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Toxigenic fungi are pathogenic microorganisms that produce mycotoxins and cause mycoses and mycotoxicoses.
According to FAO, 25% of the world’s grain production is contaminated with mycotoxins. In developing
countries, up to 36% of all diseases are directly or indirectly related to fungal mycotoxins. The review considers
the situation with infestation of grain crops in different regions of Russia by toxigenic fungi of the genera
Claviceps, Fusarium, Alternaria, Aspergillus and Penicillium and accumulation of mycotoxins dangerous for
humans and animals. Claviceps fungi are widespread on cereals, especially harmful on rye. They contain toxic
alkaloids with nerve agent action. The toxins produced by Fusarium are harmful to human and animal health.
Different Fusarium species can produce a wide range of mycotoxins. Fungi of the genus Alternaria are widely
distributed on agricultural crops. Diseases caused by Alternaria affect usually the grain of all cereals. The main
danger of grain contamination by Alternaria species is the presence of secondary metabolites toxic to plants,
animals and humans in agricultural products. Fungi of the genus Aspergillus affect grain of wheat, barley, corn
and other crops. Species of the genus Aspergillus produce toxins harmful to humans and animals. They have
carcinogenic, mutagenic, teratogenic and immunosuppressive properties. Fungi of the genus Penicillium mainly
cause seed mold. Seed mold causes reduced germination and often seed death. Fungi of the genus Penicillium
produce a large number of mycotoxins. They have nephrotoxic, carcinogenic and mutagenic properties. Disease

development and mycotoxin production are influenced by climatic conditions.
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INTRODUCTION

Toxigenic fungi and mycotoxins began to be studied
in Russia in the 30—40s of the last century. The term
mycotoxicosis was first introduced into scientific lit-
erature by Prof. A.H. Sarkisov. This term was under-
stood as alimentary diseases of non-infectious nature,
in which the reproduction of microbe in the organism
was not established. Mycotoxicosis occurred under the
influence of toxic products released by the fungal cell.
Fungal infections of cereal crops caused by toxigenic
fungi cause huge economic losses in agricultural indus-
tries (Levitin, 2004).

Toxigenic fungi are studied in many countries (Log-
rieco, Visconti, 2004). A number of review articles have
been devoted to this problem (Fulgueira, Borghi, 2000;
Pitt, 2000; Kononenko et al., 2021; Alkuwari et al.,
2022). In this review we tried to highlight the situation
with toxigenic fungi on grain crops in Russia.

Occurrence of toxigenic
Claviceps purpurea on cereals

Claviceps purpurea fungus causes ergot of cereals. Large-
scale development of ergot was first noted only during the
Second World War and post-war years. Currently, this dis-
ease is widespread everywhere, but to a greater extent in the
Northwestern region and central areas of the Non-Black
Earth zone. Affection of production crops of winter rye
in Kirov Region averaged from 0.02 to 1.7% depended on
varieties, in 2017, the spread of the disease in some fields
reached 5%. The level of ergot damage depends more on
the number and size of sclerotia in the ear than on its distri-
bution in the crop (Shchekleina, Sheshegova, 2018).

The disease is generally considered a disease of rye, but
it is also found on wheat, triticale, barley, oats, millet and
other grains. When infected by the fungus, black and pur-
ple sclerotia form in the ear of the plant contained ergoal-
kaloids that are toxic to humans and animals. Sclerotia-
contaminated flour products can cause epileptic convul-
sions in humans.
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Among the alkaloids, ergotamine is the best known,
which has a strong nerve agent. Ergot alkaloids affect the
nervous, circulatory, reproductive and immune systems,
leading to increased or decreased blood pressure, mus-
cle contractions, decreased fertility, reduced immune re-
sponse, hallucinations and dry gangrene of the gastroin-
testinal tract and extremities. Eating bread made from rye
or wheat contaminated with spores of the fungus causes
poisoning in humans, sometimes to epidemic proportions
(Sarkisov, 2000).

Occurrence of toxigenic
Fusarium species on grain crops

It is known that Fusarium species cause considerable
damage of cereal. Invasion of the kernel by Fusarium de-
stroys the starch granules, storage proteins and cell walls,
resulting in a poor quality products. As a result a Fusarium
epidemic can decrease yield to up to 30%. Various Fusar-
ium species are capable of producing mycotoxins in crops,
which cause severe poisoning, damage blood-forming or-
gans and immunity, and decrease productivity in animals.

The first information about the toxigenicity of fungi
of the genus Fusarium became known during the Second
World War as a result of an expedition led by A.H. Sarkisov
to Altai. The expedition was aimed at deciphering the cause
of a deadly and widespread disease of humans and animals.
The causative agents of the disease turned out to be toxin-
forming species of the genus Fusarium (Sarkisov, 1954).

In the last 10—15 years Fusarium head blight (FHB)
of cereals has been very widely spread in Russia. Only in
the Krasnodar Region (North Caucasus) there were three
large epidemics of FHB. The loss of wheat crop reached
25—50% and the contamination of cereal grains by myco-
toxins increased more than 25 times (Levitin et al., 1994).
In 25—80% of wheat samples the concentration of deox-
ynivalenol (DON) exceeded the permissible level. Dur-
ing 1989—1992 on average about 23% samples of cereals
(wheat, barley, rye) in Russia were contaminated by DON.
Amongst them, 9% of samples contained DON in concen-
trations exceeding the permissible level. In 0.4% of samples
of bread and groats products concentrations of mycotox-
ins exceeded hygienic standards (Tutelyan, 1995). Dur-
ing 1989—1992 on average about 23% samples of cereals
(wheat, barley, rye) in Russia were contaminated by DON.
Amongst them, 9% of samples contained DON in concen-
trations exceeding the permissible level.

Different Fusarium species can produce a wide range of
secondary metabolites. Strains of Fusarium graminearum,
FE culmorum, and F roseum are known to produce tricho-
thecene mycotoxins of group B and belong to two chem-
otypes differing in their ability to produce deoxynivalenol
(DON) or nivalenol (NIV). Deoxynivalenol can be pro-
duced by F graminearum, F crookwellense, and F. culmorum
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(Logrieco et al., 2003). These species and additionally F
equiseti and some strains of F oxysporum are also zearale-
nol (ZON)-producers. Fumonisins (FUM) are produced

by the typical maize pathogens F fujikuroi, F. prolifera-
tum, and F oxysporum. The European Commission passed

threshold values for DON, ZON and FUM in unprocessed

cereals and food. F roseum, F. graminearum, and F. culmo-
rum share a gene cluster responsible for the biosynthesis of
trichothecene mycotoxins. The toxins produced by these

fungi are harmful to human and animal health (Chandler
et al., 2003).

It is known that mycotoxins of fungi of the genus
Fusarium (deoxynivalenol, nivalenol, T-2 toxin, diacetox-
yscirpenol), in addition to affecting the gastrointestinal
tract, cardiovascular and nervous systems, have mutagenic
effects, induce chromosomal rearrangements, affect pro-
tein biosynthesis. Some species, such as F verticillioides and
F proliferatum have hepatoxic, nephrotoxic, neurotoxic and
carcinogenic effects. The species F. avenaceum produces
mycotoxins moniliformin and fusarin C. The first is an
immunosuppressor, suppresses protein biosynthesis, and
causes pathological changes in cardiac muscle. The sec-
ond one has a carcinogenic and mutagenic effect on cells of
warm-blooded organize tons. Fusariotoxins are very persis-
tent, not destroyed by boiling and cooking food products
(Kononenko, Burkin, 2003).

The problem of cereal grain contamination by myco-
toxins is very important and actual for Russia. The content
of mycotoxins in grain crops may vary in different regions
of Russia. In our researches significant differences in tox-
in production between populations of £ graminiarum from
North Caucasus and the Far East were observed. The num-
ber of isolates producing DON and ZON in concentration
1.0 and 0.3 mg/g respectively in the North Caucasus pop-
ulation was 3 times higher than in the Far East population.
The strains of FE sporotrichioides isolated from infected ce-
real grain in Siberia produced the T-2 toxin at a very high
concentration (3000 mg/kg), while the European strains
synthesised this toxin at a level of 100—300 mg/kg (Gag-
kaeva, Levitin, 1997).

The ability of fungal isolates, selected in the same re-
gion, to produce mycotoxins can vary widely. For example,
F culmorum isolates, selected from wheat seeds in the Mos-
cow district (Central Russia) produced DON in amounts
of 1.9—1850.0 mg/kg. Some of them can also produce oth-
er mycotoxins: 3-acetyl-deoxynivalenol (3AcDON) at lev-
els of 1.8—21.9 mg/kg and moniliformin (MON) at levels
of 0.7—3.7 mg/kg. Some isolates of F equiseti produced
toxin fusarochromanone at levels of 13.0—527.9 mg/kg.
Isolates of F avenaceum produced only MON at levels
of 2.9-9.0 mg/kg. Eighty two percent of the F. avenace-
um isolates from fusariosis grain produced MON at lev-
els of 191.1 mg/kg, some of them produced butenolide
Ne 5
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5-actamido-2(5H)-furanone simultaneously. The isola-
tates of F. culmorum from infected grain produced DON
at an average level of 24.5 mg/kg. Moreover, some isolates
also produced 3AcDON at levels of 250.5 mg/kg (Konon-
enko et al., 1999).

The mycotoxin contamination of cereal grain in Asian
part of Russia was studied in the laboratory of mycotoxi-
cology in All-Russian Research Institute of Veterinary San-
itation, Hygiene and Ecology during 1995—2002. Among
1545 of samples 537 (34.8%) were contaminated by Fusari-
um toxins. The frequency of T-2 toxin detection was 69.4%
in Ural district, 86.9% — in West Siberia, 29.6% — in Far
East. The average concentration of T-2 toxin in grain was
10—100u/kg in Asian part of Russia. In 24 samples (5.4%)
mainly from Far East concentration of T-2 toxin exceed-
ed the permissible level (110.0—625.5 p/kg). In Far East
besides T-2 toxin in wheat samples the group including
8-oxotrichotecene (4 deoxynivalenol and its analogies)
and zearalenone (ZEA) was detected. In 2001 the quantity
of grain samples contaminated by 8-oxotrichotecene and
zearalenone (ZEA) was 52.9%; in 2002—90.7%. 23.5% of
the contaminated samples contained 8-oxotrichotecene
in concentration 1000 u/kg, indicating a difficult myco-
toxicological situation in this region of Russia. The mon-
itoring for Fusarium species composition was also carried
out in the Ural (Piryazeva, 2001). The infection of cereal
seeds was 3.5%; the barley and oats seeds were infected
very strongly. From infected seed samples 11 Fusarium spe-
cies were isolated. F poae and F. avenaceum were dominant
species (Kononenko, Burkin, 2003).

In the laboratory of Mycology and Phytopathology of
All-Russian institute of Plant Protection analysis of the spe-
cies composition of fungi of the genus Fusarium and their
mycotoxins in the Asian part of Russia revealed 16 species,
of which F sporotrichioides, F avenaceum, F poae, and F. an-
guioides were predominant. Toxins have been detected: de-
oxynivalenol, fumonisins, T-2 and HT-2 toxins, nivalenol,
moniliformin, and beauvericin (Gavrilova et al., 2023).

Thus, the studies have established a very high variability
of Fusarium species in Russia and a wide spread of con-
tamination of grain crops with mycotoxins. Similar studies
are necessary to assess the pathogenic and toxigenic po-
tential of Fusarium species in different geographical zones
of Russia.

Occurrence of toxigenic
Alternaria species on cereals

Fungi of the genus Alfernaria are widely distributed on
agricultural crops. Diseases caused by Alternaria affect usu-
ally the grain all cereals. The samples from different regions
of Russia were characterized by high degree of infection
caused by Alternaria fungi. The degree of seed infection
by Alternaria was an average 10%. During germination of
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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wheat seeds diseased with Alternaria, deformation of the
seedling, appearance of gray spider mycelium, darkening
of the root neck and stem base are observed. Seed infesta-
tion can occur during plant development, resulting in the
symptom of black seed germ. Flour obtained from grain
affected by black germ has black flecks, which significantly
reduces its value in the production of bread and pasta prod-
ucts (Gannibal, 2008).

Grain infected with Alternaria species may contain the
secondary metabolites Alternariol, Alternariol monome-
thyl ester and tenuazonic acid (Gannibal, 2007). They pose
a danger to humans and animals. Russia, both highly tox-
igenic Alternaria alternata and A. tenuissima and non-toxi-
genic species A. infectoria are found in grain, and their ratio
in different regions can vary greatly. Species A. tenuissima,
A. alternata, A. arborescens affect seeds (including grain),
vegetables, fruits, nuts and produce alternaria, altertoxin,
tentoxin, tenuazonic acid. Analysis of wheat, barley and
oat grain from seven regions of Russia showed extensive
distribution and high levels of mycotoxin Alternaria in
grain (Kononenko, Burkin, Zotova, 2020). Analysis of
wheat, barley and oat grain samples obtained from the Ural
and West Siberian regions of Russia in 2017—2019 showed
high contamination with Alternaria species and the pres-
ence of four mycotoxins — alternariol (AOH), Alternaria
monomethyl ester (AME), tentoxin (TEN), and tenuazon-
ic acid (TeA) (Orina et al., 2021).

In medical terms, fungi of the genus Alfernaria are con-
sidered primarily as fungi that cause allergic reactions in
humans. However, fungi of the genus Alternaria are also
known to frequently cause fungal lesions of the maxillary
sinuses. They are the causative agents of nail and skin in-
fections in humans and also cause abscesses on the cornea
of the eye.

Occurrence of toxigenic Aspergillus
and Penicillium species on cereals

Fungi of the genus Aspergillus affect grain of wheat, bar-
ley, corn and other crops. In the field, species of this genus
develop during ripening and harvesting at high air humidity
and on weakened plants. Affected grain becomes unsuitable
for use in the food industry and for animal feed. Aspergillus
colonies are found on a variety of products, mainly of plant
origin. Grain damaged by insects is particularly suscepti-
ble to aspergillus infestation and increased concentration of
mycotoxins (Medina et al., 2014; Monastyrsky, 2014). As
a result of mycotoxin contamination of grain, the annual
global economic damage reaches 16 billion dollars (Afony-
ushkin et al., 2005). In recent years, the amount of grain
contaminated with mycotoxins has increased tenfold in
Russia (Dzhavakhia et al., 2017).

Species of the genus Aspergillus produce aflatoxins,
ochratoxin A, patulin, citrinin. Mycotoxins are particularly
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dangerous for humans and animals. Aflatoxins have hepa-
totropic ability, with the liver being severely intoxicated. In

addition, they have carcinogenic, mutagenic, teratogenic

and immunosuppressive properties. The well-known dis-
ease aspergillosis is an opportunistic infection that usually
affects the lower respiratory tract (Pfliegler et al., 2020).

The most dangerous species for humans and animals
are: Aspergillus fumigatus, A. terreus, A. niger, A. para-
siticus, and A. flavus. The species A. fumigatus is the
cause of invasive pulmonary disease, A. terreus pro-
duces aflatoxin G2, causing acute renal failure, 4. ni-
ger often cause otomycosis, 4. flavus most often causes
invasive extrapulmonary infection. According to for-
eign researchers, fungi of the genus Aspergillus were iso-
lated in 72 recipients of hematopoietic stem cells, in-
cluding species of A. fumigatus (56%), A. flavus (19%),
A. terreus (16%), A. niger (8%), and A. versicolor (1%)
(https://applied-research.ru/ru/article/view?id=7716).

In practice, it is not uncommon for seeds with high
viability to have low germination rates. Biological analy-
sis revealed that these seeds were heavily infected with
Penicillium. Fungi of the genus Penicillium are wide-
spread. Species of Penicillium viridicatum, P. verrucosum,
P. citrinum, P. digitatum, etc. may occur on grain. They
mainly cause seed mold. Seed molding leads to reduced
germination and often to seed death. Especially often
seed molding occurs at high humidity in closed damp
rooms and warehouses. Fungi of the genus Penicillium
produce a large number of mycotoxins. These include
citrinin, patulin, rubratoxin, citreoviridin, ochratoxin,
rugulosin, islandin and others. Some species such as
P. roqueforti, P. brevicompactum, and P. chrysogenum pro-
duce PR-toxin and mycophenolic acid (Kononenko et
al., 2021). Toxins of P. citrinum and P. digitatum possess
pronounced hepatotoxicity, whereas toxin of P. patulum
patulin possesses carcinogenic and mutagenic proper-
ties. Toxins of P. citrinum and P. digitatum possess pro-
nounced hepatotoxicity. The most toxic are ochratoxins.
They primarily affect the kidneys. Nephrotoxic effect
is manifested in the development of toxic nephropathy,
have teratogenic, embryotoxic, carcinogenic effect.

Toxigenic fungi and mycotoxins
in a climate change

The climate of our planet has been changing rapidly.
The changes of climate can undoubtedly affect the spread
and development of plant diseases and their relationship
with the host. Climate represents the key factor in driving
the fungal community structure and mycotoxin contamina-
tion levels pre- and post-harvest. Thus, there is significant
interest in understanding the impact of interacting climate
change-related abiotic factors (Perrone et al., 2020).
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In Russia, from 1990 to 2000, the air temperature has in-
creased by 0.4°C. Global warming manifests itself through-
out Russia, but the Northwest Russia and Siberia. Over the
past 10 years, the specialists of the Mycology and Phyto-
pathology Laboratory, of All-Russian Research Institute
of Plant Protection, having monitored the spread of cereal
crop diseases in the Northwest Russia, identified some new
diseases in the region. In the late 1980s and early 1990s, the
heaviest wheat ear Fusarium epiphytoty broke out in the
North Caucasus. Fusarium graminearum was the main path-
ogen. Since 2003, F graminearum has been encountered in
the Northwest Russia (Gavrilova, Gagkaeva, 2010). An av-
erage number of Fusarium-infected samples in the North-
west Region made 93.3% in 2007 and 87.3% in 2008. Dis-
ease distribution in the northern areas of the country is well
explained by global warming and changes in air composi-
tion. It is evidenced by the articles of our colleagues from
the Nordic countries. In recent years, F graminearum has
become the dominant species in cereals in the Netherlands
(Waalwijk et al., 2003), England (Jennings et al., 2004),
Northern Germany (Miedaner et al., 2008) and Finland
(Yli-Mattila, Gagkaeva, 2010). Climate change is expected
to change the species composition of Fusarium in north-
ern Europe by 2050 (Parikka et al., 2012). And already in
2019, a typical southern species, F verticillioides was discov-
ered on winter wheat in southwestern Finland (Gagkaeva,
Yli-Mattila, 2020).

A change of air temperature can actually change the
dominant species. The situation in Northern Italy (Magan
et al., 2011) can serve as an example. In this region, F verti-
cillioides prevailed in maize. The optimum growth factor of
this species is the temperature of 25—30°C. In 2003—2004,
the summer was hot and dry. Aspergillus flavus which is tol-
erant to the temperature of 35°C, has become the dominant
species.

CONCLUSION

In recent years, mycotoxin contamination of grain has
increased more than 25 times (Levitin, Dzhavakhia, 2020).
In 25—80% of wheat samples the concentration of deox-
ynivalenol (DON) exceeded the permissible level. On av-
erage for 1989—1992 in Russia, about 23% of samples of
cereal crops (wheat, barley, rye) were contaminated with
the mycotoxin deoxynivalenol (DON). Of these, 9% of
samples contained DON in concentrations exceeding
the permissible level. Mycotoxin concentrations in 0.4%
of bread and cereal samples exceeded hygienic standards.
The problem of cereal grain contamination by mycotoxins
is very important and actual for Russia. Mycotoxicological
studies have shown that 43 to 48% of grain samples contain
mycotoxins in amounts exceeding the minimum permissi-
ble level, and 32% are contaminated with two or more tox-
ins (Soldatenko et al., 2020). The authors of these studies
Ne 5
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summarized some suggestions for predicting and prevent-
ing mycotoxin-related risks, as well as future perspectives

and research needs to better understand the effects of cli-
mate change scenarios. Same mycotoxin can be produced

by different fungi and the same fungus can produce differ-
ent mycotoxins. A large number of toxigenic Fusarium spe-
cies have been isolated from blood, cerebrospinal fluid, leg

wounds, abdominal cavity, brain and lungs of sick people

(Sugiura et al., 1999). Mycotoxins in animal feed are a se-
rious concern. Generalization of the results demonstrated

domination of fusarium toxins in the contamination of all

types of feed grains and increased occurrence of T-2 toxin

and ochratoxin A in barley. The maize grains demonstrated

the whole complex of the tested fusarium toxins with the

prevalence of T-2 toxin, deoxynivalenol, zearalenone and

fumonisins (Kononenko et al., 2020).

Toxigenic fungi are actively studied in the Laboratory
of Mycology and Phytopathology of the All-Russian Re-
search Institute of Plant Protection (St. Petersburg) and
in the Laboratory of Mycotoxicology of the All-Russian
Research Institute of Veterinary Sanitation, Hygiene
and Ecology (Moscow). Similar studies are needed to
assess the pathogenic and toxigenic potential of fungi in
different geographical zones of Russia.
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TokcureHHbie rpudbl Ha 3epHOBBIX KyJabTypax B Poccum

M. M. JleButun®*

@ [Ipesuduym Poccuiickoii akademuu nayx, Mockea, Poccus
#e-mail: mark_levitin@mail.ru

ToxcureHHBIE TPUOBI — MATOTEHHBIE MUKPOOPTaHWU3MBI, IIPOIYIINPYIOIINE MIKOTOKCUHBI Y BHI3BIBAIOIIIE
MUKO3EI 1 MUKOTOKCHKO3HI. [To manaeiM PAO, 25% MUpOBOTO IIPOM3BOACTBA 3¢pHA 3aTPSI3HEHO MUKOTOKCH -
Hamu. B pasBuBaloniuxcs crpaHax a0 36% Bcex 3a00JieBaHUIl HAIIPSIMYIO VI KOCBEHHO CBSI3aHbI C TPMOHBIMU
MHKOTOKCHMHAMH. B 0030pe paccMaTpuBaeTCsI CUTYAILHS C 3apaXkKeHHOCTBIO 3¢pHOBBIX KYJIBTYP B Pa3IMIHBIX
pernoHax Poccuu TokcureHHbsIMU rpubamu ponoB Claviceps, Fusarium, Alternaria, Aspergillus, Penicillium 1 Ha-
KOIJIEHUEM MUKOTOKCHHOB, OTIACHBIX IIJISI YyeJloBeKa U XXUBOTHbIX. [pubOsl pona Claviceps MpoKo pacrpo-
CTpaHEHBI Ha 3¢PHOBBIX KYJIBTypaX, 0COOEHHO BPEIOHOCHKI Ha pxXi. OHM comepXaT TOKCUIHBIC aJTKaJTOWIbI
HEPBHOMAPATTUTUIECKOTO AeiicTBUsA. TOKCUHEI, IpomyupyemMblie Fusarium, BpeIHBI IS 3MIOPOBbS YeI0BEKa
W XXUBOTHBIX. PasnmuuHbie BUABI pona Fusarium MOTYT IPOLYLIMPOBATh IIUPOKMI CITEKTP MUKOTOKCHHOB. [pn-
0bI pona Alternaria IIAPOKO PacIIPOCTPAHEHBI Ha CETbCKOXO03IiICTBEHHBIX KYIBTypax. 3a00IeBaHNs, BEI3BIBAC-
Mble Alternaria, mopaxaroT, Kak IIpaBUJIO, 36PHO BCEX 3JIAKOBBIX KyIbTyp. OCHOBHASI ONaCHOCTD 3apaKeHUsI
3epHa BUIaMu pona Alternaria 3aKiodaeTcsl B HAIMYUM B CEIbCKOX03IHCTBEHHON MPOAYKIIMY BTOPUYHBIX
MeTaboJUTOB, TOKCUYHBIX IS paCTEHUIA, JKUBOTHBIX U YesnoBeka. [pubbl pona Aspergillus iopaxaroT 3epHO
MMIIEHUIIBI, SIMEHSI, KYKYPY3bl ¥ IPYTUX KyIbTYp. Bumel pona Aspergillus mponylupyioT TOKCUHBI, BPEIHEIE TS
YeJloBeKa W XXUBOTHEIX. OHM 001a1af0T KaHIIEPOTeHHBIMU, MyTareHHBIMH, TePaTOT€HHBIMU 1 UMMYHOZIETIpeC-
CUBHBIMHU cBoiicTBaMu. [pu0OsI pona Penicillium B OCHOBHOM BBI3BIBAIOT IUICCHEBEHUE CEMSIH, CHIKAIOIITYIO
X BCXOXKECTb M YaCTO BBI3BIBAIOIIYIO X rubenb. OgHako rpubbl pona Penicillium nponyuupyioT u 060JbII0e
KOJIMYECTBO MUKOTOKCUHOB. OHU 00J1agaoT He(hPOTOKCUYECKUMU, KaHIIEPOTEeHHBIMU M MyTar€ HHbIMU CBOM -
ctBamu. Pa3Butne 3a060iIeBaHIA 1 TIPOAYKIIAS TPUOAMU MUKOTOKCHHOB 3aBHUCST OT KIIMMAaTHYECKUX YCIIOBUA.

Knroueswie crosa: rpudbl, MUKOTOKCUKO3bI, MUKOTOKCUHBI, MOHUTOPHUHT TPHOOB, TOKCUTEHHBIE TPHUOBI
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Ha ocHoBaHMM aKTyaJu3MpPOBaHHbBIX CBEIECHMIA, IEBATh BUIOB PEKOMEHI0BAHBI K BKJIIOUEHMIO B CIIMCOK OXpa-
HsieMbIX BUIOB rpr6oB I1prMopckoro kpast Poccuiickoit @enepauviu: Bryoperdon acuminatum, Buchwaldobole-
tus lignicola, Calonarius sodagnitus, Gomphidius flavipes, Hapalopilus croceus, Hygrocybe swanetica, Leucopholiota
lignicola, Pycnoporellus alboluteus, Rubroboletus dupainii. K vickioueHUI0 MpeajioXeHbl Clenytonue Buiapl: Ar-
rhenia discorosea, Boletus aereus, B. auripes, Butyriboletus appendiculatus, Calostoma cinnabarinum, Fomitopsis
castanea, Hypsizygus tessulatus, Lentinellus brunnescens, Phallus ultraduplicatus, Pseudocolus fusiformis, Retibole-
tus retipes, Rhodotus palmatus, Rubroboletus rhodoxanthus, Tylopilus alboater. 15151 nByx TakcoHOB (pon Calostoma
u poxn Retiboletus) ipenyioxkeH MOHUTOPHYHT C 1IEJIbIO TTOITOJTHEHUSI CBENEHU 00 X 00OMTaHUU Ha POCCUIICKOM

JanpHeMm Bocroke.

Karoueswie crosa: lanpunii Boctok Poccuu, KpacHast kHura, pegkue BUIbI

DOI: 10.31857/50026364824050027, EDN: upbcqw

BBEJEHHUE

B 2022 r. 6611 chopmupoBan (Bukharova et al.,
2022), ckoppektupoBaH (Bukharova, Prozorova, 2022)
U B gaibHeitmem ytBepxiaeH (Government Decree..,
2022; Resolution.., 2023) nepeuyeHb BUAOB IpubOB, pe-
KOMEHJIOBAaHHBIX K BHECEHUIO B FOTOBSIIEECS HOBOE
n3ganue KpacHoii kHuru IIpumopckoro kpast Poc-
cuiickoit Menepanuu. [lo3gHee ObLI yTBEpKIEH HO-
BBIi1 CIIMUCOK BHIIOB PACTeHMIT ¥ TpHOOB, TTOMICKAIIINX
oxpaHe Ha ¢enepanbHoM ypoBHe (List of flora objects..,
2023). B cooTBeTCTBUU C METOANUYECKUMU PEKOMEH-
pauusmu (Methodological recommendations.., 2006)
BUIbI, OOUTAIOLIME B peTMOHEe U BKIOUeHHbIe B Kpac-
Hy1o KHUTY Poccuiickoit Denepariny, moajIexxar oxpaHe
1 Ha peTrMOHAJIbHOM YpOBHE. B CBSI3M ¢ 3TUM BO3HUK-
JIa HEOOXOOUMOCTh TOTIOTHUTEILHOI KOPPEKTUPOBKU
CIKCKA BUAOB IpuOOB, peKOMEHIOBAaHHBIX K OXpaHe
B [Ipumopckom kpae. Kpome Toro, BBUIy HOBBIX U3MeE-
HEHUI B CUCTeMAaTHKE, HOBBIX MUKOMIOPUCTUIECKUX
HaxXOIOK, a TAKXe B CBSI3M C PEBU3MEH MMEIOIIETOCS
rep0apHOTO MaTepuana, MOSIBUJINCh OCHOBAHUS IS

MepecMoTpa MPUPOIOOXPAHHOIO CTaTyca HEKOTOPHIX
TaKCOHOB. B HacTos11eM COOBIIIEHUN TTPUBENEHBI pe-
KOMEHJALIMU 110 U3MEHEHMIO CIMCKA OXpaHsSEMBbIX BU-
OB 0a3uauaIbHBIX MAaKPOMUIIETOB C YUETOM BBIIIEY-
Ka3aHHBIX 00CTOSITEILCTB.

Kputepunu orHeceHUsI BUIOB I'PUOOB K HYXKIalO-
IIMMCS B CIIEIIMaJIbHBIX OXpaHHBIX Mepax Ha CEeroj-
HSIIHUNA JeHb OCTAIOTCS TUCKYCCMOHHBIMU. B HacTosI-
el pabore B KadyecTBe 0a3uca OBLJIO MPUHSITO, YTO
OCHOBHBIMM yTpO3aMU IJisI TPUOOB KakK OMoOJoruye-
CKOM T'pYIIIBl OPTAHU3MOB SABJISIOTCS (PAKTOPHI, Mpe-
MSTCTBYIOIIME HOPMAaJbHOM XM3HEAESTEIbHOCTU
IPUOHUIIBL: OTCYTCTBUE MTOAXOASAIINX MECTOOOUTAHUIA
U/UAN IMPUTOAHBIX CyOCTpaTOB, a B CIy4ae BUIIOB-
MMKOPHU3000pa3oBaTesicii — OTCYTCTBUE WM YTHETEHUE
aCCOLMMPOBAHHBIX OpeBeCHBIX Mmopoa. CienoBaTesb-
HO, IeHCTBEHHBIC MEPhI OXPaHbI TPUOOB TOKHEI OBITh
HampaBJjieHbl Ha COXpaHEHHE MeCTOOOUTaHUil, cyO-
CTPATOB U MOAAEpKaHUE MO/ pacTeHUIA — MU-
KOPU3HBIX CUMOMOHTOB. [1oTeHIIMATbHO YI3BUMbBIMU
SIBJISTIOTCSI BUIBI TPUOOB, IIPOSBIISTIONINE Y3KYIO CIIeIIAa-

348



KYTOUYHEHMUMIO CITUCKA OXPAHAEMbBIX BUIOB I'PUBOB

JIM3ALMIO 10 OMHOMY WJIY HECKOJIbKUM U3 YKa3aHHBIX
BhIlIe ycioBuii. Mcxomst u3 3TOTO, BUABI, UMEIOIINE
OOILIMPHEIN reorpaduyecKnii apea, IMNUPOKUIA CIIEKTP
cyOCTpaToOB MJIX IIKMPOKO paCIpOCTpaHeHHBIE CyOCTpa-
THI, HE MPOSBIISIONIE U30MPATEIbHOCTU K TUIIAM Me-
CTOOOMTAHUI, pacCMAaTPUBAJINCh KaK HU3KOYYBCTBU -
TeJIbHBIE K BO3/IEICTBUIO aHTPOIIOTEHHBIX (haKTOPOB.

HanMeHoBaHUS TaKCOHOB U COKpallleHUSI UMEH
aBTOPOB JIaHbl COTJIACHO MEXIYHapOAHOU 0aze naH-
HbIX Index Fungorum (2024). B kBagpaTHBIX CKOOKax
MpUBeNEeHbI HanboJee paclIpOCTPAHEHHbIE CHHOHUMBI.
TakcoHbl pacrofioKeHbl B ai(haBUTHOM TOPSIIKE.

Bunbl, pekoMeHayembie K BKJIIOYEHUIO
B Kpachyio kuury IIpumopckoro kpas
Poccuiickoit Deaepanyn

B HoBoe m3nanue KpacHoii kHuru Ilpumopcko-
ro kpast Poccuiickoit @enepauny HEOOXOOAMMO BHE-
CTU CJeAymllue BUAbl 0a3UAUaTbHBIX MaKpPOMMUIIE-
TOB, BKJIO4YeHHbIe B KpacHyio kHury Poccuiickoit
®enepanun (List of flora objects.., 2023), oburaHue
KOTODBIX B peTMOHE ObUIO MOATBEpKACHO: Bryoperdon
acuminatum (Bosc) Vizzini, Buchwaldoboletus lignicola
(Kallenb.) Pilat, Calonarius sodagnitus (Rob. Henry)
Niskanen et Liimat., Gomphidius flavipes Peck,
Hapalopilus croceus (Pers.) Donk, Hygrocybe swanetica
Singer, Leucopholiota lignicola (P. Karst.) Harmaja,
Pycnoporellus alboluteus (Ellis et Everh.) Kotl. et
Pouzar., Rubroboletus dupainii (Boud.) Kuan Zhao et
Zhu L. Yang.

Buapl, pekomeHayemMble K MCKIIOYEHHUIO
u3 Kpacnoii kaurn IIpumopckoro kpas

Arrhenia discorosea (Pilat) Zvyagina, A.V. Alexandrova et Bulyonk.
[= Omphalina discorosea (Pilat) Herink et Kotl.; = Rhodocybe ulmi
Lj.N. Vassiljeva].

Bun 66U peKOMEHIOBaH K OXpaHe Ha OCHOBAHMYM HEMHOTOYHMCIIEHHO-
cTh Haxonok B [IpMOpCKOM Kpae U ero ctaTyca Kak peaKoro Buja B Mara-
naHckoit o6:. (Bukharova et al., 2022). Ha poccuiickom JanbHeM BocTtoke
9TOT BUJ OTMEYEH B IIMPOKOJUCTBEHHBIX, XBOIHO-ILIMPOKOJIUCTBEHHBIX,
CMEIIaHHbIX, U3PEXEHHBIX JIUCTBEHHBIX, a TAKXE TEMHOXBOMHBIX C IPUME-
cbto Populus tremula necax. B npenenax apeana Ulmus spp. 3TOT KCUIIOTPOh-
HBIIi TpMO, KaK MpaBUJIO, TPUYPOUCH K €ro BasieXXHou apeBecuHe (Nazarova,
Vasilyeva, 1974; Azbukina et al., 1984, 1998, 2002a; Bulakh, Govorova, 2006;
Bulakh et al., 2007, 2016; Bogacheva et al., 2020). B Gosiee CypOBBIX KIMMa-
TUYECKUX ycloBUsIX (AMypckas o0i1., EBpeiickas AO, XabapoBCcKUit Kpaii)
OH MEepexonuT Ha aApeBecuHy Populus tremula u P. suaveolens (Nazarova,
1986; Azbukina et al., 1989; Bulakh et al., 2010; Erofeeva, Bulakh, 2015;
Kochunova, 2016; Erofeeva et al., 2019; Kochunova, 2023), a B MaramaH-
cKoii 00J1. — Takxe Ha Chosenia arbutifolia (Sazanova, 2009; Red data book..,
2019a). Takum obpa3oM, A. discorosea He TIPOSIBIISIET BBICOKOU N30UpAaTENb-
HOCTH K TUITYy PACTUTENIbHBIX COOOIIECTB, a CyOCTPATOM LISl HETO SIBJISIETCST
JpeBecHHa UPOKO PacIpoCTpaHEHHBIX MTOPOL AepeBbeB. A. discorosea 06-
pasyerT IUIOLOBbIE Tesla U3peaka U MayibIMuU rpynnaMu. CrenyeTr 3aMeTUThb,
YTO 3TOT BUJI MUMEET PACTSIHYTHIN B TeUEHME BCEro Ce30Ha Mepuos MIoAo-
HolueHus: ¢ utoHs (Azbukina et al., 2002a; Bulakh, 2015; Kochunova, 2023)
o ceHTsa0phb (Azbukina et al., 1984; Bulakh et al., 2016; Sazanova, 2009;
Red data book.., 2019a). B uenTpanbHoii yactu [Ipumopckoro kpasi oH
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Puc. 1. [Tnononoienue Arrhenia discorosea Ha BajleKHOM
crBosie Ulmus sp., TMCTBEHHBIN NOJUMHHBIN Jec. Hauo-
HaJIbHBIN napK “VYnareiickas nerenma”, 21.05.2024 (¢poto
E.A. EpodeeBoit).

oTMeyvasics yxke B KoHlie Mast (puc. 1). [Ipu nogo6HO#t tuHaMKKe y BUga MO-
KeT He OBITh BHIPaXKEHHOTO MHKa TUIONOHOMIIEHHUSI, YTO MOXET CITIOCOOCTBO-
BaTh BIEYATIIEHUIO “PEIKOCTU” MPU MUKOJIOTMUYECKUX MOJIEBBIX UCCIIENOBA-
HMSIX, €CJIM OHU MIPOBOJSITCS HE B TEUEHUE BCETO BEreTallMOHHOTO Nepuoa.
A. discorosea usBecteH B EBpone, BocTouHo A3uu 1 10 BCeit TeppuUTOpUN
Poccuu, a Takke B CeBepHoit AMepuke (Zvyagina et al., 2015; Bolshakov et
al., 2021; Krisai-Greilhuber, 2022; GBIF). Otot Bua 6b11 BHeceH B Kpac-
HBII cucoK MexayHapoaHoro coto3a oxpaHsl npuponbl (MCOIT) co cra-
TycoM “Vulnerable” (ys13BUMBIii) B CBS3HU C SIBHOU TEHIACHILIMEH K COKpale-
HMIO B €BPOIEWCKNX CTPaHaX IO TOMMEHHBIX JIECOB, YKa3aHHBIX ISt
HEro B KayecTBe OCHOBHOIO TUIa MecTOOOUTaHuit. OTMEYeHO, UTO STOT
TOJIAPKTUYECKUI BUI BCTPEYAETCS B JiecaxX Pa3IMYHOTO TUIA C yIacTUEeM
Populus tremula v npyrux sunos Populus, a Takxe Fraxinus spp., Ulmus spp.
u Tilia spp. A. discorosea paccMaTpuBaeTCsl KaK OYeHb PEIKUiT BU C CUJIBHO
dparmenTupoBanHoit nonynsuueit (Krisai-Greilhuber, 2022). [TpuHumas
BO BHUMaHUE MaJioe KOJUYECTBO 3apETUCTPUPOBAHHBIX TJIOMOHOIIEHUM
NP TOCTATOYHOU PaCIPOCTPAHEHHOCTH MOTEHIIMAIBHO TOAXOISIINX Cy0-
CTPaTOB, MOXHO M0JIaraTh, YTO HA CETOAHSIIIHUIA eHb HE UMEETCsl BECOMOI
CTaTUCTUKU HAOTIONCHWIT A. discorosea st TOCTOBEPHBIX BEIBOIOB OTHOCH-
TEJILHO €T0 3KOJIOTUM Y TIIOOATBHBIX (haKTOPOB yIPO3BI.

