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ABSTRACT

The phytopathogenic fungi Sclerotinia sclerotiorum and Botrytis cinerea pose a significant problem
in global agriculture, as they cause substantial yield losses and economic damage. Their threat
arises from a broad host range, the ability to survive in soil for long periods, and the emergence of
new strains with increased resistance to fungicides. They are most commonly controlled through
the application of chemical fungicides; however, their use is associated with negative
environmental impacts, the development of resistance, and potential risks to human health. This
study aimed to evaluate the antifungal activity of aqueous extracts from leaves and flowers of
Canadian goldenrod (Solidago canadensis L.) against the growth of these fungi. In vitro tests were
conducted at concentrations of 75 and 150 mg/mL, and the effectiveness of the extracts was
compared with that of commercial fungicides. The highest growth inhibition was observed with the
flower extract at the higher concentration (150 mg/mL). In S. sclerotiorum, the leaf extract (150
mg/mL) significantly reduced sclerotia formation (91 %). In B. cinerea, no sclerotia were formed
during the observation period; however, the flower extract (150 mg/mL) was the most effective in
inhibiting mycelial growth. The results confirm the antifungal potential of S. canadensis extracts in
inhibiting mycelial growth and sclerotia formation in S. sclerotiorum. However, their effectiveness
is still considerably weaker compared to commercial fungicides, suggesting that, for now, they can
primarily be considered a supplementary measure or a basis for further development of more
effective bioformulations.
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INTRODUCTION protection methods. Although chemical

fungicides remain the primary means of
Reduction of available arable land and controlling pathogens, their long-term and
population growth raise the need for intensive use has led to soil degradation,
sustainable agriculture and effective plant environmental pollution, and the development
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of resistance in numerous phytopathogens.
Consequently, interest 1is growing in
alternative, environmentally friendly strategies
that can ensure stable yields without negative
effects on the environment and health. Plant
diseases still cause significant damage, and in
some cases, losses reach up to one-third of
total production [1, 2].

Hazardous pathogens belong to the genera
Botryotinia and Sclerotinia. Their species have
a broad host range and cause significant losses
in agriculture. Sclerotinia sclerotiorum (Lib.)
de Bary, a pronounced polyphagous species
from the family Sclerotiniaceae, can cause
losses of up to 50 % of total yield and affect
crop quality [3]. The genus Botryotinia
comprises about 22 species. Its anamorphic
form is the genus Botrytis, with the best-
known species being B. cinerea Pers., a
parasite on more than 230 plant species,
including grapevine, strawberry, and tomato
[4, 5]. Their harmfulness is further increased
by their ability to form sclerotia, resistant
structures that remain viable in the soil for
years [6 - 8]. Both pathogens produce oxalic
acid, which degrades the host’s cell walls and
facilitates infection [9]. Control is further
complicated by their ability to develop
resistance to fungicides rapidly. This leads to
reduced effectiveness of protection and higher
production costs [10, 11].

Due to these limitations, alternative protection
methods are increasingly being investigated,
including  biological control and the
application of plant extracts [12]. They contain
bioactive compounds that inhibit the growth
and development of phytopathogenic fungi
[13, 14] and are more and more recognized as
a sustainable alternative to chemical
fungicides.

Solidago canadensis L., known as Canadian
goldenrod, is a perennial plant from the
Asteraceae family native to North America. It
was introduced to Europe in the 19™ century as
an ornamental and beekeeping species, but it
quickly became naturalized and is now widely
distributed in Europe and Asia, where it is
considered an invasive species that suppresses
native flora and alters ecosystems [15, 16].

The presence of S. canadensis near arable land
may also have unfavourable consequences, as
it serves as a host for aphids that transmit plant
viruses [15]. In addition to its negative
environmental impact, this species has
attracted  attention due to its rich
phytochemical ~ composition. =~ Complexes
isolated from its flowers contain flavonoids,
phenolic acids, polysaccharides, and proteins,
and show biological activity in
pharmacological tests [17]. These groups of
compounds are known for their antimicrobial
and antifungal properties, which further
justifies the interest in investigating the
antifungal potential of S. canadensis extracts.
Therefore, this species is increasingly
perceived as both a threat to biodiversity and a
potential resource for the development of
natural plant protection products [16].

Previous studies confirm the potential of S.
canadensis plant biomass as an alternative
measure in plant protection. Extracts and
essential oils of numerous plants, including S.
canadensis, have demonstrated significant
inhibition of S. sclerotiorum and B. cinerea
growth, particularly at higher concentrations
and with extended incubation periods [18 -
21].

In view of the above, this study aimed to
evaluate the effect of aqueous extracts of S.
canadensis on the growth of the pathogens S.
sclerotiorum and B. cinerea. Special emphasis
was placed on the inhibitory potential of the
extracts and their comparison with the
effectiveness of commercial fungicides.

