Species found throughout the entire growing season.
This group includes Lycogala epidendrum s.1. (Fig. 6, k) and
Metatrichia vesparia (Fig. 6, f). These species possess large
and somewhat dense sporophores that do not collapse
for a long time. Thus, their proportion among the iden-
tified taxa is always quite high. At the same time, this does
not mean that these species do not have seasonality of
sporulation. We did not record the degree of preservation
of sporophores in situ because it is hard to assess objec-
tively in many species and, therefore, could not draw con-
clusions about their age. In addition, it should be taken
into account that Lycogala epidendrum s.1. is a complex
of species (Leontyev et al., 2022, 2023), whose members
may be characterized by individual seasonality of sporo-
phore formation requiring additional research.

The study also revealed species that had strictly de-
fined periods of mass formation of sporophores. For ex-
ample, in the territory of the Polistovo-Lovatskaya bog
system, mass development of Badhamia lilacina (Fr.)
Rostaf. (Fig. 6, d) starts from around 20 August on the
surface of Sphagnum and Polytrichum mosses in forest
wetlands, where these mosses form a continuous cover
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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on the soil (Borzov, Gmoshinskiy, 2020). We observed
a similar phenomenon in the Central Forest State Na-
ture Reserve (Nelidovsky urban district, Tver Region).
Due to the large size of sporophores, they can persist for
a long time and can be found until the very end of the
growing season, and sometimes even in the next year.
However, we did not observe the formation of new spo-
rophores of this species between 1—10 October as well
as in spring or mid-summer. All specimens were heavi-
ly water-damaged and most likely persisted on the sub-
strate for a long period of time.

Tatyana Nikolaevna Barsukova, in the course of
long-term observations of myxomycete abundance at
the Zvenigorod biological station of the Moscow State
University, showed that some species can form sporo-
phores once in several years (Barsukova, 2001). As one
of the examples in her work, she cites Leocarpus fragilis
(Dicks.) Rostaf. that forms sporophores once every 2—3
years in the Moscow region. According to our observa-
tions, this species can indeed massively form sporophores
in some years, while in other years it could be almost
completely absent from our collections. Thus, in August
2019, the proportion of specimens of this species was 9%
of the total number, while among the collections made
between 1—10 September 2018, the proportion of finds of
this species was only 0.4% of the total number (Fig. 6, b).

Between 1—10 July 2021, mass development of Val-
tocarpus trechisporus (Berk. ex Torrend) Gmoshinskiy,
Prikhodko, Bortnikov, Shchepin et Novozh. (=Symphy-
tocarpus trechisporus (Berk. ex Torrend) Nann.-Bremek.)
was observed. This species is quite rare. Earlier it was
only recorded in the territory of the Republic of Kare-
lia (Bortnikov et al., 2020). However, in the summer of
2021, its sporophores were massively formed in black
alder and mixed forests. Notably, sporophores were
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Fig. 5. Seasonality of sporophore formation for the most widespread species of myxomycetes from the Polistovo-Lovatskaya bog

system (part 1).

formed so abundantly that it was impossible to count all
large pseudoethalia in some sample plots. Thirty-seven
specimens of this species were recorded in the database.
A similar burst of this species was recorded by us in the
same time period in the Central Forest state nature re-
serve 200 km east of the study area as well as in the Taldom
district of the Moscow region (Gmoshinskiy V.I., unpub-
lished). Thus, with an example of this species, we conclude
that some species can stay in the trophic stage hidden in
the substrate for a long period of time and form sporo-
phores only under a combination of certain conditions.

We also noted sharp population increase of some spe-
cies in certain time periods. For example, all seven finds
of Diderma tigrinum (Schrad.) Prikhodko et al. were made
in March. Apparently, the sporophores had persisted un-
der snow since late autumn. In July 2021, sporophores of
Didymium proximum Berk. et M.A. Curtis (26 specimens)
were found on the surface of Sphagnum sp. along the edges
of bogs, being the first records in the study area. Between
20—30 August, sporophores of Didymium melanospermum
(Pers.) T. Macbr. were formed (31 specimens). Again, we
have not recorded this species during other studies.

Thus, different species of myxomycetes have not only
a certain seasonality of sporophore formation, but also

MUKOJOTI'A U ®PUTOITATOJIOTUA

can form them not every year, which should be taken
into account when planning field work.

CONCLUSION

The obtained results confirm the assumption that many
species of myxomycetes have seasonal formation of sporo-
phores. Despite the fact that the greatest diversity is found
in the period from mid- to late summer, there are many
species that form sporophores either in late autumn or
early spring. For some of the most common species, pe-
riods of mass sporulation can be traced, while others, in
contrast, can be found in the field throughout the entire
snowless period. Some species of myxomycetes do not
form sporophores every year. For these species, there are
occasional bursts of abundance that are probably associat-
ed with weather conditions suitable for their sporulation.
In the spring and autumn months, representatives of the
order Trichiales take the lead in both abundance and di-
versity, while in summer their proportion is significantly
reduced. Mass development of representatives of the order
Physarales is observed from mid-summer to mid-autumn.
Thus, a comprehensive research on the species diversity of
myxomycetes in a particular territory requires long-term
studies, which should be carried out in different phenologi-
cal periods from snow melt to snow fall.
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HccnenoBaHbl YMCIIEHHOCTh U BUIOBOI COCTAaB KYJIBTUBUPYEMBIX MUKPOCKOITMIECKHUX TPHOOB B TOP(SIHBIX
Oyrpax 1 MoYaxkMHax IIJIOCKOOYTpUCThIX O0JIOT B TOpHBIX JaHAmadTax [IpunonasgpHoro Ypaia (ceBepHas yacTb
HalMoHayibHOTO Tlapka “HOrein Ba”, Pecriyonuka Komu). YucaeHHOCTh TpUOOB B UCCIIEAYEMBIX TOPDSIHBIX
rnouBax Bapbupyet B niepenenax 0.4—242 teic. KOE/T a.c.1. ¢ MaKCUMaJbHBIMYM 3HAYEHUSIMU B BEPXHEM CJIO€
KuBbIX Mx0B boisora I — 2424+n66.2 teic. KOE/r a.c.i1. B MovyaxuHax 060J10T YUCIIEHHOCTh MUKPOMMIIETOB
OTHOCHUTEIIbHO HeBhICOKA: B MovaxkuHe bosora I — 28.6%7.1 teic. KOE/r a.c.n., B MouyaxkuHe bojota 11 —
32.9425.5 teic. KOE/r a.c.m. TAKCOHOMUYECKUI CITUCOK KYJIbTUBUPYEMbIX MUKPOMUIIETOB BKJII0YaeT 61 BUI
rpuboB U3 15 ponoB, ABYX OTAENOB U CTepUIbHBIN Mullenuit. Otnen Mucoromycota npencrasieH 17 Bunamu u3
ponoB Absidia, Actinomucor, Mucor, Mortierella, Umbelopsis. Bomnpliast 4acTh BBIIEICHHBIX TPHOOB OTHOCHUTCS K
otnery Ascomycota (43 Buna u3 10 pomoB). JJoMuHHUPYET 10 YnCIy BUIOB pon Penicillium (21 Bum). 1o yactoTte
BCTPEYAEMOCTH CTPYKTYpa KOMILJIEKCa MUKPOMMUIIETOB OOJIOTHOI'O MacCHBa MpeAcTaBieHa PEIKUMU U CIIy-
YalilHBIMU BUAaMu — 53%, Ha JOJII0 BUIOB YaCTO BCTPEUAIOIIMXCSI U JOMUHMPYIOIIUX MPUXOIUTCS COOTBET-
cTBeHHO 34 1 13%. [pynna 1OMUHAHTOB IO YAaCTOTE BCTPEUYAEMOCTH TpeACTaBlieHa BUIOM Pseudogymnoascus
pannorum M CTepuIbHBIM MulieueM. K yacto BcTpeuatommmcest oTHocsTcst Buabl: Mortierella alpina, Mucor
hiemalis, Umbelopsis ramanniana, U. vinacea, Penicillium canescens, P. granulatum, P. lividum, P. simplicissimum,
P. spinulosum, P. thomii, P. verrucosum, Talaromyces funiculosus. Hanbonee oOMIbHBI B CJI0€ XUBBIX MXOB —
Penicillium spinulosum (17%), P. thomii (18%), Talaromyces funiculosus (19%). B ce30HHOTAaJIbIX CJIOSIX TOP-
¢a BEICOKMM 00OMIMEM XapaKTepusytoTcs BUnbl: Pseudogymnoascus pannorum (11%), Talaromyces funiculosus
(14%) v crepunbHbIil Mutienuit (16%). B reeBbIX TOPU30HTAX JOMUHUPYIOIIUM 10 OOUJIUIO SIBJISIETCS BUI
Pseudogymnoascus pannorum (78%), a B Mep3JIbIX cJIOsIX Topda 0OHApYKeHbI TOJbKO eIMHUYHbIE KOJJOHUU
CTEPUILHOTO MULICJIHS.

Karoueswvie cnrosa: 6yrpucteie 0010Ta, MUKpOCKONIUYecKue rpudsl, [punonspHsiii Ypan, TopdsaHUKHA.
DOI: 10.31857/50026364824030044, EDN: viydlq

BBEAEHUE

Bbosnora 3aHMMarOT OrpOMHbIE POCTPAHCTBA I10 BCEMY
3eMHOMY IIapy 1 Ha Tepputopun Poccun. B Peciybnm-
k1 Komu ux miomianp coctasisgeT nopsaka 10% ot 06-
IIei TUIoIIAay pernoHa. BoroTHbIe 3KOCHCTeMbI UTPAIOT
0Cco0YyI0 poJib B KPyroBopoTe yriepona B ouocgepe (Vitt
et al., 2000; Turunen et al., 2002). C ogHO#i CTOPOHBI, OHU
obecreuynBaloT CTOK yriepoaa U3 aTMocdepbl, HaKarliu-
Basi €ro B BUIE TOP(PSIHBIX 3aJIeXKei, ¢ IPYToil — SIBJISTIOTCS

MOIITHEHIIIMM MCTOYHUKOM MMapHUKOBBIX Ta30B (Schnei-
der et al., 2018). CMmelueHre paBHOBECUST MEXAY MOTpe-
OJIeHVEM UM TIPOM3BOJACTBOM YIJIEKMCJIOrO ra3a u MeTaHa
BJIMSIET Ha M3MEHEHMS (PyHKIIMIT OOJIOTHBIX 9KOCUCTEM
(Strack et al., 2004; Andersen et al., 2006). CooTHoIIe-
HUE MeXITy MHTEeHCUBHOCTbIO IIOTOKOB yIJIepoa OIpe-
JIEJSICTCS IIPOMYKTUBHOCTHIO OOJIOTHBIX 9KOCHCTEM, ITIy-
OUHOI TOp(SHON 3a7eXX1 U CKOPOCThIO MUHEpaJIN3a-
LIMU PacTUTENIBHBIX 0cTaTKOB (Andersen et al., 2013). dns
OLIEHKM POJi 60JIOT B YIJIEPOAHOM OanaHce 6rocdepbl
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HEeOOXOOMMO PaCUIUPUTh IIPEACTABJICHUS O CTPYKTYpe U
cocTaBe MUKPOOHBIX COOOIIECTB TOPGSHBIX MTOUB, OCO-
OEHHO B CEBEPHBIX perroHax, 1 ux (pyHKIWI B peodpa-
30BaHUU OPTaHUYECKOTO BEIECTBA.

YcenoBus, cdhopmupoBaBimecs B TOpGSIHOMN 3ae-
KU, OTIpEeNesioT MpeBajirupoBaHMe MUKPOCKOIIMYE-
CKMX rpu0OB B pa3HOOOpa3n MUKPOOHBIX COOOIIECTB
(Andersen et al., 2006). [TouBeHHbIe MUKPOMUIIETHI
UMEIOT (PU3MOJOTUYECKYIO U METaOOIMIECKYIO amall-
TallMI0 K HU3KUM TeMIlepaTypaM U KOHIEHTpaluu
KMCJIOpOAa, KUCIIOH peakluu Cpelbl, HEAOCTATKY IH-
TaTeJIbHBIX 3JIEMEHTOB B TOPp(SHUKAX, 1, KPOME 3TOTO,
OHU yYaCTBYIOT B Pa3JIOXKECHUHU CIIOXHBIX ITOJIMMEPOB
OpPraHMYECKOTO BEIeCTBa C IIOMOIIbIO CUHTE3a BHE-
KJeTouHbIX (pepmeHToB (Thormann et al., 2004; Thor-
mann, 2006b; Golovchenko et al., 2013).

B HacTos1Iee BpeMs moJydeHbl JaHHBIE O TaKCO-
HOMMYECKOM COCTaBe KOMILJIEKCOB KYJIBTUBUPYEMBIX
MUKPOMMUILIETOB B TOP(MSIHBIX MTOYBaX 00J0T Oopealib-
Hoii 30HBI (Thormann et al., 2001; Golovchenko et al.,
2002, 2013; Thormann, Rice, 2007; Grum-Grzhymaylo,
Bilanenko, 2012; Khabibullina et al., 2014; Sizonenko
et al., 2016; Grum-Grzhymaylo et al., 2018). YctaHoB-
JICHBI HEKOTOPbIe OCOOEHHOCTH TAKCOHOMMYECKOTO CO-
cTaBa rpu0OB B CE30HHOTANIBIX CIIOSIX TOP(SHBIX TOYB
MEP3JIOTHBIX OyTpUCTHIX 00J10T NecoTyHApH! (Lapteva
et al., 2017; Vinogradova et al., 2019) 1 1oxxHO# TYHIpPBI
eBporeiickoro ceBepo-Boctoka Poccum (Vinogradova
et al., 2021; Vinogradova et al., 2023). I1pu 3Tom mis
LIEJIOCTHOM KapTUHBI BUIOBOIO pa3HOOOpa3usi MUKPO-
MUILETOB apKTUYECKOTO PeTMOHA HEJOCTATOYHO JIaH-
HBIX O BUJOBOM pa3HOOOpa3u MUKPOMMUIIETOB B TOP-
(bsTHBIX TTOYBAX OOJIOTHRIX KOMILIEKCOB KaK paBHUHHOM
YacTU KPUOJIUTO30HBI, TaK U €€ TOPHBIX MaCCUBOB.

B ropHbix nangmadTax Ypana 00J10THbIE 3KOCUCTE-
MBI, TI0 CpPaBHEHMIO C paBHUHHBIMY, 3aHUMAIOT He3Ha-
YUTEJbHBIE TEPPUTOPHUY, HO OHM IIPEACTABICHBI IIPaK-
THYECKM BO BCEX BHICOTHBIX Iosicax. B omiuuue ot Top-
(GIHUKOB PaBHUHHBIX TEPPUTOPHU, popMUpOBaHME
MEP3JI0THEIX OYTPUCTHIX 00710T B ycimoBusix [lpumonsip-
HOTO Ypaja CBSI3aHO KaK ¢ UCTOpHuei TophOHaKOILIE-
HUSI, TaK U C T€0JOTUYECKMU IIPOLIeCCaMU U Ipoliecca-
MU aJUTIOBUAJIbHON ceIMMEHTaluU, YTO 00YCIOBIMBAET
HaJIM4ye B TOJIIE TOP(MSIHOM 3aIeXXK MUHEPAJIbHBIX
npociioek (Goncharova et al., 2017). I1pu 3Tom 60J10Ta
VYpana cnabo usydeHnl Kak ¢ TOUKU 3pEHUST UX TUIIOI0-
TMU, XapaKTEePUCTUKU PACTUTEIbHOCTH, TaK U OLIEHKU
MouyBooOpa3oBaTeabHbIX IpoueccoB (Goncharova et al.,
2017; Joosten et al., 2017). Teppuropun Ilpumonspro-
ro Ypajua mpencTaBisiioT co00i OrpoMHOE MHOT000-
pa3ue 0OJOTHBIX KOMILJIEKCOB IENPECCUii Y CKJIOHOB.
byrpucteie 6osiota IpunonsapHoro Ypana npuypo-
YeHBI K pailoHaM C CYpOBBIM KJIIMMAaTOM U HaJIMIHEeM
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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MHOTOJICTHEMEP3JIBIX TPYHTOB. B TOpdhsaHBIX oTI0Xe-
HMSIX 1 MHOTOJIETHEMEP3JIbIX TOp(dax TaKMX IKOCUCTEM
3aKOHCEPBUPOBAHO 3HAYMTEIBbHOE KOJMYECTBO Opra-
Huveckoro yrniepona (Pastukhov, 2016, 2022). UmeH-
HO Takue OOJIOTHbIE 9KOCUCTEMbI, pa3BUBAIOIIMECS B
9KCTPEMAJIBHBIX YCIOBUSIX, MMEIOT BBICOKUIT TIOTEHII-
ajl BUIOBOTO Pa3HOOOpa3usi MOYBEHHBIX MUKpPOOpTa-
HM3MOB, OTIpeAESoNX QYHKIIMOHUPOBaHUE OOJIOT B
100aTbHOM MacIITaoe.

Ilens pabGoThl 3aKi04anach B BbISIBAEHUU OCOOEH-
HOCTEl cocTaBa KOMILJIEKCOB MUKPOCKOITMYECKUX TPU-
00B TOP(SIHBIX ITOYB OYTPUCTHIX OOJIOT TOPHBIX JaAH/ -
magToB IIpunonsipHoro Ypana.

MATEPUAJIBI U METO/IbI

HccnenoBaHust MpoBOAUIN Ha TeppuTopum Pecriy-
ommkn Komu B ropHBIX Janamadrax [Ipunongproro
VYpana (ceBepHast YacTb HAlIMOHAILHOTO TTapka “HOrbin
Ba”). bonoTHbie MaccuBsl Ha IIpumnonsgapHomM Ypase oT-
HOCUTEJIBHO HEBEJIMKU 10 padMepaMm. byrpucrteie 60-
JIOTa IPUYPOYEHBI YaIlle BCETO K KPYITHBIM MEXTOPHBIM
KOTJIOBUHAM, OOBIYHO CBSI3aHbI C JOJIMHAMM PeK, MeT-
JITIOIIUX TIO TTOCKOMY JHUIIY KOTJIOBUH, 00sI3aTeNb-
HBIM IIPY 3TOM SIBJIIETCSI HaJIMYKMe MEP3JIbIX TPYHTOB.

OObeKTaMu McCaeToBaHus TTOCIYXKUIN aBa OOJIOT-
HBIX MacCUBa, IPUYPOUYEHHBIX K MEXTOPHON JOJIMHE
p. ban6anpio. bomoTro I pacnosoxeHo y MTOTHOXUS
ckyoHa ropsl Ctapuk-u3 (65 °1020.8” c.i., 60 °1416.9”
B.1.), bonoTto Il pacnonoxeHo Ha HANMOMMEHHOM Tep-
pace B MeXTopHO# moiauHe peku (65°11°47.2” c.ui.,
60°13731.8” B.1.) (puc. 1).

TopdsiHbie OyTphl B Ipeaesax paccMaTpyuBaeMbIX 00-
JIOT TJTIOCKUE, UMEIOT OBaJIbHYIO (hopmy. IInprHa 6yrpos
15—50 M, nuHa — mo 200 M, Beicota — okoJio 0.5—1.5 M.
IToBepxHOCTb TOPGSIHBIX OYTPOB MEIKOOyropkoBarasl,
MOYAXKMH — MEJIKOKOYKOBaTasl. Mep3/iora B HUX 3ajIeTacT
Ha myonHe 40—60 cM, B MOYaKMHaX — 3a TipeaeiaMy Me-
TPOBOTO cJiosl MouBkI. O0I1Iast MOIITHOCTh TOPSIHOM 3ae-
Ky HeBbIcoKast — oT 30—40 cM B mroiimax pek 1o 1—1.5 M
B OOJIOTHBIX MAaCCUBAaX y ITOTHOXMS TOPHBIX CKJIOHOB.

PacTutenbHbBIil MOKPOB TOPPSHBIX OYTPOB JOBOJIb-
HO OIHOOOpPAa3HbIi: KyCTAPHUYKOBO-TUILIAMHUKOBBIMI
WIN KyCTapHUYKOBO-MOPOIIKOBO-MOXOBO-JIUIIAHU-
KOBBIM. OH 00pa30BaH TUIMUYHBIMHU JIJII KYCTAPHUYIKO-
BBIX TYHIpP ¥ CEBEPHBIX 00JI0T Bunamu: Andromeda poli-
folia, Betula nana, Empetrum hermaphroditum, Eriopho-
rum vaginatum, Ledum palustre, Oxycoccus microcarpus,
Rubus chamaemorus, Vaccinium uliginosum. B Hamou-
BEHHOM MOKPOBE Hapsiny co mxamu (Sphagnum fuscum,
Sphagnum russowii, Polytrichum strictum) TOCIOACTBY-
ot mumaiHuku (Cladonia arbuscula, C. rangiferina,
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oy 0 i ‘vI_A>Y -ﬂ'.‘ . 2 : A

KOBAJIEBA u np.

Puc. 1. O6bexTsI uccienoBanust (MexropHast nonuHa p. ban6ansio, [1pumnonsipustii Ypan): A — bonoto I; b — Bosoro 11.

C. gracilis, C. cuculata, Flavocetraria nivalis, F cuculata,
Peltigera scabrosa n np.).

PacTuTtenbHOCTh MOYaXXWH (TOTIEH) OTIMYaETCs 60Tb-
IIXM pa3sHOOOpa3reM U MpeacTaBlieHa 0COKOBO-MOXO0-
BBIMU, OCOKOBO-C(AarHOBLIMH, pa3HOTPABHO-MOXOBBI-
MU coobllecTBaMU. B TpaBIHO-KyCTapHUYKOBOM SIPY-
ce NoMUHUpPYIOT Betula nana, Comarum palustre, Carex
aquatilis, C. rariflora, C. chordorrhiza, Comarum palustre,
Calamagrostis lapponica, Equisetum fluviatile, Eriopho-
rum russeolum, Rubus chamaemorus, MOXOBOI TTOKPOB
cioxeH charnoBeiMu (Sphagnum lindbergii, S. riparium,
S. warnstorfii), opueBsimu (Warnstorfia exannulata, Palu-
della squarrosa v op.) 1 IEYCHOUHBIMU MXaMMU.

