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The paper is devoted to ecological and biodiversity studies on basidiomycetes associated with common juniper
(Juniperus communis) from subtaiga zone of Belarus as well as several taiga regions of the European part of Rus-
sia, namely, the Leningrad Region, the Republic of Karelia, the Komi Republic, the Arkhangelsk Region, the
Murmansk Region. The taiga zone represents an ecological-coenotic optimum of common juniper and the wid-
est spectrum of its fungal consorts is expected to be revealed. A total of 96 species of wood-inhabiting basidiomy-
cetes, both from dead and living wood, were recorded in association with J. communis in the boreal regions of
Belarus and the European part of Russia. These species belong to the Pucciniomycetes (Pucciniales, 3 species),
Dacrymycetes (Dacrymycetales, 1 species), and Agaricomycetes (Agaricales, Atheliales, Auriculariales, Boletales,
Cantharellales, Gloeophyllales, Gomphales, Hymenochaetales, Polyporales, Russulales, Thelephorales, Trechispo-
rales, 92 species). An annotated species list is given, including an expanded substratum and ecology datasets. The
ecological and geographical preferences of these fungi and the strength of their connection with juniper were an-
alyzed by thermal map, clusterization, and Sankey diagram methods. The various types of wood decomposition
by juniper-associated basidiomycetes were discussed. The global distribution pattern of the species was analyzed.
It was concluded that the biota of basidiomycetes associated with juniper in Eastern European taiga forests is a
heterogeneous and heterochronous formation, where it is possible to distinguish clearly a florogenetically ancient
core of the species specialized on juniper, exhibiting in one or other way biotrophic properties, and several taiga
sets of species (suites) connected with pine trees and their litter as well as with spruce-pine-leaved taiga mosaics
and boreo-nemoral mosaics typical of the Northern Hemisphere.

Keywords: biodiversity, coenotic preferences, Gymnosporangium, Pinetum, species composition, substratum
spectra
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INTRODUCTION cold (high altitude and boreal) climates. The common
The genus Juniperus is an example of ecological juniper (Juniperus communis) is a Holarctic species (re-
specialization of initially subtropical Cupressaceae in corded as an invasive species in Libya, South Africa,
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Argentina, Australia, and New Zealand) with the high-
est abundance on fairly drained soils in boreal forests.
It is an evergreen tree or shrub with egg-shaped or con-
ical crown, and gray-brown longitudinally scaly bark.
The needles are dense, 1—1.5 cm long and 0.7—1.5 mm
wide, shallowly grooved at the top, brilliantly green be-
low with a blunt keel, elongated into a thorny point at
the end. This plant is anemophilous, mesophilic, mi-
crothermal, oligotrophic, and represents rather stable
assectator. Over a large extent of its range, the common
juniper grows predominantly in the undergrowth of co-
niferous (Pinus sylvestris, Picea abies, P. obovata, Larix
sibirica) and also in birch and birch-aspen derived for-
ests. The communities with its dominance are very ra-
re, as, for example, in alvars on limestone along the
Baltic Sea or in forest-tundra valleys. In boreal forests
this species grows mostly in lichen, Vaccinium myrtillus
or V. vitis-idaea types of forests, although it is recorded
in flow-moistened spruce forests too, reaching 18 m in
height. On dry and stony soils in communities of
sparsely standing larch on plateaus of Siberia as well as
in tundra light forests it grows as a shrub, reaching 1—
1.5 m in height. At the southern boundary of its range,
J. communis is included in the undergrowth of steppe
insular oligotrophic pine forests (Sokolov, Svyazeva,
1965; Lammers et al., 2016).

The juniper’s mycobiota attracted the attention of
researchers since a long time (Holm, Holm, 1977; Be-
lomesyatseva, 2004; Volobuev, Ivanushenko, 2020) be-
cause it is a species with very strong wood, dense nee-
dles, and a very peculiar niche, which occupied by only
some fungi from the total mycobiome of communities
with juniper.

Concerning basidiomycetes, yet Linnaeus (1753)
described Gymmnosporangium teliostage on juniper as
Tremella juniperina, whereas Persoon (1794) described
the same species as Puccinia juniperi. Subsequently, the
juniper as a substratum for fungi attracted attention of
Fries (1828), who described from this substratum such
species as Thelephora juniperina and Th. laevigata.
Karsten (1876) described from juniper such species as
Corticium juniperi (later under the name Xerocarpus ju-
niperi; Karsten, 1881); the same researcher noted 22 spe-
cies of basidiomycetes for this host. Bourdot and Gal-
zin described for the first time from juniper such taxa
as Corticium serum var. juniperi (Bourdot, Galzin, 1911;
current name is Lyomyces juniper) and Peniophora gle-
bulosa subsp. juniperina [Bourdot, Galzin, 1913; cur-
rent name is Tubulicrinis sororius (Bourdot et Galzin)
Oberw.].

There is a number of classical works devoted to the
rust genus Gymnosporangium (Arthur, 1934; Dietel,
1888; Sydow, Sydow, 1924; Transhel, 1939). This genus
is a kind of exception among other rust fungi because
coniferous plants usually serve as a reservoir for its te-
liostage, while most of other rust fungi infecting conif-
erous species (the genera Cronartium, Coleosporium,
Calyptospora, Hyalopsora, Melampsora, Melampsorel-
la, Pucciniastrum, Uredinopsis) develop on coniferous
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hosts their aecia and spermogonia. Another exception
is Chrysomyxa, which produce its telia on Picea).

Crowell (1940) summarized the data on the locali-
ties of Gymnosporangium species, Savulescu (1953)
published a picture of the distribution of Gymnosporan-
gium species in Europe. The origin and taxonomy of
the genus Gymnosporangium were discussed by Leppik
(1956), who considered the correlation between evolu-
tion of host groups and formation of sections within the
genus, and this process was analyzed in time and eco-
logical-geographical aspects.

Parmasto (1968) mentioned 15 species which devel-
op on Juniperus communis. In particular from juniper
he described a new species, Atheloderma mirabile.
Scandinavian mycologists, primarily J. Eriksson and
his students, made a great contribution to the study of
aphyllophoroid fungi on J. communis. In the beginning
period of his studies, Eriksson described an interesting
species, Peniophora junipericola, specialized on this ge-
nus (Eriksson, 1950). In the book series “The Corticia-
ceae of North Europe” (Eriksson, Ryvarden, 1973,
1975, 1976; Eriksson et al., 1978, 1981, 1984; Hjorts-
tam et al., 1987, 1988), Eriksson and co-authors cited
many finds from this plant, including Amylostereum
laevigatum, Lyomyces juniperi, Peniophora junipericola.

Several species of corticioid fungi were described on
juniper in the Netherlands and Germany by B. de
Vries, for example, Hyphoderma cryptocallimon and
Trechispora kavinioides (Vries, 1987). The finds of fun-
gi confined to Juniperus communis were listed in special
papers by Bernicchia (2000), and Sell and Kotiranta
(2011).

Annotated checklists of basidiomycetes, published
in recent decades, include some species indicated on
common juniper as a substratum. However, special
studies of this host in the optimum zone of the species,
similar to that Bernicchia did for southern species of
Juniperus, began relatively recently starting from the
territory of the Republic of Belarus (Belomesyatseva,
2002, 2004). The present paper complements this data
with new finds of basidiomycetes on J. communis from
the subtaiga part of Belarus as well as several taiga re-
gions of the European part of Russia, namely, the Len-
ingrad Region, the Republic of Karelia, the Komi Re-
public, the Arkhangelsk Region, the Murmansk Re-
gion. The taiga zone represents an ecological-coenotic
optimum of common juniper (at least this follows from
the documented records of this species in GBIF data-
base, 2022) and the widest spectrum of its fungal con-
sorts is expected to be observed. Having identified the
list of basidiomycetes associated with living and dead
wood of common juniper, we intended to analyze eco-
logical and geographical preferences of these fungal
species and to assess the strength of their connection
with common juniper as substratum. We assumed that
this information would shed a light on the issues of
ecological specialization and substratum adaptation of
wood-inhabiting Basidiomycota.
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MATERIAL AND METHODS

Study area. The studies were carried out in the fol-
lowing vegetation bands in eastern Europe (the borders
of zones and subzones in Russia follow the maps by
Ogureeva (1999).

Subtaiga. Belarus: Vitebsk Region, Grodno Region,
Minsk Region. The border between boreal and nemoral
biomes in Belarus is accepted by us as the boundary between
Pre-Polesie and Polesie physiographic provinces (Martsin-
kevich et al., 2001).

Southern taiga, middle taiga near the oceanic sector of
the taiga zone. Leningrad Region: Vyborg, Vsevolozhsk,
Lodeynopolsky, Podporozhsky districts.

Middle taiga. Arkhangelsk region: Shenkursk, Vel’sky,
Kotlas, Plesetsk, Nyandoma districts. The Republic of
Karelia: Kondopoga, Lakhdenpokhya, Pitkyaranta, Prione-
zhsky, Pudozh, Sortavala districts, Kostomuksha town. The
Republic of Komi: Knyazhpogostsky district (Lyali village).

Northern taiga. Arkhangelsk region: Onega, Primorsky,
Pinega districts. Murmansk Region: Pechenga, Kola, Kovdor
districts, Apatity Town, Khibiny Mountains (Fig. 1).

Extrazonal locatity in mountain taiga belt. Karachayevo-
Circassian Republic: Teberda State Biosphere Reserve.

Sampling. When collecting the material, mostly the
method of conventional floristic route studies was
used, with more detailed searches within the comuni-
ties with old or numerous juniper plants. Additionally,
the methods of radial routes proposed by Tolmachev
(1974) was used with the concentration of routes near
the base camp and sparse routes of reconnaissance
character at the periphery of the site. Living and dead
trunks, branches and stumps of juniper in different
types of forests (spruce, pine, aspen, birch, mixed
stands) were examined. Particular attention was paid to
the areas with favourable conditions for the develop-
ment of fungi growing on roots and litter. Well recog-
nized in field conditions and widespread species were
mostly not collected and information about them was
recorded in field notebooks.

The collected material is deposited in the Komarov
Botanical Institute Herbarium (LE), N. Laverov Fed-
eral Center for Integrated Arctic Research Herbarium
(AR), Karelian Research Center RAS Herbarium
(PTZ), Herbarium of Institute of North Industrial
Ecology Problems, Kola Science Center, Russian Acade-
my of Sciences (INEP), and Herbarium of V.F. Kupre-
vich Institute of Experimental Botany, National Acad-
emy of Sciences of Belarus (MSK).

Data analysis. Identification of the collected mate-
rial was carried out using light microscopes MBS-10,
Axio Imager.Al, Nikon Eclipse E200, and Olympus
BX-51 under magnification up to x1000. Generative
elements and mycelia of the fungi were prepared in 3—
5% KOH water solution — for dissolving part of glucans
and softening plectenchymes, Melzer’s reagent — for
identifying the amyloid and dextrinoid reaction of glu-
can structures; 0.1% solution of blue toluidine dye in
lactophenol (“cotton-blue”) was also used — for iden-
tification of cyanophilic reaction of the walls of spores
and hyphae (Zmitrovich, 2008). Some microscopic
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Fig. 1. Study area. Belarus: Vitebsk Region: 1 — Myory dis-
trict, 2 — Beshankovichy district, 3 — Lepel district, Grod-
no Region: 4 — Astravets district, 5 — Smarhon district, 6 —
Hrodna district, 7 — Masty district, 8 — Svislach district,
Minsk Region: 9 — Myadzel district, 10 — Stoubtsy, Uzda,
and Dzyarzhynsk districts. Russia: Leningrad Region: 11 —
Vyborg district, 12 — Vsevolozhsk district, 13 — Lodeyno-
polsky district, 14, 15 — Podporozhsky district; Arkhangelsk
region: 16, 17 — Primorsky district, 18 — Pinega district;
19 — Onega district, 20 — Plesetsk district, 21 — Shenkursk
district, 22 — Nyandoma district, 23 — Velsk district, 24 —
Kotlas district; the Republic of Karelia: 25 — Kostomuksha
town, 26 — Kondopoga district, 27 — Pudozh district, 28 —
Prionezhye district, 29 — Pitkyarantsk district, 30 — Sorta-
vala district, 31, 32 — Lakhdenpokhya district; the Republic
of Komi: 33 — Knyazhpogostsky district; Murmansk Re-
gion: 34, 35, 36 — Pechenga district, 37 — Kola district, 38,
39 — Khibiny Mountains, 40 — Kovdor district, 41 — Apa-
tity Town.

studies of specimens were carried out at the Center for
collective use of scientific equipment “Cellular and
molecular technologies of studying plants and fungi”
(Komarov Botanical Institute, Russian Academy of
Sciences, St. Petersburg).

The collected specimens of wood-inhabiting fungi
were prepared for storage in herbarium in accordance
with recommendations by Ryvarden and Gilbertson
(1993). Material identification was carried out using
key-books and monographic treatments of the corre-
sponding taxa (Eriksson, Ryvarden, 1973, 1975, 1976;
Eriksson et al., 1978, 1981, 1984; Jiilich, Stalpers, 1980;
Hjortstam et al., 1987, 1988; Ryvarden, Gilbertson,
1993, 1994; Koljalg, 1996; Hansen, Knudsen, 1997,
Ryvarden, Melo, 2014, 2017) as well as by comparative

2023
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Fig. 2. Taxonomic structure of juniper-associated basidiomycetes biota of the taiga regions of Belarus and the European part of

Russia.

analysis with specimens available in herbaria LE, AR,
PTZ, INEP.

The taxonomic status of species is given in accor-
dance with the nomenclatural database Index Fungo-
rum (2022). Higher taxa of basidiomycetes are given
according to Kirk et al. (2008), the trophic status — ac-
cording to Zmitrovich et al. (2015). Latin nomencla-
ture of plant communities is given according to domi-
nant classification, widely accepted in East European
geobotanical tradition (Sukachev, 1931; Tsinzerling,
1932; Lashchenkova, 1954; Vasilevich, Bibikova, 2010;
Kucherov, 2014). The communities called Pinetum
pleuroziosum are included in this paper in Pinetum hy-
locomiosum type.

The cluster analysis was performed using R 3.3.3
programming language (R Core, 2022) in RStudio
1.0.136 software environment (RStudio Team, 2022).
For this, a matrix of Euclidean distances built on non-
standardized data was used, constructed using Vegan
package (Oksanen et al., 2018). The clustering of the
obtained matrix was performed by Ward’s method, fol-
lowed by visualization of the obtained data using APE
package (Paradis et al., 2004) in RStudio.

The graphs were performed using the packages Gg-
plot2 (Wickham, 2009), Scales (Scales, 2022), Ggpubr
(RPackages, 2022) as well as the online program San-
key Diagram Generator v. 1.2 (Sankey, 2022).

RESULTS

A total of 96 species of wood-inhabiting basidiomy-
cetes were identified in association with Juniperus com-
munis in the boreal regions of Belarus and the Europe-
an part of Russia (Table 1). These species belong to the
Pucciniomycetes (Pucciniales, 3 species), Dacrymycetes
(Dacrymycetales, 1 species), and Agaricomycetes (Aga-
ricales, Atheliales, Auriculariales, Boletales, Cantharel-
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lales, Gloeophyllales, Gomphales, Hymenochaetales,
Polyporales, Russulales, Thelephorales, Trechisporales,
92 species; fig. 2). The richest orders are Hymenochae-
tales, representing 25% of the considered species diver-
sity, and Thelephorales (23.9%). The orders Polyporales
(11.4%), Atheliales (10.4%), and Russulales (8.4%) are
quite representative. The share of the remaining orders
in the structure of considered fungi diversity is small
and varies from 1.1% (Auriculariales, Dacrymycetales,
Gloeophyllales, Gomphales) to 3.1% (Pucciniales, Tre-
chisporales).

In terms of their trophic status (Fig. 3), most of the
juniper-associated basidiomycetes identified (65.6%)
are saprotrophs, decomposing lignocellulosic compo-
nents of the wood of dead trunks. Essentially saprobic
group of pathogenic saprotrophs (2.1%) also develops
on living trunks. This group is adapted to develop un-
der conditions of functioning xylem. At the same time,
a part of saprotrophs colonizing wood debris or the
part of a trunk submerged in forest litter, can form ec-
tomycorrhizae with both juniper and adjacent alien
rhizospheres (28.1%). Moreover, the teliostage of sev-
eral species of true biotrophic fungi of the order Puc-
ciniales (3.1%) was revealed. Several saprotrophic spe-
cies associated with colonization of small tree rem-
nants exhibit biotrophic properties with respect to
aerophytic algae and mosses protonemata (1.1%).

As it was shown by Nagy et al. (2015), there are three
main types of rot caused by basidiomycetes: I — ances-
tral soft rot with the prevalence of hydrolases, II —
white rot, III — brown rot with oxidation by Fenton
mechanism. Most of the studied fungi species (69.9%)
cause white rot, the ancestral soft rot and brown rot are
less common (21.5 and 8.6%, respectively). Among the
studied fungi, 3 species (Gymnosporangium clavarii-
Jorme, G. cornutum, G. tremelloides; Pucciniales) do not
Ne 1
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Fig. 3. Trophic structure of juniper-associated basidiomy-
cetes biota of the taiga regions of Belarus and the European
part of Russia (classification of trophic groups according to:
Zmitrovich et al., 2015): S — saprotrophs; S EM — sapro-
trophic species on forest litter and small wood debris capa-
ble to forming of ectomycorrhizas; B — biotrophs; PS —
pathogenic saprotrophs; B S — saprotrophic fungi capable
to biotrophic nutrition on epixylic algae and protonemata
mats.

cause rot, but feed by establishing a parasite-host inter-
face (Fig. 4).

As can be seen from table 1, there are not too many
species of basidiomycetes strictly specialized on juni-
per. Of these, Lyomyces juniperi, Oxyporus millavensis,
Peniophora junipericola, and the teliostages of Gymno-
sporangium should be mentioned (while aecio- and
uredostadia of the latter are associated with members
of the Rosaceae family: Amelanchier ovalis, Cydonia
oblonga, Malus spp., Pyrus communis). A group of spe-
cies, highly specialized on juniper, includes also Amy-
lostereum laevigatum, although this fungus occasionally
can be found also on Pinus sylvestris.

Most species found on juniper have a fairly wide
spectrum of substrata, even within the taiga zone. Fig-
ure 5 shows the so-called “thermal map” of the distri-
bution of the identified species by host genera, from
which it can be seen that most of the fungi found on
Juniperus are also occur on such tree genera as Alnus,
Betula, Picea, Pinus, Populus, less often on Abies and
Salix. On the remaining genera of plants, basidiomy-
cetes from the present work are found sporadically.

Fig. 6 shows the similarity of species composition of
juniper-inhabiting basidiomycetes from our list in as-
sociation with the genera of host plants in environment
of Eastern European taiga forests. According with this
analysis, the core of juniper-associated mycobiota con-
sists of Basidiodendron caesiocinereum, Globulicium
hiemale, Gymnosporangium tremelloides, G. cornutum,
G. clavariiforme, Kneiffiella cineracea, Leptosporomyces
Sfuscostratus, Lyomyces juniperi, Peniophora junipericola,
Peniophorella pallida, Piloderma lanatum, Pseudoto-
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Fig. 4. Distribution of juniper-associated fungi from this
study on types of caused rot (I — ancestral soft rot, 11 —
white rot, III — brown rot).

mentella mucidula, Tomentella fuscocinerea, T. galzinii,
and Trechispora kavinioides.

According to their patterns of global distribution
(Fig. 7), basidiomycetes associated with juniper in
Eastern European taiga forests were grouped as Hol-
arctic, i.e., common in non-tropical areas of the
Northern Hemisphere (27 species, 28%), bipolar, i.e.,
common in temperate regions of both hemispheres
with pronounced disjunction in tropical belt (26 spe-
cies, 27%), circumglobal, i.e., widespread everywhere,
including tropical climates (21 species, 22%), Euro-
American, i.e. distributed in Europe and North Amer-
ica (11 species, 12%), European, i.e., common in Eu-
rope, sometimes irradiating a little east of the Urals
(8 species, 8%), Eurasian, i.e., common in temperate
Eurasia (3 species, 3%).

The ecological-phytocoenotic spectrum of basidio-
mycetes associated with common juniper in taiga East-
ern European forests is presented In the Fig. 8. As it can
be seen, most of species (45) are associated with Pinetum
myrtillosum, then follow Pinetum cladinosum (31 spe-
cies), Pinetum hylocomiosum (10 species), Pinetum vac-
ciniosum (6 species), Parvo-Betuletum myrtilloso-her-
bosum (5 species), and Betuleto- Piceetum myrtilloso-
herbosum (4 species). In sub-virgin spruce forests Pi-
ceetum hylocomiosum/P. myrtillosum (where common
juniper is extremely rare) as well as in north taiga com-
munities with Empetrum — Pinetum empetroso-cladino-
sum and Cladinetum empetroso-nano-betulosum these
fungi are represented by 1 species in each type.

In the Fig. 9 it is possible to trace the correspon-
dence between coenotic gravitation of basidiomycetes
and their general geographical distribution pattern.
The largest number of Holarctic species is confined to
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Fig. 6. Dendrogram of similarity for species composition of juniper-associated basidiomycetes, recorded for various genera of host

plants in Eastern European taiga forests (scale bar shows Euclidean distance).
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Eurasian: 3.0%
— European: 8.0%

Holarctic: 28.0%
Euro-American: 12.0%

Circumglobal: 22.0%

Bipolar: 27.0%

Fig. 7. Distribution of juniper-associated basidiomycetes
from this study by global distribution patterns according to
GBIF data (2022).

Pinetum myrtillosum, the circumglobal species are
evenly distributed in the wet (Pinetum myrtillosum), dry
(Pinetum cladinosum), and cryotic (Parvo-Betuletum
myrtilloso-hylocomiosum) types. Bipolar, European,
and Euro-American species also have fairly diverse co-
enotic spectra.

In the Fig. 10, the correspondence between the
spectrum of substrata and the coenotic preferences of
juniper-associated basidiomycetes can be traced. It can
be seen that many species are able to colonize the main
stand-formers of the taiga zone in a wide range of eco-
logical and coenotic conditions.

In the Figure 11, the similarity between species of
juniper-associated basidiomycetes in their ecological-
phytocoenotic preferences is shown. There are two
main clusters corresponding to dry (Pinetum cladino-
sum: Gloeophyllum sepiarium — Tubulicrinis glebulosus)
and moderately wet conditions (Pinetum myrtillosum:
Asterostroma laxum — Lyomyces sambuci).

The Fig. 12 shows the similarity of phytocoenoses
of Eastern European taiga forests by species composi-
tion of juniper-associated basidiomycetes. Oligospe-
cies communities form a single cluster, whereas multi-
ple species communities are differentiated in order of
increasing differences in species composition in the
following series: Pinetum vacciniosum — Pinetum hylo-
comiosum — Pinetum cladinosum — Pinetum myrtillosum.

Piceetum hylocomiosum

Piceetum myrtillosum

Pinetum empetroso-cladinosum
Cladinetum empetroso-nano-betulosum
Betuleto-Piceetum myrtilloso-herbosum
Parvo-Betuletum myrtilloso-herbosum
Pinetum vacciniosum

Pinetum hylocomiosum

Pinetum cladinosum

Pinetum myrtillosum

DISCUSSION

The present study significantly enlarges our knowl-
edge of the species composition of basidiomycetes as-
sociated with juniper. More than 90 species have been
observed in total, that constitutes about 1/5 of the
wood-inhabiting basidiomycetes diversity of the taiga
zone. The main orders of the classes Agaricomycetes,
Dacrymycetes, and Pucciniomycetes are presented on
the substratum in question. It is noteworthy that there
are no representatives of Tremellomycetes, quite com-
monly associated in the taiga zone with fungi that col-
onize other conifers (for example, spruce and pine).
The reason may be related to clear specialization of
Tremellomycetes to certain species of xylotrophic Rus-
sulales, which, in turn, also show a tendency to sub-
stratum specialization. A rather high proportion of
Thelephorales associated with juniper attracts atten-
tion, too. These are mainly debris-inhabiting species
that can develop in litter and are quite widespread in
pine forests, developing in extremely poor (oligotro-
phic) soil conditions, where Juniperus communis main-
ly grows.

Common uniper is characterized by significantly
dense wood with relatively small diameter and height of
senile shoots, so its destruction occurs after a fairly
long decay in standing state, where it harbours most of
saprotrophic basidiomycetes. Pathogenic saprotrophs,
such as Amylostereum laevigatum, begin this process.
The parts of the stem that come into contact with forest
floor are colonized by unspecialized saprotrophs and
saprotrophic ectomycorrhiza-forming species from the
genera Thelephora and Tomentella (Zmitrovich et al.,
2018). The bark is colonized by group of saprotrophs
with biotrophic activity, capable of absorbing the me-
tabolites produced by aerophytic algae (Athelia epiphyl-
la, Resinicium bicolor, possibly also Lyomyces juniperi).
True biotrophic species (Gymnosporangium spp.), at-
tacking cambium cells, cause hypertrophy and hyper-
plasia of shoots. Like pathogenic biotrophs, true
biotrophs develop chronically, but the results of their
development can be detachment of bark and partial ne-

0

10 20 30 40 50

Fig. 8. Distribution of species of juniper-associated fungi over the phytocoenoses types of Eastern European taiga forests.
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Fig. 9. Sankey diagram of relationships of coenotic prefer-
ences of fungi with their distribution pattern. The coenotic
preferences of fungi is shown in the left column, the relation
of individual coenotic preferences to the general geograph-
ical distribution of fungi is shown in the right column. For
groupings containing one or two species, the numbers are
not indicated.

crosis of stems, which are then colonized by a wide
range of saprotrophs.

Like in the taiga mycobiotas as a whole, white rot
species are predominating (69.9%) among xylotrophs
on juniper, although the percentage of species capable
of causing brown rot is also quite high (21.5%), which
is typical for conifers (Zmitrovich et al. 2007; Arefyev
2010). It should be noted, however, that the brown rot
of juniper proceeds inactively and the integrity of the
trunks and branches is maintained for some time; usu-
ally old plants penetrated by deep corrosive rot collapse
from fracture in the area of root collar, while in wet for-
est types they remain standing, somewhat retained by
moss carpets or Lerchenfeldia flexuosa curtains. The
group of fungi that cause ancestral soft rot (8.6%) is al-
so fairly representative — these are mainly species col-
onizing small wood debris associated with common ju-
niper phytosphere.

Specialized juniper species gravitate to various parts
of this plant: cambial zone (Gymnosporangium ssp.),
bark (Lyomyces juniperi, Oxyporus millavensis, Penio-
phora junipericola) as well as sapwood (Amylostereum
laevigatum). The majority of juniper-associated species
(Fig. 5) are widely represented on the main forest-
forming arboreous plant genera of the taiga zone, as Pi-
cea, Pinus, Abies, Larix, Populus, Betula, Alnus, Sorbus,
Salix as well as on species introduced or irradiant from
the broadleaf forest zone (Quercus robur, Tilia cordata,
and their satellites).

Juniperus communis is a Holarctic species (recorded
as an invasive in some tropicl and Southern Hemi-
sphere areas) (GBIF, 2022).

It seems therefore quite natural that Holarctic
(28.1%) and bipolar (27.1%) species play an important
Ne 1
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Fig. 10. Sankey diagram of relationships of the substrate
(the main taiga stand-formers) and the coenotic preferenc-
es of juniper-associated basidiomycetes. In the left column
is the number of species of basidiomycetes confined to tree
species, in the right column — the number of fungi having a
certain coenotic affinity for the above species of trees. For
groupings containing one ot two species, the numbers are
not indicated.

role in the considered fungal list and that circumglobal
species complexes have a significant presence as well.
Basidiomycetes having more fine differentiation of
their distribution areas within the Holarctic are also
present in the composition of juniper-associated my-
cobiota. At the same time, there seems to be a natural
representation of Eurasian species (3.1%), which opti-
mum area is generally shifted to the cryo-xerophilic
zones.

The ecological and phytocoenotic optimum of
J. communis in the taiga belt is pine forests (at least this
follows from the documented records of this species in
GBIF database, 2022) in oligotrophic sandy soil con-
ditions, having the dynamics after occasional fires, and
lacked spruce renewal. This type corresponds to Pine-
tum cladinosum and pioneering communities preceding
this type on the burnt areas. However, in the pine com-
munities of Pinetum myrtillosum and Pinetum hylocomi-
osum types, which are the long-lived successive stages
of Piceetum myrtillosum, J. communis plays a rather
prominent role in the structure of the phytocenoses till
the stage of spruce and pine trees crown closure. Most
species of basidiomycetes (45) were noted on common
juniper in Pinetum myrtillosum. These are sufficiently
moist forests, the hydrothermal regime of which is suit-
able for the development of many fungal species. To-
gether with Pinetum hylocomiosum (10 species), they
give almost half of the species list of juniper-associated
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Fig. 11. Dendrogram of similarity of juniper-associated basidiomycete species by ecological-phytocoenotic preferences (scale bar
shows Euclidean distance).
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basidiomycetes identified in the taiga zone. The drier
types are Pinetum cladinosum (31 species), Pinetum
vacciniosum (6 species), Parvo-Betuletum myrtilloso-
herbosum (5 species), Betuleto-Piceetum myrtilloso-
herbosum (4 species), Pinetum empetroso-cladinosum
(1 species), and Cladinetum empetroso-nano-betulosum
(1 species), which add fewer species, but they are more
characteristic of the portrait of the juniper-associated
mycobiota, corresponding to fungal associations such
as Bankero-Amyloporietum and Suillo bovinis-Amyloste-
reum laevigatidis (Zmitrovich, 2011). Thus, Peniophora
Jjunipericola is found on juniper predominantly in open
pine forests, and only on shores of sea or large lakes
(Sell et al., 2011; Ezhov, Zmitrovich, 2017).

Correspondence between coenotic preferences of
basidiomycete species and their general geographical
distribution (Fig. 8) shows that the greatest number of
Holarctic species is confined to Pinetum myrtillosum,
circumglobal species are distributed uniformly in wet
(Pinetum myrtillosum), dry (Pinetum cladinosum), and
cryotic  (Parvo-Betuletum myrtilloso-hylocomiosum)
types, whereas bipolar, European, and Euro-American
species have fairly diverse coenotic spectra. There is no
doubt that dry and cryotic highland habitats involving
pine and juniper are peculiar guides of taiga species
complexes to warmer pine and juniper communities in
the Southern Hemisphere.

The revealed relationships between a spectrum of
substrata and a coenotic preferences of juniper-associ-
ated basidiomycetes show that most of the basidiomy-
cetes can colonize the main stand-formers of the taiga
zone in a wide range of ecological-coenotic conditions,
that is, they have a wide environmental plasticity.
At the same time, there are two main complexes
among juniper-associated basidiomycetes (Fig. 10),
according to their ecological-phytocoenotic preferenc-
es, corresponding to: 1) dry conditions (Pinetum cladi-
nosum: Gloeophyllum sepiarium — Tubulicrinis glebulo-
sus), which in terms of coenogeography represents the
binding complex with those of the Southern Hemi-
sphere pine forests, and 2) moderately humid condi-
tions (Pinetum myrtillosum: Asterostroma laxum — Ly-
omyces sambuci), which in terms of coenogeography
represents the core of the taiga juniper-associated my-
cobiota.

The similarity of phytocoenoses of Eastern Europe-
an taiga forests in respect of species composition of ju-
niper-associated basidiomycetes (Fig. 12) reflects a
kind of “degenerate” species composition of open
communities with the participation of juniper, the sim-
ilarity of which is determined by few dominant basidi-
omycetes. The Pinetum myrtillosum — Pinetum cladino-
sum — Pinetum hylocomiosum — Pinetum vacciniosum
series does not reflect any gradient of vegetation condi-
tions, but rather the fact that most numerous groups of
basidiomycetes are characteristic of Pinetum myrtillo-
sum and Pinetum cladinosum, where the juniper is most
abundant and its consortium is most developed.
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Fig. 12. Dendrogram of similarity of phytocoenoses types
of Eastern European taiga forests by species composition of
juniper-associated basidiomycetes (scale bar shows Euclid-
ean distance).

It is necessary to note that our conclusions are
based on boreal juniper-associated fungal diversity
studies and in the case of addition of data from the
Eastern Europe regions located to the center and east,
where vast thickets of juniper develop on limestones in
the south boreal and hemiboreal forests, then the re-
sults will change.

CONCLUSION

In general, we can conclude that the biota of basid-
iomycetes associated with juniper in Eastern European
taiga forests is a heterogeneous and heterochronous
formation, where it is possible to distinguish clearly a
florogenetically ancient core of the species specialized
on juniper, exhibiting in one way or other biotrophic
properties, and several taiga sets of species (suites) con-
nected with pine trees and their litter as well as with
spruce-pine-leaved taiga mosaics and boreo-nemoral
mosaics, typical to the Northern Hemisphere.
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PaGota nocasieHa U3y4eHUIO 3KOJOTMU U OMopa3zHooOpa3ust 6a3uIMOMULIETOB, aCCOLIMMPOBAHHBIX C MOX-
KEBEIbHUKOM OOBIKHOBEHHBIM (Juniperus communis) B IIpeaeiax moaTaexkHoi 30HbI Pecrryonuku bemapycs, a
Tak>Ke psifia TaeXKHBIX PETMOHOB eBporneiickoit yactu Poccuu, a umeHHo JleHuHrpanckoii 06:., Pecriyoauku
Kapemus, Pecnnyomuku Komu, ApxaHrenbckoii 061., MypmaHckoii 06i1. TaexxHast 30Ha IIpeacTaBIsIeT KOJI0-
rO-1IEHOTUYECKUI ONMTUMYM MO KeBeTbHUKA OOBIKHOBEHHOTO U 3[I€Ch MPENINoJiaraeTcs BbIsIBIeHEe HAau00-
Jiee IUPOKOTO CITEKTpa ero rpuOHBIX KOHCOPTOB. Beero B acconmanum ¢ J. communis B 60peaTbHBIX paiioHax
Pecniy6nuku benapych u eBpomneiickoit yactu Poccuu 3apeructpupoBaHo 96 BUIOB A€PEBOOOHUTAIOLINX Oa3H -
MTHOMUIIETOB, aCCOIIMMPOBAHHBIX KaK C MEPTBOM, TaK Y C XKUBOI IpeBeCUHOM. BhIsSIBIICHHBIE BUIIBI OTHOCSITCS
K knaccaM Pucciniomycetes (Pucciniales, Tpu Buna), Dacrymycetes (Dacrymycetales, onyuiH BUI) U Agaricomycetes
(Agaricales, Atheliales, Auriculariales, Boletales, Cantharellales, Gloeophyllales, Gomphales, Hymenochaetales,
Polyporales, Russulales, Thelephorales, Trechisporales, 92 Buna). IlpencraBieH aHHOTMPOBaHHBINA CIHUCOK,
BKJIIOYAIOIIN I THDOPMAIIUIO O CyOCTPATHOM CITIEKTPE KaXKIOTO BBISIBJIEHHOTO Ha MOXOKeBeJIbHUKE BUIa. DKO-
JIoOTUYeCcKKe U reorpaduieckue mpeanoyTeHus: 6a3uIMoOMHUIIETOB U CHJIa MX CBSI3U C MOXKKEBETBHUKOM MPOaHaIi-
3MpPOBaHbl METOJAMU TETUIOBOM KapThl, Kiactepyu3aluuu U Sankey-nuarpamm. PaccMOTpeHbI pa3inyHbIe THUTIBI
THWIM, BbI3bIBa€Mble 0a3MAMOMUIIETAMHU, aCCOLIMMPOBAHHBIMU C MOXCKEBETbHUKOM. [TpoaHam3npoBaHa KapTu-
Ha I100aIbHOTO pacIpoCcTpaHeHUsT pacCMOTPeHHbIX BUA0B. [1lokazaHo, 4To 61oTa 6a3MIMOMUIIETOB, ACCOLIMUPO-
BaHHBIX C MOXKEBETBHUKOM B TaeXKHbIX Jiecax BoctouHoit EBporibl, mpencrasisieT codoii reTeporeHHOe U TeTepo-
XpOHHOE 00pa3oBaHUE, B KOTOPOM MOXKHO OTUETIIMBO BIIEIUTH (hIOPOTeHETUUECKHU IPEeBHEE SIIPO CIeMaIN3U-
POBaHHBIX Ha MOXKEBEJIbHUKE BUIOB, MTPOSIBJISIIONIMX B TOI MM MHOI Mepe OMOTpoMHbIE CBOICTBA, a TaKXkKe
HECKOJIbKO KOMIUTEKCOB (CBUT), CBA3aHHBIX C COCHOI M COCHOBBIM JIETPUTOM, €JI0BO-COCHOBBIMU TaeXKHBIMA MO-
3aMKaMU 1 60peoHEMOPaJIbHBIMU JIECHBIMU MO3auKaMU, XapaKTepHBIMU 1151 CeBEpHOTO MOJTyIIApHSI.

