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Abstract—The genus Colletotrichum includes a number of plant pathogens of major importance, causing dis-
eases in a broad variety of woody and herbaceous plants. Due to recent molecular analysis, Colletotrichum spp.
have undergone many taxonomic changes, i.e., introduction of a significant number of new species and abo-
lition of some old ones. The data on the species diversity, abundance and host specialization of species in this
genus on the territory of Russia and neighboring countries are obviously far from being complete, do not cor-
respond to the modern taxonomy of the genus and require substantial revision. In this work, the molecular
genetic identification and pathogenicity assessment of 35 isolates, previously identified as Colletotrichum
spp., from the European part of Russia, Ukraine, Siberia, and the Russian Far East were carried out. It has
been found that 12 isolates obtained from wild plants and crops belong to the species Colletotrichum coccodes.
The remaining isolates belong to destructivum (14 isolates) and dematium (9 isolates) species complexes.
Among the members of the destructivum complex, it was possible to identify the species C. destructivum and
C. lini. C. dematium, C. lineola and Colletotrichum cf. spinaciae were defined among the isolates of the dema-
tium complex. Three isolates of C. destructivum from wild plants of Leningrad oblast and Kamchatka, to our
knowledge, are the first findings of this species for Russia. According to the results of the pathogenicity
assessment, three isolates assigned to the destructivum species complex may be of interest for the biocontrol
of Galinsoga parviflora, and one isolate identified as C. coccodes may be potentially used for the control of
Ambrosia artemisiifolia.

Keywords: anthracnose, biocontrol, Colletotrichum coccodes, Colletotrichum dematium, Colletotrichum
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INTRODUCTION

The genus Colletotrichum Corda (Sordariomycetes,
Glomerellales, Glomerellaceae) includes widely dis-
tributed phytopathogenic fungi that hold particular
significance for agriculture (Zhang et al., 2006;
Réblova et al., 2011). The crop diseases caused by
these fungi, mainly anthracnoses, blights, and rots,
lead to significant economic losses worldwide. The
damage caused by fungi of this genus extends to cere-
als, legumes, vegetables, fruit and berry crops, orna-
mental and other crops (Cannon et al., 2012). The
outbreaks of previously registered diseases such as
anthracnoses of lupine, clover, and beans, as well as
relatively new ones: oat and strawberry anthracnoses,
are not uncommon in Russia (Kotova and Kungurt-
seva, 2014). There are widespread anthracnoses of sola-

naceous (Belov et al., 2018) and pumpkin crops
(Varivoda and Maslennikova, 2019). It is also known
that these fungi cause significant damage in the post-
harvest period during the storage of agricultural prod-
ucts.

The majority of species in the genus Colletotrichum
exhibit a hemibiotrophic type of nutrition, sequen-
tially combining biotrophic and necrotrophic phases,
the duration of which varies depending on the partic-
ular pathogen, host species, as well as environmental
conditions. After colonizing a host, fungi can remain
latent or dormant for an extended period, eventually
manifesting their pathogenic properties some time
later (Jayawardena et al., 2021).

Colletotrichum spp. are often recorded as endo-
phytes. By entering into mutualistic relationships, they
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are capable of providing plants with disease resistance,
drought tolerance, and stimulating their growth (Red-
man et al., 2001; Busby et al., 2016). However, it
should be noted that such relationships from the fun-
gal side can quickly develop into parasitic relationships
due to changes in external factors.

Currently, there are about 250 actual species dis-
tributed among 14 species complexes (caudatum,
graminicola, spaethianum, destructivum, acutatum,
dematium, gigasporum, gloeosporioides, boninense,
truncatum, orbiculare, dracaenophilum, magnum,
and orchidearum), as well as 13 individual species
based on molecular genetic data (Damm et al., 2019;
Jayawardena et al., 2021). There are references to
some Colletotrichum species on wild plants in our
country, but they are mostly unsystematized and frag-
mentary (Gasich et al., 1999, 2015, 2016; Mel’nik et
al., 2008; Gannibal et al., 2010). Moreover, the exist-
ing data in the literature primarily rely on morpholog-
ical characteristics of the fungi and their association
with host plants. Nowadays, it is difficult to verify and
interpret the results of such identification, because the
current understanding of species diversity in this genus
is based mainly on molecular-genetic data.

