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Absrracr The anicle deals with the abéstic and biobe factors which influence the dynamic sysiem of wheat seed mycofiora. The study of seed-
born fungi in the north-east of Ukraine showed the dominance of a genus of fungl, Aemania. The diagnosis of species acconding 1o the
peculiarities of colony growth on potato-carrot emvironment and the structure of conidial sponulation, § kinds of fungi were discovered (4
fenuissima (Mees et T. Nees: Fr.), A aflemafa (Fr.) Keissl. A. infecfonia, A arborescens and A, avenicols E.G. Simmons, Kosak & Kwasna). 4
arborasoens (17.4%) was the most common species amonp thase identified. PCR analysis of experimental survey confemed the dominance
of this species in the north-aast of Ukraine, The investigation of the spreading of the genus of Alemarnia proved their placing in five regions from
the nonh to the south with the largest amount of fungi in the northerm termitonies. |t can be concluded that the presence of Alfemana speces

varied depending on the place of sampling and the year of study.
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The myeoflora of seeds consists of different species of
fungi, the presence of which is determined by various factors.
The main world representatives ofthe complex of wheat seed
fungi were Alfernaria, Aspergillus, Cerafobasgidium,
Cercospora, Cochliobolus, Curvularia, Drechslera,
Fusanum, Gaeumannomyces, Microdochium, Pemigilium,
Pyricularia, Pythium, Rhizoctonia, Rhizopus, Sclerophthera,
Trichoderma and Tricoconela (Miller 1865). The fungi of the
Altemaria genus are widespread among the seed mycofiora
of cereals: in Argentina (Andersen et al 2015), ltaly (Ramires
et al 2018), Germany (Mlller and Kom 2013), Slovekia
{Madkova et sl 2012), Russia (Gannibal 2018), Kazakhstan

Altemaria fungi were the main endophytes of seeds and
stems of Tnticum sestivum L, T. dicoccoides and Aegilops
sharonensiz (Ofek-Lalzar &t al 2018). They produce about
300 secondary metabolites that have dangerous
{phytotoxins, mycotoxins). Allernana fungi can cause allergic
reactions in humans (Kisfah et al 2020). Some species
produce substances with herbicidel (Dalinova et al 2020).
insecticidal (Singh et al 2012), antimicrobial (Berestetskiy et
al 2018) snd antiviral (Bashyal et al 2014) properties. In
China. A. alfemars was isolated from rust pustules of
Pugginia giriformiz f. sp. tritici and proved fo be a
hyperparasite of this biotrophic whest pathagen (Zheng et al

{Turzhenova et al 2020), During the last ten years, several
studies of Allemaria spp. in wheat seeds have been done by
Ukrginian scientists. During 2008-2012 enly A akemals
{20.3%) wes isolated in the endophytic mycoflora of wheat
seeds in the central part of the country (Kovalishina &t al
2012), The analysis of isolates of Alfemnana spp. in different
regions of Ukraine during 2012-2013 showed the dominance
of A tenuizsima (T0%) end & significant percentage of A.
infectaria (25,8%) (Holosna 2015). In the region of Polissys
during 2011-2013 only one species (A alfemata) was
isolated (358%). It dominated in the mycoflora of wheat
seeds (Tymoshchuk et al 2014). Due to its wide distribution,
the genus of Aftemaria plays a significant role as in wildlife so
in the human life. Mest Alfemaria species are saprophytes,
which slong with other microorganisms. destroy plant debris.

2017). Altermaria fungi are dangercus phylopathogens that
cause diseases of economically imporiant plants, including
cereals, fruits, oilseeds, cucumbers, fomatoes. citrus,
caulifiowers. peppers, tobacco, and strawbermes ete. (Lee et
al 2015, Meena et al 2018). Thus, Alemans spp. has &
significant distribution in the mycofiora of seeds in Ukraine
and other countries. The wvarisbility of their species
composition has been confirmed by verious researchers.
There is no monitoring of Abemana fungi in Ukraine.
Therefore, the sim of the study was to establish their
distributicn ameang other fungi of wheat seeds mycofiora and
determine their species composition