MATERIALS AND METHODS

The study of the antifungal effect of leaf and
flower extracts of S. canadensis was
conducted at the Central Agrobiotechnical
Analytical Unit of the Faculty of
Agrobiotechnical Sciences Osijek (Croatia), in
the Laboratory of Phytopathology. Isolates of
pure cultures of the pathogens S. sclerotiorum
and B. cinerea were selected from the
collection of isolates of the Department of
Phytopathology.
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Preparation of plant extracts

Leaves and flowers of S. canadensis were
collected during the flowering stage in the
summer of 2022, dried at 40 °C, and ground.
For extract preparation, 15 g of dry material
was combined with 100 mL of distilled water.
After 24 hours of extraction, the samples were
filtered and prepared at concentrations of 75
mg/mL and 150 mg/mL.

Experimental setup

Pathogen cultures were grown on potato
dextrose agar (PDA) medium at 22 + 2 °C under
a 12 h light/12 h dark cycle. Seven-day-old
cultures were used for inoculation. The study
included six treatments in four replicates:

Leaf extract 75 mg/mL

Leaf extract 150 mg/mL

Flower extract 75 mg/mL

Flower extract 150 mg/mL

Negative control (PDA without
treatment)

6. Positive control (commercial
fungicides: pyrimethanil 0.2 % for B.
cinerea and fenhexamid 0.075 % for S.
sclerotiorum).

MRS

Each pathogen (B. «cinerea and S
sclerotiorum) was tested separately, with six
treatments and four replicates.

One millilitre of plant extract was applied to
the surface of the PDA medium and evenly
spread with a sterile rod. After the medium
had dried, a 4 mm disc of actively growing
pathogen mycelium was placed in the centre of
the Petri dish. The plates were incubated at 25
°C.

Evaluation of antifungal efficacy

The diameter of mycelial growth was
measured for 48, 96, and 120 hours after
inoculation in two perpendicular directions.
The percentage of inhibition was calculated
according to the formula [22]:

(%) === x100 (1)

where: C is mycelial growth diameter in the
control (mm), and T is mycelial growth
diameter in the treatment (including the initial
4 mm inoculum disc).

The number of sclerotia was recorded on the
final day of measurement (144 hours after
inoculation), and the results were expressed as
the percentage of sclerotia inhibition per
treatment. The percentage of sclerotia
formation inhibition was calculated according
to Goussous et al. [23]:

% Inhibition = —— x100 )

where: C is average number of sclerotia in the
negative control (without treatment), and T is
average number of sclerotia in the treatment.

Statistical analysis of data

Statistical analysis was performed using SAS
Software 9.1.4 (SAS Institute Inc., 2003). The
results were analysed by one-way analysis of
variance (ANOVA) to determine significant
differences among treatments. Mean inhibition
values were expressed as arithmetic means
(AM) = standard error of the mean (SE), based
on four replications (n = 4). Duncan’s multiple
range test was used to compare the means at a
significance level of p < 0.05. Mean values
sharing the same letter within the same column
were not significantly different.

RESULTS AND DISCUSSION

The effects of aqueous extracts obtained from
the leaves and flowers of S. canadensis on the
inhibition ~ of  mycelial  growth  of
phytopathogenic fungi were monitored after
48, 96, and 144 hours of incubation. The
results are presented as the percentage of
mycelial growth inhibition. The data indicate
that S. canadensis extracts, particularly at
higher concentrations, exhibit a specific
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antifungal effect, although it is weaker
compared to the commercial fungicide. As
expected, the highest inhibition was achieved
with the fungicide, which almost completely
suppressed mycelial growth throughout the
experiment.

Effect of aqueous extract of S. canadensis on
the inhibition of S. sclerotiorum mycelium

In the case of S. sclerotiorum, clear differences
in the effectiveness of aqueous extracts of S.
canadensis were observed depending on the
plant part and concentration (Table 1). The
best results were obtained with extracts at the
higher concentration (150 mg/mL), while
treatments at the lower concentration (75
mg/mL) showed weak effects. After 48 hours
of incubation, the most effective treatment was
the fungicide, with complete inhibition (100
%). Among the plant treatments, the leaf
extract at 150 mg/mL had the strongest effect
(37.5 %), while the flower extract was
somewhat weaker (24.6 %). Extracts at the
lower concentration (75 mg/mL) exhibited
very weak antifungal potential (< 10 %) and
did not differ statistically from the negative
control.

After 96 hours, the fungicide still maintained
high inhibition (944 %), which was
significantly different from all plant treatments
(p <0.05). Flower (43.8 %) and leaf (38.6 %)
extracts at the higher concentration (150
mg/mL) showed significantly stronger effects
compared to the lower concentrations,
although they did not differ from each other.
At the lower concentration (75 mg/mL), the
flower extract (10.7 %) was more effective
than the leaf extract (3.0 %), with only the leaf
extract at this concentration not statistically
different from the negative control (Figure 1).

After 144 hours of incubation, the leaf extract
at 75 mg/mL showed no antifungal effect and
did not differ statistically from the negative
control. In contrast, the flower extract at the
same concentration achieved 9.7 % growth
inhibition, which was statistically significantly
higher than that of the leaf extract. At the
higher concentration (150 mg/mL), both plant
extracts exhibited a more pronounced
antifungal effect - growth inhibition was 38.4
% for the flower and 29.8 % for the leaf, with
the flower being statistically significantly
more effective. The highest growth inhibition
was obtained with the commercial fungicide
(91.9 %), which differed significantly from all
other treatments.