Knroueswie crosa: GuopazHoobpasue, BUIOBOI COCTaB 1€pPEBOOOUTAIOIIMX IPUOOB, CyOCTpaTHBIE CIIEKTPHI TPU-
00B, LIeHOTUYecKue npedepeHaymol, Gymnosporangium, Pinetum
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MORGANELLA FIMBRIATA (LYCOPERDACEAE, AGARICOMYCETES),
A NEW SPECIES FROM CAMEROON
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Morganella fimbriata, a new puffball species, is described. The main diagnostic features are: cellular subgleba,
exoperidium with spines which leave an areolate pattern on endoperidium after they fall off, and fimbriate stoma.
Comparison with the morphologically closed species as well as ITS rDNA phylogenetic tree are presented.
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INTRODUCTION

The genus Morganella was described by Zeller with
the one species Morganella mexicana Zeller (1948).
Later Morganella was amended by Kreisel and Dring
(1967), with segregation several species from Lycoper-
don Pers. The main distinguishing features are: small
basidiomes with compact or chambered subgleba (per-
haps lacking in some species), without a diaphragm;
mature gleba without capillitium but with abundant
paracapillitium; spores globose to broadly ovoid, ver-
ruculose to spinulose. The type species is M. mexicana,
a synonym of Lycoperdon fuligineum Berk. et M.A. Curtis
(Kreisel, Dring, 1967). Most of the species of Morgan-
ella are growing on dead wood, except Morganella ster-
coraria P. Ponce de Ledn described as growing on cow
dung and M. arenicola Alfredo et Baseia often found on
sandy soil. The Morganella species are distributed
mostly in tropical and subtropical regions. According
to the Index Fungorum database (2022) there are ap-
proximately 20 species are known without synonyms.

Lycoperdon sulcatostomum (C.R. Alves et Cortez)
Baseia, Alfredo et M.P. Martin described as Morganel-
la sulcatostoma C.R. Alves et Cortez has strike features
such as sulcate peristome, exoperidium detaching as
large plates in maturity like in Lycoperdon marginatum
Vittad. (Alves, Cortez, 2013). As pointed in Alfredo et
al. (2017), the capillitium is present together with the
paracapillitium. On the phylogenetic tree this species
did not group in any of the subgenera of Lycoperdon
s.l., described by Larsson and Jeppson (2008) and
probably is a member of undescribed genus.

Using the morphological and molecular genetics
methods new subgenus Apioperdon was described in
Morganella (Kruger, Kreisel, 2003). L. pyriforme
Schaeff. has been transferred from the genus Lycoper-
don as a type species and new combination Morganella
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pyriformis (Schaeff.) Kreisel et D. Kriiger was pro-
posed. But this species is characterized by the presence
of non-pitted capillitium along with paracapillitium
and a number of other morphological features that dis-
tinguish it from Morganella. It was shown that Lycoper-
don pyriforme has isolated position in Lycoperdon on
Lycoperdaceae phylogenetic tree (Larsson, Jeppson,
2008; Bates et al., 2009). Based on this facts Apioperdon
delimitated as independent genus (Vizzini, Ercole, 2017).

Phylogenetic analysis based on I'TS and LSU nrDNA
sequences showed that Morganella species are formed a
weakly supported subclade in a Lycoperdon s.1. clade
(Larsson, Jeppson, 2008; Bates et al., 2009; Alfredo
et al., 2017). Taking a broad concept of the genus Lyco-
perdon, the Morganella (as well as Apioperdon, Bovistella,
Vascellum) were accepted as subgenera in Lycoper-
don s.1. (Larsson, Jeppson, 2008). According to mod-
ern views, it is possible to restore genus Morganella as
independent genus (Wijayawardene et al., 2020).

In the course of the exchange of gasteroid basidio-
mycetes specimens between the Fungarium of the
Royal Botanic Gardens Kew (K) and the Yu. Rebriev
personal collection, several specimens were obtained.
One of them was collected by P.J. Roberts in Korup
National Park (Cameroon) and primarily labelled as
L. fuligineum (cf.) Berk. et M.A. Curtis. On the basis of
absence of the capillitium and lignicolous habitat this
specimen was identified by me as Morganella sp. L. fuligi-
neum is a synonym of Morganella fuliginea (Berk. et
M.A. Curtis) Kreisel et Dring and characterized by
very small or almost lacking compact subgleba and
spinulose basidiospores (Kreisel, Dring, 1967) while
our specimen has cellular subgleba and finely verrucu-
lose basidiospores. Using the phylogenetic analysis, it
was shown that the ITS original sequence is quite far
from those available in the GenBank database.
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The combination of morphological and molecular data
made it possible to conclude that the studied specimen
belongs to a new to science species.

MATERIALS AND METHODS

Morphology. The type material is deposited in the
Komarov Botanical Institute of the Russian Academy
of Sciences herbarium (LE). The examination of mi-
crostructures under the light microscope Mikmed-6
was made after boiling for a short time in lactophenol
cotton blue. Scanning electronic microphotographs
were taken using the Carl Zeiss EVO-40 XVP in the
South Science Center of the Russian Academy of Sci-
ences Center of Collective Use (no. 501994). Micro-
scopic measurements were made by means of the spe-
cialized program Scandium 5.0. Light microphoto-
graphs as well as fruitbody photographs were taken
using equipment of the Core Facility Center “Cell and
Molecular Technologies in Plant Science” at the Ko-
marov Botanical Institute of the Russian Academy of
Sciences (BIN RAS).

Phylogenetic analysis. Genomic DNAs were isolat-
ed using CTAB method (Doyle, Doyle, 1987). I'TS re-
gions were PCR amplified and sequenced using primer
pair ITS1F and ITS4 (White et al., 1990; Gardes,
Bruns, 1993). The programs used for PCR amplifica-
tions are as following: pre-denaturation at 94°C for
5 min, then followed by 35 cycles of denaturation at
94°C for 30 s, annealing at 53°C for 50 s and elongation
at 72°C for 50 s, followed by a final elongation at 72°C
for 8 min. PCR products were cleaned and sequenced
in the BIN RAS.

50 ITS sequences, including one newly generated
from type specimen of Morganella fimbriata, were used
(Table 1). Disciseda spp. were chosen as the outgroup
taxa. All ITS sequences were aligned using the MAFFT
on-line server, setting the Q-INS-i strategy (Katoh et al.,
2019), and manually adjusted with MEGA 11 (Tamura
et al., 2021). Phylogenetic differences were measured
using BLAST (2022).

The ITS rDNA phylogenetic tree (Fig. 1) was ob-
tained using MrBayes v. 3.2.1 (Ronquist et al., 2012)
using the GTR + I + G model with 1.5 M. The best tree
was visualized in FiglTree v. 1.2.3 and edited in Adobe
Illustrator CS5 (Fig. 1).

RESULTS

Our molecular data based on ITS sequences (Fig. 1)
showed that the genus Morganella formed own clade
(PP = 0.96). These data are inconsistent with previous
phylogenetic reconstructions of the Lycoperdaceae
(Larsson, Jeppson, 2008; Alfredo et al., 2017; Rebriev
et al., 2020).

Taxonomy

Morganella fimbriata Rebriev sp. nov. (Fig. 2).
MycoBank no.: MB 844813

MUKOJOI'A N ®PUTOIIATOJIOTUA

Diagnosis. Stoma dentate-fimbriate; exoperidium of
slender spines up to 0.5—1.5 mm, clustered in stellate groups
and leaving an inconspicuous reticulate pattern on the endo-
peridium when drop; subgleba cellular; basidiospores glo-
bose, 2.9—3.4 um, punctate to almost smooth under the
LM, often with a pedicel up to 5—7 um.

Description. Basidiomes turbinate to pyriform, 10—15 mm
high and 11—16 mm diam. Stoma wide, dentate-fimbriate,
covered by a thin hyaline layer which can become detached
in maturity. Exoperidium of dark-brown to cream-brown
slender spines (up to 0.5—1.5 mm in upper part), clustering
and joining at their tips forming stellate groups; finely gran-
ulose and echinulose in between; leaving at maturity an in-
conspicuous dark-brown reticulate pattern on the endoper-
idium when the spines drop. Endoperidium light greyish- to
cream-brown. Gleba cream-brown. Subgleba white, promi-
nent, cellular, occupying up to a third of the basidiome.

Basidiospores globose, pale brown, 2.9—3.4 um, punc-
tate to almost smooth under the LM and verruculose under
the SEM, often with a pedicel up to 5—7 um. Capillitium ab-
sent. Paracapillitium abundant, hyaline, incrusted, rarely bi-
furcated, 5—7 um diam.

Holotype. Cameroon; South West Province, Korup Na-
tional Park, trail from Mana Bridge to Transect P, N 5.20°,
E 8.92°, on rotten wood, 05 04 1997, leg. P.J. Roberts
(LE 253894; holotype). ITS sequence: GenBank MT250089.

Etymology. Name refers to the presence of a fimbriate
stoma.

Habitat and distribution. The specimen was found on rot-
ten wood in tropical forest, in a group of several basidiomes.
Until now the known distribution is restricted to Central Af-
rica, Cameroon.

DISCUSSION

On the basis of its small-size basidiomes, absence
the capillitium and abundant the paracapillitium in
combination with lignicolous habit the new species
clearly refers to the genus Morganella.

Morphologically M. fimbriata is close to M. com-
pacta (G. Cunn.) Kreisel et Dring, known from New
Zealand (Cunningham, 1926), and M. costaricensis
M.I. Morales, known from central and South America
(Sudrez, Wright, 1996), by showing a cellular subgleba
and an areolate pattern on the endoperidium once the
spines of the exoperidium have dropped in maturity.
One else taxon from Africa named Lycoperdon fuligine-
um sensu Dring (Dring, Rayner, 1967) and described
later as Morganella afra Kreisel et Dring (Kreisel,
Dring, 1967) has minutely chambered subgleba, mi-
nutely granular exoperidium and minutely asperulate
to short-spined basidiospores. However, M. fimbriata
is distinct from all known species of Morganella in hav-
ing a fimbriate stoma. The comparison of discussed
species is presented in Table 2.

Based on ITS nrDNA phylogenetic analyses, M. fim-
briata is far from all sequenced taxa. The sequence of
the new species differed from nearest M. puiggarii
KX064241 by 11%, where 46 substitutions, four 1 bp in-
certions and 4 deletions (two 1bp, one 2bp and one 3bp).

Morganella clade has a good support in a Lycoper-
don s.1. clade (PP = 0.96) (Fig. 1). This contradicts
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Table 1. Taxa, vouchers, locations, and GenBank accession numbers of DNA sequences used in the study

Taxon ID (Specimen) Country | GBno. ITS Reference
Apioperdon pyriforme (Schaeff.) Vizzini YuR1858 Russia MH628571 | GenBank
Bovista aestivalis (Bonord.) Demoulin YuR1600 Russia MH628569 | Rebriev et al. (2020)
B. acuminata (Bosc) Kreisel YuR0946 “” MH628567 “”
“» YuR 1993 “» MH628573 “»
B. furfuracea Pers. MJ5435 Sweden DQ112622 | Larsson, Jeppson (2008)
B. nigrescens Pers. S&JJ980905 “» DQ112612 «“r
B. plumbea Pers. NYGDO1 Pakistan JX183694 Yousaf'et al. (2013)
Calvatia candida (Rostk.) Hollés MJ3514 Hungary DQI112624 | Larsson, Jeppson (2008)
Disciseda candida (Schwein.) Lloyd STB304 USA EU833654 | Bates et al. (2009)
D. hyalothrix (Cooke et Massee) Hollés NSK1014099 Russia MN151399 | Vlasenko et al. (2020)
Lycoperdon albostipitatum (Baseia et Alfredo) UFRN-Fungos2249 | Brazil KU958361 | Alfredo et al. (2017)
Baseia, Alfredo et M.P. Martin
L. albostipitatum* INPA239563 «©» KU958363 “»
L. arenicola (Alfredo et Baseia) Baseia, Alfredo | UFRN-Fungos1006 “» KU958303 “»
et M.P. Martin*
o UFRN-Fungos655 «©» KU958307 “»
L. echinatum Pers. MJ6498 Sweden DQ112578 | Larsson, Jeppson (2008)
L. fuligineum Berk. et M.A. Curtis UFRN-Fungos371 | Brazil KU958353 | Alfredo et al. (2017)
«©» UFRN-Fungos1971 “©» KU958321 “©»
«“» UFRN-Fungos1972 “» KU958323 “r
«©» UFRN-Fungos2575 “©» KU958325 “©»
“«» UFRN-Fungos2562 “» KU958337 “”r
L. molle Pers. YuR2024 Russia MH628574 | Rebriev et al. (2020)
L. nigrescens Pers. MJ5376 Sweden DQ112577 | Larsson, Jeppson (2008)
L. nudum (Alfredo et Baseia) Baseia, Alfredo et | UFRN-Fungos1766 | Brazil KU958315 |Alfredo et al. (2017)
M.P. Martin
L. nudum* UFRN-Fungos1765 «“» KU958319 “»
L. oblongatum Accioly, Baseia et M.P. Martin * | UFRN-Fungos2570 «©» KU958355 «©»
L. perlatum Pers. YuR597 Russia MH445551 | Crous et al. (2019)
“» MJ4684 Sweden DQ112630 | Larsson, Jeppson (2008)
L. pratense Pers. YuRO0554 Russia MH445550 |Crouset al. (2019)
“©r YuR1788 «©» MH445554 «©»
L. sulcatostomum (C.R. Alves et Cortez) Baseia, | [CN177032 Brazil KU958373 | Alfredo et al. (2017)
Alfredo et M.P. Martin
“r ICN177033 «©r KU958369 «©»
Lycoperdon sp. 1 CMUS55-Lyl Thailand KC414581 | GenBank
Lycoperdon sp. 2 HKAS 88251 China MH311863 “©»
Morganella fimbriata* LE 253894 Cameroon |MT250089 |Current study
M. fuliginea (Berk. et M.A. Curtis) Kreisel et Dring| TFB11275 Argentina KY352656 |GenBank
«“» TENNS59070 Paraguay AF485065 | Kriiger, Kreisel (2003)
“©r AMPO51 Malaysia KY777487 | GenBank
M. puiggarii (Speg.) Kreisel et Dring CMU-Mor3 Thailand KX064241 |Kumla et al. (2017)
M. sosinii Rebriev et Bulakh* YR-2013 Russia KC591769 | Rebriev, Bulakh (2015)
MUKOJIOTHUA N ®DUTOIIATOJIOTUA  tom 57  Ne 1 2023
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Table 1. (Contd.)
Taxon ID (Specimen) Country | GBno. ITS Reference
“©r YuR3730 “©r OP161223 | Current study
“r VLA19 09 97 “» OP161221 «“»
M. subincarnata (Peck) Kreisel et Dring 414 Germany AJ237626 Kriiger et al. (2001)
“r USA MN964264 | GenBank
“r TNS Kasuya B286 Japan KF551244 | Kasuya et al. (2013)
“» R-83 Mexico KR135347 | GenBank
Morganella sp. LE287320 Vietnam OP161220 | Current study
“r YuR3049 “” OP161222 “»
“r YuR3054 Russia OP161224 “©r
Vascellum curtisii (Berk.) Kreisel HIP1 USA HQ235043 | Miller et al. (2011)
V. intermedium A.H. Sm. STB091 “©r EU833667 | Bates et al. (2009)

Note. The new sequences are given in bold. Type specimens are marked with asterisk.

Table 2. The comparison of morphological characters used for the delimitation of Morganella fimbriata from similar species

Species Morganella fimbriata M. afra M. compacta M. costaricensis
Basidiome size |10—15 X 11—16 mm 10—25 mm up to 4 mm up to 12 mm
Stoma dentate-fimbriate torn plane, torn, small irregular
Exoperidium slender spines up to 0.5— | minutely granular spines 3—4 mm, sur- simple pyramidal or
1.5 mm, clustered in stel- rounded by a ring of min- | groups of spines up to
late groups; leaving an ute brown granules; 1 mm long
inconspicuous reticulate leaving an conspicuous
pattern on the endoperid- reticulate pattern on the
ium when drop endoperidium when
spines drop
Basidiospores | globose, 2.9—3.4 um globose, 3.5—4.5 um, globose, 3.5—4.5 um diam., | slightly ovate, 3.6—4.0 X
diam., punctate to almost | minutely asperulate to | asperulate, with caducous | X 3.2—3.6 um, smooth,
smooth, with pedicels up | short-spined (to strongly | pedicels up to 5 um with pedicels 5.4—12.6 um
to 5—7 um echinulate in Dring,
Rayner, 1967), with the
stump of a pedicel
Paracapillitium | rarely bifurcated undescribed sparsely branched or simple| distinctly branched

other publications, where Morganella has a weak sup-
port (Larsson, Jeppson, 2008; Bates et al., 2009; Alfre-
do et al., 2017). However, M. fimbriata take a separate
position on the tree. If we consider this taxon as a sister
group, then the rest of the Morganella clade has very
weak support (PP = 0.64).

It is highly probably that there are several genera
mentioned as Morganella s.1. on the basis of morphol-
ogy. The Morganella s.1. is divided into the few groups
(Fig. 1). The subclade A has high support (PP = 0.99)
and consist of type species M. fuliginea as well as Lyco-
perdon nudum (Alfredo et Baseia) Baseia, Alfredo et
M.P. Martin, L. albostipitatum (Baseia et Alfredo) Ba-
seia, Alfredo et M.P. Martin and one non-identified
sequence KR135347. All these species are character-
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ised by compact subgleba and respond to the sect. Mor-
ganella Ponce de Ledn (1971). Another species are dis-
tributed among weakly supported subclades B (PP =0.88),
C (PP = 0.65) and singletone with the new species
Morganella fimbriata. All of them are characterised by
chambered subgleba and respond to the sect. Subincar-
nata Ponce de Ledén (1971). However Lycoperdon
arenicola (Alfredo et Baseia) Baseia, Alfredo et
M.P. Martin characterized by growing on soil basidi-
omes with the capillitium what does not correspond to
the classical understanding of Morganella.

Subclade B has many unidentified sequences
named as “Morganella sp.” or “ Lycoperdon sp.”. Some
of them are undescribed taxa probably.

Ne 1
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Morganella fuliginea KY352656
M. fuliginea AF485065
Lycoperdon nudum KU958315
L. nudum KU958319*
L. fuligineum KU958353
L. fuligineum KU958337 A
L. fuligineum KU958325
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100 [ Lycoperdon albostipitatum KU958363*
L. albostipitatum KU958361
Morganella subincarnata AJ237626
19011 M. subincarnata MN964264
M. subincarnata KF551244
M. puiggarii KX064241
Lycoperdon sp. KC414581
Lycoperdon sp. MH311863
Morganella sp. OP161220 B
o Morganella sp. OP161222
Morganella sp. OP161224
M. sosinii OP161223
M. sosinii OP161221
M. sosinii KC591769*
M. fuliginea KY777487

100
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Morganella
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100 —— Lycoperdon arenicola KU958303*
ﬁL L—— L. arenicola KU958307 C
L. oblongatum KU958355*
73 ——— Morganella fimbriata M'T250089*

w00 [ Vascellum intermedium EU833667
V. curtisii HQ235043

bor Lycoperdon pratense MH445550
6l | L. pratense MH445554
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L. perlatum DQ112630
Wl | ® L. echinatum DQ112578
. @EL. molle MH628574
L. nigrescens DQ112577

100 Bovista acuminata MH628567
53 L B. acuminata MH628573
Apioperdon pyriforme MH628571

%8 _|[: Bovista aestivalis MH628569

B. furfuracea DQ112622
Calvatia candida DQ112624
ﬂr_Bovista nigrescens DQ112612

B. plumbea JX183694

Lycoperdon sulcatostomum KU958373
L. sulcatostomum KU958369
Disciseda candida EU833654
—— D. hyalothrix MN 151399

100

| S

0.04

Fig. 1. ITS phylogenetic tree generated using MrBayes v. 3.2.6 under GTR + I + G model for 1.5 M generations. The GenBank ac-
cession numbers are indicated after each species name. Support values are indicated on the branches (posterior probabilities). The
novel sequences is shown in bold text. Type specimens are pointed with asterisk.

It is notable that the sequences named as Morganel-
la fuliginea are placed in two subclades of Morganella
clade. In additional, type examination of M. puiggarii
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clearly establishes its synonymy with M. fuliginea
(Sudrez, Wright, 1996). Sequence KX064241 named
M. puiggarii is grouped with unidentified sequences.
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Fig. 2. Morganella fimbriata, holotype: a — the original envelope with the specimen received from the exchange fund of the Kew her-
barium; b — matured basidiome; ¢ — fimbriate stoma; d — spines of exoperidium and endoperidium with areolate pattern after spines
falling, upper part of basidiome; ¢ — pedicellate basidiospores and paracapillitium under SEM; f — basidiospores and paracapillitium

under LM.

The vouchers sequences of the M. fuliginea KY777487
and M. puiggarii KX064241 origin is Malaysia and
Thailand respectively. M. fuliginea areal is in the trop-
ics and subtropics of North and South America
(Ponce de Ledn, 1971). So it is highly probably that
vouchers discussed was misidentified. This confirms
the importance of molecular genetic studies in clari-
fying the identification of doubtful specimens (Brock
et al., 2009).
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REBRIEV

Morganella fimbriata (Lycoperdaceae, Agaricomycetes) — HoBbli BuJ U3 Kamepyna
1O. A. Peopuen**

4 FOxcubiii Hayurbtil yenmp PAH, Pocmoe-na-/lony, Poccus
#e-mail: rebriev@yandex.ru

[Tyb6nukyercs onucaHue HOBOTO BUaa qoxneBuka Morganella fimbriata. [naBHbIMUA TUAaTHOCTUYECKUMU TTPU-
3HaKaMMU SIBJISTFOTCSI STYEMCTOE CTEPUIIbHOE OCHOBaHMeE (CyOrieda), 5K30TepuIunii ¢ TOHKMMM munamMu 1o 0.5—
1.5 MM B BepxHeli YaCTH TIJIOIOBOTO TeJjia, ITOCye ONnaaeH!sl KOTOPBIX Ha MOBEPXHOCTU SHIOTIEPUINS OCTACTCS
ceTyarblii pUCyHOK, M 6axpoMuaToe ycTbe. [IpoBeneHo cpaBHeHHE HOBOTO BUjia ¢ MOP(MOIOTMYECKH OJTU3KM -
MU TaKCOHaMM, a TaKxKe C MCHOJIb30BaHMEM HYKIeOoTHAHBIX nocienoBaTeabHocTeil ITS p/IHK mocTtpoeno
(unoreHeTnyeckoe 1peBo.

Karoueeswie cnroea: bmopasHoobpasue, rpudsl, ractepomunietsl, JJHK, moxmeBukm, MoIeKyaIsIpHO-TeHETHYE-
cKue MeToabl uaeHTudukauuu, Agaricaceae, 1TS, Lycoperdon, Morganella
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INOTEHIIUAJI ITIOYBEHHBIX ACKOMUIIETOB K BUOAEI'PAIALINN
JIINHHOUEITOYEYHDBIX AJIKWIPEHOJIOB

© 2023 r. MN. JI. Kysukosa'*, H. I. MenBenena'-**

T“Canxm-ITemepbypeckuii @edepanvhbiii uccredosamensciuii yenmp Poccuiickoii akademuu nayx” (CI16 DHI] PAH),

Canxkm-IlemepOypeckuii HayuHO-uccredosamenbCckull yenmp sKono2uueckoll 6ezonacnocmu Poccuiickoil akademuu Hayk,

197110 Cankm-Ilemep6ype, Poccus
*e-mail: ilkuzikova@ya.ru
**e-mail: ngmedvedeva @gmail.com
IMoctynuna B pepakumio 17.04.2022 1.

ITocne nopa6otku 05.10.2022 1.
IMpunsra k nyomukanyu 07.11.2022 1.

W3 nepHOBO-NIOA30IMCTOM CYIIIMHUCTOM TOoUBHI (JIeHnHrpanckas o6:1., Poccust), KoOHTaMUHUPOBAaHHOM HO-
HUJIDEHOIOM, BbIIeJeHbl 11 MTaMMOB aCKOMMIIETOB — IECTPYKTOPOB TeXHUUeCcKOoro HoHmIbeHona (HD) u
4-tpeT-okTuiadenona (4-t-Od). M309Thl rprOOB CIOCOGHBI OCYIIECTBIATh HecTpyKuuio H® u 4-1-OdD nipu
BbIcoKoit Harpy3ke (300 mr/n). Hanbonee aktuBHbIM TamMm Fusarium solani 8F o61agaet criocoGHOCTHIO fe-
CTPYKTUPOBaTh ajiKmipeHobl (AD) Kak B yCJIIOBUSIX KOMEeTa00I1M3Ma, TaK U 0€3 JOMOJHUTEIbHBIX UCTOYHM -
KOB yrjiepojaa v 3Hepruu. YObuth AMD ocyliecTBIsIeTCs 3a CYET MPOIIECCOB OUOAECTPYKIIUM U/ WIN OUOTpaHC-
dopMalMM UCCeIyeMbIM IITAMMOM U B MaJIOii CTEIEH! 3a cUeT coOpOLuM KiieTkamu rpuboB. Ilepuon moiy-
pacrtana H® u 4-1-OdD B ycnoBusiX KoMeTaboiam3Ma cocTaBiisgeT 3.5 W 6.4 4, COOTBETCTBEHHO, a 0e3
JIOTIOJTHUTENIbHBIX UCTOYHUKOB yrijiepoja 1 aHepruu 9 u 19.7 4 coorBerctBeHHO. KOMMUECTBO NMpoayKTa nepe-
KMCHOTO OKUCJIEHUS JIMTTM0B — MaJIOHOBOTO IMAIbAET1Aa, PABHO KaK U Colep>XKaHUe BOCCTAaHOBJIEHHOTO TITy-
TaTUOHa B Tpolecce 6uoaecTpykuun HP u 4-1-OD B ycnoBusix komeradboyim3ma Bo3pacraeT B 1.7 u 2 pa3sa,
COOTBETCTBEHHO, TI0 CPABHEHMIO C KOHTpoJieM. BbICOKMIT ypOBEeHb BOCCTAHOBJIEHHOTO IJTyTaTUOHA B KJIETKaxX
F solani 8F MoxeT cBUAETEIbCTBOBATh 00 Yy4aCTUU 3TOr0 MeTaboIMTa KaK B Ipolieccax ouonectpykunu AD,
Tak U B 00eCeYeHUN YCTOMYMBOCTU ILITaMMa K OKUCIUTENIbHOMY cTpeccy. CIOCOOHOCTh aCKOMUIIETHOTO
rpu6a Fusarium solani x 6uonectpykuuu H® 1 4-1-Od Kak B yCI0BUSIX KOMeTab0IM3Ma, TakK 1 06€3 TOMOJTHU -
TeJIbHBIX UCTOYHUKOB yTJIepoJia U SHEPTUU MTOKa3aHa BIiepBble. BhISBIEHHbBI BBICOKWI TTOTEHIMAJ TOYBEH-
HBIX aCKOMMIIETOB K MEeCTPYKIIMU ATKWI(DEHOIOB MOXET OBITh OCHOBOM HOBBIX 9KOJOIMYECKHU 0e30ITacHbBIX
OuvopeMenTnallMOHHbBIX TEXHOJIOTUN OYUCTKHU TI0YB, MPUPOIHBIX U CTOYHBIX BOJ, 3arpsiI3HEHHBIX TOPMOHOIIO-
JOOHBIMU KCEHOOMOTUKAMMU.

Karouesbie cro6a: acCKOMULIETHI, BOCCTAHOBJIEHHBIN MIyTaTUOH, NECTPYKIIUS, MAJIOHOBBII AUATbASTU, HOHWI-
¢deHOJI, OKUCIIUTEIbHBIN cTpecc, OKTWwIdeHon, Fusarium solani

DOI: 10.31857/50026364823010087, EDN: HRHLUT

BBEAEHWE

JIIuHHOLIETIOYeYHbIE aJIKWJI(PEHOJbI, TaKUe Kak
OKTWJI- U HOHUJIhEHOJIbI, OTHOCSITCSI K HauboJiee pac-
MPOCTPAHEHHBIM MEPCUCTEHTHBIM HIOKPUHHbBIM
JIIeCTPYKTOpaM, 00JIalatolIMM 3CTPOTeHHOM aKTUBHO-
creio (Gingrich et al., 2020). AnkundeHoabl 06pa3y-
I0TCSI BCJIEICTBUE HETIOJHOI O1OJIOTMYeCKOit 1 abuo-
TUYECKOM TpaHCcHOpMaLIMi COOTBETCTBYIOIINX MOJIU-
3TOKCUJIATOB — HEMOHOTEHHBIX [TOBEPXHOCTHO-aKTUBHBIX
BEIIECTB, IIMPOKO MPUMEHSIEMBbIX B Pa3IUYHbIX OT-
pacasax gesreabHocTH denoBeka (Graca et al., 2016).
OCHOBHBIM UCTOYHUKOM 3arpsi3HeHUsI OKpyXarolei
cpenbl ankuwideHoIaMu SBISIOTCS HEOOCTaTOYHO
OYMIIIEHHbIE TIPOMBILLJICHHbIE W MYHMIUIAIbHbIE
crouHbie Boasl (Barber et al., 2015). Kpome Toro, uc-
M0JIb30BaHUE CTOYHbBIX BOM, PET€HEPUPOBAHHBIX LIS
BTOPUYHOTO KCITOJIb30BAHUSI B CUCTEMaX OPOLICHUS
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CeJIbCKOXO3SIMCTBEHHBIX YrOJAuii, a TakxkKe MpUMeHe-
HHE 0CaJKOB CTOYHbBIX BOJ B KQUECTBE HETPAAUIIUOH-
HbIX OPTaHOMUHEPAIBbHBIX YIOOPEHU 17151 CETbCKOTO
xosgiictBa (FAO, 2012; Jiang et al., 2019) ycyryGastior
9Ty npobiemy. binaromapsi BbICOKOI# OMOaKKyMYyJisi-
OUOHHOIM CITOCOOHOCTH, aTKMIA(GEHOJILI HaKaIlInBa-
IOTCS B KMBBIX OpTaHM3Max, OKa3blBasi HEraTUBHOE
BJIMsSIHYE, B MEPBYIO o4yepedb, HA UX BHIAOKPUHHYIO
CUCTeMY, BbI3bIBasi KaHIIEpOTEHHbIE, TepaTOreHHbIE,
u MmyTareHHbie 3¢ dekThl (Tabassum et al., 2017; Wang
et al., 2018). g ycTpaHeHUs HETaTUBHBIX TMOCE-
CTBUI1 OT 3arpsi3HeHUs alKWJI(heHOoJIaMU Ype3Bbluaii-
HO BakHa pa3paboTKa BBICOKO(M(HEKTUBHBIX METO-
JIOB OYKMCTKU OKpYXKalollei cpeabl OT TOKCUYHBIX
KCEHOOMOTUKOB. MUKpoOHas aerpamanus aikuide-
HOJIOB KaK YWUCThIMM KyJbTypamu Oakrtepuii (Wata-
nabe et al., 2012; Kolvenbach, Corvini, 2012; Maet al.,
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2018; Bhandari et al., 2021) u rpu6oB (Moon, Song,
2012; Catapane et al., 2013; Rajendran et al., 2016,
2017a, 2017b, 2020), TaKk 1 MUKPOOHBIMU KOHCOPIINY-
MaMu OTOHHBIX ocagkoB (Wang et al., 2014) u 1mouBHI
(Liu et al., 2014) aBasercsa Hanbonee 3(h(HEKTUBHBIM,
5KOJIOTUYECKU 0e30IMacHbIM MOIXOI0M MO UX yaaje-
HUIO 110 CPaBHEHUIO C U3BECTHBIMU (PUBUKO-XUMUYE-
CKMMHM METOJaMU YTWIM3alluM  adKWJI(hEHOJIOB
(UAbTPHI C aAKTUBUPOBAHHBIM yIjieM, HAaHOMUIbTPa-
s, (oTOKATaTUTUIECKOE OKHCIeHUEe, O30HUPOBa-
Hue, odopaTHbIil ocmoc) (Priac et al., 2017), KoTopkie
00JIamaloT PSIIOM HEOOCTAaTKOB, CBSI3aHHBIX B 0OOJIb-
IIMHCTBE CJIydyaeB C MX BBICOKOM €e0eCTOMMOCTEIO,
HU3KOM 3(P(PEKTUBHOCTBIO yIaJICHUSI KCEHOOMOTHU-
KOB, a TaKxXe ¢ 00pa3oBaHUEM 00Jiee CTOMKMX U TOK-
CUYHBIX IIPOAYKTOB MX pacnaga. boJabImMHCTBO M3-
BECTHBIX MHKPOOPTraHU3MOB-IECTPYKTOPOB aJIKWII-
¢deHoJioB oTHOCHUTCS K OakTepussM (Watanabe et al.,
2012; Kolvenbach, Corvini, 2012; Ma et al., 2018) u
0asuauaabHbBIM IprubdaM, MPOAYLIMPYIOIIUM JlaKKa3y 1
JIMTHUH-TIEPOKCUIA3y, KOTOPbIE UTPAIOT KIIIOYEBYIO
poab B buoTpaHchoOpMallii apoOMaTUYECKUX KCEHO-
ounotukoB (Wang et al., 2012; Catapane et al., 2013).