The current phytosanitary conditions of agro-
cenoses and the biological characteristics of Colle-
totrichum spp. allow them to be categorized into the
top 10 phytopathogens most important for science and
economy (Dean et al., 2012). In this regard, the range
of surveyed plants (and consequently the fungi iso-
lated from them) is biased towards agricultural crops;
wild host plants are less frequent in mycological col-
lections, despite being are a rich reservoir of biodiver-
sity of this taxon. The fungi of the genus Colletotrichum
and the phytotoxins they produce are considered to be
important agents for biological weed control; some
Colletotrichum strains have been registered as myco-
herbicides (Chakraborty and Ray, 2021). The data on
species diversity, occurrence frequency, and special-
ization of these fungi in Russia and neighboring coun-
tries, compared to the accumulated data set of the
global level, are insufficient and need to be revised.
The present study is devoted to the molecular-genetic
identification and assessment of pathogenicity of Col-
letotrichum spp. isolates (from the collection of pure
cultures of micromycetes of the Laboratory of Mycol-
ogy and Phytopathology, the All-Russian Institute of
Plant Protection) collected in the European part of
Russia, Siberia, the Far East, and Ukraine.

MATERIALS AND METHODS

Isolation and cultivation of fungi. The isolates tenta-
tively identified as Colletotrichum spp., which were iso-
lated from crops and wild plants in the period from
1995 to 2019 mainly in Russia were used in this work
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(four samples from Ukraine, Sumy oblast, were stud-
ied additionally). To isolate the fungi in pure culture,
small fragments of affected plant tissue were washed
with tap water, superficially disinfected with 0.1% sil-
ver nitrate solution for 1 min, then washed several
times in sterile water and transferred to Petri dishes
with potato sucrose agar (PSA) (Samson et al., 2000).
Isolates were cultured at 24°C; colony diameter was
measured on day 7; characterization of the colonies
and species identification were performed on day 14.
All isolated cultures are currently stored in the micro-
bial collection of the All-Russian Institute of Plant
Protection. The origins of the isolates are given in
Table 1.

DNA extraction and sequencing. The standard
CTAB/chloroform method (Doyle, J.J. and Doyle, J.L.,
1987) was used for DNA extraction from Colle-
totrichum spp. isolates. The subsequent amplification
was performed for rDNA internal transcribed spacers
(ITS), as well as the B-tubulin (7ub2) and actin (Act)
genes with the respective primers ITS1F (Gardes and
Bruns, 1993)/ITS4 (White et al.,, 1990);
Btub2Fw/BtubdRd (Aveskamp et al., 2009); Act-
512F/Act-783R (Carbone and Kohn, 1999). Amplifi-
cation products were separated by electrophoresis in
1% agarose gel stained with ethidium bromide. Frag-
ments of desired length were purified using silicon
dioxide powder (Malferrari et al., 2002). Sequencing
PCR was performed according to Sanger (Sanger
et al., 1977) with a BigDye Terminator kit v. 3.1 Cycle
Sequencing Kit (ABI, United States); nucleotide
sequences were identified with an ABI PRISM 3500
genetic analyzer. The sequences were corrected with
the SeqScape and VectorNTI programs and compared
with those deposited in the GenBank using the Blast-
n algorithm (Altschul et al., 1990). The sequenced ITS
were deposited in the GenBank with accession num-
bers 0OL647872—0L647906; the Tub2 and Act
sequences were deposited as OL676734—0L676768
and OL676699—0L676733, respectively.

Bioinformatic analysis. Sequence alignment was
performed with MegaX software using the Muscle
algorithm (Kumar et al., 2018; Edgar, 2004). The
search for the optimal nucleotide substitution models
for constructing maximum likelihood (ML) phyloge-
netic trees for all loci individually was conducted in
ModelFinder program, using the Bayesian Informa-
tion Criterion (BIC) (Kalyaanamoorthy et al., 2017).
The following optimal models were selected: K2P +
R2 (Kimura, 1980) for the ITS locus, TNe + G4
(Tamura and Nei, 1993) for Tub2, and K2P + 1
(Kimura, 1980) for Act. The concatenation of
sequences from three loci was carried out using the
SequenceMatrix 1.7.8 software (Vaidya et al., 2011).
Reconstruction of the multilocus ML tree and assess-
ment of the reliability with UFBoot topology (Minh
Vol. 13
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Table 1. Information about studied isolates of Colletotrichum spp.