Table 1. Effect of S. canadensis aqueous extracts on mycelial growth inhibition (%) of S.
sclerotiorum at different incubation periods (h)

Concentration Inhibition (%o)
Aqueous extract (mg/mL) (Mean + SE)
48 h 96 h 144 h
S. canadensis L. 75 7.83+2.55d 3.01£035d | 0.00£0.00¢
(leaf) 150 37.47+1.89b | 38.55+9.53b |29.80+9.27 ¢
S. canadensis L. 75 8.27+2.54d 10.69+234c | 9.74+1.63d
(flower) 150 2457+439¢c | 43.82+3.42b |38.37+5.75b
Positive control 0.075 100.00£0.00a | 94.38+0.67a |91.86=0.54a
(fungicide)
Neg"‘g)vgli‘))mml - 0.00+£0.00e | 0.00+0.00d | 0.00+0.00e
* Values within the column represent mean inhibition (%) values calculated from four
replicates (n = 4) + standard error of the mean (SE). Results were analysed by analysis of
variance (ANOVA). Mean values with different letters within the same column are statistically
significantly different according to Duncan's multiple range test (p < 0.05).
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Extract leaf 75mg/mL

Extract leaf 150 mg/mL

Fungicide
Extract flower 150 mg/mL

b

Figure 1. Effect of aqueous extracts at concentrations: a) 75 g/100 mL, b) 150 g/100 mL on S.
sclerotiorum 96 h after inoculation (Source: Dobos M.)

The obtained results are consistent with
previous studies, which confirm that plant
extracts exhibit stronger antifungal effects at
higher concentrations. Plant extracts and
phenolic compounds may have pronounced
antimicrobial activity, with hydroxytyrosol
highlighted as a key component with potential
antibacterial and antifungal effects [24]. Garlic
husk extract has also been found to exhibit
strong antifungal activity and reduce the risk
of resistance development in pathogens [25].
Similarly,  stronger inhibition of S
sclerotiorum and other pathogens has been
observed at higher extract concentrations [20,
26]. The obtained results are further supported
by reports of stronger effects of plant
preparations at higher concentrations [27, 28].
Extracts such as Calotropis procera (Aiton)
W.T.Aiton and Eucalyptus globulus Labill.
can also significantly reduce the mycelial
growth of S. sclerotiorum, although complete
inhibition was not achieved [29].

To provide a more straightforward overview of
temporal changes and differences among

treatments, the results are presented as a heat
map (Figure 2). A gradual decrease in
inhibition was observed up to 144 hours,
which may be attributed to the evaporation of
volatile active compounds, their chemical
degradation during incubation, or the
pathogen's possible adaptation to the presence
of natural antifungal substances. The results
indicate statistically significant changes over
time within individual treatments. Duncan’s
test revealed that the differences were most
pronounced between the initial (48 h) and later
incubation phases (96 and 144 h). The flower
extract at the higher concentration stood out in
particular, as its effect remained relatively
stable throughout the entire period. In contrast,
the leaf extract at the same concentration
showed a more pronounced decline in
effectiveness. In contrast to the plant extracts,
the fungicide maintained high inhibitory
activity throughout the entire observation
period.

A similar trend was observed with bergamot
essential oil (Citrus bergamia Risso), where
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antifungal efficacy decreased gradually over a
six-day period [30]. The authors attributed the
decline in efficacy to the evaporation and
chemical degradation of volatile compounds,
since the inhibitory effect of the oil against
Aspergillus niger Tiegh. and Penicillium
expansum Link continuously decreases over
time.

48h - 2Mba 83a 315a 78a 00a

144 = 384b 97a 2982 00b 00a

o <

Figure 2. Inhibition (%) of S. sclerotiorum
under the influence of aqueous extracts of S.
canadensis (150 and 75 mg/mL). Different
letters indicate significant differences during
incubation time within the same treatment, as
determined by Duncan's multiple range test (p
<0.05)

Effect of aqueous extract of S. canadensis on
the inhibition of B. cinerea mycelium

In this part of the study, the effect of aqueous
extracts from the leaves and flowers of S.

canadensis on the inhibition of B. cinerea
mycelial growth was analysed. Inhibition was
monitored at three time points (48, 96, and 144
hours of incubation), and the results are
presented in Table 2. After 48 hours of
incubation, all plant extracts showed a low
level of inhibition of B. cinerea mycelial
growth, with values below 20 %. The highest
inhibition among the plant treatments was
achieved by the flower extract at 75 mg/mL
(14.9 %), which was statistically significantly
different from the negative control. Other
extracts had lower values (6 - 10 %), with no
significant differences between the leaf extract
concentrations. After 96 hours, the highest
inhibition was recorded with the flower extract
at 150 mg/mL (49.6 %), which differed
significantly from all other treatments. Leaf
extracts (35.6 - 36.7 %) and the flower extract
at the lower concentration (34.0 %) showed
weaker effects and did not differ significantly
from each other (Figure 3). After 144 hours,
the effects again varied among treatments. The
weakest result was observed with the leaf
extract at 75 mg/mL (14.8 %), which did not
differ from the negative control. The flower
extract at 150 mg/mL achieved the highest
inhibition (43.3 %), significantly greater than
that of the leaf (29.2 %) and the flower at the
lower concentration (25.0 %). The fungicide
maintained almost complete inhibition of
growth throughout the entire period (97.9 -
100 %), significantly higher than all plant
treatments.

