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Identification of Mycobiota and Diagnosis of Soybean Seed Diseases

Abstract. Micromycetes that colonise soybean seeds reduce their sowing quality, causing loss of germination, rotting and
death of seedlings, and the appearance of diseases on young plants. Infection-free seed is one of the factors that ensure
crop growth. Therefore, the study of mycobiota of seeds is relevant for the implementation of preventive disease control
measures. The purpose of this study was to identify phytopathogenic fungi that colonise soybean seeds and to establish
their species composition. The seed samples were selected in the conditions of the Ukrainian Scientific Plant Quarantine
Research Station (Chernivtsi Oblast) of the Institute of Plant Protection of the National Academy of Agrarian Sciences
during 2019-2021. Mycological studies of soybean seeds were performed in the scientific laboratory of the Department
of Phytopathology of the National University of Life and Environmental Sciences of Ukraine using the biological method
from subsequent morphological and microscopic analysis of pathogens. It was established that the species composition
of mycobiota of soybean seeds is diverse and is represented by 17 species: Reronospora manshurica (Naum.) Syd. (downy
mildew pathogen), Sclerotinia sclerotiorum de Bary (white mold pathogen), Botryotinia fuckeliana Whetzel. (grey mold
pathogen), Diaporthe sp. (Phomopsis pathogen); pathogens of fusariosis are Fusarium okhusporum (Schl.), Snyd. et Hans.,
Fusarium graminearum Schwabe, Fusarium gibbosum App. et Wr., Fusarium solani (Mart.) Sacc.; Alternaria alternata (Fries:
Fries) Keissler (Alternaria pathogen), Cladosporium cladosporioides (Fresen.) G.A. de Vries (cladosporiosis pathogen),
Colletotrichum sp. (anthracnose pathogen); pathogens of various moulds - Asperygillus niger van Tiegh., Asperygillus flavus
Link, Trichothecium roseum Link ex Friet Fries, Mucor mucedo Fres. amend. Bref., Penicillium expansum Link and Rhizopus
nigricans Ehrenb. The dominant species were C. cladosporioides and A. alternata, their frequency of occurrence was in
the range of 285-47.8%. The obtained data on the symptoms of mycosis of soybean seeds, the species composition of
pathogens and their frequency of occurrence are of practical importance for the diagnosis of diseases, the identification of
pathogens and the implementation of preventive therapeutic control measures
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INTRODUCTION infected with more than 200 types of phytopathogenic

Healthy seeds are one of the factors that ensure the
growth of crop yields. At the same time, seed quality is
strongly influenced by microbial communities, which
consist of endophytes and epiphytes and take part in
germination, growth, and development of plants and
seed storage [1]. Seed-associated microbial populations
consist of 9,000 different synergistic, commensal, and
potential pathogenic microbial species [1; 2]. In gen-
eral, over 80% of plant diseases are caused by fungi or
fungi-like pathogens that threaten food safety [3].
Legume seeds are a favourable substrate for dam-
age by various pathogens [4]. Soybean (Glycine max L.) is

microorganisms, among which fungi are the most dan-
gerous [5]. At the same time, about 30 types of patho-
gens can cause considerable economic losses [6]. Phy-
topathogenic fungi that colonise soybean seeds reduce
its seeding quality, causing loss of germination, rotting
and death of seedlings, disease manifestations on young
plants [7 8]. Infected seeds contribute to the spread of
pathogens locally and over long distances [9]. Some fun-
gal pathogens that colonise soybean seeds can produce
mycotoxins [10; 11], dangerous for humans and animals.

In general, pathogens affecting soybean seeds, in
addition to reducing germination and yield, also cause
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biochemical changes in the seed. Thus, the fungi Pho-
mopsis longicolla and Cercospora kikuchii affect the qual-
ity of soybean seeds, reducing the content of isoflavone,
protein, oil, and fatty acids, with malonligenistin show-
ing the greatest reduction [12]. Therefore, the study of the
phytopathological state of the seeds, the identification of
pathogens is relevant for the implementation of preven-
tive disease control measures. The latter require informa-
tion about the quality of the seed, its pathological condition
since the seed can be a carrier of plant diseases [13;14].

