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Abstract. Phytotoxicity of isolates in S. sclerotiorum populations extracted from
different geographic conditions and host plants has been established. The results
of studies of the influence of culture filtrates of 42 isolates of the fungus Sclerotinia
sclerotiorum (Lib.) de Bary of different geographical origin on the germination of
seeds and growth of seedlings of winter wheat plants are presented. All the isolates
tested showed a phytotoxic effect, which consisted of reduced seed germination,
inhibition of root system growth and seedlings. S. sclerotiorum isolates extracted
from soybean and rapeseed plants (Kyiv region, Vasylkiv district) showed the most
negative impact on seed germination rates. Their phytotoxic effect caused a de-
crease in seed germination by 12.4-13.4 % less than in the control. S. sclerotiorum
isolates also induced a reduction in the root length of the plant and inhibition of
seedling growth compared to a control average of 1.0 to 57.9%. In particular, 71-
100% of fungus isolates extracted from soybean and rapeseed plants (Kyiv region,
Vasylkiv district) had a high degree of toxicity.

Key words: phytotoxicity, culture filtrate, isolates, population, Sclerotinia sclerotiorum,
growth rates
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Introduction.

The necrotroph fungus Sclerotinia
sclerotiorum (Lib.) de Bary is a cosmo-
politan with a wide trophic specializa-
tion and is able to parasitize over 400
species of plants from different botanical
families (Boland, G. J., Hall R., 1994),
causing white mold. In Ukraine, it in-
fects a variety of crops (Kyryk, M.M.,
Pikovskyi, M.Y., Azaiki, S., 2012), re-
ducing yields and degrading its quality
(Kirik, N.N., Koltunov, V.A. Brodai,
V.V,, 2001; Pikovskyi, M., Kyryk, M.,
Arnauta, N., 2018). S. sclerotiorum, as a
causative agent of white mold of plants,
has a wide range, occupies various eco-
logical niches and is environmentally
plastic. The study of its toxicogenic
properties is relevant because of the
great importance of this pathogen in
various agroecosystems as a dangerous
phytotroph. Significant plant damage,
lack of high resistance to varieties and
hybrids and high susceptibility to white
mold caused by S. sclerotiorum require
constant studies of various aspects of
this pathogen (Bolton, M. D., Thomma,
B. P. H. J., Nelson, B. D., 2006), includ-
ing its phytotoxic effects (Sharma, P. C.,
Meena, P. D., Singh, Dhiraj, 2014).

Analysis of recent research
and publications.

Phytotoxins are secondary metabo-
lites, produced by individual pathogens,
and have an important role in the in-
teraction of pathogens with plants and
the occurrence of the disease (Svabova,
L., Lebeda, A., 2005). In the studies of
Parveen, Shazia et al. (2019), germi-
nation of Solanum lycopersicum seeds
was completely inhibited by the culture
filtrate of the fungi Trichothecium rose-

um and Alternaria alternata. Penicilli-
um expansum culture filtrate caused of
the complete suppression of Brassica
rapa seed germination. The authors also
found that the filtrate of Fusarium so-
lani culture at a low concentration in-
creases the percentage of sprouted seeds
(Parveen, Shazia & Wani, Ab. Hamid &
Bhat, Mohd., 2019). Seed germination
and subsequent growth of Cuminum
cyminum seedlings slows down the Fu-
sarium equiseti culture filtrate even at
low concentrations (Suthar, Ramchan-
dra & Bhatt, Daksha & Bhatt, Prashant,
2014). Some researchers noted inhibito-
ry and stimulating effects of culture fil-
trates of Penicillium spp. on the germi-
nation of wheat seeds depending on the
type of fungus (Ibatsam Khokhar et al.,
2013). Corn seeds, treated with Asper-
gillus niger and Penicillium chrysoge-
num cultivated filtrates, reduced the
germination rates to 65.33 % and 79.67
% respectively, whereas in the control,
this indicator was 100 % (Garuba, T. et
al., 2015). In studies by Sharma P. et al
(2014), culture filtrates of 25 isolates of
S. sclerotiorum, isolated from Brassica
Jjuncea cv. Rohini, reduced the germina-
tion of seeds at the varying degrees.