ITouBbI OYTPOB — TOPhsSTHBIE OJTUTOTPODHBIE MEP3IOT-
HbIE, MOYaXNH — Top(dsHbie oaurorpodHsie. Cremn-
nduyeckoil 0COOEHHOCTHIO MOYB TOP(PSIHBIX OYyrpPOB
SBJISIETCS UX pa3HOKAYEeCTBEHHOE CTpoeHue (Tabi. 1),
00yCIOBJIeHHOE KaK cIieuuKoin ¢GopMUPOBaAHUS
TOpdSAHOM 3a7eXu B TeUeHUE NJIUTEIbHON UCTOPUM
3BOJIIOLIMM OOJIOTHOM PKOCUCTEMBI, TAK 1 OCOOEHHO-
CTSIMM MUTpPALIMM BEIIECTB C MTOBEPXHOCTHLIM CTOKOM
B YCJIOBUSIX TOPHBIX JaHAIIA(TOB U MpOIecCaMU I10-
€MHO-aJJIIOBUAJIbHOM cearMeHTallMu. BepxHsis yacThb
TopGsIHOM 3ajeXu, XapaKTepu3yolasi COBpeMeHHbIe
yCIoBUs (OpMUPOBaHUS OOJIOTHBIX 3KOCUCTEM, IIpe-
cTaBjieHa TUMTMYHBIM BepXxoBbIM Topdom (TO). B ero
cocTaBe mpeobmamaet Sphagnum fuscum IpU yIacTUHN
S. angustifolium u S. russowii. B cpenuHHOI YacTu (Ti1y-
ouHa 38—55 cM) Topd MMeeT 0COKOBO-C(arHOBHINA U
nymuueBo-cgarHosslit coctaB (TT1). HuxkHue cioun
Topda (m1yoxke 55—65 cM) CI0XEHBI TPEUMYIIECTBEH-
HO ocTaTKaMM OCcOK 1 TMIMHOBBIX MxoB (TT2). Ha ry-
ounax 22—38 cM (bosoto I), 18—55 cm (bonoro I1, mpo-
¢unp a) u 32—48 (bomnoto 11, mpoduis b) B TopdsaHoI
3aJIeXKM YETKO MPOCIeXKUBAIOTCS MPOCIOMKY ornecya-
HeHHoro cyrmuHKa (G), comepskalero 3Ha4YuTeJIbHOE

MMUKOJIOTUA N PUTOMATOJIOTUA

KOJIMYECTBO PACTUTENbHBIX OCTAaTKOB KYCTapHUKOB
(kapnuKoBoit 6epe3ku, UB) 1 Nymuibsl. CTeneHb pa3-
JIOXXeHUs Topda N3MeHsIeTCs 110 TIIyOnHe 3a/IeXu OT 3
1o 40%.

O0pa3zupl Topda I N3YYSHUs coCTaBa U CTPYKTY-
PBI KOMITJIEKCa KYITbTUBUPYEMBIX MUKPOCKOITYECKIX
rpu6oB otoupanu u3 MmouaxkuH bosota I u bonora 11
1 OTTIOPHBIX pa3pe30B Ha ToOpPAIHBIX Oyrpax bomora I n
Bbonota 11 (mpodwis a u mpodmib b) B COOTBETCTBUU
¢ OOIIETTPUHSITEIMA METOAUKAMU M COOJTIONEHUEM CTe-
puibHbIX yenoBuit (Kurakov, 2001). M3 kaxkaoro ciost
1 Kaxnoit rmyounsl ce3oHHOoTasoro ciost (CTC) obpas-
Il OTOMpaI METOAOM PYYHOU BBIEMKH B TPEXKpaT-
HOIT IOBTOPHOCTH C Y4€TOM M3MEHEHUsI 60TaHUYECKO-
ro coctaBa Topa 1 CTEIEeHU ero pa3IoKeHHOCTU, U3
MEP3JIOTO CJI0sl — C UCIoab30BaHueM Oypa. Jlo Haya-
JIa MUKOJIOTHYECKHX MCCIeT0BaHUI 00pa3lbl Topda
XpaHUJIM B MOPO3WJIBHON KaMepe IpUu TeMIlepaType
—18 ... =20 °C.

BrineneHre MUKPOCKONMMYECKUX TPUOOB MPOBOIU-
JIX METOAOM IIOCEBA U3 CEPUIMHBIX Pa3BEICHUI Ha ara-
pu3oBaHHBIE cpenbl (cpema Yameka, cycio-arap, cpema
Cabypo) B NITUKPATHO MOBTOPHOCTH AJSI KaXKI0TO
obpasua (Methods.., 1991). YncieHHOCTb KYJAETUBH-
pYeMBIX TpHOOB BhIpaxKaiy B KOJTOHUU 00pa3yolInX
eAMHMIIAX B pacueTe Ha I'paMM aOCOIIOTHO CyXOIi I10-
yBbl (KOE/T a.c.n.) OTnenbHble KOJTOHUU IPUOOB OT-
cerBaJI, HA9MHas C MSTHIX CYyT, OKOHYATEJIbHBINM Yy4eT
KOJIOHMI MUKPOMUILIETOB MpoBoaIn Ha 7—10-¢ cyT.

NnenTrdukanuio BbIAEIEHHBIX YMCTBIX KYJIBTYD
MPOBOAMJIN Ha OCHOBAaHUM KYJIBTYypajJbHO-MOPGOIIO-
TMYECKUX ITPU3HAKOB C MCITOJIb30BaHUEM OTIpeAeIN -
TeJlel IJIsI KOHKPETHOM TaKCOHOMMYECKOM TPYITIThI
(Ellis, 1971; Ramirez, 1982; Egorova 1986; Pitt, 1991;
Aleksandrova et al., 2006; Domsch et al., 2007). Ha-
3BaHME U MOJIOXKEHUS TAKCOHOB YHUMDULUPOBAIU C
Ne 3
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Ta6anna 1. CtpoeHue MTOYBEHHBIX Mpoduieil U IyOrHBI 0TOOpa MpoO B ONOPHBIX pa3pe3ax, 3aI0KEHHBIX B IIpeeiax Top-
(SHBIX OYTPOB M MOYaXXHMH UCCIIENOBAHHBIX OOJIOTHBIX KOMITJIEKCOB

bonoto | bosnoro 11
RO o | pbenty | Topbmenone | owons

l'opuzoHT Iny6uHa, TopH3oHT [ryOuHa, TopH30HT I'nybonHa, Topu3oHT I'ny6onHa, Topu3oHT I'my6una,

cM cM cM c™M cM
CXM! 0-2 TO? 0-20 CXM 0-3 CXM 0-3 TO 0-10
o 2—-4 - — TO 3-8 TO 3-10 TO 10—-20
TO 4-10 — — TO 8—14 TO 12—-20 — —
TO 10—18 — - TOte 14—18 TOte 20-32 — —
TOte 18—22 — — G 18—22 Gl 32-42 — —
G 22-30 - — G 22-32 GlL 4248 — —
G 30-38 - — G 3245 - — - —
TT1 38—45 — — G 45-55 - — — —
TT1 45-50 — — TT1L 55-65 — - - -
TT2 55—60 — — — — — — — -
TT2 13 60—70 — — — — — - — —

IMpumeuanue. 'Croit xuBoro mxa; 206pasibl Topdha He OTOUPAIU U3-3a 0OBOAHEHHOCTU MPOdMIIs (MOYAXKMHDI) WX HAJIM-
4ys MEP3JIOTHI (TOP(SHbIE 6Yrphl); 3HAKOM | OTMEYEHBI MEP3NILIE CIoU Topda.

KCIIOJIb30BaHUEM MEXIyHAapOmXHOM 0a3bl maHHBIX Index
Fungorum (2023).

I XxapaKTepUCTUKM KOMIUIEKCa KYJIBTUBUPYEMbBIX
MHUKPOMMUIIETOB MCIIOJb30BaIU MHAESKCHl BUIOBOTO
pasHooOpasus lllennona (H), BeipaBHeHHOCTU [1M-
eny (E), nomuaupoBanus Cumncona (D) (Magurran,
1992), a TakKe ITOKa3aTeId 9acTOThI BCTPEYAEMOCTH U
oTHocuTelbHOTOo 00uus BunoB (Kurakov, 2001). Cra-
TUCTUUYECKYI0 00pabOTKy MOJyYeHHBIX JAaHHBIX MPO-
BOJIWJIY C MMOMOIIBIO TIaruHa rnporpamMmsel “ExcelToR”
(Novakovskiy, 2016).

PE3VJIBTATBI 1 ObCYXIEHUNE

OO0masi YMCIeHHOCTh MUKPOMHUIIETOB

CornacHO JaHHBIM JINTePaATypPhl, YUCICHHOCTh TT0Y-
BE€HHBIX MUKPOCKOMUYECKUX TPUOOB B TOP(PsSIHUKAX
ApKTUUYECKOI'0 perMOHa, Pa3BUBAIOIINXCSI B CYPOBBIX
MIPUPOAHO-KIMMATUYECKUX YCIOBUIX, BapbUpyeT B
JOCTAaTOYHO IIMPOKUX Ipenenax. Tak, B BEpXOBBIX 00-
sorax Kanmamakiickoro 3anuBa beiaoro Mopst yncieH-
HOCTbH pa3HBIX BUIIOB IIOYBEHHBIX TPUOOB U3MEHSIETCS
B nipenenax 10°—10° KOE/r B.c.1. (Grum-Grzhymaylo,
Bilanenko, 2012). B mi1ockoOyrpucThIX 60J0Tax JIeco-
TyHIpHI eBpornelickoro CeBepo-BocToka 4nCIeHHOCTD
MMKPOMMUIIETOB B ITpoduiie TopdSHOI 3a1eXu Bapbupy-
et ot 10? no 10* KOE/r a.c.n. (Vinogradova et al., 2019),
B OyrpucThiX 600Tax TyHApsl — oT 103 1o 10° KOE/r
a.c.r. (Lapteva et al., 2017; Vinogradova et al., 2021;
Vinogradova et al., 2023). B 00JIOTHBIX KOMILIEKCax
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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IIpunonsgpHoro Ypana 4yucieHHOCTb NOUYBEHHbIX MU-
KPOCKOTIMYECKUX TPUOOB B BEPXHUX CJIOSX TOPDSIHBIX
mouB cocTanisieT 0.4—242 toic. KOE/r a.c.1. D10 BbIlIe
10 CpaBHEHMUIO ¢ TouBaMu U rpyHTamu [lonsipHoro Ypa-
JIa, TIIe YMCIIEHHOCTh MUKPOCKOMMNYECKNUX rpruooB 0.9—
4.9 teic. KOE/r (Kirtsideli, 2016).

Cpenu u3ydeHHBIX npoduieit MakcuMaabHBIMU
3HAYCHUSIMU OOIIEi YMCIEHHOCTH MUKPOMMUIIETOB OT-
JIMYAeTCs CJION XXMBBIX MXOB MOYBBI TOP(SIHOTO Oyrpa
Bonora I — 242.0+66.2 teic. KOE/r a.c.mm. (puc. 2, a).
B ananornuHsbix cinosx npoduneit bonora I1-a n bo-
nota II-b yncaeHHOCTh MUKPOMUILIETOB 3HAYUTEIBHO
Hxe 1 coctanisieT — 41.7114.4 u 81.216.8 Toic. KOE/r
a.C.TI. COOTBETCTBEHHO. DTO MOXET OBITH 0OYCIOBIICHO
CcrenM@UKO pacioNoXeHUs O0JTOTHBIX KOMIUIEKCOB B
naHamadTe  pasIuIusSIMU B UX TETIJI0O00ECIIEYeHHO-
ctu: bonoto I 3aHMMaeT MOMHOXKWE BOCTOYHOTO, OoJiee
NporpeBaeMoro CKjoHa ropHoro maccuna, bosioto 11
HaXOMWUTCS B TEHU CEBEPO-3aMaJHOro CKJIOHA.

Haubonee HUBKMMU 3HAYEHUSMU YUCICHHOCTU MU -
KPOMMIIETOB XapaKTEePU3YIOTCSI MOYaXKMHBL. B MovyaxkuHe
Bonora | yncnenHocTh MuKpomuiietoB — 28.617.1 ThIC.
KOE/r a.c.ii., B Moyaxute bomora II — 32.9£25.5 Thic.
KOE/r a.c.n. bnarogapst 3Ha4uTeJIbHOMY TIPOCTpPaH-
CTBEHHOMY BapbHpPOBAaHMUIO, YMCIEHHOCTh I'PUOOB
B BepxHeM cioe (0—20 cm) cparHoBoro Topga Moya-
>KMH ITOCTOBEPHO HE pa3iMdyaeTcs B paCCMOTPEHHBIX
OOJIOTHBIX KOMILIEKCAX.

B npodunbHOM pacnipeneaeHUU TpuboOB B TOpdsI-
Hoi1 3anexu bosora I yeTko BHIAeIsIeTCS ABa IMHKa
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Puc. 2. [TpodunbHoe pacnpeneaeHue YnucieHHocTH (A), KonudectBa poaoB (b) u BumoB (B) B mouBax Top(dsHBIX OyTrpOB OOJOTHBIX

KoMIutekcoB ITpumnosnspHoro Ypana.

yuciaeHHocTu (puc. 2, a). IlepBblii NMK pUypoOYEH
K CJIOIO XXMBBIX MXOB 1 Y€ OTMEPIINX PACTUTEIbHbIX
octaTKoB. OH 00YyCJIOBJIE€H BBICOKOI YHMCICHHOCTHIO
MUKPOCKONNYECKUX TpUOOB (DUTOILIAHEI M pa3HBIX
TpyIII AeCTPYKTOPOB Topda. 3aech BhiaeaeHo 19 Bu-
OB MUKpPOMULIETOB U3 7 ponoB (puc. 2, 6, B). C my-
OMHOI BUIOBOE pa3zHOOOpa3ue MOYBEHHBIX IPUOOB
cHuxaetcda. OgHako Ha ryouHe 8—16 ¢cM HaMu OT-
MeYeH BTOPOIi MUK YUCIEHHOCTHU rpr0OOB, MOSIBIEHE
KOTOPOTO CBSI3aHO C aKTUBHBIM POCTOM KOJIOHU BUIA
Pseudogymnoascus pannorum Ha ¢oHe o0I111eTO yMEHb-
meHust BuIoB (12 BuaoB u3 6 ponoBs). B MuHepaabHbIX
ciosix mpodunst (22—38 cM) YMCIEHHOCTh U KOJIUYe-
CTBO BUIOB MUKPOMMUIIETOB PE3KO CHUXKAETCSI M CO-
XpaHsSIeTCsS Ha 3TOM YPOBHE B HIKEJIEXKAIIINX MEP3JIbIX
ciosix Topda (puc. 2, a, B). B mociegHux rpuosl BCTpe-
YaTCsS €NMHUYHO U MPEACTaBIeHbl KOJOHUSIMU CTe-
PUJIBHOTO MUIIEIHS.

B npodune bonora II-a BbicoKass 4YKMCIEHHOCTb
MUKPOMMIIETOB BBHISIBJIEHA B CJIO€ KMBBIX MXOB U B
cioe Topda Ha tnyobune 5—11 cm (puc. 2, a). BHu3s
o npodmIio TophSTHON 3aiekn YUCITCHHOCTh TPH-
0oB cHUXaeTcd 1 nocturaeT MuHuMyma (0.4+0.8 ThIC.
KOE/r a.c.n.) B MuHepanbHoM cioe G (miyouHa 19—
29 cm). PacnipeneneHue 4nucaeHHOCTH COOTHOCHUTCS C
mpo¢WILHBIM U3MEHEHEM BUIOBOTO pa3HOOOpa3usl
MUKPOMMIIETOB. MaKCHMAaJIbHOE YHMCIO BUAOB UACHTH -
GULIMPOBaHO MPU UCCIeIOBAHUM 00pa3loB, OTOOpaH-
HBIX U3 CJIOS XXKMBBIX MX0B (23 Buaa U3 7 poooB) U BepX-
HUX clioeB Top(da Ha youHe 5—11 cM (26 BugoB u3 9

MUKOJOTI'A U ®PUTOITATOJIOTUA

pOIOB), MUHUMAJILHOE — Ha IIyOuHe 55—65 cM, rie B
MEP3JIbIX CI0sIX Topa 0OHAPYKEH TOJBKO CTePUIbHBIIN
muuenuit (puc. 2, 0, B).

B nnpodune bonorto I1-b MmakcuManbHBIMU TTOKa3a-
TeJIIMUA YMCICHHOCTA MUKPOMMIIETOB TaKXKe XapakK-
TepU3yeTCsl CJI0M XKUBBIX MXOB (puc. 2, a). BHu3s no
MpoGUI0 YUCIEHHOCTh TPUOOB MOCTEIIEHHO CHUXA-
ercs. OmHaKo B 3TOM Ipodujie OTMEYEeH BTOPOM MUK
BUIOBOTO pa3HOOOpa3ne rpruboB, KOTOPHIN MPUYypOdYeH
K HUKHUM CJIOSIM Topda — Ha miyouHe 29—39 cM oH
JToCTATaeT cBoero Makcumyma (15 BumoB n3 10 pomoB)
U 3aTeM PE3KO CHIKAETCS B MUHEPAJIBHBIX CJIOSIX IIPO-
¢wnnsg (puc. 2, 6, B).

TakcoHOMHYECKasi CTPYKTYpa M BHIAOBOE
pa3Hoo0pa3ue KOMILIEKCOB KYJIBTHBHPYEMbIX
MHMKPOCKONUYECKHX TPUOOB

AHaM3 TaKCOHOMMYECKOMN CTPYKTYpPbl KOMILIEKCOB
MUKPOMMUIIETOB MOKa3aJ, YTO B LIEJIOM ITOYBBI OyTpU-
cteix 60n0T [MpunonspHoro Ypana xapakTepusyloTcst
BBICOKMMU I10Ka3aTeIsIMU BUIOBOIO pa3zHOOOpa3us.
W3 06pa3uoB TopsaHOI 3a1eku O0JIOTHOIO MaccuBa
BblIesAeH 61 BUI 13 15 pOIOB U IBYX OTIAEIOB, BKJIIOYAsI
CTepUIBbHBIN MULIEW (Tab. 2).

Otnen Mucoromycota tipencrasieH 17 BugzaMu U3 IByX
nopsiakoB — Mortierellales m Mucorales, 9T0 cocTaBisieT
28% oT Bcero BUIOBOro coctaBa. Haubosee 6orartolii
110 BUIOBOMY pa3HooOpasuio pon Mortierella tipen-
CTaBJIEH CeMblO BUIaMU, U3 KOTOpbIX Mortierella alpina
2024
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Ta0auma 2. CTpyKTypa KOMITIEKCa MUKPOCKOITMYECKHX TPUOOB B TOP(MSIHBIX ITOYBaX OYrpucThIX 00710T [IprnonsgpHoro Ypana

(Ha OCHOBE pacyera 4aCTOThbl BCTpEYaeMoCTu, %)

bonoto | bonoto I1
. TopdsHoir 6yrop
BoiaeneHHbIE BUIB TopdsiHoii
6yrop MouaxuHa | npodwis | nmpodwir | MoyaxuHa
a b
Mucoromycota
Mortierellales
Mortierella alpina Peyron 40 30 75 50 30
M. horticola Linnem. - 20 25 25 —
M. humicola Oudem. 20 30 25 50 65
M. turficola Y. Ling — — 25 — —
M. monospora Linnem. - — - - 15
M. polycephala Coem. - - - - 30
Mortierella sp. 20 20 75 50 65
Mucorales
Absidia sp. - - - 50 -
Actinomucor elegans C.R. Benj. et Hesselt. - - — 25 —
Actinomucor sp. — — — — 15
Mucor hiemalis Wehmer 40 - 75 75 -
M. racemosus Fresen. - - 25 - -
Mucor sp. 40 — 100 25 —
Umbelopsis isabellina W.Gams — — 50 50 30
U. ramanniana W.Gams 40 — 75 50 15
U. vinacea Arx 20 — 50 50 15
Umbelopsis sp. - - 25 - -
Ascomycota
Dothideales
Aureobasidium pullulans G. Arnaud 20 - 25 - 15
Eurotiales
Penicillium aurantiogriseum Dierckx 20 - — — -
P. brevicompactum Dierckx - - 25 - -
P. camemberti Sopp 40 — 25 50 —
P. canescens Sopp 20 — 75 50 —
P. chrysogenum Thom - — 10 — —
P. decumbens Thom 40 — 25 50 —
P. digitatum Sacc. - — 25 25 —
P. glabrum (Wehmer) Westling 10 - - 25 -
P. granulatum Bainier 40 10 75 50 -
P. implicatum Biourge 40 - - 25 -
P, italicum Wehmer - - 25 - -
P, lanosum Westling 40 — 25 50 -
P, lividum Westling 40 — 50 75 15
P. miczynskii K.M. Zalessky 20 10 25 - -
P. roqueforti Thom - - - 25 -
P. simplicissimum Thom 60 10 50 50 -
P, spinulosumThom 40 10 75 75 —
P. thomii K.M. Zalessky 40 — 50 25 15

MUKOJOTI'UA U OPUTOIATOJIOTUA  Tom 58 Ne 3 2024
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P. verrucosum Dierckx 40 10 50 75 —
P. waksmanii K.M. Zaleski 20 30 - - —
Penicillium sp. 40 — 75 50 —
Talaromyces diversus (Raper et Fennell) Samson,

N. Yili}naz et Frisva(d ’ ) 40 10 25 30 15
T. funiculosus (Thom) Samson, N. Yilmaz,

Frisvad et Seifert 80 10 30 30 B
T. purpureogenus Samson, N. Yilmaz, Houbraken, _ _ 10 _ _

Spierenb., Seifert, Peterson, Varga et Frisvad

Helotiales
Monilinia sp. - - - 25 -
Oidiodendron flavum Svilv. — — 10 - -
0. griseum Robak 20 — 25 25 15
0. maius G.L. Barron 20 - 25 25 -
O. tenuissimum S. Hughes — — 25 25 15
O. truncatum G.L. Barron — — 25 25 —
Oidiodendron sp. — 10 75 50 15
Hypocreales

Gliocladium sp. — - - 25 —
Metarhizium carneum (Duché et R. Heim) _ 30 _ _ _

Kepler, S.A. Rehner et Humber
Trichoderma hamatum Bainier 20 - 50 25 15
T. harzianum Rifai 20 - 75 25 50
T koningii Oudemans 20 - 75 25 15
T. polysporum (Link) Rifai — — 75 25 15
T. sympodianum Kulik 40 - 75 75 30
T. viride Schumach. 20 — 75 25 15
Trichoderma sp. 20 — 75 75 30

Saccharomycetales

Dipodascus geotrichum (E.E. Butler et _

L.J. Petersen) Arx — - 50 25

Thelebolales

Ps]ngi(')%rggﬁz}vcus pannorum (Link) Minnis et 60 30 75 75 30
Mycelia sterilia | 80 | g0 | 10 | 75 | 85

BCTpeyvaeTcs moBceMecTHO. BTopoii 1o 6oratcTBy BuUaa-
mu pon Umbelopsis BKITIouaeT 4yeThIpe BUAA, N3 KOTOPBIX
Bunbl Umbelopsis ramanniana n U. vinacea BbISIBIIEHBI C
BBICOKOI YaCTOTOM BCTPEYAEMOCTH TOJIBKO B IPOPIIISIX
bonora I1. K penko BcTpeuaroimcs BUgaM OTHOCSITCSI
Absidia sp., Actinomucor elegans, Actinomucor sp.

