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ITpousBoacTBO 3epHa — BaXXHBIN cTparernueckuii pecypc Poccuiickoit denepanuu, 6a3oBast oTpaciib Celib-
CKOXO3SIICTBEHHOTO MPOU3BOACTBA. JIJIs1 TOTydeHUsI BBICOKMX U CTAaOMJIBHBIX YPOXXaeB HEOOXOAMMO ITPOBee-
HUE 3alIMTHBIX MEPOTIPUSITHUIA TOCEBOB OT O0Jie3HEel. B mociaeqHue ronbl UMEHHO JMCTOCTEO0EIbHbBIE O0JE3HU
3€PHOBBIX KYJIBTYD SIBJISIIOTCS. OMHUMU U3 CaMbIX BPEIOHOCHBIX B arpolieHo3ax. OHU CylIeCTBEHHO CHUXa-
0T YPOXaMHOCTh KYJIETYp, OBICTPO IIPOTPECCUPYIOT BO MHOTHX pernoHax Poccuiickoit Memepamnum, a Takke
B IPYTUX 36pHOIPOM3BOIAIINX CTpaHaX. Zymoseptoria tritici — OIMacHbI TPUOHOI (DUTONATOTeH, BRI3BIBAIOIINI
CEeITOPHO3 JIUCTHEB IIICHUIIbI, TPUTUKAJE, SUYMEHS, pXXU. 3a MOCAeIHUE ACCATUICTUS] B TEHETUYECKOM KOH-
TpoJie YCTOMUMBOCTU MINEHUIBI K Z. tritici ObUT JOCTUTHYT CYIIIECTBEHHBIH Mporpecc. OaHaKo Mpu OJaromnpu-
SITHBIX TTIOTOJHBIX YCJIOBUSIX, CITIOCOOCTBYIOIIMX PA3BUTUIO TPUOHBIX MHGMEKIWI, YTOOBI HEe JOMYCTUTh MOTEPU
ypoXasi U CHUXEHUS KaueCTBa CeJIbCKOXO3SIMCTBEHHOM MPOAYKIIUU, TPOBOMAAT OT OMHOM O HECKOJBbKUX 0Opa-
60ToK (pyHrumuaamMu. OTedeCTBEHHBIMA M 3apyOEeKHBIMU YICHBIMU OTMEYACTCS TCHACHITNS YBETMUCHUS pe-
3UCTEHTHOCTH Z. tritici K HEKOTOPBIM (DYHTULIMAAM, YTO MPEACTaBISIET OO0 mpobieMy B peanu3anuu spdex-
TUBHBIX MEPOIIPUSITUI IO 3alIUTe pacTeHUit. Takre Kjlacchl, KaK TPUA30Jbl M CTPOOMIYPUHBI, HE SIBJISIOTCS
HCKJIIOUeHUEM, U comacHo peituHry FRAC, puck pa3BUTHUSI pe3UCTEHTHOCTU K HUM OLIEHUBAETCS KakK Cpell-
HUM y EpBBIX U BBICOKUIA Y BTOPBIX COOTBETCTBEHHO. PacTyliue npo6ieMbl ¢ YCTOHUYMBOCTBIO TTOMYISLIUIA
Z. tritici X pyHTUIMIAM TIPEACTABISIOT COO0M yrpo3y Aisi IPOU3BOACTBA MIIEHULIBI B OynyiieM. Llenap HacTos-
11eii paboThl — MPOBENEHUE aHAIM3a COBPEMEHHBIX IMTEPATYPHBIX TaHHBIX IO BOIIPOCAM BO3HUKHOBEHMUS
PE3UCTEHTHOCTH K (PYHTHIIMIAM M3 XMMHUYECKMX KJIACCOB TPUA30JI0B U CTPOOMIIYPUHOB Y Z. tritici. B maHHOM
0030pe pacCMOTPEHBI TEHETUYECKUE MEXaHN3Mbl BOSHUKHOBEHUS PE3UCTEHTHOCTH Y (DMTOMATOIeHa; IIPUBO-
JSATCS MPUMEPbl MOHUTOPUHTOBBIX UCCJIENOBAaHUI pe3UCTEHTHOCTU I'puba B pa3HbIX CTpaHaX, a Takke Mpak-
TUYECKUE PEKOMEHIAIIMU TT0 pealu3aliid aHTUPE3UCTEHTHBIX CTPaTeruid. Ycrex co3naHusl TaKUX CTpaTeruii
HEBO3MOXEH 0€3 3HAHUS CTPYKTYPbI MOMYALUI BO3OyaUTeNeil, yCTOWUUBOCTUA COPTOB, PETUOHAIBHBIX arpo-
9KOJIOTUYECKUX OCOOEHHOCTENM pa3BUTUSI MATOTeHA U BO3AEIbIBAHUS KYJBTYpPbl, OMOJOTUYECKOI XO3SIMCTBEH-
HOI1 ¥ PKOHOMHUYECKOM 3P (PEKTUBHOCTH CPEACTB U METOIOB 3AIIUTHI.

Knwuesvie croga: meHua, pe3UCTEHTHOCTh rprubda K dyHruuuaaM, centopruos aucta, DMI-gyHrunuae,
Qol-pyHrUnmas
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BBEAEHHE

OnHoii n3 HanboJiee OMAaCHBIX 1 PacIpoOCTpaHeH-
HBIX 00JIe3He MIIICHUIIH Ha TTOJISIX 3€PHOIIPOU3BOIS-
11X cTpaH sBaseTcsa centopuo3 (Gorkovenko et al.,
2005; Ponomarenko et al., 2011; Hailemariam et al.,
2020; Zeleneva et al., 2022) (puc. 1). IIpu 6xaromnpu-
SITHBIX YCJIOBMSIX 00JIe3Hb MOXET JOCTUTaTh SITU(PUTO-
TUITHOTO YPOBHS, C MIPSIMBIMU TTOTEPSIMU ypoxKasl 6oJiee
40% (Sanin et al., 2018; Ficke et al., 2018; Paholkova,
Salnikova, 2019).

Zymoseptoria tritici (Desm.) Quaedvl. et Crous — B030y-
JATEJTb CENTOPMO3a JIMCThEB IMILIEHUIIbI, TPUTUKAJIE, ST9-
Mens, pxu. OTHOCHUTCS K ceMelicTBY Mycosphaerellaceae.

3YBKO u gp.

JaHHBI BUI JOMUHHUPYET U SIBJISIETCSI Haubosee Bpe-
noHocHbIM B Huxxknem IToBoirkbe, Ha CeB. KaBka-
3¢, B LleHTpanbHO-YepHO3eMHOM pervuoHe, Ha IMoJsX
IIckoBckoit, HoBroponckoii, JleHuHrpaackoii, MockoB-
CKoli obyacTeii, Anraiickoro Kpast (Paholkova, Salnikova,
2019; Toropova et al., 2020; Zeleneva et al., 2022).

Ha pacnipoctpaHeHue ¥ BpeIOHOCHOCTb Z. tritici oKa-
3BIBAIOT MIPSIMOE BIMSTHHAE ITOYBEHHO-KIMMATUICCKIE
0COOEHHOCTH PETMOHOB (B YaCTHOCTU, KOJIMYECTBO OCA/l-
KOB M MOKa3aTeIx CyTOYHBIX TeMIepaTyp), copTa Ie-
HUIIBI, CUCTEMBI BBIpAIIMBAHMS CEJIbCKOXO3SIICTBEHHBIX
KyJBTYp U pazHooOpasue ceBoodopotoB (Krupinsky et al.,
2004; Kutcher et al., 2018; Yang et al., 2022).

Puc. 1. Centopuo3 mieHuubl B KpacHogapckoM Kpae (Bo30ynuTenb Zymoseptoria tritici): A — BHEIITHUI BU MTOPaXKeHHOT'O pacTe-
Hus; b — dncras Kynerypa rpuba Ha kaptodenbHO-TIIIOKO3HOM arape; B — mukponpenapar criop duronaroreHa. ®oto aBTopos.

Macmrab — 50 MKM.

MUKOJIOTUA N PUTOMNATOJIOTUA

TOM 58 Ne 6 2024
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Ta6mua 1. JluHamMuKa pa3BUTHUsI PE3UCTEHTHOCTU Zymoseptoria tritici K pyHruimaaM Kjiacca CTpOOMIYPUHOB B Pa3IMYHbIX

cTpaHax (cBogHas uHdopmanus o faHHeiM FRAC)

Crpana Tonel MOHUTOPUHTA
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
ABCTpUS — — — No - L — — — M M — —
benbrus - - - H H H H H - H -
bounrapus — No—-L No No—L|No—L|No—-L L No No L-M|L-M
Benukob6puranust H H H — H H H H H H H
Benrpus — No—-—L|No—-M M M — — — L-M M L-M
Tepmanus H H H H H H H H H H H
I'peuus — — - — — — — No - — —
Hanus H H H H H — — — H H H
WUpnanaus H H H H H H H H H H H
Hcnanus No—-M|No—L|No—M|No—M|No—-M | No—-L| L-M M M M M
Hranusa No—M|No—L|No—M M M M M L-M M M M—-H
JlaTBUs No—-M - - M M M H - H M—-H -
JluTBa No—-H|No—-H - M No-—-L M - M H M—-H -
Hunepnanabt — — — H H H H H — — H
Hosag 3enanous — — — — — H — — — — —
IMonsima No — H H H H H M M M—-H M-H M-H M-H
Poccus No—-L — — No—L|No—L|No-L L No L-M|L-M L-M
PymbiHug — No—-L| No - No—-—L|No—-L L L-M | L-M M M
CroBakus No—-M|No—-L| No |[No—-L|No—L/No-L|L-M|L-M|L-M M M—-H
Typuus — — — — — — — No No No —
Ykpanna No—L|{No—L| No |No—-M|No—L|No—M M L-M|L-M M M
Dpannusa H H H H H H H H H H H
XopBaTus - - - No—-L - M M - M —-H — -
Yexust L-M M M M M H M M M—-H M-H|  M-H
[Iseitnapus - — — H — H H — M — —
IBeitapus — — — H — — — M — — —
IIBenus H - - H H H H H H H H

ITpumevyanue. H — Boicokuit ypoBeHb pe3ucteHTHOCTH (high); M — cpeaHuii ypoBeHb pe3ucTeHTHOCTH (medium); M — H — ypo-
BEHb PE3UCTEHTHOCTHU OT CpeaHero 1o Bbicokoro (medium to high); L—M — oT ypoBeHb pE3UCTEHTHOCTU OT HU3KOTO 10 cpefaHero (low
to medium); L — Hu3kwmit ypoBeHb pe3ucTeHTHOCTH (low); No — L — oTcyTcTBUEe MM HU3KUI YPOBEHb PE3UCTEHTHOCTH (no to low);
No — H — oT oTcyTcTBUMS 10 BBICOKOTO YPOBHS pe3ucTeHOCTH (no to high); No — M— OT OTCTYTCBUSI O CPEIHEr0 YPOBHS PE3UCTEHTHOCTHU
(no to medium); No — OTCyTCTBUE YCTOMUMBBIX U30JATOB. [IpouepK 03HaYaeT OTCyTCTBUE UH(DOPMALIVU.

YCTOIIMBOCTD COPTOB K 2KOHOMUYECKU 3HAYUMBIM
(pbuTomaroreHaM KaxIoro peruoHa SBIsIeTCS KII0YeBOM
OCHOBOI1 KOMILIEKCHOM cTpaTeruu 60pbObI ¢ 00e3HIMU
(Creissen et al., 2019; Ben M’Barek et al., 2022; Ouaja et
al., 2023). 3a mociegHMe OeCATUIICTUS] B TEHETUIECKOM
KOHTpOJIE YCTOMUYMBOCTHU TIIEHULIbI K Z. tritici ObLIT 10-
CTUTHYT CYIIECTBEHHBII IIPOTpecc. YCTOMIMBOCTD K T1a-
TOT'€HY MOXKET OBITh Ka4eCTBEHHOI, KOHTPOJUPYEMOI
Stb-reHaMH, WK KOJIMISCTBEHHOM, TeTepPMUHUPYEMOM
reHaMu ¢ anguTUBHBIM 3ddekrom (Brown et al., 2015;
Saintenac et al., 2021; Yang et al., 2022).

MUKOJOTI'UA U OPUTOIATOJIOTUA  Tom 58 Ne 6

OnHako npu 6JIaroNpUATHBIX TOTOIHBIX YCIOBH-
SIX, CITIOCOOCTBYIOIIMX Pa3BUTUIO TPUOHBIX MHGDEKIINIA,
YTOOBI HE JOIYCTUTh MOTEPU YpPOXKasi U CHUXKEHUS Ka-
YeCTBa CEIbCKOXO3SIMCTBEHHO TTPOAYKILINHU, ITPOBOIST
OT OJTHOI 10 HECKOJbKMX 00paboTOK (DyHTrMLIMIAMU
(Lynch et al., 2017; Mée et al., 2020; Jorgensen et al.,
2021). ®yHTUINAB peKOMEHIYETCS IPUMEHSITH TOTBKO
TOINa, KOraa OHU IMPUHOCAT SKOHOMUYECKYIO BEITOLY.

OcHOBHOI mpoOseMoli MPUMEHEHUS XUMUYE-
CKOM 3a11IUTHI MILIEHUYHBIX IIOCEBOB SBJISIETCS TO, YTO
Y MHOTUX TONYASIUUIA Z. tritici ObICTPO pa3BUBAETCS
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YCTOMUYMBOCTbH K (DYHTHLIMAAM, OCOOEHHO K XUMUYe-
CKMM BelllecTBaM Kjacca cTpoounypuHoB (Qol-¢yHru-
uuael — Quinone outside Inhibitors) (Blake et al., 2018;
Kildea et al., 2019; cM. Taba. 1).

Hawunbonee pacmpocTpaHeHHBIMU (QYyHTHIHUIA-
MU, IPUMEHSIEMBIMU B HACTOSIIEe BpeMs, SIBJISIOT-
ca tpuasonsl (DMI-¢pynrunuasl — Demethylation
Inhibitors unu SBI-dyHruumael neporo kKjacca —
Sterol Biosynthesis Inhibitors in membranes) (Torriani
et al., 2015; Jorgensen et al., 2021; Grishechkina et al.,
2022). D PeKTUBHOCTD 3TUX COCTMHEHWI CHUKAETCS
M3-3a MyTalluil B IIeJIeBbIX TeHax rprubda. Moryrt ObITh
3a/lelicCTBOBAHbI M APyTHe MEXaHU3MBbI, ITIPUBOISIIINE
K BO3HUKHOBEHHMIO YCTOMYMBOCTH K 3TUM (HYyHTHUIIN-
nam (Blake et al., 2018; Huf et al., 2018; Garnault et
al., 2019). YepenoBaHnue (pyHTHMIIMAOB C Pa3IMIHBIMU
cnoco0amMu AeHACTBUS IIOMOTaeT 3aMeIJINTh, a MHOTIA
U TIpeJOTBpaTUTh NMoTepio ux adpdexkTuBHocTH (Gisi et
al., 2005). Pactyiiue npo6aeMbl ¢ YCTOMYMBOCTBIO MO-
OyAssumii Z. tritici K GyHrAuuUmaM npeacTapisiioT codoit
YIpo3y IJIsI IIPOU3BOICTBA ITIIICHUIIBI B OyIyIIeM.

Llens HacTosIIE#t paOOTHl — aHAJIU3 COBPEMEHHBIX
JIMTePaTYpPHBIX JAHHBIX 110 BOIIPOCAaM BO3HUKHOBEHUS
PE3UCTEHTHOCTU K (DYHTULIMAAM U3 XUMUYECKUX KIac-
COB TPMA30JIOB U CTPOOUTYPUHOB Y Z. tritici.

NMPUMEHEHUE ®OYHI'MINIOB
B PACTEHMEBOACTBE

XyMUYecKasl 3allluTa CeJIbCKOX03SIMCTBEHHBIX KYJIb-
Typ B IIPOMBIIIUIEHHBIX MacIlTabax HavYaja MpUMEHSTHCS
BO BTopoii nonoBuHe XIX Beka (Hawkins, Fraaije, 2018).
[lepBoHAYATEHO MCITOIB30BAIM IIpPEIapaThl Ha OCHO-
BE COENMHEHUI Cephl, N3BECTU U Menu. OpraHudecKue
(PyHTUITUIBI IIMPOKOIO CIIEKTpa NEHCTBYS C 3alUTHBIMU
CBOICTBaMM Takue, KaK TUTHOKapOamarhbl U (PTaTMMUIbI
(rmpou3BoIHbBIE (hTaNEeBOI KUCIOTHI), ObLTA pa3paboTaHbI
B 1940—1960 rr. JlanpHeiiive ycriexy B 00IaCTH 3aIUThI
pacTeHmit ObUIN TOCTUTHYTHI, HaunHas ¢ 1970-x 1T. B aToT
Mepyroa HaYMHAIOT IIPUMEHSITHCSI CUCTEMHbBIE OMHOKOM-
TIOHEHTHbIE (DYHTULIMIBI C 3aIMTHBIMU M UCKOPEHSIIO-
MU cBoiictBaMu. OHU oOecrieunBaId peHTa0eIbHOe
U Ka4eCTBEHHOE TTPOM3BOACTBO MIIIEHULIBI, PHICA U COU.
JaHHBIE TIperapaThl BHECIM BaXXHBINM BKJIAI B oOecIiede-
HHE IIPOIOBOJILCTBEHHOI 0€30ITaCHOCTH 3€PHOIIPOU3BO-
nsux crpad (Hawkins, Fraaije, 2018).

B 1960-x IT. TTOSIBAISTIOTCST COOOIIEHMST O CHYDKEHUM
3¢ GHEKTUBHOCTH psina QYHTUIIUIOB BCIAEACTBUE BO3HUK-
HOBEHUS YCTOMYMBBIX K HUM U30JATOB rpudos. I1po-
OyiemMa 00pa3oBaHUs PE3UCTEHTHBLIX (DOPM BO3OyIUTENICH
obocTpuiachk ¢ Hayasa 1970-x rr. mocjie MMpoKoro BHe-
JIPEHMS B MPAKTUKY CUCTEMHBIX (DYHTUIIMAOB C U30U-
paTeIbHBIM MEXaHU3MOM JIEHCTBUS: OCH3MMMUAA30JI0B,

MUKOJOTI'A U ®PUTOITATOJIOTUA

3YBKO u ap.

(heHmIaMM1I0B, TMKAPOOKCUMUIOB, a TAKXKE IIPEIIapaToB
TPYII TPUA30JI0B, UMUAA30JIOB, TMPUMUAMHOB U TIUTIC-
pasuHOB (Lucas et al., 2015). Dtu coenuHeHUSI UHTUOU-
pPYIOT B OCHOBHOM OMOCHHTE3 3procTeprHa, MOJaBIISIs
neMetipoBanue C-14 B rpubHoii KieTke. [1oCcKoIbKy
OHM BO3JENCTBYIOT Ha IIPOLIECCHI, YIIPaBIseMble OMHUM
WY HEOOJBIIIMM YUCIOM T€HOB, TIOCTATOYHO OMHON My-
TallMM Ha YPOBHE 3TOTO I'eHa [UISl TOTO, YTOOBI TTOSIBUIICS
pe3ucTeHTHBIN K pyHruummy mytaHt (Cools et al., 2007;
Mullins et al., 2011; Cools, Fraaije, 2013).

B cepenune 1980-x IT. HeKOTOpbIe MONYJISILUUU 7. tritici
BBIPA0OTAIIA YCTOMYMBOCTD K OCH3MMMIA30IbHBIM (DYHTH-
uunaMm (MBCs). UyBcTBuTEIbHOCTD K rpyrne DMI-gyH-
TMLKUIOB B MOMYJISLMSX Tprba Havyalla CHIDKAThCS € Ce-
peavHbl 1990-x rT. B Hacrosdilee BpeMsl CyIIECTBYIOT
3HAYUTENIbHBIE pa3Indus B 3(POEKTUBHOCTU aKTUBHBIX
KOMIIOHEHTOB, BXONSIINX B 3Ty TPYIIILY, 1 IJIsT 00ecIIe-
YeHUsI MMPOU3BOIUTENBLHOI pabOThl BaXKHO BhIOpATh CO-
oTBeTcTByloIMe MpoaykTtel DMI (Sierotzki et al., 2000;
McDonald et al., 2019). Bce a30:1b1 001a0a10T OTMHAKOBBIM
MEXaHU3MOM JeHCTBUS, UHTUOUpPYS cTepoli- 14a-nemMeTu-
nmazy (CYP51). M3HauanpHO MpEAIonarajioch, YTo €CIm
Z. tritici IpuoOpeTeT MyTaLIMIO, KOTOpasi IMOBJIEYET YCTOM-
YUBOCTb, TO BCE a30JIbI OYAYT 3aTPOHYTHI B PABHOM CTeTIe-
Hu. Tenepb U3BECTHO, YTO 3TO He TaK. bojbIiioe Koamye-
CTBO MyTallvii uneHTuuimpoBaHo. Hekotopele a3osl,
TIPEKIIE BCETO STIOKCUKOHA30.1 M IPOTHOKOHA30J1, ITPOIOJI-
JKaloT 00eCIIeurBaTh cAepKUBaHNE MH(PEKIMN Ha IIPOU3-
BoacTBeHHBIX ToJsx (Fungicide resistance.., 2023).

M3zonsrel Z. tritici ¢ MTOHWXKEHHO 4YyBCTBUTEIbBHOCTBIO
K CTpoOMIIyprHaM ObUTH BITepBble 0OHapykeHbI B 2002 T.
B renodonae nonysiuuyii rppuba mnojyduia pacnpocTpa-
nenue mytauus G143A (Fraaije et al., 2005; Sierotzki
et al., 2006). OmHaKo, HECMOTpPS Ha 3T0, HeKOTOphie Qol
yHrMIMIBI Bee e 00mamaoT 3(p(peKTMBHOCTHIO K HAaXO-
JSIT IIMPOKOE MpUMeHeHe Kak B Poccun, Tak 1 B Ipyrux
3epHonpom3Bonammx ctpadax (Blake et al., 2018; Suemoto
et al., 2019; Shcherbakova, 2019).

Tpuazoiibl B cocTaBe KOMOMHUPOBAHHBIX MTpenapa-
TOB TaKKe€ HAXOMAST IIMPOKOE IPUMEHEHNE, TIOATBepKaast
CBoe MpoGUIAKTIIECKOE 1 JIeYeOHOe AEMCTBIE Ha TOJISIX
KpacHomapckoro kpas (Volkova et al., 2020), PocToBckoit
o6u1. (Pasko, 2018), LlenTpanbsHo-YepHO3eMHOTO peTOHA
(Zasorina, Tysyachnik, 2020) u npyrux peruoHax Poccuii-
ckoii ®enepaumu (Grishechkina et al., 2022), addexTus-
HO 3alll1Iasi 3¢pHOBbIC KYJIbTYPhl OT TPUOHBIX MaTore-
HOB, B TOM YHCJIE ¥ OT BO30OYIUTEIIeiA CEITTOPHO30B.

B eBpormeiickux cTpaHax Ipu MPOU3BOICTBE 3€p-
HOBBIX MHTEHCHUBHOCTL 00pabOTKU (pyHTULMIAMU
ToJieil cocTaBIsIeT B CPEAHEM OT ABYX A0 YEThIPEX pa3
3a ce3oH (Jgrgensen et al., 2021). Ha ocHoBe o0be-
MOB IpoAaX XMMUKATOB U HallMOHAJIbHBIX UCCIIEA0-
BaHUii, mpoBeneHHBIX B 2006 u 2007 rr. B 'epmanuu,
Ne 6
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®panuun, Bemmkobpuranum u JlaHUM, OTMEYeHO, 9YTO
X Ucrosb30oBaHue B JlaHUY OBIJIO HAMHOI'O HIKE, YeM
B Ipyrux ctpaHax. Bo @paHimm MOXXHO OOHApYyKUTh
permoHagbHBIC Pa3IMUMsI, KOTOPHIe ITOKa3aan BHI-
COKYI0 MHTEHCUBHOCTH MCITOJIb30BaHUs MperapaToB
Ha ceBepe DpaHIINY ITO CpaBHEHUIO C FOXKHBIMU PETHO-
Hamu. CaMbIif BEICOKII OO 00BbeM MCITOIb30Ba-
HUS GyHTUUMAOB ObLT MpUMEHeH B Benukoopuranum
(Jorgensen et al., 2014).

B Hacrosiee BpeMst HaOMIOAAIOTCS CIydyau pa3BU-
THSI PE3UCTEHTHOCTU MPAKTUYECKU JIJISI BCEX OCHOBHBIX
KJIACCOB (PYHTMUMAOB Y pa3UYHbIX BUAOB (PUTOIMATO-
redoB (FRAC Code List). Takue Kimacchbl, KaKk Tpua-
30JIbl U CTPOOUIYPUHDI, HE SIBJISIIOTCS UCKIIOUEHUEM,
u, cornacHo peituHry FRAC, puck pa3BuTus pe3u-
CTEeHTHOCTH K HAM OIIEHUBAETCSA KaK CPEeIHUI y IIep-
BBIX U BBICOKMIA Y BTOPBIX COOTBETCTBEHHO.

IFT’EHETMYECKHWE MEXAHW3MbI
MMPOABJIEHNA PESBUCTEHTHOCTH
K TPHUA3OJIAM B ITOITYJIALUAX
ZYMOSEPTORIA TRITICI

Tpuazonsl, Takke n3BecTHble Kak DMI-dpyHru-
LIUIBI, JIEMCTBYIOT IMMyTEM MOAABJICHUS CUHTE3a rpuo-
HBIX CTEpUHOB, MHTUOUPYS (hepMeHT 14a-nemeTunnasy
(CYP51, 6enok, komupyeMblii TeHOM cypS 1) u3 cyrep-
ceMmeiicTBa IUTOXpoMoB P450 (MoHooKcureHasa P450).
O10T pepMEHT OTBETCTBEHEH 3a ygajaeHue l4o-me-
TUJIBHOI TPYIIIBI OT JJAHOCTEPOJIa — IPEAIIeCTBeHHUKA
aprocteprHa (Ma, Michailides, 2005), KoTopbIii IBISI-
€TCsSI OCHOBHBIM CTE€PHUHOBEIM KOMITOHEHTOM I'PUOHBIX
MeMOpaH M OTCYTCTBYeT y pacTeHuil. MHrubupyoiiee
neiictBue pepmenTa CYP51 nmpuBoauT K HETOCTATKY
3procreprHa M HaKOIJICHUIO B KJIETKE Iprba TOKCUY-
HBIX 14-0-MeTWICTepUHOB. BBRICOKIME KOHIIEHTpalluu
3TUX COEAUHEHUNA YCUIIMBAIOT OKUCIUTEIILHBIN CTpecc,
BBI3EIBAIOT MOBpPEXACHUE MEMOpPAHEBI U B pe3ybTaTe
NpUBOIAT K rnoenn kieTku rpuda (Shkel et al., 2013;
Garnault et al., 2019; Jorgensen et al., 2021).

JlabopaTopHble UccleqoBaHMS NOATBEPANIN MOJIO0-
KUTENbHYIO KOPPETSLMIO MEXIY YBEJIMUYEHUEM KOH-
LIEHTpallMY TPUA30J0BbIX (DYHTUIIMI0B U HAKOTIJIEHU -
€M PE3UCTEHTHBIX (POPM, a TaKKe pa3BUTUEM BHYTPU-
rpyNnoBOi MEPEeKPEeCTHON PEe3UCTEHTHOCTU Z. tritici
(Mavroeidi, Shaw, 2005).

Y BBICOKO-, C1a00- 1 YMEPEHHO-YCTOMYMBBIX ILITAM-
MOB BO30YyIUTENS CeNTOpUO3a IMIeHUUbl Z. tritici
n3 Opannuu 1 BenukodpuraHuu ObLIM 0OHAPYKEHBI
MpPaKTUYECKU BCE BO3MOXKHbBIE OMHOHYKICOTUIHbBIC 13-
MeHeHUs B reHe cypSl. HekoTopple mTaMMbl maToreHa
C YMEPEHHOI WY BBICOKON PE3UCTEHTHOCTHIO COMEpKa-
JIM BCTaBKY B IPOMOTOpPE 3TOr0 reHa Wi KOMOMHALUU
MUWKOJIOTUSA Y ®UTOIATOJIOTU A
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toueyHbIX MyTaumii (Leroux, Walker, 2011). B pe3ymib-
TaTe HaOmomaeTcss cBepxakcrnpeccus oOenka CYPS51
y Mycosphaerella graminicola (TpafTMLIMOHHOE Ha3BaHUeE
TerreoMopdbl Zymoseptoria tritici), IpUBOISINAS K YBEJIH-
YeHMI0 YpoBHS TpaHckpuIra B 10—40 pa3, yro nmpuBoau-
JIO K CHVDKEHMIO YyBCTBUTENbHOCTU K DMI-dyHTHImaam
B 7—16 pas3 B yciousx in vitro (Cools, Fraaije, 2013).

brlio ycTaHOBJIEHO, YTO YCTOMYMBOCTDH MOJIE-
BBIX M30JIITOB HEKOTOPHIX (PUTOIMATOI€HHBIX I'PHUOOB
K DM-uHruburopamMm He Bcerma o0yciaoBIeHa TOJBKO
aMMHOKMCJIOTHBIMU 3ameHaMu B 0enke CYP51 (Ma,
Michailides, 2005). B ciny4yae pe3uMCTeHTHBIX (DEHOTUIIOB
Z. tritici HabGI10JaeTCsl BbICOKAsi MHOXECTBEHHAsI YCTOM -
ynuBOCTh K DMI, KoTopas cBsI3bIBaJIach C TTOBBIIIIECHHOM
3KCIpeccreit TeHOB OeTKOB-TIEPEHOCUMKOB IEMCTBYIO-
mux BemecTB pyurummaa (Leroux, Walker, 2011).

Y coBpeMeHHbIX nonysiuuii Z. tritici B 6enke CYP5I
00HapyxxeHo 6oJee 30 pa3TMYHbIX aMAHOKHUCIOTHBIX U3-
MEHEHU (3aMeH U Jejenuii). Myranum MOryT BO3HU-
KaTb TaKKe M B KOMOMHAIIUY JIPYT C IPYroM, 00yCIaBIu-
Basl HAJTMIME YCTOMYMBOCTU Y X HOCUTEJIEH cpa3sy K He-
CKOJIBKMM JIEMCTBYIOIIVM BEIIECTBAM U3 XMMUYECKOIO
kiacca Tpuaszonsl (Blake et al., 2018; Huf et al., 2018).

Y DMI-pyHTUIINIOB TPYIITOBYIO YCTOMUYMBOCTD
OOBIYHO OTMEYAIOT IS TeX ACHCTBYIOIIMX BEILIECTB, KO-
TOpBIe AKTUBHEI IIPOTUB OJHOTO M TOTO € ITaToreHa,
¥ He 00HAPYKMBAIOT B OTHOIIICHUY MHTMOUTOPOB CHH-
Te3a CTEpMHOB U3 Ipyrux kiacco (Shcherbakova, 2019).

IFT’EHETMYECKHWE MEXAHW3MBbI
MMPOABJIEHUNA PESBUCTEHTHOCTH
K CTPOBMJIIYPUHAM B ITONVIIALMAX
ZYMOSEPTORIA TRITICI

CTpoOmIyprHBI — 3TO (PYHTUIIUIBI, JEMNCTBUE KOTO-
pBIX HampaBjJeHO Ha MHTUOMpPOBaHUE IbIXaHUS B cali-
Te QO UMTOXpoMa b, KOTOPBI UTpaeT KIIYEBYIO POJIb
B IIepeHOoCce 3J1eKTPOHOB uepe3 KoMruieke 111 gpixaTens-
Hoit uenu (Bartlett et al., 2002). Qol — 310 BBICOKO-
aKTUBHEIE U cnenududeckre GyHTULUIBI, KOTOPHIE
HCIIOJIB3YIOTCSI BO MHOTHX Pa3IMYHBIX KYJIBTypax IJIs
00pBOKI ¢ bone3HsIMu pactenuii. B Hauame 2000-x rT.
y Z. tritici Obl1a 3a(pMKCHUPOBaHAa YCTOHUYUBOCTb K (DYH-
runugaM Qol (Torriani et al., 2009). OHa 00BSICHSIETCS
TOYEYHBIMU MYyTallMsIMU B T€HE, CBSI3aHHBIM C MUTO-
XOHJpPUAJIbHBIM yumoxpomom b (cytb). U30n8Thl, He-
cymue mytanuu F129L i G137R, nposBiIsSiioT yme-
pEeHHYI0 (JACTUYHYIO) YCTOMUMBOCTb U CPABHUTEIBHO
CIopagudecKy BCTPEUYAIOTCS B €BPONCUCKUX TTOITYJIsI -
nusix Z. tritici. Hariporus, mytamusg G143A obecnieun-
BaeT MOJHYI0 YCTOMYMBOCTb U JOMUHUPYET B COBpe-
MEHHBIX NONYISIUUIX ¢umonamoeena. OyHTUIIAIHI
Qol 6onblie He 001a1a10T 3P (PEKTUBHOCTHIO TIPOTUB
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Z. tritici B OOJTBIINHCTBE eBponeickux ctpaH (Fraaije
et al., 2005; Sierotzki et al., 2006, Mée et al., 2020).
Tax, HampuMep, uccaenoBaHusl, MpoBeaeHHbIe A. Mae
et al.(2020) mokazanu, uyro Ha niepuon 2018 r. yacTo-
Ta mytauuu cytb G143A, npuaampias yCTOMYUBOCTb
K cTpoOmIyprHam, yeeanuuiaach 10 50—70% B momny-
Ianusx Z. tritici n3 cronuu, Ouungaaum, JlaTBum
u JIutBel. U3BecTHO, 4TO MyTaHTHI, Hecynue G143A
u F129L, 06:1a1al0T BBICOKMM YPOBHEM MEPEKPECTHOMN
YCTOMYMBOCTU MEXIY Pa3IMYHBIMU CTPOOMIypUHAMU
(Sierotzki et al., 2006). HecMoTpst Ha TO, 4TO (DYyHTUIIN-
o6l Qol Gonblie He peKOMEHAYIOTCS TIPOTUB Z. tritici,
OHU ocTaTcs 3(HEKTUBHBIMU MPOTUB APYTUX 3a00-
JieBaHUM (Hammpumep, pxaBuuHbl) (Mée et al., 2020)
M TIO3TOMY BC€ ellle ITPMMEHSIOTCS B TTOJIEBbIX YCJIOBU-
gax. [TocTossHHOE MpUMEHEeHHE JI000ro CTpoduIypruHa
co3aaeT OJIaroNpUsITHBIE YCJIOBMS IJIsS HaJdbHEMNIIEero
pacrpoCcTpaHeHUs IITaMMOB Z. fritici, HECylIUX MyTa-
muo G143A (Kildea et al., 2022).

Oyarunnael Qol MHrMOupyoT GepMeHT-MUIIICHD
B ObIXaTeJbHOM LIETU MUTOXOHIPUI TpUOOB Z. tritici.
OCHOBHOII MpUYMHOM ycToiunBOCTU K Qol sBaser-
csl OMHOHYKJIEOTUIHBIN TTotuMopdu3m (SNP) B rexe
LIUTOXpOMa I'pUOOB, MPUBOASIINI K aMUHOKWCIOTHOM
3aMeHe ITIMIIMHA Ha aJlJaHuH B IMOJIOXeHuu 143 Gen-
ka uutoxpoma (G143A) (Fraaije et al., 2003), deHu-
nanmanuHa Ha neinuH (F129L), ruinnHa Ha apTUHUH
B nioyioxkeHuu 137 (G137R) (Mutations associated with
Qol-resistance, FRAC) a Takke ananTaliMOHHbIMUA Me-
XaHU3MaMM, B YaCTHOCTU CBEPXIKCIIPECCUEN aIbTep-
HaTMBHOM oKcuaa3bl, PYHKLIMOHUPYIOIIEH B 00X01
neixateabHoro komrekca 111 (Ma, Michailides, 2005;
FRAC Code List, 2019; Kildea et al., 2019).

VYpoBeHb PE3UCTEHTHOCTU (MPOLEHT MyTalluu
G143A) Z. tritici B o6pa3uax ¢ NITHUCTOCTBIO JIUCTHEB
CENTOPHO03a MOXHO OBICTPO ¥ TOYHO OIPEIEIUTD C T10-
Molbio MeToaa nupocekBeHupoBaHus (FRAC, 2023;
Molecular biological.., 2023; Molecular genetic.., 2023).

PeTpocriekTBHOE TeCTUPOBAHUE C IIOMOIIBIO TT0-
JmMepasHoii uenHoi peakunu (ITLP) mokasano, uto
G143A yxe npucyTCTBOBaa B IMOJEBBIX MOMYISILMSIX
Z. tritici B Benuko6puTaHUU B TeUEHUE BereTaloH-
Horo nepuoga 2000—2001 rr., XoTs U C O4YeHb HU3KOI
yactotoii (Fraaije et al., 2005).

TectupoBanue panHeii BecHoit 2003 r. moka3ao 1u-
poKoe pacnpocTpaHeHue ycroitunBocty K Qol B mmosne-
BBIX nonyJsiuusx Z. tritici B Benukooputanuu (Fraaije et
al., 2003). Bce ycroitumBeie kK Qol M309ThI comepKain
G143A amneny. DTo yKa3bIBaeT HA TO, YTO TU U3O0JISAThI
SIBJISTFOTCS TIOJTHOCTBIO IMMATOT€HHBIMM, 1 IIEPEHOCUMEIE
BO3IYIITHO-KAIeIbHBIM ITyTEM MX aCKOCTIOPHI, BbIACISIC-
MbIe U3 IICeBAOTEIIEB, MOTYT UTPaTh BaXXHYIO POJIb

MUKOJOTI'A U ®PUTOITATOJIOTUA

3YBKO u ap.

B paclpoCTpaHEHUU YCTONYMBEIX K Qol reHoTuIroB
Ha Oosbiue paccrossHus (Fraaije et al., 2005).

BricTpoe passutie pe3ucteHTHOCTH K Qol-yHTrI-
LIUIaM MPEANOJOXKUTEIBHO CBSI3aHO C TEM, YTO yOUXU-
HOHOKCHIa3a, KOTOpasl SIBJISIETCSI MUIIIEHBIO IJIST 3TUX
(yHrUImaoB, kogupyeTrcs MutoxoHapuaabHoi JTHK.
MutoxonapuanbHas JJHK obnapaer meHee appek-
TUBHOM CIIOCOOHOCTBIO K perapalyu 1o CpaBHEHUIO
¢ anepnoit IHK (Gisi et al., 2005).

IToxazaHo, 4TO MOAOOHBIE MyTallMd BHI3BIBAIOT
YCTOMYMBOCTD Y APYTUX IPUOHBIX IATOTEHOB 31aKOBBIX,
Takux Kak Oculimacula (panee Tapesia) spp. (Albertini
et al., 1999), Rhynchosporium secalis (Wheeler et al.,
1995) u Blumeria spp. (Sierotzki et al., 2000; Fraaije
et al., 2002) — aTu MyTalMu ObLIA OOHAPYKEHBI TIpe-
MMYILIECTBEHHO B MASHTUYHBIX KomoHax. Takum 00-
pa3oM, BHYTPUTPYTIIOBAas Pe3UCTEHTHOCTh Obljia BbI-
SJBJICHA KO BceM nelicTByomuM BeimectBam (/IB)
Qol-dpyHrunmunos. Y DMI-¢byHIrununoB ee 00ObIYHO
oTMeuaroT Wit Tex [IB, KoTopble aKTUBHBI IIPOTUB O -
HOTO M TOTO Xe IaToreHa, U He 0OHApyXXMBAIOT B OT-
HOIIIEHUY WHTIONTOPOB CUHTE3a CTEPUHOB M3 IPYTHUX
kiaccoB (Shherbakova, 2019).

C xonua 1990-x rr. Qol cranmu KiroueBBIM KOMITOHEH-
TOM CTpaTeruiit 60pbObI ¢ 00JIE3HSIMU 3€PHOBBIX KYJIBTYP
B ceBepo-3arnaaHoii EBporie n3-3a Ux CTOMKOI aKTUBHO-
CTH IIMPOKOTO CIIEKTpa ACUCTBUS 1 MTOTEHLUIUAIBbHOM 10-
MTOJTHUTEILHOM YPOXATHOCTH 3a CUET YBEJIMUCHMS IIPO-
JTOJDKUTEIBHOCTH BereTalimoHHoro nepuona (Gooding
et al., 2000). OnHako 1ocyie 0OHaApyXEeHUS YCTOMYUBBIX
U30JISITOB B MOJIEBBIX TTOMysusx Z. tritici B 2002 romy
(Fry, Milgroom, 1990), Qols 6b110 pa3peiieHo uc-
MoJIb30BaTh TOJBKO B cMecsax ¢ DMIs, MakcumyM aBa
OIPBICKMBAHMS 332 CE30H, YTOOBI 3aMeJIUTh Pa3BUTHE
PE3UCTEHTHOCTU N 00eCcTIeUnTh 3P (PEKTUBHYIO O0PHOY
¢ 6one3namu. Kak ciencrsue cHKeHUs 3(ppeKTUBHO-
ctu Qols, conepxxmBaHue 00Je3HEN B HACTOSIIIEE BPEMSI
B 3HAYUTENIbHOI CTereHn 3aBUCUT oT DMI.

IMPAKTUYECKHUE PEKOMEHIALINU
1O PEAJIU3ALIMU AHTUPE3SUCTEHTHOM
CTPATETMU, CHUXKAIOILIEN PUCKU
BO3HUMKHOBEHUS YCTOMYUBOCTHU
OUTOIATOT'EHA ZYMOSEPTORIA TRITICI
K TPHUA3OJAM U CTPOBUITYPUHAM

AHTHPE3UCTEHTHbIE CTpaTEerny MPUMEeHeHuUs GyH-
TULIMIA TOJKHEI OBITh pa3paboTaHEI eIl I0 €T BhIXoda
Ha pbIHOK. [Togo6HBIe peKoMeHaaluu (POPMUPYIOTCS
Ha OCHOBAaHUM PE3YyJIbTATOB, MTOJYYEHHBIX B X0ue PUTO-
MATOJIOTUIECKMX, OMOXMMUISCKUX U ITONY/ISIIMOHHO-
reHeTnueckux uccinegosanuii (Hawkins, Fraaije, 2018).
CTouT OTMETUTD, YTO IEPBbIC IIpeHapaThl, CO3JaHHbIC
Ne 6
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Ha OCHOBE JCHCTBYIOIIMX BEIIECTB U3 XUMUYECKO-
ro Kjacca CTpOOMIYpMHOB, MOSIBUBIIMECS Ha PHIH-
ke B 1996 rony, npuMeHsIMCh 6€3 yuera BO3MOXHOTO
(dopMUpoOBaHUS YCTOMUYMBOCTA K HUM Y Pa3IMYHBIX
¢uTomaToreHOB. DTO TIPUBEIIO B TedeHUe 3—4 JeT
K HaKOIUICHUIO B IOIYJISALUSIX YCTOMUYMBEIX K CTPOOU-
JlypuHaMm u3onatoB Z. tritici (AHDB, 2023).

OCHOBHBIMM (haKTOpaMU, BIIUSIIOIIMMU Ha CKOPOCTh
BO3HMKHOBEHHMS W PA3BUTUS YCTOMUYMBOCTH, SIBJISTIOTCSI
XUMUYeCKasl CTPYKTypa, MEXaHU3M JICMCTBUSI, YacToTa,
HopMa (0COOEeHHO MaKCUMaJlbHasl) U COCO0 MpUMeHe-
HU (OTACIBHO, B BUIIe 0AKOBBIX CMeceil W B 4epeo-
BaHMM C IpernapaTaMy APYroro MexaHu3Ma IeHCTBUS)
¢yHrMIIMIA, TeHETUYECKOE pa3HOOOpa3ue B MOMYISLIUKU
MaToreHa, JKU3HeCIOCOOHOCTb U arpecCUBHOCTh YCTOM -
YUBBIX MYTAaHTOB, COOJIOIEHUE CEBOOOOPOTOB Ha TMOJISIX
Y KJIMMATU4IECKHE YCJIOBHS 36PHOIPOU3BOISIIETO PETHO-
Ha (Shherbakova, 2019).

Puick BOBHMKHOBEHMSI YCTOMUYMBOCTU TTIOMOTYT CHH-
3UTh COOMIONEHNE HECKOJIBKMX OOIIMX PEKOMEHIAIIMIA
(Brent, Hollomon, 2007; Hawkins, Fraaije, 2018). ITona-
BJIEHHE POCTa U Pa3MHOXEHUST YCTOMUMBBIX OMOTUIIOB
rpubOB 00eCreuynBaeTCsl XMMUYECKUM pa3HOOOpa3u-
eM TpenapaToB. CeJleKIIMOHHOE JaBJIeHNEe Ha ITOIYJIsI-
LIMIO ITaTOTeHa ITO3BOJISICT CHU3UTh OrPAaHMYCHUE XU-
MUYECKNX 00pabOTOK 3a ce30H (IMPOBEAeHUE UX TOJBKO
B ciydyae HeobxonumocTtu). CregoBaHue periaMeHTam
npuMeHeHusT GYHTULMIOB, YCTAHOBJICHHBIM (DupMaMu-
MIPOM3BOIUTEIISIMHU, a TAKKE TIPUMEHEHUE YepPeIOBaHUSI
WY CMECH (DYHTUIIUIOB C Pa3IMIHbIM MEXaHU3MOM JIeii-
CTBUSI TIPU TIEPBBIX NPU3HAKaX CHUKEHUST 3(PpheKTUB-
HOCTH mperapara. IlpoBeneHre TaHHBIX MepOIIPUSITHI
TO3BOJIUT CYIIECTBEHHO CHU3UTDH YaCTOTY YCTOMYMBBIX
M30JIITOB B TTONYNISALMSIX puToraroreHoB. s mpodu-
JIAKTUKHW Pa3BUTUS YCTOMUMBOCTHY Y BO3OYIUTENEH CEIITO-
puo3a He cieayeT IpuMeHITb Qol-(yHIMUMIbI OTIEIBEHO,
a TOJIbKO B CMECSIX, 0COOCHHO C TPUA30JIaMH, YTO TaKKe
CHIDKAET pa3BUTHE YCTOMUYMBOCTH y TprooB K DMI-pyH-
rutunam (Fraaije et al., 2003). Ins 6onee apdekTuBHOI
OOpPBLOBI C Pe3NCTEHTHBIMM IITAMMAMM BO30YIUTENEH XKe-
JIaTeJIBHO, YTOOBI OMVH M3 KOMIIOHEHTOB B CMECH ITIpe-
CTaBJISUT M3 ceOsT PYHTULINIL C MHOTOCANTOBBIM JIEHCTBUEM
Ha rpu6bl (Hawkins, Fraaije, 2018).