Species, species

Isolate no. Host plant Sampling site and date; affected organ
complex
Colletotrichum MF-13.14 | Ambrosia artemisiifo- | Russia, Primorsky krai, Putsilovka; August 31, 2006; leaf
coccodes lia (common rag-

C. destructivum

C. cf. destruc-
tivum

C. lini

Colletotrichum
Sp.

MF-16-014
MF-16-015
MF-17-014
MF-3.1

MF-3.2

MF-3.3
MF-3.4

MF-13.16

MF-13.3

MF-13.26
MF-13.17

MF-13.20

MF-13.24

MF-13.23
MF-20.1

MF-20.2

MF-20.3

MF-13.10

MF-3.5

MF-13.13

MF-13.2

MF-13.25
MF-13.27

weed)

Beta vulgaris (com-
mon beet)

"

"

Brassica napus (rape-
seed)

Cannabis sativa
(hemp)

Galinsoga parviflora
(small-flowered
galinsoga)

"

Portulaca oleracea
(common purslane)

Russia, Perm krai, Chaykovsky; September 4, 2016; leaf

”

Russia, St. Petersburg, Pushkin; August 10, 2017; leaf

Russia, Leningrad oblast, Gatchinsky district, Belogorka; June 17,
1998; stem

Russia, Leningrad oblast, Gatchinsky district, Rozhdestveno;
August 18, 1999; stem

Russia, St. Petersburg, Pushkin; October 6, 1999; stem

Russia, Leningrad oblast, Gatchinsky district, Rozhdestveno; Sep-
tember 15, 2009; leaf

Russia, Buryatia, in vicinity of Ulan-Ude; July 10, 2007; —

Ukraine, Sumy oblast, Seredino-Budsky district, Golubovka,;
August 17, 1995; stem

Ukraine, Sumy oblast, Seredina-Buda; July 2013; stem

Russia, Primorsky krai, Experimental Production Farm of Fruit and
Berry Experimental Station; September 1, 2006; —

Destructivum species complex

Heracleum sosnows-
kyi (Sosnowsky’s
hogweed)

Taraxacum officinale
(common dandelion)
Trifolium sp. (clover)
Glycine max (soy-
bean)

"

Lathyrus pratensis
(meadow vetchling)
Brassica napus (rape-
seed)

Convolvulus arvensis
(field bindweed)
Galinsoga parviflora
(small-flowered
galinsonga)

"

"

Russia, Leningrad oblast, Gatchinsky district, Belogorka; August 7,
2008; leaf

Russia, St. Petersburg, Pushkin; August 26, 2011; leaf

Russia, Kamchatka krai, Elizovsky district; August 23, 2010; leaf

Russia, Amur oblast, Tambovsky district, Novoaleksandrovka;
August 26, 2019; leaf

Russia, Amur oblast, Ivanovsky district, Ivanovka; September 5,
2019; leaf

Russia, Amur oblast, Konstantinovsky district, Zolotonozhka; Sep-
tember 5, 2019; leaf

Russia, Leningrad oblast, Kirovsky district, Nazia fruit farm; July
26, 1998; —

Russia, Leningrad oblast, Gatchinsky district, Rozhdestveno; Sep-
tember 6, 2001; leaf

Russia, Penza oblast, Luninsky district, Lunino; August 19, 2003;
leaf

Ukraine, Sumy oblast, Seredino-Budsky district, Golubovka,;
August 17, 1995; stem

Ukraine, Sumy oblast, Seredina-Buda; July 2013; stem
Russia, Pskov oblast, Velikiye Luki; August 9, 2013; —
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Table 1. (Contd.)
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Species, species

Isolate no.
complex

Host plant

Sampling site and date; affected organ

MF-13.11 | Rumex obtusifolius

(bitter dock)
Taraxacum officinale
(common dandelion)

MF-19.5

C. dematium

seed)
ME-17-013 | " "
MF-13.22 | Heracleum sosnows-
kyi (Sosnowsky’s
hogweed)

C. lineola MF-13.21 | Heracleum sibiricum
(Siberian cow pars-
nip)

C. cf. spinaciae | MF-16-008| Brassica sp. (cab-
bage)

Colletotrichum | MF-13.19 | Glechoma hederacea

sp. (ground-ivy)

