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A total of 83 fungal species including one ascomycete (Helvella macropus) and 82 basidiomycete species have
been recorded for the first time from 18 administrative regions of Russia: Republic of Buryatia (2), Republic of
Dagestan (7), Republic of Mordovia (30), Republic of Tyva (6), Primorsky Krai (1), Zabaykalsky Krai (3),
Arkhangelsk Oblast (5), Irkutsk Oblast (4), Kaluga Oblast (1), Leningrad Oblast (1), Murmansk Oblast (7),
Nizhny Novgorod Oblast (1), Novgorod Oblast (3), Novosibirsk Oblast (2), Pskov Oblast (1), Tyumen Oblast
(10), Saint Petersburg Federal City (1), and Khanty-Mansi Autonomous Okrug (1 species). An annotated spe-
cies list containing the data on locality, substrate, habitat type, date of collection, and voucher numbers is pro-
vided. Pluteus vellingae is reported as the first record in Russia. Aurantiporus priscus, Bolbitius sibiricus, and My-
copan scabripes are recorded in Russia for the second time. Hypsizygus marmoreus is reported for the third time.
New data on little-collected fungal species such as Botryobasidium botryoideum, Fibrodontia gossypina, Lycoper-
don rupicola, Neohypochnicium cremicolor, Postia luteocaesia, Psathyrella gordonii, and Xylodon pruinosus, is pre-
sented. Complete sequences of ITS1—5.8S—ITS2 nuclear ribosomal DNA for 16 species reported have been gen-
erated and submitted to the GenBank database.

Keywords: Ascomycota, Basidiomycota, biodiversity, DNA barcodes, fungal distribution, Russia
DOI: 10.31857/50026364823050112, EDN: UCYFKK

INTRODUCTION An annotation record includes the data on species
) ) ) ) ) location, substrate, habitat, and herbarium documen-
The present report is the eighth in the series of arti- tation. Voucher specimens are deposited in LE (Saint

cles devoted to the new regional records of fungi (Bol- Petersburg), AR (Arkhangelsk), INEP (Apatity), and
shakov et al., 2016, 2018, 2020; Svetasheva et al., 2017; NSK (Novosibirsk) herbaria. Duplicates of all speci-
Volobueyv et al., 2019, 2021a, 2022). mens are stored in LE.
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310 VOLOBUEYV et al.

MATERIALS AND METHODS

Material was collected and identified using light mi-
croscopy technique by the authors abbreviated as fol-
lows: Sergey V. Volobuev (SV), Sergey Yu. Bolshakov
(SB), Lyudmila B. Kalinina (LK), Vladimir I. Kapitonov
(VK), Yury A. Rebriev (YuR), Yuliya R. Khimich
(YuKh), Vyacheslav A. Vlasenko (VV), Oleg N. Ezhov
(OE), Ivan V. Zmitrovich (IZ), and other persons indi-
cated 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 di-
versity (Bolshakov et al., 2021, 2022) as well as other
papers partly referenced in previous reports (Bolshakov
et al., 2016; Svetasheva et al., 2017). Species registered
for more than 25 regions are noted as widespread.

Molecular identity of some studied specimens has
been confirmed by ITS1—-5.8S—ITS nrDNA sequence
analysis. DNA extraction, PCR amplification and se-
quencing were performed followed Volobuev et al.
(2021b). Newly generated sequences were submitted to
GenBank.

RESULTS
ASCOMYCOTA
PEZIZOMYCETES
Pezizales

Helvella macropus (Pers.) P. Karst. — new to Murmansk
Oblast.

Distribution in Russia: IVA, KHA, KR, LEN, NGR,
VOR, PRI.

Specimens examined: Murmansk Oblast, Tersky Dis-
trict, the Turiy Peninsula, 66.61678° N, 34.37766° E, on soil
in old-growth spruce forest, 13.08.2022, coll. M.N. Kozhin,
det. YuKh (LE F-342557, dupl. INEP 3672); Kirovsk,
Khibiny Mts., slope of Mount Yuksporr, 67.64060° N,
33.72898° E, on fallen trunk of Picea obovata in mixed
spruce-small-leaved forest, 25.08.2022, coll. and det. YuKh
(INEP 3679).

BASIDIOMYCOTA
AGARICOMYCETES
Agaricales

Arrhenia spathulata (Fr.) Redhead — new to the Republic
of Dagestan.

Distribution in Russia: ARK, KGD, KRS, LEN, MAG,
MUR, RYA, SPE, VGG.

Specimen examined: Republic of Dagestan, Derbentsky
District, vicinity of Naryn-Kala citadel (part of the Derbent
fortress), 42.04309° N, 48.27777° E, on mosses in herb-
mosses oak forest, 31.10.2021, coll. and det. SV (LE F-342526).
GenBank accession number — OR225909 (ITS nrDNA).

Bolbitius sibiricus Bulyonk., E.F. Malysheva et L.B. Ka-
linina — new to Primorsky Krai.

MUKOJOI'A U PUTOIIATOJIOTUA

Distribution in Russia: NVS.

Specimens examined: Primorsky Krai, Ussuriysk, vicinity
of Gorno-Taezhnoe settlement, 47.70399° N, 132.16241° E,
on rotten wood of Tilia sp. in wet deciduous forest with 7ilia
Sp., Quercus mongolica, Acer mono, Juglans mandshurica and
Fraxinus sp., 18.08.2020, coll. and det. LK (LE F-342533);
ibid., 43.70367° N, 132.16209° E, on rotten wood of decidu-
ous tree in wet deciduous forest with Tilia sp., Quercus mon-
golica, Acer mono, Juglans mandshurica and Fraxinus sp.,
21.08.2021, coll. and det. LK (LE F-342534).

Bovista paludosa Lév. — new to the Republic of Tyva.

Distribution in Russia: AL, IRK, KM, KO, KYA, MAG,
TYU.

Specimens examined: Republic of Tyva, Piy-Khemsky
District, 29 km north-eastward from Turan village,
52.31930° N, 94.23820° E, on soil, 04.08.2022, coll. A.V. Vlasen-
ko, det. VV (LE F-342570, dupl. NSK 1017287); ibid.,
52.31240° N, 94.22680° E, on soil, among mosses,
03.08.2022, coll. A.V. Vlasenko, det. VV (LE F-342569, du-
pl. NSK 1017334). GenBank accession numbers —
00874520, 0Q874523 (ITS ntDNA).

B. tomentosa (Vittad.) De Toni — new to Zabaykalsky
Krai.

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

Specimen examined: Zabaykalsky Krai, Kalarsky District,
Kodar Ridge, valley of the Oleniy Rog River, 56.80150° N,
117.31480° E, on soil in mountain tundra, 04.08.2021, coll.
1.V. Enushchenko, det. YuR (LE F-342221).

Calvatia cretacea (Berk.) Lloyd — new to the Republic of
Tyva.

Distribution in Russia: AL, ARK, BEL, CHE, CHU,
KYA, MAG, ROS, SA, SE, SVE, YAN.

Specimen examined: Republic of Tyva, Piy-Khemsky
District, 28 km north-eastward from Turan village,
52.31240° N, 94.22680° E, on soil in meadow, 03.08.2022,
coll. A.V. Vlasenko, det. VV (LE F-342568, dupl. NSK
1017333). GenBank accession number — OQ874522 (ITS
nrDNA).

C. turneri (Ellis et Everh.) Demoulin et M. Lange — new
to the Republic of Buryatia and the Republic of Tyva.

Distribution in Russia: AL, ALT, ARK, CHU, KAM,
KO, KYA, MAG, SVE, TYU, YAN.

Specimens examined: Republic of Buryatia, Okinsky
District, valley of the Khelgin River, 52.51710° N, 98.82356° E,
on soil in mountain tundra, 21.06.2017, coll. 1.V. Enush-
chenko, det. YuR (LE F-342236); Republic of Tyva,
Todzhinsky District, watershed of the Arzhan-Khem and
Khelgin Rivers, 52.54270° N, 98.72620° E, on soil in moun-
tain tundra, 21.06.2017, coll. I.V. Enushchenko, det. YuR
(LE F-342235).

Clitocybe odora (Bull.) P. Kumm. — new to the Republic
of Dagestan.

Distribution in Russia: widespread species.

Specimen examined: Republic of Dagestan, Derbentsky
District, vicinity of Naryn-Kala citadel (part of the Derbent
fortress), 42.04309° N, 48.27777° E, on soil in herb-mosses
oak forest, 31.10.2021, coll. and det. SV (LE F-342524).
GenBank accession number — OR225910 (ITS nrtDNA).

Cristinia helvetica (Pers.) Parmasto — new to the Repub-
lic of Mordovia.
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Fig. 1. Scanning electron micrograph (SEM) of basidiospores: a — Disciseda hyalothrix LE 2044; b — Lycoperdon ericacum

LE F-342324 (photos Yu.A. Rebriev).

Distribution in Russia: ARK, DA, KO, KR, LEN, NIZ,
NVS, ORL, PER, PRI, SAK, SPE, SVE, TA, TVE, TYU,
VGG, VLG, VOR.

Specimens examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.61547° N, 43.23143° E, on fallen branch of
Alnus glutinosa in black alder forest, 28.09.2015, coll. and
det. SB (LE 314479); Tengushevsky District, 5 km north-
eastward from Standrovo village, 54.65230° N, 42.74098° E,
on fallen branch of A. glutinosa in hygrophilous herb black
alder forest, 11.08.2015, coll. and det. SB (LE 314603).

Disciseda hyalothrix (Cooke et Massee) Hollés — new to
Irkutsk Oblast and the Republic of Buryatia.

Distribution in Russia: ALT, KB.

Specimens examined: Irkutsk Oblast, Irkutsk city, near
the confluence of the Kaya River with the Irkut River,
52.28920° N, 104.23740° E, on soil in dry meadow,
03.04.2021, coll. 1.V. Enushchenko, det. YuR (LE F-342240);
Republic of Buryatia, Barguzinsky District, on the way from
Suvo to Badom villages, 53.66670° N, 109.50000° E, on soil
in steppe, 06.06.1911, coll. M. Korotky, det. YuR (LE 2044,
Fig. 1, a).

Hebeloma alpinum (J. Favre) Bruchet — new to Novosi-
birsk Oblast.

Distribution in Russia: AL, ARK, CHU, KO, KYA,
YAN.

Specimen examined: Novosibirsk Oblast, Novosibirsk
city, Akademgorodok, Uchenykh str., 10, 54.83350° N,
83.10710° E, on soil in plantation of Betula pendula and Pa-
dus maackii, 27.08.2022, coll. T.V. Vlasenko, M.V. Vlasenko,
det. VV (LE F-342567, dupl. NSK 1017415). GenBank ac-
cession number — OQ874528 (ITS nrtDNA).

Hohenbuehelia fluxilis (Fr.) P.D. Orton — new to Pskov
Oblast.

Distribution in Russia: CHE, KR, KYA, LEN, LIP,
MOS, NGR, UD.

Specimen examined: Pskov Oblast, Bezhanitsky Dis-
trict, buffer zone of the Polistovsky Nature Reserve,
Plavnitskoe Boloto trail, 57.09891° N, 30.36961° E, on dead
standing tree of Alnus sp. in aspen forest with birch and row-
an in undergrowth, 06.08.2021, coll. and det. LK (LE
F-342537).

MUKOJIOTHUA U PUTOIATOJIOTUA
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Hypsizygus marmoreus (Peck) H.E. Bigelow — new to the
Republic of Dagestan.

Distribution in Russia: KYA, ORL.

Specimen examined: Republic of Dagestan, Magaram-
kentsky District, Samursky National Park, Delta Samura ar-
ea, vicinity of Primorsky village, 41.87864° N, 48.50992° E,
on living tree of Populus sp. in liana poplar forest, 18.10.2021,
coll. and det. SV (LE F-342529). GenBank accession num-
ber — OR225906 (ITS nrDNA).

Lycoperdon ericaeum Bonord. — new to Irkutsk Oblast.

Distribution in Russia: AD, AL, ARK, KK, LEN, LIP,
PNZ, PRI, PSK, ROS, SE, TOM, TVE.

Specimen examined: Irkutsk Oblast, Angarsky District,
the right bank of the Malaya Yelovka River, near the
Yelovsky reservoir, 52.48850° N, 103.81330° E, on sandy soil
in forb-grasses edge of the pine forest, 06.08.2022, coll.
I.V. Enushchenko, det. YuR (LE F-342324, Fig. 1, b).

L. frigidum Demoulin — new to Zabaykalsky Krai.

Distribution in Russia: AL, CHU, IRK, MAG, SA,
SVE, TY.

Specimen examined: Zabaykalsky Krai, Kalarsky Dis-
trict, Kodar Ridge, upper reaches of the Oleniy Rog River,
near the Sygyktinsky glacier, 56.80150° N, 117.31480° E, on
soil in bedrock riegel, 22.08.2021, coll. I.V. Enushchenko,
det. YuR (LE F-342273).

L. lambinonii Demoulin — new to the Republic of Tyva.

Distribution in Russia: AD, AL, ARK, CHE, IRK,
KAM, KC, KDA, KO, KYA, MAG, MO, MOS, NGR,
PRI, ROS, RYA, SVE, TOM, TYU, ULY, YAN.

Specimen examined: Republic of Tyva, Piy-Khemsky
District, 28 km north-eastward from Turan village,
52.31240° N, 94.22680° E, on soil, 03.08.2022, coll.
A.V. Vlasenko, det. VV (LE F-342565, dupl. NSK 1017330).
GenBank accession number — OQ874521 (ITS nrDNA).

L. rupicola Jeppson, E. Larss. et M.P. Martin — new to
Zabaykalsky Krai.

Distribution in Russia: AL, ALT, KHA, MAG.

Specimen examined: Zabaykalsky Krai, Kalarsky Dis-
trict, Kodar Ridge, 56.80150° N, 117.31480° E, on mosses in
mountain tundra, 03.07.2021, coll. I.V. Enushchenko, det.
YuR (LE F-342287).
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Melanoleuca arcuata (Bull.) Singer — new to Novosibirsk
Oblast.

Distribution in Russia: AL, KK, KR, LEN, MUR,
PNZ, ROS, SPE, TVE.

Specimen examined: Novosibirsk Oblast, Novosibirsk
city, Akademgorodok, Uchenykh str., 10, 54.83350° N,
83.10710° E, on soil in plantations of Betula pendula and Pa-
dus maackii, 27.08.2022, coll. T.V. Vlasenko, M.V. Vlasenko,
det. VV (LE F-342564, dupl. NSK 1017338). GenBank ac-
cession number — 0Q874524 (ITS nrDNA).

Mpycena acicula (Schaeff.) P. Kumm. — new to Arkhan-
gelsk Oblast.

Distribution in Russia: widespread species.

Specimens examined: Arkhangelsk Oblast, Plesetsky
District, vicinity of Sheleksa railway station, 62.89670° N,
40.30890° E, on soil in herb-rich larch forest, 30.08.2021,
coll. OE, det. IZ (AR 3695); Shenkursky District, vicinity of
Shegovary village, 62.37560° N, 42.94890° E, on soil in
mixed coniferous-deciduous forest, 17.09.2022, coll. OE,
det. IZ (AR 3676).

M. pura (Pers.) P. Kumm. — new to the Republic of
Dagestan.

Distribution in Russia: widespread species.

Specimen examined: Republic of Dagestan, Magaram-
kentsky District, Samursky National Park, Delta Samura ar-
ea, vicinity of Primorsky village, 41.87749° N, 48.53043° E,
on fallen branch of Euonymus sp. in herb-rich poplar forest
with oak, 17.10.2021, coll. and det. SV (LE F-342528). Gen-
Bank accession number — OR225907 (ITS ntDNA).

Mpycopan scabripes (Murrill) Redhead, Moncalvo et Vil-
galys — new to Novgorod Oblast.

Distribution in Russia: KGD.

Specimen examined: Novgorod Oblast, Borovichsky
Distrecit, vicinity of abandoned Dubku village, 58.35774° N,
34.08576° E, on litter in mixed forest with aspen and oak,
05.10.2019, coll. and det. LK (LE F-342535).

Pluteus vellingae Justo, Ferisin, Sev¢ikovd, Kaygusuz,
G. Muiioz, Lebeufet S.D. Russell — new to Russia.

Specimen examined: Leningrad Oblast, Kingissepsky
District, vicinity of Kaibolovo village, the Suma River can-
yon, 59.57050° N, 28.83484° E, on rotten branch of decidu-
ous tree on island in stream with elm and black alder,
21.07.2019, coll. and det. LK (LE F-342532, Fig. 2, c).

Psathyrella gordonii (Berk. et Broome) A. Pearson et
Dennis — new to Novgorod Oblast.

Distribution in Russia: KM, PNZ, PRI, SPE, VGG.

Specimen examined: Novgorod Oblast, Chudovsky Dis-
trict, vicinity of Perehod village, 59.08809° N, 31.85179° E,
on litter in aspen forest with Rhamnus cathartica and Salix spp.
in undergrowth, 13.07.2019, coll. and det. LK (LE F-342536).

Radulomyces confluens (Fr.) M.P. Christ. — new to the
Republic of Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 8 km south-westward from Lesnoy vil-
lage, 54.44621° N, 42.64510° E, on fallen branch of Quercus
robur in nemoral herb oak forest, 12.08.2015, coll. and det.
SB (LE 314637).

Rickenella swartzii (Fr.) Kuyper — new to Novgorod
Oblast and Saint Petersburg Federal City.

MUKOJOI'A U PUTOIIATOJIOTUA

Distribution in Russia: ALT, KHM, KLU, LEN, MAG,
MUR, NVS, PRI, PSK, TA, TOM, UD, VLG, YEV.

Specimens examined: Novgorod Oblast, Novgorodsky
District, Volynskie dubravy nature protected area, near Vo-
lyn’ village, 58.60626° N, 31.52985° E, on mossed trunk in
mixed forest with spruce, aspen and oak in undergrowth,
06.07.2018, coll. and det. LK (LE F-342538); Saint Peters-
burg Federal City, Kalininsky District, Piskaryovsky city
park, 59.99917° N, 30.40389° E, among mosses in park with
pine and birch, 09.10.2022, coll. and det. LK (LE F-342539).

Tricholoma matsutake (S. Ito et S. Imai) Singer — new to
Murmansk Oblast.

Distribution in Russia: IRK, KHA, KHM, KYA, LEN,
PRI, TOM.

Specimen examined: Murmansk Oblast, Tersky District,
82 km of the Kandalaksha-Umba road, 66.86686° N,
33.97486° E, on soil in lichen pine forest by the road,
28.08.2022, coll. and det. YuKh (LE F-342559, dupl.
INEP 3680).

Xerula pudens (Pers.) Singer — new to the Republic of
Dagestan.

Distribution in Russia: AD, BEL, KDA, KM, KRS,
KYA, LIP, PNZ, ROS, SAM, SEV, TA, TUL, ULY, VOR.

Specimen examined: Republic of Dagestan, Tabasaran-
sky District, vicinity of Darvag settlement, 42.04473° N,
48.03850° E, on soil in herb-rich oak forest, 23.10.2021, coll.
and det. SV (LE F-342531, Fig. 2, b). GenBank accession
number — OR225908 (ITS ntDNA).

Amylocorticiales

Ceraceomyces tessulatus (Cooke) Jiilich — new to the Re-
public of Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 2 km westward from Marlyay village,
53.83146° N, 42.62743° E, on fallen trunk of Quercus robur
in nemoral herb pine forest with oak, 12.11.2015, coll. SB,
det. IZ (LE 314412).

Atheliales

Athelia bombacina (Link) Pers. — new to the Republic of
Mordovia.

Distribution in Russia: AL, ARK, BA, BEL, IRK, KHA,
KHM, KIR, KM, KO, KR, KYA, LEN, MUR, NGR, NIZ,
NVS, ORE, ORL, PER, SA, SPE, SVE, TOM, TYU.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 0.5 km northward from Shiringushi vil-
lage, 53.86270° N, 42.78473° E, on fallen branch of Pinus
sylvestris in nemoral herb pine forest, 12.11.2015, coll. and
det. SB (LE 314728).

A. neuhoffii (Bres.) Donk — new to the Republic of Mor-
dovia.

Distribution in Russia: ARK, CHE, KAM, KGD,
KHM, KIR, KR, LEN, SVE.

Specimen examined: Republic of Mordovia, Tengu-
shevsky District, 4.5 km westward from Barashevo village,
54.53857° N, 42.80133° E, on fallen trunk of Picea abies in
nemoral herb pine forest, 11.11.2015, coll. SB, det. 1Z
(LE 314729).

Leptosporomyces galzinii (Bourdot) Jilich — new to the
Republic of Mordovia.

TOM 57 Ne 5 2023



NEW SPECIES FOR REGIONAL MYCOBIOTAS OF RUSSIA. 8

313

Fig. 2. Basidiomata of some collected species in situ: a — Neolentinus cyathiformis LE F-342552 (photo S.V. Volobuev); b — Xerula
pudens LE F-342531 (photo S.V. Volobuev); ¢ — Pluteus vellingae LE F-342532 (photo L.B. Kalinina); d — Aurantiporus priscus
AR3673 (photo O.N. Ezhov); e, f — Caloboletus radicans LLE F-342530 (photo S.V. Volobuev).

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 3 km westward from Marlyay village,
53.83113° N, 42.62762° E, on fallen trunk of Pinus sylvestris
in nemoral herb pine forest, 12.11.2015, coll. SB, det. SB and
1Z (LE 314628).

Auriculariales
Auricularia mesenterica (Dicks.) Pers. — new to Nizhny
Novgorod Oblast.
Distribution in Russia: widespread species.
Specimens examined: Nizhny Novgorod Oblast, Lukoy-

anovsky District, Imeni Stepana Razina settlement,
54.89200° N, 44.29400° E, on oak sleepers, 10.08.1964, coll.

MUKOJIOTUA U PUTOIMATOJIOTUA  tom 57 Ne 5

P.A. Suvorov, det. SV (LE 210926); vicinity of Sanki village,
54.83490° N, 44.23300° E, on fallen trunk of Tilia cordata,
09.05.1998, coll. V.A. Spirin, det. SV (LE 210927); 4 km
south-eastward from Pokrovka village, 54.70900° N,
44.35510° E, on fallen trunk of Fraxinus excelsior, 27.07.1999,
coll. V.A. Spirin, det. SV (LE 210928); Pochinkovsky Dis-
trict, 6 km south-eastward from Kommunar village,
54.62390° N, 44.41520° E, on fallen trunk of Quercus robur,
21.05.1999, coll. V.A. Spirin, det. SV (LE 210929). All of
these specimens were previously reported for the region as
Chondrostereum purpureum (Pers.) Pouzar (Spirin, 2003).

Pseudohydnum gelatinosum (Scop.) P. Karst. — new to
Murmansk Oblast.

Distribution in Russia: widespread species.
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Specimens examined: Murmansk Oblast, Tersky Dis-
trict, the Turiy Peninsula, 66.61297° N, 34.37723° E, on fall-
en trunk of Picea obovata in old-growth herbaceous spruce
forest with an admixture of rowan, 13.08.2022, coll. YuKh
and Borovichev E. A., det. YuKh (LE F-342558, dupl.
INEP 3669, INEP 3670).

Boletales

Caloboletus radicans (Pers.) Vizzini — new to the Repub-
lic of Dagestan.

Distribution in Russia: BA, BEL, CU, KGD, KM, LIP,
MO, MOS, ORE, PER, PNZ, SAM, SAR, SEV, SPE, TA,
TUL, VGG.

Specimen examined: Republic of Dagestan, Magaram-
kentsky District, Samursky National Park, Delta Samura ar-
ea, vicinity of Primorsky village, 41.82095° N, 48.53242° E,
on soil in herb-rich hornbeam forest with oak and ash,
16.09.2022, coll. and det. SV (LE F-342530, fig. 2, e, f).
GenBank accession number — OR225905 (ITS nrDNA).

Cantharellales

Botryobasidium botryoideum (Overh.) Parmasto — new to
Tyumen Oblast.

Distribution in Russia: KO, KYA, PRI, TY.

Specimen examined: Tyumen Oblast, Tobolsk city,
58.27116° N, 68.49600° E, on fallen trunk of Populus tremula
in birch forest with aspen, 30.06.2022, coll. and det. VK (LE
F-342543).

B. capitatum (Link) Rossman et W.C. Allen — new to
Tyumen Oblast.

Distribution in Russia: widespread species.

Specimen examined: Tyumen Oblast, Tobolsk city,
58.28930° N, 68.46641° E, on fallen trunk of Populus tremula
in aspen-birch forest with pine, 27.07.2021, coll. and det. VK
(LE F-342548).

B. conspersum J. Erikss. — new to Tyumen Oblast.

Distribution in Russia: AL, ARK, CHE, DA, DON,
KDA, KO, LEN, LUG, NGR, NIZ, NVS, ORL, PER,
PRI, SAM, SPE, SVE, TVE.

Specimen examined: Tyumen Oblast, Tobolsky District,
vicinity of Belaya village, 58.27532° N, 68.69336° E, on fall-
en trunk of Pinus sylvestris in pine forest, 24.08.2021, coll.
and det. VK (LE F-342547).

B. obtusisporum J. Erikss. — new to the Republic of Mor-
dovia.

Distribution in Russia: AL, IRK, KDA, KHM, KIR,
KO, KR, KYA, LEN, MUR, NVS, ORL, PER, PRI, SPE,
SVE, TVE, YAN.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 0.5 km eastward from Yavas village,
54.42135° N, 42.87331° E, on fallen trunk of Pinus sylvestris
in mosses — dwarf shrub pine forest, 29.09.2015, coll. and
det. SB (LE 314578, LE 314579).

B. vagum (Berk. et M.A. Curtis) D.P. Rogers — new to
Tyumen Oblast.
Distribution in Russia: widespread species.

Specimen examined: Tyumen Oblast, Tobolsky District,
vicinity of Vinokurovo village, 58.35162° N, 68.34105° E,
on fallen trunk of Pinus sibirica in Siberian pine forest with
spruce and fir, 15.04.2021, coll. and det. VK (LE F-342549).
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Sistotrema coroniferum (Hohn. et Litsch.) Donk — new to
the Republic of Mordovia.

Distribution in Russia: BA, KGN, LEN, OMS, PER,
SVE.

Specimen examined: Republic of Mordovia, Tengu-
shevsky District, 4.5 km westward from Barashevo village,
54.53830° N, 42.80224° E, on fallen trunk of Populus tremu-
la in nemoral herb pine forest, 11.11.2015, coll. SB, det. SB
and IZ (LE 314731).

S. resinicystidium Hallenb. — new to Murmansk Oblast.

Distribution in Russia: ARK, DA, KHM, KO, KR, NIZ,
NVS, SVE, TVE, TYU.

Specimen examined: Murmansk Oblast, Lovozersky
District, 67.48844° N, 35.05292° E, on log of Pinus sylvestris
in pine forest, 10.08.2021, coll. and det. YuKh (LE F-342561,
dupl. INEP 3500).

Corticiales

Vuilleminia coryli Boidin, Lang. et Gilles — new to the
Republic of Mordovia.

Distribution in Russia: ARK, BRY, KDA, KLU, LEN,
LIP, MOS, NIZ, ORL, PSK, RYA, SAM, SPE, SVE, TUL,
TVE, VGG, VOR.

Specimens examined: Republic of Mordovia, Zubovo-
Polyansky District, 0.5 km northward from Shiringushi vil-
lage, 53.86268° N, 42.78429° E, on dry dead branch of living
Corylus avellana in nemoral herb pine forest, 12.11.2015,
coll. and det. SB (LE 314475); 0.5 km south-eastward from
Udevo village, 53.84751° N, 42.59173° E, on dead standing
stem of C. avellana in nemoral herb birch forest, 12.11.2015,
coll. and det. SB (LE 314476).

Geastrales

Geastrum pectinatum Pers. — new to Arkhangelsk Oblast.

Distribution in Russia: AMU, BEL, KGD, KHA, KK,
KM, KO, KR, KYA, LEN, LIP, MOS, NGR, NIZ, NVS,
PNZ, PRI, PSK, ROS, SMO, SPE, SVE, TA, TVE, VOR.

Specimen examined: Arkhangelsk Oblast, Primorsky
District, Solovetsky archipelago, Bolshoy Solovetsky Island,
vicinity of Varyazhsky village, 65.02320° N, 35.73845° E, on
soil in spruce forest, 05.08.2021, coll. OE, det. OE and 1Z
(AR 3721).

G. rufescens Pers. — new to the Republic of Dagestan.

Distribution in Russia: AL, ALT, BEL, BRY, DA, KC,
KK, KM, KR, KRS, LEN, LIP, MO, PNZ, PRI, ROS,
RYA, SPE, SVE, TA, TOM, TVE, UD, VGG, VOR.

Specimen examined: Republic of Dagestan, Gunibsky
District, Verkhny Gunib Nature Park, 42.40759° N,
46.90312° E, on soil in pine forest with birch, 06.10.2018,
coll. SV, det. YuR (LE F-342554).

G. schmidelii Vittad. — new to Irkutsk Oblast.

Distribution in Russia: AL, ALT, AST, BEL, KC, KGD,
KHR, KK, KYA, LIP, PER, PNZ, PRI, ROS, RYA, SAR,
SVE, TA, TUL, TY, UD, VGG, VOR.

Specimen examined: Irkutsk Oblast, Irkutsk city, near
the confluence of the Kaya River with the Irkut River,
52.28920° N, 104.23740° E, on sandy soil in psammophytic
steppe, 16.04.2020, coll. I.V. Enushchenko, det. YuR (LE
F-342263).
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Gloeophyllales

Neolentinus cyathiformis (Schaeff.) Della Magg. et Trass-
in. — new to Kaluga Oblast.

Distribution in Russia: widespread species.

Specimen examined: Kaluga Oblast, Ulyanovsky Dis-
trict, Kaluzhskiye Zaseki Nature Reserve, vicinity of Nagaya
village, 53.62336° N, 35.86784° E, on fallen trunk of Populus
tremula in herb-fern aspen forest with oak, maple and lin-
den, 18.08.2022, coll. N.V. Shakhova, det. SV (LE F-342552,
Fig. 2, a, voucher for the strain LE-BIN 4895). GenBank
accession number — OR225904 (ITS ntDNA).

Hymenochaetales

Kneiffiella subalutacea (P. Karst.) Jiilich et Stalpers —
new to the Republic of Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.62211° N, 43.22884° E, on fallen branch of
Pinus sylvestris in pine forest, 28.09.2015, coll. and det. SB
(LE 314557).

Kurtia argillacea (Bres.) Karasinski — new to the Repub-
lic of Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.62211° N, 43.22884° E, on fallen trunk of Pinus
sylvestris in pine forest, 28.09.2015, coll. and det. SB
(LE 314639).

Lyomyces sambuci (Pers.) P. Karst. — new to Khanty-
Mansi Autonomous Okrug.

Distribution in Russia: widespread species.

Specimen examined: Khanty-Mansi Autonomous
Okrug, vicinity of Shapsha village, 60.08250° N, 69.45611° E,
on fallen branch of Populus tremula in herb-fern Siberian
pine forest with aspen and birch, 26.07.2022, coll.
N.V. Shakhova, det. SV (LE F-342553, voucher for the
strain LE-BIN 4966). GenBank accession number —
OR225903 (ITS ntDNA).

Onnia tomentosa (Fr.) P. Karst. — new to Murmansk
Oblast.

Distribution in Russia: widespread species.

Specimen examined: Murmansk Oblast, Tersky District,
Kideretsky Island (near the Turiy Peninsula, western coast),
66.59634° N, 34.37551° E, on soil in blueberry spruce forest,
13.08.2022, coll. M.N. Kozhin, det. YuKh (LE F-342555,
dupl. INEP 3665).

Tubulicrinis calothrix (Pat.) Donk — new to the Republic
of Mordovia.

Distribution in Russia: AL, ARK, BEL, IRK, KHM,
KO, KR, KYA, LEN, MUR, NVS, ORL, PER, PRI, SPE,
SVE, TA, TVE, TY, TYU, VLG, VOR, YAN, ZAB.

Specimens examined: Republic of Mordovia, Zubovo-
Polyansky District, 3.5 km south-eastward of Vysha village,
Boloto Bolshoye protected area, 53.81122° N, 42.39896° E,
on fallen branch of Picea abies in nitrophilous herb black al-
der forest, 14.08.2015, coll. and det. SB (LE 314512); 0.5 km
eastward from Yavas village, 54.42135° N, 42.87331° E, on
fallen trunk of Pinus sylvestris in mosses — dwarf shrub pine
forest, 29.09.2015, coll. and det. SB (LE 314513, LE 314580).
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T. subulatus (Bourdot et Galzin) Donk — new to the Re-
public of Mordovia.

Distribution in Russia: widespread species.

Specimens examined: Republic of Mordovia, Tem-
nikovsky District, 6.5 km eastward from Yavas village,
54.42832° N, 42.96324° E, on fallen branch of Pinus sylves-
tris in mosses — dwarf shrub pine forest, 30.09.2015, coll.
and det. SB (LE 314511); 0.5 km south-eastward from Ude-
vo village, 53.84670° N, 42.59071° E, on fallen branch of
P. sylvestris in nemoral herb birch forest, 12.11.2015, coll. and
det. SB (LE 314590).

Xylodon nesporii (Bres.) Hjortstam et Ryvarden — new to
the Republic of Mordovia.

Distribution in Russia: widespread species.

Specimens examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.62287° N, 43.22728° E, on fallen trunk of Acer
platanoides in birch forest, 28.09.2015, coll. and det. SB
(LE 314566); ibid., 54.60994° N, 43.23210° E, on dead
standing tree of Salix sp. in nemoral herb pine forest,
28.09.2015, coll. and det. SB (LE 314572); ibid., 54.62211° N,
43.22884° E, on fallen branch of Pinus sylvestris in pine for-
est, 28.09.2015, coll. and det. SB (LE 314573); Zubovo-
Polyansky District, 5 km westward from Marlyay village,
53.83146° N, 42.62743° E, on fallen trunk of Quercus robur
in nemoral herb pine with oak forest, 12.11.2015, coll. and
det. SB (LE 314722); 3.5 km north-westward from Potma
village, 54.14634° N, 42.86856° E, on fallen trunk of Pinus
sylvestris in mosses — dwarf shrub pine forest, 13.08.2015,
coll. and det. SB (LE 314922).

X. pruinosus (Bres.) Spirin et Viner — new to Tyumen
Oblast.

Distribution in Russia: KYA, NIZ, SVE.

Specimen examined: Tyumen Oblast, Tobolsky District,
vicinity of Belaya village, 58.27532° N, 68.69336° E, on fall-
en branch of Betula sp. in mixed forest with pine, birch and
aspen, 26.09.2019, coll. and det. VK (LE F-342542).

Polyporales

Aegerita candida Pers. — new to the Republic of Mor-
dovia.

Distribution in Russia: DON, KDA, KIR, KR, LEN,
NIZ, ORE, ROS, RYA, SVE, TVE, VLG.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.61547° N, 43.23143° E, on fallen branch of
Alnus glutinosa in black alder forest, 28.09.2015, coll. SB,
det. IZ (LE 314593).

Aurantiporus priscus Niemeld, Miettinen et Manninen —
new to Arkhangelsk Oblast.

Distribution in Russia: LEN.

Specimen examined: Arkhangelsk Oblast, Shenkursky
District, Shegovary village, vicinity of Tsyganikha place,
62.40338° N, 43.00694° E, on fallen trunk of Pinus sylvestris
in lichen pine forest, 17.09.2022, coll. OE, det. OE and 1Z
(LE F-342540, dupl. AR 3673, Fig. 2, d).

Ceriporia bresadolae (Bourdot et Galzin) Donk — new to
the Republic of Mordovia.

Distribution in Russia: ARK, AST, CHE, DA, LIP,
NIZ, ORL, PER, PNZ, TA, TY, YAN.
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Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 0.5 km northward from Shiringushi vil-
lage, 53.86307° N, 42.78420° E, on fallen branch of Pinus
sylvestris in nemoral herb pine forest, 12.11.2015, coll. and
det. SB (LE 314418).

Cinereomyces lindbladii (Berk.) Jillich — new to the Re-
public of Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 3.5 km north-westward from Potma vil-
lage, 54.14634° N, 42.86856° E, on fallen trunk of Pinus syl-
vestris in mosses — dwarf shrub pine forest, 13.08.2015, coll.
and det. SB (LE 314405).

Hyphoderma litschaueri (Burt) J. Erikss. et A. Strid — new
to the Republic of Mordovia.

Distribution in Russia: KDA, KIR, LEN, ORE, ORL,
PER, SVE, TVE, TYU, VLG, YAN.

Specimen examined: Republic of Mordovia, Tengu-
shevsky District, 4 km northward from Khlebino village, the
shore of Piyavskoye Lake, 54.66859° N, 42.81776° E, on fall-
en trunk of Populus tremula in boreal-nemoral herb pine for-
est, 11.08.2015, coll. and det. SB (LE 314594).

H. transiens (Bres.) Parmasto — new to Tyumen Oblast.

Distribution in Russia: BEL, KDA, KLU, KM, LEN,
LIP, MO, ORL, SAM, SVE, TVE, VLG.

Specimen examined: Tyumen Oblast, Tobolsky District,
vicinity of Belaya village, 58.27678° N, 68.69433° E, on fall-
en trunk of Tilia cordata in aspen forest with linden,
24.08.2021, coll. and det. VK (LE F-342544).

Meruliopsis violacea (Fr.) Bondartsev — new to Arkhan-
gelsk Oblast.

Distribution in Russia: CHE, KHM, KIR, KYA, LEN,
MO, MOS, NIZ, NVS, PER, SVE, TA, UD.

Specimen examined: Arkhangelsk Oblast, Plesetsky Dis-
trict, Kenozersky National Park, Plesetsky sector, vicinity of
Shishkino village, 62.00790° N, 38.02173° E, on fallen trunk
of Picea obovata in mixed coniferous-deciduous forest,
21.08.2021, coll. OE, det. SV and OE (LE F-342541, dupl.
AR 3617).

Metulodontia nivea (P. Karst.) Parmasto — new to Mur-
mansk Oblast.

Distribution in Russia: AMU, ARK, KC, KDA, KGD,
KLU, KO, KR, LEN, MO, NGR, NIZ, NVS, ORL, PER,
PSK, SAM, SVE, TA, TVE, TYU.

Specimen examined: Murmansk Oblast, Pechengsky
District, Pasvik Nature Reserve, north-western foothills of
Mount Kalkupya, 69.30447° N, 29.34630° E, on fallen
trunk of Populus tremula in aspen forest, 23.08.2017, coll.
and det. YuKh (LE F-342556, dupl. INEP 3370,
INEP 3373).

Neohypochnicium cremicolor (Bres.) N. Maek. — new to
the Republic of Mordovia.

Distribution in Russia: KO, OMS, TVE.

Specimen examined: Republic of Mordovia, Tengu-
shevsky District, 5 km north-eastward from Standrovo vil-
lage, 54.65203° N, 42.74007° E, on fallen trunk of Alnus glu-
tinosa in hygrophilous herb black alder forest, 11.08.2015,
coll. and det. SB (LE 314636).

Niemelaea consobrina (Bres.) Zmitr., Ezhov et Khimich —
new to the Republic of Mordovia.
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Distribution in Russia: ARK, KM, LEN, MUR, TVE,
UD.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.61547° N, 43.23143° E, on dead standing trunk
of Salix sp. in black alder forest, 28.09.2015, coll. and det. SB
(LE 314620).

Phanerochaete calotricha (P. Karst.) J. Erikss. et Ryvar-
den — new to the Republic of Mordovia.

Distribution in Russia: ARK, BEL, DA, KHM, KO,
KR, LEN, MUR, NIZ, NVS, ORE, ORL, PER, ROS,
SAM, SPE, SVE, VGG.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 7 km south-westward from Lesnoy vil-
lage, 54.43901° N, 42.64864° E, on fallen trunk of Acer pla-
tanoides in nemoral herb linden forest, 12.08.2015, coll. and
det. SB (LE 314605).

Ph. galactites (Bourdot et Galzin) J. Erikss. et Ryvarden —
new to the Republic of Mordovia.

Distribution in Russia: ARK, BEL, KR, NIZ, ORL,
TYU, VLG.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, Temnikov town, park imeni 50-Letiya
VLKSM, 54.61547° N, 43.23143° E, on dead standing tree of
Salix sp. in black alder forest, 28.09.2015, coll. and det. SB
(LE 314635).

Phlebia subochracea (Bres.) J. Erikss. et Ryvarden — new
to Tyumen Oblast.

Distribution in Russia: ALT, ARK, BA, CHE, IRK,
KDA, KHM, KO, LEN, MO, OMS, ORE, ROS, SVE,
VGG, VLG, VOR.

Specimen examined: Tyumen Oblast, Tobolsky District,
vicinity of Vesnina village, 58.32872° N, 68.14586° E, on
fallen trunk of Salix fragilis in floodplain willow forest,
22.07.2021, coll. and det. VK (LE F-342545).

Postia caesia (Schrad.) P. Karst. — new to the Republic of
Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, 2.5 km eastward from Yavas village,
54.42209° N, 42.89567° E, on fallen trunk of Picea abies in
mosses — dwarf shrub spruce forest, 30.09.2015, coll. and
det. SB (LE 314500).

P. luteocaesia (A. David) Jiilich — new to the Republic of
Mordovia.

Distribution in Russia: LEN, MOS, NGR, ORL, PSK.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, 5.5 km eastward from Yavas village,
54.42652° N, 42.94678° E, on fallen trunk of Pinus sylvestris
with Postia leucomallella (Murrill) Jilich in mosses — dwarf
shrub spruce forest, 30.09.2015, coll. and det. SB (LE 314306).

Rhizoporia hyalina (Spirin, Miettinen et Kotir.) Audet —
new to the Republic of Mordovia.

Distribution in Russia: ARK, DA, KR, LEN, MOW,
NIZ, ORL, SAM, SVE, TY.

Specimens examined: Republic of Mordovia, Tengu-
shevsky District, 4 km northward from Khlebino village, the
shore of Piyavskoye Lake, 54.66831° N, 42.81756° E, on fall-
en branch of Populus tremula in sphagnum birch forest,
11.08.2015, coll. and det. SB (LE 314937); Zubovo-Polyan-
sky District, 4 km south-westward from Lesnoy village,
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54.44301° N, 42.64668° E, on fallen branch of Populus trem-
ula in nemoral herb linden forest, 12.08.2015, coll. and
det. SB (LE 314938).

Trametopsis cervina (Schwein.) TomSovsky — new to the
Republic of Mordovia.

Distribution in Russia: widespread species.

Specimen examined: Republic of Mordovia, Tem-
nikovsky District, 6 km northward from Stary Gorod village,
54.73620° N, 43.07562° E, on fallen trunk of Prunus padus
in nitrophilous herb linden forest, 05.08.2015, coll. and
det. SB (LE 311587).

Xanthoporus syringae (Parmasto) Audet — new to Irkutsk
Oblast.

Distribution in Russia: ARK, CHU, IRK, KO, MAG,
MUR, RYA, SVE.

Specimen examined: Irkutsk Oblast, Olkhonsky Dis-
trict, valley of the Solntsepad River, 54.03730° N,
108.25600° E, on fallen trunk of Pinus sibirica in Siberian
pine forest, 27.08.2013, coll. I.A. Gorbunova, det. VV (LE
F-342562, dupl. NSK 1014997). GenBank accession num-
ber — OQ874527 (ITS nrDNA).

Russulales

Asterostroma laxum Bres. — new to Murmansk Oblast.

Distribution in Russia: ARK, CU, KDA, KHM, KO,
KR, SVE, VLG.

Specimens examined: Murmansk Oblast, Kirovsk, Kh-
ibiny Mts., the southwest slope of the Poachvumchorr
Ridge, 67.67364° N, 33.61978° E, on stump of Picea obovata
in spruce forest, 10.09.2019, coll. and det. YuKh (LE F-342560,
dupl. INEP 3300); Pechengsky District, Pasvik Nature Re-
serve, northern part of the reserve, vicinity of Glukhaya
plotina area, 69.35414° N, 29.80492° E, on fallen trunk of
Pinus sylvestris in pine forest, 05.09.2018, coll. and
det. YuKh (INEP 3415).

Lactarius pubescens Fr. — new to the Republic of Tyva.

Distribution in Russia: widespread species.

Specimen examined: Republic of Tyva, Kyzylsky Dis-
trict, 20 km north-eastward from Cherbi village, 51.91970° N,
94.86640° E, on soil in aspen-birch-larch forest, 10.08.2020,
coll. A.V. Vlasenko, det. VV (LE F-342566, dupl. NSK
1017340). GenBank accession number — OQ874525 (ITS
nrDNA).

Peniophora lilacea Bourdot et Galzin — new to the Re-
public of Mordovia.

Distribution in Russia: ARK, DON, KDA, LIP, PSK,
ROS, RYA.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 6 km south-westward from Lesnoy vil-
lage, 54.44711° N, 42.64649° E, on fallen branch of Ulmus sp.
in nemoral herb linden forest, 12.08.2015, coll. and det. SB
(LE 314640).

Russula exalbicans (Pers.) Melzer et Zvara — new to the
Republic of Tyva.

Distribution in Russia: widespread species.

Specimen examined: Republic of Tyva, Todzhinsky Dis-
trict, 48 km northward from Sevi village, 52.91580° N,
94.99220° E, on soil, 08.08.2020, coll. A.V. Vlasenko,
det. VV (LE F-342563, dupl. NSK 1017345). GenBank ac-
cession number — OQ874526 (ITS ntDNA).
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Vararia investiens (Schwein.) P. Karst. — new to Tyumen
Oblast.

Distribution in Russia: widespread species.

Specimen examined: Tyumen Oblast, Tobolsk city,
58.29112° N, 68.47239° E, on fallen branch of Pices obovata
in coniferous forest with Betula X aurata, 26.05.2022, coll.
and det. VK (LE F-342551).

Thelephorales

Tomentella neobourdotii M.J. Larsen — new to the Re-
public of Mordovia.

Distribution in Russia: ARK, IRK, KDA, KHA, KM,
KR, KYA, LIP, NGR, NVS, PRI, SA, SAK, SPE, SVE,
TVE, TY, VLG, YAN, ZAB.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 6.5 km north-eastward from Vysha vil-
lage, 53.87795° N, 42.46754° E, on fallen trunk of Betula sp.
with Mycoacia fuscoatra (Fr.) Donk in sphagnum birch for-
est, 14.08.2015, coll. and det. SB (LE 314532).

Trechisporales

Fibrodontia gossypina Parmasto — new to the Republic of
Mordovia.

Distribution in Russia: DA, KDA, KHM, KO, LIP.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 5 km south-westward from Lesnoy vil-
lage, 54.44711° N, 42.64649° E, on fallen trunk of Acer pla-
tanoides in nemoral herb linden forest, 12.08.2015, coll. and
det. SB (LE 314596).

Sistotremastrum suecicum Litsch. ex J. Erikss. — new to
Tyumen Oblast.