Yacro BcTpeuaromuecst Bunasl Mortierella alpina, Mu-
cor hiemalis, Umbelopsis ramanniana, U. vinacea siBnsi-
JOTCSI THITMYHBIMY TIPEICTABUTEISIMU TOP(PIHUKOB KaK
TaexXHOoi, Tak U TyHApoBoii 30HbI (Golovchenko et al.,
2002, 2013; Sizonenko et al., 2016; Vinogradova et al.,

2019, 2021). D10 rpubdHI-canipoTpodbl, UCIIOIb3YIOIINE
B IIEPBYIO OUYepeab JIETKOOOCTYIIHBIE caxapa B IT0YBax
HCCIIEAYEeMBIX OMOIIEHO30B, YTO CBSI3aHO C BHICOKHM
colepKaHnueM CJIa00pPa3IOKMBIINXCS OPraHMYECKUX
BEIIIECTB, OCOOEHHO B BEepXHUX clIogx Topda. Bun
Mucor hiemalis BcTpedaeTcsT B CaMbIX pa3HOOOpa3HBIX
MECTOOOMTAHUSIX U THUIIAX IIOYB, B TOM YKCJIEe U TOP-
(ssHUKAaX, CITOCOOEH K POCTY B IIMPOKOM IHMANa30He
pH u TonepaHTeH K aHa’pPOOHKIM yclioBUSIM. B nute-
paTtype OH YIIOMUHAEeTCsl KaK OOBIYHBIN 11T TOp(SIHU-
KOB BUII, CIIOCOOHBII K IeCTPYKLMHU C(ParHOBEIX MXOB

MUKOJOTI'A U ®PUTOITATOJIOTUA ToM 58 Ne 3 2024
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Buna Sphagnum fuscum (Thormann et al., 2002, 2004;
Thormann, Rice, 2007; Domsch et al., 2007).

OcranbHble 43 Buna npuHamiexaT oTaeny Ascomycota,
yto coctaBisgeT 70% oOT 0oOlIero KoJudecTBa BbI-
IeJleHHBIX BUIoB. OTmen IpencTaBieH 6 IMopsaKa-
mu (Dothideales, Eurotiales, Helotiales, Hypocreales,
Saccharomycetales, Thelebolales). CaMblit 60TaThIi1 110
BUIOBOMY pa3HOOOpa3nio Nopsinok Furotiales conepXuT
24 Buna u3 aByXx ponos (39% oT o061Iero KoJM4ecTBa BU-
JTOB), BKJTIOUAET B ceOsI MHOTOBUIOBOI pon, Penicillium
(21 Bun) u pon Talaromyces, mpeacTaBICHHBII TPEMS
BUIaMU TpUOOB (Tabu. 2). I'pubdsr pomoB Penicillium n
Talaromyces B OCHOBHOM SIBJISIFOTCSI TUITMYHBIMU T10Y-
BEHHBIMU canpoTpodamMu, CIOCOOHBIMU pa3BUBATh-
¢S IPY HU3KOM JOCTYITHOCTH ITUTATE/IBHBIX BEILIECTB U
yCBaMBaTh TpyAHOpAa3iaracMble MOJIMMEpPHBIE CyOCTpa-
THI B MeCTaX, e ¢J1ab0 pa3BUThI MUHEPAIN3allMOHHbBIC
npouecchl. biaarogapss 06UIbHOMY CHOPOHOILISHUIO
U MEJIKMM JIETKUM CIIOpaM I'pUObI 3TUX POIOB pac-
MPOCTPaHEHBI ITOBCEMECTHO B TYHIPOBBIX TOP(MIHUKAX
(Vinogradova et al., 2021, 2023).

Haub6omee yacTo BcTpevaronyecs B TOPGSIHBIX TTO-
YBax MCCIEAYyeMbIX OOJIOTHBIX MaCCUBOB BUIbI MOPSII-
ka FEurotiales — Penicillium canescens, P. granulatum,
P. lividum, P. simplicissimum, P. spinulosum, P. thomii,
P. verrucosum wn Talaromyces funiculosus — pacrmpoctpa-
HEHBI B ITOYBaxX apKTUYECKOTo pernoHa. OHU CIIOCO0-
HBI pacTH B IIMPOKOM IHAIIa30HE TeMIIepaTyp, B TOM
YHCie B 3KCTpeMaJIbHO XoJiogHbIX yeroBusx (Kirtsideli,
2009, 2016; Kirtsideli et al., 2014, 2015; Vinogradova
et al., 2021; Vinogradova et al., 2023). Bun Penicillium
canescens OTMEYEH KaK IMOCTOSHHO BCTpeYaroIIuii-
Ccsl M BXONSIIMII B COCTaB THUIIMYHBIX JOMHHAHTOB
KOMIIJICKCOB II0YB MOJSIPHBIX U aJbIIMNCKUX PEru-
oHoB (Khabibullina, 2009; Kirtsideli, 2016). Bumbl
P. granulatum, P. verrucosum, P. thomii BcTpedaloT-
Csl B KMCJIBIX JIECHBIX M TYHIPOBBIX MOYBAX CEBEPHBIX
pernoHoB (Domsch et al., 2007). Bun P. thomii BMecTe
¢ Bugamu P. lividum, P. spinulosum, xapakTepusyomii-
MMUCSI BBICOKMM OOMJIMEM, BXOOUT B TPYIIILY JOMHHATOB
mouB BepxoBuIX 6010T (Golovchenko et al., 2002, 2013;
Grum-Grzhymaylo, Bilanenko, 2010). On mmpoxko pac-
IIPOCTpaHEeH B OYTPHUCTHIX TOP(PSHUKAX I0KHOI TYHIPHI
(Vinogradova et al., 2021), 9acTo BBIIENISIETCS C KUBBIX
1 MEPTBBHIX YacTeil c(parHOBHIX MXOB M aKTMBHO yda-
CTBYeT B IIpolieccax MUHEpaIn3alui PacTUTEIbHBIX
ocTaTKoB B Top(dstHbIX 3a1exax (Thormann et al., 2002,
2004; Thormann, 2006a). B Hamnx nccieroBaHUSIX
P. thomii BEIIEICH ¢ pa3HOI YaCTOTOI BCTPEIACMOCTH:
B bonote I BeigenseTcss B 60JbIIOM OOUIUN TOJIBKO
Ha >XMBBIX YacTsIx MX0B, B npoduiie bosota II a 06-
HapyXeH B BEPXHUX W HIZKHUX MEP3JIBIX CIOSIX Topda,
B npo¢guiie bosora II b BcTpeuaeTcs peako — equHUY -
HbIE KOJJOHNH OOHAPYXEHEI TOJBKO B MEP3JIbIX CIIOSIX
MUKOJIOTUA U DUTOITATOJIOT S
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topda. Bua BXoouT B rpyIy peakux M CIyIaiiHbIX BU-
JIOB 1711 COO0IIeCTBA MUKPOMUIIETOB MOYaxXuHbl bo-
qota I, B MouaxxuHe bonora II He BeimeneH.

Bo Bcex mcciaemoBaHHBIX HaMHM IOYBax TOPQSI-
HBIX OYTPOB ITOBCEMECTHO Bblaesercsa P. spinulosum.
OTOT BUI pacpOCTPaHEH B KUCJIBIX OUBAX CEBEPHBIX
obnacteit Poccun, Kanansl u loTaaHauu, BMecCTe C
Talaromyces funiculosus OH SIBISIETCSI TUTIMIHBIM ST TOP-
(strmxoB BumoMm (Summerbell, 2005; Grum-Grzhymaylo,
Bilanenko, 2012; Golovchenko et al., 2013; Bilanenko,
Grum—Grzhymaylo, 2016; Vinogradova et al., 2019;
Vinogradova et al., 2021; Vinogradova et al., 2023). Bbi-
cokasl BcTpedaeMocTh Penicillium spinulosum otMeudeHa
B II0YBaX PETMOHOB CO 3HAUMTEIbHBIMU CYTOYHBIMU U
CE30HHBIMHU KOJIEOAHUSIMU TEMIIEPATYpPHI, YTO XapaK-
TEPHO JISI BEPXHUX CJI0€B TOP(HIHUKOB ApKTUKU U Cy-
bapkTuku. KpoMe Toro, 3To 0avH M3 HEMHOTHX BUIOB,
KOTOPBIN cITOCOOEH K pa3IoXeHNI0 c(DarHOBLIX MXOB
(Thormann et al., 2004). B cioe XX1UBBIX MXOB paccMoO-
TPEHHBIX HAMU Npodujeit odbuare 3Toro BUaa cCocTaB-
nseT 17% ot o61iero oounus BUAOB. B ucciaenoBaHHEBIX
HaMM OOJIOTHBIX KOMILIEKCAX TaKXKe YaCTO BCTPEYaeTCsI
Bun Talaromyces funiculosus, CriocOOHBIN K aKTUBHOM
JecTpykuuu cdardHoBbix MxoB (Thormann et al., 2004;
Thormann, Rice, 2007).

Bropoit mo BuUgoBOMYy OOraTtcTBy MMOpPSIOK —
Hypocreales — Bkmouaet neBsaTh BUI0B (15% ot ob1iero
KOJIMYECTBA BUIOB), OTHOCSIINXCS K TpeM pomnaM. [lopsi-
JTOK COIEPKUT ceMb BUIOB U3 pona Trichoderma — 1o Ha-
CBIIIIEHHOCTY BUIAMU JAHHBIN POI HAXOAUTCSI HA BTOPOM
MecTe nocie pona Penicillium. Bunsl pona Trichoderma —
TUIIYHBIE TIOYBEHHBIE CAIIPOTPOdHI, OHM IITMPOKO pac-
IIPOCTPaHEHBI B CEBEPHBIX IIOYBAX, a TAKXKe B OyIpH-
CTBHIX TOpdsTHUKAaX paBHUHHOI TyHApH! (Vinogradova
et al., 2021). Bunwl Trichoderma hamatum, T. harzianum,
T. koningii v T. viride BblIENSIOTCS B OOJILIIOM KOJIU-
yecTBe M3 BepxoBbix 00s0T (Thormann et al., 2004;
Grum-Grzhymaylo, Bilanenko, 2012; Grum-Grzhymaylo
et al., 2018). I1pu atom Bunsl 1. hamatum v T. harzianum
W3BECTHHI KaK JTIOMWHAHTBI B HU3WHHBIX TOP(SHUKAX
(Golovchenko et al., 2013). ITo pe3yabraTaM HalIWX UC-
CJIEIOBAaHUM OTHOCHUTEIHLHO BBICOKOE BHIOBOE Pa3HOO-
opasue pona Trichoderma xapakTepHO 1151 BceX TOpsi-
HUKOB, HO Han0oJIee YacTo MpeacTaBUTENIN 3TOTO poaa
BCTpeyvaroTcsl B mouBe npoduisa bosora 11 a.

TpeTbuM 110 KOJIMYECTBY BUIOB SIBJISIETCSI IMMOPSIIOK
Helotiales. OH nipencrasieH aAsyMs ponamu (Oidiodendron,
Monilinia). Pon Oidiodendron BKJIo4aeT B ce0s 1IECTb
BuUnoB. M3BecTHO, uTO BUIH pona Oidiodendron nmpn-
ypOUYCHBI K TOpPSTHUKAM, OOTAaHUYECKNIT COCTaB TOP-
(sHoI 3a1eXu KOTOPBIX MpeacTaBieH carHOBBIMU
mxamu (Thormann et al., 2001, 2002, 2004; Sigler et al.,
2005; Thormann, 2006b). SBnsIOTCS 3PUKOUTHBIMU
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MukKopuszoobpasoBarensamu (Oidiodendron maius),
CMOCOOHBIMU K PAa3JIOKEHUIO JIMTHUHA, 1eJUTI0I03bI,
XUTUHA U JPYTUX CJIOXHBIX OPraHWYECKNX BEIIeCTB
(Golovchenko et al., 2013).

B TopdsaHbIX mouBax 60710THEIX KOMILIeKcOB [Tpu-
MMOJIIpHOro Ypajla OHUM U3 JOMUHAHTOB IO Ya-
CTOTE BCTPEYAEMOCTH U OOUIUIO SIBISIETCS BUI
Pseudogymnoascus pannorum, KOTOPBII IITUPOKO pac-
IMpocTpaHeH B TOp(MSTHMKAX pa3IMYHOTO reHe3uca
(Golovchenko et al., 2013; Bilanenko, Grum-Grzhymaylo,
2016; Grum-Grzhymaylo et al., 2018). OH oTHOCUTCSI K
IICUXPOTOJIEPAHTHBIM BUJIAM M OOUTAET MpeUMYyIle-
CTBEHHO B TTOYBaX TYHAPHI B YCIIOBUSIX €CTECTBEHHOM
kpuoxkoHcepBanum (Shcherbakova et al., 2010; Kochkina
et al., 2011, Vinogradova et al., 2019). Oco6eHHO aKTUB-
HO OH Pa3BMBACTCS B NNIYOMHHBIX CJIOSIX IIPU COBOKYII-
HOM BO3IIEiICTBUM CTPECCOBBIX (haKTOPOB, TAKMX KaK
HM3KHUE TEMIIEPaTypbl, aHAOPOOHBIE YCIOBUS, IIepEIIabl
BraxHoctu u pH (Ozerskaya et al., 2008; Shcherbakova
et al., 2010; Kochkina et al., 2011), yTto moaTBepXIaeT-
Cs1 BEICOKMMM TI0KA3aTe/ISIMKA YaCTOTHI BCTPEYaeMOCTH U
00WINS TAHHOTO BU/IA B HAIIIUX UCCIICIOBAHUSAX.

Hns 6yrpuctbix TopdsiHuKoB ITpunoasipHoro Ypa-
Jla, KaK ¥ JJIs paslMYHBIX ITOYB BHLICOKUX IITHUPOT
(Khabibullina, 2009; Kirtsideli, 2009; Kirtsideli et al.,
2014, 2015), xapakTepHO OOUINE CTEPUIBHOTO MUIIE-
M. DTO ABNSETCS OTHOM M3 0COOEHHOCTE OOJIOTHBIX
akocucteM (Thormann, Rice, 2007; Sizonenko et al.,
2016; Golovchenko et al., 2013, Vinogradova et al., 2019).
VY1paTa NouBeHHBIMU IPUOAMU CIIOCOOHOCTU CIIOPOO0-
pa3oBaHus SIBISIeTCS (PU3MOIOTUYECKOIM amanTaiueii
K HU3KUM TeMIlepaTypaM IIOYB B CEBEPHBIX PETMOHAX
(Kirtsideli, Tomilin, 1997; Golovchenko et al., 2013).

B nenoM coolbmiecTBa MUKPOMHUIIETOB TOP(PSHBIX
noyB Oyrpucthix 60y0T [IpunosnspHoro Ypana xapak-
TePU3YIOTCS BBICOKMMU 3HAUYCHUSIMU MHACKCA BUIO-
BOTO pa3HOO0pa3usi, BBIPAaBHEHHOCTBIO, JOMUHUPOBA-
HHUEM B COODIIeCTBaX HEOOIbIION IPYIIIIbl BUIOB, YTO
MOATBEPXKAAETCS BHICOKMMU 3HAYEHUSIMU WHIEKCOB
CuMIicoHa ¥ TTOJIMAOMUHATHOCTU BunbsmMca (tabmn. 3).

KOBAJIEBA u np.

IIpodunu bonora II xapakTepusyroTcsi BBICOKMM BUI0-
BBIM pa3HOOOpa3neM MUKPOCKOTTMUECKMX rpuboB: bo-
soto II a — 48 Bumos u3 11 pogoB (H = 2.84), bonoTo
II b — 45 Bunos u3 13 pogos (H = 2.72). HaumeHrbliee
KOJIMYECTBO BBIACJICHHBIX BUAOB U3 UCCIIEAYEMbIX II0YB
TOop(hSIHUKOB 0OHapyXeHO B TopdsiHOM Oyrpe bonota I
— 36 BunoB u3 10 pomos (H = 2.67) (ta6i. 3).

B xommiekce MUKPOMULIETOB TOp(dsiHOro 0yrpa
bonora I goMyHaHTaMu 1O YacTOTe BCTPEYAEeMOCTHU
(Tabmn. 2) aeastorcs Bun lalaromyces funiculosus n cte-
PWIBHBII MULIEAW. B TpyIiny yacTo BCTpedyaronuxcst
BUIOB Bxonsat: Mortierella alpina, Mucor hiemalis, Um-
belopsis ramanniana, Penicillium camemberti, P. decum-
bens, P. granulatum, P. implicatum, P. lanosum, P. livi-
dum, P. simplicissimum, P. spinulosum, P. thomii, P. verru-
cosum, Talaromyces diversus, Trichoderma sympodianum,
Pseudogymnoascus pannorum. K peakum u ciydailHbIM
oTtHocATcs Bunbl: Mortierella horticola, M. humicola,
Umbelopsis vinacea, Aureobasidium pullulans, Penicillium
aurantiogriseum, P. canescens, P. glabrum, P. miczynskii,
P. waksmanii, Metarhizium carneum, Trichoderma hama-
tum, T. harzianum, T. koningii, T. viride, Oidiodendron
griseum, O. maius.

ITo mokasareito OTHOCUTEILHOTO OOMIIUS B CJIOE KU -
BBIX MXOB ITOUBEI TopdstHoro 0yrpa bomora I momunm-
pymolee MoJIoXKeHe 3aHUMAIOT BUIbL: Penicillium thomii
(37% ot obmero oounus BunoB), Talaromyces funiculosus
(16%), P. spinulosum (14%). B BepxHUX CE30HHOTAJIBIX
ciosix Topda (0—22 cm) Bmecte ¢ Talaromyces funicu-
losus (16%) v Penicillium spinulosum (10%) BBICOKMM
obwMeM xapakrepusytorcs: Pseudogymnoascus pannorum
(13%), Umbelopsis vinacea (12%) 1 cTepunbHbBIA MULIETHI
(14%). B munepanbHoM ciioe (22—38 cM) npu HU3KOM
YHUCJIEHHOCTH W BUIOBOM Pa3HOOOpa3ny MUKPOMMUIIE-
TOB (puc. 2, a, 0) aOCOIIOTHBLIE JOMUHAHTHI 10 OOMIINIO —
Pseudogymnoascus pannorum (42%) v CTepUIbHBIIA MU -
uenuii (50%).

B TopdsHoit mouse ipoduis bomora 11 a B rpyrmmy
JTOMMHAHTOB 10 TTOKA3aTeJIsIM YaCTOTHI BCTPEUYaeMOCTH,
HapsIIy CO CTepUJILHBIM MUIIEIEeM, Bxonsat: Mortierella

Taomuna 3. [Toka3zaTeny BUIOBOrO pa3HOOOpa3ust KOMITJIEKCOB MUKPOCKOIIMYECKUX TPUOOB OyrpucThix 6oJiot [Tpumnomnsp-

Horo Ypana
bonoto I bonoto I1
. TopdsHoii 6yrop
ITokazarenu TopdsiHoit
Mouaxuna | npoduns | mpoduas | MouaxuHa
Oyrop . b
KonnuecTBO BBIIEIEHHBIX BULOB 36 16 48 45 25
Hunekc BunoBoro pazHooo6pasus Illerrnona (H) 2.67 1.85 2.84 2.72 2.58
Wunekc BeipaBHeHHOCTH [Tnenoy (E) 0.74 0.67 0.73 0.71 0.80
HNunexc nomuHupoBanust Cumrcona (1—D) 0.90 0.78 0.90 0.89 0.88
HNupexkc monumomuHatHocTH Buibsimca (1/D) 9.94 4.48 10.49 9.11 8.59
MHUKOJIOTUSA U DUTOITATOJIOIUA TOM 58 Ne 3 2024



KOMITJIEKCHBI KYJIBTUBUPYEMbBIX MUKPOMULUETOB TOPOAHLIX [TOYB

alpina, Mucor hiemalis, Umbelopsis ramanniana, Penicil-
lium canescens, P. granulatum, P. spinulosum, Trichoderma
harzianum, T. koningii, T. polysporum, T. sympodianum,
T. viride, Pseudogymnoascus pannorum. TUIIMYHbBIE YACTO
BCTpeyaroInecs st 3Toro TopdsHuka suabl: Umbelop-
sis isabellina, U. vinacea, Penicillium lividum, P. thomii,
P, simplicissimum, P. verrucosum, Talaromyces funiculosus,
Trichoderma hamatum. K peakum u ciiydaitHbIM BUAAM
otHocsTcs: Aureobasidium pullulans, Dipodascus geot-
richum, Mortierella horticola, M. humicola, M. turficola,
M. monospora, M. polycephala, Mucor racemosus, Peni-
cillium brevicompactum, P.camemberti, P. chrysogenum,
P. decumbens, P. digitatum, P. lanosum, Talaromyces pur-
pureogenus, T. diversus, Oidiodendron griseum, O. tenuis-
simum, O. flavum, O. maius, O. truncatum.