TTomyMO XMHYECKHMX 00pabOTOK MTOCEBOB 36PHOBBIX,
BaxXHO KOMOMHMPOBATh 3JIEMEHTHI MHTETPHUPOBAHHOMN
3aIUThI, BKJIIOYAIOIIME B ceOsl OMOJIOIMYECKUE, arpoTeX-
HUYECKUE U IMMYHOJIOTMYECKME METOBI 3allIUThI pacTe-
HUIA. DTU NOAXOObI TTO3BOJISTIOT 3aIePKUBATh, a He TIpe-
IOTBpalllaTh HAKOIUICHHE PEe3MCTCHTHBIX IIITaMMOB
B nonyssiuysix rpu6os (Brent, Hollomon, 1998; Tjuterev,
2001; Tjuterev, 2010). PernoHanbHOE pacripocTpaHeHUe
YCTOMYMBBIX U30JISTOB 3aBUCUT OT MHOTHUX (haKTOPOB,
B TOM YHCJIE OT CIIOCOOHOCTH I'prba pacIpOCTPaHSIThCS
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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Ha OOJIbIlIE TEPPUTOPUM, UTO Z. tritici OCYLLECTBIISIET
C TIOMOIIIbIO aCKO- U NMMKHOCTIOp. B cBsA3M ¢ 3TUM 3aciy-
>KUBaeT BHUMAaHUS “JIOCKYTHas” CTpaTerusi, IpearnoJara-
[olIasi OCTaBIeHWE HEKOTOPhIX T0Jieli HeoOpaboTaHHbI-
MU WIKM 00pabOTaHHBIMU PA3IMYHBIMU (PYHTULIUIAMMU,
He 00J1aIaoIMMU OOLIMM MEXaHW3MOM AEUCTBUS. MHaue
MOXeT BO3HMKHYTb ITepEKPECTHAsT YCTOMUUBOCTh Y BO3-
OynuTeneii Ooyie3Hel — sIBJIeHUEe, MPU KOTOPOM I1aTOreH,
YCTOMUYMBHIN K OMHOMY IIPOTUBOMMKPOOHOMY COEIHE-
HUIO, TAK3KE YCTOMYMB K OMHOMY WJI HECKOJIBKIM APYTHM
neiictyrommm BeiectsaM (Parnell et al., 2006).

B aHTHpE3nCTeHTHOM CTpaTeruu IIpuMeHeHUsT PyH-
TULWIOB IPHUCYTCTBYIOT TAKXKe PEKOMEHIAIIYA OTHOCH-
TEJILHO IIPUMEHEHMS TIPENapaToB ¢ ACCTBYIOIMMU Be-
IIECTBAMHM U3 ONpeAeSICHHBIX XMMUYECKMX KilaccoB. Ha-
MpUMep, I IPeIOTBpaIleHUS Pa3BUTHS YCTOMYMBOCTU
K CTpOOMIIyprHAM pEeKOMEHAyeTCs MPOBeACHE He boltee
JIByX-TpeX 00pabOTOK ITOApsIA TUMU TIperapaTaMy Ipu
pa3pbiBe MexXAy 0JJoKaMu 00pabOTOK He MeHee IByX 00-
paboTOK TperapaTaMy C JeHCTBYIOIIMMY BEIIeCTBAMM
W3 IPYTUX XUMWYECKMX TPYII, a TAKXKE WX UCIIOIh30Ba-
Hue Ha rromany 30—50% ot ob1eii od6pabaTeiBacMOit
(Brent, Hollomon, 1998).

i1 mpemoTBpalleHusl pa3BUTHUS PE3UCTEHTHOCTH
K yHTULMIAM U3 XUMIYECKOTO KJIacca TPHA30JIOB PEKO-
MEHIYIOT UCTIOJIb30BAaHUE UX CMECEI B COUETAHUM C JICH-
CTBYIOLLIMMM BeLleCTBAMU 13 XUMUUYECKUX TPYIIIT XJIOp-
HUTPWIbI (XJIOPOTAJIOHWI), UHTUOUTOPAMU CYKLIMHAT-
nmeruaporeHassl (SDHI-gyHrnmmoamMn) 1 THTMOUTOPHI
TepeHoca 3JIeKTPOHOB OT LIUTOXpoma b K muroxpomy cl
Ha BHyTpeHHell MemOpaHe MutoxoHapuii (Qil-pyHru-
uabl — Quinone inside Inhibitors). Kpome Toro, koMou-
HUPOBaHHEIE IIPEIIapaThl C TPHUA30JIaMU PEKOMEHIYETCS
NPUMEHSITD B ClIydae IIPOBeAeHNsI IIOBTOPHBIX 00pabOTOK
Tocjie IPUMEHEHUS TIPErapaToB, COIepKaIluX aKTUBHBIE
KOMIIOHEHTHI TOJIBKO M3 3TOT0 XUMUIECKOTo Kitacca. Puck
pa3BUTHS PE3MCTEHTHOCTH K 3TOM Ipymiie (GyHTUIIMAOB
CHIDKAETCs TaKXKe 3a CUET YMEHBIIIEHNSI KOJIMYeCTBa 00-
paboTOK 3TUMM IperapaTaMu Ipu 00s3aTeTbHOM COOJTIO-
JeHUU peKoMeHIyeMoil HopMbl puMeHeHus (Fungicide
resistance.., 2023). CnocoOHOCTh YCTOMYMBBIX K TpUA30-
J1aM (hopM I'prOOB K pa3BUTHIO Ha JIMCTBSIX TAKXKe PEe3KO
CHIDKAeT MPYMEHEHUE NIEPBBIMU B BEreTalliOHHOM CE30-
He mpenapaToB HA OCHOBE CTPOOWIYPUHOB. DTO MPOKC-
XOIUT Onaronapsi CHUXKEHUIO CEJIEKIIMOHHOTO TaBICHUS
M3-32 HU3KOT'O YPOBHSI COIEPKaHMST MHOKY/IIOMA B HAvaJjIe
BereTanuu pactenuii (Tyuterev, 2001).

B 2020 r. nosiBujics HOBBIN a30J1 — Me(EHTPUDITIOKO-
Hazox (Bryson et al., 2018), oH OBUT IpeaCTaBICH Ha €B-
porneiickoM peiHKe. Kak 1oka3aHO B HECKOJIbKMX UCCIIe-
JIOBaHMSIX, TIPOBEIEHHBIX B Ps/ie €BPOIEHCKMX CTPaH, HO-
BOE JICHCTBYIOIIIEE BEIISCTBO 3aMEHUT HEKOTOPEIE APYIHe
a30JIbI M3-3a €0 BEICOKOM 3(P(DeKTUBHOCTU B OTHOIICHUN
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Z. tritici (Jorgensen et al., 2020). MedeHTpr}IIOKOHA30]
MPEBOCXOWIT YEThIPE IMPOTECTUPOBAHHBIX B TOJIEBBIX yC-
JIOBUSIX BMECTE C HMM a30J1a MO0 CASPXKUBAHMIO CENTOPH-
O3HOI MATHUCTOCTU TeHullbl. ccnenoBanust in vitro
MoKa3ai ero 3(pHeKTUBHOCTD TIPY COBMECTHOM ITpHUMe-
HeHuu ¢ nudeHokoHa3ooM (Heick et al., 2020). Bene-
Hue uHruoburopa xuHoHa (Qil) peHnurKokcamuaa B npe-
napat (Owen et al., 2017) 1 HOBOTO TTIOKOJICHUST (DYHTH-
muaoB Qol, Takux xKak MetmnTeTparnposna (Suemoto et
al., 2019), npenocTaBisieT BApMaHThI IS pa3HOOOPa3HOI
M YCIEITHOM 3allIUTHI CEJIbCKOXO3SIMCTBEHHBIX TTOCEBOB
(Jorgensen et al., 2021).

Takum obGpa3oMm, IIpemyiaracMble METOIBI CTpaTeTu
MPenoTBPaIEeHNS I OTCPOYKY BOSHUKHOBEHUSI Pe3H-
CTEHTHOCTH TpMOOB K (PYHTHULIMAAM BKITIOUAIOT: 1) Kop-
PEKTHOE ¥ TOUHOE IMPUMEHEHUE PEKOMEHIYeMOIl T103bl
(yHrumna; 2) orpaHM4eHe YacTOThl IPUMEHEeHUs (PyH-
TULIAIOB; 3) UCMOJIb30BaHNe cMeceil PYHTULIMIOB: KOM-
OMHUpOBaHUE ABYX WX Oojiee (PYHTULUIOB C pa3HbIMU
MeXaHM3MaMH OeHCTBUS MOXKET ITOBBICUTH 3¢ (heKTUB-
HOCTb KOHTPOJISI U CHU3UTB BEPOSITHOCTh PA3BUTHSI PE3H-
CTEHTHOCTH; 4) NCITOIb30BaHNE YepeoBaHNS (DyHTUIIN-
JIOB: MPY YepeIOBaHUU PA3TMYHBIX (DYHTUITUIOB C pa3HbI-
MU MeXaHU3MaMM JEHACTBUSI MOXKHO MPEIOTBPaTUTh WU
OTCPOYMTH Pa3BUTHE PE3NCTEHTHOCTH, T.K. TPMOBI MOTYT
MMETh Pa3JINIHyIO0 YYBCTBUTEJIBHOCTh K Pa3HBIM (yH-
rumaaM; 5) addekTrBHAag CTpaTerust MOXeT BKII0YaTh
KOMOMHAIIAIO BBIIIEIIEPEUYNCICHHBIX METOIOB, YTOOBI
YCUJIUTH KOHTPOJIb HaJl TPMOHBIMU IATOTeHAMU 1 CHUZUTD
BEPOSITHOCTD Pa3BUTHS PE3UCTEHTHOCTH.

BaxxHO UCITOIB30BaTh 3TU METOABI B COYETAHNH C XO-
POIIMMU TTPAKTUKAMM YIIPABIIEHUS, TAKUMU KaK COOJTIO-
JIeHNEe POTAIIAN KYJIETYP, COOTIOIeHEe CAHUTAPHBIX MEPO-
MPUATHIA, YTOOBI CHU3UTD JaBJI€HUE TPUOHBIX [TATOTEHOB
1 OOILYIO BEPOSITHOCTh Pa3BUTUS PE3UCTEHTHOCTH K (DYH-
rutmpaM (Gisi et al., 2002; Pereira et al., 2020).

3AKJIIOYEHME

ITpumeHeHue (PyHIMLIMAOB B paCTEHUEBOACTBE Hava-
Jioch BO Bropoii nojiouHe XIX B. Mcnonb3oBaHue (pyH-
TULIIOB CIIOCOOCTBYET 00ECIIEYSHUIO ITPOIOBOILCTBEH-
HOI 0€30IMaCHOCTU U IOBBIIICHUIO IMPOXYKTUBHOCTH
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp. OMHAKO ¢ TOSIBJICHEM
(byHrMIIMIOB TaKxKe BO3HUKIIU ITPOOJIEMBl PE3UCTEHTHO-
cti. duTonaroreHHbIe IPUOBLI MOTYT IIPHMOOPETATh YCTOM -
YMBOCTb K Pa3IUYHbIM KjaccaM (PYHTUMIIMAOB, YTO Orpa-
HUYKMBaeT UX 3¢ GHEKTUBHOCTD.

Takue knacchl Kak TpUa3oJibl U CTPOOUITYPUHBI HE SIB-
JISIIOTCST UCKJTIOUeHUEM, U, cornacHo peUTuHry FRAC,
PUCK pa3BUTHUSI PE3UCTEHTHOCTU K HUM Yy Tpuba Z. tritici
OLIEHMBAETCs KaK CpeqHUIT 1 BLICOKUIA. BO3HUKHOBEHUE
U pa3BUTHE PE3UCTEHTHOCTU K 3TUM (DYHTMLIMAAM Ha-
YaJioCh CITYCTSI HECKOJIBKO JIET MOCJE BbIXOAA Ha PhIHOK

MUKOJOTI'A U ®PUTOITATOJIOTUA

3YBKO u ap.

M IIIMPOKOI0 IPUMEHEHHSI IIPerapaToB Ha UX OCHOBE. DTO
TOBJIMSUIO HA MUKPO3BOJIIOIIMOHHBIEC IIPOIIECCHI B ITOITY-
JISIUMSIX Z. tritici B CTOPOHY MOSIBJIEHUST M pacIIpOCTpaHe-
HUSI MyTaHTOB, OOJIAIAIOIINX YCTOMYMBOCTEIO K IEiCTBY-
JOIIM BeleCcTBaM MpUMeHsieMbIX GyHruumnaoB. [eHe-
TUYECKME MEXaHM3MbI, 00SCIICUMBAIOIINE YCTOMYMBOCTD
rpuba K Tpra3ojaM U CTpOOMIypHMHaM, IJIaBHBIM 00Opa-
30M, OCHOBaHbl Ha BO3HUKHOBEHUM MYTallMii B TeéHaX-
MMIIIEHSIX Tpr0a, MOSIBJICHMH BCTAaBOK B MX IIPOMOTOpaXx.

Hsi CHUXXeHUsI pucka pa3sBUTUS PE3UCTEHTHOCTU
¥ iogaep:kaHust 3 ¢GEeKTUBHOCTH (DYHTULIMIOB PEKOMEH-
IeTCsI MCTIONB30BaTh AaHTUPE3UCTEHTHEIE cTpaTerun. OHU
BKJIIOYAIOT pa3HOOOpa3ne IpernapaToB, CHIDKEHHE CeIeK-
IIMOHHOTO AaBJICHUs Ha ITOMYJISIIUIO IIaTOreHa, MyTeM
OrpaHUYEHUsT XMMUYECKUX 00pabOTOK ITOCEBOB, COOIIO-
JICHHE perJIaMeHTOB ITPMMEHEHUsI (DYHTUIIMIOB, a TaKKe
HICITOJTb30BaHMe YepedOBaHMs M CMECEBBIX IIperapa-
TOB C KOMIIOHEHTAMU Pa3IMYHOTO MeXaHW3Ma IeCTBYSI.
Kpome Toro, BaxkHo KOMOMHMPOBAThL XUMHUECKHE 00pa-
OOTKM C IPYTMMU METONAMU MHTEIPUPOBAHHON 3aIlIUThI
pacTCHUIA.

B 1ie;10M moHMMaHue TeHETUYIECKUX MEXaHU3MOB pe-
3UCTEHTHOCTHU K TpUa30JiaM U CTpOOMIIypUHaM y Z. tritici
SIBIISIETCS BaXKHBIM 7151 pa3padoTKu 3(peKTUBHBIX CTpa-
TEeruii yIIpaBIIeHUSI PE3UCTEHTHOCTRIO U ITOMIEePKAHMSI
a¢ddexTuBHOCTU (yHrUUMA0B. danbpHeilne ucciae-
JIOBaHUS B 3TOM 00JaCTU MOMOTYT pa3paboTaTh HOBbIE
npernapaTbl U METOIBI OOPLOBI C (PUTOMATOreHAMMU, TTO-
3BOJISIIONIEE 00ECIIeUUTh YCTOMYMBOE U MPONYKTUBHOE
PacTeHUEBOICTBO.

Pabora BeinoiHeHa ipu noaaepxke Poccuiickoro Ha-
y4yHoro ¢oHza, mpoekt Ne 19-76-30005.
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Peculiarities of Emergence, Development and Genetic Mechanisms of Resistance
Manifestation Towards Fungicides from the Chemical Classes of Triazoles
and Strobilurins Among the Representatives of Zymoseptoria tritici (A Review)
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Grain production serves as an important strategic resource of the Russian Federation, it is a fundamental
branch of agricultural production. In order to get a high and stable yield, it is necessary to carry out protective
measures for crops against various diseases. In recent years, leaf-stem diseases of grain crops stand out as the
most harmful ones in agrocoenoses. They significantly decrease crop yield. Not only do they rapidly spread
around multiple regions of the Russian Federation, but they encompass other grain-producing countries as well.
Zymoseptoria tritici is a dangerous fungal phytopathogen that causes Septoria blotches among wheat, triticale,
barley and rye. Within several decades, some significant progress has been made in the process of genetic control
of wheat resistance to Z. tritici. However, due to the presence of favorable weather conditions contributing to the
development of fungal infections, in order to prevent crop loss together with decrease in the quality of agricultural
produce, from one to several fungicide treatments have to be implemented. Russian and foreign scientists have
noted a tendency of Z. tritici to increase rersistance to some fungicides, which poses a problem with the successful
implementation of efficient plant protection measures. Such classes as triazoles and strobilurins are no exception,
and according to the FRAC rating, the risk of developing resistance to them is assessed as medium in the former
and high in the latter, accordingly. Increasing problems caused by fungicide resistance in Z. tritici populations
pose a threat to further wheat production. The purpose of the present research is to analyze modern literature
data on the emergence of resistance to fungicides from the chemical classes of triazoles and strobilurins in
Z. tritici. The given review examines the genetic mechanisms of resistance that appear in the phytopathogen;
examples of monitoring studies of fungal resistance in various countries are provided alongside with practical
recommendations on the implementation of anti-resistance strategies. The success of creating such strategies is
impossible without knowledge of the pathogen population structure, cultivar resistance, regional agro-ecological
peculiarities of the pathogen development and crop cultivation or the biological commercial and economic
efficiency of protection means and methods.

Keywords: DMI-fungicides, fungi resistance to fungicides, Qol-fungicides, Septoria tritici blotch, wheat
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B 0630pe paccMOTpeHBI Pe3yIbTaThl HCCIICAOBAHNN MOCISTHETO ISCITUICTUS TI0 COBMECTHOMY KYJTBTHBUPO-
BaHHUIO TPUOOB M MUKPOBOHOpOCIeil. B HeM KpaTKo M3II0XKEeHBI MEXaHU3MbI B3aMMOIEiICTBUS TPUOOB 1 MU -
KPOCKOITMYECKUX BOAOPOCIIEH ITPU aCCOLIMAaTUBHOM KYJIBTUBUPOBAHUU U TIpUEeMbl (OPMUPOBAHUS (DJIOKKYII.
KiroueBoe 3HaUeHUE 11 OMOTEXHOJIOTHI UMEIOT CITIOCOOHOCTh I'pUOOB U Bojopociel (popMUpoBaTh IpaHyIIbl
((b7IOKKYJTBI), KOTOPBIE MOXKHO JIETKO OTACIUTD OT KYIBTypaTbHOM XUAKOCTU. CruHeprudeckuii ahhexT aTux
B3aMMOOTHOIIIEHW I TPUBOIUT K YBEJIMUEHUIO HAKOTUIEHUS OMOMACChl, CHHTE3a JIUTTUI0B, TTIOJIMHEHACHITIIEH-
HBIX XXUPHBIX KUCJIOT, IPYTUX META0OUTOB, a TAKXKEe K YIAJTCHUIO PA3TMYHBIX TTOJITIOTAHTOB M3 CTOYHBIX BO/I.
CocrTaB ITOJIy4aeMBIX IIPOIYKTOB MOXHO ONTUMHU3NPOBATH ITyTeM MOA00pa IITAMMOB M YCIIOBUI KYJIBTUBUPO-
BaHus. [Toka B 3TOM HampaBJIeHUH MPOBEIEHBI IPEUMYIIIECTBEHHO YCIICIIHbIEC Ta00OPaTOPHBIE SKCIIEPUMEHTHI,
KOTOpPBIE HEOOXOMMMO PACHIUPSITh U TIEPEXOIUTH K ITPOM3BOACTBEHHBIM ITpoeKTaM. 151 KpyITHOMAaCIITaOHOTOo
MPUMEHEHMS 3TUX CUCTEM CJISAYeT MPOIODKUTh UCCIeNOBAHMSI MEXaHM3MOB B3aUMOIEHCTBUSI TPUOOB 1 MU-
KpPOBOIOPOCIIeil, MX MeTaboaM3Ma, PeryyIsiiiui OMOCUHTETUYECKUX TTPOIIECCOB COBPEMEHHBIMU METOIAMU Me-
TabOJIOMUKH, IIPOTCOMUKH, a TAaKKe pa3pabaTbIBaTh MHXKCHEPHBIC PEIICHUS IJIST MX KYJIETUBUPOBAHMS.

Knrouegwie crosa: arperartbl, rpI/I6H, KUPHBIC KUCJIOThI, JIUIINAbI, MUKPOBOAOPOCJIHN, OYMUCTKA CTOYHLIX BOI,

COBMCCTHOC KYJIbTUBUPOBaAHUC, @HOKKYHBI

DOI: 10.31857/50026364824060029, EDN: uoioqc

BBEAEHHE

MuKpoOBOIOPOCIU U TPUOBl — MEPCIEKTUBHBIE OpP-
TaHU3MBI IS TIOJIYY€HUSI KOPMOB, OMOyI100peHUA,
¢apMaKkoJIOTUUYECKM aKTUBHBIX COCIMHEHUI, OMO-
ToruiuBa. OHU CIIOCOOHBI YTUIU3UPOBATh pa3IMUHbIC
OpraHMYeCKMEe U HEOpTaHWYECKUEe COCIUHEHNSI, B TOM
YUCJIe CTOMKNE TOKCUYHBIE BEIeCTBA B CTOYHBIX BO-
max (Slusarczyk et al., 2021). MccnemoBaHUs MocCeN-
HUX JIeT YKa3bIBaIOT, YTO OMOTEXHOJIOTUU OYMCTKH
CTOKOB, IIPOM3BOACTBO OMOTOIJIMBA U APYTUX BOC-
TpeOOBaHHEIX MPOAYKTOB MOTYT OBITH CYIIIEeCTBEHHO
VIIy4IIeHBI IPY IIPUMEHEHUN COBMECTHOTO KYJIBTHUBH-
pOBaHUM IPUOOB U MUKPOCKOITMUECCKUX BOTOPOCICH
(MukpoBoaopocieit).

MHorue rpubbl GOPMUPYIOT TPaAHYIbI-DIOKKYIIbI
IIpU pOCTe Ha XXUIAKMX cpenax (Zhang, Zhang, 2016).

OOHapyXeHO, YTO U IPU COBMECTHOM BBIpAIIUBAHUU
rpuOOB 1 MUKPOBOIOPOCJE MOTyT 0O0pa30BEIBATh-
CsI TpaHyJ/Ibl U3 MULIEJIUS U KJIETOK 3TUX OPraHU3MOB,
M OHUM CIIOCOOHBI K IJIMTEIbHOMY CYIIeCTBOBAHMIO
(Hultberg et al., 2019). ®deHoMeH 00pa30BaHUsI IpaHYII-
MeJUIET TIPU aCCOLIMUPOBAHHOM POCTE IpUOOB U MU-
KPOBOIOPOCICH MMEET XOPOIINe MEePCIIeKTUBBI IIPU-
MEHEHUS B psiie OnoTexHoaoruii. Ilyrem coBMecTHOro
KYJIBTUBHPOBAHUS MUKPOCKOIIMYECKNX BOTOPOCICH
¥ TpUOOB MOXKHO YBEJIMIUTH CKOPOCTh UX POCTa, IIPO-
OYKITAIO JTUIIUIOB Y XXMPHBIX KHCJIOT, IPYTUX MeTabo-
JNTOB U 3¢ GEKTUBHOCTD YOAJICHUS OIACHBIX OpTaHu-
YeCKMX COSMMHEHUI U TSIXKEJIBIX METAJJIOB U3 CTOUHBIX
Box (Rashid et al., 2019). [loMuMo yBeIU4eHUs IPO-
IYKIIUM OMOMAacChl M IIEHHBIX BEIISCTB IIPEeUMYIIe-
CTBOM TaKMX T€XHOJIOTUI1 SIBJISIETCS JIETKOCTDb OTAEIE-
HUs arperatoB ((JIOKKYJI, HeIeT) OT KyJbTypaabHOI
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XKMIKOCTU WJIM MOABEPracMbIX OUMCTKE KUIKHUX CTO-
KOB TpPagUIIMOHHBEIMU MeTomaMM, (GUIbTpaueii u ap.
(Gultom et al., 2014; Hultberg et al., 2019).

B 0630pe maHbl pe3yinbTaThl MOCIEIHUX UCCIIEN0-
BaHUI IO COBMECTHOMY KYJbTMBUPOBAHUIO I'PUOOB
U MUKPOBOIOPOCJEH, pacCCMOTPEHBI MEXaHU3MbI (hop-
MUPOBaHUS (HIOKKYJ 3TUX MUKPOOPTAHU3MOB U IIep-
CIIEKTUBBI MX OMOTEXHOJOTMYECKOTO ITPUMEHEHMUSI.

B3AMMOAENCTBUSA MUKPOBOAOPOCJEN
N T'PUBOB I[1TPU COBMECTHOM
KYJIBTUBUPOBAHUU

I'pubHbIE OpraHU3Mbl U3BECTHBI CBOEH CITOCOOHO-
CTBIO K (bJIOKYJISIIIUM, TOCPENCTBOM KOTOPOM KIIETKU
MUKPOBOAOPOCTEi MOTYT ObITh 3aXBaUY€HbI 1 aICOPOU-
poBaHHI B arperaTel. O6pa3oBaHue arperatoB ((pIok-
KyJ1, TIeJIJIET) Y OIpeAeIeHHBIX BUIOB HAYMHACTCS Cpa-
3y TocJjie TpopacTaHus crop U GopMUpOBaHUS MUIIE-
JUs B kunkoi cpeae. CTabMIBHOCTh TaKUX arperaToB
3aBHUCUT OT UX (PU3UKO-XUMHIYECKUX CBOMCTB, TUAPO-
(poOHOCTH, 3TEKTPOCTATUIECCKUX ¥ XUMUIECKIX B3aM-
MOAENCTBUI KJIETOYHBIX CTEHOK 3TUX OPraHU3MOB
(Zhang, Zhang, 2016). CbanaHCUpOBaHHOE COCYIIIe-
CTBOBaHME CBOOOMHOXUBYIIUX I'PUOOB U MUKPOBOIO-
pociieii B XKMIKOM cpeae MOXKET ObITh TTPOIOIKUTETb-
HBIM IIPY HNOOAEPXKAHUN ONTHUMAJIbHBIX YCIOBUM, YETO
HE BCerna JIETKO JoCTUYb. [1py nx yxymieHun, B 4acT-
HOCTHU, MOXET Ha4aTbCsl aBTOJIN3 MUIICINS, ¥ TPAHYJIbI
HauHyT ucyesaThb (Espinosa-Ortiz et al., 2016). INToka-
3aHO, YTO OOMEH ra3aMy 1 IMUTaTeIbHBIMU BellleCTBa-
MM TIOBBIIIAET META00JNYECKYIO aKTUBHOCTh TpUOOB
¥ MUKPOBOAOPOCIICH U JaeT BO3MOXHOCTD MX aCCOI1a-
nusiM 6oJiee 3PHEeKTUBHO YTUIN3UPOBATh MUTATEIb-
Hble BemiecTBa cpensbl (Piercey-Normore, Athukorala,
2017). I1pu coBMecTHOM pocTe Bo3pacTaeT 3(PheKTHUB-
HOCTb MCIOJIb30BAHUS PECYPCOB, IMOCKOJBKY IPUOBI
MOTPEOJISTIOT caxapa U MUTAaTeJIbHBIC BellecTBa, oopa-
3ylolluecs B pe3yabTaTe (h)OTOCUHTE3a MUKPOBOIOPOC-
JIeii, 1, B CBOIO ouepenb, OroMacca BOIOpOCIei yBeau-
YUBAETCS 3a CUET MOTpeOIeHUsT TprdaMuy BbIAEISIEMbIX
nmu coenmHenunit (Muradov et al., 2015; Wang et al.,
2021). IMo3nTtBHOE BIMSIHUE B CHCTEME COBMECTHOTO
KyJIETUBHPOBaHUS 00YCIOBICHO TaKXKe TeM, UYTO I'PH-
OBl BBIIESIOT ABYOKUCH YIiepoaa, KoTopas Heo0Xo-
nuMa 111 QOTOCUHTETUYECKON aKTUBHOCTUA BOAOPOC-
JIeli, B TO BpeMsI KaK BOOOPOCIU 00eCIIeYnBaOT IPUObI
KHCJIOPOIOM, HEIOCTATOK KOTOPOI'O MOXET BO3HUKATh
BHyTpu arperatoB (Al-Juburi et al., 2022). B BogHoit
cpene HeOpraHWYEeCKUil yraepoa B OCHOBHOM MPUCYT-
cteyeT B popme HCO;~, KOTOPBIII MUKPOBOAOPOCIU
MOTI'YT aKTUBHO ITOIJIONIATh U MPeoOpa3oBbIBaTh He-
nocpencreeHHo B CO, (Salbitani et al., 2020). Bro-
ciaenctsuu oHu npeobpasyor CO, B opraHM4YeCcKUe
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COCOMHEHUS ITOCPENCTBOM (POTOCHHTE3a U BHIIEIISIOT
kucnopoa. Kucinopon 6yneT Ucroab3oBaThbCcs rpuda-
MM JIJIS IIpoliecca IbIXaHUsI, a OpraHMIEeCKIe COeaUHE-
HUS — IJISI UX POCTa, IPemoTBpallias CHIDKeHHE O0IIei
01OMAaCCHI B CTPECCOBBIX YCITOBUSX.

[Iponykiusa rppbaMu BHEKJIETOYHBIX TMAPOIUTHU -
yecKuX (hepMEHTOB, TaKMX KaK LEJUTI0Ia3bl, IIO3BOJIS-
€T MM MCIIOJIb30BaTh B KaUYE€CTBE MCTOUYHUKA yIlIepoaa
KJIETOYHBIE CTEHKHA BOAOPOCIEN — BaXXHBIA UCTOYHUK
yIaepoaa Ijisi CMUHTe3a CBOOOIHBIX XKMPHBIX KUCIIOT,
HEOOXOMMMBIX IJIs pocTa KJIETOK U Ipoaudepanuu
(Lennen, Pfleger, 2013). B cirygae coBMeCTHOTO KYJIb-
tuBUpOBaHus rpuda Cunninghamella echinulata ¢ Mu-
KpoBonopocibio Chlorella vulgaris HabI0OaMIaCh KOP-
pesIys MeXIy HaKOIUIEHHEM OMOMACCHI U CeKpelreit
rpubOM ILEJUTI0NA3, PAa3pYLIAIIINX KIECTOYHYIO CTEHKY
Bogopocan (Xie et al., 2013). B MmomenbHBIX accomua-
USX Ha OCHOBE 0a3sMaabHBIX TPUOOB U (pOTOTpO(d-
HBIX MUKPOOPTaHU3MOB OOHApPYKCHBI CJICIYIOIINE
M3MEHEHUS: PACIIUPSIICS CIEKTP aHTUOMOTUIECKOMN
AKTUBHOCTHU 3KCTPAKTOB M3 KYJLTYpPaJbHOU XKWI-
KOCTH ¥ CUHTE3UPYEeMbIX (PEHOJIBHBIX COCTUMHEHUM
y Pleurotus ostreatus, Bo3pacrana LeJIIOJI030IUTHIE-
cKasli aKTUBHOCTD, YBEJIMUYMBAJIOCH YMCJIO 3aYaTKOB
MIPUMOPIMEB 10 CPABHEHMIO C MOHOKYJIBTYPOIi Tprba
(Smirnov, Lobakova, 2008).

KnerouHasi ctreHKa MUKpOBoOAopocaeil u rpuboB
COCTOUT M3 PA3JIMYHBIX ITOJIMMEPOB, YTO CIIOCOOCTBY-
€T UX aacopOInu, IEKTPOCTATUISCKUM B3aUMOIEH -
CTBUSIM, MIOHHOMY OOMEHY, 00pa30BaHUIO UMU KOM-
niaeKcoB u xenaTtoB. O6pa3oBaHme arperatoB ((IOK-
KyJ1) IIpU COBMECTHOM KYJHLTHBHPOBAHUHN TPUOOB
1 MUKPOBOIOPOCJICH MPOUCXOAUT B IIEPBYIO OUepenb
01arogaps 3J1€KTPOCTATUYECCKUM B3aUMOICIICTBUSIM
KJIETOK MUKPOBOIOpOCiei 1 TpnboB. OTpUIIaTeIbHBII
3aps Ha MOBEPXHOCTU BOTOPOCICH 00ecIeunBaioT
dochopHEIe, PochonnapupHble, aMUHHBIE THIPOK-
CHJIbHBIE M KapOOKCUIbHBIE (DYHKIIMOHAIbHbIE TPYI-
IIbI, a IIOBEPXHOCTD IPHUOOB 3apsiKeHa MOJIOXUTEIbHO
6naromapst mommcaxapunam (Gultom et al., 2014). Ox-
HOKJIETOYHBIE BOmOpocIn OT 2 mo 10 MKM guaM. 3a-
XBaTHIBAIOTCS TU(aMu TPUOOB, OTACISIOTCS OT OKpPY-
JKaroMeH XNIKOCTH, YTO IIPUBOIUT B KOHEUHOM HUTOTE
K (popmupoBanmio arperatoB (piaokKymn). [Ipm sTom
IUIOTHOCTD ITOMYJISIIIMKA MUKPOBOAOPOCIIEil B XKUIKOMN
cpele CHIKAeTcs, 4YTO CITOCOOCTBYET UX Pa3MHOXEHHIO
(Wrede et al., 2014). B o6pa3oBaHuu arperatoB/(ioK-
KyJI OIIpenesIcHHYIO POJIb UTPAIOT HE TOJIbKO (PyHKII-
OHAaJIbHEIE TPYIIIEI Ha IOBEPXHOCTU KIJIETOK 3TUX Op-
TaHN3MOB, HO U CEKPETHUPYEeMEIe B Cpedy MeTaOOJIUTHI,
0CcO00CHHO BHEKJIeTOUHbIe TTotncaxapunbl (Rajendran et
al., 2017). PaHee cuuTanoch, YTO rpMOHbIE DIIOKAHbI —
OCHOBHasI IIpUYMHA aare3ny MUKPOBOIOPOCIIEH K Ipu-
0aM, B CBSI3M C YeM MX 3HAUEHHE JCTAJIbHO M3YYMIN
Ne 6
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y Aspergillus niger n npyrux MUKpoMHUIleToB. I'oMosoru
reHa ags 1 1472184, xonupymwoliero o-1,3-raoKkaH-
CHUHTa3y, ObLIM OOHAPYXEHBI Y 96 BUAOB, HO HE ObIIU
HalineHsl y A. niger u Trichoderma harzianum. 910 yKa-
3bIBAJIO, UTO Yy NpeacTaBuTeNneil pona Aspergillus v psina
IPYTUX TPUOOB UMEET MECTO HECKOJIBKO IPYroii Mexa-
HU3M 00pa30BaHUS arperaToB ¢ MUKPOBOIOPOCIISIMH.
TToHrxeHHas nejieTu3alus B ciaydae ¢ Aspergillus ory-
Zae TaK:Ke MOKa3bIBAET, YTO HAJIMUKE y HETO a-1,3-Imo-
KaHa B KJIETOYHOI CTEHKE HE TapaHTUPYET XOPOIIECH
aare3nu K ero rudaM MUKpoBogopocieit. Hampumep,
A. niger uMeeT cnelUPUUECKU TyTh POPMUPOBAHUSI
arperaToB, KOTOPbI/i BKJIIOYaeT HEMEIJEHHYIO arpe-
ralyio CIop MOCje MX MHOKYJISILIMY B XXUAKYIO CpELy.
ITocne npopactanus ciop U ¢GoOpMUPOBAHUS MULIETTUS
YBEJIMIMBAETCS IUIOIIAAD AT IPUKPEIICHUS KIIETOK,
4TO MOCJeI0BaTEIIbHO BEeIeT K YCKOPEHHUIO arpera-
oy MukpoBogopocieii (Braun, Vecht-Lifshitz, 1991;
Grimm et al., 2004; Gultom, Hu, 2013).

ITonoxuTenbHO 3apsiKeHHasI TOBEPXHOCTh MUIIE-
JIMaJIbHBIX TPUOOB — IIaBHAs IIPUYMHA 3aKpeIIeHUs
Ha HEM KJIIETOK MUKPOBOIOPOCIIE, KOTOPBIE HECYT OT-
pulIaTeIbHBIN 3apsa. I[1py 3akperieHnn KJIeTOK MU-
KpoBoAopocieit Ha rudax NpoOUCXOadT KapaAUHaIbHbIE
M3MEHEHUS 3JIeKTPUYECKOTO 3apsifa Ha OBEPXHOCTH
rpu0oOB U Bogopocieii, ero HelTpanu3auus (Lal et al.,
2021). ®noxynsiust, o6pa3oBaHue arperaTos, IMPOXO-
INT B HECKOJILKO 3TaroB. Ha mepBoM aTare Ha oTpu-
HATEILHO 3apsLKeHHBIE YIaCTKU ITOBEPXHOCTH KJIETOK
HauyMHAIOT aIcOpOUPOBATHCS HECYIIHE ITOJTOKUTETb-
HBIM 3apsia MOJMMEpHbIE U KOJJIOMIHBIE BEIeCTBa,
M TOCTUTaeTcsl 0ojiee paBHOBECHOE COCTOSIHUE B Ou-
HapHOM cucTteMe. 3aTeM IIPOMCXOIUT IPUKpEIIcHHE
ATUX MOJIUMEPHBIX MOJIEKYN W KOJUIOUIOB K IIOBEPX-
HOCTU MUKPOBOAOPOCIIEil, I MOTUMEPHBIE MOJIEKYIIbI
M KOJUTOUIBl 00pa3yroT MOCTUKHU MEXIY KJIETKaMU.
Ha nocnenHem stamne nmporcXoauT MacCoOBOE BOBJIEUE-
HHUE KJIETOK B 3apOMMBIINIICS arperar, 4To BeaeT K UX
0oJ1ee KEeCTKOMY CBSI3BIBAHMIO W CEAUMEHTAIIMU WU
¢nortauu arperatoB B cpene (Branyikova et al., 2018).

OBPA3OBAHMWE AI'PETATOB I1PU
COBMECTHOM KVJIbTUBHPOBAHNU
I'PUBOB U MUKPOBOJIOPOCIEN

CkopocTh 00pa3oBaHMs arperaToB, UX CTPOCHUE
M pa3Mepbl MOT'YT OBITh pa3IMYHBIMU, U 3TO 3aBUCUT
OT HECKOJIbKUX (paKTOPOB: BUAA U IIITAMMA aCCOLIMAH-
TOB, COCTaBa KJICTOYHBIX CTCHOK, aKTUBHOCTH POCTa MHO-
KynaoMa, pH, cocraBa, MIOHHOM CHUJIbI, MTHTEHCUBHOCTHU
nepemMerrBaHus cpensl (Luo et al., 2019). PaznuuHbie
IapaMeTpbl MOTYT BJIMSITh Ha B3aMOIENCTBYE MUKPOBO-
JOpOCeil ¥ TPUOOB KaK MOJIOKUTEIbHBIM, TaK U OTPHUILIA-
TeJbHBIM 00pa3oM. JloGaBieHe MOHOB KaJlbLMs B Cpeny,
MUWKOJIOTMS U ®UTOIIATOJIOTUA

TOM 58 Ne 6

437

Kak IpaBUJjIO, YCUIIUBAET CBSI3M MEXKIY MOBEPXHOCTIMM
KJIETOK pa3HbIX MUKPOOPTaHU3MOB, B TOM YKCJIE MUKPO-
BOIIOPOCIIEid, Y CIOCOOCTBYET (DOPMUPOBAHUIO TIEJUIETOB
(arperaToB). YCTaHOBJIEHO, YTO KOHCOPLIUYMY I'pUOOB
¥ MUKPOBOIOPOCTIE OOBIYHO TPEeOYIOTCS MUKCOTPOd-
HbIE YCIIOBUS, IIOCKOJILKY TPUOBI SIBJISIIOTCS OOIMTaTHbBI-
MU TeTepoTpodaMH, a 3eJIeHble MUKPOBOAOPOCIU — (hO-
ToaBroTpodamu (Zhan et al., 2017).

Bri6op mTamMma SBISETCS OMHUM W3 OCHOBHBIX
(bakTOpPOB, KOTOPHIM ClienyeT YYUThIBATh IPU pa3pa-
00TKe 3(h(HEeKTUBHOI OMHAPHON CUCTEMBI KYJIBTUBU -
poBanus. Ecnu npu co3gannu arperaroopasyloleit
KOMOMHAIINY IIEPBUYHBIM ITAPTHEPOM SIBIISICTCS UET-
KO OIpPENECICHHBIA BU U IIITAMM MUKPOBOIOPOCIEH,
TO BTOPUYHBIN MapTHep (IITaMM rpuda) mOJKeH 00-
JIaaTh CAENYIONIMMHU XapaKTepUCTUKAMU: OBITh CITO-
cO0eH COCYIIECTBOBATh C 3TUM BUIOM; HE IONABIISITh
€ro poCT U He OBITh TOKCUYHBIM IJIsI HETO; 00JanaTh
BO3MOXHOCTSIMU KOMMYHUKALIUU HA YPOBHE 3JIEKTPO-
CTaTMYECKUX B3aMMOAECHCTBUI U METaOOIUTOB; UMETh
BO3MOXHOCTh MCIIOJIb30BaTh MPOAYKTE METa00IM3Ma
naptHepa. B 00abIIMHCTBE CyyaeB BLIOOD JIBYX BUIOB,
00HUTaIOIMX B OAHOM 3KOTOII€, MOXET CTaTh XOPOIIei
OTIIPABHOM TOYKOM TSI CO3MaHNSI KOHCOPIIUyMa TpU-
060B u MukpoBogopocieit (Wang et al., 2021).

MHoKyaTH rpriba 1 MUKPOBOIOPOCIHN HAA0 BHO-
CUTH B TAKOM COOTHOIIIEHWH, YTOOBI M30eXaTh Ype3-
MEpHOTO pocTa OMHOTO BUa 3a cueT Apyroro (Yang et
al., 2019). Bo usbexanue nucbanaHca BaxXHO KOHTPO-
JIMPOBAaTh (ha3bl X Pa3BUTHUS U COAEPXKAaHUE NTUTATEIb-
HBIX BEIIECTB B Cpelie. YCIIeEX COBMECTHOIO KYJIBTUBU -
pOBaHMsI MUKPOBOAOPOCIEH U TPUOOB CYIIECTBEHHO
3aBHCHUT OT pH, TemMmepaTyphl, CKOPOCTH IIepeMeIIBa-
Hus cpenbl. bonee kuchnbiii pH crmocodbcTByeT ycuiieH-
HoMmy pocty munienus (Papagianni, 2004). OnHako Kuc-
Jiblit pH muTatenbHOM! cpelnbl 4acTO CTAHOBUTCS OoJjiee
OCHOBHBIM, NOCKO/IbKY OukapooHat (HCO,;~) 06b14HO
npeodpasyercs B CO, u ruapokcun-uonsl (OH™) (Sal-
bitani et al., 2020). MukKpoBOIOPOCIU MOTPEOISIOT
CO, u cosparot n3dsiTok OH™ B uTarenpHoi cpene,
yto npuBoaut K nosbiieHuto pH (Nayak et al., 2018).
M3meHeHus TeMIIepaTyphl TAKXKe MOTYT CIENIaTh CUCTE-
MY HeCTaOWIbHOM, MOIU(UILIMPOBATh COCTAB JUIIUIOB
y MUKpOBoaopocJeii. B mocienHue roasl mpeajiaraioT
IIJISI COBMECTHOTO KYJIBTMBUPOBAHUSI IITAMMBI TPHOOB
M MUKPOBOIOPOCIIEH, KOTOPhIE YCTOMUMBEI K CXOTHBIM
CTPECCOBBIM YCJIOBUSM (SIBJISIIOTCS TaJIOTOJIepaHTaMU
WIN TepModUrIaMu).

Jns co3maHust rprOOBOIOPOCIEBBIX aCCOLIMALINA,
(opMUPYIOIIMX arperatbl, HanboJiee YaCcTO UCITOJb3Y-
10T BUAbI TpubOB A. niger, A. oryzae, A. fumigatus, As-
pergillus sp., Acremonium sp., Candida tropicalis, C. echi-
nulata, Ganoderma lucidum, Mortierella elongata, Mucor
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circinelloides, Pleurotus ostreatus, Rhodosporidium toru-
loides, Rhodotorula glutinis, Saccharomyces cerevisiae,
Trichoderma harzianum v mukpoBonopocieit Chlorella
pyrenoidosa, C. vulgaris, C. protothecoides, Chlorella sp.,
Scenedesmus obliquus, Spirulina platensis n Tetraselmis
suecica (Xue et al., 2010; Kitcha, Cheirsilp, 2014; Du et
al., 2018; Yang et al., 2019; Chu et al., 2021; Takacova
et al., 2022, u ap.).

PazpaboTaHo HeCKOJIbKO CIIOCOOOB MOIyYeHMsI arpera-
TOB aCCOLIMATUBHBIX KYJIBTYP IPUOOB 1 MUKPOBOIOPOCIIEH.

CMmemuBaHue BbIPAIIEHHbIX KYJIBTYP

Diokynsaus NTpeaBapuTeIbHO BhIPAIIEHHBIX MU-
KPOBOIOPOCIIE U TpUOOB MyTeM UX IpsIMOro (Impo-
CTOT0) CMEIINBAHMS SIBJISIETCS OOBIYHBIM, YaCTO IIPH-
MeHsieMbIM criocoooM (Brenner et al., 2008). Dddek-
TUBHOCTh (POPMUPOBAHUS aCCOLIMAIINI CYIIIECTBEHHO
3aBHUCUT OT COOTHOIIIEHUS IIepBOHAYATILHOM TIOTHO-
CTU KYyJIbTYp. B KauecTBe mpumepa npuBeaeM omnuca-
HUe co3naHue (JIOKKY/JI Ha OCHOBE IIITAMMOB Aspergil-
lus niger n Chlorella sp. Ha mepBoM 3Tare mojydaiu
arperartbl rpuba ImyTeM KyJETUBMPOBAHUSI €T0 Ha XK1/ -
Koii cpene Cabypo ¢ n1eKcTpo30oii (45 Mir) B Konbax Dp-
JneHMeliepa oobeMom 250 mut ripu 25°C 1 nepeMenin-
BaHuu 170 06./MuH. OGpa3zoBaBIIrecs yXe K MSIThIM
CyTKaM TpaHyJIbl yaaJsiu QUIbTpOBaHUEM, IIPOMbIBa-
JIN AUCTWIJINPOBAHHON BOMOI1, HOOABIISIIIA K CyCITCH-
3un Chlorella sp. B aucTuiaaupoBaHHoi Boae (50 M)
¢ 6uomaccoii 5 r/n"!, u KoaoObl MoMelaIn Ha eRKep
(150 06./mMuH) Ha 24 1 48 4. Takoi IIPUHIIAIL OJIyde-
HUS arperatoB Ha OCHOBe T TpUOOB U KJIETOK MU-
KPOBOIOPOCJIEH UCIOIb30BaIN U B peaJIbHbIX YCJIOBU-
six it ounctky cTokoB (Takacova et al., 2022).