Distribution in Russia: ARK, IRK, KHM, KM, KO,
KR, KYA, LEN, MUR, NIZ, NVS, PRI, PSK, SPE, SVE,
TVE, YAN.

Specimen examined: Tyumen Oblast, Tobolsk city,
58.20477° N, 68.24676° E, on fallen trunk of Populus tremu-
la in aspen forest with birch and linden, 17.04.2021, coll. and
det. VK (LE F-342546).

Subulicystidium longisporum (Pat.) Parmasto — new to
Tyumen Oblast.

Distribution in Russia: widespread species.

Specimen examined: Tyumen Oblast, Tobolsky District,
vicinity of Suzgun village, 58.21974° N, 68.19132° E, on fall-
en trunk of Tilia cordata in linden forest with aspen and
birch, 13.07.2022, coll. and det. VK (LE F-342550).

Trechispora candidissima (Schwein.) Bondartsev et Sing-
er — new to the Republic of Mordovia.

Distribution in Russia: AL, ARK, BRY, DA, IRK,
KAM, KEM, KM, KO, LEN, MOS, NIZ, NVS, ORL,
SPE, SVE, TOM, TVE.

Specimen examined: Republic of Mordovia, Zubovo-
Polyansky District, 4 km westward from Marlyay village,
53.83146° N, 42.62743° E, on fallen trunk of Quercus robur
with Byssocorticium atrovirens (Fr.) Bondartsev et Singer in
nemoral herb pine with oak forest, 12.11.2015, coll. and
det. SB (LE 314411).
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DACRYMYCETES
Dacrymycetales

Dacrymyces chrysocomus (Bull.) Tul. — new to Arkhan-
gelsk Oblast.

Distribution in Russia: AMU, KEM, KHM, KM, KO,
LEN, MOW, OMS, PRI, PSK, SVE, TOM, TVE.

Specimens examined: Arkhangelsk Oblast, Kargopolsky
District, Kenozersky National Park, Kargopolsky sector, vi-
cinity of Okhotnichya zaimka hut, 61.73260° N, 38.01410° E,
on fallen trunk of Picea obovata in mixed coniferous-decid-
uous forest, 12.07.2016, coll. OE, det. OE and IZ (AR 2744);
Shenkursky District, vicinity of Shegovary village,
62.37560° N, 42.94890° E, on fallen trunk of Pinus sylvestris
in floodplain, 21.09.2020, coll. and det. OE (AR 3434).

DISCUSSION

A total of 83 macromycete species, including one
species (Helvella macropus) from the phylum Ascomy-
cota and 82 species from the phylum Basidiomycota,
have been recorded for the first time from 18 adminis-
trative regions of Russia.

One of regional mycological novelties, Pluteus
vellingae, is reported as new species to Russia based on
specimen collected in Leningrad Oblast. This wood-
inhabiting species was described in 2022, has a Holarc-
tic distribution and has been known from Central and
Southern Europe, Western Asia, and North America
(Sevcikova et al., 2022). The finding of P. vellingae
from Leningrad Oblast confirmed the presence of this
species in Eastern Europe.

Noteworthy are fungal finds which are reported for
Russia only for the second time and for the third time.
Three species — Aurantiporus priscus, Bolbitius sibiricus,
and Mycopan scabripes — are listed for Russia as the
second occurrences. Among them, Aurantiporus priscus
described from old-growth forests and developing ba-
sidiomata on large and long-ago fallen conifer trunks
(Niemelai et al., 2012), was previously known in Russia
as a protected polypore fungus for Leningrad Oblast
only (Geltman et al., 2018). Bolbitius sibiricus was re-
cently described from vicinity of Novosibirsk, and until
now this species was known only from type locality
(Crousetal., 2021). New records from Primorsky Krai
listed above extend the global distributional range of
the species from the south of Siberia to the south of the
Russian Far East. Mycopan scabripes was earlier regis-
tered in the Northwest European Russia from Kalinin-
grad Oblast only (Dedkov et al., 2007). The species
Hypsizygus marmoreus is recorded by the third finding
besides the known localities in Oryol Oblast (Volobuev
et al., 2020) and Krasnoyarsk Krai (Malysheva et al.,
2017).

New data on distribution of some little-collected
fungal species such as Botryobasidium botryoideum, Fi-
brodontia gossypina, Lycoperdon rupicola, Neohypoch-
nicium cremicolor, Postia luteocaesia, Psathyrella gor-
donii, and Xylodon pruinosus, is presented. In particu-
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lar, the cited finding of Xylodon pruinosus from Tyumen
Oblast is the first reliable record of the species in West-
ern Siberia. However, some collections of Xylodon de-
triticus (Bourdot) K.H. Larss., Viner et Spirin [= Laga-
robasidium detriticum (Bourdot) Jiilich] on a woody
substrate may actually refer to Xylodon pruinosus, with
which it was previously synonymized (Viner et al.,
2018).

In addition to traditional microscopic identifica-
tion, ITS1-5.8S—ITS2 nuclear ribosomal DNA se-
quences were obtained from the specimens studied and
compared with the reference sequences from the Gen-
Bank database. Complete sequences of ITS ntDNA
have been generated and submitted to the GenBank
database for Arrhenia spathulata, Bovista paludosa,
Caloboletus radicans, Calvatia cretacea, Clitocybe odo-
ra, Hebeloma alpinum, Hypsizygus marmoreus, Lactari-
us pubescens, Lycoperdon lambinonii, Lyomyces sambu-
ci, Melanoleuca arcuata, Mycena pura, Neolentinus cy-
athiformis, Russula exalbicans, Xanthoporus syringae,
and Xerula pudens.
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been carried out within the framework of the institu-
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tute (project 122011900033-4) using the equipment of
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nologies in Plant Science” at the Komarov Botanical
Institute, RAS (St. Petersburg, Russia). The work of
L.B. Kalinina has been carried out within the frame-
work of the research project of the Polistovsky State
Nature Reserve, FOIV — 1-22-66-3. The work of
V.I. Kapitonov was carried out within the framework
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122011800529-3). The work of Yu.A. Rebriev was car-
ried out within the frame of government assignment
for the South Science Center RAS (project
122020100332-8). The work of Yu.R. Khimich was
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ect no. FMEZ-2022-0021 of the Institute of North In-
dustrial Ecology Problems of the Kola Scientific center
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[IpencraBieHbl maHHBIE O HaxoAKax 83 BUAOB I'pubOB, BKIOYasi onuH Bun cymyathix (Helvella macropus) n
82 Buna 6a3uauaIbHBIX TPUOOB, BEISIBICHHBIX BIiepBbIe 1151 Pecrryomuku Bypsitust (2), Pecryommku Jarectas (7),
Pecniyonmku Mopnosus (30), Pecryonku Teisa (6), ITpumopckoro kpast (1), 3abaiikanbckoro kpas (3), Ap-
xaHrenbckoi (5), Upkyrckoii (4), Kamyxkckoii (1), Jlenmnarpanckoii (1), Mypmanckoii (7), Hukeropomnckoit (1),
Hogroponckoii (3), HoBocubupckoit (2), INckoBckoii (1), TromeHckoit (10) obmacreii, Cankr-IletepOypra (1),
XaHTbI-MaHCUICKOro aBTOHOMHOTO OKpyra (1). AHHOTMPOBaHHBIN CIIMCOK BKJIIOYaeT JaHHBIE O MECTOHA-
XOXKIEHUSIX, MECTOOOMTAHUSIX, CyOcTpaTax 1 JaTax coopa MPUBOIMMBIX BUIOB C YKa3aHUEM KOJUIEKIIMOHHBIX
HOMEpOB MUKOJIOTUUYeCKUX repoapues. Briepsoie mist Poccuu npuBoautcs Pluteus vellingae. Bunwl Aurantipo-
rus priscus, Bolbitius sibiricus i Mycopan scabripes yka3piBaloTcs 111 Poccun Bo Bropoii pas, Bun Hypsizygus
marmoreus OTMe4eH TpeThell Haxonkoit. [IpencraBiieHbl HOBBIE TaHHBIE O MAJIOM3BECTHBIX BHUIaX TpUOOB, Ta-
KMX Kak Botryobasidium botryoideum, Fibrodontia gossypina, Lycoperdon rupicola, Neohypochnicium cremicolor,
Postia luteocaesia, Psathyrella gordonii u Xylodon pruinosus. Ilony4eHbl 1 J1eMTOHUPOBAHBI B MEXIYHAPOIHYIO Oa-
3y TaHHBIX [ eHOaHK MoIHbIC HYKJIeoTUAHEIE ITocienoBaTeabHocT ITS1—5.8S—1TS2 obnactu stmepHoit pnbo-
comanbHo#t JIHK mist 16 n3ydeHHBIX BUAOB.

Knrouesole croea: ackoMulieThl, 6a3uauoMulIeTel, OMopazHooopasue, JJHK-1mrpuxkonsl, pacnpocTpaHeHUe
rpu6oB, Poccust
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Fungi play an important role in colonization and biodeterioration of stone monuments in the open air. This study
significantly complements the data on fungal diversity in lithobiotic communities through the use of metage-
nomic analysis. It was shown that the mycobiota of tombstones in the historical center of St. Petersburg has
a complex structure. There are different complexes of species, which have various origins and ways of getting to
the monuments. The complex of dominant fungi in SABs on marble and granite in St. Petersburg is formed by
dark-colored micromycetes. At the species level, the absolute dominant in all samples was the Knufia karalitana
according to metagenomic data and Aureobasidium pullulans according to cultural data. The use of two method-
ological approaches indicates the expediency of combining culture-based and molecular genetics methods,
which make it possible to obtain the most more complete picture of the formation of lithobiotic communities.
The season and the type of biofilm have a key importance for the abundance and diversity of micromycetes on
stone surface. It was shown that type of rock has a minimal importance for the fungal diversity on stone monu-
ment.

Keywords: cultivation and metagenomic methodologies, cultural heritage, fungal diversity, microbial communi-
ty, microfungi, subaerial biofilms
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INTRODUCTION

Cultural heritage preservation is an important prob-
lem for human society (Villa et al., 2016; Liu et al.,
2020). Stone cultural heritage has a great historical, ar-
tistic and scientific value. Most of stone monuments
are destroyed due to physical, chemical and biological
influences over time.

Natural stone is important ecosystems providing an
ecological niche for various microorganisms (Zhang
et al., 2023). Fungi, algae, bacteria, mosses and lichens
are common for stone surface in different geographic
locations. They form the lithobiotic communities on
the monuments, embankments, facades of the histori-
cal building and often cover a significant surface of
stone. Stone monuments may be degraded by growth
and activity of living organisms. Their interaction with
stone surface is one of the main factors of the cultural
heritage biodeterioration processes (Villa et al., 2016;
Zhang et al., 2023). Microbial communities at the
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stone-air border are called subaerial biofilms (SABs)
(Gorbushina, 2007; Liu et al., 2020; De Leo et al.,
2022; Zhang et al., 2023).

Microfungi are typical inhabitants of the SABs on
any type of stone. A number of researchers consider the
activity of microfungi leads to damage of natural and
artificial stone (Kurakov et al., 1999; Gorbushinaet al.,
2002; Onofri et al., 2014; De Leo, Urzi, 2015; Salva-
dori, Municchia, 2016; Isola et al., 2016; Kirtsideli et al.,
2016; Isola et al., 2022; De Leo et al., 2022).

Deterioration caused by fungi involves both physi-
cal and chemical effects (simultaneously) on stone
substrates (De Leo, Urzi, 2015; Sazanova et al., 2020).
Cracks, cavities, pores and fissures facilitate penetra-
tion of microorganisms and provide favorable micro-
environments on stone surfaces. Melanin and extracel-
lular polymeric substances (EPS) produced by fungi
promote biofilm formation and adherence to stone sur-
face and increase mechanical pressure causing swelling
(Burford et al., 2003; Gorbushina, 2007).
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Table 1. Characteristics of samples

Sample Type of biofilm Stone

Monument and location
in The Museum necropolis

1 SAB 1: dark-coloured bio-
films with domination of
2 non-lichenized fungi

marble

granite)
3 SAB 2: green biofilms with

White Carrara homogeneous

Rapakivi granite (pink ovoid

White Carrara homogeneous

Monument to Unknown in The Museum Necro-
polis of 18th Century

Monument to V.V. Stasov in the Museum Necro-
polis of Masters of Art

Monument to A.A. Borozdin in The Museum

domination of algae Marble Necropolis of 18th Century
4 Serdobol granite (grey homoge- | Monument to I.A. Olchin in The Museum
neous granite) Necropolis of 18th Century

5 SAB 3: biofilms with domi- | White Carrara homogeneous

Monument to A.N. Bukarevskaya in The Museum

nation of lichens marble Necropolis of 18th Century
6 Serdobol granite (grey homoge- | Monument to P.E. Nikitin in The Museum
neous granite) Necropolis of 18th Century

Undoubtedly, the data about the fungal biodiversity
directly depends on the methodology of the study. For
many years, methods for studying microorganisms in-
habiting cultural heritage have been culture-depen-
dent, associated with the ability of microbes to grow
under solid-phase cultivation at the laboratory, and the
consequent use of microscopy technique. Such ap-
proach makes it possible to visualize and preserve cul-
tures for further study of their physiology and metabo-
lism (Paiva et al., 2022). However they provide limited
information on the diversity of fungal communities.
This approach has certain limitations and only reveals
a small part of the total diversity because some micro-
fungi are not growing on nutrient media (Gonzalez,
Sdiz-Jiménez, 2005; Dakal, Arora, 2012; Mihajlovski
et al., 2015). In addition, very often cultivation condi-
tions are favorable for some species and hinder the de-
velopment of others.

The culture-independent methods based on DNA
analysis provide most complete information on the
composition of microbial communities. Such methods
are increasingly used in recent years (Gonzalez, Saiz-
Jiménez, 2005; Trovaoa et al., 2019; Paiva et al., 2022;
Zhang et al., 2023). In recent studies, the authors have
emphasized the importance of integrating metagenom-
ics and cultivations approaches. Such methodology
provides a clear understanding of the actual fungal bio-
diversity on stone surface, as well as to keep the strains
to study their potential destructive importance (Onofri
et al., 2014; Zhang et al., 2023).

Climate and microenvironment are important fac-
tors influencing the colonization of organisms (De
Leo, Urzi, 2015). The unique collection of monuments
made of marble, limestone and granite is located in
Saint Petersburg and undergoes intensive biological
colonization. Studies on the microfungi diversity on
historical monuments have been carried out in Saint
Petersburg since 1998. More than 300 outdoor monu-
ments were examined during this period. The focus was
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made on the tombstones of the Museum necropolises
of the State Museum of Urban Sculpture of Saint Pe-
tersburg. The biodiversity of microfungi on Saint Pe-
tersburg stone monuments was studied previously by
cultivation methods (Vlasov et al., 2002; Gorbushina et
al., 2002; Sazanova et al., 2020, 2022). However, some
aspects of the fungal biodiversity study at sites still re-
main unexplored. The first question is how the picture
of fungal biodiversity in biofilms on sculptural monu-
ments will change when using metagenomic analysis in
comparison with cultural data. The second question is
how the composition of fungi on monuments changes
during one growing season, which is important when
developing methods for protecting monuments against
bioweathering. In this work, we have tried to answer
these questions.

MATERIALS AND METHODS

Sampling. Samples for this study were taken in two
seasons of 2022: early vegetation season (April) and
late vegetation season (September). Material for the
study was collected at the territory of Museum necrop-
olis of 18th Century and the Necropolis of Masters of
Art (State Museum of Urban Sculpture, central part of
Saint Petersburg). The tombstones made of silicate
(granite) and carbonate (marble) rocks were included
in the research. Samples for cultivation and metage-
nomic analysis were taken from various types of SABs:
dark-coloured biofilms, presumably formed mainly by
non-lichenized fungi (SAB 1); green biofilms with al-
gae domination (SAB 2), and biofilms with lichens
domination (SAB 3) (Table 1, Fig. 1). Samples of bio-
films for cultivation and metagenomic analysis were
collected from the same locations on tombstones and
places into sterile containers.

Fungal isolation and identification. For the primary
isolation, cultivation, and identification of microfungi
small fragments of biofilms were placed on the surface

TOM 57 Ne 5 2023
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Fig. 1. Types of studied SABs and details of the sampling areas on tombstones: a — territory of Museum Necropolis; b — dark-colored
biofilms with domination of fungi (SAB1) on white Carrara marble (monuments to Unknown); ¢ — green biofilms with domination
of algae (SAB2) on white Carrara marble (Monument to A.A. Borozdin); d — biofilms with domination of lichens (SAB3) on white

Carrara marble (Monument to A.N. Bukarevskaya).

Czapek — Dox nutrient medium and incubated for 2—
4 weeks at a temperature of 22°C. Identification was
carried out in accordance with morphological charac-
teristics. The frequency of species occurrence (number
of species findings in all samples, %) was also detected.
The abundance of species was account based on the ra-
tio of the number of species colonies to the total num-
ber of colonies on a nutrient medium.

Metagenomic analysis. DNA isolation was per-
formed according to the method described by Vladi-
mirov et al. (2014), additional purification in low-
melting agarose was used. Commercial PowerSoil
DNA Isolation kit (MO BIO Laboratories, Inc, Carls-
bad, CA, USA) were used to isolate DNA. We had to
use additional purification to remove humic acid pol-
lution. Identification of microfungi in biofilms was
carried out using primers for amplification of the site
(ITS1-5.8 S—ITS2) (Beagle, St. Petersburg, Russia).
Primers for the analysis of maximum diversity were
used from the guide (Fungal sequencing., 2018). Am-
plification was carried out using the FastStartHighFi-
delityPCRsystem kit (Roche, Basel, Switzerland).
Amplicons for library preparation were obtained by
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thermal cycling according to the protocol: 3 min at
95°C, 30 cycles (30 s at 95°C, 30 s at 55°C, 40 s at
72°C). Sample preparation was performed according to
the standard protocol (Fungal metagenomic sequenc-
ing., 2019). Sequencing was performed on a MiSeq in-
strument using a MiSeqReagentKit v3 (600-cycle) in
pair-ended mode 2 X% 300 cycles. The data obtained
were analyzed using the QIIME2 software package.
When forming the OTU, a sequence similarity thresh-
old of 97% was used.

RESULTS
Cultivated fungal diversity

As a result of cultural studies 19 species of Ascomy-
cota were identified (Table 2). Only one species of Mu-
coromycota (Entomortierella lignicola) was found in one
sample. Aureobasidium pullulans, Alternaria alternata
and Cladosporium cladosporioides were found in more
than 90% of samples. The occurrence of Alternaria
chartarum, Cladosporium herbarum, C. sphaerosper-
mum and Sydowia polyspora reached to 50%. The abun-
dance of Aureobasidium pullulans amounted to 85%.

2023
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Fig. 2. Abundance of fungi in samples of different types of
SABs (the data combined for different seasons) according
to culture-dependent studies.

The average abundance of Cladosporium cladosporioides
was about 20%, and in some samples it reached 50%. The
abundance of C. herbarum and C. sphaerospermum var-
ied from 10 to 23%. The average abundance of Alter-naria
alternata was 15—25%. The abundance of A. chartarum
reached 13% but was generally less than 10%. The
abundance of Sydowia polyspora averaged 5%.

Some groups of species clearly dominate on the sur-
face of the stone during vegetation period of 2022. The
first group is presented by fungi with Aureobasidium-
like morphology: Aureobasidium pullulans, Sydowia
polyspora and Exophiala exophialae. Super-dominant
in all samples is Aureobasidium pullulans. The second
group includes species of genus Alternaria (A. alternata
and A. chartarum). The third group is formed by Clad-
osporium spp. complex (C. cladosporioides, C. herbarum
and C. sphaerospermum). The abundance of MCFs
(microcolonial fungi) reached 14%. Other fungi were
less abundant in SABs.

About a quarter of the total diversity consists of
typical anamorphic soil fungi: Trichoderma viride,
Botrytis cinerea, Fusarium oxysporum, E solani, Tritiraci-

Early vegetation

Abundance, %
A O o
o O O

[\
(e

o

marble granit

B Aureobasidium-like complex

W Alternaria spp.
Cladosporium spp.

il

um sp. and Epicoccum nigrum. In general their abun-
dance was 1.5—2%. The genus Penicillium was repre-
sented by four species: Penicillium brevicompactum,
P. chrysogenum, P. decumbens, P. oxalicum. These spe-
cies were founded rarely and its abundance did not ex-
ceed 2.5%.

Comparative analysis of the biodiversity of fungi in
different types of SABs (Fig. 2) showed that the sam-
ples of SAB2 contrasted with SAB1 and SAB3 due to
the maximum abundance of Aureobasidium-like fungi,
primarily Aureobasidium pullulans in SAB2 (up to 88%
SAB2 and up to 50% in SAB1 and SAB3). MCFs were
found predominantly in SAB1 and SAB2.

Significant differences of fungal diversity were asso-
ciated with the season (Fig. 3). The general patterns of
changes in the structure of fungal communities were an
increase in biodiversity and relative abundance of rare
species with a decrease in the abundance of the domi-
nant species A. pullulans in the autumn period. The
species diversity and abundance of microfungiin SAB2
were significantly lower than in SAB1 and SAB3 in the
spring period. But in autumn samples these parameters
were about the same. There were no significant differ-
ences in the diversity of fungi between silicate and car-
bonate rocks (Fig. 3).

Metagenomic analysis of fungal diversity. As a result
of metagenomics data the diversity of fungi mainly rep-
resented by Ascomycota — 71—97%. The share of Basi-
diomycota is 0.2—14.3%. About 10% of total DNA in
the all samples was not identified at the range of divi-
sion. As the rank of the taxon decreased, the number of
unidentified fungi increased and reached about 20% at
the genus level. For a detailed description and compar-
ative analysis we have chosen orders and genera. This
choice is due to the greatest visibility of the distribution
of fungi according to taxonomic affiliation (at the level
of orders) and the overall diversity of fungi (at the level
of genera) between the compared samples.

The number of orders varied for different samples
and reached 61 (Fig. 4, a, b). Among them six orders

Late vegetation

marble granit

® MCF
other fungi

Fig. 3. The abundance of microfungi in samples from the surface of various rocks at different seasons.
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Table 3. Main genera of fungi in SABs according to metagenomic analysis

Early vegetation season Late vegetation season
Genus/Share in marble granite marble granite
metagenome, %
SAB1 | SAB2 | SAB3 | SAB1 | SAB2 | SAB3 | SAB 1 | SAB2 | SAB3 | SAB1 | SAB2 | SAB3
Ascomycota
Knufia 70.4 75.8 71.4 29.3 83.8 84.9 | 629 54.1 | 63.5 1.3 | 844 | 413
Aureobasidium 10.3 16.9 22.2 51.8 0.7 0.6 1.1 - — 1.6 4.3 -
Capronia — 1.2 3.1 5.4 13.0 2.6 1.2 1.8 6.6 — 3.9 15.8
Cladosporium - - — — — — — 1.0 - 19.6 - —
Rhinocladiella - - — 7.1 — 9.9 - — 6.6 — - 11.9
Celosporium — 0.9 0.3 2.8 — 0.6 1.8 — — 1.0 — 4.6
Neomicrosphaeropsis — — — — — 3.5 3.4 — — — —
Vermiconia 0.5 - — — — — 1.6 — 6.4 — - —
Acericola — 0.7 — — — 0.7 1.2 — 1.8 — — 1.2
Candida — — — — — — — 0.5 2.3 2.9 - —
Exophiala — — 0.8 — — — — 4.1 — - 0.5 -
Penicillium 0.8 - — 0.7 - — 0.2 1.8 0.7 4.6 — -
Alternaria 2.5 0.1 — — 0.1 — 1.1 0.3 — 3.8 — —
Epicoccum — — — — — — 1.0 — — 1.7 — —
Aspergillus 1.1 — — — — — — — — 1.3 — —
Trichomerium — — — — — — — 1.4 3.6 0.9 — 5.1
Coniosporium — — — — — 0.3 0.9 — 1.6 — — 2.0
Paracamarosporium — — 0.1 0.4 0.1 0.3 0.3 1.0 0.9 — 0.9 4.4
Stemphylium - — - — — - — 1.2 — 0.6 — -
Tolypocladium — — - — — — — 0.8 — - — 2.9
Basidiomycota

Vishniacozyma — — — — — — 2.5 — — 4.4 — —
Naganishia — — - — — - 3.4 - — 2.2 — -
Symmetrospora — — — — — — 3.8 — — — 1.2 —
Malassezia 6.3 — — — — — 1.3 2.3 0.8 14.6 — —
Filobasidium — — - — — - — — 0.4 6.1 — —
Kondoa 1.0 1.3 — — - — 1.9 1.2 — - - —
Laetiporus — — — — — — — 0.8 — 1.1 — —
Rhodotorula — — — — — — — 0.6 0.7 2.2 — —
Peniophora 0.6 - — - - — - — - 0.7 - 2.4
Ganoderma 0.5 — - — — — 0.5 1.2 — — — 4.2
Fomitopsis - — - — — - 0.1 1.5 — 2.6 — -

include lichenized fungi. Fungi from orders Chaeto-
thyriales, Dothideales, Capnodiales, Helotiales and
Pleosporales were dominant. The order Chaetothyriales
reached up to 98% of DNA in all studied samples.
The order Dothideales was second in abundance (up to
40% in all samples).

At the genus level 190 taxa were identified. Most of
them (114) were only single findings in only one sam-
ple. The absolute dominant in all samples was the ge-
nus Knufia (up to 85% of the total abundance). In most
samples the genus Aureobasidium reach to 21% of the
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abundance. Main genera of fungi with a large and more
or less significant proportion are presented in Table 3.

The approach of dividing fungal diversity into
groups was used in the same way as for the cultivated
microfungi. The genera of Ascomycota were divided in-
to seven groups.

The first group MCFs is the most numerous in
terms of the number of species and the largest in terms
of abundance. This group includes six genera: Knufia,
Celosporium, Vermiconia, Neophaeococcomyces, Conio-
Ne 5
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Fig. 4. Abundance of the main orders of fungi in SABs according to metagenomic analysis: a — Ascomycota, b — Basidiomycota. Sam-
ples 1,2 — SABI; 3,4 — SAB2, 5, 6 — SAB3; 1, 3, 5 — marble, 2, 4, 6 — granite.

sporium, Bradymyces. The second most abundant group
is the fungi with Aureobasidium-like morphology:
Aureobasidium, Rhinocladiella, Saccothecium, Exo-
phiala. The third abundant group is the Cladosporium
complex, including Cladosporium, Capronia and Tri-
chomerium. The fourth group is presented by fungi of
the Alternaria complex (large-spore microfungi): Para-
camarosporium, Alternaria and Stemphylium. Fungi of
this group were found in all samples, but their abun-
dance did not exceed 4%. Fungi of these four groups
were found in almost all samples, their frequency of
occurrence tended to 100%.
MUKOJIOTHUA N ®UTOIIATOJIOTI A
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Representatives of subsequent groups met much
less frequently. The frequency of their occurrence did
not exceed 60%, and the abundance did not exceed 5%.
The yeast fungi from Saccharomycetaceae (fifth group)
are usually associated with the presence of readily
available organic substrates (sugars): Candida, Debary-
omyces, Hanseniaspora. The sixth group is fungi associ-
ated with plants — Erysiphe, Taphrina, Podosphaera,
Cytospora, Phaeosphaeria, Pseudoophiobolus. This taxo-
nomically combined group unites fungi that live both
on living plants (biotrophs and hemibiotrophs) and on
plant substrates of various origins (saprotrophs). The

2023
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Fig. 5. Shares of some groups of fungi in different SABs (metagenomic data).
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Fig. 6. Shares of some groups of fungi in SABs from various rocks at different seasons (metagenomic data).

seventh group is other fungi associated with the soil and
easily spread through the air: Penicillium, Aspergillus,
Epicoccum, and Tolypocladium.

The genera of Basidiomycota can be divided into two
main groups. The first of them includes 13 genera of
basidiomycete yeast with different ecology: Vishniaco-
zyma, Naganishia, Symmetrospora, Malassezia, Kondoa,
Buckleyzyma, Filobasidium, Rhodotorula, Udeniomyces,
Bensingtonia, Kurtzmanomyces, Tausonia, and Erythro-
basidium. The second group includes 14 genera of
wood-rotting fungi: Baltazaria, Laetiporus, Phlebia,
Heterobasidion, Peniophora, Ganoderma, Pleurotus,
Sistotrema, Hyphodontia, Botryobasidium, Bjerkandera,
Fomes, Fomitopsis, Oxyporus.

The main dominant genus Knufia is represented by
three species: Knufia karalitana, K. endospora and
K. peltigerae. The most abundant species among them
is K. karalitana. The genus Aureobasidium was the sec-
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ond in metagenome and included Aureobasidium leu-
cospermi and A. pullulans.

Comparison of fungi by types of SABs showed that
the dominant MCF complex and mainly the genus
Knufia are most abundant in SABI and SAB2 (Fi-
gure 5). The abundance of Aureobasidium-like fungi
was the lowest in SABlin contrast to SAB2 and SAB3.

The seasonal distribution of fungi shows that the
proportion of Basidiomycota increased in autumn
(Fig. 4b). The abundance of Ascomycota fluctuated in
different ways. The orders Capnodiales and Pleospora-
les dominate in autumn. The order Dothideales domi-
nates in spring (Fig. 4a). At the genera level, seasonal
differences varied for different types of SABs. The main
trends were as follows: the abundance of Aureobasidi-
um-like fungi and MCF increased in the spring and de-
creased in autumn (Fig. 6). The shares of other groups
increase in autumn. Differences between marble and
granite are minimal (Fig. 6).

Ne 5
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DISCUSSION

SABs on the stone monuments surface in Saint Pe-
tersburg are abundantly inhabited by fungi, the detec-
tion of which depends on the methodological ap-
proach. According to culture-based studies, a total of
20 species of fungi have been identified. These data are
consistent with the previously obtained results of the
microfungi diversity on monuments in the Museum
Necropolis of Saint Petersburg which has been carried
out since 1999 (Vlasov et al., 2002; Sazanova et al.,
2020). The overall species diversity was significantly
higher than in one vegetative period described in this
study that is obviously associated with a much larger
number of samples taken from different monuments
covered with biofilms. At the same time, the general
trends in the formation of mycobiota at the monu-
ments of the Museum Necropolises are the same. The
super-dominant in terms of frequency was the fungus
Aureobasidium pullulans, which was also confirmed in
this study. The dominant species included Alfernaria
alternata and Cladosporium cladosporioides (over 50%
frequency).

The results of metagenomics analysis made it possi-
ble to reveal a significantly greater diversity of micro-
fungi at different taxonomic levels. At the genus level,
the number of identified fungi was almost 15 times
higher (190 genera).

Obviously, the identified fungi include both the true
inhabitants of the stone and fungi, the spores of which
fell on the surface of the stone from the environment.
Therefore, in addition to the taxonomic diversity of
fungi, it is important, in our opinion, to take into ac-
count the ecological and morphological features that
formed the basis for dividing fungi into groups. On the
basis of cultural data 5 groups were identified, and on
the basis of metagenomic data, nine groups were iden-
tified, two of which formed by basidiomycete fungi.

Both methodological approaches (cultivation and
metagenomics) clearly indicate that the complex of
dominant fungi in SABs on marble and granite in Saint
Petersburg is formed by dark-colored microfungi. The
dark-colored microfungi from the genera Cladospori-
um, Aureobasidium, Alternaria, Exophiala and MCF al-
so were often found in urban environment on the sur-
face of calcarenite, granite, limestone, marble, plaster,
sandstone, tufa in various regions of the world, mainly
in Mediterranean and temperate climate (Cappitelli
et al., 2007; Suihko et al., 2007; Farooq et al., 2015; Or-
tega-Morales et al., 2016; Trovaoa et al., 2019; Mang
et al., 2020; Santo et al., 2021; Paiva et al., 2022).

According to metagenomics studies the fungi from
orders Chaetothyriales, Dothideales, Capnodiales, Helo-
tiales and Pleosporales are dominant. The absolute
dominant in occurrence in all samples was Knufia
karalitana, which was not identified by cultivation
methods. Isolation of MCF using conventional culture
methods is notoriously difficult, and it requires special
methodological approaches (Wollenzien et al., 1995;
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Vlasov et al., 2002). In addition, identification of iso-
lates is often not possible based on culture and micro-
scopic morphology, and molecular diagnostics are re-
quired (Isola et al., 2016).

According to the results of culture-dependent anal-
ysis the abundance of MCF reached 13%. We assume
the presence of the genera Coniosporium spp. and Knu-
fia spp. in MCFs complex. Species of this genera form
similar morphological structures and their exact iden-
tification is possible only with the use of molecular
analysis (Isola et al., 2016; De Leo et al., 2019). There
is evidence that Knufia actively penetrates into freshly
exposed stone surfaces regardless of their porosity due
to the formation of iron-chelating molecules (De Leo
etal., 2022). The species K. karalitana was first isolated
and described on monuments in Italy, but it is a less
common species on stone compared to K. petricola and
K. marmoricola. Diversity of MCF on Saint Petersburg
stone monuments is significantly lower than in Medi-
terranean area.

In our research fungi of different ecological groups
(extremophiles, phytopathogens, wood-rotting fungi,
soil-inhabiting, yeasts, and even litter saprotrophs) are
found on the monuments in Saint Petersburg. Typical
soil fungi (species of the genera Aspergillus, Penicillium,
Trichoderma, Botrytis, Fusarium) as well as microfungi
connected with plant substrates were found in all types
of SAB. These fungi as well as basidiomycete from Rus-
sulales, Agaricales, and Polyporales are occasional for
lithobiotic communities and occur due to the retention
of spores in biofilms on the stone surface. It is interest-
ing to note that basidiomycete fungi increase in abun-
dance in autumn that can be connected with the fruit-
ing bodies formation in this period. At the same time,
the abundance of Aureobasidium-like fungi and MCF
was more observed in the spring.

Biodiversity of fungi on stone surface also depends
on the characteristics of SABs. The maximum biodi-
versity of microfungi was noted in biofilms with lichens
domination that was shown by cultural and metage-
nomics data. This can be explained by the fact that
spores of fungi deposited from the atmosphere are
more retained in such type of SAB.

The obtained data generally show that the forma-
tion of mycobiota on stone monuments in the urban
environment is a multifactorial process. The most ob-
jective characteristics of the mycobiota can be obtained
using a complex of cultural and molecular genetics
methods, taking into account the characteristics of bio-
films, the nearest environment and the influence of the
season.

CONCLUSION

The mycobiota of sculptural monuments in the his-
torical center of Saint Petersburg has a complex struc-
ture. There are different complexes of species that play
a decisive role in the stone monuments colonization
(MCEF, Aureobasidium-like fungi, Cladosporium com-
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plex, Alternaria complex). Fungi associated with plant
substrates and soil are also constantly present in the
SAB on the surface of the monuments. The use of two
methodological approaches indicates the expediency
of combining cultural and molecular genetic methods,
which make it possible to obtain the most diverse pic-
ture of the formation of lithobiotic communities. The
season has a key importance for the abundance and di-
versity of microfungi on stone surface. Obviously, the
type of rock has a minimal importance for the fungal
diversity on stone monument. At the same time, the
SAB type seems to significantly affect the formation of
mycobiota due to the different ability to accumulate
fungal propagules from the environment. Results of the
study can be used in the development of methods for
monuments protection from biodeterioration.

This research was supported by the Russian Science
Foundation (Ne 21-74-00031). The authors are grateful
to Beagle LLC for their cooperation in performing
metagenomic analysis.
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I'puGkI UTPatOT BasKHYIO POJIb B KOJIOHU3ALIMU Y OMOTIOBPEKIEHNM KAMEHHbBIX ITAMSITHUKOB Ha OTKPBITOM BO3-
nyxe. DTo ucciiefoBaHue CyIIECTBEHHO JOTOJHSIET JaHHbIE O pa3HOOOpa3uy rpuOOB B TUTOOUOHTHBIX COO0-
IIIeCTBaX 3a CYET UCITOJb30BaHNSI METareHOMHOTO aHanu3a. [TokazaHo, YTO MMKOOMOTa HAATPOOHBIX TTAMSIT -
HUKOB B cTOpuYecKoM IieHTpe CaHKT-IleTepOypra nuMeeT CJIOXHYIO CTpYKTypy. CyIIecTBYIOT pa3Hble KOM-
IUIEKChl BUIIOB, MUMEKOIIMX pPa3JIMYHOE IIPOUCXOXACHUE W IyTW IMolagaHusi B maMsITHUKU. Kowmrekc
nomuHupytoiux rpudos B CAb Ha Mpamope u rpanuTe CaHkT-IleTepOypra opMupyIoT TEeMHOOKpaIlIEeHHbIE
MUKPOMUIIETHI. AOCOJTIOTHBIM TOMUHAHTOM BO BCeX BbIOOpKax ObLT BUI Knufia karalitana mo MeTareHOMHBIM
IaHHBIM U Aureobasidium pullulans o KynbTypajlbHbIM JaHHBIM. Mcnioab30BaHUE NBYX METOMOJIOTMUECKUX
MOIXOI0B YKa3bIBaeT Ha 11€71eCO00Pa3HOCTh COUeTaHUSI KYJIbTYPaIbHBIX M MOJIEKYJISIPHO-T€HETUYECKUX METO -
JIOB, IMTO3BOJISIIOIIMX ITOJIYYUTh HanboJiee MOJIHYI0 KapTUHY (OPMUPOBaHUS JIMTOOMOHTHEIX cooO1ecTB. Ce-
30H U TUM OMOTUIEHKM MMEIOT KJTIoueBOe 3HaUeHUe IS OOWJIMS U pa3HOOOpa3usi MUKPOMMIIETOB Ha TTOBEPX-
HocTU KaMmHsI. [TokazaHo, 4YTO TUM MOPOALI UMEET MUHUMAJIbHOE 3HaUeHUe MIJIs1 pa3HooOpasus rpuboB Ha Ka-

MCHHOM ITaMATHHUKE.

Katouegovie croga: KylbTypaslbHbIA U METAareHOMHBIM METOJOJIOTMYECKUE MOAXONbl, KYJIbTYpHOE Hacienue,
MHUKPOCKOIIMYECKHE TpUObl, MUKPOOHOE COO0IIIeCTBO, pa3HOOOpa3ue rpubdoB, cybaspaibHble OMOILICHKH
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B cTaTtbe npuBOIsATCS HOBBIE CBEICHMS O BUTOBOM COCTaBe apUINIOPOPOUIHBIX U reTepoba3uaruaabHbIX IPU-
60B LIEHTPAJILHOM YaCTU TOCYIapCTBEHHOTO IIPUPOIHOTO 3aKa3HUKa “TTrKeMCKUit” ¥ IMaMsITHUKA TIPUPOIIBI
“Ypouunie BacuH 60p”, pacnoioxkeHHbBIX B 1oro-3anaaHoii yactu KupoBckoii 00J1. B ITOA30HE I0XKHOI TaliTu.
Ha oxpaHsieMBIX TPUPOTHBIX TEPPUTOPUSIX HalimeHO 212 BUIOB M TBa BHYTPHUBUAOBBIX TAKCOHA 6a3MIUaTbHBIX
MaKpOMMUIIETOB, U3 KOTOPbIX 40 BUIOB BIiIepBbie 0O0HapykeHbl B KrupoBcKoii 00j1. B aHHOTalIMM K KaXKIOMY BU-
Ty TIPUBOSITCSI CBEIEHUSI O YaCTOTE HAXOIOK, MECTOOOUTAHUSIX U CyOCTpaTHOM MpuypodeHHOCTH. B p-He uc-
cJieqoBaHui OOHApy:KeHO 25 BUIOB rpu00B, peIKUX KaK B eBporeiickoil yactu Poccuu, Tak u B ctpaHax Ce-
BepHoit EBponbl. OTMed4eHBI HOBBIE MECTOHAXOXACHUS IJIs1 YeThipex BUnoB (Diplomitoporus crustulinus, Flavi-
doporia mellita, Hericium coralloides, Rigidoporus crocatus), BKitoueHHbIX B KpacHyio kHury KupoBckoii
obmact. 3apukcupoBaHO 14 BUAOB IpuOOB, SBJISIOIINXCS MHINKATOPHBIMU IUISI CTAPOBO3PACTHBIX JIECOB.
K HacTosilieMy BpeMeHHM Ha TeppUTOpuM 3akazHuka “IlmkeMckuit” 3apeructpupoBaHo 175 BUgoB 0a3ummuo-
MUIIETOB, a Ha TEPPUTOPHUH ITaMSITHUKA IIpUpoabl “Ypouuile Bacun 6op” — 143 Bupa. [lonyyeHHEBIe JaHHBIE
YKa3bIBaIOT HAa BBICOKYIO 3HAYMMOCTb UCCIIENOBAHHBIX MPUPOIHBIX KOMIUIEKCOB B TIOIAEPXKAaHUU U COXpaHe-
HUU PETMOHAJIBHOTO pa3HOO0pa3rsi MUKOOMOTHI.

Karoueesnie cr06a: aHHOTUPOBAHHEBIN CIIMCOK BUOOB, adhruiodoponmHbie IpruObl, OMopa3zHooOpa3ue, eBporneii-
ckast yactb Poccun, nHoukaTtopHbie Buabl, Kuposckas obnacts, OOIIT, penkue BUabI, XBOMHO-ITMPOKO-
JIMCTBEHHBLIC Jieca, Basidiomycota
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BBEAEHHME

Muko6uora KnpoBckoii 00J1. K HAaCTOSIIIIeMY Bpe-
MEHM OCTaeTCsl HeIOCTaTOUHO ncciaenoBaHHoit (Pere-
vedentseva et al., 2007; Kirillov, Luginina, 2011; Stav-
ishenko, Veselovskaya, 2011; Kotkova, 2013a, 2013b,
2014; Stavishenko, Luginina, 2015; Stavishenko et al.,
2019; Volobuev et al., 2019; Volobuev et al., 2021).
KHpaKTI/I‘{eCKI/I HEU3YYCHHBIM B MMKOJIOTUYECKOM
TUIaHEe TEPPUTOPUSIM OTHOCATCS locymapcTBEeHHBINH
MPUPONHbIA 3aka3zHUK “IlvkeMcKkuit” W pacrnosiao-
KEHHBIN MOOJM30CTH IMaMSITHUK MpUPOAbl “Ypouu-
me BacuH Gop” ¢ yleneBIIMMHM ydacTKaMU CTapbIX
KOPEHHBIX JIECOB, UTO ITOCIY>KMJIO OCHOBAHUEM MpPO-
BEICHMSI MCCIEOOBAHUN C IIeJibl0 OoJiee IOJHOU U
OOBEKTUBHON OIIEHKU OMOpa3sHOOOpa3us 3TUX MPU-
POIO0OXpPaHHBIX KOMILIEKCOB.

332

3akazHukK “TTrkeMckuit” muoianasto 308479 kM2,
ocHOBaHHBIN B 1990 . 15T 0OXpaHbl BOMHBIX OMOIIEHO-
30B ¥ YHUKAJIbHBIX IIPUPOIHBIX OOBEKTOB, pacIIOIO-
JKeH Ha 1oro-3armane KmnpoBckoii 00J1. B yBaInCTOM Ya-
ctu Pycckoil paBHUHBI B TIpenesiaXx BOAOOXPAaHHBIX
30H nobepexuii pex ITmxkma n Hemna (Especially pro-
tected., 2022). IlamaTtHuk npuponsl “Ypouuiie Ba-
cuH 60p” mwromansio 9.038 kM2, 0Gpa3oBaHHBIA B
1990 1. nag oxpaHbl 3TAJOHHBIX COCHOBBIX JIECOB,
pacriojioxeH B Mexaypedbe Ilvkmbl 1 MmoMopku
(Perestoronina, Shabalkina, 2014). bacceitabl Kpym-
HbIX pek [Trkma 1 Hemaa HaxoasiTcsl B 100KHOI TTOJI0-
ce IOI30HbI I0XHOTAaeXHBIX JiecoB [Tikmo-Bsrcko-
Yemeukoro reobortannmdeckoro okpyra (Aleksandro-
va, Yurkovskaya, 1989). 3HaumTenbHasi 4acTb 3TOM
TEpPUTOPUU 3aHSITA JIyraMH, JIECHAs IUIOLIAAb CO-
craBiisgeT 0Koa0 34%. OCHOBHBIMU THUIIAMM PACTU-
TEJbHOCTH TIJIAKOPOB SIBJISIFOTCS €IbHUKU KMCITUYHBIC
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Puc. 1. Kapra-cxema p-Ha ucciienoBanmii: 1 — [locynapcTBeHHBbINM IPpUPOAHBII 3aKka3HUK “ITrkemckuii”; 2 — [TaMSITHUK IPUPOIBI

“Ypouume Bacux 6op”.

U YepHUYHBIE, a TAKXKE COCHOBEIE Jeca. Ha ocraHio-
BBIX BO3BBIIIEHHOCTSX MPOU3PACTAIOT KUCITUYHbBIE U
IyOpaBHO-TpaBgHbIe (C y4acTMEM HEMOPaJIbHOIO
IIMPOKOTPAaBbsl) €JIOBBIC JIieca, B TOHMXKEHHBIX y4acT-
KaXx — 3a00JI0YEeHHbIE HOJTOMOIIHEIE U C(arHoBEIC
Jieca. BropuuHble OCMHOBEIE U Gepe30BbIe TPABSIHBIE
Jieca pacrnpocTpaHeHBl B MecTax BhIpyook. Hebomb-
IIUMHW MacCUBaMM BCTPEYAIOTCS CJIOXKHBIE TTUXTOBO-
€JI0Bble HEMOPAJIbHOTPABHBIE Jieca C HE3HAUUTEb-
HBIM y4acTHEM BO BTOPOM SIpyce IINPOKOJIUCTBEH-
HEBIX Iopox Acer platanoides, Quercus robur, Ulmus lae-
vis, c mogneckoM us Tilia cordata, Fuonymus verrucosa,
Alnus glutinosa, A. incana, Prunus padus, Sorbus aucu-
paria, Salix sp. bepera pek u y3Kue y4acTKM HaJIIOM-
MEHHBIX TEPPAC 3aHUMAIOT TPaBSIHbIE TyOOBBIE U CMe-
ma"Hkele Jeca (Forests, 2008).

MATEPHAJIBI 1 METObI

M3ydyeHrie MUKOOMOTHI IIPOBOAMIIOCH MapIIpyT-
HBIM METOJIOM B IOCJIEIHEH TeKaae CeHTSIOpsI — Hava-
Jie okTs10pst 2014 1 2019 rr. B LiIeHTpaJIbHOM YacTu 3a-
kazHuka “IIvkeMcKuii” U B MaMsATHUKE TPUPOIbI
“Ypouuie Bacua 00p” Ha TeppUTOPUM, PaACITOIO-
KEHHOI MeXIy HaceJeHHbIMU IMyHKTaMu: 1. KoBpu-
xara u 1. Xyngaku (57°45.599 c.ur., 47°52.141" B.1. —
57°36.893’ c.u., 48°08.384" B.11.) (puc. 1).