OTAUYUTEIbHON 0COOEHHOCTBHIO BTOTO NpOdUs
SIBJISIETCSI TO, YTO B CJIO€ XXMBBIX MXOB 110 OOWIMIO 10-
MUHUPYIOT BUIBI pona Trichoderma: Trichoderma ha-
matum (16% ot oO1ero oowiust BuaoB), 1. harzianum
9%), T. polysporum (9%). BMmecTe ¢ BhILIETIEpeYMC-
JIEHHBIMU BUAAMU B TPYIINY JOMUHAHTOB 10 OOUJIUIO
BXOIST CTepuJbHBIN Mulienuii (14%) u Talaromyces
Sfuniculosus (9%). B BepxHux cnosx topda (0—15 cm)
BBICOKUM OOMJIMEM XapaKTEePU30BAIUCH: CTEPUIbHBII
vuuenuii (31%), Umbelopsis isabellina (7%), Trichoder-
ma hamatum (5%), T. harzianum (6%), Talaromyces di-
versus (5%) u Pseudogymnoascus pannorum (5%). B mu-
HepajbHOM ciioe (18—55 cM) Gosblast 4acTh BHIPOCIINUX
KOJIOHUI npuHamiexana P. pannorum, o6uIne KOTOPOTro
B JJAHHOM TOPM30HTE OYE€Hb BHICOKO — 69%. B HInKHEM
Mep3ioM ciioe Topda (55—65 cm) 3adpuKCUpoBaH pocT
eIMHUYHBIX KOJIOHUM CTEPUIBHOIO MUILIEHS.

B TopdsiHoii mouse npodunsa bonora II b mo noka-
3aTeJIsIM YacTOThl BCTPEUYaeMOCTH JOMUHUPYIOT BUIBIL:
Mucor hiemalis, Penicillium spinulosum, Talaromyces fu-
niculosus, Pseudogymnoascus pannorum. B rpynny 4a-
CTO BCTpevarolmuxcst BUaoB Bxonst: Mortierella alpina,
M. humicola, Umbelopsis isabellina, U. ramanniana, U. vi-
nacea, Penicillium canescens, P. decumbens, P. granula-
tum, P. implicatum, P. lanosum, P. lividum, P. simplicissi-
mum, P. verrucosum, Talaromyces diversus, Trichoderma
sympodianum. K penkum Bugam oTtHocsTcsa — Mortier-
ella horticola, Actinomucor elegans, Penicillium digitatum,
P. glabrum, P. implicatum, P. thomii, P. roqueforti, Tricho-
derma hamatum, T. harzianum, T. koningii, T. polysporum,
T. viride, Dipodascus geotrichum, Oidiodendron griseum,
0. maius, O. tenuissimum, O. truncatum.

B ci0e XMBBIX MXOB BBICOKMMM ITOKA3aTEISIMUA 001 -
JIMsI XapaKTepU3YIOTCS Clenyroline BuIbl: Penicillium
spinulosum (30% ot ob61ero odwnus BumoB), P. gran-
ulatum (11%), Talaromyces funiculosus (27%). B Bepx-
Hux ciosax Topda (12—20 cm) nomuHupytot Penicilli-
um spinulosum (11%) n Talaromyces funiculosus (27%),
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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Pseudogymnoascus pannorum (13%) w Trichoderma sym-
podianum (8%). B HuxxHux ciiosx npoduns (20—42 cm),
HECMOTPsI Ha TO, YTO COXPAHSIECTCS BHICOKOE BUIOBOE
pa3HooOpa3ue U KOJIUYECTBO POIAOB JAaXKe YBEJIUUM-
BaeTcs (puc. 2, 6, B), OOJbIIMHCTBO BUAOB OTHOCST-
Csl K TpYIIIe CIy4aliHBIX U TOJbKO Pseudogymnoascus
pannorum VIMeeT BBICOKWE Mmoka3aTtenu oounus (21%),
a takxe Mucor hiemalis (10%), Umbelopsis vinacea
(10%) u crepuiabHblil MuLeaunii (10%).

MouaxXuHbl 00JOT XapaKTEPU3YIOTCSI OTHOCUTEb-
HO HEBBICOKMM BUIOBBIM pazHoobOpasueM (Tabdi. 3).
Kommieke MukpomuiieToB MoyaxknuHel bosnora I Ha-
cyuthiBaeT 16 BUI0B rpuboB. JIOMUHUPYET I10 YACTOTE
BCTPEYAEMOCTH M OOMJINIO CTEpUIIbHBIN MuLiennii (32%
OT 00111ero oOuIns BUIOB), a Takxke Pseudogymnoascus
pannorum (15%), Mortierella alpine (13%), M. humicola
(15%). U3 mouaxunsl boyora 11 Beigeneno 25 BuaoB
rpu0oB, U3 KOTOPLIX Pseudogymnoascus pannorum no-
MHUHUpYeT 1o obuuio (12%) BMmecte ¢ Umbelopsis isa-
bellina (10%) u crepunbHbIM MuLienueM (18%). o ua-
CTOTE BCTPEYaeMOCTU AOMUHUPYIOT Mortierella humi-
cola v cTepUITBHBIN MUTICITUIA.

CpaBHUTENBHBII aHAIN3 KOMILJIEKCa KYJIBTUBUPY-
€MBbIX MUKPOMUIICTOB BBHISIBUJI BUIOCIIELIU(UIHOCTD
MUKPOMMIIETOB OYyrpucThix 60J10T [IpumnonsgpHoro Ypa-
na. B menoM 3 TopdsgHOM 3anexu (TopdsIHbIe OYyTPHI
u MoyaxuHa) bomnora Il Beigeneno 58 sugoB, boio-
ta I — 39 Bupos. OOmMMMM TSI pACCMOTPEHHBIX OYIpu-
CThIX 00s10T saBnsitoTes: Mortierella alpina, M. humicola,
M. horticola, Mucor hiemalis, Umbelopsis ramanniana,
U. vinacea, Penicillium canescens, P. camemberti, P. de-
cumbens, P. granulatum, P. lanosum, P. lividum, P. sim-
plicissimum, P. spinulosum, P. verrucosum, P. thomii, Ta-
laromyces diversus, T. funiculosus, Trichoderma hama-
tum, 1. harzianum, T. koningii, T. sympodianum, T. viride,
Dipodascus geotrichum, Oidiodendron griseum, O. maius,
Pseudogymnoascus pannorum.

B uccnenyeMbIx TopssHUKAX TPYNITy JOMUHAHTOB
110 YacTOTE BCTPEYAEMOCTHU COCTABISIOT BUI Pseudo-
gymnoascus pannorum A CTepUJIbHbIA Muuenuii. K ya-
CTO BCTpeyvalolImmcs BUmaM oTHocsATcs: Mortierella
alpina, Mucor hiemalis, Umbelopsis ramanniana, U. vi-
nacea, Penicillium canescens, P. granulatum, P. lividum,
P. simplicissimum, P. spinulosum, P. thomii, P. verruco-
sum, Talaromyces funiculosus.

g Bcex pacCMOTPEHHBIX MOYB BHICOKUM OOWJIN-
€M B CJIO€ KMBBIX MXOB Xapakrtepusytotcs Penicillium
spinulosum (17%), P. thomii (18%), Talaromyces funiculo-
sus (19%). B ce30HHOTANBIX C10SIX TOpda JOMUHAHTA-
MM M0 OOWJIHIO SIBIISIIOTCS Pseudogymmnoascus pannorum
(11%), Talaromyces funiculosus (14%) 1 CTepUIbHBII MU-
uenuii (16%). B MuHepanbHBIX CJI0SIX, IIE PE3KO COKpa-
IIAIOTCS YMCIIEHHOCTh TPMOOB U BUIIOBOE pa3HOOOpasue,
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JOMUHUPYIOLIUM I10 00MInIO siBsieTcst Pseudogymno-
ascus pannorum (78%), a B MEP3JIbIX CJIOSIX TOp(a rpruoObI
BCTPEYAIOTCH B BUAE €IMHUYHBIX KOJOHUI CTEPUIILHOIO
MULIENS.

CpaBHeHHE BHIOBOTO COCTaBa COOOIIECTB MU-
KPOMUIIETOB, MPEACTaBIEHHBIX B OYTPUCTHIX 00I0Tax
IIpunongpHoro Ypaina, ¢ Mcrojb30oBaHUEM KO3 pu-
nueHta CépeHceHa — Yekanonckoro (Ks) mokaseiBa-
€T, YTO OHU OJIM3KK MEXIY COOOI: mIs map npoduieit
“Bbonoto I u bonoto II-a”, “bonoro I u bonoto I1-b”,
“bonoto II-a 1 bonoto II-b” BenuunHa Ks cocrasisger
76, 80 u 80% cooTBeTCTBEHHO. BeposTHO, MpUpOIHEIE
daxkTophl B IMpeaenax ogHOro 60J0THOrO MacCUBa Ha
COCEIHUX yJyacTKax OIpenessioT GopMUpOBaHUE aHa-
JIOTMYHBIX, HO HE UAEHTUYHBIX TPUOHBIX COOOIIIECTB,
obnagarolux cBoeit crenuduuHocTbio. BugoBoii co-
CTaB MUKPOMUIIETOB TOP(MSIHBIX IIOYB OYIPUCTBIX OOJIOT
[TpunonsipHoro Ypaina nMmeeT cXOACTBO ¢ TOPp(SIHUKAMU
paBHUHHELIX TeppuTopuit TyHapsl (Vinogradova et al.,
2021) u necorynapsl (Vinogradova et al., 2019; Vino-
gradova et al., 2023), roe B cocTaB JOMUHAHTOB BXOOST
Talaromyces funiculosus, Pseudogymnoascus pannorum,
Penicillium spinulosum, Umbelopsis vinacea 1 BBICOKUM
obuareM XxapakTepu3yeTcs CTepUIbHBII MUIIEIUIA.
B uccinenyeMbIx TOpGhSHBIX IIOYBAX BBHISIBJICHO IIPe00-
JNTagaHue TpencraBuTesnieit poga Penicillium, 9To sBIsI-
eTcsl OMHOI M3 XapaKTepHBIX 0COOEHHOCTEN MUKPOMU-
LIETHBIX co001IeCcTB ceBepHbIX MouB (Grishkan, 1997).

Cpenn BBIIEIEHHBIX TPUOOB €CTh KOCMOITOJIMTHEIE,
LIIMPOKO pacIpoCTpaHeHHBbIE B pa3HBIX MTOYBAX U TPU-
pomHbIX 30HaX BUAbl — Mucor racemosus, Umbelopsis isa-
bellina, Penicillium canescens, P. camemberti, P. chrysoge-
num, P. decumbens, P. glabrum, P. lividum, P. implicatum,
P, lanosum, P. simplicissimum w np., a TakXXe BUIBI — TH-
MUYHbIE MPEICTABUTEIN TOPMIHBIX 3aJIeXKei, y9aCTBYIO-
LIMX B pazyioxkeHU carHoBbiX MxoB: Mortierella alpina,
Mucor hiemalis, Umbelopsis ramanniana, U. vinacea, Peni-
cillium granulatum, P. spinulosum, P. thomii.

KnacTepHblii aHaIM3 ITOJYYEHHBIX JaHHBIX TTO-
TBEPXIaeT CICHN(PUIHOCTh KOMIUIEKCOB KYJIBTUBUPY-
€MBbIX MUKPOMMUIIETOB B Pa3HBIX CJIOSX TOP(SIHBIX 3aJIe-
xkeit (puc. 3). YeTko BBIIENSIOTCS ABA KiacTepa, KasKablit
U3 KOTOPBIX COCTaBJIE€H, B CBOIO OUepeb, €lle U3 ABYX
rpymin. IlepBeiit KitacTep 0ObeIMHSIET B OOHY TPYIITY
BepxHUE (CIIOM KUBBIX MXOB) M HIDKHUE MEP3JIbIe CJIOU
ToppsaHUKOB. Hanbojiee 61M3KM MO Ka4eCTBEHHOMY
COCTaBY MUKPOMMIIETOB CJIOU XXKUBBIX MX0B bosora I
u bonota Il b. Bropoii ki1acrep o0beauHSIET CE30HHO-
TaJble CJIOW TOP(MSHBIX 3aJIeKeil MCCIeayeMbIX 0OJIOT,
Haumbosee 6oraTele 0 pa3HOOOPa3nIo IPUOOB U OJIN3KIE
10 BUAOBOMY coCTaBy. [IpMBIKaeT K 3TO# Ipy1irie cJIoi
>KUBBIX MxOB Npoduist bonota I1-a. MouyaxkuHbI U3ydeH-
HBIX 00JIOT XapaKTepU3YIOTCSI OTHOCUTEILHO HEBBICOKIM

MUKOJOTI'A U ®PUTOITATOJIOTUA
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Puc. 3. lenmporpaMma cXoncTBa KOMIUIEKCOB KYJIBTUBUPYEMBIX
MUKPOMMIIETOB  TOPMSHBIX  MOYB  OYIpUCTBIX  0OOJIOT
[Mpunonsproro Ypana: BI, BII, BIII — Bosoto I, bonoro 11-a,
Bonoto II-b coorBeTcTBeHHO; M1, MII — Mouaxuns!l bosora |
u bonorta Il cooTBeTCTBEHHO;

BI-1 — cnoit xxuBbix MmxoB (C2KM); BI-2 — cioit Topda;

BI-3 — munepanbHbIii coit; BI-4 — cioit Mmep3ioro Topda;
BII-1 — CXKM, BII-2 — cnoii Topda, BII-3 — mMuHepanbHbIit
cnoii; BII-4 — cnoii Mep3ioro Topda;

BIII-1 — CXKM; BIII-2 — BepxHuii coit Topda;

BIII-3 — Huxnuit cnoit topga; BIII-4 — MuHepalibHBINA CIIOI.
Kractepusanus no Bapny; mepa pacctosiHus — MaHXTTeHCKOE
paccTosTHUE.

BUIOBBIM pa3HOOOpa3ueM MUKPOMMUIIETOB, CXOXHBIM
TaKCOHOMUYECKMM COCTaBOM KaK MeXAy co0oil, TaK ¢
HIDKHUMM cliosimu Topda npoduneit bonora I1.

SAKJIIOYEHHUE

YcTraHOBJIEHBI 3aKOHOMEPHOCTHU BUAOBOTO Pa3HOO-
Opasusi KyJIbTUBUPYEMBIX MUKPOMMUIIETOB B TOP(DSHBIX
nouyBax 0yrpuctbix 6onoT I[Ipunonsipuoro Ypana. Ilo-
Ka3aHo, 4TO COO0IEeCTBAa MUKPOCKOITMYECKUX TPUOOB
npeacTaBiieHbl 61 BugoMm u3 15 pomoB, BKIOYast CTe-
PWIBHBIM MULIENIUii. boblas 4acTh BbIAEIEHHBIX IPU-
00B OTHOCUTCH K oTHeIy Ascomycota (43 Buma u3 10 po-
JIOB), B KOTOPOM BC€ BbIIE/IeHHbIC I'pUOBI aHaMOp(HEIE,
Ne 3
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He CITOCOOHBIE K 00pa3oBaHUIO TeJleOMOP(dbI B Kylb-
Type. OTnen BKIOYaeT BUAbI U3 IIECTU MOPSAKOB: Do-
thideales, Eurotiales, Helotiales, Hypocreales, Saccharo-
mycetales, Thelebolales. JoMyuHYpYyeT 11O YKCIY BUAOB
pon Penicillium (21 Bum). Otoen Mucoromycota nipen-
crapiieH 17 BUmamMu U3 IISITH PONOB U IBYX MOPSIAKOB —
Mortierellales n Mucorales. Coob1iecTBa MUKPOMMUIIE-
TOB TOP(MSHBIX MTOYB OYrpucThIX 00s10T [TpunonsipHoro
VYpaia xapakTepu3yoTCsl BEICOKMMU 3HAYCHUSIMU WH-
JIeKca BUIOBOIo pa3zHooOpasus. M3 TopdsiHoi 3amexu
(TopdsHoit 6yrop n mouaxxkuHa) bosora I BeigeeHo 39
BunoB u3 10 ponos, a u3 bonora Il (nBa npoduns u
MoyaxuHa) — 57 BUIoB U3 14 ponos.

KoMIuieKchl TOYBEHHBIX MUKPOMUIIETOB IIPEACTAB-
JICHBI IPEUMYILIECTBEHHO PEAKUMHU U CIyJ4aiiHBIMM BU-
Jamu. Ipyrnma 1IOMUHAHTOB 10 YaCTOTE BCTPEYaeMOCTH
npencraBiaeHa BUAOM Pseudogymnoascus pannorum n
CTEpUIbHBIM MUlleaMeM. Hanbojiee 0OUIbHBI B CI0€
KUBBIX MXOB Penicillium spinulosum (17%), P. thomii
(18%), Talaromyces funiculosus (19%). B ce30HHOTaNIBIX
cliosix Topda BHICOKUM OOMIMEM XapaKTepU3YIOTCS
Pseudogymnoascus pannorum (11%), Talaromyces funic-
ulosus (14%) u crepuiapHblil MuLenuii (16%). B mune-
PaJIbHBIX CJIOSIX JOMUHUPYIOIIUM T10 OOMINIO SABJISICTCS
Pseudogymnoascus pannorum (78%), a B Mep3JIbIX CIIOSIX
Topda 0O0HAPYKEHBI TOJIBKO eAMHUYHBIE KOJIOHUM CTe-
PUJIBLHOTO MULIETINS.

Komriekcbl MUKpOMUILIETOB OYyTrprcThIX 00J10T T1pn-
MOJISIPHOTO Ypasia IpeacTaBieHbl KaK 3BPUTOITHBIMU
BUIAMM, TAK U BUIAMU, XapaKTEPHBIMU TS TOPMSIHBIX
II0YB pa3HbBIX IPUPONHLIX 30H: Mortierella alpina, Mucor
hiemalis, Umbelopsis ramanniana, U. vinacea, Penicillium
granulatum, P, lividum, P. spinulosum, P. thomii, Tricho-
derma hamatum, T. harzianum, T. koningii, T. viride,
Oidiodendron griseum, O. maius u O. tenuissimum. Cpenu
JOMUHATOB IT0 OOMJIMIO BCTPEYAIOTCS TUITMYHBIC TIpe/-
CTaBUTENIU TOPGAHBIX 3aJIeXKel, yIacTBYIOIIME B pa3io-
>XeHUu carHoBbix MXoB — Mortierella alpina, Mucor
hiemalis, Umbelopsis ramanniana, U. vinacea, Penicil-
lium granulatum, P. spinulosum, P. thomii, Talaromyces
funiculosus.

ITpu cpaBHEeHUU COOOIIECTB MUKPOMUILIETOB TOP(DsI-
HBIX ITOYB OYTPUCTBIX OOJIOT BBISIBJIEHA BEICOKAsSI CTCIIEHD
CXOACTBA BUIOBBLIX COCTABOB. [IpM 3TOM KOMILIEKCHI
MUKPOMULIETOB OYTPUCTBIX OOJIOT UMEIOT CBOIO CHELU-
¢duuHoCTh. Tak, B mpoduie bonorta Il a BeIsIBIEHO BbI-
cokoe obunure BUaoB poaa Trichoderma v B LieioM OoJiee
BBICOKO€ BHIOBOE pa3HOOOpa3ue B OTIMYHE OT IBYX
IpyTUX OMOTOIIOB, UTO, BOBMOXHO, CBSI3aHO C pa3HO-
o0pa3ueM pacTUTEIbHOIO ITOKPOBa B Mpeaenax OaHO-
ro 6010Ta B pa3Hble nepuoabl GopMUpoBaHUS TOPDsI-
HOM 3aJIeXu.
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BoinonHeHue naHHOM paboThl MO3BOJIMIIO MOJIYYUTh
HOBBIA YHUKAJIbHBII MaTepurai, CYIlECTBEHHO pacIlun-
pPSIIOIIMI IpencTaBAeHUe O BUAOBOM pa3HOOOpa3uu
TopdsaHbIX MOoYB. MccmenoBaHne MUKPOMUIIETOB Oy-
rpucthix 6osoT [IpunonsipHoro Ypana B najabHeuiiem
MOXET ITOMOYb B XapaKTepUCTHKE U 000CHOBaAaHUU
npoueccoB QYHKIIMOHUPOBAHUSI OyTPUCTHIX 0OJIOT-
HBIX 9KOCUCTEM B CEBEPO-BOCTOYHOM CEKTOPE €BpPO-
neiickoit ApkTuku. OgHaKo BbISIBJIEHHBI BUIOBOM
COCTaB MUKPOMMUIETOB B TOP(GSAHBIX MOYBAX Oyrpu-
CTBIX OOJIOT HEJIb3sl CYMTATh MOJHBIM KaK M3-3a MpO-
CTPAHCTBEHHOM OrpaHMYEHHOCTHU UCCIEIOBAHUIA, TaK
U BCJIEICTBUE BapruabeIbHOCTU BMIOBOrO Oorarcraa
U CTPYKTYPbI TPUOHBIX COOOIIECTB B 3aBUCUMOCTHU OT
CTPYKTYpPHI U cOCTaBa TOP(sHOI 3ajleXu, XapaKTepa
W1 UCTOPUHU €€ BOZHUKHOBeHMUS. [ToaTOMyY nanpHeime
HCCJIENOBAHMUS COOOIIECTB MOYBEHHBIX MUKPOMUILIE-
TOB OYTPUCTHIX OOJIOT BHICOKMX IITMPOT KPUOJIUTO3IOHbI
OCTalOTCSl BECbMa aKTYAIbHBIMM.

PabGota BbIMOJIHEHA B paMKaX TeMbI TOCYyJapCTBEH-
Horo 3aganust Ub ®UILl Komn HII YpO PAH “Kpwno-
reHe3 Kak aktop opMUpOBaHUS U SBOIIOLUY IOYB
APKTUYECKUX 1 00peabHBIX 9KOCUCTEM €BPOIEHCKOTO
CeBepo-BocToka B yC/I0BUSIX COBpEMEHHBIX aHTPOIIO-
TeHHBIX BO3ACHCTBUIA, ITIOOABHBIX U PETMOHAIBHBIX
KiauMaTrdeckux TpeHmoB” (Ne 122040600023-8).
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The study concerned the abundance and species composition of cultivated microfungi from peat soils and hollows
of flat-palsa bogs in the mountain landscapes of the sub-Polar Urals (the northern part of National Park Yugyd Va).
The number of fungi in the studied peat soils varied from 0.4 to 242 thousand CFUs/g a.d.s. with maximum values
in the upper layer of live mosses of Bog I — 242+66.2 thousand CFUs/g a.d.s.. In the bog hollows, the abundance of
micromycetes had relatively low values, in hollow of Bog I — 28.6%7.1 thousand CFUs/g a.d.s., in hollow of Bog II —
32.9425.5 thousand CFUs/g a.d.s. The taxonomic list of cultivated micromycetes included 61 species of fungi from 15
genera, two divisions and Mycelia sterilia. The Mucoromycota division was represented by 17 species from the genera
Absidia, Actinomucor, Mucor, Mortierella, and Umbelopsis. The majority if cultivated fungi belonged to the division
Ascomycota (43 species from 10 genera). The genus Penicillium dominates by species number (21 species). Reasoning
from the frequency of occurrence, the structure of the complex of microfungi included rare and random species by 53%.
The share of frequent and dominant fungi accounted for 34 and 13%, respectively. The dominating group consisted
of Pseudogymnoascus pannorum and sterile mycelium. Frequent species were Mortierella alpina, Mucor hiemalis,
Umbelopsis ramanniana, U. vinacea, Penicillium canescens, P. granulatum, P. lividum, P. simplicissimum, P. spinulosum,
P. thomii, P. verrucosum, Talaromyces funiculosus. Most abundant in the layer of live mosses were Penicillium spinulosum
(17%), P. thomii (18%), Talaromyces funiculosus (19%). In the seasonally thawed peat layers, the following species were
highly abundant as Pseudogymnoascus pannorum (11%), Talaromyces funiculosus (14%), and sterile mycelium (16%).
In the gley soil horizons, Pseudogymnoascus pannorum (78%) dominated by abundance. Only single colonies of sterile
mycelium were found in frozen peat layers.