Thus, the analysis of scientific publi-
cations shows the different influence of
the culture filters of phytopathogenic fun-
gi on the germination of seeds, which is
related to the species and strain differenc-
es of microorganisms (Suthar, Ramchan-
dra & Bhatt, Daksha & Bhatt, Prashant,
2014; Parveen, Shazia & Wani, Ab Hamid
& Bhat, Mohd, 2019). At the same time,
information on the phytotoxicity studies
of S. sclerotiorum has not been reported
in Ukraine over the last decades, and these
issues have not been studied.

The purpose of the study was to de-
termine the spectrum of phytotoxic activ-
ity of the culture filtrate of S. sclerotiorum
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isolates from different host plants and to
analyze their effect on winter wheat germi-
nation, root system growth and seedlings.

Materials and methods.

42 isolates of the fungus S. sclerotio-
rum were the objects of the study (Table
1). They have been removed from differ-
ent geographical regions from the soy-
bean, rapeseed, sunflower and dahlias.
They were stored in a working collection
of pure cultures of the Department of
Phytopathology named after Academi-
cian V.F. Peresypkin of the National Uni-
versity of Life and Environmental Sci-
ences of Ukraine (NULES of Ukraine).

The 5 mm diameter agar discs were
cut out by a cork drill from the edge of a
7-day actively growing S. sclerotiorum
colony. One mycelial disc was placed
in a 250 ml conical flask with 100 ml
of Richard’s sterile liquid medium and
incubated at 23 °C for 14 days (Sharma,
P. C., Meena, P. D., Singh, & Dhiraj,
2014). Subsequently, the culture flu-
id was filtered and winter wheat seeds

(variety Nationalna) soaked in it for 24
h (Bilay, V. L., 1982). A sterile nutrient
medium as well as distilled and tap
water were used for control. The seeds
were laid out in Petri dishes on evenly
moistened filter paper and incubated in
a thermostat at 22-24 °C for 7 days.

The presence of phytotoxins in the
culture filtrate was determined by the
growth effects: seed germination and
length of seedlings and roots. S. sclerot-
iorum isolates were moderately slightly
toxic, if the inhibition of root growth or
seedlings was 1-10 %, 11-29 % — me-
dium toxic, when inhibition of growth
of these organs was not less than 30
% — highly toxic. The experiment was
repeated three times. Statistical pro-
cessing of the experimental data was
performed using Microsoft Office® for
Microsoft Windows®.

Results and discussion.
As a result of the tests, it was found

that all isolates of S. sclerotiorum fun-
gus, isolated from different plants and

1. List of Sclerotinia sclerotiorum isolates used in the studies

Place of screening of the
affected plants Plants Isolate number
regions, city districts
. . . Soybeans Gml, Gm2, Gm3, Gm4,
Kyiv Vasylkivskyi (Glycine max L.) GmS5, Gm6, Gm7
Zhvtomyr Popilnyanskvi Sunflower Han8, Han9, Han10, Hanl1,
ytomy priny y (Helianthus annuus L.) Hanl2, Han13, Han14
. . . . Sunflower Hanl5, Hanl6, Hanl7,
Kyiv Bilotserkivskyi (Helianthus annuus L.) Han18, Han19, Han20
Kyiv Holosiivskvi Dabhlia D21, D22, D23, D24, D25,
Y Y (Dahlia Cav.) D26, D27
. . . Winter rapeseed (Brassica | Bn28, Bn29, Bn30, Bn31,
Kyiv Vasylkivskyi ngpus L.g Bn32
Ivano- . . Sowing peas, grain
Frankivsk Gorodenkivskyi (Pisum sativum L.) Ps33, Ps34, Ps35, Ps36 Ps37
Kviv Yacotinskvi Sunflower Han38, Han39, Han40,
Y & Y (Helianthus annuus L.) Han41, Han42
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different geographical origin in Ukraine,
led to a decrease in winter wheat seed
germination, indicating that pathogenic
phytotoxic metabolites were formed by
the pathogen. Thus, laboratory germina-

tion of seeds in variants with the culture
fluid filtrate (CFF) of Gm4, Han19 and
GmS5 isolates decreased the most — up to
82-83 %, which is 18-19 % less than in
the control (Table 2). Other fungus iso-