O0BeKTOM HcclienoBaHus ObUIH aduLIodpopouI-
HbIe IpUObI, B COOPHI TaKXkKe BOIILIM HEKOTOPHIE reTe-
poba3ugaiibHble MakpoMuleThl. WiaeHTudukauus

MUKOJIOTHUA U PUTOMATOJIOIUA  tom 57  Ne

coOpaHHOro MaTepuasa OCylllecTBJsjach B jabopa-
TOPHBIX YCJIOBHUSIX C KCIIOJIb30BAaHUEM CBETOBOTO U
cTepeocKkonndyeckoro Mukpockornos JIOMO: Muk-
men-2 u MC-2, Habopa cTaHZApTHBIX PEaKTUBOB M
COBpEMEHHBIX omnpenenurtencii. Mukpodororpadun
MOJIyYEHBI € TIOMOIIIbIO IM(ppoBOro Mukpockotna Lei-
ca DM 1000 Led ¢ xamepoii Leica DFC 295. Cpene-
HUSI O HaXoJIKaX BU3yaJlbHO paclio3HaBaeMbIX B MPU-
polie BUAax MaKpOMMIIETOB BHOCUJIUCH B JTHEBHUK
HaOII0IEHUTA.

CobOpaHHas 3a TIepuod, UCCICIOBAHUMN KOJUICKIIMS
rpuOOB XpaHUTCS B My3ee VIHCTUTyTa 3KOJIOTMU pac-
tenuit n xuBoTHEIX YpO PAH [SVER(F)] (r. Exare-
pUHOYpPT), OyOJIMKaThl HEKOTOPHIX 00pa31oB Iepeaa-
Hbl B MMKOJOTMYECKU repbapuii boTaHnueckoro
nHctutyTa M. B.JI. KomapoBa PAH (LE) (1. CaHkr-
ITetepOypr). 'epbapHble HOMEpa 0O0pa310B B KOJLIEK-
uuu SVER (F) cocTtaBieHbl U3 nepBbix OyKB Ha3Ba-
Hust Kuposckoii 0071. (Kirov), oxpaHseMBIX IIPUPOI-
HBIX TEPPUTOPUIL B p-He ncciieqoBanuii (Pzh — 3akas-
HUK “TTuxkeMckuii”, Vs — MOaMsITHUK TIPUPOIbI
“Ypouuiie BacuH 60p”) 1 MOPSIAKOBOIO HOMEpPa.

TakcoHOMMYEeCKas CTPYKTypa MpUBeIeHa 10 pa-
oote Wijayawardene et al. (2022). BunoBsie Ha3BaHUS
rpubOB B aHHOTHUPOBAHHOM CITHCKE TIPUBEICHEI 110
6a3e manHbIx Index Fungorum (2023). B anHOTaLIMSIX
K BUIAM MCMOJb30BaHbI CIEIYIOIIE COKpallleHMUSI:
THII IpeBECHOTO cybcTpara (K — XKMBOE IePEBO, BB —
BaJIeKHasl BETBb, BC — BAJICKHBINM CTBOJ, 1T — TICHb,
C — CYXOCTOM); CTaAuU Pa3JIOKEeHUS IpeBeCUHBI — [—
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Puc. 2. basunroma u MUKpOCTPYKTYpa Radulomyces arborifer: ciieBa — 6a3zuamomMa (Maciutad — 1 MM); cripaBa — MUKPOCTPYKTypa
(a — 6a3uouu ¥ 6a3MANOIIbI, 0 — NIEOUUCTUABI, B — cIOphl) (MaciTad — 10 MKM).

V (Burova, 1986); Il — 3akasuumk “IlmkeMckuii”,
Bb — nmamMsaTHUK mpuponsl “Ypouuiie BacuH 60op”;
JecHble popMmaumu (1 — moauHHBIE, 2 — 1yOOBBIE, 3 —
CJIOXKHBIE TTMXTOBO-EJIOBBIC, 4 — €JIOBBIE, 5 — COCHO-
Bble; 6 — mpousBoaHEbIe Jieca). OlLeHKa BCTpeyaeMo-
CTU BHUIOB MaKpPOMMIIETOB B p-HE MCCIEIOBAHUIA
yKazaHa COITIaCHO CJIeAyIOoLIell IKaje: eqWHUIHAS
Haxonka — 1 ob6pasell, penko — 2—5 o0pa3oB, Hepe-
KO — 6—10 o6pasuos, yacto — 6ojyee 10 oOpa3LoB,
o4yeHb yacto — 6osee 30 06pa3ios.

PE3VJIBTATBI 1 OBCYXIEHHUE

K HacTosiliemy BpeMeHM B p-He MCCenoBaHUit
BBISIBICHO 212 BMIOB, OOMH IIOABUI W OOHA pPa3HO-
BUIHOCTh apuIIo@OpONIHBIX M TeTepoOasuanaib-
HbIX Tpu60B U3 138 ponos, 49 cemeiicTB, 15 NOPSIIKOB,
IBYX KjiaccoB otnena Basidiomycota; 40 BumoB 6a3u-
TUOMUIIETOB (B aHHOTMPOBAHHOM CITMCKE OTMEUYEHBI
3BE3/I0YKOI) MPUBOJISITCS, COMIACHO JIMTEPATYpPHBIM
CBelleHUSIM, BIiepBhIie 111 KrmpoBcKoii 00IT.

AGARICOMYCETES
Agaricales
Cyphellaceae

Chondrostereum purpureum (Pers.) Pouzar — na Populus
(Bc, nm II, III), 30.09.2014 [SVER (F) Kirov-Pzh-120],
19.09.2019 [SVER (F) Kirov-Vs-121]. I1, BB (3, 6). Penxo.

Granulobasidium vellereum (Ellis et Cragin) Jiilich — Ha
Populus (Bc 1V), 30.09.2014 [SVER (F) Kirov-Pzh-369,
SVER (F) Kirov-Pzh-370]. IT (3). Penko.

Cystostereaceae

Cystostereum murrayi (Berk. et M.A. Curtis) Pouzar — Ha
Abies, Populus (8¢ 11, 11T) 02.10.2014 [SVER (F) Kirov-Pzh-
160], 19.09.2019 [SVER (F) Kirov-Pzh-161], 21.09.2019
[SVER (F) Kirov-Vs-162]. I1, Bb (2, 3, 4). Penko.

MUKOJOI'A U PUTOIIATOJIOTUA

Radulomycetaceae

* Radulomyces arborifer Malysheva et Zmitr. — Ha Quer-
cus (Bc 111), B monmmne p. [TmkMa, B UBHSIKE BEICOKOTPABHO-
OCOKOBOM C Yy4JacTHMeM 1y0a, psIOMHBI U 4YepeMyXW,
01.10.2014 [SVER (F) Kirov-Pzh-665, SVER (F) Kirov-
Pzh-666]. IT (1). Penko. Bun 6bu1 onucan 3 CamapcKoit
0071. (Malysheva, 2006). HaiineHHbIe Hamu 0Gpas31bl COOT-
BETCTBYIOT TOJIOTUITY. Ba3umuoMbl OTHOJETHUE, PE3YIU-
HaTHBIE, IpOCTUpaIIrecs Ha 3—5 cM, ToJl. 10 1.5 MM, co
cjierka npuIoAaHsIThIM KpaeM. [MmMeHodop panyaouaHbli,
KpeMoBoro 1iBeTa. [IIUIBI BBICOTOM 10 3 MM, pa3BeTBIEH-
HbIe B BUIE ICHIPUTOB WJIM KOPAUIOB C BOCKOBUIHBIMU
OXpUCTHIMM KOHIIaMu. [udanpHast cucteMa MOHOMUTHYE-
cKkasi, TudBbl ¢ npsokkamu. B cyorumeHuun rvgbl TOHKO-
CTeHHBbIE, IIMPUHOM 10 2.5 MKM, TpaMaJibHbIe TU(bI TOJ-
CTOCTEHHBIE, MHOTIA U3BWJIMCThIE VIV aMITYJIOBUITHO B3Iy~
ThIC, MUPUHOI 2.5—7 MKM. HekoTophle TpamMaibHbIe TU(RBI
MMPOHUKAIOT B TMMEHUIA, Tl BHICTYNAIOT B KAYe€CTBE MOHU-
JIMOUAHBIX WIU aMITyJOBUIHBIX mceBaouuctun. basuauu
OynaBoBUAHO-cTeOebyaThie 30—40 X 6—8 MKM, 4eThIpex-
CIIOPOBBIE, C Oa3abHBIMK MpsKKaMu. Lluctunbl (Tieomy-
ctunpl) ciabo muddepeHIupoBaHHbIE, YTPUDOPMHEIE,
30—52 X 8 mkM. CHopbl 3JIMIICOUIHBIE, CO CIerKa yToJI-
IIEHHBIMU CTEHKAMM UM MACJSTHHUCTBIM COAEPXKUMBIM, 7—
10.5 X 5—6 mxM (puc. 2).

Schizophyllaceae

*Schizophyllum amplum (Lév.) Nakasone — Ha Populus
(Bc III), 30.09.2014 [SVER (F) Kirov-Pzh-700, SVER (F)
Kirov-Pzh-701]. IT (2). Penxo.

Sch. commune Fr. — va Padus, Populus, Quercus (Bc 11—

IV), 29.09.2014 [SVER (F) Kirov-Pzh-704]. I1, Bb (1, 2, 3,
4,5, 6). Hepenko.

Stephanosporaceae
Cristinia helvetica (Pers.) Parmasto — Ha Salix (Bc IV),

18.09.2019 [SVER (F) Kirov-Pzh-148]. I1 (1). Egunuunas
HaxoJKa.

TOM 57 Ne 5 2023



ADPNITNIOPOPONAHDBIE T'PUBbI TOCYAAPCTBEHHOT O ITPUPOJHOTO 3AKASHUKA

Amylocorticiales
Amylocorticiaceae

*Amylocorticium subsulphureum (P. Karst.) Pouzar — Ha
Picea (Bc 1V), 20.09.2019 [SVER (F) Kirov-Vs-20]. Bb (4).
EnvHnyHas Haxonka.

*Anomoloma myceliosum (Peck) Niemeld et K.H. Larss.
— Ha Pinus (Bc 1V), 29.09.2014 [SVER (F) Kirov-Pzh-50],
30.09.2014 [SVER (F) Kirov-Pzh-51], 21.09.2019 [SVER
(F) Kirov-Vs-52]. I1, BB (5). Peaxko.

*Ceraceomyces borealis (Romell) J. Erikss. et Ryvarden —
Ha Quercus (BB 1V), 20.09.2019 [SVER (F) Kirov-Vs-104].
Bb (3). EnmnuaHast Haxonka.

C. sublaevis (Bres.) Jilich — na Pinus (8¢ 1V), 30.09.2014
[SVER (F) Kirov-Vs-105]. Bb (5). EnunuyHast Haxonka.

C. tessulatus (Cooke) Jilich — Ha Betula, Salix (Bc, c 11),
18.09.2019 [SVER (F) Kirov-Pzh-106], 19.09.2019 [SVER
(F) Kirov-Pzh-107]. IT (1, 3). Penxo.

Plicaturopsis crispa (Pers.) D.A. Reid — Ha Alnus, Betula,
Padus, Populus, Quercus (Bc, c 11, 11I), 30.09.2014 [SVER
(F) Kirov-Vs-630], 19.09.2019 [SVER (F) Kirov-Pzh-635].
IT, BB (3, 4, 5, 6). Hepenxo.

Atheliales
Atheliaceae

Amphinema byssoides (Pers.) J. Erikss. — Ha Juniperus,
Populus (Bc, ¢ 11-1V), 18.09.2019 [SVER (F) Kirov-Pzh-
171, 20.09.2019 [SVER (F) Kirov-Vs-18], 21.09.2019 [SVER
(F) Kirov-Pzh-19]. I, BB (3, 5). Penxo.

Athelia decipiens (Hohn. et Litsch.) J. Erikss. — Ha Picea,
Quercus (Bc 1V), 02.10.2014 [SVER (F) Kirov-Pzh-58],
20.09.2019 [SVER (F) Kirov-Pzh-59]. IT (2, 3). Penko.

*A. fibulata M.P. Christ. — Ha Pinus (Bc IV), 19.09.2019
[SVER (F) Kirov-Pzh-60]. IT (2). ExuHnyHas Haxonka.

* Fibulomyces mutabilis (Bres.) Jilich — Ha Sorbus (c 11),
18.09.2019 [SVER (F) Kirov-Pzh-197]. IT (1). Eaunuunas
HaxoJKa.

*Tretomyces lutescens (J. Erikss. et Ryvarden) K.H.
Larss., Kotir. et Saaren. — Ha Picea, Sorbus (Bc 11, 1II),
18.09.2019 [SVER (F) Kirov-Pzh-822], 19.09.2019 [SVER
(F) Kirov-Pzh-823]. IT (3). Penxko.

Auriculariales
Auriculariaceae

Auricularia mesenterica (Dicks.) Pers. — na Populus,
Quercus (Bc 111, IV), 30.09.2014 [SVER (F) Kirov-Pzh-62].
I1, BB (1, 2, 3). Hepenko.

* Exidia nigricans (With.) P. Roberts — Ha Betula, Salix,
Sorbus (x, Bc, BB II), 18.09.2019 [SVER (F) Kirov-
Pzh-194], 21.09.2019 [SVER (F) Kirov-Vs-196]. I1, BB (1,
2, 3, 4). Hepenko.

Incertae sedis

Aporpium macroporum Niemeld, Spirin et Miettinen — Ha
Populus (Bc IIT), 30.09.2014 [SVER (F) Kirov-Pzh-55].
I1 (4). EnmHuyHas Haxonka.

Boletales
Coniophoraceae

Coniophora arida (Fr.) P. Karst. — Ha XBOHHOM M JIUCT-
BeHHOM oTnane (Bc [1-1V), 29.09.2014 [SVER (F) Kirov-
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Pzh-126]. Ha kope KoMJIsl pacTyIero ApeBOBUIHOTO Juni-
perus, 18.09.2019 [SVER (F) Kirov-Pzh-131].T1, BB (1, 2, 3,
4, 5). YacTo.

C. olivacea (Fr.) P. Karst. — Ha Pinus, Abies (Bc, 11 111,
V), 30.09.2014 [SVER (F) Kirov-Pzh-135], 18.09.2019
[SVER (F) Kirov-Vs-136]. I1, BB (4, 5). Penko.

C. puteana (Schumach.) P. Karst. — Ha Pinus, Picea,
Populus, Quercus (Bc 11—-1V), 02.20.2014 [SVER (F) Kirov-
Pzh-140], 18.09.2019 [SVER (F) Kirov-Vs-143]. I1, Bb (3,
6). Hepenko.

Hygrophoropsidaceae
Leucogyrophana mollusca (Fr.) Pouzar — Ha Picea
(Bc IV), 30.09.2014 [SVER (F) Kirov-Vs-466]. Bb (5). Enu-

HUYHas Haxo4aKa.

Serpulaceae

Serpula himantioides (Fr.) P. Karst. — Ha Populus (Bc V),
02.10.2014 [SVER (F) Kirov-Vs-708]. Bb (4). EnunnyHas
HaxoJKa.

Tapinellaceae

Pseudomerulius aureus (Fr.) Jilich — na Pinus (Bc 1V),
19.09.2019 [SVER (F) Kirov-Pzh-651]. IT (5). Exunuynas
HaxoJKa.

Cantharellales
Botryobasidiaceae

* Botryobasidium intertextum (Schwein.) Jiilich et Stal-
pers — Ha Pinus (Bc IV), 20.09.2019 [SVER (F) Kirov-Vs-82].
Bb (5). EnmHuyHas Haxonka.

B. isabellinum (Fr.) D.P. Rogers — Ha Betula, Picea,
Pinus, Quercus (Bc 111, 1V), 02.10.2014 [SVER (F) Kirov-
Pzh-84], 20.09.2019 [SVER (F) Kirov-Vs-86]. I1, Bb (3, 4,
5). Hepenko.

*B. laeve (J. Erikss.) Parmasto — Ha Juniperus (c I1),
18.09.2019 [SVER (F) Kirov-Pzh-90]. IT (3). Equnuunas
HaxoJka.

*B. pruinatum (Bres.) J. Erikss. — Ha Populus (Bc 11I),
02.10.2014 [SVER (F) Kirov-Pzh-91]. IT (3). Equnnunas
HaxofKa.

B. subcoronatum (Hohn. et Litsch.) Donk — Ha Pinus
(Bc IV), 19.09.2019 [SVER (F) Kirov-Pzh-92]. I (5). Eau-
HUYHas HaxoaKa.

Hydnaceae

Cantharellus cibarius Fr. — na nouse, 18.09.2019 [SVER
(F) Kirov-Pzh-103]. I1, BB (3, 4, 5). Yacro.

* Paullicorticium ansatum Liberta — Ha Pinus (Bc 1V),
19.09.2019 [SVER (F) Kirov-Pzh-537]. I1 (5). Equnnunas
HaxoJKa.

*Sistotrema diademiferum (Bourdot et Galzin) Donk —
Ha Betula (8B 11I), 19.09.2019 [SVER (F) Kirov-Pzh-710].
I1 (5). EnuangHas Haxomka.

S. raduloides (P. Karst.) Donk — Ha Populus, Quercus (Bc
II, 1V), 01.10.2014 [SVER (F) Kirov-Pzh-711), 02.10.2014
[SVER (F) Kirov-Pzh-712], 19.09.2019 [SVER (F) Kirov-
Pzh-713]. I1 (2, 3). Penko.
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Corticiales
Corticiaceae

Corticium roseum Pers. — Ha Populus, Prunus, Salix (BB,
Bc 11, III), 02.10.2014 [SVER (F) Kirov-Pzh-145], 21.09.2019
[SVER (F) Kirov-Vs-147]. I1, Bb (1). Hepenko.

Punctulariaceae

Punctularia strigosozonata (Schwein.) P.H.B. Talbot — Ha
Betula, Populus (Bc, c 11, 11T), 30.09.2014 [SVER (F) Kirov-
Pzh-653], 19.09.2019 [SVER (F) Kirov-Vs-657]. 1, Bb (3,
6). Hepenko.

Vuilleminiaceae

Cytidia salicina (Fr.) Burt — na Salix (c 11, I1T), 01.10.
2014 [SVER (F) Kirov-Pzh-164], 19.09.2019 [SVER (F)
Kirov-Pzh-165]. IT (1, 2). Hepenxo.

Gloeophyllales
Gloeophyllaceae

Gloeophyllum sepiarium (Wulfen) P. Karst. — Ha Abies,
Picea, Pinus (Bc II-1V). I1, Bb (3, 4, 5, 6). Hepenko.

G. trabeum (Pers.) Murrill — Ha Abies, Picea, Pinus, Pop-
ulus (x, Bc 111, 1V), 29.09.2014 [SVER (F) Kirov-Pzh-343],
20.09.2019 [SVER (F) Kirov-Vs-347]. I1, BB (3, 6). Hepen-
KO.

Hymenochaetales
Hymenochaetaceae

Asterodon ferruginosus Pat. — nHa Populus (Bc 1II),
21.09.2019 [SVER (F) Kirov-Vs-57]. Bb (4). EnunuyHas
HaxoJKa.

Coltricia perennis (L.) Murrill — Ha nouse, 01.10.2014
[SVER (F) Kirov-Pzh-123]. I1, Bb (5). Hepenko.

Fomitiporia punctata (P. Karst.) Murrill — Ha Betula, Pa-
dus, Quercus, Salix, Sorbus (x, Bc, ¢ I-III), 30.09.2014
[SVER (F) Kirov-Pzh-252], 19.09.2019 [SVER (F) Kirov-
Vs-256]. I, BB (1, 2, 3, 6). OdyeHb yacTo.

F robusta (P. Karst.) Fiasson et Niemela — Ha Quercus
(x), 30.09.2014 [SVER (F) Kirov-Pzh-261], 02.10.2014
[SVER (F) Kirov-Pzh-263]. IT (2). Hepenko.

Hymenochaete cinnamomea (Pers.) Bres. — Ha Quercus
(BB 1V), 02.10.2014 [SVER (F) Kirov-Pzh-389]. I1 (2). Eau-
HUYHasi HaXoaKa.

H. mougeotii (Fr.) Cooke — Ha Abies (Bc, ¢ II, III),
02.10.2014 [SVER (F) Kirov-Pzh-390, SVER (F) Kirov-
Pzh-391], 18.09.2019 [SVER (F) Kirov-Vs-392]. I1, Bb (2,
4). Penxo.

H. rubiginosa (Dicks.) Lév. — mpeumyliiecTBEeHHO Ha
Quercus (BB, Bc, 11 111, IV), uspenka na Ulmus (Bc 1V),
02.10.2014 [SVER (F) Kirov-Pzh-395], 20.09.2019 [SVER
(F) Kirov-Vs-400]. I1, Bb (2, 3). Yacro.

Inocutis rheades (Pers.) Fiasson et Niemela — Ha Populus
(Xx), 21.09.2019 [SVER (F) Kirov-Vs-424]. Bb (4). Exununy-
Has HaxoaKa.

Inonotus obliquus (Fr.) Pilat — anamopdn! Ha Betula (x),
equHYHO — Ha Padus (Bc 11). I1, Bb (3, 4, 5). YacTo. ba3u-
nuombl — Ha Betula (Bc, ¢ 1V), 02.10.2014 [SVER (F) Kirov-
Pzh-428]. Penko.

Mensularia radiata (Sowerby) Lazaro Ibiza — Ha Alnus,
Padus (x, BB, 11, ¢ II, I11), 02.10.2014 [SVER (F) Kirov-
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Pzh-474], 21.09.2019 [SVER (F) Kirov-Vs-480]. I1, Bb (3,
6). Yacro.

Ochroporus cinereus (Niemeld) M. Fisch. — Ha Betula (x,
BC, ¢ 11, I1I). IT, BB (3, 4, 5, 6). OdeHb yacTo.

Phellinidium ferrugineofuscum (P. Karst.) Fiasson et
Niemeld — Ha Abies, Picea (Bc I11-1V), 02.10.2014 [SVER (F)
Kirov-Vs-556], 20.09.2019 [SVER (F) Kirov-Pzh-561]. II,
Bb (3, 4, 5). Hepenko.

Phellinopsis conchata (Pers.) Y.C. Dai — nHa Salix (x),
19.09.2019 [SVER (F) Kirov-Pzh-563]. I1 (6). EnunuunHas
HaxoJKa.

Phellinus igniarius (L.) Quél. — na Salix (x, Bc, c I11, IV).
IT, BB (1, 2, 3, 4, 5, 6). YacTo.

Ph. igniarius subsp. nigricans (Fr.) Bourdot et Galzin —
Ha Betula, Sorbus (x, Bc, ¢ 11-1V), 02.10.2014 [SVER (F)
Kirov-Pzh-564]. I1, Bb (2, 3, 4, 5, 6). OueHb yacTo.

Ph. igniarius var. alni (Bondartsev) Niemeld — Ha Alnus
(k, ¢ I1T), 21.09.2019 [SVER (F) Kirov-Vs-598, SVER (F)
Kirov-Vs-599]. Bb (3). Penko.

Ph. laevigatus (P. Karst.) Bourdot et Galzin — Ha Betula,
Populus (Bc 111, 1V), 02.10.2014 [SVER (F) Kirov-Vs-578],
21.09.2019 [SVER (F) Kirov-Pzh-582]. I1, Bb (3, 4, 5, 6).
Hepenko.

Ph. lundellii Niemeld — Ha Betula (Bc II), 02.10.2014
[SVER (F) Kirov-Pzh-583]. I1 (4). ExuanyHass Haxonka.

Ph. populicola Niemeld — Ha Populus (c 11), 01.10.2014
[SVER (F) Kirov-Pzh-584]. I1 (2). Enunun4yHas Haxoaxa.

Ph. tremulae (Bondartsev) Bondartsev et P.N. Borisov —
Ha Populus (X, BB, Bc, ¢ I-1II). IT, BB (2, 3, 4, 5, 6). OueHb
4acrTo.

Phellopilus nigrolimitatus (Romell) Niemeld, T. Wagner
et M. Fisch. — Ha Pinus (Bc 1V), 20.09.2019 [SVER (F)
Kirov-Vs-600]. Bb (5). ExnHuuHast HaxoaKa.

Porodaedalea pini (Brot.) Murrill — Ha Pinus (x, c 1),
19.09.2019 [SVER (F) Kirov-Pzh-639]. I1, Bb (3, 4, 5).
Yacro.

Oxyporaceae

Oxyporus corticola (Fr.) Ryvarden — Ha Populus, Quercus
(Bc, ¢ II-1V), 30.09.2014 [SVER (F) Kirov-Pzh-512],
19.09.2019 [SVER (F) Kirov-Vs-517]. I1, BB (3). Hepenxo.

O. obducens (Pers.) Donk — nHa Populus (Bc 1V),
30.09.2014 [SVER (F) Kirov-Pzh-526], 19.09.2019 [SVER
(F) Kirov-Pzh-527]. IT (3). Penxo.

O. populinus (Schumach.) Donk — Ha Betula (x, Bc IV),
02.10.2014 [SVER (F) Kirov-Pzh-528], 19.09.2019 [SVER
(F) Kirov-Vs-529]. I, BB (2, 3). Penko.

Rickenellaceae

Peniophorella tsugae (Burt) K.H. Larss. — Ha Picea (Bc
V), 21.09.2019 [SVER (F) Kirov-Vs-545]. Bb (3). Enununy-
Hasl HaxoKa.

Resinicium bicolor (Alb. et Schwein.) Parmasto — Ha Pi-
cea, Pinus, Populus (Bc 111, 1V), 02.10.2014 [SVER (F)
Kirov-Pzh-668], 21.09.2019 [SVER (F) Kirov-Vs-676]. II,
BB (3, 4, 5). Yacro.

Schizoporaceae

Alutaceodontia alutacea (Fr.) Hjortstam et Ryvarden — Ha
Pinus (Bc III, 1V), 29.09.2014 [SVER (F) Kirov-Vs-6],
29.09.2014 [SVER (F) Kirov-Vs-7]. Bb (3). Penxo.

TOM 57 Ne 5 2023



ADPNITNIOPOPONAHDBIE T'PUBbI TOCYAAPCTBEHHOT O ITPUPOJHOTO 3AKASHUKA 337

* Hyphodontia abieticola (Bourdot et Galzin) J. Erikss. —
Ha Pinus (Bc 1V), 29.09.2014 [SVER (F) Kirov-Pzh-410].
I1 (3). EnmHuyHas Haxonka.

H. arguta (Fr.) J. Erikss. — Ha Pinus, Quercus (Bc 1V),
01.10.2014 [SVER (F) Kirov-Pzh-411], 02.10.2014 [SVER
(F) Kirov-Pzh-412], 30.09.2014 [SVER (F) Kirov-Vs-413],
19.09.2019 [SVER (F) Kirov-Pzh-414]. I1, BB (2, 3, 5).
Penko.

H. pallidula (Bres.) J. Erikss. — Ha Picea (Bc 1V),
21.09.2019 [SVER (F) Kirov-Vs-415]. Bb (3). Exunuunas
HaxojKa.

*H. spathulata (Schrad.) Parmasto — Ha Abies, Betula
(Bc III, 1V), 02.10.2014 [SVER (F) Kirov-Pzh-416],
19.09.2019 [SVER (F) Kirov-Pzh-417]. IT (2, 3). Peaxo.

Lyomyces crustosus (Pers.) P. Karst. — va Alnus, Junipe-
rus, Padus, Populus, Ulmus (BB, BC, c II, I1I), 29.09.2014
[SVER (F) Kirov-Pzh-467], 19.09.2019 [SVER (F) Kirov-
Vs-470]. I1, BB (3, 6). Hepenko.

Schizopora paradoxa (Schrad.) Donk — Ha Populus (Bc
I11), 30.09.2014 [SVER (F) Kirov-Pzh-706]. I1 (3). Enu-
HUYHasi HaXoaKa.

Xylodon asper (Fr.) Hjortstam et Ryvarden — Ha Picea,
Pinus, Populus (Bc, c 11, 1V), 02.10.2014 [SVER (F) Kirov-
Pzh-864] 19.09.2019 [SVER (F) Kirov-Pzh-865],
20.09.2019 [SVER (F) Kirov-Vs-866], 21.10.2019 [SVER (F)
Kirov-Pzh-867]. I1, BB (3, 5). Penko.

X. flaviporus (Berk. et M.A. Curtis ex Cooke) Riebesehl
et Langer — Ha Betula, Populus, Quercus (Bc 111, 1V),
30.09.2014 [SVER (F) Kirov-Vs-871], 20.09.2019 [SVER
(F) Kirov-Pzh-874]. I1, BB (2, 3, 6). Hepenko.

X. radula (Fr.) Tura, Zmitr., Wasser et Spirin — Ha Salix,
Sorbus (BB, c¢ II), 21.09.2019 [SVER (F) Kirov-Vs-876],
21.09.2019 [SVER (F) Kirov-Pzh-877]. I1, BB (3). Penko.

*X. verruculosus (J. Erikss. et Hjortstam) Hjortstam et
Ryvarden — nHa Populus (BB, BC III, 1V), 30.09.2014
[SVER (F) Kirov-Pzh-878), 02.10.2014 [SVER (F) Kirov-
Pzh-879]. I (2, 3). Penko.

Incertae sedis

*Sidera vulgaris (Fr.) Miettinen — Ha Picea (Bc 1V),
30.09.2014 [SVER (F) Kirov-Vs-709]. Bb (5). Enunuunas
HaxoJKa.

*Skvortzovia furfuracea (Bres.) G. Gruhn et Hallen-
berg — Ha Pinus (Bc 111, 1V), 02.10.2014 [SVER (F) Kirov-
Vs-7271, 19.09.2019 [SVER (F) Kirov-Pzh-729]. I1, Bb (3,
4, 5). Hepenxo.

Trichaptum abietinum (Pers. ex J.F. Gmel.) Ryvarden —
Ha XBOWHOI apeBecuHe (BB, Bc, 1, c 11, I1I), 30.09.2014
[SVER (F) Kirov-Pzh-825]. I, Bb (3, 4, 5, 6). YacTo.

T. biforme (Fr.) Ryvarden — Ha Betula, Quercus (BB, Bc 11,
I1T), 30.09.2014 [SVER (F) Kirov-Pzh-837]. I, BB (1, 2, 3,
4, 5, 6). OueHb Yacro.

T. fuscoviolaceum (Ehrenb.) Ryvarden — Ha XBOIiHOi1
npeBecuHe (BB, B¢, m, ¢ I1-1V), 18.09.2019 [SVER (F)
Kirov-Pzh-845]. I1, BB (2, 3, 4, 5, 6). OueHb yacTo.

Polyporales
Cerrenaceae

Cerrena unicolor (Bull.) Murrill — Ha Betula, Sorbus (X,
Bc, n I11-1V), 30.09. 2014 [SVER (F) Kirov-Pzh-117]. I,
Bb (4, 5, 6). Hepenko.
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Dacryobolaceae

Osteina undosa (Peck) Zmitr. — Ha Abies, Betula, Picea,
Pinus, Populus (Bc, n I11-1V), 29.09.2014 [SVER (F) Kirov-
Pzh-504], 19.09.2019 [SVER (F) Kirov-Vs-507]. I1, BB (3,
4, 5). Hepenko.

Postia balsamea (Peck) Jilich — nBa Picea (mm III),
30.09.2014 [SVER (F) Kirov-Pzh-645]. 11 (3). EnnHuyHast
HaxojkKa.

P. tephroleuca (Fr.) Jilich — Ha Populus (Bc 111, 1V),
30.09.2014 [SVER (F) Kirov-Pzh-646], 02.10.2014 [SVER
(F) Kirov-Pzh-647], 30.09.2014 [SVER (F) Kirov-Vs-648],
02.10.2014 [SVER (F) Kirov-Pzh-649], 21.09.2019 [SVER
(F) Kirov-Pzh-650]. I1, Bb (3, 4). Penxo.

Fomitopsidaceae

*Antrodia griseoflavescens (Litsch.) Runnel, Spirin et
K.H. Larss. — Ha Betula (Bc 11I), 19.09.2019 [SVER (F)
Kirov-Pzh-53]. I1 (3). ExuanyHas Haxonka.

A. sinuosa (Fr.) P. Karst. — Ha Betula, Picea, Pinus, Pop-
ulus (Bc 11-1V), 30.09.2014 [SVER (F) Kirov-Pzh-23],
19.09.2019 [SVER (F) Kirov-Vs-29]. I1, BB (3, 4, 5, 6). Ya-
cTo.

A. tanakae (Murrill) Spirin et Miettinen — Ha Populus
(Bc 1V), 30.09.2014 [SVER (F) Kirov-Pzh-54]. I1 (4). Eau-
HUYHAsT HAXOIKa.

Daedalea quercina (L.) Pers. — Ha Quercus (88, 1 11, 111),
01.10.2014 [SVER (F) Kirov-Pzh-166], 02.10.2014 [SVER
(F) Kirov-Pzh-167]. I1 (2). Penko.

D. xantha (Fr.) A. Roy et A.B. De — nipenMyI1ieCTBEHHO
Ha Pinus, pexe Ha Populus, Quercus (Bc, c III, 1V),
19.09.2019 [SVER (F) Kirov-Pzh-44], 20.09.2019 [SVER
(F) Kirov-Vs-48]. I1, Bb (3, 4, 5, 6). Yacro.

Flavidoporia mellita (Niemela et Penttili) Audet — Ha
Populus (Bc 1V), 30.09.2014 [SVER (F) Kirov-Pzh-198],
30.09.2014 [SVER (F) Kirov-Pzh-199], 02.10.2014 [SVER
(F) Kirov-Pzh-200], 20.09.2019 [SVER (F) Kirov-Vs-201].
IT, BB (3, 6). Penko.

*F pulvinascens (Pilat) Audet — nHa Populus (Bc 111, 1V),
19.09.2019 [SVER (F) Kirov-Pzh-202], 20.09.2019 [SVER
(F) Kirov-Vs-203]. I, BB (3). Penxko.

Fomitopsis betulina (Bull.) B.K. Cui, M.L. Han et
Y.C. Dai — Ha Betula (8B, B¢, 1, ¢ II-1V). I1, BB (3, 4, 5, 6).
Yacro.

F pinicola (Sw.) P. Karst. — Ha XBOfTHOM M JINCTBEHHOM
ornazne (BB, Bc, 11, ¢ [I-IV). I1, BB (1, 2, 3, 4, 5, 6). OueHb
4acTo.

Neoantrodia primaeva (Renvall et Niemeld) Audet — Ha
Pinus (Bc 1V), 02.10.2014 [SVER (F) Kirov-Pzh-492]. IT (5).
EnvHuyHas Haxoaka.

N. serialis (Fr.) Audet — nHa Abies, Alnus, Picea, Pinus
(Bc II-1V), 29.09.2014 [SVER (F) Kirov-Pzh-494],
21.09.2019 [SVER (F) Kirov-Vs-502]. I, BB (3, 4, 5, 6).
Yacro.

Rhodofomes roseus (Alb. et Schwein.) Kotl. et Pouzar —
Ha Abies, Picea, Pinus, Populus (Bc II-1V). I1, BB (3, 4, 5).
OueHb gacTo.

Ganodermataceae

Ganoderma applanatum (Pers.) Pat. — Ha Abies, Betula,
Picea, Populus, Quercus (8Bc, i, c 111, IV). I1, BB (1, 2, 3, 4,
6). OueHb yacTo.
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Hyphodermataceae

Hyphoderma litschaueri (Burt) J. Erikss. et A. Strid — Ha
Betula (Bc 111), 19.09.2019 [SVER (F) Kirov-Pzh-402], du-
pl. LE F-334415. I1 (3). Exuanynast Haxonka.

H. setigerum (Fr.) Donk — Ha Abies, Quercus (Bc 11, I1I),
01.10.2014 [SVER (F) Kirov-Pzh-404], 18.09.2019 [SVER
(F) Kirov-Vs-407]. I1, BB (2, 3). Hepenxko.

*H. sibiricum (Parmasto) J. Erikss. et A. Strid — Ha Picea
(Bc 1T), 20.09.2019 [SVER (F) Kirov-Vs-409]. BB (5). Enu-
HUYHas HaxomKa.

Mutatoderma mutatum (Peck) C.E. Gémez — Ha Betula,
Populus (8B, BC 111), 19.09.2019 [SVER (F) Kirov-Vs-486],
21.09.2019 [SVER (F) Kirov-Vs-487]. Bb (3). Penxo.

Incrustoporiaceae

Skeletocutis amorpha (Fr.) Kotl. et Pouzar — Ha Picea, Pi-
nus (B¢ 111), 29.09.2014 [SVER (F) Kirov-Vs-714, SVER (F)
Kirov-Vs-715], 19.09.2019 [SVER (F) Kirov-Pzh-716]. I1,
Bb (3, 5). Penxo.

*S. cummata A. Korhonen et Miettinen — Ha Picea (BC
1V), 20.09.2019 [SVER (F) Kirov-Vs-719]. Bb (5). Exununy-
Hasl HaxoKa.

*S. kuehneri A. David — Ha Pinus (Bc 1V), 19.09.2019
[SVER (F) Kirov-Pzh-717], 20.09.2019 [SVER (F) Kirov-
Vs-718]. T1, BB (5). Penxko.

*S§. percandida (Malengon et Bertault) Jean Keller — Ha
Populus (Bc 1V), 02.10.2014 [SVER (F) Kirov-Pzh-725].
I1 (3). EnmHnyHas Haxomka.

Tyromyces chioneus (Fr.) P. Karst. — Ha Betula, Populus,
Quercus, Sorbus (BB, BCc II-1V), 01.10.2014 [SVER (F)
Kirov-Vs-849], 21.09.2019 [SVER (F) Kirov-Pzh-852]. I1,
Bb (2, 3,4, 5, 6). Hepenko.

*T. fumidiceps G.F. Atk. — Ha Populus (11 1V), 02.10.2014
[SVER (F) Kirov-Pzh-854]. I1 (3). ExuanyHas Haxonka.

T. lacteus (Fr.) Murrill — Ha Quercus (8c 111), 02.10.2014
[SVER (F) Kirov-Pzh-855]. IT (2). EauHu4Hast Haxonka.

T. odorus (Sacc.) Zmitr. — Ha Abies, Pinus, Populus (Bc
IV), 02.10.2014 [SVER (F) Kirov-Vs-720], 02.10.2014
[SVER (F) Kirov-Vs-721], 02.10.2014 [SVER (F) Kirov-
Pzh-722], 20.09.2019 [SVER (F) Kirov-Pzh-723), 02.10.2014
[SVER (F) Kirov-Pzh-724]. I1, Bb (3, 4, 5). Penko.

Irpicaceae

Byssomerulius corium (Pers.) Parmasto — Ha Betula,
Quercus (BB I1I), 30.09.2014 [SVER (F) Kirov-Pzh-95],
02.10.2014 [SVER (F) Kirov-Vs-96]. I1, Bb (3, 5). Penko.

*B. rubicundus (Litsch.) Parmasto — Ha Pinus (Bc 1V),
29.09.2014 [SVER (F) Kirov-Vs-97]. Bb (3). Enunuunast
HaxoJKa.

*Ceriporia reticulata (Hoffm.) Domanski — nHa Populus
(BB 1V), 02.10.2014 [SVER (F) Kirov-Pzh-114]. IT (3). Eau-
HUYHAas HaXoIKa.

Gloeoporus pannocinctus (Romell) J. Erikss. — Ha Betula,
Populus, Quercus (Bc, ¢ I1I-1V), 02.10.2014 [SVER (F)
Kirov-Pzh-348], 30.09.2014 [SVER (F) Kirov-Vs-349],
30.09.2014 [SVER (F) Kirov-Pzh-350], 20.09.2019 [SVER
(F) Kirov-Pzh-351], 21.09.2019 [SVER (F) Kirov-Pzh-
352]. 11, BB (2, 3, 5). Penko.

Irpex lacteus (Fr.) Fr. — na Quercus, Salix (8c, c 1II),
01.10.2014 [SVER (F) Kirov-Pzh-435), 19.09.2019 [SVER
(F) Kirov-Vs-436]. I1, BB (1, 2, 3). Hepeaxo.

1. latemarginatus (Durieu et Mont.) C.C. Chen et Sheng
H. Wu — na Populus, Quercus (x, BB, Bc 11I), 01.10.2014
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[SVER (F) Kirov-Vs-518], 21.09.2019 [SVER (F) Kirov-
Pzh-525]. 1, BB (3). Hepexxo.

Leptoporus mollis (Pers.) Quél. — Ha Pinus (Bc 1V),
30.09.2014 [SVER (F) Kirov-Vs-465]. Bb (5). Enunnanas
HaxoJKa.

Meruliopsis taxicola (Pers.) Bondartsev — Ha Pinus (c 11),
01.10.2014 [SVER (F) Kirov-Pzh-353]. IT (5). Exunuunas
HaxoJKa.

Raduliporus aneirinus (Sommerf.) Spirin et Zmitr. — Ha
Populus (Bc 1V), 30.09.2014 [SVER (F) Kirov-Pzh-664].
I1 (3). EnmangHas Haxomka.

Vitreoporus dichrous (Fr.) Zmitr. — Ha Betula, Populus,
Salix, Sorbus (X, Bc, c 111, 1V), 02.10.2014 [SVER (F) Kirov-
Pzh-857], 19.09.2019 [SVER (F) Kirov-Vs-861]. I1, Bb (2,
3,4,5,6). Hepenko.

Ischnodermataceae

Ischnoderma resinosum (Schrad.) P. Karst. — Ha Populus
(Bc 1V), 20.09.2019 [SVER (F) Kirov-Vs-440]. Bb (3). Enu-
HUYHas HaXoaKa.

Laetiporaceae

Laetiporus sulphureus (Bull.) Murrill — Ha Quercus (X, 11,
c III, IV), 01.10.2014 [SVER (F) Kirov-Pzh-449),
21.09.2019 [SVER (F) Kirov-Pzh-450]. IT (2). YacrTo.

Meripilaceae

Rigidoporus crocatus (Pat.) Ryvarden — Ha Picea, Populus
(Bc 111, 1V), 20.09.2019 [SVER (F) Kirov-Vs-694, SVER (F)
Kirov-Vs-695]. Bb (4). Penko.

Meruliaceae

*Ceriporiopsis jelicii (Torti¢ et A. David) Ryvarden et
Gilb. — Ha Pinus (Bc 1V), 19.09.2019 [SVER (F) Kirov-
Pzh-115]. IT (3). ExuHuyHast Haxonka.

Hermanssonia centrifuga (P. Karst.) Zmitr. — Ha Abies,
Picea (Bc III), 21.09.2019 [SVER (F) Kirov-Vs-379],
21.09.2019 [SVER (F) Kirov-Vs-380]. Bb (3). Peaxko.

Mpycoacia fuscoatra (Fr.) Donk — Ha Populus (Bc I11-V),
30.09.2014 [SVER (F) Kirov-Pzh-488], 21.09.2019 [SVER
(F) Kirov-Pzh-491], 02.10.2014 [SVER (F) Kirov-Vs-489],
19.09.2019 [SVER (F) Kirov-Pzh-490]. T1, Bb (3, 4).
Penko.

Phlebia radiata Fr. — na Populus, Quercus (Bc 111, 1V),
30.09.2014 [SVER (F) Kirov-Pzh-602], 19.09.2019 [SVER
(F) Kirov-Vs-604]. I1, BB (2, 3, 6). Hepenko.

Ph. rufa (Pers.) M.P. Christ. — Ha Betula, Populus, Quer-
cus (Bc 11-1V), 01.10.2014 [SVER (F) Kirov-Pzh-606],
20.09.2019 [SVER (F) Kirov-Vs-608]. I1, BB (2, 3, 6). He-
penKo.

Ph. tremellosa (Schrad.) Nakasone et Burds. — Ha Betula,
Populus, Quercus (x, Bc, nn 111, 1V), 01.10.2014 [SVER (F)
Kirov-Vs-611], 21.09.2019 [SVER (F) Kirov-Pzh-618]. II,
BB (2, 3, 4, 5, 6). Hacro.

* Physisporinus vitreus (Pers.) P. Karst. — Ha Betula (Bc
1V), 20.09.2019 [SVER (F) Kirov-Vs-621]. Bb (5). Enuany-
Hasl HaXoJKa.
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Phanerochaetaceae

Bjerkandera adusta (Willd.) P. Karst. — Ha TMCTBEHHOM
ormane (X, Bc, 1, ¢ I, III). IT, BB (1, 2, 3, 4, 5, 6). OueHsb
4acro.

Hapalopilus rutilans (Pers.) Murrill — Ha Betula (8B 1V),
30.09.2014 [SVER (F) Kirov-Pzh-371]. IT (3). EnunuuHas
HaXoJKa.

* Phaeophlebiopsis ravenelii (Cooke) Zmitr. — Ha Populus
(8B III), 19.09.2019 [SVER (F) Kirov-Pzh-552]. TT (3).
EnuHuyHas Haxonka.

Phanerochaete calotricha (P. Karst.) J. Erikss. et Ryvar-
den — Ha Quercus (BB 111), 30.09.2014 [SVER (F) Kirov-
Pzh-553]. I1 (3). EnuanyHasa Haxomka.

Ph. laevis (Fr.) J. Erikss. et Ryvarden — Ha Populus (Bc
V), 02.10.2014 [SVER (F) Kirov-Pzh-554]. I1 (2). Enu-
HUYHasi HaXoIKa.

Ph. velutina (DC.) P. Karst. — Ha Picea (c 11), 18.09.2019
[SVER (F) Kirov-Pzh-555]. I1 (4). EzunnyHas Haxonka.

Podoscyphaceae

Abortiporus biennis (Bull.) Singer — Ha Populus, Quercus
(sc III, 1V), 02.10.2014 [SVER (F) Kirov-Pzh-1],
30.09.2014 [SVER (F) Kirov-Pzh-3]. IT (2, 3). Peaxo.

Polyporaceae

Daedaleopsis confragosa (Bolton) J. Schrot. — Ha Alnus,
Betula, Quercus, Salix, Sorbus (X, Bc, 1, c 11, 11I), 01.10.2014
[SVER (F) Kirov-Pzh-169], 18.09.2019 [SVER (F) Kirov-
Vs-175]. I, BB (1, 2, 3, 6). Yacro.

D. tricolor (Bull.) Bondartsev et Singer — Ha Betula,
Prunus, Quercus (BB, Bc, ¢ 11, 1II), 02.10.2014 [SVER (F)
Kirov-Pzh-181], 19.09.2019 [SVER (F) Kirov-Vs-186]. II,
Bb (1, 2, 3,4, 5, 6). Hacro.

Fomes fomentarius (L.) Fr. — Ha Betula, Populus, Quercus,
Sorbus, Ulmus (X, Bc, 1, ¢ II-1V). I1, Bb (1, 2, 3, 4, 5, 6).
OueHb yacro.