Table 2. Effect of S. canadensis aqueous extracts on mycelial growth inhibition (%) of B. cinerea at
different incubation periods

Concentration Inhibition (%)
Aqueous extract (Mean + SE)
(mg/mL)
48 h 96 h 144 h
8. canadensis L. 75 10.14+£4.86b [35.57+220c| 14.83+8.71d
(leaf) 150 6.24+£584bc [36.71+1.60c| 29.22+549¢
8. canadensis L. 75 14.87 £6.62b [33.96+5.52 ¢| 25.00 +6.36 cd
(flower) 150 8.73+7.48bc |49.62+5.84b| 43.31+5.39b
Positive control 0.2 100.00£0.00a | 98.36=0.40a| 97.93+0.87 a
(fungicide)
Neg"‘g)vgli‘))m“’l . 0.00+0.00c | 0.00=0.00d | 0.00+0.00e
* Values within the column represent mean inhibition (%) values calculated from four
replicates (n = 4) £ standard error of the mean (SE). Results were analysed using analysis of
variance (ANOVA). Mean values with different letters within the same column are statistically
significantly different according to Duncan's multiple range test (p <0.05).
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Figure 3. Effect of aqueous extracts at concentrations: a) 75 g/100 mL, b) 150 g/100 mL on B.
cinerea 96 h after inoculation (Source: Dobos M.)

The obtained results partially align with
previous findings, which reported a low effect
of plant extracts after 48 hours of incubation,
followed by a gradual increase in later phases
[19]. A similar trend was observed in this
study, where the differences between leaf and
flower extracts became more pronounced only
after 96 and 144 hours. In contrast, no
significant antifungal activity of plant extracts
was observed even at very high concentrations
(500 - 1000 pL/mL) [18]. However, they did
report disruption of fungal cell membrane
integrity. Their results partially correspond to
the results of this study, as S. canadensis
extracts at lower concentrations also did not
show strong antifungal activity. On the other
hand, it has been demonstrated that increased
concentration had a positive effect on the
antifungal activity of essential oils, which is
consistent with observations in this study - the
higher concentration of the flower extract (150
mg/mL) was the most effective against both
pathogens [31]. The more substantial
antifungal effect of the flower compared to the
leaf is also supported by findings reporting a

significantly higher proportion of flavonoids in
flower extracts (76 % of total flavonoids) than
in leaves. Flavonols, such as quercetin and
kaempferol, have shown antifungal activity,
which may explain the greater effectiveness of
S. canadensis flowers [32].

The obtained results are also in line with
previous findings, where the highest inhibition
of B. cinerea was achieved by the positive
control with the fungicide (fenhexamid), while
aqueous extracts showed weaker -effects
depending on the plant species [10]. This
confirms the limited but existing antifungal
activity of plant preparations, as well as the
need for further research into their potential
applications.

Changes in the antifungal effect of the extracts
were also observed over the incubation period
(Figure 4). After 48 hours, all plant extracts
showed a low level of inhibition, below 15 %,
while the fungicide completely suppressed
mycelial growth. After 96 hours, the
effectiveness of the extracts increased, with
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the most pronounced effect achieved by the
flower extract at 150 mg/mL (49.6 %), which
differed  significantly from the other
treatments. By 144 hours, a decline in the
effectiveness of all extracts was recorded,
most notably for the leaf extract at 75 mg/mL
(14.8 %). However, the flower extract at the
higher concentration maintained the strongest
antifungal potential (43.3 %). In contrast to the
plant extracts, the fungicide maintained almost
complete inhibition of mycelial growth (98 -
100 %) throughout the entire experiment, with
no significant fluctuations.

Treatment

Figure 4. Inhibition (%) of B. cinerea under
the influence of aqueous extracts of S.
canadensis (150 and 75 mg/mL). Different
letters indicate significant differences during
incubation time within the same treatment, as
determined by Duncan's multiple range test (p
<0.05)

Effect of S. canadensis L. aqueous extracts
on sclerotia formation

The obtained results show that leaf and flower
extracts of S. canadensis significantly affect
the number of sclerotia produced by S.
sclerotiorum, with the effectiveness being
strongly dependent on the concentration. The
lowest number of sclerotia was recorded with
the leaf extract at 150 mg/mL (2.75), while
lower concentrations, particularly of the
flower extract, showed weaker effects.