B niocnenHee Bpemsi HabJloHaeTCsl BCe BO3pacTaro-
LU MHTEPEC K Aerpagaly alkujiheHOJIOB aCKOMU-
LIETHBIMU rpubamu (Ascomycota) B culy UX TOMUHU-
pOBaHUSI B 3arps3HCHHBLIX OOBEKTaX OKpPYXKaIoIICi
cpenbl, BBICOKOM YCTOMYMBOCTA K TOKCHKAHTAM U
3 (HEeKTUBHOCTH MPOLIECCOB WX yTUJIM3aluu. M3-
BE€CTHBIE aCKOMUIIETHI — IECTPYKTOPHI aIKMI(PEHO-
JI0B ponoB Aspergillus, Candida, Fusarium, Penicilium,
Thielavia n op. cTTOCOOHEBI IECTPYKTUPOBATh HOHWI- 1
OKTUJI(EHOJIBI B KOHIIEHTPALIMSIX, HE TIPEBBILIAIOIINX
100 mr/n (Krupinski et al., 2014; Rajendran et al.,
2016, 2017a, 2017b, 2020; Kuzikova et al., 2018, 2020;
Mtibaa et al., 2020). Bonbliasg 4yacTb M3y4eHHBIX
IITAMMOB TPUOOB OCYIIECTBIISIET OMOAECTPYKIIUIO B
YCIOBUSIX KOMETa00IM3Ma U TOJILKO JIJIS OTpaHUYEH-
HOM 4acTH MPOAESMOHCTPUPOBAHA CIIOCOOHOCTD YTU-
JIM3UPOBAaTh HOHWJI- U OKTWI(MEHOJbI KaK eIuH-
CTBEHHbIE UICTOYHUKMU yriaeponaa u sHepruu (Krupins-
ki et al., 2014; Rajendran et al., 2016, 2017a, 2017b).
O0OBbeM HaydHBIX JAHHBIX O BO3MOXKHOCTH aCKOMMU-
LETHBIX TPUOOB, BEIACICHHBIX U3 3aTrPSI3HEHHBIX 00b-
€KTOB OKpYXKalolllell Cpeabl, IeCTPyKTMPOBaTh HO-
HWI- U OKTUJI(hEHOJIbI IIPY BEICOKHUX Harpy3kax Kak B
YCIIOBUSIX KOMETa00aM3Ma, TaK U 0€3 HONOJTHUTEIb-
HBIX UCTOYHUKOB yTjiepoAa U 3HEPTMMU B HACTOSIIIECe
BpeMsI BCe ellle ocTaeTcs (hparMeHTapHBIM.

Llens HACTOSIIIETO MCCIENOBAHUS COCTOSIIA B BhI-
JIeJIeHUM M3 KOHTaMUHUPOBAHHOUW HOHUJI(EHOJIOM
JIEPHOBO-TION30IUCTOM MouBbl (JIeHUHTrpaackast oo1.),
ACKOMMUIIETOB, CHOCOOHBIX K OMONECTPYKIIUY HOHWII-
U 4-TpeT-OoKTWI(peHoIa, a TaKXkKe B olieHKe 3ddeK-
TUBHOCTM OMoAerpagalny ajIKMJI(PEeHOJIOB IITAMMOM
Fusarium solani 8F.

MUKOJOI'A N ®PUTOIIATOJIOTUA

MATEPHUAJIBI 1 METObI

MuKpoMHULETHI BBIICISIM U3 IEPHOBO-TIOI30JIM-
croin cymmHuctoit 1ouBwkl [Eutric Albic Retisol
(Abruptic, Loamic, Aric, Ochric)], oToOpaHHOI1 C
onbeiTHOro tojist Cankr-IlerepOyprckoro rocynap-
ctBeHHOro arpapHoro yHuBepcutera (CIIOIAY).
B n1abopaTopHBIX YCIOBUSX MTOYBY KOHTAMUHUPOBA-
J1 HoHuJIpeHoaoM B no3e 300 Mr/Kr a.c.1l. U UHKYOu -
poBaid B TEUEHME TPEX MECSIIEB IPU TeMIepaType
22 + 2°C. BoiaeneHue KyJbTyp rpruO0B U3 MOYBHI OCY-
IIECTBIISIM TPAIULIMOHHBIM METOJIOM HOYBEHHBIX
pa3BedeHMid ¢ BBICEBOM Ha IUIOTHYIO ITMTATEIbHYIO
cpeny Yaneka ¢ 2% TII0KO3bI, COAEPKALIYIO CTPENTO-
MULVH B o3¢ 100 MKr/Mi1 sl mogaBJIeHUsI pOCTa
OakTepuaIbHBIX KYIbTYP.

Npentudukannio MUKpOMHULIETOB IIPOBOIMIIN 1O
KYJIbTYpPaJbHO-MOP(MOJIOTUYECKUM  TPU3HAKaM C
MNpUMEHEHUEM CTAHIAPTHBIX METOIOB M ONpeAc/INTe-
neit (Domsch, Gams, 1980; Samson, Reenen-Hoekstra,
1988) u ¢ ucnoab30BaHUEM MOJIEKYJISIPHBIX METOJIOB 11O
cekBeHupoBanuio I'TS pernona JIHK. Brinenenue, am-
wmduKaumo MU cekBeHupoBaHue reHomHoi JIHK
IrpUOOB OCYILECTBJISIIU B COOTBETCTBUU C paHEE OIMU-
ca”Holi nipouenypoii (Kuzikova et al., 2017). Iasa am-
mmnukanun ITS-pernona rpmuOOB MCITOIB30BAHA
npaiimepsl: ITS1 — STCCGTAGGTGAACCTGCGG
u ITS4 — STCCTCCGCTTATTGATATGC. Onpe-
JeJIeHUe HYKJIEOTUAHOM ITocnenoBarerbHocTu I11P-
MPOIYKTOB ITPOBOAMIIN HAa TeHETUYECKOM aHaIU3aTo-
pe ABI 3500x1 (Applied Biosystems, CIIIA) B Begom-
CTBEHHOM KOJUICKLIMU ITOJIE3HBIX MUKPOOPTraHMU3MOB
cenbckoxoasiiictBeHHoro HazHaueHust (BKCM, CaHkKT-
ITeTepOypr). ITonCK TOMOJIOTMYHEIX MOCJIEIOBATEIb-
HOCTEM M MIEHTUDUKAIUIO IPOBOIWIN C IIOMOIIBIO
6a3pl  maHHbIXx GenBank (mmporpamma BLAST)
(http://www.ncbi.nlm.nih.gov).

B pabote ncnonb3oBaiv TEXHUYECKUIA HOHWUI(DE-
Hon (H®D) CAS: 84852-15-3 u 4-TpeT-oKTUI(hEeHOT
(4-1-O®) CAS: 140-66-9 mpousBoncTBa Sigma-Al-
drich, CIIIA.

st moyyeHus1 ToCeBHOTO MaTepuralia ClIOpOBBIE
cycnieHsuu ¢ TurpoM 1—2 X 107 ki1./MJI BHOCWIN B
KO0BI 00beMoM 250 Mt ¢ 50 mut skmakoii cpenbl Yameka
¢ 2% DIIOKO3bI M MHKYOHMPOBAIM HAa MHKYOALIMOHHOM
meiikepe Certomat BS-1 mipu 230 06./MUH IIpy TeMIIe-
parype 25 £ 1°C B TeyeHue AByX CyToOK. /LI oLieHKU
CMOCOOHOCTU IITAMMOB K YTWJIM3alUU aJIKUI(PeHO-
JIOB ITIOCEBHOI MaTepHajl rpuOOB B COOTHOIIEHUH 1:9
BHOCWJIN B KOJIOBI 00beMoM 250 Mt ¢ 50 MJT XXUIKOM
cpennl Yaneka ¢ 2% DIOKO3bI (YCIIOBUSI KOMETA0O0-
JIM3Ma) U B KOJOBI 06beMoM 250 mut ¢ 50 M1 XKUIOKOit
MUHEepaJIbHOI cpeabl Yareka (0e3 DOIMOTHUTEILHBIX
MCTOUYHHMKOB yIjiepoaa). AJKWI(PEeHOJIbl BHOCUIU B
MUTATEJIbHYIO Cpely B BUIE PAaCTBOPOB B 3TUJIOBOM
crmpre B KoHueHTpauuu 300 mr/in. ComepxaHue 3Ta-
HOoJIa B KOHTPOJIbHBIX BapuaHTax (0e3 comepkaHus
aKI(PEHOJIOB) TaKKe, KaK U B OIIBITHBIX COCTABIISIIIO
0.02% 06. AbmoTudecKuii KOHTPOJIb (6€3 BHECEHUS
KYJIBTYP) MCIIOJb30BaIN JIJISI OLIEHKU YObUIU aJIKUJI-
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¢deHonoB B abuotndeckux yciaosusx. Kynstusupona-
HYE IITAaMMOB OCYIIECTBJSJIM Ha WHKYyOAlIMOHHOM
meiikepe Certomat BS-1 B TemHoTte nipu 230 06./MuH
u Temriepatype 25 = 1°C. BpeMs KyIbTUBUPOBaHUS B
3aBMCUMOCTHU OT 1I€JIM 9KCIEPUMEHTA COCTABIISIO 10
96 4. I[pupoct GruomMacchl rpUGOB OMPEACIISIIIA BECO-
BbIM METOJIOM.

Okcerpakuuio H® u 4-1-O® u3 KyabTypalbHBIX
KUAKOCTEM 1 GroMacchl TPUOOB U KOJMYECTBEHHBIN
a"Hanu3 AP MpoBOIWIN B COOTBETCTBUH C paHEe OIIH-
canHoii MeTogukoii (Kuzikova et al., 2017, 2018). AD
onpenensuii metonoM BOXKX Ha mpubope “Hewlett-
Packard” H 1090 ¢ nuonHO-MaTpUYHBIM IETEKTOPOM
Mpu JJWHE BOJHBI 278 HM c paspelnieHueM 1.2 HM.
Crenenp ussineuenuss AP cocrasisuia 98 = 1%, nu-
MUT JE€TEKIIUU — 5 MKT/JI.

buonerpamanuio (b)) ankundeHoJI0OB pacCUYUTHI-
Banu kak: bl e = 100 x (C,, — C)/C,, tne C,o, —
ncxonHoe conepkaHue AD B KyIbTypaIbHOMN KUIKOCTH,
C, — cogepxaHue A® B KyIbTypaJbHON XUIKOCTU
yepe3 oNpenesIeHHBIN TPOMEXYTOK BpeMEHN.

st oueHku 3ddexkTuBHOCTU yaaneHuss AD wmc-
MOJIb30BaI KUHETUYECKYIO MOJIE/b IIEPBOIO IOPSIA-
ka (Rajendran et al., 2017a), KoTopast mpeacTaBiecHa
ypaBHeHueM: In(C,,,/C,) = kt, rne C, — KOHLIEHTpaLus
ankwideHona B MOMEHT BpeMeHHU t; C,., — UcXoaHas
KOHIIEHTpalus aJIKuigeHoa, MI/JI; t — Nepuom Je-
rpagalyu, CyTKU; K — KOHCTaHTa CKOPOCTHU JieTpaaa-
uuu, cyt~ . Ilepuon monypacnana (t, ) AD BbMUCIA-
JI1 B COOTBETCTBUU C yPaBHEHUEM: t;,, = 0.693/k.

OO0111y10 aKTUBHOCTH cynepokcunaucmyTtasbl (COJ)
OTIpeaeIsIA MO CIIOCOOHOCTH PepMEHTa UHTUOUPO-
BaTh (POTOXMMUUYECKOE BOCCTAHOBJIEHUE HUTPOCUHE-
ro terpasoyius no merony Beyer, Fridovich (1987) ¢
HeOoNbIIONH MoauduKalueit, Kak OIIMCAaHO paHee
(Kuzikova et al., 2017). ITomiomeHne u3Mepsiiu npu
560 HM Ha Y@ ckaHUpYIOIIEM CHEKTpohOTOMETpE
Genesys 10 (Thermo Spectronic, CIIIA). Pe3ynbraThl
BeIpaxkanu B E/r a.c.6.

st ompeneneHus conepkKaHusi BOCCTAaHOBJIEHHO-
ro mryraruoHa (I'JTY) ncnonpzoBaiu Moauduimpo-
BaHHBIN MeTon Gao u Tam (2011). Biaaxuyro duomac-
cy rpuboB B KoymuectBe 200 Mr pactupaiu B 2 M
cynbdocaTnunIoBoit Kuciaotsl (5%) Ha nensiHOM 6a-
He, ueHTpudyruposamu 10 muH npu 6000 06./MuUH.
K 0.5 mi cynniepHaTaHTa no6aisuii 0.6 MJI peakLiMOH-
Horo oydepa [2 ma Na-dpocdatHoro oydepa (0.1 M,
pH 7.0), 0.1 ma DATA (1 mM), 0.04 mur 0.15%-i1 5.5-
IUTHOONC-2 HUTPOOEH30MHON KucaoTwl]|. Ilpomoi-
KUTEJNbHOCTh peakliuM — 2 MUH, Jajiee U3Mepsiv
ONITUYECKYIO TUIOTHOCTh IpH 412 HM Ha crieKTpodo-
tometpe Genesys 10 uv scanning (Thermo Spectronic,
CIIIA). KoHiuleHTpaluyio IiiyTaTMOHA OINPEAeSIsSIIN MO
KaJIMOPOBOYHOM KPUBOM U BhIpaXkaik B HMOJIb/T a.C.0.

Ipu onpeneneHUn comepkaHUsi MAJIOHOBOTO TH-
anpaeruga (MJIA) ncnonb3oBaau METOM, MpeaCcTaB-
JieHHblid Dhindsa et al. (1981), ¢ HeGobIIMMU MOJIU-
dukanusamu (Kuzikova et al., 2017).

MUKOJIOTHUA N ®UTOIIATOJIOTI A
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CTraTucTu4ecKylo o0paboTKy pe3yIbTaTOB ITPOBO-
IWIA C WCIIOJb30BAHUEM TMaKeTa KOMITbIOTEPHBIX
nporpamm Statistica 10.0 (Stat Soft) u Past 4.x software
(http://folk.vio.no/ohammer/past). CTaTUCTUIECKYIO
3HAYMMOCTb Pa3IUUUl MEXIy BaApMaHTaMU OLICHMBA-
1 ¢ TIoMolIblo one-way Anova u Tukey’s post hoc
TECT JJisl JAHHBIX C HOPMAaJIbHBIM paclipelelIeHUEM, B
NPOTUBHOM cirydae ¢ romoinbio U-kputepuss MaH-
Ha—YWTHU, pas3N4usl CUUTAIUCH 3HAYUMBIMU TIPU
p <0.05. 11 oeHKM HOPMAJIBHOCTH JAaHHBIX U pa-
BEHCTBa JIMCIIepcuii mcroab3oBaau Shapiro-Wilk n
Levene-tecthl. B Tabnunax u Ha rpadukax moJiydyeH-
HbIe TaHHBIC TIPEICTaBIIeHbI KaK CpelHee 3HauYeHUe
(% cranmaptHoe otkiioHeHue) (M = SD) Tpex He3a-
BUCHUMBIX TTOBTOPOB KaxXJI0ro BapuaHTa C TpeMms ma-
paIeIbHBIMM IIOBTOPHOCTSIMU B KaXX1IoM (n = 3).

PE3VJIBTATHI 1 OBCYXIEHUE

KoHTamuHalus aepHOBO-TIOA30JUCTON  TTOYBBI
TOPMOHOMIOAOOHBIM KCEHOOMOTUKOM HOHMIJI(DEHOJIOM
TIPUBOIUT K U3MEHEHUIO YUCJIIEHHOCTU OCHOBHBIX (DU -
3MOJIOTMYECKHUX IPYMIT TOYBEHHBIX MUKPOOPTaHU3MOB
U CHUXEHUIO BUIOBOTO pa3zHOOOpa3usi MOYBEHHOIO
Mmukpodbuoma (Kuzikova et al., 2019). Kpome Toro, npu
3arpsi3HEHUM TOYBbl HOHWI(MEHOJIOM HaOIIOIAI0TCS
CIABUTU B aKTUBHOCTH I1yJia (PEPMEHTOB a30THOTO, YI-
JIEBOOHOIO IMKJIOB U OKHUCJIUTEIbHO-BOCCTAHOBU-
TeJIbHBIX (hepMeHTOB. Tak, 1e/toia3Has aKkTUBHOCTD
MOYBBI MOBBILLIAJIACH O0Jiee yeM Ha 30% 1o cpaBHEHUIO
C HEKOHTAMWHUPOBAHHOM ITOYBOM, YTO KOPPEJIMPOBa-
JIO C YBEJIMYEHUEM YMCIIEHHOCTH LIeJITI0I030pa3pylia-
oIux O0akTepuii 1 MUKpoMmulleToB (Zaytseva et al.,
2020). B kxoHTaMUHUPOBaHHBIX HOHUJI(EHOIOM MOY-
BEHHBIX 00Opa3iax 3a(puKcrupoBaHa YOBLIb KCEHOOMO-
TUKa, TJIaBHBIM 00pa3oM, 3a CUET ero ouonerpagaluuu
nouBeHHOI Mukpoobuoroii (Kuzikova et al., 2019).

C 11e/1bI0 OLIEHKM MOTeHIIMAJIA AECTPYKIIMA ATKWJI-
¢heHOI0B MUlIeIUATbHBIMU TpubaMu 13 00pas3loB
JIEPHOBO-TIOA30JIUCTON CYIIMHUCTOM TTOYBBI, KOHTAa-
MUWHUPOBAHHOM B JIAOOPATOPHBIX YCIOBUSIX HOHUJIbE-
HosioM B 103e 300 Mr/T a.c.11., BblaeJieHbl 11 130J15TOB
MUKpoMulieTOB. B xone npenBaputenbHO nuaeHTUdGU-
KalMu KyJbTYp MO MOP(OJIOTUYECKUM MpU3HAKaM
Ccpenu BbIAEJIEHHBIX IIITAMMOB ObLIIU BBISIBJIEHBI TPU-
obl poma Fusarium (mrtammbl — 1F, 3F, 7F, 8F, 9F,
10F), Penicillium (ntammel 2F, 4-2F, 5-2F) u Tricho-
derma (1utammbl 4-1F, 5-1F). ACKOMMIIETHI BbIIEJICH-
HBIX POIOB SIBJISIIOTCS TUITUYHBIMU TIPEACTAaBUTESIMU
MOYBEHHBIX MECTOOOMTAHUM, paclpOCTPaHEHbI MO-
BceMecTHO. CKPMHUHT aKTUBHOCTU BBIACICHHBIX
IITAMMOB B OTHOILIIEHUU OuoaecTpykKuuu AP mnoka-
3ajl, UTO BCE 1LITaMMbl B YCJIOBMUSIX KOMeTaboau3Ma
MPOSIBUJIN CITOCOOHOCTD K AecTpyKunu Kak H®, tak
n 4-t-O®. Yepe3 72 4 KyJIbTUBUPOBAHUS CTCICHb
ouonerpaganiin HOHWJIMEHOJIa cocTaBuia oT 69 mo
95.1%, a 4-1-O® — ot 52.3 mo 88.1% B 3aBUCHMOCTH
OT LITaMMOBOI NpUHAIJIEKHOCTU IrpuOOB (Tadi. 1).

W3 11 usonaroB-gectpykTopoB AD njis mocneny-
IOLIMX UCcliefoBaHuit ObLT oToOpaH mtamm 8F ¢ Hau-
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Ta6muna 1. buonecTpykiiyss HOHUI- U 4-TpeT-OKTUII(hEeHO-
s1a (300 Mr/i1) BelIeIEHHBIMU IITAMMaMU rprOOB

TecT-IITaMMBI bllye (Ha 724 bl .00 (Ha 724
puGoB KyJIbTUBUPOBAHUS), | KYJIbTUBUPOBAHUSI),
% %

IF 76.5 62.5

2F 73.2 60.3

3F 80.3 57.4

4-1F 88.0 77.4

4-2F 89.1 68.2

>-1F 69.4 52.3

5-2F 79.9 59.8

7F 72.1 63.2

8F 95.1 88.1

9F 77.2 54.5

10F 69.0 61.2

Gobliieit cterieHblo ouonerpagany H® Ha 72 yaca —
95.1% n 4-1-O® — 88.1% (tabun. 1). Unentudukaims
IITaMMa METOAOM CEKBEHUPOBAHUS (hparMeHTa Mo-
cinenoBaTenbHocT 18S—5.8S—28Sp/IHK moxazana,
yTO reHHbIN Knactep 185—5.85S—28S p/IHK mramma
8F TposIBIseT BBICOKYIO CTeTIeHb MICHTUYHOCTH CO
mramMmamu  Fusarium solani (Mart.) Sacc. strain
PSC(R)T (96.68%), E solani strain YIMPH300045
(99.76%), F. solani isolate F41(100%) u F. solani isolate
F61 (100%). Ha ocHoBaHuM MOP(}OIOTUIECKUX HC-
cJIieOBAaHUI U MaHHBIX, MOJYYSHHBIX ITPU CEKBEHMU-
poBaHUU (pparMeHTa MOCIeI0BaTeIbHOCTH KilacTepa
185—5.8S—28S pIHK, mramm 8F ummentudumupo-
BaH Kak F solani.

M3yueHre KWHETUKU AECTPYKLIMHU alKUJI(EHOJIOB
mramoM F. solani 8F nmpoBoauin Kak B yCIOBUSIX KO-
MeTaboarn3Ma, Tak U 0e3 JOMOIHUTETbHBIX UICTOYHU-
KOB yrJjiepojia U 9HEPIUU MPU COepXKaHUU TOKCUKAH -
ToB B cpeae 300 Mr/i. YCTaHOBJIEHO, YTO B YCJIOBUSIX
KOMeTabou3Ma MpU UCIIOJb30BaHUN TJIFOKO3bI KakK
pocToBoro cyocrpara, HaGiaomaercs: 3(¢eKTuBHAsS
yOBLIb KCEHOOMOTUKOB U3 Cpeabl, HECMOTpPSI Ha TO,
yro A®M oKa3bIBalOT MHrUOUpylllee AciCTBUE Ha
pocT uccienyeMoro mramma. Hapsiny co criocobHo-

KY3NKOBA, MEABEIEBA

cThio gecTpyktupoBaTb H® u 4-1-OD B ycnoBusx
komeTrabonuaMa mramm F solani 8F obGnamaet meTa-
0OJIMTUYECKUM CBOMCTBOM JIErpagrpoBaTh ajJKuiade-
HOJIBI ¥ 6€3 OOMOJIHUTEIbHBIX UCTOYHUKOB yIIepoaa
u 3Hepruu (puc. 1, a, 0).

AHaJIN3 JaHHBIX 10 YIAJICHUIO alKUI(hEHOJIOB U3
KYJIbTypPaJIbHOM XXUIKOCTU Iprda ImoKa3all, 4To yObLIb
H®, paBHo kak u 4-1-Od Kak B yCIOBUSIX KOMETa00-
JIM3Ma, TaKk U 0e3 JOMOJIHUTEIbHBIX UICTOUHUKOB yT-
Jiepoia U BHEPTrUuM MPOUCXOIUT, TIIABHBIM 00pa3oM,
3a CYET IPOLIECCOB OUONECTPYKLIMM U/WIIKN OUOTpaHC-
dopMaLu UccIeayeMbIM IITAMMOM U B MaJIOi CTere-
HY 3a CYeT KJIETOYHOI copOimu. KommaecTBo cBsI3aH-
HOTO C KJIeTKaMU Tprba HOHWI(EHO A Ha TIPOTSKEHU U
BCETO TIpoliecca KYJIBTUBUPOBAHUS COCTABJISIET OT 2.5
110 6.5%. CrenieHb cOPOLIMU OKTIII(EHOIIA UCCIIEIYE-
MBIM IIITAMMOM HECKOJIBKO BhILIE — OT 3.4 10 18.2%.

CrenyeT OTMETUTD, UTO B aDMOTUYECKOM KOHTPO-
ne (6e3 comepxXaHUsSI KyJIbTYPhl) YOBUIM aJKMI(EHO-
JIOB HE HAOJIIOMaeTCsl, YTO COTIJIacyeTcsl C NaHHBIMU
npyrux ucciaenonateneit (Rozalska et al., 2015; Janicki
et al., 2016). Tak B TeueHHE BCEeTo Meproaa KyJIbTUBU-
poBaHus mTaMMa — 96 4 — comepkaHre HOHUJI- U OK-
TuapeHosa B aOMOTUYECKOM KOHTPOJIE COCTAaBJSLIO
oT 95 10 98% OT UCXOIHOTO 3HAYECHUS.

st oueHkY 3¢hheKTUBHOCTU yaaleHUs aJKuide-
HOJIOB M3 Cpedbl MCIOJIb30BAIN KMHETUIECKYIO MO-
nenb niepBoro nopsaka (Rajendran et al., 2017a). Ilo-
JIydeHHBIe TaHHBIE IO KMHeTuKe aerpagaunu HO u
4-1-O® wmrammoM F solani 8F 1iokasanu, 4To mpo-
LIecC Jerpajaluid COOTBETCTBYET 3TOM MOJEIU, 3HA-
yeHus KoddduumeHTos koppeasaunn (R?) Haxonarcs
B nuara3oHe oT 0.943 no 0.995 (tabi. 2).

Ilpu cpaBHUTENBLHOM aHaiu3e 3(PPEKTUBHOCTHU
yobuin A® B KyJIbTypajJbHOM XUIKOCTH Tpuba B
YCIOBUSIX KOMeTaboan3Ma U 0e3 JOMOTHUTEIbHBIX
WCTOYHMKOB YIJIEPOJIAa WM DHEPIUM BBISIBICHO, YTO B
YCIOBUSIX KOMeTabom3Ma Tpoliecc yobuin AD npo-
TeKaeT OBICTpee — IMepuoanl moiypacmana misg HO u
4-1-O®D cokpamatorcsa B 2.6 1 3.1 pasza (p < 0.05) u co-
CTaBISIOT 3.5 ¥ 6.4 4 IpU COOTBETCTBYIOILIUX BO3pac-
TaIOUIX CKOpOCTIX yobutu AD (ta6a. 2). [Ipu aTom B
YCJIOBUSIX KOMeTaboJim3Ma HabmomaeTcsl IpakThude-
CKM noJtHas yrvnusanus — 10 95% HD u no 89% 4-1-
O®, B TO BpeMsI Kak MakKcUMaJibHOe ynanenue H® un

Taomuna 2. KuHeTuuyeckue rmapaMeTpbl yObUIM HOHWII- U 4-TpeT-oKTWIheHoa irtamMmoM Fusarium solani 8F

Konienrpammm KuHetnueckoe KoncranTa ckopoctu | [lepmon monypaciana, KoaddutmeHT
aNKWI(EHOJIOB, MI/JI ypaBHEHME yobuH, K (1) ty2 (9) koppesiuu R2
I'H®D 300 InC = —0.077t + 4.605 0.077 9.0+0.6 0.943
2HD 300 InC = —0.201t + 4.605 0.201 35104 0.989
14-1-0D 300 InC = —0.035t + 4.605 0.035 19.7 £ 1.0 0.995
24-1-OD 300 InC =—0.109t + 4.605 0.109 6.410.7 0.979
HpI/IMe‘IaHI/Ie. lSITI/IJ'II/I3.'le_[I/ISI AD 6e3 JOIMOJIHUTCIIbHBIX UCTOYHUMKOB YIJICpOaa U SHECPIruu.
2yrunmsaims AD B yclioBHsIX KoMeTabousma (2% ITI0KO3bI).
MUKOJIOTHUA N DUTOIIATOJIOTUA  tom 57 Ne 1 2023
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4-1-O® U3 KyIbTypaabHOM cpeabl 63 JOMOTHUTEb-
HBIX UICTOYHUKOB yrjiepona, coctapiisieT 70 u 52%, co-
OTBeTCTBEHHO (puc. 1). [TosyuyeHHBbIe HaHHBIE O Oosiee
OBICTPOIl YTWJIM3AllM HOHWI- M OKTUJIMEHOJOB B
YCITOBUSIX KOMETa00IM3Ma COTIIaCyIOTCS C OITyOIMKO-
BaHHBIMM pe3yJibTaTaMU 3apyOeKHBIX KCCeaoBaTe-
neii (Krupinski et al., 2014; Rajendran et al., 2020).

AHanu3 KuHeTKU nectpykuuu HO u 4-1-Od BEI-
JIeJIEHHbIMU 1ITAMMaMU1 MTOYBEHHBIX ACKOMUIIETOB, B
TOM 4mcie Haubosnee 3PPEeKTUBHBIM AeCTPYKTOPOM
F solani 8F 1moxa3zaj, 4To uccliienyeMble ITaMMBbl T10
3¢ OEKTUBHOCTA YTWIN3AIMU KCEHOOMOTUKOB IIpe-
BOCXOJISIT paHee U3BECTHBIE IPUObI-AeCTPYKTOPHI. Pa-
Hee coobIanock, uro rpudkl Candida aquaetextoris
Aspergillus versicolor B OTCyTCTBUM MHBIX UICTOYHUKOB
yIJepoja U SHEPTUU MOJIHOCThIO AerpaaupoBaI JIU-
HeitHbIl 4-n-H®, MeHee TOKCUYHbBIN, YEM TEXHUYE-
ckuit HO, B koHueHTpauuu 100 mr/i1 B teueHue 14- u
3-CyTOYHOTro MHKYOMpOBaHUsI, COOTBeTCTBeHHO (Val-
lini et al., 2001; Krupinski et al., 2014). Candida ru-
gopelliculosa RRKY5 u Galactomyces candidum RRK17
n RRK22, BeineieHHBIE U3 CTOYHBIX BOM, CTOCOOHBI B
TeueHune 24 cyt pasnarath 4-1-O®d Kak emMHCTBEH-
HbIA UICTOYHUK YIJIEPOJA U SHEPTUU B KOHLIEHTpALIUU
10 mr/a, nmpu 3ToM 3(PpGhEKTUBHOCTb YTUIU3ALIUU
4-1-O® 6bLIa COMOCTABMMA C YCIOBUSIMU KOMETA00-
mm3ma (Rajendran et al., 2016, 2017a). DddexTuB-
HocTh aerpagaiuu 4-1-O® kak eAMHCTBEHHOIO UC-
TOYHMKA yriiepoaa B KOHIeHTpauuu 30 MrI/JI U30s1-
TaMU MUILETUAIbHBIX aCKOMUIIETOB pONOB Fusarium
falciforme, E oxysporum, Aspergillus fumigatus, Tricho-
derma longibrachiatum, T. asperellum, BbineJIeHHbBIMU
M3 CTOYHBIX BOJI, COCTaBMIa OT 52 mo 73% 4depes 15 cyr
KyabTUBUpoBaHus (Rajendran et al., 2017b).

M3BecTHO, uTO OMomecTpykius AD muuennaib-
HBIMU TpuOaMH OCYIIECTBIISIETCS HEMOCPEACTBEHHO
MpY y4aCTUHU Pa3IMIHbBIX (PpepPMEHTATUBHBIX CUCTEM —
MeabcoAepKallux Jlakkas, HuToxpom P450 MoHOOK-
cureHas, cyrepokcunarucmyTas u ap. (Krupinski et al.,
2013; Szewczyk et al., 2014; Cajthaml, 2015; Mtibaa
et al., 2020). 3 yucna HedpepMeHTATUBHBIX MEeTabO-
JINTOB OCOOBI MHTEPEC BHI3bIBAIOT HEOCIKOBBIE TTETITH-
IIbI, a UMEHHO BOCCTaHOBJICHHbLIH ITyTaTuoH. Hapsmy
¢ ¢epMeHTAaTUBHLIMU MeTabOIUTaMU, BOCCTAaHOB-
JIEHHBII TJIyTaTUOH SIBJISIETCS BaXXHBIM BHYTPUKIIC-
TOUYHBIM AHTHUOKCHUIAHTOM, MTpPaeT OcoOyl0 poiab B
MojjiepXXaHUU KJIETOUHOIO PedoKC-cTaTryca 3a cyeT
Y4acTHUS B TUOJI/OIUCYIBOUIHOM OOMEHE, UTO 00ecIIe-
YMBaeT PETYJSILMIO LEeJoro psina GyHKIM KIeTKU, B
TOM 4YHCJIE PETYJSILIMI0 TEHHOM B3KCIPEeCCUr, aKTUB-
HOCTU OTHENIbHBIX (DEPMEHTOB U (DEPMEHTHBIX CHU-
creM. OgHOI M3 MIaBHBIX (DYHKIIWIA BHYTPUKJIIETOY-
HOTO IIyTaTUOHA SIBJISIETCS TETOKCUKAIIWS 3aTrpsI3HSI-
IOIMYX BEIIECTB M/WIM MX METa0OJIUTOB, KaK IpU
HEMOCPENCTBEHHOM y4acTUH, TaK M B KauecTBe CyO-
cTpaTa IS LeJoro psiga (pepMeHTOB OuoTpaHcdoOp-
manuu (Smirnov, Sukhovskaya, 2014; Esterhuizen-
Londt et al., 2017). I1pu nzyyeHnu OMOAECTPYKTUDPY-
IOIlleTO TToTeHIIMa1a mrtamMma Fusarium solani 8F ObLT
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Puc. 1. Ynanenue ankuiadenonon (AD) — HoHuIpeHoma
(a) u 4-Tper-oktwicdenHona (6) wrammom Fusarium solani
8F: 1 — yobuib A® (300 Mr/i) B yCIOBUSIX KOMETaOOIM3-
Ma; 2 — yobuib AD (300 Mr/n) 6e3 TOMOJTHUTENbHBIX UC-
TOYHMKOB YIJIepoNia U dHeprum; 3 — abCONIOTHO cyxast
6uomacca B KOHTpoJjie Ha cpene Yareka ¢ 2% DIIOKO3bI
(6e3 AD); 4 — abcomoTHO cyxast buomMacca Ha cpene Ya-
rieka ¢ 2% toko3sl + 300 M1/ AD; 5 — aGcomoTHO cyxast
6uomacca Ha cpene Yaneka 6e3 nmokossl + 300 mr/a AD.