Lenzites betulina (L.) Fr. — na Betula, Populus (BB, Bc 11,
IIT), 01.10.2014 [SVER (F) Kirov-Pzh-458), 19.09.2019
[SVER (F) Kirov-Vs-463). I1, Bb (3, 4, 5). Hepenko.

Neofavolus alveolaris (DC.) Sotome et T. Hatt. — Ha Sor-
bus (8B II), 21.09.2019 [SVER (F) Kirov-Vs-503]. Bb (3).
EnuHnyHasg Haxonka.

Perenniporia medulla-panis (Jacq.) Donk — Ha Betula,
Populus (Bc 1V, V), 02.10.2014 [SVER (F) Kirov-Pzh-546,
SVER (F) Kirov-Pzh-547]. I1 (2). Penko.

Picipes badius (Pers.) Zmitr. et Kovalenko — xHa Populus
(Bc 11I), 21.09.2019 [SVER (F) Kirov-Vs-622]. B (3). Enu-
HUYHasi HaXxoIKa.

P. tubaeformis (P. Karst.) Zmitr. et Kovalenko — Ha Pop-
ulus (Bc 1V), 30.09.2014 [SVER (F) Kirov-Pzh-623]. IT (3).
EnvHuyHas Haxonka.

Podofomes mollis (Sommerf.) Gorjon — Ha Betula, Popu-
lus (Bc 1I-1V), 02.10.2014 [SVER (F) Kirov-Pzh-110],
21.09.2019 [SVER (F) Kirov-Vs-112]. I1, BB (3, 6). He-
penKo.

Poriella subacida (Peck) C.L. Zhao — Ha Picea, Pinus (Bc
IV, V), 30.09.2014 [SVER (F) Kirov-Pzh-548, SVER (F)
Kirov-Pzh-549, SVER (F) Kirov-Pzh-550], 20.09.2019
[SVER (F) Kirov-Vs-551]. I, BB (3, 5). Penxo.

Trametes cinnabarina (Jacq.) Fr. — Ha Betula, Sorbus (Bc
I11), 29.09.2014 [SVER (F) Kirov-Vs-661, SVER (F) Kirov-
Vs-662], 19.09.2019 [SVER (F) Kirov-Pzh-663]. I1, Bb (5).
Penxo.
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T. gibbosa (Pers.) Fr. — Ha Betula, Quercus (Bc, c 11, 111),
30.09.2014 [SVER (F) Kirov-Pzh-778], 21.09.2019 [SVER
(F) Kirov-Vs-781]. I1, BB (2, 3, 4, 5, 6). Hepenko.

T. hirsuta (Wulfen) Lloyd — Ha Populus, Quercus (X, Bc,
c II, I1T), 01.10.2014 [SVER (F) Kirov-Pzh-783], 02.10.2014
[SVER (F) Kirov-Vs-784]. 11, BB (1, 2, 3, 4, 5, 6). Hepenxko.

T. ochracea (Pers.) Gilb. et Ryvarden — Ha Betula, Padus,
Populus, Salix (BB, BC, c 1I-1V), 02.10.2014 [SVER (F)
Kirov-Vs-791], 19.09.2019 [SVER (F) Kirov-Pzh-794]. 11,
BB (1,2, 3,4, 5, 6). Yacro.

T. pubescens (Schumach.) Pilat — Ha Alnus, Betula, Pop-
ulus, Quercus (Bc, c 11, I11), 01.10.2014 [SVER (F) Kirov-Vs-
8001, 21.10.2019 [SVER (F) Kirov-Pzh-804]. IT, Bb (2, 3, 4,
5, 6). Hepenko.

T. suaveolens (L.) Fr. — Ha Populus, Salix (x, Bc, ¢ 11,
I1T), 20.09.2019 [SVER (F) Kirov-Pzh-808], 21.09.2019
[SVER (F) Kirov-Pzh-809], 30.09.2014 [SVER (F) Kirov-
Vs-807], 30.09.2014 [SVER (F) Kirov-Pzh-806]. I1, BB (1,
3, 5). Penxo.

T. trogii Berk. — na Populus, Salix (8B, BC II, III),
02.10.2014 [SVER (F) Kirov-Pzh-810], 19.09.2019 [SVER
(F) Kirov-Pzh-811], 20.09.2019 [SVER (F) Kirov-Vs-812].
I1, BB (2, 3). Penko.

T. versicolor (L.) Lloyd — na Betula, Populus, Quercus
(8B, BC, m II-1V), 19.09.2019 [SVER (F) Kirov-Pzh-814].
I1, Bb (1, 2, 3,4, 5, 6). Yacro.

Yuchengia narymica (Pilat) B.K. Cui, C.L. Zhao et
K.T. Steffen — na Pinus (Bc 1V), 20.09.2019 [SVER (F)
Kirov-Vs-880]. Bb (5). ExunnyHas Haxonka.

Sparassidaceae

Crustoderma dryinum (Berk. et M.A. Curtis) Parmasto —
Ha Picea, Populus (BB, Bc 1V), 02.10.2014 [SVER (F) Kirov-
Pzh-150], 18.09.2019 [SVER (F) Kirov-Vs-151], 20.09.2019
[SVER (F) Kirov-Pzh-152]. I1, Bb (2, 3, 4). Penko.

Pycnoporellus fulgens (Fr.) Donk — Ha Picea (Bc, ¢ III),
29.09.2014 [SVER (F) Kirov-Pzh-658, SVER (F) Kirov-
Vs-659], 18.09.2019 [SVER (F) Kirov-Pzh-660]. I1, Bb (4,
5). Penxo.

Steccherinaceae

Butyrea luteoalba (P. Karst.) Miettinen — Ha Pinus
(Bc 1V), 19.09.2019 [SVER (F) Kirov-Vs-93], 20.09.2019
[SVER (F) Kirov-Pzh-94]. I, BB (5). Peaxo.

*Cabalodontia bresadolae (Parmasto) Pigtek — na Popu-
lus (Bc 1V), 20.09.2019 [SVER (F) Kirov-Vs-98]. BB (5).
EnuHuyHas Haxonka.

Flaviporus citrinellus (Niemela et Ryvarden) Ginns — Ha
Picea (Bc 1V), 20.09.2019 [SVER (F) Kirov-Vs-204]. Bb (3).
EnvHuyHas Haxomka.

Junghuhnia nitida (Pers.) Ryvarden — Ha Populus (8c 111,
V), 19.09.2019 [SVER (F) Kirov-Pzh-441], 21.09.2019
[SVER (F) Kirov-Vs-442]. I1, BB (3). Peaxo.

J. pseudozilingiana (Parmasto) Ryvarden — Ha crapoii
oasunuome Phellinus tremulae, vna Populus (8B, Bc 11, 11I),
30.09.2014 [SVER (F) Kirov-Pzh-443, SVER (F) Kirov-Vs-
444], 21.09.2019 [SVER (F) Kirov-Pzh-445, SVER (F)
Kirov-Pzh-446], dupl. LE F-334417. I1, Bb (3). Peaxo.

Metuloidea murashkinskyi (Burt) Miettinen et Spirin —
Ha Betula, Populus, Salix (Bc, 1 1, I1I), 30.09.2014 [SVER
(F) Kirov-Vs-483], 20.09.2019 [SVER (F) Kirov-Vs-484],
21.09.2019 [SVER (F) Kirov-Vs-485]. Bb (3, 5). Penko.
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Steccherinum ochraceum (Pers. ex J.F. Gmel.) Gray — Ha
Alnus, Padus, Quercus, Salix, Sorbus (Bc, c 11I), 18.09.2019
[SVER (F) Kirov-Pzh-735], 19.09.2019 [SVER (F) Kirov-
Vs-738]. 11, BB (1, 2, 3, 4, 6). Hepenko.

Incertae sedis

Amaropostia stiptica (Pers.) B.K. Cui, L.L. Shen et
Y.C. Dai — na Picea, Pinus, Populus, Betula (Bc, i 111, IV),
29.09.2014 [SVER (F) Kirov-Pzh-8], 20.09.2019 [SVER (F)
Kirov-Vs-14]. I1, BB (3, 4, 5). Hepeaxko.

Calcipostia guttulata (Sacc.) B.K. Cui, L.L. Shen et
Y.C. Dai — Ha Picea (Bc III), 21.09.2019 [SVER (F) Kirov-
Vs-99]. Bb (3). EnununuHast Haxonka.

Cyanosporus caesius (Schrad.) McGinty — Ha Picea,
Pinus, Populus, Salix, Sorbus (Bc I —1V), 29.09.2014 [SVER
(F) Kirov-Pzh-153], 19.09.2019 [SVER (F) Kirov-Vs-156].
IT, BB (3, 4, 5, 6). Hepenxo.

C. subcaesius (A. David) B.K. Cui, L.L. Shen et Y.C. Dai —
Ha Populus (Bc 111), 30.09.2014 [SVER (F) Kirov-Pzh-158].
I1 (3). EnnanyHas Haxomka.

Cystidiopostia hibernica (Berk. et Broome) B.K. Cui,
L.L. Shen et Y.C. Dai — Ha Pinus (Bc 1V), 2909.2014 [SVER
(F) Kirov-Vs-159]. Bb (5). EnnHuyHas Haxonka.

Diplomitoporus crustulinus (Bres.) Domanski — Ha Picea
(Bc 1V), 21.09.2019 [SVER (F) Kirov-Vs-192]. Bb (4). Enu-
HWYHAs HaXxoaKa.

D. flavescens (Bres.) Domanski — Ha Pinus (Bc 1V),
01.10.2014 [SVER (F) Kirov-Vs-193]. Bb (5). Eaunuunas
HaxOIKa.

Fuscopostia fragilis (Fr.) B.K. Cui, L.L. Shenet Y.C. Dai —
Ha Picea (Bc 1V), 02.10.2014 [SVER (F) Kirov-Pzh-311],
02.10.2014 [SVER (F) Kirov-Vs-312]. I1, Bb (4, 5). Penko.

F leucomallella (Murrill) B.K. Cui, L.L. Shenet Y.C. Dai —
Ha Picea, Pinus (Bc II1), 18.09.2019 [SVER (F) Kirov-Vs-
314], 19.09.2019 [SVER (F) Kirov-Pzh-315]. I1, Bb (3, 4).
Penxo.

Hypochnicium bombycinum (Sommerf.) J. Erikss. — Ha
Salix (c 1T), 18.09.2019 [SVER (F) Kirov-Pzh-418, SVER
(F) Kirov-Pzh-419], 19.09.2019 [SVER (F) Kirov-Vs-420].
IT, BB (1, 6). Penko.

H. geogenium (Bres.) J. Erikss. — nHa Pinus (Bc 1V),
29.09.2019 [SVER (F) Kirov-Pzh-421], 19.09.2019 [SVER
(F) Kirov-Vs-422]. I1, BB (3, 5). Penko.

*H. lundellii (Bourdot) J. Erikss. — Ha Juniperus (Bc 111),
18.09.2019 [SVER (F) Kirov-Pzh-423]. I (1). Exunuunas
HaXoJKa.

Phanerodontia magnoliae (Berk. et M.A. Curtis) Hjorts-

tam et Ryvarden — Ha Quercus (8c 11I), 01.10.2014 [SVER
(F) Kirov-Pzh-881]. IT (1). EnuHnyHast Haxonka.

*Sarcoporia polyspora P. Karst. [= Parmastomyces mollis-
simus (Maire) Pouzar|] — Ha Picea, Pinus (Bc, m 111-V),
02.10.2014 [SVER (F) Kirov-Vs-531], 21.09.2019 [SVER (F)
Kirov-Pzh-536]. I1, BB (3, 4, 5). Hepenxo.

Russulales
Auriscalpiaceae

Artomyces pyxidatus (Pers.) Jilich — Ha Pinus, Populus
(Bc 1V), 20.09.2019 [SVER (F) Kirov-Pzh-56]. IT, BB (2, 3,
5). Hepenko.

MUKOJOI'A U PUTOIIATOJIOTUA

Bondarzewiaceae

Heterobasidion annosum (Fr.) Bref. — Ha Abies, Picea,
Pinus (Bc 111, 1V), 02.10.2014 [SVER (F) Kirov-Pzh-383],
20.09.2019 [SVER (F) Kirov-Vs-385]. I1, Bb (3, 4, 5). He-
penKo.

H. parviporum Niemela et Korhonen — Ha Picea (11 111),
18.09.2019 [SVER (F) Kirov-Vs-387, SVER (F) Kirov-Vs-
388]. Bb (4). Penxo.

Hericiaceae

Hericium coralloides (Scop.) Pers. — Ha Betula (Bc, ¢ 111—
V), 02.10.2014 [SVER (F) Kirov-Pzh-374], 20.09.2019
[SVER (F) Kirov-Vs-378]. IT, BB (2, 3). Hepenko.

Laxitextum bicolor (Pers.) Lentz — Ha Populus, Quercus,
Sorbus (8B, BC, 1 11, IV), 30.09.2014 [SVER (F) Kirov-Pzh-
453], 21.09.2019 [SVER (F) Kirov-Vs-456]. I1, Bb (1, 3).
Hepenxko.

Peniophoraceae

Baltazaria galactina (Fr.) Leal-Dutra, Dentinger et
G.W. Griff. — na Betula, Populus (Bc 111, 1V), 30.09.2014
[SVER (F) Kirov-Vs-64], 21.09.2019 [SVER (F) Kirov-
Pzh-70, dupl. LE F-334414]. I1, Bb (3, 4, 5, 6). Hepenxko.

Dichostereum boreale (Pouzar) Ginns et M.N.L. Lefeb-
vre — Ha Picea (Bc 1V), 20.09.2019 [SVER (F) Kirov-
Vs-190], 21.09.2019 [SVER (F) Kirov-Vs-191]. BB (3, 5).
Penko.

Gloiothele citrina (Pers.) Ginns et G.W. Freeman — Ha
Betula, Populus, Picea, Pinus (Bc, 1, ¢ 11-V), 02.10.2014
[SVER (F) Kirov-Pzh-356], 20.09.2019 [SVER (F) Kirov-
Vs-367]. I, BB (3, 4, 5, 6). YacTo.

Metulodontia nivea (P. Karst.) Parmasto — Ha Picea (BC
IV), 02.10.2014 [SVER (F) Kirov-Pzh-482]. IT (2). Enu-
HUYHAas HaxomaKa.

Peniophora cinerea (Pers.) Cooke — Ha Quercus (BB I1I),
02.10.2014 [SVER (F) Kirov-Pzh-538]. I1 (2). Exunuunas
HaxojxKa.

P. polygonia (Pers.) Bourdot et Galzin — Ha Populus
(Bc I1), 19.09.2019 [SVER (F) Kirov-Pzh-539]. IT (3). Eau-
HUYHAas HaxomuKa.

P. rufa (Fr.) Boidin — na Populus (BB, BC II, III),
30.09.2014 [SVER (F) Kirov-Vs-540], 19.09.2019 [SVER
(F) Kirov-Pzh-543]. I1, Bb (3, 4, 5). Hepenxo.

*Vararia ochroleuca (Bourdot et Galzin) Donk — Ha
Abies (Bc I11), 21.09.2019 [SVER (F) Kirov-Pzh-856]. I1 (4).
EnunuyHas Haxomka.

Stereaceae

Aleurodiscus cerussatus (Bres.) Hohn. et Litsch. — Ha
Salix (c 11), 19.09.2019 [Sver (F) Kirov-Pzh-5], dupl. LE
F-334418. I1 (3). EnnHuyHast Haxoaxka.

*Conferticium karstenii (Bourdot et Galzin) Hallenb. —
Ha Populus (8c 111), 30.09.2014 [SVER (F) Kirov-Pzh-124].
IT (3). ExuHnyHas Haxonka.

Gloeocystidiellum convolvens (P. Karst.) Donk — Ha Pop-
ulus (8c III, 1TV), 19.09.2019 [SVER (F) Kirov-Pzh-336],
21.09.2019 [SVER (F) Kirov-Vs-337]. I1, Bb (3). Penxo.

*@G. luridum (Bres.) Boidin — Ha Padus (c 111), 02.10.2014
[SVER (F) Kirov-Pzh-338]. IT (6). ExuHuuHast HaxomaKa.

Stereum gausapatum (Fr.) Fr. — Ha Quercus (8B, Bc, 1 111,
V), 30.09.2014 [SVER (F) Kirov-Pzh-740], 01.10.2014
[SVER (F) Kirov-Pzh-741]. I (2). Hepenxko.
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S. hirsutum (Willd.) Pers. — Ha Betula, Populus, Quercus,
Salix (8B,BC, c II-1V), 30.09.2014 [SVER (F) Kirov-Vs-
7471, 18.09.2019 [SVER (F) Kirov-Pzh-751]. IT, BB (1, 2, 3,
4,5, 6). Yacro.

S. sanguinolentum (Alb. et Schwein.) Fr. — Ha Abies,
Picea (Bc I1II), 29.09.2014 [SVER (F) Kirov-Vs-752],
02.10.2014 [SVER (F) Kirov-Pzh-753]. I1, BB (2, 5). Penko.

S. subtomentosum Pouzar — Ha Betula, Quercus, Ulmus
(BB, BC, ¢ II-1V), 02.10.2014 [SVER (F) Kirov-Vs-757],
19.09.2019 [SVER (F) Kirov-Pzh-769]. I1, Bb (1, 2, 3, 4, 5,
6). OueHb YacTo.

Xenasmataceae

Xenasmatella vaga (Fr.) Stalpers — Ha Picea (Bc 1V),
21.09.2019 [SVER (F) Kirov-Pzh-863]. I (3). ExunnyHas
HaxoJKa.

Sebacinales
Sebacinaceae

Sebacina grisea Bres. — Ha Picea (Bc I1I), 18.09.2019
[SVER (F) Kirov-Pzh-707]. I1 (3). ExunnyHas Haxonka.

Thelephorales
Bankeraceae

Sarcodon imbricatus (L.) P. Karst. — Ha mouse,
20.09.2019 [SVER (F) Kirov-Vs-696). Bb (5). Exunuunas
HaxoJKa.

Thelephoraceae

*Thelephora ellisii (Sacc.) Zmitr., Shchepin, Volobuev et
Myasnikov — Ha xBoiiHoit npeBecuHe (Bc 1V), 18.09.2019
[SVER (F) Kirov-Pzh-774]. I1 (3). EnmHuuHas Haxomka.

Tomentella crinalis (Fr.) M.J. Larsen — Ha Populus
(Bc IV), 21.09.2019 [SVER (F) Kirov-Pzh-773]. I1 (3). Eau-

HHWYHad HaxoakKa.

*T. terrestris (Berk. et Broome) M.J. Larsen — Ha Pinus
(Bc1V), 19.09.2019 [SVER (F) Kirov-Pzh-775]. I1 (3). Enu-
HUYHAas HaxomKa.

Tomentellopsis echinospora (Ellis) Hjortstam — Ha Quer-
cus (BB 1V), 20.09.2019 [SVER (F) Kirov-Vs-776]. Bb (2).
EnuHuyHas Haxonka.

Trechisporales
Hydnodontaceae

Sphaerobasidium minutum (J. Erikss.) Oberw. ex Jiilich —
Ha Pinus (Bc 1V), 29.09.2014 [SVER (F) Kirov-Vs-732].
Bb (5). EnmHuaHas Haxomka.

*Trechispora candidissima (Schwein.) Bondartsev et
Singer — Ha Populus (8c 111), 21.09.2019 [SVER (F) Kirov-
Pzh-819]. IT (4). EnnnnyHast Haxoaka.

T. mollusca (Pers.) Liberta — Ha Picea, Populus (8c 1V),
21.09.2019 [SVER (F) Kirov-Pzh-820, SVER (F) Kirov-
Pzh-821]. I1 (4). Penxo.
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DACRYMYCETES
Dacrymycetales
Dacrymycetaceae
Calocera cornea (Batsch) Fr. — nHa Populus, Quercus

(Bc 111, 1V), 01.10.2014 [SVER (F) Kirov-Pzh-101]. IT, Bb
(3, 4, 6). Hepenxo.

B cooTBeTCTBUU € MpeACTaBIeHHbIMU NTAHHBIMU B
LeHTpaJIbHOI yacTu 3aKka3HuKa “IlxeMckuii” ooHa-
pyxXeHo 175 BUI0OB 6a3MIMOMMILIETOB X ONWH BHYTPH-
BUJOBOI TaKCOH, a Ha TEPPUTOPUU MaMITHUKA MPU-
ponbl “Ypouuiiie BacuH 6op” — 143 Buna v 1Ba BHYT-
PWBHIOBBIX TaKCOHAa; 63 Buma HaiiieHBI TOJILKO B
LIEHTpaJIbHOM YyacTu 3aka3zHuka “Ilkemckuii”, 29 Bu-
JIOB U OJIMH BHYTPUBUIOBOU TaKCOH — TOJIBKO B Ia-
MSTHHKE TIpUponbl “Ypouuiie Bacux 6op”; 107 BunoB
U OOMH BHYTpUBMIOBO# TakcoH (50.5% ot oO6i1ero
BUJIOBOTO COCTaBa) BCTPEYAIOTCsI B 0OOMX OXpaHse-
MBIX TIPUPOIHBIX KOMILIEKCaX.

Penknmu kax B eBporteiickoit yactn Poccum, Tak u
B ctpaHax CesepHoii EBporrbl, sBISTIOTCS OOHaApy-
JKEHHbIE B p-HE WCCIIeNoOBaHU 25 BUNOB: Antrodia
griseoflavescens, Aporpium macroporum, Athelia fibula-
ta, Byssomerulius rubicundus, Cabalodontia bresadolae,
Ceriporia reticulata, Ceriporiopsis jelicii, Daedalea quer-
cina, Diplomitoporus crustulinus, D. flavescens, Flavido-
poria mellita, F. pulvinascens, Granulobasidium vellere-
um, Ischnoderma resinosum, Junghuhnia pseudozilin-
giana, Leptoporus mollis, Metuloidea murashkinskyi,
Neoantrodia primaeva, Phaeophlebiopsis ravenelii, Pos-
tia balsamea, Radulomyces arborifer, Rigidoporus croca-
tus, Skeletocutis cummata, Tyromyces fumidiceps,
Yuchengia narymica (Eriksson, Ryvarden, 1973, 1976;
Eriksson et al., 1981; Ryvarden, Gilbertson, 1993,
1994; Bondartseva, 1998; Malysheva, 2006; Red data
book, 2019; Bernicchia, Gorjén, 2020). Tpu u3 Hux
BKJIIOUEHBI B IpujioxkeHue K KpacHoit kHure Kupos-
ckoit 00u.: D. crustulinus, F. mellita, R. crocatus (Red
data book, 2014).

K vHAuKaTOpHBIM JJI1 CTapOBO3PACTHBIX JIECOB
BUJAM, Pa3BUBAOIIMMCS MPEUMYIIECTBEHHO Ha
KpynHoMepHoil (ctapoit) npeBecuHe (Kotiranta,
Niemeld, 1996), mpuHamnexat 14 BumoB: Asterodon
ferruginosus, D. quercina, D. crustulinus, Hericium cor-
alloides, L. mollis, Mycoacia fuscoatra, Phellinidium fer-
rugineofuscum, Picipes tubaeformis, Poriella subacida,
P. balsamea, Pycnoporellus fulgens, Rigidoporus croca-
tus, Tyromyces odorus. CiienyeT OTMETUTh, UTO BKJIIO-
yeHHbI B KpacHyto kaury Kuposckoit 061. Hericium
coralloides (Red data book, 2014), B uccienyemMom p-
He BCTpevaeTcst HepeaKo.

Takum oOpa3oMm, B pe3ysibTaTe MPOBEAESHHBIX UC-
cJIeIOBaHUI CYILIECTBEHHO IOIIOJIHEHBLI CBEICHUS O
BUIOBOM pa3sHOOOpa3sny MUKOOMOTEI pernoHa. [1pn-
CYTCTBHUE OOJIBIIOIO KOJMYECTBA PEAKUX M MHIUKA-
TOPHBIX U1 CTAPOBO3PACTHHIX JIECOB BUIOB a(pUILIO-
(OpPOMITHBIX TPUOOB B €CTECTBEHHBIX JIECHBIX 3KOCH -
ctemax 3akasHuka “IlmxeMckuii” M TaMsITHHUKA
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npuponbl “Ypouwnine BacuH 0op” CcBUACTEIBCTBYET
00 MX BBICOKOM ITPUPOTOOXPAaHHOI IIEHHOCTH.

HMccnenoBaHusi BBIMOJHEHBI B paMKax rocyaap-
ctBeHHoro 3agmaHusts MOPuX YpO PAH “buopasHo-
o0Opa3ue pacTUTEIbHOT0O MUpa U MUKOOUOTHI U €T0
JIVUHAMUKa TI0J, BIMSHUEM II0OATbHBIX, PETMOHAIb-
HBIX U JIOKaJIbHBIX ¢phakTopoB” No 122021000092-9.
Pa6ora E.A. Jlyrununoit u C.MA. O60THMHA BBIITOJ-
HeHa B paMKax rocymapctBeHHoro 3amannsg BHWU -
O3 uM. npod. b.M. XKurtkoa “CoBepllieHCTBOBaHH1E
Hay4HbIX OCHOB YCTOMYMBOI'O UCITOJIb30BaHUSI, METO-
JIOB OlLIEHKU, MOHUTOPMHIA W TMPOTHO3a JUHAMUKU
OMOJIOTUYECKUX PECYpPCOB OXOTHUYBETO XO3siicTBa”
Ne FNWS-2022-0001.
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Aphyllophoroid Fungi of the State Nature Reserve “Pizhemskiy” and the Natural
Monument “Urochishche Vasin Bor” (Kirov Region, Russia)
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New data on aphyllophoroid and some heterobasidiomycetous fungi in central part of the nature reserve
“Pizhemskiy” and the natural monument “Urochishche Vasin Bor”, located in the southwestern part of the
Kirov Region at the south taiga subzone, is presented. A total of 212 species and two intraspecific taxons of ba-
sidial macromycetes were found on both protected territories, of which 40 species are indicated for the first time
for the Kirov Region. The checklist contains information about frequency of finds, habitats and substrate asso-
ciation for each species. 25 species found in the study area are rare both in the European part of Russia and in the
countries of Northern Europe. New locations have been discovered for four species (Diplomitoporus crustulinus,
Flavidoporia mellita, Hericium coralloides, Rigidoporus crocatus), included in the Red data Book of the Kirov Re-
gion. 14 species are presented as indicators of old-growth forest. By now, 175 species of basidiomycete fungi have
been recorded at the territory of the reserve “Pizhemskiy”, and 143 species — on the territory of the natural mon-
ument “Urochishche Vasin Bor”. The presented data confirm the great importance of these protected areas for
maintaining and preserving of the regional diversity of mycobiota.

Keywords: annotated list of species, aphyllophoroid fungi, Basidiomycota, biodiversity, European part of Russia,
hemiboreal forests, indicator species for old-growth forests, Kirov Region, rare species, specially protected

natural areas
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BBEAEHWE

B nmocnennue 25 j1eT aKTUBU3UPOBAINUCh UCCIEI0-
BaHMs TPUOOB Ha OCTPOBAX MOPCKUX 1 O3€PHbBIX KO-
cucteM Poccum (Bulakh, 1999; Krutov, Lositskaya,
1999; Govorova, 2002, 2004; Zavodovskiy, 2011; Ezhov,
Ruokolaynen, 2016; Bukharova et al., 2019; Ezhov et al.,
2017, 2019; Ruokolaynen, Kotkova, 2019). OmHako
OYEBUIHO, YTO TpeOyeTcs MpOoIoLKeHre padoT B 3TOM
HamnpasieHun. Ha beom Mope 3a cueT MHOTOJIeTHIX
9KCIleNULMit Haunbosiee MOJHO M3ydyeHa MHKOOMOTa
adpmutopoponsHbIX Tpr00B COIOBELIKOIO apXuUIIesia-
ra (Ezhov et al., 2017, 2019), Torma Kak 1o MUKOOHOTE
MypmaHckoii yactu besioro Mopst UMeIOTCs JIUIb OT-
PBIBOYHBIC TAHHBIC.

B 2022 r. cBoit 90-1eTHHMI1 100MIIeit OTMETIII Hep-
BbIA B MUPE MOPCKOI 3aIIOBEIHUK U OIUH U3 CTapei-
mux B Poccun — Kanganakiickuii rocynapcTBeHHbI
MPUPOAHBIIA 3anoBeNHUK. OH ObUI CO3laH C LIEIbIO
OXpaHbI rarv 1 6oJblast ero 4acth (okojio 70%) npu-
XOJIUTCS HA MOPCKYIO aKBaTOPHUIO.

3aroBeMHUK JICXKUT B IBYX IPUPOOHBIX 30HAX —
y4acTKHU Ha nodepexbe bapeHiieBa Mmops pacmnoJjara-
IOTCSI B TYHAPOBOI1 30HE, mobepexbe n 0-Ba KaHma-
JIAKIIICKOro 3airBa benoro mopst — B TaexHoii (Spe-
cially protected., 2003). OcTpoBHBIE TEPPUTOPUU 3a-
MOBEIHMKA MPEICTAB/ISIOT ONpeIeJcHHBIM HHTepec
IIST KcclienoBaTesieil (hJiopbl ¥ MUKOOMOTHBI, OMHAKO C
JIPYroii CTOPOHBI, CO3JAlI0T HEKOTOpPHBIE TPYIHOCTU
st mocemeHuss u usydenust OOIIT. HauOonbimi
MHTEPEC /11 MUKOJIOTOB IIPEACTABIISIET CAMBIIA KPYII-
HBIIl OCTpPOB 3anoBegHrKa — Benukuii. [Tnomans He-
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3aJIMBaeMOii 4aCcTU OCTpoBa cocrabisgeT 6820 ra u
MpPEBBIIAET MO pa3MepaM TakKue MaTEPUKOBBIE 3a10-
BeIHbIe TeppuTopuu, Kak Kosnckuit m-oB 1 Typuii MbIc.

INepBble MUKOJIOTUYECKUE UCCIICIOBAHUS Ha TEP-
pUTOPUM 3aloOBeIHUKA ObUIM MpoBeaeHbl B 1964—
1965 rr. K.A. Ileicrunoii, T.B. IlaBioBoii u
I0.C. lllecrakoBoit (Pystina et al., 1969), Koropnie
U3y4yaJin cymMuaThble, OasuauaabHble 1 HECOBEPIICH-
HBIE TPUOBI Ha 3aIlOBEAHBIX 0-BaX CeBEepHOIro apxXm-
nesnara u o. Benukuii. B pe3yabraTe ObLIO BBISIBIEHO
okojio 50 BumoB mopsnka Aphyllophorales, tipudem
st o. Benukuii otmeyeHo 20 BunoB. B nanbHeiinem
CnelraIbHOTO U3Y4YeHUsl AepeBOpa3pylIaloInX rpu-
00B He npoBoawyiochk. Ha ocHoBaHUM MyOaMKalIuiA,
OTYETOB U repbapHbIX 00Pa3loB IS 3all0OBeIHUKA B
LIEeJIOM ObLIO M3BeCTHO 73 BUAa ahuimodOopoOuIHbIX
rpu6oB (Khimich, Isaeva, 2013). B pe3ynabraTe uccie-
noBaHuit Ha m-oBe Typwuit (2002 u 2013 rr.) ymanoch
BBISIBUTH 56 BUIOB TpUOOB, MHOTHE U3 HUX paHee He
PETUCTPUPOBAIMCH B 3aIllOBEOIHUKE, a IISCTb OBLIN
BIIEpBbIE OTMeYeHBI B MypmaHckoit o06a. (Isaeva,
Khimich, 2015). OuyeBuaHO, YTO MJISI TaKOM OOILIUP-
HOM TeppUTOpUM, OOIbIIAsl YaCTh KOTOPOIl JIEXKUT B
JIECHOM 30HE, CBEICHMS 0 OnoTe apmuiopOpONITHEIX
rpuOOB OYeHb HEeTOJIHEL. Llesblo Halllel paboThl ObLIO
BBISIBUTH OMOTY apmyu1opoponIHbIX TPUOOB CaMOTIO
KPYITHOTO OCTPOBA 3aIloBeAHUKA — Benukuii.

MATEPHAJIbI 1 METO/bI

OctpoB Benmkuit pacnoyioxxeH Ha 1mmpote Ilo-
JISPHOTO Kpyra, Ha I0XKHOI rpaHuile MypMaHCKoOit 00J1.
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Puc. 1. Kanganakiickuii 3anoBegHuK (0. Beavkuii u npuiieralonime TeppuToprum) ¢ 006CIeI0BaHHBIMU y4aCTKaMU, IIPOHYMEPO-

BaHHBIMHU COIJIaCHO CITMCKY B TCKCTC.

B Kanpamakmickom 3anmBe bemxoro mops. CornacHo
rociiegHeMy JiecoyctpoiictBy (2016 r.), Teca 3aHuMa-
10T 72% tuiowmanu o. Benukuii. I1peobiagaoT xBoii-
HbIe HacaXIeHUsI, BOCHOBHOM COCHOBHIE jieca (65%),
KOTOpPbIEC 3aHUMAIOT MAaJIOMOIIIHBIC PBIXJIBIE MOPCH-
HbIE OTJIOKEHMSI Ha CKJIOHAX, IECKM, CKaJlbl U IJI0C-
Kue ToHmxeHus. EnoBbie Jieca mpous3pacTamT B OC-
HOBHOM Ha OOraThIX CyHecCYaHBIX OTJIOXCHUSIX U
MpeuMYyIeCTBEHHO B CeBepHOIi yacTu o-Ba. He3Ha-
YUTEJIbHBIE IIOIAAN 3aHUMAIOT OCUHHUKMU U Oe-
pE3HSIKU, IpeNCTaBJICHHbBIE U TIEPBUYHBIMU, U IIPO-
n3BoAHBIMY TUNaMu. [1o rpymnmmaM Bo3pacTa mpeo6-
JIaJaloT CcHejdble W TepecToiiHble HacaXXAeHUS,
COOTBETCTBEHHO 74 1 85%. JlOMUHUPYET KyCTapHUY-
KoBas TpyIa TUIIOB Jjeca (79% Bceil TIomany Jie-
coB). B necax B kauecTBe MpUMeCcH MOKHO BCTPETUTD
By, pSIOMHY, Ha BJIAXHBIX yJ4acTKax Mo OeperaM py-
YbeB — OJIbXY. B 1IeJIOM CylleCTBEeHHBIX U3MEHEHMIA
pacTUTEIBPHOCTH 3a TTocienHue 50 et He ITpOon30IILIIo
(Bogdanova, Vekhov, 1969).

Tepputopuio obcnaemoBaan MapIIPYTHHIM METO-
oM B JeTHe-oceHHuit nepuon 2013—2014 rr. Iloce-
LIeHbI PA3JIMYHbIC YIACTKH O. BeIUKMit 1 HEKOTOpBIE
Onvkaiiie K Hemy o-Ba. O6cieqoBaHbl ClIeIyIONIne
y4yacTku (puc. 1):

MUKOJIOTHUA U PUTOIATOJIOTUA
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1) o. Benmukuii, oKpeCTHOCTH KOpIoOHA, 24 KBapTalx —
66°36'31.7” c.11., 33°17°9.2”B.1. (20—23.08.2013, 01.09.2014);

2) « 7, ry6a Benast — 66°3429.3” c.ur., 33°14'39.7” B.1.
(21.08.2013);

3) “”, ryba Komnubs (28—29 xBapran) — 66°35'47.4” c.uu.,
33°18'24.2” B.11. (22.08.2013, 04.09.2014);

4) “”, ry6a Kotuxa — 66°32/37.8” c.11., 33°19°56.4” B.11.
(02.09.2014);

5) « . ry6a Cranuesas — 66°34'34.1” c.u., 33°24'15.4” b.1.
(04.09.2014);

6) o. EmoBeiit — 66°37°54.9” c.mr., 33°12°02.3” B.m.
(03.09.2014);

7) 0. “Bepe3oBblii” — 66°3607.8” c.uu1., 33°11°40.3” B.1.
(02.09.2014).

“bepe3oBblit” mpencTaBasieT coOOil MaJleHbKUi
Ge3BIMSTHHBINM OCTPOB 3amnagHee 0. Benukuii, psmom ¢
o. Tonblit; TTOKPHIT Oepe3HsIKOM, Ojlarogapst 4emMy |
MOJIYYMJI 3TO YCJIOBHOE Ha3BaHUE.

XOpo11I0 pa3IMnuyuMBbIe B IIOJIEBBIX YCIOBUSIX U 1IN~
POKO pacnpoCTpaHEHHbIE BUALI TPUOOB IMTPaKTUUECKU
He repbapusmpoBaii. Becero cobpano 382 obGpasia
adpunmodoponaHbIX rprudoB. O6pa31libl ONIPEaeIsIu B
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JlabopaTopuu Ha3eMHBbIX 3KocucteM MHcTUTyTa Npo-
OseM TIpoMbIlIUIeHHOI 3Konornu CeBepa Kombsckoro
HayyHoro 1eHTpa PAH. Mnentudukamnuio odpasiion
OCYIIECTBJISUIM C UCIIOJIb30BAHUEM CBETOBOTO MMK-
pockona “JIOMO Mukmen-6”. Ilpu IOAroToBKE
MpenapaTtoB K MUKPOCKOMUPOBAHUIO TPUMEHSIU
5%-11 p-p KOH u peaktuuB Menbliiepa. O6pa3iibl xpa-
HATCS B Tepoapun MHcTHUTYyTA ITPpO0OJIeM ITIPOMBIIIIJICH -
Hoii akosioru CeBepa KHII PAH (r. Amatutsl, INEP).

PE3VJIBTATDI

Huwxe npuBomuTcsi aHHOTUPOBAHHBINA CIIHCOK
apmamodopongHBIX TpOOB 0. Benmkuit n nByx 611-
KaWIIMX HEeKpYNHbIX 0-BOB (EnoBbiii, bepe3oBrlit).
HaszBanust BunoB npuBeneHEL B COOTBETCTBHE ¢ 0a30ii
nmanHbIX Index Fungorum (mo cocrosiHuio Ha (heBpalib
2023 r.). OmHoI1 3Be3004YKOI OTMEUEHBI BUIbI, HOBBIC
st Kangamakilckoro 3aroBegHUKA, IBYMS 3BE310Y-
KaMu — HOBBIE mji1 MypMaHCKOI1 00JI., BOCK/IMIIA-
TeJIbHBIM 3HAaKOM — BUIbI, BHeCEHHbIe B KpacHylo
kHury MypmaHckoit o61. (2014). B xoHLle aHHOTA-
LUK TIPUBOISTCS TepbapHbie HoMepa oopa3ioB. O0-
pasibl BOCHOBHOM COOpaHBI U OTIpe/ic/IeHbl aBTOPOM,
HEKOTOphIe 00pa3ubl penoctapiieHbl B.B. EpiioBeiM
(BE).

AHHOTMpOBaHHblﬁ CIIMCOK BU10B

Agaricales

*Aphanobasidium pseudotsugae (Burt) Boidin et Gilles —
1: Ha BajiexXe XBoKHOTO AepeBa, enoBkblii iec (INEP 3087).

Chondrostereum purpureum (Pers.) Pouzar — 2: Ha BaJie-
Xe Betula pubescens, enoBo-6epe3onriii tec (INEP 3057).

*Cylindrobasidium laeve (Pers.) Chamuris — 1: Ha Oype-
noMe Betula pubescens, enoBo-cocHoBblii Jec (INEP 2169).

Radulomyces confluens (Fr.) M.P. Christ. — 1: Ha Oype-
snome Betula pubescens, cocHoBbiit nec (3291); 2: Ha mHe
B. pubescens, 6epe3oBo-enoBsiit tec (INEP 2966); 6: Ha Oy-
penaome Betula pubescens, enosbrit nec (INEP 3153).

Schizophyllum commune Fr. — 6: Ha GpeBHe, Geper
(INEP 3211).

Amylocorticiales
*Ceraceomyces borealis (Romell) J. Erikss. et Ryvarden — 5:
Ha Banexe Pinus sylvestris, cocHoBblii jec (INEP 2206).

*C. eludens K.H. Larss. — 5: Ha Banexe Pinus sylvestris,
cocHoBboiii Jec (INEP 3150).

Atheliales

Amphinema byssoides (Pers.) J. Erikss. — 2: Ha BanexHoi1
BeTKe Betula pubescens, enosuiii 1ec (INEP 3021); 3: Ha Oy-
penome Picea obovata, enosbiii 1ec (INEP 3112).

Piloderma bicolor (Peck) Jillich — 4: na Banexe Pinus syl-
vestris, cocHoBbI Jiec (INEP 2197).

Boletales

*Coniophora arida (Fr.) P. Karst. — 1, 5: Ha Basiexxe Pinus
sylvestris, cocuoBslii 1ec (INEP 3136, 3128); 4: Ha BeTpoBa-
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ne u oypenome Picea obovata, enosblit 1ec (INEP 3227,
3238); 7: Ha 6peBHe, 6epe3oBbiii Jec (INEP 3142).

C. olivacea (Fr.) P. Karst. — 1: Ha BaJiexke XBOMHOTO JIe-
peBa, OypesoMme 1 BeTpoBasie Picea obovata, eoBbIN U €710~
Bo-cocHoBHI Jiec (INEP 3078, 3114, 3322); 2: Ha Banex-
Holi BeTke Betula pubescens, enosviii tec (INEP 3019); 3: Ha
BeTpoBaie Picea obovata, enosuiii nec (INEP 3097); 4: Ha
oypenome Pinus sylvestris w Populus tremula, COCHOBBIN 1
enosbrit nec (INEP 3219, 3316); 6: Ha OypesioMe U BaJiexe
Picea obovata, enosbiii tec (INEP 2952, 3139).

*C. puteana (Schumach.) P. Karst. — 5: Ha Oypenome Pi-
nus sylvestris, cocHoBbIit Jiec (INEP 2202).

* Leucogyrophana sororia (Burt) Ginns — 5: Ha Gypesiome
u BetpoBaie Pinus sylvestris, cocHoBblit tec (INEP 3223,
3279).

* Penttilamyces romellii (Ginns) Zmitr., Kalinovskaya et
Myasnikov — 1: Ha ©ypesiome Picea obovata, elTOBBII1 Jiec
(INEP 3254); na oypenome Pinus sylvestris, COCHOBBII JieC
(INEP 3284).

*Serpula himantioides (Fr.) P. Karst. — 5: Ha BeTpoBaje
Pinus sylvestris, cocHoBbli1 Jiec (INEP 2174).

Cantharellales

Botryobasidium subcoronatum (Hohn. et Litsch.) Donk —
1: Ha Banexe u Oypenome Pinus sylvestris, COCHOBBII JiecC
(INEP 2204, 3239, 3264, 3282); 3: Ha BeTpoBaie Picea obo-
vata, enoBblii tec (INEP 3248); 5: na BerpoBaie P. obovata
u Basiexe Pinus sylvestris, cocHoBblit iec (INEP 3038, 3127);
6: Ha BeTpoBayie U Oypenaome Picea obovata, enoBblil jec
(INEP 2961, 3017, 3288).

B. vagum (Berk. et M.A. Curtis) D.P. Rogers — 1: Ha Ba-
JIeXe XBOMHOrO aepeBa, Bajnexe Pinus sylvestris, e1OBbI 1
cocHoBblit tec (INEP INEP 3032, 3036); 3: Ha Gypeyome
Picea obovata, enosnliii tec (INEP 3147).

*Clavulina cinerea (Bull.) J. Schroét. — 6: Ha mouBe, JIyro-
Boe coob1recTBo Ha rmobepexbe (INEP 2115).

Sistotrema muscicola (Pers.) S. Lundell — 6: Ha Bajexe
Betula pubescens, enosbiii iec (INEP 3230).

Gloeophyllales

Chaetodermella luna (Romell ex D.P. Rogers et H.S. Jacks.)
Rauschert — 4: Ha Banexe Pinus sylvestris, e1T0BO-COCHOBBII
nec (INEP 2182); 7: na 6peBHe, 6eper (INEP 3274).

*Gloeophyllum protractum (Fr.) Imaz. — 3: Ha Oypeiaome
Pinus sylvestris, enosslii tec (INEP 3051).

G. sepiarium (Wulfen) P. Karst. — 1: Ha GpeBHe Ha Gepe-
ry, Ha Banexe Picea obovata, enosbiii nec (INEP 2946,
3069); Ha 6ypenome Pinus sylvestris, coctoBblii iec (INEP 3319);
3: Ha BetpoBajnie P. sylvestris, enosblii Jiec (INEP 3008);

6: Ha Oypenome Picea obovata, enosblit 1ec (INEP 2965,
3263).

Gomphales

Clavariadelphus sachalinensis (S. Imai) Corner — 1, 4: Ha
MOYBe, eJIOBO-COCHOBBIN U enoBbIit Jec (INEP 2110-2112);
3: Ha moyYBe, eJoBEIi Jiec, coop. BE (INEP 2114).

Hymenochaeteles

*Alutaceodontia alutacea (Fr.) Hjortstam et Ryvarden —
2: Ha Oypenome Picea obovata, enosbiii 1ec (INEP 3011).

Coltricia perennis (L.) Murrill — 1: Ha mouBe (INEP 3243).
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*Hastodontia hastata (Litsch.) Hjortstam et Ryvarden —
3: Ha 6ypenome Picea obovata, enosuiii iec (INEP 3090);
4: Ha KkopHe Oypenoma Pinus sylvestris, COCHOBBII Jiec
(INEP 3037).

*Hymenochaete fuliginosa (Fr.) Lév. — 1: Ha BeTpoBajie
Picea obovata, enosuniit tec (INEP 3115).

** Hyphodontia abieticola (Bourdot et Galzin) J. Erikss. —
1: Ha 6ypenome Picea obovata, enosorii 1ec (INEP 3310).

H. alutaria (Burt) J. Erikss. — 2: Ha niHe Picea obovata,
6epe3oBo-enosklii iec (INEP 3088); 6: Ha 6ypenome Picea
obovata v Pinus sylvestris, enosblit iec (INEP 2958, 3014).

*H. pallidula (Bres.) J. Erikss. — 7: Ha 6peBHe, 6epe30-
BbIit tec (INEP 3143).

*Inonotus leporinus (Fr.) Gilb. et Ryvarden — 6: Ha Gype-
nome Picea obovata, enosnliii iec (INEP 3212).

1. obliguus (Fr.) Pilat — 1, 2, 6, 7: Ha XXKMBOM JiepeBe 1 Ba-
nexe Betula pubescens, 6epe30Bblii, €10BbII, €JI0BO-COCHO-
BhIit 1 6epe3oBo-enosblii 1ec (INEP 3133, 3146).

*Kurtia argillacea (Bres.) Karasinski [= Hyphoderma ar-
gillaceum (Bres.) Donk] — 5: Ha G6ypenome Picea obovata,
cocHoBgii tec (INEP 3155).

