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Abstract. The article presents the results of studies of the species
composition of phytopathogens of winter soft wheat grain affected by ear
fusarium. For the first time, studies were conducted using a complex of
electron microscopic, molecular genetics, and mycological methods. The
species F. graminearum dominated in all samples (frequency of occurrence
42.8%). The species F. avenaceum (23.3%), F. sporotrichioides and F.
equiseti (8.8% each) were noted with high frequency. Next in descending
order of frequency of occurrence: F. oxysporum, F. boothii, F. poae, F.
proliferatum, F. accumatum, F. incarnatum, F. vorosii, F. tricinctum, F.
cerealis, F. sambuticum. For the first time, 7 species were found for the
plain zone of the Pre-Caucasus: F. equiseti, F. boothii, F. vorosii, F.
cerealis, F. sporotrichioides, F. oxysporum, F. incarnatum.

1 Introduction

Fusarium ear blight (FHB) is a common disease of cereal crops worldwide and is among
the top five most destructive fungal pathogens affecting agroecosystems. Globally, FHB is
considered as the most dangerous and damaging disease of wheat, which causes high
economic losses, especially in humid climate regions [1-2, 4-5]. The incidence of epidemics
of Fusarium ear blight has increased significantly over the last decade. Climate change as
well as changes in cropping systems have contributed to the gradual spread of FHB across
regions where it is a major threat to cereal crop production [3, 6, 9]. The species
composition of Fusarium ear blight pathogens is determined by the climatic conditions of
the region and the set of cereal crop varieties [10-11]. Changes in climatic conditions
contribute to changes in the species diversity of the pathogenic complex [15].

A significant contribution to the study of the biology of fungi of the genus Fusarium
and species identification belongs to molecular research methods. For example, the use of
DNA markers allowed us to identify nine phylogenetic species within the species of F.
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graminearum. Phylogenetic analysis based on tefla gene sequences allowed to identify two
clusters (North European and South European) within the F. equiseti species. New
taxonomic groups were also discovered within the species complexes of F. fujikuroi and F.
solani [8, 12-14].

The nucleotide fragments of the genes of translation elongation factor 1-o (fefl), B-
tubulin (fub2), and histone H3 are most often analyzed in phylogenetic studies of fungi of
the genus Fusarium [16].

The molecular genetic approach made it possible to assess the relationship between
species, which was not obvious when analyzing only morphological characters. As an
example, the species F. tricinctum, traditionally considered as closely related to F.
sporotrichioides and F. poae and attributed to the section Sporotiichiella [13]. At the same
time, when comparing species by the profile of toxic metabolites, such as enniatins and
moniliformin, it was found that F. tricinctum differs from F. sporotrichioides and F. poae,
which secrete mainly mycotoxins of the trichothecene group. Phylogenetic analysis
confirmed the close relationship of F. tricinctum, F. avenaceum and F. acuminatum [14].
Until recently, F. graminearum was considered as a single polymorphic species.
Subsequently, multilocus molecular analysis revealed phylogenetically different lineages
that received the species rank: F. boothii and F. vorosii [20-21].

The aim of the research was a comprehensive study of the species composition of the
causative agents of fusariosis of winter soft wheat ear. Determination of dominant species
and frequency of occurrence of fungi of the genus Fusarium on ear and grain of winter
wheat and triticale in the conditions of the foothill zone of the Central Caucasus.

2 Materials and methods

The object of research is the grain of winter soft wheat and triticale healthy and with
symptoms of fusariosis of ear. For comparison we took medium resistant winter wheat
variety Dorota (France), medium susceptible variety Batko (Russia) and resistant winter
triticale variety Gor (Russia). The isolation of fungi of the genus Fusarium and species
identification were carried out according to cultural-morphological and molecular-genetic
characteristics in the laboratory of mycology of FGBU "VNIIKR". Isolates (180) were
isolated in pure culture under sterile conditions according to the generally accepted
methodology. The fungi were cultured for 14 days on 2% potato-glucose agar at 25”C.
Olympus Bx43F microscope was used, Quick-photo MICRO 3.2 software was used for
morphometry. To confirm species affiliation, classical PCR with universal primers Tub 2F
(GTBCACCTYCARACCGGYCARTG)/Tub 4R (CCRGAYTGRCCRAARARAAG
TTGTC) with further sequencing of nucleotide sequences according to the Sanger method
on a 3500 Applied Biosystems genetic analyzer [17-18] was performed.