Inhibition rates confirmed these trends: the
highest inhibition was achieved with the leaf
extract at 150 mg/mL (91 %), while lower
concentrations ~ were  considerably less
effective (53 % for the leaf and 44 % for the

flower).  Increasing the  concentration
significantly enhanced the antifungal effect,
especially in the flower extract, where the
higher concentration (150 mg/mL) resulted in
88 % inhibition (Figure 5).

Flower (150 pL)

[ bt

Leaf (75 uL)35®@ 44 Flower (75 uL)

L]
91
Leaf (150 uL)

Figure 5. Inhibition of S. sclerotiorum sclerotia
formation after treatment with aqueous
extracts of S. canadensis

Similar values have been reported in other
studies on biological preparations against S.
sclerotiorum. For example, sage (Salvia
officinalis L.) essential oil at 15 pL reduced
the number of sclerotia to 3.75 after five days
of incubation, which is comparable to the
results of this study for the flower extract at
150 mg/mL [33]. The same author noted that
treatment with clove (Syzygium aromaticum
L.) resulted in 18.5 sclerotia after eight days,
corresponding to the results of this study for
the flower extract at 75 mg/mL. Rosemary
extract at 2.5 mg/mL was found to reduce the
number of sclerotia to 1 - 1.4, while higher
concentrations completely prevented their
formation [23]. Changes in the morphology of
B. cinerea mycelia and conidia after treatment
with plant extracts have also been reported,
indicating that the effect depends not only on
growth inhibition but also on the disruption of
reproductive  structure development [34].
Similarly, in this study, the application of the
leaf extract (150 mg/mL) reduced the number
of sclerotia to only 2.75. These results confirm
that increasing the concentration of plant
preparations can  significantly  enhance
antifungal efficacy and nearly completely
suppress sclerotia formation.
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In the case of B. cinerea, no sclerotia were
recorded, which was expected given the
duration of the experiment (144 h). It has been
reported that sclerotia formation occurs
between the 12" and 15" day of incubation
[35], although other findings suggest their
appearance as early as the 10™ day [36]. Since
final measurement in this study was conducted
after 144 hours of incubation, the absence of
sclerotia was anticipated.

CONCLUSION

This study demonstrated that leaf and flower
extracts of S. canadensis possess antifungal
properties  against the  pathogens S.
sclerotiorum and B. cinerea. The highest
effectiveness was observed with the flower
extract at 150 mg/mL, particularly in
suppressing B. cinerea, while weaker effects
were recorded at lower concentrations and
with leaf extracts. In the case of S
sclerotiorum, the extracts were more effective
in the earlier stages of incubation. On the other
hand, the strongest inhibition of sclerotia
formation was achieved with the leaf extract at
a concentration of 150 mg/mL (91 %). At the
same time, the flower extract at the same
concentration also showed high efficacy.
Lower concentrations of both leaf and flower
extracts, however, were more prone to
sclerotia formation.

The antimicrobial properties of this invasive
species have not been disputed so far, although
their effectiveness may vary depending on the
plant part used and the type of solvent. The
results of this study further confirm the
potential of S. canadensis as a source of
bioactive compounds for the development of
alternative plant protection measures, while
also highlighting the need for further in vivo
research to validate its effectiveness under
agroecological conditions.

In conclusion, although S. canadensis extracts
cannot fully replace commercial fungicides,
their selective antifungal activity, especially at
higher concentrations, suggests the potential of

this invasive species as a sustainable and
natural alternative in plant protection.

REFERENCES

[1] E.C. Stakman, J.G. Harrar, Principles of
plant pathology, The Ronald Press
Company, New York, 1957.
https://archive.org/details/principlesofpla
n0000stak, Accessed: July 1, 2025.

[2] R.N. Strange, P.R. Scott, Plant disease: a
threat to global food security, Annual
Review of Phytopathology 43(2005), 83-
116.
https://doi.org/10.1146/annurev.phyto.43
.113004.133839

[3] D. Jurkovi¢, J. Cosi¢, K. Vrandegié,
Pseudogljive 1 gljive ratarskih kultura,
Faculty of Agriculture in Osijek, Osijek,
Croatia, 2016.

[4] B. Tanovié, J. Hrusti¢, G. Delibasi¢, Rod
Botrytis 1 vrsta Botrytis  cinerea:
Patogene, morfoloske i epidemioloske
karakteristike, Pesticidi 1 fitomedicina
26(2011) 1, 23-33.
https://doi.org/10.2298/PIF1101023T

[5] MycoBank Database.
https://www.mycobank.org/,
July 22, 2025.

[6] U. Smolinska, B. Kowalska, Biological
control of the soil-borne fungal pathogen
Sclerotinia sclerotiorum - - a review,
Journal of Plant Pathology 100(2018), 1-
12. https://doi.org/10.1007/s42161-018-
0023-0

[7] K. Lindbeck, Sclerotinia transmission
across a crop rotation, Groundcover,
2023.
https://groundcover.grdc.com.au/weeds-
pests-diseases/diseases/sclerotinia-
transmission-across-a-crop-rotation,
Accessed: July 5, 2025.

