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Abstract. Corn is one of the main crops of modern world agriculture. It ranks first in terms of gross grain harvests and
second in terms of acreage, ceding only to the main grain crop of the globe, wheat. The problem of increasing the
production of grain and green mass of corn remains one of the urgent tasks of agricultural production. High potential
yields very often remain untapped due to diseases, direct losses from which are estimated at 20-50 %. The purpose of
this work was to study the species composition of micromycetes on corn collected in different phases of vegetation
in May-July 2020 in the Voronezh region, to identify phytopathogenic genus Fusarium fungi, to study pathogenic and
phytotoxic strains of the fungi to replenish the collection of the All-Russian Scientific Research Institute of a Phytopa-
thology. Preservation of infectious material of fungi from the genus Fusarium is of no small importance for phytopatho-
logical, immunological, breeding, genetic and toxicological studies. As a result of the mycological studies carried out, a
lot of fungi isolates from the genera Fusarium, Aspergillus, Cladosporium, Curvularia, Penicillium, Rhizopus, Periconia, Py-
thium, Trichothecium, etc., isolated from the affected roots, stems and ears of corn in the Voronezh region in 2020 were
identified. Fungi isolates from seven taxonomic groups: Fusarium fujikuroi Nirenberg (F. moniliforme, F. verticillioides),
Fusarium oxysporum Schltdl., Fusarium culmorum (Wm.G. Sm.) Sacc., Fusarium graminearum Schwabe, Fusarium hetero-
sporum Nees & T. Nees (F. lolii), Fusarium roseum Link (F. sambucinum), Fusarium sporotrichioides Sherb. were tested
for pathogenicity and phytotoxicity on seedlings of plant-testers. It has been shown that pathogenic and phytotoxic
activity in fungi varies significantly between Fusarium species and within the same species. The greatest danger to corn
is represented by the species F. sporotrichioides, F. graminearum, F. culmorum, F. fujikuroi, F. oxysporum, F. heterosporum,
which have a high intensity of phytotoxic activity associated with the fact that they contribute to the synthesis and ac-
cumulation of dangerous toxins in plant tissues. As a result of the conducted studies, 55 strains of fungi from the genus
Fusarium belonging to seven species were selected. The isolates, stable in morphological and cultural characteristics
and studied for pathogenicity and toxicity, were placed for long-term storage in the Russian State Collection of Plant
Pathogenic Microorganisms and Cultivars for Identification of Phytopathogenic Microbial Strains at the All-Russian
Scientific Research Institute of a Phytopathology.
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OCo6eHHOCTV BUJOBOI'O COCTaBa MaTOTe€HHbIX I'P1OOB
pona Fusarium B 611011eHO3aX KYKYPY3bl BOpoHeKCKOoii 06/1acT

T.M. Koaomuers ®, MU Kuceaesa, H.C. JKemuyxuna, A.O. ITankparosa, C.A. Eauzaposa

Bcepoccninckuii HayuHo-UccnefoBaTeNibCKUn UHCTUTYT drTonaTonoruu, p.n. bonblne Basembl, OanHLOBCKMIA paiioH, MockoBckas obnacTb, Poccus
® lomil@yandex.ru

AHHoOTauuA. KyKypy3a OTHOCUTCA K OCHOBHbIM KyNbTypam COBPEMEHHOro M1MpoBoro 3emnegenua. OHa cTouT Ha nep-
BOM MecTe M0 BanoBbliM c6bopam 3epHa 1 Ha BTOPOM — MO NOCEBHbIM MIOLWAAAM, YCTyMasa b OCHOBHON Xe6HOM
KyNbType 3eMHOro wapa — fweHuye. OfHa 13 akTyanbHbIX 3aay arpapHoro Npor3BoAcCTBa — Npobrema yBennyeHms
BafoBOro cbopa 3epHa 1 3efeHON Macchbl KyKypy3bl. BbicOKaa noTeHUManbHan ypoxKaiHOCTb OYEHb YacTo OCTaeTCA
Hepeanv3oBaHHON BC/IEACTBUE Pa3BUTUA OONE3HEN, NPsAMble NOTEPY OT KOTOPbIX oLeHrBatoTcA B 20-50 %. Llenb Ha-
cToALen paboTbl — N3yYeHre BUJOBOrO COCTaBa MUKPOMULIETOB Ha PacTeHUAX KyKypy3bl, COOpaHHbIX B pa3Hble ¢asbl
BereTaumu B Mae-utone 2020 r. B BopoHexckoi obnactu, naeHTndukauma uronatoreHHbIX rpnboBs 13 poga Fusarium,
BblAABNEHME NaTOreHHbIX 1 GUTOTOKCUYHbIX LUTaMMOB rpnboB pofa Fusarium gna nononHeHus Konnekuum Bcepoccnin-
CKOFO Hay4YHO-MUCCNnefoBaTeNbCKOro MHCTUTYTa duTonatonormn. CoxpaHeHre MHGEKLMOHHOrO MaTeprana rpubos 13
poga Fusarium vmeeT HeEManoBaXXHOe 3HaueHue ana GUTONATONOMMUYECKNX, UMMYHONOTMYECKMX, CENEKLMOHHDBIX, re-
HeTNYECKUX 1 TOKCMKOMOrMYEeCKX NCCIeAOBaHNI. B pe3ynbTaTe npoBefeHHOrO MMKOIOTMYECKOro aHanmsa obHapy-
»KEeHo 6onblloe KONMYecTBO M30MATOB rprboB 13 popos Fusarium, Aspergillus, Cladosporium, Curvularia, Penicillium,
Rhizopus, Periconia, Pythium, Trichothecium v gp., BblAeNeHHbIX U3 MOPaXKeHHbIX KOPHEN, CTebnein 1 NoYaTkoB KyKypy3bl

© Kolomiets T.M., Kiseleva M.l., Zhemchuzhina N.S., Pankratova L.F,, Elizarova S.A., 2022
This work is licensed under a Creative Commons Attribution 4.0 License