Keywords: microscopic fungi, palsa bogs, peatlands, sub-Polar Urals
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MOLECULAR IDENTIFICATION OF WOOD-DECAYING FUNGI OF
ARMILLARIA GENUS WIDESPREAD IN EASTERN SIBERIA AND THE FAR
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The genus Armillaria is an essential component of forest ecosystems playing very important ecological role in dead
wood decomposition, but it often becomes a serious pathogen causing white root rot in trees. It is also known
that Armillaria species significantly differ in the level of pathogenicity. Thus, accurate identification of Armillaria is
critical for assessing the risk of tree disease. In this study we analyzed 28 Armillaria isolates from Siberia and the Far
East using nucleotide sequences of ITS, IGS-1-1 and TEF-Ia gene regions and generated phylogenetic trees based
on maximum likelihood method. In total, four Armillaria species were identified: A borealis, A. cepistipes, A. ostoyae and
A. gallica. A. borealis was the most frequent among collected isolates (18 out of 28 isolates). A. gallica, A. cepistipes and
A. ostoyae were much less frequent with two, five and three isolates out of 28, respectively. Thedistribution of Armillaria
species in Siberia and the Far East was described for the first time. It is concluded that further studies are necessary to
determine the role of Armillaria in trees pathological dieback, and A. borealis should be a key focus.

Knaroueswie cnosa: Armillaria, Basidiomycota, Far East, IGS, ITS, phylogeny, Siberia, taxonomy, TEF- Ia, white
root rot

DOI: 10.31857/S0026364824030052, EDN: viyanf

INTRODUCTION Species diversity and wide geographical distribution of
Armillaria (Fr.) Staude is widespread in both hemi- this genus are likely promoted by a combination of several
spheres with more than 40 well-described species record- features such as high environmental plasticity (Guillaumin

ed worldwide that play a significant role in the dynamics €t al., 1993), use of both saprotrophic and parasitic eco-
of forest ecosystems (Shaw, Kile, 1991; He et al., 2019). logical strategies (Cruickshank et al., 2011) and effective
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spreading through both rhizomorphs and root contacts
(Rishbeth, 1985).

Armillaria can infect a wide range of plant hosts and
causes loss of crops, urban areas and forests. Moreover,
the level of virulence, rhizomorph production and host
preferences also varies among species (Morrison, 2004;
Prospero et al., 2004). For example, A. ostoyae is known as
aggressive pathogen and produces abundant rhizomorphs,
but thinner than those of A. gallica and A. cepistipes and
mainly inhabits conifer trees (Wahlstrom, Johansson, 1992;
Guillaumin et al., 1993). A. borealis parasites on both co-
niferous and deciduous trees, and produces rhizomorphs
faster than A. ostoyae, but its virulence level varies (Guil-
laumin et al., 1993; Lushaj et al., 2010; Heinzelmann et al.,
2016). A. gallica and A. cepistipes have weaker pathogenicity
than A. ostoyae and A. borealis and act mostly as sapro-
trophs on deciduous trees, their main hosts (Rishbeth,
1982; Guillaumin et al., 1993; Baumgartner et al., 2011;
Lushaj et al., 2010). A. cepistipes is capable of producing
abundant rhizomorph networks (Rishbeth, 1985), which
are helpful for new substrates exploration.

It has been shown that several Armillaria species can
coexist in the same forest stand, predominantly saprotrophic
together with parasitic species. For example, A. cepistipes or

A. sinapina often occur with A. ostoyae, and A. mellea with
A. gallica, reflecting the development of different ecologi-
cal strategies due to competition for the same substrates
(Cruickshank et al., 2011; Dettman, Kamp, 2011; Me-
sanza et al., 2017).

In recent years, DNA sequence data have been increas-
ingly used for fungal species identification (Cai et al., 2011).
The first studies were carried out with the use of nucleotide
sequences of the intergenic spacer 1 (IGS-1-1) located be-
tween the 28S and 5S rRNA genes and internal transcribed
spacer (ITS) located between the 18S and 28S rRINA genes
(Harrington, Wingfield, 1995; Kim et al., 2000). Then, the
TEF- Ia gene was used for phylogenetic analysis of Armillaria
and gave a better separation of closely related species (Shaw,
Kile, 1991; Wahlstrom, Johansson, 1992; Maphosa et al.,
2006). Today, multilocus phylogenies replace monogenic
ones since they describe the evolutionary history of the
species more precisely (Tsykun et al., 2013).

According to phylogenetic studies the genus Armillaria
belongs to the Agaricales order of the Basidiomycota divi-
sion, in which it is placed in the Physalacriaceae family to-
gether with other genera (Collins et al., 2013; He et al., 2019).
Recent phylogenomic analysis based on 835 conserved
genes showed that Guyanagaster and Cylindrobasidium are
the most phylogenetically close genera to Armillaria (Sipos
et al., 2017), and it was discovered that the separation of
the Armillaria and Guyanagaster occurred about 40—50
million years ago (Koch et al., 2017; Sipos et al., 2017).
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In this study, we collected samples of Armillaria in
Eastern Siberia and Far East (Russia) and analyzed them
using sequences of three DNA regions — ITS, IGS-1-1
and TEF- Ia. The distribution of species helped us better
understand the diversity of the phylogenetic lineages of

Armillaria associated with forest dieback in Russia.

MATERIALS AND METHODS

Sampling sites and symptoms of infection. In total, 28
pure culture samples isolated from wood, fruitbodies (ba-
sidioma, basidiocarp) and basidiospores of Armillaria with
different levels of pathogenicity and growing conditions
were collected from both coniferous and deciduous trees
in Siberia and Far East. The sampling sites included forest
dieback of the southern taiga and Siberian forest steppe,
mountain taiga forests of the Western and Eastern Sayan
Mountains, Kuznetsk Alatau and Sikhote-Alin Moun-
tains and were visited in the period of 2000—2020 once
in every 1—3 years.

The forest area of pathological dieback varied from 0.1
to 30 ha. Trees of all sizes and ages including 50—260-year-
old trees were affected by the dieback. Pinus sibirica Du
Tour, Abies sibirica Ledeb. and Abies nephrolepis (Trautv.
ex Maxim.) Maxim. were more susceptible to dieback than
other species. Unlike Heterobasidion annosum s.1., dieback
of conifers due to Armillaria often happened very quickly
without any prior noticeable weakening (Fig. 1).

Death of trees with well-developed crown that did not
express any signs of oppression happened very quickly.
Lifespan of their needles, tree size, and growth of shoots
did not differ from the average values for the forest stand.
The hypothesis is that the fungus can parasitize on the roots
for a long time (as evidenced by numerous excavations of
root systems). However, with a decrease in the defensive
ability of the tree and the penetration of the mycelium into

Fig. 1. Dieback of conifer trees due to Armillaria.
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X % §" i bk
Fig. 2. Typical signs of the pathogenic action of Armillaria
borealis: A — spread of fungal mycelium under the bark of
Abies sibirica; B — fruiting bodies and the decay caused by
Armillaria borealis.

the zone of the root collar, a rapid ringing of the trunk
and death occurs (Fig. 2).

Colony morphology and microstructure. The morphol-
ogy of the fungi was investigated in a culture on carrot
agar (CA) and Norkrans medium (NM) (Norkrans, 1953)
at 23+1 °C for 28 days without illumination. Key indica-
tors were pigmentation of agar nutrient medium, radial
growth rate (mm per day), presence of rhizomorphs, their
total number, pigmentation and length (for 14 days). Mi-
croscopic observations were made using a Nikon Eclipse
Ci microscope with a photo-documentation system
(Nikon, Japan) and a scanning electron microscope Hi-
tachi SU3500 (Hitachi, Japan). Samples were prepared
according to the standard protocol for fungi cultured on
solid media (Alves et al., 2013).

Pathogenicity in situ. Pathogenic effect of Armillaria in
situ was assessed using a three-point scale: 1 point — low
pathogenicity: dying trees in the lower layer, death of indi-
vidual trees without the formation of groups and rare thin
mycelium on roots; 2 points — average pathogenicity: dying
single trees or small groups (up to 7 trees), dominating in the
upper canopy, over several years with a pronounced prelim-
inary weakening and gradual falling of needles, well-defined
mycelium on the roots, rarely rising above the root collar;
3 points — high pathogenicity: dying trees prevailing in the
upper canopy, without signs of preliminary weakening; a
well-defined group of dying trees (more than 7 trees); fast
drying of trees (within 1 year); well-developed Armillaria
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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mycelium on the roots; the fan of the mycelium rises sig-
nificantly above the root collar.

Pathogenicity in vitro. The inoculum of Armillaria strains
was introduced into sterile aspen chips (10X10 mm) mois-
tened with NM. Sterile chips were inoculated with agar
blocks with pre-grown strains at the age of 21 days. The
incubation period was 2 months at 23 °C in the dark, after
which the chips were used for inoculation of plants. The
plant test objects were 45 cm long and 38—40 mm in diam-
eter cuttings of Populus tremula L. with its own roots. For
each fungal strain, the number of rooted cuttings was 10.
Cuttings were inoculated with colonized and sterile (control)
chips at a height of 5 and 10 cm above the soil surface. The
chips were inserted into the bark incisions and secured with
parafilm tape. The cuttings were placed in plastic contain-
ers with pre-calcined sand and incubated for 3 months in a
climatic chamber at 25 °C with bottom heating and periodic
moistening of the sand with illuminance level of 5000 Ix.
Estimated indicators at the end of the experiment were the
presence of a fan of mycelium, the presence of necrosis of
the cambial zone, and the intensity of the spread of necro-
sis. Pathogenic effect in vitro was assessed on a three-point
scale: 1 point — low pathogenicity: uneven spread of necrosis
from the point of inoculation at a distance of up to 15 mm,
mycelium is rare and poorly developed; 2 points — medium
pathogenicity: uniform spread of necrosis from the point
of inoculation at a distance of up to 30 mm, mycelium is
dense and well developed; 3 points — high pathogenicity:
uniform spread of necrosis from the point of inoculation
at a distance of 30 mm or more, the presence of fusion of
necrotic zones along the ring at the point of inoculation,
mycelium is dense with a well-developed fan.

Isolation methods. Pure cultures of Armillaria spp. were
isolated from fruitbodies, basidiospores and diseased wood
of Abies nephrolepis, Abies sibirica, Betula pendula Roth,
Picea jezoensis (Siebold et Zucc.) Carriere, Picea obovata
Ledeb., Pinus sibirica, Pinus sylvestris L., Populus tremula L.)
on 2% malt extract agar with 0.5% tannin (MEA + T). The
pure cultures were maintained on slants of 2% (w/v) malt
extract agar (MEA) medium at 6 °C. The list of Siberian
and Far Eastern strains isolated in a pure culture, their hosts,
geographical location and pathogenicity are presented in
Supplementary Table S1 (Kolesnikova et al., 2023).

Isolation from wood. For isolation, wood with signs of
necrosis was used. The wood surface was briefly sterilized
in the flame of an alcohol burner, then a depression was
made with a sterile scalpel on the border of healthy and
necrotic tissue, and thin chips several cm long were cut out.
They were placed in a sterile Petri dish, pressing the sharp
edge into the MEA + T using sterile forceps. Several piec-
es of wood were placed in a Petri dish at a distance from
each other. The dishes were incubated at 22 °C in the dark
and regularly checked for fast growing microscopic fungi.
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These fast growing colonies were removed together with
agar medium using a sterile scalpel, while slow-growing
Armillaria colonies were transferred from the surface of
the agar medium to slants of MEA in test tubes.

Isolation from fruitbodies. The fruitbodies were carefully
cleaned of plant debris and soil. The surface of the fruitbody
was wiped with 96% ethanol and dried on filter paper. Then,
they were cut with a sterile scalpel, the inner sterile part
excised, and the fragments of the fruitbody transferred to
MEA+T and incubated at 22 °C in the dark. Young growing
mycelium, which appeared on the pieces of fruitbodies, was
transferred to the slants of MEA in test tubes.

Isolation from basidiospores. The fruitbodies were care-
fully cleaned as described above and placed on sterile parch-
ment paper with the spore-bearing layer down to obtain
a spore print for 24—48 hours. Spores from a spore print
were spread on the surface of 1% malt-extract agar medi-
um and incubated 1—3 days at 24 °C. Germinated single
spores were isolated using the method of Korhonen and
Hintikka (1980).

DNA extraction, PCR and sequencing. DNA was isolated
from pure isolate cultures using the DNeasy Plant Mini Kit
(Qiagen Inc., Germantown, MD, USA) according to the
manufacturer’s instructions. DNA was stored at —20 °C
until required. The IGS-1—1 region was amplified using
primers 0—1 and LR12R (Harrington, Wingfield, 1995).
Amplicons from the ITS region (including the ITS-1, 5.8S
gene and I'TS-2 regions) were obtained using primer pair
ITS-1/ITS-4 (White et al., 1990). The TEF-1a gene was
amplified using primers EF595F and EF1160R (Kauserud,
Schumacher, 2001).

PCR reactions were conducted using a HotStarTaq®
DNA Polymerase kit (Qiagen Inc., Manchester, UK). PCR
mixtures comprised 10x PCR buffer, MgCl,, dNTPs, prim-
ers (100 uM each), 0.2 ul HotStarTag DNA Polymerase,
2 ul template DNA (20—100 ng) and 6.8 ul sterile MilliQ
water. PCR was performed using a T100 Thermal Cycler
(Bio-Rad, Foster City, California, USA). The following
PCR amplification protocol was used: 15 min of initial
denaturation at 95 °C, 35 cycles of 1 min denaturation at
95 °C, primer annealing for 1 min at 50 °C and extension
for 1 min at 72 °C, a final extension for 20 min at 72 °C was
included to complete the reaction followed by the hold at 4 °C.
PCR products were visualized after electrophoresis in a 1.5% aga-
rose (Sigma, Saint Louis, Missoury, USA) gel stained with
Roti — GelStain (Carl Roth GmbH + Co. KG, Karlsruhe,
Germany). PCR products of the expected size were purified
using innuPREP Gel Extraction Kit (AJ Innuscreen GmbH,
Jena, Germany), and the amplicons of the ITS, TEF-Ia
and IGS-1 DNA loci were sequenced in both directions in
28 fungal samples using the ABI Genetic Analyzer 3130xL
(Applied Biosystems, Foster City, USA) at the Department
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of Forest Genetics and Forest Tree Breeding, University
of Gottingen (Germany).

Sequence analysis. In total, 264 DNA sequences of the
ITS, TEF-I1a and IGS-1 DNA loci (88 sequences per each
locus) for Armillaria species were used including 84 se-
quences representing 28 isolates sequenced by the authors
and 180 sequences downloaded from NCBI GenBank
(Supplementary Table S2 in Kolesnikova et al., 2023) in-
cluding Guyanagaster necrorhizus (TEF- Ia: KU289108.1,
ITS: KU170948.1, IGS: KU254225.1), which was used as
an outgroup species to root the phylogenetic trees.

Multiple sequence alignment for each separate marker
was generated using the UGENE v. 34.0 (Okonechnikov
et al., 2012) with MUSCLE alignment algorithm (Edgar,
2004). Further, all three alignments were concatenated in
the SeaView v. 3.2 (Gouy et al., 2010). Three individual
marker multisequence alignments and an alignment con-
catenated for all three markers in the PHYLIP and MEGA
formats are presented in Supplementary Data S1 in Kole-
snikova et al. (2023).

The search for the best evolutionary models of nucleotide
substitutions in alignment consisting of three markers was
done using PartitionFinder2 v. 2.1.1 (Lanfear et al., 2017)
based on AIC (Akaike Information Criterion) (Burnham,
Anderson, 2004). Best models for individual marker align-
ments were determined using ModelFinder (Kalyaan-
amoorthy et al., 2017). PartitionFinder2 divided the align-
ment into 3 parts: 1) TEFl1a_1, TEFl1a_3, 2) ITS, TEFla 2
and 3) IGS-1. The TRNEF + I + G model was identified
as the best one for the first set (TEF1a_1, TEF1la_3), model
K81UF + I + G for the second set (ITS, TEF1_2) and
TRN + G for IGS-1. For individual marker alignments the
following best models have been identified: TNe + G4 for
TEF-Ilaand HKY + F + G4 for ITS and IGS-1. The mark-
ers were checked for congruence using Concaterpillar v. 1.8a
(Leigh et al., 2008). The trees were built using the IQ-TREE
program v. 1.6.12 based on the maximum likelihood method
(Nguyen et al., 2015). Node support was determined using
ultrafast bootstrap analyses with 1000 replicates.

To search for groups of strains that likely represent the
same individual was done via calculating the matrix of pair-
wise genetic distance using the MEGA program v. 11.0.13
(Tamura et al. 2021) and the Maximum Composite Like-
lihood model (Tamura et al. 2004), which is presented in
Supplementary Data S2 in Kolesnikova et al. (2023).

RESULTS

Morphology

All strains of Armillaria were able to colonize agar cul-
ture media in vitro. On carrot-agar at 23 °C, most strains
formed colonies with white-cream-brown color aerial
Ne 3
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mycelium, flat, from fluffy to leathery-velvety texture. All
strains of A. ostoyae, A. gallica, 80% of A. cepistipes strains,
and 56% of A. borealis strains formed well-developed,
highly branching white rhizomorphs, which were darkened
during the aging of the culture (Fig. 3, Supplementary
Table S3 in Kolesnikova et al., 2023). The number and
total length of rhizomorphs (per Petri dish) varied from 10
to 45 pcs and 93—785 mm, respectively. The proportion
of pigmented rhizomorphs on the 21st day of cultivation
ranged from 10 to 70%. Several types of color reactions
were noted near the inoculation block: brown and dark
brown pigmentation of the medium (all rhizomorph-form-
ing strains of A. cepistipes and A. gallica), discoloration (all
rhizomorph-forming strains of A. borealis) and lack of pig-
mentation (all 4. ostoyae strains; non-rhizomorphic 4. bo-
realis and A. cepistipes strains). The radial growth rate varied
within 0.2—0.6 mm per day.

On NM at 23 °C, most of the studied strains formed
squat colonies with a meager, poorly developed vel-
vety-leathery aerial mycelium or white non-pigmented
mycelium. Rhizomorphosis was observed in the same
strains as on Carrot agar, however, the morphology of
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rhizomorphs was significantly different: short, sharp, nee-
dle-like, slightly branching, darkening already on the sev-
enth day of cultivation. The number and total length of
rhizomorphs varied from 1 to 10 pcs and from 5 to 785 mm,
respectively. Brown and light brown agar pigmentation was

observed in all rhizomorph-forming strains A. cepistipes,

A. gallica, and A. borealis. The radial growth rate was in

the range of 0.1—0.5 mm/day, which is comparable to that
on carrot agar. In single strains of A. borealis, the growth rate
on NM was twice as lower than in carrot agar, in A. cepistipes
strains — twice higher.

Microstructures

Observations did not reveal significant differences in
micromorphology in the studied Armillaria isolates. Most
of the strains grown on NM formed a well-developed
septate mycelium. Generative hyphae were light brown,
translucent, branching at an acute angle, less often at right
angles, simple, moderate to medium branching. The hy-
phae width varied from 2 to 3.5 um.

Fig. 3. Colony morphology of Armillaria borealis (A), A. cepistipes (B, E, F), A. gallica (C), and A. ostoyae (D) on carrot agar after 21
days of cultivation: colonies are squat with white-creamy-brown aerial mycelium; colony texture from fluffy to leathery velvety; on
carrot agar (E) and Norkrans medium (F) A. cepistipes forms well-developed rhizomorphs.

MUKOJOTI'UA U OPUTOIATOJIOTUA  Tom 58 Ne 3
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Fig. 4. Scanning electron microscopy of Armillaria strains (X1500—5000): A — vegetative hyphae of A. borealis; B — spherical
structures on the hyphae of A. cepistipes; C — accumulation of thick-walled spherical cells in the old part of the A. gallica colony;

D — encrusted hyphae of A. ostoyae.

On individual hyphae, spherical structures up to 3—5 um
in diameter were formed; hyphae acquired a rough surface
(Fig. 4). In the old part of the mycelium, spherical swell-
ings with a diameter from 4 to 7.5 um were formed; voids
appeared inside the hyphae and the number of anasto-
moses was moderate. Skeletal hyphae were formed when
the culture has reached the age of 30—35 days; the color
ranged from light to dark brown, without any partitions,
1.5—3.0 um wide. In the old parts of the colony, mas-
sive clusters of spherical thick-walled hollow cells (less
often ellipsoidal) with a diameter from 5 to 16 um were
formed. The cells were localized on unstained hyphae
or in pigmented mycelial plexuses (rounded cells also
become yellow, rusty and light brown). Swollen, color-
less, thick-walled cells, not necessarily spherical, were
noted in rhizomorphs. They were under the top layer
of pigmented hyphae. The sizes of swollen cells varied
within the range 0f 9.7—22 um.