[8] M.M. Hossain, F. Sultana, W. Li, L.-S.P.
Tran, M.G. Mostofa, Sclerotinia
sclerotiorum (Lib.) de Bary: Insights
into the pathogenomic features of a
global pathogen, Cells 12(2023) 7,
Article 1063.
https://doi.org/10.3390/cells 12071063

Accessed:

130


https://archive.org/details/principlesofplan0000stak
https://archive.org/details/principlesofplan0000stak
https://doi.org/10.1146/annurev.phyto.43.113004.133839
https://doi.org/10.1146/annurev.phyto.43.113004.133839
https://doi.org/10.2298/PIF1101023T
https://www.mycobank.org/
https://doi.org/10.1007/s42161-018-0023-0
https://doi.org/10.1007/s42161-018-0023-0
https://groundcover.grdc.com.au/weeds-pests-diseases/diseases/sclerotinia-transmission-across-a-crop-rotation
https://groundcover.grdc.com.au/weeds-pests-diseases/diseases/sclerotinia-transmission-across-a-crop-rotation
https://groundcover.grdc.com.au/weeds-pests-diseases/diseases/sclerotinia-transmission-across-a-crop-rotation
https://doi.org/10.3390/cells12071063

T. Siber et al: The effect of Canadian goldenrod ..., Holistic Approach Environ. 16(2026) 3, pp. 122 — 133

[9]

[10]

[11]

[12]

[13]

[14]

J. Amselem, C.A. Cuomo, J.A.L. van
Kan, M. Viaud, E.P. Benito, A. Couloux,
et al, Genomic analysis of the
necrotrophic fungal pathogens
Sclerotinia sclerotiorum and Botrytis
cinerea, PLoS genetics 7(2011) 8,
Article €1002230.
https://doi.org/10.1371/journal.pgen.100
2230

H.A. Wahab, A. Malek, M. Ghobara,
Effects of some plant extracts, bioagents,
and organic compounds on Botrytis and
Sclerotinia molds, Acta Agrobotanica
73(2020) 2, Article 7321.
https://doi.org/10.5586/aa.7321

P.C. Ceresini, T.C. Silva, S.N. Campos
Vicentini, R.P. Leite Junior, S.L
Moreira, K. Castro-Rios, F.R. Garcés-
Fiallos, L.D. Krug, S. Santos de Moura,
A. Gomes da Silva, A.A. de Paiva
Custodio, L.L. May De Mio, M.C. de
Godoy Gasparoto, D. Portalanza, W.C.
de Jesus Junior, Strategies for managing
fungicide resistance in the Brazilian

tropical agroecosystem: Safeguarding
food  safety, health, and  the
environmental quality, Tropical Plant
Pathology 49(2024) 1, 36-70.

https://doi.org/10.1007/s40858-023-
00632-2

A. de Jesus Cenobio-Galindo, A.D.
Hernandez-Fuentes, U. Gonzalez-
Lemus, A.K. Zaldivar-Ortega, L.
Gonzélez-Montiel, = A.  Madariaga-
Navarrete, L Hernandez-Soto,
Biofungicides Based on Plant Extracts:
On the Road to Organic Farming,
International Journal of Molecular
Sciences 25(2024) 13, Article 6879.
https://doi.org/10.3390/ijms25136879
A.  Steglinska, A. Bekhter P.
Wawrzyniak, A. Kunicka-Styczynska,
K. Jastrzabek, M. Fidler, K. Smigielski,
B. Gutarowska, Antimicrobial Activities
of Plant Extracts against Solanum
tuberosum L. Phytopathogens,
Molecules 27(2022) 5, Article 1579.
https://doi.org/10.3390/molecules270515
79

B. Greff, A. Sédh¢6, E. Lakatos, L. Varga,
Biocontrol activity of aromatic and
medicinal plants and their bioactive

[15]

[16]

[17]

[18]

[19]

[20]

components against soil-borne
pathogens, Plants 12(2023) 4, Article
706.
https://doi.org/10.3390/plants12040706
A K. Szab¢, J. Balint, A. Molnar, S.E.
Aszalos, C.G. Fora, H.D. Loxdale, A.
Balog, Associational susceptibility of
crop plants caused by the invasive weed
Canadian goldenrod, Solidago
canadensis, via local aphid species,
Frontiers in Ecology and Evolution
10(2022), Article 1080599.
https://doi.org/10.3389/fevo0.2022.10805
99

D. Poljuha, B. Sladonja, M. Uzelac
Bozac, I. Sola, D. Damijani¢, T. Weber,
The invasive alien plant Solidago
canadensis: Phytochemical composition,
ecosystem  service potential, and
application in bioeconomy, Plants
13(2024) 13, Article 1745.
https://doi.org/10.3390/plants13131745
M. Sutovska, P. Capek, M. Kocmalova,
S. Franova, 1. Pawlaczyk, R. Gancarz,
Characterization and biological activity
of Solidago canadensis  complex,
International  journal of biological
macromolecules  52(2013), 192-197.
https://doi.org/10.1016/].ijbiomac.2012.0
9.021