T.M. Kolomiets, M.I. Kiseleva, N.S. Zhemchuzhina
L.F. Pankratova, S.A. Elizarova

A characteristic of the species composition of pathogenic fungi
of the genus Fusarium in corn biocenoses of the Voronezh region

B BopoHexckoi obnactu B 2020 1. 30nsTbl rpribOB 13 cemMy TaKCOHOMUYECKUX rpynn: Fusarium fujikuroi Nirenberg
(F. moniliforme, F. verticillioides), Fusarium oxysporum Schltdl., Fusarium culmorum (Wm.G. Sm.) Sacc., Fusarium gra-
minearum Schwabe, Fusarium heterosporum Nees & T. Nees (F. lolii), Fusarium roseum Link (F. sambucinum), Fusarium
sporotrichioides Sherb., 6bin1 NpoBepeHbl NO NATOFEHHOCTU U GUTOTOKCUMYHOCTIN Ha BCXOAAX PacTeHUiA-Tectepos. Mo-
Ka3aHo, uTo naToreHHas U GUTOTOKCUYHAA aKTUBHOCTb Y rP1OOB Kak MeXay Buaamu Fusarium, Tak 1 B npegenax oa-
HOro BMAa CyLeCcTBEHHO pasnmyaeTca. HanbosbLuyo onacHOCTb Ans KyKypy3bl NpeAcTaBasioT BUAbl F. sporotrichioides,
F. graminearum, F. culmorum, F. fujikuroi, F. oxysporum, F. heterosporum, obnagaiowyue BbICOKOV MHTEHCUBHOCTbIO NPO-
ABNEHNA GUTOTOKCMYECKOWN aKTUBHOCTM, CBA3AHHOW C TeM, YTO OHMW CMOCOBCTBYIOT CUHTE3Y U HAKOMJIEHUIO OMaCHbIX
TOKCUHOB B TKaHAX pacTeHuid. B pesynbtate npoBeAeHHbIX NCCNefoBaHUn oTobpaHo 55 wrammoB rpruboB 13 popaa
Fusarium, oTHocAWmMXCA K cemy Bugam. CtabunbHble No MOpdONoro-KynbTypanbHbIM MPU3HaKaM 1 M3yUYeHHbIe Mo na-
TOFEHHOCTU U GUTOTOKCUYHOCTI U30MATbI MOMELLEHbI Ha AIMTeNbHOE XpaHeHue B [oCcyfapcTBEHHYO Konnekuuo du-
TOMATOreHHbIX MUKPOOPraHN3MOB 1 COPTOB PaCcTEHUN-NAEHTUPNKATOPOB NATOTEHHbIX LITAMMOB MUKPOOPraHN3MOB,
co3[aHHyo Ha 6a3e Bcepoccminickoro HayYHO-1CCneoBaTeNbCKOrO UHCTUTYTa GUTONATONOMMN.

KnioueBble cfioBa: KoNNeKUmny MMKPOOPraH13MOB; MUKPOMULETbI; FeHeTMYecKoe pasHoobpasue; KyKypysa; dutonato-

reHbl; Fusarium.

Introduction

Along with the fact that sugar corn (lat. Zéa mdays L. ssp. mays)
is the only cultural representative of the genus Corn (Zea)
of the Cereal family (Poaceae) and the oldest bread plant in
the world, it remains one of the most popular in the realities
of modern agriculture (Sotchenko, 2005). Corn ranks first in
terms of gross grain harvests and second in terms of acreage,
second only to the main grain crop of the globe — wheat. The
USA (about half of the world harvest), China, Brazil, Mexico,
France, Argentina, India, Indonesia, Italy and Romania are the
largest producers of corn (Babich, 1986; Berezkin, Malko,
1998; Elmore, Abendroth, 2008). Corn is cultivated mainly
in the southern regions of Russia (Suprunov, 2009).

Due to the high yield and useful qualities of corn, its im-
portance for versatile human use can hardly be overestimated.
More than 20 % of corn grain is used for food purposes in
the countries of the world, 1520 % — for technical pur-
poses, and about two thirds — for livestock feed (Sotchenko,
2009).

As a food crop, corn ranks third in the world in terms of
acreage giving way only to wheat and rice. And in terms of
grain yield, it has a leading position. Corn grain contains
65—70 % carbohydrates, 9-12 % protein, 4-8 % vegetable oil
(up to 40 % in the embryo) and only about 2 % fiber. Corn
grain contains vitamins A, B1, B2, B6, E, C, D, F, essential
amino acids, mineral salts and trace elements. Corn grain is
used for food and medical purposes (Sotchenko, 2002).

In the modern world, fodder corn yields large harvests and
highly nutritious feed which makes it crucial in the develop-
ment of husbandry. Corn plays the main role in the feed ba-
lance because of its caloric characteristics and the possibility
of using both corn grains and its green mass — silage (https//
universityagro.ru/pacTeHHeBOACTBO/KyKypy3a/; [vashchenko,
Sotchenko, 2006; Sotchenko, Gorbacheva, 2011).

Corn is also of great importance for industry. Corn oil is
a raw material for the production of expensive paints, soaps
and rubber substitutes. Corn starch is used for dressing fabrics
and leather, increasing the density and smoothness of paper,
in the production of viscose fiber, explosives, dextrin glue.
Construction and packaging materials, paper, soil improv-
ing additives, explosives are obtained from stems and other
vegetative parts of plants. Furfural, a raw material for the
production of plastics, nylon and other synthetic substances,

is isolated from the stalks of corn cobs (https//universityagro.
I'u/pacTeHUEBOJICTBO/KYKYpY3a/).

The problem of increasing corn grain production remains
one of the urgent tasks of agricultural production (Sotchenko,
2005). In Russia, high potential yield of corn often remains
unrealized due to the development of diseases, among which
the main role belongs to micromycetes from the genera Fu-
sarium, Bipolaris, Alternaria, etc. Direct grain losses from
Fusarium root and ear rot in Corn at 20-50 % (Ivashchenko,
2007, 2012).