Arperatbl ((PIOKKYIbI) U3 Tprda U MUKPOBOIO-
POCIM MOXHO IOJIyYUTh HA OCHOBE FOTOBBIX TPaHyJI
A. oryzae n Chlorella vulgaris. Takoii crioco0 mo3Bo-
JINJI CYIIeCTBEHHO YBEJIWYUTh HAaKOIUICHHE OroMac-
CBhI 3TUX MUKpOOpraHu3mMoB (Ha 99.23%) w nunuaoB
(Ha 33.97%) (Chu et al., 2021). I1pu IpssMOM CMEIIN-
BaHUM KJIeTok Chlorella sp. n Saccharomyces cerevisiae
ycuauBaeTcs pUKcalus IByOKHMCH yrjiepona, U pacTeT
KOJIMYECTBO OMOMACCHI M TIPOAYKIIUS JIUITUIOB MUKPO-
BOIOPOCIBIO. METOMOM IPSIMOTO CMEIIMBAHMS IIITAM-
MoB BUA0B ponoB Chlorella v Aspergillus monydanu ac-
COLIMALIMY C TIOBBIIIIEHHOM MPOAYKIIMel 6MoMacChl BO-
IOPOCIeil 1 JUNUIOB B CPABHEHNU C MOHOKYJIETYpOIi
(Yang et al., 2019).

Cnoco6 GJOKYISILUMU NpeaBapUTeIbHO BhIpallleH-
HBIX MUKpOBogopociieit Chroococcus Sp. ¢ TOMOIILIO
A. lentulus obecnieunBan 100%-ii coop 6GuoMacchl B Te-
YyeHue LIecTu U 0e3 100aBJIeHUST KAKUX-JIMOO MUTATEe I b-
HBIX BEIIECTB 1 MICTOUHUKOB yIJIepoaa IIpU COOTHOIIIe-
HUM rpubOB U Bogopocieit papHoM 1:3. [Tocaenyromas
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MHKY0alusi CoOpaHHBIX BOOOPOCIEBO-TPUOHBIX TpaHyJl
MMPUBOIMIIA K BEICBOOOXKIEHHUIO paCTBOPUMOTO caxapa
13 KJIETOK BOAOpOcCieid Ojlarogapsi akTUBHOCTHU 1IE-
mona3 A. lentulus. B pe3ynsrare Ha 50% yBeauynBanioch
o0pa3oBaHMe MeTaHa U3 STUX TPaHyJI IIPU UX aHA3PO0-
HoM copaxuBanuu (Prajapati et al., 2016).

HecMoTps Ha TOBOJIBHO IIMPOKOE ITpUMEHEHME,
3TOT METOJ HE BCerna MOIXOMAUT IJIsl CO3IaHUs arpera-
TOB Ipu0OB 1 MUKPOBOIOPOCIIEIA.

Nukancynsuus

HMHukancyasauuys moapasymeBaeT UMMOOUIN3AIINIO
WIN TIOTPYKEeHNE MUKPOOPTaHU3Ma B TeJlb, KOTOPBIi
4acTo MOJYyYaloT U3 MPUPOIHBIX MOJMCAXapUa0B, Ta-
KuX Kak anbruHat u arap-arap (Kitcha, Cheirsilp,
2014). DTO IMMPOKO MCIIOIB3YeMBI B MHXXKEHEPHOMN
SH3UMOJIOTUM IIOIXOI, OMHAKO O COBMECTHOM KYJIBTH -
BUPOBAHUU IPUOOB U MUKPOBOJOPOCIICH TTOKa UMEeT-
Csl HEMHOTI'O JaHHBIX. YCTaHOBJIEHO, YTO COBMECTHAs
WHKarncyasiuus npoxxeit Trichosporonoides spathulata
u MmukpoBogopocin Chlorella vulgaris B 1mapukax ajb-
TMHATHOTO TeJIs YIIPOIIaeT OTAeeHe OMOMacChl Kile-
TOK, 1ipu 3ToM pocT C. vulgaris 1 IpOAYKLIMS JIUIIUIOB
COXpaHSIeTCsI Ha ypOBHE, CPAaBHUMBIM C MOHOKYJIBTY -
poit (Kitcha, Cheirsilp, 2014).

DnoKyasAmMsA NP COBMECTHOM KYJIBTHBHPOBAHMH
rpu6oB U MHUKPOBOAOPOCIEI

ITpu onHOBpeMEHHO MHOKYISILIUU CPEIbl KYJIbTY-
paMu MUKPOBOIOPOC/Ieil U TPUOOB MOXET ITPOUCXO-
INTh €CTeCTBEHHOE (DOPMHUPOBAHUE IpaHysl — (JIOK-
Kyn. DIOKYIIINs 3aBUCUT OT IITAMMOB MUKPOOP-
raHM3MOB, BXOASIIWX B accoliMallMio, MCTOYHMKA
yIiepona B cpene M Apyrux GpakTopoB, KOTOPBIE pac-
cMoTpeHbl paHee. OOpa3zoBaHMe IpaHyJl JOCTUTATIOCH
MPpU COBMECTHOM KYJIbTUBUPOBAHUM Aspergillus niger
¢ Chlorella vulgaris B cpene, comepxkalleil TJIOKO3Y,
IIMIOEPUH WM alleTaT HaTpUsI, HO IIPU COOepKaHNH
[JTFOKO3bI 2 T *JI ' OHO OBIJI0 HanboJIee MHTEHCHUBHBIM.
DddeKTUBHOCTL (OPMUPOBAHUS (DJIOKKYJI M HAKO-
IIeHUs1 6oMacchl BOOOPOCIIeid Bo3pacTaia boJiee yem
Ha 90% mnpu COOTHOIIEHWU B IIOCEBHOM MaTtepuale
cnop Aspergillus niger n xiietok Chlorella vulgaris pas-
HoM 1:300 (Gultom et al., 2014). @noKyIsIMIO HAGTIO-
I TIPY COBMECTHOM KYJIbTUBUPOBAHUU MUKPOBO-
nopocneit Chlorella protothecoides v Tetraselmis suecica
CO IITaMMaMM TPUOOB, BbIIEJIIEHHBIMUA M3 KOMIIOCTA,
coJiIoMbl ¥ mouBHl. Ilpu 3TOM mpoucxomuiio 60Jb-
Iee yBeaIndeHne 0MoMacchl M HAKOIUICHNE JIMITHIOB,
110 CPaBHEHMIO C MCIIOIb30BaHNEM OTIEIbHBIX KYIBTYD
(Muradov et al., 2015). ITpu coBmecTHOM pocTe Nan-
nochloropsis oceanica ¢ N3BECTHBIMU IPOLYLIECHTAMM JIV-
nunoB — rpubdamu Mortierella elongata — TIpoucXOoUT
Ne 6

TOM 58 2024



COBMECTHOE KVJIbTUBUPOBAHUE 'PUBOB U MUKPOBOJIOPOCJIEHN

o6pa3zoBaHue (IIOKKYJI U MOBHIIIAETCS COAEPXKAHUE
B 001Iei 6MoMacce MOJMHEHACHIIEHHBIX XUPHBIX
kucaort (Du et al., 2018).

buonnenku

Oco0blif UHTEpeC JII OUMCTKUA CTOKOB U psiia Apy-
rMx OMOTEXHOJOTUI MPEACTaBASIIOT OUOMJIEHKN MU-
KpoBogopocieit, GopMupyloiecs Ha II0JMMEPHOM
MaTpHUKCe 1 HAaIIOMUHAIOIINE M0 CTPYKTYpe MOpdoJIo-
rrdecku rpocThle muimaitHuky (Rajendran et al., 2017).
B 6uomienkax ¢ rpybaMu, TaKUMU KakK Acremonium sp.
U Aspergillus sp., yCKOpSIJCS pOCT U (POTOCUHTETUYE-
CKas aKTMBHOCTh MUKPOBOAOPOCIEN, UYTO OBLIO JOKA-
3aHO MyTeM MOoJdy4YyeHUs Mpoduiieit IpoaykToB (poTo-
cuHte3da (Miranda et al., 2017).

DoToOHOpEaKTOP

I[Ipu coBMeCTHOM KyJIbTUBUPOBAHUU HPOXKEN
Trichosporonoides spathulata ¢ MUKPOBOZOPOCIISI-
mu Chlorella vulgaris B doToOnopeakTope IIpu OITH-
MaJIbHBIX YCJIOBUSAX nosydanu 12.2 rx g~ ! 6uomacchl,
a MOBBIIIeHUEe NpoayKiuuu JumuaoB Ha 47% (Kitcha,
Cheirsilp, 2014). B caydae accoumanuu Scenedesmus
obliquus/Rhodotorula glutinis HakoIIeHUEe UX OUO-
MAaccChl B IISITWJIIUTPOBOM (POTOOMOPEKTOPE BHIPOCIIO
Ha 40—50%, a nponykuuu aunuaoB Ha 60—70% (Yen
et al., 2015). IToka3aHo, 4TO MPU UCITOIB30BAHUM acC-
couuauuu Desmodesmus sp./Rhodosporidium kratoch-
vilovae B TpeXIMTpOBOM OMOpeaKTOpe MOKHO IT0OTydaTh
8.78—11.12 r/1 cyxoii 6MOMAacCCHI ¢ comep:KaHUeM JINITH -
1oB 29.62—31.61% (Szotkowski et al., 2021).

C uenbto NoBbieHUs 3(pHEeKTUBHOCTU HAKOILJIEHUS
OroMacchl ¥ TIPOAYKIIUY JIUITUAOB MUKPOBOIOPOCIISIMU
U rpubamMu ObLT pa3dpaboTaH crieuuaibHblil (HOTOOMO-
peakTop (Santos et al., 2013). DTo yHUKaNbHAs CUCTeE-
Ma, B KoTtopoit Rhodosporidium toruloides n Chlorella
protothecoides KyIbTUBUPYIOTCSI B OTAEIbHBIX COEIU-
HeHHBIX (poToOMOpeakTopax. buopeakTopsl coobmia-
IOTCSI MEXIY COOO0M, MPOUCXOAUT ra3000MeH KUCIOPO-
IIOM Y TUOKCHUOOM YIJIEpOAa, BhIACISIEMbIMHA COOTBET-
CTBEHHO MHKPOBOIOPOCIISIMU 1 Apoxckamu. B oTmmame
oT npoMbIiieHHOro CO,, KOTOpPBIi SIBISIETCS TPOLYK-
TOM CTOpPaHMUS TOIIMBA, TMOKCUI YITIEpOIa IpOXKKei
He TOKCUYEH IJIg Bogopocieil. [IpuMeHeHe TaKoro
(oTodbuopeakTopa s BeipatuBanus C. protothecoides
obecrieunBajo yBeJInyeHrue 6MoMacchl MUKPOBOIOPO-
caeit Ha 94% u npoayKUUIo TUNUA0B Ha 87% 1o cpaB-
HEHMIO C OOBIYHBIM KYJIETUBUPOBAHUEM.

DTOT METOI TakxXe He YHUBEpCaJlieH, U B 3aBUCHU-
MOCTH OT MCIIOJIb3YyeMBIX IPHMOOB M MUKPOBOIOPOCIIEH
M CTOSIIIIMX 32124 He0OXO0IMMO BbIOMpaTh U aIallTUPO-
BaTh HamOoJiee MOOXOMSIIINIA MEeTOM, 1T KOHKPETHOIO
MPOU3BOICTBA.

MUKOJIOTUA U GUTOMNATOJIOTUSA
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COBMECTHOE KVJIBTUBMUPOBAHUE
MUKPOBOJOPOCJIEM U TPUBOB
B BUOTEXHOJIOTUAX

AccollMMpOBaHHOE KYJIETUBUPOBAaHNE I'PUOOB 1 MU-
KpoBoIopocieil ¢ oopazoBaHueM (PIOKKYI (arperaTton)
MMeEeT HECKOJbKO OMOTEXHOJOTUYECKUX MPUIOXKE-
HUI — TToJy4YeHre OMOTOIINBA, KOPMOB, OYMCTKA CTO-
KOB, cokpauieHue Beiopoca CO, B atmMocdepy U po-
M3BOICTBO psiIa LIEHHBIX IIPOAYKTOB. KpaiiHe Bax-
HO€ IIPEUMYIIECTBO COBMECTHOTO KYJILTUBUPOBAHUS
3TUX MUKPOOPTaHU3MOB CBSI3aHO CO COOPOM KJIETOK
MUKPOBOIAOPOCIICH.

M3-3a HEOOIBIIOrO pa3Mepa KIETOK MUKPOBOIOPOC-
neit (2—40 MKM), X TOABIDKHOCTH, OTPHIIATEIIBHO 3apsi-
>KEHHOM ITOBEPXHOCTH 1 YacTo HeBbicoKoro (0.3—0.5 /)
colep:KaHUs B Cpelie, UX OTIEICHUE OT KyJIbTypaJbHOM
SKUIKOCTH MOXKET COCTaBIISATh Oosee 50% OT 001X Ipo-
U3BOACTBEeHHBIX 3aTpar (Kumar et al., 2023).

Ilonyyenue OGMOMACCHI, JHMNUAOB M JKUPHBIX KHCJIOT

B nocnegHee Bpemsi, 61arogapsi CriocOOHOCTU MPO-
IYLIIPOBATh JIMITUIEI U XKUPHBIE KUCIOTHI, TPUOBI U MU-
KPOBOIOPOCIN PACCMAaTPUBAIOTCS KaK IEPCIIEKTUBHBIE
MCTOYHUKU OuoTOoILIMBa. [IpenmyiiecTBo COBMECTHO-
ro KyJBbTHBUPOBAHUS MUKPOBOAOPOCEi U TpuOOB 3a-
KJIIOYAeTCsI B TOM, YTO 00a mapTHepa y4acTBYIOT B op-
MUPOBAaHUM OOIIEi 6MOMaCCHl M OKa3bIBAIOT BIIMSTHHE
Ha COCTaB M ypoBeHb npoayKuuu aunuaos (Magdouli
et al., 2016). B pesynbrate ob61as bmomMacca accolua-
LM OKa3bIBaeTCsl BbILIE CyMMapHOIi 61MoMacChl Kylb-
TUBUPYEMBIX OTIEIbHO I'PUOOB 1 BOIOPOCTE. DTOMY
HaInpaBJeHUI0O OMOTEXHOJIOTUU YIEASIeTCsI TOBOJbHO
00JIbIIIOE BHUMAaHWE U MMEETCSI MHOTO SKCIIEPUMEHTOB
C TIOJIOXUTEIbHBIMU pe3ybTaTaMu. CoCcTaB 1 KOJIMYe-
CTBO JIMITMAOB U XXMUPHBIX KMCJIOT MOXET CYIIIECTBEH-
HO MEHSITHCS B 3aBUCHMOCTH OT IITAaMMOB BOIOPOCIIEH
¥ TpUOOB U YCJIOBUI KYJIBTUBUPOBAHUS, U UX U3MEHE-
HUEM MOXHO ITOJYYUTh HY>KHbIE COSIMHEHUS IS TIPO-
u3BoacTsa ouoromnnusa (Leng et al., 2021).

B na6opatopubix ontbitax ¢ Chlorella vulgaris u Rho-
dotorula glutinis TIoKa3aHO OOJIbIIIEe HAKOILICHIE MU
6MOoMAaCCHl IIPY COBMECTHOM POCTE, IO CPaBHEHMUIO
C BhIpalllMBaHMEM I10 OTAEAbHOCTH, IIPU 3TOM IIPO-
JYyKUMsS TANUIO0B MOBbIIIagach B 5 pa3 (Ashtiani et al.,
2021). Ipu xynsTuBUpOBaHUU R. glutinis ¢ BOOOPOCIbIO
Chlorella vulgaris Ha MPOMBIIIJIEHHBIX OTXOAAX TaKXKe
Ha6JII01alI0Ch YBeJIMYeHe O0MOMacChl U MPOAYKIIUK
mununoB (Cheirsilp et al., 2011). Beicokue moka3sate-
JIV yBenndeHus oruomacchl (Ha 128.1%) u npoaykuuu
qunuaoB (Ha 165.2%) no cpaBHEHUIO ¢ MOJIYYEHHBI-
MU Ha OTHEIBHBIX KYJIbTYpaX pe3yJbTaTaMUu ObUIN JO-
CTUTHYTHI IIpU UCHOJAb30BaHUM accouuauuu Chlorella
sp./Saccharomyces cerevisiae. bonee TOro, CKOpOCTh
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ynanenuss CO, accoumanueil Mo CpaBHEHUIO C MO-
HoKynbTypoit Chlorella sp. Bo3pocna Ha 195% (Shu et
al., 2013). I1pu coBMecTHOM KYJILTUBUPOBAaHUM Rho-
dotorula glutinis co Spirulina platensis mpomyKuIuyst JIu-
MUIOB yBeJIMUMIAch 10 467 mr x 1!, uro B 3.18 pasa
BBIIIIC TIPOMYKIIUH, IIPOM3BOAMMOIT OTACIHHO IPOKKa-
MU, 1 B 3.92 pa3za BHIIIe TAKOBOII Y MUKPOBOIOPOCIIH
(Xue et al., 2010). IIpu KynsTUBHMpOBaHUU Scenedes-
mus obliquus 1 Rhodotorula glutinis Takxxe ycTaHOBJIe-
HO 3HAYMUTEJIPHOE YBeJIMUYeHUEe OMOMACCH Scenedesmus
obliquus n iponykuuy mununoB. [loBeIIeHNEe HAKO-
TUIeHust 6uomaccsl S. obliquus Tpu COBMECTHOM KYJIb-
tuBupoBanuu ¢ Candida tropicalis HabnogaIu MIPU CO-
OTHOIIIEHUN YUCJIEHHOCTU KJIETOK MUKPOBOAOPOCIHU
u apoxckeit 2:1 (Wang et al., 2015). B ciyyae koHcop-
uuyma Mucor circinelloides i Chlorella vulgaris moBbI-
ajimch 6omMacca MUKPOBOJIOPOCIE, coaepKaHue
JIMTIMIOB, HACHIIIEHHBIX M HEHACHIIIEHHBIX XUPHBIX
KMCJIOT, HY>KHbI€ KaK UICTOYHUKU OroToruinBa (Zorn et
al., 2020). ITokazaHo, 4TO U3 JIUMIUIOB, SKCTparupye-
MBbIX U3 IrpaHyn Scenedesmus obliqguus v Candida echinu-
lata, MOXXHO TTPOM3BOANTD TOILIMBO, COOTBETCTBYIOIIIEE
MEXIyHapodHbIM cTaHaapTaM (Srinuanpan et al., 2018).

Ouucrka KOMMYHQJIbHBIX MU NMPOMBIINLJICHHBIX CTOKOB

HMcnonb3oBaHue Bomopociieil Ha TEKYIIUIA MOMEHT
SIBJISIETCS OMHUM M3 JIYYIIIHUX CITOCOOOB OYMCTKU CTO-
KOB, T.K. OHM CITOCOOHBI yIAISATh YIJIEPOHd, a30T 1 (oc-
(op M3 3arpsI3HEHHOI BOABI M CHUXAIOT IIPU 3TOM
koHUeHTpauuo CO, B atMocdepe. OHU cIOCOOHBI
abcopOupoBaTh TSXKeJIble MeTallIbl, MMOMIOLIATh TOK-
CUYECKUE COSIMHEHUS U3 OKPYKAIOIIEei Cpeabl U yTU-
JIM3UpoBaTh X pa3nnuyHbeiMu nyTamu (Takacova et al.,
2022). TexHOI0TMM MPYIOB C BLICOKOW KOHIIEHTpALIM-
€l BogopocCei ImpemiaraloT OOAHY M3 BO3MOXHOCTEM
OYMCTKH CTOYHBIX BOI M UX MCIIOJIb3YIOT IJISl YIATIeHUS
HEOpraHMYeCKMX BEIIEeCTB U3 CTOUHBIX BoAd. Ilomoxu-
TEJbHBIM acIIeKTOM TaKOI OUMCTKMU SIBJISIETCSI TO, UTO
Ouomacca, IoJIydeHHasI II0C/Ie OYUCTKHA, MOXET OBITh
HCIIOJIb30BaHa JJIs MIPOMU3BOACTBA OMOTOILIMBA, TIPH-
YeM KOJMYECTBO U Ka4eCTBO COACPKMMBIX JTUIIMIOB
SBJISIOTCS KITIO4eBBIMU (pakTopamMu. OmHaKO TIprUMe-
HsIEMbIe B HACTOSIIee BpeMsI MeTOIbI cOOpa BOOOPO-
cJieit 0OOBIIHOM (UIBTpaIINei, XUMUIECKOMN (DIIOKYIISI-
Huei u ueHTpudyrupoBaHeM coctasiasioT 20—30%
OT OOIIMX 3aTpaT HA IPOU3BOIACTBO OMOMACCHI BOIO-
pocaeit (Vona et al., 2018). Kak 0bl10 TTOKa3aHO BHIIIIE,
MUIENINAIbHBIe TPUOBI MOT'YT 00pa30BEIBATh I'PAaHYJ/IbI
C MUKPOBOZOPOCISIMH ((PIOKKYIBI) U 3aTEM YIAISATh-
Csl U3 CTOYHBIX BOJ MyTeM rpyooii punsrpanuu. I'pudsl
SIBIISIIOTCSI IIPOAYLICHTAMI MHOTHX OPraHMIEeCKUX KHC-
JIOT, TUAPOIUTUYECKUX Y OKUCIUTEIbHBIX (EPMEHTOB,
KpOMeE TOTO, OHU CIIOCOOHBI a0COpOMPOBATh NOHBI TSI~
JKeJIBIX METAJIJIOB, YTUIM3UPOBATh TPYAHOMOCTYITHEIS

MUKOJOTI'A U ®PUTOITATOJIOTUA

OTAHECHAH wu np.

IpYTUM OpraHM3MaM coemuHeHus. Ilpu accoummpo-
BaHHOM POCTe TpUOOB 1 BOIOPOCTE MOXET HE TOJIbKO
yBEJIUYMBATHCS MX OMoMacca B CPaBHEHUU C pa3lesib-
HBIM BBIpAlllUBaHWEM, HO M ITOBHIIIAeTCS 3DHEeKTUB-
HOCTb yHajJeHus a3oTa, pocdopa, yriaepoga U TOK-
CUYHBIX coeAuHeHn n3 cToyHbIX BoA (Li et al., 2020;
Simonovicova et al., 2021).

Vnanenne coenuHeHuii yriepoaa, docdopa, azora

IToxazaHo, 4TO IIPU COBMECTHOM KYJIbTUBHPOBA-
Huu Chlorella vulgaris v Ganoderma lucidum npoucxo-
IuT 6ojiee 3 ekTuBHOE BhIBeAeHUE hocdopa U a30Ta
M3 CTOYHBIX BOM, YeM IIPU MCIOJIH30BAHNUM OTAEIbHBIX
KyabeTyp (Zhou et al., 2012). 11 1O0CTUKEHUSI BbICO-
KOl KOHIIEHTpaIlMX OMOMAacChl, IPOAYKIIMU JUITUIOB,
Oenka, a TakKe VIS yOaJeHUS ITUTaTeIbHBIX BEIIECTB
H3 CTOYHBIX BOJ ONTHMAaJIbHBIM 0Ka3aJ0Ch COOTHOIIIE-
Hue Chlorella pyrenoidosa: Rhodotorula glutinis paBHOe
3:1 (Lietal., 2019).

IIpu coBMECTHOM KYJIBTUBHPOBAaHUH I'PUOOB 1 BO-
JIO0pOCIieil 3HAYUTENbHO YCUIIMBAETCs yaaJleHue a3oTa.
NH," u3 cTrouHbIX Box Mor ObITh ycTpaHeH co 100%-it
3(PeKTUBHOCTHIO B TeueHMe ogHux cyT (Salih, 2011).
ITpy cOBMECTHOM KYJBTUBHUPOBAHUU MHUKPOBOIOPOC-
neit Scenedesmus Sp. 1 APOXCKEN yIaIsioch 10 96% Hu-
tparoB, 100% amMmoHuitHoro azora u 93% oprodocda-
toB (Walls et al., 2019). Accumunsiiium pocdopa MOryT
criocobcTBOBaTh MoHIKeHne pH 1 ¢pepMeHTH TpubOB,
TUAPOJIM3YIONIE OpraHnYecKrue coeanuHeHus doc-
¢opoB U pacTBOpPAIOLINE HeopraHuueckue dpocdarsl
(Zhang et al., 2020). PazpaboTan MeTOJ COBMECTHOTO
KYJIBTUBUPOBaHUS U QIIOKYISIINU TpruO0OB Aspergillus
oryzae ¢ mukpoBogopocisaimu Chlorella pyrenoidosa,
IpU KOTOPOM JOCTUTAETCS BHICOKUII YPOBEHb HAKO-
IUJIeHUST 0MOMAcCChl M OYMCTKA KpaxMaJICOMepKaIIuX
CTOYHBIX BoA. OIHOBPEMEHHO C HaKOIJIEHMeM OUOo-
MAacCChI IPOMCXOIMJIA OUNCTKA CTOKOB OT OPTaHMYECKUX
coeqnHeHuit Ha 92.08%, ob1ero azora — Ha 83.56%
u oburero dochopa — Ha 96.58% (Wang et al., 2022).

YianeHne MOHOB TSKeJIbIX METAJIOB

B GonbIIMHCTBE CiTydaeB CTOYHbBIE BOALI HYKIAIOTCS
B OYMCTKE OT MOHOB TSKEIbIX MeTa/ioB. [ puObl 1 BO-
IOopocin, Giaromapsi TaKUM MEXaHM3MaM, KakK 2JIeK-
TPOCTaTUYECKUE B3aNMOIEUCTBYSI, MIOHHBII 0OMEH, Xe-
JIaTUpOBaHUE,/KOMIUIEKCOO0pa3oBaHue, CUHTE3 CIIeIU-
aJIbHBIX OEJIKOB, CITOCOOHBI K CBS3BIBAHUIO U YIaJICHUIO
13 cTokoB MeTasuioB (Leng et al., 2021). I'pudsl 06pasy-
IOT BHEKJIETOUHBIE TToIMMepHbIe BeecTBa (EPS), ko-
TOpPBIE MOTYT CBSI3BIBATh MOHBI METAJUIOB, YTO UTPACT
BaXHYIO pOJIb B 3allIUTE KJIETOK MUKPOBOIOPOPOCIIEA.
IToxazaHo, YTO COBMECTHBIE KYIBTYPbl MUKPOBOIIO-
poclieid ¥ TpruOOB 3HAYUTEABHO Jiyyllle abCopOUPYIOT
Ne 6
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MBIIIBSIK U 30JI0TO, YeM OTAeNbHbIE KyJbTyphl (Bodin
et al., 2016; Shen, Chirwa, 2020). [Tpu npumMeHeHUMN
Synechocystis sp. PCC6803 u Aspergillus fumigatus nipo-
ucxoaut ummoounuzauusa Cd (I1) u ero cHuXeHue
Ha 98% OT MCXOMHOTO colepKaHUsI B CTOYHBIX BOIaX
(Shen et al., 2018).

VnaneHne CTOMKMX OPraHMYecKuXx coeIuHeHui

HaHHBIE TMOCIEAHUX MCCJENOBaHUI yKa3bIBalOT
Ha TO, YTO yIaJieHue TIeCTUILIMIOB 1 JIEKAPCTB M3 CTOU-
HBIX BOI OOBIYHBIMM METOIAMU ITPOMCXOMUT HEHO-
cTaToO4YHO 3P eKTuBHO. I8 ycTpaHeHUS 3TUX Bpe -
HBIX CO€IMHEHUI M3 CTOUHBIX BOI IIPUMEHSIOT, Ha-
pUMep, JOCTATOYHO JOPOroif METOI 030HNUPOBAHUSI
U (pUIBTpalluM Yepe3 aKTUBUPOBAHHBIN yroab. B oT-
JINYME OT 3TUX TEXHOJIOTWIA, UCITOIb30BaHKE aCCOLMa-
ouii TpuboOB U MUKPOBOJOpOcCeit 6oee 3P PeKTUB-
HO B yHAJICHMM TaKMX OPTaHWUYECKUX IOJIJIIOTAHTOB,
KaK MeCTUUUABI U (hapMaKOJOTUYECKUE MpeIapaThl
(Hultberg et al., 2019). OHu o61a7a10T MEXaHU3MaMU
ounonmerpamanm, 6MOCOpOIIHM, afcopOILIMH, a TAKXKe,
B cilyyae Bojaopocieid, poToaerpagaluu u ¢GpoToaunsa
atx nojumotaHToB (Silva et al., 2019). Tak, nipu KyJjib-
tuBupoBanuu Chlorella vulgaris c Aspergillus niger Ha-
0JIromaau He TOJBbKO BBHICOKMI YPOBEHb HAKOTUIEHUS UX
Ouomacchl, HO ¥ 3HaUYMTEeJIbHOE CHUXeHUe dpocdopa
n qukijodeHaka B crouHoit Boge (Hultberg et al., 2019).
VYhaneHue U3 CTOYHBIX BOJI HEKOTOPBIX MECTULIMAOB
6oitee ueM Ha 50% Takxke MOXET OBITh OCYIIECTBICHO
¢ nomol1wto accounanuu Chlorella vulgaris ¢ Aspergillus
niger, 94TO IIPOMCXOINT 3a CYET aKTUBHOCTH (DEPMEHTOB
rpubHoro accouuanTta (Hultberg, Bodin, 2018).

IIpoayKunus meHHbIX MeTa00JIMTOB
M MMIIEBBIX T00ABOK

CoBMeCTHOE KYJILTUBUPOBAaHHE MUKPOBOIOPOC-
JIei ¢ TprdaMu MePCIIEKTUBHO HE TOJBKO IIJISI OYUCTKHI
CTOYHBIX BOJ, HO W MOJIyYeHUST IPOAYKTOB IIsT TTHIIIE-
BOI, KOCMETUYECKOM ITPOMBIIICHHOCTH, IIPOU3BO/I-
CTBa KOpMOB. MopcKre MUKPOBOIOPOCIN U 1UATOMO-
BBIE BOOOPOCIY CUHTE3UPYIOT B OOJIBIINX KOJIMIECTBAX
MOJIMHEHACHIIIEHHbIE XUPHBIE KUCIOThI, CPEIU KOTO-
PBIX Han0OoJIee BaXKHBIMU SIBJISIIOTCSI 91IKO3aIlIeHTaeHO-
Bas kuciaota (DI1K) u poko3zarekcaeHoBasl KHUCOTa
(AI'K) (Ward, Singh, 2005). OmHaKo 10 HACTOSIIIETO
BpPEMEHM Cpear MUKPOBOIOpOCIIeil He HalileH Mmpo-
IYIEHT, KOTOPHINA IIPOAYIIUPOBAJ ObI 3TH COCOUHEHUS
B HY>KHOM COOTHolIeHNU. KylsTuBMpOBaHWE MUKPO-
BOIIOPOCJICH C TprubaMu IMPEACTaBISIeT CTPATETHUIO JIJIst
peleHus 3Toi mpobaeMbl. JIBOHBIE KYJABTYPhI, CO-
CTaBJIeHHBIE M3 IUaTOMOBOM Bomopociu Phaeodacty-
lum tricornutum u TpUOOIIONOOHOIO MpoTUCTa Auran-
tiochytrium limacinum, nponyuupoBanu IIIK un AT'K
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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B ONITUMAJILHBIX cooTHomeHMax (Kadalg et al., 2022).
OO6HapyXeHO, 4TO 0Opa3oBaHNe KAPpOTUHONIOB YCU-
JINBAETCS IIPU COBMECTHOM KYJIbTUBUPOBAaHUU I'PUOOB
1 MUKpoBopopocJeit. [lokazaHo, 4TO Ipu KyJIbTUBU-
poBanuu Chlorella vulgaris ¢ Rhodotorula glutinis Haxo-
IUIEHUE KapOTUHOMIOB ObUIO BBIIIE, YEM MX MTPOIYK-
LM OpUu pa3aesibHOM BbipaluuBaHuu (Zhang et al.,
2019). dnsa noaydeHUsT KOPMOBBIX U MUILEBBIX J100a-
BOK 0o0Jiee BHICOKMIT YPOBEHb HAKOIIJIEHUS] OMOMACChI
MUKPOBOIOPOCIIM YCTAHOBIICH P KYJETUBUPOBAHUM
Pleurotus ostreatus ¢ Chlorella sp. (Luo et al., 2019).

SAKJIIOYEHHUE

AccoLIMMPOBaHHOE KYJIBTUBUPOBaHNE IPUOOB 1 MU-
KPOBOJIOPOC/IE — CpaBHUTEILHO HOBOE HarlpaBJIeHUE
HCCJeMOBaHUM, KOTOPOE MMEET HaydYHOe U MPUKJIIaI -
Hoe 3HaueHue. [pubHbIe OpraHM3Mbl — U3BECTHbIC
GIOKKYIIHTEI. OHU CIOCOOHEBI, B MEPBYIO o4Yepelb
3a CUCT MOHHBIX B3aMMOIEHCTBUII U ITOIMCaXapuaoB,
3aXBaTHIBATh ITOJIOXUTEIHHO 3apsDKeHHBIC KIISTKI MH-
KpOBOAOpociei n GOpMUPOBATh C HUMHU arperarkl, KO-
TOPBIE MOXHO JIETKO OTHEIUTD OT XXMIKOM Cpedbl Tpa-
JUIIMOHHBIMY OMOTEXHOJOIMYeCKUMU npueMamu. [lpu
COBMECTHOM HX BbIpalllMBaHUM MOXHO TOCTUYb OoJiee
BBICOKOTO HaKOIUIEHMsI OMOMaccChl, JUIIUMIOB U I10-
JIMHEHACHIIIEHHBIX JXUPHBIX KUCJIOT, KAPOTUHOUIOB
W IPYTUX LIEHHBIX MeTab0auTOB. CIOCOOHOCTD TPUOOB
¥ MUKPOBOIOPOCJIEH ynanasiTh OpraHnYecKre U Heop-
TaHMYECKHE COCIUHEHUSI, TSLKEIbIe METaJUIbI, CTOMKIE
TOKCHYHBIC BEIIECTBA U3 KOMMYHAJIBHEIX Y IIPOMEIIII-
JICHHBIX CTOKOB TaK:Ke YCHUJIMBACTCS IIPU COBMECTHOM
KYJIbTUBUPOBAHUU. TeXHOJIOTUM C MCIIOJb30BAHUEM
accoumanuii “MUKpPOBOIOPOCTU — IPUOBI”, HECMOTPS
Ha 3TU JOCTOMHCTBA, ITOKAa HAXOMSITCS Ha CTaauu pas-
paboTKU U TpeOyIOTCs pabOTHI MO MX MAacIITaOUpPOBa-
Hu10. B dyHaaMeHTaIbHOM TUIaHE M 11 TPOMBIIIUICH -
HOTO ITPOM3BOJICTBA BAaXKHBI JOMOTHUTEIBHBIC UCCIIEN0-
BaHMS MeTaboIM3Ma, PEepPMEHTOB, PEryIsLMY CUHTE3a
MeTabOoJIMTOB, MPOUCXOASIIMNX B KIETKaX OpraHU3MOB.
C MOMOIIIBI0 COBPEMEHHBIX METOIOB, IIPUMEHSIEMBIX
B MeTa0O0JIOMHKE, IIPOTEOMMKE, MOXKHO CIeIaTh boyee
TOYHBIM BBHIOOP IITAMMOB JIJIST COBMECTHOI'O KYJIETUBH-
pOBaHUs, BRIICHUTD MEXaHU3Mbl B3aMMOACHCTBUS MU-
KpOBOJOPOCIIEi U rpubOB, a TaKXKe, BO3MOXHO, U APY-
TMX MUKPOOPraHU3MOB, B aCCOLIMALIUH.

HMccnenoBaHue BBINOJHEHO NpU (PUHAHCOBOI Mo~
nepxke Komutera mo Hayke MOHKC PA B pamkax Ha-
yaHoro npoekrta Ne 21T-2H138.
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The review examines the results of studies of the last decade on the co-cultivation of fungi and microalgae. It
outlines the mechanisms of interaction between fungi and microscopic algae during associative cultivation and
briefly discusses the methods for the formation of flocs. Key importance for biotechnology is the ability of fungi
and algae to form granules (floccules), which are easy to separate from the culture liquid. The synergistic effect
of these relationships results in a higher level of biomass accumulation, synthesis of lipids, polyunsaturated
fatty acids, and other metabolites, as well as the removal of various pollutants from wastewater. By selecting
specific strains and optimizing cultivation conditions, it is possible to enhance the composition of the resulting
products. So far, mostly successful laboratory experiments have been carried out in this direction, which need to
be expanded and transferred to production projects. For large-scale application of these systems, it is necessary
to continue research into the mechanisms of interaction between fungi and microalgae, their metabolism,
regulation of biosynthetic processes using modern methods of metabolomics and proteomics, and to develop
engineering solutions for their cultivation.

Keywords: aggregates, co-cultivation, fatty acid, floccules, fungi, interaction, lipids, microalgae, wastewater
treatment
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BBEAEHHWE

7151 OILIEHKM COCTOSIHUS OXpaHsIeMBIX BUIIOB B Poc-
cuu pa3paboTaHa 1IKaja Kareropuii cratycoB ot 0 10 5
(Red data book, 2008). B HacTos1iee BpeMs ITpUHSITA
OoJree TompoOHast OlleHKA, BKJIFOUAOIast KaK TPaauII-
OHHYIO IIIKaJTy, TaK U MCITOJIb3yeMble B MUPOBOM IpaK-
THUKEe KpUTepUM MeXXIyHapOIHOIO COI03a OXpaHbI IIpH-
ponbl (nanee — MCOII) (Order.., 2020). B deaepans-
Hyo Kpachyio kaury (manee — KK P®) moryr ObITh
BHeceHBI BUAB 13 KpacHoit knurn MCOII, kotopas
B HACTOSsIIIIee BpeMsI aKTUBHO MCITOJIB3YeTCS HE TOIb-
KO KaK 00OCHOBaHMe IJIS OXpaHbl BUIOB, HO M KaK
MHCTPYMEHT IUISI OIIPENeNICHUs CTaTyca YSI3BUMOCTH.
OpmHako 1IKana KaTeropuii, a Takxke KpUTepuu oTbopa
BuaoB MCOII TobKO YaCTUYHO COBITaal0T C TAKOBbI-
MU, TpagunoHHo TpuHuMaeMbiMi B KK P®. OcHoB-
HOE pa3Inyre OTeUYeCTBEHHBIX MOIXOM0B 3aKII0YaCTCsI
B OTCYTCTBUM YETKUX KOJMUYECTBEHHBIX MOKa3aTeaei
IIpU OIIEHKE YSI3BUMOCTH TaKCOHOB. B ¢BsI3u ¢ aTuUM
BO3HUKAeT HEMaJlo HECOOTBETCTBUI M Hegopa3yMe-
HUI IIpU OIIpeneieHUU MPpUpPOAOOXpPaHHOIO cTaTryca
BUIA U IIPUBEIECHUM €T0 K MEXIyHAPOIHBIM CTaHIAp-
TaM (MO MPUHLIUIY “S XYAOXHUK, 1 TaK BUXY”). OT-
HeceHHMe TaKCoHa K Toi miu nHoi kateropuu MCOIT

! PeKOMEHIOBAHO K IT€YaT OPrKOMUTETOM Bcepoccuiickoit
KOH(MEPEHIIUN ¢ MEXIYHAPOTHBIM y4acTHeM “BDKOJIOTUSI TPUOOB
U TpUOOITOA0OHBIX OPraHM3MOB: (haKThl, TUIIOTE3bl, TEHACHLIMU
nocssieHHoit 300-netuto Poccuiickoii akageMuun Hayk, Spo-
cnaBib, 12—14 okts6pst 2023 1.

TpeOyeT TIIATEeIbHOTO €T0 OLCHWBAHUS IO COOTBET-
CTBYIOIIUM KPUTEPHUSIM, HO B psijie CIyyaeB pa3Hoe I0-
HUMaHuEe 00beMa KaTeropuil MPUBOINT K CYObEKTHB-
HOI OIIeHKE, a TAKXKe K paCXOXICHUSIM B COOTHECEHUH
CTaTyCOB POCCUICKUX (heaepaIbHON U peruoHaIbHbIX
KpacHbIX KHUT U KpacHoit knuru MCOIT.

HeonHo3HaYHOCTL TPAKTOBKM YacTO YCYryouisieTcsl,
KOIma pedyb 3aXOOUT 00 OlIeHKEe BUIOB I'PUOOB U IO-
JTOOHBIX UM “MMKPOCKOIIMYECKUX” OpPraHu3MoOB. DTO
MOXHO OOBSICHUTB TeM, 4YTo MHOTHe Kputepuu MCOIT
CJIOXKHO TIPUMEHUTH K BUIaM, BETETAaTUBHOE TEJIO KOTO-
PBIX CKPHITO B CyOCTpaTe, BCICACTBUE YeTO YIET BeleT-
Csl B OCHOBHOM I10 3(peMEPHBIM U CIIOPATUYECKU TTOSIB-
JISSIOIIMMCS IUTONOBBIM TenaM. OIHAKO OIpeaesIsSIoIIM
00CTOSTEILCTBOM SIBJIIETCSI COOTBETCTBHE COCTOSIHIIO
TaKCOHAa XOT$ Obl OAHOTO KPUTEPUS U HEBAXHO, 4YTO
OCTaJIbHbIE KPUTEPUU MOTYT HE COOTBETCTBOBATh €My
WJIA BOOOIIIE OBITh HEMMOAXOMSIIIMMM TSI TAKOM OLIEHKU
(TUCN Red List categories.., 2012), T.e. cucTeMa MOXeT
2 G eKTUBHO paboTaTh U B OTHOILLIEHUU TPUOOB.

ITpu nepenoxkeHUM 3TUX MO3ULIMIA Ha MaciuTad Poc-
CUM KPUTEPUU MOTYT 3BydaTh Tak (Svetasheva, 2015):
1) monynsiuust BUaa (M/Wiv YMCI0 U3BECTHBIX MECTO-
obuTaHMii) coOKpaTwiach He MeHee 4eM Ha 15% B Te-
yeHue npeapinymux 10—50 net (A-kputepuii); 2) BuUI
MMeEeT OrpaHMYCHHOE PacIIpOCTpaHEeHHE B IIpeaesiax
Poccuu (T.e. u3BeCTeH B OMHOM — HEMHOTUX PEruo-
Hax), U OTMEeYeHO ero cokpauieHue (B-kpurepuii);
3) momyJsuys BUaa o4eHb Majia B Maciutabe Poccuu
u cokpamaercs (C-kpurepuii); 4) IMOIyIsILuUsS BAIA

446



BUbl TPUBOB, PEKOMEHJIOBAHHBIE B KPACHYIO KHUTY

oueHb Mana (< 200 BoCIIpOM3BOISAIINXCS WHINBU-
IYYMOB) U IIpUypoYeHa K YHUKaIbHEIM W1 Poccun
W MaJIOYHNCIIEHHBIM MecToobuTtanuaMm (< 5). Takum
o0OpasoM, JIIo00e HapylleHNe WA YHUITOXEHUE Me-
CTOOOUTAHUSI MOXET HNPUBECTU K PE3KOMY COKpa-
IIEHUIO YMCJICHHOCTHA BUIA WM €TI0 YHUYTOXKCHUIO
(D-xpurepuii).

K oxpaHe MOTryT IpemiaraTbCsl peIKue, HO MeHee
n3BeCcTHBIe BUABI (Katreropusg DD, HemocraToK maH-
HBIX). OgHAKO B HacTosIIIee BpeMs TaKUX BUJIOB TPH-
00B — OOJIBIIMHCTBO, W UX BBIABUKEHUE JOCTATOTHO
TPYAHO 0OOCHOBATD.

Boigensitorcst rpynibl BUAOB IPUOOB, KOTOPbIE B IPUH-
LIMIIE TPYIHO OLIEHUTD C MO3UIINI YSI3BUMOCTY M BO3MOX-
HOCTHU aJieKBaTHOI X OXpaHbl, KOTOPbIE HE CTOUT PEKO-
MEHIOoBaTh B KpacHble KHUTH (Svetasheva, 2015):

— KpalfHe MaJIOU3BECTHBIC BUIBI C HESICHOM OMO-
JIOTUEH U 3KOJIOTUEH, a TaKKE BUIbI C HEOAHO3HAYHbBIM
TAKCOHOMUYECKUM CTaTyCOM;

— BUJIBI, CIOCOOHBIE CYIIIECTBOBATh U BOCITPOU3BO-
IUTHCS B MECTOOOUTAHUSIX, MMOABEPKEHHBIX aHTPOIIO-
TeHHOI Harpyske;

— BUIBI C IIUPOKUMU IKOJOTMYECKUMU HUIIAMMU,
IIUPOKUM KPYroM CyOCTpaToB M CUMOMOHTOB;

— BHMIBDI, obuTalouye Ha moMeTe 1 KOCTpHIIax;

— BHUOBI, aCCONMUPOBAHHBIC C PACTCHUSIMH-
WHTPOMYLICHTAMMU;

— BUIBI, OIIpedeleHrue KOTOPHIX TpeOyeT mom-
TBEPKACHUS MOJICKYJISIPHBIMU, KYJIBTYpaJIbHBIMU, OHO-
XUMUYICCKUMU METOIAMMU.

B cTaTthe paccMOTpeHBI MOAXOABI, IIPUHSITHIE TIPU
OLIEHKE YSI3BUMOCTU UM CT€IIEHU yIrpo3 IJIs BUIOB Ma-
KPOMMUIIETOB, PEKOMEHIOBAaHHBIX B HOBOE M3JaHUE
KpacHoii kHuru PocToBcKoit obnacTu.

MAKPOMMIETBI POCTOBCKOM OBJIACTU

IIpuponunbie ycioBusi PocToBckoii odnactu

Tepputopus Pocrosckoii 061, 3anumaet 100 967 km?.
OHa LIEIMKOM pacHoJjaraeTcs B CTEIIHOM 30HE. YXKe
¢ 70-x romoB XVIII B. LieTWHHBIE CTENU CTaI YCUJIEHHO
pacnaxuBathcs. I1o Mepe pocTa HaceleHUs] MHTEHCUB-
HOCTb pacnamku Bo3pacTana. K cepenrne XIX B. ctenu
3aHuManu 60%, a B HacTosiiee BpeMmst — He Gogee 17%
mioianu PocroBckoii 061. (Valkov, 2002). ODTu yuenes-
II1e HeOOMbIINE YYaCTKU MOIBEPXKEHBI MHTEHCUBHOMN
XO3SIMCTBEHHOI 3KCILIyaTallul ¥ CWJILHO TpaHC(HOpMU-
pOBaHEI U PparMeHTUPOBAHEI.