H.S. Elshafie, D. Grul'ova, B. Baranova,
L. Caputo, L. De Martino, V. Sedlak, I.
Camele, V. De Feo, Antimicrobial
activity and chemical composition of
essential oil extracted from Solidago
canadensis L. growing wild in Slovakia,
Molecules 24(2019) 7, Article 1206.
https://doi.org/10.3390/molecules240712
06

S. AnZlovar, Stinkwort (Dittrichia
graveolens) organic extracts as potential
biofungicides for Fusarium poae, Acta
Biologica Slovenica 63(2020) 2, 19-29.
https://doi.org/10.14720/abs.63.2.15934

V. Singh, S.K. Singh, A. Singh, G.
Pratap, S.K.  Vishwakarma, A.
Upadhyay, Efficacy of Different

Botanicals Extracts Against Sclerotinia
Blight of Brinjal (Sclerotinia
Sclerotiorum) under In vivo Conditions,
International Journal of Plant & Soil
Science 36(2024) 5, 188-194.

131


https://doi.org/10.1371/journal.pgen.1002230
https://doi.org/10.1371/journal.pgen.1002230
https://doi.org/10.5586/aa.7321
https://doi.org/10.1007/s40858-023-00632-2
https://doi.org/10.1007/s40858-023-00632-2
https://doi.org/10.3390/ijms25136879
https://doi.org/10.3390/molecules27051579
https://doi.org/10.3390/molecules27051579
https://doi.org/10.3390/plants12040706
https://doi.org/10.3389/fevo.2022.1080599
https://doi.org/10.3389/fevo.2022.1080599
https://doi.org/10.3390/plants13131745
https://doi.org/10.1016/j.ijbiomac.2012.09.021
https://doi.org/10.1016/j.ijbiomac.2012.09.021
https://doi.org/10.3390/molecules24071206
https://doi.org/10.3390/molecules24071206
https://doi.org/10.14720/abs.63.2.15934

T. Siber et al: The effect of Canadian goldenrod ..., Holistic Approach Environ. 16(2026) 3, pp. 122 — 133

[21]

[22]

[23]

[24]

[25]

[26]

https://doi.org/10.9734/ijpss/2024/v3 615
4516

J.R. Yadav, S.K. Singh, S. Singh, J.K.
Yadav, P. Singh, Efficacy of biocontrol-
agents and plant extracts against
Sclerotinia sclerotiorum causing stem
rot of chickpea, Journal of Food
Legumes  37(2024) 2, 181-184.
https://doi.org/10.59797/f1.v37.12.192

J. Wu, S. Kang, L. Luo, Q. Shi, J. Ma, J.
Yin, B. Song, D. Hu, S. Yang, Synthesis
and antifungal activities of novel
nicotinamide derivatives containing 1, 3,
4 oxadiazole, Chemistry Central Journal
7(2013), Article 64.
https://doi.org/10.1186/1752-153X-7-64
S.J. Goussous, I.S. Mas’ad, F.M. Abu
El-Samen, R.A. Tahhan, In vitro
inhibitory effects of rosemary and sage
extracts on mycelial growth and
sclerotial formation and germination of
Sclerotinia sclerotiorum, Archives of
Phytopathology and Plant Protection
46(2013) 8, 890-902.
https://doi.org/10.1080/03235408.2012.7
53708

S. Krid, M. Bouaziz, M.A. Triki, A.
Gargouri, A. Rhouma, Inhibition of olive
knot disease by polyphenols extracted
from olive mill waste water, Journal of
Plant Pathology 93(2011) 3, 561-568.
http://www.jstor.org/stable/41999032

A. Teixeira, E. Sanchez-Hernandez, J.
Noversa, A. Cunha, I. Cortez, G.
Marques, P. Martin-Ramos, R. Oliveira,
Antifungal Activity of Plant Waste
Extracts against Phytopathogenic Fungi:
Allium sativum Peels Extract as a
Promising Product Targeting the Fungal
Plasma Membrane and Cell Wall,
Horticulturae 9(2023) 2, Article 136.
https://doi.org/10.3390/horticulturac902
0136

A. Upadhayay, D. Mourya, D. Singh, M.
Arif, Md.Z. Nain, Evaluation of
effectivity of phytoextracts on radial
growth of Sclerotinia sclerotiorum,
International ~ Journal of  Current
Microbiology and Applied Sciences
12(2023) 12, 68-73.
https://doi.org/10.20546/ijcmas.2023.12
12.010

[27]

[28]

[29]

[30]

[31]

[32]

[33]

R. Sood, N. Thakur, S. Upmanyu,
Evaluation of botanicals  against
sclerotinia stalk rot in cauliflower,
Discover Plants 2(2025), Article 88.
https://doi.org/10.1007/s44372-025-
00176-6

