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Abstract
Relevance. Common buckwheat is one of the most important cereal and melliferous crops
being in demand both in Russia and overseas. Despite the fact that buckwheat has lower sus-
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its pathogens is a topical issue considering a high disease rate for this crop in Primorsky krai.
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Introduction
Common buckwheat is one of the most important cereal
crops used for food in Russia. Caloric and nutritional value
of buckwheat along with its high cooking quality makes it one of
the best groats [1, 2]. Buckwheat proteins have a greater nutrient
value than proteins of other grain crops and are easier to digest.
Biological value of buckwheat proteins is significantly higher than
the one of other cereals, rice and soybean [3-8]. Set of amino
acids in buckwheat is the most complete among other groats, and
in respect of the lipid content it loses only to oat and millet groats.
A small amount of prolamines and lack of o-gliadin make buck-
wheat grains a suitable source for gluten-free food products [10,
11]. In addition, buckwheat grain is characterized by high content
of unsaturated fatty acids, vitamin E, niacin (vitamin PP), riboflavin
(vitamin B2), folic acid, vitamin B6 and thiamine [12-14].
Buckwheat groats are rich in essential macro-and microelements,
flavonoids, including rutin, phytosterols and phytoestrogens [15-
19].

Buckwheat is an excellent melliferous plant and reserve for use-
ful entomofauna. More than 100 insect species (90 % of them are
useful) inhabit buckwheat fields [20, 21]. Itis possible to collect up
to 5 kg/day of buckwheat honey from one bee-family in adequate
moisture conditions. Melliferous capacity of one hectare amounts
to 150-200 kg [22-24].

Buckwheat is less susceptible to diseases and pest infestation
in comparison with grain crops. Among the most common dis-
eases of buckwheat are late blight, downy mildew, noble rot,
Ascochyta spot, Cercospora blight, bacteriosis and viral diseases
[25]. The degree of damage caused by diseases can reach the
limit of economic harm in certain years with unfavorable conditions
[26]. Diseases and pests of buckwheat in the Far East and
Primorsky krai are not thoroughly studied yet. A.V. Kuznetsova,
who studied biology and ecology of buckwheat weevil, made
some attempts in this regard [27-29]. But they were unsystematic
and didn’t apply to phytopathogens. Meanwhile, Primorsky krai is
situated in the area of risk agriculture where diseases in combina-
tion with biotic and abiotic factors inflict significant damage on
buckwheat crops resulting in yield decrease. Furthermore, micro-
scopic fungi are presently noted for playing an important role in
human pathologies. Moreover, there is a clear tendency of
increase in the number of illnesses caused by their toxins [30].
Due to the fact that buckwheat is a valuable cereal crop used as
dietetic food, research on its pathogen composition is crucial. All
these reasons determined the aim of the work.

Materials and methods

The research was conducted in selective crop rotations of
FSBSI “FSC of Agricultural Biotechnology of the Far East named
after A.K. Chaiki” at the territory of Ussuriysky district in Primorsky
krai. The plots formed a part of the southern taiga agricultural area.
The objects of the research were rhizosphere soil and leaves of
buckwheat, also isolates of the genus Fusarium fungi, obtained
from rhizosphere and roots of seedlings. Corn seeds of Slavyanka
variety and seeds of buckwheat (varieties Izumrud, Pri 7, Dikul and
Bashkirskaya krasnostebel’naya) were used as the test-objects for
evaluation of phytotoxicity and phytopathogenic activity.
Indeterminate buckwheat varieties Izumrud and Pri 7, which were
bred in FSC of Agricultural Biotechnology of the Far East named
after A.K. Chaiki, are attributed to the group of valuable crops with
a high grain quality in the Russian Federation. Izumrud Variety is
characterized by strong resistance to lodging and grain shedding,
also by a high content of protein in grains (13.6%). Pri 7 Variety dis-
plays good technological and cereal qualities and has the protein
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content of 13-16%. Indeterminate buckwheat variety
Bashkirskaya krasnostebel’naya, which was bread in Bashkisrsky
SRIA, is valued for its grain quality and has a high content of
flavonoids in the above ground biomass, the protein content of
15.4-17.1 %, and considerable resistance to lodging and grain
shedding. Determinate variety Dikul (bred in FSBSI “FSC of
Legumes and Groat Crops”) is included in the list of valuable high-
quality varieties and noted for its productivity, an enhanced con-
tent of rutin and essential amino acids, resistance to lodging and
grain shedding, drought, high temperatures, and for the cereal
yield of 72.9%. Plants were cultivated in controlled conditions of a
culture room with a 16-hour photoperiod, temperature of 23°C and
light intensity of 4 kcal.