In various countries of the world, research is be-
ing conducted on the species composition of fungi that
affect soybean seeds and reduce their quality. Phyto-
pathogenic species of fungi of the Diaporthe/Phomopsis
complex, which cause seed rot, pod, and stem rot on soy-
beans, are harmful in European countries and are repre-
sented by the species D.longicolla, D. caulivora, D. eres,and
D. novem [15]. The analysis of the phytopathological state
of soybean seeds in the conditions of Serbia confirmed
its infection with the fungi Peronospora manshurica,
Macrophomina phaseolina, Botrytis cinerea, Cercospora
kikuchii, as well as species from the genera Alternaria,
Diaporthe, and Fusarium. The dominant species of fungi
were Alternaria and Peronospora manshurica [16]. The
identification of fungi affecting soybean seeds grown in
the Mediterranean region of Turkey confirmed its infec-
tion with four species, namely: Aspergillus spp., Penicil-
lium spp., Cladosporium spp., and Fusarium spp. [17].

The fungus Diaporthe spp. causes seed decay and
deterioration of its quality. In wet production areas of
the United States of America, up to 10 species have been
extracted from soybean seed. Based on analysis of their
morphology, associated species included D. aspalathi,
D. caulivora, D. kongii, D. longicolla, D. sojae, D. ueckerae,
D. unshiuensis, and three new fungi D. bacilloides, D. fla-
vescens, and D. insulistroma [18]. Seven species and six
genera were identified from 55 fungal isolates obtained
from soybean seeds (USA - southern Virginia, eastern
Virginia, and north-eastern North Carolina). Fungi of
the genera Alternaria, Diaphorte, and Fusarium were the
most common [19]. Soybean anthracnose (pathogen -
fungus Colletotrichum truncatum) is a dangerous disease
in Brazil [20-22]. Potential yield losses from the disease
can be up to 50% [22].

Fungi belonging to 13 genera were extracted from
soybean seeds grown in Southwest China, among which
Fusarium (E fujikuroi, E proliferatum, E verticillioides,
F asiaticum, and F incarnatum) accounted for 55.0%,
Colletotrichum spp. - 23.0% [23]. In the conditions of
Indonesia, the fungi Aspergillus flavus Link, Aspergillus
nigervan Tieghem, and Cladosporium oxysporum Berk &
M.A. Curtis, Colletotrichum dematium (Pers. et Fr.) Grove
f. sp. truncata (Schw.) Arx, Curvularia pallescens Boedijn,
Fusarium solani (Mart.) Sacc., Melanospora zamiae Corda
and Nigrospora sp. were extracted from the seeds of various
soybean varieties [24].
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Scientific literature has reports and experimental
confirmations about the possibility of spreading the fun-
gus Corynespora cassiicola (Berk. & Curt.) with soybean
seeds [25]. It was also established that with an increase in
the duration of soybean seed storage (from 0 to 8 months),
achange in fungal populations occurs, namely anincrease
in the incidence of Aspergillus spp. from 1.3% to 7.5% and
Penicillium spp. from 0% to 17.5%, while the infestation of
Phomopsis spp. decreases from 7.5% to 0-0.3% [26].

In the conditions of Ukraine, studies were previ-
ously conducted that confirm the infection of soybean
seeds by various microorganisms of fungal and bacterial
aetiology [27; 28]. At the same time, this information is
insufficient for a comprehensive understanding of the
entire spectrum of micromycetes that can be found in
infected seeds.

The purpose of this study was to detect and iden-
tify micromycetes that infect soybean seeds, to establish
the frequency of their occurrence and to investigate the
symptoms of pathologies.

MATERIALS AND METHODS

Field research was performed in the conditions of the
Ukrainian Research Station of Plant Quarantine, the
Institute of Plant Protection of the National Academy of
Agrarian Sciences during 2019-2021. For analysis, soy-
bean seeds of the Xenia variety were selected, and an
average sample was formed. For further research, the
seed material was stored in a paper bag in laboratory
conditions at 18-20°C.