Oxyporus corticola (Fr.) Ryvarden — 4: Ha 6ypenome Po-
pulus tremula, enosblii tec (INEP 2116).

*Peniophorella praetermissa (P. Karst.) K.H. Larss. — 1,
5: Ha Oypenome u BeTpoBaiie Pinus sylvestris, COCHOBBIH JiecC
(INEP 3278, 3318); 3: Ha 6ypenome Picea obovata, enoBbIit
snec (INEP 3154); 7: na Banexe Betula pubescens, 6epe3o-
BbIii 1ec (INEP 2959).

*Phellinidium ferrugineofuscum (P. Karst.) Fiason et
Niemela — 1, 3: Ha BeTpoBaJie XBOIMHOTO AepeBa, Oypeaome
Picea obovata, enosriii tec (INEP 2992, 3062, 3083, 3256,
3311).

Phellinopsis conchata (Pers.) Y.C. Dai [= Phellinus con-
chatus (Pers.) Quél.] — 1, 3, 7: Ha cyxocToe, OypeaoMe n
CTBOJIe XUBOTO nepeBa Salix sp., 6epe30BbIii, €I0BbIA U
enoBo-cocHOBRI ec (INEP 2179, 3052, 3084, 3159).

Phellinus chrysoloma (Fr.) Donk — 1, 3, 6: Ha Banexe Pi-
cea obovata, enosbiii nec (INEP 2956, 2964, 2985, 3063,
3093, 3099, 3262).

Ph. igniarius (L.) Quél. — 1: Ha )xuBOM nepeBe Betula pu-
bescens, 6epe30BHIil JIeC.

Ph. laevigatus (P. Karst.) Bourdot et Galzin — 1, 3, 4: Ha
Basiexe Betula pubescens, 6epe30Bblii 1 enoBbiii iec (INEP
2974, 3027, 3039, 3081, 3105).

Ph. tremulae (Bondartsev) Bondartsev et P.N. Borisov —
1, 4: Ha >xxuBoM nepeBe Populus tremula, e10BO-COCHOBBII U
enoBerit lec (INEP 2968, 3213).

Ph. viticola (Schwein.) Donk — 1, 3: Ha Oypenome Picea
obovata, enosuiit tec (INEP 2977, 3138); 4, 5: Ha Oypenome
Pinus sylvestris, cocrnoBsiii tec (INEP 3158, 3314).

Phellopilus nigrolimitatus (Romell) Niemeld, T. Wagner
et M. Fisch. [= Phellinus nigrolimitatus (Romell) Bourdot et
Galzin] — 6: Ha OypesioMe Picea obovata, e10BBII JIEC
(INEP 2954).

Porodaedalea pini (Brot.) Murrill — 1: Ha )kuBOM nepeBe
Pinus sylvestris, enoo-cocHoBblit Jiec (INEP 3102).

*Skvortzovia furfuracea (Bres.) G. Gruhn et Hallenberg
[= Resinicium furfuraceum (Bres.) Parmasto] — 1, 4, 5: Topent
CIIMJIEHHOTO CTBOJIA, BaJieX Pinus sylvestris, Bajaex XBOMHO-
ro nepesa, Populus tremula, COCHOBBIIA, €JOBBI U €J10BO-
cocHoBrlit ec (INEP 2167, 2178, 2183, 2186, 3218, 3267,
3305).

Trichaptum abietinum (Pers. ex J.F. Gmel.) Ryvarden —
1, 2, 6: Ha BeTpoBasie u 6ypenaome Pinus sylvestris, Picea obo-
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vata, eJIOBBIi, JIOBO-Gepe30BhIif U GEPE30BO-EIIOBLIIM JieC
(INEP 2957, 2987, 2997, 3046).

T. fuscoviolaceum (Ehrenb.) Ryvarden — 1: Ha BeTpoBaie
Pinus sylvestris, enosblii tec (INEP 2998); 2, 6: Ha Gype-
nome Picea obovata, enoBblii U eJIOBO-Oepe30BHI Jiec
(INEP 2962, 2986).

T. laricinum (P. Karst.) Ryvarden — 1, 3, 5: Ha Gypeiome
u BeTtpoBane Picea obovata, enosriii 1ec (INEP 2171, 2981,
2995, 3073, 3098); 1: Ha Gypesiome Pinus sylvestris, COCHO-
Boiii iec (INEP 3283).

*Tubulicrinis calothrix (Pat.) Donk — 1: Ha 6ypenome Pi-
cea obovata, enoBo-cocHoBI tec (INEP 3005).

*T. glebulosus (Fr.) Donk — 1: Ha cyxoctoe Salix sp.,
enoBo-cocHoBoIH Jiec (INEP 2180); Ha OypeaomMe XBOITHOTO
nepesa, enoblit jec (INEP 3059); 5: na Banexe Salix sp.,
cocHoBblii 1ec (INEP 2173).

*T. subulatus (Bourdot et Galzin) Donk — 1, 3, 5: Ha Ba-
nexe Pinus sylvestris, cocHoBbIi 1 enoBbiii iec (INEP 3030,
3265, 3298); 2, 6: Ha 6ypenome Picea obovata, elOBBIA J1eC
(INEP 3103, 3270, 3308).

*Xylodon asper (Fr.) Hjortstam et Ryvarden — 2, 3: Ha Oy-
penome Picea obovata, enoBuiii tec (INEP 3042, 3113); 4: Ha
oypenome Betula pubescens, enossrit nec (INEP 3040).

X. borealis (Kotir. et Saaren.) Hjortstam et Ryvarden — 3:
Ha O6ypenome Picea obovata, enosbiit tec (INEP 3149).

*X. brevisetus (P. Karst.) Hjortstam et Ryvarden — 1, 2, 3,
4, 5, 6: Ha Bajiexe XBOMHOrO nepesa, Pinus sylvestris, Picea
obovata, Betula pubescens, enoBbiii, eJIOBO-0epe30BbIii, €J10-
BO-COCHOBBII U cocHOBHIN Jiec (INEP 2978, 2982, 2999,
3006, 3026, 3028, 3031, 3129, 3221, 3224, 3261, 3273, 3281,
3293, 3321, 3326).

Polyporales

Amylocystis lapponica (Romell) Bondartsev et Singer — 1,
6: Ha Oypenome Picea obovata, enosblit ec (INEP 2953,
3047, 3101).

*Anthoporia albobrunnea (Romell) Karasinski et
Niemeld — 1, 4: Ha Banmexe Picea obovata, Pinus sylvestris,
€J10BO-COCHOBBIN U cocHOBHI Jiec (INEP 3004, 3235, 3247).

*Antrodia sinuosa (Fr.) P. Karst. [= Amyloporia sinuosa
(Fr.) Rajchenb., Gorjon et Pildain] — 1, 2, 3, 4, 5, 6: Ha Ba-
nexe Pinus sylvestris u Picea obovata, enoBbli1, COCHOBBII 1
enoBo-cocHoBhI J1ec (INEP 3043, 3089, 3094, 3141, 3152,
3234, 3242, 3246, 3249, 3258, 3266, 3274, 3277, 3292).

*Antrodiella pallasii Renvall, Johann. et Stenlid — 2: Ha
BeTpoBaite Picea obovata, enoBo-6epe3oBbiiiiec (INEP 2970).

*A. pallescens (Pilat) Niemela et Miettinen — 2, 7: Ha Ba-
nexe Betula pubescens, 6epe30Bblii 1 6epe30BO-€IOBbII JieC
(INEP 3140, 3260, 3304).

*Atheliachaete sanguinea (Fr.) Spirin et Zmitr. [=Pha-
nerochaete sanguinea (Fr.) Pouzar| — 1: Ha Banexe Pinus syl-
vestris, cocHoBbIi1 1ec (INEP 2203); Ha 6ypenome Salix sp.
u BeTpoBaie Picea obovata, enosbiii nec (INEP 3079, 3116);
5: Ha Banexe Betula pubescens, cocHoBblii iec (INEP 2172).

*Crystallicutis serpens (Tode) El-Gharabawy, Leal-
Dutra et G.W. Griff. [= Ceraceomyces serpens (Tode) Ginns] —
1: Ha BerpoBaisie Pinus sylvestris, e10BO-COCHOBBII JieC
(INEP 3076); 2: Ha Banexe Picea obovata, enoBo-6epe3o-
BoIii Jec (INEP 3253); 6: Ha Oypenome Pinus sylvestris, eno-
Boiit 1ec (INEP 3016); 7: Ha GpeBHe, Gepe30BbIil Jec
(INEP 3141).

Cerioporus varius (Pers.) Zmitr. et Kovalenko — 3: Ha
opeBHe, 6eper (INEP 3231).
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Cerrena unicolor (Bull.) Murrill — 1, 2: Ha cyxocToe
Betula pubescens, 6epe30B0-€JI0BBIi U €I0BO-COCHOBBII JIeC.

Climacocystis borealis (Fr.) Kotl. et Pouzar — 2: Ha 11He
Picea obovata, 6epe3zoBo-enoBblii tec (INEP 3048).

*Cyanosporus caesius (Schrad.) McGinty [= Postia caesia
(Schrad.) P. Karst.] — 1, 2, 3, 6: Ha BaJiexxe XBOMHOIO Jepe-
Ba, Picea obovata, Pinus sylvestris, eJIOBbI U €10BO-COCHO-
BuIii tec (INEP 3013, 3033, 3228, 3287, 3317); 4: Ha 3aBuUC-
ieM ctBosie Pinus sylvestris, cocHoBblii iec (INEP 2198).

Daedalea xantha (Fr.) A. Roy et A.B. De [= Antrodia
xantha (Fr.) Ryvarden] — 1, 3, 6: Ha Baytexxe Pinus sylvestris,
eJI0BBIN U eloBOo-cocHOBBIN Jiec (INEP 2945, 2993, 3056,
3064, 3068, 3092).

*Daedaleopsis septentrionalis (P. Karst.) Niemeld — 5: Ha
oypenome Betula pubescens, enosbiii 1ec (INEP 2189).

\Dichomitus squalens (P. Karst.) D.A. Reid — 1: Ha BeT-
poBane Pinus sylvestris, cocHoBblit 1ec (INEP 2175); 3: Ha
oypenome P. sylvestris, enosblii iec (INEP 2137).

*Diplomitoporus crustulinus (Bres.) Domarnski — 2, 4: Ha
oypenome Picea obovata, eoBBIil 1 €10BO-0EpE30BBIIA JIeC
(INEP 3000, 3220).

D. flavescens (Bres.) Domarnski — 4: Ha 6ypenome Pinus
sylvestris, cocHoBbIit 1ec (INEP 2200, 3313).

Fomes fomentarius (L.) Fr. — 1,2,3: Ha cyxocToe, Oypeso-
Me Betula pubescens, pa3nuyHbIe TUIIBI Jieca.

Fomitopsis betulina (Bull.) B.K. Cui, M.L. Han et Y.C. Dai
[= Piptoporus betulinus (Bull.) P. Karst.] — 2: Ha cyxocToe
Betula pubescens, enoBo-6epe3oBbiii iec (INEP 3091).

F pinicola (Sw.) P. Karst. — 1,2: Ha Banexe Picea obovata,
COCHOBBI 1 €JIOBBIH JIeC.

* Fuscopostia fragilis (Fr.) B.K. Cui, L.L. Shen et Y.C. Dai
[= Oligoporus fragilis (Fr.) Gilb. et Ryvarden] — 1, 3, 5, 6: Ha
oypeJsiome u BetpoBajie Picea obovata, Pinus sylvestris, ejo-
BEII, COCHOBBII 1 €10BO-cocHOBEIM J1ec (INEP 2990, 3215,
3222, 3233, 3259, 3306); 7: Ha 6peBHe Ha 6epery (INEP 3257).

*F. lateritia (Renvall) B.K. Cui, L.L. Shen et Y.C. Dai
[= Oligoporus lateritius (Renvall) Ryvarden et Gilb.] — 4: Ha
Basiexe Pinus sylvestris, enosbrit nec (INEP 3225).

*F leucomallella (Murrill) B.K. Cui, L.L. Shen et Y.C. Dai
[= Oligoporus leucomallellus (Murrill) Gilb. et Ryvarden] —
2: Ha Oypenome Picea obovata, enoswiii 1ec (INEP 2980,
3104).

*Gloeoporus taxicola (Pers.) Gilb. et Ryvarden — 1, 6: Ha
Banexe Pinus sylvestris, enoBo-cocHoBbiit Jiec (INEP 2983,
3077, 3272); 4: Ha 3aBUCIIEM HaJI 3eMiieii cTBoje P. sylves-
tris, cocHoBblii 1ec (INEP 2199).

Hapalopilus rutilans (Pers.) Murrill — 2, 3, 5: Ha Bajiexe
Betula pubescens, 6epe3oBbiit u enosblit lec (INEP 2188,
2973, 3001, 3106).

*Hermanssonia centrifuga (P. Karst.) Zmitr. [= Phlebia
centrifuga P. Karst.] — 3, 6: Ha 6ypenome Picea obovata, eno-
Boriit tec (INEP 2951, 3066).

*Hyphoderma setigerum (Fr.) Donk — 1: Ha Oypenome u
BaJIeXXHbIX BeTKax Betula pubescens, eJIOBO-COCHOBBIN JieC
(INEP 2168, 3108); 4: na Banexe Alnus incana, 6ypejiome
Pinus sylvestris, enoBbiii 1 cocHoBblii Jec (INEP 2184,
2955); 5, 6: Ha OypenoMme Betula pubescens, enoBbIit Jiec
(INEP 2187, 3145, 3156).

** Hypochnicium multiforme (Berk. et Broome) Hjortstam —
6: Ha Gypenome Pinus sylvestris, enosbiit tec (INEP 3320).

*Incrustoporia biguttulata (Romell) Zmitr. [= Skeletocu-

tis biguttulata (Romell) Niemeld] — 1: Ha Basiexe Picea obo-
vata, enoBbiii iec (INEP 3280).
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*[. brevispora (Niemeld) Zmitr. [= Skeletocutis brevispora
Niemeld] — 6: Ha Oypenome Picea obovata, eOBBIi Jec
(INEP 3285).

*I. papyracea (A. David) Zmitr. [= Skeletocutis papyracea
A. David] — 1, 2: Ha Banexe Pinus sylvestris, Picea obovata,
cocHOBGII U enoBblit iec (INEP 3010, 3240, 3290).

*Ischnoderma benzoinum (Wahlenb.) P. Karst. — 1: Ha
KOpHSIX BeTpoBana Pinus sylvestris, COCHOBBII U €JI0BO-COC-
nosblii tec (INEP 2971, 3071); 2, 6: Ha Bayiexe u GypesioMme
Picea obovata, enoBo-6epe3oBniii 1ec (INEP 2109, 2984,
3049, 3276).

\Junghuhnia collabens (Fr.) Ryvarden — 4: Ha Bajexe
Picea obovata, enossrit 1ec (INEP 2108).

Kneiffia subalutacea (P. Karst.) Bres. — 5, 6: Ha OypeJio-
Mme Pinus sylvestris, cocHOBBII 1 enoBblit Jec (INEP 3131,
3217).

! Leptoporus mollis (Pers.) Quél. — 1, 6: Ha mHe Picea obo-
vata, eT0BO-COCHOBBIN 1 enoBbIit iec (INEP 2106, 2134); 2,
3: Ha Oypeniome Picea obovata, enoBo-0epe30BbIil M €JTOBbIi
nec (INEP 2135, 2136).

Neoantrodia serialis (Fr.) Audet [= Antrodia serialis (Fr.)
Donk] — 1, 2, 3: Ha Banexe Picea obovata, eJIOBHII1 JIeC
(INEP 3009, 3054, 3251, 3294).

* Phanerochaete laevis (Fr.) J. Erikss. et Ryvarden — 2, 6:
Ha Oypesnome Betula pubescens, Ha Banexe Pinus sylvestris,
Oepe3oBEIil 1 eoBo-cocHOBRIN Jiec (INEP 3003, 3058,
3271); 7: na Banexe Salix sp., 6epe3onbiit jec (INEP 2949,
3299).

*Ph. sordida (P. Karst.) J. Erikss. et Ryvarden — 2: Ha Ba-
nexe Betula pubescens, 6epe3oBo-enoBbiii iec (INEP 2975);
3: Ha 6ypenome Picea obovata, enosuiit tec (INEP 3111).

*Phlebia radiata Fr. — 1: Ha 6ypenome Betula pubescens,
cocHoBwIit J1ec (INEP 2170).

*Ph. segregata (Bourdot et Galzin) Parmasto — 5: Ha Oy-
penome Pinus sylvestris, cocHoBbiii tec (INEP 3157).

*Ph. tremellosa (Schrad.) Nakasone et Burds. — 3, 5: Ha
oypenome Betula pubescens, €noBbIii U COCHOBBIN Jiec
(INEP 2166, 2190).

* Phlebiopsis gigantea (Fr.) Julich — 2 Ha Gypesome u BeT-
poBane Picea obovata, enoBo-6epe30BbIii M1 OEPE30BLIii JieC
(INEP 2988, 3289); 6: Ha Oypenome Pinus sylvestris, eTOBBII
nec (INEP 3229).

Poriella subacida (Peck) C.L. Zhao [= Perenniporia sub-
acida (Peck) Donk] — 2: Ha BeTpoBaie Picea obovata, eno-
Bo-06epe3oBsiii tec (INEP 2969, 3075).

* Postia sericeomollis (Romell) Jiilich — 4: Ha BeTpoBae
Pinus sylvestris, cocHoBblii Jiec (INEP 3315).

Rhodofomes roseus (Alb. et Schwein.) Kotl. et Pouzar
[= Fomitopsis rosea (Alb. et Schwein.) P. Karst.] —1, 2, 3, 6:
Ha Oypenome Picea obovata, eTOBBII N eJIOBO-0epe30BEIt
nec (INEP 2963, 3055, 3067, 3312); 5: Ha 6peBHe P. obovata,
oeper (INEP 3214).

*Tyromyces odorus (Sacc.) Zmitr. [= Skeletocutis odora
(Sacc.) Ginns] — 4: Ha Banexe Populus tremula, enoBbiii ec
(INEP 2196).

*Skeletocutis stellae (Pilat) Jean Keller — 1, 3: Ha Gypesio-
Me Picea obovata, enosurii 1ec (INEP 2994, 3050, 3110).

*Stereophlebia tuberculata (Berk. et M.A. Curtis) Zmitr.
|= Phlebia albida Fr.] — 7: Ha 6ypemome Salix sp., 6epe3o-
BhIii tec (INEP 3323).

Trametes ochracea (Pers.) Gilb. et Ryvarden — 2: Ha Oy-
penome Betula pubescens, 6epe3oBblit tec (INEP 3002).

*T. versicolor (L.) Lloyd — 2: Ha KOpHsIX BeTpoBaJa
Betula pubescens, 6epe30BbIii JieC.
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*Vitreoporus dichrous (Fr.) Zmitr. [= Gloeoporus dichrous
(Fr.) Bres.] — 1, 2, 6, 7: Ha Bajexe u 1iHe Betula pubescens,
Gepe3oBhlit U enoBo-6epe3oBhlii lec (INEP 2947, 2996,
3061, 3132).

Russulales

*Acanthophysellum lividocoeruleum (P. Karst.) Parmasto —
1: Ha BaJiexXe XBOMHOTrO aepeBa, enosblii tec (INEP 3086).

** Byssoporia terrestris (Pers.) M.J. Larsen et Zak — 1: Ha
BaJjiexe XBOIMHOTO nepeBa, enoBblii Jec (INEP 3295).

*Gloiothele citrina (Pers.) Ginns et G.W. Freeman — 1, 3,
6: Ha TiHe U Baniexe Picea obovata, Banexe Pinus sylvestris,
Ha JIOCKe, €JIOBbI, €JIOBO-COCHOBBIIA MU COCHOBBII Jiec
(INEP 2195, 2950, 2967, 2979, 3015, 3018, 3095, 3135, 3144,
3216, 3226, 3232 3236, 3296, 3302).

| Hericium coralloides (Scop.) Pers. — 2, 4, 6: Ha cyxocToe
u Bajiexe Betula pubescens, eToBo-0epe30BBIi U €IOBBII JIeC
(INEP 2014, 2105, 2138, 2139).

Laurilia sulcata (Burt) Pouzar — 1: Ha Oypenome Picea
obovata, enosbiit tec (INEP 1519).

*Peniophora cinerea (Pers.) Cooke — 3: Ha Oypenome
Betula pubescens, enosuiit tec (INEP 3100).

*Peniophora incarnata (Pers.) P. Karst — 2: Ha Oypesiome
Betula pubescens, enoBo-6epe3obrii 1ec (INEP 3045); 3: Ha
oypenome Salix sp., enossiit iec (INEP 3029).

P. pithya (Pers.) J. Erikss. — 1, 3, 4, 6: Ha 6ypenome Picea
obovata, enosurii tec (INEP 2989, 3035, 3041, 3082, 3237).

*Stereum hirsutum (Willd.) Pers. — 1, 2, 3: Ha cyxocToe,
Bajiexe Betula pubescens, 6epe30Bblii, €TOBO-0epe30BbIA U
enosbrit Tec (INEP 2194, 2991, 3044, 3096).

S. sanguinolentum (Alb. et Schwein.) Fr. — 1, 4: Ha Bane-
xe Pinus sylvestris, cocHOBbIi 1 enoBblii Jiec (INEP 2177,
2181, 3007); 3, 6: Ha mHe u Banexe Picea obovata, enoBbIit
nec (INEP 2107, 2948, 3085).

Xenasmatella vaga (Fr.) Stalpers — 1, 5: Ha Banexe Pinus
sylvestris, BaJIeXKHbIX BeTKax Betula pubescens, COCHOBBIN U
enoBo-cocHoBhI tec (INEP 2176, 2201, 2205, 3065, 3107);
3: Ha 6ypenome Picea obovata n Salix sp., enosbiii ec (IN-
EP 3072, 3074); 4: na Banexe Alnus incana, eIOBBIi1 JieC
(INEP 2185).

Thelephorales

*Hydnellum caeruleum (Hornem.) P. Karst. — 1: Ha rTou-
Be, COCHOBBIH Jiec y Tponbl (INEP 3070).

*H. ferrugineum (Fr.) P. Karst. — 1: Ha mouBe, COCHOBBIH
nec y tponsl (INEP 3060).

*Phellodon melaleucus (Sw. ex Fr.) P. Karst. — 5: Ha mou-
Be, cocHoBblit tec (INEP 2191).

*Ph. tomentosus (L.) Banker — 5: Ha mouBe, COCHOBBI
nec (INEP 2192, 2193).

Ph. violascens (Alb. et Schwein.) A.M. Ainsw. [= Bankera
violascens (Alb. et Schwein.) Pouzar] — 1: Ha mouBe y Kop-
HeBbIX J1an Picea obovata, enoBo-cocHoBbli jiec (INEP 1947).

Thelephora terrestris Enrh. — 1: Ha mouBe (INEP 3244).

*Tomentella bryophila (Pers.) M.J. Larsen — 1, 3: Ha Ba-
nexe Betula pubescens, 6epe3oBblii v eftoBblii tec (INEP 2972,
3130).

*T. lapida (Pers.) Stalpers — 3: Ha 6ypenome Picea obova-
ta, enosbiii 1ec (INEP 3148).

*T. stuposa (Link) Stalpers — 1: Ha BaJeXHBIX BETKax
Betula pubescens, enoBo-cocHoBblit iec (INEP 3109).

*Tomentellopsis echinospora (Ellis) Hjortstam — 2: Ha Ba-
JIexXHoI BeTKe Betula pubescens, enoBsiii tec (INEP 3020).
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Trechisporales

*Trechispora farinacea (Pers.) Liberta — 1: Ha BeTpoBajie
XBOIHOTO AepeBa, Ha OypenaoMe Picea obovata, enoBBIi Jiec
(INEP 3255, 3268); 7: na Banexe Salix sp. u Betula pubes-
cens, 6epesonniii Jec (INEP 3137, 3151).

*T. microspora (P. Karst.) Liberta — 6: Ha Banexe Pinus
sylvestris, enosblii iec (INEP 3034).

*T. nivea (Pers.) K.H. Larss. — 5: Ha cTapoM IIJIOJOBOM
Tene rpuba Fomes fomentarius Ha Banexe Betula pubescens,
cocHoBblii iec (INEP 3245); 6: Ha 6ypenome Betula pubes-
cens, enosolii tec (INEP 2960).

*T. stellulata (Bourdot et Galzin) Liberta — 3: Ha Gype-
noMme Pinus sylvestris, enoselit tec (INEP 3080).

*T. subsphaerospora (Litsch.) Liberta — 1, 2: Ha Bayexe
Picea obovata, enosviii 1ec (INEP 3250, 3297).

Panee no coopam 1964—1965 rr. (Pystina et al.,
1969) nna o. Benukuit npuBoamnuck 20 BUIOB: Bjer-
kandera adusta (Willd.) Karst., Cerioporus varius,
FErastia aurantiaca (Rostk.) Miettinen et Niemeld ex
Zibarova, Kout et Tejklova, Fomes fomentarius, Fomi-
topsis pinicola, Gloeophyllum odoratum (Wulfen) Imaz.,
Gloeophyllum sepiarium, Hypochnicium bombycinum
(Sommert.) J. Erikss., Inonotus obliquus, Lentinus ar-
cularius (Batsch) Zmitr., Lengzites betulina (L.) Fr.,
Lentinus brumalis (Pers.) Zmitr., Phaeoclavulina abiet-
ina (Pers.) Giachini, Phellinus tremulae, Porodaedalea
pini, Ramaria aurea (Schaeff.) Quél., R. botrytis (Pers.)
Bourdot, Rhodofomes roseus, Schizophyllum commune,
Thelephora terrestris. IloBropro B 2013—2014 rT. Ham
yIaJ10Ch BCTPETUTH TOJIBKO IEBSATh U3 HUX. Schizophyl-
lum commune Gb11 OTMedYeH Ha Oepery o. EnoBblil Ha
OpeBHe, enMHUYHAas Haxonka. O pacrpocTpaHEeHUU
9TOTO BUZIA B PEruoHe IMPaKTUYECKU HEU3BECTHO,
cOOpOB U3 JIECHBIX 3KOCHUCTEM HeT. Bo3MoOXHO, B
MypMaHCKoif 00JI. OH IBAsIETCS “3aHOCHBIM” M pac-
TeT Ha MpUBO3HOI ApeBecuHe. st GUHASHAUU 3TOT
rpub oTMeuaeTcsl Ha 1oTe CTpaHbl Ha TIPUBO3HOM Je-
JioBoii npeBecuHe u3 Poccum (Kotiranta et al., 2009).

B xone moneBbIX UcciaenoBaHuii ObLUT BhIsIBIICH 131
BUI adutopopouaHbix rpuooB (121 — Ha o. Benu-
Kuit). JIj1s1 3armoBeHMKA OTMEUYEHO 77 HOBBIX BUIOB,
13 KOTOPBIX Tpu (Byssoporia terrestris, Hyphodontia ab-
ieticola, Hypochnicium multiforme) BnepBble oTMeYe-
HBI 1T MypMaHCcKol o0m. Byssoporia terrestris v Hy-
phodontia abieticola mmMpoxKo pacIpocTpaHeHbI Ha IOTe
MdeHHOCKaHaNY, C TIPOJIBMKEHUEM Ha CeBep BCTpeya-
1otcs pexxe (GBIF, 2022a, 2022b), Haxonok Hypochni-
cium multiforme MeHbIIIE 1 B OCHOBHOM Ha 1ore DeH-
Hockanauu (GBIF, 2022¢). Y3 Tpex BBIIIEYTTOMSIHY-
TBhIX BUIOB B Kapenuu oTMedyeH IoKa TOJBKO rpud
Hyphodontia abieticola — na 1ore pecryonuku (Krutov
et al., 2014).

BecbMa nipumedaTenbHa Haxonka Sistotrema mus-
cicola Ha 0. EnoBoM, KOTOpast SIBJIsIETCSI BTOPOU B pe-
rnoHe. BriepBreie 3TOT Tpnd OBITT OOHAPYKEH TaKKe
Ha Tepputopun KaHpanakiickoro samnoBegHUKa Ha
n-oBe Typmii (Isaeva, Khimich, 2015).

BonbIIMHCTBO BUIOB MNPEANOUYUTAET APEBECUHY
XBOMHBIX mopoy (enxb — 54, cocHa — 50), 1O0CTaTOYHO
BEJIMKO YMUCJIO Ha apeBecuHe 6epesnl (36), meHee 10 Bu-
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JIOB Ha ApeBEeCHHE APYTrUX JIMCTBEHHBIX MOpo. (1Ba,
OCHHA 0JIbXa); HAalOYBEHHBIC I'PUOBI HACUYUTHIBAIOT
BCEro JIeBSITh BUIIOB.

M3 BugoB rpu00B, BHECEHHBIX BO BTOPOE U3IaHNUE
KpacHoit knuru MypmaHckoit 0671. (Red data book,
2014), Ha 0. Be1tUKOM BBISIBJICHO YE€THIpE BHIa KATETO-
puu 3 — penkue (Dichomitus squalens, Hericium coral-
loides, Junghuhnia collabens, Leptoporus mollis), Ha
o. EnoBoMm — nBa Buna (Hericium coralloides, Leptopo-
rus mollis). Ilpuuem Dichomitus squalens, Junghuhnia
collabens, Leptoporus mollis 6p111 oTMedeHbl B KaHga-
JnakmickoMm 3amnoBemHuke BrepBbie (Red data dook,
2014; Khimich et al., 2021). Ans Junghuhnia collabens
HaxodKa B 3alIOBEIHUKE SIBJISIETCSI TPEThEl B peTMOHE.
Dichomitus squalens nomuMo o. Bemkmii BctpedaeTcs
B JlamaHIcKoM 3aroBeTHUKE 1 Ha 1ore MypMaHCKOM
obyiactu. B mocnenHue roabsl HAUOOIBIIUM KOJIWYE-
CTBOM HOBBIX MECTOHAXOXIEHUI Cpeau KpacHO-
KHM>KHBIX BUIOB I'prUOOB XapakTepusyertcsi Leptoporus
mollis (Khimich et al., 2021), onHako BcTpedyaeTcst OH
Ha eAMHUYHBIX CyOCcTpaTax.

Crryctst mpaktidecku 60 JIeT ImocJie TTepBhIX 06cIie-
IoBaHUiT 0-BoB KaHOamakIlICKOro 3arroBeIHMKA HaMm
YHAJIOCh CYIIIECTBEHHO MOITOJTHUTH MH(MOPMAIINIO O OMO-
Te adbriutIoOporaIHBIX TPUOOB 0. Benukuii u o pac-
MIPOCTPAaHEHUM psla BUAOB I'PUOOB, B TOM YHCIIE
KPaCHOKHIKHBIX. OueBUIHA HEOOXOIMMOCTH ITPOBE-
JIeHUsT JaJbHEUIINX CUCTeMaTUYECKMX HCCIeaoBa-
HUiT MuKoOoroThl KaHmanakiickoro 3aroBeqHUKA.

ABTOp BBIpaxkaeT UCKPEHHIOIO IIPU3HATEILHOCTD U
OJarogapHOCTh COTpyaHMKaM KaHmamakIIICKoro ro-
CyIapCTBEHHOTO IPUPOIHOro 3aroBeOHUKA, B OCO-

oenHoctu uHcrekropy |P.b. Kokopuny|, 3a moMonib

B OpraHu3alluy 1 MPOBENEHUU MOJIEBbIX UCCeI0Ba-
HU, KoyuieramM m3 MHCTHTYTA TIpOOJIEM TTPOMBIIII-
JneHHol skonorun Cepepa, B.B. EpiioBy — 3a mo-
MOIIIb B MOJIEBBIX MccaenoBaHusx, O.B. ITerpoBoit —
3a TOATOTOBKY KapThi-cxeMbl. PaboTa BbINOJIHEHA B
paMKax rocygapcTBeHHoro 3agaHust MHcTuTyTa npo-
61eMm npombiuieHHOM 3Konorun CeBepa KHII PAH
(FMEZ-2022-0021).
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Aphyllophoroid Fungi of the Velikiy Island
(Kandalaksha State Nature Reserve, Murmansk Region, Russia)

Yu. R. Khimich*#
4[nstitute of North Industrial Ecology Problems Kola Science Centr of the Russian Academy of Sciences, Apatity, Russia

#e-mail: ukhim @inbox.ru

Velikiy Island is the largest island in Kandalaksha State Nature Reserve (the Reserve). We prepared a check-list
of aphyllophoroid fungi of Velikiy Island and the two nearest small islands, including 131 species. Seventy-seven
species were recorded in the Reserve for the first time. Byssoporia terrestris, Hyphodontia abieticola, and Hypoch-
nicium multiforme were found in Murmansk Region for the first time. The observations of the three species form
the northern limit of their global range. New localities are reported for four Murmansk Region red-listed species
(Dichomitus squalens, Hericium coralloides, Junghuhnia collabens, and Leptoporus mollis).

Keywords: basidiomycetes, biodiversity, island mycobiota, Murmansk Region, protected areas, rare species
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BBEAJEHUWE

3a nocaemnue 50 JeT HaceJeHUe TJIaHEeThl BBIPOC-
JIo Oojiee yeM B JIBa pasa. DTOT (paKTop HEeMn30esKHO
MPUBEJ K COKPAILIEHUIO TIOLIAAN 3€MJIU, TOCTYITHOMI
IJIsl BBIPAILIMBAHUSI IIPOJOBOJILCTBEHHBIX KYILTYP.
B arponpou3sBoncTBe Ha IepeIHUIi IIaH BbIIBUTAIOT-
Csl BOIIPOCHI 3alIUThI CETbCKOXO3SIMCTBEHHBIX pacTe-
HUI, IIOCKOJIbKY YPOBEHb pa3BUTUS MATOTeHHO
MUKPOQDJIOPHI B MOYBE Y HA CEMEHHOM MaTepHaJe 10-
CTUT KPUTUUYECKOTO 3Ha4YeHUs. YiepO, NMpuduHsie-
MBI CEILCKOMY XO3SMCTBY MAaTOr€ HHBIMU MUKPOOP-
raHM3MaMM, pacTeT U3 roja B roja Bo BceM Mupe. bo-
smee 80% Bcex W3BECTHBIX O0OJE3HEW pacTeHU
BBI3BIBAIOTCSI MUKPOMMIIETAMM — CAMOM IIMPOKOit
rpy1mmnoii Bo3oynurteneit 3adboneBanuii (Titova, Kras-
nobaeva, 2019).

dyzapuosHast cyxast THUJIb KapTodesi, BRI3bIBae-
Mas MUKpoMmureTaMu Fusarium spp., SIBISIETCS OC-
HOBHBIM pa3pyIlIUTebHBIM 3a00JIeBAaHUEM, BbI3bIBa-
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OIIIM 3arHUBaHue KiyOHel mpu xpaneHuu. [lorepn
ot Fusarium — acCOLMMPOBAHHOI Cyxoii THWIHU, IO
HEKOTOPBIM OIIeHKaM, CHIDKAIOT YPOXKAWHOCTD 10 25%
MPY BIMSIHWM Ha pa3BUTUE MMPOPOCTKOB KapTodes, U
6osee 60% KiryOHE MOTYT OBITh OPaXKeHBI [P TN -
TeJIbHOM XpaHeHuu ypoxas (Lastochkina et al., 2020).
OnacHbIM U IIMPOKO paclpOCTPaHEHHBIM 3a00J1eBa-
HUEM PaCTeHUI BO BCEM MUPE CUUTAETCSI ACKOXUTO3,
BO30yIuTENIeM KOTOPOTO SIBJISIFOTCSI TPUOBI Ascochyta
Spp., a moTepu ypoxas coctaBisior no 50%. Cospe-
MEHHbIE Mepbl OOPHOBI C ACKOXUTO30M BKJIIOYAIOT B
cebs1 YHUUTOXEHUE 3apakeHHbIX paCTeHUI U TpUMe-
HeHre XUMMYeCcKUuX QYHTULIMAHBIX Tpenapartos (Bar-
betti et al., 2021). IIpencraButenu pona Rhizoctonia
SIBJISIFOTCS] TIOYBEHHBIMU (DPUTOMATOTEHAMU, MULIEJTUIA
KOTOPBbIX OOBOJIAKMBAET KOPHU PACTEHUIA U MOXKET
MIPOHMKAaTh B IIOYBY Ha MIyOuHY Oosiee 25 cMm. Pacrte-
HUS, TIOpaXXeHHbIe JaHHBIMM MUKPOOPTaHU3MaMHu,
rnOHyYT. Mepbl 00pHOBI BKITIOYAIOT B ce0sT arpoTeXHIIe-
Kue u xummnaeckue puemsl (Liet al., 2021). B 2019 rony



AHTATOHUCTUYECKHWE INTAMMDbBI PANTOEA BRENNERI 353

BIIEpBBIe OBLIO OOHAPYKEHO CHUIbHEMHIIee 3a00ieBa-
HUe pacTeHuil (aHTpakHO3) B KuTae, Bo30ymuTesieM
KoToporo sBisietcss T1pub popa  Colletotrichum.
Bcmbimka 60j1e3HM, BRI3BaHHAS STUM BO30OYIUTEIEM,
npuBeia K 60% rubenu CceabCKOXO3SMCTBEHHBIX
KyJabTyp. B HacTosiee BpeMst 111 60pbObI ¢ huTora-
TOTeHHBIMM MHUKPOMMIIETAMU HWCTOJB3YIOTCS CUJIb-
HbIe XUMHYECKUEe (DYHTUIIUIBI, KOTOPHIE BHI3BIBAIOT
MECTULIMAHBIN CTpecC y PacTeHUI U CHUXKAIOT Kave-
CTBO CEJIbCKOXO3sMCTBeHHOM npoaykimu (Zhang et al.,
2021).

IToMuMO MUKPOMUIIETOB, OOJBIIIONM yIIepO HAHO-
CAT U ¢uTonaTroreHHble 0akTepuu. OXOr IIOAO0BbIX
KYJIBTYP — OIHO 13 OTTaCHEMIIIMX 3a00JIeBaHUI, ITopa-
Xammux pacteHus. Ero Bo3oynurens Erwinia amylo-
vora BbI3bIBa€T HEKPO3bl BCEX OPraHOB PacTEHUIT-X0-
3geB (Ordax et al., 2015). DkoHOMUYECKMIi yiiepO OT
oXora IUIOIOBBIX IEPE€BbEB BhIpaXKaeTcs KaK B IOTE-
psIX ypoKasi U ruOeiu TI0A0BBIX, TaK 1 B 3aTpaTax Ha
BBIKOPYEBKY M YHUUYTOXEHHE OOJBHBIX PaCTCHUIA,
IpoBelIeHNe MPOPIIAKTUIECKNX XMMHUYSCKNX o0pa-
0OTOK MPOTUB BO3OyaUTEJISI OOJIE3HU U €TI0 MepeHOoC-
YMKOB, a TaKXKe KapaHTUHHBIX (PUTOCAHUTAPHBIX ME-
ponpusituii. Metonsl 60ps0bI ¢ E. amylovora siBastioTCs
MpeaIMEeTOM MHOTUX MccienoBaHuil. IlepBoHavyaibHO
OBUIO IIOKAa3aHO, YTO AHTUOMOTUKM, B YaCTHOCTU
CTPEIITOMULINH, SBISTIOTCS 3(@EKTUBHBIM Cpel-
CTBOM KOHTPOJISI 6aKkTepruaabHO MHMEKIINU MTpU 00-
paboTke pacteHuii BOo Bpems uBereHust (Johnson,
1993). JInuTtenbHOE WCHOJIb30BaHME aAHTUOMOTUKA
MPUBEJIO K MOSIBJICHUIO YCTOMYMUBBIX K CTPEITOMMUIIM -
Hy nonyissuuii E. amylovora, 9To BBI3BIBAaET OECIIO-
KOMCTBO MEIUIIMHCKUX COOOIIECTB, MCIOIb3YIOIINX
aHTUOMOTHUK B TepareBTuueckux 1esix (Forster et al.,
2015). B Mupe B KadecTBe areHTOB OMOJIOTMYECKOM
0OpBOBI ¢ OaKTEpUATBHBIM OKOTOM IHUPOKO MCITOJIh-
3yloTcsl mTammbl Pantoea vagans C9-1, P. ananatis
BRT175, P. agglomerans E325 u P10c, Pseudomonas
Sfluorescens A506, Bacillus subtilis QST713 n BD170
(Walterson, 2014). B Haieii ctpaHe 4acTHbIE 1 MPO-
MBILIUIEHHBIE Calbl 3aHUMAIOT OOJIbIIME TIJIOIIAaN, a
pUMeEHsIEMbIe Mephbl OOPHOBI HE TIPETSITCTBYIOT aK-
kauMaTuzaiuu Bosoyautens. CornacHo “Crimcky
MECTULMIOB ¥ aTPOXUMUKATOB, pa3pellleHHbBIX K ITPU-
MeHeHMI0 Ha Tepputopumn Poccuiickoit ®enepariyum”
B HacTosllliee BpeMsl B Hallleil CTpaHe He 3aperucTpu-
pOBaHO OMOIIpEIapaToB IJisk OOPHOLI C BO30OYyIUTEIEM
0aKkTepUaJIbHOIO OXKOTa IUIOIOBBIX KYJIbTYP.

Ha coBpemeHHOM 3Talle O4YeBWIHA BakHeHIIast
POJIb OMOJIOTMYECKUX METO/IOB MOBBIIIIEHUS yPOXKAHO-
CTH U COXPAaHHOCTH CETbCKOXO3STMCTBEHHBIX KYIBTYp, B
TOM YHCJIe WCTIOIB30BAHMS TTOUBEHHBIX pU30ChHEPHBIX
MUKpoopraHu3MoB. Ilojie3Hble pU300aKTepuu MOKHO
Ha3BaTh “pacTUTEJIBHBIMU IIPOOMOTHKAMM~’, KOTOPEIE
YBEJIMIUBAIOT POCT, YPOXKANHOCTH, 3¢ GhEeKTUBHOCTD
WCIIOJIb30BaHUSI TUTATENbHBIX BEIECTB, YCTOWYM-
BOCTb pacTeHUM K OMOTUYECKUM M aOMOTUICCKHUM
crpeccam (Rochlani et al., 2022). B cBoio ouepensb,
KoOMMepLaau3alus ouoygoopeHunit Ha oCHOBe Oak-
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Tepuii OorpaHUYEHA B CBSI3U CO CIIOKHOCTBIO MCITOJIb-
30BaHMs JaO0OPaTOPHBIX IIITAMMOB B MOJEBBIX YCIIO-
BUSIX W3-3a psaa (pakTopoB ((hUBUKO-XUMUYECKUE
CBOIICTBAa MOYBHI, B3aUMOJIEIICTBIE C IPYTUMH PU30-
cepHBIMM OpraHM3MaMHU, DKOJOTHUYEeCcKHe (aKTo-
pul). BaxxHoii cTpaterueil misi NpPeOmOJIEHUSI 3TUX
OrpaHUYECHUN SBJISIETCS MPUMEHEHHUE aBTOXTOHHBIX
MUKPOOPTAaHU3MOB, afallTUPOBAHHBIX K KJIMMaTH4E-
ckuMm yciaoBusiM pernoHa (Etesami et al., 2021). Bce
OOJIBIIIYI0O 3HAYMMOCTh MPHUOOpPETAaeT IIPUMEHEHUE
OakTepHaJIbLHBIX YIOOpEeHMIT Ha OCHOBE acCOIIATUB-
HBIX pU300aKTepuil, CTUMYIUPYIOIINX POCT pacTe-
HUIi, KOTOPBIC SIBIISTIOTCSI HEOTHEMJIEMOI YaCThIO PU-
30cgepHoii OMOTHI. B CBsI3M ¢ BEICOKOI aganranueii K
IIMPOKOMY JMANa30Hy MUTATEIbHBIX Cpel, ObICTPhIM
TeMIIaM POCTa U OMOXMMUYIECKOI YHUBEPCAIIbHOCTHIO
MeTabonu3Ma, pu300aKTEpUM paccMaTpUBAIOT Kak
HEeOOXOAUMBIIA KOMIIOHEHT B YIIPaBJICHUU arpOKYJib-
TypaMu. MHUKpPOOMOIOTUYECKAMN CITOCOO 3alInTHI
pacTeHuii oT 6oJie3HEe OCHOBAH Ha ITPUPOTHOM sIBJIC-
HUUJ aHTaroHU3Ma 0aKTepuii 10 OTHOIIEHUIO K (DUTO-
natoreHaM. OH peaan3yeTcs C MUCIIOJIb30BAHUEM Ta-
KMX MEXaHU3MOB, KaK CIIOCOOHOCTb K KOHKYPEHIIUN
3a MUTaTEeJIbHbIC BEIIECTBA U IPOCTPAHCTBO, IIPOAYK-
s cuaepodOopoB, IUTUIECKUX (PEPMEHTOB, aHTHU-
ouoTukoB (Santoyo et al., 2021).

Panee Hamu 13 mouB Pecry6siuku TatapcTaH Obl-
JI1  BbIIEJCHBI (PUTATTUAPOIUIYIONINE IITaAMMBI,
naeHTUGUIUpoBaHHBIE ¢ ToMoIbio MLSA-anam3a
Kak Pantoea brenneri 3.1,3.2,3.5.2 1 3.6.1 (Suleimano-
va et al., 2015, 2021). B npeabiaynmx UCCaeI0BaHUSIX
yXKe TTOKa3aHBI MOJIOKUTEIbHBIE 3(PPEKTH OTIENb-
HBIX IITAMMOB Ha pPacTEHMs: YCTAaHOBJIEHA CIIOCO0-
HOCTh K CEKpeUMUd KOMIUIEKCAa TUIPOJIUTUUYECCKUX
¢depmeHTOB (pUTa3bl, MpoTeas3bl, LEJUIIOIA3bl), Ie-
crpykuuu umanugoB (HCN), cuHTe3y dutoropmo-
HoB u cuaepodopos (Itkina et al., 2021). Llenbro naH-
HOIi paboThI IBUJIOCH U3yYE€HME aHTAarOHUCTUYECKOM
aKTUBHOCTY LUTaMMOB P, brenneri 3.1,3.2,3.5.2 1 3.6.1
B OTHOILIEHMM IIMPOKOTO CIIEKTpa (PUTOIIATOreHHBIX
MUKPOOPTaHU3MOB.

MATEPHAJIBI U METO/bI

O0mbekT uccaenopanus. Mccienosaiach aHTHOWO-
TUYecKasi aKTUBHOCTb OaKTepHAJbHBIX IITAMMOB
P. brenneri 3.1, 3.2, 3.5.2 n 3.6.1. B kayectBe TecT-
KYJAbTYp HMCHOJIb30BaId OaKTepHadbHBIIA IIITaMM
Erwinia amylovora (Koinekuusi MUKpPOOPraHU3MOB
®OI'bHY “Bcepoccuiickuit HaydYHO-HMCCea0BaTEb-
CKUIi MHCTUTYT (PUTOIIATOJIOTUM ) U IITAMMbl MUK-
pomunietoB Fusarium sambucinum, F. oxysporum, F. so-
lani, Rhizoctonia solani, Alternaria sp., Ascochyta
kamchatica, Colletotrichum coccodes (KONIEKIIUS MUK-
poopranuzmoB HUJI “ArpobuounnzkeHepusi” @PITAOY
BO “KazaHckuii (ITpuBojKckuit) dhenepalbHbIi
YHUBEPCUTET”).