MUKOJIOTUA N PUTOMNATOJIOTUA

Phylogenetic identification of isolates

In total, 28 isolates of Armillaria collected from dying
coniferous and deciduous trees with different levels of
pathogenicity in Siberia (Krasnoyarsk Territory and the
Republic of Khakassia) and the Far East (Sikhote-Alin),
were analyzed. The analysis of the three markers in our
study for congruence showed that they were not fully con-
gruent. However, lack of congruence is common when
comparing phylogenetic trees based on different individual
genes (Leigh et al., 2011). It is mainly due to their incom-
plete gene sorting, ancient admixture, gene introgression,
different evolutionary history and divergence rate (Kar-
tavtsev, Redin, 2019). There is no a single best approach to
deal with this problem, but use of several genes at the same
time allows to correct this problem, and the more genes,
the better (Leigh et al., 2011; Matute, Sepulveda, 2019;
Bryant, Hahn, 2020). Therefore, we used the supermatrix
approach, although we are aware that this approach can
Ne 3
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cause sometimes inconsistency of phylogenetic estimates
(see references in McGowen et al., 2008 for discussion).
This approach uses concatenated gene alignments, which
are used then to generate a single species tree using stand-
ard phylogenetic tree reconstruction methods. This ap-
proach with the same set of marker genes that were used
in our study has been and continues to be used for a very
large number of species in a large number of publications,
including identification of Armillaria species by other re-
searchers (e.g., Tsykun et al., 2013; Denman et al., 2013).

In our study, the phylogenetic trees were based on con-
catenated multiple nucleotide alignments of three markers
ITS, IGS-1, and TEFI-a. Only a few genetically identical
sequences were found (highlighted in Supplementary Table
S2 and Data S2 in Kolesnikova et al., 2023), and variation
within species was relatively high. The isolates clustered
into five major groups that corresponded to known species
with high level of statistic support (Fig. 5). Five isolates
formed the A. cepistipes group, two the A. gallica group, and
three the A. ostoyae one. A. borealis formed two groups or
clades: one large, which included 17 isolates, and a small
one, which included a single isolate.

Phylogeny based only on the TEFI-a marker also re-
vealed five clades (Supplementary Fig. S1 in Kolesnikova
etal., 2023). Five isolates were grouped into the A. cepistipes
clade, one — in the A. gallica clade, and three — in A. ostoyae.
The species A. borealis again formed two or three clades: one
large, which included 19 isolates (with 17 our samples),
and a small one, which included three isolates (A618 from
Switzerland, Al from Finland, and our sample 399/17
collected in Southern Siberia, Krasnoyarsk Territory).
The A618 from Switzerland likely represents a different
lineage or clade. In addition, a mixed group was formed,
which included A. gallica and A. mellea strains from the
NCBI GenBank database.

Phylogeny based only on the I'TS marker revealed three
mixed clades (Supplementary Fig. S2 in Kolesnikova et al.,
2023) with six isolates clustered in the clade A. cepistipes/
A. sinapina, two —in A. cepistipes/A. sinapina/A. gallica, and
20 —in A. ostoyae/A. borealis.

Phylogeny based only on the IGS-1 marker revealed
two mixed clades (Supplementary Fig. S3 in Kolesnikova
et al., 2023): 21 isolates clustered in the mixed clade A. os-
toyae/A. borealis, and seven — in A. cepistipes/A. gallica/
A. sinapina/A. nabsnona.

Prevalence and distribution of isolates and species

Based on phylogenetic analysis, four species were
identified in total: A. borealis, A. gallica, A. ostoyae and
A. cepistipes. A. borealis and A. cepistipes occurred on the
Krasnoyarsk Territory, A. borealis, A. cepistipes and A. gal-
lica — on the territory of the Republic of Khakassia (Fig. 6),
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while A. ostoyae, A. gallica and A. cepistipes — on the territory
of the Far East (Fig. 7).

The groups of isolates that likely represent the same
strain or possibly individuals for samples collected in the
same place were also identified for two samples of 4. tabes-
cense collected in Japan: 2006-20-01 (Kanagawa, Japan)
and 96_3 3 (Tokyo, Japan), two samples of A. mellea also
collected in Japan: 94-10-1 (Gunma, Japan) and A_10
(Tokyo, Japan), three samples of A. borealis: one collected
in Germany, A5 and two in Southern Siberia, Khakassia,
73/8 (20) and 111 (18), three samples of A. borealis: one
collected in Far East, Sikhote-Alin, 27D (21) and two in
Central Siberia, Krasnoyarsk Territory, D48 (04) and S16
(06), and four samples of A. borealis: three collected in Far
East, Sikhote-Alin 19D (26), 26D (27), 40D-2 (23) and
one in Southern Siberia, the Republic of Khakassia, 22/12
(25) (see Supplementary Table S2 and absolutely identical
samples with zero genetic distance between each other
based on all three markers in Supplementary Data S2).

Pathogenicity

The pathogenicity of the studied Armillaria strains in
situ varied from low to high. The maximum level was noted
for the Far Eastern A. ostoyae strains (3 points; drying area
from 4.8 to 16 ha) and Siberian strains of A. borealis (2—3
points; area of decline from 0.1 to 31.8 ha; in rare cases
decline of single trees was noted). The pathogenicity of
the A. cepistipes strains did not exceed 1 point; large-scale
foci of forest decline were not found.

The pathogenicity of Armillaria strains in vitro was also
heterogeneous. The data obtained were consistent with in
situ observations. The strains of A. ostoyae and A. borealis
showed the maximum level of pathogenicity (2—3 points).
A significant advance of the mycelium fan along the Popolus
tremula wood from the point of inoculation (12—45 mm)
and a high degree of cambium necrosis (35—75 mm) were
noted. Cases of merging of necrotic zones that created
large areas of damage along the growing ring were noted
on the cuttings (Fig. 8).

Armillaria ostoyae was found only in the area of trees
with aerial dieback dominating in the upper canopy with
pronounced groups of drying trees and without any signs
of preliminary weakening. A rapid dying trees (within a
year) and the presence of a high-rising fan of mycelium
were observed. A. cepistipes was found only in area of dying
trees in the lower layer; the death of individual trees did
not form groups; a rare and thin mycelium was found on
the roots. Similar to A. cepistipes, A. gallica was isolated
from trees with aerial dieback in the lower layer with a
rare thin mycelium on the roots, or in area with the single
dying trees with preliminary weakening and pronounced
mycelium on the roots. A. borealis was found both on trees
with mycelium on the roots, rarely rising above the root
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BRNM706815
90 99, C5

— A. ostoyae

100 LA, borealis

BRNM706814

croas2 [~ A. cepistipes

—A. gallica

A. tabescens

Guyanagaster_necrorhizus

Fig. 5. Maximum likelihood (ML) phylogenetic tree of 28 new Armillaria isolates and sequences of Armillaria species from NCBI
GenBank based on the 88 concatenated TEF-Ia, ITS and IGS-1-1 nucleotide sequence alignments (264 sequences in total).
Bootstrap values are indicated above the branches next to the clusters. Guyanagaster necrorhizus was used as an outgroup. Isolates
numbered 01—28 were sequenced by the authors and marked with asterisk (see also Supplementary Tables S1 and S2 — Kolesnikova
et al., 2023).
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Fig. 8. In vitro spread of Armillaria borealis mycelium fan
(strain D48) and necrosis of Populus tremula cambium. The
movement of the mycelium fan and the presence of necrosis
are shown right at the top.

collar, with a pronounced preliminary weakening as well
as on trees without signs of preliminary weakening with
a high-rising mycelium.

In vitro pathogenicity of A. borealis, depending on the
strain, was 2 and 3 points, A. cepistipes — 1 point, A. gal-
lica—1 and 2 points, and A. ostoyae — 3 points.

An increase in the temperature of the near-ground air
layer was characteristic for all regions of mass forest drying
in Siberia (data available at https://climexp.knmi.nl; Pav-
lov, 2015). At the south of Siberia (53.70N, 91.70E, WMO
station 29866, MINUSINSK), the warming trend was
observed for the period 1890—2019: annual temperature
of the near-ground air layer was increased on average by
2.6 °C in the period of the last 100 years, and April tem-
perature — by 3.5 °C for the same period). A warmer winter
(from 1916 to 2018 the winter temperature was increased by
4.9 °C) creates better conditions for fungus overwintering.
The most intense increase in temperature was observed for
the period 1970—2001 with May temperature increased
by 3.6 °C on average reaching 15.5 °C in some years and
promoting earlier and active growth of the mycelium of
root pathogens at temperatures between 10 and 31 °C,
with an optimum between 20 and 22 °C (Rishbeth, 1978).
A simultaneous increase of precipitation also creates more
favorable conditions for Armillaria.

DISCUSSION

The goal of identifying Armillaria isolates was achieved
using a three-marker-based phylogenetic analysis. The iso-
lates represented the species A. borealis, A. gallica, A. ostoyae,
and A. cepistipes, which were previously identified in Siberia

MUKOJOTI'A U ®PUTOITATOJIOTUA

KOLESNIKOVA et al.

only by morphological characteristics (Pavlov, 2015). The
validity and informativeness of the markers for identification
of the Armillaria species that we used in our study is also
confirmed by the review Coetzee et al. (2018).

Phylogenetic trees based on three marker sequences
well-differentiated all samples. In contrast, trees based on
single marker I'TS or IGS-1 produced mixed clades such
as A. ostoyae/A. borealis and A. gallica/A. cepistipes/A. si-
napina. This can be explained by the fact that A. ostoyae
and A. borealis are indeed closely related species. Their
similarity could be due to sharing ancestral polymorphism
and hybridization between them (Anderson, Stasovski,
1992). A. gallica, A. cepistipes and A. sinapina are also
phylogenetically closely related species and are similar
morphologically (Antonin et al., 2009). The filamentous
fungal taxon delimitation power of the ITS markers is
comprehensively reviewed in Vu et al. (2019). Among
individual markers TEF[-a was the most discriminatory.
Previous studies have also shown that TEF- Ia has high-
er variation than ITS and IGS-1 (Antonin et al., 2009;
Ross-Davis et al., 2012; Tsykun et al., 2013).

It is interesting that both phylogenetic trees based on
either TEF- Ia or all three markers demonstrated two or
three clades or lineages consisting of the A. borealis isolates.
A similar phenomenon has been observed in other studies
where these two clades did not have any geographical con-
nections (Guo et al., 2016; Klopfenstein et al., 2017). This
is also in agreement with Antonin et al. (2009), according
to which A. borealis splits into two clades based on the
sequences of the same TEF-1a marker (see Fig. 5 there).
However, they used only three samples of supposedly
A. borealis — one from the Czech Republic formed a clade
together with A. ostoyae and A. gemina, and the other two
from Finland and Germany, respectively, formed another
clade. Moreover, a phylogenetic tree based on a single
marker is probably not sufficient for species identification,
unlike our tree based on three markers.

We additionally blasted the ITS sequence of the type
specimen of A. borealis Marxm. et Korhonen collected in
Finland (the NCBI GenBank accession NR 159624, which
is identical to the NCBI GenBank accession MH861561.1
and is listed in Supplementary Table S2.xlsx; Kolesniko-
va et al., 2023) with our samples, and the best matching
was with samples of a large clade, starting with S16/06
(MW418555) from Central Siberia, Krasnoyarsk Territory,
and then 111/18 (MW418547) from Southern Siberia, Kha-
kassia, 396d/16 (MW418559) and 108d/15 (MW418558)
from Southern Siberia, Krasnoyarsk Territory, R1-2/10
(MW418552), R1-1/9 (MW418537), 36/8 (MW418536),
206g/11 (MW418548) and D47/3 (MW418556) from Cen-
tral Siberia, Krasnoyarsk Territory.

In our study, both clades of A. borealis also have mixed
geography and contain both European and Asian strains.
Ne 3

TOM 58 2024



MOLECULAR IDENTIFICATION OF WOOD-DECAYING FUNGI OF ARMILLARIA

This suggests that A. borealis can be represented by two

different phylogenetic lineages, or that A. borealis has two

lineages of the TEF-Ia gene, which appear as distinct

clusters in phylogenetic trees (Antonin et al. 2009; Mul-
holland et al., 2012).

A. borealis was found to be the most common species.
It was found both on trees with mycelium on the roots,
rarely rising above the root collar, with a pronounced
preliminary weakening, and on trees without signs of
preliminary weakening, with the presence of a high-ris-
ing fan of mycelium. Thus, this species appears to be the
dominant in Siberia.

The second most common species, A. cepistipes, was
isolated only from the places of dying trees in the lower
layer; but the dead trees did not form groups. A rare and
thin mycelium was found on the roots. The data on the
dominance of A. borealis and A. cepistipes are consistent
with the results of the work carried out earlier in Siberia
using the method of species identification based on sexual
compatibility tests (mating test) (Pavlov, 2015).

Isolates of the A. ostoyae, which has long been rec-
ognized as an aggressive primary pathogen, were found
only in places of dying trees dominating in the upper can-
opy, without signs of preliminary weakening and with
pronounced groups of dying trees. Rapid drying of trees
(within a year) and the presence of a high-rising fan of
mycelium were also observed, which also corresponds to
several A. borealis isolates.

Due to the high degree of pathogenicity and wide spread
of A. ostoyae, numerous studies of this species have been
carried out (Omdal et al., 1995; Legrand et al., 1996; Mor-
rison, Pellow, 2002; Prospero et al., 2008; Heinzelmann
et al., 2020). Unfortunately, knowledge about the ecology
of A. borealis is still insufficient. Field studies have shown
that A. borealis is often less pathogenic than A. ostoyae,
and that A. borealis is less likely to participate in primary
attacks on living trees (Gregory, Watling, 1985; Bendel
et al., 2006) and can act as a secondary pathogen, infect-
ing trees that were previously weakened by other abiotic
factors (Bendel et al., 2006). However, current studies in
Finland, Siberia, and Far East demonstrated that A. borealis
is much more pathogenic than A. osfoyae causing vast dry-outs
(Pavlov, 2015). While experimental data on pathogenicity
and A. borealis are limited, the data obtained suggest that
A. borealis is similar or more virulent than A. ostoyae for
conifer seedlings (Morrison, 2004), which is consistent
with experimental data of Siberian isolates of 4. borealis
in our study.

A. gallica was isolated in places of dying trees in the
lower layer with rare thin mycelium on the roots, or in
places with sporadic dying trees with preliminary weak-
ening and pronounced mycelium on the roots. This spe-
cies is considered a saprotroph, like its closely related species
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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A. cepistipes. Previously, it was shown that species producing
monopodially branched rhizomorphs, such as A. gallica
and A. cepistipes, are less aggressive than species with di-
chotomously branched rhizomorphs (4. mellea, A. borealis,
and A. ostoyae) (Morrison, 2004).

Moreover, Pinus sibirica Du Tour, Abies sibirica Ledeb.
and Abies nephrolepis (Trautv. ex Maxim.) Maxim. were
more susceptible to dieback than other species. Unlike
Heterobasidion annosum s.1., dieback of conifers due to
Armillaria often happened very quickly without any prior
noticeable weakening (Fig. 1). Death of trees with well-de-
veloped crown that did not express any signs of oppression
happened very quickly. Lifespan of their needles, tree size,
and growth of shoots did not differ from the average values
for the forest stand. The hypothesis is that the fungus can
parasitize on the roots for a long time (as evidenced by numer-
ous excavations of root systems). However, with a decrease
in the defensive ability of the tree and the penetration of the
mycelium into the zone of the root collar, a rapid ringing of
the trunk and death occurs.

In our study, strains 10 and 11 (Armillaria cepistipes and
A. ostoyae, respectively) were isolated from neighboring
trees. The coexistence of several Armillaria species in
closely spaced territories was previously reported mainly
for A. cepistipes and A. ostoyae (Prospero et al., 2006). The
rest of the strains collected from neighboring trees turned
out to be the same organisms.

CONCLUSION

For the first time, genetic identification of Eastern Si-
berian and Far Eastern isolates of Armillaria was carried
out. Phylogenetic analysis based on three markers made
it possible to determine with high accuracy the species
identity of the studied isolates. However, TEF- Ia also
showed good differentiation and potentially can be used
as a single molecular marker for species identification with
some reservations. The isolates represented four different
species, mostly A. borealis (18 out of 28 isolates). It is hard
to conclude how many different clades or lineages have
been identified in our study. We did not set the task of
fully resolving all lineages; it can be solved only by using
a larger number of markers or whole-genome sequencing.
Our task was rather modest — to determine species identity
among collected samples, and we believe that three highly
polymorphic diagnostic markers, which are widely used
in barcoding to identify species, are mostly sufficient, and
we successfully completed this task.

The pathogenicity level of all isolates was consistent
with the known data. Phylogenetic trees based on three
markers, as well as based on a single marker TEF- I, re-
vealed two or possibly three clades of A. borealis. Addi-
tional taxonomic and ecological studies are needed to
verify whether strains in these clades represent separate
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phylogenetic lineages and to find out whether they have
different level of pathogenicity.

The maximum level of phytopathogenicity in situ and
in vitro was noted in the Far Eastern strains of A. ostoyae
(3 points; pathological drying area is from 4.8 to 16 ha)
and the Siberian strains of A. borealis (2—3 points; dry-
ing area is from 0.1 to 31.8 ha; in rare cases, the death of
single trees is noted).

The dominant species on the territory of Southern
Siberia is A. borealis, which is characterized by morpho-
logical, phytopathogenic and genetic heterogeneity and
demonstrates two behavioral strategies: 1) moderate (sec-
ondary) pathogen, infecting trees previously weakened
by other abiotic factors — the fungus colonizes trees with
a pronounced preliminary weakening; the mycelium fan
develops mainly on the roots and rarely rises above the
root collar, 2) an aggressive (primary) pathogen capable
of causing epiphytoties and occurring on trees without
signs of preliminary weakening; the mycelium fan rises
high along the trunk; the death of a tree can occur very
quickly, within a year.

Supplemental information for this article and NCBI
GenBank accession numbers of all nucleotide sequenc-
es of three gene regions (TEF1, ITS and IGS-1) used
in the study are available in the Supplemental Files at
https://doi.org/10.6084/m9.figshare.21644732.v6 (Kole-
snikova et al., 2023).
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Mounekynsipuasa uaeHTH(UKAIMSA AepeBopa3pylaomux rpudos pona Armillaria,
pacnpocTpaneHHbIX B Bocrounoii Cuoupu u Ha laasnem Bocroke Poccuu ¢
MCNoJib30BaHueM reHeTudeckux mapkepos ITS, IGS-1-1u TEF- 1«
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Pon Armillaria siBnsercst BaXXHBIM KOMIIOHEHTOM JIECHBIX 9KOCUCTEM, UTPasi OYeHb BaKHYIO 9KOJOTUIECKYIO POIb
B pa3JIOXKEHUHU BaJIEXKHOM IPEBECUHBI, HO YACTO CTAHOBUTCS CEPhE3HBIM MTATOT€HOM, BBI3BIBAIOIIIUM OEJTyI0 KOPHEBYIO
THWJIb JepeBbeB. Takke M3BECTHO, YTO BUIBI Armillaria 3HAUUTENIBHO Pa3iMYalOTCs TT0 YPOBHIO TATOT€HHOCTH.
Takum o6pa3zom, TouHas uaeHTudukauust Armillaria imeet peliaroiee 3Ha4eHUE 711 OLIEHKHM pUcKa 3a001eBaHUs
nepeBbeB. B taHHOM KcciienoBaHUM MBI TTpoaHAIU3UpoBasiu 28 u3os1ToB Armillaria nz Cubupu u lanbHero Bocroka
C KCIIOJIb30BaHUEM HYKJICOTUIHBIX MociemoBaTenbHocTeil yyacTkoB reHoB ITS, 1GS-1-1 u TEF-1a n noctpouiun
dunoreHeTUecKMe AePeBbsl HA OCHOBE METOa MAaKCUMAJIbLHOTO TTpaBaononoous. Beero 06110 MaeHTUGUIIMPOBAHO
yeTsipe Buna Armillaria: A. borealis, A. cepistipes, A. ostoyae v A. gallica. Cpeny cobpaHHBIX U30JI5ITOB HauboJiee 4acTo
BcTpeuancs A. borealis (18 u3 28 uzonsaroB). A. gallica, A. cepistipes n A. ostoyae BCTpevyaIMCh 3HAYUTEIbHO pEXe: 1Ba,
IISITh ¥ TPY U30J19Ta M3 28 COOTBETCTBEHHO. BriepBhIe omicaHo pacnpocrpaHeHue BUnoB Armillaria B Cubupu u Ha
HanbHeMm Bocroke. CaenaH BBIBOL O TOM, YTO HEOOXOAMMBI JajibHENIIE UCCIEeNOBaHMS sl ONpeaeaeH sl PO
Armillaria B TaTOJIOTUYECKOM OTMUPAHUY IePEBbEB, U A. borealis NoJKeH OBITh B LICHTPE BHUMAHMSI.