MPOBENCH aHaIu3 U3MEHEHUSI TIPOTEKTOPHBIX MeTa-
0OJIUTOB — aKTUBHOCTH CYIEPOKCUANNCMYTA3bl U CO-
Jiep>KaHUsI BOCCTAHOBJIEHHOTO TIyTaTUOHA. YCTaHOB-
JieHo, 4yTto akTuBHOCTh CO/I B mpoiecce necTpyKIuKu
H® u 4-1-O® y miramma F solani 8F ctatuctudecku
3HauynMo (p > 0.05) He oTIMYaeTCsI OT KOHTPOJIBHOTO
YpPOBHS (pucC. 2, a), B TO BpeMsI KaK CoJiep>XKaHWe BHYT-
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Puc. 2. AKTUBHOCTB CyNIEpOKCHIIMCMYTA3kI (a), colepskaHe BOCCTAHOBJIEHHOTO ITyTaTMOHA (6) M MaJIOHOBOTO TUajbaeruaa (B)
B Kietkax Fusarium solani 8F B ycnoBusix ouonectpykuuu H® u 4-1-Od: 1 — koHTpOIIb (63 conepkanust AD); 2 — 300 mr/n HD,;

3 — 300 mr/n 4-t-OD.

puxkierogHoro I'JIY 3Haunmo Bo3pacraer B 1.7 1 2 pa-
3a (p <0.05) (puc. 2, 6) B 3aBucumoctu ot Buaa AD.

IToBrilIeHHBIN YpOoBeHb conepxaHus IJIY y F so-
lani 8F MoXeT cBUIETEIHLCTBOBATL 00 YyJacTUM 3TOTO
MeTabonura B mpoueccax gectpykuuu HO u 4-t-OD,
pPaBHO KaK U B 00ecIieueHUuH TOJEPaHTHOCTHU LITaMMa
K BBICOKMM KOHIEHTpAIMsIM ankuipeHonon. M3-
BecTHO, 4YTO0 H® 1 4-1-OD MHAYLUPYIOT OKCUAATUB-
HBI CTpecC y 3yKapHUOTHBIX KJIETOK MOCPEICTBOM Ha-
KOIUIEHMsI B HUX aKTUBHBIX (popM Kuciiopona (Chen
et al., 2013; Cahyanurani 2017). OnHUM U3 BO3MOX-
HBIX KOMIIOHEHTOB OBICTPOI peaKIIMK Ha CTPECC SIB-
JISIeTCsl aKTUBALlMS TEPEKUCHOTO OKMCIEHUS JIUTIU-
noB (ITOJI). MajloHOBBIIf AUATBAETU SIBJISIETCS OC-
HOBHBIM npoaykToM ITOJI u yacTo ucnonb3yeTcst Kak
OUOJIOTUYECKU MHAMKATOP Pa3BUTUS OKUCIUTEb-
HOTO cTpecca pas3iuyHbix opraHnusdMoB (Gu et al.
2015). B mpouecce 6uonmectpykuuu H® u 4-1-OD
mrTaMmMoM F, solani 8F conep:kaHue MaJJOHOBOTO M-
aJibJeruaa B KJeTKax rpubda 3HauMMo Bo3pacrtaeT B 1.7
u 2 pa3a (p < 0.05), COOTBETCTBEHHO 110 CpPaBHEHUIO C
KOoHTposeM (puc. 2, B). B atom cinyyae miryratuoH, o0-
Jlanasi aHTUOKCUAAHTHBIMU CBOWCTBAMU, MOXET
obecrieunBaTh YCTOMYMBOCTb LITAMMAa K OKUCJIUTEb-
HOMY CTpECCY, BBI3BAHHOMY aJIKMJI(hEHOJIaMU.

SAKIIIOYEHHME

N3 nepHOBO-NIOA30JMCTON CYIJIMHUCTOM IIOYBHI,
KOHTaMUHUpoBaHHOU H®, BbIAEIESHBI IITAMMBI I'PU-
0OB — IECTPYKTOPOB TEXHUUYECKOTO HOHMWI(DEHONA U
4-tpeT-okTundeHona ponos Fusarium, Penicillium u
Trichoderma. 1301151THI TPMOOB CIOCOOHBI OCYIIIECTB-
9Tk gectpykunio H® u 4-7-O® npu BBEICOKOM Ha-
rpy3ke (300 mr/m). HanGomee akTuBHBIN mTaMm F, so-
lani 8F obmamaeT crmocoOHOCTBIO K aerpamanum AD
KakK B yCJIOBUSIX KOMETabo13Ma, TakK U 0€3 TOTOIHU -
TeJIbHbIX MCTOYHUKOB YIJIepola W DHEPruu. YObUIb

MUKOJOI'A N ®PUTOIIATOJIOTUA

A®D ocy1ecTBIsIeTCS 32 CYST IPOLIECCOB OUOIECTPYK-
LMY U/Wiu 6uoTpaHchopMaliy UCCIeTyeMbIM IITaM-
MOM 1 B MaJIOM CTEIIECHU 3a CUYET COPOLIUM KIeTKaMU
rpnooB. IloBrIllIeHHOE colep:KaHNE BOCCTAHOBJICH-
HOTO MIyTaTHOHA B KJIETKax rpuda-aecTpykTropa Mo-
KET CBUAETEILCTBOBATh 00 YYaCTUM 3TOTO METa0OJIM-
Ta B IIpolieccax AETOKCHKAIIMU KCEHOOMOTUKOB U
obecrie4yeHUY YCTOMUYMBOCTH IITAMMAa K OKUCIUTEb-
HOMY cTpeccy. BBISIBJIeHHBIII BBICOKWII ITOTEHIIMAI
MOYBEHHBIX aCKOMMIIETOB K JeTpagallii aIKI(peHO-
JIOB MOXKET OBbITh OCHOBOIf HOBBIX 9KOJOTHMYECKH 0e3-
OMNACHBIX OMOpeMeINAallIOHHBIX TEXHOJIOTUI OYMCT-
KM TIOYB, IIPUPOAHBIX M CTOYHBIX BOM, 3arpsSI3HEHHBIX
TOPMOHOIIOTOOHBIMU KCEHOOMOTUKAMMU.

PaGoTa BhIMTONIHEHA B paMKax TOCYyIapCTBEHHOTO
3amaHys MUHUCTEPCTBA HAYKU U BBICIIIETO 0Opa3oBa-
Hust Poccuiickoit @eneparmm (Ne 122041100086-5).
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Long-Chain Alkylphenols Biodegradation Potential of the Soil Ascomycota

I. L. Kuzikova®* and N.G. Medvedeva®**
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Scientific Research Centre for Ecological Safety of the Russian Academy of Sciences,
St. Petersburg, Russia
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A total of 11 strains ascomycetes-destructors of technical nonylphenol (NP) and 4-tert-octylphenol (4-t-OP)
were isolated from nonylphenol-contaminated soddy-podzolic loamy soil (Leningrad Region, Russia). Fungal
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isolates are able to degrade NP and 4-t-OP at a high load (300 mg/L). The most effective Fusarium solani 8F
strain has the ability to degrade alkylphenols (AP) both under cometabolic conditions and without additional
carbon and energy sources. The decrease in AP is due to the processes of biodegradation and/or biotransforma-
tion by the studied strain and, to a small extent, due to sorption by fungal cells. The NP and 4-t-OP half-life un-
der cometabolic conditions is 3.5 and 6.4 hours, respectively, and without additional carbon and energy sources,
9 and 19.7 hours, respectively. The amount of the lipid peroxidation product, malondialdehyde, as well as the
reduced glutathione content in the process of NP and 4-t-OP biodegradation under cometabolic conditions in-
creases by 1.7 and 2 times, respectively, compared with the control. The high level of reduced glutathione in
F solani 8F cells may indicate the participation of this metabolite both in the processes of AP biodegradation and
in providing strain resistance to oxidative stress. To our knowledge, this is the first report on the degradation of
NP and 4-t-OP by ascomycetous fungus F solani both under cometabolic conditions and without additional car-
bon and energy sources. The revealed high potential of soil ascomycetes to degrade alkylphenols can be the basis
for new environmentally safe bioremediation technologies for the purification of endocrine-disruptors conta-
minated soils, natural and waste waters.

Keywords: Ascomycota, degradation, Fusarium solani, malondialdehyde, nonylphenol, octylphenol, oxidative
stress, reduced glutathione
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TEMIIEPATYPHAA INHAMMUKA POCTA, TASOOBMEHA CO,
N KOHKYPEHTOCIIOCOBHOCTUWU DAEDALEOPSIS CONFRAGOSA
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[IpoaHanu3upoBaHa TeMnepaTypHasi AMHaMuKa pocTa, razoooMeHa CO, 1 KoHKypeHTocniocooHoctu Daeda-
leopsis confragosa v D. tricolor. [loka3aHo, uto Ha cycio-arape (MEA) poct muuiesinst orpanndeH 5—35°C, a ero
MakcumyM Habmomaercs ripu 30°C (D. confragosa) — 35°C (D. tricolor). TemmniepatypHas nnHamuka CO, razo-
obmeHa mutienars Ha MEA peructpupyercst B inanazone 5—50°C, ¢ MakcumymoM y D. confragosa ipu 35°C, y
D. tricolor — 45°C. TemnieparypHas nuHamuka razooomeHa CO, npeBecwHBbI, pa3pymraemoit D. confragosa v
D. tricolor, TpUHIIMNINAILHO HE OTJIMYAETCSl OT TAKOBOI TMKAPUOTUYECKOTO MULIEIUS Ha CyCIo-arape: peru-
CTpUpYETCS B TOM Xe nHTepBaie Temneparyp (5—50°C), temneparypHbiit MakcumMyMm y D. tricolor Boiiie (40°C),
yeM y D. confragosa (30°C). ITo TeMnepaTypHbIM XapakTepUCTUKaM pocTa U razooomeHa CO, D. confragosa n
D. tricolor oTHOCATCS K OTHOM TPYITIe Me30(UIBHBIX TPUOOB, HO UMEIOT BEIPAsKEHHYIO 9KOJIOTUIECKYIO MHIH -
BUIYaJIbHOCTD IO OTHOIIIEHUIO K HU3KUM U BBICOKMM TeMmIiepatypam. D. confragosa oTanyaercs 6ojee MHTeH-
CHUBHBIM pocToM U razoodbMeHoM CO, munenus npu 5—10°C, a D. tricolor — ipu 35—50°C u 310 Oompenenser
TeMIepaTypHYyIOo TMHAMUKY UX OTHOCUTEJIbHON KOHKYPEHTOCITIOCOOHOCTU: OHA OoJiee BbicoKas y D. confragosa
MIpY HU3KUX, a 'y D. tricolor — BEICOKMX TeMIIepaTypax. DTO KOppeJIUpyeT ¢ UX reorpaduiecKnuM pacipocTpa-
HEHMEM: TIEPBbI BCTPEYAETCS BO BCEX IIIMPOTHBIX YACTSX JIECHOM 30HbI, a BTOPOIl OTCYTCTBYET B €€ CEBEPHOM
4acTH, HO OOBIYEeH B 103KHOM. [To COBOKYITHOCTH reorpaduuecKnx U 9KOJ0Tr0-(OU3NOJIOTNIECKIX TTPU3HAKOB

D. tricolor, mo-BUIMMOMY, CJIEIyeT pacCMaTPUBaTh KaK I0XKHbIN moasun D. confragosa s.1.

Kniouesuie crosa: kemnotpodHsbie rpudbl, TeMIIEpaTypHBI hakTop, akobusuonorust, Basidiomycota

DOI: 10.31857/S0026364823010105, EDN: HRVLIW

BBEAJEHUWE

Daedaleopsis confragosa (Bolton) J. Schrot. u D. tri-
color (Bull.) Bondartsev et Singer — nBa IIMPOKO pac-
MIPOCTPaHEHHBIX BUIA TPYTOBBIX TPUOOB, apeas mnep-
Boro oxBaThiBaeT EBpasuio u CeBepHylo AMEpPUKY, a
Broporo — EBpasuiro (Gilbertson, Ryvarden, 1986;
Farr et al., 1989; Ryvarden, Gilbertson, 1993). HaH-
HBIe O HaJMuuu IocinenHero B CeBepHOIl AMepuKe
(GBIF, 2021), Ha Ha1m B3I, HY>KIAIOTCS B YTOYHE-
Huu. Ha eBponeiickoMm cyOKoHTUHeHTe D. confragosa
BcrpeuaeTcs B CeBepHoii, LlenrpanbHoit 1 FOxHOI
EBpomne, a o61acts pacipoctpanenns D. tricolor orpa-
HuyeHa IlentpansHoii u FOxHoit EBpomnoii (Ryvar-
den, Gilbertson, 1993; Piatek, 2001). Takue ke nar-
TepHBI reorpaduyeckoro pacnpocrpaHeHust D. con-
fragosa n D. tricolor nemoHcTpUpyloT U B Poccumu:
MEPBHI BCTPEYaeTCsI BO BCEX IIMPOTHBIX YACTSIX JIeC-
HOIi 30HBI, a BTOPOIi OTCYTCTBYET B €€ CEBEpHOM Ya-
CTU, HO oObIueH B 1oxkHOI (Vladykina et al., 2020).
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B HacTosiee BpeMsi B COOTBETCTBUM C JTaHHBIMU
MOJIEKYJISIPHO-TEHETUYECKUX PaboT, MOKa3bIBAIOIINX
orcyrcTBue Mexny D. confragosa n D. tricolor reHeT-
YeCKHUX Pasnduii BUJOBOTO YPOBHS, MX paccMaTpu-
BalOT KakK ABe pa3zHoBuaHOCTU D. confragosa s.l. (Kou-
kol et al., 2014; Mentrida et al., 2015; Galovi¢ et al.,
2018; Mukhin et al., 2020). HJst perreHus: BOIIPOCOB
TakcoHOMMYecKoro panra D. confragosa n D. tricolor
0O0JIbIIIOE 3HAYEHUE UMEIOT JaHHBIE, PACKPBIBAIOILINE
UX 3KOJIOTO-(U3NOJIOTUYECKNE OCOOCHHOCTH W,
MpeXae BCEro, M0 OTHOIIEHUI0 K KIMMAaTUYECKUM
dakTopam. HemHorue numeroiiyecs: myoJuKaluu o
dusnonorun D. confragosa n D. tricolor (Vidovi¢ et al.,
2011; Markovih et al., 2015; Staji¢ et al., 2017; Chan-
drawanshi et al., 2018; Cilerdzi¢ et al., 2019; Zhao et al.,
2020; Lebedev et al., 2019) mocssiieHbl BoIpocaM,
MPENCTaBISIIOLIUM, TIPEXIe BCero, MHTepecC st 61o-
TEXHOJIOTUM 1 6noMeauiimHbL. M 310 He ciydaitHo, 1mo-
CKOJIbKY 0a3uIMOKapIibl 1 MULIETUI 3TUX TPUOOB CO-
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JiepKaT OOJIbIIION CHEKTP COeAMHEHUI aHTUOAKTepU-
aJIbHOTO, aHTUBUPYCHOTO NE€UCTBUSI, MEPCIIEKTUBHBIX
TSI JISYEHUsI OHKOJIoTnYecKuX 3aboiaeBaHuii (Mukhin
et al., 2020). CoOCTBEHHO 3KOJIOTO-(pU3NOJIOrIYIE-
ckue xapakrepuctuku D. confragosa u D. tricolor 1o
OTHOIICHUIO K TIPUPOIHBIM (paKToOpaM OCTarOTCS
MPaKTUYECKU HEW3yYeHHbIMU, JUIIb B ONHOW W3-
BecTHOIT HaMm pabote (Markovih et al., 2013) oxapax-
Tepu3oBaHa TeMIrepaTypHasi IMHaMuKa pocrta D. con-
Jfragosa Ha arapoBbBIX CpeJiax.

Ilenp HacTosIIIel pabOTHl — aHAJIM3 TEMIIEpaTyp-
HOi1 3aBUCHUMOCTH pOCTa, Ta3000MeHa M KOHKYPEHTO-
ciocobHoctu D. confragosa n D. tricolor u ee cBsI3u ¢
1X reorpau4eCK1uM pacnpoCTpaHECHUEM.

MATEPUAJIBI 1 METO/bI

Boinenenne B Kyabtypy. M3yyeHue skosoro-du-
31MOJIOTUUYECKUX OCOOEHHOCTel — TemIiepaTypHoit
JIUHAMUKU pocTa, razoodomeHa CO, U KOHKYPEHTO-
cnocobHoctu D. confragosa u D. tricolor — mpoBeneHO
Ha UX JTUKApUOTUUYECKUX KyJIbTypax U obpaslax pas-
pyliaeMoii UMW B MPEIJIECOCTENTHBIX COCHOBO-0epe-
30BbIX Jecax (CoicepTckuii p-H CBepaI0BCKOM 001.,
56°36’5” c.u1., 61°3"24” B.1.) npeBecuHsl Betula pendu-
la Roth (Daedaleopsis tricolor) n Salix sp. (D. confrago-
sa). BugoBasi nuarHocTvka rpuOOB BBIIIOJHEHA IO
MopdoaornyecKuM rpusHakam 6azunnoxkapnosn (Ry-
varden, Gilbertson, 1993), Ha3BaHMsI TAKCOHOB CBEpE-
HEBI ¢ 0a30it naHHbIX Index Fungorum (2022).

Jukapunotnyeckue KyabTypbl D. confragosa n
D. tricolor Bbiaensimiu u3 0a3MAMOKAPIIOB IO CTaH-
nmaptHoii metonuke (Dudka et al., 1982). B kauecTBe
MUTATEIbHON Cpeabl IJIs1 BbIIEIICHUS W COXPAaHEHUS
KYJBTYp, a TaKXe IMPHU MPOBeIeHUN PaboT 1Mo usyde-
HUIO TeMIlepaTypHOU IMHAMMKU pOCTa, ra3000MeHa
CO, M KOHKYPEHTOCIIOCOOHOCTH HWCHOJb30BaIN
4%-¢ cycio u 2%-i1 arap.

OleHKa TeMnepaTypHOii 3aBUCHMOCTH ra3oo0MeHa
MUKoApeBecuHbl. DparMeHThl BeTBeil, CTBOJOB IO
6 cM B nuameTrpe ¢ 06asMaMOKapIiaMU HCCIIeAyeMbIX
rpuOOB OUMILIAJIM OT MOCTOPOHHUX PACTUTEIbHBIX
OCTaTKOB, OTAEJISLIM OT HUX 0a3MAMOKaPIIbI, pa3pe3a-
JIM Ha 00pa3slibl 2—3 CM TOJIIMHOM, UBMEPSIJIU UX pa3-
Mepbl U BJIAXKHYIO Maccy. AOCOJIOTHO-CYXYl0 Maccy
00pa3loB OMNpeAe/Isii 10 3aBepPILICHUIO 3KCIIepU-
MEHTaJIbHOTO [UKJIa pabOT, BLICYLIMBAsI UX MIPU TEM-
neparype 105°C B TeueHue 72 4.

IMonroroBneHHBIE 0Opa3Mbl MMTOMEIIATNA B OTKPHI-
ThIe BKCITO3ULIMOHHbIE Kamepbl 00beMoM (.27 J1 1 TTo-
Melllajd B TepMOCTaT ¢ Temreparypoii 5, 10, 15, 20,
25, 30, 35, 40, 45, 50°C na 60 MUH IS TOCTIKEHUS
MMM COOTBETCTBYIOIIEH TeMIIepaTypbl. 3aTeM KaMephbl
3aKpbIBIM U UBMEPSLIU B HUX UCXOTHOE CoJlepKaHue
CO, momompio MUK-Dypre crriekrpomeTpa Gasmet
DX-4030 (“Gasmet Technologies Oy”, ®UHASHINSA)
¢ ToYHOCThIO +35 ppm. ITocie a3Toro Kamepsl nomena-
JI B TepMocCTaT Ha 60 MUH IIpH TOi1 XXe TeMIleparype,
MIpU KOTOPOIi OHU HaXoOWIucCh 1o 3Toro. ITo 3aBep-
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IIEHUW KCTO3UIIMUA BHOBb U3MEDPSIN COIepKaHUe
CO, B kamepax.

HMHTEeHCMBHOCTH ra3000MeHa OLIEHUBAIU T10 pas3-
HocTu KoHueHTpauuii CO, B Hayajle U B KOHIIE DKC-
no3uiuu B MKr C—CO,/r/4 1o dopmyne: ECO, =
= ACO, X (V,—=V,)/Vm X M,/M, %X 0.27 x 273/T, tne
ECO, — smuccuoHHas aktuBHocTh MKT C—CO,/T/4,
ACO, — konmuectBo CO,, BbIICICHHOE JPEBECUHOM
3a yac (ppm/4), V;, — 00beM 3KCMO3ULIMOHHOI Kame-
phlI (11), V, — 06beM obpasiia (1), Vm — MosIsipHbIi 00beM
(22.4 n/monb), M| — monsipHast Mmacca CO, (44 r/Monb),
M, — abcontoTHO-cyxast Macca obpasua (1), 0.27 —
maccoBas goiss yoiepona B CO,, T — temmeparypa
Bo3ayxa (K).

OneHKa MHTEHCUBHOCTH POCTA W KOHKYPEHTOCHO-
cooHoctn muneausa. B crepunbHbie yamku Ilerpu
muaMmetpom 10 cm BHOCcHIM 110 30—40 MIT CBEXKETIpHU -
TOTOBJIEHHOTO CTEPUJILHOTO cyclio-arapa. Ilocnie 3a-
CTBIBaHUSI CPEAbl B LICHTP YalllK1 MOMEIIaJI NHOKY-
moM (Kycodek cycio-arapa 5 X 5 MM C MUIEINEM
rpuba) 1 ocTaBIsIM Ha 1—2 CyT B JaMMHapHOM OOKce
IIpU KOMHaTHOI TeMIteparype. Korma Munenuii Ha-
YMHAJ TIEPEeXOAUTh C MHKYJIIOMa Ha ITMTATeIbHYIO
cpeny, Yalllky TTIOMelIaJIu B TePMOCTAT ¢ TeMIlepaTy-
poii 5, 10, 15, 20, 25, 30, 35 1 40°C. B 3aBUCMMOCTH OT
TeMIiepaTyphl (pexe Npyu HU3KOM 1 Jallle MpHu BBICO-
KOW) M3MEepsUIM pagualbHBIi MPUPOCT MULIETUS U
pPacCYUTHIBAJIM MHTEHCUBHOCTb €r0 POCTa B MM/CYT.
OTIIBITHI IIPOBOAMIIM B TPEXKPATHOU IIOBTOPHOCTH.

st u3yyeHus1 TeMIiepaTypHOM IMHAMUKN KOHKY-
peHTocnocooHocTH B yamiku [lerpu muamerpom 10 cm
Ha CycCJio-arap moMemanyd Opyr HaAIIpOTHUB Opyra B
1 cM OT Kpast Yalllkyi MHOKYJIIOM ¢ Mulieauem D. con-
fragosa v D. tricolor. Yamiku BblaepxuBaiu 1—2 cyt
MpU KOMHATHOM TeMIlepaType 1, Korna MULeauii Ha-
YUHAJI TIEPEXOAUTh C MHOKY/IIOMA Ha TMUTATEJIbHYIO
cpeny, TioMelliajid B TepMOCTaT ¢ TeMIlepaTypoit 5—
10, 20 u 35°C. Ilepuoandecku, B 3aBUCUMOCTU OT
CKOPOCTH POCTa MULIESJIUS IPU JaHHOI TeMreparType,
U3MEPSIIM €T0 paIuyc B HallpaBJIeHUU Ipuba-KOHKY-
pEeHTa W pPacCUUTHIBAJIM MHTEHCUBHOCTh pPOCTa B
MM/cyT. OTIBITBI TPOBOAMJIN B TPEXKPATHOM MTOBTOP-
HOCTH.

OneHKa TeMmepaTypHOil 3aBUCHMOCTH Tra3000MeHa
muneama. Yamku [Metpu nuamerpom 5 cm, Ha 2/3 3a-
pocimx munenueM D. confragosa n D. tricolor, mome-
a1 B 9KCIO3UIIMOHHBIe Kamepsl (0.27 1) 1 cTaBWIN
B TEpMOCTAT ¢ Temneparypoii 5, 10, 15, 20, 25, 30, 35,
40, 45 1 50°C Ha 30 MUH IJIST TOCTUKEHUS TPeOyeMOi
TeMITepaTyphl. 3aTeM YaIllkKi OTKPBIBAIM, a KaMephl
TepMETUYHO 3aKPhIBAJIM U UBMEPSLIU B HUX CXOIHOE
coaepxanue CO, ¢ nmomotpio MK-Dypbe criekTpo-
MeTpa ¥ IIOMEIIAIA B TEPMOCTAT Ha 2 9 ¢ TOi Ke TeM-
nepaTypoi, Ipu KOTOPO OHM HaXOAWJIWCh B Mped-
mwectByomue 30 muH. ITo OKOHYaHUM 3KCIO3ULUU
BHOBb U3Mepstin comepkanue CO, B Kamepax U 1o
pa3Hulie MeXIy KOHEYHOU M MCXOAHOI KOHIIEHTpa-
LIMei OLIEHUBaJIU MHTCHCUBHOCTb ra3000MeHa B MKT
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44 MVYXHUH u np.

C—CO,/cm?/4 o popmyne: ECO, = ACO, X (V, —
—V,)/Vm x M/S % 0.27 x 273/T, tne ECO, — amuc-
cuoHHas akTuBHOCTh MKT C—CO,/cm?/4, ACO, —
kosyectBo CO,, BbIIEJICHHOE MULIEINEM 32 4 (ppm/4),
V, — 00beM Kamepsl (1), V, — 06beM yaiku (J1), Vm —
MOJISIpHBIIT 00beM (22.4 n1/mMonb), M — MoaspHas
macca CO, (44 r/moib), S — uromaas MULIETUs (CM?),
0.27 — maccoBag nons ymepona B CO,, T — Temniepa-
Typa (K). OnbIThl TPOBOAMIIU B TPEXKPATHOI MOBTOP-
HOCTH.

Cratuctnyeckmii anam3. CTaTUCTUYSCKUI aHAIN3
BBITIOJTHEH C MCITOJIb30BaHUEM ITporpaMMBbI Statisti-
ca 8.0. CpenHue apudmMeTuueckrue 3HauyeHUs (M)
OpUBEAEHBI CO CTaHIapTHBEIMU omnokamu (SE), misa
MHOXECTBEHHBIX CPaBHEHMI MCITOJb30BAIM OIHO-
dakTopHbIit nucnepcuoHHbIN aHau3 (ANOVA). s
XapaKTePUCTUKU CBsA3eil MEXOy IepeMeHHBIMU WC-
oJib30BaIn KoahduureHT Koppesauuu I[Tupcona (7).
IIpu onvcaHuM pe3ysibTaTOB CTaTUCTUYECKOTO Olle-
HUBaHUS TPUBEACHBI 3HAUYCHUSI COOTBETCTBYIOIIETO
KPUTEPUS U YPOBHU €T0 3HAUMMOCTH.

PE3VIIbTATDI
TemMnepaTypHasi JMHAMMKA POCTAa MULEIUSA

Ha cycno-arape poct munenus D. confragosa n
D. tricolor Habnmonaercst B nuana3oHe 5—35°C, ¢ mak-
cumymoM npu 30°C (D. confiragosa) — 35°C (D. tricolor).
B nntepBaiie 10—30°C MHTEHCUBHOCTb POCTa MUILIE-
JIUSI TECHO U MOJIOXKUTENbHO cBsi3aHa (p = 0.001, n =
= 20) c remniepatypoii: ¥ = 0.94 (D. confragosa) — 0.97
(D. tricolor). TemnepaTypHblii KO3 (UIIMEHT pocTa
(Qyp) D. confragosa B naHHOM Iuana3oHe TeMIepaTyp
1.9, a 'y D. tricolor — 2.7. Muuenuii D. confragosa B
1.7 paza Oonee akTuBHO, 4eM Muuenuii D. tricolor,
pacret nipu 5—10°C [F (1, 14) = 5.5854, p = 0.03], a
npu 35°C, HaobopoT, B 2.6 pa3a 6os1ee akTuBHO [ F(1, 6) =
=2668.5, p = 0.0001] pacrer munenuit D. tricolor

(puc. 1).

TemneparypHasa AMHAMHUKA razooomena CO, Muneams

lazoobmen mutienus D. confragosa u D. tricolor Ha
cycio-arape perucTpupyercs B nuamnaszoHe 5—50°C, ¢
MmakcuMmyMoMm nipu 35°C y D. confragosa n 45°C — y
D. tricolor (puc. 1). Ilpu 5—35°C razo00MeH MULICTINS
D. confragosa TeCHO M TIOJIOXUTEIIHFHO CBSI3aH C TEM-
nepatypoii (r = 0.98, p = 0.001, n = 21), omHaKo 1pu
40—50°C sTa cBsa3b yTpaumBaercda (r = —0.63, p =
=0.06, n=9). 'azoobmeH mutienus D. tricolor Takxe
00HapYXMBaET TECHYIO MTOJIOXKUTEIBHYIO CBSI3b C TEM-
nepatypoii mpu 5—45°C (r = 0.96, p = 0.001, n = 27).
IIpu 5—10°C nHTEeHCUBHOCTh ra3oobMeHa D. confra-
gosa B 1.6 paza Bblle, yeM y D. tricolor [F (1, 10) =
= 5.3356, p= 0.043]. Kpome Toro, CO, razoobmeH
D. confragosa 6onee aHepruyHo, yem D. tricolor pearu-
pYyeT U Ha MOBBILIEHMWE TeMIepaTypbl ¢ 5 go 15°C:
TeMrieparypHsbiit koaddbunueHT (Q,y) 2.8 u 1.6 coor-
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40 | 45 50
E1 0.82 | 1.60 | 2.21 [ 3.32 | 3.74 | 5.58 | 2.43 1 0.05 | 0 0
E2 043|098 |2.03|3.68 |4.51 |547|6.26]0.05| 0 0
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Temneparypa, °C

Puc. 1. TemnepaTypHast AMHaAMMKa pocTa (a), ra3000MeHa
CO, (6), muuenus Ha cycio-arape u rasooomena CO,
NpeBecUHBI, paspyiiaeMoit Daedaleopsis confragosa w
D. tricolor (B). Temuble kosioHKU — D. confragosa (1), cBet-
JIble KOJIOHKU — D. tricolor (2); m = SE.

BeTCTBeHHO. [Ipu BeicOKMX TemmepaTypax (35—45°C),
HAaoOOpPOT, WHTECHCUBHOCTh Ta3000MeHA MUIIETUS
D. tricolor B 1.7 paza Boille, yeM y D. confragosa [F (1, 16) =
=34.774, p = 0.001] u 6omee cuibHO, YeM y D. confra-
gosa pearupyeT Ha U3MEHEHME TeMITepaTyphbl B HHTEP-
Basie 10—30°C: Qy( 2.5 1 1.7 cOOTBETCTBEHHO.
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20 °C

Puc. 2. TemneparypHasi iMmHaMuKa KOHKypeHTocrocooHocTu (barrage test) Daedaleopsis confragosa (1) u D. tricolor (2).

TemnepatypHasa quHaMuKa razooomena CO,
JipeBeCHHbI, pa3pymaemoii D. confragosa n D. tricolor

T'azoobmen CO, apeBecuHsbl, pazpyiaeMoid D. con-
Jfragosa n D. tricolor, Haba0maeTCs B TOM Xe, UTO U Y
IUKapUOTUYECKOTO MUTIETUSI Ha CyCI0-arape, MHTep-
Bajie Temmneparyp (5—50°C), Ho y nepBoro rpuba ero
MaKcHUMaIbHast THTeHCUBHOCTD PETUCTPUPYETCS MIPU
30°C, a 'y Broporo — npu 40°C (puc. 1, B). I1pu 10—
30°C razoobMeH D. confragosa TECHO U TIOJIOXUTEb-
HO cBs13aH ¢ Temrieparypoii (r = 0.73, p = 0.002, n = 15)
U TIpU ee MoBbIIeHnn Ha Kaxnbie 10°C ycunuBaercst
B 2.9 pa3sa, Ho ipu 35—50°C 3Ta cBSI3b yTpaunBaeTCs
(r=-0.41, p = 0.18, n = 12). B cnyyae razoobMeHa
IpeBeCHHBI, pa3pyiaeMoit D. tricolor, ero TecHas U
TTOJIOKUTEbHASI CBSI3b C TEMIIePaTypoii perucTpupy-
ercs B uHtepBajie 15—40°C (r=0.94, p=0.0,n=18) u
otcyrcTByeT nipu 5—15°C (r=0.03,p=0.93,n=9). [1Ipu
35—-50°C ra3oo0MeH JpeBEeCUHBI, pa3pyllaeMoil
D. tricolor, B 3—6 pa3sa Bblllle, YeM IPEBECUHDI, Pa3py-
maemoit D. confragosa.

TemMnepaTypHasi JMHAMHUKA KOHKYPEHTOCTIOCOOHOCTH
D. confragosa u D. tricolor

PesynbTathl TecTa Ha KOHKYPEHTOCIIOCOOHOCTH
(barrage test) mokasbIBaioT, 4to npu 5—10°C UHTEH-
CUBHOCTB pocTa muuiesius D. confragosa 3HaUumo (p =
= 0.004) Boiire (2.4 £ 0.14 mm), yem y D. tricolor (1.3 =
+ 0.18 mMm). ITpu 35°C, Ha0OOPOT, OHA TaKKE 3HAYM -
Mo (p = 0.02) mmxe (5.3 = 0.33 mMm/cyT), yem y D. tri-
color (10.1 + 1.15 mm/cyT). ITpu 20°C UHTEHCUBHOCTH
pocta Muliesivsi 06oux rpudoB BbipaBHUBaeTcs (p = 0.5)
u coctasiisger 7.0 = 0.2 mm/cyT (D. confragosa) n 5.9
* 0.44 mMm/cyT (D. tricolor). B cOOTBETCTBUU C 3TUM,
D. tricolor 601ee KOHKypeHTOCIIocoOeH npu 35°C u
3aHUMAaeT OOJIbIIYIO YACTh MUTATEILHON Cpeabl, TIpu
5—10°C “repputopuanbHOe” MPEUMYILIECTBO IMOIY-
yaet D. confragosa, a npu 20°C MX KOHKYPEHTOCIIO-
COOHOCTh paBHAg M OHU 3aHUMAIOT PaBHBIC YYaCTKU
MATATeIbHOM cpeabl (puc. 2).
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OBCYXIEHMNE

ITo TemMmepaTypHBIM XapaKTepPUCTUKAM POCTa MU~
uenus (nuaraszoH 5—35°C, ontumyM npu 30—35°C)
D. confragosa v D. tricolor oTHOCSITCSI K ME30(DUIBHBIM
rpubamM, TeMmnepaTypHBIM IuaIa3oH pocTa KOTOPHIX
10—40°C, a TemnepaTypHbIii OITUMYMOM HaXOIUTCS
npu 20—35°C (Kirk et al., 2008). Bmecte ¢ TeMm, y
D. confragosa n D. tricolor ecTb BhIpaxXeHHbIE OCOOCH-
HOCTH IO TEMITepPaTypHON IMHAMUKE POCTa TMKAPUO-
TU4YecKkoro mutenusi. ¥ D. confragosa oH Gojiee MH-
TEHCHBHO pacTeT Ipy HU3KMX Temmneparypax (5—10°C)
M €ro TeMIepaTypHbIii OITUMYM pocTa 60Jiee HU3KUIA
(30°C), uem y munienus D. tricolor, pactyiiero dojiee
aKTUBHO IIpu TeMIteparypax Boiie 30°C 1 IMEIOIIero
TeMIlepaTypHBbIi onTuMyM Iipu 35°C. D10 cornacyer-
ca ¢ nanabiMu Markovih et al. (2013), moka3zasimiux,
4TO TEMIIEPATypPHBIII ONTUMYM POCTa TUKAPUOTUYIE-
ckoro muttenus D. confragosa Ha cycio-arape HaOI10-
nmaercsa npu 30—35°C. D. tricolor otnmyaeT U OoJiee
pe3Kasi peakiis €ro MUIIEJIMsI Ha IIOBBIIIICHUE TEMIIE-
patypsl: B auana3oHe 10—30°C rpu KaxKIoM ee IOBbI-
meHur Ha 10°C MHTEHCMBHOCTbL pOCTa BO3pacTaeT B
3 pasa, Torna Kak y D. confragosa — B 2 pa3a.