Phytopathological analysis of soybean seeds was
performed in the scientific laboratory of the Department
of Phytopathology of the National University of Life and
Natural Sciences of Ukraine according to generally ac-
cepted methods [29]. At the bottom of a Petri dish with a
diameter of 90 m, three layers of filter paper were placed,
which were moistened with distilled water (excess water
was drained). Petri dishes, filter paper, and water were
sterile. Ten seeds were spread evenly (at 2 cm) on the sur-
face of thefilter paper. The total number of seeds under ex-
amination was 400 pieces. Next, the prepared seeds were
incubated at 25+2°C for 7 days with a 12-hour alternation
of light and darkness. After the end of the incubation pe-
riod, the seeds were examined using a stereomicroscope
(SIGETA MS-217 LED 20x-40x Bino Stereo) to identify the
morphological structures of the fungi. Furtherworklied in
making temporary microscopic preparations and using a
monochrome microscope (Sigeta MB-103 40x-1600x LED
Mono) to analyse mycelial morphology and sporulation.
Soybean seeds affected by downy mildew were detected
by macroscopic examination.

To detect internal infection, surface sterilisation of
soybean seeds [30] and its incubation under the conditions
given above were performed. To investigate the symptoms
of diseases, in the pre-harvest period, soybeans with signs
of pathologies were selected and diagnosed.
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Micromycetes were also extracted from pure
cultures and cultivated on potato-glucose agar [30; 31]
in Petri dishes for 7 days at 22+2°C, which allowed eval-
uating the cultural and morphological characteristics
of mushrooms. To identify pathogens, special literature
was used [32; 33], where the species composition of soy-
bean diseases in different regions of the world is covered,
their symptoms on the vegetative and generative organs
of plants are described, and attention is paid to the bi-
ological and morphological features of pathogens. Fre-
quency of occurrence [30; 31] of micromycetes species
were calculated according to formula (1):

_ nx100
Foc === (1)
where Foc is the frequency of occurrence, %; n is the

number of seeds in which this species was found, pcs.
N is the total number of examined seeds, pcs.;

RESULTS AND DISCUSSION
Three-year studies of the structure of micromycetes that
colonise soybean seeds proved that their species compo-
sition is diverse and is represented by 17 species (Fig. 1):
Peronospora manshurica (Naum.) Syd. (downy mildew
pathogen), Sclerotinia sclerotiorum de Bary (white mold
pathogen), Botryotinia fuckeliana Whetzel. (grey mold
pathogen), Diaporthe sp. (Phomopsis pathogen); patho-
gens of fusariosis are Fusarium okhusporum (Schl), Snyd.
et Hans., Fusarium graminearum Schwabe, Fusarium gib-
bosum App. et Wr., Fusarium solani (Mart.) Sacc.; Alternaria
alternata (Fries: Fries) Keissler (Alternaria pathogen), Clad-
osporium cladosporioides (Fresen.) G.A. de Vries (cladospo-
riosis pathogen), Colletotrichum sp. (anthracnose patho-
gen); pathogens of various molds - Aspergillus niger van
Tiegh., Aspergillus flavus Link, Trichothecium roseum Link
ex Friet Fries, Mucor mucedo Fres. amend. Bref., Penicillium
expansum Link and Rhizopus nigricans Ehrenb.
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Penicillium expansum
Mucor mucedo
Trichotecium roseum
Aspergillus flavus
Aspergillus niger

Collectotrichum sp.
Cladosporium cladosporiodes

Alternaria alternata

Fusarium solani
Fusarium gibbosum

Types of micromycetes
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Fusarium oxysporum
Diaporthe sp.
Botryotinia fuckeliana
Sclerotonia sclerotorium

Peronospora manshurica
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Figure 1. Frequency of occurrence of micromycetes affecting soybean seeds (epiphytic and endophytic mycoflora)

The frequency of the identified representatives of
the mycobiota of soybean seeds was as follows: P mans-
hurica (4.2%), S. sclerotiorum (2.5%), B. fuckeliana (1.7%),
Diaporthe sp.(0.8%), F. oxysporum (2.5%), E. graminearum
(07%), E gibbosum (1.8%), F. solani (0.7%), A. alternata
(47.8%), C. cladosporioides (28.5%), Colletotrichum sp.
(0.5%), A. niger (0.9%), A. flavus (0.5%), T. roseum (0.8%),
M. mucedo (1.2%), P expansum (3.5%), R. nigricans (1.4%).