The following nutrient media were used for isolation of the
genus Fusarium fungi from natural objects, preservation of pure
culture, identification and experimental research [31-36]:

1. Potato sucrose agar (PSA for isolation, identification and
study on phytopathogenic activity), g/I: agar — 20; purified potato —
200; sucrose - 30.4.

2. Starch-and-ammonia agar (SAA for evaluation of growth
rate), g/l: soluble starch — 10; (NH4)2P04 — 2; MgSO4 7H20 — 1;
NaCl - 1; CaCOs - 3; Ko2HPO4 - 1; agar - 20.5.

3. Basic culture media (BCM for study on vegetative reactions),
g/l: sucrose - 30; NaNOs - 2; KHoPO4 - 1; MgSO4 - 7H20 - 0.5; KCI
-0.5; FeS0, - 7H20 - 0.01; agar - 20; solution of micronutrients —
0.2. Solution of micronutrients, g/95 ml: ZnS04 - 7HO - 5;
Fe(NH4)2(S04)2 - 6H20 — 1; CuSO4 - 5H20 — 0.25; MnSO4 - H20 —
0.05; H3BO4 - 0.05; citric acid - 5.

4. Soil extract agar (SEA for induction of chlamydospore forma-
tion), g/I: dry soil - 500; agar - 15.

5. Selective agar (SA for isolation from plant tissues), g/I: dex-
trose — 20.0; yeast extract - 1.0; NaNOs - 2.0; MgSO4-7H20 - 0.5;
FeS047H20 (1 % solution) — 1 ml; agar - 20.0.

6. Czapek's Agar with sucrose (for isolation, preservation and
evaluation of growth rate), g/I: sucrose — 30; NaNOs - 3; KHoPO4 -
1; MgS04-H20 - 0.5; KCI - 0.5; FeS047H,0 - 0.01; agar - 20.

7. Czapek's Agar with glucose (for isolation, preservation and
evaluation of growth rate), g/I: glucose - 30.0, NaNOs - 3, KH2PO4
-1, MgS04H20 - 0.5, KCI - 0.5, FeSO47H.0 - 0.01, agar - 20.

8. Myro medium (for study on phytotoxicity), g/I: glycerine - 10;
sucrose — 20; KH2PO4 - 1; NaCl — 0.5; NaNOs — 3; MgS04-H20 —
0.5.

9. SNA Nirenberg medium (for identification), g/I: KNOz - 1;
KH2PO4 - 1; MgSQO4-7H20 - 0.5; KCI - 0.5; glucose - 0.2; sucrose
-0.2; agar - 15. Pieces of sterile filter paper (1-2 cm) are placed on
the surface of sterile nutrient medium in a Petri dish to stimulate
sporulation.

10. Carnation leaf agar (CLA for identification), g/I: agar —
15-20; Dianthus leaves — 5-6 leaves (fresh leaves are cut into
pieces, each 5-10 mm long, sterilized in 70% lab alcohol, dried
with sterile filter paper and placed on the surface of cooled medi-
um in Petri dishes).