[lepeuuncieHHbIe BBILIE IpeBECHbBIE TOPOIBI, IPEBECHHA KOTOPBIX SIBJIsI-
€TCsl OTEHUMAIBbHBIM CyOCTPaTOM ISl JAHHOTO BUIA KCUJIOTPOMHBIX TPU-
00B, IMPOKO TpeacTaBieHbl B [IpumopckoM kpae (Barkalov et al., 2011).
OHM pacipocTpaHeHbl He TOJbKO B JiecaX, HO U B aHTPOIIOTEHHO U3Me-
HEHHBIX JaHawadTax, a Takxke MPUMEHSIIOTCS B TOPOACKOM 03€JIeHEHUU
(Shikhova, 2020). INpeacraBisieTcsl BIIOJIHE BEPOSITHBIM, 4TO [IpuMopcKuit
Kpait — onMH M3 HaubGosiee GaaronpusTHBIX B Poccuiickoit denepaunu
peruoHoB s obutanus A. discorosea. CrielinallbHBIX MEp OXpaHbI JJIsI
A. discorosea B TIpuMOpCcKOM Kpae He TpedyeTcsl.

Calostoma cinnabarinum Desv.

Bosbias yacTh 06pas3oB M3 I0XHOM YacTu poccuiickoro JlajibHero
Bocroka (ITpumopckuii kpait u EBpeiickast AO), paHee myOJIMKOBaBIINXCS
non Ha3zBaHueM C. cinnabarinum (Vasilyeva, 1972; Azbukina et al., 2002b;
Bulakh, Bukharova, 2018), B pe3y/ibrare HeaaBHeil peBU3MM ObLIU IEepeorpe-
nenensl kKak C. japonicum Henn. (Rebriev et al., 2020). [Tomumo HuX, ume-
10Tcst 06pasiibl, Mopdonorndecku 6uskue K C. cinnabarinum: XacaHcKuii
p-H, OKpecTHOCTH Toc. Psg3aHoBka, nyOHsK, Ha rouse, 30.04.1970, cobp.
M.M. Hazaposa, VLA M-12131; JIa3oBckuii 3anoBeaHuK, KopnoH IleTposa,
IyOHSIK, Ha mouBe, 21.09.1987, co6p. E.M. bymnax, VLA M-17887. O6pa3zeit
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n3 JIa30BCKOro 3aroBeIHUKA paHee myOankoBaics Kak C. cinnabarinum
(Azbukina et al., 2002a; Bulakh, Bukharova, 2018).

CormtacHO COBPEMEHHBIM TPEACTaBICHNUSIM, OCHOBHOI1 apeain C. cinna-
barinum Haxonutcsi B Ces. u 0. Amepuke (Baseia et al., 2007). B A3uu aToT
POJI MPECTABIeH OOIBIIMM YMCIOM BUIOB, IIPU 3TOM PETYISIPHO OTHCHI-
BaloTCsl HOBbIe TakcOHbl. COoBceM HenmaBHO ¢ Tepputopun Kutast onucan
Bua C. sinocinnabarinum N.K. Zeng, Chang Xu et Zhi Q. Liang, mopdo-
Jloruuyecku oueHb 0nus3kuit C. cinnabarinum v HEKOTOPBIM JPYTUM BUIAM
(Xu et al., 2022).

TMockonbky C. cinnabarinum He obutaeT Ha TeppuTopuu [IpuMopckoro
kpas u Poccuu B 11e10M, HEOOXOAMMOCTb KaKMX-TM00 OXpaHHbBIX MEPOTIPUSI-
Thit yrpauuBaercs. [1py 3ToM ocTaeTcss HeOOXOMUMOCTh UACHTU(hUKALINN
HWMeEIOIIMUXCsl 06pa3oB ¢ MPUMEHEHNEM BCEeX MOCTYITHBIX MOpdosornie-
CKUX U MOJIEKYJIIPHO-TEHETHUECKUX METONOB.

C. japonicum — BoctouHo-a3uarckuii Bua (GBIF), 3axonsiuii Ha Tep-
putoputo Poccuu uiib ceBepHOI YacThbio apeaiia; uisi MUKoOouoTel Poccun
B LICJIOM OH SIBJISIETCSI JOCTATOYHO 9K30TUYECKIM 2JIeMeHTOM. B poccuiickoit
yactu apeana C. japonicum ipuypodeH K jecaM u3 Quercus mongolica. I1pu-
HUMast BO BHUMaHUE KIIMMAaTUIECKUE YCIOBUSI B HAKOOJIee CEBEPHOIA U3 13-
BECTHBIX ToueK Haxonok Calostoma japonicum (EBpeiickast AO), MOXHO moJja-
raTh, 4TO JIUMUTUPYIOLIUM (DaKTOPOM JJIsl HETO SIBJISIETCST B MEPBYIO Ouepeab
HE TeMIIEPaTYPHBIN PEXUM, a IPUCYTCTBUE aCCOUMMPOBAHHOMN TPEBECHOM
roponpl. CrrenoBaTebHO, MOXKHO TPEATToaraTh MOTEHLINAIBHYIO pacTpo-
crpaneHHocTh C. japonicum B Tipenienax apeana Quercus mongolica.

Bce o6pasibl u3 [Ipumopckoro Kpasi, npuHamiexaniue K pony Calo-
stoma Desv., natupytotcst 1950—1990 rr. B 1essix oOHOBIEHUS U YTOUHEHUST
CBEEHUI O TIPEACTaBIEHHOCTH BUIOB TAHHOTO TAKCOHA B PETUOHE, MOXKET
OBITH PEKOMEHIOBAaH MOHUTOPUHT Ha YPOBHE pojia ¢ repbapusaimeil mio-
TTOBBIX TEJl.

Lentinellus brunnescens Lj.N. Vassiljeva.

Bun 6b1u1 BkitoueH B KpachHyto kaury [Tpumopckoro kpas (Red data
book.., 2008) KaK 3HIEMUK peruoHa, OOMUTaIOLIMiA TOJbKO B FOXKHOM €ro ya-
CTU U MIPUYPOUYEHHBII K APEBECUHE JTUCTBEHHBIX MOPOJ B IIMPOKOIUCTBEH-
HBIX JiecaX. 3a NMPOLIEeIINI NEPUO MOSIBUINCH HOBBIE JaHHBIE, CBUNETEIb-
cTByIoIne 06 obutanuu L. brunnescens ¥ 3a npenenamu [Ipumopckoro
kpas: B EBpeiickoit AO (Bau et al., 2011), a takke B CeBepHOi1 AMepuKe
(GBIF). [1nonoHo11eHNsI OTMEYAIUCh B Jiecax pa3iudHbIX TunoB (Bulakh,
Govorova, 2006), Ha ApeBeCHHe KaK JMCTBEHHBIX, TAK K XBOMHBIX MTOPOJ
(Bau et al., 2011). Takum obpa3oM, L. brunnescens He SIBJISIETCST y3KOoapeallb-
HBIM HJIEMUKOM U He TIPOSIBJISIET 0COOO0I CTeIaTN3aluy K cyOCTpaTy Win
TUITy MecTooOuTaHuil. CIielIaTbHBIX MEp OXpaHBI He TPeOyeTcs.

Phallus ultraduplicatus X.D. Yu, W. Ly, S.X. Lv, Xu H. Chen et Qin Wang.

ComtacHo HenaBHMM ucciaenoBaHusM (Rebriev et al., 2023), 3170 Ha3BaHKe
SIBJISIETCS TIO3MHUM CUHOHUMOM Phallus sibiricus (Lavrov) Rebriev. JJaHHbIi
BMJ LIMPOKO pacrpocTpaHeH B a3uarckoit yactu Poccum (Tomckasi, HoBo-
cubupckas, Mpkyrckas obnacrtu, KpacHosipckuit kpaii, Pecrryosinka Bypsi-
Tud, a Takxke [IpuMopckuit kpait). HenaBHO ObLI0 MOATBEPXXIEHO OOUTaHUE
P. sibiricus Taxxe B AMypckoii, EBpeiickoii aBToHOMHO#, CaxaJIMHCKO# 00-
nactsax v B XabapoBckoMm kpae (Rebriev et al., 2024). P. sibiricus — obuTarenb
JIECOB PA3IUYHbIX TUIIOB U C PA3HOI CTENEHbIO aHTPOIIOTEHHOM HArpy3KHU.
TlnonoHoIIeHNsT pa3BUBAIOTCS Ha TIOYBE, TIOACTIIIKE W IPEBECUHE Pa3Ind-
HBIX CTAIMI1 Pa3IOKEeHUS TIPU YCIOBUY JOCTATOYHO BIaXXHOCTHU (pHC. 2).
3HaYNTEIbHOE YMCIIO HAXOOK BU/Ia B PETUOHE U BCTPEYaeMOCTh B PA3HO-
00pa3HBIX JIECHBIX COOOIIECTBAX CBUAETENBCTBYET 00 YCTOMYMBOM COCTOSI-
HUU TOMYJISILMI U OTCYTCTBUU HEOOXOIMMOCTHU €r0 OXPaHBI.

Pseudocolus fusiformis (E. Fisch.) Lloyd [= Anthurus javanicus (Penz.)
G. Cunn.].

PacrnipocTpaHeHUe 3TOTO BUIA OTPAHUYMBAETCS B MEPBYIO OYepelb
KIMMaTUIeCKUMK (haKTOpaMu — TeMIIepaTypoil U BIakKHOCTbIO. B mipene-
JIaX eCTeCTBEHHOTO apeayia BCTpeuaeTcsl B TPOMMKAX U CyOTPOIUKAX, OI-
HAaKoO NP 3aHECEHUU MPOTAarys ¢ 3eMJiel U MOCaTOYHbIM MaTePUAIOM OH
MOXET IJIOAOHOCUTH U B opaHxepesx. B [IpuMopckoM Kpae nepuonuue-
CKM OTMevaeTcs B XacaHCKOM 1 JIa30BCKOM p-Hax — KakK Ha TepPUTOPHSIX
3anoBeqHUKOB “Kenposast Ilans” u “JlazoBckmit” (Sosin, 1960; Azbukina
et al., 2002a, 2002b), Tak 1 B HApYIIEHHBIX JIECHBIX COOOIIECTBAX C BHICOKOI

MMUKOJIOTUA N PUTOMATOJIOTUA

EPO®EEBA u np.

Puc. 2. IMnonoHowenue Phallus sibiricus Ha BLICOKOM ITHE,
Xabaposckuii kpaii (dhoto E.A. EpodeeBoii).

peKpeanmoHHo Harpy3koii. DakTopbl yTPO3bl OTCYTCTBYIOT, HEOOXOMMMO-
CTH OXpaHbl HET.

Retiboletus retipes (Berk. et M.A. Curtis) Manfr. Binder et Bresinsky
[= Pulveroboletus retipes (Berk. et M.A. Curtis) Singer].

O6pa3sibl, OTHOCUMBIE K TaHHOMY TaKCOHY, ITEPBOHAYAIBHO ObLIA
onyosukoBaHbl Kak Pulveroboletus retipes (Berk. et M.A. Curtis) Singer
(Vasilyeva, 1972, 1973). [1o3nHee oHU Xe TPUBOIMIUCH KaK Boletus ornatipes
Peck. (Azbukina et al., 2002b), 3aTeMm — Kak Retiboletus retipes (Berk. et
M.A. Curtis) Manfr. Binder et Bresinsky (Red data book.., 2008), a B u3-
TAHUSIX TTOCIIEMHUX JIeT — Kak Retiboletus ornatipes (Peck) Manfr. Binder et
Bresinsky (Bulakh, 2015; Bulakh, Bukharova, 2018). B HacTosiiiee BpeMst
R. retipes 1 R. ornatipes paccMaTpUBaIOTCsI Kak MOP(OJIOrruecK Hepasiu-
yuMble TaKCOHBI ¢ apeanamu B CeB. u LleHtp. AMepuke (Binder, Bresinsky,
2002), Torna kak B BocT. A3uu BblfiesieH LIeJbIi psii APYTUX BUAOB pona
(Zeng et al., 2016, 2018; Liu et al., 2020; Chuankid et al., 2021). Takum 06-
pa3oMm, obutaHue R. retipes Ha TeppUTOpUM poccuiickoro danbHero Bocro-
Ka He TOATBEPKICHO, U TAHHBII TAKCOH TOIIEXUT UCKITIOYSHHIO U3 CTIHCKA
oxpaHsieMbIX BunoB [Ipumopckoro Kpasi.

BunoBas nprHamiexxHocTh 00pa3LioB Retiboletus ¢ poccuiickoro JlanbHero
BocToka Ha ceromHsIIIHMI TeHb ocTaeTcsl HeollpeneJeHHO!. M3BecTHbIe Me-
CTOHAXOX/IEHUSI COCPENOTOUEeHBI B 103KHOI yacTu [TpumMopckoro kpasi: o. Pyc-
ckuii, 3anoBenHuku “Kenposas [Nanp” u “J1a30BcKuit”; HAXOOKK MPUypoYe-
HbI K JiecaM U3 Quercus mongolica (Vasiljeva, 1972, 1973; Azbukina et al., 2002b;
Red data book.., 2008; Bulakh, 2015; Bulakh, Bukharova, 2018). BocTouHoa-
3UaTCKKe BUJIbI, MOpdoornuecku Haubosiee cXonHble ¢ R. retipes/ornatipes, —
R. kauffmanii (Lohwag) N.K. Zeng et Zhu L. Yang = Boletus kauffinanii Lohwag]|
u R. sinensis N.K. Zeng et Zhu L. Yang. OHu accoLlMMPOBaHbI C MPEICTABUTENS-
mu Fagaceae (R. kauffinanii — Takxe ¢ Pinaceae) (Zeng et al., 2016). IIpencras-
JisieTcsl HanboJiee BEpOSITHBIM, YTO 00pas3libl ¢ poccuiickoro JlansHero Bocroka
OTHOCSITCS] K KAKOMY-JIMOO OTHOMY, JIMOO 000MM 3TUM BUaaM. [TnonoBble Tena
JTOCTaTOYHO XOPOIIIO Y3HABAEMbI OJ1aroiapst XapakKTepHbIM MaKpoMOpP(OIoT-
YeCKUM OCOOEHHOCTSIM: TOHKO-BOIMJIOUHAsI cepasi WM OJTMBKOBO-KeJITast LTSI~
Ka; HOXKa, MOKPBITast KPYMMHOSTYEMCTO MPOAOIbHO-BBITSIHYTOI CETOUKOI TTOY-
TH 1o Beeit mmHe (Vasilyeva, 1973; Bulakh, 2015). /11 ycTaHOBJIEHUS BUIOBOI
MPUHAIUIEXXHOCTH TAKCOHOB, 0OUTAIOIIMX Ha poccuiickoM JdanbHeM Boctoke,
HEOOXOIMM COOp CBEXET0 MaTepuaia, YTo a0 Obl BOZMOXHOCTh IITMPOKOTO
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MIPUMEHEHYSI MOJIEKY/ISIPHO-TEHETUYECKMX METOMOB MCCIeNOBaHMsL. B aTHx 11e-
JISIX MOXET OBITh PEKOMEHIOBAH MOHUTOPHHT € repbapu3alneil miogoHoLIe-
HMIi Ha ypoBHe pofa Refiboletus Manfr. Binder et Bresinsky.

Rhodotus palmatus (Bull.) Maire.

DTOT BUI OB pEKOMEHIIOBaH K oxpaHe B [Ipumopckom kpae (Bukha-
rova et al., 2022) Ha OCHOBaHUM TOT'0, YTO OH BKJIIOYEH B I100abHbINA Kpac-
Hbit ciucok MCOIT (Ir§énaite, 2019) co crarycom “Near threatened” (co-
cTostHUe, OJIM3KOe K yrpoxkaeMomy). R. palmatus iMeeT roapKTUYECKU
apean (GBIF) u aBnsiercst kKcmuioTpooM Ha IpeBeCUHE pa3IuyHbIX JIH-
CTBEHHBIX IepeBbEB U3 ponoB Acer, Aesculus, Fagus, Fraxinus, Liriodendron,
Malus, Quercus, Tilia v Ulmus (B TOM 4uciie Ha ypOaHU3UPOBAHHBIX Tep-
putopusix). Cratuctuka, npuBonumas Ha caiite MCOII u ykassiBatoriast
Ha ysSI3BUMOCTb BUJA (ITPOAOJIKAIOLLEECs] COKpallleHHUe TJIOIIAAN U/ WIK Ka-
4yecTBa MECTOOOMTAHUI, IKCTpeMalbHble KOJIeOaHUs! YUCIEHHOCTH, COKpa-
LIeHNEe YUCICHHOCTH) OTHOCUTCS B MEPBYIO ouepenb K EBpore 1 BOCTOUHOIM
yact CeBepHOIl AMEPUKH, TJI¢ B MIOCJICIHUE TOMBI TPOUCXOMUIIO MaCCOBOE
rnopaxeHue ratoreHaMu faepeBbeB ponoB Ulmus v Fraxinus.

B IIpumopckoM Kpae Haxoaku R. palmatus U3BECTHBI U3 OKPECTHO-
creit BnanuBocroka, 3anoBeqHukoB “Kenposas Ilanp”, “Jla3oBcKuii”,
“Cuxora-AnuHCKUi”, “Yccypuiickuii”, ¢ BepxoBbeB p. Yecypu (Vasilyeva,
1973; Azbukina et al., 1984, 2002a; Bulakh, Govorova, 2006; Bau et al., 2011;
Bulakh et al., 2016; Bukharova et al., 2022). DToT Bua ObUT OTMEYEH U B APY-
IMX peruoHax poccuiickoro JanpHero Bocroka: B EBpeiickoit AO, XabapoB-
CKOM Kpae, a TakXke B IIeHTpaibHOi yactu 0. CaxanuH (Azbukina et al., 1986,
1989; Bulakh et al., 2007; Bau et al., 2011; Red data book.., 2019b). R. palmatus
0o0UTaeT B LUMPOKOIMCTBEHHBIX U XBOITHO-IUMPOKOJIMCTBEHHBIX JIecax, a TaK-
K€ B 3€JIEHBIX HACAXKICHMSIX Ha CeTUTEOHBIX 3eMIsiX. [onoHoIIeHusT 0T™Me-
YaroTCsI JOCTATOUHO PEIKO, PACTYT IyYKaMH JIMOO OMMHOYHO, Ha IPEBECUHE
JINCTBEHHBIX MOPOJ] — IJIaBHBIM 00pa3oM, Acer spp. U Ulmus spp. — ¢ UIOHS
no ceHTs16ps. Ha CaxannHe MIOAOHOLIEHUSI OTMEYAINCh Ha IPeBEeCUHE
Populus sp. (Red data book.., 2019b). B Cubupu (1oxxHast yacte KpacHosip-
CKOTO Kpasl) U3BeCTHbI HaXOIKU Ha npeBecuHe Befula sp. (Beglyanova, 1972).
B Poccuiickoit @enepaniu B iesioM R. palmatus U3BeCTEH U3 MHOTUX PETHO-
HoB LleHTpanbHoii Poccuu u Ypana (Bolshakov et al., 2021).

R. palmatus BkmoueH B KpacHyto kuury CaxanuHckoit oonactu (Red
data book.., 2019b); Ipu 3TOM COCTOSTHUE JIOKATHHBIX MOMYJISIIIUN OIEHNU-
BaJIOCh KakK “xopoiiee”.

TakuM 06pa3oM, DaHHBINA BUA He TIPOSIBIISIET Y3KOM CrielMaTn3aiiu
K CyOCTpaTy Wid TUIy MecToobutaHuii. CrieunanabHble MEpPbl OXpPaHbl
Ha ypoBHe peruoHa st R. palmatus He TpeOyloTCsI.

Kpowme Toro, cpaBHUTENTbHO HenaBHO B KuTae ObUT BbIIeseH elie oIuH
BuI poaa — R. asperior L.P. Tang, Zhu L. Yang et T. Bau (Tang et al., 2014).
B cBsI3U ¢ 3TUM TaKCOHOMUYECKasl MPUHALIEKHOCTh repOapHbIX 00pa31LoB
¢ poccuiickoro JlanbHero BocToka HyXnaeTcsl B yTOYHEHUH.

Hexkoropble U3 peKOMeHAaLMi 110 KOPPEKTUPOBKE
TEpeYHs OXpaHsIeMbIX BUIOB IpUOOB, TTpeCTaBIIEHHbIE
panee (Bukharova et al., 2022; Bukharova, Prozorova,

2022), He ObUIM OTpaXkeHbl B O(UIIMATBHO YTBEPXK-

meHHBIX gokyMeHTax (Government Decree.., 2022;
Resolution of the Governor.., 2023). B 1iens1x BHeceHU

B UTOTOBBIM CIIMCOK OXpaHsIEMbIX BUJIOB FpI/I6OB COOT-
BECTCTBYIOIIIUX I/ISMCHCHI/Iﬁ, IOPpUBOAUM 34€CH OTU IIPECA-

JIokeHusI MOBTOpHO. [Ipennaraiorcst K MCKIIOUEHUIO
U3 OXpaHsSIeMBbIX clieaytoliue BUabl: Boletus aereus Bull.,
B. auripes Peck, Butyriboletus appendiculatus (Schaeff.)
D. Arora et J.L. Frank [= Boletus appendiculatus Schaeff.],
Fomitopsis castanea Imazeki, Hypsizygus tessulatus
(Bull.) Singer [= H. marmoreus (Peck) H.E. Bigelow],
Rubroboletus rhodoxanthus (Krombh.) Kuan Zhao et Zhu
L. Yang [= Boletus rhodoxanthus (Krombh.) Kallenb.],
Tylopilus alboater (Schwein.) Murrill.
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Ha nHamr B3misin, Majioe KOJTMIECTBO MMEIOIIMXCS Tep-
OapHBIX 00PA3LIOB B HEKOTOPBIX CITyYasiX MOXKET OBITh 00-
YCJIOBJIEHO HE PEIKOCTHIO BUIA TPUOOB, a MPOTUBOMOJIOX-
HBIMU npyuarHaMu. KostekTop, Habmomast perysipHOe
JIMOO 0OUJIBHOE TUIOAOHOIIIEHUE KAaKOro-1100 B1AA, MOT
He ycMaTpHBaTh MOBOIA repOapu3npoBaTh (I TOKYMEH-
THUPOBaTh UHBIM CIIOCOOOM) BCE HaXOIKU, [IOMUMO 00pa3-
11a, HEOOXOOVMOTO IJISI THBEHTApM3allMOHHOTO CIIVCKA.
Tak, nnsa Arrhenia discorosea B IIpuMOpCcKOM Kpae yKa-
3BIBAJIOCH JIUIIIb IIECTh CIy9aeB BCTPEY IUIONOHOIICHUI
(Bukharova et al., 2022). I1pu 3TOM 0ITh U3 HUX COOTBET-
CTBYIOT TEPPUTOPUSIM, TIe IMPOBOIWINCH MHBEHTapH3a-
LIMOHHEBIE MCCIenoBaHMs. B To ke BpeMs B CBOIKE OMOTHI
3aItoBeTHMKA “YCCypUICKIiA” OTMEYEeHO: “TIOBCEMECTHO
Ha BajiexkHbIX cTBosiax wiibMa” (Bulakh, Govorova, 2006).
CxomHbIM 00pa3oM 1151 Retiboletus retipes B KpacHoli KHU-
re ITpumopckoro kpas (Red data book.., 2008) ykazaHo:
“eIMHUYHO MM HEOOIBIITMM TPyIIIaMu”’, a B 0000I11a10-
1IeM M3TaHUM, aKKYMYJIMPOBaBIlIeM 00beM HaOI0neHUI
E.M. Bynax 3a 6onee yem 40 moyieBbIX CE30HOB, JJIS1 3TO-
IO K€ TaKCOHA OTMeuaeTcs: “HeOONbIIMMU TPpyMHIaMM, Ya-
cTo ¥ MecTaMu ooubHO” (Bulakh, 2015).

SAKJIIOYEHHUE

KoppekTupoBaHue CIMCKOB ITOMIEXKAIINX OXpaHe
BUIIOB — IIPOLIECC OCTOSIHHBIN, 3aBUCSIIINI OT MHOTHX
IMapaMeTPOB: CTEIIEHU N3YYCHHOCTH MUKOOMOTHI PETHO-
Ha, 6oJiee IyOOKOro MO3HAHUS 9KOJIOTUU 1 Ororeorpa-
(bur TaKCOHOB, U3MEHEHUIT CTPYKTYPhI OMOIIEHO30B 1011
BIIISTHUIEM aHTPOITOTeHHBIX ¥ KIIMMAaTIeCKNX (DAaKTOPOB,
M3MEHEHUI B CUCTEMATHKE, IIPUMEHEHMST HOBBIX KPUTE-
pUeB OLICHKM U T.II. B TOM 4ucyie 1 1mo3ToMy Ha 3aKOHO-
JIaTeJIbHOM YpOBHE 3aKperuieHa He0OXOIUMOCTh OOHOB-
JIEHUST OXpaHsSIEMBIX CIIMCKOB Kaxabie 10 JieT.

IIpennaraeMble U3MEHEHUS B IepeYeHb BUIOB IPU-
00B, PEKOMEHIOBAaHHBIX K BHECEHUIO B TOTOBSIIEECS
HoBoe usznanue Kpacnoii kuuru ITpumopckoro kpas,
CBsI3aHBI C ITOJydeHHeM OoJiee MOJTHBIX aKTyaJbHbIX
JAHHEBIX IO psITy OOMTAIOLIUX B peTMOHE BUIOB IpUOOB
Y MPU3BaHBI CAeIaTh IPOLECC OXPaHbl PETMOHAILHOTO
buopaszHooOpa3us dosee 3PHEeKTUBHBIM.

Cnucoxk BHIOB 0a3HIMAJIBHBIX MAKPOMHIIETOB
(Basidiomycota), peKOMEHIOBAHHbIX K OXpaHe

B IIpumopckom Kpae (c ydeTom Bcex
NpeamecTBYIOIIUX W3MEHEHNIA W JIO0NOIHEHMI)
Bondarcevomyces taxi (Bondartsev) Parmasto [= Parmastomyces taxi

(Bondartsev) Y.C. Dai et Niemeld; = Hapalopilus taxi Bondartsev] — BoH-
JaplLEeBOMMUIIEC TUCCOBBIM.

Bryoperdon acuminatum (Bosc) Vizzini [= Bovista acuminata (Bosc)
Kreisel] — BpuonepaoH 3a0CTpeHHBIIA.

Buchwaldoboletus lignicola (Kallenb.) Pilat [= Phlebopus lignicola (Kallenb.)
M.M. Moser| — byxBaiibno0osieT 1peBECUHHBIIA.
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Calonarius sodagnitus (Rob. Henry) Niskanen et Liimat. [= Cortinarius
sodagnitus Rob. Henry] — ITayTMHHUK y3HaBaeMblIii.

Calvatia gigantea (Batsch) Lloyd [= Langermannia gigantea (Batsch)
Rostk.] — T'oytoBau ruraHTCKUiA.

Chroogomphus tomentosus (Murrill) O.K. Mill. — Mokpyxa BoitjiouHasl.

Collybia velutinopunctata Lj.N. Vassiljeva — Konnubusi 6apxatucro-
TOYEeUHASsI.

Cryptoporus volvatus (Peck) Shear — KpunTornopyc BoJIbBOHOCHBIA.
Entoloma eugenei Noordel. et O.V. Morozova — DHtosioma EBreHust.

E. quadratum (Berk. et M.A. Curtis) E. Horak [= E. salmoneum (Peck)
Sacc.; = Rhodophyllus salmoneus (Peck) Singer] — Po3oBoryiacTuHHUK
KBaJIpPAaTHOCIIOPOBBIN.

Floccularia luteovirens (Alb. et Schwein.) Pouzar [= Armillaria luteovirens
(Fr.) Gill.] — OnieHOK keTO-3e/IeHbIA.

Fomitopsis officinalis (Vill.) Bondartsev et Singer — JIucTBeHHUYHAas
ryoka.

Ganoderma lucidum (Curtis) P. Karst. — TpyTOBUK JJaKMpPOBaHHBIN.

Gomphidius flavipes Peck [= Chroogomphus flavipes (Peck) O.K. Mill.] —
Mokpyxa XeITOHOXKOBasI.

Grifola frondosa (Dicks.) Gray — I'pucona KkypyaBas.
Gyroporus castaneus (Bull.) Quél. — Tupornopyc KalTaHOBBIA.
G. punctatus Lj.N. Vassiljeva — [Mponopyc TOYeUHBbI.

Hapalopilus croceus (Pers.) Donk [= Aurantiporus croceus (Pers.)
Murrill] — lnanonuiayc madpaHHO-KeNThIA.

Harrya chromipes (Frost) Halling, Nuhn, Osmundson et Manfr. Binder
[= Leccinum chromapes (Frost) Singer] — O6ab0K oKpalieHHOHOXKOBBIA.

Hericium flagellum (Scop.) Pers. [= H. alpestre Pers.] — ExoBuk
JbNUACKHUA.

Hygrocybe swanetica Singer — ['urpouiu6e cBaHeTCKasl.
Jahnoporus oreinus Spirin, Vlasdk et Miettinen — SIHOnoOpyc TOpHBIi.

Lactarius aurantiaco-ochraceus 1j.N. Vassiljeva — MJe4HHK OpaHKeBO-
OXPUCTBIH.

L. grandisporus Lj.N. Vassiljeva — MJIeYHUK KPYITHOCTIOPOBBINA.

Lactifluus luteolus (Peck) Verbeken [= Lactarius luteolus Peck] — MiieuHuk
JKEeJITOBATHINA.
Lentinula edodes (Berk.) Pegler — Cuntake, SITOHCKWT apoMaTHBIi Tpuo.

Leucoagaricus nympharum (Kalchbr.) Bon [ Macrolepiota puellaris (Fr.)
M.M. Moser| — [pu6-30HTUK NEBUYUMIA.

Leucopholiota lignicola (P. Karst.) Harmaja [= Cystolepiota lignicola
(P. Karst.) Nezdojm.; = Lepiota amyloidea Singer] — YemyiiHuia
NpeBeCUHHas.

Marasmius aurantioferrugineus Hongo — MapacMuyc opaHXeBO-pKaBblid.

Mucidula brunneomarginata (Lj.N. Vassilieva) R.H. Petersen [= Oudemansiella
brunneomarginata Lj.N. Vassiljeva] — Myuuyna 6ypokpaiiHasi.

Pleurotus djamor (Rumph. ex Fr.) Boedijn [= P. salmoneostramineus
Lj.N. Vassiljeva] — Bemienka po3oBasi.

Polyporus umbellatus (Pers.) Fr. [= Grifola umbellata (Pers.) Pilat] — Tpy-
TOBUK 30HTUYHBIM.

Porphyrellus gracilis (Peck) Singer [= Austroboletus gracilis (Peck) Wolfe] —
IMopdupesutoc U3SLIHBIN.

Protubera nipponica Kobayasi [= Kobayasia nipponica (Kobayasi) S. Imai
et A. Kawam.] — Ipoty0epa sinoHckas.

Pulveroboletus ravenelii (Berk. et M.A. Curtis) Murrill — ITynbBepo6oier
PaBenens.

Pycnoporellus alboluteus (Ellis et Everh.) Kotl. et Pouzar — ITukHormno-
petyc 06e10-KeNThIi.

Resinoporia crassa (P. Karst.) Audet [= Antrodia crassa (P. Karst.)
Ryvarden; = Amyloporia crassa (P. Karst.) Bondartsev et Singer] — Pe3uHo-
TOpUSI TOJICTAS.

MUKOJOTI'A U ®PUTOITATOJIOTUA
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Rubroboletus dupainii (Boud.) Kuan Zhao et Zhu L. Yang [= Boletus
dupainii Boud.] — Py6po6oser dioneHa.

Russula flavida Frost — CbipoexKa 30JI0TUCTO-KeTasl.

R. rubescens Beardslee — CbrIpoexkka KpacHerolasl.

Sparassis latifolia Y.C. Dai et Zheng Wang — Crnapaccuc IIMpoKo-
JIOTIACTHBIN.

Strobilomyces strobilaceus (Scop.) Berk. [= S. floccopus (Wahlenb ex Fr.)
P. Karst.] — IIumkorpu6 XJ10mMbeHOXKOBBIA.

Tremella fuciformis Berk. — Tpemenna ¢hykycoBuaHasi.

Tricholoma matsutake (S. Ito et S. Imai) Singer] — Marcyrake, COCHO-
BbIE pora.

Truncospora ornata Spirin et Bukharova — TpyHKocnopa ykpaileHHasl.

Tylopilus plumbeoviolaceus (Snell et E.A. Dick) Snell et E.A. Dick — Tu-
JIOTIMJT CEPO-JTMJIOBBIHA.
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To the Updated List of Protected Species of Fungi (Basidiomycota)
of Primorskiy Krai of Russian Federation

E. A. Erofeeva®*, N. V. Bukharova™*#, and Yu. A. Rebriev-##*

a Institute for Complex Analysis of Regional Problems of the Far East Branch of the Russian Academy of Sciences, Birobidzhan, Russia
b Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far East Branch of the Russian Academy of Sciences,
Vliadivostok, Russia
¢ Southern Scientific Centre of the Russian Academy of Sciences, Rostov-on-Don, Russia
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###

e-mail: rebriev@yandex.ru

Based on the updated information, nine species are recommended for inclusion in the list of protected fungal
species of the Primorsky Krai of the Russian Federation: Bryoperdon acuminatum, Buchwaldoboletus lignicola,
Calonarius sodagnitus, Gomphidius flavipes, Hapalopilus croceus, Hygrocybe swanetica, Leucopholiota lignicola,
Pycnoporellus alboluteus, Rubroboletus dupainii. The following species are proposed for exclusion: Arrhenia
discorosea, Boletus aereus, B. auripes, Butyriboletus appendiculatus, Calostoma cinnabarinum, Fomitopsis castanea,
Hypsizygus tessulatus, Lentinellus brunnescens, Phallus ultraduplicatus, Pseudocolus fusiformis, Retiboletus retipes,
Rhodotus palmatus, Rubroboletus rhodoxanthus, Tylopilus alboater. For two genera (Calostoma and Retiboletus),
monitoring was proposed in order to supplement information on their occurrence in the Russian Far East.

Keywords: rare species, Red data book, Russian Far East
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B pesysbrare NMpoBeAeHHBIX TIOJIEBBIX pabOT, a TaKXKe PeBU3MK repObapHOro MaTepHasia MpoILIbIX JIET, BbIsSIB-
JieHO 14 HOBBIX IS 3alOBeAHUKA “bacTtak” BUIOB rpuOoB. JlecaTh U3 HUX SIBISIOTCS HOBBIMU ist EBpeii-
CKOIf aBTOHOMHOM obmactu (Armillaria cepistipes, Baeospora myriadophylla, Baorangia alexandri, Ceraceomyces
borealis, Dichomitus squalens, Gomphidius borealis, Phlebiopsis pilatii, Picipes tubaeformis, Serpula himantioides,
Thelephora penicillata). K HacTosillieMy BpeMEHHU B COCTaBe MUKOOMOTHI 3alIOBETHMKA U3BeCcTeH 781 Bua 6a3u-

JUaJIbHbIX MaKpOMMIICTOB.

Karwueesbie crosa: buopazHoodpasue, rpudsl, JdansHuii Boctok Poccun, Muko61oTa, oxpaHa oKpyxKawoliei

Cpemsl

DOI: 10.31857/50026364824050034, EDN: uozvuw

BBEIJEHHME

3amoBenHuK “bacrak” ObL1 opraHu3oBaH B 1997 r.
Ha ceBepe EBpelickoii AO (1oXHas 4acTb pOCCUIICKOTO
HanbHero BocToka), rae pacnojiokeHbl CpeaHe- U HU3-
KOTropbs1 XMHraHO-bypenHCKO TOPHOM CUCTEMBI, IIe-
PEXOISIINE YEPE3 MPEATOPHBIA XOJIMUCTO-YBAIACTBIA
KOMILIEKC B 3a00JI0YEHHbIE paBHUHBI CEBEPHOM OKpau-
Hbl CpegHeaMypCcKOii HU3MEeHHOCTU. Bo3BhllIeHHOCTH
3aHSITHI JICCHOI pacTUTEIbHOCTBIO U3 Abies nephrolepis,
Betula davurica, B. platyphylla, Fraxinus mandshurica,
Juglans mandshurica, Larix cajanderi, Phellodendron
amurense, Picea ajanensis, Pinus koraiensis, Populus
tremula, Quercus mongolica, Tilia spp., Ulmus spp., Me-
ctamu — ¢ Pinus sylvestris (Frisman, 2018). OcHOBHbIE
paboThl MO MHBEHTapU3aLUU OUOTHI 0a3uanalIbHbIX
MaKpOMMIIETOB 3alIOBEIHNKA TPOBOAUINCH COTPYIHU-
kamu @HII buopasHoobpasus (mpexHee Ha3BaHUE —
buonoro-nousenHblit uHcTUTYT) IBO PAH, 1. Bnanu-
BocToK, B 2000—2006 rr. (Bulakh et al., 2007), a Takxe
B 2009—2011 rr. — nipu yyactuu crneuuanuctoB bH
PAH (Bukharova, Zmitrovich, 2014). B 2011 r. x 3amno-
BEAHUKY ObLI MPUCOEAMHEH KaacTep “3abeqoBCKuUit”,
a mepBOHAYaJIbHAS TEPPUTOPUS IMOIyYMIa Ha3BaHUE

b

knactepa “IentpanbHbiit”. Kinactep “3abenoBckuii’
pacrnojoxeH B BOCTOYHOI yacTu EBpeiickoii AO,
B NoiiMeHHOI1 30He p. AMyp, U IpeacTaBisieT coboit
BOIHO-00JOTHBIE YIOAbsl CO CTapullaMU, O3epaMH,
MIPOTOKAMU, MOKPBIMHU JIyTaMH, Pa3pO3HEHHBIMU KY-
CTapHUKOBBIMH 3aPOCIISIMU M PEIKOJICChIMU JIMCTBEH-
HBIX ITIOPO, MOABEPXKEHHBIE ITEPUOTNICCKIM 3aTOILIC-
HUSM TIpU TToabeMe YpoBHS p. AMyp. PasHooOpasue
0a3uauaJbHBIX MAKPOMULIETOB KJlacTepa “3abeyioB-
ckuii” nsyvanoch B 2015—2017 rr. (Erofeeva et al., 2019).
Martepuanbl ¢ TEppUTOPU 3amoBegHUKa “bacTtak”
HEOTHOKPATHO BKJIIOYAJIUCH B UCCAETOBAHUS Pa3Iny-
Hbix aBTopoB (Bulakh, 2008; Bau et al., 2011; Kiyashko
et al., 2014; Zhurbenko, 2014; Malysheva et al., 2015;
Rebriev, Bulakh, 2015; Volobueyv et al., 2015; Rebriev,
2016; Rebriev, Dvadnenko, 2017; Bulakh, Bukharova,
2018; Malysheva, 2018; Rebriev et al., 2018; Erofeeva,
Bukharova, 2019; Rebriev et al., 2020; Bukharova, 2021;
Crous et al., 2021; Erofeeva et al., 2021; Psurtseva et al.,
2021; Rebriev, Zvyagina, 2022). C 2021 1. 66T BO3-
OOHOBJIEHBI MUKOJIOTUYECKHE paOOTHI B 3alIOBEIHU-
Ke, 6Jlaromapsi yeMy BUIOBOI CIIMCOK MMKOOMOTHI €Tro
TeppuTopuit TakKe nomnoaHsicsa (Rebriev et al., 2022,
2023). Bcero ms knacrepa “LleHTpanbHBII” U3BECTHO
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705 BUIOB 6a3MIMATBHBIX MAKPOMMIIETOB, IS KJTaCTe-
pa “3abenoBckuii” — 169, a B 3amoBenHuke “bacrak”
B LIEJIOM 3aperucTpUpOBaHO 768 BUIOB, YTO COCTABIISI-
eT 0KoJjio 90% oT 6MOTHl 6a3UAMAIbHBIX MaKpOMUIIE-
TOB, U3BeCTHOM 111 pernoHa (Erofeeva, 2023).