TemniepatypHas auHamuka razooomeHa CO, Mu-
uenusa D. confragosa i D. tricolor mogTBepXmaeT HaIN-
Yyre y HUX 9KOJIOTUYECKOUM MHAWBUIYAIbHOCTH I10 OT-
HOIICHUIO K HU3KMM M BBICOKHMM TeMIIepaTypaM.
Ha cycimo-arape axkTuUBHBIII Ta3000MeH MULIEIMS
D. confragosa n D. tricolor peructpupyeTcsi B OTHOM U
ToM Xe auana3oHe (5—50°C), Ho ¢ Oosice HU3KUM
TeMmIeparypHbiM ontuMyMoM (35°C) y D. confragosa n
6oJiee BoIcOKUM (45°C) y D. tricolor. Kak u B cityyae
pocta, muuenuii D. confragosa neMoHCTpUpyeT GoJjiee
MHTESHCUBHBIN ra3000MeH Npyu HU3KUX, a D. tricolor —
Mpu BbICOKUX TeMnepaTtypaX. CooTBeTCTBUE TeMIlie-
parypHoii IMHaMUKU pocTa Mullenus u ero CO, razo-
oOMeHa BIIOJIHE OOBSICHMMO, TaK KaK pPOCT M JIbIXa-
HUeE, IToKa3aTeJeM MHTEHCUBHOCTH KOTOPOTO SIBJISIET -
csa razoobmeH CQO,, — 3TO ABa TECHO CBSI3aHHBIX
npoiecca (Tselniker et al., 1993).

TemnepatypHasi nmHaMmuka razooomena CO, npe-
BeCHUHBI, pa3pymaemoir y D. confragosa u D. tricolor,
MPUHLIMUIIUMAIBHO HEe OTJIMYAEeTCs OT TAKOBOI TUKapu-
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OTMYECKOI0 MUIIEIHsS Ha cycjo-arape: 1) perucrpu-
PyETCs B TOM Xe TeMIIEpaTypHOM Auana3oHe; 2) TeM-
neparypHbiii MakcumyMm y D. tricolor Ha 10°C BbIllIe,
ueM y D. confragosa; 3) npu 35—50°C UHTEHCUBHOCTH
CO, razoobMeHa ApeBeCcuHbl, pa3pyiiaemoit D. tri-
color, BhIllIe, YeM Y IPEBECUHBI, pa3pyluaeMoii D. con-
fragosa. DTO TOBOPUT O TOM, UTO PETUCTPUPYEMBIii
CO, ra3000MeH IPEBECUHbBI OTIPENELISETCS NbIXaTeb-
HOIl aKTMBHOCTBIO CyOCTPATHOTO MMIIEIUSI COOTBET-
CTBYIOIIUX BUIOB KCHJIOTPOMHEIX TPUOOB.

TeMmepaTypHBIE 0OCOGEHHOCTH pOCTa ¥ Ta3000Me-
Ha CO, D. confragosa n D. tricolor onpeaensior TeMmne-
paTypHYIO TMHAMUKY UX KOHKYPEHTOCIIOCOOHOCTH —
D. confragosa mMeeT KOHKYpEHTHBIC IPEUMYIIECTBA
TP KOJIOHW3AIWH APEBECUHBI TIPU HU3KUX, a D. tri-
color — TIpu BBICOKMX TeMIIepaTypax. OTO B LIEJIOM CO-
OTBETCTBYET MX TeorpacduIecKoMy pacIpocTpaHe-
HUIO, B YaCTHOCTH, D. tricolor, KOTOPHIIT paccMaTpu-
BalOT Kak TIpubd cyOocpeau3eMHOMOPCKOTO THIIA
pacnpoctpaHeHus (Piatek, 2001) unu rOXHBIA 3KO-
tun D. confragosa (Ryvarden, Gilbertson, 1993; Ga-
lovi¢ et al., 2018). M.A. bonnapueBa (Bondartseva,
1998) Takxke ykaspiBaet, utro B Poccuu D. tricolor
BCTpEYaeTCs IPEUMYIIIECTBEHHO B OTHOCHUTEIBHO
MSITKHUX KJIMMaTUYEeCKUX YCIOBUSIX.

Koukol et al. (2014) co cchuikoii Ha paboty Kotlaba
et al. (2010), ormeuaroT, 4To eciau B ripouutoM D. tricolor
OYEHb peNKo BcTpevasicsd B boremuu, To B HacTosiiee
BpEeMsI 3TO yKe OObIUHbIN 31ech rpu0. O0 yBeIMYeHU
B [losibiie 4ucia WM3BECTHBIX MECTOHAXOXIEHW
D. tricolor coobmaer u Piatek (2001). Bo3amoxHo, 3TO
CBSI3aHO C MOTEIIEHUEM KJIMMaTa, ClioCOOCTBYIOIIUM
paccelieHU10 TPUOOB ¢ TAKMMU TeMIIEPATYPHBIMU Xa-
pakTepucTuKaMu, Kak y D. tricolor. YauTeIBast 3K0JIO-
ro-dusunojiornyeckue ocooeHHoctu D. tricolor, Mop-
¢onornyeckyio u reorpaduIecKyro 0060Co0JIeHHOCTh
U OTCYTCTBUE FEHETUUECKUX OTINUMid OT D. confragosa
(Koukol et al., 2014; Mentrida et al., 2015; Galovi¢ et
al., 2018; Mukhin et al., 2020) ero, ckopee Bcero, ciie-
JlyeT paccMaTpuBaTh KakK IOXHYIO reorpaduyeckyto
pacy D. confragosa. B TaKCOHOMUM TIOCJIETHSISI COOT-
BETCTBYET MOABUIY: COBOKYMTHOCTh (PEHOTUTTUYECKU
CXOIHbBIX TOMYJISILIMI, HACENSIOUIMX ONpenesICeHHYIO
yacTh BUI0BOro apeaia (Mayr, 1974).
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KypeHTOocIocoOHocTU. ¥ D. confragosa oHa 60Jjiee Bbl-
CcoKasi Mpu HU3KUX, ay D. tricolor — mpy BBICOKUX TEM-
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Temperature Dynamics of Growth, CO, Gas Exchange and Competitiveness
of Daedaleopsis confragosa and D. tricolor
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The temperature dynamics of mycelium growth, CO, gas exchange and competitiveness of Daedaleopsis confra-
gosa and D. tricolor were analyzed. It has been shown that on agar (MEA) mycelium growth is limited to 5—35°C,
and its maximum is observed at 30°C (D. confragosa) — 35°C (D. tricolor). The mycelium CO, gas exchange at
MEA is recorded in the range of 5—50°C, with a maximum for D. confragosa at 35°C and 45°C for D. tricolor. The
temperature dynamics of CO, gas exchange in wood destroyed by D. confragosa and D. tricolor does not funda-
mentally differ from that of dikaryotic mycelium on MEA: recorded in the same temperature range (5—50°C),
the temperature maximum is higher in D. tricolor (40)°C than in D. confragosa (30°C). According to the tempera-
ture characteristics of mycelium growth and CO, gas exchange D. confragosa and D. tricolor can be characterized
as mesophilic fungi, but differ in pronounced ecological individuality in relation to low and high temperatures.
D. confragosa is characterized by more intensive growth and CO, gas exchange of mycelium at 5—10°C, and
D. tricolor at 35—50°C, which determines the temperature dynamics of their competitiveness: higher in D. con-
fragosa at low, and in D. tricolor — at high temperatures. This corresponds to their geographical distribution: the
first one is found in all latitudinal parts of the forest zone, and the second one is absent in its northern part, but
common in the southern. According to the geographical and ecological-physiological features, D. tricolor can ap-
parently be considered as the southern subspecies of D. confragosa s.1.

Keywords: Basidiomycota, ecophysiology, temperature factor, xylotrophic fungi
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IOBEHWJIBHASA YCTOMYMBOCTL COPTOB 1 OGPA3IIOB AUMEHS
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CeryaTasi MSATHUCTOCTh — DKOHOMMWYECKU BaxkHasi 00Jie3Hb ssuMeHsi. Bo3OynuteneM SBisieTcsl aCKOMULET
Pyrenophora teres, KoTopblii cyliecTByeT B 1ByX (popMmax — f. teres (Ptt) v f. maculata (Ptm), oTIM4amIIMXCS 1O
CUMIITOMaM Ha pacTeHUSX TYMEHs. DTU ABe (POPMBI JIETKO CKPEIIMBAIOTCS B JIAOOPATOPHBIX YCIIOBUSX C 0Opa-
30BaHUEM (DEPTUIIBHOTO MOTOMCTBA, OJHAKO JI0Ka3aTh THOPUIHYIO PUPOIY U30JISITOB rpruba, MHOTAA BCTpe-
YaOIIMUXCS B TIPUPOMHBIX TOMYJISIUSAX BO30OYIUTENIS M HECYLIMX MPU3HAKU 00enx ¢hopm, KpaiiHe CIOXKHO.
B 2020 r. Hamu BIiepBbIe BHISIBJIEHBI MEXKBUIOBbIC TUOPUABI Ptt X Ptm B MpUpOOHBIX Monysiuusx P. teres Kpac-
HOIApCKOTO Kpast, coopaHHbIX B 2016 T. Llesbio MccnenoBaHmMii SIBJISUIOCH CPABHUTEILHOE U3YUYeHUE BUPYICHT-
HOCTH IBYX U30JIATOB Ptt, NByX — Ptm pa3IMYHOro MPOUCXOXICHUS U THOPUIHOTO U3oJisita Pt X Ptm K iupo-
KOMY Habopy reHOTHIIOB sTYMeHsT M3 KojuteKunn BUP, mpenBapuTeIbHO OTOOpaHHBIX 110 YCTOMYMBOCTH K Prt,
IUTSL oTpefesieHns] U3MEHUYMBOCTU TIpU3HAaKa BUPYJIEHTHOCTU y TMOPHUIHOIO M30JISITA U XapaKTePUCTUKU
YCTOMYMBOCTHU K 00euM popMaM rpuda u tTuopumy. B 3aBUCMMOCTH OT TeHOTHUIIA STIMEHS IIPOSIBIISLINCH 3 THUITA
CUMIITOMOB 0O0JIE3HU TIPU MHOKYJISILIMU TUOPUAHBIM U30JITOM Ptt X Ptm: 1) xapakTepHbIX st Prt, 2) xapak-
TepHbIX Wis1 Ptm n 3) cMmemianHoro turna. [lo-BuauMomy, mposiBIeHUE CUMIITOMOB TMOCJI€ MHOKYJISIIUU TH -
OpPUIHBIM U30JISITOM 3aBUCUT OT T€HOTHUIIA STUMEHSI, BIUSIONIErO0 Ha SKCIIPECCUIO OIpeIeIeHHbIX TeHOB 3(-
dexrTopoB natoreHa. [lokazaHo, 4TO B OOJBIIUHCTBE CJIy4aeB U3OJSATHI Ptm OTIMYAIOTCS 110 BUPYJEHTHOCTHU
OT U30JISITOB Pff K OTHUM U TEM e oOpasiiaM s;dMeHs, a TMOPUIHBIN U30T Prt X Ptm Kax ot Ptt, Tak v ot Ptm.
B cpentem rubpumHbIil n30asaT Pt X Ptm ObU1 MEHEe arpecCUBHBIM 110 CpaBHEHUIO ¢ u3oisitaMu Pt m Prm.
[Tpu cpaBHEHWM TUITOB peaKLMii 00pa3LioB TYIMEHST KO BCEM U3YYeHHBIM usoiisitaM Pt i Ptm BoisiBlieHO 8.8%
006pa3ioB YCTOMYNUBBIX K 00eM hopMam P. feres n 5.6% — K Ptt, Ptm v rubpunHoMy nsonary Pt X Ptm. Uzy-
YyeHHUE BUPYJIEHTHOCTU MPUPOTHOTO rubpuna Pit X Ptm NMpoBeAcHO BIEPBbIC, BBHISIBJICHHbBIC YCTOMUUBBIE K
nBYM (hopmMaM BO30YIUTEISI CETYATOM MATHUCTOCTY 0Opa3Libl SYMEHS SIBJISIIOTCSI LIEHHBIM UCXOIHBIM MaTepHr-
aJIOM 151 CEeJIEKLIUU.

Knarouesole croa: BUPYJIEHTHOCTD, TMOpuaHas ¢opMa (net X spot), ceTyartasi MAITHUCTOCTh, YCTOMYUBOCTb,
sSTIMEHbB, net-gopma, spot-dopma, Pyrenophora teres
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BBEIAEHUE

CeryaTasl ISITHUCTOCTh HAHOCUT 3HAYUTEIbHBIN
yiIep6 ypoxkaio SUMeHsI BO BCEM MUPE, M TIO3TOMY SIB-
JISIETCSI 2KOHOMUYECKU BaXKHOI 001e3HbI0. Bo30ynu-
TeneM OOJIe3HM SIBISIETCS acKoMuueT Pyrenophora
teres Drechsler, KOTOpBbIii CylIIECTBYET B IBYyX (popmMax —
net-opma (f. teres, Ptt) u spot-popma (f. maculata,
Ptm). Ot opMEI pas3nIMyamTCd 110 CUMIOTOMaM Ha
pacteHuM Xxo3suHe. B permoHax, rae HaOGmomaeTcs
BBICOKasI BIIAXKHOCTD U IIpOXJIagHasl TeMIlepaTypa Bo3-
JIyXa, CO3HAlOTCS yCIOBHS, OJIarOIpUsITHBIE IJIsS 4Ya-
CTBHIX 3MUAESMUI ceTyaToi maTHucTocTu (Ma et al.,
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2004; Liu et al., 2011). IToTtepu ypoxast MOTYT COCTaB-
79Tk oT 10 10 50% , BILTOTH 1O TTOJTHOM TMOEIU CUIIBHO
BOCHPUMMYMBBLIX COPTOB TIPU OJIATONPUSITHBIX IS
pa3Butus 6osie3Helt ycinoBusix (Mathre, 1997; Murray,
Brennan, 2010; Galano et al., 2011; McLean et al., 2014).
IMopaxeHue 060JIE3HBIO TPUBOIUT K YMEHBIIEHUIO
pa3Mepa, TJIOTHOCTH 3€pHa U OTPULIATESIbHO CKa3bIBa-
€TCsI Ha COJTOXKEHUHM Y TTMBOBAPEHHOTO U KAYECTBE 3€pHAa
y kopmoBoro stumeHst (Mathre, 1997; Grewal et al., 2008;
Liuetal., 2011; Wang et al., 2015; Backes et al., 2021).

CHIXeHNe YPOBHS arpOTeXHUKH, a TakKkKe HyJie-
Basi 0OpaboTKa MOYBHI CITOCOOCTBOBAIM IIUPOKOMY
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pacnpoctpaHeHuio 6ojye3nu (Shipton et al., 1973;
Mathre, 1997; McLean et al., 2009). K ¢dakropam,
CMOCOOCTBYIOIIVM IMOBBIIIIEHNIO 3 KOHOMUYECKOM 3HA-
YUMOCTU OOJIE3HU, OTHOCSTCSI TAKKe BOCITPUUMUYM-
BOCTb COBPEMEHHBIX COPTOB SIUMEHSI M WU3MEHEHUS
KnMaTdeckux yeiaopuii (Lashina, Afanasenko, 2019).
Briepsrie Smedegard-Petersen (1971) obHapykui
CyllleCTBOBaHUE OBYX (opM P. feres OTIMYAIOIINXCS
10 BBI3BIBAEMBIM CUMITTOMaM. [Ipu 3apaxkeHUMN S4-
MeHsI rpuooM P, teres f. teres (Ptf) MOXHO Ha0II00aTh
MOpaskeHUS CETYATOrO TUIA B BUIE Y3KUX, TEMHO-KO-
PUYHEBBIX, MPOMOJBHBIX W TOMEPEYHBIX ITOJIOCOK,
OKPYXKEHHBIX XJIOPO30M, CO3MAIOIINX PUCYHOK CETKU
Ha JIMCThSIX STYMEHSI, U3-3a KOTOPOro GOIe3Hb MOIy-
yuia cBoe Ha3zBaHue (Shipton et al., 1973). CumnTo-
MbI CETYATON MATHUCTOCTU OBLIU BIIEPBbIC OMUCAHBI
B 1920 1. (Atanasoff, Johnson, 1920). Spot-cdopma npo-
SIBJISIETCS. HA JIUCThSIX IMMEHS B BUIIE TEMHO-KOPUYHE-
BBIX OKPYIJIBIX WY SJUTANTUYECKUX TISITEH, OKPYKEH-
HBIX XJIOPOTUYHBIMU Ope0IaMHU Pa3TMIHOMN IIUPUHEL.

Kak 1 B citydae ¢ mpyrumu 3a00JIeBaHUSIMH pacTe-
HU, TIPOSIBIICHWE CUMITTOMOB, TAKMX KaK pa3Mep Io-
paXeHusl U HaJIM4Me XJI0p03a, 3aBUCUT OT T€HOTHUIA
XO35IMHA, BUPYJCHTHOCTU TNaToreHa u yCJIOBUI OKpY-
Karomrei cpenbl. CUMIITOMBI, BhI3BIBaeMbie P. feres,
WHIYLUMPYIOTCS pa3IMYHbIMU TOKCHMHaMHM (Smede-
gard-Petersen, 1977; Weiergang et al., 2002). Beipaba-
THIBaeMble (DUTOTOKCUYHBIC COSTMHECHUSI BKIIIOYAIOT
MMUPEHOJIUIbI, TUPEHOJUHBI U TPU TTETITUIHBIX aJIKa-
Jiouaa, acneprujioMmapacMuH A U ero Mpou3BOIHbIC
(Muria-Gonzalez et al., 2020).

Bo36ynutens MpOHUKAET 4yepe3 YCThMIA, U TIPU
MCKYCCTBEHHOMN MHOKYISIINU yKe yepe3 24 4 Ha Me-
CTe IIPOHUKHOBEHWSI BUIAHBI HEOOJIbIINE KPYIJIbIC
W SJUTUTITUYECKYE TOYEUHbBIE TIOPaXKEHUS, KOTOPhIE
paspacTtaioTcsl U MpeBpaliaTcs 00 B TEeMHO-KO-
pWYHEBBIE MSITHA C MPOJOJLHBIMUA U ITONIEPESYHBIMU
MOJIOCKAMU, 0OPa3yIOIIUMHU CeTUYaThIA pUCYHOK (Prr),
JINGO OKPYIJIbIE Y MPOAOJITOBAaThHIe MSATHA, OKPYKEH-
HBIe XxJ10po30oM (Ptm). Ha BBICOKOYCTOMYMBBIX T€HO-
TUIIaX STYMEHSI 00pa30BaBIINECS TOUECYHbIE HEKPO3bI
HE pa3pacTaroTcs, Ha BOCIIPUUMYUBBIX — CUJIBHOE 3a-
pakeHHe IIPOPOCTKOB MOXKET IIPUBECTHU K ITOJTHOM T'M-
Oen’ JIMCThEB.

Net-dopMa MOXET OBITh JIETKO NIEHTU(DULIMPOBA-
Ha Ha pacTeHMSIX STUMEHSI Ha OCHOBE CUMITTOMATUKMU,
a spot-(popMy MOXKHO IPUHSTH 32 CUMIITOMBI, BbI3bI-
BaeMble Bipolaris sorokiniana (Sacc.) Shoemaker (Mc-
Lean et al., 2009; Marshall et al., 2015; Burlakoti et al.,
2017; Rehman et al., 2020).

B 1985 r. 6bu10 0OHapyxXeHo, uTo P. feres f. teres
pacrpocTpaHeH II0 BCEM TEPPUTOPUU TIPEPUINHBIX
npoBuHIMK Kaxansl, B To BpeMs Kak P. feres f. macu-
lata 6b11 HanOonee pacrpocTpaHeH B CackaueBaHe.
Taxoke 1pu ucciienoBaHuu 224 M30JITOB B 3artagHoMi
Kanane nonrsepxaeHo, 4to 82% O6bL1u Pt 1 TOJILKO
18% oxaszamuce Prm (Tekauz, 1990).

Pacnipoctpanenue spot-opMbl pacIIMpUIIOCh B
OCHOBHBIX  PErMOHAaX-TIPOU3BOAUTENSAX  SYMEHS,
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Bkitodas CIIA, Ascrpanuio, Kanany, danuio, FOx-
Hy1o Abpuxky nu Hopseruto (Liu et al., 2011; Turking-
ton et al., 2011; Lartey et al., 2013), a Takxxe B CeBep-
Hoit Adpuke (Lammari et al., 2019). DnudutoTnn
OBUTM OTMEUEHBI B HEKOTOPEIX paiioHax KaHamwr, AB-
ctpanuu, CIIA (Liu, Friesen, 2010; McLean et al.,
2009, 2010; Fowler et al., 2017). lllupokoe Bo3OebI-
BaHUE YCTOMYMBBLIX K Pff COPTOB STUMEHSI, KOTOPEIE
OKa3aJIuCh BOCIIPUMMYMBBIMU K Pfm B yCI0BUSIX AB-
crpammu 1 FOXxHONM AQpUKA NpHUBEIO K SIUEGUTO-
TUIHOMY Pa3BUTUIO SPOt-(hOPMBI CETYATOM TISITHU-
croctu (Louw et al., 1996 MclLean et al., 2010a; Leh-
mensiek et al., 2010).

Spot-¢opMa BO30yIUTEIISI CETYATOM IISITHUCTOCTH
sTYMEHsI Obl1a BriepBblie oOHapyxeHa B Poccuu B 2011
B KpacHomapckom kpae (Anisimova et al., 2011) u B
2014 1. B benapycu (Mironenko et al., 2016). B Poccun
OTCYTCTBYIOT CBeJieHUsI 00 3(h(HEeKTUBHOCTU TOHOPOB
YCTOMYMBOCTU K 3TOU ¢hopMme maTroreHa U, COOTBET-
CTBEHHO, 1IeJIeHaIpaBJeHHas CeJIeKIIUs Ha YCTOMYM-
BOCTb. IIpu 3TOM, HanpuMep, B YCITOBUSIX ABCTpaJIMU
9Ta opMa siBiIsieTcsl 0oJiee arpecCMBHOI, 4yeM net-
¢dopma 1 mpeobiagaeT Ha moceBax ssameHs (Jayasena
et al., 2007; Murray, Brennan, 2010; McLean et al., 2016).

BnepBoie Smedegard-Petersen (1971) mnokasai,
YTO 3TU ABe (POPMBI MOTYT CKpEILIMBATLCS C 00pa3o-
BaHUEeM (DEePTUJIBHOTO MOTOMCTBA, ONHAKO M0Ka3aTh
TMOPUIHYIO TPUPOIY U30JISITOB Ipruba, MHOTIA BCTPe-
YaloIIMXCS B MPUPOIHBIX MOIMYISLMUSX BO3OYIUTENS U
HeCyILIUX Tpu3HaKu obeux (hopM, KpailHe CJIOXKHO.
Campbell et al. (1999) emie pa3 npoaeMOHCTPUPOBAIU
yCIlelIHOe CKpElLMBaHue 3TUX ABYX DOpM in vitro u
MOKa3aJiv, YTO OOJILIIMHCTBO MOJyY€HHBIX TOTOMKOB
BBI3BIBAIOT CUMIITOMBI B BUJIE MSITEH C CETYAThIM PU-
CYHKOM Ha JICThSIX sfuMeHs. B nanbHeiieM uccie-
JIOBAHMM OBIJIO TOKAa3aHO, YTO THOPUIHOE TOTOMCTBO
net X spot reHeruuecku crabmibHO (Campbell,
Crous, 2003). CBeneHMsI 0 BO3MOXHOIT €CTECTBEHHOI
rudpuan3aluu MEXIY 3TUMU AByMs hOpMaMu B IpU-
POIHBIX MOMYISIUUSIX P. feres B TUTEpaType OTCYyTCTBY-
10T, OTHAKO MCCJIeloBaHuUsl, MpoBeaeHHble B KOXHOi
Adpuke u B Yemickoii Pecnybiuke, mokasaiau, 4To
OHa BO3MOXHa, TaK KaK ObLIU OOHAPYKEHbI N30JISIThI
¢ amnensamu Pt n Ptm (Campbell et al., 2002; Leisova
et al., 2005; Leisova-Svobodova et al., 2014). B uccie-
JIOBaHWY, MMPOBEJICHHOM B ABCTpajuu, ONUH TMOpUIL
Prtt < Ptm (WAC10721) 61 uaeHTUGULAPOBAH CPean
60 uzonsitoB Prm (McLean et al., 2014). B 2020 r. Hamu
BII€PBbIC BbISIBJIEHbI MEXXBUIOBBIE TMOPUIBI Pt X Ptm B
MpUpPOIHBIX Tonyisauusx P. teres B KpacHogapckom
kpae (Mironenko et al., 2021).

Ha ¢punorenernueckoM npee popmel P, teres — f.
teres n f. maculata — o6pa3yIoT OTHEIbHBIE KJIACTEPHI U
JIOJKHBI paccMaTpUBaThCs OTAEIbHO MPU U3YyUYEeHUU
BUPYJICHTHOCTH MAaTOT€HOB M YCTOMYMBOCTU pacTe-
Hus-xo3sguHa (Rau et al., 2007; Jalli, 2011; Ellwood
etal., 2012; Syme et al., 2018). MI3BecTHO, YTO pa3and-
Hble TeHbl 1 QTL KOHTpPOJIUPYIOT YCTOMYMUBOCTD STU-

2023



50

JJAIINHA u gp.

Taomuna 1. [TpoucxoxneHrne MOHOKOHUIUATIbHBIX U30JTOB Pft, Ptm v tubpuna Ptt X Ptm

dopma

HasBanue nsonsara

[IpoucxoxneHue

Coprt ssuMeHs

Pt

Prt

Ptm

Ptm

Tubpun Ptt X Ptm

FI8
S18

11.3

f.m. 48.2
Kp-2016-15

benapycy (MuHckast 0071.)
Poccus (KpacHomap)
benapycse (bpecrckast 0671.)
Poccus (KpacHomnap)

@ »

Docr
CopuHtep
Kangoo
Escape
CopuHtep

MeHSs K 9TuM popmam (Manninen et al., 2006; Grewal
etal., 2008, 2012).

Ilenbio uccienoBaHuii SBASIIOCh CPaBHUTENIbHOE
U3y4YeHUE BUPYJICHTHOCTU JABYX U30JISTOB Prf, nByX —
Ptm pazanyHOTO MPOUCXOXKACHUS U TUOPUIHOTO U30-
ngTta Pttt X Ptm K HaGopy n3 86 COPTOB U 00pa31IoB sI4-
MeHs u3 Kojuiekuumu BWP, mpenBaputesbHO OTO-
OpaHHBIX MO0 YCTOMYMBOCTU K Prt, WISl onpeaeaeHust
U3MEHUYMBOCTU MpPU3HAKa BUPYJEHTHOCTU y TUOPU/I-
HOTO U30JISITAa U XapaKTEPUCTUKU YCTOWUYUBOCTU K
obenM hopMaM rpuda u TMOpUIY.

MATEPHAJIBI U METObI

PacTurenbnblii MaTepuaa. M3ydanm ycTOMIMBOCTD
86 copToB M 00pa3loB TUMEHsI U3 Koyutekunu BUP,
KOTOphIE IT0 IPEABAPUTENILHBIM OLIEHKAM OTJINYa-
JIUCh Pa3IMYHBIM YPOBHEM YCTOMYMBOCTHU K M30JIsI-
Tam Ptt. PacTeHus: saMeHsT BhICEBaJIM B KOHTEHHEPHI
pasmepoM 18 X 13 X 6 cMm ¢ mouBorpyHToM “Terra Vita®”
o 12 o6pa3zuoB (1o 3 3epHa KaXabiii) B 1 KOHTeliHep B
Tpex TMMOBTOPHOCTAX. Bcero oneHMBaIM AeBATh pacTe-
HUI KaXa0ro oopasia K KaskoMy U30JIATY.

KynpTuBHpoBaiM pacTeHUS B KOHTPOJUPYEMBIX
YCIIOBUSIX KJIMMaTH4YeCKoif KoMmHaThl Becepoccuiicko-
ro HayYHO-UCCJIeIOBATEeIbCKOTO MHCTUTYTA 3allUThI
pacteHuii B TeueHue 10—12 mHeil mpu TeMIleparype
20—22°C ¢ ¢oronepuonom 16 4 (MHTEHCUBHOCTH
oceueHus 5000 okc)/8 4 HOUb.

W3zonarel Pyrenophora teres. J171s1 THOKYJISIMUA WC-
MMOJIB30BAIM IO 1Ba MOHOKOHMIMNAJIBHBIX U30saTa Prt
u Ptm pa3HOro reorpauyeckoro IIPOMCXOKICHUS
(tabm. 1), a Takke TUMOpUAHBINA u30aAT Ptt X Ptm
(Kp-2016-15), o6Hapy>XKeHHBII B KpaCHOAAPCKOM MO-
nmynsauuy naroreHa B 2016 . ¥ BBIIEJIEHHBIA U3 JIU-
ctbeB copra CrpuHTep. JloKa3aTeabCTBO TMOPUIHOM
npupoabl nsojsita Kp-2016-15 66110 NOJIy4eHO METO-
nom ITIP co crienmanbHO pa3paboTaHHBIMU TTpaiiMe-
pamu (Poudel et al., 2017). TuOpumHbBIA U30JAT
Kp-2016-15 umen dyetblpe Mapkepa, cnelydUYHBIX
st Pt v pu — nis Ptm bopmbl matoreHa, IoJiyyeH-
HbIX ¢ npaitmepamu Q2, Q3, Q4, Q5 u Q7, Q9, Q12,
cootBeTcTBeHHO (Mironenko et al., 2021). B ITIIP ¢
BUIOCTIEIM(UYHBIMU TIpaiiMepamMu mist Pt u Ptm,
pazpaboranHbeiMu Williams et al. (2001), TtuOGpuaHbII
n3zonar Kp-2016-15 maBan o6a JMarHOCTUYECKMUX
dparmenTa — 378 .H. os Pt v 411 n.H. nis Prm.

BoigeneHne u3 MopaXkeHHBIX JIMCThEB U pa3MHO-
XKEHUE M30JIITOB MPOBOAWIN Ha MOAU(DUIIMPOBAH-
Hoii cpene Yamneka (YJIM), comepxamieit KCL — 0.5,
KH,PO, — 0.5, MgSO, — 0.5 1, MmoueBUHYy — 1.2 T,
snakTosy — 20 r u arap-arap Kobe I (ROTH) — 17 r Ha
1 T AUCTUIITUPOBAHHONI BOIbl. [pub BhIpalIMBaIN B
CTeKJISIHHBIX 4Yalkax Ton Y®-mamnamu ¢ 14-gaco-
BbIM (poTorepruoaoM npu temriepatype 18—20°C B Te-
yeHue 10—14 nHeil. MOHOKOHUIMAIBbHBIE WU3O0JISTHI
MoJIydajau ITyTeM IIepeHOCa OTIEIbHBIX KOHUAWI Ha
MUTATEJIbHYIO Cpely.

IloaroroBka MHOKYJ/JIIOMAa M MHOKYJsms. [{1s1 ipu-
TOTOBJIEHUSI CYCITIEH3UU KOHUIMUU U30JISITOB I'puba co-
Ovipasiv c TOBEPXHOCTU arapoBOi Cpelbl 1ITaTeseM, 10-
6apstst B yamky Iletpu p-p Teun 20 (0.1 ma/n) B nu-
cTuuiMpoBaHHOM Boae. CycrneH3uo (QUIbTpOBAIU
yepes Ba CJI0sS Mapiau Ui ynajieHus ¢hparMeHTOB
muneaus. KoHlleHTpaluio CycneH3ur TOBOIUIMN 10
5000 xonumuii Ha 1 MII.

MHoxynsiuio pacTeHUi NpoBOAUIU B (ha3e IByX-
TPEX JIUCThEB MyTEM OIIPBICKMBAHMS CYCIICH3UEH MO-
HOKOHMAWAIbHBIX U30JISITOB C IIOMOIIbIO MYyJIbBEPHU-
3aTopa u3 pacueta npumepHo 0.2 MJI Ha pacTeHHUe.

IMTocne nHOKYNSAIMU pacTeHUsI HAKPbIBAIU MOJIU-
STUJIICHOBBIMU TMaKeTaMW U OCTaBJSIIM Ha 48 4 mpu
temreparype 20—22°C 6e3 cBeta. Yepes 2 THSI MTHOKY-
JIMPOBaHHbIE paCTeHUsI MOMeIIalu IMOJ CBETOyCTa-
HOBKU C 16 4 (hoTOMEpHOaOM U BIIAXKHOCTBHIO BO3AyXa
60—70%.

Onenka ycroitymBocti. Turbl peakiuii mpopocT-
KOB OLICHMBaJIM Ha BTOpPOM JIMCTe 4yepe3 10—12 mHeit
ocjie MHOKYISIMM n3oagtaMu Pttt o 10-6ammpHOM
mkane Tekay3sa (puc. 1) v 1o AeBATUOAIIBHOM 1IKaie
(puc. 2) mociyie 3apaxeHust usojstamu Prm. Tun pe-
aKIIMK IIPOPOCTKOB Ha 3apakeHUe TMOPUIHBIM M30-
JasToM Pttt X Ptm onipenessijiv ¢ UCIIOJIb30BaHUEM 00e-
UX IIKaJ, PyKOBOJICTBYSICh TUIIOM IIPOSIBJIEHUSI 0O-
JIE3HU Ha JTUCThIX suMeHs: (1) xapakTepHbIX mjis Prt,
(2) nnst Ptm u (3) cMeliaHHbIA TUn (Tabi. 2).