Fungi were isolated from rhizoplane with the use of the water
washing technique, from soil and rhizosphere via the dilution
method, from leaves and root systems by accumulation in a moist
chamber with subsequent transfer of culture onto selective medi-
um [31, 34-36]. Correct identification of species is possible only in
the experiments with monosporous culture. In order to obtain such
a culture, spore suspension was prepared in sterile water with the
use of either sporodochia and pionnots or a mixture of hyphae and
conidia. The selected technique allowed to achieve spore quantity
that was enough to have 1-10 conidia in the field of vision of the
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microscope when the image was magnified 100 times. The sus-
pension was applied with a spreader on the surface of thin-layer
water agar (2 %). The Petri dishes were examined through the
microscope with transmitted light illumination after 24 hours to find
germinated separate conidia of fungi. They were subsequently
transferred in sterile conditions onto PDA to promote growth [36,
37]. «Fusarium species: an illustrated manual for identification»
[34] and «Fusarium laboratory manual» [36] were used as the
main guide for identification of the genus Fusarium fungi. Both
micro- and macromorphological traits were evaluated.
Morphological traits of mycelium and reproductive structure
(forms and structure of macroconidia; structure of conidiophores;
presence, forms and distribution of microconidia and chlamy-
dospores; presence and structural peculiarities of mesoconidium)
were studied after inoculation onto CLA, SNA Nirenberg medium
and soil extract agar. Typical abundant sporulation occurs within
7-14 days on CLA and SNA media. The conidia have standard pro-
portions with low variability. Presence, quantity and distribution
pattern of chlamydospores were evaluated on soil extract agar.
The Petri dishes with cultures were incubated for 7-28 days with a
12-hour photoperiod at 25-27 °C. Microstructures and peculiarities
of conidiogenesis were studied in preparations for vital staining
and in microchambers [31] with the help of microscopes
Levenhuk D740T (5.3 MP) and ZOE (BioRad), and benchtop scan-
ning electron microscope JCM-7000. Chromogenesis was stud-
ied on PSA after 10-14 days of cultivation with a 12-hour photope-
riod with evaluation of colony reverse color. Radial growth rate of
colonies was determined on the media which contained various
sources of carbon nutrition (glucose, sucrose, starch, cellulose)
and at different temperatures (8, 18, 28 = 1°C) till agar plates were
fully encrusted. Mycelial height and diameter were measured in
millimeters, density of colonies was evaluated according to 3-point
scale (1 point - low, 2 points — average, 3 points — high) [31].
Growth index (Gl) was calculated with the use of the formula:

GI:M 3
t

where D —diameter, mm; h — height of mycelium, mm; g — den-
sity of colony, point; t—age of colony, day.

Radial growth rate (RGR) was calculated with the use of the for-
mula:

RGR = 1R2—R1) y
(to-t1)

where Rz - radius of colony, mm; R+ —radius of inoculation spot,
mm; t4, t2 — start and end time of cultivation, day.

Fungal isolates were cultivated on toxigenic medium (Myro)
where sporulation was partially repressed and formation of toxins
occurred [38]. Buckwheat seeds were soaked in the filtrate of
culture fluid for 24 hours at 25 °C. Seeds soaked in sterile water and
nutrient medium were used as the control samples. Buckwheat
seeds were placed into moist chambers in batches of 20 with five-
fold repetition and then left to sprout for 7-14 days at 24-26 °C.
Presence of phytotoxic substances in culture fluid was determined
by growth effects. Percentage of seed germination, length of
sprouts and roots were evaluated in comparison with the control
samples. Cultures which repressed germination rate of seeds by
50-100 % were considered highly toxic, the ones which repressed it
by 30-50 % were considered moderately toxic, and the cultures
which repressed germination rate by 1-30 % were thought to have
low toxicity with a statistically significant difference from the control
samples (confidence interval is 0.95). Phytotoxic activity of metabo-
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lites was determined on corn sprouts (Zea mays) of variety
Slavyanka with the help of the bioprobe technique. The choice of the
research object is explained by its fast germination rate and forma-
tion of sprouts with a relatively equal size. Apical growing points and
meristems of forty-eight-hour corn sprouts were placed in the filtrate
of culture fluid for one hour. The control sprouts were placed onto
sterile nutrient medium. After that the spouts were placed into a
moist chamber for 24 hours at 26 °C. Length of the roots of the
experimental plants and control samples were measured. [39].
Phytotoxic activity was calculated with the use of the formula:

Aon=100 (2L ) x 100%,
Lr—Li

Where A n — phytotoxic activity of root growth inhibition, %; L x—
mean length of sprout roots of experimental variant after 24 hours,
mm; L,—mean length of roots of the control sample after 24 hours,
mm; L —initial length of sprout roots, mm.