MATEPHAIJIbI U METO bl

B HacrostieM cooOIieHny NpuBeAeHbI JOIOJTHEHUS
K BUJIOBBIM CITMCKaM 0a3uavalbHBIX MAKPOMUILIETOB ABYX
KJIaCTEepOB 3anoBeqHMKa “bacTak” 1o pe3ynsrataM mnoje-
BBIX paboT 2023 1., a TaK:Ke M3ydeHUsT repOdapHOro Mare-
puana npouuibix JieT. O6pasiibl rpuOOB COOpaHbI, OIpe-
IeeHbl 1 coTorpacdpoBaHbl aBTOPAaMHU CTaTbH, €CIIN
He yKa3aHo uHoe. OnpeneneHue NpoBOIUIOCH IT0 MOP-
domorndyecKuM IIpu3HaKaM C IpUMEHEHUEM CBETOBOM
MUMKPOCKOITMH, COIIACHO OOIIEIPUHSITHIM METOIUKAM.
OO0pas31bl XpaHITCsI B MUKOJIOTHYeCKOM repoapun Me-
JIepalbHOTO Hay4HOTO LIgHTpa 61opa3HOO00pa3usl Ha3eM-
Hoit 6uoTtel BoctouHoii Azun JIBO PAH, r. BranuBocTok
(VLA). HammMeHOBaHMST TAKCOHOB U COKpAIIeHNs MMEH
aBTOPOB JaHbI COITIACHO MEXIYHApOMIHOI 0a3e MaHHBIX
Index Fungorum (2024). /1711 HEKOTOPHIX BUIIOB IPUBE/IC-
HBI HauboJIee pacpoCcTpaHeHHbIE CHHOHUMBI. TaKCOHBI
pacriojioxeHbl B aipaBUTHOM Mopsiake. CBeaeHUsI O reo-
rpa¢uy HaxomoK 00CykKIaeMbIX BUIOB IIPUBEICHBI Ha OC-
HOBaHUU COOCTBEHHOI 6a3bl IMTePaTYPHBIX ICTOYHMKOB,
ceogku C.10. bombirakosa c coaBT. (Bolshakov et al.,
2021) u oTKpbITOro 371eKTpoHHOrO0 pecypca GBIF (2024).

J17151 OCHOBHBIX YY4aCTKOB IMOJIEBBIX pabOT MPUHSITHI
cienywoliue obo3HadyeHus: I — knacrep “lleHTpanb-
HBIIT” , KopaoH “39-i1 km”, 49.0908° c.11., 133.0892° B.11.,
nuctBeHHBbIN Jec; Il — knmactep “lleHTpanbHBINA”,
OKpeCTHOCTU KopmoHa “39-it km”, 49.0983° c.m.,
133.0853° B. 1., XBOMTHO-IITUPOKOIUCTBeHHBI Jiec; 111 —
KJactep “3abenoBCKMI1”, 3aMagHbIi Oeper 03. YJIaHOB-
ckoe, 48.4388° c.mr., 134.2572° B.A., nyOOBHIit Jiec
¢ Betula davurica (MecTaMu — C YCOXILIMMU I€PEBbIMU
Populus tremula) necnienelieBo-pa3HOTpaBHBINA. 3Be3-
JIOYKOM OTMeYeHBI BUAbI, HOBBIE JIJISI pETHOHA.

PE3VYJIBTATBI 1 ObCYXIEHUNE

Bunpi, HoBble A Kaacrepa “lIlenTpaJibHblii”

* Baeospora myriadophylla (Peck) Singer — 11, Ha BasexxHOM CTBOJE,
25.07.2023, VLA M-28036.

Bjerkandera fumosa (Pers.) P. Karst. — 11, Ha Bajie.XHOM CTBoOJIE JIU-
CTBEHHOTO AepeBa, 24.07.2023, VLA M-28358.

*Ceraceomyces borealis (Romell) J. Erikss. et Ryvarden — 11, Ha BajieXXHBIX
CTBOJIaxX XBOMHBIX nepeBbeB, 24.07.2023, VLA M-28349 (puc. 1, u).

Cerioporus varius (Pers.) Zmitr. et Kovalenko [= Polyporus varius (Pers.)
Fr.] — II, Ha BajeXHOIi BEeTBU JIMCTBEHHOTrO aepeBa, 24.07.2023, VLA
M-28352.
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* Dichomitus squalens (P. Karst.) D.A. Reid — 11, Ha BajiexxHOM cTBoOJIE
XBOMHOTO AepeBa, 25.07.2023, VLA M-28376.

FEocronartium muscicola (Pers.) Fitzp. — 11, Ha 3eneHoM Mxe, 25.07.2023,
VLA M-28035.

*Gomphidius borealis O.K. Mill., Aime et Peintner — 39-ii kM Tpaccs! “bu-
pooumxkan — Kykan”, 49.1022° c.uu., 133.1059° B.11., TMCTBEHHUYHBI JIEC, TION
Larix cajanderi, 06.09.2001, co6p. E.M. Bynax, VLA M-16427. O6pase1 pa-
Hee nyonmKkoBasicst Kak G. maculatus (Scop.) Fr. (Bulakh et al., 2007; Bau et
al., 2011). B conpoBoaurenbHoit uHdopmamu E.M. bynax ormeueno: “LLLn.
OXp.-KpeM., H. 6es1asi. MuLIe/nii B OCH. XenTblid. K/t BBepxy Ha HOXKe
HET, eCTb B HUXHeil % yactu”. J1oNoJHUTEbHOE U3YYeHHEe MUKPOCKOITNYe-
CKMX MPU3HAKOB MOATBEPANIIO MPUHAIIEKHOCTb 00pa3ua K G. borealis.

*Phlebiopsis pilatii (Parmasto) Spirin et Miettinen [= Dentocorticium
pilatii (Parmasto) Duhem et H. Michel] — II, Ha ynaBumiem ctBosie Acer
tegmentosum, 27.07.2023, VLA M-28407 (puc. 1, e).

*Picipes tubaeformis (P. Karst.) Zmitr. et Kovalenko [= Polyporus
tubaeformis (P. Karst.) Ryvarden et Gilb.] — II, Ha BajiexXHOI1 BETBU JI1-
CTBEHHOTO nepeBa, 24.07.2023, VLA M-28346; 11, Ha BaJleXXHOI BETBU JIM-
CTBEHHOTO AepeBa, 25.07.2023, VLA M-28382.

Pluteus chrysophaeus (Schaeff.) Quél. — I, Ha npeBecune, 25.07.2023,
VLA M-28034.

Pseudospongipellis delectans (Peck) Y.C. Dai et Chao G. Wang [= Sarco-
dontia delectans (Peck) Spirin] — 11, Ha BanexxHoM ctBone Quercus mongolica,
24.07.2023, VLA M-28354.

*Serpula himantioides (Fr.) P. Karst. — 11, Ha MITUCTOM BaJIeXKHOM CTBO-
Jie XBoitHOTO nepeBa, 25.07.2023, VLA M-28363.

Bunapl, HoBBIEe 115 Kiaactepa “3adenoBcKmii”

*Armillaria cepistipes Velen. — OKpeCTHOCTH KopaoHa “3abesloBCKuii”,
48.4331° c.m., 134.2236° B.1., ny60oBbIit nec ¢ Populus tremula v Betula
davurica, Ha BalleXHOI npeBecuHe U noacTuike, 09.09.2015, VLA M-24748
(puc. 1, a). O6pa3sen paHee nyoaukoBaicst Kak A. mellea (Vahl) P. Kumm.
(Erofeeva et al., 2019).

*Baorangia alexandri Svetash., Simonini et Vizzini — 111, Ha mouBe,
25.08.2023, VLA M-28065 (puc. 1, 6). I[TimogoBsie Tena o6i1amaid Hachl-
LIEHHBIM I'PUOHBIM apoMaToM. Bun B. alexandri 6bu1 onvcaH He Tak 1aBHO
Ha Marepuase U3 3anoBenHuka “Cuxors-AnuHckuii” TIpumopckoro Kpas
(Vizzini et al., 2018). B 6osiee paHHUX MyOaIMKaLMsIX 00pa3Libl CO CXOMHBIMU
MopdosornyecKMu MpU3HaKaMy U3 I0XKHOI yacTu poccuiickoro JlanbHero
Bocroka npuBoamnuck Kak Boletus bicolor Peck (Bulakh, 2015; Bulakh et al.,
2016; Bulakh, Bukharova, 2018; Bogacheva et al., 2020). B Hacrosiiiee Bpemst
B. bicolor paccmaTpuBaeTcst KaK BUJI WJIM KOMILIEKC BUIOB C apeajioM B Ipe-
Ienax ceBepoamepukaHckoro KontuneHTa (Kuo, 2015; Bessette et al., 2016).

Entoloma byssisedum (Pers.) Donk — 111, Ha 3aMilieJIoM OCHOBaHUU XK~
Boro crBojia Quercus mongolica, 25.08.2023, VLA M-28061.

Gymnopus dryophilus (Bull.) Murrill — 111, Ha moxnctunke, 25.08.2023,
VLA M-28041.

Hemistropharia albocrenulata (Peck) Jacobsson et E. Larss. — 111, nmpu
OCHOBaHUU XUBOTO cTBOJA Betula davurica, 25.08.2023, VLA M-28058.

Infundibulicybe gibba (Pers.) Harmaja [= Clitocybe gibba (Pers.)
P. Kumm.] — III, Ha moxctunke, 25.08.2023, VLA M-28057.

Laccaria proxima (Boud.) Pat. — okpecTHOCTHM KOpaoHa “3a6eToBCKUit”,

48.4408° c.m., 134.2283° B.1., my6oBwIit nec ¢ Populus tremula v Betula
davurica, na ouse, 05.08.2015, VLA M-25108.

Lactarius fuliginosus (Fr.) Fr. — okpecTHocTH KopmoHa “3abenoB-
ckuit”, 48.4331° c.m1., 134.2236° B.1., ny6oBwIit Jec ¢ Populus tremula
u Betula davurica, va nouse, 05 1 06.08.2015, VLA M-24752; 111, Ha nouBe,
25.08.2023, VLA M-28043. O6pazer; VLA M-24752 npencrasisiji co60ii MO-
JIOJbIE TUIONOBBIE TeJla JOCTATOYHO TEMHOI OKpacku (puc. 1, B), BBUIY YErO
nepBOHavYaJIbHO ObUT OTHEceH K L. lignyotus Fr. (Erofeeva et al., 2019). Ha-
xonka B 2023 1. 3pesioro Ijof0BOro Teja, MOBTOPHOE U3yYeHUe MUKPOTIPU-
3HAKOB, a TAKXe TO 0OCTOSATENbCTBO, UTO HA TEPPUTOPUH Kiiactepa “3abe-
JIOBCKUI1” OTCYTCTBYIOT XBOIHBIE TIOPOIIBI IEPEBHEB, TIO3BOJIWINA YTOUYHUTH
BUJIOBYIO MIPUHAIJIEKHOCTH 00pasiia.
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Puc. 1. basunuomuiietsl 3anoBenHuka “bactak”: a — Armillaria cepistipes (VLA M-24748); 6 — Baorangia alexandri (VLA
M-28065); B — Lactarius fuliginosus (VLA M-24752); r — Mycoleptodonoides vassiljevae (nabmonenue); i — Ceraceomyces borealis
(VLA M-28349); e — Phlebiopsis pilatii (VLA M-28407).
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Mycetinis scorodonius (Fr.) A.W. Wilson et Desjardin — 111, Ha cyxom
ctBoge Betula davurica co cnenamu nana, 25.08.2023, VLA M-28056.

Pholiota lubrica (Pers.) Singer — 10XHBII Oeper 03. 3abenoBckoe, 48.4186°
c.ul., 134.2114° B.n., ny6oBbiii nec ¢ Populus tremula wn Betula davurica,
Ha MOACTUIIKE Y BaJIeXXHOTo cTBoa, 13.09.2017, VLA M-26375.

Pluteus chrysophaeus (Schaeff.) Quél. — 1oxHBbIiT Geper 03. 3abeT0BCKOE,
48.4186° c.1i1., 134.2114° B.1., ny6oBbIii Jiec ¢ Populus tremula v Betula davurica,
Ha BasiexxHoit Betke, 11.09.2015, VLA M-24729. O6pa3zell paHee ImyOJIMKOBaI-
cst Kak P, leoninus (Schaeff.) P. Kumm. (Erofeeva et al., 2019). Takum o6pazom,
P, leoninus He OTMEUYEH Ha TEPPUTOPUU KilacTepa “3abeToBCKMiA”.

Poronidulus conchifer (Schwein.) Murrill — okpecTHOCTH KopoHa “3abenoB-
ckuit”, 48.4331° c.u., 134.2236° B.A., TUCTBEHHBII JIeC, HA BaJIEXXHOM BETKE JIN-
CTBEHHOTO JiepeBa, 25.08.2023, coop. E.C. JlonkuHa, VLA M-28413.

Stereum hirsutum (Willd.) Pers. — 10xHBII1 O6eper 03. 3abeloBcKoe,
48.4186° c.ur., 134.2114° B.1., ny6oBeit nec ¢ Populus tremula n Betula
davurica, Ha cyxoctoe Quercus mongolica, 11.09.2015, VLA M-27399.

S. sanguinolentum (Alb. et Schwein.) Fr. — 3ananHsbiit 6eper o3. Yna-
HOBCcKOe, 48.4414° c.uu., 134.2497° B.1., nyOoBbiit siec ¢ Populus tremula
U Betula davurica, Ha HUXHe# cTopoHe BasiexxHoro ctBosa, 10.09.2015, VLA
M-27398.

*Thelephora penicillata (Pers.) Fr. — 111, Ha mouse, 25.08.2023, VLA
M-28412.

Penko orMeuaeMble BHIBI

Hwxxe npuBeneHbl BUAbl 6a3MIUOMUILIETOB, PEIKO OT-
MedaeMble Ha TeppuTopuu Kiactepa “lLleHTpanbHbIH”,
CBEXME HaXOAKW KOTOPBIX SABJISIIOTCSI OATBEPXKICHUEM
HX CTaOWUJIbHOTO OOUTAaHUs Ha 3TOi TEPPUTOPUU.

Antella chinensis (H.S. Yuan) Miettinen [= Antrodiella chinensis H.S. Yuan] —
11, Ha BanexHoit Betke Corylus sp., 24.07.2023, VLA M-28344.

Dendrothele nivosa (Berk. et M.A. Curtis ex Hohn. et Litsch.)
P.A. Lemke — II, Ha xope Acer sp., 24.07.2023, VLA M-28341; 11, Ha kope
Acer mono, 25.07.2023, VLA M-28365.

Hapalopilus croceus (Pers.) Donk — 11, Ha xuBom Quercus mongolica,
27.07.2023, VLA M-28405.

Hebeloma sordescens Vesterh. — 11, Ha monctuike, 25.07.2023, VLA
M-28066.

Mycoleptodonoides vassiljevae Nikol. — paiion r. [ly6oBas Corka,
48.5978° c.11., 134.6922° B.11., Ha BaJIeXXHOM CTBoJIe Acer mono, 15.09.2022, do-
TOMOKYMEHTUpOBaHHOe HabmoneHue (puc. 1, r). Haxonku mpencraButeneit
pona Mycoleptodonoides Nikol. B 3anoBeaHuke “bactak” paHee oLIMOOYHO MPU-
Bomuuch Kak M. aitchisonii (Berk.) Maas Geest. (Bulakh et al., 2007; Bau et al.,
2011; Bukharova, Zmitrovich, 2014). OnHako, 06pa3iibl U3 I0XKHOM YacTh poc-
cuiickoro lanbHero Boctoka oTHocsiTcst K M. vassiljevae Nikol., 4to yxe yrmo-
MUHAJIOCH ITPU TIEPECMOTpe MUKOJIOrnYeckKux cruckoB (Bukharova et al., 2022).

Mycorrhaphium adustum (Schwein.) Maas Geest. — 11, Ha BanexxHOM
CTBOJIE TUCTBEHHOTO aepeBa, 24.07.2023, VLA M-28340; Ha BaJIeXKHOM
CTBOJIE JINCTBEHHOTO JiepeBa, 26.07.2023, VLA M-28385; 11, Ha BaJieXXHOI
npeBecuHe Acer sp., 26.07.2023, VLA M-28398.

Oxyporus populinus (Schumach.) Donk — II, Ha xxuBom Acer sp.,
24.07.2023, VLA M-28343.

Phlebia acerina Peck — 11, Ha oTMepilieM MoJsionoM ctBosie Maackia
amurensis, 27.07.2023, VLA M-28400.

P. rufa (Pers.) M.P. Christ. — 11, Ha BaieXXHO#1 BEeTBM JINCTBEHHOTO JIe-
peBa, 26.07.2023, VLA M-28396.

Pseudomerulius aureus (Fr.) Jilich — 11, Ha BanexxHoM ctBoJie Abies
nephrolepis, 25.07.2023, VLA M-28373.

Ramariopsis crocea (Pers.) Corner — 11, Ha ocraTkax ApeBeCUHbI B MIOYBE,
25.07.2023, VLA M-28364.

Sanghuangporus vaninii (Ljub.) L.W. Zhou et Y.C. Dai [= Inonotus
vaninii (Ljub.) T. Wagner et M. Fisch] — II, Ha cTBOJIe IMCTBEHHOTO JepeBa,
26.07.2023, VLA M-28389, 28390.
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Terana coerulea (Lam.) Kuntze — II, Ha CyXoM CTBOJIMKE JTUCTBEHHOTO
nepesa, 27.07.2023, VLA M-28404.

3AKJIIOYEHUE

Takum obpa3om, BhISIBIEHBI 12 BUIOB IpubOB, HO-
BBIX IS Kinactepa “lleHTpanbHbIi” U 14 BUIOB, HO-
BBIX JJIST KJlacTepa “3abenoBckuit”. M3 HUX mecsaThb
BUnoB (Armillaria cepistipes, Baeospora myriadophylla,
Baorangia alexandri, Ceraceomyces borealis, Dichomitus
squalens, Gomphidius borealis, Phlebiopsis pilatii, Picipes
tubaeformis, Serpula himantioides, Thelephora penicillata)
aBIII0OTCST HOBBIMM st EBpeiickoit AO, u emie de-
teipe Buna (Cerioporus varius, Entoloma byssisedum,
Focronartium muscicola, Hemistropharia albocrenulata)
oOHapyXeHHI BIIEPBBIC IUISI TEPPUTOPUM 3aIIOBEIHUKA
B uenoM. Oouranue Gomphidius maculatus B peTnoHe
B HacTosIIIee BpeMsl He moarBepxaeHo. C y4eToM HO-
BbIX JaHHBIX, IJIS TEPPUTOPUU 3amoBenqHKuKa “bacrak”
u3BecTeH 781 BuA 6a3uAMaTIbHBIX MAKPOMULIETOB.

BripaxxaeM mpu3HaTeIbHOCTb aIMUHUCTPALIUU
1 COTpYOHMKAM 3aloBeIHMKa “bacTak” 3a comeiicTBHe
B IpoBeAeHNM noJieBbiXx padot. Pabora H.B. byxapo-
BOI1 BBIIIOJTHEHA B paMKax TOCYJapCTBEHHOTO 3aMaHMS
MuHucTepcTBa HayKU U Bbiclliero obpazoBaHust Poc-
cuiickoii Pemepanum (tema Ne 124012400285-7). Pa-
6ota E.A. EpodeeBoii BEIMOJHEHA B paMKax rocyaap-
ctBeHHoro 3amanus MKAPIT IBO PAH.
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As a result of field work and revision of herbarium material from previous years’ collections, 14 fungal species
new to the Bastak Nature Reserve were identified. Ten of them are new for the Jewish Autonomous Region
(Armillaria cepistipes, Baeospora myriadophylla, Baorangia alexandri, Ceraceomyces borealis, Dichomitus squalens,
Gomphidius borealis, Phlebiopsis pilatii, Picipes tubaeformis, Serpula himantioides, Thelephora penicillata). To date,
781 species of basidial macrofungi are known in the reserve mycobiota.
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New data on species richness and ecology of lignicolous aphyllophoroid fungi (Agaricomycetes, Basidiomycota)
inhabiting the old-growth mesic broad-leaved forest of the Kaluzhskie Zaseki State Nature Reserve (Central
Russian Upland, European part of Russia) is presented. A list of 46 species new to Kaluga Region is annotated
with data on occupied woody substrates, collection numbers of herbarium specimens and brief distributional
notes. Among them Thanatephorus ochraceus is a new species to the European part of Russia, Athelia
cystidiolophora, Leucogyrophana sororia, Phlebia subulata, Skeletocutis kuehneri, Steccherinum pudorinum, and
Tomentella lapida are registered for the first time for the Central Russian Upland. New localities of rare and
little-known in Europe species, such as Aporpium macroporum, Hyphoderma incrustatum, Kneiffiella abdita,
Peniophorella clavigera, Riopa metamorphosa, Sistotrema porulosum, and Yuchengia narymica, are revealed.
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INTRODUCTION

Aphyllophoroid fungi unite a diverse group of non-
gilled macrofungi from the phylum Basidiomycota. Be-
ing predominantly wood-inhabiting organisms they are
presented by wood decomposers, including both sapro-
trophs and xylopathogens, but also by litter decayers and
ectomycorrhizal species (Kotiranta et al., 2009). As xy-
lotrophs, aphyllophoroid fungi determine the intensity of
the biospherically important process of dead wood de-
composition, the carbon cycle and, consequently, the dy-
namics of forest ecosystems, including their species rich-
ness (Stokland et al., 2012). The strong preference of some
wood-inhabiting fungi for old-growth forest patches led
to the suggestion that these fungi could be used as indica-
tors of a forest’s conservation value (Heilmann-Clausen
et al., 2017). The coniferous forests of Fennoscandia and
European beech forests are much better studied in this re-
spect (Kotiranta, Niemeld, 1996; Christensen et al., 2004;
Halme et al., 2017, etc.). At the same time, the species di-
versity of aphyllophoroid fungi in the broad-leaved forests
of Eastern Europe, and in particular in the territory of the
Central Russian Upland, is still underestimated. More-
over, there are large gaps in knowledge of fungal distri-
bution and their ecology, including substrate and habitat
requirements. Descriptive and inventory studies of mac-
rofungi therefore retain their relevance to the present time.

Kaluga Region belongs to the regions of the European
Russia for which less than 200 aphyllophoroid fungi species
are registered to date. The review on the history of the stud-
ies on these basidial fungi in Kaluga Region contains data
on 164 species revealed for the region (Volobuev, Bolshakov,
2016). Later, additions to the aphyllophoroid fungi diversity
were published in the first article of the series “New species
for regional mycobiotas of Russia” (Bolshakov et al., 2016)
and the article on the polypore fungi findings from the
Kaluzhskie Zaseki State Nature Reserve (Volobuev, 2022).
In total, among 183 species known for Kaluga Region, 96
aphyllophoroid fungi species are currently recorded for the
Kaluzhskie Zaseki State Nature Reserve, and 116 species for
the Ugra National Park, respectively.

The aim of this study is to present new data on the
species diversity and ecology of aphyllophoroid fungi
distributed in still insufficiently explored broad-leaved
forests of the Central Russian Upland and Eastern Eu-
rope within the Kaluzhskie Zaseki State Nature Reserve.

MATERIALS AND METHODS

The field work was carried out in August of 2020 on
the Kaluzhskie Zaseki State Nature Reserve (Kalu-
ga Region) situated in the broad-leaved forest zone
of the European part of Russia (Smirnova et al., 2017,
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Safronova, Yurkovskaya, 2018); the geographical coor-
dinates of the Reserve are 53.5—53.9 °N, 35.6—35.9 °E.
The Reserve was established in 1992 to protect the old-
growth multi-species broad-leaved forests and their high
level of biodiversity against diverse anthropogenic im-
pacts. It is a remarkable natural historical fact that the
Reserve forests grow on the site of the former Zaokskaya
Abatis belt, which was the line of defence of the Musco-
vite state in the 16—18th centuries (Bobrovskiy, 2002).

Basidiomata were collected by the author within the
Southern area of the Reserve located near Yagodnoye vil-
lage, where a massive windthrow occurred in August of
2006 (Khanina et al., 2019). Before the windthrow there
was an aspen-broadleaved forest with the predominance
of Populus tremula L., Tilia cordata Mill., Quercus robur
L. with the presence of Picea abies (L.) H. Karst. [sample
plots 1 and 3 in Bobrovskiy and Stamenov (2020)]. Sod-
dy podbours and soddy-podzolic soils on the fluviogla-
cial sands dominate. The vegetation can be attributed to
the Querco-Tilietum cordatae association, Laivinsh 1986
ex Laivinsh in Solomes¢ et al. 1993. Diagnostic species
of this association belonging to the nemoral ecological-
coenotic group show high constancy, at the same time
boreal species of herbs [Gymnocarpium dryopteris (L.)
Newman, Luzula pilosa (L.) Willd., Maianthemum bifo-
lium (L.) EW. Schmidt, Phegopteris connectilis (Michx.)
Watt, etc.] can also be found here (Khanina et al., 2019).

Pieces of basidiomata were collected from fallen
trunks with recording the data on host tree species, de-
cay stage, sampling date. The decay stage classifica-
tion (1-5) of dead wood follows the criteria of Ren-
vall (1995). The dried material was identified by light
microscopy technique using a Carl Zeiss AxioScope
Al microscope, a LOMO Mikmed-6 microscope with
a standard set of chemicals (5% KOH, Melzer’s reagent,
0.1% Cotton Blue). The studied specimens are kept in
the Mycological Herbarium of the Komarov Botanical
Institute RAS, Saint Petersburg (LE).

The nomenclature follows mostly Bernicchia and
Gorjon (2010) and Ryvarden and Melo (2017) with some
exceptions according to modern publications.

RESULTS AND DISCUSSION

In total, 46 species from 38 genera and 12 orders of
aphyllophoroid fungi (Agaricomycetes, Basidiomycota)
were identified. All species are revealed for Kaluga Re-
gion for the first time.

The species list annotated with data on occupied
woody substrates and collection numbers of specimens
is presented below. All specimens were collected by the
author. Short notes on distribution in Europe, Russia
and the Central Russian Upland are provided for some
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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records. Genera and species are arranged alphabetically
within each accepted order.

Annotated list of species
AGARICOMYCETES

Agaricales

Clavaria amoenoides Corner, K.S. Thind et Anand. — on soil under de-
tached bark of Ulmus laevis (decay stage 2), 02.08.2020, LE F-334669. The
second record of the species within the Central Russian Upland after the
finding in the forest-steppe zone of Oryol Region (Shiryaev, Volobuev, 2013).

Mucronella calva (Alb. et Schwein.) Fr. — on Fraxinus excelsior (decay stage
2), 03.08.2020, LE F-334678; on Picea abies (decay stage 3), 03.08.2020, LE
F-334679; on Tilia cordata (decay stage 4), 03.08.2020, LE F-334680. This
remarkable fungus with tiny spike-like basidiomata is often overlooked but has
a wide geographical range in European forests (Bernicchia, Gorjén, 2010).

M. flava Corner — on Picea abies (decay stage 4), 01.08.2020, LE F-334681.
The species is less known than M. calva. It is distributed in the European part
of Russia mainly in boreal and hemiboreal forests (Bolshakov et al., 2022).

Amylocorticiales

Amylocorticium subincarnatum (Peck) Pouzar — on Picea abies (decay
stage 2), 02.08.2020, LE F-334660. This fungus prefers large decorticate co-
niferous trunks. In Europe, it mostly occurs in old forests with plenty of dead
wood (Larsson, Ryvarden, 2021).

Atheliales

Amphinema byssoides (Pers.) J. Erikss. — on Picea abies (decay stage 3),
01.08.2020, LE F-334657. One of the most widely distributed mycorrhiza-
forming species in boreal forests of Europe (Bernicchia, Gorjon, 2010).

Athelia cystidiolophora Parmasto — on Betula pendula (decay stage 2),
31.07.2020, LE F-334658, LE F-334663. The first records of the fungus in
the Central Russian Upland. According to micromorphology study of scanty
type material, the species has been synonymized with A. decipiens (Larsson,
Ryvarden, 2021). However, we prefer to consider A. cystidiolophora as a dis-
tinct species due to its characteristic cystidia.

A. decipiens (Hohn. et Litsch.) J. Erikss. — on Betula pendula (decay
stage 2), 31.07.2020, LE F-334664; on Picea abies (decay stage 3), 1.08.2020,
LE F-334665; on Tilia cordata (decay stage 4), 3.08.2020, LE F-334667. This
is a common and widespread species in the European part of Russia (Bolshakov
et al., 2022) as well as in all European countries (Bernicchia, Gorjén, 2010).

Auriculariales

Aporpium macroporum Niemeld, Spirin et Miettinen — on Populus tremula
(decay stage 2), 02.08.2020, LE F-334662. This recently described species
(Miettinen et al., 2012) was previously known in the Central Russian Upland
only from Oryol Region (Volobueyv, 2013).

Boletales

Leucogyrophana sororia (Burt) Ginns — on Picea abies (decay stage 4),
03.08.2020, LE F-334676. The first finding of the fungus in the Central Rus-
sian Upland. Its closest finds in the European Russia are in two protected forest
areas, namely from the Oksky Nature Reserve in Ryazan Region (Volosnova,
2007), and from the Central Forest Reserve in Tver Region (Kotkova, 2014a).

Cantharellales

Botryobasidium conspersum J. Erikss. — on Tilia cordata (decay stage 4),
03.08.2020, LE F-334668. The second record of the species within the Cen-
tral Russian Upland after the finding in the linden-dominated forest in Oryol
Region (Volobuev, 2015).

Sistotrema brinkmannii (Bres.) J. Erikss. — on Acer platanoides (decay
stage 4), 03.08.2020, LE F-334693. One of the most widely distributed rep-
resentatives of the genus in Russia (Bondartseva, Zmitrovich, 2020).

S. porulosum Hallenb. — on Ulmus laevis (decay stage 2), 02.08.2020, LE
F-334694. The fourth location of the fungus in the European part of Russia.
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This rare species is also known in Middle and Southern Europe based on few
records in some countries (Bernicchia, Gorjén, 2010).

Thanatephorus ochraceus (Massee) P. Roberts — on Acer platanoides
(decay stage 2), 02.08.2020, LE F-334697. The first record of the species in
the European part of Russia. Previously, the species was reported from the
North-Eastern Caucasus (Volobuev, Ivanushenko, 2020; Ivanushenko, Vo-
lobuev, 2022; Ismailov et al., 2023), the Urals (Shiryaev, Stavishenko, 2011),
and Siberia (Burt, 1931; Roberts, 1998; Kotkova et al., 2022).

Gomphales

Phaeoclavulina flaccida (Fr.) Giachini — on Betula pendula (decay stage
3), 02.08.2020, LE F-334686.

Hymenochaetales

Hyphodontia alutaria (Burt) J. Erikss. — on Picea abies (decay stage 2),
03.08.2020, LE F-334672.

H. pallidula (Bres.) J. Erikss. — on Picea abies (decay stage 3), 01.08.2020,
LE F-334673; on Quercus robur (decay stage 3), 03.08.2020, LE F-334674.

Kneiffiella abdita Riebesehl et Langer [= Chaetoporellus latitans (Bour-
dot et Galzin) Bondartsev et Singer] — on Fraxinus excelsior (decay stage 3),
03.08.2020, LE F-334675. The second record of the species within the Cen-
tral Russian Upland after the finding in Oryol Region (Volobuev, 2015). This
fungus is rare in Europe, where it is known from a few countries (Ryvarden,
Melo, 2017).

Lyomyces erastii (Saaren. et Kotir.) Hjortstam et Ryvarden — on Acer pla-
tanoides (decay stage 2), 02.08.2020, LE F-334677.

Peniophorella clavigera (Bres.) K.H. Larss. — on Populus tremula (decay
stage 3), 31.07.2020, LE F-334685. The second record of the species in the
European part of Russia besides its finding in Arkhangelsk Region (Kotko-
va, 2014b). This fungus has a scattered distribution in Europe (Bernicchia,
Gorjén, 2010).

Resinicium bicolor (Alb. et Schwein.) Parmasto — on Picea abies (decay
stage 3), 03.08.2020, LE F-334689.

Sidera lenis (P. Karst.) Miettinen — on Picea abies (decay stage 4),
01.08.2020, LE F-334692.

Xylodon brevisetus (P. Karst.) Hjortstam et Ryvarden — on Picea abies
(decay stage 4), 03.08.2020, LE F-334704.

Polyporales

Antrodia minuta Spirin — on Populus tremula (decay stage 4), 31.07.2020,
LE F-334659.

VOLOBUEV

A. sinuosa (Fr.) P. Karst. — on Picea abies (decay stage 4), 01.08.2020,
LE F-334661.

Ceriporia viridans (Berk. et Broome) Donk — on Tilia cordata (decay
stage 5), 03.08.2020, LE F-334654.

Hyphoderma incrustatum K.H. Larss. — on Populus tremula (decay
stage 4), 31.07.2020, LE F-334655; on Quercus robur (decay stage 4),
03.08.2020, LE F-334656. The species has a sporadic distribution in Europe
(Bernicchia, Gorjén, 2010); it was rarely registered in the European part of
Russia. The nearest location of the species is known from Tula Region (Sveta-
sheva, 2021).

Mpycoacia fuscoatra (Fr.) Donk — on Populus tremula (decay stage 4),
31.07.2020, LE F-334682; on Fraxinus excelsior (decay stage 3), 03.08.2020,
LE F-334683.

Osteina undosa (Peck) Zmitr. — on Picea abies (decay stage 3), 01.08.2020,
LE F-334684.

Phlebia subulata J. Erikss. et Hjortstam — on Picea abies (decay stage 3),
01.08.2020, LE F-334687. The first finding of the fungus in the Central Rus-
sian Upland. Previously, the species has been known in the European part of
Russia from five regions of the boreal forests zone (Bolshakov et al., 2022).

Physisporinus crocatus (Pat.) F. Wu, Jia J. Chen et Y.C. Dai — on Betula
pendula (decay stage 2), 31.07.2020, LE F-334653.

Postia guttulata (Sacc.) Jiillich — on Picea abies (decay stage 3), 01.08.2020,
LE F-334688.

Rhodonia placenta (Fr.) Niemeld, K.H. Larss. et Schigel — on Picea abies
(decay stage 3), 01.08.2020, LE F-334690. This fungus is included in the list
of indicator species for old-growth Fennoscandian coniferous forests (Koti-
ranta, Niemeld, 1996). It is rare in Europe (Ryvarden, Melo, 2017) and pre-
fers forests with a minimal anthropogenic impact. The species is red-listed in
adjacent territory of Oryol Region (Red Data Book.., 2021).

Riopa metamorphosa (Fuckel) Miettinen et Spirin (fig. 1, a) — on Quercus
robur (decay stage 2), 31.07.2020, LE F-334651. The second record of the
species within the Central Russian Upland besides the finding in oak-dom-
inated forest in Lipetsk Region, and the fifth record for Russia (Volobuev et
al., 2021). This rare species was registered only in a few European countries
(Ryvarden, Melo, 2017).

Sarcoporia polyspora P. Karst. — on Picea abies (decay stage 3), 03.08.2020,
LE F-334691.

Skeletocutis kuehneri A. David — on Picea abies (decay stage 4), 01.08.2020,
LE F-334695. The first finding of the fungus in the Central Russian Upland.

Steccherinum pudorinum (Fr.) Spirin et Popa — on Tilia cordata (decay
stage 3), 03.08.2020, LE F-334696. The first finding of the fungus in the

Fig. 1. Basidiomata of Riopa metamorphosa (a) and Yuchengia narymica (b), scale bar 1 cm.
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Central Russian Upland. The present name of this species appeared after taxo-
nomic revision (Popa et al., 2024) and synonymisation with Steccherinum ten-
uispinum Spirin, Zmitr. et Malysheva. This species is supposed to have a wide
distribution, but is rare and restricted to old-growth forests.

Yuchengia narymica (Pilat) B.K. Cui, C.L. Zhao et K.T. Steffen (fig. 1, b) —
on Fraxinus excelsior (decay stage 2), 02.08.2020, LE F-334701. According to
Ryvarden and Melo (2017) this is a rare eastern and southern species in Europe.
In the Central Russian Upland, it is quite common on deciduous wood (Acer,
Betula, Populus, Quercus) in Oryol Region (Volobueyv, 2013; Volobueyv, 2015).

Russulales
Baltazaria galactina (Fr.) Leal-Dutra, Dentinger et G.W. Griff. — on
Populus tremula (decay stage 5), 31.07.2020, LE F-334666.

Gloeocystidiellum convolvens (P. Karst.) Donk — on Populus tremula (de-
cay stage 4), 31.07.2020, LE F-334670.

Heterobasidion parviporum Niemeld et Korhonen — on Picea abies (decay
stage 3), 03.08.2020, LE F-334671.
Thelephorales

Tomentella lapida (Pers.) Stalpers — on Populus tremula (decay stage 5),
31.07.2020, LE F-334698. The first finding of the fungus in the Central Rus-
sian Upland.