MATERIAL AND METHODS
Analysis of seed-born fungi Thinty semples of winter



Spreading of Allemaria spp. in Mycoflara of Winter Wheat Seeds

whest seeds of Ukrainian and foreign selection were
collected from five regions of north-eastern Ukraine during
2018=2018: Shostka (51.70021234521743,
33.48084072807518), Hlukhiv (51.87418850582228,
33.0008018820434), Sumy (50.883821085803180,
34 77T17208001851214; 50.83470032452181,
34,78502051280139), Okhtyrka (50.21805847808308,
35.02758103561298), and Kharkiv (48.904852037107.205,
308.4524040802801284) regions. The analysis of seed
miycaoflora was performed by biclogical methods on potato-
glucose agar (PGA) (Kyryk and Pikowsky 2012) Two
hundred sesds were taken from each sample. First, they
were rinsed for an hour under running water and then
sterilized in 1% polassium permanganate sclution for 1-2
minutes and washed with sterle water. Subsequently, they
ware dried in two leyers of filter paper and 20-25 seeds were
placed into Petri dishes. Incubation was performed in &
thermostat at a tempersture of 22-24°C. The seeds were
examined for the presence of seed borne mycofiora from the
third 1o the eighth day of incubation. Fungi were identified
using & microscope (merpholegy of mycelium, asexusl and
sexual sporulation]).

Identification of Alfernaria spp. Affemana fungi were
sowed in a special emvircnment (potato-carrot agar, PCA)
Petri cups were incubated in special lighting conditions for a
photoperiod of 12/12 hours under fluorescent lamps. Fungi
were |dentified by sporulation habit and morphology of
conidia and conidiophones (Simmons 2007, Gannibal 2011).
PCR diagnostics of A. arborescens: DMA isclation from
samples of the genus of Alfemana was performed using the
HecPrepi00 OMNA Magnet_plant set (NEC_GEMN, Ukraine).
This set is based on Lysing soln. It is intended for calllysis,
solubilization of cell debris, as well as for denaturation of cell
nucleases. DMA sorbs on MNeoSorb (R) (sorbent) in the
presance of Lysing solm. Then it easily washed off the
proteing and the salt of Buffer soln. DMA can be used for its
intended purpose without further purification or processing.
Lysis was performed in a8 3 mol solution of guanidine
thiocyanate (produced by Amresco, USA) at 85°C per 1 hour.
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PCR was performed using & sel of reagents for DMA
amplification "PCR MIX 2x HOT" (produced by NEQ_GEN,

Ukraine), which containe 8 ready-made modure for DNA
ampidification (Tag DNA polymerase, which was nhib#ed for
“het start”; deoxynuclecside triphosphates, MgCl_ paint for
application to the gel as part of an optimized buffer system for
standard PCR). The total valume of the reacticn midure was
20 pl {10 wl of 2x mixture for PCR; 0.1 pl of specific primers;
4.8 pl of deionized water for PCR, 5 yl DNA). Sequence of
specific primers: direct - 5'GCTCACTCGATTGC
ATGCACCTCA3'G. reverse - S'TGTTGCTCATT
TCGGATGCTGY. The amplification program included the
following stages: 85°C for 12 minutes = 1 cycle. B5°C for 15
seconds — 40 cycles, 85°C for 15 seconds — 40 cycles. T2°C
for 15 seconds — 40 cycles, T2*C for 1 minute - 1 cycle. PCR
products were separated by electrophoresis in 2.5% agarose
gel at a voltage of 8 Viem (30 minutes) with ethidium bromide.

RESULTS AND DISCUSSION
Identification of Alternana species by cultural and
morphological characteristics: Initislly, the colonies of
AMemaria fungi, which grew in wheat seeds during the
analysis of seed mycoflorsa on potato-glucose ager
environment were observed. The colonies differ in colors,
structures and intensities of air mycelum formation, Different
formations of sporulation of fungi from Petri dishes were
noted with a microscope. A detailed study of conidia showed
their different structures. Therefore, & special environment
(Potato Carrot Agar, PCA) was used to identify the following
species: A, fenuizsima, A affemats, A infeciona, A
arborescens, and A. svenicola. The main festures of the
wentificaton of small-spore species were the three-
dimensional sporulation patberns and the structure of conidia
{Fig.1).

A, tenuissima on PCA formed colonies with a dark
center. Similar colonies of this species were grown in
isolation from soybeans, but they stil had separate dark
areas (Stevan et al 2011). Conidia were amanged in long
chains (5-17). Spores are brown with & short secondary