Phytopathogenic activity of living cultures was evaluated on
potato sucrose agar according to the modified method of
Chelkowski and Manka [40]. The studied strains were inoculated
onto PSA in Petri dishes and cultivated for 5 days at 24+2 oC in the
darkness. Buckwheat seeds were sterilized over the surface with
70 % ethanol for 3 minutes and then soaked in sterile water for 24
hours at 24+2 °C to promote swelling. Swollen seeds were placed
on the surface of grown fungal culture in batches of 10 with three-
fold repetition. Seeds, which were spread over sterile PSA, were
used as the control samples. The dishes with fungal cultures and
seeds were kept in the darkness at 24+2 °C for 7 days. After that,
the length of the germinated sprouts was measured (mm) and the
degree of damage was evaluated according to 4-point scale: 0
points — healthy sprout, 1 point — focal necrosis, 2 points — necrot-
ic tissue amounts to 50%, 3 points — death. The soil substrate was
sterilized with 0.5% solution of KMnQO4 before inoculation. The con-
trol seeds were placed into seed boxes while experimental seeds
were soaked for 24 hours in the culture fluid of the isolate which
was cultivated on toxigenic medium for 14 days at 26=2 °C. The
plants grew under artificial light at 25+2 °C. Germinative energy
was evaluated on the fourth day, field germination was estimated
on the seventh day after sowing. Length of the above ground bio-
mass and root system of plants, also number of leaves and leaf
blade area were measured during the studied period of vegeta-
tion. Root systems of all survived plants were analyzed in moist
chambers to check for inner infections.

Results and discussion

Pathological effect exerted on plants by the species of the
genus Fusarium is determined by presence and the degree of
manifestation of phytopathogenic factors, which vary significantly
among different species and populations. Intraspecific polymor-
phism of phytopathogenic fungi and influence of edaphoclimatic
conditions facilitate natural selection of ecologically flexible and
highly pathogenic populations which occupy dominant position
within phytopathogenic complex structure and drive out other
species with a lower occurrence and weaker pathogenic proper-
ties. Fungi of the genus Fusarium, having a wide range of adaptive
reactions, are able to switch from saprotrophic nutrition to feeding
on plant tissues and organs through synthesis of a broad spec-
trum of bioactive substances, including mycotoxins and phytohor-
mones. The study on intraspecific variability of phytopathogenic
properties of natural populations presents an opportunity to evalu-
ate pathogen load of the most common toxicogenic species, fore-
cast Fusatium blight epiphytotics and select the most effective
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Fig. 1. Macroconidia F. avenaceum. 400x , ZOE (BioRad)
Puc. 1. Makpokoumaum F. avenaceum. 400x , ZOE (BioRad)

fungicides against toxicogenic and aggressive native strains of
phytopathogens.

We obtained 150 isolates on different selective media, which
were later identified and attributed to 3 species. Fusarium oxyspo-
rum Schltdl., 1824 and Fusarium avenaceum (Fr.) Sacc., 1886
were isolated from leaves, plant residues and fallen seeds.
Fusarium graminearum Schwabe, 1839 was found predominantly
in root systems and rhizosphere soil. That allows to consider these
sources to be their natural infectious reservoir. These results do
not reveal information totally unacknowledged before. It is well-
known that fungi of the genus Fusarium show a high level of spe-
cialization, including phylogenetic and organotropic ones [41].
According to our data confirmed by Yu.A. Litovka [42], represen-
tatives of the species F. avenaceum form multiple macronidia with
the number of septa from 0 to 3, rarely up to 9 (fig. 1). Macronidia
are oval or egg-shaped with zero or 1 internal wall.
Chlamichlamydospores are scarce in mycelium and conidia of an
aging culture. Conidiophores are unbranched or branched poly-
and monophialides. Colonies grow fast on PDA and form dense
aerial white mycelium whose color changes from light to red-
brown. While aging the culture forms orange sporodochia. The
color of the colony reverse varies from carmine-red to dark-brown.