2. Effect of culture filtrate of S. sclerotiorum isolates on seed germination

and growth of winter wheat seedlings

Laboratory Length, cm Decrease in length
Isolates | germination . roots seedlings
of seeds,% roots | seedlings om % om %

1 2 3 4 5 6 7 8

Gml 88 6,58 3,24 3,00 45,6 1,86 57,4
Gm2 84 7,25 3,65 2,35 324 1,45 39,7
Gm3 93 8,01 4,75 1,59 19,9 0,35 7,37
Gm4 82 6,78 3,38 2,82 41,6 1,72 50,9
Gm5 83 6,99 4,44 2,61 37,3 0,66 14,9
Gmo6 85 7,65 4,55 1,95 25,5 0,55 12,0
Gm7 91 6,6 4,38 3,00 45,5 0,72 1,6
Han8 95 9,20 4,47 0,40 4,40 0,63 14,0
Han9 89 6,08 3,84 3,52 57,9 1,26 32,8
Hanl10 98 8,43 4,41 1,17 13,9 0,69 15,7
Hanll 97 8,39 4,42 1,21 14,4 0,68 15,4
Hanl2 84 7,77 4,70 1,83 23,6 0,40 8,5
Hanl3 86 7,35 4,53 2,25 30,6 0,57 12,6
Hanl4 89 8,17 4,18 1,43 17,5 0,92 22,0
Hanl5 95 8,71 4,70 0,89 4,10 0,35 7,5
Hanl6 95 9,22 4,75 0,38 9,90 0,66 13,9
Hanl7 98 8,75 4,44 0,87 9,90 0,66 14,9
Han 18 89 7,99 4,45 1,61 20,2 0,65 14,6
Han 19 82 6,36 4,75 3,24 50,9 0,35 7.4
Han 20 85 8,85 5,12 0,75 8,50 0,20 3,9
D21 96 9,12 4,62 0,48 5,30 0,48 10,4
D22 94 8,21 4,61 1,39 16,9 0,49 10,6
D23 95 8,61 4,89 0,99 11,5 0,21 43
D24 95 8,70 5,0 0,90 10,3 0,10 2,0
D25 90 7,90 4,32 1,70 21,5 0,78 18,0
D26 89 7,88 4,29 1,72 21,8 0,81 18,9
D27 90 8,28 5,00 1,32 15,9 0,1 2,0
Bn28 89 6,97 4,43 2,63 37,7 0,67 15,1
Bn29 84 6,25 421 3,35 53,6 0,89 21,1
Bn30 89 4,78 3,64 4,82 38,0 1,46 40,1
Bn31 86 6,80 3,76 2,80 41,2 1,34 35,6
Bn32 90 7,20 4,19 2,40 33,3 0,91 21,7
Ps33 98 9,67 4,72 0,69 7,70 0,38 8,0
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2. Effect of culture filtrate of S. sclerotiorum isolates on seed germination
and growth of winter wheat seedlings (continuation)

1 2 3 4 5 6 7 8
Ps34 91 7,02 4,31 2,58 36,8 0,79 18,3
Ps35 90 6,98 4,69 2,62 37,5 0,41 1,9
Ps36 94 7,85 5,00 1,85 23,6 0,1 2,0
Ps37 95 8,28 4,53 1,32 15,9 0,57 12,6
Han38 98 9,71 4,43 0,10 1,00 0,67 15,1
Han39 97 8,54 491 1,00 11,7 0,19 39
Han40 95 9,13 5,00 0,47 5,50 0,1 2,0
Han41 96 8,02 5,33 1,58 19,7 0,1 1,9
Han42 92 9,21 4,70 0,39 4,20 0,4 8,5
Control
(nutrient 100 9,6 5,1
medium)

Control

(H20 tap) 100 8,83 4,87
Control

(H20 100 10,54 543
distilled)