For sequencing of taxonomically informative loci and identification of Fusarium fungi,
the P-tubulin gene region was amplified. Sequences of B-tubulin genes obtained from
GenBank (NCBI) and FUSARIUM-ID databases were used as references [1, 6, 10].
Electron microscopic studies were performed on the equipment of the Center for Collective
Use "Instrumental Methods in Ecology" using the latest scanning electron microscopy
(SEM) methods. Samples were fixed in 10% buffered formalin, washed first in flowing and
then in distilled water, passed through alcohols of increasing concentration (from 30 to
100%) and acetone, dried in critical point on Hitachi Critical Point Dryer HCP-1 ("Hitachi",
Japan). Then, the dried samples were mounted with double-sided carbon tape on special
slides and sputtered with gold in vacuum on a QI50R ES Plus machine
(QuorumTechnologiesLtd, UK). Then, to create a conductive surface, the prepared samples
were examined on a MIRA 3 LMH scanning electron microscope (TESCAN, Czech
Republic) [7].
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3 Results and Discussion

Climatic features of the foothill zone of the Central Caucasus are unstable moisture content
and uneven precipitation during the growing season. The maximum precipitation (152-
202% of the norm) falls during earing and flowering (May-June), the most vulnerable
period for infection by Fusarium ear blight. Due to the peculiarities of weather conditions,
fusarium epiphytotics occur almost annually. In the years of epiphytotics, all varieties of
both foreign and Russian selection are affected to varying degrees. The variety Sumai aut
(China) and its hybrids with red coloration of ear and grain are more resistant [9].

The previous study of the species composition of fungi of the genus Fusarium was
conducted in the early 2000s by the staff of the laboratory of mycology and phytopathology
of the All-Russian Research Institute of Plant Protection. Seven species were identified, the
dominant species were F. graminearum and F. poae (Table 1) [8].

Table 1. Species composition of Fusarium ear blight pathogens of winter soft wheat.

No Species of fungi of the genus Fusarium | Frequency of occurrence, %
1 F. graminearum 82

2 F. poae 11

3 F. avenacium 2

4 F. tricinctum 1

5 F. culmorum 1

6 F. virticilioides 2

7 F. accuminatum 1

Studies conducted by us in 2022 expanded the ideas about the diversity of Fusarium
fungi in the ear and grain pathocomplex. Species affiliation was determined by electron
microscopic, culture-morphological and molecular-genetic methods. As a result, 14 species
of fungi of the genus Fusarium were identified (Table 2).

Table 2. Species composition of Fusarium pathogens of winter soft wheat ear.

Species of fungi of Number of isolates /
No , .
the genus Fusarium frequencies of occurrence, %
1 F. graminearum 77/ 42.8
2 F. avenacium 42/23.3
3 F. equiseti 16/8.8
4 F. sporotrichioides 16/8.8
5 F. oxysporum 7/3.9
6 F. boothii 5/2.8
7 F. poae 3/1.7
8 F. proliferatum 3/1.7
9 F. accuminatum 3/1.7
10 F. incarnatum 2/1.1
11 F. vorosii 2/1.1
12 F. tricinctum 2/1.1
13 F. cerealis 1/0.6
14 F. sambuticum 1/0.6

An increase in diversity was found due to the following species: F. equiseti, F.
sporotrichioides, F. oxysporum, F. boothii, F. proliferatum, F. incarnatum, F. vorosii, F.
sambuticum.

In all grain samples, F. graminearum dominated (frequency of occurrence 42.8%).
Species of F. avenaceum (23.3%), F. sporotrichioides and F. equiseti (8.8% each) were
recorded with high frequency. Further, in decreasing order of frequency of occurrence: F.
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oxysporum, F. boothii, F. poae, F. proliferatum, F. accuminatum, F. incarnatum, F.
vorosii, F. tricinctum, F. cerealis, F. sambuticum. A rather high frequency of occurrence
(8.8%) was noted for F. equiseti, which is more characteristic of Siberia and the Far East
[2].

The established species specificity of fusarium fungi isolated from grain with and
without symptoms of FHB confirms the fact that infection of ear and grain occurs
continuously from the flowering phase to harvesting. During the initial periods, the ear is
infected by more aggressive fungi F. graminearum, F. avenacium, which have the highest
frequency of occurrence. The greatest diversity of species (10 species) was found on the
medium resistant variety Batko. Six Fusarium species were found in the grain of this
variety, but without external symptoms of lesions. The species absent were: F. oxysporum,
F. cerealis, F. incarnatum, F. sambuticum.

In affected grain of the more resistant variety Dorota 5 species were found, in grain
without FHB symptoms F. graminearum was not detected, but F. tricinctum was found.
The most frequently occurring species are: F. graminearum, F. avenacium, F.
sporotrichioides, F. equiseti (Table 3).

Winter triticale is more resistant to fusarium fungi than winter wheat. Only three species
of fusarium fungi were found in diseased triticale grain: F. graminearum, F. oxysporum, F.
equiseti. Only F. boothii species were present in apparently healthy triticale grain.

Table 3. Species composition of fungi of the genus Fusarium on winter soft wheat varieties with
different resistance levels.

Variet Species composition of fungi of the genus Fusarium
artety Externally diseased Externally healthy
F. graminearum, F.avenacium,
F. oxysporum, F.cerealis, F. graminearum, F.avenacium,
Batko F. incarnatum, F. equiseti F. sporotrichioides, F. equiseti
F. sporotrichioides, F. poae, F. accuminatum, F. boothii,
F.vorosii, F. sambuticum
F. graminearum F. avenacium F. avenacium, F. proliferatum
Dorota F. proliferatum, F. equiseti, F. equiseti, F. sporotrichioides,
F. sporotrichioides F. incarnatum, F. tricinctum,
Gor F. graminearum, F. oxysporum, F. equiseti, F. boothii,

Judging by the species composition of fusarium fungi, mycotoxins of different types
may accumulate in the affected grain: trichothecene toxins of type A (F. sporotrichioides,
F. poae), trichothecene toxins of type B (F. graminearum, F. cerealis, F. sambucinum),
enniatine group toxins and moniliformin (F. avenaceum, F. tricinctum, F. acuminatum) [1,
6, 18].