Fusarium oxysporum forms multiple and predominantly unicel-
lular macroconidia of oval and budlike shape in false heads.
Macroconidia are large, faintly sickle, with thin walls.
Conidiophores are unbranched or branched monophialides (fig.
2). The growth is fast on PDA. Aerial mycelium is procumbent and
white, but changes its color to purple in time. The colony reverse is
also purple.

Fusarium graminearum forms few unicellular micronidia of oval
or budlike shape. Macroconidia are formed in great quantity, they
are large, cylinder-shaped, with thick walls and parallel dorsal and
ventral sides along the length of conidia (fig. 3). Conidiophores
are unbranched and branched monophialides. The growth is fast
on PDA. Aerial mycelium is diminutive, rarely abundant. In time,
multiple sporodochia develop and the surface of colony becomes
cream-colored, the colony reverse turns colorless.

During the first stage of the research, we evaluated the influ-
ence of metabolites, which were synthesized on toxigenic medi-
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Fig. 2. Electron micrograph (x2000)

of microconidia (1) in false heads (JCM-7000) and

macroconidia (2) (Levenhuk D740T) of Fusarium oxysporum.
Puc. 2. 9nekTpoHHas mukpogoTorpagpus (x2000) MUKPOKOHU-
awii (1) B noxHbIx ronoskax (JCM-7000)

u makpokoHuguii (2) (Levenhuk D740T) Fusarium oxysporum.

Fig. 3. Macroconidia of Fusarium
graminearum, 400x , ZOE (BioRad)
Puc. 3. MakpokoHugun Fusarium

graminearum, 400x , ZOE (BioRad)
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Table 1. Laboratory germination of buckwheat seeds under the influence of isolates of the genus Fusarium
Ta6nuya 1. JlabopamopHasi cxoxecmb ceMsIH 2peqyuxu nod delicmeuem Memabonumoe u3osnsimoe poda Fusarium (HaumeHbwas

cyuiecmeeHHas

pasHuya 0,5)

Laboratory germination of seeds, % of the control sample rate

soe eSS £ Dikul lzumrud Pri7
krasnostebel’naya
Fusarium avenaceum 39.8+2.27 24.2+1.63 32.4+2.37 41.4+2.27
Fusarium oxysporum 12.242.80 12.44£2.27 12.54£1.63 22.5+2.21
Fusarium graminearum 42.2+1.79 39.8+2.91 41.4+2.80 72.3+2.41

Note: differences are statistically significant at p < 0.05; p < 0.01 and p < 0.001,
respectively, sample mean differences were assessed at a confidence level of 0.95.

um, exerted on seeds, sprouts and vegetative plants. The study on
laboratory germination of buckwheat seeds showed that the level
of phytotoxicity of fungal culture fluid varies significantly among
varieties (table 1). Germination rate of the control seed samples
was considered to be 100 % in the calculations.

According to the classification of Yu.A. Litovka [42] culture fil-
trates of F. avenaceum and F. graminearum isolates should be
considered to have low toxicity and F. oxysporum should be
regarded as highly toxic. Phytotoxicity of pathogens manifested
itself not only in decrease in laboratory germination ability of buck-
wheat seeds, but also in inhibition of buckwheat sprout develop-
ment. It proved that metabolites exerted a prolonged effect on
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sensitive plants. Itis concluded thatin some cases culture filtrates,
obtained from isolates, influenced biometrics of sprouts and ham-
pered the development of above and underground parts (fig. 4, 5).