ChopMupoBaHHas Ha 4YepHO3eMaxX HacTosImas
Pa3HOTPABHO-IECPHOBUHHO3/IAKOBAs CTEITh IIOCTpaIa-
JIa OT pacIalliky OOJIbIlle IpyTuX TUIOB. B HacTosiee
MUKOJIOTUA YU PUTOITATOJIOT U
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BpeMs OHa 3aHUMaeT 5696 KM?, UTO COCTaBJISAET JIULIb
5.64% teppuropuu PoctoBckoit 06. Eciu coxpaHuB-
IIMecs YIaCTKH TpeX IMOA30HAIbHBIX TUIIOB CTEIICH
npuHATh 32 100%, TO Ha HACTOSIIYIO CTEeNb IMPUXO-
autes 32.6%. HaunGomplnyio tionanbk 3aHUMAaeT Cy-
Xasi IepHOBUHHO3/IAKOBAasI WJIM TUITYaKOBO-KOBbBIJIbHAS
crenb — 8981 kM2, D10 cocrasiger 8.89% ot ob1ei
TUTIOLIAAN 00JIACTH, a OT IUIOIIAAM BCEX COXPaHUBIINX-
cs B obnactu creneid — 51.4%. Ilnomanb mycTHIHHOM
MOJIBIHHO-IEPHOBUHHO3JIAKOBOI CTeII He3HAYUTEIb-
Ha, Bcero 2782 km?, wiu 2.78% ot ruromany o61acTu.
D710 paBHO 15.9% OT 06IIEi IIOIIAIAN COXPAHUBIIINXCS
creneit (Fedyaeva, 2002).

Jlecucrocth PocToBckoit 0611. cocrasnsert 2.4%, npu
aroM 70% 3Tux momaaeil 3aHMMalT UCKYCCTBEHHbIE
Jeca (The Forestry Department.., 2023), Ha ecTeCTBEH-
Hble ipuxoautcs Toiabko 700 km? (Sokolova, 2015).

B 11emoM ecTecTBeHHBIE pacTUTEIBHEIE COOOIIECTBA
PocToBckoii 061. MOXXHO OXapakTepu30BaTh KaK Cy-
IIECTBEHHO IIpeoOpa3oBaHHBIC XO3IMCTBEHHOM Oes-
TEJbHOCThIO M (pparMeHTUPOBAHHBIE. 3HAYUTEb-
HbI€ CTETTHbIE MACCHUBBI COXPaHSIIOTCS B IOTO-BOCTOY-
HOM yacTu 00J1acTu, rae HaxoauTcsl [ocynapcTBeHHbIH
NpupoAHbIi 3anmoBenHUK “PocTtoBckuii”. Bricokoe
pazHoOOOpa3ue M XOpollasi COXpaHHOCTh MPUPOTHBIX
co0011IeCTB HabomaeTcs B ceBepHbIX paitoHax (I1lo-
JoxoBckuit, BepxHe-J1oHCKOIA).

M3y4yennoctr MakpomuieToB PocToBckoii o0iacTu

buorta makpomuueToB PocToBcKoii 00JI. SIBIsIETCS
OMHOII M3 HanboJee MOJHO U3YYSHHBIX Cpean CTEeM-
HBIX pernoHoB EBpomneiickoii Poccuu. Mukogoru-
YecKyre MCCIeNOBaHMs 31eCh IIpoBoasITCs ¢ 1955 roma
(Krasov, 1955). CucremaTudeckoe U3y4yeHUEe OMOTHI
MakpomuleToB PoctoBckoit 0611. 66110 Hauato Cep-
reeM JIbBoBrMuYeM BrlliernaHoM B COaBTOPCTBE C €ro
HayJYHBIM pyKoBoauTeneM Bukropom AHupeeBrueM
PycanoBbiM. MUTOoroM mcclienoBaHUMil cTall TaKCOHO-
MUYECKMIT crTCOK 13 430 BUIOBBLIX M BHYTPUBUIOBBIX
TaKCOHOB MaKpOMMIIETOB, IIPX 3TOM 5 BBISIBJICHHBIX
BUJOB OKa3aJlnch HOBBIMU IJist Poccuiickoit Menepa-
uun u 4 — ng CCCP (Vyshchepan, 1990; Vyshchepan,
1992). B 2000-x IT. B CBSI31 C MIHBEHTapU3aleit OMOThI
TocymapctBeHHOro my3esi-zanoBegHuka M.A. Ilono-
xoBa (Rusanov et al., 2004) u mpoBenenneM 1X Paboue-
ro coBemanus KoMuccum no n3ydyeHUI0 MaKpOMMUIIE-
toB B 2006 1. (IX Workshop.., 2008) cBeneH1sI 0 MUKO-
O0roTe 3HAYUTENBHO MONMOJHUINUCh. Hanbonee monHas
CBOJIKA I10 TAKCOHOMMYECKOMY pPa3HOOOpa3nio MUKO-
OMOTHI apUIHBIX PETMOHOB I0ro-3arana eBpoIeiicKoi
yactu Poccum, BKimiouast 1 tepputopuio PocToBckoit
0011., onyonukoBaHa B 2012 r. (Rebriev et al., 2012).
K coxaneHuro, B 3Toii padoTe ObLI MPUBEAECH TOJIBKO
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TaKCOHOMMYECKUIA CIIMCOK, 0e3 aHanu3a BCTpEYaACMO-
CTHN BUAOB B KOHKPCTHbLIX pErmoOHax.

Ha 2015 1. B PocToBCKOI1 00J1. OBII0 BEISIBIIEHO CBBI-
me 1200 makpo- n 60mee 1500 BUZOB MUKPOMUIIETOB
(Rusanov et al., 2015).

B nmocnenHue rombl aKTUBHOCTD M3yYEeHMSI MaKpO-
MULIETOB cHU3WIach. Hanbosee KpyIHble TyOIuKaluu
nocpseHbl 1ubo ucciaegoBanugam Ha OOIIT, Takux
kak l'ocymapcTBeHHBI 3amoBeAHUK “PocCTOBCKUIL”
(Shiryaev et al., 2017; Rebriev, 2018) u boranuueckuii
cag FODY (Rusanov et al., 2018), 11bo peakum u oxpa-
HseMmbiM Bugam (Rebriev, Ermolaeva, 2022; Ermolaeva
et al., 2022).

MAKPOMMIETbBI BO BTOPOM U3JJAHUN
KPACHOW KHUTU POCTOBCKOW OBJACTHU

B xone pa®GoThl Hax MOATOTOBKOM BTOPOTO M3Aa-
Hus (Red data book.., 2014) 6110 uckiIoyeHo 18 Bu-
OB TpuOOB (0e3 ydyeTa JUIIaitHUKOB), fobaBiaeHo 11,
UTOTOBBIN CIMCOK cocTaBua 37 BugoB. B mocneny-
IolIMe TOABI MOJIYyYeHO KpaiitHe Majlo HOBBIX TaHHBIX
0 COCTOSIHMM M3BECTHBIX IMOIYJISIINIA M HAXOXIESHU
paHee Hen3BeCTHBIX. OCHOBHBIC IPUYNHBI — HEPETY-
JIIPHOCTPh MCCIIEIOBAaHUM 1 KPAaTKHME CPOKU IIJIOMOHO-
IIEHUST BUIOB.

Ve Bo BpeMst pabotsl Hag KpacHoit kHuroit Po-
cTOBCKOIT 0071. 2014 I. oXpaHsieMble BUIBI MaKPOMU-
LIETOB OBLIM YCIOBHO pa3lefieHbl Ha HECKOJIBKO TPYII
MO0 CTEeNEHU PeIKOCTU Ha TEPPUTOPHUU OOJIACTH:

1. JIocTaTOYHO IIMPOKO paclpoCTpaHEeHHbIE B 00J1a-
cTH (110 UTOraM MOHUTOPUHIOBBIX UCCEAOBAHUIA U CO-
BPEMEHHBIX JAHHBIX CUCTEMATUKU), KOTOPblE MOXHO
HUCKJTIOYUTD U3 MOCIENYIONIEro n3nanusa KpacHoit KHUrM.

2. Haxopsmuecs Ha TeppUTOpUM 00JIaCTU B OT-
HOCUTEIBHO OJIAaTOMPUSTHBIX YCIOBUSIX — Hanboiiee
MHOTOYMCIIEHHas Tpynmna BUAoB. [lomyasiimu MHOTHUX
U3 3TUX BUJIOB HAXONsATCS B ¢1a060 HAPYIIEHHBIX MECTO-
obutanusix u Ha OOTIT.

3. s 14 BuaoB Oblila BBISIBJIEHA YIPO3a CYIIEeCTBO-
BaHMS NONYJSIMN BIUIOTH 1O YHUYTOXEHMS OTHOM
WUIX HECKOJBKUX 13 HUX. OCHOBHEIE HEOIATrOIIPHUSIT-
Hble (haKTOphI, BeAylue K 00eIHEeHIO Bcero Ouopas-
HOOOpa3us, YaCThI0 KOTOPOTO SIBIISIIOTCS OXpaHSIeMbIe
BUIBLI TPUOOB, — 3TO MOCTOSIHHO pacTyllasl ImacTo-
paJibHasg Harpy3Ka Ha HEMHOTOUMCJICHHBIEC OCTaBIIIMeE-
Csl CTEITHbIE YYaCTKM (B TOM YMCJIE U UMEIOIINE CTaTyC
OOIIT), pekpealinoHHas Harpy3Ka Ha JieCHbI€ U CTeI-
HBIe DKOCUCTEMBI, B OCOOEHHOCTU BOJIN3U KPYITHBIX
HaceJICHHBIX IIYHKTOB; paauKajJbHOE U3MEHEHE WU
YHUUYTOXEHNE OMOTOIOB (paclalika CTelleii, u3bs-
THE TPYHTA, 3aCTpOiKa M T.II.), MACCOBBII cOOp Hace-
JICHHEM ILJIOMOBEIX TeJl CheMOOHBIX MM YHUUYTOXECHNE

MUKOJOTI'A U ®PUTOITATOJIOTUA

PEGPUEB

HeCheTOOHBIX I MAJTOU3BECTHBIX BUIOB. [JisI MHO-
TYX BUIOB 3TOM I'PYMIIBI OBLIO PEKOMEHIOBAHO IOBHI-
IIeHMEe OXPAaHHOTO CTaTyca B MOC/EAYIOIIeM U3AaHuU
KpacHoit kHurm.

4. Omun Bun — Agaricus amanitiformis Wasser —
MPEAMOJIOXUTEIbHO MCUYe3 Ha TePPUTOPUU O0OJIACTH.
EnuHcTBeHHast u3BecTHas monyJjsius B I. PocToBe-
Ha-JloHy yHMYTOXeHa (JiecomoJjioca BhIpyOsieHa, Ipo-
M3BeIeHBI OCTPOIKM KWMJIBIX U MHBIX 30aHUI U TIp.).
B cBs131 ¢ 3TM BUI He OBLI BKJIIOUEH BO BTOPOE M31Ia-
Hue KpacHoii KHUTH.

TPAIULIMOHHBIE U HOBBIE MMOJAXO/IbI
(IUCKYCCUS)

B xone paGoThl Hajl CIIMCKOM BUIOB I'pUOOB, BKIIIO-
yaeMbIX B peAbIAylINe U3aaHus peruoHaabHoi Kpac-
Hoit kauru (Red data book, 2014), npuMeHsIIMCh Tpa-
IUIIMOHHBIE TIOAXOIbI: YMCJIO M3BECTHRIX B 00J1aCTH Ha-
XOMIOK, PENKOCTb B COCEIHUX PETMOHAX U/UJIU 110 BCEMY
apeany M T.11. OgHaKO peaKoCTh HaXOA0K HY>KHO pac-
cMaTpMBAaTh B MEPBYIO o4yepedb KaK pe3yjbraT Hedo-
CTaTOYHO aKTUBHBIX MOHUTOPUHTOBBIX UCCIICIOBAHUIA
(B o6mactu Ha 100000 xM? B HacTosLIee BpeMs pabo-
TaeT BCEro OAUH MUKOJIOT, CIIEIIMAIMCT 110 HEOOIbIIION
rpyrmne 0a3uIMOMUIIETOB U HE UMEIOIIUIA BO3MOXKHO-
CTU MOHUTOPUHTAa MUKOOUOTHI B COYETAHUU C KPAaTKO-
CTbIO U HEPETYJSIPHOCTBIO IIOJOHOIIEHUST OONBIINH-
CTBa MaKpOMMUIIETOB B apMIHBIX YCIOBUSX).

AHanu3upysl CIUCOK OXpaHSIEMBIX BUJOB I'pUOOB
¢ yuetoMm pekoMeHnanuii T.FO. CsetammeBoii (Svetashe-
va, 2015), MOXHO BBIYJIEHUTb OOJIbIIYIO IPYIINY BUOOB,
OTMEUYaeMBbIX B YCIOBHSIX 00JaCTH YacTO (MJIM Haxe
BCEIIa) B aHTPOIIOTeHHBIX MECTOOOUTAHUSIX, a TAKXKE
BUIOB C IIMPOKMMU 3KOJOrMuyeckuMu Huiramu. He-
peIKOo BUABI MOXHO ITOMECTUTH B 00€ TpyIIibl. TakKuM
obpa3oM, gaxe 0e3 KOJIMUYECTBEHHBIX OLIEHOK MO KpH-
tepussM MCOII npenjioxkeHO UCKIIOUYUTh U3 HOBOTO
CIMCKA OXpaHSIeMBIX BUIOB Ipnu6oB 22 Buaa (Tadm. 1).

Takas cutyalms Ipu nepexoie Ha 0oJiee YeTKUE KO-
JIMYECTBEHHbIE KPUTEPUM OLIEHKH BIIOJIHE OXHIaeMa.
151 cpaBHEHMSI, TIPU TIOATOTOBKE peKOMeHAAM N ISt
HoBoro m3ganusg KK P® npu cricke B 24 Buga rpnoos
OBLIO IIPEIIOXKEHO K UCKIIOUEHHUIO 12, T.€. MOJOBUHA.
B T0 ke BpeMsI JOMOJHUTEIHHO BKIIIOUEHO 28 BUIIOB
MaKpOMMIIETOB, TaK UTO UTOTOBBII CIIMCOK COCTaBUJI
41 Bugx (Order.., 2023). BxirioueHre HOBBIX BUIOB B (he-
IepajbHBIi IIepeYeHb CTaJI0 BO3MOXHEIM OJlaromgapst
00JIb1IOI paboTe Mo aHaINU3y PaCOPOCTPaHEHUSs, KO-
JIOTUH, OIPYTUX APAMETPOB, MO3BOJIMBILIUX TOCTOBEP-
HO OLIEHUTH CTEIMEeHb YTPO3bl U HEOOXOAMMOCTh OXPaHBI
3TUX BUIOB. BBUIO MTPUBIIEYEHO OOJBIIOE YUCIIO CITELIH -
aJINCTOB — KakK IIO0 OTOEJIbHBIM TaKCOHOMMNYECKUM
Ne 6
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Taomuna 1. Buasl makpomuiuietoB u3 KpacHoit kauru PoctoBckoii 0011. (2014), uckiioyaeMble U3 HOBOTO U3AaHUS

Kareropus
B KpacHoii kHure .
Taxcon " OlLieHKa COCTOSTHUST 00JIACTHBIX TTOTYJISIIIAMN
PocTtoBckoii
ob6mactu; 2014 1.
Ascomycota
Pezizales
Morchellaceae
Morchella steppicola Zerova 2 JlocTaTouHO OOBIYEH, B T.4Y. Ha 3ajieXKaX U B aHTPOITOTeHHBIX MeCTOOUTA-
Husix. [l1omoHoIIEHWe CTUMYJTUPYETCS TIosKapaMu.
Basidiomycota
Agaricales
Agaricaceae
Agaricus bernardiiformis 2 IIpouspacraeT rpyniamMy Ha ITOYBe Ha CTEITHBIX y4acTKaxX, BOJU3U BOIO-
Bohus €MOB, Ha 3aJIMBHBIX JIyrax, MMyCThIPSIX, B 3apOCHIsIX pyAepaabHOil pac-
TUTENBHOCTU. COCTOsIHME MOMYJISILUIA YIOBIETBOPUTENbHOE. YTPO3bl
CYIIIECTBOBAHUIO BU/a HET.
3 Hepenok. IIpouspacraeT rpynmnamMu, MHOIIA O4e€Hb OOWIBHO, B Pa3IMUHBIX
. . THUIIaX MECTOOOUTAHUI1, B TOM YMCJIE B aHTPOIIOTeHHO-HAPYIIEHHBIX
A. litoralis (Wakef. et ’ P Py
A. Pearson) Pilat (Ha TTacTOMIIAX) M MICKYCCTBEHHBIX (B JIMCTBEHHBIX 1 COCHOBBIX HacaXKIe-
) HUSIX). B TompI ¢ BEICOKOI BIAXKHOCTBIO B IMIEPUO TUIONOHOIIICHMST JOCTH -
raeT 3HaYMTEeIbHOM YMCIEHHOCTHU. YTPO3bl CYIIIECTBOBAHUIO BUIA HET.
A. lutosus (F.H. Magller) 3 ITpouspacTaeT B pa3IMYHbBIX TUIIAX MECTOOOUTAHUI, B TOM YUCJIE B UC-
F.H. Moller KYCCTBEHHBIX JINICTBEHHBIX HACAXIEHUSIX. YTPO3a HEOUeBUTHA.
3 CornacHo coBpeMeHHbIM 00paboTKaM Bujaa pa3HOBUIHOCTb var. excellens
A. urinascens var. excellens yIpa3gHeHa (OTIMYKSI OT TUIIOBBIX 00PAa3I0B HE SIBJISIOTCS YETKU-
(F.H. Mgller) Nauta MU, JieXaT B Mpeaeaax HOpMbl U3MEHYMBOCTU BuNa). Bun Agaricus
urinascens He SIBJISICTCSI PEIKUM.
Battarrea phalloides (Dicks.) 3 Pacter Ha pa3HbIX TUNax MoyB (INIMHUCTOM UM MECYaHOIi, YepHO3EME),
Pers. B CTeNsX, Ha CTapblX (pepMax U CTOSTHKax CKOTa, 3ajexax, MecTax
¢ OOJIBIIUM KOJIMYECTBOM BTOPUYHOI OPTaHUKU. YTPO3bI CYIIECTBO-
BaHUIO BUIA HET.
Chlorophyllum olivieri 3 PacrteT B ntecoroocax u3 gyda ¢ mpuMechlo KJIeHa, a TaKXKe B pOOMHIE-
(Barla) Vellinga BBIX M KJIEHOBO-POOMHMEBBIX JiecOHacaxaeHusIx. [IpenMyiiecTBeHHO
BCTpeYaeTcs B apKax M calax, 4acTo B OpaHXKepesix, TeIUIMIIAX U Tap-
HUKaX, Ha YHaBOXXEHHOM MOYBe.
Leucoagaricus barssii 3 IIpouspacraet B aHTPOIIOT€HHBIX MECTOOOMTAHUSIX: B MapKax, caaax,
(Zeller) Vellinga Ha MOJISIX U MallHSX, B 3apOCIISIX pyAepaioB. YTpo3a U MEPhl OXpPaHbI
HCOUCBUIHEL.
. 3 IIpouspacTtaeT B UCKYCCTBEHHBIX HAaCaXICHUSIX U3 pOOMHNU, KJICHA
L. moseri (Wasser) Wasser pousp y e p ’ ’
nienuyuu, abpukoca, ayoa. Yrposa 1 Mepbl OXpaHbl HEOUEBUIHHI.
I . 3 IIpouspacTaer B NICKYCCTBEHHBIX HACAXICHUSIX JMCTBEHHBIX ITOPO]I.
L. pilatianus (Demoulin) ponsp y A POIL
Bon et Boiffard [I1omoHOIIEHMEe OTMeYaeTcsl TOJbKO B FOAbl C BRICOKMM YPOBHEM
0CaJKOB. YTrpo3a U Mepbl OXpaHbl HEOUEBUIHBI.
3 ITpouspacraeT rpynmamMu B pa3IMIHbIX TUIIaX MECTOOOUTAHUI, B TOM
L. wichanskyi (Pilat) Bon et YHCJie B aHTPONIOT€HHO-HAPYIIEHHBIX (HA Fra30HaX U JyXalKax) U uc-
Boiffard KYCCTBEHHBIX (B INCTBEHHBIX U COCHOBBIX HaCAXICHUSX). YTPO3HI CY-
IIECTBOBAHUIO BUIA HET.
Montagnea arenaria (DC.) 3 PacripocTpaHeH B I0r0-BOCTOUHBIX paiioHaX, B CBSI3U C apuanU3alueii
Zeller apeas B o06jacTu yBennuuBaeTcsi. CoCcTosIHUE MOIMYJISILIUIA YIOBIETBO-
pUTENIbHOE. YTPO3bl CYIIECTBOBAaHUIO BUIA HET.
Tulostoma kotlabae Pouzar 3 B paznuuHbIX coob1IecTBaX, BKIOUAsl aHTPOIIOreHHbIE MECTOOUTAHUS.
Vrpo3 Her.
T. pulchellum Sacc. 3 B pa3immuHbBIX coobIIecTBax, BKIIIOYAsT aHTPOIIOTeHHBIC MECTOOUTAHUS.
Bo3MmoxxHO, KOMITIIEKC MOP(DOIIOTNIeCKU OJIM3KUX BUIOB. YTPO3 HET.
MUKOJIOTUA U DUTOITATOJIOTUS  Tom 58 Ne 6 2024
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Takcon

Kareropus
B KpacHoii kHure
PocrtoBckoii
ob6mactu; 2014 1.

OlLieHKa COCTOSTHUST 00JIACTHBIX TTOTYIISIIIAMN

*Amanita vittadinii (Moretti)
Sacc.

* Leucopaxillus lepistoides
(Maire) Singer

Leccinum duriusculum
(Schulzer ex Kalchbr.)
Singer

Pisolithus arhizus (Scop.)
Rauschert

*Geastrum fornicatum
(Huds.) Hook

Mpyriostoma coliforme (Pers.)
Corda

Mutinus caninus (Huds.) Fr.

Amanitaceae

MHoro Haxonok B PoctoBckoii, Bonrorpaackoit u CBepajioBcKoii 0011.,
B KanMbiknn. BcTpeuaercst B aHTPOIMOTEHHO M3MEHEHHBIX COOOIIIe-
CTBaX, B TOM YMCJIe Ha Ta30HAaX U 3aJiexkKax, B MECTax C IepeBBIIIacOM
ckota u p. MckmoueH u3 [lepedHss 00bEKTOB pacTUTEIILHOTO MHpA,
3aHeceHHbIX B KpacHyio knury Poccuiickoit denepanun.

Tricholomataceae

HccnenoBanus nocnenqnux 10 jgeT moxkasaiu, 4To 3TO JOCTaTOYHO pac-
MPOCTPaHEeHHBIN pyAepalbHBINA BUI. AKTUBHO afalTUPYETCs K aHTPO-
ITOTEHHBIM MECTOOOMTAHUSAM, UMEIOTCS HAaXOIKKM Ha TOPOACKHUX Ta30-
HaX, JICTHBIX ITOJISIX, B MECTaX BEITOHA CKOTA. YTPO3HI CYIIIECTBOBAHUIO
Buna HeT. MckimtoueH u3 IlepeuHst 00beKTOB pacTUTEILHOTO MUpa, 3a-
HeceHHBIX B KpacHyto kHury Poccuiickoit @enepauni.

Boletales
Boletaceae

PacnipocTpaHeHue B 061aCTH CyIIECTBEHHO YTOUHEeHO. OH sBisieTcs
OIHUM U3 OOBIYHBIX MUKOPU3000pa3oBaTeieil BO BIaXKHbBIX apeHHbBIX
¥ TIOMMEHHBIX JiecaX, Ha IecyaHbIx mouBax. COCTOSTHYE MOITYIISIIINIA
CTabuJIbHOE. YTPO3bl CYILIECTBOBAHUIO BUA HET.

Sclerodermataceae

HMnMeeT 00bIIOI KPYT X035€B; YaCTO BCTPEUaeTCs B HAPYIIEHHBIX MECTO-
00UTaHUAX. YTPO3bI CYILIECTBOBAHUIO BUIA HET.

Geastrales
Geastraceae

Haxomok B CTeIHOM U JIECOCTEITHOM 30HaX eBpoIeiicKoil yacTu nocTa-
TOYHO MHOTO, IUVIOJOHOCUT MHOIIAa MACCOBO U B pa3HBIX MECTOOOUTA-
HHUSIX, BKIIIOYAs CTaphle JIECOIIOJIOCH C MOLITHOM ITOACTUIKOM.

Uckmiouen u3s [lepeyHsi 00beKTOB PaCTUTEIBHOTO MUpPa, 3aHECEHHbBIX

B KpacHyio xunry Poccuiickoit @eneparnn.

BoisiBIeH psig HOBBIX HaXO4OK BUAa B oosacTu. Bua ¢ mmpokoit akoio-
TUYECKOU aMIUIUTYAOU U HEOOIbIION, HO CTAOWIBbHON YMCIIEHHOCTHIO.
Hepenok B aHTpOIOreHHbIX MECTOOOUTAHUSIX, PACTET HA pa3HbIX Cy0-
cTpaTax, B MecTaX C OOJIbIINM KOJNYECTBOM BTOPUUYHON OPraHUKMU.
VYrpo3sl cyliecTBOBaHUIO BUIA HET.

Phallales
Phallaceae

B oGnactu otMeueH TosbKo B I. PocToBe-Ha-JloHY 1 ero OKpeCTHOCTSIX.
PynepanbHbIii BUM, TATOTEET K HAPYIIEHHBIM M aHTPOTIOTEHHO TPaHC-
(opMUpOBaHHBIM cOOOIIIECTBAM (BO3MOXHO, 3aHOCHBIN BU).

IIpumeyanue. 3Be310YKOI1 OTMEYEHBI TAKCOHBI, MCKIIOUEeHHBIE 13 HOBOro uananus KpacHoit kauru Poccuiickoit @enepanuu (Order.., 2023).

rpynmam rpu0oB, TaK 1 MO perMoHaJbHBIM MUKOOMO-
tam. K coxanenuto, B nipenenax PocToBckoit o0, mist
TAKOTO aHaIM3a HEAOCTATOYHO JaHHbBIX, B CBI3U C YeM
ObLIO MPEMJIOKEHO ITOMOJIHUTh CIIUCOK OXPaHSIEMbBIX
BUIIOB TpMOOB TOJBKO IBYyMS TakcoHaMu (Geastrum
berkeleyi Massee u Melanogaster broomeanus Berk.),

MUKOJOTI'A U ®PUTOITATOJIOTUA

BBISIBJIEHHBIMU B pe3yJibTaTe MepecMoTpa JOCTYITHBIX
KOJUIEKLIUIA.

B To ke BpeMsl UCKJIIOUEHUE U3 OXPAHHOT'O CIU-
CKa 3HAYUTEJIbHOTO YHCJia BUDOB, MHOTME U3 KOTO-
pbIX OYeHb peaKo oTMeuvarTcsa B Poccuu u B mupe, —
He camoe Jydlliee pelneHue. bojiee pa3yMHBIM BUAUTCS
Ne 6
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IepeBO 3HAYUTEILHOIO YKC/Ia TAKUX BUAOB B MOHMTO-
PUHTOBBIM CIUCOK (YTO COXPAHUT MOBBIIEHHOE K HUM
BHUMaHNE CIIELIMAJIMCTOB M JAaCT HaIexXay Ha ITOJIy-
YyeHUe HOBOl afeKBaTHOM MH(POpPMAIUU O HUX) JTUOO
B OCHOBHOI1 cniMcOK ¢ Kateropueit DD — HemocraTou-
HO JaHHBIX.

Ha uckitoueHre B uTore ObUIM NPeUIOKEHbI TE€ BUIBI,
110 KOTOPBIM €CTh JOCTAaTOYHO CBEACHWIA, TTO3BOJISIOIINX
OLIEHUTb COCTOSIHME MX Mony/suuii B PoctoBcKoit 061.
W cAeNaTh BEIBOA, 00 OTCYTCTBMM YTpo3 (12 BUIOB).

OTnenbHO HYXXHO CKa3aTh O BUIAX, BKIIOYEHHBIX
B m3nanue KK P® (Red data book.., 2008). Takux
BUNOB Tpu: Amanita vittadinii, Leucopaxillus lepistoi-
des v Geastrum fornicatum. Pa3yMHOCTb UX BKJIIOUEHUS
B KK P® u cocrosiHre Ha TeppuTOpUH 001acTH 00-
cyxnannch HeomHokpaTtHO (Gorbunova, Rebriev, 2017;
Rebriev, 2017; Svetasheva et al., 2017). OgHako Heo0-
XOIUMOCTD OXpaHbI BUIOB U3 enepaabHoil KpacHoit
KHUTY Ha PeTMOHAJIbHOM YPOBHE 3aKpeIlieHa IOpUIn-
yecku. [lomoOHas cuTyanust HabIOgaeTCs 1, HaTIpy-
Mep, Y 00TaHUKOB, KOTOPBIE JOJKHEI peKOMEHIOBATh
K OXpaHe MHOTHE BUIbI KOBBLICH, UPUC KAPIUKOBBIN
M TIpOYMe BUIBI, IIIMPOKO paclpoCcTpaHeHHbIE B 00J1a-
cti. B HacTosmiee BpeMs1, mocie yTBepKIeHUST HOBO-
ro ¢enepaaIbHOTO CITMCKa oxpaHsieMbIx BumoB (Order..,
2023), Takast HEOOXOAUMOCTD OTITaIaET.

YuuThIBasl CIOXHOCTb OLUEHKU YUCIAEHHOCTHU I10-
OyJISIIUM 1 J0JIM B HUX MOJIOBO3pEJIbIX 0cO0eli, agek-
BaTHas OlleHKa PeIKOCTH BUAOB 1o Kputepusam A, C,
D He npeacrtasnasercss Bo3MoxHOM. OLeHKa peaKoCTr
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MpOoBOIWIACH IO KpuTepuio B (reorpadpuueckoe pac-
MpocTpaHeHue: apeaa u Mmectooobutanue). O npaBo-
MEPHOCTHU MCMOJIb30BaHUS 3TOT0 KPUTEPUS TOBOPSIT
MIPUYPOYCHHOCTh OONBIIMHCTBA BUIOB K OIIPEIeICH-
HOMY CIIEKTPY PACTUTEIBLHBIX COOOIIECTB 1 BEICOKAS
ux ¢parMeHTUPOBAaHHOCTh. PacueT mpoBoauiICs ¢ uc-
noJb30BaHUEM pecypca “¥YmobHas padora..” (Conve-
nient work.., 2023). BoJAbIIMHCTBO BUIOB IIpeaBapu-
TEJIBbHO IMOJYYWIO OLIeHKY ucyesdaromuii: EN/U, uto
CBSI3aHO C OTHOCHUTEJIBHO MaJIBIMU TUIOIIAASIMU €CTe-
CTBEHHBIX 9KOCHCTEM, UX CUJIbHOU (pparMeHTHUPOBaH -
HOCTBIO U IeTpajgaluei.

OueBUIHO, YTO MPUMEHSIEMbIE B IUIAHETAPHOM Mac-
1mTade KOJMYeCTBEHHbBIE IToKa3aTeIu apeaja U MeCTO-
o0MTaHMS IIPU PETUOHAIBHBIX OLIEHKAX HYKIAIOTCS
B HEKOeM “IoHuxKarueM KoadduuueHte”. Takux
K03 (PUIIMEHTOB, HACKOJBKO M3BECTHO, HE BHIPA0O-
TaHo. OgHako npobjeMa MaciuTaba U UCIOJIb30BaHUS
KpUTEpUEB Ha perioHaJbHOM YPOBHE paccMaTpuBa-
erca B psae padbor (IUCN Red List categories.., 2012;
Zavarzin, Muchnik, 2005). JonyckaeTcsl, 4TO I1odajb-
Hasl OLIEHKA PEIKOCTU BHa MOXET HE COOTBETCTBOBATh
pEerMOHAIbHON WM HalMOHAIbHOM. C y4eTOM 3THUX
JOTYIIEHUIA OKOHYaTebHasl OLIEHKA PeAKOCTU Oblia
M3MEHEeHa Ha OAUH IIal B CTOPOHY MEHbIIE! YyIrpo3bl
(B 6oabIMHCTBE ciaydyaeB 10 VU — yrpoxaemslii). Pe-
3yJIbTAThl IO OLIEHKE CTaTyca Yrpo3bl UCUE3HOBEHMUS
BUIOB T'puOOB Ha TeppuTopun PocToBckoit 06i1. nipen-
CTaBJIEHHI B Ta0JI. 2.

Ta6mna 2. Cricok BUIOB TprO0B, mpemiaraeMbeix B KpacHyto kHury PoctoBckoit 0611, 2024 1. ¢ olleHKOiT peIKOCTH

Kareropust
B KpacHoii kHure
PocToBckoit
o6aactu 2014 1.

Takcon

Craryc
yIpO3bI
VCYEC3HOBEHUSI

XapakTepucTuka

Sarcosphaera
coronaria (Jacq.)
J. Schrot.

Agaricus
moellerianus Bon

MUKOJOT'UA U PUTOITATOJIOT U

TOM 58

Ascomycota
Pezizales
Pezizaceae

CampoTpo@d ryMyCOBBIit; BO3MOXHO, MUKOPH3000pa30BaTeIb
C XBOMHBIMU U JTUCTBEHHBIMU (0COOEHHO Oepe3oii) Mmopo-
naMu. B obGiactu pacteT B pa3HOTPaBHO-TUITYAKOBOM CTENIN
¢ Caragana frutex.

JInvutupytomue pakTophl: YHUYTOXEHUE U IeTpagalldst MeCTO-
OOUTAaHUI B XOIE XO3SIMCTBEHHOM NesITeIbHOCTH (pacIialka,
BBDKUTAHHE PACTUTCIIFHOCTH); TPEOOBATEILHOCTD K COCTABY
ITOYB.

PexomennoBan B KK P® (2023) co cratycom Y/VU.

Basidiomycota
Agaricales
Agaricaceae

I'ymycoBsrit canipotpod. [Ipouspacraet Ha mouYBe B MOMMEH-
HBIX 3PEJIbIX TOIIOJIEBHIX JIeCaX, B MCKYCCTBEHHBIX HACAXKICHUSIX
¢ npeobjagaHreM TOTOJIS M ONMYABIINX Calax.

Ne 6 2024

VU C2a(i)

VU
Blab(iii)
B2ab(iii)
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Kareropus
. Craryc
Takcon B Kpachoii KHUTe XapakTepucTrka YTPO3bI
PocrtoBckoii
ob6mact; 2014 1. MCHCIHOBCHUA
JInmutupytomue GpakTopsl: cOOp IJIOAOBHIX TEJI HaceIeHU-
€M, CWJIbHAsI aHTPOIIOTeHHasl Harpy3ka Ha ouortomnsl. He uc-
KJII0Y€Ha BO3MOXHOCTh ITOJTHOTO YHUUTOXEHUS TTOMYISLIUU
B IMMOMMEHHBIX JIECOHACAKACHUSIX Ha 0. 3€JICHOM BCJICICTBUE
WHTEHCUBHOTO OCBOEHUS TEPPUTOPHUH.

Floccularia rickenii 3 I'ymycoBbeiii caniporpod. IIpouspacraetr B o0cHOBHOM B Haca- | DD
(Bohus) Wasser XKICHUSIX pPOOMHNH, a TAKXKE B ITMPOKOIUCTBEHHBIX Jiecax
ex Bon M HACaXAEHUSX C yYaCTUEM POOVMHUM U TIIEAUYUH.

Jlumutupytomue GakTopbl: BEpOSITHO, UMEET Y3KYI0 3KOJIOTHU-
YeCcKyIo MPpUYpOYEHHOCTh. Bo3MoXeH o1nbouHbIi cOop 10~
JTOBBIX TEJl HACEJIEHUEM, YXYAIIEHNE COCTOSTHUSI MECTOOOMTA -
HWI BCJIENCTBUE CUJIBHOW aHTPOIIOTE€HHOMW HAarpy3Ku.

Leucoagaricus 3 I'ymycoBsiii canporpod. O6uTaer B MOMMEHHBIX JTUCTBEH- | VU
sublittoralis HBIX Jecax, IO ONyIIKaM, Ha JISTKMX ITeCUaHMUCTHIX uiu | Blab(iii)
(Kiihner ex M3BECTKOBO-TTIMHUCTBIX ITOYBAX. B2ab(iii)
Hora) Singer Jlumutupyoime ¢GakTopbl: HE U3YUYEHBI.

Leucocoprinus 3 I'ymycoBbsliii canmpotpod. ObuTaeTt B nmoiiMeHHbIX U Oaiipaunbix | VU
badhamii (Berk. JIMCTBEHHBIX Jiecax Ha 6oraThIX MOYBaXx. Blab(iii)
et Broome) Jlumutupytomue ¢hakTopbl: HE U3YYECHBI. B2ab(iii)
Locq.

Amanitaceae

Amanita 3 MukopuszoobpaszoBatenb. OOUTAeT B IIMPOKOJIUCTBeHHBIX | VU
echinocephala (B T.4. TOMMEHHBIX) U CMEIIaHHBIX JIecax ¢ ygacTuem ayoa, | Blab(iii)
(Vittad.) Quél. MpEeuMYILLIEeCTBEHHO Ha O0oraToi KaJblIMHUPOBAHHOI MOYBeE,

a TaKKe B COCHOBBIX HaCaXKICHUSIX Ha TecKax.

Jlumutupyromme hakTopsl: He N3yYeHBHI.

Entolomataceae

Entoloma 2 Muxkopuzoobpa3oBarenb. PacteT 6onbimmu rpymnmnamu B jgecax | VU
lividoalbum U HAaCaXIEeHUSX ¢ mpeobiagaHueM ay0a, B mapkax u camax. | Blab(iii)
(Kuhn. et IIpennouyuTaet 6orarbie TYMYCOM IOYBBI.

Romagn.) JInmuTupyomme (pakTophl: BEICOKAsi aHTPOIIOTeHHasI Harpy3Ka
Kubicka Ha MecTooOUTaHus (peKpealusi, JECHbIE MOXKaphl, BHITIAC CKO-
Ta B Jiecax M Ip.). MaccoBblit cOOp IJIOAOBBIX TeJ HACEIEHUEM.

Pleurotaceae

Hohenbuehelia 3 I'ymycoBelii canpoTrpod. Pacter 6oabmumu ckoruieHUussMu | VU
petaloides (Bull.) Ha moyBe B AyOOBO-IIMPOKOJIUCTBEHHBIX Jecax U Hacaxe- | Blab(iii)
Schulzer HUSX, HAa OOraToil OpraHMKOM MOYBE CPEeAr PACTUTEIbHBIX

OCTAaTKOB.

JIumutupytoniye (pakTopsl: BEICOKass aHTPOIIOTeHHAsI Harpy3kKa

Ha MecTooOuTaHus (peKpealius, JIeHHbIe IToXaphbl, BbIMAC B Jie-

cax), UX yHUYTOXEHUE TIPYU OCBOCHUM TEPPUTOPUH TTOT 0ObEK-

ThI TPOMBIIIIJIEHHOTO M TPaXIaHCKOTO CTPOUTEILCTBA. Bo3mo-

JKeH cOOp TIIOMOBBIX TeJI HACETICHUEM.

Phelloriniaceae

Phellorinia 1 I'ymycoBeriit canipotpod. IIpouspacraer B cTensx, moaymnyctsl- | VU
herculeana HSIX M MMYCTBIHSAX, Ha 3aKpeTlJIEHHBIX U Moay3akperuieHHbIX | Blab(iii)
(Pers.) Kreisel rneckax, Ha IMHUCTBIX mouyBax. [11000HOCUT HeperyaspHO,

eNVMHUYHO WJIM HeOosibinMu rpymnmaMu. KceporepMobuiib-
HBIU BU.
JInmuTupylomue ¢hakTOphl: OTPaHNICHHOCTDb JOCTYITHEIX Me-
CTOOOUTAHUM (CTETIN, TTOJIYITYCTHIHN).
MUKOJIOTUA U PUTOITATOJIOT U A TOM 58 Ne 6 2024
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Takcon

Kareropus
B KpacHoii kHure
PocrtoBckoii
ob6mact; 2014 1.

XapakTepucTrka

Craryc
YTPO3BI
MCYE3HOBEHUS

Melanogaster
broomeanus
Berk.

M. variegatus
(Vittad.) Tul. et
C. Tul.

Geastrum berkeleyi
Massee

G. corollinum
(Batsch) Hollés

G. saccatum Fr.

Gastrosporium
simplex Mattir.

Ganoderma
lucidum (Curtis)
P. Karst.

Boletales
Paxillaceae

Muxkopuszoobpa3oBaTesib ¢ JMCTBEHHBIMU MOPOJaMU, YacTO
¢ nyooM. B obiacTu HalineH B CMeIIaHHOM JTMCTBEHHOM IMO-
caznke ¢ yuactveM ay6a. [lomoBble Tena 00pa3yloTcs B ITOYBE
WJTA TIOACTUJIKE TPYITIIaMH.

JlumuTupylone ¢hakTopbl: COKpallieHUe IUIOLAAN U YXY/IIIe-
HHME COCTOSIHMSI JIMCTBEHHBIX JIECOB C ydacTueM ny0a.

Mukopu3oo6pa3oBareiib ¢ JUCTBEHHBIMU IIOPOAAMU, YacTO
¢ nyooM. B obnacTu HaligeH B OalipayHbIX Jiecax U CMelllaH-
HOM JINCTBEHHOI TTocaaKe ¢ yuyactueM mayoa. [liiomoBbie Tena
00pasyloTcs B TTOYBE WU TTOACTHIIKE TPYIITAMHU.

JlumuTupylore ¢hakTopbl: COKpalleHUe MUIOLAAN U YXy/ILIe-
HHE COCTOSIHUSI JIMCTBEHHBIX JIECOB C ydacTueM Iy0a.

Geastrales
Geastraceae

CanpoTpod ryMycoBbIi U TTONCTUIOUHBIN, BCTPEYaeTCs B CyXUX
M3pEXEHHBIX JiecaxX U JIECOTOCaaKaX, OOBIYHO MO HECKOJIBKY
9K3EMIUISIPOB, TIJIOAOHOIIIEHUE He exerogHoe. CpoKu IIom0-
HOILLUEHUS He YCTAHOBJIEHBI, [I0CKOJIbKY OOHAPYKUBAIIUCH YXKE
cTapble IJIONOBbBIE Tea.

JIumuTupyomme ¢GakTopbl: He U3yUYEHBI.

CanpoTpo@ rymMycoBblii U OACTUIOUHBIN, BCTpEeUYaeTcs B Ka-
MEHMCTBIX CTEMSIX U U3PEKEHHBbIX OaiipauyHbIX jJecax. Cpoku
TUTONOHOIIEHHST HEe YCTAaHOBJIEHBI, TTOCKOJIBKY OOHApYKUBa-
JINCH y3Ke CTapble TUTONOBBIC Tea.

JInmutupytonire ¢hakTophl: He U3yICHEL.

Canporpod ryMycoBbIii 1 TOACTIJIOUHEIN. Berpewaercst He-
OOJBIIUMHM I'PYNIIAMHU B MIOMMEHHBIX U 0alipayHBIX Jiecax,
HacaXIeHUSIX JUCTBEHHBIX MOPO/I.

JInmuTtupylomue ¢hakTophl: peKpeallioHHAasT U TTacTopabHast
Harpy3kKa Ha MECTOOOUTAHUS — IS IIOMYJISIIN, HAXOMS X~
csI BOJIM3HM HACEJICHHBIX ITYHKTOB.

Phallales
Gastrosporiaceae

I'ymycoBbIil canipoTpod, MpeanoaaraTcs CUMOMOTUYECKHE
B3aMMOOTHOIIEHUS C BuIaMu KoBbuiei. [lnomoHomeHue
noaymnoa3demMHoe. CTeHOOMOHTHBIN BUJI, MPOU3pACTaeT B lie-
JIMHHBIX TUITYaKOBO-KOBBUIBHBIX CTEIISIX Ha JIETKUX ITOYBAX
Ha XOpOIIIO TIPOrpeBaeMbIX MeCTaX, IUIOHOHOCUT HeOOIbIIN-
MM TPYIIIIaMHU.

JIumuTupyomme pakTophl: COKpalleHe MeCT OOUTaHUI — 1ie-
JIMHHBIX KOBBUIbHBIX CTEIICH.

Buecen B criicok MCOIT B kateropuu NT (A2¢+3c+4c¢)) (Berube
etal., 2019), pekomernoBaH B KK P® (2023) co crarycom Y/VU.

Polyporales
Ganodermataceae

Kcunocanporpod; BbI3bIBaeT KOPPO3HMOHHYIO THUJIb ApEBe-
cuHbIl. B 061actu pacTeT Ha MHSX, KPYITHOM BaJiexXe M CyXO-
CTOMHBIX AEPEBbIX JUCTBEHHBIX MOPOJ B Jiecax U Hacaxie-
HUSX, B MapKax, CKBepax.

VU
Blab(iii)

VU
Blab(iii)

VU
Blab(iii)

VU
Blab(iii)

LC
Blab(iii)

VU
Blab(iii)
B2ab(iii)

EN
Blab(iii)
B2abiii)

MUKOJOT'UA U PUTOITATOJIOT U
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Kareropus
B KpacHoii kHure
PocrtoBckoii
ob6mact; 2014 1.

Craryc
YTPO3BI
MCYE3HOBEHUS

Takcon XapakTeprucThKa

Jlumutupytomue (pakTophl: reorpaduieckast U30JUPOBAHHOCTh
MMOMYJISILINI, MX OJTM30CTh K HACEJICHHBIM ITYHKTaM U CBSI3aH-
HbIE C 3TUM HapylLIeHUsI cpeabl oOuTaHus (pekpeauus, pyo-
KM yxoja B mapkoBoii 3oHe PoctoBa-Ha-/loHy u np.). Coop
TIJIOOBBIX T€JT HaceJIeHUEM BBUIY UX NEKOPATUBHBIX U JieKap-
CTBEHHBIX Ka4eCTB.

Bxirouen k KK P® (2008), pekoMeHIOBaH B HOBOE M3IaHNE
KK P® (2023) co cratycom Y/VU.

Polyporaceae

CanpoTpodHo-napa3suTuYecKuii TUIT nmuTaHusi. BcTtpeuaercs
B CTETISIX Y OCHOBAHUS XKUBBIX WJIN CYXUX AEPHUH ILJIOTHO-
JIEpHOBUHHBIX 371aKOB (Agropyron, Stipa, Koeleria, Festuca),
MJIOOHOCUT OJMHOYHO MJIW HEOOJIBIIUMHM Tpynmamu (rmo 1—3
TJIOMOBBIX TeJla Ha IepHUHE).