MF-17-018 | Glycine max (soy-
bean)

MF-19.6 | Taraxacum officinale
(common dandelion)

MF-19.2 Tragopogon pratensis

(meadow sulsify)

Russia, Leningrad oblast, Kirovsky district, Nazia fruit farm; July
26, 1998; —
Russia, St. Petersburg, Pushkin; August 26, 2011; —

Dematium species complex
MF-17-012 | Brassica napus (rape-| Russia, Kaliningrad, Guryevsky district; August 1, 2017; leaf
Russia, Leningrad oblast, Gatchinsky district, Belogorka; August 27,

2008; leaf

Russia, St. Petersburg, Pushkin; August 8, 2008; leaf

Russia, St. Petersburg, Pushkin; July 23, 2016; leaf
Russia, St. Petersburg, Pushkin; September 14, 2007; —
Russia, Saratov oblast, Engelsky district; July 5, 2017; leaf
Russia, St. Petersburg; August 28, 2011; —

Russia, St. Petersburg, Pushkin; July 7, 1995; —

et al., 2013) using 10,000 bootstrap iterations was per-
formed with the IQ-tree program (Kimura, 1981;
Nguyen et al., 2015).

Pathogenicity assessment. To assess pathogenicity,
isolates were grown at room temperature on a liquid
soybean medium [KH,PO,, 2 g; (NH,),SO, 1 g;
MgSO,, 1 g; glucose, 20 g; soybean meal, 10 g; water,
1 L; 50 mL of the medium per 250-mL flask] on an
orbital shaker (200 rpm) for four days. The medium
was inoculated with three mycelial disks (5 mm) cut
out with a drill from 2-week-old colonies grown on
PSA. The mycelium was separated from the culture
liquid, dried, and grounded. Plant leaf segments were
placed into Petri dishes on filter paper moistened with
sterile water. A drop of mycelial suspension (10 uL;
C = 100 mg/mL) was applied to the center of the pre-
viously injured or intact leaf segments on the abaxial or
adaxial surface. Leaf segments inoculated with sterile
water were used as a negative control. The dishes were
incubated on a laboratory bench under natural light-
ing; necrosis diameters were measured at 4, 7, and
14 day post-treatment. Subsequently, to confirm

BIOLOGY BULLETIN REVIEWS

Koch’s postulates, the pathogen was isolated from
infected plants and identified.

The isolates showing the highest pathogenicity on
the leaf segments of weeds were assessed on whole
plants grown in 250-mL plant containers. The plants
were germinated from seeds (5 seeds per vial) under
periodic light (12/12 h). By the time of inoculation,
the small-flowered galinsoga, the common dandelion
and the common purslane were at the stage of two sets
of true leaves, while common ragweed was at the stage
of three sets of true leaves. Mycelial suspension was
prepared as described above. Plants were sprayed with
mycelial suspension at 50 mg/mL and placed in wet
chambers for 24 or 48 h (dew period). Following this,
the plants were transferred to the lighting fixture. The
affected surface area of each leaf was determined on
day 2, 3 and 7 by a 6-point scale (0, no symptoms; 1,
0—-5%; 2, 6—25%; 3, 26—75%; 4, 76—95%; 5, more
than 95% of leaf surface with necrosis; 6, leaf dead
completely). The affected plant surface area was deter-
mined by the formula: (2.5n; + 15n, + 50n; + 85n, +
97.5n5 + 100ng)/N, where n, is the number of leaves
Vol. 13
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Fig. 1. Multilocus phylogenetic tree of Colletotrichum spp. isolates reconstructed by maximum likelihood (ML) method based on
nucleotide sequences of ITS, 7ub2 and Act genes. References belonging to type strains are in bold. Bootstrap support values above
50% are given for studied isolates. Species Colletotrichum phaseolorum was used as outgroup.
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with a given score and N is the total number of leaves
(Pfirter and Defago, 1998).

RESULTS

Molecular phylogeny. Molecular genetic identifica-
tion of fungi from the genus Colletotrichum with
respect to three loci (ITS, Act, Tub2) has shown that
more than one third of all isolates (34%) belongs to the
species C. coccodes (Wallr.) S. Hughes (Fig. 1). This
species has been found both on wild plants (small-
flowered galinsoga, common ragweed, hemp, com-
mon purslane) and crops (rapeseed, beet) from Pri-
morsky krai of Russia to Ukraine. Other isolates under
study belonged to the two species complexes: destruc-
tivum (40%) and dematium (26%).