It can be concluded that metabolites of most isolates produce
a noticeable phytotoxic effect on seeds and sprouts of majority of
studied buckwheat varieties and inhibit germination process and
subsequent development of plants in laboratory conditions.
Filtrates, obtained after 49-day cultivation of isolates, were used
for quantitative evaluation of phytotoxic activity. On toxigenic medi-
um (Myro) where sporulation was partially repressed and synthe-
sis of toxin complex occurred [43]. The study was conducted on
forty-eight-hour corn sprouts for the reason that this test-object is
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Fig. 4. Influence exerted by culture filirates of fungal isolates of the genus Fusarium

on morphometric parameters of buckwheat sprout roots
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Table 2. Phytotoxic activity of culture filtrates (PACF) of Fusarium fungal isolates demonstrated on corn sprouts, %
Tabnuya 2. Pumomokcuyeckasi aKmueHOCMb KysibmypanbHbIx ounbmpamoe (PAK®P) uzonsmoe 2pubos
poda Fusarium Ha npopocmku KyKypy3bl, % , (HauMeHbwasi cyujecmeeHHasi pasHuuya 0,5)

Culture Parameters
Fusarium avenaceum
Mean root length, mm 20.5+0.18
Zea mays —
PACF on inhibition 18.0+1.12

of roots, %

Culture filtrate
Control
Fusarium oxysporum Fusarium graminearum
25+0.18

100 100 -

Note: differences are statistically significant at p < 0.05; p < 0.01 and p < 0.001,
respectively, sample mean differences were assessed at a confidence level of 0.95

the most convenient in terms of both sensitivity to the influence of
metabolites and rate of sprouting. It is concluded that all isolates
are characterized by high phytotoxic activity (table 2).

It should be noted that similar results have been obtained from
the study on phytopathogenic properties of Fusarium fungi con-
ducted on buckwheat sprouts. All studied isolates inhibited the
development of buckwheat sprouts in comparison with the control
sample. The maximum degree of necrotic process observed in tis-
sues of sprouts infected by F.oxysporum amounted to 1.6 points.
44 % of sprouts had the degree of necrosis equal to 0.9-1.6 points
according to 3-point scale. In general, the conducted study
showed that F.avenaceum, F. oxysporum and F. graminearum
had pronounced phytopathogenic and aggressive properties in
relation to buckwheat and test-plants in the laboratory condition. It
means that they can pose a threat of infectious focus development
and epiphytotics in unfavorable conditions. The total sum of their
studied phytotoxic properties is convincing enough to consider
them potentially hazardous to buckwheat for wilt disease develop-
ment because species of the genus Fusarium are characterized
by a wide range of adaptive reactions. It is known that representa-
tives of the genus Fusarium can synthesize a wide spectrum of
enzymes and are active mineralization agents of organic com-
pounds and thereby being able to colonize various substrates
[44]. They show a high level of phylogenetic specialization, are not
strictly limited by the geographic range of their host-plant and have
different environmental needs [45]. The conducted research is
preliminary to the study on living cultures and metabolites of some
isolates of the genus Fusarium fungi for creation of resistant buck-
wheat varieties with the cell selection method.
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Conclusions

1. Isolates of Fusarium oxysporum Schitdl., 1824 and
Fusarium avenaceum (Fr.), Sacc., 1886 and Fusarium gramin-
earum Schwabe, 1839 were obtained from buckwheat leaves,
seeds and rhizosphere in the course of our research. Their mor-
phological traits corresponded with the ones described in liter-
ature.

2. Culture filtrates of F. avenaceum and F. graminearum iso-
lates should be considered to have low toxicity, and filtrates of F.
oxysporum isolate should be regarded as highly toxic.
Phytotoxicity of pathogens manifested itself not only in decrease
of laboratory germination ability of buckwheat seeds, but also in
inhibition of buckwheat sprout development. It proved that
metabolites exerted a prolonged effect on sensitive plants.

3. All studied isolates inhibited the development of buck-
wheat sprouts in comparison with the control sample. The max-
imum degree of necrotic process observed in tissues of sprouts
infected by F.oxysporum amounted to 1.6 points. 44 % of
sprouts had the degree of necrosis equal to 0.9-1.6 points
according to 3-point scale.

4. The conducted study showed that F.avenaceum, F. oxys-
porum and F. graminearum had pronounced phytopathogenic
and aggressive properties in relation to buckwheat and test-
plants in the laboratory condition. It means that they can pose a
threat of infectious focus development and epiphytotics in
favorable for them conditions. The total sum of their studied
phytotoxic properties is convincing enough to consider them
potentially hazardous to buckwheat for wilt disease develop-
ment.
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