Trechisporales
Subulicystidium longisporum (Pat.) Parmasto — on Fraxinus excelsior
(decay stage 2), 31.07.2020, LE F-334649; on Tilia cordata (decay stage 3),
31.07.2020, LE F-334650. One of two Subulicystidium species registered in

the Central Russian Upland (Volobuev, 2016). This is a common species in
Europe with a wide host range (Bernicchia, Gorjén, 2010).

Trechispora cohaerens (Schwein.) Jiilich et Stalpers — on Betula pendula
(decay stage 4), 02.08.2020, LE F-334699.

T. confinis (Bourdot et Galzin) Liberta — on Quercus robur (decay stage 2),
31.07.2020, LE F-334652.

T. farinacea (Pers.) Liberta — on Betula pendula (decay stage 2),
31.07.2020, LE F-334700; on Populus tremula (decay stage 3), 31.07.2020, LE
F-334702; on Picea abies (decay stage 4), 03.08.2020, LE F-334705.

T. hymenocystis (Berk. et Broome) K.H. Larss. — on Picea abies (decay
stage 3), 03.08.2020, LE F-334703.

Among the 46 species revealed, Thanatephorus ochraceus
is new to the European part of Russia. Another six species,
Athelia cystidiolophora, Leucogyrophana sororia, Phlebia sub-
ulata, Skeletocutis kuehneri, Steccherinum pudorinum, and
Tomentella lapida, are first registered for the Central Russian
Upland. Most of these species also have a scattered distri-
bution in Europe, being known from a few finds in a few
countries (Bernicchia, Gorjon, 2010).

All recorded species are saprotrophs. Most of the spe-
cies were observed on different angiosperm wood, but the
maximum number of species new to Kaluga Region was
collected on Picea abies (21 species). The distribution of
fungal species among the other host tree species is as fol-
lows: nine species grew on Populus tremula, six — on Bet-
ula pendula and Tilia cordata, five — on Fraxinus excel-
sior, four — on Quercus robur, three — on Acer platanoides,
and two species — on Ulmus laevis. At the same time,
rare and little-collected in Europe species, such as Apor-
pium macroporum, Kneiffiella abdita, Peniophorella clav-
igera, Riopa metamorphosa, Sistotrema porulosum, and
Yuchengia narymica, were registered on dead wood of
deciduous trees. These species possess unique habitat
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and substrate requirements and should be taken under
a consideration for conservation practice purposes.

CONCLUSION

Protected areas, especially nature reserves, are undoubt-
edly the main tool for conserving biodiversity including fun-
gi. Many habitat types are unique to the various protected
areas around the world. Broad-leaved forests, together with
their characteristic species of wood-inhabiting fungi, are
one of the vulnerable ecosystem types in Eastern Europe.
A timely inventory of the species composition of the my-
cobiota is particularly relevant in this context. As a result
of short-term investigations carried out in the Kaluzhskie
Zaseki State Nature Reserve’s area, the level of species rich-
ness of aphyllophoroid fungi in Kaluga Region increased
from 183 to 229 species. The specific features of substrate
confinement of xylotrophic basidiomycetes were also clar-
ified. At the same time, the need for further mycological
investigations, which should be aimed at the study of fine
substrate units of dead wood, located in the phytocoenotic
environment of an old-growth broad-leaved forest, is be-
yond doubt.

This study was supported by the Russian Science Foun-
dation, RSF project N22-24-01063; https://rscf.ru/en/
project/22-24-01063/.
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The article presents the results of a detailed survey of cultivated roses growing in the European territory of Russia
for their infestation by fungi of the genus Phragmidium causing rose rust disease. The main study area was the
rose garden of the Peter the Great Botanical Garden of BIN RAS (St. Petersburg). A total of five wild species
and 43 varieties of roses from seven garden groups were studied. As a result of morphological analysis of affected
plant parts, detailed microscopy (using light and scanning electron microscopes) of collected fungal specimens
and analysis of DNA data, four species of the genus (Phragmidium mucronatum, P. fusiforme, P. tuberculatum, and
P. rosae-pimpinellifoliae) were identified. Interestingly, all identified species appeared to belong to the group of
morphologically similar species from the P. mucronatum complex. During the study, the nucleotide sequences of
ITS for P. fusiforme, P. mucronatum, and P. rosae-pimpinellifoliae and LSU for P. rosae-pimpinellifoliae, previously
missing from databases, were obtained for the first time. Refined morphological descriptions and illustrations of
macro- and microstructures are provided for all Phragmidium species studied. To compare the studied species
with other representatives of the genus and to determine their phylogenetic position, phylogenetic analysis based
on ITS and LSU sequences was performed.

Keywords: Botanical Garden, molecular data, Phragmidiaceae, phylogeny, plant disease, rosarium
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INTRODUCTION (Rabenh.) Dietel] are widespread in Europe including
the European part of Russia. Among them, P. mucro-
natum and P. tuberculatum are the most common and
well-known pathogens of ornamental roses worldwide.

autoecious life-cycle, are single-host obligate parasites However, there are still some gaps in knowledge of their

mainly on plants of the genera Potentilla, Rosa, Ru- morphology, biology and distribution.

bus, and Sanguisorba in Holarctic region, all from the These species have similar and often overlapping mor-
family Rosaceae. About 70 species of Phragmidium are phological characters, so their taxonomic history has been
currently known worldwide, also predominantly in the rather confused (Dietel, 1905; Gaumann, 1959). The tax-
Northern Hemisphere, and thirty of these have been re- onomy of all rust fungi has traditionally been based on the
ported to infect wild Rosa species and often cause se- classification of host plants and morphological characters
rious rust diseases of ornamental roses in gardens and observed in herbarium and fresh specimens, mainly the
homestead plots (Cummins, Hiratsuka, 2003; Liu et al., morphology of different stages (Kasai, 1910; Sydow, 1921,
2020). About 12 species are known on Rosa spp. in Rus- Wei, 1988). However, morphological characters of many
sia (Mokritskaya, 1974; Kuprevitch, Ulyanishchev, 1975; species are often not a reliable criterion for identification
Azbukina, 2005). (Wahyuno et al., 2001).

Four morphologically similar species of Phragmidium With the advent of DNA data analysis, it has become
[P. mucronatum (Pers.) Schitdl., P. fusiforme J. Schrot., necessary to combine morphological and molecular
P. tuberculatum Jul. Miill., and P. rosae-pimpinellifoliae  characteristics to recognize and classify Phragmidium

Phragmidium Link is the largest genus in the fami-
ly Phragmidiaceae (Pucciniales, Pucciniomycotina, Ba-
sidiomycota). All species of Phragmidium, having an
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species (Maier et al., 2003; Wingfield et al., 2004; Aime,
2006; Scholler, Aime, 2006; Yun et al., 2011; Ono, 2019;
Zhao et al., 2021). The well-known fungal barcoding
marker ITS as well as LSU are most often used to distin-
guish closely related species or species complexes in rust
fungi (Alaei et al., 2009; Barilli et al., 2010; Aime et al.,
2018; Sun et al., 2022).

In our study, we investigated which Phragmidium spe-
cies occur on wild Rosa species and rose cultivars grow-
ing in the Peter the Great Botanical Garden collection.
The modern collection of roses in the Botanical Garden
began to be created in 1950 by Prof. S.G. Saakov (Tk-
achenko, Kapelian, 2022). Currently, the rose garden of
the Peter the Great Botanical Garden of the Komarov
Botanical Institute RAS (BIN RAS) is one of the large
collection complexes. It is the primary center of rose
introduction in North-West Russia. Here were first in-
troduced into culture such species as Rosa alberti Regel,
R. amblyotis C.A. Mey., R. davurica Pall., R. fedtschen-
koana Regel, R. platiacantha Schrenk, R. multiflora
Thunb., as well as R. rugosa Thunb., which is currently
widely used in landscaping of St. Petersburg (Svyazeva,
2005). According to the latest inventory data (Adrit-
skaya, Kapelyan, 2023), the rose collection of the Peter
the Great Botanical Garden includes about 350 species,
garden forms and varieties of roses.

The main goal of the present study was to obtain
new data on the morphology and phylogeny of Euro-
pean species of the genus Phragmidium inhabiting roses.
The specific objectives were as follows: 1) to survey the
species diversity of fungi causing rust disease of roses
in the rosarium of the BIN RAS, 2) to carry out their
taxonomic identification using modern research meth-
ods, 3) to generate nucleotide sequences of two genetic
markers of ribosomal DNA (ITS and LSU), 4) to obtain
new data on the morphology of the identified Phragmid-
ium species.

MATERIALS AND METHODS

Sample collection. Rust-infected plant parts (leaves,
shoots, fruits) were collected from different wild Rosa
species and varieties in the rose garden of the BIN RAS
during August of 2023. We examined five species of wild
roses and their hybrids and 43 varieties of roses belonging
to garden groups: Hybrid Tea, Floribunda, Grandiflora,
Miniature, Shrub, Climbing and Old Garden Roses.

A total of 48 specimens of rust fungi were collected,
dried using standard methods and deposited in the My-
cological Herbarium of BIN RAS (LE F). Macropho-
tographs of the affected plant were taken during the col-
lection process.
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Morphological analyses. Microscope photographs of
affected plant sections were taken using a Stereo Mi-
croscope with Motorized 20xX Zoom SteREO Discov-
ery.V20 (Carl Zeiss, Germany) to examine in detail the
unique symptoms of each developmental stage (aecia,
uredinia, and telia) of Phragmidium.

For light microscopy (LM) observation, spores and
leaf sections were mounted in a drop of water. Micro-
scopic structures were observed and photographed us-
ing an Axiolab 5 light microscope equipped with Axi-
oCam MRc 5 camera (CarlZeiss, Germany). For each
specimen, approximately 30 spores of each stage were
randomly selected and measured. Spores dimensions are
given following the form (a—)b—c(—d), with b—c con-
taining at least 90% of all values and the extremes (a,
d) enclosed in parentheses.

To prepare samples for surface structure examina-
tion using scanning electron microscopy (SEM), small
plant parts with aeciospores, urediniospores and telio-
spores were adhered onto aluminium stubs covered with
double-adhesive tape, coated with gold and then ob-
served with a JEOL JSM-6390LA Analytical Scanning
Electron Microscope (USA).

DNA extraction and sequencing. DNA was extract-
ed from aeciospores, urediniospores or teliospores, de-
pending on which stage predominated in the sample.
In addition to our specimens from rose garden, we iso-
lated DNA from three herbarium previously identified
collections of P. fusiforme (LE F-341026), P. rosae-
pimpinellifoliae (LE F-347568) and P. mucronatum
(LE F-208775) to add data for comparison.

Rust spores were scraped from dried plant tissues us-
ing a sterile scalpel. The procedure of DNA extraction
completely corresponded to the manufacturer’s pro-
tocol of the Phytosorb Kit (ZAO Syntol, Russia). The
following primers were used for amplification and se-
quencing: Rust2inv and ITS4rust (Aime, 2006; Beenken
et al., 2012) for the 5.85—ITS2 (nuclear ribosomal inter-
nal transcribed spacer — ITS) fragment; LROR and LR6
(Vilgalys, Hester, 1990) for D1-D3 domains of the large
subunit (LSU) of the ribosomal RNA gene. PCR prod-
ucts were purified applying the CleanMag DNA PCR
(Evrogen, Russia). Sequencing was performed with an
ABI model 3500 Genetic Analyzer (Applied Biosys-
tems, CA, USA). Raw data were edited and assembled
in MEGA 11 (Tamura et al., 2021). Sequences generated
during this study were deposited at GenBank with cor-
responding accession numbers.

All microscopic and molecular studies of specimens
were carried out at the Center for collective use of scien-
tific equipment “Cellular and molecular technology of
studying plants and fungi” (Komarov Botanical Institute
of the Russian Academy of Sciences, St. Petersburg).
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Molecular phylogenetic analyses. For this study,
22 new ITS sequences and seven LSU sequences were
generated (Table 1). In addition, 18 ITS sequences and
36 LSU sequences of taxa from the genus Phragmidium
inhabiting on Rosa spp. and Kuehneola uredinis (as an
outgroup), were retrieved from the GenBank database
(www.ncbi.nlm.nih.gov/GenBank/) for molecular anal-
yses. The taxonomic identities of these sequences and
collection information for taxa are given in the phy-
logenetic tree (Fig. 1). The sequences of both genetic
markers were aligned using MAFFT v. 7 (https://mafft.
cbre.jp/alignment/server/index.html; Katoh et al., 2019)
with the FFT-NS-i option and manually adjusted where
necessary using MEGAIIL.

Phylogenetic reconstructions were performed with
Maximum Likelihood (ML) and Bayesian Inference
(BI) analyses for combined ITS + LSU dataset. Be-
fore the analyses, the best-fit substitution model was
estimated for alignment using FindModel web server
(http://www.hiv.lanl.gov/content/sequence/findmodel/
findmodel.html) under the Akaike information criterion.

MALYSHEVA et al.

The GTR + G model was chosen for concatenated
ITS + LSU dataset.

Maximum likelihood analysis was run on 1Q-Tree
web server (http://iqtree.cibiv.univie.ac.at/; Trifinopo-
ulos et al., 2016) with 1000 rapid bootstrap replicates.
BI analysis was performed with MrBayes 3.2.7 software
(Ronquist et al., 2012), for two independent runs, each
with 5000 generations under described model and four
chains with sampling every 100 generations. To check
for convergence of MCMC analyses and to get estimates
of the posterior distribution of parameter values, Tracer
v. 1.7.1 was used (Rambaut et al., 2018). We accepted
the result where the ESS (Effective Sample Size) was
above 200 and the PSRF (Potential Scale Reduction
Factor) was close to 1. Branches with bootstrap support
(BS) and posterior probabilities (PP) values greater than
or equal to 70% and 0.90, respectively, were considered
significantly supported (Hillis, Bull, 1993; Alfaro et al.,
2003). Tree topologies were then edited and visualized
in iTOL (Letunic, Bork, 2019).

Table 1. Taxon sampling and sequences generated for this study used for phylogenetic analyses

. GenBank accession no.
Taxon Specimen voucher Plant host TS ISU
Phragmidium fusiforme LE F-347559 Rosa rugosa PP621923 PP621906
LE F-347560  |R. majalis PP621921 PP621905
LE F-341026 PP621922
P. mucronatum LE F-347567 R. x alba “Maiden’s Blush” PP621929 PP621908
LE F-208775 R. canina PP621930
P. rosae-pimpinellifoliae LE F-347562 R. pulverulenta PP621927
LE F-347561 R. tomentosa PP621928
LE F-347563 R. X hybr. hort. cv. “Reine des Violettes” PP621925 PP621904
LE F-347564 old bushes Rosa sp. PP621924 PP621903
LE F-347568 R. canina PP621926 PP621902
P, tuberculatum LE F-347565 R. X hybr. hort. cv. “Charles Aznavour” PP621919
LE F-347566 | R. X hybr. hort. cv. “De Ruiter’s Herald” PP621920 PP621907
LE F-347569 | R. X hybr. hort. cv. “Illusion” PP621911
LE F-347570 R. X hybr. hort. cv. “Lavaglut” PP621909
LE F-347572 R. X hybr. hort. “Landora” PP621917
LE F-347573 R. X hybr. hort. cv. “George Arends” PP621916
LE F-347574 R. X hybr. hort. “Bluenette” PP621918
LE F-347576 R. X hybr. hort. cv. “Mr. Lincoln” PP621910
LE F-347579 R. X hybr. hort. cv. “Shalom” PP621914
LE F-347580 R. X hybr. hort. “Lawinia” PP621913
LE F-347590 R. X hybr. hort. cv. “Elfe” PP621912
LE F-347571 R. X hybr. hort. cv. “Waikiki” PP621915
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RESULTS

Phylogeny

The combined dataset of ITS + LSU sequences for
members of Phragmidium inhabiting on roses contained
1600 characters, including gaps (ITS: 1-573 and LSU:
574—1600). Both Bayesian and Maximum likelihood
analyses produced the same topology. Therefore, we
present only the ML tree with both BS and PP val-
ues (Fig. 1). The output ML tree resulting from the
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phylogenetic analyses encompassed a total of 49 spec-
imens belonging to Phragmidium with one specimen
Kuehneola uredinis as an outgroup (BPI-879274).

All Phragmidium species included in the analyses
formed three strongly supported subclades (Subclade I,
Subclade II, and Subclade I1I), in agreement with the
earlier studies (Liu et al., 2018; Sun et al., 2022).

According to the phylogenetic analyses, P. tubercula-
tum collected from Rosa X hybr. hort. cv. “De Ruiter’s
Herald” and Rosa % hybr. hort. cv. “Charles Aznavour”
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Phragmidium tuberculatum MH285386/- (BJFC-R00951)
Phragmidium tuberculatum PP621919/- (LE F-347565)
Phragmidium tuberculatum -/KJ841922 (BPI877980)
Phragmidium tuberculatum PP621920/PP621907 (LE F-347566)
Phragmidium butleri -/MG669118 (HMAS-67841)

Phragmidium rosae-moschatae -/IKY798368 (BP1_893257)

Phragmidium rosae-moschatae -IKY798369 (BP1_893259)
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| Phragmidium warburgianum MN264726/MN264744 (IBAR_7744)

86/1
100/ Phragmidium rosae-roxburghii OL684819/0L684832 (HGUP21026)

Phragmidium rosae-roxburghii OL684818/MZ736075 (HGUP21025)
Phragmidium zangdongii MH128373/MG669109 (BJFC:R03013)
Phragmidium zangdongii MH128372/NG_064490 (BJFC:R02447 type)

Phragmidium fusiforme -/AJ715522 (T10)

Phragmidium fusiforme -/PP621905 (LE F-347560)

Phragmidium fusiforme PP621922/- (LE F-341026)

Phragmidium fusiforme PP621923/PP621906 (LE F-347559)
Phragmidium rosae-pimpinellifoliae PP621924/PP621903 (LE F-347564)
Phragmidium rosae-pimpinellifoliae PP621925/PP621904 (LE F-347563)
Phragmidium rosae-pimpinellifoliaec PP621926/PP621902 (LE F-347568)
Phragmidium rosae-pimpinellifoliae PP621928/- (LE F-347561)
Phragmidium rosae-pimpinellifoliae PP621927/- (LE F-347562)
|| Phragmidium rosae-rugosae MN264723/MN264741 (BJFCR_03456)

_{ Phragmidium rosae-rugosae MN264722/MN264740 (BJFCR_03455)

Subclade I

Phragmidium mucronatum PP621930/- (LE F-208775)

Phragmidium mucronatum PP621929/PP621908 (LE F-347567)

—— Phragmidium yangii MN264725/- (BJFCR_00338)

Phragmidium longissima -/KP407633 (BJFC-R00338)
Phragmidium yangii -/KP407634 (BJFC:R00360)
Phragmidium yangii -/IMN264743 (BJFCR_00338)

97/1| Phragmidium rosae-multiflorae -/KU059175 (HMAS94924)
Phragmidium rosae-multiflorae MN264721/MN264739 (BJFCR_03454)
100111 Phragmidium chayuensis MH128375/MG669113 (BJFC_R03014)
Phragmidium chayuensis MH128374/NG_064492 (BJFC_R02532 type)

Kuehneola uredinis GU058013/GU058013 (BPI-879274)

Fig. 1. Phylogenetic tree of Phragmidium species inhabiting roses derived from the ITS + LSU dataset using ML analysis. The ML
bootstrap/Bayesian PP supports are shown above branches. For all taxa the GenBank accession numbers (ITS/LSU) and vouchers
are presented. The specimens studied for this article are highlighted in bold. Scale bar indicates the mean number of nucleotide

substitutions per site.
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formed independent and highly supported (BS = 100% “Maiden’s Blush” and R. canina L. formed their own

and PP = 1.00) monophyletic clade, which is sister to P,
altaicum Y.M. Liang et Y. Liu, a recently described spe-
cies from China and Uzbekistan (Liu et al., 2019). The
other three species, P. fusiforme, P. rosae-pimpinellifoliae
and P. mucronatum, were clustered within Subclade 111
and organized in distinct, high-supported monophyletic
clades (Fig. 1). The ITS and LSU sequences of P. rosae-
pimpinellifoliae generated for the first time in our study,
were combined into a clade sister to P. fusiforme. The
sequences of P. mucronatum collected from Rosa

branch with high support values (BS = 99%, PP = 0.98),
which occupies a separate position from the other two
species in Subclade II1.

Taxonomy

Phragmidium fusiforme J. Schrot., Abh. Schles. Ges. Vaterl. Kult., Abth.
Naturw. Med. 48: 24, 1870 [1869] (Fig. 2).

Description: Spermogonia and aecia not observed. Uredinia occur on the
underside of leaves, but cause yellow-brown spots on the upper side of leaves,
scattered or clustered in groups, very small, 0.1—0.2 mm in diam., pale or
bright yellow to orange, surrounded by numerous curved clavate paraphyses

Fig. 2. Morphological structures of Phragmidium fusiforme (LE F-347559, LE F-347560): a — infected leaf (scale bar = 1 cm);
b — telia and uredinia on leaf surface (scale bar = 500 um); ¢ — telium under SEM; d — uredinia with paraphyses under SEM; e —
urediniospores under SEM; f — urediniospores under LM (scale bar = 20 pum); g — teliospores under LM (scale bar = 20 pm); h,
i — teliospore under SEM.
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Table 2. A comparison of Phragmidium spp. found in the rose garden of the BIN RAS
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Species Uredl(ﬁlr?ls)p ores I\El}ggsgiizlsls Teliospores head (um) Teliospores pedicel (um)
Phragmidium 19.5-22.6 X | (6)9-to 12(14) | fusiform, copper-brown to ma-| 122.6—161.9 X 7.1-9.2, base
Sfusiforme 16.6—18.3 (mostly 9—10) hogany brown, 68.2—86.5 x| slightly swelling in water and

23.5-27.7 enlarging to 20—22 um in
diam., elongate or sword-
shaped, without tearing of the
outer layer

P. mucronatum 22.3 -28.9 x (4)5-t09 ellipsoid-cylindrical to broad-| 92.8—108.9 X 7.6—9.8, base
16.0—20.0 (mostly 7—8) ly cylindrical, copper-brown,| swelling in water and enlarging
mahogany brown to black red,| to 25—45 um in diam. without

75.5—87.3 X 26.9-31.4 tearing of the outer layer
P. rosae- 20.0—23.7 x (5)6-t09 broadly cylindrical, orange-| 91.4—137.0 X 6.0—8.6, base swell-
pimpinellifoliae 17.0-21.6 (mostly 7—8) brown to copper-brown,| ing in water and enlarging to
63.5—76.3 x 28.4—34.8 20—36 um in diam. without

tearing of the outer layer
P. tuberculatum 23.0-30.0 x 4-t0 6 (more | ellipsoid-cylindrical to broad-| 80.6—106.2 x 8.2—11.8, base
16.4—19.3 rarely 7) ly cylindrical, copper-brown swelling in water and enlarg-
to rust brown, 74.0—-91.8 X ing to 25—27 um in diam. with

25.6—30.8 tearing of the outer layer

60—70 um long and 10—18 um wide. Urediniospores globose, subglobose,
ellipsoid or ovoid, pear-shaped, tuberculate, pale yellow to colorless,
19.5-22.6 x (15.6—)16.6—18.3(—19.3) um; wall approximately 1.5—2.0 um
thick, uniformly echinulate, colorless, with 5—8 scattered pores, slightly
intruding inside when swolling in water. 7elia are formed at the site of uredinia,
scattered or clustered in small groups to 0.5 mm in diam., black. Teliospores
cylindrical to fusiform-cylindrical, (6)9- to 12(14)-celled (mostly 9—10-celled),
not constricted at the septa, the base rounded, the upper cell almost triangular,
(63.8—)68.2—86.5 x 23.5-27.7 um, copper-brown to mahogany brown, with
a pale or hyaline apical papilla to 10 um in length; the wall 3—5 um thick and
irregularly ornamented with robust verrucae, with 2—3 germ pores in each cell;
pedicel hyaline, slightly colored on the top, length longer than the length of
spores, (121.0—)122.6—161.9(—189.3) X (6.4—)7.1-9.2(—10.3) um, base slightly
swelling in water and enlargeing to 20—22 um in diam., elongate or sword-
shaped, without tearing of the outer layer.

Known hosts in Europe: Rosa acicularis Lindley, R. gallica L., R. glauca
Pourret, R. glutinosa Sibth. et Sm., R. majalis J. Herrmann, R. mollis Sm.,
R. pendulina L., R. villosa L.

Known distribution: Northern Hemisphere.

Material examined: Russia, St Petersburg, rosarium of the St Petersburg
Botanical Garden — on Rosa rugosa, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347559); on R. majalis, bush, planted in the 1960s, 30.08.2023, coll.
V. Dudka, V. Malysheva (LE F-347560); Khanty-Mansi Autonomous
Area — Yugra, Shapssha village, on R. acicularis, 09.08.2021, coll. V. Dudka
(LE F-341026).

Notes: The species is characterized by (6—)9- to 12(—14)-celled, fusiform,
dark brown teliospores and elongate or sword-shaped pedicel base (Table 2).
Phragmidium fusiforme was observed previously on Rosa majalis (Gaumann,
1959). Our finding is the first record on R. rugosa.

Phragmidium mucronatum (Pers.) Schitdl., Fl. berol. (Berlin) 2: 156, 1824
(Fig. 3).

Description: Spermogonia not observed. Aecia occur on veins on the
underside of leaves, petioles, young stems and fruits, scattered or coalescing
into powdering groups, bright yellow to orange, eventually discoloring,
surrounded by clavate paraphyses to 80 um long and 8—12 um wide.
Aeciospores globose, subglobose, broadly ellipsoid or ovoid, tuberculate,
yellow-orange, (20.6—)21.2—25.4(—26.5) X (14.5—)15.5—19.3(—20.4) um;
wall approximately 2—2.5 um thick, uniformly echinulate, colorless, with
6—8 scattered pores. Uredinia occur on the underside of leaves, but cause
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yellow spots on the upper side of leaves, scattered or clustered in groups,
very small, pale or bright yellow to orange, surrounded by inwardly curved
clavate paraphyses 60—70 um long and 10—16 um wide. Urediniospores
globose, subglobose, ellipsoid or ovoid, pear-shaped, tuberculate, pale
yellow to colorless, (20.5—)22.3—28.9(—31.0) x (14.7—)16.0—20.0 um;
wall approximately 1—1.5 pm thick, uniformly echinulate, colorless, with
6—10 scattered pores, slightly intruding inside when swollen in water. Telia
are formed at the site of uredinia, scattered or clustered in groups and
construct a continuous layer on the underside of the leaves, small, black.
Teliospores ellipsoid-cylindrical to broadly cylindrical, slightly upwardly
widening, (4—)5- to 9-celled (mostly 7—8-celled), not constricted at the septa,
the base rounded, the upper cell almost triangular, (63.8—)75.5—87.3(—102) x
X (24.4—)26.9—31.4(—33.0) um, copper-brown, mahogany brown to black
red, with a pale or hyaline apical papilla to 20 um in length; wall 6—7 um
thick, irregularly ornamented with robust verrucae, with 2—3 germ pores
in each cell; pedicel hyaline, slightly colored on the top, length persistent,
* equals or slightly longer than the length of the spore, (77.0—)92.8—108.9
(—125.3) % (6.6—)7.6—9.8(—10.3) um, base swelling in water and enlarging to
25—45 um in diam. without tearing of the outer layer.

Known hosts in Europe: Rosa agrestis Savi, R. arvensis Hudson, R. blanda
Aiton, R. caesia Sm., R. canina, R. corymbifera Borkh., R. elliptica Tausch,
R. foetida J. Herrmann, R. gallica, R. glauca, R. jundzillii Besser, R. majalis,
R. micrantha Borrer ex Sm., R. mollis, R. orientalis Dup., R. pimpinellifolia L.,
R. rubiginosa L., R. rugosa, R. sempervirens L., R. subcanina D.H. Christ,
R. tomentosa Sm., R. villosa, R. virginiana J. Herrmann, R. vosagiaca
Desportes.

Known distribution: Worldwide.

Material examined: Russia, St Petersburg, rosarium of the St Petersburg
Botanical Garden, on R. X alba “Maiden’s Blush”, 30.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347567); Austria, Niederdsterreich, Waldviertel, 6.5 km
ESE of Krumau am Kamp, valley of the creek “Fronbach”, ENE of the
region called Wilhalmwald, WSW of the hill called Lichtenbigl. 48°34' N,
15°32" E. Alt. 520 m. Shrubs at the edge of a forest, on leaves of R. canina,
21.09.1994, coll. H. Wittmann (LE F-208775).

Notes: The main distinguishing features of this species are 6—8-celled
black-brown teliospores, pedicel slightly colored on the top, with base
swelling in water without tearing of the outer layer (Table 2). Phragmidium
mucronatum is capable to produce several generations of aeciospores
during vegetation period. It can cause deformation of affected plant tissue
and overwinter as mycelium in the stem and root neck of the plant. In the
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Fig. 3. Morphological structures of Phragmidium mucronatum (LE F-347567): a — infected leaf (scale bar = 1 cm); b — aecium on
fruit (scale bar = 0.5 cm); ¢ — telia and uredinia on leaf surface (scale bar = 500 um); d — urediniospores under LM (scale bar =
20 um); e — telia under SEM; f — aeciospores under SEM; g — aeciospores under LM (scale bar = 20 um); h — teliospores under
LM (scale bar = 20 um); i — teliospore under SEM.
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Botanical Garden we collected the studied specimen only on Rosa X alba
“Maiden’s Blush”, on a bush planted in 1915. This bush has frosted several
times, once to the ground (e.g., in the winter of 1986—87). This variety was
known before 1400, and belongs to the Old Garden Roses (OGR), Alba group.

It is a very common species that causes rose rust, probably the most
economically important rust of ornamental roses (Shattock, 1988). This
fungus is a serious pest of ornamental roses in late summer and autumn. It
was found out a long time ago that its teliospores are able to germinate only
after exposure to cold (i.e. after wintering in the open air) (Williams, 1938).
In addition, the mycelium overwinters on the branches of the host plant and
in the spring forms large, often fused aecia, which often occupy large regions
of the branch. It often causes distortion and deformation of infected organs
(Wenzl, 1936) as well as some anatomical changes, in particular an increase in
parenchyma cells. The generation of aeciospores can be repeated 4—6 times,
after which uredo- and teliospores develop.

Phragmidium rosae-pimpinellifoliae (Rabenh.) Dietel, Hedwigia 44: 339,
1905 (Fig. 4).

Description: Spermogonia not observed. Aecia occur on the underside
of leaves, on leaves veins, petioles, young stems and fruits, scattered or
coalescing into powdering groups, bright yellow to reddish-orange, eventually
discoloring, paraphyses absent or very rare, to 50 um long and 10—15um wide.
Aeciospores globose, subglobose, broadly ellipsoid or ovoid, angular, yellow-
orange, (20.3—)21.4—25.2(—28.0) x 14.0—20.0 um; wall approximately
2—2.5 pum thick, sparsely echinulate, colorless, with 4—8 scattered pores.
Uredinia occur on the underside of leaves, but cause yellow spots on the upper
side of leaves, scattered or clustered in groups, very small, pale or bright yellow
to orange, surrounded by inwardly curved clavate paraphyses 30—60 um long
and 5—10 um wide. Urediniospores globose, subglobose, rare ellipsoid or
ovoid, pale yellow-orange to colorless, 20.0—23.7(—26.6) x 17.0—21.6 um;
wall approximately 2—2.5 um thick, uniformly echinulate, colorless, with
6—8 scattered pores. Telia are formed at the site of uredinia, scattered or
clustered in groups and form a continuous powdering layer on the underside
of the leaves, small, chestnut-brown. Teliospores broadly cylindrical,
slightly upwardly widening, (5—)6- to 9-celled (mostly 7—8-celled), not
constricted at the septa, the base rounded, the upper cell hemispherical,
(59.4—)63.5—76.3(—87.1) x 28.4—34.8 um, orange-brown to copper-brown,
with a pale or hyaline, very often with an exudate cap, apical papilla to 11 um
in length; the wall 4—6 um thick and irregularly ornamented with robust
verrucae, with 2—3 germ pores in each cell; pedicel hyaline, slightly colored
on the top, (84.0—)91.4—137.0(—139.6) X 6.0—8.6(—9.6) um, base swelling in
water and enlarging to 20—36 um in diam. without tearing of the outer layer.

Known hosts in Europe: Rosa canina, R. foetida, R. glauca, R. majalis,
R. pimpinellifolia, R. rubiginosa, R. vosagiaca.

Known distribution: The entire Northern Hemisphere as well as Australia
and New Zealand.

Material examined: Russia, St Petersburg, rosarium of the St Petersburg
Botanical Garden — on R. pulverulenta, on a bush grown from seeds in 2013,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347562); on R. tomentosa,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347561); Rosa % hybr.
hort. cv. “Reine des Violettes”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347563); old bushes, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347564); Samara Region, Zadelnoe village, on R. canina, 09.06.2023,
coll. V. Malysheva, E. Malysheva (LE F-347568).

Notes: The light colored, orange-brown telia and teliospores, as well as
the exudate cap on the top of the teliospore apical papilla, easily distinguish
this species from the other closely related taxa (Table 2). Phragmidium rosae-
pimpinellifoliae is capable to produce several generations of aeciospores
during vegetation period. It can overwinter as mycelium in stem and root
neck tissues of the plant.

Mainly found on roses of sect. Pimpinellifolia, but also reported on
sections Canina and Rubiginosa (Gaumann, 1959; Brandenburger, 1963).
Rust caused by this species can lead to sudden dieback, since it covers even
very thick branches with its aecia.

Phragmidium tuberculatum Jul. Miill., Ber. dt. bot. Ges. 3: 391, 1885 (Fig. 5).
Description: Spermogonia and aecia not observed. Uredinia occur

on the underside of leaves, but cause yellow spots on the upper side of
leaves, scattered or clustered in groups, very small, pale to bright yellow,
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surrounded by inwardly curved clavate paraphyses to 70 um long and
6—18 um wide. Urediniospores globose, subglobose, ellipsoid or ovoid, pear-
shaped, tuberculate, dark yellow to orange, (19.6—)23.0—30.0(—33.8) %
X (15.0—)16.4—19.3(—20.0) um; wall approximately 1—1.5 pm thick,
uniformly echinulate, colorless, with 6—8 scattered pores, the inner
membrane of urediniospores forms a star shape when swelling in water.
Telia are formed at the site of uredinia, scattered or clustered in groups
and form a continuous layer on the underside of the leaves, small, black.
Teliospores ellipsoid-cylindrical to broadly cylindrical, predominantly
4- to 6-celled (more rarely 7-celled), not constricted at the septa, the base
rounded, (69.3—)74.0—91.8(—100.3) x (24.6—)25.6—30.8(—32.4) um, the
upper cell longer than the others, copper-brown to rust brown, with a pale
or hyaline apical papilla to 22 um in length; the wall 6—7 um thick and
irregularly ornamented with robust verrucae, with 2—3 germ pores in each
cell; pedicel hyaline, length persistent, + equals the length of the spore,
(70.8—)80.6—106.2(—117.0) x 8.2—11.8(—13.3) um, base swelling in water
and enlarging to 25—27 um in diam. with tearing of the outer layer.

Known hosts in Europe: Rosa acicularis, R. agrestis, R. arvensis, R. caesia,
R. canina, R. chinensis Jacq., R. corymbifera, R. gallica, R. glauca, R. glutinosa,
R. majalis, R. micrantha, R. multiflora, R. obtusifolia Desv., R. rubiginosa,
R. rugosa, R. sicula Tratt., R. tomentosa, R. villosa, R. vosagiaca, etc.

Known distribution: Widespread in the Northern Hemisphere.

Material examined: Russia, St Petersburg, rosarium of the St Petersburg
Botanical Garden — on Rosa X hybr. hort. cv. “Charles Aznavour”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347565); on Rosa X hybr.
hort. cv. “De Ruiter’s Herald”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347566); on Rosa X hybr. hort. cv. “Illusion”, 28.08.2023, coll.
V. Dudka, V. Malysheva (LE F-347569); on Rosa x hybr. hort. cv. “Lavaglut”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347570); on Rosa X hybr.
hort. “Landora”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347572);
on Rosa X hybr. hort. cv. “George Arends”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347573); on Rosa X hybr. hort. “Bluenctte”, 28.08.2023,
coll. V. Dudka, V. Malysheva (LE F-347574); on Rosa %X hybr. hort. cv.

“Dame de Coeur”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347575);
on Rosa %X hybr. hort. cv. “Mr. Lincoln”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347576); on Rosa X hybr. hort. cv. “Peace” (Gloria Dei),
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347577); on Rosa x hybr.
hort. cv. “Carina”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347578);
on Rosa X hybr. hort. cv. “Shalom”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347579); on Rosa x hybr. hort. “Lawinia”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347580); on Rosa X hybr. hort. cv. “Interview”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347581); on Rosa X hybr.
hort. cv. “Kazakhstan jubilee”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347582); on Rosa X hybr. hort. cv. “The Poet’s Wife”, 28.08.2023,
coll. V. Dudka, V. Malysheva (LE F-347585); on Rosa X hybr. hort.

“Probuzeni”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347586); on
Rosa % hybr. hort. “Harlekin”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347587); on Rosa variety “Selena”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347588); on Rosa X hybr. hort. “Hamburger Phoenix”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347589); on Rosa variety

“Moth”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347592); on Rosa
variety “Selena”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347593);
on Rosa X hybr. hort. cv. “Ledi Rose”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347594); on Rosa X hybr. hort. cv. “La France”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347595); on Rosa X hybr.
hort. cv. “Mme Caroline Testout”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347596); on Rosa X hybr. hort. “Mrs. Jhon Laing”, 28.08.2023, coll.
V. Dudka, V. Malysheva (LE F-347597); on Rosa X hybr. hort. cv. “Bremer
Stadtmusicanten”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347604);
on Rosa X hybr. hort. cv. “Elveshorn”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347605); on Rosa x hybr. hort. cv. “Andalusien”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347598); on Rosa X hybr.
hort. cv. “Bonica”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347599);
on Rosa X hybr. hort. cv. “Independence”, 28.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347603); on Rosa X hybr. hort. cv. “Lafayette”,
28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347600); on Rosa X
X hybr. hort. “Rosi Mittermeier”, 28.08.2023, coll. V. Dudka, V. Malysheva
(LE F-347601); on Rosa X hybr. hort. cv. “Hurra”, 28.08.2023, coll.
V. Dudka, V. Malysheva (LE F-347602); on Rosa X hybr. hort. cv. “Ulmer
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Fig. 4. Morphological structures of Phragmidium rosae-pimpinellifoliae (LE F-347564): a — infected leaf and aecium on fruit (scale bar =
1 cm); b — telia and uredinia on leaf surface (scale bar = 500 pm and 100 pm in sector); ¢ — telium under SEM; d — teliospores under
LM (scale bar = 20 um); e, f — teliospores under SEM; g — uredinia under SEM; h, i — urediniospores under SEM; j — urediniospores
under LM (scale bar = 10 pm); k — aeciospores under LM (scale bar = 20 um); 1, m — aeciospores under SEM.
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Fig. 5. Morphological structures of Phragmidium tuberculatum (LE F-347565): a — infected leaf (scale bar = 1 cm); b — telia and
uredinia on leaf surface (scale bar = 200 um); ¢ — telia under SEM; d — uredinia under SEM; e — teliospores under LM (scale bar =
10 um); f — teliospore under SEM; g — urediniospores under LM (scale bar = 10 um); h, i — urediniospores under SEM.