Jlumutupytomue GakTopbl: Xo3sICTBEHHAsI NESITEIbHOCTD,
Beaylllasi K MCYE3HOBEHUIO TUIOTHO-AEPHOBUHHBIX 3J1aKOB
M3 TpaBOCTOS (pacrmalnika IeJIWHHBIX CTeTleii, ITepeBhITac).
YHUUTOXEHNE JTePHUH 3JIaKOB TIPU TToXKapax.

Bun BHeceH B cucok MCOII ¢ kareropueit VU (C2a(i))
(Krisai-Greilhuber, 2019), pexomennoBan B KK P® (2023)

VU
Blabiii)
B2ab(iii)

Polyporus 3
rhizophilus (Pat.)
Sacc. = Picipes
rhizophilus (Pat.)
J.L. Zhou et
B.K. Cui

co crarycom Y/VU.

SAK/IIOYEHUE

ITpumeHeHue KputepueB MexXaIyHaApOIHOTO COIO-
3a OXpaHbl NPUPOBI IO OTHOLLIEHUIO K rprubdaM u Apy-
TMM MUKPOCKOMUYECKUM OpraHu3MaM MMeEeT omnpese-
JIEHHbIE CJIOKHOCTHM, CBSI3aHHBIE C HEBO3MOXKHOCTBIO
B OOJIBIIMHCTBE CJlydyaeB OLEHUTbL pa3Mephl MOy -
MU, YUCJIEHHOCTh MHAUBUAYYMOB. Haubosee mnep-
CIEKTUBHBIM JIs1 OLIECHKM PEIKOCTU BUIOB, Ha MOM
B3IJIsIA, SABsieTcsl KpuTepuil B (reorpacduueckoe pac-
npocTpaHeHue: apean U Mmectoooutanue). IpumeHe-
Hue kputepreB MCOII Ha permoHaJIbLHOM YPOBHE TaK-
K€ UMeeT oIpeaeeHHbIe coXHOCTU. [Tpu pernoHanb-
HBIX OLIEHKAX PEIKOCTU U yTPOKaeMOCTHU HeoOxonmuma
pa3paboTKa YETKUX “TIOHMXKAIIIKUX KO3(hOUIIUEHTOB”
B 3aBMCUMOCTH OT IIOIIAAN PaCCMaTPUBAEMBbIX TEPPH-
TOPUAJIBHEIX BBIICIOB.

NccnenoBaHue BBIMOJHEHO B paMKax peaau3aluuu
roczaganus IOHL PAH Ne 122020100332-8.
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Species of Fungi Recommended in the Red Data Book of the Rostov Region
on the Basis of the IUCN Criteria

Yu. A. Rebriev®*

@ Southern Scientific Centre of the Russian Academy of Sciences, Rostov-on-Don, Russia
#e-mail: rebriev@yandex.ru

Using the example of the preparation of the third edition of the Red data book of the Rostov Region (section
Fungi), the experience of applying criteria developed by the International Union for Conservation of Nature
is presented. Until recently, the assessment of rarity and threats was carried out using traditionally accepted
methods in Russia and often allowed for a significant degree of subjectivity. The IUCN criteria are based on
quantitative assessments, which permit a more of accurate evaluation of species status and associated threats. The
introduction of new assessment criteria frequently results in a notable revision of the lists of species proposed for
protection, with the exclusion of a considerable number of species. The application of most criteria in relation
to fungi is exceedingly challenging. Criterion B (geographical distribution: extent of occurrence and area of
occupancy) is the most adequate, which allows to indirectly assess the degree of threat of extinction of the species
in the territory under consideration. Since the IUCN criteria have been developed for assessment at the global
level, it is necessary to develop clearer recommendations for work at the regional level regarding the assessment
of the area of areal and habitat.

Keywords: areal, categories, habitat, mycobiota, species conservation, threatened species
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B opanxepesix u Teruuiiax JloHeikoro 6oraHudeckoro cana 3a 12-netHuii nepuon (2007—2008 u 2015—2024 rr.)
0oOHapyKeHo 26 BUIOB MAaKPOMMUIIETOB U3 ABYX OTAENOB — Basidiomycota (23 Buna, 88%) u Ascomycota (3 Buna,
12%). Cemb BunoB — Cyathus striatus, Gymnopilus liquiritiae, Mycena epipterygia, M. leptocephala, Panaeolus
fimicola, Peziza varia, P. vesiculosa BIiepBbIe yKa3aHbI IUISI TEPPUTOPUN OOTAHWUIECKOTO cana. BumoBoe pasHoo-
Opa3re MaKpOMMIIETOB 3aKPBITOrO I'PYHTa 0Ka3aJI0Ch HU3KKUM — 3IeCh OTMEUEHO TOJIbKO 10—18% BUOOB 13 13-
BECTHBIX JJIS1 aHTPOIIOTEHHO U3MEHEHHBIX (huTOLeH030B JloHbacca. B BumoBoM criekTpe npeodaaganu Mysib-
TUpErnoHaJIbHbIe KocMoNoJUTH (20 BumoB, 77%), B TpoHIECKOM CIIeKTpe — carpoTpodsl (17 Bunos, 65%).
OtMeueHo Ba MKa GopMUpPOBaHUS TUTONOBBIX TeJl: 3MMHUI — B STHBape U (peBpajie, U OCEHHUI — B OKTsOpeE.
Coo01ecTBa MAKPOMUIIETOB B OpaHXKePesIX M TEIDIUIIAX IIPEACTAaBICHEI CIyJalfHO 3aHECEHHBIMU BUAAMU. 3aHOC
TprOOB B 3aKPBITHII TPYHT IMPOUCXOINII C OPTAaHUYECKUMHU CYyOCTpaTaMHi MECTHOTO ¥ IMITOPTHOTO TTPOMCXOXKIIE-
HUS. DTO MOXET CITIOCOOCTBOBATH MTPOHUKHOBEHMIO B PETHOH YY>KEPOTHBIX I'PUOOB U UX JaJTbHENIIIeH HaTypa-
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Karouegoie crosa: buopasnoodpasue, b6oTaHndeckuii can, JJondacc, MaKpOMULETBI, OPaHXEPEU, TyKEPOIHBIE
rpUObI

DOI: 10.31857/S0026364824060041, EDN: uoawkz

BBEJIEHUE

PactutenbHble cooOllecTBA OOTAHUUYECKUX CAdOB
MNpeacTaBIsIOT cOO0i YHUKAbHOE cCoueTaHue aaBEeH-
TUBHBIX U MECTHBIX BUIOB. B Xoie LeseHanpaBieHHOMH
VHTPOAYKUMU PACTCHUN B KOJUIEKIIUY Y SKCITO3ULINU
MPOVCXOIUT HeTpeaTHAMEPEHHBIN 3aHOC COITYTCTBY-
OIIMX UM a0OpUTEHHBIX W YyXKEPOJIHBIX OPTaHU3MOB
(B T.4. TpubOB) — KaK C >KMBBIMM PACTCHUSIMU, TakK
M C OpraHuYeCKUMHU cyOcTpaTaMu, UCTIONb3YIOIUMU-
csl IIST VX BbIpalllMBaHUs (MepTBasl ApeBeCHMHa, KOM-
MOCT, TYMYyC, TOpd, TOTOBbIE TOYBOCMECU MHOCTPaAH-
HBIX ¥ OT€YeCTBEHHBIX IIpou3BoauTeneit). B pesynbraTe

Hayynas nndopManusg o MaKpoMUIleTaX, pa3Bu-
BaIOIIMXCS B YCIOBUSIX 3aKPBITOIO TpyHTa (OpaHXKe-
peu, TeIJUIlbl, HapHUKN), B OT€YECTBEHHON JuTe-
paType BecbMa cKydHa. B my0aukauusax poccuiicKux
¥ YKPaMHCKHUX MCCIENOBATENeH, IMTOCBIIIECHHBIX 13-
YYEHUI0O MUKOOMOTHI O0TAaHMYECKMX CaloB, IPUBO-
ISITCS CBEIEHUSI O BUIOBOM COCTaBe I'puOOB, IJIaB-
HBIM 00pa3om, B OTKphITOM TpyHTe (Wasser, 1974;
Soldatova, 1974; Wasser, Soldatova, 1977; Koretskiy,
1997; Zavodovskiy, 2013, 2016; Bondartseva et al., 2014;
Rusanov et al., 2018; Ruokolainen et al., 2020). I1Tpu
5TOM 0c000€e BHMMaHHUE YACISIETCS IepeBopa3pyla-

HacaxIeHUs 60TaHUYECKMX CaJoB CTAHOBSTCS TOYKA-
MU KOHILIEHTPAllUM He TOJBKO pa3IMYHBIX MECTHBIX
BUIOB IpUOOB, HO M MECTAMM aJalTalluy YyXXepOTHbIX
rpubOB K perMOHAIbHBIM YCIOBUSIM, CBOEOOPA3HBIM
IUIALIAPMOM JUISl MX TajbHEHIIero BHEAPEHUS B ecTe-
CTBEHHBIE (PUTOLIEHO3BI, YTO MOXET IPUBOIUTH K HE-
TaTUBHBIM 3KOJIOTUYECKIM M SKOHOMUYECKUM ITOCTICI -
ctBusiM (Desprez-Loustau, 2009; Szczepkowski et al.,
2014; Shiryaev et al., 2023).

IOIIUM, B YaCTHOCTHU, apuiiopopougHbIM rpudam,
MMEIOIUM BaXXHOe (PUTOMNATOJOTMYECKOe 3HAUCHUE
B apOopeTyMax, a Take HallOYBEHHBIM CaIllpOTPO-
(GHBIM TpubaM, IPUHUMAIOIINM aKTUBHOE ydacTue
B MUHEpaIu3allii pacTUTENbHBIX OCTaTKOB. Pa3Ho-
o0pa3ue MaKpOMUIIETOB, PAa3BUBAIOIINXCS B YCIOBU-
sIX 3aKPBITOrO TPYHTA, UCCIEI0BATIOCH 3HAUYUTEIbHO
pexe, xoTs B mocaenHue 10—15 net u3 ctpan LleHTp.
u Boct. EBponbl (IToabiia, Yexust, Cepbus, ABCTpus,
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I'epmanust, Poccug) crana mmoctymnaTh JOBOJBLHO 00-
mMpHas nHGopManus 00 arapuKOUIHBIX, aprmuiodo-
POUIHBIX U IPOYMX I'prOaX, BBISBISEMbIX B TEILIMIIAX
u opanxepesx (Pidlich-Aigner et al., 2002; Gubitz,
2011, 2012; Vukojevi¢ et al., 2016; Szczepkowski et al.,
2014; Szczepkowski et al., 2022; Shiryaev et al., 2023).
JleTanbHOE 9KOJOTUUYECKOE MCCenoBaHue a- 1 B-pas-
HoOoOpa3us ahuIo¢GpOopOUIHEIX TPOOB B OpaHXKepe-
ax 6oTanmueckux cagoB CaHkr-IleTepOypra, MocKkBbI
n ExatepunHOypra (1mog3oHa reMmudopeanrbHON pacTu-
TeJIbHOCTU) ObL10 mpoBeacHo A.T. IllupseBbiM U KoJI-
Jeramu (Shiryaev et al., 2023).

MOHUTOPUHT BUAOBOIO COCTaBa MaKpOMMIIETOB —
NpeacTaBUTENE pa3HbIX TAKCOHOMUYECKUX U 9KOJIOTHU -
YECKMX IPYIN B YCIOBUSIX 3aKPBITOTO IPYHTA MUHTEPECEH
KaK ¢ Hay4HOM, TaK U C IPaKTAUYECKON TOYKU 3PECHUS.
Tak, B apuIHBIX peruoHax 3aKPhIThI TPYHT MOXET CITy-
KUTb CBO€OOpa3HBIM “IIPOSIBUTENIEM” TE€X BUIOB IPU-
0OB, IJIOAOBBIE TeJIa KOTOPBIX HE (POPMUPYIOTCS (MU
(hopMuUpy1OTCS KpaliHe peaKo) B €CTECTBEHHBIX U UCKYC-
CTBEHHBbIX (DUTOLIEHO3aX M3-3a HEOJAaronpusITHBIX, 3a-
CYILIUIMBBIX MTOTOAHO-KJIMMATUYECKUX ycaoBuid. [Toato-
MY MCCJIEIOBAaHMS TaKOIO poAa pacIlMpsIOT NpeacTaBie-
HUS MCCliefoBareseid 00 3KOJI0IrMYECKOM TIaCTUYHOCTU
BUIOB, O pa3HOOOPa3uu MECTHOU MUKOOUOTHI. C Apy-
TOI CTOPOHBI, TAKOIT MOHUTOPUHT MO3BOJISIET OTCIEXKM -
BaTbh IOSIBJIEHNE B PETMOHE Yy>KePOAHbIX BUAOB I'pHUOOB,
Hen30eXXHO MoNaaaroluX B 00TaHUYECKUE Calbl BMECTE
C PACTEHUSIMU-WHTPONYLEHTAMHU U Pa3JIMYHBIMUA Opra-
HUYECKUMMU CcyOCTpaTamu.

HeTanbHoe M3ydyeHUE pa3HOOOpa3uss MaKpOMMU-
1IeTOB Ha TeppuTopum JloHeukoro 60TaHUYECKO-
ro cana (manee — ABC) npoBonunocy C.I1. Bacce-
pom u .M. ConmaroBoii B 1970-¢ rr. (Wasser, 1974;
Soldatova, 1974; Wasser, Soldatova, 1977). [1ocne nnu-
TEJIbHOI'O IIepephiBa UCCIEI0OBaHMSI BO30OHOBUINCH
yxe B HbiHelmHeM cTtojietuun (Leshan, Kurdyukova,
2006; Bulgakov, Bondarenko-Borisova, 2019). Ouu
ObUIM TOCBSIIEHBI U3YUYEHUIO BUIOBOIO COCTaBa Ma-
KPOMMIIETOB OTKPEITOTO TPyHTa — ITAPKOBOI 30HHI,
BKCIO3ULUIN U KOJUIEKIINI IpeBeCHO-KyCTapHUKOBBIX
pacTeHMi, paCIIOJIOXEHHBIX B CEBEPHOM U IOXXKHOM
maccuBax IbC u Ha mpuierarommx ropoacKux Teppu-
topusix. CBegeHUs o rpubax 3akpsiToro rpyHra J1bC
TIPUBOISTCS BIIEPBbIE.

Llenpio HamIero McciaenoBaHM OBIJIO M3yYeHNE BU-
JIOBOT'O pa3HOO0Opa3us MaKpOMMUIIETOB B OpaHKepeitHO-
teruim4HoM KoMmiuiekce JIBC.

MATEPHAJIbI U METObI

OBC pacnojioxxeH B cTeIlHOIi 30He, Ha JloHOacce
(ceBepHag yactb HJoHeuxkoit HaponHoit Pecriyoauku,
1oxkHasg 4actb Jlyranckoit HapoaHoii Pecny6anku,
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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3amnaaHas yactb PocToBcKoit 00:1.), Ha rpaHule T. o-
HELIK 1 T. MakeeBKa, B ICHTPE KPYITHO IIPOMBIIIUICH-
Holt amtomepanuu. O61mad womans Caga — 2.03 kv?
OpamxepeitHO-TenTMIHBIN KoMmIuieke JIBC (manee —
OTK) dopmupoBaics Ha npoTsekeHun 1971—1990 rr.
B HacTosmiee Bpems IUIOIIAAb 3aKPHITOIO I'PYHTA CO-
crasisieT okoso 5000 M2, OH mpencTaBieH MATHIO
donmoBbeiMu opaHxepesmu (2200 M?) U TEINIMIYHBIM
KOMILIEKCOM, BKJIIOUAIOIINM OeBSTh TEIUIMI] OOIIeii
miomtanbio 2888 Mm?. TexHWdeckKne M KOHCTPYKTUB-
Hble ocobeHHocT OTK He Mo3BONSIOT B IOCTATOYHOM
Mepe pEeryJImpoBaTh MUKPOKIMMATUUECKUI PEKUM
B TeUYEeHME roja, 4To CO3[aeT BeChMa HeCTaOMJIbHBIC
(Gornitskaya, Tkachuk, 1999), a nHorga u 3KcTpeMab-
HbIE YCJIOBUS JJISI pa3BUTHUSI TPUOOB.

O0BeKTaMu MCCAEAOBaHUS SIBIISLINCh MaKpOMMU-
HeThl, (OPMUPYIOIINE IIJIOIOBHIC TeIa B OpaHKepesIX
n terniax AbC. MartepuanaMu 1T HACTOSIIEH ITy-
OIMKALIK TTOCTYXKUIN HAOMIOAeHNS 3a IOSIBJICHUEM
¥ pa3BUTHEM pa3NMYHBIX BUAOB IrprtdboB B OTK, mpo-
BoAMMBIe Ha TpoTskeHnn 12 met: B 2007—2008 1T
¥ TIOCJIe TIecThaeTHeTo nepepbiBa — B 2015—2024 .
C nmepnonnMYHOCThIO ONMH-IBA pa3a B MecsIl 00cie-
TOBAINCH 3KCIIO3UIIMH, KOJJIESKIINHU, YIaCTKI Bere-
TaTuBHOTO pasMHoXeHMs pacteHuit B OTK. ITaomo-
BBIE TeJla MAaKpPOMMIIETOB ObLIM COOpaHBI B COOTBET-
CTBUH C OOIICTIPUHSITHIMA B MUKOJIOTHM METOTUKAMU
(Bondartsev, Singer, 1950; Clémencon, 2009; Ivoylov
et al., 2017). YIUTHIBAJINCH TOJIHKO T¢ BUIBI MAKPOMM-
IIETOB, KOTOpbIe 00pa30BBIBAJIM IUIOMOBEIC TeJIa B yC-
JIOBHMSIX 3aKPBITOrO ITpyHTA. 3pefible IJIOAOBEIC Tea,
ciaydaiiHo 3aHeceHHbIe B OTK ¢ pasnmnyHbIMM OpraHu-
YeCKMMHM MaTepHhalaMy, He YUUTHIBAJINCE.

NaenTnduKannio MakKpOMHUIETOB OCYIIECTBIISLIN
o onpenenurensaM (Definitorium.., 1969, 1972, 1979;
Smitskaya, 1980; Wasser, 1980, 1992; Bondartseva, 1998;
Pridyuk, 2015) n cipaBounbiM m3manusm (Laessoe, 2003;
Lincoff, 2006). TakcoHOMHUuYecKas KiaacCubUKALIUI U BU-
JIOBBIC HA3BaHUS TPMOOB IIPUBEICHBI COIJIACHO OTKPBITOM
6a3e ganHbIx MycoBank (2024). Tpodudaeckue rpyImb
TrprOOB-MaKPOMMIIETOB BBIIEJICHBI COIIACHO KiIaccuu-
kamu A.E. Koanenko (Kovalenko, 1980): carrporpodbl
(So — rpuOEI, pa3BUBaIOIINECS NCKIIIOYUTEIBHO HA MEPT-
BBIX OPTaHMYEeCKMX CyOCTpaTax — Ha IMOACTWIKE, TyMY-
ce, pa3niaralomieiicss peBecrHe, SKCKpeMeHTaxX 1 IIpod.);
cnMbrotrpodsl (Mr — MUKOpM3000pa3oBaTesin) 1 610-
tpodbl (Pf — dakymsraTuBHBIE Apa3UTHI, pa3BUBalIO-
myecs 0OBIYHO Ha OTMepIIeil IpeBecHHe, HO CII0CO0-
HBIC BBI3BIBATHh THWIN Y KMBEIX IPEBECHBIX PACTCHUIA,
Sf — daxkynbraTUBHBIC CAIIPOTPOMBI, 3aCEISIONINE K-
BBIE JCPEBbsI, BHI3BIBAIOIINE THUIM 1 IIPOIOJLKAIOIINE
HEKOTOpOEe BpeMsI pPa3BUBaThCSl HA OTMEpIIEH IpeBecH-
He). Apeaibl TPMOOB YKa3aHbl B COOTBETCTBUU C KJIACCH-
(ukamueit reorpad®UIECKUX BHIIEIOB, IIPEIIOKCHHOM
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C.I1. Baccepom (Wasser, 1980) 1 maHHBIMHU O pacIIpoCTpa-
HEHMM BUIOB, colepxKalunumucs B 6aze [lmodanrbHOro nH-
¢dopManoHHoro ¢goHaa no ouopazHooodpasuio (GBIF)
(https://www.gbif.org). CobpaHHBII MaTepraj XPaHUTCS
B JIaOOPATOPUM ITOYBEHHO-3KOJIOTMYECKUX UCCICIOBAHMIA
ABC.

PE3VJIBTATBI

3a 12-neTHuUit mepuon HaOMOOEHUI B OpaHXepesX
u terunax JIbC 6bU10 3auKCUPOBaHO 26 BUIOB MaKpO-
MMUIIETOB U3 IBYX OTIEIIOB — Ascomycota 1 Basidiomycota.
Hizxe npencrasieH aHHOTUPOBAHHBIN CITUCOK TPUOOB, OT-
meueHHbIX B OTK. YkazaHbl JaThl U TOYKU OOHAPYKEHUST
KaXIOoro BUia, CyOCTpaThl, HA KOTOPBIX OH OBUT BHISIBJICH,
a Tak>ke 4acToTa BCTPEUaeMOCTHU (penKo — BUI OTMEUYEH
3a BeCh IIepHOIT HAOJIONEHNI OMHO-IBYKPAaTHO; TIEpUOII-
YECKN — BHUJI OTMEUAJICS B OTIE/IBHBIC TOMBI; €XKETOMHO —
BUI PETMCTPUPOBAJICS €XeTOMHO, MHOILIA 32 UCKITIOUEHUEM
OITHOTO-IBYX JieT). [IprBeneHbI TMTEpaTypHBIC CBEICHMS
0 Haxonkax BuaoB Ha Tepputopun JIbC, loHeukoii u JIy-
ranckoit Haponaeix Pecrryonuk. B criicke comepskarcst
CJIEMyIONIME YCIOBHBIE 0003HAYEHMS: 3BE3M0YKOI 0003Ha-
YeHbl BUAbI, HE YKa3aHHbIe paHee s JIbC, a Takske aist
Honenkoit u JIyranckoit Haponabix Pecrryonmuk; Mr, Pf,
Sf, So — Tpocduueckue rpymmsl; T — TETUIMIBI YCKOPEHHO-
1o pasMHOXeHUs, PO — HOHIOBBIE OpaHKEPEN.

Ascomycota
Pezizomycetes
Pezizales
Pezizaceae

* Peziza varia (Hedw.) R6hl. — mouBocMmecu ¢ no6aBieHUEM JIMCTBEHHOM
3eMJIM; SO; MYJIBTUPETMOHAIbHBII, KocmomnoauT; T: 11.01.2007, 21.01.2008,
16.01.2015, 03.11.2016, 17.11.2017, 12.10.2018, 25.10.2019, 20.02.2020,
03.02.2021, 14.02.2022, 30.01.2023, 13.02.2024; exeromaHo.

*P. vesiculosa Bull. — mouBocMecu ¢ 1o06aBIeHUEM JUCTBEHHOM 3eM-
JI Y OTNTUJIOK, TPYXJISIBBIE ITHU; SO; MYJBTUPETMOHAIbHBINA, KOCMOITOJIUT;
T: 11.01.2007, 21.01.2008, 16.01.2015, 03.11.2016, 17.11.2017, 12.10.2018,
25.10.2019, 20.02.2020, 03.02.2021, 14.02.2022, 30.01.2023, 13.02.2024;
€XETOIHO.

Sordariomycetes
Xylariales
Xylariaceae

Xylaria sp. gr. hypoxylon — TpyxnsBbiit neHb Casuarina cunninghamiana
Migq.; So; ®O: 26.11.2021; penxo.

Basidiomycota
Agaricomycetes
Agaricales
Agaricaceae

Agaricus bisporus (J.E. Lange) Imbach — mouBeHHBIIi cyOCTpaT ¢ 106aB-
JICHUEM HaBo3a; So; MyJIbTUpEeTMOHaNIbHbII, KocMononuT; T: 21.01.2008;
penko (Leshan, Kurdyukova, 2006).

MUKOJOTI'A U ®PUTOITATOJIOTUA

BOHIJAPEHKO-BOPUCOBA, TPUCKHWBA

*Cyathus striatus (Huds.) Willd. — Ha pa3yiioxuBuieiicsi 1peBeCUHE,
Ha I0YBE ¢ TO0aBIEHUEM TIEPENPEBIIETO HABO3a B IIBETOYHBIX KOHTEHE-
pax; So; MyJIbTUPErHOHANBHEIN, KocMmoronuT; ®O; 26—28.04.2016; penko.

Lepiota cristata (Bolton) P. Kumm. — B OCHOBaHUM THEi JTUCTBEH-
HBIX TIOPOII, Ha cyOcTparte ¢ qoOaBIeHNeM rymyca; So; MyJTbTUPEeTHOHAIb-
HbIi1, Kocmomnosut; PO; 03.06.2020, 14.01.2022, 11.07.2022; meprognaecKu
(Leshan, Kurdyukova, 2006; Dudka et al., 2009).

Leucocoprinus birnbaumii Singer — Ha TTOYUBOCMECH 3apyOEKHOTO TMPO-
MU3BOACTBA ¢ fo0aBieHUeM Topda U rymyca, Ha TPYXJIsIBbIX ITHSX U KOPsi-
Tax JIMCTBEHHBIX MOPOI; SO; MyJIBTUPETUOHATIBHBIN, CyOTPOTTMIECKUIT BUT;
®O: 12—-13.12.2019, 21-28.02.2022, 11.03.2022, 13.07.2022; nepuoanyecku
(Bondarenko-Borisova, 2023).

Amanitaceae

Amanita vaginata (Bull.) Lam. — MyJipuMpytoiuii Matepuan (OMnwiku,
1ena) ¢ MpUMechlo MouBbl; SO, Mr; MyJIbTUPErMOHANIbHBIN, KOCMOIIOJINUT;
T: 21-23.01.2008; peaxo (Leshan, Kurdyukova, 2006).

Clitocybaceae

Collybia sordida (Schumach.) Z.M. He et Zhu L. Yang — Ha paznarato-
1Ieicst Kope, Ha MHe JTMCTBeHHO# moposl; Pf; MynsTipernoHanbHbIi, KOC-
mornonut; ®O: 09.02.2024; penko (Biodiversity.., 2009).

Galeropsidaceae

* Panaeolus fimicola (Fr.) Quél. — Ha MOUBEHHOM cyOcTpaTe ¢ IMpuMe-
cbI0 Top(ha; KOMITOCTa U OMIIOK; SO; MyJTBTUPETMOHAIBHBIN, KOCMOIIOJINT;
T: 13.02.2024; penxo.

Lyophyllaceae

Ossicaulis lignatilis (Pers.) Redhead et Ginns — Ha TTHe JIUCTBEHHOI1 MO~
ponpbl; Pf; ronapkrrueckuii, HemopaibHbiid; PO: 03.06.2020; penko (Dudka
et al., 2009).

Mycenaceae

* Mycena epipterygia (Scop.) Gray — Ha KycouKkax KOpbl, Ha TOYBEHHOM
cyOcTpare go6aBIeHUEM TyMyca U OMUIOK; SO; MYJIBTUPETrMOHAbHbIH, He-
MopanbHblii; PO: 15.07.2022; penko.

*M. leptocephala (Pers.) Gillet — Ha MoUBeHHOM CyOCTpaTe ¢ MPUMECHIO
OMUJIOK U TePernpeBIIero KOHCKOTO HaBo3a; S0; MyJIbTUPErMOHATbHBINI,
kocmornonut; T: 08.10.2007; penko.

M. tintinnabulum (Paulet) Quél. — Ha MOUBEeHHOM cyOcTpaTe C pume-
CbIO OMWJIOK; S0; rojapkTu4eckuii, HemopanbHbiii; T: 10.02.2022; penko
(Wasser, Soldatova, 1977).

Pleurotaceae

Pleurotus ostreatus (Jacq.) P. Kumm. — Ha 1menyxe ceMsIHOK TTOICOJI-
HeuyHMKa (O0TpabOTaHHBIN CyOCTpaT rpuOOBOIYECKOTO X03siicTBa); Sp;
MYJTBTUPETMOHANBHBIN, KocMomionuT; T: 10.10.2019, 03.11.2019, 13.12.2019;
24.10.2020, 27.12.2020; 12.02.2024; nepuomnuecku (Wasser, Soldatova, 1977;
Leshan, Kurdyukova, 2006; Bulgakov, Bondarenko-Borisova, 2019).

Pluteaceae

Pluteus cervinus (Schaeff.) P. Kumm. — nouBocmech ¢ 1006aBJIeHUEM OIMU-
JIOK, CyOCTparT ¢ MIPUMECHIO JTUCTBEHHOM 3eMJIH; SO; MyTBTUPETMOHATBHBIIHA,
kocmoronuT; DO: 13.12.2019; T: 08.10.2007, 21—23.01.2008; neproaryecku
(Wasser, 1974; Biodiversity.., 2009; Bulgakov, Bondarenko-Borisova, 2019).

Psathyrellaceae

Coprinellus micaceus (Bull.) Vilgalys, Hopple et Jacq. Johnson — Ha rmou-
BEHHOM cyOCTpare ¢ Jo0aBIEHUEM PA3IOKHUBIIIETOCS HABO3a U OIIIOK; SO;
MYJIBTUPETMOHANBHBIN, KocMonionuT; T: 17.12.2021, 13.01.2022, 23.10.2023;
nepuonnuecku (Wasser, Soldatova, 1977; Leshan, Kurdyukova, 2006;
Bulgakov, Bondarenko-Borisova, 2019).
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C. truncorum (Scop.) Redhead, Vilgalys et Moncalvo — Ha MOYBEHHOM
cyocTpare ¢ 106aBlieHUEM Pa3IoKUBIIIErOCsl HABO3a U ONMUJIOK; SO; rojap-
KTuyeckuii, kocmononut; T: 13.02.2024; peaxo (Biodiversity.., 2009; Dudka
et al., 2009).

Strophariaceae

*Gymnopilus liquiritiae (Pers.) P. Karst. — Ha cyGcTpare ¢ moGasiie-
HUEM TyMyca M IPUMECHIO ONMMIJIOK; SO; roJJapKTUYeCKUi, GopeaTbHO-
HemopaibHbiit; T: 13.02.2024; penko.

Pholiota aurivella (Batsch) P. Kumm. — Ha cniuiax CTBOJIOB UBBI U TO-
nosist; Pf; MynbrupernoHanbHbiit, kocmornoaut; @O: 19.10.2015; penko
(Wasser, Soldatova, 1977; Bulgakov, Bondarenko-Borisova, 2019).

Ph. populnea (Pers.) Kuyper et Tjall.-Beuk. — Ha nmHsIX u ¢parMeHTax
crBosioB Tonoist; Pf; Tonapkruueckuii, HemopanbHblii; @O: 30.09.2008,
10.02.2016; 21.10.2016; 19.02.2017; 11.10.2017; nepuonuvecku (Bulgakov,
Bondarenko-Borisova, 2019).

Ph. squarrosa (Vahl) P. Kumm. — Ha ¢parMeHTax CTBOJIOB TOIO-
s v uBbl; Pf; MyabTuperuoHaabHbiii, kocMormnoaut; PO: 10. 02.2016;
21.10.2016; 19.02.2017; 11.10.2017; nmepuomnuecku (Dudka et al., 2009;
Biodiversity.., 2009; Bulgakov, Bondarenko-Borisova, 2019).

Polyporales
Fomitopsidaceae

Daedalea quercina (L.) Pers. — Ha CBeXeCTUJIEHHOM yOOBOM ITHE;
Sf/Pf; myasTupernoHanbHbliii, HemopanbHbiii; T: 08.10.2007; penko (Wasser,
Soldatova, 1977; Dudka et al., 2009; Bulgakov, Bondarenko-Borisova, 2019).

Phanerochaetaceae

Bjerkandera adusta (Willd.) P. Karst. — Ha CBeXeCIMIEHHBIX ITHIX Oe-
pesbl; Pf; MynbrupernoHanbHblil, HeMopanbHblii; T: 13.01.2022; penko
(Leshan, Kurdyukova, 2006; Bulgakov, Bondarenko-Borisova, 2019).

Polyporaceae

Ganoderma applanatum (Pers.) Pat. — Ha cBeXECHMJIEHHBIX MHX
JIMCTBEeHHBIX mopoxa; Pf/Sf; MynbTupernoHanbHbI, HEMOPAJIbHBIN;
T: 08.10.2007; penko (Soldatova, 1974; Wasser, Soldatova, 1977; Bulgakov,
Bondarenko-Borisova, 2019).

Trametes ochracea (Pers.) Gilb. et Ryvarden — Ha 1He JTMUCTBEHHOI1 1O~
ponbl, Ha ¢pparMeHTax cTBOJIOB Oepesnl; So/Pf; MynbTUperuoHanibHbIM,
kocmorronurt; T: 13.01.2022; penko (Leshan, Kurdyukova, 2006; Bulgakov,
Bondarenko-Borisova, 2019).

OBCYXIEHHUE

Muxko6uora OTK mnpencrapieHa ciydaiftHO 3aHECEH-
HBIMU BUOAMHU, CPSIA KOTOPBIX MPe00IagaloT MECTHBIC
rpu6sl (17 BugoB, 65%), paHee OTMEUECHHBIE MCCIIENO-
BaTesIMU Kak B apbopetyme JIbC, Tak U B pa3inyHbIX
(¢utoneHO3ax cTemHoit 30HH U JJoHOacca, B YaCTHO-
ctu. OkoJio yeTBepTH MakpoMuleToB (7 Bunos, 27%)
He BBISIBJISUTUCH paHee B JloHenkoit u Jlyranckoit Ha-
pomubix Pecriyonukax. 3ro Cyathus striatus, Gymnopilus
liquiritiae, Mycena epipterygia, M. leptocephala, Panaeolus
fimicola, Peziza varia, P. vesiculosa. Mukoonota OTK oexn-
Ha M0 CpaBHEHUIO ¢ pa3HOOOpa3reM MaKpOMUIIETOB aH-
TPOITIOT€HHO M3MEHEHHBIX COOOIIIECTB OTKPHITOTO TPYH-
Ta Ha COMPENEIbHBIX TeppUTOpHsX. 107151 0OHApYKEHHbBIX
BUIOB cocTaBiisieT 18% OT KoJaumdecTBa BUIOB I'pUOOB,
ykazaHHbIX 111 JIBC — 142 Buna (Leshan, Kurdyukova,
2006) u cootBercTBeHHO 10 11 14% OT KOJTMYECTBA BUIOB,
MUKOJIOTUS U GDUTOMATOJOIU A
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YKa3aHHBIX IS ASHAPOIIAapKOB U OOTAaHMYECKUX Ca-
OB cTelmHoM 30HbI Poccnut [257 BUAOB MaKpOMUIIETOB
(Rusanov et al., 2018)] n Ykpanns! [180 BUIOB BBICIITAX
6asumnomuiieToB (Wasser, Soldatova, 1977)]. benHocTb
mukoonoTel OTK monTBep:kmaercs pu cpaBHEHUN ee
C pa3HOOOpa3HeM OTIEIbHBIX TAKCOHOMUYECKUX U KO-
Jjorndeckux rpynmn rpudos Ha Tepputopun AbC. Taxk,
HarmpuMep, Ipylia KCUIoTPOGhHBIX 0a3UIMOMMIIE-
TOB, BBISIBJIEHHBIX B apooperyme A bC 3a maruneTHMit
Tepuo, HacunThIBaeT He MeHee 84 BumoBn (Bulgakov,
Bondarenko-Borisova, 2019), rpynma arapuKouaHbIX
rpuboB, OOHAPYKEHHBIX 32 YeThIpEe rojia UCCaeaoBaHU
B ABC, — cBriie 50 BunoB (Wasser, 1974), adbumiodo-
pounHbix — 35 BuAoB (Soldatova, 1974). OnHako BUIOBOE
6orarctBo MakpomuiieroB B OTK JIBC BronHe corocra-
BHMO C pa3HOOOpa3reM rpuboB B 3aKPLITOM TPYHTE JIpY-
rux 6otaHuyeckux cagos. Hanpumep, B 60TaHMUYECKOM
cany KOxHoro denepanbHOro yHUBepCcUTETA IJIST OpaH-
Kepeit uccaenoBaTeny yKasaiau yeTolpe Buaa (Rusanov et
al., 2018). B opanxepeitHoMm KomIuiekce boranmaeckoro
cana Ilerpa Benukoro 3a MHOTroJIeTHUI NEpUOI OTME-
yeH Bcero 21 Bun adpmmtoGOpOnIHBIX U reTepoda3nam-
anpHBIX TpubOoB (Bondartseva et al., 2014). B opanxepee
Borannueckoro cama “Jevremovac” (benrpan, Cepoust)
3a IBYXJIETHUI Mepuoa HaOIIOOeHWI BhIsiBIIeH 31 Bung
makpomuietoB (Vukojevié et al., 2016). B opamkepesix
Tpex 6oranmyeckux cagoB CaHkrt-Iletepoypra, MocKBbI
un Exatepun0Oypra 3a 20 JieT uccienoBaHuii BEISIBJICHO 58
BUIOB apmmtodopouaHbix rpubdos (Shiryaev et al., 2023).

B TaKCOHOMUYECKOM CIIEKTPE OTMEUEHHBIX TPUOOB
npeo0OJiagaloT MpeacTaBUTeIN otaena Basidiomycota
(23 Buna, 88%). Haubosee pasHOOOGpa3HbI arapuko-
unHbie rpudsl (18 BumoB u3 13 pomnos u 10 cemeiicTB).
I'pynna aprtoopouaHbIX TPUOOB BKIIFOYAET YEThI-
pe BUaa, OTHOCAIIMUXCS K Nopsaaky Polyporales. OnuH
Bua (Cyathus striatus) OTHOCUTCSI K TaCTE€pOUIHBIM Oa-
sunuomuneTamM. CymyaTeie TpuObI (Ascomycota) Tipe-
CTaBJICHBI TOJILKO TPEMSI BUIaMU U3 MOPSIAKOB Pezizales
u Xylariales.

B BugoBoM criekTpe mpeo0dyiagaroT MyJbTUPETUO-
HaJbHBIe KOcMonoauTHbie BUabl (20 BugoB, 77%),
BCTpeYamIIrecs B pa3HOOOpa3HBIX OMOTONAX Ha He-
ckoabkux martepukax. Yervipe Buna (Coprinellus
truncorum, Gymnopilus liquiritiae, Mycena tintinnabulum,
Pholiota populnea) MOXHO oxapaKTepu30BaTh KaK ro-
JapkTudeckue. HeMopanbpHyio TpyImmy o6pasyioT BO-
ceMb BUIOB — Bjerkandera adusta, Daedalea quercina,
Ganoderma applanatum, Gymnopilus liquiritiae, Mycena
epipterygia, M. tintinnabulum, Ossicaulis lignatilis,
Pholiota populnea, pacnpocTpaHeHHBIE B IIIMPOKOJIM-
CTBEHHBIX U CMEIIaHHBIX Jiecax. Cpeny HUX IIPUCYT-
CTBYIOT BHIbI, UMEIOIIE KaK MYJIBTUPETUOHAJIBHOE,
TaK M TOJIapKTUISCKOE pacIpoCTpaHeHNE.
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OTMedeHo IBa InKa (QOpPMUPOBAHUS IIOMOBBIX TEJ
MaKpOMMIIETOB: 3UMHMI (STHBaphb U (heBpalib) U OCECH-
HUit (OKTI0ph). UMEHHO B 3TH MeCSIIbI 32 BECh IIEPUO],
HaOJI0IEeHUI ObLIO BBISIBICHO MAKCUMAJIbHOE KOJIMYE-
CTBO BUIOB: IeBITh B sHBape, 11 B peBpase n 12 B ok-
Ts10pe. ITocKoNbKy Ha pOCT MULIEIUS U TUIOJOHOILIEHE
rpruOOB OTPOMHOE BIIMSIHME OKA3bIBAIOT TAKUE A0MOTH-
yeckue (pakTophl, KaK TeMIlepaTypa, OCBEIIEHHOCTb,
pH n Bmax#HocTh cyocTpaTa (Antonyak et al., 2013), Ta-
KYIO CUTYallI0 MOXHO OOBSCHUTH 0JaroIpUSITHBIMU
MUKPOKJINMATUIECKIMHU YCIOBUSIMU, CKJIAIbIBAIOIIIN -
MUCSI MMEHHO B 3T Ce30HBI. ONTUMAaJIBHBIN IS pOCTa
OOJIBIIIMHCTBA BUIOB Ip0OOB, CPABHUTEJIBHO IIPOXJIa-
HBIM 1 BJIaXXHBIA MUKPOKJIMMAT B 3aKPBITOM TPYHTE
ABC ycranaBauBaeTcsl 3UMOI M BO BTOPOM ITOJIOBU-
HEe OCEHM: CpeIHEMEeCSUHbIe 3HAUCHUS TeMIIepaTyphbl
B opamxkepesx cocrasistior 20—23°C, a B TeIummiax —
17—21°C. UMeHHO B 3TO BpeMs yallle BCET0 OOHapYXKM-
BaJIMCh IUIOIOBBIC T€JIa Pa3HBIX BUIOB MAaKPOMUIIETOB.

AHaJIu3 TUIIOB MUTaHMUS TPUOOB, MIPUYPOYEHHBIX
K pa3InuHbIM cyocTpaTam, rmokasain, uto B OTK AbC
OHM TIpEeACTaBJe€Hbl B OCHOBHOM JBYMS 3KOJIOTO-
TpodrUEeCKUMU TpyIHaMu: carpoTpodHoii (17 BUIOB)
U 6uoTpodHOIt (BoceMb BUAOB). [ pynma cuMonoTpod-
HBIX TpUOOB (MMKOPM3000pa3oBaTesieii) BKIIOYAET
€NUHCTBEHHBIN BUl — Amanita vaginata. Ilpeobnana-
HHUE BUIOB-CApOTPOdOB B TPO(UUECKOM CHEKTpE
BITIOJIHE OOBSICHMMO C yYeTOM pa3HooOpas3us opra-
Huyeckux cyoctparoB B OTK: nucroBas, nepHoBas
U XBOMHas 3eMJis, KOMIIOCT, TlepenpeBIInii HaBO3,
MepTBas ApeBecrHa U np. UMeHHO ¢ 3TUMHU cybcTpa-
TaMU MULEJTUI U CIIOPBI MECTHBIX U Yy>KEePOIHbBIX TPH-
0OB MOMAAAIOT B 3aKPHIThIM TPYHT, [J¢ MHOLAA HAXOAAT
OJIATOTIPUATHBIC YCJIOBMS IS JabHEUIIIET0 pa3BUTHSI.
I'pynna 6uorpodon B OTK mnpeacrapieHa UCKIIOYU-
TeJIbHO KCUJIOTPOGHBIMU TpUbaMu, TaK WJIU MHaYe
CBSI3aHHBIMU B CBOEM OHTOTEHE3€ C XKUBOM TpeBeCU-
Hoii. OHa BKJIIOYaeT cjaabonaToreHHbIe BUMIbI, SIBJISIO-
muecs pakynpTaTUBHBIMU Mapa3utamu (Pf), pexe —
(akyneraTUBHBIMU canipoTpodamu (Sf). B Hee Bouu
Bjerkandera adusta, Daedalea quercina, Ganoderma
applanatum, Ossicaulis lignatilis, Trametes ochracea,
a Takxe Tpu Buaa pona Pholiota, hopMupytoliue 1io-
JIOBBIEC TeJla Ha IMHSX, Kopsrax, ¢parMeHTax CTBO-
JIOB B YCJIOBHUSIX 3aKPBITOTO TPYHTA U BCTpeUaroIrecs
Ha XXUBBIX IEPEBbSIX B OTKPEITOM TPYHTE.

ITpumeuarenpHo, uto B OTK JIbC npakTtuyecku
OTCYTCTBYIOT TpHOBI, pa3BUBAIOIINECSI Ha ApEeBECHUHE
TPOIMMYECKUX M CYOTPOITMUYECKMX pACTeHUI1, 32 NCKITIO-
YyeHHeM OgHOTO Buma — Xylaria sp. gr. hypoxylon, 06-
Hapy:XeHHOTO Ha pasjaraiolieMcs CTBOJIE Ka3yapHUHHI.
Bo3M0oXHO, 3TO 0OBSICHSIETCSI OTHOCUTEIbHOM MOJIO-
IOCTBIO IPEBECHO-KYCTaPHUKOBEIX paCTeHUI (BO3pacT

MUKOJOTI'A U ®PUTOITATOJIOTUA

BOHIAPEHKO-BOPUCOBA, TPUCKHWBA

OOJBIIMHCTBA M3 HUX He mpeBbImaeT 20—25 Jer)
B opaHxkepeitHbIx Komnekusax AbC.

d®opMupoBaHUe TJIOAOBBIX TeJl OOJBITMHCTBA Ma-
KPOMMUIIETOB B 3aKPBITOM T'PYHTE IIPOUCXOIUT HEPETY-
JnsipHo. Tak, 3a Bech nepuoa HaOMoAeHU 0a3uaOMbl
17 BumoB (65% ot 06111eTO KOJUYECTBa) OB OTMe-
YeHBI BCETO JIMIIb OMHO-, IBYKPAaTHO; IUIOAOBBIC TeIa
cemu BuaoB (27%) peTMCTpUPOBAIUCH IIePUOIUYE-
CKM, T.€. HECKOJILKO pa3 3a 12 JIeT ¥ TOJIbKO 1Ba BUIa —
Peziza varia u P. vesiculosa — BBISIBASUIUCH €XETOIHO.
ITpuMeuyaTeabHO, YTO 00a ATUX BUAA paHee HE yKa3bl-
BaJIMCh MCCJIEAOBATEISIMU JJisl TeppuTopuil JloHeKoi
u Jlyranckoit HaponHbix Pecny6yink, onHako ObUIv 3a-
PETUCTPUPOBAHBI B €CTECTBEHHBIX 1 MCKYCCTBEHHBIX
¢uroneno3ax PocToBckoii 0011. (Rebriev et al., 2012;
Rusanov et al., 2018).

Kak yxe 6b110 ckazano Beiie, B OTK JIBC 66111
0oOHapyXeHbl CEMb BUIOB, HE YKa3aHHBIX paHee HU s
ABbC, nu nng Jlonenkoit u JIyranckoit Hapogusix Pe-
cryonuk. Ot Bunbel — Cyathus striatus, Gymnopilus liqui-
ritiae, Mycena epipterygia, M. leptocephala, Panaeolus fimi-
cola, Peziza varia, P. vesiculosa — MOXHO BecbMa ycC-
JIOBHO OTHECTH K TPYIIIE Yy>XEPOIHBIX, TOCKOJbKY MX
OTCYTCTBUE B PETMOHAJIbHBIX BUIOBBIX CITUCKAX OOBsIC-
HSIeTCsI, CKOpee BCEro, HelOCTaTOUHOM CTENEeHbIO U3y-
YEeHHOCTH MECTHOM MUKOOWOTHI.