Isolates MF-13.20, MF-13.23 and MF-13.24 from
the destructivum species complex exhibited full simi-
larity with the type (ex-epitype) strain C. destructivum
O’Gara CBS 136228 in the loci under study, which
allows them to be assigned to this species. Isolate MF-
13.10 can be confidently identified as C. /ini (Westerd.)
Tochinai. The remaining isolates from the destruc-
tivum complex were not as closely to the available ref-
erences, making their confident identification to the
species level difficult. For example, MF-20.1, MF-20.2,
MF-20.3 from Amur oblast, isolated from soybean,
not only formed a distinct basal group in relation to
the species C. destructivum but also exhibited differ-
ences among each other. Therefore, in the context of
this study, it is considered possible to identify them
only as Colletotrichum cf. destructivum. MF-3.5 iso-
lated, from rapeseed, was assigned to the group
formed by the species C. americae-borealis Damm and
C. lini, and its final identification is also proves to be
challenging. The group of isolates MF-13.2, MF-13.25,
MF-13.27 from the destructivum species complex,
isolated from Galinsoga collected in Russia (Pskov
oblast, Velikoluksky district) and Ukraine (Sumy
oblast, Seredino-Budsky district), in all likelihood,
represent a new, yet undescribed species. Isolates
MF-13.11 and MF-19.5 from the bitter dock and the
common dandelion, respectively, proved to be phylo-
genetically close to the species C. panacicola Uyeda et
S. Takim. and C. utrechtense Damm. Isolate MF-13.13
from the field bindweed was included into the group
formed by the species C. antirrhinicola Damm, C. bry-
oniicola Damm and C. vignae Damm.

Among representatives of the dematium species
complex, MF-13.21 isolated from Sosnowsky’s hog-
weed could be confidently identified as C. lineola
Corda. A similar isolate MF-17-018 from soybean,
which was included in the group with C. lineola and
C. menispermi Chethana, Jayaward., Bulgakov et
K.D. Hyde was not identified to a species with respect
to the loci used. Isolates MF-17-012, MF-17-013, and

BIOLOGY BULLETIN REVIEWS

KAZARTSEV et al.

MF-13.22 differed by one nucleotide substitution in
the Tub2 gene from the type (ex-epitype) strain
C. dematium (Pers.) Grove CBS 125.25 but showed
complete similarity to another reference strain,
C. dematium CBS 125340, which allows these isolates
to be assigned to the given species. Isolate MF-16-008
from cabbage was identified as Colletotrichum cf.
spinaciae Ellis et Halst. The species affiliation of iso-
lates MF-13.19, MF-19.2 and MF-19.6 included in
the dematium species complex could not be deter-
mined.

Pathogenicity. Pathogenicity assessment of 20 Co/-
letotrichum spp. isolates from weed plants demon-
strated the ability of 11 isolates to induce disease
symptoms on the host plants from which they had
been isolated (Table 2). The MF-13.17 isolate showed
the highest pathogenicity against the common purs-
lane: necrosis around the inoculation sites was already
observed in the first days after inoculation; on day 4,
large necroses also developed in case of applying the
inoculum onto the upper undamaged leaf surface. The
early development of symptoms was also observed on
the common ragweed (isolate MF-13.14) and the
meadow salsify (isolate MF-19.2). On the seventh day
after inoculation, isolates MF-13.2, MF-13.25, and
MF-13.27 caused the appearance of spots on the
upper leaf surfaces of small-flowered galinsoga, and by
the 14th day, limited necrosis was observed on the
lower leaf surface. Isolates MF-13.13 and MF-19.6
caused limited necroses in the field bindweed and the
common dandelion, respectively, which did not
extend beyond the area of the drop applied. On the
contrary, isolates MF-13.24 on the common dande-
lion, MF-13.3 and MF-13.26 on small-flowered
galinsoga caused the later (day 14) development of
symptoms. The remaining isolates did not demon-
strate pathogenicity on the tested plant leaves.