Munster”, 28.08.2023, coll. V. Dudka, V. Malysheva (LE F-347606); DISCUSSION
on Rosa X hybr. hort. cv. “Beauty Star”, 30.08.2023, coll. V. Dudka,
V. Malysheva (LE F-347584); on Rosa % hybr. hort. cv. “Elfe”, 30.08.2023, Four Phragmidium species identified in our study are

coll. V. Dudka, V. Malysheva (LE F-347590); on Rosa x hybr. hort. cv. widespread and infect most wild rose species and cultivars.

“Meilland Decor Arlequin”, 30.08.2023, coll. V. Dudka, V. Malysheva Although they are not all closely related phylogenetical-
(LE F-347591); on Rosa x hybr. hort. cv. “Yunkee Doodle”, 30.08.2023, coll. ly, they have very similar morphological characters. The
V. Dudka, V. Malysheva (LE F-347583); on Rosa X hybr. hort. cv. “Waikiki”, species or variety of roses in this case is not significant
30.08.2023, coll. V. Dudka, V. Malysheva (LE F-347571). for taxonomical identification of the parasite, especially
under climate change, when rust fungi expand their ge-
ographical distribution and range of host plants and, in
addition, are able to change the symptoms of disease.

Along with Phragmidium mucronatum affects numerous species of both Earlier .lt was. noted that 11"1 the conditions of the Len-
wild roses and their cultivated varieties. However, the life cycle of this species 1ngrad region wild Rosa Species are affected by the stem
is less studied than that of P. mucronatum, in particular it is not known ~form of rust, which usually undergoes a full life cycle
whether it can produce several generations of aeciospores. and can overwinter in the form of mycelium, while in

Notes: The main features that distinguish this species from other close
taxa are predominantly 5—7 celled copper-brown to rust brown teliospores
and that the inner membrane of urediniospores forms a star shape when
swelling in water (Table 2).
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cultivated varieties of roses symptoms of rust disease are
registered only on leaves (Mokritskaya, 1958). In the
present study on ornamental roses, we also observed le-
sions only on leaves. However, an increase in the num-
ber of hybrids among roses, as well as the success of in-
troduction, can change the biology and ecology of rust
fungi in the future.

Some previous studies of rose rust showed that P. mu-
cronatum is generally more distributed than P. tubercu-
latum. It has been suggested that host hybridization may
provide a bridge for parasites, allowing them to infect
both ancestral lineages and hybrids (Floate, Whitham,
1993). Some authors (Ritz et al., 2005) assumed that
P. tuberculatum, which evolved from the Rubus—San-
guisorba rust clade, may be less adapted to roses com-
pared to P. mucronatum, which belongs to the Rosa rust
clade and most likely has a longer adaptive or coevolu-
tionary history with its rose hosts. In our study, on the
contrary, we observed a wider distribution of P. fuber-
culatum in the rosarium area; it was found on 38 rose
bushes from seven garden groups (predominantly on
Hybrid Tea roses). However, P. mucronatum was record-
ed only sporadically on one old rose variety Rosa x alba
“Maiden’s Blush”. The remaining two species (P. rosae-
pimpinellifoliae and P. fusiforme) were also represented
by sporadic specimens.

It is noteworthy that rose bushes from the “Minia-
ture” garden group, growing in close proximity to infect-
ed roses from the other garden groups, showed almost
no signs of rust disease (it was detected only on a sin-
gle bush). In addition, on wild roses (rose hips), which
grew in the rosarium along with varietal roses affected
by P. tuberculatum, other Phragmidium species have been
registered, namely P. rosae-pimpinellifoliae and P. fusi-
forme. In the plot with the main collection of wild Rosa
species, located away from the main rose garden, the
plants did not show any signs of rust disease at all.

A detailed study of the morphology of the identified
Phragmidium species revealed consistent taxonomically
significant differences in teliospore structure. However,
for more accurate and rapid identification of rusts, it is
important to accumulate molecular data, which is still
lacking in publicly available databases. Our study pro-
vided new nucleotide sequence data for these widespread
rust species that confirmed their morphological identi-
fication. The ITS nucleotide sequences for P. fusiforme,
P. mucronatum and P. rosae-pimpinellifoliae and LSU for
P. rosae-pimpinellifoliae were generated for the first time
and filled the gap in the international databases.

We thank N.L. Zaporozhets (BIN RAS) for help
in working on the SEM microscope. The field work
and morphological study were supported by the pro-
ject N124013100829-3 of the Komarov Botanical
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lecular study was carried out with the financial support
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0030p u Takconomusa Phragmidium mucronatum (Pucciniales) 1 poaCTBEHHbIX BHJIOB,
0o0MTaIONIMX HA Po3ax B eBpomeiickoii yactu Poccuu

B. ®. Maasimesa®*, B. A. lyaka®*, E. ®. Maasimesa®*# A, N. Kanenan®**#

9 borannyeckuit uHCTUTYT UM. B.JI. KomapoBa PAH, Cankr-IleTepOypr, Poccus
#e-mail: v_malysheva@binran.ru
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B crarbe npencraBieHbl pe3yabTaThl JETAIBHOTO 00CIeNOBaHMS KYJIBTYPHBIX P03, IPOU3PACTAIOLINX HA €BPO-
neiickoit Tepputopun Poccuu, Ha 3apakeHHOCTb I'pubamu pona Phragmidium, BRI3BIBAIOIIUMU PXKaBUMHHYIO
00s1e3Hb p03. OCHOBHBIM 00BEKTOM HCCIen0oBaHUs ObLI po3apuit boranuyeckoro caga [letpa Benukoro BUH
PAH (Cankr-ITetepOypr). Bcero 6bu10 U3y4eHO MATh AUKOPACTYIIMX BUAOB U 43 copTa po3 U3 CEMU CaT0OBbIX
rpymir. B pesynbraTe MOpGhOIOTHUECKOTO aHaIN3a IMTOPaKeHHBIX YacTei pacTeHUM, TeTaTbHON MUKPOCKOITIHN
(c UCITOJIb30BaHUEM CBETOBOTO M CKAaHUPYIOIIETO 3JIEKTPOHHOTO MUKPOCKOITa) COOpaHHBIX 00pa3IloB IpH-
008, a Takxe aHanu3a qaHHbeIX [JHK, Obuto unentudunmposano uersipe Buna Phragmidium (P. mucronatum,
P. fusiforme, P. tuberculatum w P. rosae-pimpinellifoliae). UHTepecHO, 4YTO BCe BBISIBJICHHbIE BUAbI OKa3aJHCh
MpUHAIJIEXKAIIMMU K TpyTiIe MophOoJOrMYecKr CXOMHbIX BUIOB U3 KoMIuiekca P. mucronatum. B xone uccie-
JIOBaHUS BIepBble ObUTU MOJIYYE€HbI HYKJIEOTUAHbIE nocaenoBareabHocTu I TS nis P, fusiforme, P. mucronatum
u P. rosae-pimpinellifoliae n LSU nis P. rosae-pimpinellifoliae, panee OTCYTCTBOBABINME B 0a3aX MaHHBIX. JIIs
BCEX M3YYCHHBIX BUOOB Phragmidium ipuBencHBl YTOYHEHHBIC MOP(OIOrndecKre ONMMCaHtsI M MILTIOCTPaIlNI
MakKpo- U MUKPOCTPYKTYp. JlJisi cpaBHEHUS U3YYEHHBIX BUIIOB C APYTUMHU MIPEACTABUTENSIMUA POAA U OTIpe/e-
JIEHUS UX (OWIOTeHEeTUYECKOIO MOJIOXKEHUS ObUT MPOBeAeH (hUIOreHETUUECKUI aHaJIM3 HAa OCHOBE JIBYX FeHEe-
tndyeckux mapkeposn (ITS u LSU).

Kaiouesvie cnosea: 6one3nu pacteHuit, boraHuyeckuii cam, MoJieKyasspHbBIe TaHHbIE, po3apuii, puioreHus,
Phragmidiaceae
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Information is given on 53 species of macromycetes (Ascomycota, Basidiomycota), first documented in the
Russian Far East (11 species) or in its administrative regions (Amur, Jewish Autonomous, Magadan, and Sakhalin
Oblast, Khabarovsk and Primorskiy Krai). For some poorly known species, notes on the peculiarities of their
distribution and ecology are given. The identification of Pluteus hibbettii and Rhizopogon laricinus was confirmed
by molecular genetic methods. The cited material is stored in mycological herbaria of ABGI (Blagoveshchensk),
LE (St. Petersburg), MAG (Magadan), SVER (Ekaterinburg), TOB (Tobolsk), and VLA (Vladivostok).
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INTRODUCTION as well as notes on rarity and peculiar features of some

i ided.
The paper is a fifth in the series of publications de- species are provice

voted to the new finds of macrofungi in the regions of
the Russian Far East (Rebriev et al., 2020, 2021, 2022, MATERIALS AND METHODS

2023). The data contained in these publications are de- The material was collected and identified by Anna V. Bo-
posited on the GBIF resource (Rebriev et al., 2024). gacheva (abbreviated as AB), Nadezhda V. Bukharova (NB),

Annotations about localities, habitats, substrates, Elena A. Erofeeva (EE), Vladimir I. Kapitonov (VK), Na-
specimen herbarium numbers, collectors and determiners talia A. Kochunova (NK), Ekaterina F. Malysheva (EM),
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Yury A. Rebriev (YuR), Nina A. Sazanova (NS), Anton

G. Shiryaev (AS), Elena A. Zvyagina (EZ) and others, as

indicated in the text. If the specimen was collected and de-
termined by the same specialist, such notes as “coll. and det.”
are omitted in the text. The taxa names are actualized in ac-
cordance with the Index Fungorum database (2024).

The specimens examined are deposited in ABGI
(Blagoveshchensk), LE-F (Saint Petersburg), MAG
(Magadan), SVER (Ekaterinburg), TOB (Tobolsk) and
VLA (Vladivostok) herbaria.

The novelty of the listed species for the Russian Far
East was checked against existing literature, including
the checklists of Bolshakov et al. (2021, 2022) and the
electronic resource of the Global Biodiversity Informa-
tion Facility (GBIF).

The identification was carried out mainly by morpho-
logical methods. The identification of Pluteus hibbettii
and Rhizopogon laricinus was confirmed by molecular
genetic methods.

Preparation for molecular analyses of the strains was per-
formed by sampling a small piece of mycelium from the ad-
vancing zone of the colonies using Thermo Scientific Phire
Plant Direct PCR Kit. For DNA extraction from voucher,
small fragments of dried basidiomata were used. The pro-
cedure of DNA extraction completely corresponded to the
manufacturer’s protocol of the Phytosorb Kit (ZAO Syntol,
Russia). The procedures of amplification and sequencing of
ITS fragment were performed with a standard pair of prim-
ers ITS1{-1TS4b (White et al., 1990; Gardes, Bruns, 1993).
Sanger sequencing was carried out at the Center for col-
lective use of scientific equipment “Cellular and molecular
technology of studying plants and fungi” (Komarov Botan-
ical Institute of the Russian Academy of Sciences, St. Pe-
tersburg) and the Youth Molecular Genetic Laboratory of
Yugra State University.

RESULTS

Ascomycota

Neolectales

Neolecta irregularis (Peck) Korf et J.K. Rogers — new for Jewish Auton-
omous Oblast.

Specimen examined: Jewish Autonomous Oblast: Bastak Nature Re-
serve, 49.0743°N, 133.0703°E, deciduous forest, on litter, 12.09.2022, coll.
E.S. Lonkina, det. AB (VLA D-4606).

Pezizales

Helvella pezizoides Afzel. — new for Primorskiy Krai.

Specimens examined: Primorskiy Krai: Vladivostok city, territory of the Bo-
tanical Garden-Institute, artificial plantings, 43.1327°N, 131.5936°E, deciduous
forest, on soil, 27.07.1990, coll. E.M. Bulakh, det. AB (VLA D-4462); ibid., on
dead wood, 28.04.2023, coll. Yu.V. Dochevoy, det. AB (VLA D-4637).

Pachyella violaceonigra (Rehm) Pfister — new for the Russian Far East.
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Specimen examined: Primorskiy Krai: Partizanskiy District, railway sta-
tion “94 km”, Tigrovaya river, 43. 1116°N, 132. 5343°E, deciduous forest, on
dead wood, 04.11.2023, coll. Yu.V. Dochevoy, det. AB (VLA D-4676).

Peziza ostracoderma Korf — new for the Russian Far East.

Specimen examined: Primorskiy Krai: Khasanskiy District, vicinity of
Kravtsovka village, 43.3648°N, 131.6418°E, coniferous-deciduous forest, on
soil in fireplace, 17.08.2018, AB (VLA D-4420).

Basidiomycota

Agaricales

Armillaria cepistipes Velen. — new for Khabarovsk Krai.

Specimens examined: Khabarovsk Krai: Khabarovskiy District, Khekht-
sirskiy Zakaznik, Elka river basin, 48.2868°N, 135.3389°E, mixed forest, on
stumps and fallen trees, 14.08.2017, EE (VLA M-26229); Nanayskiy Dis-
trict, Anyuysky National Park, middle part of the Anyui river, 49.3750°N,
137.7117°E, riverside, clearing near the house, on litter, solitary, in a small
group, 25.08.2010, EE (VLA M-23376; fig. 1a); Verkhnebureinskiy Dis-
trict, vicinity of Sofiysk village, lower reaches of the Samyr river, 52.2618°N,
134.1493°E, clearing in a mixed forest, on Betula sp. logs and on litter nearby,
caespitose, 04.09.2013, EE (VLA M-24301).

Notes: The specimen VLA M-23376 was pointed in Erofeeva, Bulakh,
2015 as A. mellea (Vahl) P. Kumm.

Cheimonophyllum haedinum (Berk. et M.A. Curtis) Valade et
P.-A. Moreau — new for Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Pen-
insula, Aniva Bay, left bank of the Riflyanka river, 46.1024°N, 142.2012°E,
Abies- Picea-dominated forest with Betula sp., Alnus sp. and Sorbus sp., on the
bark of trunk of Abies sp., 06.08.2023, NK (ABGI 2332/170107).

Chlorophyllum olivieri (Barla) Vellinga — new for Khabarovsk Krai.

Specimen examined: Khabarovsk Krai: Khabarovskiy District, Khekht-
sirskiy Zakaznik, valley of the Malye Chirki river, 48.2497°N, 135.0092°E,
mixed forest, on soil, near the anthill, 16.09.2017, EE (VLA M-26233).

Clitopilopsis hirneola (Fr.) Kiithner — new for Magadan Oblast.

Specimens examined: Magadan Oblast: Olskiy District, Zavyalov Is-
land, right bank of the Rassvet river, 59.0780°N, 150.6275°E, old-burnt
hill with Pinus pumila, on soil among Polytrichum mosses, 27.07.2021, coll.
E.V. Zheludeva, det. NS (MAG 5917); cape Nyklya, 1-st observation deck,
seaside slope, 59.5801°N, 151.1857°E, side of the road, sparse thickets of
P. pumila with spots of Salix sphenophylla, on sandy soil, 31.08.2023, NS
(MAG 6049; Fig. 1, b).

Cortinarius clarobrunneus (H. Lindstr. et Melot) Niskanen, Kytov. et Lii-
mat. — new for the Russian Far East.

Specimen examined: Magadan Oblast: vicinity of Magadan city, 17th km
of the federal road Kolyma, 59.6783°N, 150.9128°E, planting of Pinus sylves-
tris, on soil, 30.08.2022, NS (MAG 6045).

C. evernius (Fr.) Fr. — new for Magadan Oblast.
Specimen examined: Magadan Oblast: Khasynskiy District, federal road

Kolyma, Yablonovyy pass, 60.6139°N, 151.5852°E, moist saddle along the
edge of Larix cajanderi forest, among mosses, 22.08.2016, NS (MAG 5423).

C. gossypinus H. Lindstr. — new for the Russian Far East.

Specimen examined: Magadan Oblast: Tenkinskiy District, upper part of
the Kolyma river, Orotuk station, tract “Ryabinovy Island” in the floodplain
of the Kolyma river, 62.0582°N, 148.6044°E, dead Salix schwerinii forest, on
soil, 28.08.2015, coll. N.V. Sinelnikova, det. NS (MAG 4346).

Notes: The species is associated with Salix and bears an external resem-
blance to C. hemitrichus, which is associated with Berula.

C. rubellus Cooke — new for the Russian Far East.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Peninsula,

Aniva Bay, right bank of the Moguchi river, 46.0929°N, 142.1901°E, Abies-Picea-
dominated forest with Betula sp., on soil, 10.08.2023, NK (ABGI 2336/170111).

C. tabularis (Fr.) Fr. — new for Magadan Oblast.
Ne 5
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Fig. 1. Fruiting bodies of some rare species of macromycetes: a — Armillaria cepistipes VLA M-23376 (photo by E. Erofeeva); b —
Clitopilopsis hirneola MAG 6049 (photo by N. Sazanova); ¢ — Inocybe alpigenes MAG 5952 (photo by N. Sazanova); d — Laccaria
amethysteo-occidentalis MAG 5764 (photo by N. Sazanova); e — Mycena meliigena VLA M-28063 (photo by E. Erofeeva); f — Pluteus

hibbettii LE F-347543 (photo by O. Morozova).
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Specimen examined: Magadan Oblast: Susumanskiy District, Magadan
Nature Reserve, Momontai Lake area, 63.7330°N, 148.1204°E, Larix ca-
Jjanderi forest with Betula exilis shrubs and lichens, on soil, 06.08.2018, coll.
E.A. Andriyanova, det. NS (MAG 5363).

Entoloma formosum (Fr.) Noordel. — new for Magadan Oblast.

Specimen examined: Magadan Oblast: vicinity of Magadan city, coast of
the Okhotsk Sea, hiking trail to Mount Stone Crown, 59.5105°N, 150.7054°E,
wet habitat near a stream, Larix cajanderi forest, on soil among mosses,
18.08.2012, NS (MAG 5953).

Infundibulicybe squamulosa (Pers.) Harmaja — new for Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Penin-
sula, Aniva Bay, right bank of the Moguchi river, 46.0887°N, 142.1933°E,
Abies- Picea-dominated forest with Betula sp., Alnus sp. and Sorbus sp., on
litter, 07.08.2023, NK (ABGI 2330/170110).

Inocybe alpigenes (E. Horak) Bon — new for the Russian Far East.

Specimen examined: Magadan Oblast: Olskiy District, Zavyalov Island,
left bank of the Rassvet Bay, 59.0835°N, 150.6223°E, spotted shrub tundra
with Salix sphenophylla and Dryas ajanensis, on soil, 25.07.2021, NS (MAG
5952; Fig. 1, c).

Notes: This is a holarctic subalpine and subarctic species, known in the
Russian Federation from Buryatia (Bolshakov et al., 2021). It differs from
similar species in its fibrous-silky cap and microscopic characteristics.

Laccaria amethysteo-occidentalis G.M. Muell. — new for the Russian Far East.

Specimens examined: Magadan Oblast: Khasynskiy District, 152nd km of
the federal road Kolyma, 60.5952°N, 151.5619°E, southern gravelly slope of
a hill with steppe formation, next to Larix cajanderi, 12.08.2015, NS (MAG
4381, MAG 4382); Olskiy District, coast of the Okhotsk Sea, Yansky Estu-
ary, 59.7389°N, 149.4054°E, sparse thickets of Pinus pumila on the border
with a seaside meadow, on sandy soil, together with Sabuloglossum arenarium,
05.08.2017, NS (MAG 5764; fig. 1d); ibid., 05.09.2023, NS (MAG 6102).

Notes: This Asian-North American species, associated with conifers, has
a richer color and more oval spores than L. amethystina. It is known in the
Russian Federation from Altai (Gorbunova, Chubarova, 2008).

Lepiota brunneoincarnata Chodat et C. Martin — new for Khabarovsk Krai.

Specimen examined: Khabarovsk Krai: Khabarovskiy District, Khekht-
sirskiy Zakaznik, valley of the Malye Chirki river, 48.2497°N, 135.0092°E,
mixed forest, on litter, near roadside, 14.09.2018, EE (VLA M-26580).

Notes: The fruiting body emits the odour of chocolate candies.

Mycena meliigena (Berk. et Cooke) Sacc. — new for Jewish Autono-
mous Oblast.

Specimen examined: Jewish Autonomous Oblast: Birobidzhan city, bank
of the Bira river, 48.7925°N, 132.8940°E, arborescent Salix sp. thickets, on
the bark of a damaged Salix sp. trunk, among moss and lichens, after heavy
continuous rain, 03.07.2021, EE (VLA M-28063; fig. le).

M. rubromarginata (Fr.) P. Kumm. — new for Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Penin-
sula, Aniva Bay, right bank of the Moguchi river, 46.0887°N, 142.1933°E,
Abies- Picea-dominated forest with Betula sp., on litter, 09.08.2023, NK
(ABGI 2295/170109).

Pluteus hibbettii Justo, E.F. Malysheva et Bulyonkova — new for the Rus-
sian Far East.

Specimen examined: Primorskiy Krai: Ussuriyskiy Urban Okrug, vicinity
of Gorno-Tayozhnoye village, Arboretum of the Gornotayozhnaya Research
Station, 43.6936°N, 132.1528°E, mixed forest, on well-decayed wood of a co-
niferous tree, 28.08.2021, coll. O. Morozova, det. EM (LE F-347543; ITS
GenBank PP575008; Fig. 1, f).

Notes: The species was described recently based on specimens from the
USA, Japan and central Siberia (Novosibirsk district) (Justo et al., 2014). The
studied collection is the second record in the Russian Federation.

Simocybe haustellaris (Fr.) Watling — new for Magadan Oblast.

Specimen examined: Magadan Oblast: Tenkinskiy District, upper part
of the Kolyma river, Orotuk station, 62.0206°N, 148.6282°E, floodplain of
the Kolyma river, on a pile of deciduous trees, 31.07.2011, NS (MAG 5544).
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Tricholoma frondosae Kalamees et Shchukin — new for Khabarovsk Krai.

Specimens examined: Khabarovsk Krai: Nanayskiy District, Anyuys-
ky National Park, lower reaches of the Anyui river, 49.2987°N, 136.5148°E,
Quercus mongolica forest with Populus tremula, on soil, 21.09.2012, EE (VLA
M-24454); Verkhnebureinskiy District, Chegdomyn town, park, 51.1314°N,
133.0444°E, sparse forest of Betula platyphylla with P. tremula, on soil among
the grass, 04.10.2009, EE (VLA M-22335; Fig. 2, a).

Notes: The specimen VLA M-24454 was reported in Erofeeva, Bulakh
(2015) as T. equestre (L.) P. Kumm.
Tubaria furfuracea (Pers.) Gillet — new for Magadan Oblast.

Specimen examined: Magadan Oblast: Olskiy District, Zavyalov Island,
Rassvet Bay, 59.0761°N, 150.6488°E, forest of Betula lanata along Malaya
Rechka stream, on rotten wood debris on soil, 22.07.2021, NS (MAG 5919).

Amylocorticiales

Amylocorticium subincarnatum (Peck) Pouzar — new for Amur Oblast.

Specimen examined: Amur Oblast: Svobodnenskiy District, vicinity of
Yukhta-3 village, 51.4825°N, 128.1612°E, young Betula sp. forest with single
trees of Pinus, on fallen decorticated trunk of P. sylvestris, 04.08.2022, VK
(TOB1820135; Fig. 2, b).

Amyloxenasma lloydii (Liberta) Hjortstam et Ryvarden — new for Maga-
dan Oblast.

Specimen examined: Magadan Oblast: Tenkinskiy District, upper part of
Kolyma river, Malyy Chubukalah brook valley, 62.0488°N, 148.7709°E, Larix
sp. dominated forest with Pinus pumila and Betula middendorffii, on fallen
wood of P. pumila, 01.09.2005, AS (SVER(F) 24083).

Anomoporia kamtschatica (Parmasto) Bondartseva — new for Magadan Oblast.

Specimen examined: Magadan Oblast. Srednekanskiy Disrtict, 18 km east of
Balygychan village, 63.9052°N, 154. 4263°E, Pinus pumila bushes, on dead fallen
branch of P. pumila, 07.08.2008, coll. O.S. Nikitin, det. AS (SVER(F) 24099).

Atheliales

Athelia epiphylla Pers. — new for Amur Oblast.
Specimen examined: Amur Oblast: Selemdzhinskiy District, Nora Nature
Reserve, left bank of the valley of the Burunda river, 52.5436°N, 130.0367°E,

forest of Pinus sylvestris with Betula sp. and Populus tremula, on dead trunk
of P. tremula, 27.06.2022, NK (ABGI 2059/170106).

Auriculariales

Endoperplexa enodulosa (Hauerslev) P. Roberts — new for Magadan
Oblast.

Specimen examined: Magadan Oblast. Olskiy District, Magadan Na-
ture Reserve, Kava-Chelomdzhinskiy section, cordon Moldot, 60.0184°N,
148.0366°E, mixed forest, on fallen dead trank of Pinus pumila, 03.08.2008,
coll. O.S. Nikitin, det. AS (SVER(F) 24090).

Boletales

Rhizopogon laricinus Y. Miyamoto et T.C. Maximov — new for the Rus-
sian Far East.

Specimen examined: Magadan Oblast: Olskiy District, Kavinskaya Val-
ley Nature Protected Area, interfluve of the Olochan and Burgali rivers,
59.5833°N, 147.5000°E, in soil, 19.08.2017, coll. NS, det. EZ (MAG 5057,
LE F-350980; ITS GenBank PP501190).

Notes: This species was described from Sakha Republic (Miyamoto et
al., 2019). There are several indications of findings of cf. Rhizopogon laricinus
in the GBIF (Vasar et al., 2022; PlutoF. Global soil...), but none of them are
confirmed by basidiomata finds. It is the only Rhizopogon species in the world
that is obligately associated with Larix.

Cantharellales

Sistotrema resinicystidium Hallenb. — new for Magadan Oblast.

Specimen examined: Magadan Oblast: Olskiy District, Magadan Na-
ture Reserve, Kava-Chelomdzhinskiy section, cordon Moldot, 60.0183°N,
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Fig. 2. Fruiting bodies of some rare species of macromycetes: a — Tricholoma frondosae VLA M-22335 (photo by E. Erofeeva); b —
Amylocorticium subincarnatum TOB1820135 (photo by V. Kapitonov); ¢ — Phallus sibiricus VLA M-24264 (photo by E. Erofeeva);
d — Steccherinum robustius ABGI 2112/170103 (photo by N. Kochunova); e — Heterobasidion orientale VLA M-28273 (photo by
N. Bukharova); f — Lentinellus flabelliformis ABGI 2301/170108 (photo by N. Kochunova).
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148.0362°E, Larix sp. dominated forest, on a dead fruiting body of Fomitop-
sis sp. growing on a fallen mossy trunk of Larix cajanderi, 23.08.2008, coll.
O.S. Nikitin, det. AS (SVER(F) 24077).

Tulasnella pallida Bres. — new for Magadan Oblast.

Specimen examined: Magadan Oblast: Olskiy District, Magadan Nature
Reserve, Olskiy section, Cape Alevina, 58.8391°N, 151.3492°E, bushes with
Salix arctica, S. sphenophylla, Betula exilis, Duschekia firuticosa, on fallen branch
of D. fruticosa, 26.08.2008, coll. O.S. Nikitin, det. AS (SVER(F) 24081).

Corticiales

Corticium confine Bourdot et Galzin — new for Amur Oblast.

Specimen examined: Amur Oblast: Blagoveshchenskiy District, Blagove-
shchensk city, Komsomolskiy park, 50.2597°N, 127.4949°E, hardwood plan-
tations, on a dead branch of Betula davurica, 09.09.2022, coll. E. Vorobyova,
det. NK (ABGI 2216/170105).

Filobasidiales

Syzygospora mycophaga (M.P. Christ.) Hauerslev — new for Magadan
Oblast.

Specimen examined: Magadan Oblast: Tenkinskiy District, upper part of
Kolyma river, Malyy Chubukalah brook valley, 62.0483°N, 148.7710°E, Larix
sp. dominated forest with Pinus pumila, on fruiting bodies of Amylocorticiellum
molle grows on a dead branch of P. pumila, 01.09.2005, AS (SVER(F) 24095).

Hymenochaetales

Subulicium lautum (H.S. Jacks.) Hjortstam et Ryvarden — new for Maga-
dan Oblast.

Specimen examined: Magadan Oblast: Khasynskiy District, Olskoe pla-
teau, Yablonovyy pass, 60.6159°N, 151.5868°E, dryad tundra with Pinus pum-
ila, on dead branch of P. pumila, 09.09.2005, AS (SVER(F) 24079).

Tubulicrinis chaetophorus (Hohn.) Donk — new for the Russian Far East.

Specimen examined: Khabarovsk Krai: Komsomolskiy District, Komso-
molsk Nature Reserve, vicinity of the Kamennaya pad’ cordon, 50.7434°N,
137.3805°E, Abies-Larix forest, on a dead conifer trunk, 21.07.2022, NK
(ABGI 2171/170102).

T. medius (Bourdot et Galzin) Oberw. — new for Magadan Oblast.

Specimen examined: Magadan Oblast. Srednekanskiy Disrtict, 18 km east of
Balygychan village, 63.9052°N, 154. 4263°E, Pinus pumila bushes, on dead fallen
branch of P. pumila, 07.08.2008, coll. O.S. Nikitin, det. AS (SVER(F) 24084).

Jaapiales

Jaapia argillacea Bres. — new for Magadan Oblast.

Specimen examined: Magadan Oblast: Tenkinskiy District, Orotuk sta-
tion, upper Kolyma river, 62.0509°N, 148.6443°E, forest with Larix cajan-
deri, Pinus pumila and Betula middendorffii, on dead branch of P. pumila,
05.09.2005, AS (SVER(F) 24080).

Phallales

Phallus sibiricus (Lavrov) Rebriev [=P. ultraduplicatus X-D Yu, Wei Lv,
Shu-Xia Lv, Xu-Hui Chen, Qin Wang] — new for Amur Oblast, Jewish Au-
tonomous Oblast, Khabarovsk Krai, and Sakhalin Oblast.

Specimens examined: Amur Oblast. Blagoveshchenskiy District, Blagove-
shchensk city, 2nd km of Ignatievskoe highway, 50.3197°N, 127.4808°E, Quer-
cus mongolica and Betula davurica plantations, on soil, 18.09.2017, NK (ABGI
691/170104); vicinity of Gryaznushka village, 50.6612°N, 127.4772°E, Q. mon-
golica forest, on soil, 25.08.2003, coll. NK, det. YuR (VLA M-18306); forest
tract “Mukhinka”, 50.5561°N, 127.6468°E, forest of Q. mongolica and Alnus sp.
with Ulmus sp., on soil, near the streamlet, 05.09.2003, coll. NK, det. YuR (VLA
M-18307); Zeyskiy District, vicinity of Zeya town, south-eastern slope towards
the Zeya river valley, 53.7640°N, 127.2979°E, forest of Larix sp. and Betula sp., on
soil, 09.08.1958, coll. L.N. Vasilyeva, det. YuR (VLA M-18137); ibid., on the slope,
53.7618°N, 127.2926°E, forest of Betula sp. with Q. mongolica, on soil, 11.08.1958,
coll. L.N. Vasilyeva, det. YuR (VLA M-18142); Jewish Autonomous Oblast. Biro-
bidzhanskiy District, 16th km of Birshosse road, 48.7020°N, 132.8139°E, deciduous
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forest (Q. mongolica, Betula spp., Populus tremula), on soil, 11.09.2013, coll. EE,
det. YuR and EE (VLA M-24264; fig. 2c); Khabarovsk Krai: Khabarovskiy District,
Bolshekhekhtsirsky Nature Reserve, Bykova river valley, 48.2716°N, 134.8305°E,
broad-leaved forest, on soil, 01.09.1983, coll. E.M. Bulakh, det. YuR (VLA
M-21122); vicinity of Voronezh village, 48.6026°N, 135.0493°E, deciduous forest,
on soil, 01.09.2018, coll. S.P. Prokopiev, det. YuR and EE (VLA M-26748); ibid.,
48.6026°N, 135.0493°E, deciduous forest, on litter with numerous woody remains,
11.08.2017, coll. S.P. Prokopiev, det. YuR and EE (VLA M-26512); Komsomolskiy
District, Komsomolsk Nature Reserve, Namek (Oxyan) brook basin, 50.7570°N,
137.6539°E, Q. mongolica forest, on soil, 20.08.1985, coll. E.M. Bulakh, det. YuR
(VLA M-18147); Nanayskiy District, Anyuysky National Park, lower reaches of the
Anyui river, 49.2879°N, 136.5343°E, Alnus sp. forest, on soil, 05.08.2010, coll. EE,
det. YuR and EE (VLA M-22780); Sakhalin Oblast. Sakhalin Island, Dolinskiy
District, vicinity of Dolinsk town, 47.3244°N, 142.8283°E, Picea sp.-Abies sp. forest,
on soil, 09.09.1990, coll. E.M. Bulakh, det. YuR (VLA M-18139).

Notes: Some of these specimens have previously been included in re-
gional checklists (Nazarova, Vasilyeva, 1974; Azbukina et al., 1986; Azbukina
et al., 1989; Azbukina et al., 1998; Bulakh, Bukharova, 2018; Kochunova,
2019) as Dictyophora duplicata (Bosc) E. Fisch. (VLA M-18137 (with incor-
rect annotation), VLA M-18142, VLA M-18147 (with incorrect geograph-
ic location), VLA M-18307, VLA M-21122, VLA M-22780 (with erroneous
specimen number and incorrect annotation), VLA M-24264 (with incorrect
annotation)) and as Phallus impudicus f. togatus (Kalchbr.) Quél. (ABGI
691/170104).

Polyporales

Cystidiopostia pileata (Parmasto) B.K. Cui, L.L. Shen et Y.C. Dai — new
for Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Pen-
insula, Aniva Bay, slope of the left bank of the Riflyanka river, 46.1051°N,
142.2003°E, floodplain forest, on dead wood of Alnus sp., 06.08.2023, NB
(VLA M-28258).

Notes: This is the third report of this species in the Russian Federation,
which was previously known here from the Primorskiy Krai and Jewish Au-
tonomous Oblast (Parmasto, 1980; Erofeeva et al., 2021).

Phanerochaete velutina (DC.) P. Karst. — new for Amur Oblast.

Specimen examined: Amur Oblast: Blagoveshchenskiy District, 3.2 km
southwest of Novinka village, 50.6225°N, 127.6202°E, Betula davurica-
dominated forest with Quercus mongolica, on fallen trunk of Q. mongolica,
04.08.2023, VK (TOB2000467).

Phlebia acerina Peck — new for Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Kunashir Island, Kurils Nature
Reserve, vicinities of Dubovoye village, 43.7963°N, 145.5042°E, Quercus-
dominated forest, on dead wood of Alnus sp., 25.08.2016, coll. E.M. Bulakh,
det. NB (VLA M-25204).

Neoantrodia leucaena (Y.C. Dai et Niemeld) Audet — new for Amur
Oblast.

Specimen examined: Amur Oblast: Svobodnenskiy District, 6.8 km north-
east of Yukhta village, 51.5585°N, 128.2133°E, Betula dauurica-dominated
forest with Quercus mongolica and Populus tremula, on fallen decorticated
trunk of P. tremula, 02.06.2023, VK (TOB1920436).

Steccherinum aurantilaetum (Corner) Bernicchia et Gorjon — new for
Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Peninsula,
Aniva Bay, near the coast, 46.0736°N, 142.1892°E, Salix sp. forest, on dead
trunk of Salix sp., 04.08.2023, NB (VLA M-28226).

Notes: This is a rare East-Asian species that is easily recognized by its
bright orange effused-reflexed basidiomata. It was previously known in the
Russian Federation only from the Primorskiy Krai, Khabarovsk Krai and
Jewish Autonomous Oblast (Bukharova, 2021).

S. robustius (J. Erikss. et S. Lundell) J. Erikss. — new for Khabarovsk Krai.

Specimen examined: Khabarovsk Krai: Komsomolskiy District,
Komsomolsk-on-Amur city, Silinskiy les Natural Monument, vicinity of the
visitor center of the Komsomolsk Nature Reserve, 50.5680°N, 137.0476°E,
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mixed forest, on dead trunks of Prunus padus, 18.07.2022, NK (ABGI
2112/170103; Fig. 2, d).

Russulales

Aleurocystidiellum subcruentatum (Berk. et M.A. Curtis) P.A. Lemke —
new for Sakhalin Oblast.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Peninsula,
Aniva Bay, mouth of the Moguchi river, 46.0928°N, 142.1999°E, Abies- Picea
forest, on trunk of Picea sp., 09.08.2023, NB (VLA M-28318).

Heterobasidion orientale Tokuda, T. Hatt. et Y.C. Dai — new for Sakhalin
Oblast.

Specimens examined: Sakhalin Oblast: Kunashir Island, Kurils Nature
Reserve, ecological trail “Stolbovskaya”, 44.0085°N, 145.7021°E, Abies- Picea
forest, on stump of Abies sp., 24.08.2016, coll. E.M. Bulakh, det. NB (VLA
M-25100, 27040); Sakhalin Island, Crillon Peninsula, Aniva Bay, right bank
of the Moguchi river, 46.0929°N, 142.1901°E, Abies- Picea forest with Saza
curulensis, on a broken trunk of Abies sp., 05.08.2023, NB (VLA M-28248);
ibid., Abies- Picea forest, on dead wood of Abies sp., 10.08.2023, NB (VLA
M-28326, 28327); ibid., 46.0928°N, 142.1999°E, Abies- Picea forest with
Saza curulensis, on dead trunk of Picea sp., 09.08.2023, NB (VLA M-28308,
28319); ibid., 46.0936°N, 142.1882°E, Abies- Picea forest with S. curulensis,
on dead trunk of Abies sp., 07.08.2023, NB (VLA M-28286, 28273; fig. 2e);
ibid., 46.0977°N, 142.1658°E, Abies- Picea forest, on dead wood of Abies sp.,
08.08.2023, NB (VLA M-28304); Shikotan Island, Zakaznik “Malye Kurily”,
southwestern slope of Mount Shikotan, 43.7978°N, 146.7429°E, Abies- Picea
forest, on dead wood of Abies sp., 25.08.2019, coll. E.M. Bulakh, det. NB
(VLA M-27130, 27357).