SAKJIIOYEHHUE

MakpomuuieTsl 3akpbiToro rpyHra JIbC xapakre-
PU3YIOTCS CPaBHUTEIBLHO HEBBICOKMM BUIOBBIM pa3-
HOoOOpa3reM Mo CpaBHEHUIO C MUKOOHOTOI MECTHBIX
HMCKYCCTBEHHBIX U €CTECTBEHHBIX (PUTOIICHO30B; IIpe-
00J1agaHeM MYJIbTUPETMOHATBHBIX KOCMOMIOIUTHBIX
BUIOB-CAaIIpOTPOdOB; TOCTATOYHO BBICOKOM MOJIEH
rpu0OB, He OTMEUEeHHBIX paHee B pernoHe. [Tuku gop-
MUPOBaHUS IJIOA0OBBIX T€JI MAKPOMUIIETOB B TEIUIMIIAX
u opanxepesx IbC nmpuxoasarcs Ha 3MMHUIA U OCEH-
Huit nepuonsl. CooOIecTBa MAaKpOMUIIETOB B 3aKPhI-
TOM TPYHTE NpPEeACTaBIIEHBI CIyJYailHO 3aHECEHHBIMU
BUIAMH, T.€. UMEIOT COOPHBIN XapakTep. 3aHOC I'pH-
60B B OTK mponcxonnut B OCHOBHOM C OpraHUYECKU-
MU CyOCTpaTaMu, B T.4. UMIIOPTHOTO IIPOUCXOXICHUSI
(mouBocMmecu, Topd, TTeperHoi, OMUIKU, TTHU, Aepe-
BSIHHbIE KOHCTPYKIIMM U TIP.), YTO CIIOCOOCTBYET pa3-
BUTHUIO B YCIIOBUSX 3aKPHITOrO TPYHTa KaK MECTHEIX,
TaK W 9yXKepOOHBIX BUIOB rpubdoB. Ilocmennne npu
OIpelelIeHHBIX YCIOBUSIX MOI'YT HAaTypaJaU30BaThCs
B pETHOHE, T.K. CyIIECTBYET IIOTeHIIMAIbHAs yIp0o3a UX
paccejieHUs U3 OpaHXepel U TEIUIUI] B (PUTOLIEHO3HI
OTKPBITOTO TPYHTA.

ITonyyeHHble cBeAeHUS NOIMOJHSIIOT MHOOPMALIIO
0 pazHooOpa3uu MukoounoTsl IBC u conpenenbHbIX
TeppuTopuii. [lnanupyercs naabHEeHIIUA MOHUTOPUHT
Ne 6
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First Report on Macrofungi in the Greenhouses
of the Donetsk Botanical Garden (Russia)

I. V. Bondarenko-Borisova®* and S. D. Triskiba®**

@ Donetsk botanical garden, Donetsk, Russia
#e-mail: irina_bondarenko_2022@mail.ru
#e-mail: triskiba.serg@mail.ru

Totally, 26 species of macrofungi of two phyla, Basidiomycota (23 species, 88%) and Ascomycota (three species,
12%) — were recorded in the greenhouses of the Donetsk Botanical Garden over a 12-year period (2007—2008
and 2015—2024). Seven species — Cyathus striatus, Gymnopilus liquiritiae, Mycena epipterygia, M. leptocephala,
Panaeolus fimicola, Peziza varia, and P. vesiculosa — were reported for the first time for the territory of the Donetsk
Botanical Garden. The species diversity of macrofungi in greenhouses is relatively low — 10—18% of the species
recorded in the anthropogenically transformed regional ecosystems of Donbass. Multiregional cosmopolitans
(20 species, 77%) and saprotrophs (17 species, 65%) dominated among fungal species by species composition
and trophic spectrum respectively. Two peaks of fruiting body formation were observed: the winter peak —
in January and February, and the autumn peak — in October. Macrofungi communities of greenhouses are
composed mostly of accidentally introduced species. The incoming of fungi into the greenhouses occurred with
organic substrates of local and foreign origin. This may facilitate the introduction and subsequent naturalization

of alien fungi in the regional phytocoenoses.

Keywords: alien fungi, biodiversity, botanical garden, Donbass, greenhouses, macrofungi
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NEW SPECIES FOR REGIONAL MYCOBIOTAS OF RUSSIA

A total of 81 fungal species including ten ascomycete and 71 basidiomycete species have been recorded for the first time
from 19 administrative regions of Russia: Kabardino-Balkarian Republic (6), Republic of Crimea (6), Republic of
Tyva (2), Perm Krai (8), Primorsky Krai (2), Arkhangelsk Oblast (2), Bryansk Oblast (1), Irkutsk Oblast (3), Murmansk
Oblast (6), Novosibirsk Oblast (1), Oryol Oblast (1), Pskov Oblast (2), Tula Oblast (27), Tyumen Oblast (5), Ulyanovsk
Oblast (1), Yaroslavl Oblast (1), Saint Petersburg Federal City (1), Sevastopol Federal City (3), and Khanty-Mansi
Autonomous Okrug (4 species). An annotated species list containing the data on locality, substrate, habitat type, date
of collection, and voucher numbers is provided. Berkleasmium conglobatum, Biporispora europaea, Heydenia arietina,
Lopadostoma pouzarii, Navicella pileata, Trizodia acrobia (Ascomycota), and Callistosporium pseudofelleum, Coltricia
confluens, Melanoleuca monticola (Basidiomycota) are reported as the first records in Russia. Clitopilus geminus,
Crepidotus stenocystis, Flammulina populicola, Mycena luteovariegata, and Pholiotina longistipitata are recorded in Russia
for the second time. Among them, Clitopilus geminus is a new species to European Russia, and Crepidotus stenocystis is
a new one to the Asian part of Russia. Amanita mairei, Cortinarius integerrimus, Flammulina elastica, and Infundibulicybe
gigas are reported for the third time. New data on rare and little-collected species Purpureodiscus subisabellinus and
Hydnellum gracilipes is presented. Complete sequences of ITS1—5.85—ITS2 nuclear ribosomal DNA for nine species
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reported have been generated and submitted to the GenBank database.

Keywords: Ascomycota, Basidiomycota, biodiversity, DNA barcodes, fungal biogeography, new findings
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INTRODUCTION

The present report is the ninth in the series of articles de-
voted to the new regional records of fungi (Bolshakov et al.,
2016, 2018, 2020; Svetasheva et al., 2017; Volobueyv et al.,
2019, 2021a, 2022, 2023).

An annotation record includes the data on species lo-
cation, substrate, habitat, and herbarium documentation.
Voucher specimens are deposited in LE (St. Petersburg),
AR (Arkhangelsk), INEP (Apatity), NSK (Novosibirsk),
and TUL F (Tula) herbaria. Duplicates of all specimens are
stored in LE.

MATERIALS AND METHODS

Material was collected and identified using light mi-
croscopy technique by the authors abbreviated as follows:
Sergey V. Volobuev (SV), Tatyana Yu. Svetasheva (TS), Eu-
gene S. Popov (EP), Irina S. Sarkina (IS), Lidiya G. Pere-
vedentseva (LP), Vladimir I. Kapitonov (VK), Yury A. Re-
briev (YuR), Elena A. Krapivina (EK), Nina F. Filippova
(NF), Yuliya R. Khimich (YuKh), Aleksandr S. Shishigin
(ASh), and other persons indicated in the text.

To shorten the names of administrative regions of Russia
we have used the international standard codes ISO 3166-2:
RU (ISO, 2010). Republic of Crimea was abbreviated
as KM.

Data on the fungal species distribution in Russia is
based on the updated database on Agaricomycetes diversity
(Bolshakov et al., 2021, 2022) as well as other papers part-
ly referenced in previous reports (Bolshakov et al., 2016;
Svetasheva et al., 2017). Species registered for more than
40 regions are noted as widespread species.

Molecular identity of some studied specimens has been

confirmed by ITS1-5.85—ITS nrDNA sequence analysis.
DNA extraction, PCR amplification and sequencing were
MUKOJIOTUA U GUTOMNATOJIOTUSA
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performed followed Volobuev et al. (2021b). Newly gener-
ated sequences were submitted to the GenBank database.

RESULTS

ASCOMYCOTA
DOTHIDEOMYCETES
Catinellales

Catinella olivacea (Batsch) Boud. — new to Tula Oblast.
Distribution in Russia: BRY, DA, IVA, KIR, KLU, KYA, LEN, MO,
MOS, NGR, NVS, PRI, PSK, SPE, STA, TA, VLA.

Specimens examined: Tula Oblast, Leninsky District, ca. 200 m to the
east from Lobynskoye village, 54.07388° N, 37.72259° E, on large fallen trunk
of Salix sp. in ravine with willows, 01.05.2021, coll. TS, det. EP (TUL F 1871,
dupl. LE F-350414).

Pleosporales

Berkleasmium conglobatum (Cooke et Ellis) R.T. Moore — new to Russia.

Specimen examined: Pskov Oblast, Bezhanitsky District, Polistovsky
State Nature Reserve, forest block 14/9, 57.15992° N, 30.48688° E, on wood
of a dead branch in crown of Populus tremula, 23.09.2019, coll. et det. EP
(LE F-295153);

Navicella pileata (Tode) Fabre — new to Russia.

Specimen examined: Pskov Oblast, Loknyansky District, 600 m north-
eastward from Ivantsevo village, 56.65135° N, 29.91691° E, on bark of a living
Quercus robur tree in aspen-birch-oak forest, 05.06.2024, coll. et det. EP
(LE F-333496).

LEOTIOMYCETES
Helotiales

Heyderia cucullata (Batsch) Bacyk et Van Vooren — new to Tula Oblast.
Distribution in Russia: KC, KR, KYA, LEN, MOS, MOW, MUR, NGR,
PER, PSK, SAK, SMO, SPE, TVE, VLA, VLG.

Specimen examined: Tula Oblast, Leninsky District, Shcheglovskaya
zaseka forest area, ca. 1.5 km to the north-east from Olenino village,
54.23694° N, 37.84844° E, on coniferous litter in old-growth spruce
plantations, 04.10.2021, coll. TS, det. EP (LE F-324172).

Rhytismatales

Cudonia confusa Bres. — new to Tula Oblast.
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Distribution in Russia: AL, KC, KLU, KR, KYA, LEN, MOS, MUR,
NGR, PSK, TVE.

Specimens examined: Tula Oblast, Aleksinsky District, Tulskie zaseki
forest area, ca. 2 km to the north-west from Plastovo village, 54.3083° N,

37.03934° E, on coniferous litter in old-growth spruce plantations with birch,
29.07.2020, coll. TS, det. EP (TUL F 1865, dupl. LE F-350412).

Incertae sedis

Trizodia acrobia Laukka — new to Russia.

Specimen examined: Yaroslavl Oblast, Rybinsky District, Pogorelka
village, 58.03502° N, 39.17857° E, on living Sphagnum sp. in a bog, 20.07.2022,
coll. and det. Botyakov V.N., teste EP (LE F-333426).

PEZIZOMYCETES
Pezizales

Heydenia arietina (E. Fisch.) Leuchtm. et Clémencon — new to Russia.

Specimen examined: Ulyanovsk Oblast, Radishchevsky District, Sengiley
Mountains National Park, on sandstone, 03.06.2022, coll. Trofimov Yu., det.
EP (LE F-324298).

Purpureodiscus subisabellinus (Le Gal) Van Vooren — new to Tula Oblast.

Distribution in Russia: KYA, NGR, TA.

Specimens examined: Tula Oblast, Shchekinsky District, vicinity of
Orlovo village, Krapivensky Zakaznik, Losyevoye bog, 53.9727° N, 37.1245°

E, on rotten wood in broad-leaved forest on the mire edge, 13.06.2021, coll.
TS, det. EP (TUL F 1868, dupl. LE F-350413).

SORDARIOMYCETES
Xylariales

Biporispora europaea J.D. Rogers, Y.M. Ju et Cand. (Fig. 1, c—e) — new
to Russia.

Specimen examined: Bryansk Oblast, Suzemsky District, “Bryansky
Les” State Nature Reserve, the environs of the Staroye Yamnoye ranger
station, 52.46676° N, 33.85547° E, on wood of fallen trunk of Ulmus sp. in
broad-leaved forest, 07.08.2015, coll. EP, det. Mombert A. (LE F-324226).

Lopadostoma pouzarii Granmo et L.E. Petrini (Fig. 1, a, b) — new to
Russia.

Specimen examined: Tula Oblast, Shchekinskiy District, the Yasnaya
Polyana estate, Istochek forest, 54.06778° N, 37.51458° E, on wood of
a fallen trunk of Ulmus sp. in broad-leaved forest, 14.07.2024, coll. and det.
EP (LE F-333550).

BASIDIOMYCOTA
AGARICOMYCETES
Agaricales

Agaricus praerimosus Peck — new to Perm Krai.

Distribution in Russia: BEL, DON, IRK, KHR, KM, KYA, LUG, ORE,
SAR, TOM, VGG.

Specimen examined: Perm Krai, Perm, Dzerzhinsky City District,
Botanical Garden of the Perm State University, 58.0062° N, 56.1850° E, on
soil in the open area, 20.05.2023, coll. LP, det. LP and ASh (LE F-348567).

A. xanthodermus Genev. — new to Perm Krai.

Distribution in Russia: AD, AL, ALT, AST, BEL, BRY, CE, CHE, KC,
KDA, KGD, KHM, KHR, KK, KLU, KM, KR, KYA, LEN, LIP, ME, MO,
MOS, NVS, ORE, ORL, PNZ, PRI, ROS, SE, SEV, TOM, TUL, TVE, TY,
UD, ULY, VGG, VOR.

Specimen examined: Perm Krai, Perm, Sverdlovsky City District,
58.0094° N, 56.2507° E, on soil in lawn, 13.09.2023, coll. LP, det. LP and
ASh (LE F-348568).

Amanita excelsa (Fr.) Bertill. — new to Tula Oblast.

Distribution in Russia: AD, BEL, KDA, KGD, KHR, KM, KYA, LEN,
MOS, PRI, SAK, SPE, TOM, TVE, UD, YEV.
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Specimens examined: Tula Oblast, Suvorovsky District, vicinity of
Varushitsy village, 54.2065° N, 36.30897° E, on soil in pine forest with spruce
and deciduous trees, 05.10.2021, coll. and det. TS (LE F-350392, dupl. TUL
F 1848).

A. gemmata (Fr.) Bertill. — new to Perm Krai.

Distribution in Russia: AD, AMU, BEL, KC, KDA, KHA, KLU, KM,
KR, KRS, LEN, MO, MOS, ROS, RYA, SEV, SPE, TOM, ULY, VLG.

Specimen examined: Perm Krai, Perm, Chernyayevsky les protected
area, 57.987° N, 56.142° E, on sandy soil in pine forest, 02.08.2021, coll. LP,
det. LP and Botalov V.S. (LE F-348563).

Amanita mairei Foley — new to the Republic of Crimea.
Distribution in Russia: LEN, PNZ.

Specimen examined: Republic of Crimea, Bakhchisaraysky District,
Ai-Petrinskaya yayla Nature Zakaznik, northern slope of Mount Bedene-Kyr,
44.48389° N, 34.02972° E, on soil in meadow steppe on the edge of pine-
beech forest, 30.06.2022, coll. and det. IS (LE F-348575).

A. regalis (Fr.) Michael — new to Tula Oblast.

Distribution in Russia: AL, ALT, BEL, BU, CHU, IRK, IVA, KHA,
KHM, KO, KYA, MAG, MOS, MOW, MUR, NGR, NVS, PER, PRI, SVE,
TOM, UD, VLG, YAN.

Specimens examined: Tula Oblast, Suvorovsky District, vicinity of
Varushitsy village, 54.20405° N, 36.30977° E, on soil near the ditch in old-
growth pine plantations with birch, 05.10.2021, coll. and det. TS (TUL F
1849, dupl. LE F-350393).

A. umbrinolutea (Secr. ex Gillet) Bataille — new to Tula Oblast.
Distribution in Russia: IRK, KHM, KYA, LEN, MUR, PER, PRI, UD.

Specimens examined: Tula Oblast, Yasnogorsky District, vicinity of
Ivankovo village, “Ivankovskiy sosnovyy bor na reke Vosma” protected area,
54.76644° N, 37.93062° E, on soil in pine-deciduous forest, 02.10.2019, coll.
and det. TS (TUL F 1866, dupl. LE F-350401).

Atractosporocybe inornata (Sowerby) P. Alvarado, G. Moreno et Vizzini —
new to the Khanty-Mansi Autonomous Okrug.

Distribution in Russia: AL, BEL, IRK, KK, KM, KYA, LEN, LIP,
MOS, MUR, NVS, PER, PRI, PSK, RYA, SAK, SAM, SEV, TOM, VOR,
YAN.

Specimens examined: Khanty-Mansi Autonomous Okrug, Khanty-
Mansiysky District, nearby Shapsha village, 61.07908° N, 69.45226° E, on
soil in mixed coniferous forest, 02.09.2015, coll. and det. NF (YSU-F-06462,
dupl. LE F-348597). GenBank accession number — PQ302324 (ITS nrDNA).

Bovista limosa Rostr. — new to Irkutsk Oblast and Murmansk Oblast.
Distribution in Russia: CHU, KAM, KHM, MAG, NVS, SVE, YAN.

Specimens examined: Irkutsk Oblast, Angarsky District, Angarsk city,
right bank of the Malaya Yelovka River, 52.4911° N, 103.8158° E, on sandy
soil among mosses in edge of pine forest, 12.08.2023, coll. Enushchenko 1.V.,
det. YuR (LE F-350976). Murmansk Oblast, Apatity, 17 km to the west from
Apatity, shore of Lake Bolshaya Imandra, 67.5982° N, 33.0102° E, on gravely
soil in wasteland, 21.08.2023, coll. and det. YuR (LE F-350971).

B. tomentosa (Vittad.) De Toni — new to Irkutsk Oblast.

Distribution in Russia: AL, ARK, AST, BEL, KGD, KL, LEN, MAG,
NVS, SVE, VGG, YAN, ZAB.

Specimen examined: Irkutsk Oblast, Angarsky District, Angarsk city,
right bank of the Malaya Yelovka River, 52.4928° N, 103.8194° E, on
soil in edge of pine forest, 12.08.2023, coll. Enushchenko I.V., det. YuR
(LE F-350977).

Callistosporium pseudofelleum Vizzini, Matheny, Consiglio et
M. Marchetti (Fig. 2, ¢) — new to Russia.

Specimen examined: Primorsky Krai, Shkotovsky district, vicinity of
Anisimovka village, 43.13374° N, 132.80572° E, on rotten wood of deciduous
tree in forest with Tilia sp., Quercus mongolica, Juglans mandshurica and
Fraxinus sp., 05.08.2023, coll. and det. Kalinina L.B. (LE F-332287).
GenBank accession number — PQ288866 (ITS nrDNA).

Chlorophyllum olivieri (Barla) Vellinga — new to Tula Oblast.
Ne 6
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Fig. 1. Macro- and microscopic features of some collected ascomycetous fungi: Lopadostoma pouzarii LE F-333550 (a — stromata on

wood, b — asci and ascospores); Biporispora europaea LE F-324226 (¢ — stromata on wood and KOH extractable stromatal pigments,
d — asci, e — ascospores). Scale bar — 10 um. Photo by E.S. Popov.

Distribution in Russia: KGD, KHM, PNZ, PRI, PSK, ROS, SPE, TA, UD. Specimen examined: Sevastopol, Balaklavsky District, Karansky Nature

Specimens examined: Tula Oblast, Suvorovsky District, vicinity of ;ar}dscape Zakaznik, 44.49235° I_\I’ 33.56175° E, on soil in hornbeam-oak-
Varushitsy village, 54.20528° N, 36.30659° E, on soil and litter in old-growth juniper forest, 22.11.2022, coll. Esionova A.V., det. IS (LE F-348572).

pine plantations with birch, 05.10.2021, coll. and det. TS (TUL F 1858, dupl. Clitopilus geminus (Paulet) Noordel. et Co-David — new to Tula Oblast.
LE F-350398).

Clitocybe agrestis Harmaja — new to Sevastopol.

Distribution in Russia: NVS.

Specimens examined: Tula Oblast, Aleksinsky District, Tulskie zaseki
Distribution in Russia: KHM, KO, RYA, SAM, TUL, UD. forest area, vicinity of Plastovo and Khovanskoye villages, 54.30942° N,
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37.03936° E, on soil and litter in spruce plantations, 29.07.2020, coll. and
det. TS (TUL F 1864, dupl. LE F-350400).

Cortinarius allutus Fr. — new to the Republic of Crimea.

Distribution in Russia: BU, CHU, IRK, KR, KYA, LEN, MAG, MUR,
NVS, PNZ, PRI, SAK, SE, TA, TVE.

Specimen examined: Republic of Crimea, Yalta, Cape Martyan

Nature Park, 44.50906° N, 34.24911° E, on soil in juniper-oak-pine forest,
25.01.2019, coll. and det. IS (LE F-348579).

C. integerrimus Kithner — new to the Republic of Crimea.
Distribution in Russia: LEN, PRI.

Specimen examined: Republic of Crimea, Alushta, Angarsky Pass, eastern
slopes of the Chatyrdag mountain range, 44.75639° N, 34.34417° E, on soil
in oak-hornbeam-beech forest, 06.07.2023, coll. and det. IS (LE F-348571).

Crepidotus stenocystis Pouzar — new to the Republic of Tuva.

Distribution in Russia: UD.

Specimens examined: Republic of Tyva, Piy-Khemsky kozhuun, 26 km
northwestward to Sevi village, 52.7172° N, 94.7894° E, on litter in larch forest,
12.08.2020, coll. Vlasenko A.V., det. Vlasenko V.A. (NSK 1017346, dupl. LE
F-348594). GenBank accession number — PQ238351 (ITS nrDNA).

Cyathus stercoreus (Schwein.) De Toni — new to Irkutsk Oblast.

Distribution in Russia: AMU, BEL, KB, KHA, KK, KYA, LEN, LIP,
NVS, PRI, ROS, SVE, UD.

Specimen examined: Irkutsk Oblast, Bokhansky District, vicinity of
Olonki settlement, 52.8987° N, 103.7556° E, on soil in edge of wheat field,
03.08.2023, coll. Enushchenko 1.V., det. YuR (LE F-350978).

Flammulina elastica (Sacc.) Redhead et R.H. Petersen — new to Perm Krai.

Distribution in Russia: IVA, KHM.

Specimen examined: Perm Krai, Perm, Ordzhonikidzevsky City District,
Kislotnye Dachi Microdistrict, 58.0891° N, 56.3967° E, on dead wood of
deciduous tree in mixed forest (Tilia cordata, Betula pendula, Pinus sylvestris),
23.03.2023, coll. Peters D.A., det. LP and ASh (LE F-348565).

F. fennae Bas — new to Perm Krai.

Distribution in Russia: KYA, LEN, ROS, SAM, SPE, SVE, VLG.

Specimen examined: Perm Krai, Osinsky District, vicinity of Ust-Pal
village, 57.4168° N, 55.5625° E, at trunk base of Populus tremula in mixed
forest (Populus tremula, Betula pendula, Pinus sylvestris), 29.09.2023, coll. and
det. LP and Botalov V.S. (LE F-348569).

F populicola Redhead et R.H. Petersen — new to Perm Krai.

Distribution in Russia: KYA.

Specimen examined: Perm Krai, Perm, Chernyayevsky les protected
area, 57.9916° N, 56.1803° E, on fallen trunk of Populus tremula, 25.05.2022,
coll. ASh, det. LP and ASh (LE F-348564).

Hydropus marginellus (Pers.) Singer — new to Tula Oblast.

Distribution in Russia: AL, ALT, KHA, KYA, NGR, NVS, PER, PRI,
PSK, TOM, VGG, YEV.

Specimens examined: Tula Oblast, Zaoksky District, vicinity of Velegozh
village behind the Oktava camp site, “Green zona of the Velegozh holiday
house” protected area, 54.72089° N, 37.23236° E, on rotten wood of Pinus
sylvestris in coniferous-deciduous forest, 22.07.2019, coll. and det. TS (TUL
F 1869, dupl. LE F-350403).

Hygrocybe miniata (Fr.) P. Kumm. — new to Arkhangelsk Oblast.
Distribution in Russia: BEL, BRY, KDA, KGD, KHA, KHM, KK,

KLU, KR, KYA, LEN, LIP, MAG, MOS, MOW, MUR, NGR, PER, PRI,
PSK, ROS, SAK, SPE, SVE, TA, TOM, TVE, TYU, UD, VOR, YAN.

Specimens examined: Arkhangelsk Oblast, Pinezhsky District, Pinezhsky
Nature Reserve, vicinity of Filippovskoye area, 64.68407° N, 43.18824° E, on
soil in floodplain forest, 14.09.2023, coll. Ezhov O.N., det. Zmitrovich I.V.
(AR3844, dupl. LE F-348555).

Infundibulicybe gigas (Harmaja) Harmaja — new to Perm Krai.

Distribution in Russia: IVA, KO.
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Specimen examined: Perm Krai, Perm, Motovilikhinsky City District,
58.0372° N, 56.4159° E, on soil among grasses in birch forest, 23.10.2023,
coll. Novoselova L.V., det. LP and Botalov V.S. (LE F-348570).

Leucocortinarius bulbiger (Alb. et Schwein.) Singer — new to Tula Oblast.

Distribution in Russia: AL, ALT, AMU, BEL, CHE, IRK, KGD, KHA,
KHM, KIR, KK, KLU, KM, KO, KR, KYA, LEN, LIP, MO, MOS, MUR,
NGR, NVS, PER, PNZ, PRI, PSK, RYA, SAM, SAR, SPE, SVE, TA,
TOM, UD, VOR, YAR, YEV.

Specimens examined: Tula Oblast, Aleksinsky District, Tulskie zaseki
forest area, ca. 2 km to the north-west from Plastovo village, 54.30729° N,
37.03874° E, on soil and litter in old-growth spruce plantations with birch,
29.07.2020, coll. TS, det. EP (TUL F 1867, dupl. LE F-350402).

Leucocybe connata (Schumach.) Vizzini, P. Alvarado, G. Moreno et
Consiglio — new to the Khanty-Mansi Autonomous Okrug.

Distribution in Russia: widespread species (46 regions).

Specimens examined: Khanty-Mansi Autonomous Okrug, Khanty-
Mansiysky District, nearby Shapsha village, 61.06646° N, 69.45351° E, on
soil in birch-aspen forest, 23.07.2015, coll. and det. NF (YSU-F-05517, dupl.
LE F-348598). GenBank accession number — OR018843 (ITS ntDNA).

Lignomphalia lignicola (1j.N. Vassiljeva) Antonin, Borovicka, Holec et
Kolaiik — new to the Khanty-Mansi Autonomous Okrug.

Distribution in Russia: AL, AMU, BU, IRK, KHA, KO, KYA, PRI,
SAK, VLG, YEV, ZAB.

Specimens examined: Khanty-Mansi Autonomous Okrug, Khanty-
Mansiysky city, 60.98606° N, 69.06841° E, on large mossy log of willow,
04.08.2020, coll. Bilous V. V., det. NF (YSU-F-10161, dupl. LE F-348599).
GenBank accession number — PQ304235 (ITS nrDNA).

Lycoperdon mammiforme Pers. — new to Tula Oblast.

Distribution in Russia: AD, AMU, ARK, BEL, KC, KHA, KM, LIP,
MO, PNZ, PRI, STA, SVE, YEV.

Specimens examined: Tula Oblast, Leninsky District, Malinovaya zaseka
nature park, vicinity of Podgorodniye dachi district, left bank of the Voronka
River reservoir, 54.10233° N, 37.54608° E, on soil and litter in oak-dominated
broad-leaved forest, 11.09.2023, coll. and det. TS (TUL F 1844, dupl. LE
F-350390).

L. molle Pers. — new to Murmansk Oblast.

Distribution in Russia: widespread species (43 regions).

Specimens examined: Murmansk Oblast, Kandalakshsky District, vicinity
of Kandalaksha, 67.1239° N, 32.4457° E, on litter in mixed forest, 24.08.2023,
coll. and det. YuR (LE F-350974); Kirovsk, vicinity of Kirovsk, 67.5969° N,
33.5892° E, on litter in mixed forest, 23.08.2024, coll. Morozova O.V., det.
YuR (LE F-350973).

Melanoleuca monticola Antonin, DuriSka, Jan¢ovi¢ovd, Para, Sev¢ikova
et TomSovsky — new to Russia.

Specimens examined: Republic of Tyva, Kyzyl kozhuun, 26 km north-
eastward from Cherbi village, 51.9252° N, 94.9766° E, on soil in aspen-
birch-larch forest, 09.08.2020, coll. Vlasenko A.V., det. Vlasenko V.A. (NSK
1017355, dupl. LE F-348592), GenBank accession number — PQ256650 (ITS
nrDNA); (NSK 1017369, dupl. LE F-348593), GenBank accession number —
PQ256651 (ITS nrtDNA).

Meottomyces dissimulans (Berk. et Broome) Vizzini — new to Tula Oblast.

Distribution in Russia: KC, KDA, RYA, SVE, TOM, UD.

Specimens examined: Tula Oblast, Zaoksky District, vicinity of Velegozh
village and Oktava camp site, “Green zona of the Velegozh holiday house”
protected area, 54.7082° N, 37.2528° E, on soil between rotten leaves in
coniferous-deciduous forest, 22.07.2019, coll. and det. TS (TUL F 1870, dupl.
LE F-350404).

Mycena luteovariegata Harder et Lassge — new to the Republic of
Crimea.

Distribution in Russia: PNZ.

Specimen examined: Republic of Crimea, Yalta, Cape Martyan Nature
Park, 44.50858° N, 34.24877° E, on forest litter in juniper-oak-pine forest,
25.01.2019, coll. and det. IS (LE F-348578).
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Fig. 2. Basidiomata of some collected species in situ: a — Volvariella bombycina LE F-348580 (photo by S.V. Volobuev), b — Hydnellum
gracilipes INEP 3705, dupl. LE F-348552 (photo by E.A. Borovichev), ¢ — Callistosporium pseudofelleum LE F-332287 (photo by
L.B. Kalinina), d — basidia and basidiospores of C. pseudofelleum, scale bar — 10 um.

M. pseudocorticola Kithner — new to Perm Krai.

Distribution in Russia: AL, KGD, LEN, NVS, RYA, SPE, TA, TOM,
TUL.

Specimen examined: Perm Krai, Perm, Ordzhonikidzevsky City District,
Kislotnye Dachi Microdistrict, 58.0958° N, 56.3890° E, on dead wood of
Tilia cordata in mixed forest (Tilia cordata, Betula pendula, Pinus sylvestris),
23.03.2023, coll. Peters D.A., det. LP and ASh (LE F-348566).

Nidularia deformis (Willd.) Fr. — new to Murmansk Oblast.

Distribution in Russia: AL, ARK, BEL, IRK, KHM, KO, KR, KRS,
LEN, LIP, MAG, MOS, NGR, PNZ, PSK, ROS, RYA, SAK, SPE, SVE,
TA, TOM, TVE, VOR.

Specimen examined: Murmansk Oblast, Apatity, 17 km to the west from
Apatity, shore of Lake Bolshaya Imandra, 67.5996° N, 33.0047° E, on fallen
twigs of Pinus sylvestris in pine forest on the swamp edge, 21.08.2023, coll. and
det. YuR (LE F-350975).
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Phloeomana alba (Bres.) Redhead — new to the Republic of Crimea.

Distribution in Russia: KGD, KHA, LEN, ORE, PRI, SAM, SPE,
SVE, TUL.

Specimen examined: Republic of Crimea, Yalta, Cape Martyan Nature
Park, 44.5079° N, 34.24197° E, on mossed trunks of Quercus sp. in juniper-
oak forest, 08.12.2022, coll. and det. IS (LE F-348577).

Phloeomana speirea (Fr.) Redhead — new to the Republic of Crimea.

Distribution in Russia: AL, ALT, KEM, KGD, KHA, KHM, KK, KO,
KR, KYA, LEN, MAG, MOS, MOW, MUR, NGR, NVS, ORE, PER, PNZ,
PRI, PSK, ROS, SAK, SAM, SPE, SVE, TA, TOM, TUL, ULY, VOR, YAR.

Specimen examined: Republic of Crimea, Yalta, Cape Martyan Nature
Park, 44.50846° N, 34.24761° E, on mossed trunks of Quercus sp. in juniper-
oak forest, 08.12.2022, coll. and det. IS (LE F-348576).
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Pholiotina longistipitata E.F. Malysheva et Kiyashko — new to the
Khanty-Mansi Autonomous Okrug.

Distribution in Russia: KYA.

Specimens examined: Khanty-Mansi Autonomous Okrug, Khanty-
Mansiysky District, nearby Shapsha village, 61.07960° N, 69.45287° E,
among green moss and leaf litter in mixed coniferous forest, 05.07.2017, coll.
and det. NF (YSU-F-07823, dupl. LE F-348596); ibid., 07.08.2019, coll.
and det. NF (YSU-F-08971); ibid., 61.08379° N, 69.46695° E, among green
moss and leaf litter, 04.09.2016, coll. and det. NF (YSU-F-07300). GenBank
accession number — PP980551 (ITS nrDNA).

Phyllotopsis nidulans (Pers.) Singer — new to Tula Oblast.
Distribution in Russia: widespread species (49 regions).

Specimens examined: Tula Oblast, Leninsky District, Malinovaya
zaseka nature park, vicinity of Podgorodniye dachi district, left bank of the
Voronka River reservoir, 54.1008° N, 37.54733° E, on rotten wood in broad-
leaved forest, 02.10.2021, coll. Efanov M., det. TS (TUL F 1850, dupl. LE
F-350394).

Sarcomyxa serotina (Pers.) V. Papp — new to the Kabardino-Balkarian
Republic.

Distribution in Russia: widespread species (45 regions).

Specimen examined: Kabardino-Balkarian Republic, Nalchik, slope
of Malaya Kizilovka Mountain, 43.46019° N, 43.59769° E, on dead wood
of deciduous tree in hornbeam-beech forest, 26.11.2023, coll. EK, det. SV
(LE F-348583).

Tricholoma stiparophyllum (N. Lund) P. Karst. — new to Tula Oblast.

Distribution in Russia: AL, ALT, KC, KGD, KHM, KO, KR, KYA,
LEN, MOS, NGR, PNZ, PSK, SPE, TA, UD.

Specimens examined: Tula Oblast, Yasnogorsky District, vicinity of
Ivankovo village, “Ivankovskiy sosnovyy bor na reke Vosma” protected area,
54.76618° N, 37.93808° E, on soil in pine-deciduous forest, 11.08.2019, coll.
and det. TS (TUL F 1863, dupl. LE F-350399).

T. vaccinum (Schaeff.) P. Kumm. — new to Tula Oblast.

Distribution in Russia: AL, AMU, BEL, BU, IRK, KHA, KHM, KM,
KO, KYA, LEN, MAG, MOS, MOW, NGR, NVS, PER, PNZ, PRI, SAK,
SEV, SMO, SPE, SVE, TOM, TY, UD, VLG, YAR, YEV.

Specimens examined: Tula Oblast, Leninsky District, Shcheglovskaya
zaseka forest area, ca. 1.5 km to the north-east from Olenino village,
54.23696° N, 37.84835° E, on soil and litter in spruce plantations, 04.10.2021,
coll. and det. TS (TUL F 1852, dupl. LE F-350396).

Volvariella bombycina (Schaeff.) Singer (Fig. 2, a) — new to Oryol Oblast.
Distribution in Russia: widespread species (47 regions).

Specimen examined: Oryol Oblast, Orlovsky District, vicinity of Zhilina
village, 53.01848° N, 36.03529° E, on large fallen trunk of Populus nigra in
field protection plantations of poplar trees along the road, 09.07.2023, coll.
and det. SV (LE F-348580).

V. surrecta (Knapp) Singer — new to Tula Oblast.

Distribution in Russia: AMU, KM, LEN, PER, SPE, TA.

Specimens examined: Tula Oblast, Leninsky District, Shcheglovskaya zaseka
forest area, ca. 1.5 km to the north-east from Olenino village, 54.23623° N,

37.8454° E, on basidiomata of Clitocybe nebularis in pine plantations with birch,
04.10.2021, coll. and det. TS (TUL F 1846, dupl. LE F-350391).

Amylocorticiales

Plicatura crispa (Pers.) Rea — new to the Kabardino-Balkarian Republic.
Distribution in Russia: widespread species (48 regions).

Specimens examined: Kabardino-Balkarian Republic, Nalchik, Botanical
Garden of the Kabardino-Balkarian State University, 43.49708° N, 43.59016°
E, on fallen trunk of Betula sp., 23.11.2023, coll. EK, det. SV (LE F-348588);
ibid., on fallen trunk of Carpinus betulus, 24.11.2023, coll. and det. EK
(LE F-348590); Nalchik, slope of Malaya Kizilovka Mountain, 43.46019°
N, 43.59769° E, on dead wood of deciduous tree in hornbeam-beech forest,
26.11.2023, coll. and det. EK (LE F-348585).

MUKOJOTI'A U ®PUTOITATOJIOTUA

VOLOBUEV et al.

Auriculariales

Exidia candida Lloyd — new to Sevastopol.

Distribution in Russia: AL, AMU, ARK, CHU, KC, KGD, KHA, KHM,
KO, KR, KYA, LEN, MAG, MO, MUR, NIZ, PRI, RYA, SAK, SAM, SPE,
SVE, TYU, UD, YAN, ZAB.

Specimen examined: Sevastopol, Balaklavsky District, Karansky Nature
Landscape Zakaznik, 44.51587° N, 33.55450° E, on dead wood of Carpinus
betulus in juniper-oak-hornbeam forest, 26.11.2022, coll. Esionova A.V., det.
IS (LE F-348573).

Gomphales

Phaeoclavulina abietina (Pers.) Giachini — new to Tula Oblast.
Distribution in Russia: widespread species (52 regions).

Specimens examined: Tula Oblast, Aleksinsky District, Tulskie zaseki
forest area, vicinity of Plastovo and Khovanskoye villages, 54.30895° N,
37.03852° E, on litter of Picea abies in spruce plantations, 29.07.2020, coll.
and det. TS (TUL F 1861, dupl. LE F-350409).

Hymenochaetales

Coltricia confluens P.-J. Keizer — new to Russia.

Specimens examined: Novosibirsk Oblast, Novosibirsk, Akademgorodok,
botanical garden, greenhouse complex, on soil in tropical plant greenhouse,
54.8141° N, 83.1006° E, 24.06.2022, coll. and det. Vlasenko V.A. (NSK
1014854, dupl. LE F-348595). GenBank accession numbers — PQ238352
(ITS nrDNA), PQ237036 (LSU).

Hirschioporus fuscoviolaceus (Ehrenb.) Donk — new to Tula Oblast.
Distribution in Russia: widespread species (69 regions).

Specimens examined: Tula Oblast, Yasnogorsky District, vicinity of Ivankovo
village, “Ivankovskiy sosnovyy bor na reke Vosma” protected area, 54.77654° N,
37.90777° E, on dead trunk and branches of Pinus sylvestris in pine plantations,
02.10.2019, coll. and det. TS (TUL F 1862, dupl. LE F-350410).

Lyomyces erastii (Saaren. et Kotir.) Hjortstam et Ryvarden — new to Saint
Petersburg.

Distribution in Russia: AL, AMU, ARK, BEL, CHE, KAM, LIP, LUG,
MOW, ORL, PRI, SAM, SVE, TY, VGG.

Specimen examined: Saint Petersburg, Petrogradsky District, Komarov
Botanical Institute’s Botanical Garden of Peter the Great, 59.97164° N,
30.3284° E, on dry branches of Morus alba in park, 24.07.2024, coll. SV and
Bolshakov S.Yu., det. SV (LE F-348581).

Peniophorella guttulifera (P. Karst.) K.H. Larss. — new to Tyumen Oblast.

Distribution in Russia: ARK, DA, KDA, KHM, LEN, NVS, ORE,
ORL, PER, SVE.

Specimen examined: Tyumen Oblast, Tobolsk city, 58.28723° N,
68.46799° E, on fallen trunk of Populus tremula in aspen forest with Betula
pubescens and Tilia cordata, 28.06.2023, coll. and det. VK (LE F-348558).

Sidera vulgaris (Fr.) Miettinen — new to Tyumen Oblast.

Distribution in Russia: BA, DA, KHM, KIR, LEN, MO, MUR, NIZ,
PRI, PSK, SPE, SVE, TA, TOM, TVE.

Specimen examined: Tyumen Oblast, Tobolsk city, 58.20669° N,
68.29377° E, on fallen trunk of Populus tremula in aspen forest with Betula
pubescens and Tilia cordata, 17.04.2021, coll. and det. VK (LE F-348560).

Skvortzovia furfuracea (Bres.) G. Gruhn et Hallenberg — new to Tyumen
Oblast.

Distribution in Russia: ARK, DA, IRK, KDA, KHM, KIR, KLU, KO,
KR, KYA, LEN, ME, MO, MUR, NGR, NIZ, NVS, ORL, PSK, SPE,
SVE, TVE, VLG, VOR, YAN, ZAB.

Specimen examined: Tyumen Oblast, Tobolsky District, 2.4 km
southward from Irtyshatskie Yurty village, 58.05912° N, 68.28724° E, on
decorticated fallen trunk of Pinus sylvestris in swampy sphagnum-shrub pine
forest, 06.10.2023, coll. and det. VK (LE F-348561).

Xylodon flaviporus (Berk. et M.A. Curtis ex Cooke) Riebesehl et Langer —
new to Tyumen Oblast.
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Distribution in Russia: widespread species (47 regions).

Specimen examined: Tyumen Oblast, Vagaysky District, 25 km eastward
from Istyatskaya village, 57.34461° N, 69.54129° E, on fallen trunk of Populus
tremula in aspen forest with Betula sp., Tilia cordata and Pinus sylvestris,
24.09.2021, coll. and det. VK (LE F-348562).

Polyporales

Cyanosporus caesius (Schrad.) McGinty — new to Tula Oblast.
Distribution in Russia: widespread species (57 regions).

Specimens examined: Tula Oblast, Leninsky District, Shcheglovskaya
zaseka forest area, ca. 6 km to the north-east from Olenino village, 54.28501° N,
37.86508° E, on fallen trunk of Larix sp. in larch plantations, 04.10.2021,
coll. TS, det. TS and Potapov K.O. (TUL F 1856, dupl. LE F-350406).

Fomitopsis rosea (Alb. et Schwein.) P. Karst. — new to Tula Oblast.

Distribution in Russia: widespread species (57 regions).

Specimens examined: Tula Oblast, Leninsky District, Shcheglovskaya
zaseka forest area, ca. 1.5 km to the north-east from Olenino village,
54.23567° N, 37.85123° E, on fallen trunk of Larix sp. in larch plantations,
04.10.2021, coll. and det. TS (TUL F 1857, dupl. LE F-350407).

Fuscopostia fragilis (Fr.) B.K. Cui, L.L. Shen et Y.C. Dai — new to Tula
Oblast.

Distribution in Russia: AD, AL, AMU, ARK, BA, CHE, IRK, KC,
KDA, KGD, KHM, KIR, KK, KO, KR, KYA, LEN, MO, MOS, MOW,
MUR, NGR, NIZ, NVS, OMS, ORE, ORL, PER, PRI, PSK, RYA, SPE,
SVE, TA, TOM, TVE, TYU, UD, VLG, YAN.

Specimens examined: Tula Oblast, Leninsky District, Shcheglovskaya
zaseka forest area, ca. 1.5 km to the north-east from Olenino village,
54.23558° N, 37.84982° E, on rotten wood of Larix sp. in larch plantations
with deciduous trees, 04.10.2021, coll. TS, det. TS and Potapov K.O.
(TUL F 1845, dupl. LE F-350405).

Phanerochaete alnea (Fr.) P. Karst. — new to Arkhangelsk Oblast.

Distribution in Russia: AL, BEL, CHE, DA, KAM, KEM, KM, KO, KR,
LEN, MO, NGR, NIZ, NVS, OMS, ORL, PER, PRI, SE, SVE, VLG, YAN.

Specimens examined: Arkhangelsk Oblast, Kargopolsky District, Kenozersky
National Park, vicinity of Lake Lekshmozero, 61.7706° N, 38.0704° E, on dry

standing tree of Juniperus communis in floodplain forest, 03.08.2023, coll.
Ezhov O.N., det. Zmitrovich I.V. (AR3863, dupl. LE F-348554).

Phlebia tremellosa (Schrad.) Nakasone et Burds. — new to the
Kabardino-Balkarian Republic.

Distribution in Russia: widespread species (68 regions).

Specimens examined: Kabardino-Balkarian Republic, Nalchik, slope
of Malaya Kizilovka Mountain, 43.46019° N, 43.59769° E, on dead wood
of deciduous tree in hornbeam-beech forest, 14.10.2023, coll. and det. EK
(LE F-348586); Nalchik, Botanical Garden of the Kabardino-Balkarian State
University, 43.49708° N, 43.59016° E, on fallen trunk of Carpinus betulus,
21.10.2023, coll. EK, det. SV (LE F-348589).

Rhizochaete violascens (Fr.) K.H. Larss. — new to Tyumen Oblast.

Distribution in Russia: AL, ARK, KIR, KO, KR, LEN, NIZ, ORL,
PSK, SAK, SPE, SVE, TVE, VLG.

Specimen examined: Tyumen Oblast, Tobolsky District, 2.4 km
southward from Irtyshatskie Yurty village, 58.05912° N, 68.28724° E, on
decorticated fallen trunk of Pinus sylvestris in swampy sphagnum-shrub pine
forest, 06.10.2023, coll. and det. VK (LE F-348559).

Sarcodontia setosa (Pers.) Donk — new to the Kabardino-Balkarian
Republic.

Distribution in Russia: AST, BEL, CHE, DON, KDA, KIR, KM, KRS,
LEN, LIP, MO, NIZ, NVS, ORE, ORL, PRI, ROS, SAM, SVE, TA, TUL,
VOR, YEV.

Specimen examined: Kabardino-Balkarian Republic, Nalchik, slope of
Malaya Kizilovka Mountain, 43.45881° N, 43.59962° E, on dead standing
tree of Malus domestica in abandoned apple orchard, 31.10.2023, coll. EK,
det. SV (LE F-348587).
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Russulales

Dendrophora versiformis (Berk. et M.A. Curtis) Chamuris — new to
Primorsky Krai.

Distribution in Russia: AD, AL, AMU, KDA, SAM, YEV, ZAB.

Specimen examined: Primorsky Krai, Vladivostok, Russky Island,
43.00278° N, 131.91861° E, on fallen branches of Quercus mongolica in herb-
rich oak forest, 29.09.2023, coll. and det. SV (LE F-348582). GenBank
accession number — PQ288709 (ITS nrDNA).