ITutaTenbHble cpenbl U YCAOBUS KYJIbTHBHPOBAHWS
MHKpoopranusmoB. KyJibTUBHpOBaHUE OakTepuasb-
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HBIX IITAMMOB OCYIIECTBIISIIN Ha MUTATEJILHOM cpelie
LB (r/n): Tpuniton — 1.0, npoxokeBoii akcTpakT — 0.5,
NaCl — 0.5. KynsTuBrMpOoBaHUE IITAMMOB MPOBOIMIN
B IIPOOMpPKAaX IIPU COOTHOIIIEHN 00beMa Cpebl K 00b-
eMy Tpooupku 1 : 5 Ha 1a00paTOPHBIX OPOUTATTHBHBIX
KayaJikax ¢ MHTEHCUBHOCThIO KauaHus 200 00./MUH
pu Temrrepatype 30°C.

IHITaMMbl MUKPOMUIIETOB KYJIGTUBUPOBAJIN B JIa-
GopaTopHbIX TepMocTaTax pu 25—28°C Ha cpene Ya-
neka (r/n): caxaposa — 30.0, NaNO; — 3.0, KH,PO, —
1.0, MgSO, x 7H,0 — 0.5, KCIl — 0.5, FeSO, < 7H,0 —
0.01, arap — 20.0.

CoBMecTHOE KyJIbTUBUPOBaHUE IITaMMOB Pantoea
brenneri u Erwinia amylovora ipoBooyIM Ha CIEIYIO-
UX MUTaTtelbHbIX cpenax (r/n1): NAS (caxapo3a —
50.0, arap — 15.0), King B (menton — 20.0,
rmuuepuH — 10.0, KH,PO, — 1.5, MgSO, x 7TH,0 —
1.5, arap — 15.0), LB, R2A (mpoxckeBoii akcTpakT — 0.5,
nenroH — 0.5, ruaponm3ar KazenHa — (0.5, kpaxman —
0.5, nmrokoza — 0.5, K,HPO,— 0.3, MgSO, < H,0 —0.3,
NaCl — 0.3, arap — 15), NAG (tmoko3za — 10.0, arap —
15.0), 925 (mmroko3a — 5.0, K,HPO, — 3.0, NaH,PO, —
1.0, NH,CI — 1.0, MgSO, x H,0 — 0.3, arap — 15.0).

N3mepeHue omntuyeckoit miaotHoctu (OIT) cyc-
MEH3UNU KJIECTOK MPOBOAWIN Ha CHEKTPpOdOTOMETpE
(Bio-Rad, CIITA) npu mjivHe BoaHbI 590 HM.

ITonyyenune cynepHaranra. B pabore mcroib3oBa-
JIV CyTIepHATAHT KYJIbTYyPaabHOI XUIKOCTH IITAMMOB
Pantoea brenneri. Knetku KyJbTUBUPOBAIN Ha MUTa-
tesibHOU cpene LB nipu temnepatype 30°C B TeueHue
18 u. Janee KIeTKU ocaxKaaau myTeM LIeHTpUdyrupo-
BaHus npu 10000 06./MuH B TeueHue 15 muH. ITony-
YeHHBII CylepHATaHT MPOITyCKaIM 4yepe3 MeMOpaH-
Hblii puabTp (Millipore, I'epmanust) ¢ auaMeTpom
nop 0.22 MKM ¥ UCIIOJIb30BaIN JIJISI JaJlbHEHIIe pa-
OOTHI.

Onpenenenne aHTATOHNCTHYECKOH AKTHBHOCTH.
AHTaroHUCTUYECKYIO aKTHUBHOCTb OaKTepuaabHBIX
IITAMMOB MO OTHOIIIEHUIO K TECT-KYJIbTypaM MUKPO-
MUIIETOB OIIPEACIISIN METOAOM IBOMHBIX KYJIBTYp Ha
cpene Yameka (Egorov, 2004). bakrepuanbHbie
LITAaMMBbI TIpeIBapUTEILHO BbIceBaJIU Ha yaliky Ilet-
pu ra3oHOM, ncnoiab3ys 100 Mk 18-4acoBoii KyIbTy-
pbl. ajiee B LICHTP YalllKW BBIKJIAIbIBAJIM arapOBBIi
OJIOK ¢ KyJIbTypoil matoreHa. B KOHTpoJIbHOM Bapu-
aHTe MCIOJIb30BaJIU KyJIbTypy I'pruda 0e3 6aKkTepHralib-
HBIX IITAMMOB. AHAJIM3 YaIlleK MpoBOANIN yepe3 10—
14 cyT, onpenensis pa3Mep 30H MHTMOMPOBaHUS pOCTa
munenus. CterieHb MHIMOMPOBaHUS ONPEaSIISIN 110
dopmyne: U= (1 —A/B) x 100%, rne 1 — uHrn6mpo-
BaHME poCTa KOJOHMU maroreHa (%), A — nuameTp
pocTa rpuba B BapraHTe C 0aKTepHUaIbHBIM IITAMMOM
(cm), B — nnametp pocta rpuba B KoHTpoJe (cm) (Ne-
trusov, 2005).

AHTaroHMCTUYEKYI0 aKTUBHOCTh OaKTepUaJIbHBIX
IITAMMOB TI0 OTHOIIEHUIO K TeCT-KYNIbType Erwinia
amylovora onipeneIsiIi aHAJIOTUYHO ITyTEM COBMECT-
HOTO KyJbTUBUPOBAHUS HA PA3IMYHBIX MTUTATEIbHBIX
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cpenax (NAS, King B, LB, R2A, NAG, 925). I'otoBu-
1 18-4acoBble KyJIbTYPhl IITAMMOB U IOBOJIUJIM OI-
Tudeckyto rioTHocTh (OIl) cycneH3um kieTok Pan-
toea brenneri — no 1.0, Erwinia amylovora — no 0.1. I1o-
BepxHOCTh yvamku Ilerpu 3aceBaium ra3oHoM
cycneHsueii E. amylovora, mocjie 4ero B LICHTP YalllKy
MUIIETKOM BHOCWJIM II0 5 MKJI CyCIIEH3MM IITaMOB
Pantoea brenneri. B XOHTpOIBbHBIX BapyuaHTaX UCITOIb-
30Bajiu KyAbTypbl Erwinia amylovora v Pantoea bren-
neri, pacTymue 1mo-otaeabHocT. OO0 ypoBHE aHTaro-
HUCTUYECKOM aKTMBHOCTH ILITAMMOB CYIWJIM I10 11a-
MeTpaM 30H 3aJIePXXKHU POCTa TECT-KYIbTYPbl BOKPYT
KOJIOHMI OakTepHii-aHTarOHWCTOB. AHAJIM3 IPOBO-
I yepes3 48—72 4 KyJTbTUBUPOBAHUS.

O1eHKa JKU3HECTOCOOHOCTH MUKPOMHULIETOB. O1IeH-
Ky >XM3HECITOCOOHOCTU MMKPOMUIIETOB B MPUCYT-
CTBUM OaKTEpUATbHBIX IIITAMMOB MPOBOAWIN MyTeM
OKpallvBaHUsI rpaHUYaIEero ¢ 0aKTEPUSIMU MULIETUS
rpuba KpacuTelsiIMy [HeUTpaJibHbIII KpacHBIN (Sig-
ma, I'epmaHusi) B KoHueHTpauuu 0.1 Mr/mja wiu
DBaHc roayooii (Sigma, ['epmaHus) B KOHIEHTpaL1
0.5 Mr/mi] 1 TanbHENUIIEro MUKPOCKOTTUPOBAHUS Ha
cBeToBOM Mukpockorne “MC300” (ABctpusi) (Jiang
et al., 2019). B kauecTBe KOHTPOJISI IPOBOAMIIM aHA-
JIOTUYHOE OKpalllMBaHWE U MUKPOCKOITMPOBAHUE MU -
Heaus rpuda, KyJbTUBUPYEMOTO 0€3 0aKTepUaTbHBIX
LITAMMOB.

Onpenenenye CioCOOHOCTH MCCIEyeMbIX IITAMMOB
MOAABJIATH (py3apuo3bl KayOHei KapTodend. 11 pado-
Thl UCIIOJIb30BAJIU BhIPALLIEHHbIE B TEIJIMYHBIX YCIIO-
BUSIX 3I0POBbIE, HETTOBPEXIEHHbIE KITyOHU KapTode-
1 copra “bantuk Poy3”, mo0e3HO mpemocTaBiIeH-
Hble K.0.H. 3. CrameBcku, TatHHUUNCX OUIIL
KasHII PAH. Copt “bantuk Poy3” BocnmpuumMyuB K
OCHOBHbBIM T10CJIEyOOPOUHBIM 3a00JIeBaHUSIM KapTO-
dens, Bkiaoyas (py3apro3HyIo Cyxyio THUIb. KiyoHu
MPOMBIBAJIM B BOJOMPOBOAHON BOAE IJIs yAaJdeHUS
MOYBbl U JNEe3UHMULIMPOBAIN TyTeM ITOTpYyKEeHUS B
10%-i1 pacTBOp TMITOXJIOpUTA HATPpUst Ha 20 MUH, MO~
cJie Yero TPUXKIbl MTPOMBIBAJIN CTEPUJILHON JUCTUII-
JIMpPOBaHHOW BOJAOW W BbICylIMBaNU. B KiIyOHsX
MpoaeabIBaIN OTBEPCTUS IyOuHOM 1.5—2 cM mn nua-
metpoM 1—1.3 cMm. B akcneprmeHTe MCIOJb30BAIU
cllelyIollue KOHTPOJIbHbIE U OTIBITHBIE I'PYIIHI.

KonrtponbHas rpynmna 1 — KiiyOHU UHOKYJIUPOBa-
JIV arapoBbIMU JUCKaMU CO IITaMMaMu Fusarium sam-
bucinum u FE oxysporum. KoHTpoJibHas1 rpyrima 2 —
KJIyOHU MHOKYJIUPOBAIN MyTeM BHECEHUS TTUTIETKOM
CYCIIEH3UM KaxXJ0ro u3 OaKTepualbHbIX IITAMMOB
Pantoea brenneri B oobeme 200 mxi. KoHTpospHas
rpymnna 3 — KIIyOHU MHOKYJIMPOBAJIU CTEPUIIbHOM BO-
noit B ooeme 200 MKIT.

Jlast 00ouX UcCaeayeMbIX ITaTOTE€HOB TIPOBOIMIIN
KaK IPEeBEHTUBHYIO OOpabOTKy IITaMMaMM OaKTe-
puii, TaK 1 00pabOTKY OAKTEePUSIMU TTOCIIE 3apaKeHUS
rmatoreHoM. OrnbITHas rpynna 1 — KJIyOHU MHOKYJIU -
poBajM CYCIICH3USIMM OaKTepUaJIbHBIX IITAMMOB B
ooweme 200 Mk, yepe3 24 4 moOaBISUIA arapoBbIC
JIIUCKU co mTammaMu Fusarium oxysporum vim F, sam-
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Taomuna 1. KoadduumeHT nHrno6upoBaHusi pocta UTOMATOTEHHBIX MUKPOMUILIETOB OaKTEpUaAJIbHBIMU IITAMMaMU

Pantoea brenneri (%)

KoaddulimeHT MHrubMpoBaHUs pocTa
HIrammbr Fusarium . Rhizoctonia . Ascochyta | Colletotrichum
. F oxysporum E solani . Alternaria sp. .
sambucinum solani kamchatica coccodes
P, brenneri 3.1 88.8+4.4 38.8+ 1.9 38.2+2.0 86.8 = 4.1 375+ 1.2 65.5+3.5 52.3+£29
P. brenneri 3.2 89.8 £4.7 17.7 £ 0.9 75.0+ 3.3 86.8 £ 3.9 250t 1.9 66.6 + 3.5 56.7+£3.2
P. brenneri 3.5.2 68.8 £3.4 222+ 1.15 85.3+4.0 85.8 £4.2 77.5+2.7 82.2+3.9 50.0 £3.0
P. brenneri 3.6.1 87.8+4.3 55.5+29 779+ 3.9 86.8 £ 3.6 87.5+3.9 86.6 £ 3.8 40.6 £ 1.9

bucinum. OnibITHAS TpyIIa 2 — KIYOHU MHOKYJIUPO-
BaJIM arapoBbIMU AWCKaMU CO IITaMMamu F. oxyspo-
rumunu F. sambucinum, aepe3 24 94 1o0aBJIsLIN ITUTIET -
KO cycIieH3nn OakTepraabHBIX IIITAMMOB B 00ObeMe
200 mxJ1. OnibiTHas rpynna 3 — KIIyOHU MHOKYIUPO-
BaJIM CyIIepHATaHTOM KYJIbTypPaJlbHOM XUIKOCTH OaK-
TepHATLHBIX IITAMMOB B 00beMe 200 MKI1, uepe3 24 4
J100aBJISIM arapoBblie TUCKU ¢ F. sambucinum. OTIBIT-
Hag rpynmna 4 — KJyOH! MHOKY/JIUPOBAJIM arapoBbIMU
muckamu ¢ F sambucinum, 9epe3 24 4 100aBIISIIN Cy-
TepHATaHThl KYJIbTYPaJbHOM XXUIKOCTU OaKTepUaib-
HEBIX IITAMMOB B 00beMe 200 MKIT.

KiyoHu nukyouposaiu mnpu remieparype 25°C B
teueHnue 21 cyt. Hanee nemanau pa3pe3 OT ITOBEPXHO-
CTH BIIOJIb YYaCTKA MHOKYJISIIWHY JIJISI U3MEPEHUSI 11 -
PUHBI ¥ NIyOMHBI HEKpo3a TKaHeu (B MM). [1youny
MMPOHUKHOBEHMUS (Py3aprO3HOI THIUJIU PACCUUTHIBAIN
o opmyie (Mejdoub-Trabelsi et al., 2017): P=[1/2 +
+ (p — 6)]/2, tme P — npoHuKHOBeHUEe THWIN (MM),
1 — MakcuMaJspbHasl IIIMPUHA 30HBI HEKpo3a (MM), p —
MaKCHUMaJIbHas IIyoMHa 30HbBI HeKpo3a (MM). Ilepe-
BOMWIM 3HAYEHUS B MPOLIEHTHOE COOTHOIIEHUE OT-
HOCUTEJIbHO KOHTpoJisl. KoadduiimeHT mopaxeHus
¢dy3aprO3HON THUJIN PaCCYUTHIBAIIU 1O (popmyie: P =
= [(W/2) + D —5)] % 2, tne W — mmmpuHa Hekpo3a (MM),
a D — myouna Hekpo3sa (MM) (Sellem et al., 2017).

OnpeneneHne BUPYJIEHTHOCTH, TOKCMIHOCTH M TOK-
cureHHocTH Oakrtepmii. OTipermesieHe BUPYJIEHTHO-
CTU, TOKCUYHOCTU M TOKCUTEHHOCTU OaKTepuil mpo-
BOIMJIM Ha OesbIX Mblax oboero mnoja guHuu ICR
(CD-1) B mabopaTopuu XMMHUKO-OMOJIOTUYECKNX UC-
cienoBanuit MOPX um. A.E. ApoGy3sosa KasHII
PAH. XKuBoTHBIX coaepXajii B CTaHAAPTHHIX YCJIO-
BUSIX BUBapUsl, JIsI KOPMJIEHUST UCTIOJIb30BaIi CTaH-
ITapTHBIN KopM. I KaxXImoil »KcrepuMeEHTaTbHOM
IPYINbl ObUTM OTOOpaHbl MO MATb MBIIIEH OTHOTO
Bo3pacTta Maccoit 16 & 0.5 r. BupyjaeHTHOCTb 1ITaM-
MOB OMNPEAESIIN IMYyTEM OJHOKPATHOIO MepOpaibHO-
ro, TM00 BHYTPUOPIOIIMHHOTO BBEICHUSI XKMBOTHBIM
24-yacoBoii 0aKTepuaIbHOM KYJIbTYPbI B CTEPUJIBHOM
(dbusmonorndyeckoMm p-pe B nosax 10°, 107 u 108 KOE
Ha ONHO XWBOTHOE. TOKCUYHOCTb M3ydyaiu MyTeM
BHYTPUOPIOIIMHHOIO BBEIEHUSI MbIIIaM B3Becu 18-
4acoBOU KYJIbTYpbl MUKPOOPTaHU3MOB B CTEpUJILHOM
¢du3nonornueckKkom p-pe, UHAaKTUBUPOBAHHOM Harpe-
BaHueM npu 60°C B reuenue 90 MuH. TOKCUTE€HHOCTD
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OIpEeAessIM MyTeEM BHYTPUOPIOIIMHHOIO W MEpO-
PaJILHOTO BBEICHUSI CTEPUIIBHOTO (PUIIbTPATA KYJIbTY-
PaIBLHOM XKMAKOCTH TPEXCYTOUHBIX U CEMUCYTOUHBIX
KynbTyp 0akTepuii. [Ipy 3TOM KOHTPOIBHOM TpyIIIie
>KMBOTHBIX BBOIUJIN CTEPUJIbHYIO XXUIKYIO TTUTATEb-
Hylo cpeny. HaGoneHue 3a )XKUBOTHBIMUM OCYIIIECTB-
st Ha poTsikeHnu 30 cytok. M3 Kaxkmoit ombITHOM
IPYIIIBI ObLIX OTOOpaHBI CJIydaiiHBIM 00pa30oM Mo TpU
MbIIU. 2KUBOTHBIX YCBITUISUIM TP MTOMOIIM BHYTPU-
OpIOIIMHHOTO BBEIEHUSI p-pa XJopajlbruapara u3
pacuetra 8 mr/0.1 mu Ha 20 © Macchl XXHMBOTHOTO.
B acenTryeckux ycJIOBUSX IMPOU3BOAMIN 3a00p 00-
pasloB TKaHel. BHyTpeHHUe opraHbl o0cienoBaiv
Ha BbIsIBJIeHUE NTaTojioruii. [IponsBoauu moces Kpo-
BU, B3SITOI U3 cep/lia, IeYeHU 1 CceJIe3eHKHU Ha NUTa-
TeIbHYIO arapn3oBaHyio cpeny LB.

Bce skcniepruMeHTBI C XKMBOTHBIMHY IIPOBOIVIIVCH B
cooTBeTcTBUM ¢ dupekTuBoii EBponeiickoro mapia-
MeHTa 1 CoBeTa Mo 3allUTe XUBOTHHIX, UCIIOIb3ye-
MbIX 11sT HaydHbIX 1Leleit (2010/63/EC). ITpoTokombl
9KCIIEPUMEHTOB 0100peHbl KOMUTETOM 110 colepKa-
HUIO 1 MCIIOJIb3oBaHMIo kuBOTHEIX DHUII “Kazan-
ckuii HayuyHbli neHTp PAH” (mporokon Ne 2 or
09.06.2022).

Cratuctuyeckuii anamm3. CTaTUCTUYSCKUIA aHAJIU3
pe3yJIbTaTOB MPOBOAWJIU C MCIOJb30BaHUEM IIPO-
rpamMMmbl Microsoft Excel. st onmcaHust U cpaBHe-
HUSI NPU3HAKOB MCIIOJNb30BaIU 95%-ii 1OBepUTEIb-
HbIIl MHTEPBaJI 151 CPEAHUX BEJIMUMH.

PE3VJIIBTATbBI 1 OBCYXIEHHWNE
DyHrunuaHAs aKTUBHOCTD INTaMMOB Pantoea brenneri

W3ygaemble mutamMmbel P. brenneri o6nagaau cro-
COOHOCTBIO MHTMOMPOBATh POCT UCCIIEIYEMBIX (DUTO-
MMaTOTeHHBIX MUKpOMMILIETOB (puc. 1, a, 6; Tada. 1).
MaxkcuManbHBIil aHTaTOHU3M OTMEUEH B OTHOILIEHUN
Fusarium sambucinum, F. solani, Rhizoctonia solani v
Ascochyta kamchatica, Toe cTerieHb MHTMOMPOBAHUS
pocTa (puTonaToreHa HaxoauIach B CPEIHEM B IIpeJie-
nmax 70—85%. I1pu aToM Hanboee BEICOKME MTOKa3a-
Teau KkoaghdunreHTa UHruoupoBanus Fusarium sam-
bucinum ormMedeHHl y mITaMMOB Pantoea brenneri 3.1
(88.8+4.4%),3.2(89.8 £4.7%)n 3.6.1 (87.8 = 4.3%);
Fusarium solani — y mrammoB Pantoea brenneri 3.5.2
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P. brenneri 3.1

Konrpoas

Fusarium
sambucinum

Fusarium
0Xysporum

Fusarium
solani

Kontpoab P. brenneri 3.1

Ascochyta Alternaria sp. Rhizoctonia
kamchatica solani

Colletotrichum
coccodes

P. brenneri 3.2 P. brenneri 3.5.2 P. brenneri 3.6.1

P. brenneri 3.2 P. brenneri 3.5.2 P. brenneri 3.6.1

Q)

Puc. 1. AHTaroHucTHYecKasi aKTUBHOCTh IITAMMOB Pantoea brenneri B OTHOIIEHUM (DUTOMATOTEHHBIX MUKPOMMIIETOB Fusarium
sambucinum, F. oxysporum, F. solani (a) u Rhizoctonia solani, Alternaria sp., Ascochyta kamchatica, Colletotrichum coccodes (6).

(85.3 £4.0%) u 3.6.1 (77.9 £ 3.9%); Ascochyta kam-
chatica — y mitaMmoB Pantoea brenneri 3.5.2 (82.2 =
+39%) u 3.6.1 (86.6 £ 3.8%). Bce ucciaemyembie
mTaMMbl P. brenneri IMeIn CXOXUE 3HAYEHUST CTeTle-
HU MHTUOUpoOBaHUsI pocTa Rhizoctonia solani (ot
85.8 4.2 10 86.8 = 4.1%) (Tabu. 1).

g u3ydyeHus MpUpPOIbl aHTAaTOHMCTUIECKOM aK-
TUBHOCTH TTOYBEHHBIX U30JISITOB, OLIEHUBAJIM XKU3HE-

MUKOJOI'A U PUTOIIATOJIOTUA

CITOCOOHOCTh MUKPOMMUIIETOB B IPUCYTCTBUM OaKTe-
pUaIbHBIX ITaMMOB. 2KM3HECTTOCOOHOCTb MUIIETUS
MIPpU COBMECTHOM POCTE C OaKTepUaJIbHBIMU IITAMMAa-
MU (ONBIT) U 6€3 (KOHTPOJIb) OLIEHUBAIU ITyTeM OKpa-
IIMBaHUS U NAJIbHENUIIIET0 MUKPOCKOIIMPOBAHUSI KyIb-
Typ. B KadecTBe KpacuTtessi, u3dbupareibHO MpPO-
KpallvBaIollIero JIMIIb >KMU3HECITOCOOHBIE KIIETKMU,
MCIOJB30BaI HEUTPaIbHBIN KpacHbIN. JJaHHBINA areHT
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Puc. 2. Dddekr B3aumoneiictBus mramma Pantoea brenneri 3.2 ¢ (puTONnaTOreHHBIMU MUKpOMULIETaMU Fusarium sambucinum,
FE solaniw Colletotrichum coccodes. Mutienuit OKpaImBaiyd KpaCUTEISIMU DBaHC ToJlyObIM (MEPTBBIE KJIETKH OKPAIITUBAIOTCS B CH-
HUI1 LIBET) M HEUTpaJIbHBIM KpaCHBIM (3KU3HECITOCOOHBIE KJIETKM OKPAIIIMBAIOTCS B KpacHBIH 11BeT). OIBIT — MULICINIA TprUba, pac-
TYLIETO COBMECTHO C OaKTepUabHbBIM LLITAMMOM, KOHTPOJIb — MULIEJIUI, pacTyluii 6e3 6akTepuanbHOro mramma. CBeToBast MUK-

pockorusi, X40.

BBUAY TUHO(PUIBLHON IIPUPOIHI IIPOXOIUT UYepe3 Kile-
TOUHYIO MEMOpaHy (HeImpoTOHUpoBaHHas popma), a
B KUCIIBIX KOMIIAPTMEHTAX IIPUCOEAUHSIET IIPOTOH
(mporoHMpoBaHHas (hbopMa) 1 OKpalllMBaeT UX B Ma-
JuHoBBIN 1BeT (Dubrovsky et al., 2006). Kpacurenb
DBaHC Toj1y00ii GbLT UCMIOIL30BaH JIJisl OOHAPYKEHUS
MOBPEXIEHHBIX WJIM MEPTBBIX KJIETOK, IJIa3MaTHue-
cKast MeMOpaHa KOTOPbIX JIETKO MPOMyCcKaeT KpyIHbIe
AHUOHBI JAHHOTO KPACUTEJISI U KJIIETKU OKPAIIMBAIOT-
cs B cuHuii 1BeT (Evans, Schulemann, 1914).

CoBMecTHOE KYJIbTUBHpOBaHUE ITaMMa Pantoea
brenneri 3.2 c MukpomuuieTamu Fusarium sambucinum,
F solani, n Colletotrichum coccodes mpruBOINIIO K OKpa-
IIMBAaHWIO MULIEJIMS B TEMHO-CUHUI (IIPY UCIIOIb30-
BaHMU KpacuTelIsT DBaHC roiaydboro) U CBETJIO-Kpac-
HbIIi 1BET (MpU HMCIIOJb30BAHUM KpacuTeNsl Heli-
TpaJbHOTO KPAaCHOIrO), TOTAA Kak IJIs MULEIUST C
KOHTPOJILHBIX YallleK IT0Ka3aHa cj1abast CUHsISI OKpac-
Ka M sipKas KpacHasi, COoTBeTCTBeHHO (puc. 2). ITo-
BUIMMOMY, IPUCYTCTBUE OaKTepUaIbHBIX KJIETOK B
OMHaApHOM KYJIbType BBI3BIBAJIO pa3pylleHue rpud-
HbIX TM(, yKa3biBas Ha QYHTMLIMAHYIO IPUPOLY aHTa-
TOHMCTUYECKOTO ACUCTBUS 1uTamMMa Pantoea brenneri
3.2 B OTHOILIEHUU MUKPOMULETOB Fusarium sambuci-
num, F. solani n Colletotrichum coccodes.

AHaJIoTMYHas TIPOTUBOTPUOHAS aKTUBHOCTH ITIpeN-
craBuTeneii poga Panfoea yctaHOBJIEHA B psilie UCCIe-
npoanuit. Tak, mtamMmm Pantoea sp. OXWOG6B1, Boine-
JIEHHBIN ¢ MOBEPXHOCTH CEMEHU TUKOTO OBCA, MHTH-
OmpoBaJI pocT BO30ymuTess puTodTOopo3a KapTodes
Phytophthora infestans B yClIoBUSIX in Vvitro W in vivo
(Town et al., 2016). I[TokazaHbI 3(ppeKTUBHBIE (PYHTH-
LUIHBIE CBOMCTBA IITaMMOB Pantoea dispersa RO-18,
RO-20, RO-21 u SO-13 no oTHOIIeHUIO K GUTOIATO-
reny Ceratocystis fimbriata, BISIOIIEMYCSI BO30YIM-
TeJeM YepHOIM THUIM Ha ciaagkoMm Kaptoderne. Cyc-
MeH3Usl KJIeToK MmHruouponana poct C. fimbriata B
cpenHeM go 70%, a cymepHATaHT KyJbTypallbHOM
KMUIKOCTA MHTMOMPOBaJI IpopacTanue crop Ha 36%.
ITpu sTOM HaGIIOMAIUCH AaHOMAJIbHBbIE UBMEHEHUS B
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Mopdorornm rpuOHBIX T, BKIOYast MX HabyxaHMe,
JIM3WC KJIETOYHOM CTEHKM, Pa3pbiB, FPaHYJISLIMIO U
Bakyosu3anuioo. C Ipyroil CTOpoHsl, mTaMMbl Pan-
toea ananatis SH-9 n SH-3 o61aganu He QYHTUALIMI-
HOM, a (PyHIMCTaTUYECKOI aKTMBHOCTBIO B OTHOIILIE-
Huu Ceratocystis fimbriata (Jiang et al., 2019). ITony-
YeHHbIEe HaMM pe3yJibTaTbl IOKa3ajau, 4YTO IITaMM
Pantoea brenneri 3.2 obnagaetr (pyHrucTraTUUECKUM
MEXaHU3MOM JENCTBUSI B OTHOLIEHUW MUKPOMUIIE-
TOB Fusarium oxysporum, Rhizoctonia solani, Alter-
naria sp. u Ascochyta kamchatica, TIOCKOIbKY CyIIIe-
CTBEHHBIX Pa3jInuMii B OKpacke MULIEJIUs, PACTYIETO
B KOHTPOJIbHBIX U B OTIBITHBIX YalllKax, BbISIBJIEHO HE
ObL10, TOT/IA KaK MHTMOMpOBaHUe pocTa (putornarore-
HOB Habmomanocs (puc. 1).

Cnoco6nocts mrammoB Pantoea brenneri
K nojasJieHuio (py3apno3oB Ha KiIyOHsAX KapTodes

ITomuMo mabopaTOpPHBIX MCCIeOOBaHUN (HyHTH-
OUIHOM aKTUBHOCTHU IITAaMMOB P. brenneri, IpoBOIN-
JI1 OOIOJHUTEIbHBIE SKCIEPUMMEHTHl Ha KIyOHSIX
Kaprodensa. UHuumpoBaHme KJiyoHe MUKPpOMUILIC-
tamu Fusarium oxysporum v F. sambucinum TIipuBeio K
oOImMpHOMY HeKposy TkKaHel (puc. 3). bakTepuanb-
HbIe IITaMMBbI, KaK ¥ KOHTPOJIb CO CTePUJIbHON IU-
CTUJUIMPOBAHHOM BONION, HE BBI3BIBAJIU 3apakeHUe
KJIyOHeii, HeKpo3a TKaHeil He Habmonanu. bakrepu-
ajibHbIEe IITaMMBbl MPOSIBUINU CUJIBHYIO MHTUOUPYIO-
IIYI0 aKTUBHOCTB:. POCT (PMTONATOTCHHBIX MUKPOMU-
neroB ObLT moxaBineH. [lokazaHo, 4To mpu nmpodu-
JIaKTUYeCKOl 00paboTKe KIIyOHeil cyclieH3ueit
OakTepuaIbHBIX IITaMMOB 3a 24 4 Tiepel 3apakeHIeM
Mukpomuueramu F oxysporum u F. sambucinum vHrn-
OupoBaHMe pocTa Ipuba Ha KIyOHSIX COCTaBMJIO OT
44.7+2.3% n050.3+2.4% nor43.6 £2.1% 00 59.2
+ 2.9% cooTBeTcTBeHHO (TabJ. 2). B ciayyae Teparnes-
TUYECKOM 00pabOoTKM OaKTepHATLHBIMU CYyCIICH3USI -
MU yXXe 3apakeHHbIX MUKPOMUILIETAMU KIIyOHet Kap-
Todesist uHrMbupoBaHue pocta F oxysporum cocTaBU-
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I'pynma 1

I'pynna 2 I'pynma 3

Is N Is

F oxysporum

F sambucinum

Kontpons

Tpynmna 1: P. brenneri + Fusarium sp.

OrnbIT

P. brenneri 3.1

AIT1T

I'pynma 3: cynepHarant P. brenneri + Fusarium sp.

P. brenneri 3.2 P. brenneri 3.5.2 JlucT. Bona

I'pynmna 2: Fusarium sp. + P. brenneri
1

I'pynna 4: Fusarium sp. + cynepHuaranr P. brenneri

Puc. 3. Pe3ynbraT 00paboTKM KITyOHE! KapTodess cycneH3uel KIeTOK U CyNepHATAaHTOB KYJIbTyPaIbHOM XKUIKOCTUA IITAMMOB
Pantoea brenneri no v mocne 3apaxxeHust GUTOMATOTeHHBIMU MUKpOMULIeTaMu Fusarium oxysporum v F. sambucinum.

j0 otr 38.8 + 1.8% nmo 50.7 + 2.5%, a F. sambucinum —
ot 40.8 + 1.9% 1o 50.7 + 2.5%.

OKCIIEpUMEHTHI MpPU HCIOJb30BAaHUM CyIlepHa-
TaHTa KyJIbTypaJlbHOM KMAKOCTU JISI PO UITaKTUKN
M Tepalliy KJIyOHel KapTodelst moKa3ajau B CpeaTHEM
OoJiee BRICOKHME 3HAYEHUSI MHTMOMPOBaHUS pocTa (pu-
TOIIATOT€HOB B OTJIMYME OT UCIIO/Ib30BaHUS OAKTEpU-
aJIbHOI cyclieH3uu. B ciiydae mpodmiIakTU4ecKOu
00paboTKN, MTHTMOMpPOBAaHME pocTa naroreHa F sam-
bucinum coctasuno ot 50.7 = 3.2 no 56.3 + 2.8%, B
cliyyae TeparneBTudeckoii — ot 33.8 £ 3.1% no 57.3 =
+2.8% (tabn. 2). Bo Bcex ciydyasix MakKCHUMaJibHOE
WHIOWpPOBaHUE OTMEUEHO MpU 00pabdoTKe IITAMMOM
Pantoea brenneri 3.2 (Ta6m. 2).

PaccuuteiBanu koaddunmeHT nopaxkeHus ¢ysa-
PMO3HOU THWIBIO KIIYOHel KapTodeisi, C TIOMOIIbIO
KOTOPOTO OLICHUBAJIM TsDKECTh 3a0oJieBaHus (Tabir. 3).
YcTraHOBIEHO, 4TO TIpU IMMpodUIAKTUYECKON oOpa-
0O0TKe KIyOHel 6akTepualbHbIMU IITAMMaMU 3a 24 4
o nHuuupoBanus Fusarium oxysporum Ko3hduim-

€HT MopakeHHsI ObLI B CPEIHEM HITKE ITO CPaBHEHUIO
¢ 00paboTKOI1 IToCIe 3apaXkeHUsI maToreHoM. Makcu-
MaJIbHBIM (DYHTULIMIHBIM AeHCTBUEM TIPU BCEX CIIO-
cobax oopaboTku obmaman mramm Pantoea brenneri 3.2
(Tabma. 3).

bonee acddekTBHOE 3aIIMTHOE OCHCTBUE IIITAM-
MOB Pantoea brenneri oTMe4eHO TIpU WHGULIMPOBa-
Huu kaprodenst Fusarium sambucinum — nopaxeH-
HOCTb KJIyOHEe (hy3aprO3HOM THUJILIO CHU3WJIACH MO~
uyrn BaBoe (T1abn. 3). Takke mokazaHo, 4YTO HpU
npoduIakTUIecKoil 00padboTKe KIIyOHEH CyCIIeH3M-
el KJIETOK U CyTiepHaTaHTOM 3a 24 4 nepen 3apakeHu -
eM F sambucinum WHTEHCUBHOCTb MOpaxkeHUs1 Oblia
HMKE, TI0 CPaBHEHMIO C 00pabOTKOIl KITyOHel mocie
nHOUIMpoBaHUusd. MakcuMalbHbIM (YHTULMIHBIM
neiictBueM obOianan wramMMm Pantoea brenneri 3.2 —
npy NpodUuIaKTUIECKO 00paboTKe KIyOHEeil 3TuM
mTaMMoM KoadduiineHT nopaxeHust Fusarium sam-
bucinum ObL1 CHUXEH IIOYTU BABOE OTHOCHUTEJIBbHO
KOHTpOJIsI (Tabu1. 3).

Taomuuna 2. UnrubuposaHue pocrta ¢utonaroreHoB Fusarium oxysporum v F. sambucinum tipy npoduiakTHUECKO 1 Tepa-
MEBTUYECKOM 00paboTKe KIyOHel KapTodes CyclieH3uel KIETOK 1 CyIIepHATAHTOM KYJIbTYpaIbHOMN KUIKOCTU OaKTEpU-

aJTbHBIX IITaMMOB Pantoea brenneri (%)

JleiicTBue

P. brenneri 3.1

44.7+2.3
388+ 1.8

IIpodunakTuka (cycneH3us1 KJIeTOK)
Tepamnust (cycrieH3usI KJIETOK)

IMpodunakTuka (CycrieH3ust KJIETOK) 436 2.1
Tepamnust (cycrieH3usI KJIETOK) 423124
IMpodunakTrka (cyrepHaTaHT) 54.8 £3.6
Tepanust (cynepHaTaHT) 33.8+ 3.1

FE oxysporum

F. sambucinum

P. brenneri 3.2 P. brenneri 3.5.2
50.3+2.4 447 +24
50.7 £ 2.5 40.3+£2.0
59.2+29 437 + 2.1
50.7 £ 2.5 40.8 = 1.9
56.3+£2.8 50.7 £ 3.2
57.3+£2.8 51.7 £ 2.8
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Taomuna 3. KoaddunmeHT mopaxeHus: ¢hy3apro3HO THUIbIO KIyOHel KapTodens (MM) mpu oO6paboTKe mTaMMaMu
Pantoea brenneri 1o 1 mociie 3apaxkeHus (puTormaToreHHbIMU MUKpoMmulietaMu Fusarium oxysporum n F. sambucinum

[HeiicTBue P. brenneri 3.1 P. brenneri 3.2 P. brenneri 3.5.2 | F oxysporum (KOHTPOJIb)
[MpodunakTuka (cycrieH3ust KIeTOK) 40 £ 1 39+ 1 415+ 2 44.5+2
Tepanust (cycnieH3usl KJIETOK) 43 +2 42 +2 43 +2

F sambucinum (KOHTPOJIb)
IIpodunaktuka (CycneH3usT KJIIETOK) 385+2 34+ 1 44 +2 71+ 3
Tepanust (cycrieH3us KJIETOK) 39+2 395+ 1 60.5+3
IIpodunaktuka (CynepHaTaHT) 382 335+%1 381
Tepamust (cyriepHaTaHT) 63+3 381 51+3

Takum o0Opa3zoM, M3 BCeX M3y4aeMbIX IIITaMMOB
Pantoea brenneri HanboJjiee BBICOKOW aKTHUBHOCTbHIO
nomaBlieHNs (dy3apmo3a KiayOHeil Kaprodelsi, BBI-
3BAHHOI'O (PUTOIMATOTeHHBIMU MUKpoMUlleTaMu Fu-
sarium oxysporum 1 F. sambucinum, obnagan mraMmm
Pantoea brenneri 3.2. I1pu aToM HauOonbImMit 3 dexT
IOCTUTAJICS TIpM HCIOJb30BAaHUMM CyIepHaTaHTa
KYJIbTYpPaJIbHON XXUIKOCTU. BeposiTHO, HauOobIIei
GYHIMLUIHOIT aKTUBHOCTBIO 00JIagaloT MMEHHO 3K-
30MeTab0UTHL P. brenneri, 9TO COIIACYeTCs C JaHHbBI-
MU JINTepaTyphl. Tak, OMHUM 13 CBOMCTB CTUMYJIMPY-
IOIIMX POCT pacTeHUIl MUKPOOPTAHU3MOB SIBJISICTCS
X CIIOCOOHOCTD YTHETaTh IIaTOT€HHYIO (hJIOPY ITyTeM
MPOAYKIIMU OMOJIOTMYECKU aKTUBHBIX COSIMHEHUIA, B
YaCTHOCTH, aMMMaKa, CUHUJIbHOM KHCJIOThbI, MHOXE-
crBa pepmenTtoB (Khan et al., 2018). UmeroTcsa maH-
HBIE O TIPOIYKIIMH OaKTepusIMU OMocypdaKTaHTOB C
BbIpa>K€HHBIMM  MYJIbTUMDYHKIIMOHATbHBIMU CBOi-
crBaMu. 1o XuMHYeCcKoMy CTpOECHUIO OHM Pa3HOO0-
pa3Hbl, HO UMEIOT O0IIIee IIPEUMYIIECTBO — Oe301ac-
Hbl C 2KOJIOTMYECKOU TOYKU 3peHUss. MUKpOOHBIe
cypdakTaHTbhl MOTYT U3MEHSATH (PU3UKO-XUMUUECKIE
CBOIiCTBa cpedbl OOMTAHUS M OKa3bIBaTh BIMSHUE HA
CTPYKTYPY Ppa3BUBAIOLIECTOCS MHKPOOHOIroO COOOIIe-
CTBa, TIpedoTBpallasi O0akTepuajabHble SMUACMUU U
rpuOHBIC 3a001eBaHMsI, SIBJISISICH (PaKTOPOM OMOKOH-
tpoiist cpensbl (Chernyavskaya et al., 2016). K cunTesy
ouocypdakTaHTOB crocobeH 1wmramMM P ananatis
BRT175, BreHOME KOTOPOTO UASHTU(UIIUPOBAHBI T'e-
HbI 7h[A 1 rhiB, yyacTBylolMe B OMOCUHTE3€E OUOCYyp-
¢dakTaHTa paMHOJIUNNIA, OKA3bIBAIOIINE IIUTOTOKCH -
yeckoe neiictBue (Smith et al., 2016). baktepuu poma
Pantoea cnocoOHBI K CUHTE3Y OAlIMJIZIOMUALIMHA 1 UTY-
pYHa, TIOAABIISIIONIMX BO30yOUTENIE KOPUIHEBOI
THUIW TUIonoB — Monilinia fructigena v M. laxa
(Lahlali et al., 2018). IlITtamm Pantoea sp. npoaeMOH-
CTPHUPOBAJI CITOCOOHOCTh K CMHTE3y OMocypdaKTaHTa
DJIMKOJIMITMIAa aHaHATO31aa A U paMHOJUAOB, 00Ja-
JAIOIINX TOBEPXHOCTHO-aKTUBHBIMU CBOICTBaMU,
HM3KOI TOKCUIHOCTHIO, BEICOKOI CTAOMIBHOCTBIO U
ouopasnaraemoctsio (Tan, Li, 2018).

MUKOJIOTHUA N ®UTOIIATOJIOTI A
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AHTHOAKTepUAIbHAS AKTUBHOCTD
mrTamMmMoB Pantoea brenneri

ITpu uccnenoBaHUM aHTATOHUCTUYECKOW aKTUB-
HOCTU IITaMMOB P. brenneri B OTHOILLIEHUU (DUTOMATO-
reHHoil O6akrtepuu FErwinia amylovora Habmonanmm
30HBbI TIOJABJIEHUS POCTa TECT-KYJbTYpbl Ha TMUTa-
TeJbHBIX cpenax R2A u 925. B oboux ciyyasx Hau-
OOJIBIINI IMaMETpP 30H CAEPXKMBAHUSI POCTa OTMEUEH
st uraMMoB Pantoea brenneri 3.2 (1724 mMm), 3.5.2
(17—23 mm) 1 3.6.1 (20—22 mMm). [1pu 3TOM Ha OCTaNTb-
HBIX TIMTaTEIbHBIX CPelax aHTaroHM3Ma He HabJtoaa-
Ju. BeposTHO, cocTaB cpenbl ONpeneisieT aHTarOHU -
CTUYECKYIO0 aKTUBHOCTb OakTepuii. PaHee Ob110 moka-
3aHO, 4YTO TMPHU MCMOJIb30BAaHWM B J1aOOPATOPHBIX
9KCIIEPUMEHTAaX Pa3IMYHbBIX MUTATEIbHbBIX Cpell Ha-
O1101aJI0Ch KaK MHTMOMPOBaHUE, TaK U CTUMYJISILIVS
pocta niatoreHa Erwinia amylovora mitammamu Pseu-
domonas vancouverensis, P. congelans, P. protegens,
P. chlororaphis subsp. aureofaciens, Enterobacter lud-
wigii (Mikicinski et al., 2020).

BupyiaeHTHOCTb, TOKCHYHOCTH H TOKCHTEHHOCTD
mramMmoB Pantoea brenneri

BaxxabIM 3TarioM pu pa3paboTKe SKOJTOTHIECKUX
OMoynoOpeHuid SIBJISIETCS U3yYyeHUue Ux Ouode3omnac-
Hoctu. [To pesynbTaTaMm MPOBEAEHHBIX SKCIIEPUMEH-
TOB C MICITOJTb30BaHMEM OEJIBIX MEITIIEH TTOKa3aHo, 4TO
uccienyeMmble 1TaMMbl P brenneri sIBASIOTCS 0€3-
OTMaCHBIMU JJ151 )KU3HEASSITETbHOCTU XMBOTHBIX: B Te-
YeHWe SKCITepUMeHTa JKUBOTHBIE OCTaBAINCh aKTHB-
HBIMU, (PU3MOJIOTUYECKHE OTIPABICHUS M TTOBEICH-
YyecKre peaklMM COXpaHsUIMCh 0e3 W3MeHEeHUN.
BupyneHTHOCTB, TOKCUTEHHOCTD M TOKCUYHOCTD OaK-
TepUATBHBIX IITAMMOB He OOHapyXeHa.

Takum oOpa3zoM, B pe3ylbTaTe NPOBEICHHBIX MC-
ClIeNOBaHUI YCTaHOBJIEHO, YTO M3ydyaeMble OaKTEpU-
aJibHBIE IITaMMbI P. brenneri XapaKTepU3yIOTCSI BBICO-
KOIf aHTArOHUCTUYECKOM aKTUBHOCTBIO B OTHOILIEHUU
IIMPOKOIO CHEKTpa (PUTONATOTeHHBIX MMKPOMMUIIE-
TOB, B YacTHOCTU Fusarium sambucinum, F. oxysporum,
F solani, Rhizoctonia solani, Alternaria sp., Ascochyta
kamchatica, Colletotrichum coccodes, SBISIOIIUXCS
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BO30OYIUTEISIMU MHOXECTBA CEPbEe3HbIX 3a001eBaHU
pacteHuit. [Ipu 3TOM, cycrieH3us KJIETOK U CyliepHa-
TaHT KYJIbTYypaJdbHON XXUIKOCTU IITaMMOB Pantoea
brenneri mogaBnsiiu (py3apro3bl HA KIIYOHSIX KapTo-
dens ripu ero xpaHeHnH. LlITaMMBI TTpOSIBASIIN aHTA-
TOHUCTUYECKYIO aKTUBHOCTh B OTHOIIIEHUU (PUTOMNA-
TOoTeHHOI1 OakTepuu Erwinia amylovora, BBI3BIBaIO-
mei OaKTepUalbHBIM OXKOT INIOHOBBIX KYJIBTYP.
YcTaHOBJIEHO, YTO OakTepualibHbIe IITAMMBI SIBJISI-
I0TCSI 0€30IMacHbIMU IS MOJAEIbHBIX >XUBOTHBIX.
Ha ocHOBaHMM TIOJIyYEHHBIX PE3YJIbTATOB MOXHO
cAeaTh 3aKJII0YEeHUE O TOM, UTO 10 OCHOBHBIM Xapak-
TepUCTUKAM 1 01100€30MaCHOCTH IITaMMEL P. brenneri
00J1a71a10T BBICOKMM MPAaKTUYECKUM MOTEHIIMAIOM U
MOTYT CJTy>KMTb OCHOBOI ISl pa3pabOTKU SKOJI0rnye-
CKU 0€30IacHBIX CPEACTB 3alllMThl pacTeHUit oT hu-
TOMATOTE€HOB.