P. Gyanwali, R. Khanal, N.P. Pokharel,
B. Tharu, R. Koirala, S. Paudel, R.
Paudel, Invitro analysis of antifungal
effects of botanicals on Sclerotinia
sclerotiorum  causing  white  mold
disease, Agriculture and Food Sciences
Research 10(2023) 2, 8-13.
https://doi.org/10.20448/aesr.v10i2.5186
B. Kewate, D. Singh, V.D. Singh, N.P.
Malik, R. Kumar, In-vitro Effect
Evaluation of Botanicals against
Sclerotinia sclerotiorum (Lib.) De Bary,
Caused Stem Rot Disease in Rapeseed-
Mustard, International Journal of Current
Microbiology and Applied Sciences
9(2020) 8, 3733-3741.
https://doi.org/10.20546/ijcmas.2020.90
8.431

F. Li, Z. Lv, Z. Zhong, L. Mao, L.S.
Chua, L. Xu, R. Huang, The Effect of
Cyclosporin A on Aspergillus niger and
the Possible Mechanisms Involved,
Foods 12(2023) 3, Article 567.
https://doi.org/10.3390/foods12030567
S. Liu, X. Shao, Y. Wei, Y. Li, F. Xu, H.
Wang, Solidago canadensis L. essential
oil vapor effectively inhibits Botrytis
cinerea growth and  preserves
postharvest quality of strawberry as a
food model system, Frontiers in
Microbiology 7(2016), Article 1179.
https://doi.org/10.3389/fmicb.2016.0117
9

M. Uzelac Bozac, D. Poljuha, S. Dudas,
J. Bili¢, 1. Sola, M. Mikuli¢-Petkovsek,
B. Sladonja, Phenolic Profile and
Antioxidant  Capacity of Invasive
Solidago  canadensis L.: Potential
Applications in Phytopharmacy, Plants
14(2025) 1, Article 44.
https://doi.org/10.3390/plants 14010044
E. Izakovi¢, Antifugalno djelovanje
etericnih ulja na Sclerotinia
sclerotiorum, Graduation thesis, Josip
Juraj Strossmayer University of Osijek,
Faculty of Agrobiotechnical Sciences

132


https://doi.org/10.9734/ijpss/2024/v36i54516
https://doi.org/10.9734/ijpss/2024/v36i54516
https://doi.org/10.59797/jfl.v37.i2.192
https://doi.org/10.1186/1752-153X-7-64
https://doi.org/10.1080/03235408.2012.753708
https://doi.org/10.1080/03235408.2012.753708
http://www.jstor.org/stable/41999032
https://doi.org/10.3390/horticulturae9020136
https://doi.org/10.3390/horticulturae9020136
https://doi.org/10.20546/ijcmas.2023.1212.010
https://doi.org/10.20546/ijcmas.2023.1212.010
https://doi.org/10.1007/s44372-025-00176-6
https://doi.org/10.1007/s44372-025-00176-6
https://doi.org/10.20448/aesr.v10i2.5186
https://doi.org/10.20546/ijcmas.2020.908.431
https://doi.org/10.20546/ijcmas.2020.908.431
https://doi.org/10.3390/foods12030567
https://doi.org/10.3389/fmicb.2016.01179
https://doi.org/10.3389/fmicb.2016.01179
https://doi.org/10.3390/plants14010044

T. Siber et al: The effect of Canadian goldenrod ..., Holistic Approach Environ. 16(2026) 3, pp. 122 — 133

[34]

[35]

Osijek, Osijek, Croatia, 2019.
https://urn.nsk.hr/urn:nbn:hr:151:236404
, Accessed: July 1, 2025.

L. Déné, A. Valiuskaité, Sensitivity of
Botrytis cinerea lIsolates Complex to
Plant Extracts, Molecules 26(2021) 15,
Article 4595.
https://doi.org/10.3390/molecules261545
95

M. Blandenet, I.R. Gongalves, C. Rascle,
J-W. Dupuy, F.-X. Gillet, N.
Poussereau, M. Choquer, C. Bruel,
Evidencing New Roles for the Glycosyl-
Transferase Cps1 in the Phytopathogenic
Fungus Botrytis cinerea, Journal of
Fungi  8(2022) 9, Article 899.
https://doi.org/10.3390/j0f8090899

[36] Botrytis

cinerea, 1in: Saprotrophic,
Pathogenic, and Symbiotic Fungi of
Poland, by J. Btaszkowski, I, Adamska,
B. Czerniawska, T. Madej, E, Zioto,

Laboratory of Plant  Protection,
Department of Protection of
Environment, West Pomeranian

University of Technology, Szczecin,
Poland.
https://www.zor.zut.edu.pl/Mycota/Botr
ytis%20cinerea.html, Accessed: June 30,
2025.

133


https://urn.nsk.hr/urn:nbn:hr:151:236404
https://urn.nsk.hr/urn:nbn:hr:151:236404
https://doi.org/10.3390/molecules26154595
https://doi.org/10.3390/molecules26154595
https://doi.org/10.3390/jof8090899
https://www.zor.zut.edu.pl/Mycota/Botrytis%20cinerea.html
https://www.zor.zut.edu.pl/Mycota/Botrytis%20cinerea.html