Dentipellis fragilis (Pers.) Donk — new to the Kabardino-Balkarian
Republic.

Distribution in Russia: ARK, BEL, CHE, KDA, KHA, KIR, KM, KR,
LEN, MO, MOS, NGR, NIZ, NVS, PER, PRI, PSK, RYA, SAM, SPE,
SVE, TA, TVE, UD, VOR, YEV.

Specimen examined: Kabardino-Balkarian Republic, Nalchik,
Botanical Garden of the Kabardino-Balkarian State University, 43.49708°
N, 43.59016° E, on fallen trunk of Fagus orientalis, 23.11.2023, coll. EK, det.
SV (LE F-348591).

Lactarius semisanguifluus R. Heim et Leclair — new to Tula Oblast.

Distribution in Russia: KM, LEN, PER, PNZ, VLG.

Specimens examined: Tula Oblast, Suvorovsky District, vicinity
of Varushitsy village, 54.20385° N, 36.30833° E, on soil in pine forest,
14.08.2023, coll. and det. TS (TUL F 1855, dupl. LE F-350397).

Lentinellus ursinus (Fr.) Kithner — new to Tula Oblast.

Distribution in Russia: AD, AL, ALT, AMU, IRK, IVA, KDA, KGD,
KHA, KHM, KYA, LEN, LIP, MOS, NGR, NIZ, NVS, PER, PRI, PSK,
RYA, SAM, SPE, SVE, TA, TOM, YEV.

Specimens examined: Tula Oblast, Leninsky District, Malinovaya zaseka
nature park, vicinity of Podgorodniye dachi district, left bank of the Voronka

River reservoir, 54.10035° N, 37.54818° E, on rotten wood in broad-leaved
forest, 02.08.2021, coll. and det. TS (TUL F 1851, dupl. LE F-350395).

Peniophora junipericola J. Erikss. — new to Murmansk Oblast.

Distribution in Russia: ARK, CHE, DA, KDA, KM, SVE.

Specimens examined: Murmansk Oblast, Kandalakshsky District,
shore of Lake Kuolojarvi, 66.89339° N, 29.62747° E, on dry branches of

Juniperus communis in spruce-birch forest, 30.07.2020, coll. YuKh and
Urbanavichus G.P., det. YuKh (INEP 3701, dupl. LE F-348551).

Thelephorales

Hydnellum gracilipes (P. Karst.) P. Karst. (Fig. 2, b) — new to Murmansk
Oblast.

Distribution in Russia: ARK, KR, LEN.

Specimens examined: Murmansk Oblast, Polyarnye Zori, Rovatostrov
Island, 67.50692° N, 32.32633° E, on soil in pine forest, 20.09.2023, coll.
and det. YuKh (INEP 3705, dupl. LE F-348552).

Thelephora humicola Kdljalg, 1. Saar et Svantesson [= Tomentella terrestris
(Berk. et Broome) M.J. Larsen] — new to Murmansk Oblast.

Distribution in Russia: AMU, ARK, CHE, DA, KAM, KC, KDA, KIR,
KR, LEN, NIZ, NVS, ORE, ORL, PRI, SAK, SPE, SVE, TVE.

Specimens examined: Murmansk Oblast, Kirovsk, Khibiny Mts., the
southwest slope of the Poachvumchorr Ridge, 468 m a.s.l., 67.67494° N,
33.62094° E, on fallen trunk of Betula pubescens in birch forest, 10.09.2019,
coll. Shiryaev A.G., det. YuKh (INEP 3702, dupl. LE F-348553); ibid., 518
ma.s.l., 67.67547° N, 33.62336° E, on fallen trunk of Betula pubescens in birch
forest, 10.09.2019, coll. and det. YuKh (INEP 3703); Lovozersky District,
bank of the Tichka River, 67.97508° N, 37.10847° E, on fallen trunk of Befula
pubescens in birch forest, 18.07.2023, coll. and det. YuKh (INEP 3704).

Th. palmata (Scop.) Fr. — new to Tula Oblast.
Distribution in Russia: widespread species (48 regions).

Specimens examined: Tula Oblast, Shchekinsky District, Yasnaya
Polyana museum-reserve, Arkovsky Verkh forest area, 54.07051° N,
37.50784° E, on soil in broad-leaved forest, 02.08.2021, coll. and det. TS
(TUL F 1859, dupl. LE F-350408).
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ATRACTIELLOMYCETES
Atractiellales

Phleogena faginea (Fr. et Palmquist) Link — new to Tula Oblast.
Distribution in Russia: AMU, IVA, KHA, KYA, MO, PRI, PSK, SVE.

Specimens examined: Tula Oblast, Leninsky District, Malinovaya zaseka
nature park, vicinity of Kosaya Gora township, 54.10315° N, 37.50592° E, on
fallen trunk of Quercus robur in broad-leaved forest, 12.10.2021, coll. and det.
TS (TUL F 1860, dupl. LE F-350411).

TREMELLOMYCETES
Tremellales
Naematelia aurantia (Schwein.) Burt — new to the Kabardino-Balkarian
Republic.
Distribution in Russia: ARK, BRY, KC, KM, KR, SE, SPE, SVE.

Specimen examined: Kabardino-Balkarian Republic, Nalchik, slope
of Malaya Kizilovka Mountain, 43.46019° N, 43.59769° E, on dead wood
of deciduous tree in hornbeam-beech forest, 26.11.2023, coll. EK, det. SV
(LE F-348584).

Phaeotremella frondosa (Fr.) Spirin et Malysheva — new to Sevastopol.
Distribution in Russia: KC, KHA, LEN, MOW, PER, PSK, SE, SPE, ZAB.

Specimen examined: Sevastopol, Balaklavsky District, Karansky Nature
Landscape Zakaznik, 44.50699° N, 33.56245° E, on stump of Quercus
robur in oak-hornbeam forest, 03.12.2022, coll. Esionova A.V., det. IS
(LE F-348574).

DISCUSSION

A total of 81 fungal species, including ten species from
the phylum Ascomycota and 71 species from the phylum
Basidiomycota, have been recorded for the first time from
19 administrative regions of Russia.

Six ascomycete species, Berkleasmium conglobatum, Bi-
porispora europaea, Heydenia arietina, Lopadostoma pou-
zarii, Navicella pileata, Trizodia acrobia, are reported as
new species to Russia. Berkleasmium conglobatum is the
fourth species of the genus Berkleasmium recorded in Rus-
sia, besides B. concinnum (Berk.) S. Hughes, B. juglandis
(Melnik) G.Z. Zhao (as Monodictys juglandis Melnik)
(Melnik, 2000), and B. dudkae E.S. Hiiseyin et Selcuk de-
scribed from Ulyanovsk Oblast (Russia) (Hiiseyin et al.,
2014). Biporispora europaea was known so far from sever-
al localities in France, and was reported there as common
in the Atlantic Pyrenees (Rogers et al., 1999). The discov-
ery of the species in Bryansk Oblast significantly extends
its range to the east. Heydenia arietina is subalpine to al-
pine European species with peculiar stalked cleistohyme-
nial ascomata often growing on bare carbonate and silicate
rock (Clémencon, 2013). Lopadostoma pouzarii is a rather
rare European species confined to the boreonemoral and
nemoral forests (Granmo, Petrini, 1996). Navicella pileata
is a relatively rare European species (Holm, Holm, 1988).
Trizodia acrobia was recorded so far only in Finland and
Canada (Stenroos et al., 2010; Ramirez et al., 2024). Ac-
cording to V.N. Botyakov (pers. comm.) in Yaroslavl Oblast
it occurs on sphagnum bogs en masse and is probably com-
mon and widespread, but overlooked due to tiny size.
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Among basidiomycete species, Callistosporium
pseudofelleum, Coltricia confluens, and Melanoleuca monti-
cola are registered in Russia for the first time. Callistospori-
um pseudofelleum is reported for the first time in Russia
from Primorsky Krai. The species was described recently
from the USA. It develops on rotten wood in broad-leaved
and mixed forests, and previously it was known only from
North America (Vizzini et al., 2020), thus our finding sig-
nificantly expands the global distributional range of the
species. The identity of collected specimen was confirmed
by ITS nrDNA sequences analysis. Coltricia confluens is
registered for Russia based on collection from anthropo-
genic habitats presented by greenhouses of botanical garden
in Novosibirsk. The species was described from the Neth-
erlands as inhabiting artificial plantations of deciduous trees
and shrubs (once in a grassfield) in parks (Keizer, 1997).
According to the protologue no microscopical differenc-
es between C. confluens and C. perennis (L.) Murrill have
been found, but C. confluens grows in artificial parks and
plantations as seems to be non-mycorrhizal on fertile soils
(humose sand, clay) under Crataegus, Ulmus, Acer, Quer-
cus, Prunus, etc. and one collection was found in a grass-
land without neighbouring trees. Melanoleuca monticola
was described in 2023 as differing species from the closely
related M. brachyspora Harmaja by the absence of a cau-
lohymenium, a distinctly clavate to bulbose stipe base and
DNA sequences (Antonin et al., 2023). It was identified as
M. angelesiana A.H. Sm. by Vizzini et al. (2011), the lat-
ter species representing a North American taxon (Antonin
et al., 2021). According to a BLAST search of NCBIs
GenBank nucleotide databases the similarity of our se-
quences with holotype (99.38%) was sufficient to identify
the specimens as M. monticola.

Several fungal species are noteworthy as they are re-
corded in Russia for the second time. Clitopilus geminus,
Crepidotus stenocystis, Flammulina populicola, Mycena
luteovariegata, and Pholiotina longistipitata are reported
as second findings. Clitopilus geminus is a new species to
European Russia. It was previously noted in Novosibirsk
Oblast where the species grew on a pile of last year grass
in the Central Siberian Botanical Garden of the Siberian
Branch of the Russian Academy of Sciences (Banaev et
al., 2014). Crepidotus stenocystis is the first finding of the
species in the Asian part of Russia. Until now it was known
in Russia only from the Udmurt Republic based on the
specimen collected from stump of Pinus sylvestris in pine
plantations in the forest park zone of Izhevsk (Kapitonov,
2013). Flammulina populicola can be easily confused with
widely distributed F. velutipes (Curtis) Singer, and the sec-
ond report for the whole country after the one in Krasno-
yarsk Krai (Krom, Kapitonov, 2019) does not indicate the
true rarity of the species but urges mycologists to pay more
attention to the collections of Flammulina species. Myce-
na luteovariegata, confined to the grassland communities,
Ne 6
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was previously known in Russia only from Penza Oblast
(Ivanov, 1999). Pholiotina longistipitata was described from
Krasnoyarsk Krai (Crous et al., 2017) based on specimen
collected among mosses in floodplain mixed forest (4bies
sibirica, Pinus sibirica, Betula pendula). New cited spec-
imens of the species from Khanty-Mansi Autonomous
Okrug are also collected among green moss and leaf litter
in mixed and coniferous forests.

Noteworthy are fungal finds which are reported for
Russia only for the third time. Four species — Amanita
mairei, Cortinarius integerrimus, Flammulina elastica, and
Infundibulicybe gigas — are listed for Russia as the third
occurrences. Among them, Amanita mairei was previous-
ly recorded in Leningrad (Kovalenko, Morozova, 1999)
and Penza oblasts (Ivanov, Ermolaeva, 2021). Cortinarius
integerrimus was known from Leningrad Oblast and Pri-
morsky Krai (Bulakh et al., 1990). Flammulina elastica was
recorded in Ivanovo Oblast (Golubeva et al., 2023) and
Khanty-Mansi Autonomous Okrug (Filippova, Bulyon-
kova, 2017). Infundibulicybe gigas was registered for Ivano-
vo Oblast (Golubeva, Sorokin, 2021) and the Republic of
Komi (Palamarchuk, 2020).

In addition, new data on distribution of some rare
and little-collected fungal species such as Purpureodis-
cus subisabellinus and Hydnellum gracilipes is presented.
The latter species is included in the IUCN Red List of
Threatened Species with the category Vulnerable under
criteria A2c+3c+4c (Brandrud, 2015). Hydnellum gra-
cilipes is hydnoid fungus forming mycorrhiza with Pinus
sylvestris. It is confined to old-growth, often more or less
pristine, sandy pine forests, and it is regarded as an indi-
cator species of old-growth forest conditions. The species
is red-listed in Norway, Sweden and Finland. In Russia,
Hydnellum gracilipes has been revealed in Arkhangelsk
Oblast (Svetasheva et al., 2017), Leningrad Oblast (Zm-
itrovich et al., 2015), and the Republic of Karelia (Pred-
techenskaya, Ruokolainen, 2024).

Together with traditional microscopic identification,
ITS1-5.8S-ITS2 nuclear ribosomal DNA sequences were
obtained from the specimens studied and compared with
the reference sequences from the GenBank database. New
complete sequences of ITS ntDNA have been generated
and submitted to the GenBank database for Atractospor-
ocybe inornata, Callistosporium pseudofelleum, Coltricia
confluens, Crepidotus stenocystis, Dendrophora versiformis,
Leucocybe connata, Lignomphalia lignicola, Melanoleuca
monticola, and Pholiotina longistipitata.

Investigations on the regional mycobiotas of Russia will
be continued.

The work of S.V. Volobuev, S.Yu. Bolshakov, L.B. Ka-
linina, E.S. Popov, and 1.V. Zmitrovich has been carried
out within the framework of the institutional research
project of the Komarov Botanical Institute (project
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N124020100148-3) using the equipment of the Core Fa-
cility Centre “Cell and Molecular Technologies in Plant
Science” at the Komarov Botanical Institute, RAS
(St. Petersburg, Russia). The work of 1.S. Sarkina was
carried out within the framework of the institutional re-
search project of the Nikita Botanical Gardens - Nation-
al Scientific Center of RAS (project FNNS-2022-0009).
The work of V.A. Vlasenko and A.V. Vlasenko was car-
ried out within the framework of the State Assignment
of the Central Siberian Botanical Garden, SB RAS
(N AAAA-A21-121011290024-5) and State Scientific In-
stitution of the Republic of Tyva “Center for Biosphere
Research”. The work of V.1. Kapitonov was carried out
within the framework of the research project of the To-
bolsk Complex Scientific Station of the Ural Branch
RAS (project N122011800529-3). The work of Yu.A. Re-
briev was carried out within the frame of government as-
signments for the South Science Center RAS (project
122020100332-8). The work of N.V. Filippova was sup-
ported by the grant from the federal budget for the im-
plementation of the state assignment “Molecular-genetic
methods in the study and assessment of biodiversity in the
Northern regions (FENG-2024-0003)” N1023041300017-
6-1.6.4 dated 13.03.2024. The work of Yu.R. Khimich was
carried out within the framework of the research project
no. FMEZ-2022-0021 of the Institute of North Industrial
Ecology Problems of the Kola Scientific Center of RAS.
The work of O.N. Ezhov was carried out within the frame-
work of the research project “FUUW-2022-0057: Study of
patterns of spatio-temporal changes in forest ecosystems
in the subarctic territories of the European North of Rus-
sia” (state registration number — 122011400384-2). The
authors thank colleagues for their help in collecting some
fungal specimens.
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IIpencraBneHbl JaHHBIE 0 HaxonKax 81 BuIa TprOOB, BKITIOUAs JeCITh BUIOB CyMUYaThIX 1 71 Bu 6a3uanuaib-
HBIX TpHOOB, BBISBIICHHBIX BITepBble 151 KabapauHo-bankapckoit Pecrryonuku (6), Pecryommku Kpeim (6),
Pecnyonuku TeiBa (2), ITepmckoro kpas (8), [Ipumopckoro kpas (2), ApxaHreabckoii (2), bpsiHckoit (1),
Hpkytckoii (3), Mypmanckoii (6), HoBocubupckoii (1), Opaosckoii (1), IlckoBckoii (2), Tynbckoii (27),
Tiomenckoit (5), YabssHoBckoii (1), ApocnaBckoii (1) obnacteit, Cankr-Ilerepoypra (1), CeBactomnons (3),
XaHTbI-MaHCUIICKOTr0o aBTOHOMHOTO OKpyra (4). AHHOTHPOBAaHHBIM CITMCOK BKJIIOUYAET JaHHbBIE O MECTOHA-
XOXICHUSIX, MECTOOOUTAHMSIX, CyOCTpaTax 1 JaTax cobopa MpUBOIMMBIX HaXOMOK, C YKa3aHNEM KOJIJICKIII-
OHHBIX HOMEPOB MUKOJIOTMYecKuX repbapueB. Briepsoie st Poccuu npuBonstcs Berkleasmium conglobatum,
Biporispora europaea, Heydenia arietina, Lopadostoma pouzarii, Navicella pileata, Trizodia acrobia (Ascomycota),
a taxxxe Callistosporium pseudofelleum, Coltricia confluens, Melanoleuca monticola (Basidiomycota). Bums
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Clitopilus geminus, Crepidotus stenocystis, Flammulina populicola, Mycena luteovariegata w Pholiotina longistipitata
yKasbiBaroTcs 1t Poccun Bo BTopoii pa3. Cpenu Hux Clitopilus geminus siBisieTCsl HOBBIM BUIOM JUISI €BPO-
nelickoit yactu Poccuu, a Crepidotus stenocystis — HOBbII BUI 1T A3uatckoit Poccuu. Bunel Amanita mairei,
Cortinarius integerrimus, Flammulina elastica v Infundibulicybe gigas ormMedeHbI TpeTbMU Haxonkamu. I[pen-
CTaBJICHBI HOBBIE TAHHBIE O PEIKNUX U MAJIOU3BECTHBIX BUAAX rpuboB Purpureodiscus subisabellinus v Hydnellum
gracilipes. TlonydeHbl U IETTOHMPOBAHBI B MEXIYHAPOIHYIO 0a3y NaHHbBIX [eHOAHK MOHbIE HYKJICOTUIHBIE TT0-
cinenoBareabHocTH ITS1—5.85—1TS2 obaactu saepHoit pubocoManbHoi JIHK nj1s neBsSTH M3ydeHHBIX BUIOB.

Karwueegvie croea: acKoOMULIETHI, 0a3MANOMUIIETHI, buoreorpadus rpudbos, 6uopasHoodbpasue, JHK-
IITPUXKOIBI, HOBBIE HAXOIKHU
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Microfungi of deep-sea sediments, and especially those several meters below the water—sediment interface,
are poorly studied. In this work, for the first time, microfungal communities isolated by cultivation from deep-
sea sediments of the eastern part of the Equatorial Atlantic (the Romanche and Chain Fracture Zones) were
investigated. Fungi were isolated from sediments sampled at each of 12 stations from horizons 1.0—4.7 m
below the sediment—water interface. To study microscopic fungi, one sediment horizon was isolated from
each core. The fungal abundances were within the range of 0.0—3300.0 CFU g!' sediment dry weight. A total
of 19 fungal taxa from the phyla Ascomycota (18) and Basidiomycota (1) were identified, and Mycelia sterilia
1 strain was also isolated. Seven fungal species were encountered only once. In this case, the maximum similarity
of species composition, in terms of the Bray — Curtis coefficient, was 57.14% (horizons 1.0 and 3.6 m, four
common species). A comparison of the taxonomic structures of fungal communities from the study areca was
made with those from sediments of the Indian and Pacific Oceans and other areas of the Atlantic. The fungal
communities from sediments in the study area were compared with those from the Indian and Pacific Oceans
and other areas of the Atlantic. From the literature data and present study results, a list of fungal species with
180 names was compiled. The fungi belonged to 97 genera, 57 families, 32 orders and 13 classes of the phyla
Ascomycota, Basidiomycota, and Mucoromycota. The diversity of fungal communities was assessed using indicators
of taxonomic richness (number of taxa from different ranks), proportions (genera/families, species/families,
species/genera), Average Taxonomic Distinctness index (AVTD, A*) and Variation in Taxonomic Distinctness
index (VarTD, A"). Four and twelve fungal classes were identified in sediments in the Eastern Equatorial Atlantic
and the Indian Ocean, respectively. The species/genera proportions in the communities varied from 1.33 (Indian
Ocean) to 3.8 (other areas of the Atlantic Ocean). For the fungal communities of the Eastern Equatorial Atlantic,
the AVTD index value was minimal (A" = 50.19), the VarTD index was maximal (A" = 945.38), and they were
beyond the 95% confidence interval. This was due to the small number of the fungal classes and vertical and
horizontal unevenness of species distribution along taxonomic branches, which was manifested in the dominance
of species of the family Aspergillaceae (78.9% of the species in the class Saccharomycetes and Eurotiomycetes), only
two species belonging to the classes Sordariomycetes and one species belonging to the class Microbotryomycetes
(phylum Basidiomycota). Consequently, statistically significant differences were found between the taxonomic
structures of the fungal communities of the Eastern Equatorial Atlantic and the other regions of the World
Ocean, which are due to the insufficient amount of data obtained on the species composition of fungi in the
sediments of this area. The study did not reveal any pattern in the change in the number of fungal species and
their abundance in relation to the water characteristics (temperature, pH, and salinity), horizon depth in the
sediment core, sediment type, or sampling station location in the Romanche and Chain Fracture Zones.

Keywords: abiotic factors, Aspergillaceae, Average Taxonomic Distinctness index, Distinctness index, subsurface
sediment horizons, marine fungi
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THE MICROFUNGAL COMMUNITIES IN DEEP-SEA SEDIMENTS

INTRODUCTION

The largest ecosystem on Earth is the deep waters of
the World Ocean and its floor, but these biotopes have
not been sufficiently studied in terms of organic matter
content, chemical composition, and biotic components.
Living or viable-in-culture microorganisms (bacteria,
archaea and fungi) have been detected in ocean sedi-
ment layers that lie several hundred meters below the
water—sediment interface. However, there is very little
information about the general diversity and growth of
microorganisms in this biotope (Rédou et al., 2015; Ro-
jas-Jimenez et al., 2020; Florio Furno et al., 2022). The
results of studying sediments to a depth of 1922 m using
molecular and cultural methods simulating iz situ condi-
tions made it possible to revise the previously established
maximum depths from 159 to 1740 m for the habitat of
eukaryotic microorganisms and from 518 to 1922 m for
that of prokaryotes (Ciobanu et al., 2014).

Cultivation allows isolating only a small number of
species; however, the merit of the method is the pos-
sibility of further dealing with pure cultures of micro-
organisms to estimate their physiological effects and to
extract and study biologically active compounds from
them. Bacteria and fungi isolated from deep-sea sed-
iments are known to produce extracellular hydrolas-
es and antibacterial metabolites that are active against
human clinical pathogens (Padmanaban et al., 2019;
Zhou et al., 2021). Such species as: Acremonium fusi-
dioides (Nicot) W. Gams, Penicillium allii-sativi Frisvad,
Houbraken et Samson, P. chrysogenum Thom, P. pali-
tans Westling, P. solitum Westling, and Pseudogymnoas-
cus verrucosus A.V. Rice et Currah, were isolated from
sediments in the Antarctic region. Some isolates of these
species exhibited antifungal, trypanocidal, leishmani-
cidal, antimalarial, nematocidal or herbicidal activities
(Ogaki et al., 2020).

In deep-sea ecosystems, fungi are involved in bi-
ochemical cycles and food chains and enter into di-
verse interactions (biotrophy, parasitism or symbiotro-
phy) with other organisms (Marchese et al., 2021). It
is known that endolithic fungi (i.e. those living inside
rocks) destroy the calcareous structures of hydrobionts:
mollusk shells, barnacles, foraminifera, corals, and the
burrow linings of marine wood borers (Kopytina, Bo-
charova, 2022).

Studies have been carried out on marine fungi from
deep-sea sediments of the Mariana (Nagano et al., 2010)
and Atacama Trenches (Edgcomb et al., 2011; Wang et
al., 2019), Mid-Indian Basin (Singh et al., 2012), South
China Sea (Zhang et al., 2013), Tropical Eastern Pacific
(Rojas-Jimenez et al., 2020), Atlantic Ocean (Marchese
et al., 2021; Zhou et al., 2021), and Black Sea (Zaitsev,
Polikarpov, 2008; Sergeeva, Kopytina, 2014). Mainly
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cosmopolitan fungi have been identified at different hori-
zons in sediments. This raises the question on the origin
of the fungi and their ability to adapt to the deep-sea con-
ditions (Damare et al., 2006; Rédou et al., 2015; Wang
et al., 2019, Zvereva, Borzykh, 2022). Molecular studies
discover operational taxonomic units (OTU) of unculti-
vated fungi for which there are no data in the GenBank
database (Xu et al., 2014; Marchese et al., 2021).

Studies on the fungal species diversity in the deep
pelagic and benthic zones of the World Ocean are im-
portant for understanding the number of fungal species
on the planet and their ecophysiological role in extreme
environmental conditions (Marchese et al., 2021).

The purposes of the present study are: 1) to assess the
taxonomic diversity of fungi and the structural features
of their communities in sediments up to the horizons
4.7 m below the water-sediment interface in the East-
ern Equatorial Atlantic; and 2) to assess the influence of
abiotic factors — characteristics of water above the sed-
iments (temperature, salinity, and pH), horizon level in
the sediment core, and sediment type — on the structure
of fungal communities.

MATERIALS AND METHODS

Sediments and water sampling. RV “Akademik Iof-
fe” cruise 63 (Shirshov Institute of Oceanology of the
Russian Academy of Sciences, RAS) took place from
29.09.2022 to 08.12.2022 in the eastern part of the Equa-
torial Atlantic in the area of the Romanche and Chain
Fracture Zones (Fig. 1). Teams of geologists and lithol-
ogists from the Shirshov Institute of Oceanology of RAS
collected sediment cores at 12 stations using a marine

Ocean Data View

25°W 200W

Fig. 1. Map of stations at which sediment cores were
sampled with water characteristics in the 63th cruise RV
“Akademik loffe”.
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geological coring tube with a diameter of 110 mm. To
study microscopic fungi, one sediment horizon was iso-
lated from each core.

Water temperature, salinity and pH in the near-sedi-
ment layer (at a distance of about 7 m from the ocean floor)
were measured using a CTD-probe Sea-Bird 19plus and a
pH-meter HANNA instruments HI98128 PHep5 with a pre-
cision of 0.01°C and 0.01 PSU for the thermohaline char-
acteristics and 0.01 for pH values.

Fungal isolation. Fungi were isolated on Czapek medium
(LLC Research and Development Center “Biokompas-S”,
Uglich, Russia) and Sabouraud agar (Obolensk, Serpuk-
hov, Moscow Region, Russia). 1 mL of sediment suspen-
sion (dilution 1 : 10) was added into a sterile Petri dish and
the dish was filled with molten medium cooled to approxi-
mately 45°C. Three replicates were prepared for each medi-
um (72 dishes in total). A 3% chloramphenicol (antibiotic)
solution in ethanol was added to the media in a proportion
of 1 mL per 1 L of media to suppress bacterial growth. The
media were prepared using sterile artificial seawater, which
was obtained by dissolving 34 g of sea salt (“Marbelle”, Ta-
ganrog, Russia) in 1 liter of distilled water. The Petri dishes
with the material were incubated in a thermostat at 18°C for
one month.

Two sediment samples of equal weights were taken. One
of them was used to prepare a suspension, and the other one
was dried in an oven to constant weight at a temperature of
105°C. The number N of colony-forming units (CFU) of
micromycetes was calculated per 1 g of dry sediment using
the formula: N=a-bm-g”', [1], where a is the average num-
ber of colonies in Petri dishes, 4 is the sediment dilution fac-
tor, m is the wet sediment weight, and g is the dry sediment
weight (Bilay, 1982).

To examine fungal communities, we used an ADF
U300 light microscope equipped with a camera ADF Pro
08 (China). Microfungi were identified by morphological
and cultural characteristics using the works (Bilay, Koval,
1988; De Hoog et al., 2000; Klich, 2002; Refai et al., 2014;
Visagie et al., 2014) and others. Valid names and taxonomic
affiliation of fungi were taken from the international elec-
tronic database Index Fungorum (2024).

Permanent preparations of isolated fungi are in the per-
sonal collection of N.I. Kopytina at the Papanin Institute of
Biology of Inland Waters of RAS.

Data processing. Data processing was carried out using
MS Excel and the statistical software package PRIMER®
5.2.8. The input of the PRIMER® software is a sample X
X taxon matrix supplemented with the corresponding
grouping factors. The similarity of the structure of fungal
communities across stations/horizons were assessed using
the Bray — Curtis similarity coefficient (the Similarity analy-
sis) in two variations: species composition similarity was
assessed by the presence/absence of species, and similarity
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of the quantitative structure of communities was evaluated
from the number and abundance of species.

The systematic features of a fungal community are de-
scribed using two taxonomic indices: Average Taxonomic
Distinctness index (AvI'D, A*) and Variation in Taxonomic
Distinctness index (VarTD, A"). These indices are calcu-
lated based on the presence/absence of species. To calcu-
late index values, two matrices are used: Sample data (main
matrix) and Aggregation data with the systematic position of
each species according to the hierarchy of C. Linnaeus (spe-
cies, genus, family, etc.). The TAXDTEST function plots
index graphs and the arrangement of symbols demonstrates
the proximity of the taxonomic structure of the complexes
under consideration.

Average Taxonomic Distinctness index (A™) shows the
vertical breadth of the distribution of taxa at the previous
and next levels of the taxonomic tree. The A" index is the
mean length of links between species in the taxonomic tree.
When two species belong to the same genus, one link leads
to the common node representing the genus. If species
belong to different genera of the same family, two differ-
ent link levels are involved (species — genus and genus —
family), and the index is calculated using the formula:
AT = [ZZ w;)/[8(S — 1)/2] [2], where S is the number of
species in the sample and w; is a measure of taxonomic dif-
ference given by the length of the path that connects species
i and in the hierarchical classification.

Variation in Taxonomic Distinctness index (VarTD, A™)
shows the degree of horizontal evenness in the distribution
of the number of lower taxa in the branches of high levels.
It is calculated using the formula: A* = [2X,; (w; — A")?]/
[S(S — 1)/2] [3], with the same notations as in Eq. [2].
The more representatives from polyspecific branches in the
community, the lower the indicators of hierarchical even-
ness of the taxonomic structure and the lower the values of
the indices A" and A™ (Clarke et al., 2014).

Systematic features of the fungal communities of the
Eastern Equatorial Atlantic are considered in comparison
with similar communities from other areas of the World
Ocean. A list of fungal species in sediments of the Indian
Ocean (cores at 0.3, 0.4 and 4.7 m) (Raghukumar, Raghu-
kumar, 1998; Raghukumar et al., 2010; Damare et al., 2006;
Zhang et al., 2014; Xu et al., 2018), the Pacific (0.0—3.58,
4, 12, 21, 25, 34, 37, 137, 403, 765, 1478 and 1884 m) (Xu
et al., 2014; Rédou et al., 2015; Keeler et al., 2021), and
the Atlantic (surficial horizons in the areas of Porcupine
Bank, the Whittard Canyon, and the South Atlantic Ocean)
(Marchese et al., 2021; Zhou et al., 2021) is compiled. This
list includes fungal species that were isolated by culture or
identified by genetic analysis with an accuracy of at least
98%. If only the fungal genus was reported, then the genus
name is supplemented with the designations: sp. 1, sp. 2.
The list consists of 180 fungal names and includes also the
Ne 6
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Table 1. Characteristics of sampling stations, sediment samples and water above sediments

Station N Coordinates Oceandepth, m | T,°C | S, PSU pH hSeQ1ment Sediment type
orizon, m

4379 00°01.218" S; 17°11.983' W 5493 1.96 34.86 7.00 3.00 sandy clay
4380 00°21.151" N; 16°34.747' W 5602 1.91 34.85 7.02 1.00 sandy silt
4382 00°34.846' N; 15°31.27 W 4814 2.20 34.84 6.94 3.60 silty sand
4383 00°21.293" N; 15°12.424' W 4165 1.19 34.77 6.89 2.68 clayey sand
4385 00°33.135" N; 14°36.729' W 4838 1.35 34.79 6.83 4.50 clayey sand
4393 00°59.275° S; 13°45.671' W 4688 1.28 34.78 6.78 2.95 clayey sand
4394 01°22.236' S; 15°08' W 5535 1.23 34.76 6.78 2.60 sandy silt
4397 02°05.9" S; 18°25.4' W 5189 0.82 34.72 6.69 3.75 clay
4405 00°51.47" S; 21°34.5' W 5964 1.16 34.77 7.02 3.00 clayey sand
4407 01°05.66" S; 22°54.587" W 4824 1.28 34.76 6.31 3.10 sandy silt
4408 01°06.794' S; 23°26.982' W 4860 1.24 34.76 6.82 2.19 sandy silt
4410 01°10.356' S; 24°25.5 W 5415 1.13 34.76 6.74 4.70 silty sand

taxa found in this study. Using the list of species, the taxo-
nomic richness (number of taxa of different ranks) and pro-
portions (genera/families, species/families, species/genera)
in the communities of the compared areas are determined
and the graphs of the A* and A" indices are plotted. This
analysis is shown in Discussion.

The outcome of the BIOENYV analysis (Biota and/or En-
vironment matching) is the highest possible values of Spear-
man’s rank correlation coefficients (p,,,,). The values of the
coeflicients show the combination of environmental param-
eters that most closely match variations in the distribution of
numbers and species composition of organisms by compar-
ing biotic (i.e. related to number of species and number of
organisms) and abiotic (i.e. related to physicochemical pa-
rameters of the environment) similarity matrices. The soft-
ware uses Z-standardization of environmental parameters
with different measurement units. The Shannon diversity
index H’used in the study indicates the complexity of the
fungal community structure and is calculated based on the
abundance (or biomass) and number of species as follows:
H =3R_ p,log, p,, [4], where p; is the proportion of the
i-th species in the total count (or total biomass) and R is the
number of species. In this study, the Shannon index based
on abundance was calculated using the function DIVERSE
(Clarke et al., 2014).

The similarity in the quantitative structure of the fungal
communities was analyzed using MDS ordination (ordi-
nation of samples by Multi-Dimensional Scaling), whose
outcome representation contains the intervals among sta-
tions in multidimensional space and is projected to 3D plots
(MDS function).

Ecological analysis of fungal community includes:
species composition, number of species, number of colo-
ny-forming units (CFU g~! dry sediment), and frequency of
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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species occurrence. The frequency of occurrence was calcu-
lated using the number of stations (12) taken as 100%.

RESULTS

Characteristics of sediment samples and water

Station coordinates and characteristics of the sediment
samples and water layer above sediments are presented in
Table 1. The sampled sediments were sandy, clayey or silty
odorless sediments, light gray or dark gray in color at nat-
ural moisture content. The physicochemical characteristics
of water at the sampling stations were close.

Fungal communities

In the deep-sea sediments from the Romanche and
Chain Fracture Zones, 2543 colonies of fungi belonging to
18 species of the phylum Ascomycota and one species of the
phylum Basidiomycota were identified, and one unidentified
taxon Mycelia sterilia 1 was detected. The species compo-
sition of the fungal complexes was dominated by represent-
atives of the class Eurotiomycetes, family Aspergillaceae: six
species from the genus Aspergillus, seven ones from the ge-
nus Penicillium, one species from the genus Emericella, and
one from the genus Talaromyces (Fig. 2, Table 2). The max-
imum frequency of occurrence (50%) among stations was
noted for the yeast Metschnikowia sp. 1.

Representatives of obligate marine fungi were not
found in the sediments, and all species belonged to
terrigenous cosmopolitan fungi. Low abundance (in
CFU g ') was noted in all samples, and growth of mi-
cromycetes was recorded in 33 Petri dishes (45.8%).
From the sediments sampled at Station N 4393 (sam-
pling horizon 2.95 m), no fungi were isolated.
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Fig. 2. Main fungal species isolated: (a) Penicillium citrinum; (b) Microascus brevicaulis; (c) Aspergillus fumigatus.

Table 2. Taxonomic composition, abundance (CFU g~! dry sediment) and at different horizons (stations) in deep-sea sediments
from the eastern part of the Equatorial Atlantic

Sediment horizon, m 3.0 1.0 3.6 | 268 | 4.5 26 | 375 | 3.0 3.1 2.19 | 4.7
Station # 4379 | 4380 | 4382 | 4383 | 4385 | 4394 | 4397 | 4405 | 4407 | 4408 | 4410
CFU g ! dry sediment
Ascomycota
FEurotiomycetes

*Aspergillus aculeatus lizuka 0 0 0 0 0 60 0 0 0 0 0
*A. carneus Blochwitz 0 0 0 70 0 0 0 0 0 0 0
A. conicus Blochwitz 0 | 200 0 0 0 0 0 0 0 0 0
*A. fumigatus Fresen. 0 | 100 0 70 0 60 30 0 0 0 0
*A. terreus Thom 0 0 0 0 0 0 30 0 0 50 0
*E{Inggﬁiléa usta (Bainier) Pitt et A.D. 0 0 0 0 0 60 0 0 0 0 0
*A(.jl?lﬁ?l;)ﬁ (Bainier et Sartory) Thom & 0 0 0 0 100 0 0 0 0 50 0
Penicillium aurantiogriseum Dierckx 0 0 0 | 150 0 0 0 0 {1600 0 40
*P. brevicompactum Dierckx 0 0 0 70 0 0 0 0 30 0 0
*P. chrysogenumThom 100 | 100 150 0 | 100 0 0 0 0 0 | 500
*P. citrinum Thom 100 0 0 0 0 0 0 0 0 0 0
P. expansum Link 0 0 0 0 | 100 0 0 0 0 0 0
P. paradoxum (Fennell et Raper)

Samson, Houbraken, Visagie et 0 100 0 0 0 0 40 0 0 50 0

Frisvad
P. purpurogenum Stoll 0 0 0 0 0 0 0 0 0 0 | 500
Talaromyces rugulosus (Thom) Samson

N, Yilmaz, Frisvad o S 0 030 7010 00 0 0 00

Sordariomycetes
Sarocladium kiliense (Griitz) Summerb. 0 0 30 0 0 0 0 90 70 0 0
*Microascus brevicaulis S.P. Abbott 0 | 100 30 | 150 0 0 0 0 0 50 0
Saccharomycetes
Metschnikowia sp. 1 | 635|200 | 185 | o0 (1300 | o | o | o0 |1600 | 504 | 0
Basidiomycota
Microbotryomycetes
Rhodotorula sp. 1 0500 30 of of ol of ol o] of o
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End of Table 2

Sediment horizon, m 3.0 1.0 36 | 2.68 | 4.5 26 | 375 | 3.0 31 | 219 | 4.7
Station # 4379 | 4380 | 4382 | 4383 | 4385 | 4394 | 4397 | 4405 | 4407 | 4408 | 4410

Unidentified taxon
Mycelia sterilia | 20 o) 30| of o of o 30| o of 4o
Total abundance and indicators of fungal species diversity

Total abundance, CFU g~! dry sediment | 1055 | 1300 | 755 | 580 | 1750 180 100 120 | 3300 | 704 | 1080
Number of taxa 4 7 7 6 5 3 3 2 4 5 4

Shannon Index, H'(log,) 1.079 | 1.733 | 1.545

1.720 10.922 | 1.099 |1.089 |0.562 |0.826 | 0.991 |0.957

Note. *Terrestrial fungal species with proven ability to live in the marine environment, according to molecular data (Jones et al., 2015).

Table 3. The highest values of Spearman’s rank correlation
coefficients (p,,,,) for combinations of different numbers of
variables influencing the structure of the fungal communities

Max. Spearman’s Combination of factors
coefficient (p,,,,) (water characteristics)
0.103 Temperature, salinity
0.090 Temperature
0.090 Temperature, salinity, pH
0.088 Ocean depth, temperature, salinity
0.082 Ocean depth, temperature
0.081 pH
0.079 Temperature, pH
0.077 Ocean depth, temperature, pH
0.074 Salinity
0.063 Ocean depth, temperature, salinity, pH

Seven fungal species were encountered only once. In
this case, the maximum similarity of species composition,
in terms of the Bray-Curtis coefficient, was 57.14% (Stations
NN 4380 and 4382, horizons 1.0 and 3.6 m, four common

(a)

A sandy clay
WV sandy silt
B silty sand
@ clayey sand

@ clay

species), and the maximum similarity of the quantitative
structure was 59.59% at these stations (with the abundanc-
es of 1300 and 755 CFU g~! dry sediment). The biodiversity
across horizons (stations) was also very low as seen in the
Shannon Index values.

As a result of comparing matrices of the biotic and abi-
otic factors (ocean depth, sediment horizon, water temper-
ature, pH and salinity) using BIOENYV analysis, maximum
Spearman correlation coefficients were obtained, which
ranged from 0.063 to 0.103. The values of the coefficients
were not statistically significant; therefore, the environmen-
tal parameters under consideration did not significantly af-
fect the structure of the fungal communities (Table 3). We
did not reveal any pattern of changes in the number of spe-
cies or fungal abundance with the sediment horizon (at the
ocean depth differences up to 1799 m and at the sediment
horizon differences up to 3.7 m).

No differences were detected among fungal commu-
nities from sediments of different types and from the
Romanche and Chain Fracture Zones, as shown in the
graphs of ordination of samples by Multi-Dimensional
Scaling [MDS (3D)] (Fig. 3).

(b)

A the Romanche
B the Chain

Fig. 3. MDS (3D) similarity of fungal communities: a — in sediments of different types; b — in sediments of the Romanche and Chain
Fracture Zones (according to the Bray-Curtis similarity coefficient).
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DISCUSSION

Molecular and cultural mycological studies of sub-
surface horizons in deep-sea sediments of the World
Ocean show that species of the phylum Ascomycota rep-
resent 43.0—80.0%, Basidiomycota 3—20%, Mucoromy-
cota 0.55—1.5%, Chytridiomycota 0.8%, and those with
unidentified sequences account for 2.4—64.0% of the
species composition (Xu et al., 2018; Rojas-Jimenez et
al., 2020; Florio Furno et al., 2022).

Species of the phylum Ascomycota dominated the
sediments in the Indian, Pacific, and Atlantic Oceans,
representing from 76.4% (Indian Ocean) to 89.5% (At-
lantic Ocean) of the species composition. In the present
study, fungal taxa from the phylum Ascomycota account-
ed for 92.5% of the species composition and abundance.
Using the species lists, indicators of taxonomic richness
and diversity of fungal communities were calculated,
and graphs of the taxonomic indices Delta™ and Lamb-
da* were plotted for each region in question (Table 4,
Fig. 3,a, b).

The highest similarity of species composition was in
the fungal communities of PO and 10, 20.6 (the com-
mon species were: Acremonium obclavatum W. Gams,
Aspergillus terreus, Aureobasidium pullulans (de Bary et
Lowenthal) G. Arnaud, Candida parapsilosis (Ashford)

KOPYTINA et al.

Langeron et Talice, Cladosporium sphaerospermum
Penz., Cutaneotrichosporon curvatum (Diddens et Lod-
der) Yurkov, Xin Zhan Liu, FY. Bai, M. Groenew. et
Boekhout, C. mucoides (E. Guého et M.T. Sm.) Xin
Zhan Liu, FY. Bai, M. Groenew. et Boekhout, EFmer-
icella sydowii, Fusarium oxysporum Schltdl., F. solani
(Mart.) Sacc., Meyerozyma guilliermondii (Wick.) Kurtz-
man et M. Suzuki, Penicillium chrysogenum, Rhodoto-
rula mucilaginosa (A. Jorg.) F.C. Harrison, Sarocladium
kiliense, and Starmerella etchellsii (Lodder et Kreger-van
Rij) C.A. Rosa et Lachance, and the common genus was
Exophiala). The similarity of the fungal communities in
the EEA sediments was 10.5 with those in sediments
of the other AO areas (Aspergillus conicus, Penicillium
brevicompactum, P. chrysogenum); 11.4 with those in the
10 sediments (Aspergillus terreus, Emericella sydowii,
E. usta, Penicillium chrysogenum, Sarocladium kiliense);
and 16.3 with those in the PO sediments (Aspergillus fu-
migatus, A. terreus, Emericella sydowii, Penicillium brevi-
compactum, P. chrysogenum, Sarocladium kiliense, yeasts
of the genera Metschnikowia and Rhodotorula). In the
EEA sediments, nine fungal species are noted that were
encountered in other regions. Common to the compared
communities were Penicillium chrysogenum and yeasts of
the genus Rhodotorula.

Table 4. Indicators of taxonomic richness and diversity of fungal communities in deep-sea sediments of the Eastern Equatorial

Atlantic, other Atlantic areas, Indian and Pacific oceans

Ocean Number of taxa Proportions
species ‘ genera ‘ families ‘ orders ‘ classes G/F ‘ S/F ‘ S/G
Ascomycota
Eastern Equatorial Atlantic (EEA) 18 6 4 4 3 1.50 4.50 3.00
Atlantic (AO) 34 15 12 11 5 1.25 2.83 2.27
Indian (10) 68 37 23 12 6 1.61 2.96 1.84
Pacific (PO) 63 39 24 15 6 1.63 2.63 1.62
Basidiomycota
Eastern Equatorial Atlantic (EEA) 1 1 1 1.00 1.00 1.00
Atlantic (AO) 4 4 3 3 3 1.33 1.33 1.00
Indian (10) 18 15 10 8 6 1.50 1.80 1.20
Pacific (PO) 16 12 7 7 3 1.71 2.29 1.33
Mucoromycota
Eastern Equatorial Atlantic (EEA) 0 0 0 0 0 0 0 0
Atlantic (AO) 0 0 0 0 0 0 0 0
Indian (I10) 0 0 0 0 0 0 0 0
Pacific (PO) 1 1 1 1 1 1.00 1.00 1.00
Note. G/F — genera/families; S/F — species/families; S/G — species/genera.
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Fig. 4. Average Taxonomic Distinctness index (Delta*) (a) and Variation in Taxonomic Distinctness index (Lambda*) (b) based on a
list of fungal species in subsurface horizons of deep-sea sediments: 1 — Eastern equatorial Atlantic; 2 — Atlantic Ocean, other areas;
3 — Indian Ocean; 4 — Pacific Ocean. Solid lines demarcate the 95% probability funnels. The dotted line runs through the center of

the 95% probability funnel — average calculated index value.

The smallest value of the Average Taxonomic Distinct-
ness index A* = 50.19 was recorded for the EEA communi-
ties. It was beyond the confidence interval (= 73—88), and
its symbol on the chart (Fig. 4, a) is below the probability
funnel. This indicates the uneven distribution of the species
across higher taxonomic ranks and statistically significant
difference from the taxonomic structure of the other fungal
communities under consideration. The species in this area
belong to four classes (out of 13). The class Eurotiomycetes
is dominated by representatives of the family Aspergillaceae,
78.9% of the species composition; this proportion is 18.6%
in the Indian Ocean, 20.3% in the Pacific, and 23.7% in the
other areas of the Atlantic. The symbol of the communities
from the other areas of AO (eight classes) is on the lower
border of the confidence funnel (A" = 77.55). The indices of
the communities from the Indian and Pacific Oceans (10—
12 classes) are the closest to the calculated mean value (A" =
83.22—82.66). Representatives of the classes Dothideomycet-
es, Eurotiomycetes, Sordariomycetes, Agaricomycetes, Leotio-
mycetes, Saccharomycetes, Microbotryomycetes were noted in
sediments of AQ, 10 and PO. In the eastern equatorial At-
lantic, fungi from the classes Dothideomycetes, Eurotiomycet-
es, Sordariomycetes, and Microbotryomycetes were recorded.