Pa6ota BeimoHeHa B pamkax [Iporpammel ctpate-
TMYEeCcKOro akajgeMudeckoro jaumepcrBa Kazanckoro
(IlpuBoyxckoro)  denepaibHOTO  YHUBEpPCUTETa
(ITPUOPUTET-2030) u duHaHCHMpOBaHa TpaHTaMU
PH® Ne 21-76-00017 u PH® Ne 19-76-00020. ABTo-
pbl BeIpaxaroT oyaromapHocTth 3. CrameBcku 1 ®UIL
KazHII PAH 3a npenocTtaBiieHUe KiIyOHei KapTode-
JIST 111 9KCIIepUMEHTA.
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Antagonistic Strains of Pantoea brenneri as Plant Protectors
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The antagonistic activity of Pantoea brenneri strains against a wide range of phytopathogenic threats was studied.
It has been established that the strains are characterized by fungicidal activity against the micromycetes Fusarium
sambucinum, F. oxysporum, F. solani, Rhizoctonia solani, Alternaria sp., Ascochyta kamchatica, Colletotrichum coc-
codes as well as antibacterial activity against the phytopathogen Erwinia amylovora, which causes bacterial burn
of fruit trees. It has been shown that the cell suspension and supernatant of the culture liquid of Pantoea brenneri
strains suppress Fusarium on potato tubers during storage. Pantoea brenneri strains have been found to be safe for
model animals. A conclusion was made about the prospects of using P. brenneri strains as objects for the creation
of environmentally friendly plant protection products against phytopathogens.

Keywords: biocontrol, biosafety, Erwinia amylovora, phytopathogenic microorganisms, rhizospheric bacteria
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MOJIEKYJIAPHAA NAEHTUPUKAILINA, TEHBI-DOPEKTOPDI

N BUPYJIEHTHOCTDb N30JIATOB I'PUBA PARASTAGONOSPORA NODORUM
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CenTopuo3bl — BpeAOHOCHbIE 00JIE3HU IMIIIEHUL[bI, PACIIPOCTPAHEHHbIE BO BCEX 36 PHOIIPOU3BOASIIMX CTPaHAX
U BBI3bIBa€MbIe I'pubaMu MperuMYyIeCTBEHHO U3 poaoB Parastagonospora u Zymoseptoria. llenb naHHO paboThI
COCTOSIJ1a B TIOATBEPXKIEHUM BUAOBOU NMTPUHAIJIEKHOCTU alITallcKUX U30aTOB Parastagonospora nodorum, no-
JIYYEHHBIX C COPTOB O3UMOI U IPOBOIi MILIEHULIBI, IPOBOTO OBCA Y TPUTHUKAJIE, TTyTEeM aHAIM3a HYKJICOTHUIHBIX
MOoCJea0BaTeIbHOCTE ! IBYX (humoreHeTndeckKu nHgopMatuBHBIX JIoKycoB JIHK ITS u frub2, a Taxke B omnpe-
nejieHuu reHoB-3¢hdexTopoB Tox1, Tox3, ToxA v U3ydeHUUN BUPYJICHTHBIX CBOMCTB IMOJYYEHHBIX U30JISITOB.
st nepBuYHOM uneHTUdrKaIM BO30yAUTENE CeNTOPMO3HON MATHUCTOCTU UCIIONb30BaIA MUKPOCKOITH -
YeCKUil aHaIu3 MMKHUI U KOHUIWi, B3SIThIX U3 (hparMEeHTOB MOPaXXeHHOI TKaHU pacTteHuil. Cenropros Ha
M3y4YeHHBIX 00pa3uax BeI3bIiBal BulI P. nodorum. Kononuu rpuba Ha KapTodeabHO-IIIOKO3HOM arape uMeanu
XOPOIIIO Pa3BUTBIN GApXaTUCTBIN MULIEJINI CBETI0-0yporo 1iBeTa, 1o nepudepruu OHU ObLIUM TEMHBIMU (CMe-
LIIAHHBIN TUIT) ¢ OOJBILIMM KOJINYECTBOM NMUKHUA U KOHUANK. CeKBEeHUPOBaHUE BOCbMU MOHOKOHUAUATIbHBIX
U30JISITOB, TTOJTYYEHHBIX U3 pa3HbIX MH(MEKIIMOHHBIX 00pa3iioB, MoKa3auo, 4To Bce onn umenn 100%-e cxom-
ctBO o oboum yokycam ITS u fub2. [locnenoBaTenbHOCTH 000X JIOKYCOB MMEIM HanOOJIBIITYIO CTEIIEHb I'O-
mosioruu ¢ P. nodorum. B pe3ynbraTte moucka Tpex reHoB-3¢hdekTopoB ¢ romoinbto [TLP B reHoTture Bcex
80 MOHOKOHMAMATIBHBIX U30JISITOB P. nodorum, 10Jy4eHHBIX C COPTOB O3UMOM U SIPOBO MIIIEHULIBI, SIPOBOTO
OBCa ¥ TPUTHKAJIE, ObLI BLISIBIIEH TONLKO TeH 70x3. I'ennl ToxA n Tox 1y n3ydeHHBIX M30JIITOB OOHAPYKEHBI He
ObuTr. BupyneHTHOCTB U30719TOB P. nodorum onpenensiiiv B 1abopaTOPHBIX YCIIOBUSIX, UCTIONIb3YSI METO/ OLIEH -
KM Ha U30JIMPOBAHHBIX JIMCThSIX MIIEHULIBI. YeTbIpe U30JI1siTa, MOJTYYEHHBIX C SIPOBOM MIIEHUIIBI, U OTUH U30-
JISIT C 03UMOI1 MIIIEHUIIBI ObIJTA OXapaKTepU30BaHbl KaK BUPYJEeHTHBIE. [1pu 3apakeHnu cCoOpToB IpOBOit U 03U~
MOI1 TTIIEHULIBI CMECHIO IBYX U30JISITOB, MOJIyYeHHBIX C OBCa, OTMEYEHO MPOSIBJICHNE aBUPYJIEHTHBIX CBOMCTB.
M3on4t, BblICIEHHBIN C TPUTUKAJIE, TIPOSIBUII aBUPYJIEHTHOCTb HAa COPTAaX O3UMOI U BUPYJIEHTHOCTh Ha COPTax
SIPOBOIA TTIIICHULIBI.

Knioueewie croea: BUpyJIEHTHOCTD, TeHBI-3((hEeKTOPhI, MOJISKYJIsIpHAsI IUAarHOCTHUKA, CEJIEKTUBHBIN TOKCUH X0~
3sIMHA, CETITOPHNO3, (hrtoreHeTUIecKoe nepeBo, Parastagonospora nodorum
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BBEAEHWE

Parastagonospora nodorum (Berk.) Quaedvl., Verk-
ley et Crous — (puTonaToreHHbI rpruod, SIBJISTIOIIUIACS
Cepbe3HOI ITPOOIIEMOM OIS TPON3BOAUTEIICH TTIIICHM -
116l Bo BceM mupe (Croll et al., 2021). DToT BU BbI3bI-
BaeT CENTOpMO3 JINCTAa M KOJIOCA IIIICHUIILI, pexke
PX¥, TPUTUKAJIE, TIMEHS X HEKOTOPBIX TUKHX 3JIaKOB
(Richards et al., 2022). ®duTtomnaToreH sBJsieTCS Of-
HUM 13 HanboJjiee BpeJOHOCHBIX BO BCEX 36 PHOIIPOU3-
Bomsinux crpaHax (Phan et al., 2018). I1epBbie cuiib-
HbI€ TTOPaXXEHUS TLIEHULIbI CENTOPUO30M, BbI3BaH-
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vele P. nodorum, otmedannch B CIIIA m Kanane B
1920-x 1 1940-x romax (Shipton et al., 1971). C Tex mop
CEIITOPUO3, BBI3BIBAEMbIIA 3TUM BUIOM, IIPU3HAH OJI-
HUM 13 OCHOBHBIX 3a00yieBaHM IieHUIIb B CeBep-
Hoit AMepuke, EBporie, ABCTpajium 1 APYyTUX 4acTsIX
Mupa, BbI3bIBast HoTepu yposkast 1o 30% (Solomon et al.,
2006).

B ronsl animuToTHI! CENTOPMO3a JIMCThEB U KOJIO-
ca B pa3HbIX pernoHax Poccuu notepu ypoxkas miie-
HULBI MoryT mpeBbiiath 40% (Sanin et al., 2018).
IlepBbie CUMIITOMBI CENTOPHO3a Ha COpTax O3UMOM
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Ta6muna 1. HpOI/ICXO)K)ICHI/IC MOHOKOHUAMWAJTBbHBIX U30JIATOB Parastagonospora nodorum ITOJIYYEHHbIX U3 O6pa3]_[OB

u3 Airaiickoro kpas B 2022 1.

Howep Homepa nzonsitoB [Tpoucxoxnenue obpasia Pactenue-xo3simuH

obpasua
1 110-22-1 (30) CwMmouteHckuii p-H, OO0 “KutHuna” sipoBast msrkas mueHuna KBC bBypan
2 112-22-1 (30) 3oHalIbHBIN p-H, arpodupma “HUBA” o3uMast Msrkas mnieHuna CKumneTp
3 113-22-1 (30) Cwmonenckuii p-H, OO0 “2KutHuna” SIPOBOI OBeC
4 116-22-1 (30) 3oHanbHBIN p-H, arpodupma “HUBA” sipoBoii oBec COMPCKUIL TepKyiec
5 117-22-1 (30) Cwmonenckuii p-H, OO0 “Arpo-Cubups” |sapoas msrkas nineHuiia KBC bypan
6 118-22-1 (30) LlenmmHHEBIN p-H spoBas msrkas mieHnna KBC bypan
7 122-22-1 (30) “» TpUTHKAJIe
8 123-22-1 (30) Kamenckuii p-H, OO0 “IIpuosepbe” sgpoBas msrkas nmueHnua KBC AkBuioH

MIIEHUIBI B AJITaliCKOM Kpae OTMeUYaloTCsd B Hadaje
uIoH: B a3y Havaja kojomeHus (51 mo mkane 1la-
nokc) (Manylova et al., 2018).

CenTopuno3 TUCThEB 1 KOJI0ca — OTHO U3 HanboJiee
5KOHOMUWYECKU 3HAYUMBIX 3a00JICBAaHUI TILICHULIBI B
Cubupckom pernone (Toropova et al., 2020). Mccae-
noBaHwus, npoBeaeHHbIe E.}O. ToponoBoii ¢ Komiera-
MU B 2016—2018 rr., mokasauu, yto B 3amagHoii Cu-
oupu P. nodorum HOMUHUpYET B MaTOT€HHOM KOM-
IUIEKCE CENTOPUO3HBIX TSTHUCTOCTEM TIIIEHUIIbI
(35% mo nokasareiro pasBuTus 6osnesHu u 90% mno
pacnpocTpaHeHHOCTH). BUioBoii coctaB Bo30yauTe-
Jieli cenTopro3a peruoHa ObLl MpeacTaB/ieH BUIAMU
Parastagonospora nodorum, P. avenae f. sp. triticae n
Zymoseptoria tritici (Septoria tritici). I3 ynciia 3Tux BU-
noB B HoBocubupckoii oon. P. nodorum BcTpedaicst
yaie Bcero. B TioMeHCKOI 00JI. TOMUHUpPOBaHUE
P. nodorum He 0b110 TakuM Oe3yCIOBHBIM. B Aurraii-
CKOM Kpae npeobnangan P. nodorum, a Bunel P. avenae
f. sp. triticae u Zymoseptoria tritici BCTpeYaJIUCh TaKXKe
MOBCEMECTHO, HO 3HauuTeJibHO pexe (Toropova et al.,
2020). ITpu sTom Haxonku Parastagonospora avenae f.
Sp. triticae — TaKCOHA C HESICHBIM CTaTyCOM, BEPOST-
HO, KOppeKTHee OTHOCUTh K HelaBHO OIMMCAHHOMY
Buny P. pseudonodorum (Croll et al., 2021).

Bungpr P. nodorum, P. pseudonodorum n Pyrenophora
tritici-repentis N3BECTHBI CBOEi1 CITOCOOHOCTBHIO CUHTE-
3UpPOBaTh HEKPOTPOdHBIE 3(hdeKTophl (necrotrophic
effectors — NEs), B ToMm yucie crieuuuIHbIe K X035~
nHy TokcuHBI (host selective toxins — HST5), KoTopbie
MOTYT (PYyHKIIMOHUPOBATh KaK (paKTOpbl MaTOTE€HHO-
ctu (Ciuffetti et al., 1997). JInsi nuieHULbl OMTUCaHbI
reHbl, 00YCIOBIMBAIOIINE YCTOMYMBOCTh K JaHHBIM
TokcuHaM. OxapaKTepu30BaHO B OOILIEi CI0KHOCTU
JIeBSTb TEHETUUYECKUX B3aUMOIEUCTBUI B TTaTOCHCTE-
Me “NIIeHuna — TpUO-TIPOAYIIEHT CIeIM(PUIHOrO
TokcuHa”: Tsnl — SnToxA; Snnl — SnToxl1; Snn2 —
SnTox267; Snn3-B1 — SnTox3; Snn3-D1 — SnTox3;
Snn4 — SnTox4; Snn5 — SnTox5; Snn6 — SnTox267;
Snn7— SnTox267 (Richards et al., 2022).

K HacrosimeMy BpeMeHM OTCeKBEHUPOBAHBI TPU
reHa pacteHusi-xo3simHa: Tsnl (Faris et al., 2011),
Ne 5
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Snnl (Shietal., 2016) u Snn3-D1 (Zhang et al., 2021),
a TakKe IISITh TEHOB, KOOAUPYIOIINX 0enK1-3ddeKTo-
pot y rpuba: ToxA (Friesen et al., 2006), Tox3 (Liu et al.,
2009), Tox1 (Liu et al., 2012), Tox5 (Kariyawasam et al.,
2022) u Tox267 (Richards et al., 2022).

Lems mapHOIT pabOTHI COCTOSIIA B MOATBE PKICHUI
BUJIOBOM TIPUHAAJEXKHOCTU aJITAMCKUX M30JISTOB
Parastagonospora nodorum mnyTemM aHajlu3a HYKJIEO-
TUIOHBIX IIOCJIEAOBATEIbHOCTE IBYX (DMIIOTeHETHUYE-
cku nHdpopmatuBHbIX JJokycoB JIHK ITS u fub2, a
TaKXe B oIlpedesicHun TreHoB-3(PdekTopoB 7Toxl1,
Tox3, ToxA 1 n3ydeHUU BUPYJICHTHBIX CBOMCTB MOJIY-
YEeHHBIX U30JISITOB.

MATEPHAJIbI 1 METO/bI

O06pa3iibl MOPaXKEHHbIX JUCTbEB MIIEHULIbI, TPU-
THKaJie U oBca cobupasu B 2022 I. Ha TEppUTOPUU AJT-
Talickoro Kpasi. MeTeoycoBus rojia Clioco0CTBOBAIN
Pa3BUTUIO CENTOPUO3HBIX MH(PeKIMi. CTeneHb no-
paxeHust UHGEKIIMOHHOTO MaTepuaia, OTOOpaHHOIO
IJIs1 aHanmu3a, BapbrupoBaia ot 30 mo 40%. Jlis c6opa
00pa31oB MOpaXXeHHbIX PACTEHU I TPOBOAWIIN O0CIe-
JIOBaHUSI TTOCEBOB B p-HaX, YKa3aHHbIX B Ta0. 1. Bce
obpa3ziipl 66T cobpaHbl B pa3y co3peBaHUs, B CTa-
JINI0 MOJIOYHO-BOCKOBOM CIIeIOCTU pacTeHMid (75—
85 mo mkane 3agokca). Cobupanu JUCTbSI C TUITAY-
HbIMU BHEIITHMMU MMPU3HAKaMU CeNTopuo3a 1 repba-
pU3UPOBATIU.

Bcero 6b1u10 cOOpaHo BoceMb MH(PEKIIMOHHBIX 00-
PAaslIoB, 1TOA KOTOPHIMU MOHUMAJIH TPYITIY JIMCTHEB C
XOPOIIIO BbIpAaXXEHHBIMU CUMIITOMaMHU CeNTOpUO3a,
COOpaHHBIX Ha OTHOM TIOJIe TI0 €r0 MHaroHaIu Jyepe3
paBHBIC PACCTOSTHMS B OMHO Bpems. B manbHeiimmem
0o0pa3subl aHAJTM3UPOBAIU B Ja00OPATOPHBIX YCIOBUSIX
IIJIST YCTAaHOBJICHWST BUIOBOTO COCTaBa BO30OyIUTENCH
CEITOPUO3HBIX IISITHUCTOCTEH (Tadm. 1).

Jns mpenBapUTEIbHOTO aHajM3a CEeITOPHMO3HBIX
MATHUCTOCTE MCIIOJb30BAJIA MUKPOCKOIUYECKUN
aHajIu3 TpuOOB, IPUCYTCTBYIOIIMX Ha (parMeHTax
TKaHU pacTeHM ¢ cuMOToMamu centopuo3a (Pyzhi-
kova et al., 1989). D10 1MO3BOINIO MPEANOJOXUTH HA-
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SEJIEHEBA u np.

Taomuna 2. Criucok nipaiimepos st [TLP

Jlokyc IIpaiimep ITocnenoBaTenbHOCTD 5'—3' ABTOpBI Pasmep
aMIUTMKOHA, IT.H.

Tox1 SnToxIcF ATGAAGCTTACTATGGTCTTGT Gao et al. (2015) 500
SnToxIcR TGTGGCAGCTAACTAGCACA

Tox3 SnTox3cF CTCGAACCACGTGGACCCGGA 600
SnTox3cR CTCCCCTCGTGGGATTGCCCCATATG

ToxA TA5IF GCGTTCTATCCTCGTACTTC Andrie et al. (2007) 573
TA52R GCATTCTCCAATTTTCACG

ITS 1TSS GGAAGTAAAAGTCGTAACAAGG White et al. (1990) 605
1TS54 TCCTCCGCTTATTGATATGC

tub2 Tl AACATGCGTGAGATTGTAAGT O’Donnell, Cigelnik (1997) 1300
122 TCTGGATGTTGTTGGGAATCC

Jinure Bo Bcex obpasuax Parastagonospora nodorum v
OTCYTCTBUE APYTrUX BO3OyauTesei cenTopro3osB. s
MOATBEPXKICHUS 3TOTO TIpeanonoxeHus ¢ 30 TUCTheB
KaxXIoro MH(QeKIIMOHHOTO 00pa3iia OTOMPAITN TTO O~
HOI MUKHUZAE IS JaJbHEHUIIero paccesa U moayde-
HUSI MOHOKOHUJIHMAJBbHBIX M30JISITOB Ha KapTodeib-
Ho-1oko3HoM arape (KI'A). Bcero 6b1u10 1osydeHo
1o 30 MOHOKOHUIMAJILHBIX U30JISITOB U3 KaXKI0To 00-
pasua. OnurcaHue KyJabTypaalbHO-MOP(HOJIOTUYECKHUX
MpU3HAKOB MpoBoawin Ha 20-it neHb. [Tpu onucanuu
peructpupoBaid MOpGOTUIT KOJIOHUIM, a TaKKe WH-
TeHCUBHOCTH criopyisiunu (Pyzhikova et al., 1989).

I'enomuyro JIHK Beimensimu cranmaptHeiM CTAB/
XJI10po(OPM-METOAOM 13 KOJIOHUN MOHOKOHUINAJIb-
HBIX M30J19TOB, MonydyeHHbIX Ha KI'A (Doyle, Doyle,
1990). PeakiimoHHas cMech ISl aMIIUUKALIMU Te-
HomHo# JIHK ¢duHansHBIM 00beMOM 25 MKJT coaep-
xkana: 2.5 mxia 10x IIIP — oydep (buonadbmukc),
0.5 Mk cmecu dNTP (10 MM), 0.5 MKJI KaxIoro
npaiimepa (25 MxM), 0.15 mxa Taq IHK-nmonumepa-
3bl (5 enm./mku1, Juanar), 1 mxn reHomHoi JJHK u
19.85 mxu diH,0. AMmnmuduumrpoBaHHbie hparMeH-
TBHL pa3Ie/siId METOIOM 3jekTpodope3a B 1.5%-Mm
araposHoM rejie, B 1xX TBE o6ydepe (pH 8.2), renp
OKpallliBaJIiu GPOMUCTBIM 3TUAEM. Il OLIEHKM pa3-
Mepa ¢parMeHToB wucnoab3oBaiu JHK-mapkep
Step100 plus (bronadbmukc).

IMonTBepxxneHue pe3yJbTaTOB IpeaBapUTEIbLHOM
UIeHTU(UKALIMW OCYIECTBIISUIN MPU TMMOMOIIU CEKBe-
HupoBaHus JIHK 8 n3o51T0B (110 OMTHOMY 13 KaXKI0ro
MHMEKIIMOHHOTO 00pa3na). 151 ceKBeHupOBaHUS UC-
MOJIb30BAIM JIBa (DUIOreHeTUYeCKU MHHOPMATUBHBIX
Jokyca JTHK — BHyTpeHHHME TpaHCKpUOUpyeMble
cneiicepbl (ITS1-5.8S—ITS2, npaiimepst IT.55/1TS4)
u ¢dparmeHT reHa B-tyOynuHa (fub2, mpaiimepbl
T1/T22) (White et al., 1990, O’Donnell, Cigelnik,
1997) (Tabu. 2). CekBeHupoBaHue 1Mo Mmetoay CaHre-
pa (1977) ocymiecTBs/IM Ha TEHETUYECKOM aHaIu3a-
tope ABIPrism 3500 (Applied Biosystems — Hitachi,
SAnoHus) B COOTBETCTBUM C MPOTOKOJIAMU TTPOU3BO-

MUKOJOI'A U PUTOIIATOJIOTUA

JIUTeJIs1 C UcHojb3oBaHMeM Habopa BigDye Termina-
tor v. 3.1 Cycle Sequencing Kit (ABI, CIIIA).

dunoreHeTUYECKNE JI€PEBbsI OBLIM ITOCTPOECHEBI
METOJOM MaKCHMajJbHOro mnpasmonomodous (Maxi-
mum Likelihood, ML) B mporpamme MEGA X (Ku-
mar et al., 2018). HagexXXHOCTb TOOJOTUM MOCTPOEH-
HBIX OEHApPOTrpaMM OLICHUBAJIM C IIOMOIIBIO OYT-
crperr-anam3a ¢ 1000 moBTopHOCcTSIMU. B KadectBe
pedepeHCcoB OBIIM MCIIOJb30BaHbl ITOJYyYeHHBIE W3
6a3nl paHHbIX GenBank HykieoTuaHEIEC ITOCIEIOBA-
TEeJILHOCTU pa3HbIX BUIOB Parastagonospora.

CKpUHUHT U30JsITOB P. nodorum Ha Hanmmdue re-
HoB-3ddekTopoB: ToxA, Tox1 n Tox3 OBLT TIpOBeNeH
npu nomoiuu IIHP. i 3Toro aHaau3upoBaau IO
10 MOHOKOHUMIMAJILHBIX U30JISITOB U3 KaXXI0T0 00-
pasiia.

I[N P-ckpyHMHT Ha IIPUCYTCTBUE reHoB Snlox] n
SnTox3 mpoBomunu 1o metoaguke Gao et al. (2015) ¢
HMCHoNIb30BaHMeM map IpaiimepoB SnloxIcF/SnTox IcR
u SnTox3cF/SnTox3cR, coorBeTcTBeHHO. 10XA Ine-
TekTupoBasin ¢ Tniomounpio IIHP ¢ mnpaliMmepamu
TAS1F/TA52R (Andrie et al., 2007) (Ta6J. 2).

BupyneHTHOCTBb U30JTOB P. nodorum onpeneisiu
B JIAOOPATOPHBIX YCIOBUSIX, UCHOIb3YSI METOM, OLIEH-
KM Ha M30JIMPOBAHHBIX JIUCTHSIX MIIIEHULIBI, COIIACHO
pa3paboTaHHbIM paHee MetogukaM (Pyzhikova,
Karaseva, 1985; Kolomiets et al., 2017). Mcnbiranus
MPOBOAWIN B TPEXKpaTHOM ITOBTOPHOCTH. OIIEHKY
TUIIOB peaKkIIu1 COPTOB Ha 3apakeHue MPOBOIWIY T10
yeThIpexOauibHOM 1mKaie (Pyzhikova, Karaseva, 1985):
0 — cumnToMoOB HeT; 1 — MeJIK1e TEeMHbIE TOYEUYHBIS
HeKpo3bl (1—2 MM); 2 — TeMHO-0ypbie pa3pacTaro-
IIMecsl, 4YeTKO OrpaHuYeHHBIE IISITHA Oe3 XJI0po3a;
TKaHb JINCTA OCTaeTCs 3eJICHOI; 3 — CBETIIO-OyphIe
win Oypble paspacTalolluecsl IMSATHA, OKPY>XKEHHbIe
XJI0p0o30M; 4 — CBETJI0-Oyphle, OBICTPO pa3pacralo-
muecs MITHa 0e3 YeTKOM OorpaHM4eHHOCTH (HaOII0-
JaeTcsi oOpa3zoBaHue MUKHUT). M304ThI, mOpa3uB-
mue pacreHust Ha (0—2 Oayuta) OTHOCWIIM K aBUPY-
JICHTHBIM, Ha 3—4 0ajjia — K BUPYJICHTHBIM.
Ne 5
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Puc. 1. Kononuu Parastagonospora nodorum (a) v MMKHOCIIOPHI (0), MOJy4eHHbIE Ha KapTodeabHO-ITI0KO3HOM arape (20-e cyT po-

cra). Macmrabd — 50 MKM.

B n3ydyeHune BUpyJIeHTHBIX CBOMCTB OBIJIM BKIIOYE-
HbI BOCEMb MOHOKOHUWAWAIBHBIX M30J151TOB. [Tapasuiens-
HO 3aKJIaAbIBaJIM YEThIPE dKCIIepuMeHTa. [lepBhIil —
copTa IIIEeHULIbI 3apakaJu UHOKYJIIOMOM, BKJIIoUa-
IOIIIMM CMeCh MUKHOcCTOp u30saToB 110-22-P.n.,
117-22-P.n., 118-22-P.n., 123-22-P.n., 1Ioy4eHHBIX C
SIpOBOI MIIeHUIBI. Bo BTOpoM 3KcIIepuMeHTe 3ameii-
CTBOBaJId MHOKYJIIOM, BKJIIOYAIOIIUI CITOPBI U30J5ITa
112-22-P.n. ¢ 03UMOii MIIICHUIIBI; B TPETHEM — CHOPHI
nzonsaroB 113-22-P.n., 116-22-P.n., mony4eHHBIE C
oBca. YeTBepThlii 9KCIIEPUMEHT BKIOUAT MH(MEKII-
OHHBI MaTepurall U30JIITa, BEIASICHHOTO C TPUTHKA-
e — 122-22-P.n. (ta6ma. 1). IIposiBaeHre HEKpOTHUYE-
CKUX TISITEH Ha JIUCTbSIX OTMEYAIM Ha 7 CYyTKHU IMOCie
UHOKYyIsIuu. OCHOBHOM y4YeT IIpOBOAMIIM Ha 12 neHb.
MuoxkynupoBanu 19 copToB 03uMoOii MATKOM n 12 —
SIpOBOI MIIeHUIBI (Tab. 3).

CraTuCcTHYeCKyI0 00pabOTKy TaHHBIX ITPOBOIMIIN
C UCITOJIb30BaHMEM KOMIIBIOTEPHOI MporpaMMBbl Sta-
tistica 12. Paznuuus mexay peakiiyeit COpTOB IIIIEHU-
OBl Ha 3apaxeHue WHGPEKIMMOHHBIM MaTepPUaIoOM B
YeThIpeX 3KCIEPUMEHTAJIbHBIX TPYIIaxX OLIEHUBAIU C
nmomoliibio Kputepust Kpackena—Yosiuca, pesysibTa-
Tl MeanaHHOIO TecTa MCIIOJIb30BaIN IS YCTAaHOB-
JICHUS pa3INunil MeXXay BUPYJIEHTHBIMU CBOMCTBAMU
rpyni u3oisatoB. [TonapHoe (MHOXECTBEHHOE) CpaB-
HEeHMe TPYMIT U30JISITOB IJIsl YCTAHOBJICHUST pa3inInii
MEXIY UX CITOCOOHOCTBIO MPOSIBISAITH BUPYJIECHTHBIE
CBOIICTBa MpPH 3apaKeHUU O3UMEIX U SIPOBBIX COPTOB
MIIIEeHUIIBI, TPOBOIWIN C UCIIOJIb30BaHUEM KPUTEPUSI
Hrromena — Keynca (Trukhacheva, 2017).

PE3VJIBTATBI U OBCYXIEHHUE

Koyionnn Bcex M3ydeHHBIX U3OJSITOB aJITalicKOM
cyononyasiuMy ObLTM UAEHTUYHbBI 110 KYJbTYPaJlbHO-
MODP(}OJIOrMYEeCKUM CBOMCTBAM W MMEIU XOPOIIO
Pa3BUTHIN OapXaTUCTHIM MULIEIUNA ¢ OOJBIINM KO-
JIMYECTBOM MMUKHUA. Bce KOJIOHUU MMeNnn cepenu-
HY CBETJ0-0yporo 1iBeTa, o nepudepun — TeMHbIe
(cMmemanHblii TvIT) (puc. 1). KonoHnun xapakrepuso-
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(>10 muH cnop/cm?). Ux pasmep Ha KI'A mocturan
80—90 MM B 1uam.

AHaIu3 pe3ylbTaTOB CEKBEHUPOBAHMSI TMOKa3all,
YTO IocaemoBaTebHOCTH Kak ITS, Tak 11 fub2 BocbMU
MOHOKOHUINAJIBHBIX U30JISITOB M3 Pa3HBIX 00pa3LoB
uneHTUYHbl. CpaBHEHUE MOJYYEeHHOM IToCiIeaoBa-
tenbHOCTH ITS ¢ pedepeHCHBIMU TAaHHBIMU TIPOJE-
MOHCTPUPOBAJIO €€ WICHTHUYHOCTb C U30JITaMUu
CBS 259.49 (KF251185, penpe3eHTaTUBHBIN IITAMM)
u CBS 146873 (SRR11074999, mitamMm, BeIIeTeHHBIN
u3 Heotura P. nodorum).

CpaBHeHMe ITOJIy4eHHOM B JaHHOM padoTe 1mocie-
JnoBaTeJbHOCTHU fub2 ¢ 6a3oit naHHbIX GenBank moka-
3ajo 100%-e CcXOOCTBO C MOCIEAOBATEILHOCTBIO
AY786335 uzonsara S-80-301 P. nodorum, BulneieHHO-
ro u3 tTputukaiue B 1980 rogy B CIIIA (Malkus et al.,
2005). CxoncTBO ¢ ApyruM Hanuboiee OJIM3KUM U301~
ToM Sn48-1 (AY786331) P. nodorum COCTaBISLIO yXe
99.92%. Cxoncto co mramMmmoM CBS 146873 P. nodo-
rum coctaBuino 99.24%.

MeHbliasi TnpencTaBlieHHOCTh tub? Parastagono-
spora spp. B 6a3ze maHHbIXx GenBank He mosBossieT
MPOBECTH MTOJTHOLEHHBIN (DUJTOTeHeTUUECKUA aHaJTU3
IO ABYM JIOKYCaM C HCIIOJIb30BaHMEM OTHMX TEX 3Ke
pedepeHcHBIX ITaMmMoB. OmHako B padbote Zhao et al.
(2021) ObUTO TTOKA3aHO, YTO pa3pelraronieit cnocoo-
Hoctu ITS BiojiHE JOCTAaTOYHO IJIs1 pa3ae/IcHUS YjIe-
HOB Parastagonospora sp. Ha OTIEIbHBIC BUIHL.

Takum o6pa3zoM, IIpUMeHEHNE MYJIbTUIOKYCHOTO
CeKBEHMPOBAHUSI TaKCOHOMMYECKUM WH(OpMaTUB-
HbIX JoKycoB JIHK — BHyTpeHHero TpaHckpudupye-
moro crieiicepa (ITS) u pparmenTa rena B-tyoyiauHa,
MMO3BOJIJIO TIOATBEPAUTD MTPUHAIJIEXKHOCTh U30JISITOB
Buny P. nodorum. Mopdoioruss nukKHWA, KOHUIUIA,
XapaxkTep pocTa KojaoHui rpmooB Ha KI'A, Takske co-
otrBeTcTBOBaU P. nodorum (Kolomiets et al., 2017).
I[Ipy ucnonb3oBaHUM TOJBKO MUKPOCKOIIMU JJIst
uneHTuukanuu P. nodorum wn P. pseudonodorum
MOKHO IOTTYCTUTh OIIMOKY, TaK KaK BUIbI (DOPMUPY-
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Tabomuna 3. AHamu3 BUPYJIEHTHOCTH aiTalicKoit cyonomnynsuuu Parastagonospora nodorum

NuoxymoMm 1 NuoxymioMm 2 HNuoxkymom 3 HWnokymiom 4
Ha3zBaHue n30151TOB/pacTeHne-X03sIMH
Haszsanwue copta
TIIIEHUIIBI 110-22-1, 117-22-1, 118-
! 20-1, 123-22-1/spopas | 127227 1/03MMAT s oy 1 116-22-1/0mec|  122-22-1/rpumikane
enma MIIeHUA
O3uMbIe COpTa MIIEHULIBI
Bbesenuykckas 380 2.8 £ 0.4* 3.6x0.5 1.8 £ 1.1 22+04
Buprioza 2.6 £0.5 3.8+04 1.2+04 2+0
3BOHHMILIA 2.8+0.8 2.6 £0.5 1.2+04 2+0
H3ioMuHKa 3+0 3+0 1.8 £0.4 2.4+0.5
HWHuna 2.8+0.4 2.6+0.5 1.6 £0.9 3+£0
Kocosumna 2.6+0.5 3+0 2.6+0.5 22104
Jlaryna 2.6+0.5 2.6+0.5 24+0.5 2.4+0.5
JlatpiHeBKa 2+0 2.6+0.5 1.6 £0.9 24+0.5
Jluneuikast 3Be3na 22104 2+0 1+0 1.4+0.9
JIprosckas 167 2.6+0.5 2.8t04 22104 3+0
MupoHoBckas 100 2.4+0.5 3+0 1+0 24+0.5
MupoHoBckast 808 22+04 2.6+0.5 1.2+0.4 1.2+0.4
MockoBckas 39 3.6+0.5 3+£0.7 24%0.5 34%0.5
MockoBckas 40 22+04 3+£0 1.6 £0.5 3+0
Ipectmk 2.6 £0.5 24+0.5 24+0.5 28+04
CUHTETUK 1.4£0.5 1.2+0.4 1£0 1.6 £ 0.5
JoHn 93 1.4 £0.5 1+0 1.4+0.5 2+0
Ckurnetp 1.4 £0.5 2.4+0.5 1£0 22104
JIbrosckas 4 28+04 2.6+0.5 24105 3+0
CpenHee 3HaUeHUE 2.7%£0.8 2.7%0.8 1.6 £0.6 22+0.6
SIpoBbIe copTa MIIEHUIIBI
Bensnka 3+0 2.6+0.5 22+04 2+0
Besenuykckas 182 3+0.0 26%0.5 26£0.5 24+£0.5
Boponexckast 7 22+04 22+04 24+0.5 2.6 0.5
Boponexckas 14 2.6+0.5 32104 2+0 3+0
Kuura 2.6 £0.5 2.6 £0.5 24+0.5 28104
Kunenbckas 6 1.2+04 1.8 £0.8 2+0 2+0
JleGenymka 22+04 22+04 22+04 26£0.5
Myibet 6 R 2.6 £0.5 2.6 £0.5 22104 24+0.5
Tynaitkockas 5 3x0 310 22+0.8 2.6 £0.5
dasopur 3+0 32+04 22+04 310
VYnaua 3+0 3.4+0.9 24+0.5 2.8+0.4
Kypckas 2038 3+0 32+04 2.6+0.5 3+0
CpenHee 3HaYCHNE 2.8+0.7 2.8+0.5 22104 2.7+0.5

Ipumeuanue. M3051ThI, mopaxalolye MilleHUIly Ha 3—4 6ajia, KiaccupuiupoBaiu Kak BUPYJIeHTHBIe, Ha 0—2 6ajula Kak aBUPYJICHT-

Hble. *CpenHee 3HaUeHUE + cTaHIapTHOE OTKJIoOHeHue, n = 30.

IOT Ha MOPaXXeHHOM TKAHU JIUCTA IMMOXOXWE MUKHUIBI
40—250 MKM IraM., UX ITUKHOCHOPHBI MOTYT OBITH TO-
Ke oIMHAaKOBOTo pa3smepa. ¥ P. nodorum criopsl 1IJI-
JIMHAPUYECKUE, IIPSIMbIE WJIY CIeTKa U30THYThIe, ¢ 1—
3 meperopoakaMu, pazmMepom 12—35 X 2—4 mxMm. Ko-

Hunuu P. pseudonodorum unnuHapuydeckue, psiMbie,
¢ 3—4 nieperopoakamu, 26—42 x 2.8—3.5 Mxm. Bunsl
GbOpPMUPYIOT TTIOXOXKME KOJOHUHU TIPU POCTE HA TMTa-
tenbHBIX cpenax (Kolomiets et al., 2017). IToatomy,
YYUTHIBasl Halll MHOTOJIETHUI OITBLIT pabOTHl C TpU-

MHUKOJIOI'UA U GPUTOIIATOJIIOTHUA  tom 57 Ne 5 2023
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60| Q757927 ' Phaeosphaeria avenaria f. sp. tritici 1' A21

JQ757915 'P. avenaria f. sp. tritici 1' A10

MZ049619 P. pseudonodorum 2289-3

JQ758158 'P. avenaria f. sp. tritici 1' J38

JQ758125 'P. avenaria f sp. tritici 3' 137

JQ758124 'P. avenaria f. sp. tritici 3' 136
JQ758130 'P. avenaria f. sp. tritici 3' 18

—

N-)
~

—— JQ757879 'P. avenaria f. sp. tritici 5' AVRS

MZ049620 Parastagonospora pseudonodorum 2289-5
AF439472 Phaeosphaeria avenaria ATCC 18596
KF251177 Parastagonospora nodorum CBS 110109
JQ757945 ' Phaeosphaeria avenaria f. sp. tritici 1' A38

SRR11075009 Parastagonospora pseudonodorum CBS 146867
JQ758227 'Phaeosphaeria avenaria f. sp. tritici 1' N22

KJ869116 Parastagonospora poagena CBS 136776
JQ757878 ' Phaeosphaeria avenaria f sp. tritici 5' AVR4

L JQ757877 ' Phaeosphaeria avenaria f. sp. tritici 5' AVR3
SRR11074999 Parastagonospora nodorum CBS 146873

ﬂi KF251185 P. nodorum CBS 259.49
75 110-22-P.n.. 112-22-P.n.. 113-22-P.n.. 116-22-P.n.. 117-22-P.n.. 118-22-P.n.. 122-22-P.n.. 123-22-P.n.

Parastagonospora pseudonodorum

Phaeosphaeria avenaria f. sp. tritici 3'

Parastagonospora bromicola

Parastagonospora nodorum

KF251178 P. poae CBS 135089
97V KF251179 P. poae CBS 135091
—— KUO058715 P. uniseptata strain MFLUCC 13-0387

MKS539958 P. phragmitis CPC 32075

L MW263184 Parastagonospora stipae Mordecai 1617
100 [ KUO058711 P allouniseptata MFLUCC 13-0386
L MNO002869 P. macrouniseptata KUMCC 16-0111

0.02

-

Puc. 2. @unoreHeTryecKoOe AepeBO IS IUTaMMOB Parastagonospora nodorum v 6JIM3KUX BUIOB, PEKOHCTPYUPOBAHHOE METOIOM
MaKCUMaJIbHOTO Tpapaononooust (ML) o HykIeoTUIHBIM nocienoBareabHocTsIM Jokyca ITS. [TocnenoBarenbHOCTH, MOTYYEH-
Hble B JaHHOU paboTe, 0603HaUYEHBI MOAUYepKUBaHUEM. ISl N3yYeHHBIX U30JISITOB MIPUBENeHBI 3HAYSHUST Oy TCTPe-TOAICPXKKH,
npesbimatonve 50%. B kauecTBe BHELIHE TPYMITBI UCTIONB30BaH BUL Parastagonospora phragmitis. TakcOHbI Ha3BaHbI B COOTBET-
ctBum ¢ Zhao et al. (2021). MacmTa6 — 0.020 oxxunaeMblx 3aMeH Ha CaiT.

OoMm, cuMTaeM, 4To umaeHTuuKauumw P. nodorum u
P. pseudonodorum HeoOXonMMo NMOATBEPKIATH METO-
JTaMH1 MOJICKYJISIPHOM JTMAarHOCTUKM.

B pesynbraTe nmoucka reHoB ToxA, ToxI u Tox3 c
nmomotpio IIHP B reHotnne mzonsatoB P. nodorum
OBLI BBISIBJIEH TOJIBKO reH Tox3 (pucyHok 3). B uccie-
nmoBanus Bkiaodany JJHK kaxnbix 10 MOHOKOHUIM -

4 5 o6

7 & K+ K-

Puc. 3. DnektpodoperpamMmma npoayKToB aMITTA(DUKAIINNA
JAHK uzonstoB Parastagonospora nodorum u3 AnTaiickoro
Kpasl ¢ mpaiMepamu, crieuuuIHbIMUI K reHy 7ox3 (pa3-
Mep amriuimkoHa 600 m.H.). M — mapkep Stepl00 plus
(Bronadbmukc). Homepa nHaekcoB, NprCcBOEHHbIE 00pa3-
11aM, COOTBETCTBYIOT HHIEKCaM, pacliu(poBaHHBIM B
Tabm. 1.
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aJIbHBIX U30JISITOB, MOIYYEHHBIX C BOCBMU MH(MEKIIV-
OHHBIX 00pa3IIoB, IIPEIACTABIIEHHBIX B Ta0a. 2. Bcero
nmpoaHajn3upoBaHo 80 Mpoo.

I'ennr ToxA n Tox 1y M3y4eHHBIX U30JISITOB OOHapY-
>XeHbI He Obut. [1pu ncnoab30BaHUM nap IIpaiiMepoB
SnToxIcF/SnToxIcR n TA51F/TA52R nonydeH 4YeT-
kuit I P-npoaykKT COOTBETCTBYIOIIETO pa3Mepa
TOJILKO Y 00pa3L0B, UCITOJIb30BaHHEIX B KAYECTBE I10-
JIOXKUTEIBHOTO KOHTPOJIS.

PaHee HamMu GBLIO MOKA3aHO, YTO T€HbI, KOAUPYIO-
mue SnToxA, SnTox1 1 SnTox3 TIPUCYTCTBYIOT B TI0-
nynsauusax P. nodorum JlenuHrpanackoii, TaMOOBCKOIA,
CaparoBckoii obaacteit (Zeleneva et al., 2022; Kova-
lenko et al., 2023). Tak Kak 1aHHbBI1 BO30YIUTENb CITO-
COOEH MepEeHOCUTHCS Ha O0JIbIINE PACCTOSTHUS, MOXK-
HO OXuOaTh nosBiieHue reHoB 1oxA u ToxI B TeHO-
donme monyaauun P. nodorum Ha TEppUTOPUN
Adraiickoro Kpasi. [Tpy 3ToM 0TMEYaloT, YTO TIOMUMO TpeX
XOPOIIO U3BECTHBIX Y 3TOIO Iprba CYIIECTBYIOT U Ipyrue
HekpoTpodHbIe 3ddexkTopsl (Richards et al., 2022).

[na aHanm3a BUPYJICHTHBIX CBONCTB 8 M30JITOB
P. nodorum ObuUIM crpynnupoBaHbl B YeTbIpe TUIIA
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Tab6auna 4. HI/ICHepCI/IOHHLII‘/JI aHaaM3 IoKasaTeyei BHUPYJICHTHOCTU M30JIATOB Parasmgonospora nodorum, TTIOJTYYCHHBIX

C O3MMOI U IPOBOM MILIEHUIIbI, OBCA, TPUTUKAJIC

CpaBHUBaeMble TPYIITbI

CyMmMa paHTroB

Cpe;LHee 3HAYCHUEC paHra

Kputepwuit Kpackena — Yommuca: H (df = 3, n = 76) = 19.81, paccunTaHHBIi TIpU 3apaskeHUU COPTOB O3UMOM TTIIIEHUIIbI

HMHokymiom 1 839.0 44.16
Wnokymnom 2 964.0 50.74
NHokynoMm 3 423.0* 22.26*
HHokyiom 4 700.0 36.84

Kpurepmii Kpackena — Yomnuca: H (df = 3, n = 48) = 10.29, paccuutaHHBII IpY 3apakeHUU COPTOB SIPOBOIA TIIIEHULIbI

NuokymoMm 1 333.5 27.79
Wnokymnom 2 3435 28.63
HNuoxkymom 3 179.0** 14.92**
HHokyiiom 4 320.0 26.67

Tpumeuyanue. *OTMeYeHBI pa3HOCTH, 3HAUMMBbIE Ha ypoBHe p < 0.0002; **oTMe4YeHbI pa3HOCTH, 3HaYMMBbIe Ha ypoBHe p < 0.016.

WHOKYJIIOMa, B 3aBUCMMOCTH OT PACTEHUS-X03S1HA, C
KOTOPOro OHU ObUIM BbIIEJIEHBI. Pe3ynbTarhl mpes-
CTaBJIEHBI B Ta0IM1IE 3.

I1epBoIiit ”THOKYIIOM, BKIIIOUAIOIINY M30JISATHI 110-
22-1, 117-22-1, 118-22-1, 123-22-1, BeIIEeICHHBIE N3
COPTOB SIPOBOI MILIEHULIBI U BTOPOit — 130T 112-22-1,
MOJIY4EeHHBIN C 03UMOI1 MIIIEHUIIBI, 3apaskKaJii JIUCThS
pacTeHMit B cpemHeM Ha 3 6aiira M ObITM OTHECEHBI K
BUPYJIEHTHBIM.