Analysis of the distribution of micromycetes shows
that the species C. cladosporioides and A. alternata were
dominant. The frequency of their occurrence was within
28.5-47.8%. Pathogens of fusarium wilt were found in
0.7-2.5% of seeds. At the same time, the most common
species was F. oxysporum. Among other phytopathogenic
fungi (Colletotrichum sp., Diaporthe sp., B. fuckeliana,
S. sclerotiorum, P. manshurica), which colonise seeds

)

during plant vegetation, their frequency of occurrence
was within 0.5-4.2%. Representatives of saprotrophic
mycoflora, which cause mould of seeds, had a prevalence
ranging from 0.5% to 3.5%. The micromycete P expansum
was detected most often.

According to the results of mycological examination,
the endophytic mycoflora of S. sclerotiorum and B. fuck-
eliana fungi was 95.3% and 92.5%, respectively (Fig. 2).
Seeds infected with these fungi lost germination or formed
sprouts that rotted (Fig. 3a, b). At the same time, the fungi
A. alternata and C. cladosporioides, which prevailed in the
general mycoflora of soybean seeds, were detected only in
4.5 and 2.7% during the analysis of internal infection (Fig. 2).
This indicates their localisation in the seed coat. Such seeds
created healthy seedlings (Fig. 3c). The internal infection of
soybean seeds by the micromycete P expansum was 0.5%.
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Figure 2. Frequency of occurrence of certain types of pathogens of soybean seeds (endophytic infection)

o)

Figure 3. Soybean seed infected with micromycetes during germination: a - S. sclerotiorum,
b - B. fuckeliana (healthy - left and affected - right), c - A. Alternata

As a result of visual diagnosis of affected soy-
beans with typical disease symptoms, macro- and mi-
croscopic analysis of the morphological structures of
pathogens, clear pathological changes in the affected
seed can be observed. For instance, seeds affected by the
fungus P manshurica are covered with a creamy shell of
oospores of the fungus, become matte, whitish, and lose
their lustre (Fig. 4a). In case of infection of soybeans with
S. sclerotiorum, the seeds in them become discoloured,
lose theirlustre, and become thin. In the interseed space,
sclerotia can form, which adhere to the seeds (Fig. 4b).
Mushrooms B. fuckeliana and Diaporthe sp. cause the
wrinkling of the seeds, the destruction of the skin,

f)

putrefaction, and fragility (Fig. 4c, d). Grain affected by
Fusarium spp. is thin, wrinkled. During germination, it is
covered with mycelium (Fig. 4e) and becomes mouldy. The
micromycetes A. alternata and C. cladosporioides cause the
darkening of the seed coat, and sometimes fragility. During
germination, heavily infected seeds become mouldy (4,
g). Seeds infected with Colletotrichum sp. are covered with
brown spots, thin and underdeveloped. These symptoms
of fungal seed diseases were observed in the case of a
strong degree of disease progression on soybeans. Infec-
tion of soybean seeds with fungi A. niger, A. flavus, T roseum,
M. mucedo Fres., P expansum (Fig. 4h), and R. nigricans
caused its mould and loss of germination.

g
Figure 4. General appearance of soybean seeds severely affected by micromycetes: a - Peronospora manshurica, b -
Sclerotinia sclerotiorum, c — Botryotinia fuckeliana, d - Diaporthe sp., e - Fusarium sp., f - Alternaria alternata,

g — Cladosporium cladosporioides, h - Penicillium expansum
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However, in all cases, for correct diagnosis of seed
pathologies and identification of pathogens, it is neces-
sary to use a biological method and microscopic analysis
of pathogens, since pathogens were in the seeds in a la-
tent state. The use of molecular biology methods is also
important for the reliable identification of many types of
pathogens [15; 34; 35].