The highest value of in the index A* = 945.38 is
found for the communities from the EEA sediment
samples, and it is also beyond the confidence interval
(= 220—670). Its symbol is above the confidence funnel
on the graph (Fig. 4, b), confirming a high degree of
horizontal unevenness in the species distribution along
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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taxonomic branches and a small number of higher taxo-
nomic ranks. Species of the family Aspergillaceae were
dominant, and there were one-two species from the
classes Sordariomycetes and Saccharomycetes and one
species from the phylum Basidiomycota (class Micro-
botryomycetes). The index values for the other regions
(A" =364.18—495.22) are within the confidence funnel.

The taxonomic richness and diversity of fungal com-
munities in the oceans (Table 4) and the values of the
genera/families, species/families and species/genera
proportions reflect the average distribution of genera at
two relatively low taxonomic levels, but do not reveal
the distribution of species in them and, even more so,
in the higher taxonomic ranks in specific regions. At the
same time, the kingdom Fungi includes a great num-
ber of classes and, accordingly, taxa of lower levels. The
graphs of the A* and A™ indices clearly show the simi-
larities/differences in the structure of the communities
under consideration, with the distribution of species in
the high ranks taken into account. Thus, these graphs
are useful when analyzing large numbers of species and
regions, and data on taxonomic richness and diversity
are helpful in justifying the values of the indices.

In the EEA sediments, fungi of the classes Eurotiomyce-
tes, Sordariomycetes, Saccharomycetes, and Microbotryomy-
cetes were detected, which fact is consistent with results ob-
tained for the other regions of the World Ocean (Raghuku-
mar, Raghukumar, 1998; Raghukumar et al., 2010; Damare
et al., 2006; Zhang et al., 2014; Xu et al., 2014, 2018; Rédou
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et al., 2015; Wang et al., 2019; Rojas-Jimenez et al., 2020;
Keeler et al., 2021). In our study, common fungal species
of the genera Alternaria, Cladosporium, Phoma and Fusa-
rium were not found, which make up from 11.4% (Pacific
Ocean) to 31.6% (other areas of the Atlantic) of the species
composition. Apparently, this is due to the small amount of
data and insufficient research on fungi in sediments of the
Eastern Equatorial Atlantic.

It is known that the structure of fungal communi-
ties in sediments is not dependent on such factors as
hydrostatic pressure, water salinity, presence of oxygen,
and geographical location of site (Rojas-Jimenez et al.,
2020; Marchese et al., 2021). This is confirmed also by
the results of the present research. Further studies on
fungi in sediment layers are needed to make more com-
prehensive and substantiated conclusions about the in-
fluence of environmental conditions on these organisms.

CONCLUSION

For the first time, fungal communities from sediment
samples collected in the Eastern Equatorial Atlantic from
ocean depths of 4165—5964 m at horizons 1.0—4.7 m below
the water—sediment interface have been characterized. In
similar studies, names of fungal taxa no lower than at the
genus level are typically indicated, and frequently, they are
for higher taxonomic ranks up to phyla. Therefore, it is diffi-
cult to compare the obtained results with the literature data.
Based on the literature data, a list of species in sediments
from the Indian, Pacific and Atlantic oceans, including the
Equatorial Atlantic, has been compiled. This has allowed us
to identify common features of the structure of the fungal
communities: 1) species from the phylum Ascomycota ac-
count for 92.5% of the species composition and abundance;
2) there is a high incidence of yeasts (50.0% for Saccharo-
mycetes); 3) a yeast of the genus Rhodotorula (Basidiomyco-
ta) has been isolated. The features of the fungal communi-
ties from the Eastern Equatorial Atlantic are: 1) identified
species are predominantly from the family Aspergillaceae
(78.9%); 2) small number of fungal classes (four only) have
been identified; 3) the widespread genera Alfernaria, Clad-
osporium, Phoma, and Fusarium are lacking. The values for
the Average Taxonomic Distinctness index (Delta+) and
Variation in Taxonomic Distinctness index (Lambda-+)
calculated for the fungal communities from EEA samples
were beyond the 95% confidence interval. Consequently,
the taxonomic structure of these communities is signifi-
cantly different from those of the other areas of the World
Ocean in question, which is clearly displayed in the index
graphs and is confirmed by the data on taxonomic richness
and diversity. It has been found in the present study that
the structure of the fungal communities from the Eastern
Equatorial Atlantic was not influenced by the ocean depth
at the sampling stations or physicochemical characteristics
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(temperature, salinity and pH) of water above the sedi-
ments. Also, no differences in the fungal communities from
different types of sediments and between the Romanche
and Chain Fracture Zones have been detected.
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Muko6roTa y0OKOBOIHBIX OTJIOXKEHUI, 0COOEHHO TeX, KOTOPhIE HAXOAATCS Ha NTyOMHE HECKOJIBKUX METPOB
HUKe TpPaHULBI pas3nena “Boja — ocalok”, u3ydyeHa cinabo. B aToii paboTe BriepBble ObLIN UCCIEAOBAHBI KOM-
TUTEKCHI MUKPOCKOITMIECKUX TPUOOB, BBIICICHHBIX METOIOM KYJIBTUBUPOBAHUS 13 TTTYOOKOBOIHBIX OTIOXKECHUI
BOCTOYHOI YaCTU 3KBAaTOpHATbHOM ATIaHTUKHU (30HBI pa3ioMoB PoManir n YeitH). [puOkI BelaeneHbI U3 ocaj-
KOB, OTOOpaHHBIX Ha KaxXX10ii 13 12 cTaHLIMii ¢ TOpU30HTOB Ha rmyouHe 1.0—4.7 M HUKe TpaHUIIbI pa3aena J0H-
HbIe “OTN0XeHUsT — BoAa”. s udydeHuss MUKPOCKOMTMYECKUX TPUOOB M3 KaXKI0T0 KepHa ObLT BbIAEIEH OOUH
TOPU3O0HT JOHHBIX OTIOXeHUI. YncneHHOoCTh rprboB u3MeHsuiack B mipenenax 0.0—3300.0 KOE Ha 1 1 cyxoro
Beca ocanka. B o6uieit ciioxHocTr 66110 UAEHTUGMDUIUPOBAHO 19 TAKCOHOB TPUOOB U3 OTAENOB Ascomycota (18)
u Basidiomycota (1) n BeImeneH Heolmo3HaHHBIN Bua Mycelia sterilia 1. CeMb BUIOB rpu00OB OBUTH OOHAPYKEHBI
110 OMHOMY pa3y. MakcuMaIbHOE CXOICTBO BUIOBOTO cocTaBa 1o KoadduimmeHnty bpas — Kepruca cocraBuio
57.14% (ropuszoHTtsl 1.0 1 3.6 M, yeThbipe 0OLIMX BUAa). BblIo IpoBeieHO CpaBHEHUE TAKCOHOMUYECKUX CTPYK-
Typ KOMILJIEKCOB T'pMOOB 13 paiioHa UCCaeI0BaHusI C KOMITIEKCaMu U3 ocankoB MHauiickoro u Tuxoro okeaHOB
W APYTUX pailoHOB ATiaHTUKU. Ha 0CHOBE IUTepaTypHBIX JAHHBIX U PE3YJBTATOB HACTOSIIIETO UCCIEIOBAHUS
OBLT COCTaBJIEH CMUCOK BUIOB rpuOoB 13 180 HaumeHoBaHuil. [pubsl npuHamiexanmm K 97 ponam, 57 ceMeii-
ctBaMm, 32 oTpsimam m 13 Kitaccam oTaennoB Ascomycota, Basidiomycota m Mucoromycota. PazHooOpasue TprOHBIX
COOOIIECTB OIIEHUBAJIOCH C MCITOJIb30BAaHUEM TTOKa3aTesIei TAKCOHOMUYIECKOTo O0raTcTBa (KOJIMYECTBO TAKCOHOB
pPa3HBIX PAHTOB), NMPOMOpLUii (pon/ceMeiicTBO, BUA,/ceMeiiCTBO, BUI/POM), CPENHETO MHAEKCAa TAKCOHOMMYE-
ckoit omnuuteabHocT (AVID, A+) 1 Bapuanuu uHaekca TakcoHoMuueckoit ormnyutenbHocTu (VarTD, A+).
B 1OHHBIX OTJI0XEHUSIX BOCTOYHOM YaCTH 9KBAaTOPUAIbHON ATIaHTUKY U MHAMIACKOTO oKeaHa ObUTU OOHapy-
JKEHBI YeThIpE W ABEHAMIATh KJIACCOB IPHOOB cOOTBETCTBEHHO. COOTHOIIIEHNE BUIOB M POIOB B COOOIIECTBAX
BapbsupoBaio ot 1.33 (Muanuitckuii okean) mo 3.8 (mpyrue paifoHbI ATIIAHTUIECKOTO OKeaHa). JIJIst KOMITJICKCOB
rpuOOB BOCTOYHOM 3KBaTOPUAIBHOIN ATJIaHTUKY 3HaueHue nHaekca AVID Obiio MUHUMabHBIM (A* = 50.19),
nHaekca VarTD — MakcumanbHbIM (AT = 945.38), 1 oHM HaXOIMIUCH 3a NIpeaetaMu 95% N0BEPUTELHOTO
WHTEepBajia. DTO CBA3aHO C MAJIOUMCIIEHHOCTBIO KJIACCOB I'PUOOB, a TAKXKE C BEPTUKAIbHON U TOPU3OHTATBLHOMN
HEPaBHOMEPHOCTHIO pacipeneeHus] BUAOB IO TAKCOHOMUYECKUM BETBSIM, UTO MTPOSIBIISITIOCH B TOMUHUPOBA-
HUU BUIOB ceMelicTBa Aspergillaceae (78.9% BunoB, xnacc Eurotiomycetes), 2 Buaa, IpUHAMIEKAIH K KJIACCy
Sordariomycetes, 1 IO OMHOMY BHIy K KJ1accaM Saccharomycetes u Microbotryomycetes u3 otnena Basidiomycota.
CrenoBaTeIbHO, OBUIM OOHAPYKEHBI CTATUCTUYECKH 3HAUMMBIE PA3INYUs MEXIY TAKCOHOMUYECKUMU CTPYK-
TypaMy KOMILIEKCOB IrpO0OB BOCTOYHOI 5KBAaTOPUANbHOI ATIAHTUKU U APYTUX PErMOHOB MUpPOBOro okea-
Ha, KOTOpble 00YCIOBJIEHbI HEAOCTATOUHBIM KOJIMYECTBOM MOJYYEHHBIX JAaHHBIX O BUIIOBOM COCTaBe IpruOOB
B JOHHBIX OTJIOKEHUSIX 3TOTr0 p-Ha. MccnenoBaHue He BBISIBIIO KaKOKH-IMO0 3aKOHOMEPHOCTH B UBMEHEHUU
KOJIMYeCTBa BUAOB IPNOOB M X OOMJINS B 3aBUCHUMOCTH OT ITapaMeTpOB BoABI (TeMIteparypa, pH, coneHocTs),
ITyOMHBI TOPU30HTA B KEPHE OTVIOXKESHU, TUTIA OTIOXKEHUI MJIN PAaCTIONIOXKEHMS CTAaHIIMK 0TOOpa IMpod B 30HAX
pasznomoB Pomanin un YeiiH.

Knrouesoie crosa: abnotTnueckue (GpakTopbl, MHICKC TAKCOHOMUYECKON OTIIMUMTETLHOCTH, UHIECKC Bapua-
0GebHOCTU TAaKCOHOMUYECKON OTIUYUTETbHOCTH, MOPCKHUE TPUOBI, TTONCTUIAOIINE TOPU3OHTHI OCaaKa,
Aspergillaceae
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A total of 49 species of aphyllophoroid fungi (4garicomycetes) were recorded for the first time in Taymyrsky
Dolgano-Nenetsky District. The ranges expansion of phytopathogenic fungi associated with alien and native
woody plants to the north, as well as the increase in the number of the wooden infrastructure destroyers, are

discussed.
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INTRODUCTION

The Arctic mycobiota is poorly studied compared to
other regions of the planet (Dahlberg, Biiltmann, 2013).
At the same time, a number of regions are the least studied,
located in Asia, including Taymyrsky Dolgano-Nenetsky
District (TDND), on the territory of which are the Taimyr
Peninsula, the Putorana Plateau and the Anabar Plateau,
as well as vast flat territories (Mukhin, 2010).

The region is home to unique, northernmost forest ar-
eas on the planet — Lukunskaya (72° 34’ N) and Ary-Mas
(72° 28" N), which is formed by Larix gmelinii (Rupr.)
Kuzen. (Kryuchkov, 1972; Ary-Mas, 1978). The northern-
most continental part of Eurasia — Cape Chelyuskin — is
located here. Arctic deserts, arctic and subarctic tundra,
forest-tundra and northern taiga are widespread in the re-
gion, and mountain landscapes are vast, which is why the
mycobiota of the region can be rich (Shiryaev et al., 2018;
Red data book, 2022).

However, the increasing intensity of anthropogenic
pressure on fragile Arctic ecosystems is especially evident
within the boundaries of the Norilsk industrial region,
where thousands of hectares are covered with destroyed
trees and pronounced soil erosion, which is widely known
as the “Norilsk dead forest” (Kirdyanov et al., 2020).

In Norilsk City, the average annual air temperature has
increased by 2.6°C over 60 years (Report.., 2023), which
has made it possible for boreal plants to be introduced into
populated areas (Druckenmiller et al., 2024). This may
lead to the dispersal of alien fungal species to the northern

regions, as it observed in Yamal-Nenets Autonomous Dis-
trict and Murmansk Region (Khimich et al., 2020; Shiry-
aev et al., 2020). The import of alien building materials for
economic purposes is another important factor that can
affect the formation of local mycobiota. It is worth noting
that the trends of decreasing fungal biodiversity due to eco-
nomic activity on the one hand, and the emergence of new
species due to global warming and plant introduction on
the other, have not yet been studied in the region.

For TDND, information has been published on the oc-
currence of 133 species of aphyllophoroid fungi (Karatygin
et al., 1999; Mukhin, Kotiranta, 2001; Shiryaev, 2011, 2017,
2018), which were collected in natural and man-made hab-
itats. However, this list is poor compared to neighboring
Arctic regions (Kotiranta, Mukhin, 2000; Khimich et al.,
2020; Shiryaev et al., 2020; Shiryaev, Mikhalyova, 2013).

The purpose of this study is to identify species of aphyl-
lophoroid fungi previously unknown in TDND.

MATERIALS AND METHODS

TDND is located entirely north of the Arctic Circle.
TDND area is 879.9 thousand km?. The north of the re-
gion has an arctic climate, while the south has a subarctic
(continental) climate. The capital of TDND is Dudinka
town (69°24' N, 86°10" E).

The largest city of TDND, Norilsk City (69°21" N,
88°11" E), has a population of 235.000. It is the second
most populous city in Krasnoyarsk Krai. The average an-
nual air temperature in Norilsk is —9.6°C, with the average
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temperature of the coldest month (January) is —26.7°C,
and the warmest month (July) is 7.9°C. On average,
341 mm annual precipitation.

The material was collected by the author in Septem-
ber 2004 in natural forest-tundra plain areas located to the
east of the Yenisei River, where the forest stand is formed
by low-growing Larix gmelinii, Betula tortuosa Kedeb. and
Alnus fruticosa Rupr. |[= Alnus alnobetula subsp. frutico-
sa Raus], as well as in the western and southern parts of
the Putorana Plateau, where northern boreal forests grow
with Larix gmelinii, Picea obovata Ledeb., Betula tortuosa,
Alnus fruticosa and Juniperus sibirica Burgsd. The material
was also collected in anthropogenic habitats of Norilsk City
(including the Kayerkan, Valek, Oganer, Talnakh, Snezh-
nogorsk districts) and Dudinka town on alien trees, e.g.
Pinus sylvestris L., P. sibirica Du Tour and Populus trem-
ula L., and in the floodplains of the Yenisei and Pyasina
rivers. Some samples from anthropogenic habitats were
collected by colleagues in 2006—2020.

The names of plant species are given according to the
Plants of the world online database (www.powo.science.
kew.org). Fungal names are given according to the Index
Fungorum (2024) online database (www.indexfungorum.
org). The materials are deposited in the Biological Mu-
seum of the Institute of Plant and Animal Ecology of the
Ural Branch of the Russian Academy of Sciences, Ekater-
inburg (SVER).

The following abbreviations used in the species list:
Dudinka — DUD, Norilsk (center) — NOR, Kayerkan —
KAY, Oganer — OGA, Snezhnogorsk — SNE, Talnakh —
TAL, Valek — VAL; Larix gmelinii — Lg, Picea obovata —
Po, Alnus fruticosa — Af, Betula tortuosa — Bt, Pinus sylves-
tris — Ps, Pinus sibirica — Psib, Populus tremula — Pt, Salix
spp. — Sa.

RESULTS

Species list of aphyllophoroid fungi, collected for
the first time in TDND
Amylocorticium cebennense (Bourdot) Pouzar — SNE, Lg, mixed forest
with Lg, Po, Af, Bt, 20.08.2004 SVER(F)86510.

A. subincarnatum (Peck) Pouzar — TAL, Po, larch-spruce-birch mixed
forest, 19.08.2004 SVER(F)86527.

Amylostereum chailletii (Pers.) Boidin — TAL, Lg, mixed forest with Lg,
Po, Af, Bt, 19.08.2004 SVER(F)86540.

Antrodia sinuosa (Fr.) P. Karst. — NOR, Ps, sawdust warehouse,
05.09.2013 SVER(F)86526.

Athelia bombacina (Pers.) Jilich — SNE, Po, edge of mixed forest,
23.08.2004 SVER(F)86511.

Baltazaria galactina (Fr.) Leal-Dutra, Dentinger et G.W. Griff. — VAL,
Bt, birch-alder bushes, 21.08.2004 SVER(F)86548.

Botryobasidium candicans J. Erikss. — TAL, Po, mixed forest with Lg, Po,
Af, Bt, 19.08.2004 SVER(F)86541.
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B. obtusisporum J. Erikss. — VAL, Lg, larch-spruce-birch forest,
18.08.2004 SVER(F) 86500.

B. pruinatum (Bres.) J. Erikss. — DUD, Bt, Af and Bt bushes, 25.08.2004
SVER(F)86509.

Cerioporus scutellatus (Schwein.) Zmitr. — SNE, Af, mixed forest with
Lg, Po, Af, Bt, 04.09.2011 SVER(F)86539.

Coniophora puteana (Schumach.) P. Karst. — NOR, Psib, logs at the
base of a building on the territory of the Norilsk state farm, 12.06.2012
SVER(F)86528.

Crustoderma longicystidiatum (Litsch.) Nakasone — DUD, Larix sp.,
trunk in the port, 25.09.2012 SVER(F)86525.

Cyanosporus caesius (Schrad.) McGinty — TAL, Lg, mixed forest with
Lg, Po, Af, Bt, 19.08.2004 SVER(F)86517.

C. simulans (P. Karst.) B.K. Cui et Shun Liu — VAL, Po, mixed forest
with Lg, Po, Bt, Af, 21.08.2004 SVER(F)86505.

Cytidiella albida (H. Post) C.C. Chen et Sheng H. Wu [= Phlebia albida
H. Post] — DUD, Bt, slope to the Yenisei River, 25.08.2004 SVER(F)86543.

Daedaleopsis confragosa (Bolton) J. Schrot. — TAL, alive Sa, river bank,
19.08.2004 SVER(F)86512.

Dacryobolus sudans (Alb. et Schwein.) Fr. — VAL, Lg, mixed forest Lg,
Po, Bt, Af 22.08.2004 SVER(F)86508.

Dendrocorticium polygonioides (P. Karst.) M.J. Larsen et Gilb. — OGA,
Bt, mixed forest, 23.08.2004 SVER(F)86524.

Hydnomerulius pinastri (Fr.) Jarosch et Besl — KAY, Psib, burnt wooden
rafters at the entrance to the Cuprum-mine, 06.03.2016 SVER(F)86501.

Hyphoderma occidentale (D.P. Rogers) Boidin et Gilles — TAL, Sal,
mixed forest, 19.08.2004 SVER(F)86513.

H. setigerum (Fr.) Donk — OGA, Bt, birch-alder bushes intermixed with
dead larch trees, 22.08.2004 SVER(F)86529.

H. sibiricum (Parmasto) J. Erikss. et A. Strid — SNE, Lg, larch-spruce
forest intermixed with alder, 01.09.2013 SVER(F)86507.

Hyphodontia spathulata (Schrad.) Parmasto — SNE, Af, mixed forest with
larch, spruce, alder, birch, 21.08.2009 SVER(F)86542.

Hypochnicium lundellii (Bourdot) J. Erikss. — TAL, Lg, larch-dominated
forest, 19.08.2004 SVER(F)86547.

Jaapia argillacea Bres. — OGA, Lg, fallen trunk at the hospital territory,
23.08.2004 SVER(F)86537.

Leptoporus mollis (Pers.) Quél. — SNE, Po, mixed forest, 26.08.2016
SVER(F)86549.

Leptosporomyces galzinii (Bourdot) Jillich — VAL, Lg, mixed forest with
Lg, Po, Af, Bt, 22.08.2004 SVER(F)86514.

L. fusoideus (Jilich) Krieglst. — SNE, Lg, mixed forest with Lg, Af, Bt,
04.09.2011 SVER(F)86502.

Megalocystidium leucoxanthum (Bres.) Jiilich s.1. — SNE, Af, mixed forest
with Lg, Po, Af, Bt, 23.08.2004 SVER(F)86530.

Mutatoderma mutatum (Peck) C.E. Goémez — OGA, Bt, hospital park,
23.08.2004 SVER(F)86536.

Mycoacia livida (Pers.) Zmitr. — TAL, Po, river shore, mixed forest with
Lg, Po, Af, Bt, 19.08.2004 SVER(F)86506.

Peniophora erikssonii Boidin — SNE, Af, inside Af and Bt bushes,
23.08.2004 SVER(F)86515.

P. pithya (Pers.) J. Erikss. — NOR, Lg, Norilsk state farm, 05.09.2013
SVER(F)86522.

Penttilamyces romellii (Ginns) Zmitr., Kalinovskaya et Myasnikov —
SNE, Lg, mixed forest with Lg, Po, Af, Bt, 11.09.2016 SVER(F)86523.

Ph. tremula (Bondartsev) Bondartsev et P.N. Borisov — SNE, alive Pt,
house yard, 14.06.2020 SVER(F)86535.

Ph. lilascens (Bourdot) J. Erikss. et Hjortstam — TAL, Po, larch-spruce
forest, 19.08.2004 SVER(F)86503.

TOM 58 Ne 6 2024



ADDITIONS TO THE SPECIES LIST OF APHYLLOPHOROID FUNGI

Porodaedalea abietis (P. Karst.) Bernicchia et Gorjén [= Phellinus
abietis (P. Karst.) H. Jahn] — SNE, Po, larch-spruce forest, 04.09.2011
SVER(F)86531.

Rhodofomes cajanderi (P. Karst.) B.K. Cui, M.L. Hanet Y.C. Dai [= Fomi-
topsis cajanderi (P. Karst.) Kotl. et Pouzar] — DUD, driftwood Larix,
rivershore, 04.09.2011 SVER(F)86538.

Repetobasidium erikssonii Oberw. — DUD, Larix sp., fire wood in the
yard, 25.08.2004 SVER(F)86544.

Sistotrema diademiferum (Bourdot et Galzin) Donk — DUD, Sa, slope to
the Yenisei River, 25.08.2004 SVER(F)86532.

Sistotremella perpusilla Hjortstam — TAL, Po, mixed forest with Lg, Po,
Af, Bt, 19.08.2004 SVER(F)86534.

Spongiporus perdelicatus (Murrill) Zmitr. — SNE, Lg, mixed forest with
Lg, Po, Af, Bt, 28.08.2020 SVER(F)86521.

Steccherinum tenuispinum Spirin, Zmitr. et Malysheva — VAL, Af, bushes
of Af and Bt, 21.08.2004 SVER(F)86545.

Trametes hirsuta (Wulfen) Pilat — TAL, Bt, mixed forest with Lg, Po, Af,
Bt, 19.08.2004 SVER(F)86518.

Trichaptum biforme (Fr.) Ryvarden — SNE, Bt, lake shore, mixed forest
with Lg, Po, Af, Bt, 06.09.2020 SVER(F)86520.

Tubulicrinis borealis J. Erikss. — NOR, Larix sp., fire wood in the yard,
22.08.2020 SVER(F)86504.

Tulasnella thelephorea (Juel) Juel — TAL, Lg, mixed forest with Lg, Po,
Af, Bt, 19.08.2004 SVER(F)86546.

Typhula ishikariensis S. Imai — DUD, on cereals, slope to the Yenisei
River and town loans, 28.06.2020 SVER(F)86533.

Vararia investiens (Schwein.) P. Karst. — TAL, Lg, mixed forest with Lg,
Po, Af, Bt, 19.08.2004 SVER(F)86519.

DISCUSSION

Forty-nine species of aphyllophoroid fungi have been
identified for the first time in TDND. In total, taking into
account previously published data (Karatygin et al., 1999;
Mukhin, Kotiranta, 2001; Shiryaev, 2011, 2017, 2018),
the list of aphyllophoroid fungi in the region is 182 spe-
cies. However, this number is lower than the lists known
for neighboring high-latitude regions. Thus, 326 species
were identified in the Yamal-Nenets Autonomous District
(Shiryaev et al., 2020) and 223 species in the arctic part of
Yakutia (Kotiranta, Mukhin, 2000; Shiryaev, 2012, 2017,
2018; Shiryaev, Mikhalyova, 2013). In the richest Rus-
sian Arctic territory, Murmansk Region, 473 species of
aphyllophoroid fungi are known (Khimich et al., 2020),
although the area of the region is smaller compared to the
above-mentioned Asian territories.

It is expected that the species list of aphyllophoroid
fungi in TDND will increase thanks to research in the
foothill and mountainous regions of the Putorana Pla-
teau, where highly productive, for Arctic latitudes, old-
growth northern boreal forests are locally distributed
(Grigoriev et al., 2019).

Due to the ongoing warming of the Arctic climate,
the species of fungi that have appeared in the region re-
cently can be divided into three groups:

1. Due to the increase in above-ground phytomass,
and, consequently, mortmass of woody plants such as
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Larix gmelinii, Picea obovata as well as Alnus fruticosa,
Betula tortuosa, it became possible to expand the ranges
of some fungal species (Baltazaria galactina, Botryoba-
sidium candicans, B. pruinatum, Cyanosporus simulans,
Daedaleopsis confragosa, Dacryobolus sudans, Dendro-
corticium polygonioides, Hyphoderma occidentale, H.
sibiricum, Leptoporus mollis, Leptosporomyces fusoideus,
Mpycoacia livida, Peniophora erikssonii, Spongiporus per-
delicatus, Steccherinum tenuispinum) to the north with
a maximum of finds in the boreal regions of Central Si-
beria (Kotiranta, Shiryaev, 2015). However, it is worth
noting that the soil-inhabiting species of aphyllophoroid
fungi are still rare in TDND, and widespread species
from the genera Thelephora, Clavaria, and Clavulina are
encountered only occasionally. Probably, permafrost re-
strains the northward advance of the “southern” species
of humus saprobes and mycorrhiza-forming fungi.

2. In natural and anthropogenic habitats, the number
of pathogenic fungi species on woody and herbaceous
plants increases. In nature, Daedaleopsis confragosa
have been collected on living willow branches, and Po-
rodaedalea abietis has been found on living spruce trees.
Typhula ishikariensis, which causes snow mold disease,
develops on cereals in the Yenisei River floodplain and
on nearby lawns in Dudinka town. This fungus has not
yet been collected in the region’s upland habitats. In ur-
ban parks, Phellinus tremula has been collected on alien
aspen, and Trametes hirsuta has been found on a frost
crack in a living birch.

3. In anthropogenic habitats, saprobic fungi appear,
associated with the destruction of wooden residential
and commercial infrastructure. Thus, in 2009, basidio-
mata of Coniophora puteana were collected on the logs
of Pinus sibirica (alien for the natural flora of the region)
located at the base of a building on the territory of the
Norilsk state farm. In 2016, Hydnomerulius pinastri was
collected in Kayerkan on burnt wooden (siberian pine,
probably) rafters at the entrance to the mine. In 2015,
saprobic Antrodia sinuosa developed en masse on pine
warehouse sawdust (Pinus sylvestris is alien for the natu-
ral flora of the region).

Fungal species included in the Red data book of Kras-
noyarsk Krai (2022) were not found in TDND. However,
Clavulinopsis subarctica (Pilat) Jilich, which develops on
mosses in the tundra zone, was collected in the region
(Shiryaev, 2017, 2018). It is included in the new edition
of the Red data book of the Russian Federation (Order..,
2023). Undoubtedly, climate warming, which causes
“Arctic greening”, leads to the “borealization” of its my-
cobiota (Shiryaev et al., 2020). It is likely that after a new
series of mycological studies, other rare species of aphyl-
lophoroid fungi will be identified in TDND.
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DNA barcoding is one of the most effective and modern approaches to obtaining new information on biodiversity
of fungi and lichens in poorly studied and/or unique regions. As a result of this research, a total of 16 DNA
barcodes were obtained for new regional finds of xylobiont aphyllophoroid fungi and lichens inhabiting the
territory of the Samursky National Park (Republic of Dagestan, Russia). Among them, not only nucleotide
sequences of ITS nrDNA for specimens identified based on classical micromorphological methods are presented,
but also new information on cryptic species differentiated using molecular genetic approach. The taxonomic
spectrum of the studied objects includes representatives of the genera Coniophora, Dendrographa, Diploicia,
Dirina, Evernia, Hyphoderma, Lyomyces, Mycoacia, Opegrapha, Peniophorella, Phanerochaete, and Xylodon.
Mpycoacia aurea is registered for the first time for the Republic of Dagestan and the Eastern Caucasus.

Keywords: corticioid fungi, DNA barcode, internal transcribed spacer, liana forest, lichenized fungi, Phlebia

aurea

DOI: 10.31857/S0026364824060089, EDN: umsxsc

DNA barcoding is a standardised system for the iden-
tification of biological samples based on the use of rel-
atively short nucleotide sequences from highly variable
genome sequences, which are unique for taxonomic
identification of species. The approach was initially de-
veloped and tested on a range of animal groups (Hebert
et al., 2003; Kerr et al., 2007; Hubert et al., 2008), and
was subsequently applied to plants and fungi. A substan-
tial body of genomic research has demonstrated that dif-
ferent groups of organisms have distinctive genome se-
quences that are optimally suited for DNA barcoding. In
accordance with the original concept of universal DNA
barcoding (Begerow et al., 2010), an internal transcribed
spacer (ITS) fragment comprising two internal tran-
scribed spacers and a 5.85 gene was proposed as the first
universal molecular marker for DNA barcoding in fungi,
offering satisfactory resolution across a diverse range of
taxa (Schoch et al., 2012; Xu, 2016).

The considerable increase in the volume of newly
generated data pertaining to the primary structure of
fungal DNA ITS regions has underscored the necessity

for the development of specialized databases. One such
comprehensive and publicly accessible repository is the
National Center for Biotechnology Information (NCBI)
RefSeq (Targeted Loci), which has become the main re-
source for the curation of fungal ITS reference sequenc-
es. The principal benefit of such curated databases is
that the profile representatives of the scientific commu-
nity conduct the curation, annotation and expansion of
the database (Liicking et al., 2020). In addition to ITS,
other secondary barcoding markers are used for fungi,
including intergenic spacer (IGS), fragments of 3-tu-
bulin II (TUB2), DNA-dependent RNA polymerase 11
(RPB1, RPB2), translation elongation factor 1a (TEF]),
and others.

The advent of DNA barcoding and high-throughput
sequencing techniques has given rise to a novel meth-
odological approach for the study of fungal biodiversi-
ty. While these methods of classification and identifica-
tion based on nucleotide sequences are powerful tools
for rapid detection of hidden diversity, it is essential to
exercise caution when interpreting the data obtained to
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Table 1. Data of the specimens collected in the Samursky National Park, Republic of Dagestan, Russia
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Specics Host tree species Herbarium Genbank Accession
specimen number number (NCBI)
Dendrographa decolorans (Turner et Borrer) Populus nigra DAG 1511 OR936146
Ertz et Tehler
Diploicia canescens (Dicks.) A. Massal. Populus nigra DAG 1510 OR936147
Dirina ceratoniae (Ach.) Fr. Populus nigra DAG 1512 OR936145
Evernia prunastri (L.) Ach. Pinus brutia var. eldarica DAG 1514 OR936143
Opegrapha vulgata (Ach.) Ach. Pinus brutia var. eldarica DAG 1513 OR936144
Coniophora arida (Fr.) P. Karst. Pinus brutia var. eldarica LE F-342607 OR936149
Hyphoderma setigerum (Fr.) Donk Carpinus betulus LE F-342603 OR936153
Carpinus betulus LE F-342601 OR936155
Lyomyces crustosus (Pers.) P. Karst. Pinus brutia var. eldarica LE F-342605 OR936150
Mpycoacia aurea (Fr.) J. Erikss. et Ryvarden Quercus robur LE F-342598 OR936158
Peniophorella praetermissa (P. Karst.) Pinus brutia var. eldarica LE F-342606 OR936151
K.H. Larss.
Phanerochaete livescens (P. Karst.) Volobuev et | Populus alba LE F-342604 OR936152
Spirin Quercus robur LE F-342602 OR936154
Carpinus betulus LE F-342600 OR936156
Quercus robur LE F-342608 OR936148
Xylodon quercinus (Pers.) Gray Carpinus betulus LE F-342599 OR936157

ensure accurate conclusions. It is important to note that
individual nucleotide sequences may not be associated
with a particular species or genus of fungi. In some cas-
es, these fungi represent described and well-known taxa
for which there are no nucleotide sequences in special-
ised databases (Nilsson et al., 2016; Truong et al., 2017).

It is frequently the case that DNA barcoding cannot
be achieved without the involvement of herbarium speci-
mens. However, the success of DNA isolation from them
depends on a number of factors, including the age of the
specimen (which is notably reduced in specimens older
than 50 years) and the method used to dry them. Addi-
tionally, the chemicals used to treat the premises from
pests, as well as the systematic affiliation, can also have
an impact on the outcome (Shneyer, Rodionov, 2019). In
this regard, the use of fresh or recently collected speci-
mens is clearly preferable to the use of herbarium materi-
als from long-term storage collections for the purpose of
obtaining high-quality molecular genetic data.

In the course of ongoing studies of biodiversity and
the peculiarities of the ecology of xylobiont aphyllopho-
roid fungi and lichens in the territory of the Samursky
National Park (Ismailov et al., 2017, 2023a, 2023b; Iva-
nushenko, Volobuev, 2020; Volobuev, 2020, 2021, 2023;
Ismailov, Volobuev, 2022; Volobuev, Shakhova, 2022),
a number of collected specimens underwent DNA
barcoding.
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The identifications that had previously been made
on the basis of classical micromorphological characters
were confirmed by molecular genetic methods for taxa
listed below (Table 1). For DNA extraction, PCR ampli-
fication and sequencing we used the standard protocols
described in Volobuev et al. (2021). For the first time,
the ITS nucleotide sequences from authentic specimens
of studied species from the Caucasus were obtained and
deposited in the GenBank database. Mycoacia aurea
(Fr.) J. Erikss. et Ryvarden is a new record of the species
to the Republic of Dagestan and the Eastern Caucasus.

Dendrographa decolorans (Turner et Borrer) Ertz et
Tehler is an epiphytic crustose lichen that grows on the
bark of deciduous trees and shrubs, particularly on old
oaks. The specimen was found on the bark of Populus ni-
gra. It is a sterile sorediate crust which identification was
done according to thin layer chromatography (detected
an unidentified fatty acid). DNA was isolated from the
sorediate part of thallus. The ITS sequence of 759 bp in
99.74% identity at 100% coverage corresponded to the
reference sequence of D. decolorans from the Czech Re-
public (GenBank accession number OQ717831).

Diploicia canescens (Dicks.) A. Massal. is a species
that can be found on a wide variety of substrates, in-
cluding those that are base-rich or -enriched, such as
bark, calciferous sandstone, and limestone. The speci-
men of D. canescens was discovered growing on the bark
of Populus nigra. The specimen was identified based on
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standard morphological and anatomical characteristics
of the thallus and data on secondary metabolites ob-
tained through thin layer chromatography. The revealed
secondary metabolites are atranorin, chloroatranorin,
and diploicin. DNA was isolated from a portion of the
thallus. The ITS sequence of 560 bp in 98.73% identity
at 98% coverage corresponded to the reference sequence
of D. canescens from Italy (GenBank accession number
AJ421992).

Dirina ceratoniae (Ach.) Fr. is a crustose lichen with
a predominantly Mediterranean distribution, with an
outpost locality in the Canary Islands. It has also been
identified in Russia, specifically the Greater Caucasus in
Dagestan (Ismailov, Volobuev, 2022). The specimen was
collected from a Populus nigra tree. The I'TS sequence of
625 bp in 99.83% identity at 95% coverage corresponded
to the reference sequence of D. ceratoniae from Spain
(GenBank accession number KC107886).

Evernia prunastri (L.) Ach. is a widespread fruticose
epiphytic lichen, most commonly observed on decidu-
ous and coniferous trees. The specimen was observed
growing on the twigs of Pinus brutia var. eldarica with-
in a man-made pine plantation, exhibiting a distinctive
morphology that deviated from the typical characteris-
tics of the species. The taxonomic identification of the
specimen was confirmed through a detailed microscopic
investigation of its morphology. Furthermore, thin-layer
chromatography demonstrated the presence of charac-
teristic secondary metabolites for this species, namely
evernic and usnic acids, along with atranorin. DNA was
isolated from a portion of the thallus. The ITS sequence
of 564 bp in 100% identity at 99% coverage correspond-
ed to the reference sequence of E. prunastri from Poland
(GenBank accession number MN387119).

Opegrapha vulgata (Ach.) Ach. is a species that is
widely distributed, though not particularly abundant, in
the temperate zone. It is a crustose lichen that exhib-
its optimal growth in humid forests. The specimen was
observed on a decorticated and weathered pine branch.
The specimen was identified based on macro-and mi-
cromorphological features. The species can be distin-
guished from close relatives by the presence of longer,
curved, or occasionally straight conidia. DNA was ex-
tracted from apothecia. The ITS sequence of 615 bp in
99.83% identity at 96% coverage corresponded to the
reference sequence of O. vulgata from the United King-
dom (GenBank accession number OQ717995).

Coniophora arida (Fr.) P. Karst. is a corticioid fungus
that causes a brown rot of coniferous wood. It is widely
distributed across the temperate zone. The specimen of
C. arida was collected on dead fallen trunk of Pinus bru-
tia var. eldarica in herb-rich pine-dominated forest with
oak. The specimen was identified based on hypochnoid
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resupinate basidiomata and dextrinoid basidiospores.
DNA was extracted from a piece of basidioma. The ITS
sequence of 558 bp in 99.57% identity at 84% cover-
age corresponded to the reference sequence of C. arida
from the United Kingdom (GenBank accession number
AJ345007).

Hyphoderma setigerum (Fr.) Donk is one of the most
commonly occurring corticioid species, which has been
observed to grow on both deciduous and coniferous
dead wood. In the Republic of Dagestan, the fungus has
previously been registered on the wood of the following
tree species: Betula sp., Carpinus betulus, Populus tremu-
la, Quercus macranthera, and Pinus kochiana. The spec-
imens of H. setigerum were observed in a herb-rich horn-
beam forest with oak, on both living and fallen trunks of
Carpinus betulus. The specimens were identified micro-
scopically on the basis of the presence of characteristic
septate cystidia with clamped septa. DNA was extracted
from pieces of basidiomata. The first ITS sequence of
745 bp in 100% identity at 99% coverage corresponded
to the reference sequence of H. setigerum from Russia
(Altai Krai) (GenBank accession number ON869344).
The second ITS sequence of the same length (745 bp)
showed 99% identity at 99.73% coverage with the same
reference sequence (ON869344).

Lyomyces crustosus (Pers.) P. Karst. is a widespread
corticioid fungus causing a white rot of wood. It occurs
on both deciduous and coniferous wood. The specimen
was recorded from fallen branches of Pinus brutia var. el-
darica in a man-made pine plantation. Identification was
based on microscopic features, including a monomitic
hyphal system, subulate hyphal ends, and subcylindrical
basidiospores. DNA was extracted from a piece of basid-
ioma. The ITS sequence of 787 bp in 98.98% identity at
99% coverage corresponded to the reference sequence of
L. crustosus from Finland (GenBank accession number
DQ873614).

Mycoacia aurea (Fr.) J. Erikss. et Ryvarden is a ligni-
colous fungus characterised by resupinate basidiomata of
cream to yellowish appearance, with a hydnoid hymeno-
phore comprising short cylindrical aculei. The specimen
was collected from fallen twigs of Quercus robur in an
herb-rich hornbeam forest with oak. This finding is the
first discovery of this species in the Republic of Dagest-
an. The specimen was identified based on the presence
of hyphae with clamps and suballantoid basidiospores.
DNA was extracted from a piece of basidioma. The ITS
sequence of 756 bp in 100% identity at 80% coverage
corresponded to the reference sequence of M. aurea
from Turkey (GenBank accession number HQ153409).

Peniophorella praetermissa (P. Karst.) K.H. Larss.
is a wood-inhabiting, resupinate basidiomycete that
is frequently collected from all forest ecosystems. The
Ne 6
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specimen was collected from fallen branches of Pinus
brutia var. eldarica in a man-made pine plantation. The
key diagnostic features of the species are broadly ellip-
soid basidiospores, lepto- and gloeocystidia, and steph-
anocysts, which are globose cells engaged in nematode
trapping. DNA was extracted from a piece of basidioma.
The ITS sequence of 793 bp in 99.83% identity at 75%
coverage corresponded to the reference sequence of P.
praetermissa from the United Kingdom (GenBank ac-
cession number DQ647460).

Phanerochaete livescens (P. Karst.) Volobuev et Spi-
rin was highlighted as a result of taxonomical revision
of Ph. sordida species complex (Volobuev et al., 2015).
Ph. livescens is widely distributed in nemoral and hem-
iboreal zones of Eurasia, inhabiting angiosperms. The
specimens were collected from dead wood of Populus
alba, Quercus robur, and Carpinus betulus in deciduous
and mixed forests. The specimens were identified based
on sharp-tipped, strongly encrusted cystidia with equal-
ly thickened walls, and basidiospores micromorpholo-
gy. DNA was extracted from pieces of basidiomata. All
ITS sequences (718—760 bp) in 100% identity at 100%
coverage corresponded to the reference sequences of
Ph. livescens from Finland (GenBank accession number
KP994376).

Xylodon quercinus (Pers.) Gray is a quite common
corticioid fungus with odontoid hymenophore. It is dis-
tributed throughout the temperate areas of the North-
ern Hemisphere. The specimen was collected from fallen
twigs of Carpinus betulus in an herb-rich hornbeam for-
est. The specimen was identified based on cylindrical to
suballantoid basidiospores, sterile hyphal ends, and cap-
itate hyphoid cystidiols. DNA was extracted from a piece
of basidioma. The ITS sequence of 766 bp in 99.74%
identity at 99% coverage corresponded to the reference
sequence X. quercinus from Russia (Nizhny Novgorod
Oblast) (GenBank accession number OK273841).

Consequently, as a result of these studies, a series of
novel DNA nucleotide sequences were obtained from
specimens of xylobiont aphyllophoroid fungi and lichens
inhabiting the territory of the Samursky National Park.
Among them, both DNA barcodes for new regional
finds identified on the basis of classical micromorpho-
logical methods and new information on cryptic species
differentiated using a molecular genetic approach were
obtained. It is evident that the systematic collection,
documentation and sequencing of fresh specimens from
understudied regions represents the most effective and
relevant approach to obtaining new biodiversity infor-
mation, as well as to improving the quality of the DNA
sequence information available in publicly accessible
repositories.
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JTHK-0apKoauHr KCHJIOOMOHTHBIX BHIOB rPpMOOB W JMIIAHMKOB HAIIMOHAJIBHOIO
napka “Camypckuii” (PecnyOoamka Jlarectan, Poccus): mepBbie pe3yJbTaTbl
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JHK-mTpuxxkonupoBaHUe SIBISICTCS OMHUM 13 Hanbojee 3 (OEKTUBHBIX M COBPEMEHHBIX ITOAXOO0B K ITOJY-
YEHUIO HOBBIX CBEIEHUI O OMOJIOTMYECKOM pa3HOO0pa3ny IprOOB 1 JIUIIANHNKOB B MAJIOU3YYCHHBIX 1/WJIN
YHUKAaJBHBIX pernoHax. B pesynbraTe mpoBeneHHbBIX UcciIenoBaHuii moaydeHs! 16 JJHK-1Tpruxkonos pis HO-
BBIX PETMOHAJIbHBIX HAXOMOK KCUJTOOUOHTHBIX auIoDOpOUIHBIX TPMOOB U JIUIIAKHUKOB, OOUTAIOIIUX Ha
tepputopun CaMypckoro HalMoHaabHoro napka (Pecny6nuka Jlarectan, Poccus). Cpeau HUX npeacTaBieHbl
He TOJbKO HyKJIeoTUAHbIe ocienoBarenbHocTy ITS ap/IHK ans o6pasiioB, uaeHTUPULIUPOBAHHBIX HA OC-
HOBaHUM KJIACCUTYECKUX MHUKPOMOP(OIOTMISCKUX METOIOB, HO M HOBBIE CBEICHNUS O KPUIITHYECKNX BUOAX,
nrbdepeHIIMPYEMBIX ¢ MCTIOJIB30BaHUEM MOJIEKYISIPHO-TEHETUIECKOTO IToaxona. TaKCOHOMUYECKU CIIEKTP
M3yYeHHBIX 0OBEKTOB BKIIOUAET NpenacTaBureneii ponos Coniophora, Dendrographa, Diploicia, Dirina, Evernia,
Hyphoderma, Lyomyces, Mycoacia, Opegrapha, Peniophorella, Phanerochaete u Xylodon. Bun Mycoacia aurea
npuBoauTcs Bnepsbie i Pecniyonuku Harectan u BoctouHoro Kaskasa.

Karouesovie carosa: BHyTpeHHUI TpaHCcKpubupyemsblit cnieiicep, JJHK-1mtpuxkon, KopTulimonaHbie TPUOLI,
JIMAHOBBIM JieC, TUXEHU3UPOBaHHbIE Tpu0kI, Phlebia aurea
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