Karoueswie crosa: Nanpanii BocTok, O0enast kopHeBas rHWIb, CUOUpPh, TaKCOHOMUS, dunoreHus, Armillaria,
Basidiomycota, 1GS, ITS, TEF-1a
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T'PUBBI — BO3BYIUTEIU BOJIE3BHE PACTEHUN

PACOBBII1 COCTAB U UBMEHYUBOCTH I'EHA Tox4 B TEOTPA®GUYECKU
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Bo30yauTens XkeaToil NITHUCTOCTHU MIIEHUIIBI — aCKOMULIET Pyrenophora tritici-repentis — IpogyuUpyeT Crepud-
Hble HeKpoTpodHbIe apdekTopsl Ptr ToxA, Ptr ToxB u Ptr ToxC, nnnynupymolime HeKpo3 U XJI0p0o3 Ha JUCTbSIX
BOCIIPMUMYUBBIX cOpTOB. [10 criocobHOCTH 11ITaMMOB P. tritici-repentis TpOAyIIMPOBATh OTAEIbHbIE HEKPOTPO(DHBIE
3¢ eKTophl WK UX KOMOMHALIMK pa3IndyaloT BOCEMb pac nmaroreHa. MOHMTOPUHI pacOBOT0O COCTaBa IOMYJISIINI
P. tritici-repentis He0OXOIUM 7151 OLIEHKU 3BOJIIOLIMOHHOIO MOTEHIMAIa BO30YIUTENSI U pa3padOTKU METOMOJOTUI
CO3MIlaHUsI COPTOB 36PHOBBIX KYJIBTYP C JUTUTEIbHON yCTOMUMBOCTHIO0. HamMu nipoaHanu3upoBaHbl 179 MOHOKOHUIM -
aJIbHBIX IITaMMOB P. tritici-repentis n3 nonyasiunii Kazaxcrana u Poccuu B 2020—2022 rr. BrisiBeHO moBceMecTHOE
pacrpocTpaHeHMe pac 2 U 4, ITaMMbl KOTOPBIX IPUCYTCTBOBAJIN B KaXKI0i M3y4eHHOI nonysiiuu P, tritici-repentis ¢
gacrotoit 2—36 u 7—82 % cooTBeTcTBeHHO. OTMEUYEHO JOMUHMPOBAHNE MPEICTaBUTENICH aBUPYIEHTHOM pachl 4, MO
KOTOpO# coctaBuiia 27% cpenu Beex poaHaIM3MPOBaHHbIX IITAaMMOB P, tritici-repentis. MosieKyisipHast MIeHTU(dUKA-
1ust reHoB ToxA u ToxB, a Takke foxb — romosnora reHa ToxB — y 118 mutamMmMoB P, tritici-repentis U3 111€CTH TTOMYJISILIAI
BBISIBMJIa TIpUCYTCTBUE TeHa ToxA 'y 69% n3ydeHHBIX ITaMMOB Iprba. [en 7oxB He GblT 06HApYXKeH HU Y OHOTO IITaM-
Mma P. tritici-repentis, Torga Kak T'eH foxb BCTpeydasicsl CIIopaaiudecKy U ObUI BhIsIBIEH B reHoMe 18 mtammoB P. tritici-
repentis (9%), GONBIIMHCTBO U3 KOTOPBIX OBUTH OTHECEHEI K aBUPYJIeHTHOM pace 4. [Tpu naenTrduKanuy reHa ToxA
ObLIM BBISIBJIEHBI AECATh INTAMMOB P. fritici-repentis, y KOTOPbIX aMIUIM(ULIUPOBAIICS TPOAYyKT pa3zmMepoM =800 11.H.,
3HAYUTETHHO MPEBBILIAIOIINNA 0XUIAEMbIil, YTO OOBSICHSIETCS HAIMUMEM UHCEPLIMU B aMIUTU(PULIMPYEMOM yYacTKe
reHa 7oxA. Takue reHbl 66l HazBaHbl ToxAL. Bce murammbl P. tritici-repentis ¢ BapuaHToM T0xAL OblIM OTHECEHBI
K pacaM 4 u 5, He oOpa3yomuM HekpoTpodHbiii addektop Ptr ToxA. Ctpykrypa reHa 7oxAL n ero 0eJIKOBOTrO

MPOMYKTA SIBJISIETCS TIPEAMETOM NaJbHENIINX NCCIeTOBAHUIA.

Karouessie crosa: Xenrast TATHACTOCTh, MHCEPIINS, paca 3, paca 4, paca 5, ToxA, ToxB, toxb.

DOI: 10.31857/50026364824030064, EDN: vitnfb

BBEJAEHUE

Kenrass NITHUCTOCTb JTUCThEB — D3KOHOMUYECKU
3HaAYMMOe 3a00JIeBaHUE MSITKOI U TBEPAOM MIIEHUIIbI
(Wegulo et al., 2009), Bo30yauTeeM KOTOPOTO SIBJISIETCS
ackomuleT Pyrenophora tritici-repentis (Died.) Drechs.
BupyneHTHOCTD LITAMMOB 3TOTO rprba oIpenaeisieTcs
HUX CITOCOOHOCTBIO CUHTE3UPOBATh XO3SIMHCIIEM (bUY-
Hble PUTOTOKCUHBI WM, COIJIACHO HOBBIM IIpENCTaB-
JeHusM, HeKpoTpodHbie 3¢ dekTophl (NES), KoTopsie
IIpY B3aMMOAEHCTBUM C COOTBETCTBYIOIIUMU IeHaMU
BOCHPUUMYMBOCTHA PACTEHUSI-XO35IMHA WHIYLIHAPY-
0T CUMIITOMBI HEKpo3a WK xjiopo3a. K HacTosmemy
BpEMEHU B reHoMe P. fritici-repentis uneHTUDULIUPOBA-
HBI TPU HEKPOTPO(PHBIX 3 PeKTopa — UHAYLUPYIOLIE

Hekpo3 (Ptr ToxA) u xsopo3 (Ptr ToxB u Ptr ToxC) Ha
JIMCTBSAX BOCHIPUUMUYMBBIX COPTOB, KOTOPHIE B3aMMO-
JIEeMCTBYIOT C KOMIIJIEMEHTAPHBIMU UM TeHaMHu BOC-
npuuM4YuBoCTU nmeHuusl Tsnl, Tsc2 n Tscl cooT-
BerctBeHHO (Ciuffetti et al., 1997). Ilo cmocobHOCTH
MIPOAYLIMPOBATh OAUH WU HeCKOJbKO NES 1 BbI3BI-
BaTh CUMIITOMBI XKEJITOM MATHUCTOCTU IPU MHOKYJISI-
LMK pacTeHUI MIIeHUIBI Tpex TUuddepeHInaTopoB
(copt Glenlea, munuu 6B365, 6B662) mrammel P tritici-
repentis KJlacCU(pUIIMPYIOT Ha BOCEMb pac: TpU pachl
MponyLupyioT o ogHoMy NE, Tpu pacel — o aBa, onHa
paca — Bce Tpu NEs, u onHa paca (paca 4) He IpoayLu-
pyeT HU ogHoro 13 u3BecTHbIX NEs 1 cunTaeTcst aBupy-
neHtHoi (Strelkov et al., 2003).
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Hnst nByx NE 6enkoBoit nmpuponasl Ptr ToxA u Ptr
ToxB u3BecTHBI X FreHETUYECKUE NeTEPMUHAHTHI — OJ1 -
HOKOIUIHBINA reH 70xA 1 MyJIbTUKONUIHLIN reH ToxB,—
IJISI KOTOPBIX pa3paboTaHbl CUCTEMBI MOJEKYJISIPHOMN
muarHoctuku (Martinez et al., 2004; Andrie et al.,
2007). I'enetnyeckas AeTepMuHanus GUTOTOKCHUHA Ptr
ToxC, KoTOpBIif MeET HEOSTKOBYIO IIPUPOLY, OCTACT-
cs1 Majio usydeHHoii (Shi et al., 2022). YV aBupyaeHTHBIX
IITaMMOB P, tritici-repentis pachl 4, He TIPOTYLUPYIOIINX
n3BectHble NEs, ObL1 BhISIBIECH I'eH foxb, TOMOJOTUY -
Hblll TeHy ToxB (Martinez et al., 2004).

MOHUTOPUHT pacOBOr0 cOCTaBa OIS P, tritici-
repentis TI03BOJISIET TIOJTYJaTh (PyHIAMEHTAIbHBIC 3HAHUS
0 MUKPO3BOJIIOLIMU TIOMYJISILIAM ¥ MOJIEKYJISIPHO-TeHETH -
YeCKHUX aCTeKTax B3aMMOOTHOIIIEHUI B CUCTEME ““pacTe-
Hue — Xo3suH — naroreH” (Afanasenko, Novozhilov, 2009).

Llenp HacCTOSIIEro MCCACOIOBAHUS — OXapaKTepHu-
30BaTh nonyasuuu P. tritici-repentis, CyllleCTBYIOLINE
Ha teppuropusx Kaszaxcrtana u P® B nepuon 2020—
2022 rr., Mo pacoBOMYy COCTaBy M T'€HOTUIIUPOBATH
IITaMMBEI 10 TeHaM-3ddekTopam ToxA, ToxB n toxb.

MATEPHAJIbI U METO/1bl

OO0OBEKTOM MCCIeNOBaHUS CTAIM BOCeMb 00pa3IoB
nonyasauuit P, tritici-repentis, BbIIEIEHHBIX U3 JIUCTHEB
O3UMOM TIIEHULBI C CUMIITOMAaMU KEJITOM NMATHUCTO-
CTU: YeThipe oOpasia u3 KazaxcraHa — AJaMaTuUHCKasI
(2020 m 2022 1T.), Kocranaiickas (2021 r.), CeBepo-Ka-
3axctaHckasg (2020 r.) obnactu — u yeThipe obpasiia
u3 Poccumn — KpacHogapckuii kpaii, JIeHuHrpaackas
u TamboBckast obnactu, Pecnyonuka TarapcTtaH (Bce
2022 1.). Bcero 6nut0 BBIIENEHO 179 M3079TOB U U3
KaxXJIOro M30JIsITa MOIy4YeH OAMH MOHOKOHUANATbHBIN
wramM P. tritici-repentis.

Kynberypbl rpr00B BhIpalBaiy Ha cpeae V4, npu-
TOTOBJIEHHOM Ha OCHOBE CMECHU COKOB YETBIPEX OBOIIIEN
(Mikhailova et al., 2002) ipu 22 °C B Teuenue 7—10 cyT.
PacoBblit cocTaB nnonynsiuuii P. tritici-repentis onpene-
JISLIY TIpU MHOKYJISIUMM niueHuubl copta Glenlea, au-
Huit 6B365 1 6B662, tnddepeHUMPYIOLIMX IITAMMBbI
rpuba mo obpaszoBaHUIO HEKPOTPOPHBIX 3P PeKTo-
poB Ptr ToxA, Ptr ToxB n Ptr ToxC (Strelkov, Lamari,
2003). Otpe3ku auctbeB oT 5—10 pacTeHuit Kaxxaoro
g depeHIaTopa B BO3pacTe CeMU THEi mMoMeIIarn
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B KIOBETY Ha IIOBEPXHOCTb (PUIBTPOBAIbHOII Oyma-
ru, yBinaxHeHHo# 0.004%-M p-poM OeH3UMUIA30J1a
W ONIPBICKUBAJIN CYyCIICH3NEH KOHUANMA KasKI0TO IITaM-
ma P. tritici-repentis ¢ xonueHtpauueit 3000—5000 ko-
Huauii/mia mo 200—300 MKJT CycIieH3UMU Ha KaKIbIA
obpasen. KioBeTbl MHKYOUPOBaIN MPU TeMIIepaType
22 °C n ocBemeHHOCTH 1500 JIM, poTomepuon co-
cTaByisan 12 4. OLeHKY BUPYJEHTHOCTU MPOBOIAM-
JIM Ha 5—6-¢ CYTKU MO HAJIMYMIO/OTCYTCTBUIO HE-
KPO30B M XJIOPO30B Ha UHOKYJIUPOBAHHBIX JTUCThIX
(Mikhailova et al., 2002, 2014), pacoByio IpUHAaIIEK-
HOCTb OIIpeAessiiu corlacHo pa3dpadboTaHHoi Lamari,
Strelkov (2010) meTomuke (Tadm. 1).

Brigenenue reHomHoil JIHK 13 muuenus rpudos
npoBoauau MetogoM CTAB (Murray, Thompson, 1980).
Ammnudukaunio ¢parMeHToB reHoB ToxA, ToxB u toxb
nns JHK kaxnoro mramma P. tritici-repentis, BKITIOYEH-
HOTO B McCcClenoBaHue, MpoBoAwIn ¢ Tomoibio TP
¢ nipaitmepamu TAS51/TAS2, TB71/TB60 u TB71/TB58
o mpoTokojaM aBTopoB (Andrie et al., 2007). Oxunae-
MbI€ pa3Mepbl IIPOAYKTOB aMILIN(UKALIMY COCTABIISIIN
573, 232 1 232 11.H. COOTBETCTBEHHO.

H3sBecTHO, uTo npaiimepsl TB71/TB60 garoT npo-
IYKTBhl aMIUTM(UKAIIMd OAMHAKOBOIO pasmepa AJs
o0oux reHoB — ToxB u toxb — n nns nx BepuduKaluu
HEeoO0X0OUMO CTaBUTH JomnonaHuTeabHyo TP ¢ mpaii-
mepamu TB71/TB58, cnenmuduaabiMy Ij1s TeHa foxb.

CraTucTUYecKUil aHaJIU3 TAHHBIX MPOBOMAUIU
B mporpamme Microsoft Excel 2010.

PE3VJIBTATbI

Nnentudukanus pacoBoro cocraBa MOMY/ISIHIA
Pyrenophora tritici-repentis

AHan3 pacoBOro cocTaBa IMonyasauuii P, tritici-repen-
tis Pa3HOI'O MPOMCXOXIECHUS C TTIOMOILbIO MHOKYISILIAA
OTPE3KOB JINCThEB MIIIEHUIIBI COPTOB-IUPhepeHIInaTO-
POB BBISIBWI CPeAY U3YYSHHBIX IITAMMOB rpruda Ipe-
craBuTeneit Bcex pac (ta6ia. 2). Haubonee pacnpoctpa-
HEHHBIMU OKa3aJIiCh pachl 2 U 4, KOTOPEIE ObLIN BEISIB-
JIEHBI B KaXII0M M3ydeHHOI nonyasuuu P. tritici-repentis
¢ yactoroit 2—36 u 7—82% cootBeTcTBeHHO. Kaxknast u3
pac 1, 3 u 8 6bl1a OOHapyKeHa B MSATH TTOIMYJISLIUAX C Ya-
crortamu 5—50%. [IpeacraButenu pac 5, 6 U 7 0Ka3aluch

Tadmma 1. Xapakrepuctuka pac Pyrenophora tritici-repentis 110 CIIOCOOHOCTH 3apakaTh pacTCHUS IIIIEHUIIEI CO-
proB/muHU-muddeperHmaTopon mo Lamari, Strelkov (2010)

CopT/MHUS TIIeHUIIBI

HexpotpodHsiii a¢ppexkTop

Paca P. tritici-repentis

1 2 | 31415161718

Glenlea Ptr ToxA + |+ |- -1-|-1+|+

6B662 Ptr ToxB - - S + | + +

6B365 Ptr ToxC + - - - | + - +
MUKOJOI'UA N ®PUTOIATOJIOTUA  Tom 58 Ne 3 2024
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HauMeHee BCTPEYAIOIINMICS, M ObUIN BBISIBJIEHBI B TPEX
ITOITYJISILIVSIX KaXIasi ¢ 4acTOToi 6—36%.

Cpenn n3ydyeHHBIX TIONYJISIUNiA P. tritici-repentis Xa-
3aXCTAHCKOTO IMPOUCXOXIEHUs Hanboiee pa3HooOpas-
Hoif okasanachk Ka320-KOB, mpunypoueHHasI K TUCTbIM
MNIIEHULBI 13 AJIMAaTUHCKOI 00JI., B KOTOPOii IIPUCYT-
CTBOBaJI! BoceMb pac. Taxske B mrormymstiin Kas21-C u3
Kocranaiickoii 06J1. 0OHapyKeHbI ITPEACTABUTEU LLIeCTU
pac. [IBe apyrue usydeHHble NONyasiuuu P. tritici-repen-
tis n3 KazaxcraHa ObLIM NPEACTaBIACHBI MSITHIO U TPEMSI
pacaMy COOTBETCTBEHHO.

B Poccuu Haubosnee pa3HOOOpa3HOM MO paCOBOMY
COCTaBy OKazaJjach Iomyissums P. tritici-repentis Jlen-22
un3 JleHUHTpaackoi 006., B KOTOpOit ObLIM OOHApyXKe-
HBI TIPEACTABUTENIHN 1IECTU pac, B T.4. peAKuUX pac 5, 6
U 7, He BBISIBJICHHBIX B IPYTUX POCCUMCKIX MOITYJISIIN-
sax. B monynsuusx n3 KpacHomapckoro kpasg u Tam-
OOBCKOI1 00J1. OBLIM BBISBIIEHBI IISITh pac, a UX COCTaB
okaszaicsd nneHTUIHBIM. [Tomynsmmsa Tat-22 w3 Tarap-
cTaHa ObljIa IIpeAcTaBIeHa TOJIbKO IITaAMMaMHU ABYX pac
P. tritici-repentis.

Cpenu Bcex M3yYeHHBIX IITAMMOB P. tritici-repentis
qaire BCTpedaanucCh IPEaCTaBUTEIN Pachl 4 — X OIS
coctaBuiia 27%. Ilpu 3TOM IITaMMBI 3TOM pachl Cy-
IIECTBEHHO Mpeodiamany B AByX nomysaiusax u3 Ce-
BepHoro Kazaxcrana (43 u 57%) u nonynsiiuu us Ta-
tapcTaHa (82%). Joau ITaMMOB, JJjIsSI KOTOPBIX B pe-
3yJbTaTe OIpPEeAeIEHUSI PACOBOTO COCTaBa BBISIBIEHO
npoayuupoBaHue HeKpOoTpodHbIX 3ddexkTopoB Ptr
ToxA (pacwi 1, 2, 7 u 8) u Ptr ToxC (pacsl 1, 3, 6, u 8),
0Ka3aJIMCh CXOOHBIMU U cocTaBuin 42 n 46% cooTBeT-
CTBEHHO. B To ke BpeMs moJisl muraMMoB P. tritici-re-
pentis, oopasylomux Ptr ToxB (pacsl 5, 6, 7 u 8), 6Gbu1a
CYyLLECTBEHHO HIXE — 25%.

I'enoTunupoBanue mrammoB P. tritici-repentis 1o
HAIMYMIO TeHOB-3()¢eKTOpoB

Cpenn mpoaHalM3uMpPOBaHHBIX 118 mTamMmoB
P. tritici-repentis U3 1IE€CTU TIOIYJISLIMIA TPUCYTCTBUE
B reHoMe TeHa ToxA ObLIO BBISIBIIEHO y 81 mrramma
(69%). B kxa3axCTaHCKUX MONMYIALMAX U3 AJIMATUH-
ckoit 0611. (Ka320-FOB n Ka322-10B), a Takxxe B poc-
cuiickoit momyssiny 13 KpacHomapckoro kpast (Kp-22)
BCe MMpOaHAIM3UPOBaHHBIC IITAMMBI uMeln 10xA, TOT-
J1a KaK B Tpex apyrux nomyisiusx Kaz22-C, Kaz20-C
u Tar-22 nons mwtammoB P, tritici-repentis ¢ ToxA coctaB-
nstna 27.3% (ta6a. 3).

Hnas 77 wrammoB P. tritici-repentis (65% ot 4uc-
JIa U3yYEeHHBIX IIITAMMOB) HaJIW4We WU OTCYTCTBHE
ToxA B TeHOME COBITIAJIO CO CIIOCOOHOCTBIO 3apaxkaTh
OTPE3KM JINCTheB MIIeHuIb copta Glenlea, KOTopHbIi
middepeHIMPYyeT HeKPOTpOoPHEBIH 3ddekTop Ptr
Tox A. Hanporus, 33 mtamma P. tritici-repentis (28%),

MUKOJOTI'A U ®PUTOITATOJIOTUA

MHWPOHEHKO u np.

Yy KOTOPBIX B TEHOME OBLI BBISIBJIEH T'eH 10xA, He BBI3bI-
BaJId HEKPO3 Ha MUCThSIX copTa Glenlea, yTo mo3BojsgeT
MPEI0JI0XUTh, YTO OHU O KaKMM-JIMOO MIpUYMHAM He
nponyuupytot Ptr Tox A. Bocemb mitammoB P. tritici-
repentis (7%) Npy MHOKYJISILIMY BBI3BIBAIM CUMITTOMBI
HEKpo3a Ha JTUCThIX mieHuI sl copra Glenlea, omHaKo
B X TeHOMe He ObLT oOHapyXkeH Tox A.

ITpu nposenenuu [P ¢ npaitmepamu TAS1/TAS2,
cnelUYHBIMU 1151 TeHa T0xA, ObLIN BBISIBIEHBI €1l
JIecath mTaMMoB P tritici-repentis (8.5% ot o0lero
YuCJia aHaIM3MPOBaHHBIX IITaMMOB), ¢ JIHK KoTophix
aMTIIMpUIINPOBajcsa MpoaykKT pazmepom ~800 1.H.,
3HAYMTEJIbHO MPEBBIIAOIINNA OKUIaeMbIit pasmep 573
n.H. (puc. 1). ¥YBenuuyeHue pazMepa MpoayKTa aMILIU -
dukanmy oOBICHSIETCS HaJIMYMEM WHCEPLUU B aM-
miuduuupyemom ¢parmeHTe reHa Tox A. I'eH, Hecy-
MU TaKylo nHcepuuioo, Ha3Banu ToxAL (ToxA large).
I rammel P. tritici-repentis ¢ BappaHTOM 10XAL ObLIN
BBISIBJIeHBI B monynsiuusx n3 Kocranaiickoit u CeBe-
po-KazaxcraHckoii obmacrteil (KazaxcraH), a Takxke
B nmonyassuuu U3 Tarapctana (Poccus). Bce mramMMbl
P. tritici-repentis ¢ BapuaHToOM T0XAL ObLIA OTHECEHBI
K pacaMm 4 1 5, He IPOIYLUMPYIOIINM HEKPOTPOMHBII
addexTop Ptr Tox A.

Cpenu usydeHHbIx 118 mramMmoB P. tritici-repentis HU
y OIHOTO He ObLT BhIsiBJIcH reH ToxB (tabmn. 3). dns 86
mramMMoB P. tritici-repentis (73% oOT yuclia ipoaHaIn-
3MPOBAaHHBIX IITAMMOB) OTCYTCTBHE T0XB B TeHOME CO-
BIIAJIO C HECIIOCOOHOCTBIO 3apaXaTh OTPE3KU JIMCTHEB
MIIeHUIBI TUHUM 6B662, KoTopas nuddepeHINpyeT
HekpoTpodHbIii adpdexTop Ptr Tox B. reH 7oxB He ObL1
oOHapyXeH B reHoMe ocTaBiiuxcs 32 mraMmoB (27%),
XOTsI OHU BBI3bIBAJIM XJIOPO3 Ha OTPE3Kax JIMCThEB JI-
Huu 6B662.

Itammsbl P. tritici-repentis, TeHOTUIIUPOBAHHEIE
no 7ToxA u ToxB, y KoTopbIx (puTomaTosornyeckas
OIlleHKa BUPYJEHTHOCTU HE COBIIajia C MOJEKYISIp-
HOI uaeHTUPUKALKUENH TeHOB 3(PPeKTOPOB, OTHECEHBI
K “HETUIIMIHBIM .