1D05 0,30 0,07 0,05

Han38-42

Ps33-37

Bn28-32

D21-27

Han15-20

Han8-14

Isolates of Sclerotinia sclerotiorum

Gml-7

The control
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Length of seedling, cm £ Length of roots, cm B Laboratory germination of seeds, %

Fig. 1. Results of phytotoxic action of isolates on winter wheat seeds
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Fig. 2. Differentiation of phytotoxicity of isolates in Sclerotinia sclerotiorum
populations, extracted from different geographical conditions and host plants

lates caused a 2-17 % decrease in labo-
ratory germination of seeds.

In addition to inhibition of seed germi-
nation, it has found inhibition of the length
of the root system and seedlings of winter
wheat plants. All the isolates of the S. scle-
rotiorum fungus under study had this effect.
In particular, the reduction in root length of
the plant compared to the control (sterile
liquid nutrient medium) ranged from 0.1 to
4.8 cm or 1.0-57.9 %. The metabolites of
the fungus adversely affected on the seed-
lings of the plants, causing inhibition of
their growth by 0.1-1.86 cm (1.6-57.4 %)).

S. sclerotiorum isolates from soy-
bean and rapeseed plants in the Kyiv re-
gion of Vasylkivskyi district showed the
most negative effect on the seed germi-

nation index (Fig. 1). So, the seed ger-
mination was 86.6-87.6 % on average,
due to the effect of phytotoxicity, it was
less than in the control on 12.4-13.4 %.
Cultural filtrate of fungus isolates from
sunflower plants (Zhytomyr region, Po-
pilnyanskyi district) reduced seed ger-
mination by 8.9%. Pathogen population
from the same culture, but from Kyiv
region, Bilotserkivskyi district, also had
anegative effect on the similarity, which
was 90.7 % (less than the control by 9.3
%). S. sclerotiorum isolates, removed
from dahlia plants in Kyiv, reduced of
the seed germination by 7.3 % and from
peas (Ivano-Frankivsk region, Goro-
denkivskyi district) — by 6.4 %. Isolates
of the fungus population extracted from
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sunflower plants (Kyiv region, Yagotin-
sky district), were the least phytotoxic
in influencing the germination of wheat
seeds and reduced the laboratory germi-
nation of seeds by only 4.4 %.

Analysis of the phytotoxicity ratio of
isolates in S. sclerotiorum populations,
removed from different geographical
conditions and host plants, showed that
all pathogen isolates (100%) from rape-
seed plants (Kyiv region, Vasylkiv dis-
trict) and 71% of isolates from plants
were highly toxic soybeans (Fig. 2).
Fungus isolates from sunflower plants
(Kyiv region, Yagotinsky district) and
dahlia (Kyiv) did not characterize of high
toxicity against winter wheat seeds. The
medium-toxic isolates (86 and 40 % re-
spectively) were dominated in these pop-
ulations of white mold pathogen.

Conclusions.

It was found that all 42 isolates of S.
sclerotiorum fungus isolated from soy-
bean, sunflower, rapeseed, dahlia and
pea plants of different geographical ori-
gin in Ukraine had phytotoxic effects on
seed germination, root system growth
and winter wheat seedlings.

The conducted studies revealed the
intraspecific differences of individual
S. sclerotiorum isolates by the degree
and spectrum of phytotoxicity. Strong
phytotoxic activity was shown by S.
sclerotiorum isolates, extracted from
soybean and rapeseed plants (Kyiv re-
gion, Vasylkiv district), which reduced
seed germination by an average of 12.4-
13.4% compared to control. Isolates of
the fungus populations extracted from
sunflower plants (Kyiv region, Yagotin-
sky district) were the least phytotoxic
in the germination of wheat seeds and
reduced the laboratory germination of
seeds by only 4.4%.

The culture filtrate of the fungus S.
sclerotiorum caused a decrease in the
length of the root system of the plants
compared to the control (sterile liquid
nutrient medium) by 1.0-57.9%, and
seedlings of seeds, respectively, by 1.6-
57,4 %.