Turmer peakumu ycroitunBoctH (R) xkak K Prt, Tak u
K Ptm XapakTepU30BaJIMCh TOSIBICHUEM MEJIKUX He
YBEJINYMBAIOIINXCS MsITeH 0e3 xyopo3a (bamisl 1-5),
Oannbel ot 1 mo 3.5 xapakTepusyloT 0Opas3Iibl TIMEHS
kak BbeicokoyctoituuBblie (HR). ITopaxeHnusi, kjiaccu-
¢umupoBaHHBIE KaK YMEPEHHO BOCHPUUMYUBEIC
(MR) x obenm cdopmam rpuda, uMean HEOObIINE
XJIOPO3hI, OKpyXKamlue mngatHa (6aut 5.1—6.9). Ha

MUKOJIOI'UA U GPUTOIIATOJIOTHUA  tom 57 Nel 2023
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Puc. 1. [lIkana myst ygera Tumna peakiiuy Ha 3apaxkeHue Bo3oynutenem Pyrenophora teres f. teres (Tekauz, 1985).

1 2 3 4 5 6 7 8

Puc. 2. llkamna mius yyera Tvma peakuyMM Ha 3apaxkeHue BosoyautesieM Pyrenophora teres f. maculata (https://www.hut-
ton.ac.uk/sites/default/files/files/events/IWBLB/Poster-Tekauz.pdf, nata o6pamenust — 11.05.2022).

BOCIIPUMMYMBLIX (S) 0Opa3snax MmsTHa yBEIUINBAIOT-
cs ¥ CIMBAIOTCSI, XJIOPO3 MOXET MOKPBIBATH BCIO JIV-
CTOBYIO IUIACTUHKY UM HPUBOAUTH K TMOEIU JHUCTHEB
(6annbl 7—10 nns Pt u 7-9 nng Ptm) (Tekauz, 1985).

PE3YJIBTATHI U OBCYXIEHME
Turmel peaky 00pa3loB TUMEHS K u3oasaram Pt
u Ptm mipencrasieHbl B Ta6i. 2. Ilpm omnpeneneHumn
COOTBETCTBUSI TUIIOB peaklLMii K pa3HbIM M30JgdTaM

MUKOJIOTHUA U PUTOIATOJIOTUA

ToM 57  Ne 1

kiaccbl MR u S 661N 0O0BEeIMHEHBI B KJIACC BOCITPU-
UMYUBBIX (O6asutbl 5.1—10).

Pacnipenenenue no ycToiunMBOCTH K U3oJisiTaM Prt,
Ptm v tmOpumHOMy usonsty Ptt X Ptm npencTaBiIeHO
Ha puc. 3. HeGoblioe KoImyecTBo 00pa31ioB sTYMEHS
ObLIIM YCTOMYMBBI KaK K TUOPUIHOMY U30JISITY, TaK U
KO BceM m3ondaraM Pit u Prm (5.6%) (puc. 3). Tonbko
yeTbipe obpasia (1%) ycTOMYMBEIX K U30asTaM Pt
Ptm, okazamnch BOCTIPUMMYUBBIMA K TUOPUITHOMY
n30JIATYy Ptt X Ptm, TIpU 3TOM CUMIITOMBI Ha IByX 00-
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Tabomuna 2. O1ieHKa YCTOMYMBOCTY T€HOTUIIOB STYMEHS K uzossitaM Ptt, Ptm v Ptt X Ptm

Ne

MoHOKOHUIMATEHEIE U30JISITHI

Karajora [TpoucxoxneHve PsamHoCTB Pim pit FuGpun Pit > Pim
sHr fm.482 | 113 S18 FI8  [Kp-2016-15 “ﬁ;i‘;ﬁ;ﬁ‘:c
Tun peaxkiuu (6at)/KaTeropusi yCTOMYMBOCTU

2589 Y3bekucran 6 33/HR |[2.3/HR |1.5/HR |2.3/HR |1/HR (1) teres
2710 Kazaxcran 6 H/I 2/HR 3.8/R 6/MR 4/R (1) teres
2893 TypkmeHucran 6 2/HR 1/HR 2.5/HR |u/n 3/HR (1) teres
2946 Poccus (KpacHosipck) 2 2.7/HR |3.3/HR |7/S 5/R 1.3/HR (1) teres
3114 Tamxukucran 6 H/I 2.8/HR |6.8/MR |6.7/MR |3/HR (2) mac
3267 CeBepHast AMepUKa 6 H/I 3.3/HR [6/MR 6.3/MR |5/R (2) mac
4071 MoHnronust 6 H/I 1.5/HR |8.5/S 3.5/HR |4.8/R (2) mac
5059 TypkmeHucTaH 2 3.5/HR [2.3/HR |2/HR H/I 2/HR (1) teres
5208 ABcTpaiust 2 3/HR 1.7/HR |2.8/HR |2/HR 2.3/HR (2) mac
5900 TypkmeHucran 6 2.5/HR |1/HR 1.§/HR |3/HR 1/HR (1) teres
5909 “r 6 2.5/HR |2/HR 5/R 4.7/R 1.5/HR (2) mac
6889 Typuust 2 4/R 2.3/HR |6/MR 6.7/ MR |1.5/HR (2) mac
6891 “r 2 7/S 2.8/HR |5/R 7/S 6/MR (1) teres
6909 “r 6 7/S 2.5/HR |5.3/MR [6.7/MR [4.5/R (3) mac/t
7471 Mekcuka 6 6.7/MR |2.5/HR |3/HR 2.7/HR |5.3/MR (3) mac/t
7623 Cupus 6 2/HR 1.7/HR  |9/S 6.3/MR |5.7/MR (3) mac/t
8376 Kump 6 5.3/MR |[2.3/HR |[6.5/MR |6/MR 5.7/ MR (3) mac/t
8723 Dduronus 6 7/S 1.5/HR |9/S 6/MR 3.3/HR (3) mac/t
8780 Hramusa 6 7/S 3.3/HR |7.5/S 3.3/HR |2.3/HR (3) mac/t
8787 ©r 6 7/S 3/HR 7.8/S 4.3/R 3/HR (1) teres
8812 “» 6 4/R 2.3/HR |[4.3/R 2/HR 2/HR (1) teres
8835 “» 6 4/R 2/HR 3/HR 6/MR 5.5/MR (3) mac/t
8852 Eruner 6 4/R 3/HR 6.8/MR |7/S 4/R (1) teres
8877 Hcnanus 6 2.3/HR [4/R 6.5/MR |4.3/R 3/HR (1) teres
8953 Typuns 2 6/MR 2/HR 3/HR 6/MR 2.3/HR (3) mac/t
8977 “r 2 5/R 2.5/HR |2.3/HR |5.3/MR |5.3/MR (3) mac/t
9004 “r 2 5/R 3/HR 1.3/HR |4.3/R 5.5/MR (3) mac/t
9254 Tamxukucran 6 3/HR 3.3/HR [4/R 5/R H/I H/I

9264 V36ekucran 6 H/I 6.7/MR |1.3/HR 1.3/HR |4.5/R (2) mac
9308 TypkmeHucraH 6 3/HR 1.3/HR 2/HR 3.3/HR |[2.3/HR (2) mac
10095 “r 6 H/I 2/HR 55/MR [1.3/HR [4/R (2) mac
10106 “r 6 5/R 2.7/HR |1.8§/HR |2.3/HR |4.3/R (2) mac
11011 AnoHus 6 2/HR 3/HR 2/HR 3/HR H/I H/I

11031 “r 6 23/HR |2.7/HR [1.3/HR |[5.3/MR [2.3/HR (3) mac/t
11777 Keipreizcran 2 2/HR 3/HR 1.3/HR 3.7/R 1.3/HR (2) mac
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MOHOKOHUANAIBHBIE U30JISTHI
o
KaT]:J;OFa ITpoucxoxneHue PsinHOCTB Pim P TuGpwn Pit > Pim
Bup fm.482 | 113 S18 FI$ |Kp-2016-15 “ﬁgi‘;ﬁi‘:{;‘e
11993 «©r 6 6.3/ MR |4/R 6/MR 4/R 5/R (2) mac
12023 “©r 6 7.7/S 3.5/HR |3.5/HR [3.7/R 2.7/HR (2) mac
14679 Poccus (Tysa) 6 6.3/MR |2.5/HR |2.3/HR |6/MR 3/HR (2) mac
14931 Tamxukucran 6 6.5/MR |4.5/R 7.8/S 6/MR 2/HR (1) teres
14936 “r 6 8/S 3.5/HR |2.3/HR [6/MR 2.3/HR (2) mac
14959 “r 6 7.5/S 2.7/HR |2.3/HR |5.7/MR |4.7/R (2) mac
15355 ABcTpanmst 6 8.7/S 33/HR |3.5/HR [4.3/R 6/MR (2) mac
15811 Kuraii 6 7/S 6/MR 5.8/MR [(2.3/HR |[2.3/HR (2) mac
15812 «©r 6 3/HR 6/MR 5/R 2.5/HR |2/HR (2) mac
15864 «©r 6 2/HR 3/HR 4.8/R 6/MR 4.3/R (2) mac
16468 TypKMeHUCTaH 6 7.5/S 4/R 6.3/MR |3.3/HR |3/HR (2) mac
17939 Y3b6ekuctan 6 7/S 6.5/MR |53/MR |6.3/MR |3/HR (2) mac
18677 Kanana 6 6/MR 1.5/HR [4.3/R 3.3/HR |6/MR (2) mac
18716 «©r 6 3/HR 2.8/HR |5/R 3.7/R 5.3/ MR (2) mac
18728 “©r 6 2/HR 3.7/R 4.5/R 1.3/HR [5.7/MR (2) mac
18755 “©r 6 3.7/R 3.7/R 4.5/R 4.3/R 2.7/HR (2) mac
18760 a | CILA 6 2/HR 2/HR 2/HR 1.5/HR |2.3/HR (2) mac
19182 “r 6 3.7/R 4/R 2/HR 1.3/HR |1.3/HR (1) teres
19282 “r 6 7/S 4/R 5.3/ MR |4/R 3.3/HR (2) mac
19393 ABcTpanus 2 2.3/HR |2/HR 2/HR 3/HR 4.7/R (2) mac
19395 «©r 6 7/S 2/HR 3/HR 5/R 2.3/HR (1) teres
19934 YkpaunHa 2 7/S 3.3/HR |[5.5/MR |8.3/S 6/MR (2) mac
19979 Dduonus 2 3/HR 33/HR |[2.3/HR |2/HR 1/HR (1) teres
20001 «©r 6 7/S 2.3/HR |6/MR 4.3/R 4.7/R (3) mac/t
20127 “©r 6 5.5/MR |[2.5/HR |3/HR 3.3/HR |4/R (2) mac
20165 «©r 2 5/R 6/MR 3/HR 6/MR 1.3/HR (1) teres
20179 «©r 2 2/HR 3.3/HR |2/HR 5/HR 2/HR (2) mac
20249 SoHust 6 2.3/HR |2/HR 2.5/HR |3.5/HR |4/R (2) mac
20497 «©r 6 1.7/HR  |2/HR 3.3/HR |3/HR 5/R (2) mac
21472 «©r 6 4.7/R 1.5JHR |3.5/HR |2.3/HR |3.3/HR (2) mac
21538 bonuBus 6 1.3/HR 3.3/HR |3/HR H/I 2/HR (1) teres
21576 DKBagop 6 6.3/ MR |3.7/R 33/HR |7.7/S 2.7/HR (1) teres
21850 Dduonus 6 7/S 5.8/ MR |4.8/R 5/R 2/HR (1) teres
22836 ABcTpanusi 2 6.3/MR |3.3/HR |4.3/R H/I 4.7/R (1) teres
23874 Dduonms 6 4/R 7.5/S 2/HR 5/R 4.5/R (1) teres
25274 «©r 2 5/R 35/HR |[2.3/HR |2.5/HR |3.8/R (2) mac
MHUKOJIOTUA U PUTOIMNATOJOIUA  Ttom 57 Ne 1 2023
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Ta6ymua 2. OkoHUaHUE

JJAIINHA u gp.

MOHOKOHUINATBHBIC N30JISIThI
0
KaTﬁora ITpoucxoxneHue PsinHOCTB Pim P Tubpun Pt > Pim
BuP fm. 482 | 113 S18 FI8  |Kp-2016-15 “ﬁgi‘;ﬁi‘ge
25283 CIIA 6 57/MR |5.3/MR |[3.3/HR |[2.3/HR |[2/HR (1) teres
26110 V36ekucran 6 H/I 3/HR 2/HR 3.5/HR |[4/R (2) mac
26180 Poccust (CtaBpomnoJib) 2 H/I 1.3/HR |6.3/MR |55/MR |6.7/MR (2) mac
26338 Ykpauna 2 6.7/ MR |1.8/HR |6.7/MR |8/S 4/R (3) mac/t
29268 Poccus (Bypsitust) 2 2.5/HR |9/S 3.3/HR |7.7/S 4.3/R (2) mac
29334 Poccust (HoBocubupck) 2 H/I 5/R 2.5/HR |6.7/MR |2.3/HR (1) teres
29700 CIIA 6 H/I 4/R 8.3/S 6.3/MR |[2.3/HR (2) mac
29720 Dduonus 2 6/MR 3/HR 4.3/R 7/S 5.7/MR (2) mac
30311 Poccust (Camapa) 2 4.3/R 3.5/HR 1.5/HR 8.8/S 5.3/ MR (3) mac/t
30408 Kanana 6 4/R 5/R 2.8/HR |3/HR 4.3/R (2) mac
30616 Yexust 2 3/HR 3/HR 8.8/S 8.7/S 5.8/MR (2) mac
30617 «“r 2 5.7/ MR |[1/R 8.5/S 7/8 2.7/HR (2) mac
NDB 112 | CILIA 6 5/R 5/R 3/HR 3.7/R 6/MR (3) mac/t
26959 «“r 6 5/R 5.3/MR |[3.8/R 2/HR 2.3/HR (2) mac
C.19214 |Kopes 6 2/HR 3/HR 5.5/MR [1.3/HR [4/R (3) mac/t

TTpumeuanue. Bamibl 1—3.5 cootBeTCTBYIOT BhIcOKOM yeToiturBocTh (HR) K mzomnsitam Pt vt Prm;, 3.6—5.0 — ycroituuBoctu (R), 5.1—6.9 — cpen-
Heit ycroituuBoctu (MR), 7—10 — BoctipuumuuBocTH (S); H/D — HeT naHHbIX; (1) feres — Ha TUCTBSIX TPU3HAKU net-HopMmbl; (2) mac — Ha
JIMCTBSIX TIpU3HAKU Spot-opmbl; (3) mac/t — Ha TUCTBSIX MPU3HAKY IBYX (hOpM rpuoda.

pasiuax K-18728 u k-18716 npossBUIIKCH B BHUIE SPOt-
¢dopmbl, a Ha nByx apyrux k-9004 u NDB-112 cme-
IIaHHOTO TUIIA, KaK net-, Tak U spot-opmel (Tadit. 2).

Cpeny BBICOKOYCTOMYMBEIX K U3oistaM Pit i Ptm
n tubpumHomy wuzoyary (HR, tumer peaknmm 11—
3.5 6amna) Beimeauuch copra: Tifang (k-18760a), Fox
(x-19182), Kaikei 22 (k-20249), Cowra 37 (xk-5208) 1 06-
pasubl K-2589, k-5059, k-5900, k-9308, k-11777, k-
19979 u k-21538 (Taba. 2). DTU reHOTUIIBl STYMEHS
MPEACTABISIIOT LICHHbBII UCXOMHbBIIA MaTepyal I ce-
JIEKIIUM Ha YyCTOMYMBOCTD K ABYM (hopMaM BO30yIu-
TeJIsI CeTYATOM IMTITHUCTOCTH.

ITpuMepHO OIMHAKOBOE KOJMYECTBO OOpa3loB
0Ka3aJIoCh YCTOMYMBBIM K 1U30JisataM Pt v Ptm (22.6 n
24.7%), TakKe KaK K U30JsTaM Ptt, THOpUIHOMY U30-
gty (16.9%), Ptm n rubpugHomy usonary (18.1%)
(puc. 3). IIpu aToM BeicOKOi1 ycToitunBocThio (HR) k
n3oJaTaM Ptm xapaKTepru30BaIoCh TIOYTH B ABa pasa
0oJblliee KOJUYECTBO M3YYEHHBIX TEHOTUIIOB STUMe-
H#, 9eM K u3ojaTtaMm Ptt. [1pu cpaBHEeHUH TUTIOB peak-
i 06pa3loB TIMEHS K U3oJdTaM Ptt 1 Ptm He3aBu-
CHMO OT UX MPOUCXOXIECHUS TOJBKO 8.8% 006pasiioB
OBLIM YCTOMUYMBEI K 00euM ¢opMmaM P. feres (puc. 3),
13 HUX paBHOE KOINYeCTBO 33.9% — MIeCTUPSITHBIX 1
33.3% nBypsimHbIX (Tabi1. 2). B npeacraBieHHO BbI-

MUKOJOI'A N ®PUTOIIATOJIOTUA

oopke uzonsatoB Ptt, Ptm n Ptt X Ptm oTCyTCTBOBaJIU
BUDPYJICHTHBIE K OTHUM U TeM ke coptaM. HeBbicokue
3HAYEHUS COBNAAAIOIINX TUTTOB PeaKIi BOCIIPUNM -
yuBocTH K Prt 1 Ptm (0.3%) 0ObsiICHSIETCST M3HAYATIb-
HOI1 MOAOOPKOII TeHOTUIIOB SIYMEHSI C YCTOMYMBO-
CTBIO K Pff. DTHUM Xe 00BbsSICHSIeTCI U HEOOJIBIIIOE KO-
JINYECTBO TEHOTUIIOB, BOCIIPUUMYMBBIX K U30JIITaM
Prt v ycroitunBbIX K Ptm — 1.2% (puc. 3).

M3ydyeHue BUPYJIEHTHOCTU TUOPUIHOTO U30JIsTa K
HaGopy 13 86 COPTOB 1 0OPaA3LIOB SUMEHS MOKA3aJIo,
qTto TMOpu Ptt X Ptm oTnydaincst MeHbIIIEH arpecCuB-
HOCTBIO: CpeIHUil OaJlyT MOpaXeHUs COCTaBIsLI 3.6,
Torma Kak cpeaHuii mist Pt — 4.4 n 3.9 misa Prm. B 3a-
BUCUMOCTHU OT I'€HOTHMIA SYMEHS IPOSIBISJIUCH TPU
TUIA CUMIITOMOB 00JIC3HU TIPY MHOKYJISILIUY TUOPU/I -
HBIM M30adTOM Ptt X Ptm: Ha 25 TeHOTUITaX TUYMEHS
CUMIITOMBI 00JI€3HH OBLIU TUITUYHBIMU 151 U30JISITOB
Prt, Ha 45 obpasuax — gaa Ptm, a Ha 16 obGpasuax
BCTPEYAIMCh CMEIIaHHblE CHUMITOMBI, HMMEIOIINE
MpU3HAKU KakK Spot- Tak u net-¢popMsl (TadJI. 2).

B Ta6a. 3 mpuBeneHsl KO3 PUIIMEHTHI KOPPEIIsI-
LU MeXIy usoysitamu Prt, Ptm u rubpugom Ptt X Ptm
10 X BUPYJICHTHOCTH K MCCIIEAyeMOMY HabOpy reHo-
TUNOB sSuMeHs. Ciabast Koppelsinusl BbIsIBIIEHA IPU
CpaBHEHUU TUITOB peakluii K u3ojstam Pt u Ptm, co-
Ne 1
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Puc. 3. PacnpeneneHue mo yCTOMYMBOCTH K U3ositaM Prt, Ptm v tubpunHoMy uzonsty Prt X Ptm B KoieKuuu u3 86 reHOTUIIOB
sumeHs: R Ptt + Ptm — ycToilumBbIe TEHOTUITHI KO BceM u3ossitaMm Prf u Ptm; HR Ptt + Ptm — BBICOKOYCTOMYMBBIE TEHOTUITBI KO
BceM m3oiisitaM Pt u Ptm; R Ptt + S Ptm — ycToiidMBbIe TeHOTHUITBI K U30JISITaM Pt 1 BOCIPUUMYMBHEIC K n3oisitam Prm; R Ptm + S
Ptt — ycToityrBBIe TEHOTUIBI K U30JIsITaM Ptm 1 BOCIIpMUMYMBLIE K n3ositaM Prt; R Ptt — ycToOiYMBBIE TeHOTUIIBI K U30JIsiTaM Prt;
HR Ptt — BBICOKOYCTOIUMBBIE TEHOTUIIHI K M3oasitaM Prt; R Ptm — ycToiiunBbIe TeHOTUNEI K u3ojisaTaMm Prm; HR Ptm — BbicOKO-
YCTOMYMBBIE TEHOTUITBI K U3oJisitaM Prm; R Pt + Ptt X Ptm — yCTOYMBBIE TeHOTUITBI K U30JsiTaM Pt u rubpuaHoMy U3osITy Prt X
Ptm; HR Ptt + Ptt X Ptm — BBICOKOYCTOMYMBBIC TEHOTUIBI K U30J19TaM Ptt u rubpuaHomy uzonsity Pit X Ptm; R Ptm + Ptt X Ptm —
YCTOMYMBEIEC TEHOTHUITHI K U30ysITaM Ptm 1 rubpugHoMy uzonsaty Pttt X Ptm; HR Ptm + Ptt X Ptm — BBICOKOYCTOYNBBIE T€HOTUITBI
K u3oJisitaM Ptm v rubpunHomMy uzoisity Prt X Ptm; R Ptt + Ptm + Ptt X Ptm — ycTOliYMBbIE T€HOTUIIBI K U3oJisitaM Ptt, Ptm u
rubpunHoMy usoisity Pit X Ptm; HR Ptt + Ptm + Ptt X Ptm — BbICOKOYCTOMYMBEIE TEHOTUIBI K U30J1siTaM Ptt, Ptm 1 TMOpUIHOMY

uzonary Ptt X Ptm.

OpaHHBIX Ha OomHOM Itojie B KpacHomapckoMm Kpae
(0.36), uzonsaroB Ptt uz Kpacnomapa u PecryGiuku
benapycsk (0.27), a Takxke uzonaToB Ptt u3 Pecryonu-
ku benapyce u Ptm u3 1. Kpacuogapa (0.24). Ocranb-
HbIe 3HaYEHUS KOO GUIIMESHTOB KOPPEISILINU JEMOH -
CTPUPOBAJIU OYEHbB CJIa0YIO MOJOXUTEIbHYIO WU OT-
puLaTeIbHYIO Koppesiiunio (Tadir. 3).

B nureparype nmeercst 60JbI110i1 00beM MHPOP-
MAaLIU MO pe3yJibTaTaM U3y4eHUs] U3MEHYUBOCTH I10-
nyiasuii Bosoynutens P, teres f. teres (Gupta, Lough-
man, 2001; Serenius, 2006; Serenius et al., 2007; Afa-
nasenko et al., 2009; Koladia et al., 2016; Richards et al.,
2016; Wallwork et al., 2016; Akhavan et al., 2016) v BbI-
SIBJIEHVSI HCTOYHUKOB U JOHOPOB YCTOMUNBOCTHU K 060-

ne3nu (Jalli et al., 2000; Novokazi et al., 2019; Daba
etal., 2019; Rozanova et al., 2019). B oTHomeHUN"
P. teres f. maculata B mocieqHue roapl TakKKe MOSIBU-
JIUCh CBEIEHNUST 00 yCTOMYMBOCTU COPTOB U JIMHUIA T4 -
MeHs K 3Toii popme rpuba (Williams et al., 2003;
Neupane et al., 2015; Tamang et al., 2015; Wang et al.,
2015; Celik Oguz et al., 2017; Gyawali et al., 2019).
YcroitunBocTh K Pt i Ptm HaxoauTcs o pa3HbIM Te-
HeTUYeCKUM KOHTpoJjieM (Manninen et al., 2006; Gre-
wal et al., 2008, 2012; Burlacoti et al., 2017). B padote
Manninen et al. (2006), reH Rpt5, KOHTPOIUPYIOLINIA
BBICOKYIO YCTOMYMBOCTh K Pft, y oOpa3ia us Dduo-
nuu CI 9819 (x-25274) ObLI JIOKaTM30BaH Ha XpOMO-
come 6H, a reH Rpt6, neTepMUHUPYIOLINIA YCTONYM-

Taomuua 3. KoadduiureHTsl Koppeasinuu Mexny usojsatamu Prt, Ptm u rudbpunom Ptt X Ptm 1o UX BUPYJICHTHOCTH K UCCJIe-
JIyeMOMY HaGopy TeHOTUIIOB sSTUMEHS

F.m. 48.2 Ptm
M30agThI 11.3 Ptm benapych KpacHonap F18 Prt benapych S18 Ptt KpacHonap
F.m. 48.2 Ptm KpacHogap 0.0272
F18 Ptt benapych —0.0689 0.2443
S18 Pt KpacHonap —0.0972 0.3557 0.2674
TuGpun Pit X Ptm —0.1851 0.0197 0.1995 —0.0419

ITpumeuanune. 3HaueHMe 10 0.2 COOTBETCTBYET OYEHB CJIa0o0ii, 1o 0.5 — c1aboit KOpPEIsaLni.

MUKOJIOTHUA U PUTOIATOJIOTUA

TOM
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BOCTb K Pfm Ha xpoMmocome SH. B Hamux nccnenoBa-
HUSX 3TOT 00pa3ell TaKKe IIPOSIBUIT YCTOMYNBOCTD KO
BCEM U3YUYECHHBIM U3oJjisitaM Prt, Ptm v Ptt X Ptm. Ilpn
5TOM CHMIITOMBI IIPY MHOKYJISILIUY TUOPUIHBIM MU30-
JIITOM TIPOSIBUJIMCH KaK XapaKTepHbIe s Ptm.

Haubonee BeposATHOII TUIIOTE301i CYIIIECTBOBAHMSI
U30JIITOB P. teres, coueTaloninux B CBOEM TeHOMe Map-
Kepbl Pft m Ptm, 9BaseTcsl MOJ0Bast WIM CcOMaTHU4e-
cKasl TMOpuau3anusl MexXIy OIByMsI (popMaMu rpuda
MPU UX COBMECTHOM CYIIIECTBOBAHMM Ha IOCEBaX Y-
MEHsI, JIMOO CYIIECTBOBAaHME TpeThbeil (BO3MOXKHO,
IIPENKOBOI1) (DOPMBI, COYETAIOIICH TeHETUIECKIIT Ma-
tepuan P. teres. f. teres u P. teres f. maculata (Mironenko
et al., 2021).

IToka MBI MOXEM TOJBKO IPEIIIOJI0XUTh, YTO
MPOSIBJIEHUE CUMITTOMOB ITPA WHOKYJISILIMA THUOPWI-
HBIM U30JIITOM 3aBUCUT OT T€HOTHIIA SUYMEHSI, BT -
IOIIETO Ha DKCIPECCHUIO OIpeleeHHBIX TeHOB-3(-
(exTOopoB MaroreHa.

3AKJIFTOYEHHME

BriepBbie Ha 0OJIBIIION BBEIOOPKE COPTOB M 00pas3-
OB STYMEHSI IIPOBENCHO CPaBHUTEIBHOEC M3yYeHUE
BUPYJASHTHOCTHA H30JISITOB ABYX (DOPM BO30yIUTEIIS
CeTYyaToi IMATHUCTOCTU U TuOopuaHoro usossrta. Ilo-
JIy4eHHBbIE NaHHBIE CBUICTEILCTBYIOT, UTO B OOJIb-
IIMHCTBE CIy4aeB M3OJISATHI Pfm OTIMYAIOTCS I10 BU-
PYJCHTHOCTU OT M30JSITOB Ptf, a THOPUIHBIN U30JISIT
Pt X Ptm — n ot Ptt, v oT Ptm. BriepBble BBISIBIICHBI
YCTOIUMBBIE M BBICOKOYCTOMYMBBIE OTHOBPEMEHHO
KO BCEM U3y4YeHHBIM u3ositam Ptt, Ptm v rmOpuaHo-
My U30JISITY Pft X Pfm reHOTUTBI STYMEHSI, KOTOPhIE
MPEACTABIISIIOT LIEHHBIA NCXOMHBINA MaTepHal IJIsl Ce-
JIEKIIUM Ha YCTOMYMBOCTh K ABYM (hopMaM BO30yIu-
TEJISI CETYATOM MSATHUCTOCTH.

PaboTta BeImoiHEHA TTPpU (DUHAHCOBOM MOMIEPXKKE
rpanta PO®U (Ne 20-516-00007 Ben_a).
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Juvenile Resistance of Barley Cultivars and Accessions to Net-, Spot-, and Hybrid
(Net x Spot) Forms of Pyrenophora teres

N. M. Lashina%*, N. V. Mironenko***, A. A. Zubkovich®>*#, and O. S. Afanasenko®*##
2All-Russian Institute of Plant Protection, St. Petersburg, Russia
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*e-mail: nlashina@mail.ru
#o-mail: nina260Imir@mail.ru
#4#%o_mail: aa_zoubkovitch@mail.ru
### % e_mail: olga.s.afan @gmail.com

Barley net blotch is an economically important disease. The causative agent is an ascomycete, Pyrenophora teres,
which exists in two forms: P. teres f. teres (Ptt) and P. teres f. maculata (Ptm), which differ in their symptoms on
barley plants. These two forms are easily crossed in laboratory conditions with the formation of fertile offspring,
however, it is extremely difficult to prove the hybrid nature of fungal isolates, sometimes found in natural popu-
lations of the pathogen and bearing signs of both forms. In 2020, we first identified Ptt X Ptm hybrids in natural
populations of P. teres in Krasnodar Region in isolates collected in 2016. The aim of the studies was to compare
the virulence of two Prt isolates, two Prm isolates of different origin and a hybrid isolate Ptt X Ptm to a wide set of
barley genotypes from the VIR collection pre-selected for Prf resistance, to determine variability of the virulence
trait in the hybrid isolate and characterize resistance to both forms of the fungus and hybrid. Depending on the
barley genotype, 3 types of disease symptoms were manifested upon inoculation with the Pt X Ptm hybrid isolate:
(1) similar to Prt, (2) similar to Prm, and (3) a mixed type. Apparently, the manifestation of symptoms after in-
oculation with the hybrid isolate depends on the barley genotype influencing the expression of certain pathogen
effector genes. It was shown that in most cases Prm isolates differ in virulence from Ptz isolates to the same barley
genotypes, and the Pt X Ptm hybrid isolate from both Ptf and Ptm. On average, the Pt X Ptm hybrid isolate was
less aggressive than the Pt and Ptm isolates. A comparison of the types of responses of barley genotypes to all
studied isolates of Pt and Prm revealed 8.8% of genotypes resistant to both forms of P. feres and 5.6% to Ptt, Ptm
and the hybrid isolate Ptf X Ptm. The virulence of natural hybrid between two forms of P. feres Ptt X Ptm was stud-
ied for the first time. The barley genotypes resistant to the two forms of the net blotch are valuable source of re-
sistance for barley breeding.

Keywords: barley, hybrid form (net X spot), net blotch, net-form, Pyrenophora teres, resistance, spot-form, viru-
lence
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I'PUBBI — BO3BYJIUTEJIN BOJE3HEN PACTEHUI
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BBICOKOAT'PECCUBHAA NHBA3NBHAS I'PYIIIIA PAC PS7S2
B POCCUHMCKUX IIOMYJALMAX BO3BYJIUTEA
XEJITON PXKABUMHBI NIIEHUIIBI
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B 2000-x rr. BO BCeEM MUpe OTMeYaeTcsl paclIMpeHe apeaja BpeAOHOCHOCTH BO30OYIUTEIS 3KEATOMN p>KaBUMHBI
mineHunsl (Puccinia striiformis) (Pst). OOyCIOBIEHO 3TO MOSBIEHNEM HOBBIX BEICOKOATPECCUBHEBIX MHBA3UB-
HbIX rpy1 pac PstS1 u PstS2, cnocoOHBIX pa3BUBAThCS TIPU BLICOKUX TeMITepaTypax, U pe3yJibTaTOM MyTalMii
BO30YyIUTEIS IO IIPU3HAKY BUPYJICHTHOCTH. JI1sT mneHTHUDUKAIMM MTHBa3UBHEIX pac rmomoopanel SCAR-Mmap-
Kephbl M OXapaKTepM30BaHbl KOJIJIEKIIUM MaTOreHa BO MHOTUX CTpaHaX MUpa. B TaHHBIX UcclienoBaHUSIX BIIEP-
Bhle B Poccum nipoBeneH aHaIm3 pernoHaabHBIX TONyJISInuii P, striiformis Ha HaIMINe MHBA3UBHBIX pac PstS1
U PstS2. MOHOITYCTYJIbHBIE M30JISIThI OJIYYEHbI U3 YPEIUHUO0OPa3110B, COOpaHHBIX C MSTKOM U TBEPAOi Iiie-
HULBI, TPUTUKAJIE U 3J1aKOBBIX TpaB B ceMu pernoHax P®D (CesepokaBkasckuii, CeBepo-3amnanHbiii, [leH-
TpasibHO-YepHo3eMHbIi1, HrxHeBomkckmii, CpenHeBoKCKUit, Bonro-Bsarckuii, 3amanHo-Cubupckuii) B
2019—2020 rr. Bcero nmpotectupoBaHo 82 nzonsara. C ucnonb3doBanueM SCAR-MapKepoB B U3y4eHHOM KO-
nexkumnu P. striiformis BbISIBJICHO TPU T€eHOTUIIA, ONUH U3 KOTOPBIX OTHOCUTCSI K MHBAa3UBHOI rpyrie PstS2. JIBa
NPYTUX TeHOTUTIAa UMEJIM OTIMYHOE OT Hee MpoucxoxaeHue. M3omsaTel PstS2 ObLTH BbIIEIeHBI M3 00pa31IoB IMO-
MyJIsiuuii maToreHa, coopanHbix Ha CeBepo-3anane B 2020 1. AHaIM3 BUPYJICHTHOCTH BBISIBUJI CPEIU HUX JABa
denoruma: PstS2_R1 (3 uzomara) u PstS2_R2 (1 mzomar). CornmacHo nHdopmanuu Global Rust Reference
Center (http://www.wheatrust.org/), XxapaKTepHbIM TPU3HAKOM JUIsSI THBA3UBHOM rpyrinbl PstS2 siBisieTcsl BU-
PYJEHTHOCTb K 00OpasliaM TIIeHUIbl ¢ TeHaMUu ycTouuBoctu Yr2, Yr6, Yr7, Yr8, Yr9 u Yr25. deHOTHI
PstS2_R1 xapaktepuszoBaJicsi BUPYJIECHTHOCTbIO K 00pas3iiaM IIIEHULIbI C STUMU TeHaMu, a Takxke K Yrl, Yr32u
YrSp. ®enotun PstS2_R2, otnnyaics ot PstS2_R1 aBUpyJIeHTHOCTBIO K Y725 1 BUPYJIEHTHOCTBIO K Yr3 u Yr4.
OCHOBHOE€ OTJIMYME POCCUMCKUX U30JISITOB IPYIbl PstS2 oT 0OGHApyXeHHBIX B IPYTUX CTpaHaX — BUPYJICHT-
HOCTb K IMHUSIM ¢ TeHamu Yr4, Yr32u YrSp. IlepBoe oOHapykeHHe MHBAa3UBHBIX pac Ha Tepputopuu CeBepo-
3anana Poccuu ykaspiBaeT Ha HEOOXOAMMOCTD IMPOBEICHUS €XKErOHOT0O MOHUTOPHUHTA PETMOHAIBLHBIX MOITY-
nsiumii P striiformis.