Fusarium root and ear rot are widespread corn diseases,
especially in areas with high humidity. Up to 50-60 % of
corn crops are affected. A large group of maize diseases are
fungi from the genus Fusarium: Fusarium acuminatum Ellis
& Everh, F. culmorum (W.G. Sm.) Sacc., F. equiseti (Cor-
da) Sacc., F. gibbosum Appel. et Wollenw., F. graminearum
Schwabe, F. heterosporum Nees & T. Nees, F. oxysporum
f. conglutinans (Wollenw.) W.C. Snyder & H.N. Hansen,
F. oxysporum f. cucumerinum Berk. & Broome, F. poae
(Peck) Wollenw., F. roseum Link, F. solani (Mart.) Sacc.,
F sporotrichioides Sherb. and others (Ali et al., 2005; Eller
et al., 2008).

Fusarium ear rot in Corn caused by the hemibiotrophic fun-
gus Fusarium verticillioides (Sacc.) Nirenberg (syn. Fusarium
moniliforme J. Sheld., marsupial stage — Gibberella fujikuroi)
leads to a decrease in yield and deterioration of its quality
(Miller et al., 2007; Murillo-Williams, Munkvold, 2008;
Mesterhasy, Lemmens, Reid, 2012). The fungus produces
fumonisins when storing cobs in conditions of high humidity
and insufficient aeration. These toxins are carcinogenic to
humans and animals (Clements, White, 2004; Robertson-Hoyt
et al., 2007).

As for the species that cause root rot, low temperature
during seed germination, increased humidity and soil acidity
increase the development of the disease (Suprunov, 2009). At
the same time, a weak pink or white fungus bloom forms on
the surface of the germinating grain. Soon after the corn plants
come to the surface, the sprout turns brown and dies. If the
sprout survives, then it has a poorly developed root system,
plants are delayed in growth, leaves dry up, often lic down
(Ivashchenko et al., 2006).

Since the pathogens of Fusarium root and ear rot reside
in the soil and grain, the question of studying the range of
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the most pathogenic micromycetes, including those from the
genus Fusarium, is relevant for the development of environ-
mentally friendly methods of combating them, including the
creation of disease-resistant varieties and hybrids of corn
(Hooker, 1967; Ivashchenko, 2009a; Ivashchenko, Matveeva,
2010). Particular attention is paid to the creation of infec-
tious backgrounds, where measures are carried out to assess
and select resistant forms (Ivashchenko, 2007, 2009b). The
preparations of compositions of infectious backgrounds, which
includes the study of the species composition of corn micro-
mycetes, the identification of the most pathogenic isolates of
fungi of the genus Fusarium and the creation of conditions for
their long-term storage without loss of pathogenic properties,
are also of importance.

Mycological analysis of maize samples and analysis of the
scientific literature related to the issue under development
indicates that monitoring the species composition of fungi on
the cultivated crop is currently very relevant both for taking
urgent preventive and health measures and for developing a
strategy to prevent negative consequences from the develop-
ment of diseases. Researches aimed at studying the species
composition of micromycetes that cause Fusarium root and
ear rot ultimately determine the possibility of obtaining en-
vironmentally friendly and stable corn crops.

Preservation of infectious material of fungi from the genus
Fusarium is important for phytopathological, immunological,
breeding, genetic and toxicological studies (Dubovoy et al.,
2016; Kolomiets et al., 2018; Kolomiets, Zhemchuzhina,
2018). The State Collection of Phytopathogenic Microorga-
nisms and Plant Varieties, identifiers of pathogenic strains
of microorganisms of the All-Russian Scientific Research
Institute of Phytopathology (GKFM VNIIF), was created to
solve the tasks set in accordance with Federal Law No. 7-F3
of 10.01.02 (ed. of 24.11.2014, with amendments dated
29.12.2014) “On Environmental Protection”, Decree of the
Government of the Russian Federation No. 725-47 dated
24.06.1996 “On Measures for the Conservation and Rational
Use of Collections of Microorganisms, Cultivated Cells of
Higher Plants, Transplanted Somatic Cells of Vertebrates”, as
well as taking into account the provisions of the Convention
on Biological Diversity (1992) and the recommendations of
the European Organization for Economic and Social Deve-
lopment (GENERAL GUIDELINES FOR ALL BRCS, 2006;
GUIDANCE FOR THE OPERATION OF BIOLOGICAL
RESOURCE CENTERS (Part 2: Micro-Organization Do-
main), 2006; OECD Best Practice Guidelines for BRCs 2007).
It is a State Depository of phytopathogenic microorganisms.

As for the creation of a collection of fungi from the genus
Fusarium, its main tasks were not only to preserve the viabi-
lity and genetic stability of strains of these fungi according to
morphological and cultural characteristics for a long time, but
also to replenish the fund with new species with a different
spectrum of pathogenicity and phytotoxicity properties, as well
as to expand the range of geographical areas for collecting
affected maize samples (Gagkaeva, Levitin, 2005; Gagkaeva
et al., 2008). To fulfill these tasks, samples of infected plants
received annually from various regions of the country are
subjected to mycological studies, and based on the data of the
analysis of the material, the most pathogenic and phytotoxic
samples are selected for the collection.

2022
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The purpose of this work was to study the species compo-
sition of micromycetes on corn plants collected in different
phases of vegetation in May—July 2020 in the Voronezh region,
to identify pathogenic and phytotoxic strains of fungi of the
genus Fusarium to replenish the collection of the ARSRIP.

Materials and methods

Maize plants with various signs of fungal infections on leaves,
stems and roots served as the material for research. Samples
of zoned varieties of corn (Ajaks, Donskaya visokoroslaya,
Zernogradsky) were collected in different phases of vege-
tation: the formation of 5-6 leaves — f.2, according to the
classification of phenological development according to the
system of BBCH, tubing, or the formation of 8-10 leaves —
.32, filling — milk ripeness — f.75 (Large, 1954; Lancashire
etal., 1991). Research was carried out using the equipment of
the Collective Use Center of the Russian State Collection of
Plant Pathogenic Microorganisms and Cultivars for Identifica-
tion of Phytopathogenic Microbial Strains at the All-Russian
Scientific Research Institute of a Phytopathology (http:/www.
vniif.ru/vniif/page/ckp-gkm{/1373).