Analysis of studies on the structure of popula-
tions of micromycetes affecting soybean seeds in dif-
ferent regions of the world show a wide variation in the
species composition of pathogens and their frequency
of occurrence. Thus, in the Poltava Oblast (Ukraine),
damage to seeds belonging to 8 genera was detected:
Alternaria, Aspegillus, Botrytis, Cladosporium, Fusarium,
Mucor, Penicillium, and Peronospora. The most wide-
spread were Alternaria sp. - 26-35% and Mucor sp. - 22-
47% [28]. In Serbia, the following pathogens of mycoses
dominated: Alternaria sp. - 28.9%, P. manshurica - 44%,
and Fusarium sp. - 10.3% [16]. In southwestern China,
the population of fungi that spread with soybean seeds
is represented by Fusarium sp., Colletotrichum sp., Al-
ternaria sp., Corynespora sp., Diaporthe/[Phomopsis sp.,
Stagonosporopsis sp., Chaetomium sp., Podospora sp.,
Botryosphaeria sp., Thielavia sp., Macrophomina sp.,
Harzianum sp., and Didymella sp. Isolates of the genus
Fusarium dominated, the frequency of which was 55%,
and Colletotrichum sp. - 22.3% [23]. In Brazilian condi-
tions, among the identified pathogens of soybean seeds,
6 types of fungi were common: Fusarium sp., Phomop-
sis sp., Cercospora sp., Colletotrichum sp., Rhizoctonia sp.,
and Penicillium sp. [37]. In Ethiopia, damage to soybean
seeds by fungi Fusarium sp., A. niger, A. flavus, Penicil-
lium sp., and Rhizopus sp. was detected. The species
A. flavus (2918%) and A. niger (23.81%) predominated [38].
A study of seed-associated mycoflora in soybean under
Indian conditions identified six fungal species, including
A.alternata, A. flavus, A. niger, F. verticillioides, Macropho-
mina phaseolina and Rhizopus stolonifer. The most fre-
quent specieswere F. verticillioides - 19.25%, M. phaseolina -
15.00% and A. alternata - 13.50% [39].

Research conducted in the conditions of Ukraine
(Chernivtsi Oblast) allowed detecting and identifying
17 types of fungi that attack soybean seeds. Therewith,

the dominant position was occupied by C. cladosporioi-
des and A. alternata. The last species also prevailed or
was among the main representatives of the mycoflora
of seeds in the studies of scientists from different coun-
tries [16; 28; 39]. The significant distribution of A. alter-
nata is confirmed by its cosmopolitanism [40]. Seed
damage by fungi S. sclerotiorum, Colletotrichum sp., and
Diaporthe sp. was also identified, which are distributed
in soybean cultivation regions [23; 37], but there is no in-
formation about them in Ukraine [28; 36].

CONCLUSIONS

Establishing the species composition of soybean seed
pathogens is important for understanding the epidemi-
ology of plant pathologies and developing effective mea-
sures to control them. As a result of the research, 17 types
of micromycetes that colonise soybean seeds were iden-
tified: Peronospora manshurica (Naum.) Syd., Sclerotinia
sclerotiorum de Bary, Botryotinia fuckeliana Whetzel., Di-
aporthe sp., Fusarium oxysporum (Schl), Snyd. et Hans,,
Fusarium graminearum Schwabe, Fusarium gibbosum
App. et Wr,, Fusarium solani (Mart.) Sacc., Alternaria al-
ternata (Fries: Fries) Keissler, Cladosporium cladosporioi-
des (Fresen.) G.A. de Vries, Colletotrichum sp., Aspergillus
niger van Tiegh., Aspergillus flavus Link, Trichothecium
roseum Link ex Friet Fries, Mucor mucedo Fres. amend.
Bref., Penicillium expansum Link, and Rhizopus nigricans
Ehrenb. The dominant species were C. cladosporioides
and A. alternata. At the same time, they were localised
in the seed coat. Endophytic micromycetes S. sclerotiorum,
and B. fuckeliana caused loss of seed germination or
seedling death.

Phytopathogenic fungi S. sclerotiorum, Colle-
totrichum sp., and Diaporthe sp. identified among the
mycobiota complex of soybean seeds indicate the need
for a more complex study of this issue in different soil
and ecological conditions of Ukraine because these
pathogens during the last decade have not been covered
in the studies of Ukrainian scientists. Further research
must establish the role of soybean varieties, growing
region and meteorological conditions on the structure
of the phytopathogenic complex of seed micromycetes.
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Mupocnas Mocunosuy Mikoecbkuit', Muxaiino Metpoeuy Conomiiuyk>

"HauioHanbHWi1 yHiBepcUTET GiopecypciB i NPUpoAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHM, 15, M. KuiB, YkpaiHa