Wzonsar 122-22-1, BbIOEIEHHBIA W3 TpUTHUKAJE,
MPOBOLIMPOBAJT CUMITOMBI 3apaXKeHUsSI COPTOB O3U-
MOIi ITIIIeHUIIBI Ha 2 0aJl1a, IeMOHCTPUPYS aBUPYJICH-
TOCTh B OTHOIIIEHUHU 3TOM KyJbTyphl. CopTa XKe sipo-
BOI MIIIEHUIIBI TTOpaXkaJauch Ha 3 6ajia, 4To XxapaKTe-
pU3YyeT JaHHBIM M30JST KaK BUPYJEHTHBIM K JaHHOM’
KYJIbTYype.

HMzomarer 113-22-1 u 116-22-1, cocTaBisiomme
WHOKYJIIOM 3 (TaGia. 3), ObUIM aBUPYJIEHTHBI K O3U-
MBIM U SIpPOBBIM COPTaM ITIICHUIIBI.

4.5 (a) 3.2
4.0 2.8
3.5F

30k 2.4
2.5F 2.0
201 1.6
1.5F

Lok 1.2
0.5 ! ! ! L 0.8

1 2 3 4
DKCIIepUMEHT

Ha ocHoBanum kputepust Kpackena—Yosumca
(Trukhacheva, 2017) MOXHO NpPEINOJOXUTb, 4YTO
HauOOJBIIVMM OTJIMYMEM II0 BUPYJECHTHBIM CBOM-
cTBaM 00J1aiaJl UHOKYJIFOM, COCTaBJIEHHBIN U3 U30JI5I-
T0B 113-22-P.n., 116-22-P.n., mojiydeHHBIX C OBca
(Tabn. 4). Takoe TpeAroaoXeHWe MOATBEPXKIAET aHa-
JIU3 AuarpamMM pasMaxa (MeauaHHbIM Tect). Ha mua-
rpaMMax BUIHO, YTO HAaMOOJIbIIIME OTJINYMS OT OCTalb-
HBIX HAOJIOJAIOTCS TIPU 3apakeHUN COPTOB MILIEHUIIBI
MHOKYJIIOMOM B TPETheM 9KcrnepuMeHTe (puc. 4).

JJ1st mormapHOTO CpaBHEHMS PE3yIbTaTOB UeThIpeX
9KCIIEPUMEHTOB C TPUMEHEHUEM PA3HOTO UHOKYJIIO-
Ma Mbl ucTiojib3oBanu kKputepuit HetomeHa—Keysca
(tabin. 5). CormacHo 3TOMYy KPUTEPUIO MHOKYIIOM,
BKJIIOUAIOIIUNA KOHUIUM U30JsITOB 113-22-P.n.-1,
116-22-P.n.-1, mosrydeHHBIE C OBCAa, IT0 BUPYJICHTHBIM
CBOIMCTBaM MMeJl CTaTUCTUYECKU 3HAYMMble pa3jiu-
Yy C OPYTMMM Tpems IpyIllamMy, BKJIIOYaOLIUMU
U30JISITHI C TPUTUKAJIE, SPOBOI U O3MMO TILIEHUIIBI.

(©)

[0 cpenHee

|:| 25-75%
I min—max

1 2 3 4
DKCIIepUMEHT

Puc. 4. MenuaHHBIIM TECT IUIST YCTAHOBJICHMST Pa3IMUMil MEXIY BUPYJICHTHBIMU CBOMCTBaMU IpyIin uzojsitos 1) 110-22-1, 117-22-1,
118-22-P.n.-1, 123-22-P.n.-1 (x03siuH — sipoBasi mieHuua); 2) 112-22-P.n.-1 (o3umast nureuunua); 3) 113-22-P.n.-1, 116-22-P.n.-1
(oBec); 4) 122-22-P.n.-1 (TputuKase): a — o3umasl MieHn11a; 6 — sipoBas nireHuna. Ock abciyce MoKa3biBaeT HOMEP MHOKYJIIOMa,
OCb OpAMHAT — OLIEHKY TUIIOB PeaklM1 COPTOB Ha 3apaXkeHUe MO YeThIPeXOa/NIbHOIM 1IKaJe.

MUKOJOI'A U PUTOIIATOJIOTUA
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Tab6auna 5. HI/ICHepCI/IOHHLII‘/JI aHaaM3 IoKasaTeyei BHUPYJICHTHOCTU M30JIATOB Parasmgonospora nodorum, TTIOJTYYCHHBIX

C O3MMOI U SIPOBO MILIEHUIIbI, OBCA U TPUTUKAJIE

PesynbTaThl McnibiTaHUIT Ha 19 copTax 03MMOI NIIIEHUIBI ™

— UHokyiom 1 NHokynoMm 2 NHokymiom 3 NHoxkymniom 4
by M =2.67 M =2.74 M = 1.63 M =22l
NHokymom 1** - 0.27 0.002 0.27
HMHokyiom 2%** 0.27 — 0.0002 0.07
HMHoOKyIIOM 3¥**** 0.002 0.0002 — 0.02
NHokymom 4##+%% 0.27 0.07 0.02 —
PesynbraThl MCTIBITAHUI Ha 12 copTax SIpOBOM MITIEHUIIHI
TovIiLl HNuoxkymoMm 1 NuoxymioMm 2 NuoxymioMm 3 Huokymom
by M =2.75 M =2.75 M =2.17 4M=2.67
HWnoxkymom 1 — 0.91 0.02 1.00
HNHokymioM 2 0.91 — 0.03 0.69
Nuokymnom 3 0.02 0.03 — 0.04
Wnokyniom 4 1.00 0.69 0.04 —

ITpumeuanue. *Kpurtepuit Heromena — Keysca, oTMedeHbl pa3HOCTH, 3Ha4MMbIe Ha ypoBHe p < 0.05; **110-22-1, 117-22-1, 118-22-1, 123-
22-1 — X035IMH — IpoBag MieHuia; ***112-22-1 — o3umas mieHuma; ****113-22-1, 116-22-1 — opec; *****122-22-1 — tputukane; M —

cpenHuii 6ayi1 BUPYJIeHTHOCTH B rpymre (0—2 — aBupysieHTHbIe; 3—4 — BUPYJIEHTHBIE).

Paznuunst Mexay OpyrMMU TPYIIIIAMU BbISIBJIEHBI HE
ObLIU.

Takum oOpa3oM, IpU 3apaKeHUU COPTOB SIPOBOIA
U 03UMOM MIeHULBI u3oadaramu 113-22-1u 116-22-1,
MOJIYyYeHHBIMM C OBCa, OTMEUYEHO IPOSIBJICHUE aBUPY-
JIEHTHBIX CBOMCTB. ITopaxeHue cOpTOB IIIICHULILI HEe
npeBbIano 2 6amna. Mzomar 122-22-1, BeIOeIeHHBIN
C TPUTHUKAJIE, TIPOSIBIJI aBUPYJICHTHOCTD ITPU 3apake-
HUU COPTOB O3MMOI U BUPYJIEHTHOCTD, IPU 3apake-
HHMU COPTOB SIPOBOM MIIIeHUIIBL. YeThIpe n30JIsTa, IMo-
JIydeHHBIe ¢ spoBoi mmieHuusl (110-22-1, 117-22-1,
118-22-1, 123-22-1) u oguH ¢ o3umoii (112-22-1), oxa-
paKTepu30BaHbI KaK BUPYJICHTHBIE.

B muteparype otmedaeTcs, uto 6enku SnToxA, Sn-
Tox1 u SnTox3 cunTaroTcst OCHOBHBIMH 3(pdeKTopa-
MU natoreHa P. nodorum (Haugrud et al., 2022). I1pu
5TOM TOBOPUTCS, 4TO B marocucreme P. nodorum —
MILIEeHUIA KaxXaoe B3aumoaeiictsue Snlox—Snn crio-
COOCTBYET pa3BUTUIO 3a00JIeBaHUsI. YCTOMUUBOCTD K
SNB HacnenyeTcst KOJIM4eCTBEHHO, M OHAa KOMILIEKC-
Hasga (John et al., 2022). 'eHOTUN BBIAEIEHHBIX HAMU B
YUCTYIO KYJbTYpYy U30JsITOB P. nodorum antaiickoii
cyomonynsiuuu B 100% cnydyaeB xapakTepu30Bajics
npucyTcTBHeM TeHa Tox3 1 oTcyTcTBUEeM TeHOB T0xA
u Tox 1. ITpu npoBeneHNY CEKBEHUPOBAHMUS IO METO-
ny CaHrepa ¢ UCIOJIb30BaHMEM IBYX (DMIOTeHETUYE-
ckn mHpopMaTuBHLIX ToKycoB JIHK — BHyTpeHHEero
TpaHckpubupyemoro crieiicepa (ITS1-5.8S—ITS2) u
¢parmeHTa reHa B-tyoyimHa (fub2) ObLUIO IMOKa3aHO,
YTO C Pa3HBIX BUIOB-X035I€B ObLI ITOJIYyYeH OIMH Tall-
Jjoturn rpuba. OaHaxko, Tpu U3yYEHUN BUPYIEHTHBIX
CBOIICTB, OBLJIO YCTAHOBJIEHO, YTO MHOKYJIIOM, BKJIIO-
yaroluii u30adathl 113-22-1, 116-22-1, mojiydeHHBIE C
OBca, 00JIanaeT aBUPYJCHTHBIMU cBolicTBaMu. OH 10-
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CTOBEPHO OTJIMYAETCS II0 CIIOCOOHOCTU 3apaxaTh
copTa SIpOBOI ¥ O3UMOIA MIIIEHUIIBI 10 CPABHEHMIO C
WHOKYJISIMU, BKJIIOYAIOIIUMU H30JSTHl C SPOBOMA,
O3MMOI MIIEHUIIBI U TPUTUKAJIE, OHU ObUIA Oxapak-
TepU30BaHBI KaK BUPYJCHTHBIC.

3AKJIFOYEHUE

J1as mpaBMIIbLHOM MASHTU(MUKALITN BUOOBOM NPU-
HaJJIeXKHOCTU BO30OyAuTEe cemnTopuo3a rpubdbaMu
pona Parastagonospora 1ieaecoodpa3HO TpagulIMOH-
HBbIE WCCIETOBaHUS MOPMOJIOTUM Tprba JOTOTHITH
KaKMM-JIN00 MOJIEKYIIIpHBIM aHamu3oM. [1o Bceit Bu-
IUMOCTH, IJIT OOCTOBEPHOTO pa3leiieHUs] BUIOB
P. nodorum u P. pseudonodorum nocTaToO4HO CEKBEHU-
poBaHus ogHoro yyactka pAHK (ITS1-5.8S—ITS2).

Ananu3 nH}pEeKIMOHHBIX 00pa3l0B ¢ TUIIMYHBIMU
CHUMIITOMAaMM CENTOPHO3a, MOJYYECHHBIX C SPOBOM U
031MMOM MSTKOI MILIEHULIbI, IPOBOI0O OBCA U TPUTHUKA-
Jie U3 YyeThIpex paiiloHOB AsTaiickoro Kpasi, rmoxkasall,
yTO BO30OynuTeneM siBisiics Bun P nodorum. Ilomy-
YeHHbIC U30JISITHI CofepKaau B TeHoMe TeH 1ox3 1 He
nmMen TeHoB ToxA m Tox 1. U3omsaTel rprba, BEIIEICH-
HbIE C SPOBOM 1 O3UMOI MSITKOM TILIEHULILI U TPUTU-
KaJjie 00J1a1aloT BUPYJIEHTHBIMA CBOMCTBAMMU, U30JISI-
ThI C IPOBOrO OBCAa — aBUPYJICHTHHI IIPU 3apakeHUU
COPTOB O3UMOM U SIPOBOM MILEHULIBI.

Pa6ora BeImosiHeHa ipy moaep:kke Poccuiickoro
HayyHoro ¢onma, mpoekt Ne 19-76-30005. ABTOpBI
OJaromapsT pelieH3eHTOB 3a UX BKJIAJ B 3KCIIEPTHYIO
OLIEHKY 3TOM paGOTHI.
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Molecular Identification, Effector genes and Virulence of Isolates
of Parastagonospora nodorum from Altai Krai (Russia)

Yu. V. Zeleneva®#, Ph. B. Gannibal~*, 1. A. Kazartsev>**, and V. P. Sudnikova®**#
2All- Russian Institute of Plant Protection, St. Petersburg, Russia
bMiddle- Russian Affiliate of the Federal Research Center named after I.V. Michurin, Tambov, Russia
#e-mail: zelenewa@mail.ru
#eo_mail: feannibal @vizr.spb.ru

HH##H
f:3:3:2:4

e-mail: kazartsev@inbox.ru
e-mail: sudnikova47@mail.ru

Septoria blotches represent some of the most harmful wheat diseases that encompass all grain-producing coun-
tries worldwide. They are caused mainly by fungi of the genera Parastagonospora and Zymoseptoria. The aims of
the research were to analyze the nucleotide sequences of two phylogenetically informative DNA loci, ITS and
tub2, of Parastagonospora nodorum isolates from the Altai Krai, to detect the presence of Tox1, Tox3, ToxA effec-
tor genes and to study the virulence of the isolates. Microscopic analysis of fragments of affected plant tissue was
used for primary identification of the Septoria blotch. The causative agent from the studied plant samples was
identified as P. nodorum. Fungal colonies cultivated on potato-glucose agar displayed a well-developed light
brown velvety mycelium with dark periphery (mixed type) and numerous pycnidia exhibiting high sporulation
capacity. Microbiological diagnostics were complemented by molecular genetic studies. Sequencing of ITS and
tub2 loci isolates revealed complete genetic identity of all eight studied monoconidial isolates obtained from dif-
ferent samples. PCR-based detection of tree 7ox-genes demonstrated that the only 7ox3 was present in the geno-
types of 80 tested P. nodorum monoconidial isolates. The ToxA4 and 7ox1 genes were not found in the studied
isolates. The virulence of P. nodorum isolates was evaluated in laboratory conditions using an isolated wheat
leaves assay. Mixture of four isolates from spring wheat and one isolate from winter wheat, were characterized as
virulent. When spring and winter wheat cultivars were infected with two isolates obtained from oats, pathogenic
but avirulent properties were detected. The isolate from triticale was avirulent to winter wheat cultivars and

virulent to spring wheat cultivars.

Keywords: effector genes, host-selective toxin, molecular diagnostics, Parastagonospora nodorum, phylogenetic

tree, septoriosis, virulence
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FIRST DATA ON NIVICOLOUS MYXOMYCETES IN THE “BITSEVSKY FOREST”
NATURAL AND HISTORICAL PARK (MOSCOW, RUSSIA)
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Preliminary studies in the northern part of the “Bitsevsky forest” natural and historical park resulted in the col-
lection of 79 specimens of nivicolous myxomycetes belonging to 6 species from 3 genera. This is the first record
of nivicolous myxomycetes in urban parks in lowlands. Photographs of sporocarps and micromorphological
structures are given for each species. Lamproderma ovoideoechinulatum var. microspora, L. zonatopulchellum, and
Meriderma carestiae var. carestiae were found for the first time in Moscow Region. The data indicate that high
level of anthropogenic pressure, namely trampling and moderate improvement does not restrict sporulation of

nivicolous species.

Keywords: altitudinal distribution of nivicolous myxomycetes, anthropogenic pressure, biodiversity, ecology,

recreation activity, urban territories
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Nivicolous myxomycetes are a rather distinct eco-
logical group comprising species capable of forming
sporocarps in early spring at the edge of melting snow-
banks (Schnittler et al., 2022). Previously, nivicolous
myxomycetes were assumed to sporulate only in the
mountains or rugged areas. However, recent years have
seen isolated data on their occurrence in lowland bore-
al ecosystems in Moscow (Gmoshinskiy, Kireeva,
2023), Leningrad (Erastova, Novozhilov, 2015), and
Tver Regions (Gmoshinskiy, Kireeva, personal data),
as well as in Kharkov Region, Ukraine (Yatsiuk, Leon-
tyev, 2020; Yatsiuk et al., 2023) and other regions
(Ronikier, Ronikier, 2009). The increase in the num-
ber of such works is associated with the understanding
of the nivicolous myxomycete ecology. It has been
shown that these species can form sporocarps only un-
der a favorable combination of several climatic factors
(the absence of severe frost before the establishment of
a stable snow cover persisting throughout the winter)
(Schnittler et al., 2015). Such conditions in the low-
lands are not observed every year. Also, snow melts in
the mountains gradually over several weeks or even
months. An important factor in the mountains is also
the fairly high solar radiation, which, in the presence of
a long and thick snow cover, contributes to the heating
of the soil surface under the snow (Ishikawa, 2003).
Thus, it is possible to discover nivicolous species within
a fairly long period. Otherwise, in the lowlands, only
1—2 weeks may elapse between formation of the first
thawed patches and complete disappearance of snow
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cover. In addition, sporocarps of most species are very
fragile and almost completely destroy after the first
precipitation (Gmoshinskiy, Kireeva, 2023).

The first data on myxomycetes of Moscow Region
date back to the beginning of the 19th century, but reg-
ular studies of the species diversity began only in the
1960s (Bortnikov et al., 2020). Since then, more than
197 species of myxomycetes have been recorded in
Moscow and Moscow Region (Gmoshinskiy, 2013).
A study of the species diversity of nivicolous myxomy-
cetes of Prioksko-Terrasny Nature Reserve was initiat-
ed in 2022, during which 10 species were registered
(Gmoshinskiy, Kireeva, 2023). At the same time, nivi-
colous myxomycetes have not been noted not only in
Moscow but in any large urban agglomeration so far.

The “Bitsevsky forest” natural and historical park is
the second largest forest area in Moscow following
Losiny Ostrov National Park. It is located in the south-
eastern part of the Teplostan Upland, in the most ele-
vated part of it (up to 255 m above sea level), which is
an isolated natural area formed on preglacial drift. Its
modern territory, split by ravines and gullies with steep
slopes, is composed of former estates merged together
in the Soviet era (Uzkoe, Yasenevo, Biryulevo, Kras-
noe, Konkovo, Markovo, Kolchevo, Znamenski Sadki,
etc.) and peasant lands marked off from the estates as a
result of the 1861 reform. Consequently, there are no
continuous forest tracts, but fields and meadows, inter-
spersed with groves. Each plot of land was exploited
depending on the owners’ needs (Korobko, 2013).
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During the Second World War, on the territory of the
present park there was a Moscow Line of Defense with
a branched network of trenches and bunkers. A signif-
icant part of green areas was cut down during its con-
struction and for the needs of local villagers. Therefore,
many broad-leaved trees were planted in the 1950—
1960s (Anonymous, 2023), but a considerable part of
the area is taken up by aspen forests. Most of the coni-
fer stands are also of artificial origin. The oldest ones
are oak forests (180—190 years old) and linden forests
(90—100 years old), but their area is not large, and the
main area is covered by linden forests, represented by
70—90 years old plantations, and birch forests (60—
70 years old). The understory is formed by linden and,
occasionally, by spruce. The dominant species in the
undergrowth is hazel.

Material was collected on April 11, 2023 in four
study plots located in the northern part of the park, in
the vicinity of the Bitsa Euestrian club:

Loc. 1 — Birch forest with linden: Betula pendula Roth,
Malus sp., Tilia cordata Mill.; undergrowth: Acer platanoides
L., Cornus sericea L., Corylus avellana (L.) H. Karst., Sorbus
aucuparia L. (55.64454° N, 37.57774° E). — Loc. 2 — Mixed
forest with birch, acer and linden: Acer platanoides, Betula
pendula, Tilia cordata; undergrowth: Corylus avellana
(55.64450° N, 37.57142° E). — Loc. 3 — Linden forest with a
few birch trees: Tilia cordata, Betula pendula (55.63901° N,
37.57381° E). — Loc. 4 — B. pendula, Populus tremula L.,
Quercus robur L.; undergrowth: Acer platanoides, Corylus
avellana (55.6377° N, 37.57757° E).

We also investigated several sites with dominated by
conifers trees, but no sporophores of nivicolous species
were found there, so they were excluded from study.
Specimens were collected according to the standard
methods (Wrigley de Basanta, Estrada-Torres, 2022).

Photographs of sporocarps were taken using a Mi-
cromed 3 var. 3LED optical microscope with an
E3CMOS06300 digital camera and top illumination.
The series of pictures were taken in different focal
planes and processed with a Helicon Focus ver. 6.0.18
software. The measurements of spores, capillitium,
and sporocarps were obtained via ToupView 3.7 and
Imagel ver. 1.52a. Microscopic measurements and ob-
servations were made with the same microscope and
software. Microscope slides were prepared with 4%
KOH.

The list of recorded species is ordered alphabetical-
ly. Authors and concepts of taxa are given according to
the Eumycetozoa database (Lado 2005—2023).

Dianema nivale (Meyl.) G. Lister (Fig. 1 A—D). — 2
specimens: Loc. 1 — MYX 22562; Loc. 2 — MYX 22587. On
living Carex sp. Colonies are very small and represented by
only few sporangia.

The species was previously found in Prioksko-Terrasny
natural state reserve (Gmoshinskiy, Kireeva, 2023). Our
samples identical for morphological and ecological features
of type sample (Singer et al., 2006; Pinheiro Vellosa et al.,
2020). The species has been previously recorded ins southern
Western Siberia, but sporophores was found in moist cham-

MUKOJIOTHUA U PUTOIATOJIOTUA

oM 57 Ne 5

bers conditions on bark of Salix sp. and Populus sp. (Vlasen-
ko, 2013, 2020).

Lamproderma arcyrioides (Sommerf.) Rostaf. (Fig. 1 E—I). —
23 specimens: Loc. 1 — MYX 22547; Loc. 2 — MYX 22563,
MYX 22564; Loc. 4 — MYX 22596—22610, MYX 22614—
22616, MYX 22618, MYX 22619. On living Carex sp. and on
dead small deciduous twigs (less than 3 cm in diam.).

It is one of the most widely distributed species. The spo-
rocarps of two specimens (MYX 22598 and MYX 22601)
were tinted with gold (Fig. 1 I) apart from the typical violet-
blue color (Fig. 1 E—H). This is the feature by which L. ar-
cyrioides differs from L. aeneum Mar. Mey. et Poulain. Thus,
either two different but very similar species formed sporo-
carps on the same substrate fragment, or the peridium color
of L. arcyrioides can vary very widely. Further studies are
required to establish the limits of the peridium color vari-
ability.

L. echinosporum Meyl. (Fig. 1 J—N). — 23 specimens:
Loc. 1 — MYX 22538-22543, MYX 22548-22550, MYX
2255222554, MYX 22556; Loc. 2 — MYX 22565, MYX
22566, MYX 22576, MYX 22578—22580, MYX 22582, MYX
22585; Loc. 3 — MYX 22595; Loc. 4 — MYX 22617.

On living Carex sp. and on dead small twins of deciduous
trees (less 3 cm in diam.), rare on fallen leaves of deciduous
trees. This is the only species observed in all study areas.
Its diagnostic feature is the presence of clearly visible spots
on the peridium surface (Fig. 1 J) and echinulate spores
(Fig. 1 K). In most specimens, many light spherical bodies
with dark warts were observed. These bodies were inside the
capillitial filaments and on the spore surface, and were also
freely distributed on the slide. Some authors attributed spec-
imens with such characters to L. echinosporum f. liberum
K. Baumann, Nowotny, Kuhnt et Mar. Mey. However, it
appears to be a kind of endoparasite related to the genus Mi-
tosporidium from Rozellomycota (Yajima et al. 2013; Gros-
sart et al., 2016) (Fig. 1 L—N). Notably, A. Kuhnt (2019) in-
dicates that this phenomenon is typically very rare, but we
observed these bodies in 8 of 13 specimens from the Loc. 1,
while in Loc. 2 only one such colony was found, and in
Loc. 3 and Loc. 4 both specimens were lacking them. Thus,
it is possible that the endoparasite lesion may have a local
character.

L. ovoideoechinulatum var. microspora Mar. Mey et Pou-
lain (Fig. 2 A—D). — 3 specimens: Loc. 1 — MYX 22545;
Loc.2 — MYX22575; MYX 22586. On dead small deciduous
twigs (less 3 cm in diam.).

This species has not been previously recorded in the
Moscow region. Its most characteristic features are the oval
shape of the sporotheca (Fig. 2 A, D) and small spores (11—
13 um in diameter) with unevenly thickened walls and orna-
mentation of fine warts (Fig. 2 B—C).

L. zonatopulchellum Yatsiuk, Leontyev, Lopez-Vill. et
Schnittler (Fig. 2 E—H). — 6 specimens: Loc. 1 — MYX
22544, MYX 22546; Loc. 2 — MYX 22577, MYX 2258]1,
MYX 22583, MYX 22584. On small herbaceous shrubs
(Cornus sericea) and on downside of leaves of living Carex sp.

Often sporocarps formed on the same substrate frag-
ments as L. echinosporum (MYX 22576—22577, MYX
22581-22582; MYX 22584—22585). This species was not
described until 2023. The authors specify that it occupies a
middle position between L. zonatum Mar. Mey et Poulain
and L. pulchellum Meyl. It differs from the former primarily
by light brown capillitial threads with whitish ends, and from
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Fig. 1. Sporocarps of myxomycetes from the genera Dianema and Lamproderma: A—D — Dianema nivale (A — MYX 22562, B, C —
capillitium and spores in transmitted light, D — MYX 22587, mature sporangia); E—1 — Lamproderma arcyrioides mature sporangia
(E—-MYX 22602, F — MYX 22607, G — MYX 22563, H — MYX 22609, I — sporangium with golden reflection, MYX 22601);
J—K — L. echinosporum MYX 22578 (J — mature sporangia, K — spore ornamentation, TL); L—N — L. echinosporum f. liberum
MYX 22538 (L — sporangium with endoparasite, M — spherical bodies in the capillitium, TL, N — spores and light spherical bodies,
TL). Scale: 10 um (K, M, N); 20 um (C); 50 um (B); 200 um (D, L); 400 um (E—I); 500 um (A, J).

the latter — by concentric reddish and yellowish zones on the
peridium and smaller spores (12—14 um in L. pulchellum
vs. 10.3—12.6 um in L. zonatopulchellum) (Yatsiuk et al.,
2023). In addition, most of sporangia in our colonies were
short-stalked (Fig. 2 E, F), while sporangia of L. zonatum are
always sessile. Also, Yatsiuk et al. report that L. zonatopul-
chellum is most likely quite widespread in the lowlands. To
note, in the original paper specimens MYX 8431 and MYX 8437
were referred to the erroneous location. They were actually
found in Central Forest Nature Reserve (Tver Region) and
not in Nizhnesvirsky Reserve (Leningrad Region).

MUKOJOI'A U PUTOIIATOJIOTUA

Meriderma carestiae var. carestiae (Ces. et De Not.) Mar
Mey. et Poulain (Fig. 2 I-K). — 22 specimens: Loc. 1 —
MYX 22551, MYX 22555, MYX 22557—22561; Loc. 2 —
MYX 22567—22574; Loc. 3 — MYX 22588—22594. On small
living broad-leaved shrubs, small fallen twigs, and leaves of
living Carex sp.

The main distinguishing feature of this species is sub-
reticulate ornamentation of spores (Fig. 2 I).

Even the most superficial studies of the species di-
versity of nivicolous myxomycetes in Moscow park
showed strong chance of their discovery. Most likely,
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Fig. 2. Sporocarps of myxomycetes from the genera Lamproderma and Meriderma: A—D — Lamproderma ovoideoechinulatum var. mi-
crospora (A, D — MYX 22575, mature sporangia, B — MYX 22545, capillitium and spores, TL, C — MYX 22575, spore ornamenta-
tion, TL); E—H — L. zonatopulchellum MYX 22546 (E, F — mature sporangia, G — capillitium and spore ornamentation, TL, H —
capillitium and columella, TL); I—-K — Meriderma carestiae var. carestiae MYX 22588 (I — spore ornamentation, TL, J, K — mature
sporangia). Scale bars: 10 um (G, I); 50 um (B, C); 200 um (D); 300 um (A, E, F, H, J, K).

the significant anthropogenic pressure to which the
ecosystem in urban parks is subjected is not a limiting
factor for nivicolous myxomycete populations. As in
the case of vascular plants (Istomina et al., 2014), myxo-
mycetes completely disappear only on the paths, where
all other forest myxomycete species cannot form, too.
The main reason for the disappearance of myxomy-
cetes as well as vascular plants (Polyakova, Melank-
holin, 2007), in the park is a significant change in hab-
itat, rather than trampling itself. Thus, in order to pre-
serve biodiversity within the city, it is important to
implement a balanced regulation of improvement ac-
tivities. It should be emphasized that the ecosystem of
the city has a very complex and, as this study shows, in-
sufficiently studied multi-component structure.
Ne 5
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Changes in the natural resource management policy,
transformation of native forests into parks — replace-
ment of topsoil with rolled lawns and destruction of the
shrub layer and forest floor — entail an irreversible
change in the structure of this ecosystem, and conse-
quently the potential disappearance of various organ-
isms. That is why it is so important to preserve small
forest areas that are still left on the territory of the Eu-
ropean largest city.

The field work of V.I. Gmoshinskiy was funded by
the Polistovsky Nature Reserve (project FEA No 1-22-
66-3) and identification and study of specimens was
carried out within the state assignment of the Ministry
of Science and Higher Education of the Russian Fed-
eration (Ne 075-15-2021-1396).
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IlepBbie 1aHHBIE 0 HUBAJBHBIX MUKCOMHIIETAX NMPHPOIHO-HUCTOPHIECKOTO
napka “burneBckuii jec” (Mocksa, Poccus)

B. U. Imoumnckuii*, H. . Kupeepa®*

MTY umenu M. B. Jlomonocoea, Mockea, Poccus
b Hesasucumviii uccaedosamens, Mockea, Poccus
#e-mail: rubisco@list.ru
#o-mail: espoir87@mail.ru

B xone mpenBapuTeIbHOTO UCCIeIOBAHUS B CEBEPHOM YaCTU TMTPUPOTHO-UCTOPUIECKOTO TTapKa “ BUTiieBCKmii
Jtec” ObLI0 coOpaHo 79 06pa3loB HUBAIBHBIX MUKCOMUIIETOB, MPUHALICKAIIMX K 6 BUIaM U3 3 pomnoB. D10
TepBLIi cTyvail 0GHapyKeHUsI HUBAJIbBHBIX MUKCOMUIIETOB B TOPOACKUX MapKax. JIJIst KaxkIoro BUaa MpuBO-
nsTcsl hoTorpacuu CIIOPOHOILIEHU 1 MUKponpenapaTtoB. Brepsbie 111 MOCKOBCKOTo peruoHa OTME4YeHbI
Lamproderma ovoideoechinulatum var. microspora, L. zonatopulchellum w Meriderma carestiae var. carestiae. [1o-
JIydeHHbIE JTaHHbIE CBUAETEIbCTBYIOT O TOM, YTO BBICOKUI YPOBEHb aHTPOMIOT€HHOM Harpy3ku (BbITANThIBa-
HUE U yMEPEHHOE 6JIarOyCTPONCTBO) HE MOXKET ITOJTHOCTBIO MPETSITCTBOBATh POPMUPOBAHUIO CIIOPOHOIIIECHUIA
HUBAJIbHBIX BUIOB.

Knroueessie crosa: anTpororeHHast Harpyska, 0Mopa3HooOpas3ue, BBICOTHOE paclipeeeHue HUBaJbHbBIX MUK-
COMMUIIETOB, TOPOACKME TEPPUTOPUHU, PEKPeallMOHHAS 1eITeIbHOCTD, SKOJIOTUS
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MICROMYCETES ROSSICAE: CHOROLOGICAL AND TAXONOMICAL NOTES.
6. DIATRYPELLA QUERCINA (XYLARIALES, ASCOMYCOTA) IN RUSSIA
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The present notice continues the series on rare and interesting species of microfungi and is devoted to the stro-
matic ascomycete Diatrypella quercina (Xylariales, Ascomycota), the saprotroph associated with crown self-thin-
ning in Quercus robur. An extended morphological description of the species is given, and its differences from
closely related species, Diatrypella favacea and D. pulvinata, are analyzed. The data on the global and regional
distribution of this rather scarce species are analyzed. The list of studied exsicates and herbarium documentation
is provided. The conclusion concerning the optimum range of D. quercina is given.

Keywords: ascospore variability, Diatrypaceae, Quercus robur, stromatic ascomycetes

DOI: 10.31857/50026364823050082, EDN: YSCNPQ

The present report continues a series devoted to rare
and interesting species of microfungi from various re-
gions of Russia that cause rust, shoot deformations/de-
cay or leaf spots (Zmitrovich et al., 2020a, 2020b; Dud-
ka, Zmitrovich, 2020, 2021; Zmitrovich, 2023), and it
focuses on the stromatic ascomycete Diatrypella quer-
cina, a member of the Diatrypaceae family (Xylariales,
Sordariomycetes). This saprotrophic fungus infests
small twigs of Quercus (rarely Castanea) representa-
tives, where it forms dark-colored stromata with deeply
immersed perithecia and a long neck. Traverso (in Sac-
cardo, Traverso, 1904) described Cytosporina quercina
(modern name Libertella quercina) from branches of
Quercus and Castanea in Italy, France, and Germany,
and this taxon was later identified as Diatrypella quer-
cina anamorph (Grove, 1937).

In the European part of Russia, the anamorph of
this species has not been reported, whereas the teleo-
morph is found quite often on small dry branches of
Quercus robur, although it has rarely been reported in
the literature. The purpose of this report was to encom-
pass research on this interesting pyrenomycete and
provide its detailed morphological diagnosis, assessing
the variability of macro- and microstructures.

Macroscopic photographs were taken using a Nikon
D80 camera with an AF Micro Nikkor 60 mm lens.
Micromorphological analysis of stromata was per-
formed using a Zeiss Axiolmager-Al light microscope.
Micropreparations were mounted in distilled water or a
5% KOH solution. The sizes of asci and ascospores
were measured in 30 random replicates in water. The

378

variability of ascospores was assessed according to the
methods proposed by Parmasto et al. (1987).

Diatrypella quercina (Pers.) Cooke, J. Bot. Lond. 4: 99,
1866. = Sphaeria quercina Pers., Neues Mag. Bot. 1: 82,
1794. = Nemania quercina (Pers.) Gray, Nat. Arr. Brit. Pl. 1:
517, 1821. = Stromatosphaeria quercina (Pers.) Grev., FL
Edin.: 358, 1824. = Diatrype quercina (Pers.) Fr., Summa
Veg. Scand.: 385, 1849. = Capnodium quercinum (Pers.)
Berk. et Desm. in Berk., J. Royal Hortic. Soc. 4: 252, 1849.
= Coniotheciella quercina (Pers.) Speg., Phys. Rev. Soc. Arg.
Cienc. Nat. 4 (17): 295, 1918. = Cytosporina quercina Tra-
verso, Boll. Soc. Bot. Ital., 1904: 213, 1904 (nomen ana-
morphosis). = Libertella quercina Grove, British Stem- and
Leaf-Fungi (nomen anamorphosis) 2: 306, 364, 1937. — Fig. 1.

Exsicates: G. Linhart, Fungi hungarici, Ne 31 (178),
1883; G.L. Rabenhorst, Fungi europaei, Ne 635, 1887,
F. Petrak, Flora Boemiae et Moraviae exsiccata, ser. 2,
Ne 78, 1911; Ex Herbario Academiae Scientiarum Ucraini-
cae, 1923; J. Kochman, Mycotheca Polonica, Fasc. 14,
Ne 338, 1962; L. Holm et S. Ryman, Fungi Exsiccati suecici,
praesertim upsaliensis, Ne 551, 1992.

Stromata arranged in large numbers without a definite
order, sometimes crowded and merging, sometimes quite far
apart, black or dark brown, initially truncated-conical, more
or less rounded or indistinctly three- or four-sided in out-
line, then cushion-shaped, convex or cut-flattened, initially
surrounded by lobes of broken host periderm, then free, tan-
colored inside, 1.5—4 mm diam., 0.8—1.5 mm high above the
level of the cortex; the surface is rather rough due to slightly
protruding stomata. The black line, continuing downwards
and somewhat narrowed in the bark, extends inside the sub-
strate and runs along the wood, merging with the “wall” of
adjacent stromata.
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Fig. 1. Diatrypella quercina (LE 287712): ectostromata in
periderm-covered areas of infested oak branch (a); indivi-
dual ectostromata (b); ectostromata under 6x magnifica-
tion. Scales: 5 mm (a, b); 1 mm (c).

Perithecia 6—24 per stroma, (350) 450—750 um diam.,
globose-subovate, sometimes angular, with rather strongly
protruding striated stomata. Perithetium neck 250—550 um
long and 100—180 um thick, distinctly protruding, some-
times very distinctly three- or four-furrowed, sometimes al-
most smooth, black and shining. Peridium up to 30 um
thick, brown, of fextura oblita, neck densely lined with pe-
riphyses. Interascal tissue consists of sparse thin-walled ta-
pering paraphyses, often disappearing at maturity. Asci (60)
80—120 (spore-contained part) x (9) 10—14 (15) wm, club-
shaped to narrowly fusiform, distinctly stalked (stalk 20—
30 um on average), apex rounded, thick-walled, with dis-
tinct small apical ring. Ascospores (7.0) 9.5—11.5 (12.0) X
x 1.9—3.0 um, allantoid, with strongly refractive ends, light
brown, smooth, thin-walled.

Saprotroph on dead branches of oak (Quercus) and
chestnut (Castanea). Causes a white rot.

Anamorph: Libertella quercina Grove, British Stem- and
Leaf-Fungi (Coelomycetes) 2: 306, 364, 1937. Conidiomata
form as locules within a young stroma. Conidiogenous cells
are sympodial, formed as branches of conidiophores, elon-
gated and tapering. Conidia filiform, sickle-shaped, color-
less.

Distribution: Europe (Austria, Belgium, Czech Repub-
lic, Denmark, Finland, France, Germany, Hungary, the
Netherlands, Norway, Poland, Russia, Slovakia, Sweden,
Switzerland, United Kingdom, Ukraine); Asia (Japan);
North America (USA); South America (Suriname); Austra-
lia (GBIF, 2023).

Russian material studied: Saratov City vic., on dry
branches of Quercus robur, 13.05.1928, leg. et det. B. Kara-
kulin (LE 121789). — Saratov Region, Saratovsky District,
on fallen branches of Q. robur, sine data, det. E.S. Popov
(LE 323566). — Mariy El Republic, on fallen branches of
Q. robur, 03.07.1932, coll. et det. B.P. Vassilkov (LE 121783). —
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Tambov Region, Saburovo, on fallen branches of Q. robur,
15.09.1928, leg. et det. N. Potebnya (LE 171323). — Tula oblast,
Shchekino district, Plavskoe forestry, Kryukovskoe forestry
(Selivanovskaya dacha), maple-linden oak forest, on fallen
branches of Q. robur, 05.07.2015, leg. G.I. Zarudnaya,
A.B. Shishlyannikova, det. 1.V. Zmitrovich (LE 287710). —
ibid., Selivanovo, Park Dendrarium “Krapivena Forestry
Technical School”, on fallen branches of Q. robur,
08.07.2015, leg. A.B. Shishlyannikova, det. 1.V. Zmitrovich
(LE 287711). — Pskov Region, Loknyansky district, Bashovo
vic., Verkhnyaya Doroga tract, on fallen branches of Q. ro-
bur, 12.08.1997, leg. et det. E.S. Popov (LE 222318). — ibid.,
Bezhanitsky district, Chikhichevskoye, near the village of
Polozovo, on fallen branches of Q. robur, 06.08.2019, leg.
A.B. Shishlyannikova, det. 1.V. Zmitrovich (LE 287712). —
Leningrad Region, Kingisepp district, complex nature re-
serve “Oak forests near the Velkota village”, on fallen
branches of Q. robur, 23.08.2015, leg. G.I. Zarudnaya,
A.B. Shishlyannikova, det. I.V. Zmitrovich (LE 287713). —
St. Petersburg, Botanical Garden, on dry branches of Q. ro-
bur (ut Q. pedunculata), 08.1920, sine nom. leg. (LE 121788). —
ibid., 01.05.1920, leg. et det. A.S. Bondartsev (LE 121772,
LE 121777). — St. Petersburg, Pushkin, Babolovsky Park, on
fallen branches of Q. robur, 16.07.2017, leg. A.B. Shishlyanniko-
va, det. I.V. Zmitrovich (LE 287714).

The species in question is found on small branches
of oak and chestnut in Eastern Europe, mainly on
Quercus robur, where it causes white soft rot (the lac-
case activity of representatives of the genus Diatrypella
and its alies has been noted in the literature — Hyde
et al., 2020). Wood in the advanced stages of decay be-
comes light, dry and white, and easily rumps when
pressed. Inside the stroma, between the perithecia,
amorphous products of lignin decomposition accumu-
late within the black line; its stromata breaks through
and exfoliates the periderm. Older branches sometimes
lose their entire periderm and ectostromata. In the last
case, the fungus can be detected from the entostromata
remnants.

The average sizes of ectostromata, established on
the basis of the material available to us, are grouped
around 2 mm (Table 1). Stromata are often crowded
due to the fact that they are connected inside the wood
by a common sclerotial plate, but the young initials of
such colonies break through with separate stromata.
The normal number of perithecia in one stroma is 6—
12, but some confluent stromata can unite more than 20
pe-rithecia (Fig. 1, ¢).

Being rather variable, the species can be confused
with Diatrypella pulvinata Nitschke, which usually
forms larger stromata and can also can grow on small
branches of Quercus robur, but differs from this species
in more pronounced cone-shaped and angular stroma-
ta. Microscopically, Diatrypella quercina is well distin-
guished by the lunate-allantoid ascospores, whereas
the spores of D. pulvinata are weakly curved. Another
species often seen on oak branches is D. favacea (Fr.)
Ces. et De Not., whose stromata are also larger on av-
erage. Microscopically, this species differs from
D. quercina in having cylindrical (vs pedunculate) asci
and shorter ascospores not exceeding 10 um in length.
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Table 1. Morphological characterization of three oak-inhabiting Diatrypella species

Bunabl/mpusHaku D. quercina

D. favacea D. pulvinata

Ectostromata diameter, mm 1.5-4+0.5

Perithecia number per stroma (3) 616 (24)
Ascus shape clavate-pedunculate
Ascus sizes, Lm

Ascospore shape allantoid

Ascospore sizes (1 X w), um

Spore quotient (Qm) 4.8

(60)80—120 x (9) 10—14 (15) £ 1-3

(7.0) 9.5—11.5 (12.0) x 1.9-3.0

3—-10+2.5 2-7% 15

(6) 8—56 (60) (6) 8—30 (36)
subcylindrical clavate-pedunculate
60—190 x 9—12 £ 1-5 60—80 x 8—12+ 1-3
slightly curved slightly curved
6.5-8.7 (9.0) x 1.4—1.8 | (6) 6.5—7 (7.5) x 1.3—1.7

4.8 4.5

Note. *All measurements were made in 30 random replicates.

Jackrogersella cohaerens (Pers.) L. Wendt, Kuhnert et
M. Stadler growing on this substrate may also have a
superficial resemblance to cushion-shaped forms of
Diatrypella quercina, but the stromata of this fungus are
not immersed and it is characterized by completely dif-
ferent microscopy (low-spored asci with large pig-
mented ascospores).

For a particularly long time, this species was consid-
ered in the genus Diatrypella, although already Ruh-
land (1900) and Wehmeyer (1926) proposed to consid-
er it, following by Fries (Fries, 1849), in the genus
Diatrype, which was recently supported by molecular
data (Carpouron et al., 2021).

In Russia, the records of this species are known only
from its European part (Popov et al., 2007, 2008, 2013;
Hiiseyin et al., 2016; Mitrofanova, 2018; Sidelnikova

Table 2. Data on distribution of Diatrypella quercina in Russia

HUctounuk Pernon

Leningrad Region |LE 287713, Popov et al. (2007)

Mariy El Republic | LE 121783

Pskov Region LE 222318, LE 287712, Popov et al.

(2008, 2013)

Saint Petersburg LE 121772, LE 121777, LE 121788,

287714, Sidelnikova et al. (2018)

Saratov City LE 121789
Saratov Region LE 323566
Tambov Region LE 171323
Tula Region LE 287710

Ulyanovsk Region | Huseyin et al. (2016); Mitrofanova

(2018)
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et al., 2018) (Table 2). The find of D. quercina in the
Russian Far East (Koval, 1972) was later reidentified as
D. pulvinata (Vasilyeva, 1998). In Ukraine, this species
was reported for all regions (Smitskaya et al., 1986),
which correlates well with the confinement of D. quer-
cina to the optimum range of Quercus robur. We asso-
ciate the finds in Japan, Suriname and Australia
(GBIF, 2023) with the introduction of alien trees and
shrubs that carried the propagules of alien fungal
species.

Summarizing the available material on Diatrypella
quercina, it should be noted that this is basically a spe-
cies of European — North American distribution with
an optimum range in the nemoral zone. Following the
Quercus robur, this pyrenomycete irradiates in the
southern taiga regions of Eastern Europe. At the same
time, some collections from taiga regions should be re-
vised for differentiation with similar Diatrypella favacea
and D. pulvinata.

The work was partially carried out within the frame-
work of the State Task of the Komarov Botanical Insti-
tute of the Russian Academy of Sciences “Herbarium
collections of BIN RAS (history, preservation, study
and replenishment)”, Ne 122011900032-7.
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Mukpomunersl Poccun: reorpapuyeckne 1 TAKCOHOMUYECKHE 3AMETKH.
6. Diatrypella quercina (Xylariales, Ascomycota) B Poccun
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Co00111IeHHE TIPOIOIIKAET CEPUIO TTO PEAKUM U MHTEPECHBIM BIIAM MUKPOMMIIETOB U ITOCBAIIEHO CTPOMATH -
yeckomy ackomutiety Diatrypella quercina (Xylariales, Ascomycota) — canpoTpody, acCOIIMMPOBAHHOMY C 13-
pexuBaHueM KpoH Quercus robur. TIpuBeneHO paciImpeHHOEe MOP(OIOTHYECKOE OIMMCAaHNe JaHHOTO BUIA,
MMpoaHaJIM3UPOBAHbI €TI0 CXOACTBA U pa3iuuus ¢ oiuskumu Bunamu Diatrypella favacea v D. pulvinata. T1po-
aHAJIM3UPOBAHBI TaHHBIE O ITIOOATBEHOM 1 PETMOHAIBHOM PACIIPOCTPaHEHNH 3TOTO HE OYE€HB IITMPOKO PaCIIpO-
CTPAHEHHOIO TaKCOHAa, MPUBEIEH CIMCOK M3yYEHHBIX DKCHMKATOB M TrepbapHas nokyMeHTauws. CaenaHo
MPEITOIOXEHNE 00 oITuMyM-apeaie D. quercina, COOTBETCTBYIOIIEM HEMOPAILHOM 30HE.

Karuesvie cr06a: UI3BMEHIMBOCTh aCKOCIIOp, CTPOMAaTHYEeCKUE aCKOMULIeThI, Diatrypaceae, Quercus robur
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