I'eH foxb ObLI BHISIBIIEH B reHOMe 18 1mTaMMoB P, triti-
ci-repentis (15% ot ynciia MpoaHaIM3UPOBAHHBIX IIITAM-
MOB), OOJIBIIMHCTBO U3 KOTOPHIX (12 IIT.) ObLIM OTHE-
CEHHI K aBUPYJICHTHOM pace 4, ToTna KaK 4YeThIpe U IBa
mraMMa ObUIM MACHTU(GHUIIMPOBAHBI KaK IIPEICTABU-
TeIU pac 5 U 2 cOOTBETCTBEHHO. B poccuiickoii mo-
nyasuuu 13 Tarapcrana 91% mramMmoB P. tritici-repen-
tis UMEJV TeH foxb, OMHOBPEMEHHO B T€HOME YEThIPEX
IITAMMOB U3 3TOM MOMYJISILIMU ObLT TaKXXe 0OHapyXeH

MYTaHTHBIN reH ToxAL.
2024
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Tabmuna 3. XapakTepuCTHKa IITaMMOB P, fritici-repentis 110 HaJIU4UIO TeHOB-3( (G EKTOPOB

Yucno Yucio mTaMMOB, Y KOTOPBIX OOHApYXeH reH-3¢GeKTop, IIIT.
Monyzsus Hpoa;:;ﬁx)i?ﬁ:}mx ToxA ToxAL* ToxB toxb
Ka320-10B 31 31 0 0 1
Kaz22-10B 20 20 0 0 0
Kaz22-C 37 15 5 0 7
Kaz20-C 7 2 1 0 0
Kp-22 12 12 0 0 0
Tar-22 11 1 4 0 10
Bcero mramMmmoB 118 81 10 0 18

IIpumeuanue. *ToxAL — BapuaHT reHa ToxA, Hecymuit uncepuuto (7oxA large).

—~1 k6
~800 n.H.

D00 ..
400 n.k.

~-300 n.H.
200 n.u.

~100 n.H.

Ms e 1.23 4 5 4 7 8 9101111281351 158101 /AIV

Puc. 1. Unentnduxamus rena ToxA B usonsitax P. tritici-
repentis. O60o3HayeHus: B — Boaa, 1—3 u 14—17 — mram-
Mbl P. tritici-repentis 6e3 ToxA; 4 — Kaz-22C-AS53; 5 — Kas-
22C-A64; 6—9 —Tar-22-1-4; 10 — Ka3-22C-®22; 11—
13 — Ka3-20C-23-25; 14—17 — Tar-22-1—4. M — mapkep
monekyasspHbix BecoB 100 bp (GeneRuler DNA Ladder,
Fermentas).

OBCYXIEHUE

B 2020—2022 rr. OblIa co3gaHa KoJuleKuus us 179
MOHOKOHUIMAJbHBIX IITAMMOB P. tritici-repentis U3 re-
orpacduuecku oTmajeHHbIX nonyasgnuii Kazaxcrana
u Poccuu. {11 Bcex IITAMMOB Obljia ONpenesieHa BUPY-
JIEHTHOCTH K copTy Glenlea u tuHusim 6B365 1 6B662,
muddepeHIUpPYIOIIUM packl P. tritici-repentis. Haun-
0oJiee pacIpoCTpaHEHHOU OKa3ajlach aBUPYJCHTHAs
paca 4, monst KoTopoii coctaBmia 27% OT Bcex aHa-
JINBMPOBAHHBIX MTAaMMOB. TakXke C BBICOKOU 4acToO-
TOI BCTpevanuch pacel 1, 2 u 3—16, 12 u 20% cooTBeT-
cTtBeHHO. Torma Kak pachkl 5, 6, 7 1 8 okazajnmuch MUHOP-
HBIMU: UX J0JI BapbupoBalia B Auamna3oHe 3—8%.

3a mocienHue Toabl HAKOMWIKCh JaHHBIE 00 U3Me-
HEHHUSX PaCOBOI'0O COCTaBa BO30OYIMTENS KEITOM IIST-
Huctoct (Mironenko et al., 2015; Moreno et al., 2015;
See et al., 2018; Guo et al., 2020), koTopbie 00yCI0B-
JIEHBI U3MEHEHUSIMUA KJIMMaTUIEeCKUX YCIOBUIA, T€HO-
TUIAMU BbIpalllMBa€MbIX COPTOB IMIIEHUIIbI U IPYTU-
MU IpUYMHaAMU. [JMHaAMUKY BCTpe4aeMOCTU B pOC-
CUICKUX MONyJIsuusax P. tritici-repentis INTAMMOB pachl
4 MOXHO MIpPOCJEeIUTh B paHee IIPOBEACHHBIX HAMU

MUKOJOTI'A U ®PUTOITATOJIOTUA

nccnegoBanusx. B 2005 r. paca 4 He OblTa HaligeHa
B nontynsinusax u3 KpacHomapckoro kpas (Mikhaylova
et al., 2007), a k 2008 rogy ee BCcTpeuyaeMOCTh BO3POC-
na no 13% (Mikhaylova et al., 2010). B ceBepo-KaB-
Ka3ckoit nmonynsiuuu B 2005 rony 6su10 3% 1ITAMMOB,
OTHECEHHBIX K pace 4, mpuyeM BCe OHM OBLIM BHIIC-
JIEHBI U3 TBEPIOI MIIEHUIIBI, BhIpaleHHOH B depOeH-
te (Mikhaylova et al., 2007). B 2011 r. aBupyseHTHas
paca 4 BcTpeuajach B C€BepO-3allafHOM 1 CeBEPOKaB-
Ka3ckoi monynsuusax ¢ yactoroin 10—13%, a x 2013
romy moJjs ITaMMOB pachl 4 B monyasiuuu u3 CeBep-
Horo KaBkasa cocrasisia 13%, a B ceBepo-3amaji-
Hoii monysituu — 18% (Mikhaylova et al., 2014, 2015).
B nanHoit paboTe HaMM BBISIBJIEHO YBEIMUYECHHE YaCTO-
THI IIITAMMOB aBUPYJICHTHOI pachl 4 B COBPEMEHHBIX
nonynsauusx P, tritici-repentis n3 Kazaxcrana u Poccun
B cpenHeM 1o 27%. Haunbonee BeicOKast BCTpe4aeMOCTh
pacel 4 otmeueHa B CeBepHom Kazaxcrane u Tatap-
craHe (43—82%), 4To, BEpOSITHO, OOBSICHSIETCS CXO/I-
HBIMU KJIMMATUYECKUMU YCIOBUSIMU.

Jpyrumu uccieqoBareisMHu paHee OTMeUaaach HU3-
Kasl 9acTOTa BCTPEUYaeMOCTH IITAMMOB pachl 4 Ha 00-
pasuax Msarkoit mmenuusl (Ali, Francl, 2003; Lamari
et al., 1995; Kamel et al., 2019; Lamari, Bernier, 1989;
Sarova et al., 2005). IToka3zaHo, 4yTo TBepAast U Msrkas
MIIeHNIIA 3HAYUTEILHO Pa3InyaroTcs 10 peaklny Ha
pa3nuuHble pachl P. tritici-repentis, a iITaMMbl pachl 4
MOTYT OBITH BUPYJICHTHEI IT0 OTHOIIEHUIO K TBEpHOM
nweHule (Gou et al., 2020). CnocoOHOCTh IITAMMOB
pachl 4 3apaxarb 00pa3Lbl TBEPAOM IIIIEHUIIBI MOXET
OBITh OOYCJIOBIIEHA HAIMYMEM CIICHU(MUIHBIX (PaKTO-
pOB BUPYJIEHTHOCTHU ITaTOreHa, YTO HEOOXOAMMO YIu-
TBIBaTh IIPH CEJIEKIINY HOBBIX COPTOB 3TOM KYJILTYPHI.

3a nepuon 2012—2014 rr. B nonynssuuax P. tritici-
repentis, BblIeJIEHHbIX U3 JUCTbEB MIIeHULIb B CeBep-
Holi J/lakoTe, 101 IITaMMOB pachkl 4 coctaBuia 13—32%
(Abdullah et al., 2017), Torna Kak U3 Ipyrux IMKOpacTy-
LIMX BUAOB 3J1aKOB (aJTaiickKas IMKopacTyllas poxb,
€XOBHMK OOBIKHOBEHHBIH, MbIpeii, KOCTpel NIaaAKUi
2024
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1 BeITHUK IIeCYaHBIN) IITaMMBbI P. tritici-repentis pacsl 4
BBIAESUTACH ¢ yacToToit 40—98% (Abdullah et al., 2017;
Ali, Francl, 2003). OueBuaHO, 4TO pe3epByapoOM COXpa-
HEHUS U30JISITOB pachl 4 SBIISIOTCS pa3JIWYHbIE BUIIbI
aJIbTePHATUBHBIX PACTEHUI-X035IEB.

XoTs wTaMMbl P. tritici-repentis pacbl 4 He IPOIY-
LUPYIOT HU OOWH M3 U3BECTHBIX HEKPOTPOPHBIX 3D-
¢GEeKTOpPOB, OHU MOTYT 00JaAaTh TeHOM foxb, KOTOpBIit
Ha 86% romonoruueH reny 7oxB 1 MOXET 3KCIIPEeCCU-
pPOBAThCSI HA HU3KOM YPOBHE, UTO OOBSICHSIET HU3KYIO
BUPYJICHTHOCTB Pachl 4 M1 HEKOTOPHIX M30JISITOB PACHI 5
(Amaike et al., 2008; Martinez et al., 2004). B nanHOM
KCCIeNOBAaHUU TeH foxb ObL1 0OHapyXeH y 12 mTaMMOB
n3 38, OTHECEHHBIX K pace 4 MO BBI3BIBAEMBIM UMU
CUMIITOMaM Ha copTax-auddepeHunaTopax U BKIIO-
YEHHBIX B MOJIEKYJISIPHO-T€HETUIECKOE UCCIeI0BaHUE,
yto cocTaBisieT 32%. OcranbHble IITAMMBI pachl 4
umenu reHbl ToxA (39%) unu ToxAL (9%). OueBunHo,
Yy 9TUX IITaMMOB P. tritici-repentis pachl 4 oOHapyKeH-
Hble TeHBl ToxA n ToxAL He 3KCIIpecCupOBaJIiCh.

I'en 7oxB He ObLI BBISIBJIEH BO BCEil aHaIu3upye-
MOIi BLIOOPKE M30JISITOB, YTO ITOATBEPANIIO €TO PEAKYIO
BcTpedyaeMocTh Bo BceM mupe (Lamari et al., 1995; Ali
et al., 1999; Martinez et al., 2001; Antoni et al., 2010;
Mironenko et al., 2015).

BrisiBieHre HaMU IMPOAYKTOB aMILIM(PUKAIIYU TeHa
ToxA pasmepoMm 800 m.H. MO3BOJSET MPEATIOTOXUTh
HaJn4ye MHCEePLMHU B JaHHOM reHe. BrepBoie Haau-
yre uHcepluuu B reHe ToxA Obuno omnucaHo B 2018 T.
(Moolhuijzen et al., 2018). BcraBka pasmepoM 166 1. H.
ObL1a MAECHTU(UILIMPOBaHA KaK IMTOBTOPSIONIUICS 2J1e-
MEHT, TIpeacTaBIeHHBI B KonndecTBe 100—150 xommii
Ha reHoM. MHcepUMOHHEBIN 351eMeHT Ha3Banu PtrHpl
U OIpEeIe/NIN €r0 paclpOCTPAaHEHHOCTh B ITOITYJISI-
uusax nmaroreHa (Moolhuijzen et al., 2018). ITo Hamum
IIpeaBapUTEIILHBIM JaHHBIM, OOHapyXXeHHAsT HAMU
nHceplus B reHe ToxA MMeeT CXOIHBIN pa3Mep OKO-
0 160 n.H. JeranbHoe U3y4yeHUE MYTAHTHBIX F€HOB
ToxAL, BKitodalolee oIpeaeieHue mocaeaoBaTeIbHO-
CTH U JIOKJIM3alMI0O MHCEPIIH, a TAKXKE €€ BIUSHUE Ha
9KCIIPECCUIO TeHA, SIBJISIETCS IIPEAMETOM JalbHEHIIero
usydyenus. [1o pesynbraram aHajin3a BUPYJIEHTHOCTHU
ITaMMOB ¢ TeHOM T0xAL MOXHO CyIUTH O TIOTEpE eTo
(YHKIIMOHAIBHOCTH.

M3MeHeHue BUPYJIEHTHBIX CBOMCTB U30JISITOB P, tritici-
repentis 1 0OHapy>keHHe HOBBIX pac 0OYCTOBJIEHO TeHe-
TUYECKO M3MeHUYMBOCTRIO TaroreHa (Moolhuijzen et
al., 2018; Kamel et al., 2019). B naHHOM ucclieqoBaHUU
B nonyasuusx P. tritici-repentis BbISIBICHbI “HETUNNY-
Hble” IITaMMBbI, Y KOTOPBIX MOJIEKYJISIpHAsI THUarHO-
cTrKa reHoB-3dekTopoB ToxA n ToxB He COOTBET-
CTBOBaJla UACHTUPULMPOBAHHOI (pUTOIATONIOTNYE-
cKoii pace. Jons TakuX ITaMMOB cocTaBwia 35% mist
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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HekpoTpodHoro sddexkropa Ptr ToxA u 27% — nas
Ptr Tox B. Panee B monynsiuusix P. tritici-repentis u3
1oro-BocrouyHoro Kazaxcrana u KpacHomapckoro kpast
cpenu mTaMMoB Oblia BeisiBieHa 100% BcTpeyaeMOCThb
reHa ToxA, oqHaKO 4acTbh 3TUX IITAMMOB 0Ka3aJlaCh He-
CIOCOOHOI MHAYLUUPOBATh HEKPO3 MPU UHOKYISILIUU
JmcTheB mmeHulbl copta Glenlea (Mironenko et al.,
2019), 9TO MOXET OBITH CJICICTBUEM HapPYIICHMS DKC-
npeccuu reHa 7oxA, MyTalldsiIMUA B €r0 KOOMpPYIOIIei
YacTU WJIM HaJIMYreM roMojioroB 7oxA B TeHOMe I1aTo-
reHa (Benslimane, 2018). B To e Bpems B IOMyJsIK-
sax CeBepo-3anaga Poccuu u CeBepo-KazaxcraHckoit
obyactu KazaxctaHa nojs mtaMMoB P. tritici-repentis
¢ renoM ToxA BapbrpoBaa ot 5.5 1o 66%, HO IIpU 5TOM
IOJIsSI IITAMMOB, MHAYIUPYIOIINX HEKPO3 Ha JIMCTHSIX
mieHuisl Glenlea, 6bu1a CyIIECTBEHHO Bblle — OT 34
10 82%. DTOT (PaKT CBUIAETEIBCTBYET O HAJTUYUU B ITUX
MOMYJISIIUSIX IITAMMOB, IIPOAYIUPYIOIINX HEKPOTPOD-
Hble 3¢ dexkTopnl, oTanyHbie oT Ptr ToxA (Mironenko
et al., 2019). IIpeanonaoxeHus O CylIECTBOBAHUM J10-
MOJTHUTETLHOTO HeKpOoTpodHOro 3¢pdexkropa(oB) B re-
HoMe P. tritici-repentis TAKXXe BbIIBUTAJIUCH APYTUMU
aBTopamu (Guo et al., 2020; Moreno et al., 2015; Kamel
et al., 2019).

SAK/IIOYEHUE

B naHHOI1 paboTe HaMU BBISIBJIEHO CYLLIECTBEHHOE
yBeJIWYEHUE YacTOThl aBUPYJIEHTHOU packl 4 B COBpe-
MEHHBIX nonyasauusix P. tritici-repentis u3 CeBepHOIro
Kazaxcrana u pecnyoauku Tatapctan g0 43—82% 1o
CPaBHEHUIO C TIPEAbIAYIIMMHY rogaMu. DT TaHHbIE He-
00XOIMMO YUYUTHIBATh B CEJCKIIMOHHBIX MTpOrpaMmax
MO TBEPAOM IMIIEHULE, TOCKOJbKY U3BECTHO, YTO U30-
JISITHI pachl 4 BUPYJIEHTHBI K TBEPAO IILICHULIE.

I rammer P. tritici-repentis ¢ BappaHTOM reHa 1oxA
(o603HaueH kak ToxAL), mosyuyuBIIve MHCEPIIUIO
B KOAUPYIOLIEH 00JacTy TeHa, ObLIM BBISIBJIEHBI B Ka-
3aXCTaHCKUX Iomyssinusax n3 Kocranaiickoit u CeBe-
po-KazaxcraHckoii 00:1., a TakKxKe B pOCCUICKON TTOITy-
nsauuu u3 TatapcraHa.

BrisiBieHHbIE 0COOEHHOCTU BO3OYIUTENS KENATOM
MNSITHUCTOCTHU TIIEeHULIBI Tpuba Pyrenophora tritici-
repentis — U3MEHEHUE PACOBOI0 COCTaBa MOMYJISIINNA
3a CYeT IIOSIBJICHUSI HOBBIX paHee HEM3BECTHBIX (-
(hbexTOpOB 1 MyTalIMOHHBIX M3MeHeHU reHa ToxA, xa-
paKkTepu3yloT 3BOJIOLMOHHBIM MOTeHLMAaA ITaToreHa
KaK OYEHb BBICOKMIA, UYTO OMpencasieT He0O0XO0AUMOCTb
MPOBENECHUS MOAOOHBIX MCCENOBAaHUI BUPYJIEHTHOCTU
U MOJIEKYJISIDHBIX JETEPMUHAHTOB MPU3HAKOB BUPY-
JIEHTHOCTHY MaTOreHa Ha MONYJSLIMOHHOM YPOBHE.
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Racial Composition and Variability of the 7ox4 Gene in Geographically Distant
Populations of Pyrenophora tritici-repentis
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Pyrenophora tritici-repentis causing the tan spot of wheat produces specific necrotrophic effectors Ptr ToxA, Ptr ToxB
and Ptr ToxC, inducing necrosis and chlorosis on the leaves of susceptible varieties. Based on the ability of P. tritici-
repentis strains to produce specific necrotrophic effectors or their combinations, the eight races of the pathogen are
distinguished. Monitoring the race composition of P. tritici-repentis populations is necessary to assess the evolutionary
potential of the pathogen and develop a methodology for breeding wheat cultivars with long-term resistance. We analyzed
179 monoconidial P. tritici-repentis strains from Kazakhstan and Russia populations in 2020—2022. The widespread
distribution of races 2 and 4 was revealed, strains of which were present in each analyzed P. tritici-repentis population
with a frequency of 2—36% and 7—82%, respectively. The dominance of avirulent race 4 was noted: the strains of this
race accounted for 27% of all analyzed P. tritici-repentis strains. Molecular identification of the 7oxA4 and ToxB genes,
as well as toxb, a homolog of the ToxB gene, in 118 P. tritici-repentis strains from six populations revealed the presence
of the ToxA gene in 69% of the analyzed strains. The 7oxB gene was not detected in any strains, while the foxb gene was
found sporadically and was identified in the genome of 18 P. tritici-repentis strains (9%), most of which were avirulent
and belonged to race 4. In PCR with specific primers for ToxA gene of ten P. tritici-repentis strains a product of = 8§00
bp was amplified, which turned out to be significantly larger than expected. This was explained by the presence of an
insertion in the amplified region of the ToxA gene. All P. tritici-repentis strains with the ToxAL were assigned to races 4
and 5, which do not form the necrotrophic effector Ptr ToxA. The structure of the ToxAL gene and its protein product
is the subject of further research.

Keywords: insertion, race 3, race 4, race 5, tan spot, ToxA, ToxB, toxb.
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VIK 582.28(092)

XPOHUKA

IMAMATU JINJINN BACUJIBEBHBI TAPUBOBOM (1933—2024)
In Memoriam. Lidiya Vasilyevna Garibova (1933-2024)

8 anpens 2024 1. Hac nokunHyna JInnous BacunbeBHa
I'apuboBa, npodeccop Kadeapbl MUKOJIOTUH U aJIbIO-
JIOTWU, 3acIy>XKeHHBII mpodeccop MI'Y. boree 70
Jiet otnana Jinnus BacuibeBHa Kadenpe MUKOIOTAN
U aJIbIOJIOTUH, TlI€ aKTUBHO padoTajia 10 CBOUX MO-
ciaenHux gHeit. Ee mOMHSIT MHOIMe IMOKOJIEHUS CTY-
JIIEHTOB, aCITUPAHTOB, COTPYIHUKOB 6nodaka MI'Y.
brnaromaps ee messitenpHOCTH Ha Kadenpe chopMUupoBa-
JIach Hay4YHad IIKOJIA 110 U3YYEHUIO KYITbTUBUPYEMBIX
rpu6oB. JInuausa BacunbeBHa XOpOILIO U3BECTHA U TTPaK-
TUKaM-TpU0OOBOIaM, MHOTHE M3 KOTOPKIX OJ1aromapst
el OCBOMJIM COBPEMEHHbBIE TeXHOJIOTHH BhIPAIIMBAHNS
rpu6oB. OHa pa3paboTaa psiI JIEKIIMOHHBIX U ITpaK-
TU4YeCcKNX KypcoB. Ee nepy nmpuHamiesxut 60JbIIoe
KOJIMYECTBO KpaiiHe BOCTpeOOBaHHBIX KHUT; MOITY-
JIIPHBIX, Y4eOHBIX U HayuyHBIX. JIunusg BacunbeBHa

noaroroBuia 6ojee 20 KaHINIATOB U IBYX TOKTOPOB

OMOJIOrMYECKMX HayK. 3a HAyYyHYIO 1 MeAaroru4eckyo

JIeATeTbHOCTh HarpaXkaeHa BhICIIEei ITpodeccroHalb-
HOM Harpaaoii MMKOJIOTOB — Mefaiblo M. A.A. SIueB-
CcKoro, yupexaeHHoi HanmonanbHo# Akanemueii

Mukonoruu.

Jlunus BacunbeBHa N'apuboBa Oblia OMHUM U3
CTOJITIOB Kaeaphl, XpaHUTEJEM TPAAULINiA, YeJIOBe-
KOM MYIPBIM, TTOIIe P>KUBAIOIINM TEIUIbIE OTHOIIIE-
HUS KaK ¢ KoJuleraMM Ha Kadenpe, Tak 1 MHOTUMU
OTEUYECTBEHHBIMHM MUKOJIOTAMU, BOCIIMTAJA TSSOy
JIOCTOMHBIX YYCHUKOB.

CBemiiasg naMsITh O Heli HaBceraa 6yz[eT C HaMHU.

Kagedpa mukonoeuu u anveonoeuu MI'Y, pedxonneeus
acypHana “Mukonoeus u gumonamoanoeus’”, Koanreeu,
O0py3bs, YHEHUKU.
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