The phytosanitary condition of the samples was assessed
according to methods generally accepted in phytopathology
(Gerlach, Nirenberg, 1982; Leslie, Summerell, 2006; Dictio-
nary..., 2008; Watanabe, 2010). Fungal species were deter-
mined by the morphology of spores under a microscope x400
(Bilai, 1977, Bilai, Ellanskaya, 1982; Gagkaeva et al., 2008).

The isolation of hemibiotrophic and saprophytic micro-
mycetes from the affected plants was carried out using po-
tato-glucose and potato-carrot agar-agars. Fungi from plant
samples were isolated according to the standard method (Bilai,
1977; Bilai, Ellanskaya, 1982). The diseased plants of each
sample were washed with tap water and then were cut into
fragments 5-10 mm in size, sterilized in 50 % alcohol for
20-30 seconds and, under aseptic conditions, were laid out
on the surface of 2 % potato-glucose agar-agar in Petri dishes
(4-6 fragments in each). Each sample was represented by at
least 150-200 fragments of the affected tissue. Petri dishes
were placed in a thermostat with a temperature of 22-24 °C.
The development of fungi was monitored daily. As the colonies
of fungi grew, a piece of mycelium was sifted onto the nutrient
medium in the center of the Petri dish. Cultures of fungi were
viewed under a microscope. Fungal species were identified by
the main morphological features of colonies and spores: by
growth rate, mycelium color and structure, pigmentation; by
shape, size of apical and basal cells of macroconidia, by the
presence of microconidia. An average microscopy index of
300 conidia was taken to estimate the size of macroconidia.

Determinants were used as reference literature when deter-
mining the species of the fungus (Gerlach, Nirenberg, 1982;
Bilai, Kurbatskaya, 1990; Leslie, Summerell, 2006; Diction-
ary..., 2008; Watanabe, 2010). The current taxonomic status
of the selected Fusarium species was clarified at http:/www.
indexfungorum.org.

The frequency of occurrence of original Fusarium species
in samples of affected plants as a percentage was determined
by the formula

P=(100xn)/N,
where P is the frequency of occurrence of the species in the
population (in %); N is the total number of isolates of fungi of
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the genus Fusarium in the sample; 7 is the number of isolates
of a certain type of Fusarium in the sample.

Isolates of fungi isolated from the affected corn samples
were placed for storage in the laboratory of the Russian State
Collection of Plant Pathogenic Microorganisms and Cultivars
for Identification of Phytopathogenic Microbial Strains at the
All-Russian Scientific Research Institute of a Phytopathology.
Isolates have been stored in refrigerators at a temperature of
7-10 °Cin biological test tubes on slants of nutrient medium —
potato-glucose agar-agar (Bilai, Ellanskaya, 1982).

Pathogenic and toxic properties of strains were studied
using the method of bioassay on seeds. The pathogenicity
of spore suspensions and phytotoxicity of filtrates of culture
fluids (FCF) of fungi were tested on wheat seeds (cv. Mironov-
skaya 808). The degree of pathogenicity and toxicity of strains
was judged by the effect of suspensions of conidia and FCF on
seed germination, the development of germ and primary roots
of wheat, but the main indicator was the length of the roots.

The degree of pathogenicity and toxicity was determined
on the 5th day from the beginning of seed germination. If the
length of seedlings and roots (in mm) in the experimental
version was 0-30 % of the length of the control, then this
indicated a strong pathogenic (P) and strong toxic (T) activity
of the fungus; 31-50 % — moderate pathogenicity (MP) and
moderate toxicity (MT); 51-70 % — weak pathogenicity (WP)
and weak toxicity (WT); 71-100 % — non-pathogenic (NP)
and non-toxic (NT) properties of isolates. The length of the
sprouts and primary roots of seeds germinated in water was
considered as a control and was taken as 100 % (Parfenova,
Alekseeva, 1995).

Results and discussion

Mycological studies of the analyzed maize plants collected in
different phases of vegetation (formation of 5-6 leaves, tube
formation, milk ripeness) showed the presence of micromyce-
tes on them, related to both phytopathogens and saprotrophs.
In total, more than 30 species of micromycetes were isolated
and identified from corn samples.

Saprotrophic species of fungi from the genera Aspergillus,
Cladosporium, Curvularia, Penicillium, Rhizopus, Periconia,
Pythium, Trichothecium, etc. prevailed on the tissues of the
roots and basal areas of corn stalks (Table 1). Heterotrophic
species of fungi were more often found on the leaves of
the samples. Almost half (1600 units) of the fungi isolates
identified from the leaves and roots belonged to the genera
Alternaria, Bipolaris, Exserohilum and Fusarium. It should
be noted that the frequency of occurrence of fungi Alterna-
ria spp. depended on the phenological phase of corn plants.
So, in the phase of formation of 56 leaves, fungi of this genus
were significantly more often isolated from the tissues of corn
roots, in the phase of milk ripeness — from the leaves.

Symptomatic analysis of maize samples revealed signs of
infection with the pathogen Exserohilum turcicum (Pass.)
K.J. Leonard & E.G. Suggs (=Setosphaeria turcica). On the
leaves of the corn of the lower tier, large spots were noted,
gray in the center and with darker edges with a sooty coat-
ing. Samples with such signs were found in the phase of tube
formation and milk ripeness, the intensity of their lesion was
low and ranged from 1 to 20 % of the leaf area of the lower tier.
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Isolates of Bipolaris sorokiniana Shoemaker (Cochliobolus
sativus) were mainly found on the roots and basal part of corn
stalks during the 5-6 leaf formation phase. The fungus was
not identified on the leaves during this and later phenophases.