Karouesvie crosa: Yr-reHbl, UHBA3UBHBIC pachl, MOJICKYJISIDHbIE MapKepbl, HOIyISLuu, Puccinia striiformis,
Triticum aestivum

DOI: 10.31857/S0026364823010129, EDN: HRXOZS

BBEJIEHUWE pacripocTpaHeHHEe MeXIy CTpaHaMM M KOHTHMHEHTa-

mu (Liu et al., 2017; Chen, 2005).

bypas pxaBunHa B OOJBIIMHCTBE CTpaH, B TOM
yuciie 1 B Poccun, nMena 3KOHOMMYECKYIO 3HAUYM-
MocTb 1y nmeHuusl 10 2005 rr. (McCallum et al.,
2016; Gultyaeva et al., 2021). B coBpeMeHHBI TTIEPHOL
cuTyanuss MI3MEHWIACh U eif Ha CMEHY IPUIILIN XKeJl-

IMireHuiia — OCHOBHAs cTpaTernyeckas CeJibCKo-
X03giicTBeHHas1 KynbTypa. [lopaxkeHue 60ae3HIMU —
onnH n3 HaKTOPOB, CHIKAIOIINI YPOXKANHOCTH 3ep-
Ha 1 Ka4yeCcTBO MPOAYKTOB ero nepepadotku (Fursov,
2018). PxxaBunHa — HauboJiee pacIpOCTpaHEHHOE 3a-

GoJieBaHUE TaHHOM KyabTyphl. Ha mireHuiie Bctpeya-
eTcs TpM BUIa BO30ynmuTeneit 6oye3nu — Puccinia trit-
icina Erikss., P. graminis Pers. u P. striiformis West.
(MclIntosh et al., 1995), koTopble XapakKTepU3yIOTCs
BBICOKUM 3BOJIOLMOHHBIM ITOTEHIIUATIOM. YCKOPEH-
HBbIA MYTAaLMOHHBII TPOLECC MPENONPEAETAET BO3-
HUKHOBEHUE HOBBLIX pac. Bhicokasi MUTpalMoHHAas
CIIOCOOHOCTD TTaTOreHOB OOecneuyrBaeT ObICTPOE UX

60

Tasg W cTebiieBas pXKaBUMHA. Bo30ymuTenb KenToit
pKaBUYMHBI MOPaXXaeT KYJIbTYPHbIC U JUKWE BUIbI 3J1a-
KOB, B TOM YHCJIe MATKYIO M TBEPAYIO MIIICHUITY, TP -
THKaJIe, SIMEHb, poxkKb. CUMIITOMBI 00JIE3HN OTMEYa-
I0TCSI Ha JIUCThSIX, JIMCTOBBIX BJIarajMIlax, KOJOCKO-
BBIX YCIIySX M, peXe, Ha CTeOJISIX B BUAC JIMMOHHO-
KEJITHIX YPETUHUOITYCTYJ, KOTOPHIE PacIoararoTcs
nponoiabHbIiMU psinamMu (Hovmeller et al., 2011). ITo-
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5TOMY IpyToe MOMYJIIpHOE Ha3BaHME 3TOM OOJIE3HN —
rmojocarTas pxkaBuMHa (stripe rust).

BrnaxxHocTh 1 TeMIiepaTypa BO3ayXa — OCHOBHbBIE
¢dakTophl, oOycCIaBIMBAIOIINE YCIEIIIHOE Pa3BUTHUE
PXaBUMHHBIX TpuOOB. P. striiformis pa3BuBaeTcsI B
YCIOBUSIX TTOHMKEHHBIX TemIiepatyp (2—15°C) mpu
MHOBBIIIEHHOM BiaxxHocTH Bo3ayxa (Chen, 2005), uto
JIMMUATHAPOBAJIO IIMPOKOE PaCIIPOCTPaHEHME ITaTOre-
Ha, B OTJIMYME OT OoJiee TUNIaCTUIHBIX BUOOB P. triticina
u P. graminis.

YpeanHUOoCTIOpbl BO30YIUTES XKEJITOM p>KaBUMHbI
B 3UMHMI IIEpUO IIOTU0AaI0T IIpu TeMIteparype —4°C,
a MUIEINi rpuda B XKMBOUW TKAHU JIMCTA MIIEHUIIBI
OCTaeTCsl >XWU3HECIIOCOOHBIM W MpU 0oJiee HU3KUX
temMrieparypax (Zadoks, 1961). J.W. Hendrix, E.H. Lloyd
(1966) coo61IaIOT, YTO TIPU OJATOIPUSTHBIX MOTOMI-
HBIX YCIOBUSIX JIJIs1 SNMTU(PUTOTUIHOTO pa3BUTHUSI 3200-
JIeBaHUSI B BECEHHUI MIEPUOI TOCTATOYHO OTHOM ype-
IWHUOMYCTYJIBI Ha TeKTap moceBa MIneHuIbl. [Ipu
0J1aroNPUSITHBIX MOTOAHBIX YCJIOBUSIX U PAHHEM pas3-
BUTUM OOJIE3HU ITOTEPU YpOoXKash MOTYT COCTaBHUTh
100% (Chen et al., 2010).

o HemaBHEro BpeMEHM XeJTasl p>KaBuWHa IIe-
HUIIBI OTHOCWJIACh K OOJIE3HSIM, UMEIOIIUM pPEeruo-
HaJIbHOe 3HauYeHue Bo BceM mupe. B 2000-x IT. ee ape-
al U BPEIOHOCHOCTb CTajld CYIIECTBEHHO pacTH.
BnuduToTM 00JIE3HU PETYISIPHO OTMEYaloTcs B 3a-
nagHoii EBporne, LleHTpanbHOIl 1 BocTouHo# A3uu,
Ha bmmxrem Bocrtoke, CeBepHoit n FOxHoit Adpn-
ke, CeepHoii u FOxxHo#t AMepuke, ABcTpaiuu LleH-
tpanbHOit A3um u Kaszaxcrane (Hovmgller et al.,
2002; Chen, 2005; Wellings, 2011; Chen et al., 2014;
Brar, Kutcher, 2016; Kokhmetova et al., 2018, 2020,
2021). OGYCIOBIIEHO 3TO MOSIBISHUEM HOBBIX BHICO-
KOarpeCcCUBHBIX MHBA3UBHBIX Tpy1 pac PstS1 u PstS2,
CMOCOOHBIX Pa3BUBATLCS TIPU BBICOKUX TeMIeparty-
pax. Takxe cTajiy oTMedaTh ObICTpbIE MyTallMM MaTO-
TreHa Mo IPU3HaAKy BUpyJIeHTHOCTU. B 3amagHoit EB-
porie, ABctpaniuu, CeBepHOU AMepuKe MOSBUIUCH
HOBBbIE Dachl, MPEOAOJIEBIIME YCTOMUYUMBOCTH paHee
PE3UCTEHTHBIX COPTOB MINEHULIBI U TpUTUKAJE, U
CTPEMUTEIBLHO PACIIPOCTPAHSIIONINECS 110 BCEMY MU-
py (Hovmgller et al., 2015; Hubbard et al., 2015).

I'pynma pac PstS1 BnepBble oTMedeHa B KeHuu B
1982 r. Janee ee mpucyTcTBUE 3a(PMKCUPOBAHO B IPYTUX
crpaHax Boctounoit Adpuku: Dduonusa (1986 r.), Py-
anaa, bypynau (1988 r.), Tanzanus (1990). B 2000 r.
oHa BrnepsBble otmMedeHa B CIIIA, a B 2002 1. — B AB-
CTPaJIAU, YTO SIBJISIJIOCH IPUYMHOM CUJIbHENIIINX 311U -
duTOTHII KEJITOM pxKaBYMHEI B 3THX cTpaHax (Chen
et al., 2002; Milus et al., 2006; Wellings, 2007; Walter
et al., 2016). Oimune PstS1 oT apyrux pacrpocTpa-
HEHHEBIX BO BCEM MHpPE pac — amaITanus K BEICOKAM
TeMIiepaTypaM, YTO He XapaKTepHO IJISI JTaHHOTO I1a-
toreHa (Milus et al., 2006, 2009; Markell, Milus, 2008).
B nHacrosimee Bpems rpynna PstS1 oTMedaeTcsl exe-
rogHo B Boctounoit Adpuke, a B ronsl STMPUTOTHIT — B
CLUIA u Actpanuu (https://agro.au.dk/forskning/in-
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ternationale-platforme/wheatrust), omHaKo He OTMe-
4yeHa B IpYyIrux permoHax Mmupa.

I'pynna PstS2 — pesynbrat mytauuu PstS1, To ecTb
M0 CyTH SIBJISIETCS €€ CeCTpUHCKOI TuHueit. B oTiu-
yue oT PstS1, oHa moydmiia 6oJjiee IIMPOKOE pacIpo-
ctpaHeHue. B 1990-e rr. oHa Oblla OoTMeueHa Ha
bawxHem Bocroke u CeBepHoii Adpuke, B 2002 1. —
B 3anamHoii Espone, B 2003 1. — B 3ammagHoit n LleH-
tpanbHOIt A3uu (Flath, Bartels, 2002; Hovmgller, Jus-
tesen, 2007; Hovmegller et al., 2008; Walter et al.,
2016). B 2015—2016 rr. n30aaThl packl PstS2 oTMede-
HBl B cocenHux ¢ Poccueil ctpaHax — YKpauHe U
Azepbaiimxane. MMmeeTcsl mpenroaoxeHue, 4To IMo-
SIBJICHUE M pacIipocTpaHeHMe HOBBIX pac PsiS1 u
PstS2 MoxeT ObITh CBSI3aHO C MpeoaoJieHueM 3¢ hek-
TUBHOCTH TeHa ycToiiumBoctu Yr9 Ha BiauxHem Bo-
croke u B FOxHoit Azum B 1980-x u 1990-x rr. (Singh
et al., 2004).

WccnenoBaHust pocCUCKUX MOMYJISILIUIA BO30OYI1-
TeJsI XKEJITOM p:KaBUMHBI HAa HaJIW4yWe WHBA3MBHBIX
pac PstS1 u PstS2 1o HacTosIIIero BpeMeH! He TIPOBO-
ounuck. Ilpu 3ToM 00€ TpyIIbl XapaKTepU3yloTCs
BBICOKOI CKOPOCTBIO U3MEHUYMBOCTH IO BUPYJIEHTHO-
CTU U MUKPOCATEJUIMTHBIM JIOKyCaM, 4TO Mpeaorpe-
nIesieT Heo0X0MMMOCTh X MOHUTOpUHTA. Llens maH-
HOU paboOThl — MOJEKYISIPHO-TEHETUYECKUI aHaIn3
poccuiickux nonyiasinuii P. striiformis Ha HaIu4ye BbI-
COKOArpeCCUBHBIX MHBA3WBHBIX TpyIml pac PstS1 u
PstS2.

MATEPHAJIBI 1 METO/1bI

MNHpexunoHHbIe 00pa3libl, IpeacTaBIeHHbIE J1-
CTbSIMU C ypeauHUoIycTyaamu P. striiformis, Obuin
MOJIy4eHbI U3 ceMu pernoHoB PM: CeBepoKkaBKa3CKO-
ro (Jarecran, KpacHomapckuii kpaii), CeBepo-3a-
nagHoro (Jlenunrpanckas o6:1.), LlenTpansHo-Yep-
Ho3eMHoro (TamoOoBckast 00.), HMXHEBOIKCKOTO
(CaparoBckasi 0011.), CpenHeBoskckoro (Camap-
ckas 0011.), Bonaro-Bsarckoro (KupoBckas 06i1.) u 3a-
nagHo-Cuobupckoro (HoBocubupckas 06:1., KpacHo-
spckuii kpait) B 2019—2020 rr. OHu ObLTM COOpaHbl Ha
MSTKOI M TBEpAOM MIIEHULIE, TPUTUKAJIE U 3J1aKOBBIX
TpaBaX Ha DBKCIEPUMEHTAIbHBIX TIOJISIX, TOcyaap-
cTBeHHBIX coproydacTtkax (I'CY) u mpousBoacTBeH-
HBIX oceBax. [IpoucxoxneHne nHOEKIMOHHOTO Ma-
Tepuaja mpeacTaBjieHo B TabJI. 1.

st TIoJTydeHUsT MOHOITYCTYJIbHBIX U30JISITOB MC-
MOJIb30BaId paHee ONMMCAaHHYIO MeTOAUKY. s mpo-
BeJCHMSI MOJIEKYJISIPHBIX MCCICAOBAaHUI BBIASICHO 1
pa3sMHOXeHO 82 MOHONYCTYJIbHBIX U30JsTa P. strii-
Jformis.

Okcerpakuus JHK u3 ypenuHumocriop MoHOMy-
CTYJILHBIX U30JATOB P. striiformis BbINOJIHEHA MO Me-
Toguke, onmcaHHoil A.F. Justesen et al. (2002). [e-
CTPYKLMIO CIIOP OCYIIECTBIISIU C TIOMOIIbIO TOMOTe-
He3aTopa FastPrep®-24.

Hat6op SCAR-Mapkepos (SCP19M24al, SCP19M24a2,
SCP19M26al, SCP19M26a2) wucnoiab3oBaaud s
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Taomuna 1. XapakrepucTrka U3y4eHHOM KoyuieKuuu Puccinia striiformis

MecTo cbopa Yucio MOHOIYCTY/IBHBIX
YPEeIUHUOOOPAa31IoB Ton coopa Kynsrypa U30JIITOB

Jlarectan 2020 TBepnast mireHunna 2
Msrkas nieHuia 3

KpacHonapckuii kpaii 2019 “” 4
3J1aKOBbIE€ TPaBhI 5

2020 TBepnast mireHnIa 4

Msrkas niieHuna 4

JlenuHrpanckas o0J1. 2019 Tputukane 4
Msrkas neHuia 5

TBepnas mieHua 4

2020 Tputukane 11

Msrkas nieHuia 17

Hosocubupckas o6i1. 2019 «©” 4
2020 “©» 4

Kuposckast 0051. 2020 “» 2
Tam6oBckas 001. 2020 “r 2
KpacHosipckuii kpait 2020 “r 4
CapartoBckasi 00J1. 2020 “”r 2
Camapckasi 0061. 2020 Teepnas mureHuna 1
Bcero nzonsaTtos 82

UIeHTU(UKAIIUM WHBA3WBHBIX rpynn pac PsfS1 u
PstS2 (Walter et al., 2016). I[IpuMeHsIA CIEAYIONIYIO
nporpaMmy amiuinukauuu: 94°C — 3 muH, 35 uuk-
J10B (94°C — 30 ¢, 62°C — 1 muH, 72°C — 30 ¢), 72°C —
5 muH. Iponykter NP anamusupoBamu B 1.5%-m
araposHoM reiie B 1%-m TBE 6ydepe.

HMHTepnpeTanuio pe3yibTaToB MIPOBOINIIM MO Clie-
IYIOIIeMY TIPUHIIMITY: VI30JISIThI, OTHOCSIIIECS K TPYIT-
e PstS1, IMEIOT TTPOIYKThI AMILTA(DUKALIY BCEX YEThI-
pex MapkepoB: SCP19M24 al — 485 n.H., SCP19M24 a2 —
385 m.H., SCP19M26al — 491 n.H., SCP19M26a2 —
262 T.H., a U30IATBI Tpymnbl PstS2 — MapKepoB
SCP19M24al, SCP19M24a2 u SCP19M26a2.

st uzonsaroB P. striiformis, mo pe3yabTaTaM MOJIE-
KYJISIPHOTO aHa/M3a OTHECEHHBIX K OIpeleIsieMbIM
MHBAa3UBHBIM TPYyIIIaM, IPOBEJIM aHAJIN3 BUPYJICHT-
Hoctu (Shaydayuk et al., 2021). B kauecTBe TecTepOB-
BUPYJCHTHOCTU HCHOJb30BaIM JUHUU Avocet (AvS
NIL) ¢ renamu Yri, Yr5, Yré, Yr7, Yr§, Yr9, Yri0,
Yri5, Yrl7, YrilS, Yr24, Yr27, YrSp u copra Chinese
166 (Yrl), Lee (Yr7, Yr+), Heines Kolben (Yré6, Yr+),
Vilmorin 23 (Yr3), Moro (Yri10, YrMor), Strubes Dick-
kopf (Y»SD, Yr+), Suwon 92/Omar) (YrSu, Yr+), Hy-
brid 46 (Yr4, Yr+), Reichersberg 42 (Yr7, Yr+), Heines
Peko (Yr6, Yr2), Nord Desprez (Yr3, YrND, Yr+),
Compair (Yr§, Yri19), Carstens V (¥Yr32, Yr+), Spald-
ings Prolific (Y»SP, Yr+), Heines VII (Y72, Yr+). Tun
peakuuu onpenesiu 1o mkaie G. Gassner, W. Straib

MUKOJOI'A N ®PUTOIIATOJIOTUA

(1926). Pactenus ¢ 6amnamu 0—2 OTHOCWIM K YCTO# -
YUBEIM, a 3, 4 1 X — K BOCIIPUMMYMBBIM.

PE3VYJILTATbBI U OBCYXIEHHWE

MoteKyasipHBIN aHaINU3 TIPOBEACH 11T 82 poccuii-
CKHX U30JISITOB BO3OYIUTEIISI XKEJITOM PXKaBIYMHBI IV~
poKoro reorpaduyeckoro mpouncxoxneHus. [1pomyk-
TBHI aMIIKpUKaIuy pasMepoMm 385 m.H. u 262 I.H.,
xapakrepHble mIg MapkepoB SCPI9M24a2 u
SCP19M?26a2, BBIIBIEHB y BCEX M3yYEeHHBIX ITPOO
P, striiformis. Mapkep SCP19M26al (491 m.H.) am-
TUIMGULIMPOBAJICS TaKXKe y OOJILIIMHCTBA U30JISITOB,
3a UCKJTIOYEHNEM TPEX CEBepO-3aMamaHbIX, OMHOTO KI-
POBCKOTO U JIBYX KPacCHOIAPCKHUX HM3O0JISITOB, BbIIE-
JICHHBIX C MSTKOM HINeHUIBI. JrarHOCTUYeCKUA
¢dparmeHT mapkepa SCP19M24al pasmepom 405 11.H.
1oKasajy YeThIpe CeBepO-3anaaHbIX U30sITa, BhIIe-
JICHHBIE ¢ MSITKOH TeHuIIBl. [1prMepsl a51eKTpodo-
perpaMM TipeAcTaBieHbI Ha puc. 1.

MosiekyasipHbIii aHaJIM3 TTO3BOJIUJ BBISIBUTh TPU
reHOTUNa B W3yYeHHOW KoyuleKuuu P striiformis
(taba. 2). ComracuHo Walter et al. (2016), M30aTHI,
“Melollue TMarHocTuuyeckue (hparMeHThl ¢ MapKepa-
mu SCP19M24al, SCP19M24a2 u SCP19M26a2, ot-
HOcsTCSl K MHBasuBHOU rpyrimne PstS2. IMomoOHbIe
U30JTHL P. striiformis ObLIY BBISIBJICHBI B 00pa3liax ce-
BepO-3anagHoi IMoIyIsannn, coopadHbix B 2020 1. Ha
OMBITHOM TMOJie MNYIIKWMHCKUX Jjgabopatopuit BUP
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(a)
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Puc. 1. Baexrpodoperpamma ML P-usonsitoB Puccinia striiformis (NeNe 1—10) co SCAR mapkepamu SCP19M24a u SCP19M26a:
a — Mapkep SCP19M24a2 (pa3mep nponykTa amruivdukaimmy 385 rm.H.); 6 — mapkep SCP19M26a2 (262 11.H.); B — mapkep SCP19M24al
(405 .H.); T — SCP19M26al (491 m.H.). M — mapkep 100 r.H. IHK [mpousBoautens “Muanar” (http://dialat.ru/f/m100rus.pdf)]. M30-
Jiatel NeNe 5, 6, 8 — npeacTaBUTE M MHBAa3UBHOM rpynimbl PstS2.

MUKOJIIOTHUA U PUTOMATOJIOINA  tom 57 Nel 2023
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Tab6muna 2. XapaktepucTuka reHOTUIIOB Puccinia striiformis, oripeneieHHbIX ¢ ucrnoib3oBaHueM SCAR mapkepoB, U ux
MPEeACTaBIEHHOCTb B U3YYEHHOI KOJUIEKIIMU ITaTOoTeHa

Hanuuue npoaykra ammindukauum Mmapkepa*
Ipynma
SCP19M24al SCP19M24a2 SCP19M26al SCP19M26a2 Yacrora (%)
1 (PstS2) + + — + 49
2 - + + + 87.8
3 _ + — + 7.3

ITpumeuanue. *Hanuuue (+), oTcyTcTBUE (—) NPOAYKTA aMIUTM(PUKALIUN.

Ta6muna 3. BupyieHTHOCTBh U30JISITOB, OTHOCSIIMXCS K Tpynmam PstS1 u PstS2, 3a pyoexom (http://www.wheatrust.org/) u

B Poccun
I'pynna ®denorun BupyneHTHOCTH* Pernox nauborbuueit
MpeACTaBIeHHOCTH
PstS1 PstS1 -2,-,-,—,6,7,8,9,—, — — —, 25—, —, —, AVS CIIA, Asctpanus
PstS1, vl ,2,—-,—,—-,6,7,8,9,—, —, —, —,25,—,—,—, AvS, — | BocrouHast Apprka
PstS1, v1,v27 ,2,——,—-,6,7,89,— — — —, 2527, —, — AvS, — «©r
PstS2 PstS2 -2, -,—,—,6,7,8,9,—, —, —, —, 25, —, —, —, AvS, — | BocTouHast Adbpvika, 3anamHas u
KOxHas Azust
PstS2, vl ,2,-,-,-678,9,— —, — — 25 —, — —,AvS, — | Boctounas Adprka
PstS2v3 -2,3,——-,6,7,8,9,—,— — —, 25, —, —, —, AVS, — “»
PstS2, v27 -2,-,—,—,6,7,8,9, —, —, —,—,25,27, —, —, AvS Bocrounas u CeBepHas Adpuka,
3ananHas A3us
Pst2,v1, v27 ,2,——,—6,7,8,9, —, —, —, —, 25,27, —, —, AvS Bocrounas Adpuka, 3amagHas A3ust
PstS2,v3,v27 -2,3,—,—-,6,7,8,9, —, —, —, —, 25,27, —, —, AvS BocTtouHast Appuka
PstS2,v10 -2, - —,—,6,7,8,9,10, —, —, 24,25, —, —, —, AvS | Boctounast Appuka, 3amagHas A3ust
PstS2, v10, v27 -2, - —,—,6,7,8,9,10,—, —, 24,25,27, —, —, AvS | 3anagHas A3ust
PstS2,v3,v10,v27(—,2,3,—,—,6,7,8,9, 10, —, —, 24, 25,27, —, —, AvS Bocrounasa Adpuka
PstS2_R1 ,2,——,—,6,7,8,9, —, —, —,—,25,27,32, Sp, AvS | Poccus, CeBepo-3anamHblii permoH
PstS2_R2 1,2,3,4,—,—,6,7,8,9, —, —, —, —, —, 27, 32, Sp, AvS | Poccus, CeBepo-3amagHblii permoH

ITpumeuanue. *XapakTepucTUKa aBUPYJICHTHOCTU (—)/BUPYJEHTHOCTH BBIMOJIHEHA C UCIOJIb30BaHMEM CJISAYIOIIEro Habopa TeCTepoB:
Yrl, Yr2, Yr3, Yrd, Yr5, Yr6, Yr7, Yr8, Yr9, Yri0, Yrl5, Yrl7, Yr24, Yr25, Yr27, Yr32, Spalding Prolific (Sp), Avocet S (AvS).

(Canxkr-IletepOypr, 1. Ilymkun) (2 usonsara) u Jle-
HuHrpaackux I'CY (I'atunHckuii p-H, PoxnectBeHo
u BosocoBo). [IBa npyrux reHoTUna OTJuYainuch OT
PstS1 u PstS2, 9To yKa3bIBaeT HA MHOE MX IIPOMCXOXK-
neHue. B MupoBoii utepaType Takue U30JISIThl 000-
3HavaroTcsd Kak “mpyrue” (other) (Walter et al., 2016).
I[Mpumepsr saekTpodoperpaMM MpEaCTaBICHBI Ha
puc. 1.

AHau3 BUPYJEHTHOCTH U30JISITOB, OTHOCSIIIIUXCSI
K rpy1iIie pac PstS2, mokasail, 4To Tpu U30sITa (IIyI-
KUHCKHE W BOJIOCOBCKUIA) CXOMHBI 10 (heHOTUITY BU-
PYJICHTHOCTH, a POKIASCTBEHCKUI OTIMYAJICS OT HUX.
Bce M30715TEI aBUPYJICHTHBI K JIMHUSIM Avocet ¢ TeHa-
mu Yr5, Yrl0, Yril5, Yrl7, Yr24, Yr26 u copram Moro
(Yr10, YrMor), Nord Desprez (Yr3, YrND, Yr+), u Bu-
PYJICHTHHI K JIMHUSAM C reHamu Yrl, Yr6, YrS, Yr9,
Yr27, YrSp n copram Chinese 166 (Yrl), Lee (Yr7,
Yr+), Heines Kolben (Yr6, Yr+), Suwon 92/Omar)
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(YrSu, Yr+), Reichersberg 42 (Yr7, Yr+), Heines Peko
(Yr6, Yr2), Compair (¥Yr§, Yri9), Carstens V (Yr32,
Yr+), Spaldings Prolific (Y»SP, Yr+), Heines VII (Y72,
Yr+). Paznuuus 1o BHPYJICHTHOCTH HaOJomaad Ha
coptax Vilmorin 23 (¥r3), Strubes Dickkopf (¥rSD,
Yr+), Hybrid 46 (Yr4, Yr+) u nuauu Avocet ¢ TeHOM
Yr18. PoxxnecTBEHCKMIT M30JISIT ObLI aBUPYJIEHTEH K
aquHuu ¢ Yrl8 u copry Strubes Dickkopf, u BupysieH-
TeH K Vilmorin 23 u Hybrid 46.

AHaM3 001IUPHON KOJIEKIIMU U30JISITOB, BBITION -
HeHHBIN B Global Rust Reference Center (Hovmeller
et al., 2022) mokxasaj, 4TO M3OJISITHl MHBA3UBHBIX
rpyni PstS1 u PstS2 He nMeIOT cieU(PUIHBIX OTIN-
YUii MO BUPYJIEHTHOCTU W MOTYT OBITb CXOIHBI KaK
MEXKIy CO00I, TaK U C U30JISITAMU, HE OTHOCSIIIITUMMUCS
K oTuM rpynnam. B rpymre PstS1 Bo BceM Mupe ornpe-
JejieHo Tpyu ¢eHOTUIa BUPYJIEHTHOCTHU, a B TpyIIIe
PstS2 — neBsath (tadn. 3). Haubosiee xapakTepHbIM
Ne 1
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MPU3HAKOM M30JISITOB 00euX WHBA3WBHBIX TPYMIT SIB-
JIIeTCST BUPYJCHTHOCTh K OOpas3lnaM ¢ TeHaMu Yr2,
Yr6, Yr7, YrS8, Yr9, Yr25 (Milus et al., 2006; Hovmeller
et al., 2008). Poccuiickuii benorun PstS2_R1, ripen-
CTaBJIEHHBII TpeMs W30JsTaMUu, XapaKTepu30Bascs
BUPYJICHTHOCTBIO KO BCEM 3TUM IreHaM, U, KpOMe TO-
ro, ObLI BUpyJeHTeH K Yrl, Yr32 u YrSp. ®eHoTun
PstS2 R2, ornunuancs ot PstS2 _R1 aBupyieHTHO-
CTBIO K Y725 1 BUPYJECHTHOCTBIO K Yr3 u Yr4. OcHOB-
HOE OTJINYME POCCUMCKUX U30JISITOB I'pyIHIbl PstS2 ot
0OHapYXEHHBIX B APYTUX CTPAHAX — BUPYJIEHTHOCTb K
JIMHUSM ¢ TeHamu Yr4, Yr32u YrSp.

SAKJIIOYEHHME

Briepsrie B Poccum mpoBeneH MoJIeKyISIpHO-TeHEe -
TUYECKNN aHAJIM3 MOy BO3OYIMTENS XKEATOM
p>KaBYMHBI MIIIEHUIIBI HA HAJIMUME BHICOKO arpecCuB-
HbIX rpymnin pac PstS1 u PstS2. U30asThl, OTHOCSIIIME-
cs K rpytire PstS2, oOHapyxXeHbI B 00pa3liax ceBepo-
3araaHo’ MOMyIsIuuM, cOOpaHHOM B JIECHMHIpaaCcKoi
00J1. ¥ 130J15ITOB UHBA3UBHOM T'PYIIIbI BEISIBIEHO ABa
deHoTUIIa BUPYJICHTHOCTH, OTJINYAIOIINXCS OT OOHA-
PYXEHHBIX B Ipyrux crpaHax. IlepBoe BBIsIBIEHUE
MHBa3WBHBIX Pac Ha TEPpUTOPUH ceBepo-3arana Poc-
CHM yKa3bIBa€T Ha HEOOXOAUMOCTh MPOBEACHMS €Xe-
TOOAHOTO MOHMTOPHHIA PETMOHAJIBbHBIX ITOIYJISLMNMA
P. striiformis.

HccnenoBanus noaaep:KaHbl POCCUIICKUM Hayd-
HbIM (OHAOM, TIpoekT Ne 19-76-30005.
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A Highly Aggressive Invasive Race Group PszS2 in Russian Populations
of the Wheat Yellow Rust Pathogen
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The expansion of the area of harmfulness of the wheat yellow rust pathogen (Puccinia striiformis) (Pst) has be ob-
served all over the world in the 2000s. This is due to the emergence of new highly aggressive invasive groups of
races PstS1 and PstS2, adopted to the high temperatures, and also as a result of virulence mutations of regional
pathogen populations. SCAR-markers were developed for identification of invasive races, and pathogen collec-
tions from many countries were studied. In these studies in first in Russia, the analysis of regional populations of
P. striiformis for the presence of invasive races PstS1 and PstS2 was carried out. Single pustule isolates were ob-
tained from urediosamples collected from common and durum wheat, triticale and wild grasses in seven regions
of the Russian Federation (North Caucasian, Northwestern, Central Black Earth, Lower Volga, Middle Volga,
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Volga-Vyatka, West Siberian) in 2019—2020. In total 82 isolates were studied. Using SCAR markers, three gen-
otypes were identified in the studied collection of P. striiformis, and one of which belongs to the invasive group
PstS2. The other two genotypes had a different origin (other). Isolates of PstS2 group were received from patho-
gen population samples collected in the Russian Northwest in 2020. Virulence analysis revealed two phenotypes
among them: PstS2_R1 (3 isolates) and PstS2_R2 (1 isolate). According to information from the Global Rust
Reference Center (http://www.wheatrust.org/), the main characteristic of isolates from invasive PstS2 group is
virulence to wheat lines with resistance genes Y72, Yr6, Yr7, Yr8, Yr9and Yr25. The Russian R1 phenotype PstS2
was also characterized by virulence to these genes, as well as to Yr1, Yr32, and YrSp. The PstS2_R2 phenotype
differed from PstS2_R1 for avirulence to Yr25and virulence to Yr3and Yr4. The main difference of Russian PszS2
isolates with detected in other countries is virulence to wheat lines with genes Yr4, Yr32, and YrSp. The first de-
tection of invasive races in the Northwest of Russia indicates the relevance of annual monitoring of regional pop-
ulations of P. striiformis.

Keywords: invasive races, molecular markers, Puccinia striiformis, Yr-genes, population, Triticum aestivum
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XPOHUKA

K 85-JJETUIO AKATEMUKA PAH MAPKA MUXANJIOBUYA JIEBUTUHA
To the 85th Anniversary of Mark Levitin, Academician of Russian Academy of Sciences

DOI: 10.31857/S0026364823010051, EDN: HMYXJI

N3BecTHOMY y9eHOMY-(UTOITATONIOTY, 3aCTyKEeH-
HoMmy nesitento Hayku PD, akanemuky PAH, mpodec-
copy Mapky Muxaiinosuuy JleButuHy 17 mexaOpst
2022 r. ucnonHunock 85 ger. M. M. JIeBUTUH BBIITON-
HIWJI OOJIBIION LMK pabOT MO MyTallMOHHON U3MEH-
YUBOCTH U COMaTUYECKO ruOpuausanuu uronaro-
TEHHBIX TPUOOB, aHAIMU3Y CTPYKTYpPbI MOMYJSLMK U
BJIMSIHUIO TEHOTUIIA COPTa U 3KOJIOTUYECKUX (haKTo-
pPOB Ha IMHAMUKY MOMYJISLUIA MaTOTeHOB, U3YYEHUIO
MHOTOrpaHHOH TMpo0GJieMbl B3aUMOOTHOIIIEHU BO3-
oymutesieii OoJyie3Heilt W pacTeHMil. TeopeTuueckue
HUCCIeOBaHUST TIOCIYXXWUJIM OCHOBOU [JIsl CO3MaHUsI
9KOJIOTUYECKH OOOCHOBAHHBIX CUCTEM WHTETPUPO-
BaHHOM 3alllMTHl PACTEHUN B pa3JIMYHbIX 30HAX CTpa-
Hbl. OH MHOTUE ToJibl PyKOBOIWJI JabopaTopueit Mu-
Konornu n puronaromorun BU3P, Bocimran nemyro
TUIESI Y YYEHUKOB U MOCJIEN0BATEIIEN.

