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Abstract: In vitrotests for antifungal activity with dimethyl sulfoxide (DMSO) was conducted towards three
widely spread and damaging plant parasitic fungus Monilinia fructigenacausing brown rot of fruit on orchard
plants mostly on cherries and sour cherries and other pome fruit cultures, Erysiphe necator (Uncinula necator)
and Blumeria graminis (Erysiphe graminis) casing powdery mildews on grapes and wheat. All plant pathogens
were from Ascomycota division and cause seriously damages annually on infected plant cultures. The in vitro
tests were conducted by three different methods: Conidial Tests (Germ tube inhibition tests) for establishing the
possibility of inhibition conidia spores of Monilinia fructigena; a radial growth mycelium assays for
establishing mycelia growth inhibition of Monilinia fructigenaand leaf disks in vitro tests for Unicinula necator
and Erysiphe graminis. Results confirm the antifungal action of DMSO towards some plant pathogens
particularity — towards Monilinia fructigena. The chemical was able fully to block the mycelium of Monilinia
fructigena at 1 % concentration (v/v). Below this concentration, the action of DMSO rapidly decrease and at 0.5
% (v/v) concentration this chemical do not express and antifungal activity towards this plant pathogen in
mycelium inhibition radial growth assays. However, in the conducted in vitro tests for inhibition of germination
of conidia spores of Monilinia fructigena, DMSO even slightly stimulate spore germination, which strongly
limited application of this compound as a cheap, low toxic fungicide against of Monilinia fructigena. DMSO
does not express any antifungal activity against tested powdery mildews of Unicinula necator and Erysiphe
graminis infested grapes and wheat. The same fungicidal action of DMSO was established towards Botrytis
cinerea, Fusarium graminearum and Aspergillus parasiticus in the other studies. The present research confirm
this. In all cases of established fungicidal action of DMSO, inhibited plant paratactic fungus from this
compound was from division of Ascomycota. Although other research shows that DMSO can inhibit spores
germination of Tilletia laevis and Fusarium graminearum, the present study shows that towards Monilinia
fructigena was the opposite — DMSO even stimulate the germination of conidiospores
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1. INTRODUCTION

Dimethyl Sulfoxide is a cheap clear odorless liquid, produced as a by-product of the paper industry. This
organic chemical is commonly used as dissolver in chemistry including different drugs and toxic compounds
(Swanson, 1985). Dimethyl sulfoxide has many applications in the pharmacy as anti-inflammation, dieresis,
analgesia action. The compound has excellent and rapid cell membrane penetration which is used for carry
different drugs into target tissues / cells (Jacob and Wood, 1967). This chemical can very rapidly penetrate into
skin approximately 5 minutes after cutaneous application (Manjunath and Shivaprakash, 2013). However the
toxicity of DMSO is relatively low including towards humans, animals, plants and algae species (Brayton, 1986;
Galvao et al., 2014; Ganchev, 2026). Other study found that DMSO treatment substantially altered the
morphology and attachment of cells in concurrence with a significant reduction in cell viability in a dose-
dependent manner (Pal at al., 2012). Conventional treatment of osteoarthritis with DMSO need to be applied
with a caution due to the possible unbinding, and questionable treatment duration and dose (Brien et al., 2008).
In the agriculture, dimethyl sulfoxide was found to express antifungal effect towards grey mold (Botrytis
cinerea) with strong growth inhibition at 0.5 % concentration. However, 2 % water solutions of DMSO can
cause severe injuries on tomato plants (Petruccelli at al., 2020). Was found that application of DMSO in
concentrations of 0.01 to 0.1 % to the soil or as foliar sprays of 0.001 to 0.01 % can increase grain yields of rice
plants (Kumar at al., 1976). DMSO in over 2.5 % concentrations can significantly reduce the germination of
teliospores of Tilletia laevis teliospore germination in conducted in vitro tests (Ansari et al., 2015). Other study
reveal that this compound can inhibit mycelial growth and conidial germination of Fusarium graminearum (Li
et al., 2025). Dimethyl sulfoxide laso was found to have antifungal effect on fungus which degradated
agchaelogical wood as Aspergillus parasiticus. Even more DMSO had no effect on the color, structure and
chemical characteristic of the wood (Osman et al., 2017). Other fungi which can be inhibit by DMSO is
Sclerotium rolfsii (Melhuish and Bean, 1971). Traditionally DMSO is used in agriculture for chlorophyll
extraction (Barnes at al., 1992; Shinano at al., 1996; Kumari at al., 2018) or of carotenoids (Dardani at al., 2024)
and a starch (Snyder at al., 1977; Dintzis at al., 1995) or various other organic compounds (Burnouf and Bietz,
1989; Park and Martinez, 1992).