2YKpaiHCbKa HayKOBO-AOCAiIAHA CTaHLisi KapaHTUHY POCUH IHCTUTYTY 3axucTy pocnnH HAAH
60321, Byn. HaykoBa, 1, c. bosiHu, YepHiBeLbka obnacTb, YkpaiHa

lpneHTUdIKaLUifa MiKo6ioTK Ta giarHOCTUKa XBOpPO6 HaCiHHA coi

AHoTauia. MikpoMmineTy, AKi KOJOHI3yIOTh HACiHHA COi, 3HUIKYIOTb MOT0 IIOCIBHI SIKOCTi, BUKJIMKAOUU BTPATy
CXOJKOCTi, 3aTHUBaHHA i 3arubenb IPOPOCTKIB, IPOSBJIEHHS XBOPOH Ha MOJIOAMX POCIIMHAX. BinbHe Bif iHbeKIit
HacCiHHA € OFHUM i3 YMHHUKIB, fKi 3a6e3Me4yioTh 3pOCTaHHA Bpo)kaio. TOMy BHBUEHHsS MIKO6iOTH HACiHHA €
aKTyaJIbHUM JJIS [IPOBEJIeHHS IIPEBEHTHUBHUX 3aX0/IiB KOHTPOJIIO XBOP0o6. MeTa po60TH — BUABUTU diTOMAaTOreHHI
rpubu, IKi KOJIOHI3YI0Th HACiHHS COi i BCTAHOBUTH IXHiV BUIOBUM CKIIAK, Bin6ip 3pa3kiB HaciHHSA ITPOBOAVIIN B yMOBaX
VRpalHCBKOI HAYKOBO-IOCIIMHOI CTAaHLil KapaHTHHY pocivH (YepHiBelbKa 0651acTh) [HCTUTYTY 3aXUCTy POCIMH
HarmioHansHoi akafieMil arpapHIX Hayk IpoTaroM 2019-2021 pp. MikonoriuHi AochifiskeHHS HaCiHHS Coi 3AiMCHIOBAIN
y HayKoBit taboparopii kadenpu ditomaronorii HarfioHansHOro yHiBEpcUTeTy 6i0pecypciB i IpUpOLOKOPUCTYBAHHS
VRpaiHu BUKOPUCTOBYIOUM 6ioJIOTIYHUN MeTOZ i3 HACTYIMHUM MOpPGOJIOTiYHUM i MiKpOCKOIUHUM aHali30M
TIaTOTeHiB. BCTAHOBJIEHO, 10 BUAOBUM CKJIaZ, MiKO6iOTH HACiHHSA COi € PiSHOMaHITHUM i MpeICcTaBIe Ui 17 BUIaAMU:
Peronospora manshurica (Naum.) Syd. (36ygHuk mepoHocrnopo3sy), Sclerotinia sclerotiorum de Bary (36. 6ioi rawti),
Botryotinia fuckeliana Whetzel. (36. cipoi rawti), Diaporthe sp. (36. doMoricucy); 36yaururaMu ysapiosy — Fusarium
oxysporum (Schl), Snyd. et Hans., Fusarium graminearum Schwabe, Fusarium gibbosum App. et Wr., Fusarium solani
(Mart.) Sacc.; Alternaria alternata (Fries: Fries) Keissler (36. ansreprapiosy), Cladosporium cladosporioides (Fresen.)
G.A. de Vries (36. kimagocnopiosy), Colletotrichum sp. (36. aHTpakHO3y); 36y IHUKaMU Pi3HUX IUTICHABIHG — Aspergillus
niger van Tiegh., Aspergillus flavus Link, Trichothecium roseum Link ex Friet Fries, Mucor mucedo Fres. emend. Bref,,
Penicillium expansum Link i Rhizopus nigricans Ehrenb. JlomiHyiode ctaHOBUIle Manu Bugu C. cladosporioides Ta
A. alternata., yacmoma ix mpannaHHa 6yna e dianasoHi 28,5-47,8 %. OpepsKaHi AaHi IPO CUMIITOMATHUKY MiKO3iB
HaCiHHA COl, BUJOBU CKJIAJ, IIATOreHiB i YaCTOTy Ix TpaIUIAHHSA, MalOTh IIpDAaKTUYHe 3HAYeHHS [Jif AiarHOCTUKU
xBOpO6, imeHTUdiKaIi] 36YAHUKIB i TpoBemeHHS MPobiTaKTUYHUX TePATIeBHUYHUX 3aX0LiB KOHTPOJIIO

KnwouyoBi cnoBa: Glycine max, MikpoMilleTy, eHnodiTHa iHdeKlis, MIiCHABIHHA, IPOPOCTAaHHSA HACIHHA, BUIU
IaToreHiB

@ Plant and Soil Science. Vol. 13, No. 1