Fig. 1. The three-dimensional sporulation pattern of Alfernarnia spp. on PCA (A fenuissima, A alfenata, A arborescens, and A

avenicola)
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conidiophore, often had 2-4 longitudinal and 2 transverse
septas. Latersl secondary conidiophores were formed on the
parts of the conidis. A. alfernata had simost black colonies on
the PCA_ The color, structure, and the growth of colonies of
this species depend on many factors (Mishra and Khan
2014). Depending on the environment, their color can be
varied from pale white to black (Dipak et al 2013). Conidia are
more elongsted in companson with A. fenuiszsima. There
were 4-8 conidia in one short chain. Spores formed small
bushes and had sn apical secondary conidiophore with 1
conidiogenic locus.A. infecforia formed light brown colonies
with light aerial mycelium in the center on the PCA. A typicsal
feature of this species complex was the Iste formstion of
conidia (7-10 days). Spores had light brown color, stypicsal
shape. The presence of long secondsry conidiophores in
conidia was noted. The three-dimensions! sporulation
pattern differs from simply broken chains to the characteristic
Iarge bushes. A. arborezscens had seversl types of colonies.
In most cases the fungi of the PCA formed gray-green
colonies with gray serial mycelium in the center. Then small

Tetians Rozhkov et al

alternata end A. fenuissims (Ramires et sl 2018). The cluster
of A aftemats and A fennuissims was dominant in whest
seeds with black point in Kszskhstan (Turzhanovs =t sl
2020).

Determination of A. arborescens by PCR: Since the
isolation spectrum of Affemans spp. has changed in recent
years (emergence of new species and their dominance in the
north-eastern forest-steppe of Ukrsine) additionsl PCR
disgnostics were performed. Twenty isolstes, which we
previously identified as A. arborescens by the charactenstics
of conidial sporulstion. Isolates of two species were included
into the study (A avenicols (Hiukhiv distnict) and A. affemata
(Okhtyrka district)) to compare the resulis. The sffilistion of all
studied isolstes to the species of A. arborescens (except for
two)wss confirmed (Fig. 2).

The belonging of the solates of Kharkiv region (X1, X2,
X5) to A arborezcens was confimed. X4 and isolstes a37
andav1 (A altemats and A svenicola, respectively) were not
representstives of this species. B2, CM7. P1 and KSh2 (the
first three variants of Sumy snd the fourth one of Shostks



chains (5-8 brown spores) attached to the long
conidiophores, which did not branch much. In some cases
there was the formation of dark green colonies, in which the
chains of spores were more often branched. Conidia had
characteristic of secondary apical conidiophores. Apical
branching characteristic of A arborescens was cbserved
even on PGEA N 24-hour darkness. Although previous stedies
hawve shown the increase in lateral and suppression of apical
branching when this species was grown in complete
darkness (Orina et al 2010). A. avenicols of KMA had brown
colenies with gray aerial mycelium. Conidia are light brown
and of wvarious shapes and spore production = gquite
sbundant. A characteristic festure was the presence of
spores with kateral secondary conidiophores, which formed
short chains or individual conidia. In most cases they were
formed on opposite parts of the same conidia.

Thus, most of the identified species belong to small-
spore Alfermaria species, which hawve a conidia length of less
than 80 pm. The species A. slfemafa, A. srborescens and A
fenwzzima were phylogenetically very close and combined
into one section of Alfermana (Gannibal 2015). The species of
the A infectoris complex are included in the Infecfora section
{Lawrence et al 2018). A avenicols belongs to the section of
Fanax (Woudenberg et al 2013). Therefore, fungi of the
Alemaria section are dominated in the mycoflora of winter
wheat seeds in the north-eastern forest-steppe of Ukraine
during 2018-2018. Recent anslyzes of the species
composition of Alemans fungi hawe also shown the
dominance of this section. In Italy, 105 isolates out of 134
belonged to the Afemsans section. and most were A

regions] were identified as isolstes of A arborescens
Isolstes of A avenicols and A slemats did not show
affiliation to the studied species. The determination of the
species of A arborezcenz according to the structure of
conidial sponulation and morphology of colonies on KMA was
confirmed by PCR.

Spreading of Alfernaria spp. in the internal mycoflora of
winter wheat seeds: The mycofiora of winter whest seeds
was studied on poteto-glucose agar (PGA)L The genus of
Altemaria was dominated among the other species in the
complex of fungi inside the seeds for two years of research.
Among five identiied Afemsns species, only one was
predominated (4. arborescens -Table 1). Other speces hawve
nof been identified in other regions durng the years of
research. Only once A swenicols hed = significant
percentage of isolation in Hiukhiv region in 2012, but i was
widespread in all samplings. In confrast to the previous
studies (Rozhkova =t sl 201E) with the dominance of A
fenuizzima in the north-esstemn Forest-Steppe. present

M X1 X2¥4 X5aal B2 avl 57 Sh2 P1

Fig. 2. PCR resulis on the elecirophoregram
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investigation proved the distribution of it in three regions. lts
highest percentage of isolation was noted in Okhtyrka region.
A, infectoria was distributed in four regions with a low
percentage (maximum was 8%). A, alfernata had the lowest
distributizn and ameunt of isclation.