Notes: This is an East-Asian species that is characterized by sessile to
effused-reflexed basidiomata covered by a thin crust, reddish brown pileus
with a marginal white zone and regular to labyrinthiform pores (Tokuda et al.,
2009). This species is considered within the Heterobasidion insulare-complex.
In the Russian Federation it is widely distributed in the south of the Far East
and known from the Primorskiy Krai, Khabarovsk Krai and Jewish Auton-
omous Oblast (Bukharova, Zmitrovich, 2014; Erofeeva, Bukharova, 2018;
Bukharova et al., 2021).

Lentinellus flabelliformis (Bolton) S. Ito — new for the Russian Far East.

Specimen examined: Sakhalin Oblast: Sakhalin Island, Crillon Penin-
sula, Aniva Bay, right bank of the Moguchi river, 46.0887°N, 142.1933°E,
Abies-Picea forest with Betula sp., on the bark of Abies sp. trunk, 09.08.2023,
NK (ABGI 2301/170108; Fig. 2, f).

Thelephorales

Tomentella lilacinogrisea Wakef. (= Tomentella neobourdotii M.J. Larsen) —
new for Amur Oblast.

Specimen examined: Amur Oblast: Svobodnenskiy District, vicinity of
Yukhta-3 village, 51.4790°N, 128.1577°E, Pinus sylvestris-dominated forest
with Populus tremula and Betula davurica, on fallen trunk of Populus tremula,
03.08.2023, VK (TOB2000226).

Trechisporales

Litschauerella clematidis (Bourdot et Galzin) J. Erikss. et Ryvarden —
new for Magadan Oblast.

Specimen examined: Magadan Oblast: Tenkinskiy District, Orotuk sta-
tion, upper Kolyma river, 62.0509°N, 148.6443°E, forest with Larix cajan-
deri, Pinus pumila and Betula middendorffii, on dead branch of P. pumila,
05.09.2005, AS (SVER(F) 24088).

Sertulicium niveocremeum (Hohn. et Litsch.) Spirin et K.H. Larss. — new
for Amur Oblast.

Specimen examined: Amur Oblast: Svobodnenskiy District, 9 km north-
west of Zheltoyarovo village, 51.5739°N, 128.3244°E, Betula davurica-
dominated forest with Quercus mongolica, on fallen trunk of Q. mongolica,
01.06.2023, VK (TOB1920207).

Subulicystidium perlongisporum Boidin et Gilles — new for Magadan
Oblast.
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Specimen examined: Magadan Oblast: vicinity of Magadan city, Na-
gaevskaya hill, 59.5681°N, 150.7523°E, forest with Betula lanata, on fallen
dead trank of B. lanata, 10.09.2007, coll. O.S. Nikitin, det AS (SVER(F)
24075).

Trechispora byssinella (Bourdot) Liberta — new for Magadan Oblast.

Specimen examined: Magadan Oblast: vicinity of Magadan city, Na-
gaevskaya hill, 59.5698°N, 150.7622°E, forest with Betula lanata and Pinus
pumila, on dead branch of P. pumila, 11.09.2005, AS (SVER(F) 24096).

DISCUSSION

A total of 77 records of 53 species of macromycet-
es are reported as new for administrative units of the
Russian Far East or the whole region. Four species be-
long to the Ascomycota (Neolectales and Pezizales), and
49 — to the Basidiomycota (Agaricales, Amylocorticial-
es, Atheliales, Auriculariales, Boletales, Cantharellales,
Corticiales, Filobasidiales, Hymenochaetales, Jaapiales,
Phallales, Polyporales, Russulales, Thelephorales and
Trechisporales). Eleven species (Cortinarius clarobrun-
neus, C. gossypinus, C. rubellus, Inocybe alpigenes, Lac-
caria amethysteo-occidentalis, Lentinellus flabelliformis,
Pachyella violaceonigra, Peziza ostracoderma, Pluteus
hibbettii, Rhizopogon laricinus, Tubulicrinis chaetophorus)
are reported for the first time for the Russian Far East.

The distribution of new records of macromycetes
within the regions is as follows:

1 — Primorskiy Krai;

3 — Jewish Autonomous Oblast;
6 — Khabarovsk Krai;

8 — Amur Oblast;

9 — Sakhalin Oblast;

11 — Russian Far East;

18 — Magadan Oblast.

The studies on fungal diversity in the Far Eastern re-
gions of Russia to be continued.

The study was performed within the framework of
the following state assignments of Ministry of Science
and Higher Education of the Russian Federation: project
N122020100332-8 of the Southern Scientific Centre RAS
(Yu.A. Rebriev); project N122040800085-4 of the Amur
Branch Botanical Garden-Institute FEB RAS (N.A. Ko-
chunova); project N123032000015-3 of the Institute of Bi-
ological Problems of the North FEB RAS (N.A. Sazano-
va); project N124012400285-7 of the Federal Scientific
Center of the East Asia Terrestrial Biodiversity FEB RAS
(A.V. Bogacheva, N.V. Bukharova and 1.V. Bochkareva).
The collection of material in the Crillon Peninsula was
supported by the Grant of Non-Profit Charitable Foun-
dation “Support for Biological Research” No. 1/2023-gr
and 4/2023-gr to N.V. Bukharova and N.A. Kochunova,
the work of E.F. Malysheva has been carried out with-
in the project of the Komarov Botanical Institute RAS
N124020100148-3, the work of E.A. Erofeeva has been
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and the work of E.A. Zvyagina has been supported by
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IIpuBeneHsl cBeaeHus 0 53 BUAax 0asuaMalbHBIX M CyMYaThIX MAaKpPOMMUIETOB, BIEPBbIE OTMEUYEHHBIX
Ha JJansHeMm Boctoke Poccuu (11 BumoB) uim B ero peruoHax (AMypckoii, EBpeiickoit aBToHoMHOIM, Mara-
nJaHckoi n CaxajauHckoi oonactax, [TpuMopckom u XabapoBcKoM Kpasix). JIist HEKOTOPbIX MaJIOM3BECTHBIX
BUIIOB IaHBI TIPUMEYaHUsI 00 0COOEHHOCTSX UX PacCIpOCTpaHeHUs U 9KoIoruu. MneHTtndukaus 1ByX BUIOB
(Pluteus hibbettii, Rhizopogon laricinus) monTBepKIeHa MOJIEKYJIIPHO-TEHETUYECKUMU TaHHBIMU. LIuTnpyemsrii
MaTepuaj XpaHUTcs B Mukosorndeckux repoapusx ABGI (Biarosemenck), LE (Cankr-Iletepoypr), MAG
(Maraman), SVER (Exatepunoypr), TOB (To6onbck), VLA (BraguBocTok).

Knwueguie crosa: ackoMulieTsl, OMopa3zHoobpasue, 6a3uIUOMUALIETHI, MOP(OJTOTUYECKHE U MOJIEKYISIPHO-
reHeTUYeCcKre MEeTOIbI MACHTU(UKAIIMY, pacipocTpaHeHue TpuboB, penkue Buabl, Poccus
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XYLOSAPROTROPH ASSOCIATED WITH SPRUCE SITES DIEBACK
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The xylosaprotrophic agaricomycete Pleurotus abieticola, described in 1997, is still poorly studied in ecological
terms. The objective of this paper is to study the ecological characteristics of P. abieticola using the material
from two large dry spruce sites (causal agent Ips typographus) in the Gladyshevsky and Shchuchye Lake
protected areas (Saint Petersburg, Russia), where mass fructification of this species was found. The field species
identification was confirmed by the results of ITS rDNA sequencing. A detailed study of drying stands revealed
new fine features of the ecology and morphology of P. abieticola. A saprotrophic pioneer complex which includes
P. abieticola has been identified (Fomitopsis pinicola, Trichaptum abietinum, Gloeophyllum sepiarium, Armillaria
ostoyae, Amaropostia stiptica, Exidia nigricans, E. saccharina, Dacrymyces stillatus, Heterobasidion parviporum,
Phlebiopsis gigantea, Stereum sanguinolentum). The causes of the mass distribution of Pleurotus abieticola in

spruce stands affected by Ips typographus are discussed.

Keywords: dead wood, drying out of spruce forests, Gladyshevsky protected area, oyster mushroom, Shchuchye

Lake protected area, xylosaprotrophs
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INTRODUCTION

Pleurotus abieticola was described as an independent
species in 1997 (Petersen, Hughes, 1997). Until that, the
oyster mushroom specimens associated with conifers,
particularly with Picea abies, were classified as Pleurotus
ostreatus (Hilber, 1997). Such substrates as Abies sibirica,
Picea obovata (Petersen, Hughes, 1997; Palamarchuk et
al., 2023), Picea sp., Alnus sp., or Salix sp. (Albert6 et al.,
2002) were indicated for Pleurotus abieticola. An analysis
of the distribution of this species in Russia showed that
P, abieticola prefers mountain and foothill forests and is
less common on the plain (Palamarchuk et al., 2023). In
the Leningrad region (North-West of Russia) only one
record is known in the Nizhnesvirsky Nature Reserve
(Alberto et al., 2002).

Beginning with 2021, an outbreak of mass reproduc-
tion of Ips typographus (Curculionidae, Coleoptera) in the
Leningrad region has been observed (Selikhovkin et al.,
2022). The centers of drying have approached the pro-
tected forests in the Kurortny District of St. Petersburg
(Gladyshevsky and Shchuchye Lake protected areas)
and it was there, on fresh 2—3-year-old standing dead-
wood of Picea abies, where we discovered mass fruiting

of Pleurotus abieticola. In some affected sites, the occur-
rence of this species exceeded that of the basic pioneer
of spruce drying, Fomitopsis pinicola. Aim of the present
report was to develop new data on the ecology and coe-
nology (i.e. identification of the associated complex of
fungal saprotrophs on fresh spruce deadwood) of Pleu-
rotus abieticola based on the material of two large drying
areas in the Gladyshevsky and Shchuchye Lake protec-
ted areas (St. Petersburg, Russia).

MATERIALS AND METHODS

The observations were carried out in July — August
2024. The survey covered the areas of drying out of the
European spruce (Picea abies) in the state nature re-
serves of Shchuchye Lake and Gladyshevsky in the Ku-
rortny District of St. Petersburg, which were attacked by
Ips typographus in 2020 and mostly died out by 2021.

Both protected areas are situated on a terraced plain
of glacial-lake origin with kame hills and basins, with
absolute heights ranging from 25 to 70 m above sea level.
Peatlands with a thickness of more than 2 m (Losinovka
swamp, etc.) are located in the basin.
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Table 1. Basic parameters of tree stands studied in affected sites

Tree stand parameters

Shchuchye Lake protected area

Gladyshevsky protected area

Affected sites coordinates*

60.20890 N, 29.79299 E; 60.20689 N,

60.21695 N, 29.56137 E; 60.21778 N,

Tree species

Soil cover dominants Vaccinium myrtillus

Number of trees counted 100
Mean age 110 years
Mean diameter** 25cm
Year of dying 2021

29.79715 E; 60.21516 N, 29.79339 E
Picea abies (Pinus sylvestris sporadic)

29.55857 E
Picea abies (Pinus sylvestris sporadic)
Vaccinium myrtillus, Sphagnum spp.
100
120 years
30 cm
2021

Note. *The coordinates of the center of affected sites are indicated. **Visual assessment.

The vegetation of the Shchuchye Lake protected
area is represented by green-mosses, fern, sphagnum
spruce (Picea abies) forests, bilberry-green moss, bilber-
ry, lichen-shrub-green moss spruce-pine (Pinus sylves-
tris) forests, bilberry-green moss, sphagnum, pike birch
(Betula pubescens) forests, wet-grass birch-black alder
(Alnus glutinosa) forests, oligotrophic bogs with pine, meso-
oligotrophic bogs on the banks of reservoirs and rafts
and eutrophic bogs with birch, willow and Calla palust-
ris. Some spruce and pine trees reach 100—150 years
(Volkova et al., 2017).

The area of the Gladyshevsky Nature Reserve is cov-
ered with middle-aged coniferous and deciduous forests
considerably disturbed by the Second World War and
secondary forest management. The vegetation is also
represented by bilberry-green moss or sphagnum pine,
spruce, spruce-pine, birch, and aspen (Populus tremula)
forests. There are gray alder (Alnus incana) forests on
the steep banks of rivers, and black alder forests grow
near the terrace depression of the Gulf of Finland (Kh-
ramtsov et al., 2016).

The characteristics of the surveyed tree stands of the
Shchuchye Lake and Gladyshevsky protected areas are
presented in Table 1.

The observation was carried out along a route with-
out milestones, crossing the center of tree declining fo-
cus. Fallen trunks and 100 dead standing trees in each
affected site were examined. The presence of fungal
fruiting bodies was noted on each tree. As the account-
ing unit was considered one trunk bearing basidiomata.
The percentage of affected trees in a set of 100 examined
trunks was taken as the occurrence of the fungal species.
Collected specimens were taken for laboratory studies.

The morphological study of collected specimens was
carried out using an Axiolmager Al light microscope
based in the center for collective use of equipment of
the Komarov Botanical Institute of the Russian Acad-
emy of Sciences. Micro-preparations were made using

MUKOJOTI'A U ®PUTOITATOJIOTUA

a 5% KOH solution and Meltzer’s reagent. Microstruc-
ture measurements were made in distilled water. The
fungi were identified using a number of identification
manuals (Ryvarden, Melo, 2017; Jiilich, Stalpers, 1980).
The material was herbarized at St. Petersburg State For-
est Engineering University named after S. M. Kirov (du-
plicates are stored at the Komarov Botanical Institute of
the Russian Academy of Sciences — LE-F). The current
species names of the fungi are brought into line with the
Index Fungorum database (2024).

Total DNA was isolated from pieces of basidioma-
ta which were freeze-dried at —84°C for 2 days with
FreeZone 2.5 Plus (Labconco, USA) freeze dryer. Then
in 2-mL tubes together with glass beads the pieces were
homogenized for 2 min at 5000 rpm using a Fast prep
shaker (Precellys 24, Bertin Technologies, Rockville).
Then, 800 uL of CTAB extraction buffer (3% cetyltri-
methylammonium bromide, 2 mM EDTA, 150 mM
Tris—HCI, 2.6 M NaCl, pH 8) was added to each tube,
followed by incubation at 65°C for 1 h. After centrifu-
gation, the supernatant was transferred to new 1.5-mL
centrifugation tubes and then mixed with 1 volume of
chloroform by gentle vortexing. After centrifugation for
8 min at 14000 rpm, the supernatant was precipitated
with 2 volumes of cold isopropanol, washed with 70%
ethanol and dissolved in 50 uL. TE buffer.

Polymerase chain reaction (PCR) was performed on
15 ul of a mixture containing 3 ul of Screen Mix (Euro-
gen, Russia), 0.2 ul of each primer (10 uM), 10.5 ul of
ddH,0O and 1 ul of DNA template (100 ng). The ITS re-
gion of nDNA was amplified using primers ITS1-F and
ITS4 (White et al., 1990; Gardes, Bruns, 1993). Ampli-
fication of the ITS fragments included preliminary de-
naturation for 5 min at 95°C and then 33 cycles includ-
ing: denaturation for 30 s at 95°C, primer annealing for
30 s at 56°C and elongation for 30 s at 72°C, with a final
elongation for 5 min at 72°C. The amplification reac-
tion products were visualised by electrophoresis in 1.0%
Ne 5
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agarose gel in 1x TAE (tris acetate) buffer solution with
ethidium bromide, using a ChemiDoc MP transillumi-
nator (BioRad, USA). The concentration of DNA and
PCR products was measured with a SpectroStar Nano
(BMG Labtech, Germany) spectrometer. Sequencing
was carried out at the Synthol company (Russia).

The obtained sequences were compared with the re-
ference ones using the BLASTn algorithm.

RESULTS

Tree stand declining pattern

Ips typographus attack on the tree stands in the sur-
veyed areas occurred in 2020—2021, and their complete
dying off occurred over the course of two growing sea-
sons. In the third to fourth year after the attack, the trees

393

have completely lost their needles and the process of
bark shedding began (Fig. 1).

The majority of dead trees retained their bark at the
time of the survey, but some of them had completely lost
their bark. Bark loss began unevenly in different zones of
the trunk, most often above the butt zone. Ips typogra-
phus, together with the associated cambivorous complex
of microfungi, completely destroyed the cambium, and
decay products rich in lignocellulose composites were
formed under the bark. These composites were quickly
colonized by a number of pioneer saprotrophic species
of basidiomycetes, among which we were surprised to
find a mass development of oyster mushroom species
identified in the field as Pleurotus abieticola (Fig. 2, a).

To confirm the species identity of this taxon, which
had not previously been reported as a mass developing
pioneer saprotroph, molecular and morphological stud-
ies of the collected samples were carried out.

Fig. 1. The drying European spruce site as a result of the impact of Ips typographus (Shchuchye Lake protected area).
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Fig. 2. Pleurotus abieticola basidiomata: a — on a dead trunk of Picea abies in stand attacked by Ips typographus (Shchuchye Lake
protected area); b — on a dead trunk of Pinus sylvestris affected by Tomicus piniperda (Gladyshevsky protected area).

Molecular evidence

For the five studied specimens, sequences contain-
ing 580, 637, 621, 552 and 634 nucleotide pairs were ob-
tained and submitted to GenBank (http://www.ncbi.nlm.
nih.gov/genbank/). The sequences were provided with
GenBank accession numbers PQ273839, PQ273840
PQ273841, PQ273842, PQ273843, respectively (Table 2).

All these specimens showed 100% identity to reference
sequences of P. abieticola from GenBank database.

Thus, we confirmed the species identification of the
taxon we have identified. Interestingly, one of the sam-
ples was associated with dead wood of Pinus sylvestris

(Fig. 2, b). This substrate is indicated for Pleurotus abi-
eticola for the first time.

Table 2. Results of comparison of the obtained ITS sequences of Pleurotus abieticola samples with the most similar sequences
deposited in the GenBank database

GenBank Sample,

Coverage/Identity, %

accession number Region of origin (reference) P(ggg%{gg P(6)§77?)i40 P%ﬁi‘” nggﬁ)ﬂ P%ﬁi‘”’
b abieticola, R‘;isﬁj’ 1;8%‘;’1“ of Komi (Palamarchuk | 144,109 | 100/100 | 100100 | 1007100 | 100/100
b ableticale. R‘;isfl‘j, ggggi’hc of Komi (Palamarchuk | 14,100 | 99/100 | 1007100 | 100/100 | 100/100
F ableticola. R‘ﬁﬁ;‘hgiggg‘y Territory (Petersen, | 150,100 | 97/100 | 100/100 | 1007100 | 100/100
£ I‘é’)’éggg‘gg’l | China (Li et al., 2017) 100/100 | 96/100 | 98/100 | 100/100 | 96/100
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Morphological description

Pleurotus abieticola R.H. Petersen et K.W. Hughes, Mycologia 89 (1):
175, 1997 (Fig. 3).

Basidiomata annual, of pleurotoid morphotype, gymnocarpic, with
a well-developed or reduced eccentric stipe, growing solitary or in small
clusters. Pileus semicircular, kidney-shaped or ear-shaped, 4—17 X 3—8 cm,
often lobed, initially convex with an inrolling margin, then plane, usually
concave at the attachment point. The upperside is ingrown fibrous, smooth
or felted at the base, hygrophanous, sometimes slightly radially striped
along the edge, gray, bluish-gray, grayish-brown, when dry — dirty beige
(sometimes with an olive or cherry tint), matt. The context is fleshy-elastic,
flexible, initially hygrophanous, then dry and easily crumbling, whitish.
Hymenophore gilled or on the descending part of the stem with a favoloid
pattern due to strongly developed anastomoses, gills descending onto the
stipe, of three levels, white. Stipe eccentric or lateral, short, sometimes almost
reduced, 0.7—1 cm long, 0.5—1 cm thick, ribbed white to grey-brown, usually
finely tomentose. Spore print white.

Hyphal system monomitic. Generative hyphae 3.5—12 um in diam.,
with clamp connections, thin-walled in the gill trama and rather thick-
walled in the context. Trama irregular. Pileipellis a cutis. Pleurocystidia not
differentiated. Cheilocystidia fusiform, clavate, cylindrical, often septate,
(15)20—60(70) % 4.5—15 um. Basidia narrowly clavate, 25—35 X 5.0—7.5 um,
4-spored. Basidiospores 7.0—12.5 x 3.5—5.5 um.

Material examined: Russia, St. Petersburg, Kurortny District, Shchuchye
Lake protected area, 60.215788 N, 29.793347 E, on bark penetration of
dry standing Picea abies, leg. D.A. Shabunin, 13.07.2024 (LE 287757,
PQ273839). — ibid., 60.210145 N, 29.795031 E, on bark penetration of dry
standing P. abies, leg. D.A. Shabunin, 13.07.2024 (LE 287758, PQ273840). —
ibid., 60.210112 N, 29.795002 E, on bark penetration of dry standing P. abies,
leg. D.A. Shabunin, 13.07.2024 (LE 287759, PQ273841).
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New data on ecology

In the observed sites, P. abieticola demonstrated an
unusually high occurrence (Table 3), reaching the pa-
rameters of occurrence up to 53.0% in the Shchuchye
Lake protected area. Fruiting bodies usually appear on
bark-covered areas. Fruiting bodies have not been ob-
served on decorticated areas of the trunk. The first ba-
sidiomata were registered on 12.06.2024 and sporulation
continued until the end of August 2024. During this
time, several generations of basidiomata appeared, and
the June basidiomata did not collapse, but monotonous-
ly increased in size and underwent age-related changes
(hardening of the context, disappearance of hygrophan-
ity and fading of the cap surface). The oyster mushroom
P. abieticola was recorded only on dead standing trunks;
fruiting bodies were usually noted from the base of the
trunk to a height of 3 m.

In addition, fruiting of P. abieticola was recorded on
a dead trunk of Scots pine, dried out as a result of an
attack by Tomicus piniperda in the center of died spruce
tree stand in the Gladyshevsky protected area.

Together with Pleurotus abieticola, the following pi-
oneer xylosaprotrophs were noted in the sites affect-
ed by Ips typographus: Fomitopsis pinicola, Trichaptum
abietinum (two dominants of the pioneer saprotrophic

Table 3. Occurrence of pioneer saprotrophic fungi developing in observed Picea abies affected sites

Species occurrence in different affected sites in
) different protected area, %

Fungal species Tree state Shchuchye Lake Gladyshevsky

1 2 3 4 5
Amaropostia stiptica (Pers.) B.K. Cui, L.L. Shen et Y.C. Dai |standing - - 2.0 1.0 -
***Armillaria ostoyae (Romagn.) Herink fallen* 5.3 — — 1.0 1.0

*** Botryobasidium laeve (J. Erikss.) Parmasto fallen 5.3 — - - —
*** Dacrymyces stillatus Nees standing — - — 1.0 —
Exidia nigricans (With.) P. Roberts fallen 1.0 — — 1.0 1.0
« « fallen — 6.7 — 3.8 6.7
E. saccharina Fr. standing — — — — 1.0
** Fomitopsis pinicola (Sw.) P. Karst. standing 30.0 18.0 7.0 53.0 62.0
«« fallen 21.0 20.0 41.2 50.1 26.7
Gloeophyllum sepiarium (Wulfen) P. Karst. fallen — — 5.9 - -
Heterobasidion parviporum Niemelad et Korhonen fallen - — 3.8 —
Phlebiopsis gigantea (Fr.) Jiilich fallen - - 5.9 -
**%* Pleurotus abieticola R.H. Petersen et K.W. Hughes standing 7.0 25.0 53.0 30.0 21.0
Stereum sanguinolentum (Alb. et Schwein.) Fr. fallen - — - - 6.7
Trichaptum abietinum (Pers. ex G.F. Gmelin) Ryvarden standing 3.0 5.0 2.0 1.0 —
«« fallen 57.9 60.0 29.4 11.5 6.7

Note. *Only fallen logs resulting from windfall of trees killed by Ips typographus are considered. **The species was noted on a trunk affected
by Pleurotus abieticola. ***Species first noted for the Shchuchye Lake and Gladyshevsky protected areas.
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Fig. 3. Basidiomata of Pleurotus abieticola (LE 287757, LE 287758) appeared on dead wood of Picea abies (Gladyshevsky protected
area): a — upperside of young fruiting bodies; b — upperside of mature fruiting bodies; ¢ — young fruiting bodies from the front; d —
hymenophore of mature fruiting bodies (the favoloid pattern is visible on the part of descending onto the stipe). Scale bar — 5 cm.
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complex), Gloeophyllum sepiarium, Armillaria ostoyae,
Amaropostia stiptica, Exidia nigricans (an ecotype pre-
viously considered as E. pithya), E. saccharina, Dacry-
myces stillatus, Heterobasidion parviporum, Phlebiopsis
gigantea, Stereum sanguinolentum (Table 3). Fomitopsis
pinicola was most frequently encountered in the sur-
veyed foci of spruce drying out earlier. Its fruiting was
recorded on dead trunks at a height from the base to
2—3 m, as well as on stumps and windfallen trunks. It
is interesting to note that the honey fungus (Armillaria
ostoyae) was either not found in the dried-up plantations,
or its prevalence did not exceed 1%.

Within aforementioned species, only one fungus de-
veloped in a strong association with Pleurotus abieticola
on one trunk, Fomitopsis pinicola.

DISCUSSION

It is known that Ips typographus is a carrier of a pool
of cambivorous fungal species (Linnakoski et al., 2012).
Therefore, the attack of this insect on tree stands leads
to detrimental consequences for trees in the shortest
possible time, i.e. the transition of the entire stand to
a state of dead wood, which begins to be colonized by
fungal xylosapotrophs.

The species composition of wood-destroying fungi in
the first stages after the drying of spruce stands as a re-
sult of the impact of Ips typographus is still poor. Proba-
bly, this should be explained by the rapidity of the drying
process. The most fungal species that infests the wood of
the trunks of the European spruce in the affected sites
after the impact of the bark-beetle is Fomitopsis pinicola.
The development of this fungus leads to the break of dead
trunks and their transition to the category of fallen trees.

An unexpected fact is the occurence of the fun-
gus Pleurotus abieticola, previously not noted in either
St. Petersburg or the Leningrad Region. This is a sap-
rotrophic species causing white rot. There is a finding
on living Picea abies (Fig. 4), but the fruiting bodies de-
veloped at the site of necrosis that occurred as a result
of pruning, so the saprotrophic status of the species is
not disputed in this case either. This species was consid-
ered rare (Palamarchuk, 2023), but our studies revealed
an outbreak of its mass development, exceeding that of
Fomitopsis pinicola in one of the affected sites. Proba-
bly, outside the development of forest epiphytoties, this
species has a competitive limitation, since its niche is
occupied by its ecological analogue, the white rot fungus
Trichaptum abietinum.

The reason for such a wide local spread of P. abiet-
icola may be the appearance of numerous dead spruce
tree trunks in the declining forests after the development
of Ips typographus. However, the lack of records of this
MUWKOJIOTMS U ®UTOIIATOJIOTUA

TOM 58 Ne 5

Fig. 4. Basidiomata of Pleurotus abieticola grown on
a necrotic area of a living Picea abies tree (Leningrad Region,
Vaskelovo settlement, 12.09.2014, leg. . V. Zmitrovich).

species from well-studied surrounding forests raises the
question of the propagule fund sufficient to affect the
sharply declining forest stand. In this sense, the hypoth-
esis that the carriers of the propagules of this fungus are
outbreaks forming bark-beetles is also of interest. In the
future, this hypothesis will be of interest for testing.

CONCLUSION

Pleurotus abieticola is a recently described and, there-
fore, still poorly studied species, which is revealing new
facets of its ecology. In 2014, we discovered it on the
Karelian Isthmus on a living Picea abies on a dead shoot,
and in 2024, in another place on the Karelian Isthmus,
as a pioneer saprotroph that widely colonized dead
spruce stands.

A detailed study of these stands allowed us to identify
new subtle features of the ecology and morphology of
this species. In particular, eutrophic basidiomata of this
species with large caps up to 17 cm wide were identified,
which allowed us to expand the morphological diagnosis
of this species. The phenological features of this species
were also clarified, and it was shown that fruiting bodies
that appeared in June can exist until the end of summer,
slowly increasing in size and bearing spores. During the
observations in the surveyed areas, a new substrate of
P. abieticola was also identified, namely Pinus sylvestris,
affected by Tomicus piniperda.

A saprotrophic pioneer complex was identified, where
the Pleurotus abieticola has entered, including such spe-
cies as Fomitopsis pinicola, Trichaptum abietinum (two
dominants of the pioneer xylosaprotrophic complex),
Gloeophyllum sepiarium, Armillaria ostoyae, Amaropostia
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stiptica, Exidia nigricans, E. saccharina, Dacrymyces stil-
latus, Heterobasidion parviporum, Phlebiopsis gigantea,
Stereum sanguinolentum. Such species as Armillaria os-
toyae, Botryobasidium laeve, Pleurotus abieticola were
first noted in the Shchuchye Lake and Gladyshevsky
protected areas, although all species, except the latter,
are quite common in the coniferous forests of the region.

The discovery of a free niche in the form of sharply
dead Picea abies stands seems to be a significant but insuf-
ficient explanation for the sharp increase in the number of
Pleurotus abieticola in the surveyed area, since the fund of
propagules of this rare species in these areas is by defini-
tion poorer than that of the dominant pioneers Fomitopsis
pinicola and Trichaptum abietinum. In this regard, it is of
interest to test the hypothesis about the transfer of Pleuro-
tus abieticola propagules by bark-beetles forming outbreaks.

The research was supported by the Russian Science
Foundation, project N24-16-00092.
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Pleurotus abieticola (Agaricales, Basidiomycota) KaKk NUOHEPHbIH KCHJIOCANPOTPOD,
ACCONMMPOBAHHBII C 0YaraMM YChIXaHHS €JIbHHUKOB, BHI3BAHHOIO
KopoeaoM-Tunorpagom

. A. Ilaoynun®**, W1. B. 3murposuy’*

9 Poccuss Canxkm-Ilemepbypeckuii eocydapcmeennuiii necomexnuyveckuil ynusepcumem um. C.M. Kuposa, Cankm-Ilemepoype, Poccus
b Bomanuueckuit uncmumym um. B.JI. Komapoea PAH, Canxm-ITlemep6ype,
*e-mail: ds1512@mail.ru
#e-mail: iv_zmitrovich@mail.ru

Kcunocanporpodnsrii arapukomunieT Pleurotus abieticola, onvicanHbiil B 1997 1., elie TI0X0 U3y4eH B 9KOJIO-
TUYeCcKOM OoTHoleHuH. Lleab mraHHOro coolIIeHusT — U3yYeHMe 9KOJOIrMYecKuX ocooeHHocTel P. abieticola

Ha mMarepuase IBYX OOIIMPHBIX OYaroB YChIXaHMs eJiu B 3akazHuKax “InanpimeBckuit” u “Oszepo llyube”
(Cankr-IlerepOypr, Poccusi), B KOTOpbIX OOHApPYXWUJIM MAacCOBOE TIOAOHOILIeHEe 3Toro Buaa. aeHtugu-
KaIlysl 3TOTO BUIA B ITOJICBBIX YCIOBUSX OBLIa MMOATBEPXKICHA pe3yabTaTaMy CeKBEHUpOBaHMS ydacTka ITS

pAHK. IMogpo6HOe nccieqoBaHue IPEBOCTOEB ITO3BOIMIIO BEISIBUTh HOBBIE TOHKHE OCOOCHHOCTH SKOJIOTUHU

1 MOPOJIOTUH 3TOT0 BUaA. BhIsSIBIIEH canpoTpodHBIi MMOHEPHBIN KOMILIEKC, B COCTaB KOTOPOTO BHEAPHIICS

P. abieticola (Fomitopsis pinicola, Trichaptum abietinum, Gloeophyllum sepiarium, Armillaria ostoyae, Amaropostia

stiptica, Exidia nigricans, E. saccharina, Dacrymyces stillatus, Heterobasidion parviporum, Phlebiopsis gigantea,
Stereum sanguinolentum). O6CyXna0Tcsl MIPUUMHBI MacCOBOTO pa3BuTus Pleurotus abieticola B e10BBIX IpeBO-
CTOSIX, TTOPaXKEHHBIX KOPOSIOM-THITOTpacdOM.

G99

Karouesnvie crosa: BeumieHka, 3aka3Huk “InmambimeBckuii”, 3akazHuk “O3zepo Illyube”, Kopoenbl, Kcuioca-
npotpodsl, 1y6oens, OOIIT, cyxocToii, yChIXaHUE eIbHUKOB

MUKOJOTI'UA U OPUTOIATOJIOTUA  Tom 58 Ne 5 2024



MHUKOJIOTHA H QUTOIIATOJIOTHUA, 2024, mom 58, Ne 5, c. 400—408

VIIK 582.284-15

OU3NO0JIOTnA, BUOXUMUSA, BUOTEXHOJIOI'UA

YTJIEPOITHO-KVUCJIOPOJHBIN TA3BOOBMEH TPUBOB BYPOM U BEJIOU

THUJIN — JECTPYKTOPOB XBOMHOI'O JEBPVCA

© 2024 r. . K. TIuaposa*, E. B. Kyiikosa**, B. A. Myxun'***

! Huemumym sxonoeuu pacmenuii u scueomuoix YpO PAH, 620144 Examepun6ype, Poccus
*e-mail: dasha_d@ipae.uran.ru
**e-mail: e.zhuykova@list.ru
***e-mail: victor.mukhin@ipae.uran.ru

Tloctynuna B penakuuio 15.10.2023 1.
IMocne mopaborku 16.05.2024 r.
Ipunsra K ny6aukauuu 06.06.2024 1.

[IpencraBneHbl JaHHBIE CPAaBHUTEILHOTO aHAIN3a YIJIEPOIHO-KUCIOPOIHOTO ra3000MeHa 6a3uIoKapIioB
rpu6oB Oypoil 1 GeToi THWIKM U pa3pylliaeMoil UMW XBOMHOM IpeBeCUHBI KaMepHbIM MeTomoM mpu 20°C.
Brumn olleHeHBI TBEIXaTeIbHBII KO3 GUIINEHT (XxapakKTepuayeT 3G GeKTUBHOCTb OKUCINTEIPHON KOHBEPCUU
opranuyeckoro yriepona B CO,) u CO, aMUcCCUOHHAasi aKTUBHOCTD (XapaKTepU3yeT MHTEHCUBHOCTb OKUCIU-
TeJbHOM KOHBepcuM opranuyeckoro ymiepona B CO,). [Toka3aHo, 4to razoo0MeH xBoiiHoro nedpuca ¢ Oypoii
¥ 0eJI0i THUJIBIO a3POOHLII, a ero yriepoaHO-KUCIOPOAHbIM OalaHC MASHTUYEH ra3000MeHy 0a31IMOKaPIIOB
COOTBETCTBYIOIINX 3KOJIOTO-(DU3MOJOTUISCKHX IPYITIT KCHIIOTPO(MHBIX TPUOOB 1 XapaKTepu3yeT UX KaK paBHO
s dexTuBHBIX MUHepanu3aTopoB: 70—80% opranuyeckoro yrepona kouseptupyercst B CO,. CO,-amuccu-
OHHAsl aKTUBHOCTh JPEBECHBIX OCTATKOB C 0€j10#1 rHmbio Ha 30—60% Bbiilie, yeM ¢ Oypoii. bazuauokapribl
rpub0OB OYpOIi THIIM OTIMYAIOTCS 00Jiee BHICOKOM, YeM Y TpHOOB 0eJI0ii THIIM, MHTEHCUBHOCTBIO IBIXaHUS,
HO B 000MX CJIy4asiXx OHa MHOTOKPAaTHO (IpuOkI 6ol THUIU — B 5—8 pa3, rpubbl 0ypoii THwim — B 11—90 pa3)
npesbiiaeT CO, 3MUCCUMOHHYIO aKTUBHOCTb Pa3pyllaeéMbIX MU IPEBECHBIX OCTATKOB.

Knrouesoie carosa: Genast THWIB, Oypas THAJIb, KCHIOTPOMHBIE TPUOBI, SMIUCCUOHHAS aKTUBHOCTD, Basidiomycota

DOI: 10.31857/S0026364824050083, EDN: uokwwr

BBEJIEHUE

KcunorpodHsie rpudbl — 3TO €TMHCTBEHHBIE B CO-
BpEMEHHOI1 bMocdepe opraHu3Mbl, CIIOCOOHBIE K pa3-
JIOKCHUIO JIMTHOLE/IIOJIO3HOTO KOMILJIeKCa ApeBec-
HOro nedprca, OCHOBHAasl 9KoJorudyeckas QyHKIIUS
KOTOPBIX 3aKJI0YaeTCs B OKUCIUTEIbHON KOHBEPCUM
OpPraHMYeCcKOro yriaepoma APeBeCHOTO IIyia JIECHBIX
akocucteM B Heoprannueckuii CO,. YuuTeiBas, 4To
Jleca — 3TO KpyIHeime Ha3eMHbIe pe3epByaphl yrie-
pona u T100aJIbHO 3HAYKMMBIE PETYISITOPBI TAa30BOTO CO-
cTaBa aTMOoC(depbl U KiIumaTta, KCUI0TpOoGhHbIE TprUObI
TakXe cJeayeT paccMaTpUBaTh KakK COOTBETCTBYIOIIETO
Maciuta6a peryasitopsl CO, (Mukhin et al., 2021). Oro
0OBSICHSET OOJIbIIIOE BHUMAHKE, KOTOPOE B HACTOSIIIIEE
BpeMSI YOCISETCS U3YYCHHIO Pa3IMYHBIX aCIIEKTOB MX
yIJiepod KOHBEPCUOHHOM aKTUBHOCTHU.

B coctaBe kcumoTpodHBIX 6a3MTNOMUIIETOB MPEI-
CTaBJIEHBI IBE 3KOJIOTO-(PpH3MOJIOTUUECKHUE TPYII-
bl TPUOOB: a) pa3pyllapire JUTHUH U LETI0103y
U 0) pazpyliamlme Ueanoio3y (rpudbl 6e10il u 0ypoit

THUJIU COOTBETCTBEHHO). [pubObI Oypoit rHUIN TIpo-
M3O0IIUIM B pe3yJbraTe yTpaThbl TpubamMu 0eyioif THU-
JIV JIMTHOJINTUYECKOM YacTu hepMEHTHOrO arrmapara
¥ 00/1a7aI0T YHUKAJIBHOMN CITIOCOOHOCTBIO CEIEKTUBHO
pa3pyliaTh yrJIeBOAHYIO YacTh JIMTHOIIEJUIIOJIO3HO-
ro KOMILIEKCA IPEBECUHBI, MUHMMAaJIbHO 3aTparuBas
qurauH (Cowling, 1961; Gilbertson, 1980; Floudas et
al., 2012; Krah et al., 2018; Zhang et al., 2022). 3T1o0 OT-
HOCHUTEILHO HeOOoJIbIast 0 TAKCOHOMUYECKOMY pa3-
HooOpa3uio rpymnia, B CeB. AMEPUKE OHU COCTABIISIOT
0K0J1I0 7% OT umciia U3BECTHBIX KCUJIOTPOMHBIX Oa-
suguomMuleToB, a B EBponie — 10% (Gilbertson, 1980;
Gilbertson, Ryvarden, 1986; Bondartseva, Parmasto,
1986; Ryvarden, Gilbertson, 1993; Bondartseva, 1998).