The manifestation of diseases caused by fungi from the
genus Fusarium had similar symptoms. As a rule, brown or
yellow areas were noted on the leaves, stems, basal neck and
roots of corn, often with signs of maceration or rottenness.
The study of samples of the affected tissues of maize plants
in culture allowed to isolate more than 900 isolates of the
genus Fusarium into a culture and identify by morphologi-
cal characteristics (colony growth rate, mycelium color and
structure), the presence, shape and size of macroconidia and
microconidia (if present) the following 11 species of this
genus: F. culmorum, F. gibbosum, F. graminearum, F. hetero-
sporum, F. fujikuroi, F. incarnatum, F. oxysporum, F. poae,
FE roseum, F. sporotrichioides, F. solani (Table 2). In some
cases, more than one or two micromycetes from the genus
Fusarium were isolated from one sample of affected corn
tissue. This was especially often noted when F. oxysporum
was isolated into culture, which, as a rule, was accompanied
by the species F. roseum, F. poae, F. solani, etc.

The frequency of occurrence of fungi from the genus Fu-
sarium was ambiguous and varied markedly depending on the
phase of the growing season of corn and possibly the prevail-
ing weather conditions of the season. The species F. heterospo-
rum and F. oxysporum were most often found in the complex
of micromycetes from the genus Fusarium on corn crops in
the Voronezh region. The total share of these two species
was half of all identified isolates belonging to other species
of this genus. Nevertheless, fluctuations in the frequency of
occurrence of these types of fungi were observed in all phe-
nological phases of corn development. When assessing the
frequency of occurrence of species from the genus Fusarium
in the phase of milk ripeness, it was noticed that the propor-
tion of F. heterosporum and F. oxysporum isolates decreased
by 1.5-2 times (see Table 2). It should also be pointed out
that F. heterosporum isolates were more often isolated from
affected corn roots, and F. oxysporum, from stems.

In mycological studies of corn tissues, isolates of . fujikuroi
were found in all variants of the experiment. The frequency of
occurrence of the fungus gradually changed from low (6.5 %)
in the phase of formation of 5-6 leaves to high (19.4 %) in
the phase of milk ripeness. Probably, over time, more favor-
able conditions for the accumulation of F. fujikuroi in the soil
and on maize plants had been created. A similar pattern was
observed for the species F. poae and F. sporotrichioides, the
frequency of occurrence of which varied significantly from the
phase of formation of 5—6 leaves to the phase of milk ripeness,
respectively, from low (0 and 5.6 %) to high (11.7 and 15.1 %).

As for F culmorum, there were no significant fluctuations in
the frequency of occurrence of the fungus on maize samples in
different phenological phases. This indicates a sufficiently high
viability of the micromycete, which occupies a certain niche
in the Fusarium spp. pathocomplex. As a rule, macroconidia
of the fungus were detected on the affected samples from the
roots and leaves of the lower tier.

Species of F. roseum, F. solani, F. graminearum, F. gibbo-
sum, F. incarnatum in the pathogenic complex of the Fusarium
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Table 1. Micromycetes found on corn crops in the Voronezh region in 2020

Species Phenological phases of development
Formation Tube formation Milk ripeness
of 5-6 leaves

Note.”+" - from 1 to 10 fungus isolates; "++" - from 11 to 20 fungus isolates; "+++" — above 20 fungus isolates.
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A characteristic of the species composition of pathogenic fungi
of the genus Fusarium in corn biocenoses of the Voronezh region

Table 2. Frequency of occurrence of Fusarium species detected on the affected maize samples from the Voronezh region in 2020

Species Phenological phases of development Frequency
oot st ravatomaton ikrpens " ofocamence
Umts% ............................. Umts% ................. U mts%umts% ................

F . C u/ m omm ...................................... 2 8 ................... 1 30 ......................... 2 2 ................... 6 9 .............. 3 ] .................... 82 ................ 8 ] .................. 8 9 ............

,:g,bbosum ........................................ 7 ..................... 33 ............................ 0 ................... O ................. 1 2 ................... 32 ................ 19 ................. 21 .............

Fgmmmeamm .................................. 5 ..................... 2 3 .......................... 12 ................... 38 ................ 5 ................... 13 ................ 2 2 .................. 24 ............

,: h etemsporum ............................... 6 6 ................... 3 07 ....................... 108 ................. 3 37 .............. 6 8 ................. 186 2 42 2 65 .............

,: fuﬂkuml ......................................... 14 ..................... 6 5 .......................... 3 2 ................. 100 .............. 7 3 ................. 199 .............. 1 1 9 ............... 1 30 .............

chamatum ..................................... 0 ..................... 0 .............................. 0 ................... 0 ................... 7 ................... 1 8 .................. 7 ................. 0 8 .............

Foxysporum .................................... 8 1 .................... 3 77 ......................... 7 6 ................. 2 38 .............. 5 1 .................. 135208228 .............

Fpoae ................................................ 0 ..................... 0 .............................. 7 ................... 2 244 ................. ”7 ................ 5 1 .................. 56 ............

Fmseum ............................................ 2 ..................... 0 9 ......................... 2 5 ................... 78 .............. 12 ................... 32 ................ 3 943 .............

Fso/an, ............................................... 0 ..................... 0 ............................ 2 0 ................... 6 2 .............. 17 ................... 4 5 ................ 3 740 ............

,: Spommd” 0, des ............................ 12 ..................... 5 6 ......................... 18 ................... 5 6 .............. 5 7 ................. 151 ................. 8 7 ................. 9 6 ............

Num beroflso |ates ....................... 2 15 ................... 1 00 ........................ 3 20 ................. 100 ............. 3 77 ................. 100 9 1 2 ................ 1 00 .............
fungi on corn were quite rare. Basically, isolates of these  Conclusion

micromycetes were determined on the affected roots and the
root zone of the stems. It is possible that either these types of
fungi do not play a significant role in the pathogenesis of corn,
or there were no conditions for their development.

As aresult of mycological studies, biological material was
obtained represented by a large number of fungal isolates:
11 species from the genus Fusarium. Of them, 55 isolates of
fungi from 7 taxonomic groups (F. fujikuroi, F. oxysporum,
F. culmorum, F. graminearum, F. heterosporum, F. roseum,
F sporotrichioides) were tested for pathogenicity and phyto-
toxicity on seedlings of testers.