In the experiment on the whole plants, isolates
MF-13.24 (C. destructivum) and MF-13.17 (C. coc-
codes) demonstrated rather weak pathogenicity
towards the common dandelion and the common
purslane, respectively. Symptoms were observed only
on day 7, with a 48-h dew period (Table 3). The extent
of damage to common ragweed plants by isolate MF-
13.14 (C. coccodes) was more than 50%. Isolates MF-
13.2, MF-13.25 and MF-13.27 (from the destructivum
species complex) showed high pathogenicity towards
Galinsoga plants, with more than 70% damage
observed on the second day and 100% plant mortality
by the seventh day.

The pathogenicity of 15 isolates from beet, soy-
bean, rapeseed, and cabbage, was assessed on these
plants (Table 4). All isolates from the beet (MF-16-
014, MF-16-015, MF-17-014) showed pathogenicity
against this plant. The isolates from the soybean (MF-
20.1, MF-20.2, MF-20.3) were characterized by weak
Vol. 13
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Table 2. Pathogenicity of Colletotrichum spp. isolates for leaf segments of weedy plants
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Plant species

Fungal species and isolate

Necrosis diameter, mm (day 4, 7, and 14 after inoculation)

adaxial side

abaxial side

without damage

with injection

without damage

with injection

Ambrosia artemi- | C. coccodes MF-13.14 32+ 1.1 1.7£0.3 <1 21+£04
siifolia 44+1.6 1.9+£0.3 <1 2.8 +£0.7
7.8 +34 25%0.5 <1 9.2+£39
Cannabis sativa C. coccodes MF-13.16 0 0 0 0
0 0 0 0
0 0 0 0
Convolvulus Colletotrichum sp., 0 2.0+0.5 0 0
arvensis destructivum complex MF-13.13 0 24+£0.6 0 0
0 24+0.6 0 0
Galinsoga parvi- | C. coccodes MF-13.3 0 0 0 0
flora <1 <1 <1 <1
3.6x1.1 28+22 45+20 <1
C. coccodes MF-13.26 0 0 0 0
0 0 0 0
50+£03 7.0+ 0.9 54+0.8 1.6 £0.7
Colletotrichum sp., 0 0 0 0
destructivum complex MF-13.2 4.6%0.7 40x0.6 0 0
72+ 1.1 71%+0.4 1.8 £0.2 32108
Colletotrichum sp., 0 0 0 0
destructivum complex MF-13.25 26+1,2 51x£04 0 0
9.8+0.5 101+ 1.1 22+£0.6 2.8+£0.2
Colletotrichum sp., 0 0 0 0
destructivum complex MF-13.27 53+0.4 35104 0 <1
11.2+£0.8 79+ 1.6 35+14 41%+ 1.7
Glechoma hedera-| Colletotrichum sp., 0 0 0 0
cea dematium complex MF-13.19 0 0 0 0
0 0 0 0
Heracleum sos- C. dematium MF-13.22 0 0 0 0
nowskiy 0 0 0 0
0 0 0 0
C. destructivum MF-13.20 0 0 0 0
0 0 0 0
0 0 0 0
C. lineola MF-13.21 0 0 0 0
0 0 0 0
0 0 0 0
Lathyrus pratensis | C. lini MF-13.10 0 0 0 0
0 0 0 0
0 0 0 0
Portulaca oleracea| C. coccodes MF-13.17 9.5+ 3.8 12.8 £ 3.2 0 10.8 £ 3.1
Rumex obtusifolius| Colletotrichum sp., 0 0 0 0
destructivum complex MF-13.11 0 0 0 0
0 0 0 0
BIOLOGY BULLETIN REVIEWS  Vol. 13 Suppl. 1 2023
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Table 2. (Contd.)

KAZARTSEV et al.

Plant species

Fungal species and isolate

Necrosis diameter, mm (day 4, 7, and 14 after inoculation)

Taraxacum offici-
nale

Tragopogon
pratensis

Trifolium pratense

C. destructivum MF-13.24

Colletotrichum sp.,
destructivum complex MF-19.5

Colletotrichum sp.,
dematium complex MF-19.6

Colletotrichum sp.,
dematium complex MF-19.2

C. destructivum MF-13.23

adaxial side abaxial side
without damage | with injection | without damage | with injection

0 0 0 0
1.8+ 1.8 0 0 0
9.2+32 35+20 5.8+ 3.0 6.0+ 3.7

0 0 0 0

0 0 <1 <1

0 0 <1 <1

0 0 0 0

0 <1 0 0
29120 <1 <1 <1
1.8 £ 1.0 5.6+ 1.3 1.4+ 14 53+ 1.1
7.1+0.8 9.5+0.7 6.8+ 1.2 9.2+0.9

0 0 0 0

0 0 0 0

0 0 0 0

Standard error of mean is indicated after sign “+.”