The results obtained indicate a community of fusarium fungi permanently present in
grain agrocenosis. Species differ among themselves in terms of moisture and temperature
requirements, as well as a set of toxic substances of secondary metabolism, providing
competitive interactions between species and successful colonization of nutrient substrate.
The constant presence in the agrocenosis of a complex of fusarium fungi occupying
different ecological niches ensures continuous infection of ear and grain from the flowering
phase to harvesting.

Molecular phylogeny methods were used to study 30 isolates isolated from diseased
FHB grain of wheat and triticale. As a result of DNA sequencing, the nucleotide sequences
of the B-tubulin gene were determined for all the isolates studied. The obtained nucleotide
sequences had a size of about 300 bp. After their alignment, the obtained data matrices
were used for subsequent phylogenetic analysis.
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On the phylogenetic tree constructed on the basis of nucleotide sequences of the f3-
tubulin gene locus, all isolates were distributed into 16 clades (Figure 1). Five Fusarium
graminearum isolates F43, F59, F93, F110 were located within the diseased clade formed
by the reference isolate MW533966.1 Fusarium graminearum CBS 136009. Two isolates
F70, F71 were closely related to the reference isolate MG063785.1 Fusarium graminearum
VOrosii.

Isolate F92 formed a clade with two reference strains KJ125832.1 and AF314487.1
Fusarium cerealis culture collection.

Isolates F75, F91, F106 formed a single large clade containing the reference sequence
HQ141639.1 Fusarium sporotrichioides NRRL 29978. In the phylogram, isolate F73
appeared closely related to species of the large clade based on sequences with maximum
bootstrap support values with reference type strain AF 404235.1 Fusarium poae isolate IBT
2963. Isolates F81, F67, F133 and F117 were included in the Fusarium equiseti clade, but
within it formed two separate subclades that did not include any reference strains.

Isolates F130, F42, F132 entered a large clade with high bootstrap support values with
reference type strains MWS533812.1 Fusarium proliferatum strain LCI13672 and
MH398240 Fusarium proliferatum strain NRRL66451.

Isolates F46, F72, F69 were included in the large Fusarium oxysporum clade, but within
it formed separate subclades that did not include any reference strain. Isolates F6, F88,
F126 were included in the Fusarium avenaceum clade with high bootstrap support values
with reference type strains EU490225.1 Fusarium avenaceum isolate ICMP12585. Isolate
F115 was part of a large clade of Fusarium tricinctum with high relatedness values with
reference type strain MG990938.1 Fusarium tricinctum isolate SPF00. Isolates F104, F98
were included in the Fusarium acuminatum clade and formed a separate clade that did not
include the reference strain.

Scanning micrograph of diseased FHB grain confirmed the existence of a whole
complex of microorganisms of different species colonizing and developing on the grain.
(Figure 2).

Electron micrographs of fusarium grain showed something that usually remains out of
mycologists' field of view. The presented images show folded structures of unknown
organisms, most likely fungi, which neither mycologists nor phytopathologists could
identify. It is difficult to say what role these organisms play? The question of whether they
are phytopathogens, saprotrophs or superparasites remains open (Figure 3).
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Fig. 1. Phylogenetic tree of Fusarium isolates based on sequences of the B-tubulin gene region.
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Fig. 2. Fusarium grain surfaces: A - Alternaria sp. conidia, B - Fusarium sp. conidia, C -
Cladosporium sp. conidia (magnification x 3000-3500).
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Fig. 3. Electron microscopic photographs of wheat grain surface with FHB lesions. The arrows
indicate unknown fold structures.
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4 Conclusion

Thus, the phytopathogenic complex of grain affected by fusariosis is represented by 14
species of fungi from the genus Fusarium. The greatest diversity of Fusarium species was
found on the medium resistant variety Batko (10 species). The most frequently encountered
species are: F. graminearum, F. avenacium, F. sporotrichioides, F. equiseti. It was revealed
that in wheat grain without visible symptoms, there is a latent infection with Fusarium ear
blight represented by 5-6 species. For the first time 7 species were identified for the foothill
zone of the Central Caucasus: F. equiseti, F. boothii, F. vorosii, F. cerealis, F.
sporotrichioides, F. oxysporum, F. incarnatum.

The use of modern methods in phytopathological analysis showed the biological
diversity of species occurring in the affected ear and grain. In addition to fusarium fungi,
associated phytopathogens were found: Helmintosporium, Alternaria, Cladosporium,
Epicoccum, as well as biological entities whose systematic position and functional
significance are not yet known.
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