Table 3 shows the results of assessing the effect of me-
tabolites of spore suspensions and filtrates of culture fluids
of fungal isolates of the most pathogenic and phytotoxic
species of the genus Fusarium on the development of wheat
seedlings of cv. Mironovskaya 808 (seed germination, length
of the sprout and roots). It was shown that isolates of fungi
from the genus Fusarium represented by different species had
a wide intraspecific diversity in the studied characteristics.
Within the same species, there were strains of the fungus
belonging to different categories — from pathogenic/toxic to
non-pathogenic/non-toxic (see the Figure).

The species F. sporotrichioides and F. graminearum showed
high phytotoxic and pathogenic properties. Culture fluid fil-
trates and spore suspensions of the isolates of these species
almost completely suppressed the development of seedlings
of plants of the tester variety.

The species of fungi F. culmorum, F. fujikuroi, F. oxyspo-
rum, F. heterosporum had stronger phytotoxic properties than
pathogenic, showing a moderately toxic and toxic reaction
to the seedlings of the tester variety. The species F. roseum
was characterized by weak pathogenicity and weak phyto-
toxicity.
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As a result of mycological analysis of the composition of
micromycetes on affected maize plants in different pheno-
logical phases of plant development, more than 30 species of
micromycetes were identified. Saprotrophic species of fungi
from the genera Aspergillus, Cladosporium, Curvularia, Peni-
cillium, Rhizopus, Periconia, Pythium, Trichothecium, etc.
prevailed on the roots and root zone of corn. Heterotrophic
species of fungi belonging to the genera Alternaria, Bipolaris,
Exserohilum and Fusarium were found more often on the
leaves. It should be noted that the frequency of occurrence of
fungi Alternaria spp. depended on the phenological phase of
corn plants. The pathogen Exserohilum turcicum was identified
on the leaves of corn of the lower tier. The causative agent
Bipolaris sorokiniana mainly infected the roots and the basal
part of the corn stalk during the formation phase of 5—6 leaves.

During ontogenesis, 11 species of fungi from the genus
Fusarium were found on corn crops in the Voronezh region:
F. culmorum, F. gibbosum, F. graminearum, F. heterosporum,
F fujikuroi, F. incarnatum, F. oxysporum, F. poae, F. roseum,
F sporotrichioides, F. solani. Among them, two species, F. he-
terosporum and F. oxysporum, were noted with high frequency.
Similar types of pathogens on corn have been identified by
foreign scientists (Ali et al., 2005; Eller et al., 2008). During
many years of research, V.G. Ivashchenko and colleagues
identified 15 species of fungi of fusarium etiology on corn
crops in Russia (Ivashchenko, 2012).

It has been shown that pathogenic and phytotoxic activi-
ty in fungi varies significantly between Fusarium species
and within the same species. The greatest danger to corn
is represented by fusarium fungi of the following species:
F sporotrichioides, F. graminearum, F. culmorum, F. fujikuroli,
F oxysporum, F. heterosporum, which have a high intensity of
phytotoxic activity associated with the ability to synthesize and
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Table 3. Characteristics of strains of fungi of seven species from the genus Fusarium by pathogenicity of spore suspensions
and phytotoxicity of culture fluid on wheat seedlings of cv. Mironovskaya 808 (in % of control)

Code of strain Pathogenicity (spore suspension) Toxicity (culture fluid)
Seed Sprout length, Rootlength, Degree Seed Sprout length, Rootlength, Degree
germination, % % % of influence germination,% % % of influence
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Table 3 (end)
Code of strain Pathogenicity (spore suspension) Toxicity (culture fluid)
Seed Sprout length, Root length, Degree Seed Sprout length, Root length, Degree
germination, % % % of influence germination, % % % of influence

Note.NP/NT is non-pathogenic/non-toxic; WP/WT — weakly pathogenic/weakly toxic; MP/MT — moderately pathogenic/moderately toxic; P/T — pathogenic/toxic.

a 100
i m NP
& 801 wp
> L
S 60r = MP
g r P
g
S 40r
r=
i3 L
a
0
b 1001
r u NT
< 80: WT
> uMT
£ 60}
E L T
o 40F
g 0
Z L
o
g [ [
0
F. moniliforme F. oxysporum F. culmorum F. graminearum F. lolii F.sambucinum  F. sporotrichioides

Distribution of fungal species from the genus Fusarium by pathogenicity (a) and phytotoxicity (b), %.

590 BaBunosckuii x)XypHan reHeTukm n cenekuum / Vavilov Journal of Genetics and Breeding - 2022+ 26 - 6



T.M. Konomueu, M.U. Kncenesa, H.C. XKemuymnHa
J1.0. MaHkpatoBsa, C.A. Ennsaposa

accumulate dangerous toxins in plant tissues. The results of
similar studies were previously obtained by us when detecting
pathogenic and phytotoxic activity of fungi from the genus
Fusarium isolated from affected wheat plants. Isolates of
F culmorum, F. graminearum, F. heterosporum, F. oxysporum
isolated from wheat had a wide intraspecific diversity accord-
ing to these characteristics. Among them, as well as on corn,
isolates of pathogens with different levels of pathogenic and
phytotoxic activity were found (Zhemchuzhina et al., 2021).

The nature of the effect of FCF strains of fungi F gra-
minearum, F. heterosporum, F. fujikuroi, F. solani and F. redo-
lens on barley seedlings is characterized by high phytotoxicity,
and F. avenaceum, F. poae, by weak phytotoxicity. Of all the
listed species, F. sporotrichioides and F. sambucinum isolates
turned out to be the most pathogenic and phytotoxic on barley.
In F culmorum and F. oxysporum species, in contrast to those
isolated from corn, the frequency distribution of all categories
of pathogenicity and phytotoxicity was approximately the
same (Kolomiets et al., 2018).

Thus, as a result of mycological studies conducted on af-
fected maize samples from the Voronezh region, the State
Collection of phytopathogenic microorganisms of ARRIP was
replenished with 55 strains of fungi belonging to seven types
of pathogens from the genus Fusarium. The selected strains
of phytopathogens, stable in morphological and cultural cha-
racteristics, characterized by pathogenicity and phytotoxicity,
have been stored for long-term storage using lyophilization
and cryopreservation methods.