IToutu Bcs xku3Hb Mapka MuxaiioBuya cBsizaHa
¢ Jlenunrpagom — Cankr-Iletepbyprom. B 1961 . on
OKOHYMJI (DaKyIbTeT 3alIUTHI pacTeHuil JleHuHrpana-
CKOTO CEJIbCKOXO3SMCTBEHHOTO MHCTUTYTA U 10 1964 T.
paboran cTapiiuM HaydHBIM COTPYTHUKOM-(UTOIIA-
tonorom JlampHeBocTouHoro HUU cenbckoro xo3sii-
crBa. C 1965 mo 2021 r. paboran Bo Bcecorwo3HoMm
(apiHe Bceepoccuiickom) HMMWM 3ammurel pacteHuMii
(Canxkr-IlerepOypr, IlymkuH), Tae Opoiiea myTh OT
acriupanTa (1965—1968) 1o 3aBeayrolero jadboparo-

68

pueii. B 1968 r. M.M. JIeBUTUH 3alLUTWI KaHIWAAT-
CKyl0 auccepraumio, a B 1983 . — mOKTOpPCKYIO.
B 1988 r. emy nipucBoeHO yueHOE 3BaHUE Mpodecco-
pa, B 1993 r. — ui.-KoppecroHaeHTa, a B 1999 r. —
akagemuka Poccenbxo3akagemuu (¢ 2013 1. B ¢BsI3M C
o0OBenMHEHNEM aKalaeMuii ctan akagemMmukoMm PAH).

C 1986 o 2000 r. Mapk MuxaiiioBu4 pyKOBOIMI
naboparopueii Mukogoruu u puronarosoruu BU3P.
ITon ero pykoBoACTBOM OBLIYM MHULIMMPOBAHBI UCCIIC-
JIOBaHUS 110 IIpobjieMaM (py3apro30B, albTepHAPUO-
30B, aHTPAKHO30B U APYT1X 3a00J1eBaHUIT pa3IMYHBIX
KynbsTyp. B HacTosiee BpeMs 1abopaTopust MUKOJIO-
i n ¢uronaronornn BU3P mpakTnaeckn mojrHo-
CTbIO COCTOUT M3 yuyeHUKOB Mapka MuxaiimoBuya,
KOTOPBIE B CBOIO OUYEPEIb SIBJISIIOTCSI PYKOBOIUTEIISIMU
HOBOTO TToKOJIeH1sT MuKoioroB. C 2001 . Mapk Mn-
XalJIOBUY SIBJISIJICS TJIABHBIM HaYYHBIM COTPYIHUKOM
BHM3P, a 3ateM HayYHBIM KOHCYJIBTaHTOM.

M.M. JIeBUTHH U3BECTEH KaK KPYMHbII yUSHBIN Y
Hac B CTpaHe 1 3a pydexkoM, Oj1aromapsi CBOouM pabo-
TaM B 00JIaCTH TEOPETUUYECKUX M MPUKIIAIHBIX MTPO-
671eM MUKoJIoTuu U uTtornaTosorui. OMHUM U3 nep-
BBIX B cTpaHe B 1960-¢ IT. OH TIPUCTYMI K N3yUYSHUTO
TeHEeTUKM (puTonaToreHHbIX rpudoB. Ero mHrepecoBa-
JIN TIpOOJIeMbl U3BMEHUMBOCTHU (DUTOITATOTEHHBIX TPU-
60B, MEXaHM3MbI PacooOpa3oBaTelIbHBIX MPOIIECCOB,
B3aMMOOTHOIIICHUS B CUCTEME “TTapa3suT — XO3SIUH .

B mociieqHue roabl OH XKWBO MHTEPECYETCS MpPO-
OJ1eMOi1 BIMSIHUS TJI00aIbHOTO M3MEHEHUS KJIMMaTa
Ha apeaibl (GUTONATOTeHHBIX TPUOOB U 30HbI UX Bpe-
JIOHOCHOCTH.

M.M. JIeButuH — aBTOop 60Jice yeM 300 rmegaTHbIX
paboT, B TOM 4YuCjIe KPYIMHBIX OO30PHBIX CTaTeil Mo
BOIIPpOCaM IeHEeTUKH (PUTOIMATOTeHHBIX TPUOOB U CO-
BEPIIIEHCTBOBAHUS TEXHOJIOTUI 3aIIIUTHI PACTEHUI OT
OoJie3Heil, aBTOp psiia METOANYECKUX PEKOMEH AU
IUIST CeJIEKIIMOHEPOB, (PUTOIMATOJIOTOB, COTPYIHUKOB
CJIyXOBI 3a1IMTHI pacTeHUii. Ero MHOTOJIETHHE HICCITE-
JoBaHUs ObLIN 000011IeHBI B MOHOTpadusx “bopbbda c
MIABHEHMIIUMU BPEOUTEISIMUA U OOJIE3HSIMU CEJIbCKO-
XO3IMCTBEHHBIX pacTteHuii Ha J[lampHem Bocrtoke”
(1965), “I'eneTnKa (pUTONMATOreHHBIX TprOOB” (1972)
u “I'eHeTHYECKIME OCHOBBI UI3MEHUMBOCTHU (PUTOIIATO-
TeHHBIX TprO0B” (1986), “@uTocaHnTapHast UarHO-
CTUKa B MHTETPUPOBAHHOI 3alllMTe pacTeHuit”
(1995), “MuBa3um hutonaToreHHbIX rpudoB” (2019),
“Ilapasut3amM @uTOIaTOreHHBIX TpuboB” (2022).
Kuura “I'eHeTrka (buTOMAaTOT€HHBIX IPUOOB” ObLIaA
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Mapxk MuxaiiioBU4 CO CBOMM II€PBbIM yUUTEJIeM JOLICH-
TOM Kadenapsl ¢puTonaTtoaoruv JIeHMHIpaaCcKoro ceiab-
ckoxoastiictBeHHOro mHctutyTa T.JI. JloGpo3pakoBoid.

MEePBLIM OTEUECTBEHHBIM U3JaHUEM MO 3TOI BaXKHOM
npobiaeMe. OHa BBICOKO OIleHEHa Hay4yHOII 0oO0Ie-
CTBEHHOCTBIO, O YEM CBUACTEJILCTBYET MPUCYKICHNUE
el mpemuu Beecoro3Horo o0lecTBa TEHETUKOB U Ce-
nekioHepoB uMm. H.M. BaBuiosa.

CBoii OoraTblii OMNBIT TreHeTUKa-(puTornarojora
Mapk MuxaiinoBnd o0600IINIT B ydeOHUKAX IO CEJThb-
CKOXO3SMICTBEHHOU (pUTONATOJIOTUHU [IJIST OaKaaBpOB
(2018, 2019, 2020, 2021). OH siBASIETCSI aBTOPOM TJ1aBbI
“Climatic anomalies and plant diseases” B kanre “Re-
cent research advances in biology” (2021) u “Monitor-

ing of Fusarium species on grain crops in Russia” B kHU-
re “Agricultural research updates” (2022).

M.M. JleBUTHUH SBJsIeTCS] TAJIaHTJIUBBIM OpraHu-
3atopoMm. IlomMuMmo pyKoBoacTBa JrabopaTopueii,
Mapxk MuxaitaoB4 MHOTIO CAeJIaa AJisl pa3BUTUS MU~
KOJIOTUX 1 (PUTOIIATOJIOTUM B CTpaHe, Oyaydu opra-
HMU3aTOPOM HAayYHBIX MEPONPUSTUIL U PYKOBOIUTE-
JIEM pa3IUYHBbIX COBETOB, KOMUCCUIA U OOIIECTBEH-
HBIX opraHu3auuii. OH IpuHUMAaI aKTUBHOE yd4acTue
B IIOATOTOBKE M paboTe BCECOIO3HBIX (BCEPOCCHUIi-
CKHUX) U MEXKIYHAPOIHBIX Che3/I0B, COBEILIAHUIT, KOH-
depeHIMii, Ha KOTOPBIX BBICTYIAJ ¢ JoKjiIagaMu. Ero
YCHJIUS BJIOXKEHBI B opranu3anunio Cbe3goB MUKOJIO-
roB Poccun 1 BaBuioBcKoro o01ecTBa reHETUKOB U
CEJIEKLIMOHEPOB, BCEPOCCUMCKUX COBELLIAHUI T10 UM -
MYHMUTETY pacTeHUli, MeXnyHapoaHbIXx KoHrpeccoB
“3epnHo u x1e6 Poccun”, XIV MexnyHapomHOTo re-
HeTndeckoro KoHrpecca, XV KonHrpecca eBporeii-
CKHX MHUKOJIOTOB, HAYYHBIX CEMUHAPOB M IIKOJI IS
MOJIOABIX YYEHBIX. B TeueHue st 1eT OH ObLT IIpe-
cegareneM Cankt-IletepOyprckoro ornenenns BO-
T'uC (2009—2014 rr.), B HacTosIIee BpeMs SIBISETCS
wreHoM [1pesnmuyma BOIuC.

Mapk MuxaiinoBnd padboraia B CEKIINUA arpoIrpo-
MBIIJIECHHOTO KOMILJIEKCa M 9KCIIEPTHOIO COBETA IIO
MPUCYXKICHUIO HAyYHBIX IPEMU M HAYYHO-TeXHUYE-
ckoM coBeTe npu I'yoepHaTope JIeHUHTpanacKoit 00-
nmactu (2011—2015 rT.), yIeHOM DKCOepTHOTO COBETa
10 MMITOPTO3aMEIICHUIO Y HayYHO-TEXHUYECKOI I10-
yutuke JlennHrpaackoii ooimactu (2016). B HacTos1ee
BpeMsi M.M. JIEBUTHUH SIBJISIETCST WIEHOM 3KCITIEPTHOTO
coBeTa IO NpUCYXIeHWIo TipemMuun IlpaButenbcTBa
Cankr-Iletepoypra u Ilpesunnyma CIIOHII PAH B
HOMUHAILIMKM — TIpeMusi uMm. JI. Ditnepa o MoaoabIx
YUEHBIX.

Mapk MuxaitIoBU4 ¢ pyKOBOJIUTEJIEM acCIIMPAaHTCKOI moarotoBku M.A. 3axapoBbIM.
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CBouM 060OTaThIM OITBLITOM U 3HAHUSIMU B 00JIaCTHU
MUKOJIOTUM U ¢uTomnarojgoruu Mapk MuxaimoBuy
LIeAPO ACIUTCS C KOJIeraMu, 3aHUMAaeTCsI TIOATOTOB-
KOif HOBOTO ITOKOJICHMSI MOJIOABIX YueHbIX. Ero yue-
HHWKH BCETIa YyBCTBYIOT TOOpOKeIaTeTbHOE OTHOIIIS-
HHe 1 3a60Ty. OH 00J1a1acT CITOCOOHOCTBIO CO31aBaTh
BOKPYT ce0sI MUKPOKJIMMAT YBICYCHHOCTU 1 TBOPYE-
CTBa, CITOCOOCTByIONIETO 3(PPEKTUBHOMY HAYYHOMY
IpolecCcy U HOCTMKCHUIO 3HAYMMEBIX Pe3yJIbTaToB.
Ilon ero pyKoBOICTBOM YCIIEITHO 3alllUIIEHBI 15 KaH-
IWIATCKUX U YeThIpe JOKTOPCKME AuccepTanuu. IBoe
€ro YYEHMKOB CTaJIA aKaAeMHUKaMU 1 OOUH — YICHOM-
KoppecrionaeHtoM PAH. Yeteipe maGopaTopuu
BU3P 1 caM MHCTUTYT BO3IIABIISIOT YYeHUKN Mapka
MuxaiinoBuya.

Hayynas mkosa, co3manHass M.M. JIeBUTUHBIM,
IIIMPOKO M3BeCTHA U Mpu3HaHa. B 2013 1. oHa BKIIO-
YyeHa B peecTp BeAYILIMX HAYYHBIX M HAydHO-TIedaro-
rndyeckux mkos Cankr-IlerepOypra.

Hayunbie 3acnyru Mapka MuxaiiioBuda ObLIH
MHOTIOKPaTHO OTMEYEHbI aKaJeMUYECKUMU U TIPaBU-
TEJILCTBEHHBIMM Harpagamu, cpeaud KoTopbix: bpoH-
3oBas1 meganb BAHX CCCP (1981), namsaTHBIe Meaa-
au B o3HaMeHoBaHuU 100-netusa u 125-j1etus co oHA
poxnenusi H .M. BaBunosa (1987, 2012), mamMsiTHast
menainb A.A. SlaeBckoro (2010), 3o10Tass Megaab U I1-
niioM EBporanarel 3a 3aC1yru B pa3BUTUHU CEJILCKOXO-
3giictBeHHBIX HayK (Bproccenb, 2016), robuneitHas
menanb “50 mer BOIuC” 3a Bkian B padoty BOIuC n
¢ 50-netnem obwmectsa (Mocksa, 2016), nuriom Mu-
xamia JIoMOHOCOBA 3a BEIAAIOIIMECS 3aCTyTU 1 0OJTb-
IO JIMYHBIX BKJIAJ B pa3BUTHUE OTEYECTBEHHOM Hay-
K1 1 obpa3oBanus ocymapctBa Poccuiickoro ¢ Bpy-
YyeHueM 30y10Toi Meaanu. HalmoHanbHBI KOMUTET
obmecTBeHHBIX Harpan (2008), npemus IIpaBurenb-
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Wrpain Ha ckpunke Illepimoka XonmMca O0ymyau B JIoHmoHe
Ha beiikep-crpur, 2215 (1998 r.).

ctBa Cankr-Iletepoypra u Cankr-IleTepOyprckoro
Hay4yHoro HeHTpa PAH 3a Beigalolirecst HaydHbIe pe-
3yJbTaThl B 00J1aCTU HayKU U TeXxHUKHU B 2014 T. B HO-
MUHALIMM OMOJIOTUYECKMEe HayKu — MpPeMHs WM.
H.N. BaBuiiosa. B 2009 1. emy NprucBOEHO MOYETHOE
3BaHUe “3aciyXeHHbI nesaTenb HaykKu Pocculickoit
Denepanym”.

Mapxk MuxaitiloBu4 — SIpKuil, TBOPYECKUI U YBJIE-
Karouiuiics yenoBeK. OH My3bIKajlbHO OapeH U Urpa-
€T Ha pasIMYHbIX UHCTPYMEHTax, B TOM YHCJie CBOU
npousBeneHusi. UMmeer arrecTalluoHHOE YIOCTOBEPE-
Husg MuHUcTepcTBa KynbTyphl CCCP conmcra-ak-
KopaeoHucTta. Mapk MuxaliioBuy npeKpacHbIil pac-
CKa3uMK, ero pacckasbl 0 cobakax u MPUKIIOUEHUSIX
Ha OXOTe CTOJIb XK€ yBJIeKaTeJlbHbl, KaK W JTOKJIaIbl O
rpudax. Ero 3acinyru B co3naHuu OAHON M3 KPOBHBIX
JIMHUI OXOTHUYBMX CITaHUEJIe OINMuCcaHbl B KHUTE
“OxotrHuuby cnaHuenu Cankr-Ilerepoypra” (2005).

PenakumonHast kojierus XypHana “MuKomorus
n puromarosorust”, komnektus BHUMUW 3amurer pac-
TEHU M MHOTOYMCJICHHBIE KOJIJIETM MO3IPaBJISIIOT
Mapka Muxaiinosuya JIeBUTHMHA ¢ €ero 3aMedaTesib-
HBIM I00MJIeeM, XEJIaloT €My KPEIIKOTO 3IOPOBBS,
KU3HEHHOH 3HEepruu, JOCTATOYHOM IS YCHEIIHOTO
WCIOJHEHNWsI BCEX HaMEUYEHHBIX IJIAHOB U TBOpYE-
CKHUX 3a0yMOK.

© BHHUHU 3auumst pacmenuii u pedxonniecus CypHaia
“Mukonaoeus u gpumonamonoeusn”
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TBopueckuii MyTh Y4EHOTO TEPHUCT U CJIOXKEH,
eMy TIPUCYIIM YCIeX U Heyaadyu, Harpaabl U YKOPU3-
Ha, U TOJIbKO BOJIEBOI YEJIOBEK CITIOCOOEH MPEOa0IeTh
TPYAHOCTU Y CAMOOTBEPKEHHO IBUTAThCSI K 3aBETHOM
nenu. IMeHHO TaKuM OB TBOPYECKMI Iy Th ITpodec-
copa Muxauina fxoBneBnya TpemacoBa — BEITAIOIIIE -
rocsl y4eHOTO, TAIAHTIMBOTO YUUTENSI U 10OPOTo Ha-
CTaBHMKa, ocHoBarenst KazaHCKOII IIKOJIBI BETEpHU-
HApHBIX TOKCHUKOJIOTOB, OCTaBUBIIETO 3aMETHBIM
cJiell B OTeYECTBEHHOI HayKe.

KuzHeHHblit myTh Muxauia SIkoBieBuya ObLT He-
Pa3pbIBHO CBSI3aH C HAyKOI, OH SIBJISLJICS YYEHBIM-
MPaKTUKOM, 3aCJIy>KEHHBIM IesITeJIeM HayKH U Jlaype-
aToM rocygapctBeHHoi npemuu Pecniyoiauku TaTtap-
CTaH B 00JIaCTU HAyKM M TEXHMKM, €T0 pa3paboTKuU
YCIEIIHO BHEAPEHBI B BETEPUHAPUIO U CEJILCKOE XO-
35ACTBO.

Muxaun AxoBneBud poauscs 21 ceHTa6ps 1951 r.
B cene Jlyoenku [lyoeHckoro p-Ha MopmoBckoit ACCP.
Oren — AxoB Mouceesuu 1923 r.p., pabotan Betepu-
HapHbIM (denpaiiepom, MaTh — EkaTteprHa Tumode-
eBHa 1926 r.p., paborajia B paifoHHOI MIPOKypaType
TexHuuykoi. B 1958 r. Muxaun fAxoBieBuy noctynui
B JIyGEHCKYIO CPEIHIOI0 IIKOJY, KOTOPYIO OKOHUYMII C
ommmureM. B 1966 r. Berymt B psimbl BIKCM. C 1968
rno 1973 rr. obyyascgd Ha BeTepuHaApHOM (akyJsibTeTe
Kazanckoro opaeHa JleHrHa BeTeprHApHOTO MHCTUTY-
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tauMm. H.9. baymana (KI'BN). C 1970 rio 1973 u3ou-
payicst B KypcoBoe, ¢aKyIbTeTCKOe MapTOropo, BO3-
IJIABJISUT UHCTUTYTCKYIO CTYIEHUECKYIO YYeOHYIO KO-
MUCCUIO. 3a TUIJIOMHYIO paboTty B 1973 r. HarpaxaeH
ITouetHoii rpamoTtoit MCX TACCP. ITocne okoHYa-
HUS C OTJIMYMEM UHCTUTYTA ObLT peKOMEHI0BaH B ac-
MUPaHTYPY TMpU Kadeape KIMHUIECKOM TMarHOCTUKU.

B 1977 r. oH 1o pyKOBOICTBOM IIpodeccopa
H.A. YpazaeBa 3ammuTuil OuccepTaludio IO TeMe
“KnmHanko-snekrpodoHokapanorpadudeckie u re-
MoAMHAMMWYECKME II0Ka3aTeau IMpPU MUKOIUIa3MEH-
HOI PUHOITHEBMOHWU TEAT”, TOJIYYUIT YIEHYIO CTe-
MeHb KaHIUAATa BEeTepUHAPHBIX HAYK.

C 1976 1o 1984 1. paGoTaj B JOJDKHOCTH MJIAIIIETO
Hay4YHOIro COTpyIHHUKA JlabopaTopuu OWODUIUKU
BBIIIE yrmoMsiHyToro nHctutyTa. C 1978 1. m1aboparo-
pus Obla BKJIIOYEHA B COCTaB HayyHO-HCClenoBa-
TEeJILCKOTO BeTepuHapHoro uHctutyra — HWBU
(r. Kazans), koTtopsiii 21.06.84 1. otnenmmica ot KI'BU B
KauyecTBEe CaMOCTOSITEILHOTO yupexneHus. B 1985 r.
HUWBMU Obu1 peopranu3oBaH Bo Bcecoro3HbI Hayd-
HO-UCC/IeNOBaTeIbCKUN BeTepUHAPHBI UHCTUTYT —
BHUMBMU, ac04.03.1992 r. nepenmeHoBaH Bo Bcepoc-
CUMCKMI HAyYHO-UCCJIEAOBATENbCKUNA MHCTUTYT.
TpemacoB BO3IMaBIsI TOKCUKOJIOTMYECKYIO TPYIIITY
JlabopaTopuu, COCTOSIIYI0 W3 CEMU COTPYAHUKOB.
3a ycrelnrHoe BbIMOJIHEHUE TJIaHOB HAyYHO-UCCISA0-
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BaTEJIbCKUX pabOT B TeueHUE psaa JeT Muxann Axo-
BIEBUY HEOTHOKPATHO IIOOLIPSIICS PYKOBOICTBOM
nHctuTyTa. B 1980 1. OBLT mpuM3HaH MoGeauTesIeM
COILICOPEBHOBAHMS C 3aHECEHMEM Ha JIOCKY II0YeTa.
ITom ero pykoBOACTBOM 3aIllMIICH PsIA TUTUIOMHBIX
padot. TpeMacoB aKTUBHO y4aCTBOBaJI B OOLLIECTBEH-
HOI >KM3HU MHCTUTYTA: N30MpaJICsl KOMCOProM Kademn-
PBI, IPOMOPTOM J1a00PATOPHH, SIBJISIIICS WICHOM TIpOdh-
OIOpPO HAYYHOTI'O CEKTOpa, PEBU3UOHHOI KOMUCCUU.

B 1984—1985 1. M.41. TpeMacoB — cTapiunii Hay4d-
HbIM coTpynHUK. B 1985 1. Muxaun SkoBieBuy Ha3Ha-
YeH 3aBeAyIOIIMM BIEPBBIC CO3MAHHON JabopaTopuu
pa3pabOTKU CPEACTB U METOIOB MHANMKALIMN MUKOTOK-
crHOB (B 1999 1. naGoparopusi Obliia epeuMeHoBaHa B
JIabopaTopuio KOHTPOJISI M WHAMKAIIMKA TTPUPOMTHBIX
9KOTOKCHUKAHTOB PACTUTEIbHOIO 1 IPUPOITHOTO MPO-
HWCXOXIEHMsI, B HACTOsIee BpeMs — JabopaTopus
MHUKOTOKCHHOB).

B 1993 r. Muxaun SIkoBieBrY YCIIEIITHO 3alIUTUI
JOKTOPCKYIO IuccepTauuio, B 1995 r. eMy npucBoeHO
y4eHoe 3BaHue Ipodeccopa I10 CIIeUaIbHOCTY BETe-
puHapHasi ¢apmakosorus ¢ Tokcukojorueir. C 1997 r.
Muxann SIKoBjieBUY 3aBeAOBaI OTAEJIOM BeTepUHAp-
Hoit Tokcukojioruu BHWUBU (o 2017 r.).

Muxann SKoBaeBUY ITOKa3aJ Ce0sl BLICOKO 3Py -
POBAHHBIM KBaTU(PUIUPOBAHHBIM CHEIMAINCTOM C
OOJIBLLIMMU OPraHU3aTOPCKUMU CIIOCOOHOCTSIMU, pe-
II1ajJ1 BOIIPOCHI OBICTPO ¥ TPaMOTHO, HAaXOAWI Hanbo-
Jiee ONTUMAJIBHBIC ITYTH pEelIeHusT TpodyieM, Ha YTO
o0paTuI0 BHUMaHUE PYKOBOACTBO, M OH ObLI Ha3Ha-
YyeH 3aMeCTUTEJIeM IMpeKTOopa MO HAyYHO-UCCIIeIO-
BaTeJIbCKOI paboTe M IKCIIEPUMEHTAJIBHOMY ITPOU3-
BoncTBY (2008—2017 rT.).

B TAXKEJIbIE AEBIAHOCTBIE I'OAbl UMEHHO 6ﬂaFOﬂapﬂ
Muxauy SIKOBIEBUYY COXpaHUJICS MOTEHLIMANT TOK-
cukonornu B0 BHUBU. Ero HayuyHbie paOOTEI Oomipe-
JIeIAJIM BEKTOP TOKCUKOJIOTMUYECKMX MCCIeIOBaHUI
ILlenTpa Ha MHoOro jet Boepen. HayuHble mHTEpechl
Muxanna SIkoBneBrda ObLIM HAIIpaBJIEHBI Ha cO3/a-
HHNE€ HOBBIX CPCACTB l'lpO(bl/[HaKTI/IKI/I U JICHCHUS MU-
KO30B I MMUKOTOKCUKO30B Yy XUBOTHLIX. [lom pyko-
BoacTBOM Muxauna fkoBieBuya pa3pabOTaHO M
BHEJIPEHO B MPAKTUKY OOJIBIIOE KOJIMYECTBO IIpera-
paToB, B T.4. DHTEpocnopuH, [lepmanekc, DHaomer-
puH, Yckopurenb depMeHTanuu, MomunmH-MacTu,
Annnun, TCC.

Muxann SIkosieBud TpeMacoB SIBJISICS BEAYLIUM
Y4eHBIM B 00JIaCTM BEeTEpHMHAPHON TOKCHKOJIOTUM,
MUKOTOKCHUKOJIOTUH, MHUKOJIOTUM W 3KOTOKCHUKOJIO-
ruv. OH ObLJT OPraHM3aToOpPOM IIMPOKOMACIITAOHBIX,
YHUKAJIBHBIX 10 3aMBbICITY 9KCIIEPUMEHTOB 1 HAYYHO-
NpakTUIecKnx pabor. CBOMMM WCCICIOBAHUSIMH
Muxann SIKoBIeBUY BHEC 3HAYUTEIbHBIN BKJIAJ B pe-
IIEHUE IMMPOKOTO CIIEKTpa HAyYHBIX M IPOU3BOI-
CTBEHHBIX NPOOJIEeM IT0 TUAarHOCTUKE, MHIWKAIIWU,
npoduIakTuKe U JICYCHUIO OTpaBJICHUI KMBOTHBIX
9KOTOKCUKAHTAMM TIPUPOOHOTO M TEXHOT€HHOTO
MPOMCXOXICHUS, pa3pabOTKe KOHIIENIINN W peajn-
3alliM 3KOTOKCUKOJOTMYECKOro MoHUTopuHra. Ilo
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3aganmio JlenmaprameHTta BeTepuHapun MCX PO
Muxaui SIKoBjieBUY B Te4YEHUE MHOTHX JIET BBICTYIIAJ
B KauyeCTBE DKcIepTa U ¢ COTPYOAHUKAMU PYKOBOIM-
MOIO OTHeJIa yJ4acTBOBaJI B pabOTe MO BBISICHEHUIO
MPUIMH MAacCOBOI TMOeIn XKMBOTHBIX, OPTaHU30BbI-
BaJI IIPAKTUYECKYIO TOMOILb XKMBOTHOBOIYECKNM XO-
3giictBaM. Ocoboe 3HaYeHNE U aKTYaJIbHOCTh UMEIOT
nccaenoBanus, mpoBoguMbie M.A. TpemMacoBsIM 110
OLICHKE COIIPSIKEHHBIX, KOMOMHUPOBAHHBIX BO3IEii-
CTBMI pa3HBIX I'PYIII TOKCUYECKUX BEIIECTB, 9KOTOK-
CUKAHTOB TEXHOT€HHOIO W IIPUPOIHOTO ITPOMCXOXK-
neHusi. Muxaui SIKoBjieBUY Ha OCHOBE OObEIMHEHUS
MAaTOTeHETUYECKOI TEOPUHM M IIPAKTUYECKOrO OIThITa
BIIEpBBIC CHOPMYITUPOBATT AKTYAILHOCTh ITPOOJIEMBI
KOMOWHMPOBAHHBIX BO3AEUCTBUIL, pa3paboTal METO-
IOJIOTMIO MX HAyYHOIO W3y4YeHUs], U3bICKAHUS
CPENCTB U METOHOB IIPEAyIpPEXIASHMS COYEeTaHHBIX
MOopaXXeHUI W JTUKBUIALMU MX HETaTUBHBIX ITOCHIE-
CcTBUIA. BonbIIyio IEeHHOCTh A1 MPaKTUKYIOIINX Be-
TepUMHAPHBIX CIICLIMAIMCTOB MPEICTABISIOT JAHHBIC T10
JMArHOCTUKE U IPOoGUIaKTUKE MUKOTOKCUKO30B KU~
BOTHBIX, IOJIyYeHHBIE €T0 HayYHBIM KOJUIEKTUBOM.

Muxaun fAxosineBud TpeMacoB SIBJISLICS 3KCHEp-
oM MCX u npaBurenbctBa Pecnyonuku Tarapcran
(PT) mo KoHTpoOJIIO KayecTBa 1 6€30ITaCHOCTHU KUBOT-
HOBOMIYECKOI MPOIYKIINM, KOPMOB, KOPMOBBIX J00a-
BOK 1 ITpeMUKCOB. B 1999—2000 rr. 1o 3agmanuio MCX
P® pykoBoaui paboToil mo MHAUKALIMUA TUOKCUHA B
Msice Kyp, rmocrasisemoro u3 benbrun u lommanoum,
a TaKKe MCCAeIOBaHUSIMU, CBI3aHHBIMU C UX YTUIN-
zanueii. M.4. TpemacoB OBIT PYKOBOIUTEIEM MHO-
TMX TOCYHAapCTBEHHBLIX, BEIOMCTBEHHBLIX U PETruo-
HaJbHBIX 3aJaHuii, B T.4. MuHcenbxo3npomsa P® u
Axanemuu Hayk PT.

3a 45 net ckpyImyne3Hoi 1 Jo00pOCOBECTHOM Hayd-
HoIt padboTel Muxaui Axosiesuy TpemacoB crai aB-
TopoMm 6oJiee 800 HaydHBIX padoT, B T.4. ILIECTU MOHO-
rpadwuii, 16 aBTOPCKUX CBUAECTEILCTB, CEMU ITATCHTOB
Ha M300peTeHus], HayYHO-METOAUYECKIUX PEKOMEH-
Jaluii 1 HOpMaTUBHBIX TOKyMeHTOB. M.S1. TpemacoB
sBJsIeTCsT ocHOoBaTeseM KazaHCKoli IIKOJIbI BeTepH-
HapHbIX MMKOTOKCHUKOJOIOB U 3KOTOKCHKOJIOTOB,
TBOPYECKOE COTPYOIHUYESCTBO C YUCHUKAMU U KOJLIE-
raMy MO3BOJISUIM peIllaTh IIUPOKU CIIEKTP IIPOOIeM,
aKTyaJbHBIX UISI BETEPUHAPHOM HAyKW U MPaKTUKU.
Muxann SIKoBneBUY ObLT YWIEHOM CHeLMaIUu3UPOBaH-
HBIX quccepTaiimoHHbBIX coBeToB BHMBU, KTABM n
KI'MY. Ilox ero pykoBonctBoM 3aiiuiieHo 40 kaH-
muparckux v 10 goKTopcKux aucceprauuii. biaroma-
pst Muxaniy SIKoBlIeBUdy YIeHUKN MOJIyJaIn pyHma-
MEHTAJIbHbIE 3HaHUS B 00JIACTU HAYKU, YYUJIMCH ObITh
HacTtoslMU moabMu. M.A. TpeMacoB BocruTal Lie-
JIyIO TUIeSIIy YYEHBIX, JOCTOMHO ITPOMOJDKAIOIIMX €T0
JIeJIO Y LLIMPOKO M3BECTHBIX MUPOBOIi OOILIECTBEHHOCTH.

TocynapcTBO BBICOKO OLICHWJIO Tpyd Mwuxauia
SxoBneBuua TpemacoBa, OH ObLT YIOCTOEH MMOYETHO-
ro 3BaHus “3acinyXeHHbII AesTellb HayKu Pecy6nm-
ku Tarapcran” (1999 r.), “Jlaypear BBILI” (1994 1.),
HEOJIHOKPATHO HATpaXXIaycsl TOYETHBIMU TPaMOTaMHU
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n megansmu PO u PT. B 2013 r. 3a pa3paGoTKy u
BHEIpPEHUE CPEICTB TUATHOCTUKM, MMPOMPUIIAKTUKI U
JIeUeHUs] MUKOTOKCHUKO30B B arpomnpOMbBIIIJICHHOM
KoMITIeKce Muxann SIKoBJeBUY CTajl JIaypeaToM ro-
cymapctBeHHou npemun Pecniyonmkm Tartapcran B
objactTu HaykKu M TexHUKU. Harpaxnen Ilpemueit
MCX P®, [ToyerHsiM 3HakoM MUYC P®.

Copoxk 11ecTh JIeT B OOJIBILION JIIOOBU 1 COIJIAaCUM
Muxaun fAxoieBuY MpoXwua ¢ cynpyroit EnenHoit
MwuxaitmoBHOI, OHM BOCITUTAJIM OIBOMX JIeTeil, KOTO-
pbie TOCTOMHO MPOIOJIKAIOT Aej0 cBoero orua. ChlH
IOpuit — xaHguaaT OMOJOTMYECKUX HAyK, CTapIIMii
Hay4YHbIA COTPYOHWUK, TIEPCIEKTUBHBIA YyYeHBIN.
Jloub AHHA — JOKTOP OMOJIOTUYECKMX HayK, 3aBEayeT
OTIeJIeHMEeM OMOTEXHOJIOTUH, SIBJISIETCS IIPEKPaCHBIM
OpPraHM3aTopoM, TAUTAHTIUBBIM HAYIHBIM IESITEICM.

Muxann SIKoBjieBUY OBLI YEJIOBEKOM C IIMPOKOIA
QL0 U OTPOMHBIM CEPILIEM, OH B JIIOOOI CUTyalluU
OCTaBaJICSI YEJIOBEKOM M IIPOSBIISI BEIMKOMYIIUE,
KaXKIOMy COYYBCTBOBaJl, COIEpPeXHBal U cTapascs
nomoub. Ero Ttpymosmobue, LeleyCTpEeMICHHOCTD,
obassHUE B OOIIEHUM, IPUHIIMIIMAJIBHOCTh U TPEOO-
BaTEJIbHOCTh B COYETAaHUM C YYBCTBOM BBICOKOI OT-
BETCTBEHHOCTH CHMCKAJIU IITyOOKOe YBaXXKEHUE Cpeau
KOJUJIET U OpYy3€EN.

TpemacoB Muxaun fKoBIeBUY yIIead U3 KU3HU
4 yons 2022 1. B Bo3pacTte 70 JIeT, TTONMHBIN SHEPTUN 1
HEOCYILIECTBJICHHBIX MJIAHOB, OH IPOXKWJ XU3Hb SIp-
KO, TBOPYECKU, C MOIHOM camooTtnadeii. Ero mMs 30-
JIOTBIMA OYKBaMM BIIMCAHO B MCTOPUIO OTEYECTBEH-
HOM HAyKW, C HUM CBsSI3aHa IieJiasl I10Xa pa3BUTUS Be-
TepUHApHOU ToKcukojoruu. CBeTnas IIaMSATb O
TpemacoBe Muxawie SIkoBiaeBMYe HaBcerga coxpa-
HUTBCS B cepaliax KOJUIET, Ipy3eil 1 YUEHUKOB!
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