The place of cultivation of winter whest significantly
affected the allocation of Akemania species in different years
by 5% less level of probability (p<0.0487). Similar results
were obtained by Gannibal (2018). Infection of wheat and
barley grain in different years on average in diffierent districts
of Krasmodar end Stavropol Territories varied significantly for
the Akemaria section 7.0-71.5% and Infecforiae — B.8-
T40%. In most cases, the contamination of grain
simultaneously in different regions and in different years in
the same region differed statistically significantly (p<0.001).
The study of the mycocomplex of winter wheat seeds from
different areas of Ukraine in 20182017 showed a decrease
in the presence of A akemata from Morth to South. This
species wes contained in all analyzed samples from
Pelissya, from the Forest-Steppe — in 58% of samples, from
the Steppe — in 40% (Ostrovsky et al 2018), Isolation of
different Alfernana species was found when growing wheat in
different places. In 2018, three different species were
isolated from whesat seeds in Shostks. Hlukhiv, and Surmy
regions, Two species were identified in the Okhiyrka region,
and four species — in the Kharkiv region. In 2018, the number
of species in three places inocreased (Shostka. Hiukhiv, and
Okhtyrka regions). The seme species remained in Sumy,
their gquaniity decreased fo two in Kharkiv region. Thus, A.
arbovescens was domingted in all regions where seed
samples were taken. Its highast percentage of isolation was
583.8% in Hiukhiv region (2018), s prevalence averaged is
37.4% over two years of research. A avenicola is
significantly inferior to the previous species in its amount of
10.8%. A, tenuizeima and A, infectona had a low percaniage
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Fig. 3. Presence of Alemaria spp. in the inlemal
of winter whest seeds (p=0.883 (2018) p=0.02%
(2019}

of prevalence among the other species (3.4 and 2.1%,
respectively), end A alfernata had very minor one. The
caloulation of the total amount of Afernana sp. proved their
dominant presence in the northem regions, such as Hiukhiv
and Shostks (Fig. 3)

The total number of Alemarna spp. isclated from seeds
significantly depended on the place of cultivation of whesat
anly in 2018. The highest percentage of fungal isclation was
noted in 2018, The lowesi indicaiors of the presence of
Abktemaria fungi were determined in the same year in the
southermmost region of Kharkiv, On average, the percentage
of isolation of the genus of Alfernania sp. makes about 53.8%
during 2018-2019 in the norih-easiern Foresi-Steppe of
Ukraing. This indicates their dominance among other fungi of
the winter whest seed mycofiors. Studies of other Ukrainian
scientists have slso proved the dominant position of the
penus of Alemaria sp. in Sumy and Kharkiv regions
(Mylkhalske et al 2018).



Table 1. Spacies of the genus A¥emarna, which are parts of the internal mycoflora of winter wheat seeds (north-east of Ukraine )

Pluce of seed sampling Species of the penus Alemana, % isclation among all fungal colonies

A, arborgscens A, avenicols A fenuissima A ghemsta A, infeciona

20082010 2082010 282010 2082010 20ME2010

Shostka region 54 /8T .1 0.510.8 B8NS -~ 428
Hiukhiv regian 83125 1845 52 - 2503
Sumyregion 3537208 51108 - - 8303
Clkchtyrka region 41.1724.3 417 18,80 15 .
Fharkiv regien 36203 14111 - 0.3 [T
On the averape 4A(28.T (3T 4) 3817 (10.5) A.10.7(3.4) 0.0840.3 {0.2) IBMA(21)
LS50 (0.08) 4228 2ne 2%- - 1805
Nobe: *. Fungi didn't geeminalis from seods
o8 Tetiana Rozhkov ef &l

CONCLUSION

The average isolation of Aternana fungi from winter
wheat seeds was 53.8%. Therefore, they predominated in
the mycofiora among others during 2018-2018 in the north-
eastern Forest-Steppe of Ukraine. Five species of Atemaria
fungi were identified in potato-carrct envronment: A
tenwissima, A. altemata, 4. infecforia, A, arborescens. and A,
avenicola. PCR identification of 4. arborescens confirmed
the corfeciness of the prelimmnary spacies determination. A,
arbovascens (37.4%) was the most common species amang
those identified. The small-spore species from the Atemaria
section had a deminant position in the myccflora of winter
wheat seads. Tha region of cultivation significantly affected
the amount of isclation and representativeness of Atemaria
species. These fungi showed their dominant presence in the
northern regions such as Hiukhiv and Shostka. The highest
percantage of fungal isolation was in 2010 (T0.2%).
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