It was found that all the isolates of
the pathogen extracted from rapeseed
plants under conditions of the Kyiv re-
gion of Vasylkiv district were highly
toxic. Among the isolates of the fun-
gus from the affected sunflower plants
(Kyiv region, Yagotinsky district) and
dahlia (Kyiv) were not very toxic for
winter wheat seeds. In these popula-
tions, the white rot pathogen was domi-
nated by medium-toxic isolates, 86 and
40 %, respectively.

It have been shown, that secondary
metabolites of S. sclerotiorum culture
fluid filtrate had a prolonged action:
the laboratory germination decreased
on 2.5-18.3 % compared to the control,
the length of the root system and seed-
lings, in average respectively —on 53.6
and 57.4 %.

The high toxigenic activity some of
S. sclerotiorum isolates, as a component
of a complex infection of many plants,
should be taken into account as a cri-
terion for the pathogen’s harmfulness
and taken into account during the de-
velopment of artificial infectious back-
grounds and for the organization of pro-
tection measures.

Further studies should address the
nature of fungal inhibitory substances
and their effect on plant morphometric
parameters.

References
1. Boland, G. J., Hall R. (1994). Index of Plant
Hosts of Sclerotinia sclerotiorum. Canadian
Journal of Plant Pathology. 16. 93-108.

66 | ISSN 2706-8382

BIONOTIYHI CUCTEMW: TEOPIA TA IHHOBALIIT

Vol. 11,Ne 1,2020



3axucm i KapaHMUH POCAUH

Kyryk, M.M., Pikovskyi, M.Y., Azaiki, S. 8. Parveen, Shazia & Wani, Ab. Hamid &
(2012). Diagnostic signs of diseases of veg- Bhat, Mohd. (2019). Effect of culture fil-
etable crops and potato. Kyiv: Phenix. 175. trates of pathogenic and antagonistic
Kirik, N. N., Koltunov, V. A., Borodai, V. V. fungi on seed germination of some eco-
(2001). Patologicheskiye izmeneniya v kor- nomically important vegetables. Brazilian
neplodakh morkovi pod vliyaniyem vozbu- Journal of Botany. 6. 133-139. https://doi.
diteley gniley v period khraneniya. [Patho- org/10.21472/bjbs.061212

logical changes in rootsof carrot causal by 9. Suthar, Ramchandra & Bhatt, Daksha &
fungi during the storage]. Mikologiya i fito- Bhatt, Prashant. (2014). Effect of culture
patologiya. 35. 6. 48-51. (In Russian). filtrate of Fusarium equiseti on seed ger-
Pikovskyi, M., Kyryk, M., Arnauta, N. mination and seedling growth of cumin
(2018). Shkidlyvist" biloyi hnyli horokhu. (Cuminum cyminum). Indian Phytopath.
[The harmfulness of white mold peas]. 67.2.193-194.

Zahist i karantin roslin. 64. 143-149. (In 10. lbatsam Khokhar, Muhammad Saleem
Ukrainian). Haider, Irum Mukhtar, Amna Ali, Sobia
Bolton, M. D., Thomma, B. P. H. J., Nel- Mushtaq, Muhammad Ashfaq. (2013). Ef-
son, B. D. (2006). Sclerotinia sclerotiorum fect of Penicillium species culture filtrate
(Lib.) de Bary: biology and molecular traits on seedling growth of wheat. Internation-
of a cosmopolitan pathogen. Mol. Plant al Research Journal of Agricultural Science
Pathol. 7. 1. 1-16. doi: 10.1111/j.1364- and Soil Science. 3.1. 24-29.
3703.2005.00316.x PMID: 20507424 11. Garuba, T., Abdulrahaman, A.-A, Olahan,
Sharma, P. C., Meena, P. D., Singh, Dhiraj. G. S., Abdulkareem, K. A., Amadi, J. E.
(2014). Effect of Sclerotinia sclerotiorum (2015). Effects of Fungal Filtrates on Seed
culture filtrate on seed germination and Germination and Leaf Anatomy of Maize
seedling vigour of Indian mustard (Brassica Seedlings (Zea mays L., Poaceae). Journal
juncea cv. Rohini). Journal of Oilseed Bras- of Applied Sciences and Environmental
sica. 5. 2. 158-161. Management. 18. 4. 662-667. http://dx.
Svabova L., Lebeda A. (2005). In vitro se- doi.org/10.4314/jasem.v18i4.15