References

Agarwal V.K., Sinclair J.B. Principles of Seed Pathology. Boca Raton:
CRC Press, 1997. DOI 10.1201/9781482275650.

Ali M.L., Taylor J.H., Liu J., Sun G., William M., Kasha K.J.,
Reid L.M., Pauls K.P. Molecular mapping of QTLs for resistance
to Gibberella ear rot in corn, caused by Fusarium graminearum.
Genome. 2005;48(3):521-533. DOI 10.1139/g05-014.

Babich A.A. Trends in the development of maize industry in the
USA. Kukuruza i Sorgo = Maize and Sorghum. 1986;4:40. (in Rus-
sian)

Berezkin A.N., Malko A.M. Organization of Crop Seed Production in
Canada. Moscow: Publishing House of the Ministry of Agriculture,
1998. (in Russian)

Bilai V.I. Fusarii. Kyiv: Naukova Dumka Publ., 1977. (in Russian)

Bilai V.I, Ellanskaya I.A. Basic mycological methods in plant patholo-
gy. In: Methods of Experimental Mycology. Handbook. Kyiv: Nau-
kova Dumka Publ., 1982;418-431. (in Russian)

Bilai V.I., Kurbatskaya Z.A. Guide to Toxin-Forming Micromycetes.
Kyiv: Naukova Dumka Publ., 1990. (in Russian)

Clements M.J., White D.G. Identifying sources of resistance to afla-
toxin and fumonisin contamination in corn. J. Toxicol. Toxin Rev.
2004;23:381-396. DOI 10.1081/TXR-200027865.

Dictionary of the Fungi. P.M. Kirk, P.F. Cannon, D.W. Minter, J.A. Stal-
pers (Eds.). Wallingford: CABI, 2008.

Dubovoy V., Zhemchuzhina N., Elizarova S., Gorelov P. State collec-
tion of phytopathogenic microorganisms from All-Russian Research
Institute of Phytopathology. Analitika = Analytics. 2016;1: 76-79.
(in Russian)

Eller M.S., Robertson-Hout L.A., Paune G.A., Holland J.B. Grain yield
and Fusarium ear rot of maize hybrids developed from lines with
varying levels of resistance. Maydica. 2008;53:231-237.

Elmore R.W., Abendroth L. Agronomics for corn: have we exhausted
the easy options. In: Illinois Crop Protection Technology Confe-
rence. 2008;75-78.

2022
266

Ocob6eHHOCTM BIOBOrO COCTaBa NaTOreHHbIX rprbos
popa Fusarium B 6uoLeHo3ax KyKypy3bl BopoHexckoii obnactu

Hooker A.L. Inheritance of mature plant resistance to rust in corn. Phy-
topathology. 1967;57:815.

Gagkaeva T.Yu., Gavrilova O.P., Levitin M.M. Modern taxonomy of
fungi from the genus Fusarium section Sporotrichiella. Mikologiya
i Fitopatologiya = Mycology and Phytopathology. 2008;42(3):201-
214. (in Russian)

Gagkaeva T.Yu., Levitin M.M. Current state of the art in the taxonomy
of the fungi belonjing to Gibberella fujikuroi complex. Mikologiya i
Fitopatologiya = Mycology and Phytopathology. 2005;39(6): 3-14.
(in Russian)

Gerlach W., Nirenberg H. The Genus Fusarium — a Pictoral Atlas. Mitt.
Biol. Bundesans Land-Forstwirtsch Berlin-Dahlem, 1982.

Ivashchenko V.G. Prevalence of major maize diseases in the USSR
and the CIS. Vestnik Zashchity Rasteniy = Plant Protection News.
2007;S:68-81. (in Russian)

Ivashchenko V.G. Technology of Selection of Source Material and Cre-
ation of Maize Hybrids with Group and Complex Resistance to Dis-
eases and Drought. St. Petersburg: All-Russian Research Institute of
Plant Protection of the Russian Academy of Agricultural Sciences,
2009a. (in Russian)

Ivashchenko V.G. Resistance of maize to major diseases and the effec-
tiveness of its use in screening. In: Modern Immunological Studies,
Their Role in the Creation of New Varieties, and the Intensification
of Crop Production. Moscow: VNIIF, 2009b;54-61. (in Russian)

Ivashchenko V.G. Fusarium maize diseases: main causes and conse-
quences. Vestnik Zashchity Rasteniy = Plant Protection News. 2012;
4:3-19. (in Russian)

Ivashchenko V.G., Matveeva G.V. Self-pollinated maize lines: assess-
ment for disease resistance. In: Catalog of the VIR World Collection.
Issue 796. St. Petersburg, 2010. (in Russian)

Ivashchenko V.G., Sotchenko E.F., Sotchenko Yu.V. Improving the
evaluation system of maize for resistance to drought and Fusari-
um cob rot. Vestnik Zashchity Rasteniy = Plant Protection News.
2006;1:16-20. (in Russian)

Kolomiets T., Zhemchuzhina N. Genetic resources of the State Col-
lection of Phytopathogenic Microorganisms of the All-Russian
Research Institute of Phytopathology (ARRIP). In: Conf. proc. of
XXXVII Annual Meeting of the European Culture Collection Or-
ganisation, Moscow, 13—15 September 2018. Moscow. 2018;45-46.
DOI 10.18699/PlantGen2019-002.

Kolomiets T.M., Zhemchuzhina N.S., Pankratova L.F., Alexandro-
va A.V., Kiseleva M.1., Elizarova S.A. Micromycetes of the State
Collection of phytopathogenic microorganisms causing mycoses
and mycotoxicoses in humans and animals. Uspekhi Meditcinskoy
Mikologii = Advances in Medical Mycology. 2018;19:371-372. (in
Russian)

Lancashire P.D., Bleiholder H., Langeluddecke P., Stauss R., van den
Boom T., Weber E., Witzen-Berger A. A uniform decimal code for
the growth stages of crops and weeds. Ann. Appl. Biol. 1991;119(3):
561-601. DOI 10/1111/j/1774-7348/1991.tb04895 x.