Table 3. Pathogenicity of Colletotrichum spp. isolates in vegetation experiments with weedy plants

Degree of plant damage, % (dew period of 24/48 h)
Isolate Host plant

on day 2 on day 7
MF-13.14 Ambrosia artemisiifolia 52.6 £6.3/57.9 £ 16.7 56.4 +5.2/54.4 + 17.8
MF-13.24 Taraxacum officinale 0/0 0/18.5 £ 10.6
MF-13.2 Galinsoga parviflora 78.2+7.0/72.9 £ 7.0 100/100
MF-13.25 " 82.3 £ 11.8/93.5+4.7 100/100
MF-13.27 " 62.7 £ 11.5/95.3 £ 4.6 100/100
MF-13.17 Portulaca oleracea 0/0 0/27.6 £5.7

Standard error of mean is indicated after sign “+.”

pathogenicity and caused the development of limited
necrosis on soybean leaf segments; isolate MF-17-018
did not show any pathogenicity towards soybean.
Among the isolates from Brassica spp., only MF-3.2
(from rapeseed) and MF-16-008 (from cabbage)
caused necrosis on rape leaf segments; other isolates
proved to be nonpathogenic.

DISCUSSION

A significant proportion of our isolates collected in
East Europe, Siberia, and the Far East belongs to the
species C. coccodes. This species is considered to be a
cosmopolitan phytopathogen with broad specializa-
tion. In addition to the traditionally mentioned plants
from the nightshade family, there is a considerable
number of plants that can be infected by this fungal

BIOLOGY BULLETIN REVIEWS

species (Farr and Rossman, 2021). Inter alia, there is
fragmentary information that this species affects beet
(Ginns, 1986), rapeseed (Nitzan et al., 2006), cab-
bage, and hemp (McPartland et al., 2000). Most
reports on isolation of C. coccodes from a variety of
plants often rely solely on the culture and morpholog-
ical data, and the frequency of occurrence of this spe-
cies may be exaggerated (Jayawardena et al., 2021).
Our C. coccodes isolates were also obtained from
small-flowered galinsoga, common ragweed and the
common purslane, which have not been previously
reported as host plants in the literature. The isolated
strains exhibited pathogenic properties against the lat-
ter three plant species.

The rest of the isolates belonged to the two species
complexes: dematium and destructivum. The latter
Vol. 13
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Plant species

Fungal species and isolate

Necrosis diameter, mm (day 4, 7, and 14 after inoculation)