BonbmmHceTBO rprbOB OypOoii THUIU Y4acTBYeT B pa3-
JIoKeHUHU xBoitHoro aedpuca (Bondartseva, Parmasto,
1986; Gilbertson, Ryvarden, 1986; Ryvarden, Gilbertson,
1993; Bondartseva, 1998; Zhang et al., 2022). B xBoii-
HEBIX JIeCaX OHU OTIMYAIOTCS HE TOJBKO BEICOKUM BH-
JTOBBIM OOraTcTBOM, HO U oOmimeM. Tak, Hampumep,
B €J10BbIX Jiecax 3anamgHoii Cubupu OHM Yy4yacTBYIOT
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B pasnoxenuu 30% (necorynapa) — 60% (1oxkHast Taii-
ra) KpymHbBIX OCTATKOB XBOMHOM JAPEBECUHbI, a TAKKE
BUIBL, KakK Fomitopsis pinicola (Sw.) P. Karst., Rhodofomes
roseus (Alb. et Schwein.) Kotl. et Pouzar, Gloeophyllum
sepiarium (Wulfen) P. Karst. gBis1toTCSI €6 OCHOBHBIMU
nectpykropamu (Mukhin, 1993). Bece 3To npuaaet 60Jib-
1I10e CBoeo0Opasue mpoleccaM pas3iokeHMs IPEBECHOTO
nebpuca B XxBoiHBIX Jiecax (Gilbertson, 1980; Zavarzin,
Zavarzina, 2009; Fukusawa, 2021). Ipu6sI 6e5oii THUIU
TaKXKe IIMPOKO IPENCTAaBICHbI B XBOMHBIX JIecax, U MX
BHIOBOE OOraTCTBO 3IeCh KAK MUHUMYM HE MEHBIIIE YeM
rpubos Oypoit tHwm (Mukhin, 1993).

BaxxHbIM, HO B TO Xe BpeMsl KpaiiHe c1abo U3y4eH-
HBIM aCIEKTOM, XapaKTepU3YIOIIUM yIJIepon KOHBEP-
CHMOHHYIO JIeATEIbHOCTh KCUIIOTPO(MHBIX TPUOOB, SIB-
JISIeTCS MX YIIIEPOMHO-KHUCIOPOMHEIN ra3000MeH. Jlirst
Poccun, 2/3 Tepputopuit KOTOPOI 3aHUMAIOT XBOMHBIE
Jieca, 3TOT Bompoc ocobeHHo akTtyaneH (Kudeyarov
et al., 2007; Isaev, Korovin, 2006; Zamolodchikov et
al., 2014). CobCcTBEHHO, 3TO U OIPEACINUIO 1IeJIb Ha-
cTosieit paboThl: CpaBHUTENbHBIN aHAJIU3 YIJIEPOIHO-
KHMCJIOPOOHOTO razoobMeHa rpuboB Oenoit u Oypoit
THIWIN — IeCTPYKTOPOB XBOMHOIO nedpuca.

MATEPHUAIJIBI U METOZbI

st ananm3a ObIIM BEIOpaHBI 12 IIMPOKO pacIpo-
CTpaHEHHBIX BUIOB TPYTOBBIX IPUOOB, ABYX 3KOJIOTO-
¢usnomormueckux rpyni. 1. I'pnGsr Oypoii THUIN —
Amylocystis lapponica (Romell) Bondartsev et Singer,
Cyanosporus caesius (Schrad.) McGinty, Fomitopsis
pinicola (Sw.) P. Karst., Fuscopostia leucomallella
(Murrill) B.K. Cui, L.L. Shen et Y.C. Dai, Gloeophyllum
sepiarium (Wulfen) P. Karst., Neoantrodia serialis
(Fr.) Audet, Rhodofomes roseus (Alb. et Schwein.)
Kotl. et Pouzar, Rhodonia placenta (Fr.) Niemeli,
K.H. Larss. et Schigel. 2. I'pu0bs1 0en0if THUIU —
Diplomitoporus flavescens (Bres.) Domanski, Phellinus
viticola (Schwein.) Donk, Trichaptum abietinum (Pers.
ex J.F. Gmel.) Ryvarden, 7. fuscoviolaceum (Ehrenb.)
Ryvarden. AHanu3 ra3oob6MeHa BBIITOJIHEH Ha 00pas3-
11ax APeBECUHBI, pa3pyliaeMoil UMW B MPUPOIHBIX
YCIIOBUSIX, a TAKXKe Ha OTIAEJICHHBIX OT CyOCTpaToB
OasuauoKkapmax.

Ha CpenHem Ypane o6pasubl pa3pyliaeMoii rpu-
O6amu apeBecuHbl (1o 10 cM B mIMHY, 10 5 ¢M B Aua-
MeTpe) ¢ 6a3uaroKapiaMu aHaJIU3UPYyEeMbIX TPUOOB
OBUIM B3SITHI B IIPEMJIECOCTEITHBIX COCHOBO-0€PE30BhIX
(56°36'5" c.u1., 61°3'24” B.1.) U B €JI0OBO-IIUXTOBBIX
(57°24'25" c.m. 59°33'55” B.4.) necax. B 1oxHOTaex-
HBIX eTbHUKAX HalIMOHAJILHOTO TTapka “Bampaitckumit”
(57°57'45.6" c.u1., 33°20'20.4"” B.1.) 06pasLbl OTOMpa-
JIM C TIOMOIIBIO APEId C KOPOHYATHIM CBEPJIOM: Oa3u-
IUOKApI aHAJTM3NPYEeMOTo rpuba yorupaiu ¢ cyocTpaTa
MUWKOJIOTMS U ®UTOIIATOJIOTUA
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M B MECTE ero MPUKPEIJICHUS BRICBEPIMBAIIM 00pa3el]
JIpeBECUHBI, COOTBETCTBYIONINI pa3Mepy cBepyia — Iu-
ameTp 55 MM, TonuuHa 25 MM (puc. 1). Ilpeumyiie-
CTBO 3TOTO cIIoco0a 3aKJII0YaeTcsl B TOM, YTO OH II0-
3BOJISIET TTPOAHATIM3UPOBATH Ta3000MeH TPpUOOB, pas-
BMBAIOIIIMXCSI HA KPYITHOMEPHBIX APEBECHBIX OCTaTKAaX.

B o6oux cinyyasx oO6pasiibl OUMILAIN OT OCTOPOH-
HUX paCTUTEJIbHBIX OCTAaTKOB, M3MEPSUIM UX pazMep
1 BJIAXKHYIO Maccy, 1o MOp(OJIOrMYeCKUM pU3HAKaM
0a3uaAMOKapIioB MPOBOAUIN BUIOBYIO HUATHOCTUKY
rpuboB-mecTtpykropoB (Bondartseva, 1998; Ryvarden,
Gilbertson, 1993). Ha3zBaHus TaKCOHOB CBEPEHBI C 0a30ii
naHHbIX Index Fungorum (2023). OtneneHHbIe OT cy0-
cTpaTa 0a3uMIMoKapHbl MCIIOJIb30BaId U B KAaUeCTBE
00pa31oB C LieJblo aHaJIM3a OCOOEHHOCTEN UX ra3000-
MeHa. [IpucyTcTBre Ha oOpasax ApeBeCUHBI Oa3UINO-
KapIoB TPYTOBBIX ITO3BOJISIET ONPEAEIUTH HE TOJIbKO BUIL
IrprOOB-IECTPYKTOPOB, HO U SIBJISICTCS IIOKA3aTeJIeM CTa-
nuu ee paznoxeHus: — II cragus (Chastukhin, 1945).

O0pa3ubl ApeBEeCUHBI U 0a3UAMOKAPIIOB MTOMEIIAIN
B CTEKJITHHBIE 9KCIIO3ULIMOHHBIE KaMePhl, 00beM KOTO-
PBIX B 3aBUCUMOCTHU OT pa3Mepa 00pa3LioB BapbUPOBaj
ot 0.3 1o 1.5 1. Kamepbl B OTKpBITOM BHIe Ha 60 MUHYT
IOMEIIAJIM B TEPMOCTAT ¢ TeMiteparypoii 20°C, 1o uc-
T€YEHHMU 3TOr0 BPEMEHU KaMepbl TePMETUYHO 3aKPhI-
BaJIM, U3MEPSUIM B HAX UCXOIHYIO KoHLeHTpauuto CO,
u O,, momenanu B TepMocTar ¢ Temneparypoit 20°C
Ha 120 muH. [1o 3aBepmeHUM 3KCITO3UIIUN BHOBb 13-
Mepsu copepxanue CO, u O, B KaMepax ¢ UCIOJIb30-
BaHMeM razoaHanusaropa CO,/0, (OO0 “MuxpoceH-
copHag TexHuKa”, Poccust), TOrperHoCcTh U3MepeHN i
£ 0.2 06. %. 1o pa3HuUlLIe KOHIIEHTPALUK ra30B B HA4Ya-
Jie ¥ B KOHILIE 9KCITO3UILIMU U OTPEACIsIN KOJIMYECTBO
noroiueHHoro O,, o6paszosasirerocs CO, u paccyu-
TBIBAJIM ITOKA3aTeId ra3000MeHa: COOTHOIIeHHUE 00be-
MoB CO, u O,, CO,-5MUCCUOHHYIO aKTUBHOCTD.

CoorHouienue CO,: O, paccuuTbIBaIM 1O HOPMY-
ne (1): CO,: 0,=V, /V,, tne CO,: O, — npxareib-
Hblil Koa(pPuuneHTt (RQ), V, — 006beM BbIIEIEHHOTO
CO, (%), V, — oobvem norouieHHoro O, (%).

CO,-3muccuonHy10 aktuBHoOCTb (Mr CO,/r/4) pac-
CUMTBHIBAJIY C YYETOM 00BbeMa SKCIIO3UIIMOHHBIX KaMep
1 HaXOIUBIIUXCS B HUX 00pa3lloOB, a TAKXKe NJIUTENb-
HOCTU aKcrnosuuuu no popmyne (2): Eqq, = ACO, X
X (V,—V,))/Vm x M/m x 273 / T, rtne Ey, — aMuc-
CUOHHasd akTUBHOCTb, ACO, — konnyectBo CO,, BbI-
JeJeHHOe MulieaneM 3a yac (ppm/4), V, — oObeM
kamepsl (1), V, — obbeM obpasua (1), Vm — monsp-
HBIII 00BeM (22.4 1/Monb), M — MomsipHast macca CO,
(44 v/Mo1nb), m — abCOJIIOTHO cyxast Macca obpa3sia (T),
T — remneparypa (K).

ITo 3aBepireHMN SKCIIEPUMEHTAIBHBIX paboT OIpe-
JIENISUTA a0COMIOTHO CYXYIO Maccy 00pa3IioB, BRICYIIMBAs
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(a)

(6)

(®)

JIVUSPOBA u 1p.

Puc. 1. O6pasubl npeBecuHbl Pinus sylvestris ¢ 6azuauokapnamu Fomitopsis pinicola (A) v Trichaptum fuscoviolaceum (b); obpa3-
1B IpeBecuHbl Picea obovata (B), oAToTOBIEHHBIE C TIOMOIILIO0 KOPOHYATOTO CBepJIa, clieBa — paspylnaeMble Fomitopsis pinicola,

crnpaBa — Gloeophyllum sepiarium.

nx npu temmeparype 105°C B reyenue 72 4, a TakKxKe
PaCCUUTHIBAIM OTHOCHUTEJIBHYIO BIAXKHOCTH I10 (hopMy-
ae (3): H, = (m; — m,)/(m, % 100%), rne H, — oTHOCH-
TeJbHasi BIAXHOCTb (%), m, — BaXHast Macca oopas-
na (r), m, — abCOMIOTHO cyxast Macca oopasia (T).

CremneHb ASCTPYKLUH IPEBECHBIX OCTATKOB OlLIC-
HUBAJIU 110 COOTHOIIECHUIO TNIOTHOCTH pa3pyllaeMbIX
rpubamMu 00pa3loB APEBECUHBI U 3I0POBOi, HE MO-
paxxeHHO# rpubaMu IpeBEeCUHBI OJIM3KOTO AUaMeTpa
no ¢opmyne (4): D=P, /P, x 100%, rne D — creneHp
nectpykuuu (%), rne P, — mioTHOCTh mopaxkeHHOM
rpubamu apesecuHbl (r/cm’), P, — IIIOTHOCTH 310pO-
BOIi ipeBecuHbl (r/cM?).

Cratuctrueckasi 06paboTKa HaHHBIX BBIIIOJHEHA
B nporpamme Statistica 8.0 (StatSoft Inc., CIIIA). Cpen-
HMe aprubMeTnIecKre 3HaUeHsT (M) MpYBEICHbBI CO CTaH-
nmapTHbIMU omoKamu (SE), B Tabmmax 1—3 npencrapieH

MUKOJIOTUA N PUTOMNATOJIOTUA

pazopoc 3HayeHuii (lim). 151 XxapakTepuCTUKU CBsI3ei
MEXIy TTlepeMEHHBIMU UCIIOIb30BaH KO3(MOUIIUEHT KOp-
penstu Tnpcona (r). It mapHBIX cpaBHEHWI UCTTONb-
3o0Bau Kputepuit CteloneHTa (t-test). Ilpu onucanumn
PEe3yIBTaTOB CTATUCTYECKOTO OLICHUBAHMS IIPUBEICHBI
3HAYEHUSI COOTBETCTBYIOLIETO KPUTEPHS U YPOBHU €T0
3HAYUMOCTH.

PE3VIJIBTATbI

VYriepomHO-KMCITOPOOHBIN ra3000MeH 00pa31ioB
npeBecuHbl Picea obovata w Pinus sylvestris ¢ oypoii
THUJIbIO 0e3 0a3uAMOKaApIIOB IPUOOB-IECTPYKTOPOB
XapaKTepu3yloT JaHHble Taby. 1. MoXHO BUIETh, UTO
COOTHOLIEHUE 00beMoB amutupyeMoro CO, 1 norpe-
ossiemoro O, konebiaercd B npenenax ot 0.4 go 1.0.
Ero cpenHue 3HayeHus y 006pas31uoB, pa3pyliaeMbIX
Ne 5
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pa3sHBIMM BUIAMU TpUOOB OYypOil THUIU, UACHTUIHBI
(0.7-0.8), a B uenom CO, : O, pasHo 0.8 £ 0.02.

CO,-3MHUCCHOHHAs aKTUBHOCTb 00PA3LI0B IPEBECUHBL
Bappupyet oT 0.02 1o 0.25 mr CO,/r/4, HO Ha ypOBHE €€
CPEIHMX 3HAYCHMI pas3Iudrs MeXIy oOpa3laMu, pa3py-
LIaeMbIMU pa3HbIMU rprbaMu, MeHee BbIPaKeHbI U KO-
neomorcs B npenenax 0.05—0.08 mr CO,/r/u (taba. 1).
B cpennem, o pesynbraraMm aHam3a ra3oooMeHa 28 00-
pa3LoB APeBECUHBI ¢ Oypoil rHUIbIO nX CO,-3MUCCUOH-
Hast akTuBHOCTb coctasisier 0.08 = 0.01 mr CO,/r/u.

B taba. 2 mpencraBieHB aHAJIOTUYHBIE JAHHBIE,
HO XapakTepu3yllle ra3000MeH XBOHOI ApeBecu-
HbI, pa3pyliaeMoil albTepHAaTUBHOM MO OTHOIIEHUIO
K rpu6am Oypoil THWUIY IPYIIOi TpubOB — OO0l THU-
. OHM MTOKA3bIBAIOT, YTO COOTHOLIEHUE 00beMOB CO,
n O, B ra3000MeHe IPEBECUHBI C 010N THWIbIO HaXO-
autcsa B nuamna3oHe 0.5—1.0. Ero cpenHue 3HayeHUs
€200 OTIIMYAIOTCSI Y 00pa3loB, pa3pylIacMbIX pa3HbI-
mu Bugamu rpu6os (0.6—0.8), a B LieJIOM TSI aHATU3M -
pyeMoii TpymiIibl 00pa3loB APEBECUHBI ¢ OEI0l THUIBIO
(32 wr.) CO,: O, NOJHOCTBIO COBMNANAET C TAKOBBIM
IpeBecUHbI ¢ Oypoii rHubo: 0.8 £ 0.02.

CO,-aMHCCHOHHAs aKTUBHOCTb 00OPa3LIoB IPEBECH-
HBI ¢ 0eJIoil THWIbIO, KaK U B cliydae ¢ Oypoii, — CUIb-
Ho Bapbupytonias (0.02—0.25 mr CO,/r/4) xapakrepu-
ctuka (tab6ma. 2). Ee cpennne 3HaUeHMS TSI 00paslioB,
pa3pyliaeMbIX pa3HbIMU BUIaMU IPUOOB, KOJEOMIOTCS

ot 0.09 no 0.12 mr CO,/r/4., a cpenHUI YPOBEHb AJIS
32 006pa3ioB APEeBECUHBI C OEJION THWIBIO COCTABIISIET
0.11 = 0.01 mr CO,/r/4, uto 3Haunmo (p = 0.03) npe-
BBINIAET aHAJOTUYHBIM TTOKa3aTeNlb IJIsl IPeBECUHBI
¢ 6ypoit rHuwibo — 0.08 £ 0.01 mr CO,/r/u.

BapuaGenbHocTh cooTHOLIEHUS 00beMOB CO, u O,,
CO, 5MUCCMOHHOIN aKTUBHOCTU MOXET OBITh CBSI3aHa
C pa3HOM BIIAXXKHOCTBIO U CTENEHBIO NECTPYKIIMY aHa-
JIN3UPYEMBIX IPEeBECHBIX OCTaTKOB. B ciyyae o6pas-
LIOB APE€BECUHBI C OYpOil THWIBIO UX OTHOCUTEIIbHAS
BlIaXHOCTb Kosiebiercst ot 30 mo 50%, a crereHs ne-
crpykuuu — ot 30 mo 43% (tabn. 1). AHaJIOTUYHBIE
MmoKasareJiu J1Jisl 006pasLoB ¢ 6enoit THubo: 31-57%
u 30—-56% cooTrBeTcTBeHHO (Tabj. 2). OmHakKo, KakK
B cIydae Oypoii, Tak 1 010l THWINU, COOTHOIIEHNE
o6vemoB CO, u O,, a Takxke CO, SMUCCUOHHAS AKTUB-
HOCTb He 00HapyXuBawT cBs13u (p > 0.05) HU ¢ BIax-
HOCTBIO, HU CO CTEIIEHBIO NeCTPYKIINH IPEBECUHBI:

Cootnowenue CO,: O,
Oypasi/6enast THUIb

—0.15/0.26
0.19/0.03

CO, aKTUBHOCTb,
Oypasi/Oenasi THUIb

0.16/—0.11
0.13/—0.02

XapakTepucTuka

BnaxHocTs, r
CreneHb AeCTPYKUUHU, F

HaHHble TabJI. 3 XapaKTepU3yIOT YIJIEPOTHO-KUCIIO-
pOIOHBIT Ta3000MeH 00pa3loB ApeBecUHBbl Picea
obovata B enoBbix necax Banmasa. OHM oKa3bIBalOT, UTO
cootHoweHue CO,: O, y o6pa3Los ¢ 6e10ii u ¢ 6ypoit
rHub0 BapbupyeT oT 0.5 1o 0.9, a TakKe OTCYyTCTBUE

Ta6mua 1. YriiepomHO-KUCIOPOIHBIN ra3000MeH 00pa3ioB npeBecUHEI Picea obovata n Pinus sylvestris ¢ 6ypoii THUJIBIO 6e3

0a3MIMOKapIIOB I'PUOOB-ICCTPYKTOPOB, m = SE/lim

I'pu6-nmectpykTop (cyberpar, Bnaxnocth HecTtpykuus CooTHolleHne CO, aKTUBHOCTb,
KOJIMYECTBO 0OPa3LIOB) JpeBeCUHBI, % IpeBecHHbl, % CO,: 0, Mr/T/4

Cyanosporus caesius 34.41 £ 1.29 38.76 £ 1.71 0.8 £0.08 0.06 £+ 0.02
(Pinus, 4) 31.03-37.02 34.17—42.43 0.7-1.0 0.02—0.10
Fomitopsis pinicola 40.85 £ 1.05 34.25 £ 0.78 0.8 £0.05 0.08 £ 0.02
(Picea, Pinus, 16) 31.39—46.20 30.05—41.06 0.4-1.0 0.03—0.25

Fuscopostia leucomallella 41.57 + 3.26 38.47 + 2.66 0.7 £ 0.09 0.05 + 0.01
(Pinus, 3) 35.12—45.66 33.50—42.61 0.5-0.8 0.04-0.07
Gloeophyllum sepiarium 40.85 = 2.60 37.81 = 1.64 0.7 £0.06 0.08 = 0.01
(Picea, Pinus, 5) 35.22—49.66 31.86—41.35 0.6—0.9 0.05-0.13

Ta6moa 2. YriepoaHO-KHUCIOPOIHBIM ra3000MeH 00pa3iioB apeBecuHB Picea obovata, Pinus sylvestris ¢ 0e10ii THIIBIO 6e3

0a3UIMOKapIIOB I'PUOOB-IECTPYKTOPOB, m = SE/lim

I'pu6-nmectpykTop (cyberpar, BnaxnHocTth HecTtpykuus CooTHoleHue CO, aKTMBHOCTb,
KOJNUYECTBO 00pa3loB) JpeBeCUHBI, % IpeBeCcUHBbI, % CO,: 0O, MT/T/4

Diplomitoporus flavescens 47.05 + 2.21 43.79 + 2.05 0.8 £0.05 0.12 £ 0.03
(Pinus, 8) 38.91-55.60 34.98—50.28 0.6—1.0 0.02—0.22
Phellinus viticola 41.04 £+ 3.21 34.98—50.28 0.6 £ 0.07 0.09 + 0.01
(Pinus, 5) 30.78—48.78 35.26—55.02 0.5-0.8 0.05-0.11
Trichaptum fuscoviolaceum 45.28 + 1.76 47.16 + 1.98 0.8 £0.03 0.12 + 0.02
(Picea, Pinus, 19) 31.32—-55.63 30.84—56.95 0.6—1.0 0.03—-0.25
MUKOJIOTUA U DUTOITATOJIOTUS  Tom 58 Ne 5 2024
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NUAPOBA u np.

Tabauna 3. YriuepogHO-KMCIOPOAHBIM ra3oo0MeH oOpa3LoB ApeBecuHbl Picea obovata ¢ Oypoii u 0enoii THUIbIO 0e3
0a3uaMoKapnoB rpubOB-IeCTPYKTOPOB B Jiecax Bannas, m = SE/lim

I'pub-pecTpyKTop (TUI THWIH, BnaxHocTb HecTpyKuusi CooTHoleHue CO, aKTUBHOCTb,
KOJNYECTBO 00pa3loB) JIpeBecuHbl, % JIpeBecuHbl, % CO,: 0, MT/T/9
Ampylocystis lapponica, BR (3) 50.3 £ 0.47 33.60 £ 3.81 0.8 £0.03 0.09 £0.03
49.32—-50.74 26.57—39.67 0.7-0.8 0.05—-0.16
Fomitopsis pinicola, BR (5) 46.49 + 3.93 3293+ 1.25 0.7 £0.03 0.08 + 0.01
37.29—-58.61 29.93-36.27 0.6—0.7 0.04—0.12
Gloeophyllum sepiarium, BR (3) 38.51 +£5.80 36.34 + 1.74 0.6 £ 0.02 0.05 = 0.01
30.18—49.67 33.38—39.42 0.5-0.6 0.04—-0.08
Rhodofomes roseus, BR (5) 49.41 £ 1.65 35.79 + 2.98 0.7 £ 0.06 0.13 £ 0.02
44.17-54.01 30.21—47.25 0.5-0.9 0.08—0.17
Trichaptum abietinum, WR (6) 52.58 + 1.23 38.54 + 2.41 0.6 £ 0.03 0.17 £ 0.04
50.48—58.60 32.26—47.59 0.5-0.7 0.06—0.33

Ipumeyanue. WR — 6enast raunb, BR — Gypast rHuib.

Ta6muma 4. YIiepomHO-KHACIOPOIHBIN ra3000MeH 00pa3IoB APEBECUHEI ¢ Oypoit u 0e10li THUIIBIO U OTACIICHHBIX OT HUX

0a3uaKroKapIioB IpubOB-IECTPYKTOPOB

Tpu6-IecTPYKTOp, THUIT THYITH Cootnowenue CO,: O, CO, aKTUBHOCTb, MI/T/4
(KoMyecTBO 06PA3LOB) Cy6erpar Basunuokapi Cy6erpar Basunokapn

Diplomitoporus flavescens, WR (3) 0.9 +£0.05 0.6 £ 0.04 0.13 +0.04 1.0 +£0.39
Cyanosporus caesius, BR (5) 0.9 £ 0.06 1.0 £ 0.24 0.05 £ 0.01 4.5+ 1.45
Fuscopostia leucomallella, BR (4) 0.8 £0.02 0.7+0.16 0.09 £0.03 4.0 £ 1.20
Gloeophyllum sepiarium, BR (5) 0.7 £0.06 0.6 £0.06 0.07 £ 0.01 0.8 +0.15
Neoantrodia serialis, BR (4) 0.7 £0.06 0.8 £0.12 0.06 £ 0.02 2.8 £ 1.11
Phellinus viticola, WR (5) 0.6 £ 0.07 0.7 £ 0.07 0.08 £ 0.01 0.5+0.12
Trichaptum fuscoviolaceum, WR (3) 0.7 £0.02 0.7 £0.16 0.20 = 0.03 0.9 +£0.06

ITpumeyanue. WR — 6enast rouwib, BR — Gypast rHub.

110 3TOMY ITO0Ka3aTesIlo pa3inyuii y o0pas3ios, pa3py-
IIaeMbIX pa3HBIMU BUAaMU TpuboB Oypoii THunu. Ero
cpenHuit ypoBeHb 115 16 00pa31oB ApEeBECUHBI C Oy-
poit tHrkio paBeH 0.7 = 0.02. B To e Bpems cpenHmii
ypoBeHb CO,-3MUCCUOHHON aKTUBHOCTU 0Opa3loOB
€JI0BOI IPEeBECHUHBI C OYpOil THIIBIO CHIIBHO BapbU-
pYEeT B 3aBUCMMOCTHU OT BUIa Ipuda-IecTpyKTopa —
ot 0.05 £ 0.01 o 0.13 + 0.02 mr CO,/r/u (Tabx. 3). B ue-
JIOM IIJIs1 BCeil aHaIuM3upyeMoii TpyIIbl 00pas3iios ¢ Oy-
poii THUIIBIO ee cpeaHuit ypoBeHb paBeH 0.09 = 0.01 mr
CO,/r/4, T.€. TaKO¥ Xe KaK U y ypaJIbCKUX 00pa3LoB
apesecuHbl ¢ 0ypoit rHuibto: 0.08 £ 0.01 mr CO,/r/u.
OT10 3aMeTHO HUXe CO, SMUCCUOHHOI aKTUBHOCTU
00pa3IoB APEeBECUHEI ¢ 0eJIol THUJIbIO, pa3pyliaeMoi
T abietinum: 0.17 £ 0.04 mr CO,/r/u4.

B ta6:n. 4 npencraBieHB JaHHBIE Ta3000MeHa 00-
pa3uoB ApeBECUHBI C Oypoil 1 610l THUJIbIO U OT/e-
JICHHBIX OT HMX 0a3uIMOKapPIIOB COOTBETCTBYIOIIMX
rpuboB-aecTpyKTOpoB. OHM ITOKA3hIBAIOT, YTO CPE-
HYE 3HAaYCHMSI COOTHOILICHUSI 00BEMOB SMUTHUPYEMOTO

MUKOJOTI'A U ®PUTOITATOJIOTUA

CO, u norpednsiemoro O, 6azuaroxkapnaMu rpuOoB
Oypoii u 6esoit THUIU Koebercs B npenenax 0.7—0.9,
a ero cpenHue 3HayeHus 3HauuMo (p = 0.42) He OT/IU-
qgarorcs: 0.8 + 0.08 (6ypast rHunp) n 0.7 = 0.05 (Genasg
rHuib). Takue xe cpenqnue 3HaueHus no CO,: O, pe-
TUCTPUPYIOTCS U AJIs Ta3000MeHa ApEeBECUHEI ¢ Oypoit
(0.8 £ 0.03) u c 6enoii (0.7 £ 0.05) rHUIBIO.

CyliecTBeHHbBIE pa3uuus Mexay rpubamu Oe-
JIOM 1 OYpOI THUJIN BBISIBJISIFOTCSI IIPA CPaBHUTEIIHEHOM
aHanuse CO,-3MUCCUOHHOIM aKTUBHOCTU UX 0a3uau-
OKaprnoB. ¥ 6a3uaroKaprnoB rpubOB Oypoil THUIU OHA
konebnercs ot 0.75 no 4.52 mr CO,/r/4, a'y rpuboB
6esoit rHum ot 0.45 no 1.05 mr CO,/r/u (Tabn. 4) u
B CpeIHEeM Y MepBoii rpymibl oHa 3HauyumMo (p = 0.009)
Boie (3.02 = 0.61 mr CO,/r/4), uem y Bropoit (0.73
0.13 mr CO,/r/4). B TO ke BpeMs 0Opa3Libl APEBECUHBI
¢ 0eJIolf THUJIBIO, C KOTOPBIX OBLIN yHaJieHbl 0a3uIu-
OKapIIbl, AEMOHCTPUPYIOT 0ojiee BBICOKYIO (p = 0.005)
UHTEeHCUBHOCTb 3Muccun CO, (0.12 + 0.02 mr CO,/
r/4), 4eM oOpa3sibl ¢ Oypoit THwIbIO (0.07 + 0.02 mMr
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CO,/r/4). O6paniaeT Ha ce0s BHUMaHUE U TOT (PaKT,
yTo CO,-3MUCCUOHHAsA AKTUBHOCTb 0a3UAMOKAPIIOB
Kak rpu0oB 6e10ii, TaK 1 Oypoii THUJIU CYILIECTBEH-
HO TIpEBHIIIAET TAKOBYIO IPEBECUHbBI, HA KOTOPOU OHU
pocau. B ciydae rpu6oB 6e10i THUIM 3TO TMpeBbIllIe-
HUe cocTaBisieT 5—8 pas, a B ciydae Oypoit — 11-90 pa3
(Tabmn. 4).

OBCYXIEHUE

buonornyeckoe pasiaoxeHUE APEBECHOTrO Ie-
Opuca — 3TO IMpPOIEeCcC, B XOAe KOTOPOIo MPOUCXOAUT
OKHCJIMTEeIbHAsl KOHBEPCHUSI OPraHUYECKOIo yIrjaepoaa
npesecuHbl B CO,. OCHOBHBIMU €r0 MOKAa3aTelsIMH,
Ha HalI B3I, SBISIOTCS: a) 3(PPEeKTUBHOCTD, OlIe-
HUBaeMasl 110 COOTHOIIIEHUIO 00bEMOB SMUTHUPOBAH-
Horo CO, n norpebaeHHoro O, u 6) UHTEHCUBHOCTb,
oueHuBaemasi o CO, SMUCCUOHHO aKTUBHOCTH Jpe-
BeCHBIX OCTaTKOB. CooTHoLIeHue 06seMoB CO, u O,,
M3BECTHOE KakK AbIxaTebHbli KoadduuueHT (RQ), sB-
JISIeTCS TakXe IoKa3arejeM a3poOHOro/aHaspoOHOTO
razooomena (1.0 < RQ cBunerenbcTByeT 00 a3poOHOM
razoobMeHe, a > 1.0 — aHa3pOOHOM) U XUMHUUECKUX
COeIVHEHU, NCIIOIb3YEMbIX B KAUECTBE dHEPTreTUYIE-
ckux cyocrparos: 0.4—0.6 — xupsl, 0.8 — 6enku, 1.0 —
yoieBonsl (Rubin, 1971; Soloviev, 1983).

Ecnu ¢ 3Tux mo3uuuii B3MJISIHYTh Ha pe3yJIbTaThl
HaIIlero aHaji3a, TO OHU IT0KA3bIBAIOT, YTO Ta3000MeH
XBOMHBIX IPEBECHBIX OCTATKOB, pa3pylllaeMbIX Iprda-
MU Oesoii U Oypoil rHUJIM, a3poOHbIi, a B KAaUueCTBe
DHEPreTUYECKNX CyOCTpaTOB OHM MCIOJB3YIOT pa3-
JnuHble coennHeHuss — RQ Bappupyet ot 0.4 no 1.0.
Takoe xe cooTHoweHue oovemos CO, u O, (0.7-0.8),
a Takxke ero BappupoBanue (0.6—1.0) u B rasooOMeHe
0a3uanMoKapIioB rpudboOB Kak Oypoii, Tak U 6eIoi THU-
JI1. DTO, KaK MBI CUUTAEM, CKOpee BCero, MoKa3bIBaeT,
YTO: a) Ta3000MeH XBOWHOIO AeOprca COOTBETCTBY-
€T TAaKOBOMY I'pUOOB-AECTPYKTOPOB U 0) OTCYTCTBYET
3HAYMMOE BJIMSTHUE Ha ra3000MeH APYrux TPyl KCH-
JIOOMOHTOB, COIYTCTBYIOIINX KCUIOTPOGHBIM Iprdam
(Kamzolkina et al., 2012; Tlaskal et al., 2021; Haq et al.,
2022; Castillo et al., 2023). OgHaKo 3TO He UCKITIOUAET
HEOoOXOMMMOCTH KOJIMYECTBEHHOM OIIEHKM BKJIama KCH-
JIOTpOGHEIX TPUOOB 1 MX OTIEJIBHBIX BUIOB B YCIIOBU-
SIX peaJIbHO CKJIaJbIBAIOIIMXCS KCUJIIOOMOHTHBIX CO00-
IIECTB KaK 3A1(UKATOPHBIX OPTaHM3MOB B Ta3000MeH
IpeBeCHOro aedpuca.

CoorHowenune CO, u O,, Korna OHO He NPeBbILIa-
et 1.0, HaMu paccMaTpuBaeTcs KakK mokasaTesb 3¢-
(DEKTUBHOCTU OKUCIUTENIBHON KOHBEPCUU: YEM OHO
BBIILIE, TEM BBILLIE BBIXOJ JUOKCUA YIJIEPOAA 110 OTHO-
ILIEHUIO K MOTpeOIeHHOMY TpubaMu KMCIOPOAyY, 1 Ha-
o6opot (Diyarova, Mukhin, 2015; Mukhin et al., 2021).
B coorBercTBUM ¢ 3TUM, cpenHee 3HayeHue CO,: O,
MUWKOJIOT M U ®UTOMATOJIOT U
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paBHoe 0.7—0.8 nmokassiBaet, uto 70—80% yraepo-
Jla IpeBECHBIX OCTaTKOB KOHBEPTUPYETCS rpudamMu
B CO, — KOHEUYHBIl TPOAYKT MUHEPAIU3ALIUU Opra-
HUYECKUX BellecTB. JIpyruMu cioBaMu, IpuObl 00enx
5KO0JIOr0o-(QU3NOJIOTUIECKUX I'PYIII 00J1agal0T paBHOM
¥ BBICOKOI 3((PEKTUBHOCTBIO KOHBEPCUM YIliepoaa
Y B paBHOM CTeneHU SABJISIOTCS 3(P(PEeKTUBHBIMU MUHE-
pajuzaTopaMu IpeBECUHBI. DTO COOTBETCTBYET HAILIUM
0oJice paHHUM JAaHHBIM, ITOKA3bIBAIOIINM OTCYTCTBHE
BUIOBBIX 0cobeHHOocTell o CO,: O, y KCMJIOTPO(HBIX
IpUOOB 1 €ro CBS3M CO CTENEHbIO JECTPYKIIMU U BIaX-
HOCTBIO ApeBecHbIX ocTaTKoB (Mukhin et al., 2015a).

MHTEeHCUBHOCTh OKUCINTENIFHOM KOHBEPCUM Opra-
HMYecKOoro yriepoaa npesecunsl B CO,, rokasarenem
kotopoii siBisieTcst CO, SMUCCUOHHAs1 aKTUBHOCTb JIpe-
BECHOTO AcOpuca, oIpenessieTcss MHOTMMU (pakTopa-
MMU: TeMIIepaTypa, BIaXHOCTb, BUI Tprba-IecTpyKTopa,
Macca muuenus B apeBecrune (Soloviev, 1983; Mukhin,
Diyarova, 2012; Diyarova et al., 2023). IIpu usydyeHuu
razoobMeHa IPUPOAHBIX 00pa3loB AeOprca, MHOTUE
MX XapaKTepUCTUKU, HAIIpUMEpP Macca CyOCTpaTHOroO
MHULIEIUS B IPEBECHUHE, OCTAIOTCS HEM3BECTHBIMU U 3TO
CYLIECTBEHHO 3aTPyIHSET CPaBHUTEJIbLHBIN aHaIMU3
CO,-3MUCCMOHHOI aKTUBHOCTU U JEJIaeT He Oeccriop-
HBIMU €TO PE3YJIbTaThI.

Hamm nanneie nokaseiBatot, 4to CO,-3MUCCUOH-
Hasli aKTUBHOCTb — CWJIBHO BapbHpYyIOIast XapakKTe-
pucturka (y pa3HbIX 00pa3LoB APeBECUHbI, pa3pylila-
€MOM OTHUM BHIOM I'puOOB, OHA MOXET OTIMYATh-
ca B 10 pa3), He oOHapyXXMBaloIas KeCTKON CBS3U
C BJIAXKHOCTBIO, a TAKXKE CTEIIeHbIO Pa3jIOKEHUS JIpe-
BecUHBI. OTHAKO 3TO MOXET OBITH CJIEICTBUEM TOTO,
YTO BJIAXXHOCTh M CTEIICHb AeCTPYKIIUM aHAJN3UPYye-
MBIX B HacTos1Iei paboTe 006pa3loB — HEJOCTATOUHO
CUJIBHO Bapbupylolue xapakrepuctuku. CO,-aMuc-
CMOHHAsl aKTUBHOCTbh IPEBECUHEI, pa3pylIaeMoi pa3-
HBIMU BUJAMU IpuOOB Oypoii U Oeloil THUIU CyIIe-
CTBEHHO (0 2.5 pa3) pa3andaeTcs, YTO TOBOPUT O e¢
3aBUCUMOCTH OT BUIA TPUOOB-AECTPYKTOPOB. YPOBEHbD
CO,-3MUCCUOHHOI aKTUBHOCTH Y IPEBECHBIX OCTaT-
KOB ¢ 6ejioii THUIbI0 B cpeagHeM Ha 30—60% Buoilie,
yeM ¢ Oypoil. DTo TToATBEPXKAAIOT U HAIIM OoJiee paH-
Hue nanHble (Mukhin et al., 2015), cormacHoO KOTOPbIM
CO,-3MHUCCUOHHAs1 aKTUBHOCTb IPEBECHBIX OCTAaTKOB
¢ OeJI0ii THUIIBIO IPUMEPHO B ITOJITOPA pa3a BEIIIE, YeM
¢ Oypoii rHWwIb0. YuutbiBas, yto amuccust CO, otpa-
>KaeT aKTMBHOCTb AeCTPYKLUMU apeBecuHbl (Yoon et al.,
2015), aT0, CKOpEe BCero, roBOPUT O 00jiee MHTEHCUBHOM
pa3oXeHU XBOMHOro Aedpuca rpudaMu 0e10i THUIN.