Large E.C. Growth stages in ctreals illustration of the feekes scale.
Plant Pathol. 1954;3(4):128-129. DOI 10.1111/j.1365-3059.1954.
tb00716.x.

Leslie J.F., Summerell B.A. The Fusarium Laboratory Manual. lowa:
Blackwell Publishing, 2006.

Mesterhasy A., Lemmens M., Reid L.M. Breeding for resistance to
ear rot caused by Fusarium spp. in maize (a review). Plant Breed.
2012;131(1):1-19. DOT 10.1111/J.1439-0523.2011.01936.X.

Miller S.S., Reid L.M., Harris L.J. Colonization of maize silks by Fu-
sarium graminearum, the causative organism of gibberella ear rot.
Can. J. Bot. 2007;85(4):369-376. DOI 10.1139/B07-027.

Murillo-Williams A., Munkvold G.P. Systemic infection by Fusarium
verticillioides in maise plants grown under three temperature re-
gimes. Plant Dis. 2008;92:1695-1700. DOI 10.1094/PDIS-92-12-
1695.

Parfenova T.A., Alekseeva T.P. Toxic effect of culture fluid filtrate of
Fusarium fungi on wheat seeds. Mikologiya i Fitopatologiya = My-
cology and Phytopathology. 1995;29(1):78-82. (in Russian)

FEHETUYECKUE KOJUTEKL MW / GENETIC COLLECTIONS 591


https://doi.org/10.1201/9781482275650
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+G&cauthor_id=16121248
https://pubmed.ncbi.nlm.nih.gov/?term=William+M&cauthor_id=16121248
https://pubmed.ncbi.nlm.nih.gov/?term=Kasha+KJ&cauthor_id=16121248
https://pubmed.ncbi.nlm.nih.gov/?term=Reid+LM&cauthor_id=16121248
https://pubmed.ncbi.nlm.nih.gov/?term=Pauls+KP&cauthor_id=16121248
https://doi.org/10.1139/g05-014
https://doi.org/10.1081/TXR-200027865
https://ru.wikipedia.org/wiki/Dictionary_of_the_Fungi
https://doi.org/10.18699/PlantGen2019-002
https://translated.turbopages.org/proxy_u/en-ru.ru.59891b86-624c25be-8bf57a4d-74722d776562/https/en.wikipedia.org/wiki/Doi_(identifier)
https://translated.turbopages.org/proxy_u/en-ru.ru.59891b86-624c25be-8bf57a4d-74722d776562/https/en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1111/J.1439-0523.2011.01936.X
https://doi.org/10.1139/B07-027

T.M. Kolomiets, M.I. Kiseleva, N.S. Zhemchuzhina
L.F. Pankratova, S.A. Elizarova

Robertson-Hoyt L.A., Kleinschmidt C.E., White D.G., Payne G.A.,
Maragos C.M., Holland J.B. Relationships of resistance to Fusarium
ear rot and fumonisin contamination with agronomic performance
of maize. Crop Sci. 2007;47:1770-1778. DOI 10.2135/CROPSCI
2006.10.0676.

Sotchenko V.S. Prospects of maize grain production in the Russian
Federation. In: Proceedings of the Scientific-Practical Conference
“Breeding, Seed Industry, and Production of Maize Grain”. Pyati-
gorsk: Kavkazskaya Zdravnitsa Publ., 2002;5-16. (in Russian)

Sotchenko V.S. The state and prospects of maize grain production in
the Russian Federation. Kukuruza i Sorgo = Maize and Sorghum.
2005;1:2-9. (in Russian)

Sotchenko V.S. Prospects of maize cultivation for the production of
high-energy fodder. In: Materials of the Scientific-Practical Confe-
rence “Maize Breeding, Seed Production, and Cultivation Techno-
logy”. Pyatigorsk: Kavkazskaya Zdravnitsa Publ., 2009;12-22. (in
Russian)

ORCIDID
T.M. Kolomiets orcid.org/0000-0002-1897-2380

A characteristic of the species composition of pathogenic fungi
of the genus Fusarium in corn biocenoses of the Voronezh region

Sotchenko V.S., Gorbacheva A.G. Maize production and features of its
seed industry in Russia. Zemledelie = Agriculture. 2011;2:3-5. (in
Russian)

Suprunov A.l. Creation of a new source material for the selection of
various subspecies of maize and its evaluation in the agroclimatic
zones of Russia: Doctor Sci. (Agric.) Dissertation. Krasnodar, 2009.
(in Russian)

Watanabe T. Pictorial Atlas of Soil and Seed Fungi. Morphologies of
Cultured Fungi and Key to Species. New York: CRC Press, 2010.
DOI 10.1201/9781420040821.

Zhemchuzhina N.S., Kiseleva M.1., Kolomiets T.M., Ablova 1.B., Gli-
nushkin A.P., Elizarova S.A. Revealing the diversity of Fusarium
micromycetes in agroecosystems of the North Caucasus plains for
replenishing the State Collection of Phytopathogenic Microorga-
nisms of the All-Russian Scientific Research Institute of a Phyto-
pathology. Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Jour-
nal of Genetics and Breeding. 2021;25(8):874-881. DOI 10.18699/
VIJ21.101. (in Russian)

Acknowledgements. The research was carried out with the support of the topic of the State Task FGGU-2022-0008.

Conflict of interest. The authors declare no conflict of interest.
Received April 26, 2022. Revised June 15, 2022. Accepted June 22, 2022.

592

BaBunosckuii xKypHan reHeTuku u cenekuunm / Vavilov Journal of Genetics and Breeding - 2022 - 26 - 6


https://doi.org/10.2135/CROPSCI2006.10.0676
https://doi.org/10.2135/CROPSCI2006.10.0676
https://doi.org/10.1201/9781420040821
https://doi.org/10.18699/VJ21.101
https://doi.org/10.18699/VJ21.101