adaxial side

abaxial side

without damage

with injection

without damage

with injection

Beta vulgaris

Glycine max

Brassica
napus

C. coccodes MF-16-014

C. coccodes MF-16-015

C. coccodes MF-17-014

C. cf. destructivum MF-20.1

C. cf. destructivum MF-20.2

C. cf. destructivum MF-20.3

Colletotrichum sp., dema-

tium complex MF-17-018

C. coccodes MF-3.1

C. coccodes MF-3.2

C. coccodes MF-3.3

C. coccodes MF-3.4

C. dematium MF-17-012

C. dematium MF-17-013

Colletotrichum cf. spinaciae

MEF-16-008

Colletotrichum sp., destruc-
tivum complex MF-3.5

1.1 £0.5
3.8+£0.2

1.2+0.3
1.9+0.7

1.2+0.1
4.1x0.5

VANPAN
c ococo N Ao

VANVAN

OO O OO O

1.8£04
31103

(e}

OO OO OO0 0o oo

29+0.1
3.6+ 0.2

3.0£0.7
45+0.5

2.6 0.1
5.0x0.7

1.1 £0.1
1.5£0.1

<1
<1

<1
<1

(=N eleE=}

321+0.2
50%+0.3

<1
<1

1.0+ 1.0
3.810.2

3.6+ 0.6
44+0.5

1.4+0.5
49+0.3

0
<1
<1

0
<1
<1

_/_\‘ S OO O OO0 OO0 o0 oo o

22+0.3

<1
<1
<1

34102
3.5+£0.2

3.0£0.2
45+0.3

2602
5.8+0.8

1.8 £0.2
21£0.3

Standard error of mean is indicated after sign “+.”
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includes precisely the species C. destructivum, as well
as 16 closely related species that are mainly plant
pathogens. C. destructivum (similar to C. coccodes)
occurs on a wide range of hosts from the families
Asteraceae, Convolvulaceae, Fabaceae, Magnolia-
ceae, Menispermaceae, Lamiaceae, Poaceae, Polygo-
naceae, and Solanaceaec (Damm et al., 2014). The
three isolates identified in this study as C. destructivum
and isolated from wild plants collected in Leningrad
oblast and Kamchatka krai also indicate that this spe-
cies is not specialized and has a wide geographical dis-
tribution, although, according to the available data, its
occurrence in Russia has not been recorded previ-
ously. This is apparently due to the difficulty of its
identification without the involvement of molecular
genetic methods. In view of the above, we should
additionally mention the group of phylogenetically
similar isolates (Colletotricum cf. destructivum) from
soybean in Amur oblast. Another species from the
destructivum complex, C. lini, originally isolated from
flax, often infects plants of the legume family (Medi-
cago sativa, Trifolium sp.) and, in our case, was isolated
from the meadow vetchling.

The dematium species complex currently includes
18 species, some of them being highly specialized and
associated with a single plant species. Among the iso-
lates of this species complex, three species— Colle-
totrichum dematium, C. lineola, and C. spinaciae—
have been reliably identified in the present work. The
species C. dematium has been reported as a pathogen,
an endophyte, and a saprotroph with broad substrate
specialization (Damm et al., 2009). In the pathoge-
nicity tests that we have performed, the isolates of this
species were unable to induce disease symptoms.

The fungus C. lineola is represented within a con-
siderable range of host plants (including Heracleum
sp.) and occurs almost everywhere in temperate zones
(Damm et al., 2009; Jayawardena et al., 2021). In our
case, the isolate from Sosnowsky’s hogweed did not
show pathogenicity on the respective plant.

The species C. spinaciae was originally isolated
from the prickly seeded spinach, but later was also iso-
lated from other plants (lamb’s quarters, alfalfa, com-
mon purslane, Damm et al., 2009). In the present study,
an isolate of this species was obtained from cabbage and
could induce necroses in the pathogenicity test.

Some isolates (MF-3.5, MF-13.2, MF-13.11, MF-
13.13, MF-13.19, MF-13.25, MF-13.27, MF-17-018,
MF-19.2, MF-19.5, MF-19.6) from the studied col-
lection could not be assigned to any of the existing
actual species. This demonstrates, with a high degree
of probability, the presence of undescribed species
within the destructivum and dematium species com-
plexes and is evidence of the high species diversity of
these complexes.
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It has been repeatedly shown that the representa-
tives of Colletotrichum sp. exhibit herbicidal activity
against a number of weeds. Previously, based on the
strains C. gloeosporioides (Penz.) Penz. et Sacc., the
biocontrol agents like BioMal, Collego, and Lubao
were developed to manage mallow, aeschynomene,
dodder, and sesbania. The potential use of C. dema-
tium has been explored for the control famine weed,
C. orbiculare Damm, P.F. Cannon et Crous for the
control of spiny cocklebur, C. coccodes for the control
of China jute, Colletotrichum truncatum (Schwein.)
Andrus et W.D. Moore for the control of hemp sesba-
nia (Chakraborty and Ray, 2021). Phytotoxins colle-
tochlorin A and tyrosol isolated from the liquid culture
of C. gloeosporioides led to the development of necro-
ses and wilting of common ragweed (Masi et al., 2018).
Colletochlorin F from C. higginsianum Sacc. caused
extensive necroses on perennial sow-thistle (Masi
et al., 2017).

Among the cultures that we have studied, the iso-
lates that would of the greatest interest for the biocon-
trol of weeds are MF-13.2, MF-13.25, MF-13.27 (the
destructivum species complex) for small-flowered
galinsoga and MF-13.14 (C. coccodes) for common
ragweed.
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