Cy1iecTBeHHBIE Pas3IMuMs MeXIy TpubdbaMu 6emoit
u Oypoii rHuiu peructpupytores no CO,-amuccu-
OHHOM aKTMBHOCTHM MX 0a3uauokKapIrioB. ¥ 0a3zuano-
KaprnoB rpuboB Oypoii rHUIMU oHa Kosebaetcs oT 0.8
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1o 4.5, a 6enoii — ot 0.5 no 1.0 mr CO,/r/4, 4TO MHO-
rokpaTtHo nipeBbiaeT CO,-3MUCCUOHHYIO aKTUBHOCTD
IPEeBECUHBI C OYypOii 1 0€/I0il THIWIBIO. DTO SIBICHUE —
BbICOKas 10 OTHOILIEHUIO K CO,-3MUCCUOHHOM aKTUB-
HOCTM CyOCTpaTOB JibIXaTe/IbHAsA aKTUBHOCTD 023110~
KaprnoB rpu0oB Oypoii THWIX — BliepBble ObLIO OOHAPY-
KeHO Hamu y Fomitopsis pinicola, a s ero 0ObsICHEHUS
Oblia TIpenjiokeHa TMIoTe3a a3pOOHOTO AbIXaHUS KOO-
nepatuBHoro tvia (Mukhin et al., 2006). Eciu sta ru-
1oTe3a HaiIeT CBOe MOATBEPXACHUE, TO 3TO OYIET 03-
HayaTh, YTO IPUOBI OYPOIl THUIU OTIMYAIOTCS 0CO00i
(¢usuonorueit u ToKkanu3anuein a3poOHOro AbIXaHUS.

SAKJIIOYEHUE

Ananmus CO, u O, razoo6meHa rpubos O6ypoii u Oe-
JIOW THUJIM Y pa3pylIaeMoro MMM XBOMHOTO Aebpuca
MO3BOJISIET CAENATh CJIECAYIOIIEE 3aKII0OUECHMUE.

1. Ta3oo0OMeH xBoOiHOTO AeOpuca, pa3pyliaeMo-
ro rppbamMu Oypoil u Gesloifi THUJIM a’pOOHBIN, ero
YIIEPOTHO-KUCIOPOIHBINM OajaHC MAEHTUYEH Ta3000-
MEHY KCUJIOTPO(HBIX TpUOOB U XapaKTepu3yeT UX KakK
paBHO 3(PPEKTUBHBIX MUHEPAITN3aTOPOB.

2. CO,-aMUCCUOHHAs aKTUBHOCTb XBOWHOIO Je-
Opuca c Oypoit 1 6e10ii THUJIBIO HAXOIUTCS B IIpenesiax
0.07—0.12 mr CO,/r/4, HO y 610l THWJIX OHA B Cpell-
HEM BbILIE U 3TO J€J]1aeT COTBETCTBYIOLLYI0 (paKIIUIO
XBOIHOTO Nebpuca 60s1ee aKTUBHBIM SMUTEHTOM CO,.

3. basunnokapnel rpu0oOB Oypoii THWIN OTAAYAIOT-
cs1 boJiee BBICOKOI, YeM 0a3ManoKapmbl rpruOoB 0eoit
THWJIN, JTBIXaTeIbHOM aKTUBHOCTBIO, HO B 000MX CIIy4a-
sIX OHa MHOTOKpaTHO rnpeBbiaeT CO,-3MUCCUOHHYIO
AKTUBHOCTD pa3pyllaeMbIX MU APEBECHBIX OCTAaTKOB.

HccnenoBaHue BBINOMIHEHO TIpU Ttoggepxkke Poccuii-
ckoro HayyHoro ¢oHzaa (mpoekt Ne 22-24-00970). Asro-
PBI BBIPAXKAIOT TIyOOKY10 OarogapHocTh 1.0.H. MLJI. Tu-
TapCKOMY 3a OPTaHM3aLMIO Y TIOMOIIb B IIPOBEICHNN pa-
00T B HalLIMOHAILHOM TapKe “Banmaiickuii”.
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CO, and O, Gas Exchange of Brown and White Rot Fungi —
Destructors of Coniferous Debris

D. K. Diyarova®*, E. V. Zhuykova®**, and V. A. Mukhin®#**

@ Institute of Plant and Animal Ecology of Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russia
#e-mail: dasha_d@ipae.uran.ru
#*e-mail: e.zhuykova@list.ru
##%e-mail: victor.mukhin@ipae.uran.ru

Data are presented on a comparative analysis of carbon-oxygen gas exchange between basidiocarps of brown
and white rot fungi and the coniferous wood they decay using the chamber method at 20°C. The ratio of CO,
and O, volumes (characterizing the efficiency of the oxidative conversion of organic carbon into CO,) and CO,
emission activity (characterizing the intensity of the oxidative conversion of organic carbon into CO,) were
assessed. It has been shown that the gas exchange of coniferous woody debris with brown and white rot is aerobic,
and its carbon-oxygen balance is identical to the gas exchange of basidiocarps of the corresponding ecological
and physiological groups of xylotrophic fungi and characterizes them as equally effective mineralizers: 70—80%
of organic carbon is converted into CO,. The CO, emission activity of woody debris with white and brown rot is
close — for the former 0.11—0.12, for the latter 0.07—0.09 mg CO,/g/h — but for white rot it is 30—60% higher.
The basidiocarps of brown rot fungi are distinguished by a higher respiration rate than that of white rot fungi,
but in both cases it is many times higher (white rot fungi — 5—8 times, brown rot fungi — 11—90 times) higher
than the CO, emission activity of the wood they decay.

Keywords: brown rot, CO,, gas exchange, O,, white rot, xylotrophic fungi
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XPOHUKA

IIAMSITU MAPTAPUTBI AITOJUIMHAPBLEBHBI BOHIIAPIIEBOI
(1935—2024)

5 nions 2024 1. Ha 90-M roay XXKMU3HU OT HAC ylLjia
Maprapura AnomnunHapbeBHa boHgapueBa, onuH
M3 CTapeMIINX COTPYITHNKOB boTaHNYeCKOro MHCTUTY-
ta uMm. B.JI. Komaposa PAH (BH). C atum yupexne-
HueM ObUIa CBsSI3aHA BCS KM3HB M HAyJHasI IeATeIbHOCTD
Maprapursl AniojiMHapbeBHBIL. 37eCh OHA MPOIILIA ITyTh
OT aclupaHTa 10 Ipodeccopa U IJTaBHOTO HAy4HOTO CO-
TpYAHUKA IIUHOM 6oiee ueM B 60 net. Ee xopolo 3Ha-
10T U YTYT MHOT'ME MTOKOJIEHUSI COTPYAHUKOB UHCTUTYTa
M KOJUICTHY IPYTUX OOTAaHMIECKUX YIPEXKISHU Ha BCeM
npocTtpaHcTBe ObIBIIET0 CoBeTckoro Coro3a. biarogaps
ee ycunusiM B botaHmyeckoM MHCTUTYTe ChOpMUPOBa-
Jlach HayJHas IIIKOJa, CBSI3aHHas ¢ U3yUYeHUEM pa3HoO-
00pa3us CUCTEMATUKU U 3KOJIOTUU TPUOOB U TprUbOO-
00pa3HbIX OPraHU3MOB.

Maprapura AnoJuiMHapbeBHA poauach 23 sSHBa-
ps 1935 1. BT. Jlenunrpane. Ee nercTBo, oMpauyeHHOE
BOMHOM M BaKyallMel, MpoILUIO TEM HE MEHEE B CBET-
JIOM U TIPOHU3AHHOUN JOOPBIMU TPAIULIUSIMU ceMeii-
Hoii atMoc(depe. B 1957 1. oHa OKOHUMIIA C OTJINIMEM

ouosiornueckuit pakynsTeT JIeHMHTPaICKOTO rocynap-
CTBEHHOTO yHUBepcuTeTra uMeHu A.A. XKaaHosa. Kyp-
COBas 3a TPETUM KypcC U JuIjaoMHas padotsel M.A. boH-
JaplIeBO¥ ObLITU MOCBSIIEHbI U3YYEHUIO O0JIE3HEN pacTe-
Huii B mapkax KOxHoro 6epera KpbsiMa [mapku AJyTiku,
Mucxopa, Cumen3a 1 HuKuTckuit 6oTaHU4eCcKuit can
(pykoBonutenb — Iletp Hukonaesud I'omoBuH)]. bonb-
11ast YaCTh M3YYEHHBIX BUJOB OTHOCUIIACH K TTapa3UTHBIM
rpubaM — MUKPOMMUIIETAM, TTOPaKaIOIIUM IMapKOBBIE
KYyJIBTYpPBI, HO TaKXe OBLITU MPENCTABIEHBI U IepeBOpa3-
pylIaroue TpPyTOBUKU.

Eie B cryneH4YecKue roasl Ha4ajJoCh COTPYTHUIECTBO
Mapraputsl AttomnHapbeBHBI ¢ FOpuem BennamuHo-
BuyeM CuHanackum. B 1956 r. 6buta ony6IMKOBaHA UX
TepBasi COBMECTHAs CTaThs “Mallon3BeCTHBIE TPYTOBUKH
Ha Populus v Tamarix n nx 3Hauenne B Kapa-Kanmakckoit
ACCP” no marepuanaaM cpeqHea3naTcKoit 3KCIeaniInm
10.B. Cunanckoro. s aToit ctateyt M.A. boHngapiieBa
omnpeneania CoOpaHHbIE COABTOPOM I'pUOBI U TTOATOTO-
BUJIa MUKOJIOTMYECKYIO YacTh paboThl. TBOpUecKoe co-
TpyaHuuecTBO ¢ FO.B. CuHancKuM NponorKaioch 10 ero
rnepexona Ha afMUHHUCTPaTUBHYIO paboTy B [Ipe3nanym
AH CCCP. Umu 66111 OITyOJIMKOBAHBI PE3YJIbTAaThI UC-
C/IeOBaHUS AepeBOPA3pyIIAIONIMX TPUOOB B MOMMEHHBIX
Jlecax pek Ypaj, Ceipaapbsi U Ha TEPPUTOPUU OXOTHMU -
ybero xo3siicTBa “KpacHsblii 1ec” KpacHogapckoro Kpasi.

JlaHHbBIE 0 MUKPOCKOIIMYECKUX TpUOaXx, ITOIy4eHHbIC
B XOJI¢ ITOATOTOBKY AUILIOMHOM paboThl, YACTUYIHO OTpa-
>KEHBI B ITyOJIMKALIMK O HOBBIX Y PEIKUX BUIAX MUKPOMM-
netoB ¢ FOxnoro 6epera Kpeima. I[To3gHee Mapraputa
AnojuiMHapbeBHA cobpaia MaTepral 0 MUKPOMMUIIE-
taM B BpstHckoii 0671. (cobpan B 1959 1., ony0JiMKoBaH
B 1962 .), 0IHaKO OCHOBHOE IIPEATIOYTEHUE OBUIO OTIAHO
M3y4eHUI0 MOP(POJIOTUM U CUCTEMATUKU apuLIodpopo-
BBIX Ipu0oB. [1epBhie 0000IIaIOINEe TyOJIMKALINY Ha ITY
Temy [“Kputuueckuit 0630p HOBEMIINX CUCTEM ceMeii-
ctBa Polyporaceae” (1961) n “O6 aHATOMUYECKOM KpH-
TEPUU B CUCTEMATHKe aDWII0(hopoBbIX rprooB” (1963)]
o0paTun Ha cebs1 BHUMaHUE MHOCTpaHHBIX Kosuter. O0e
CTaThM OBLIV NepeBeAeHbBI HAa AHTTIUICKMIA SI3BIK U TIC-
PEBOIEI pa30CIaHbI IO BEAYIIMM MUKOJIIOTMIECKIM OM-
onuotekam Mupa. B 1963 r. M. A. bonpapiieBa 3ainuruia
KaHIUAATCKYIO JuccepTalio Ha Temy “O030p mopsiaka
Aphyllophorales Jlenunarpamckoii ooaact”. B pabote ObLT
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BITEPBEIE TIpEICTaBIIeH cIcoK 0oiree yeM n3 300 BumoB
adpmuI0POpPOBLIX IPUOOB, 0OHAPYKEHHBIX HA TEPPUTO-
puu oonactu. K coxalleHuIo, ero He yIajaoch Hameda-
TaTb CBOEBPEMEHHO U JaHHbIE, MTOJIyUYeHHbIe K 1963 1.,
BIIEPBBIC OBUIM MCTIOIb30BaHbI IIPH ITyOJIMKAILIY CITHCKA
BUAOB apMLIO(POPOBLIX M TETEPOOA3UINATEHBIX TPUO0B
TOJILKO B 1999 .

B 1960-x . naboparopust Mukojiorun BH npuco-
eMMHUIIACH K BCECOIO3HOMY IIPOEKTY MO N3YIeHUIO O1O-
JIOTUM 1 pa3paboTKe Mep OOpHOBI C BO30OYIUTETIEM Bep-
TULIWJUIE3HOTO BUJITA XJIoMYaTHMKA U Mapraputa Anos-
JIMTHApbEBHA, Cpa3y MOC/Ie 3alIUThl UCCePTALINU, TAKKe
Bomuia B 3Ty rpynny. O000IIaoIImnit UToT ee padoThl
110 3TOM TeMe OTpaXkeH B cTaThsax “M3ydyeHue mmpoiiecca
Pa3BUTHS MUKPOCKJIEPOLIMAIbHOM (DOPMbI BO3OYIUTES
BEepPTULIMJUIE3HOTO BIIITA XJIomyaTHuKa Verticillium dahliae
Kleb.” (1968) u “CpaBHuTe/IbHAsI LIUTOXMMUYECKAS Xa-
PaKTEepUCTHUKA OCHOBHBIX MOp(doJIoTndecKux Gopm
IPYIITBEI TATOTeHHBIX BUAOB pona Verticillium” (1969).
ITo okoHuyaHuu 3Toro npoekra B 1969 r. M.A. bonugap-
1IeBa BEPHY/IACh K UCCIIENOBAHMSIM 110 amII0(MOpOBEIM
rprdaM, ¢ HEIOJITHM OTKJIOHEHUEM B CTOPOHY U3YJIeHUS
pona Hypoxylon (myonukamuu 1974—1976 rr.). Yuactue
B IpyroM IIpoekTe (coBMecTHO ¢ Tamapoii AHIpees-
Hoii JlaBeInKWHOI, DneoHopoii OcBanbnoBHOI CéMaH,
JInpoii I'puropbeBHOM CBHIIT) — IT0 U3YYEHUIO TPUOOB,
Pa3BUBAIONINXCS HA IPEBECHHE B MOA3EMHBIX TOPHBIX
BBIpAOOTKaX [IBETHOI METAILTYPIMY — TeMaTUIeCK 00-
JIee COOTBETCTBOBAJIO OCHOBHBIM HayJYHBIM MHTEpecaM
MaprapuTsl ATIOJUIMHAPEBHBIL. DKCIESIUIINH B IIIAXTEP-
ckme p-Hbl Konmbckoro 1m-oBa, Ypaia, KaBkaza, Cubupn
u KazaxcraHa gajayd MHTEpECHbII MaTepuan o popMax
Pa3BUTHS U BUIOBOM COCTaBe TPUOOB, ITOCEIISIIOIINXCS
Ha IpeBeCUHE B SKCTPEMAaIbHbBIX YCIOBUSIX ITOA3EMHBIX
TOPHBIX BbIpaObOTOK. ITyOiuKaluu mo 3Toil TeMaTuKe
OXBaThIBAIOT Iepuon 1976—1984 rr.

ITpruMmepHO B 3TOT Xe MEPUO HAYAIOCh COTPYTHU-
yectBo M.A. boHnapuesoii ¢ MUHcTUTYyTOM 60TaHUKU
Pecnyonuku Ky6a. Ee nepsast moe3aka Ha KyOy nipogos-
kajachk ¢ 15 nekadpst 1972 1. mo 22 mapra 1973 1. 3a aToT
Hepuol OHAa COBEpPIIMJIA SKCIEAUIIMOHHBIE BBIE3IbI
BO BCE MPOBUHIIMU, coOpaia OOIIMPHBINA repOapHbIi
MaTepuaj, KOTOPbIA 3HAUUTEIbHO ITOIIOJHUI MHUKO-
JIOTMYECKUE KOJJIEKIIMY boTaHMYeCcKOTo MHCTUTYTA,
a TaKKe TOCTYKII OCHOBOIT MHUKOJIOTUYECKOIO repoa-
pust Mactutyra 60TaHUKM (HbiHE VIHCTUTYT 3KOJOTUN
u cucteMatuku AH Ky6n1) B 'aBane. Kpome Toro, psin
BUIIOB OBLI BBIIEJICH B YMCTYIO KYJIBTYpY, IIPUIEeM TH Ma-
TepHAJTbI TAKIKE TIOCITYKIIM OCHOBOIT KOJUTEKIINH YACTHIX
KyJETYp rpu6oB B [aBaHe u CyIlieCTBEHHO ITOIIOJIHIIN
repbapuiit boTaHM4eCKOro MHCTUTYTA 3K30TUYECKUM
matepuanoM. Bcero M. A. bonaapuesa 6bl1a Ha Kybe
mecThb pa3 (1972—1973, 1981, 1984, 1985, 1988, 1990).
TTomuMo Gosbiioro uncia myoaukauui (1973—1991 rr.)

MUKOJOTI'A U ®PUTOITATOJIOTUA
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OHAa MOATOTOBWJIA CHELUANKMCTA 110 apIIOPOPOBHIM
rpubdam Kyosl — Capa Dppepa Purepoa (Sara Herrera
Figueroa), xoropas B 1979 1. 3ammuruina 8 b He kanmm-
JMaTCKYIO TUCCEPTALIMIO.

[Tozmuee, B 1993—2005 rr. M.A. boHnapiieBa y4acTBO-
BaJia B pOCCUICKO-(PUHIISTHICKOM ITPOEKTE 10 U3YYEHUIO
JIepeBopa3pylIaoLINX TPUOOB B Jecax MPUrPaHUIHOMN
30HBI 00X CTpaH. 3a TOIbI UCCISIOBAHMUIA ObLIN MOJTY-
YeHbI OOLIMPHBIE MATEPUAIBI O BUIOBOM COCTaBE U KO-
JIOTUH IEpeBOPa3pyILAIOIINX TPUOOB U3yYeHHBIX TEPPU-
TOPHUIA, OTpakeHHBIE B MHOTOUUCICHHBIX TyOIUKALMSIX.

Bxiiang M.A. boHnmapiieBoii B MMKOJIOTMIO 3HAYUTEIeH
1 MHOTOOOpa3eH. M3BeCTHOCTh B HAYyTHOM COOOIIIECTBE
npunuia K Maprapure AnoJUIMHapbeBHE, HAUMHAs C €€
MEePBBIX Pa0dOT, MOCBIIIEHHBIX TOMUMOP(PU3MY KaK MU -
KpOMUIIETOB (Halmpumep, rpudoB Komruiekca Pleospora
herbarum), Tak 1 MakpoMuieToB (Phellinus torulosus),
a TakKe XapaKTepUCTUKE PEIKMX M HOBBIX BUIOB rprOOB
FOxHoro 6epera Kpsima. Kak yxe BnojiHe c(hOpMUpO-
BaBIIMiica cneuuanuct, M.A. boHgapiieBa nposiBuia
ce0s1 B cepuy paboT, MMOCBAIIEHHBIX CUCTEMATUKE 1 MOP-
domornu apunnodoponTHEIX TprOOB [ “O0 M3MEeHEHUN
CUCTEMaTUYECKOTO MOJOXEeHUs poaa Aporpium”, COBM.
¢ AnoymnHapueM CemeHoBnueM bonpapuesbim (1960)
U IPYTUX, YIIOMSIHYTHIX BBIILIE, ITOCBSIIIEHHBIX CUCTEMA-
TUKe U Mopdosoruu ahpuiiopopoBbIX TPUOOB].

ITocne uzydyeHus: apuaaoopoBbIX IPUOOB TAKOTO
KPYITHOTO peruoHa eBporieiickoit yactu Poccuun, Kakum
siisieTcst JIeHMHrpaackast 00J1., MAKOJIOTTIECKIE MapIiI-
pyThl Mapraputhel ATIOJUIMHAPbEBHEI paCIIPOCTPAHSIOT-
ca u Ha apyrue pernoHsl PCOCP. B pasHble rogsbl ero
oM obcnenoBansl jieca LlenTpanbHoit Poccun u Ipe-
nypanbs [BbpsiHckoii, TBepckoii (LleHTpanbHO-JIeCHOM
3anoBenHuK), Kuposckoii, ITepmckoit u OpjioBcKoit
(HauunonanpHbIi Tapk “OpJioBcKoe nojieche’) oba-
creit], Cubupu (ceBep Upkyrckoit 061., FOXHBII AJ-
taif), JansHero Boctoka (ITpumopckuit u XabapoBckuit
Kpas, 0. Caxanun). CyliecTBEHHYIO POJIb B pacIlipeHUN
Juaria3oHa MCCIeIOBaHUM ChITPpaIM SKCIEAUIIMOHHbIE
noe3aku B pecnyonuku CCCP, asasioluecst ceituac
He3aBUCHMMBIMU rocygapcTBaMu — Jlareuio, JIutBy, DcTo-
Huto, I'py3uto, Apmenuto, Kazaxcran, Kuprusuio, ¥Y3-
O6ekucTaH. Bce HakoOIMIEHHBIE 32 robl pA0OTHI JAHHbIC
OBLIA MCITOJIb30BaHbI IIPU IMOATOTOBKE JOKTOPCKOM AMC-
cepraumu “CucTeMa TPYTOBBIX I'PHOOB U IIPUHITUTIBI KX
KiaccupuKaluu”, 3aluIeHHoi B 1983 T.

IMapannenbHo ¢ (QIOPUCTUYECKMMU UCCIEI0BAHUSIMU,
Maprapura AToJJIMHapbeBHA MHOT'O BHUMAaHUS yIie-
JISIET TeOpEeTUIECKMUM BorrpocaM Mukojoruu. B 1970 .,
B paMKax ceMrHapa OTinesa HU3IIMX pacCTeHUH 10 XK13-
HEHHBIM (hopMaM KPHUIITOTaMHBIX OPTaHM3MOB, OHA BBI-
CTyTIaeT C JOKJIAJ0M O XXMU3HEHHBIX (hopmax apuiinodo-
POBBIX TpUOOB, a B 1972 r. oHa paccMaTprBaeT BOIIPOC
2024
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y2Ke IPUMEHUTEILHO KO BCEM I'pyIIIiaM IprOOB, YTO IT10-
JIy4MJI0 OTpaxkeHue B cTaTtbe “IIpMHILIMIBI BhIASIECHUS
>KM3HEHHBIX QOpM Yy TpHOOB” (KypHaa “Dkoyorus’).
Marepuannsl cemMuHapa (cepusi cTaTeil o pa3HbIM TPYII-
ITaM KPUIMITOTaMHBIX OPTraHU3MOB) OBLIN OITyOJIMKOBAHEI
B coopHuKe “HoBocTH cucTeMaTUKK HU3IINX pacTeHuii”
ToJabKO B 1974 1., Kyna Boiia u ctatbss M.A. boHnapiie-
Boii “ZKuzHeHHbIe (hopMbl Oa3MAMATBHBIX MAKpPOMULIE-
ToB”. B 5TUX paboTax ObLIU 3aJI0KEHbI TEOPETUUYECKIE
OCHOBBI yUeHMs1 00 aganTalMoreHe3e y BhICIINX TpUOOB.
B 3TO0T Xe nepuon oHa 3aHMMAaeTCsl CUCTEMaTUKOM poaa
Fibuloporia u 61U3KVIX TAKCOHOB, KPUTUYECKU 00padaThl-
Baet pon Hypoxylon (Ascomycota, Xylariales) B maciTabax
CCCP. Cnenyet OTMETUTD M BaXKHYIO IIPOCBETUTEITHCKYIO
paborty, npoBoaumyo M.A. boHaapiieBoii B 3TU TOMbI.
Eit mpuHagiexXuT psin cTaTeil o Tpudax 1 MUKCOMMUIIE-
Tax B “BoblIoii coBeTckoit sHIMKIoneaun” (1969—
1978). Ee MmaTepuaibl OIyOJIMKOBAaHBI TAKXKE B HAYIHO-
MOITYJIIPHOM IlecTUTOMHUKe “2KMU3Hb pacteHuii” (T. 2,
“I'pubnl”, 1976), a Takke B cripaBouHuke “I'puosr CCCP”
(1980 1.).

IIpencraBneHns 0 MOMUMPUINN PAa3HBIX TPYIII IPUOOB
U TpUO000Opa3HBIX OPTaHU3MOB MOJIBITOKEHBI B CTAThE
“IIapcTBO TpUOOB U €TI0 MOJIOXKEHUE B CUCTEME OpTra-
Hugeckoro Mupa” (“boranmueckuii xxypHan”, 1989 1.).

BaxkXHbIM COOBITHEM B pa3BUTHUM OTEUECTBEHHBIX MU -
KOJIOTMYECKUX MCCIICAOBAHNI MOXHO CUMTATh KOHEI]
1979 r., korna 3aBenylolieii 1aboparopueit M.A. boH-
IapleBOil B HAYYHBIN IUIaH JJa00OpaTOPHUM B KaUyeCTBE
OCHOBHOI1 TeMBI ObUT BKITIOUEH “OTipeneanuTesib rpudoB
CCCP” (B HacTostiIee BpeMs1 — “OnpeneauTeslb r(puooB
Poccun™). 910 n3naHue, npu3aBaHHOE MHBEHTAPU30BaTh
pa3HooOpa3ue rpudoB Poccunu Ha MoHOTpaduuecKoM
YPOBHE U CIYKUTh CIIPABOYHBIM II0COOMEM I10 OMpee-
JIEHWIO TpUOOB, CTaJI0 Ype3BbIUYaifHO BOCTPEOOBAaHHBIM
MUKOJIOTUYECKUM COOOILIECTBOM.

OcHoOBHBIE HayYHBIE MHTEepeCchl Mapraputhl ATToJ-
JIMHApbeBHBI BCeTaa ObLIM COCPEIOTOYCHBI Ha IIPUO-
PUTETHBIX HAIpaBJIEHUSX COBPEMEHHOI MUKOJIOTUU.
OrpoMHas poJib MPUHAMLJIEKUT €l TUMYHO B COXpAaHEHUH
KJIACCUYECKOM IIKOIBI B pOCCUACKOU MUKOJIOTUHA — 3TO
0COOEHHO BaXKHO, KOT/Ia BO MHOTHX JJa00paTOpUSIX MUpa
MPEeeMCTBEHHOCTbD C MPEAIIECTBYIOIIUM “MOpdOI0ru-
YeCKMM” TIepHUOJOM OKa3ajaach yTpauyeHHOU U MHOTUE
COBpEMEHHBIC MCCIIeN0BATE-CUCTEMAaTHUKY 3HAIOT TPHO-
HbIe TeHBI JTy4llle caMux rpuooB. KoMmIuiekcHoe uccie-
JIoBaHUE OMOopa3HOOOpa3rs BCErma BXOAUI0 B YHUCIIO
NPUOPUTETHBIX HATIPaBJIEHMIA, pa3BrUBaeMbIX Mapra-
pUTOiT ATIOJIIMHAPhEeBHOM. JIpyIrUM acIIeKTOM IIpeeM-
CTBEHHOCTH KYJIBTYPHI MCCIIEIOBaHUI, 00ecTieYnBacMOit
M.A. boHapueBoii, ABISIeTCS HACTPOIT uccaenoBarTe-
JIs Ha “MoHorpaduyeckuii moaxon” K rpymre, oosiza-
TEJIbHBIM 3JIEMEHTOM KOTOPOTO SIBJISIETCSI IIpOopadoTKa
MUKOJIOTUA U GUTOMNATOJIOTUSA
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MpEIIIeCTBYIONICH TUTepaTyphl U JOCTYITHOTO Tepbap-
HOTO MaTepurara.

O mukosornyeckoii mkojie M.A. bougapueBoii
MOHO T'OBOPUTh KaK 0oJiee IIMPOKO, UMesI B BUILY TeX
U3 €€ YICHUKOB, KOTOPbIX OHA HarlpaBuia Ha U3y4eHUe
MaJIOMCCJIENOBAaHHBIX B HaIllell CTpaHe I'PYIIII TpUOOB
U rprubooOpa3Hbix opranu3smoB — I1.C. UepenaHoBa
(mupenomuiieThl), FO.K. HoBoxunoBa (MUKCOMUIIETHI),
A.H. MatBuenko (aHamopdHbIe TpUObI), TaK U Oosiee
y3KO — MMesI B BUIY YCHEITHOE pa3BUTHE HaIIpaBJe-
Hus, 3a0xeHHoro eile A.C. boHIapueBbIM U CBSI3aH-
HOTO C U3yYeHUEM pa3HO00pa3us apumioDoponugHbIX
rpuOOB 1 MOHOIpauuecKoil 00paboTKOI UX OTHEb-
HBIX Irpynn. YuyeHukamMmu M.A. boHaaplLeBoii u3 yuciaa
cneumanuctoB-apuiiodoponoros apisores T.A. Jla-
BBIIKMHA, aBTOp MOoHOrpaduu “CrepeyMoBbie TpUObI
Cogetckoro Coroza” (1981 r.), I A. FOnuHa, opraHu3zatop
uccaenoBaHmii apumiodoponaHbIX rprdoB B Kazanckom
rocyaapcTBeHHoOM yHuBepcutete, I. M. banraeBa, usy-
yaBlas TpyToBbIe TprObl Y36ekucraHa, JI.I. Muxanesa,
pa3BUBaBILIasl UCCIIENOBaHMS aprLTODOPOUITHBIX TPUOOB
B MHCTUTYTE OMONTOTMYECKUX MTPOOJIEM KPUOIUTO3OHEI
CO PAH (1. SIkytck), B.M. KotkoBa, 1.B. 3mutposuu
u C.B. BoyioOGyeB, B HacTogllee BpeMsl MPpOBOASIIE
WICCIENOBAaHUS IO Pa3HOOOPA3nIo U TAKCOHOMUM pa3-
JIMYHBIX rpymnn adpunodopounHbix rpuooB B BUHe,
H.A. KocomnaroB — uccnenoBatenb MHCTATYTAa OMOJIOTUN
Komu Hayunoro nentpa PAH u opranuszatop uccie-
JoBaHUM adpmnodopouaHbIX IpudoB B Pecriyoinke
Komu, B.A. CiupuH — uccienoBateib boraHnyecko-
ro My3es IIpd YHUBepcuTeTe I. XelbCUHKU (PUHIISTH-
mus), A.B. PyokonaitHeH, 3aHnMaromasicst n3y4yeHn-
eM apuanodopounHbix rpudoB B Pecriyonuke Kape-
qms. Ilo pesynbraTaM B OATOTOBKE HAyUHBIX KaJpOB
M.A. bonnapuieBoii B 1991 r. 6bU10 IPHUCBOEHO 3BaHUE
npodeccopa. IlIxkona M.A. boHmapiieBoit akTUBHO pas3-
BUBAETCS U YXe MOSIBUJIIOCH BTOPOE ITOKOJICHE ¢ YICHH-
koB: M. B. 3emnsiackas, K.A. @edenos, A.I1. Komrenesa,
A.B. Brnacenko, M.B. Okynb, [I.A. EpacroBa, O.H. Ile-
nmuH (pykoBoautenb — FHO.K. HoBoxwunos), C. 1. Xa-
yeBa, K.O. [1lotamos (pykoBomurens — . A. FOnuHa),
B.®. Mansmmena, C.10. Boabsmakos, B.A. ynka (py-
koBoautenb — V. B. 3mutposuy), }0.10. UBanymmeHkKo,
K.B. Bopuos (pykoBogurenb — C.B. Bono6yes). [Toxa-
JIyii, ellie 6osblie y MaprapuThl ATIOJJIMHAPbEeBHBI He-
o(uLMaTbHBIX TOCIEN0BAaTENEH, KOTOPBIX OHA B pa3HOE
BpeMsl yaauyHo HampaBujia B Mukojoruu. CoznaHueM
aKTMBHO Pa3BUBAIOILECHACS MUKOJIOTMYECKOM IIKOJIBI Op-
TaHM3alMOHHEIE ycrexyu MaprapuTel ATIOJUIMHAPbEBHEI
He orpaHn4yrBaioTcs. OTedecTBEHHOMY MUKOJIOTMUECKO-
MY COOOILECTBY OHA U3BECTHA KaK KOOPIUHATOP MUKO-
JIOTMYECKUX 1 KPUIITOraMUYECKMX UCCIeI0BaHU B Ka-
YeCTBE YIeHa KOOPIMHAIIMOHHOIO COBETa I10 IIpooJie-
maMm 6otaHuku PAH, rae oHa B TeueHue psiaa JieT Oblia
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npencemareyieM ceKuny Mukojoruv. OHa IIpyHuUMana
y4acTHe B OpraHM3alliy psiga Che3n0oB U KOH(DepeHIIni,
peryisipHo npoxonusinx B CoBerckoM Coro3e, HaunHast
¢ cepenuHbl 1960-x rT. K 3TOMY MOXHO 100aBUTh, UTO
M_.A. boHnapiieBa B TeUeHHE CEMMU JIET YMTasa CIELKYPC
no adpmianodopoBEIM TprbaM Ha Kadenpe 60TaHUKU
JleHUHIpaaACKOro yHUBEpCUTETA.

VYixe B pocCUIICKHUI1 mepron, 3HAMEHOBABILMIACS 3KO-
HOMWYECKMMU TPYOAHOCTIMU U CHIDKEHHEM Hay4HO-
KOOPIMHALMOHHOI aKTUBHOCTU, Maprapure ANOJIN-
HapbeBHE MPUHAIJIEXUT MHULIUATUBA OPraHU3allMU IO
srunoit BUH PAH nByx 3HauMMBIX MEXIYHAPOIHBIX
KOH(pepeHuil — “MUKOJIOrusl U KpunToraMmHasi 6oTa-
HuKa B Poccrut: Tpaguiinm u coppeMeHHOCTE” (2000 T.)
u “I'puOBI B IPUPOIHBIX U AHTPOIIOTEHHBIX SKOCHUCTE-
max” (2005 r.), naBIIMX HOBBIH UMITYJIbC B pa3BUTUU
KOMMYHMKAIIMUOHHO-KOOPANHALIMOHHON aKTUBHOCTHU
OCHOBHBIX MUKOJIOTUYECKMX IIeHTpOoB Poccuu 1 6mmk-
Hero 3apyoOexbsa. M.A. boHgapiieBa — aBTOp 1I€J10TO
psifa 100MIeHHBIX OYePKOB, TMTOCBSIIEHHBIX BexaM CTa-
HOBJIEHUSI OOTAaHUKU U MUKOJIOruu B boTaHnyeckom
MHCTUTYTe, OnorpadusiM yIIeOIIMX OT HAC KPYITHBIX
yueHbIX. HaunHast ¢ 1972 r. Maprapura AnojuimHapseBHA
BXOIMJIA B PEIKOJIIECTHIO KypHalia “Mukosorus u pu-
TonaroJiorusi”, rae B repuo ¢ 1989 no 1993 r. ona 3a-
HUMaJIa TIOCT 3aMECTUTENS TIIaBHOTO pemakTopa. Ko-
JIOCCAJIBHBIN OITBIT B PA3BUTUN MUKOJIOTUM, OOTAHUKHI
M 3KOJIOTUM HaXOIWJI IPUIOXKEHME B e paboTe B COCTaBe
JIByX CHEeLIMaIM3MPOBAaHHBIX TUCCEPTALIMOHHBIX COBE-
TOB NpU boTaHWMYECKOM UHCTUTYTE MO MPUCYKASHUIO
YYEHBIX CTEINEeHEl Mo CelualbHOCTIM “Mukojorus”
u “Okonorusi”. B 1989 u 1993 rr. oHa sBisiiach npe-
cemaresieM ToCyaapCTBEHHOM 3K3aMEHAIIMOHHOMN KO-
muccuu I[lepMckoro rnegarormyeckoro yHMBepcurera.
Maprapura AnosTiHapbeBHA ObLIAa MOYETHBIM YWICHOM
Pycckoro 6otaHnnueckoro odbiecTsa u JIaTuHoaMepu-
KaHCKOW MUKOJIOTUYECKOMN accolalivu.

IIpu3zHaHueM OOJIBIIMX HAYYHBIX 3aciayr Mapra-
pUTH ATIOJJIMHAPBEBHEI IBUJIOCH HarpaXaeHNe e
Mmenangmn “Berepan Ttpyna”, “B mamsare 300-meTtns
Cankr-IletepOypra” u “3a Bkiag B 60oTaHuKy”. B ee
YeCcTb Ha3BaH BUJ TPYTOBOTo rpuba Antrodia bondartsevae
Spirin, a HazBaHue pona Bondarcevomyces Parmasto (Ha-
3BaH B yecTh A.C. bormapueBa 1 M.A. boHmapiieBoii)
SIBJISIETCSI OTPaXKCHVEM IIPU3HAHUS 0COOBIX IMYHBIX 3a-
cJIyr Mapraputhl ANOJUIMHAPbeBHBI Y TPEEMCTBEHHOCTH
B IPOJOJIKEHUU AeJia ee OTLia.

Hpy3bsiM, KoJlsleraM 1 yueHukaM Mapraputa AnoJ-
JIMHAphEBHA 3aIIOMHUTCSI TAKMMHU KauyeCcTBaMu, Kak IH-
POKMIT Kpyro3op, XuTeicKast MyIpOCTh 1 HEU3MEHHBII
ONTUMU3M. YXOI 3TOTO KPYITHOTO YUEHOTO — CKOpOHOE
COOBITHE IIJISI OTEYSCTBEHHOM I MUPOBOIM HAyKU.
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