lection for improved plant resistance to  12. Bilay, V. I., editor. (1982). Metody eksperi-

toxin-producing pathogens. J. Phytopathol.
153. 52-64. https://doi.org/10.1111/j.1439-
0434.2004.00928.x

metal'noy mikologii. [Methods of Experi-
mental Mycology]. Kiev: Nauk. Dumka. 550
p. (In Russian).

M. W. Mikoscbkuii, M. M. Kupuk, B. B. 6opodaii (2020). ®ITOTOKCUYHI B/IACTUBOCT!
KYJIbTYPA/IbHUX ®I/IbTPATIB I130/1ATIB MIKPOMILIETY SCLEROTINIA SCLEROTIORUM
(LIB.) DE BARY, BU/TYYEHUX 3 ®I/IOCPEPU PI3HUX POC/IMH-FOCINOAAPIB.
BIOLOGICAL SYSTEMS: THEORY AND INNOVATION, 11(1): 60-68.

http://journals.nubip.edu.ua/.

https://doi.org/10.31548/biologiya2020.01.060.

AHomayis. [IpedcmasneHo pesysemamu 00CiOxeHb 8MaAUBY KyabmypasnabHUX Ginsmpamis
42 i3onamie 2puba Sclerotinia sclerotiorum (Lib.) de Bary pizHo20 2eoepagidHo20 MOX0OHEHHA
HQ CXOXCicMb HACIHHA Ma picm npopocmKie pocauH nuieHuyi 03umoi. Yci 0ocnioxcysaHi izonamu
npoAsAAnu imomokcu4Hy 0ito, AKA MOAA2AAA Y 3HUMCEH] CXOHOCMI HACIHHSA, iH2ibyeaHHI pocmy
KopeHesoi cucmemu ma npopocmkie. Halibinew HeaamusHUl 8raAU8 HA MOKA3HUKU CXOHOCMi
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HACiHHA nposenanu i3onamu S. sclerotiorum, suny4eHi i3 pocauH coi ma pinaky e ymosax Ku-
iscbkoi 06nacmi Bacunbkiscbko2o paiioHy. IxHA imomokcuuHa dis 3ym06noeana 3HUMEHHS
cxoxocmi HaCiHHA Ha 12,4-13,4 % meHwe nopieHAHO 3 KOHMponem. [ocnidrcysaHi isonamu S.
sclerotiorum crioHyKasnu MmaxKox 3MeHWeHHA 008X UHU KOPeHe80i cucmemMu POCAUH i npuzHiveH-
HA pocmy popocmkKie Nopi6HAHO i3 KOHMponem y cepedHbomy 6i0 1,0 00 57,9 %.

YcmaHoeneHo OughepeHyiayito cmyneHie imomokcuyHocmi i3onamie y nonyaauisx S.
sclerotiorum, suny4eHux i3 pi3HUX 2e02pagidHUX yMO8 ma pocauH-2ocrnodapis. 30Kpema, 8uco-
Kuli cmyniHe pimomokcuyHocmi manu 71-100 % i3onamis epuba, suny4eHux i3 pocsauH coi ma
pinaky e ymosax Kuiscobkoi 061acmi BacusnbKiecbkoz2o palioHy. 130aamu namozeHy i3 ypaxeHux
POCAUH COHAWHUKY (A2omuHcbKuli palioH Kuiscekoi 0b6aacmi) ma xcopxcuHu (m. Kuie) xapakme-
pusysasnuca cnabkor ma cepedHboto himomoKcuyHicmio.

Kntouosi cnoea: ghimomokcu4Hicme, ginempam KysnemypanbHoi piOuHU, i301amu, nonynayis,
Sclerotinia sclerotiorum, pocmogi NoKasHUKu
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