Dimethyl sulfoxide, soil-incorporated at rates of 20 to 240 gpa, prevented the growth of roots and delayed and
inhibited the growth of shoots of plants developing from purple nutsedge (Cyperus rotundus L.) tubers for a
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period of about two months was established in the conducted study prove herbicidal activity of this chemical
(Anderson and Dunford, 1966). Four percent concentration of DMSO showed a significant effect in the
reduction of themicrobial degradation in strawberries as post harvest treatments (Oliveira at al., 2018). Even
insecticidal activity of Dimethyl sulfoxide towards Drosophila melanogaster was reported with LC50 = 0.42 %
(Cvetkovié et al., 2015) and acaricidal activity of hatching of eggs inhibition of Rhipicephalus (Boophilus)
annulatus ticks too (Ravindran at al., 2011). Antiparasitic action of DSMO towards Nosema ceranae - a
microsporidian, unicellular parasite which affect honey bees was also found (Ho at al., 2024)

In the present research in vitro tests with three widely spread plant pathogens from division Ascomycota were
conducted for investigation the possible fungicidal action of DMSO. This plant parasitic fungus were: Monilinia
fructigena causing brown rot of fruit on orchard plants mostly on cherries and sour cherries and other pome fruit
cultures (Van Leeuwen, 2000), Erysiphe necator (Uncinula necator) (Gadoury at al., 2012) and Blumeria
graminis (Erysiphe graminis) (Graeff et al., 2006) casing powdery mildews on grapes and wheat.

2. MATERIALS AND METHODS

n vitro tests for antifungal activity were performed by three different methods:

Conidial Tests (Germ tube inhibition tests) for establishing the possibility of inhibition conidia spores of plant
pathogens were carried out by spraying of microscopic slides pattern “hanging drop” with water solutions of
DMSO in different concentrations. After drying the solution, a conidial suspension made from relevant
phytophathogen (3*104 spores / ml — 20 ul) was added. The slides were incubated in thermostat (humid
chamber) under 22 — 24°C. Two days after, observations via light microscope 400 x magnification were
conducted for evaluation of germination of conidia spores (Antonov et al., 1977; Wang and Higgins, 2005).

For establishing mycelia growth inhibition, a radial growth assays tests were conducted in 10 cm diameter Petri
dishes with potato dextrose agar media (PDA). In sterile Petri 1 ml of water solution of DMSO in different
concentration was added plus 9 ml of PDA. After cooling the mixture one 10 mm diameter inoculucation PDA
disk from relevant phytophathogen culture was placed in the center of Petri.Inoculated perti dishes was
incubated under temperature interval of 22 — 25°C. The observations were made7 and 14 days after inoculation
— with was determinate a growth of the mycelium in mm around of the inoculated discs. The effectiveness was
calculated by the formula of Abbot. (EI-Masry, 2002; Taskeen-Un-Nisa at al., 2011; Piepho et al., 2024)

Leaf disks in vitro tests were conducted with obligatory plant pathogens which cannot be grown on the artificial
media. The 10 mm disks from naturally infected leaves with the given pathogen were placed onto 6 cm wide
and 20 cm long double filter paper placed onto 10 cm long and 6 cm wide polycarbonate sheets. polycarbonate
sheets were placed onto 15 cm long and 10 cm wide plastic plates filled to the top with distilled water. The
middle of the filter paper was on the polycarbonate sheet, while the ends were dropped into the water. The leaf
disk were preliminarily soaked with distilled water solution of DMSO in different concentrations. Organosilicon
surfactant was added at 0.1 % to this solutions for improving the wetting ability. The control variant was treated
only with water solution of organosilicon surfactant in 0.1 % concentration (Peng and Kuc, 1992; Agnola et al.,
2003).

In vivo trials for phytotoxicity were conducted with 3 varieties of cherry orchard tree, wheat and grapes. The
plants were sprayed with distilled water solutions of DMSO in different concentrations. After 1 and 2 weeks
visual observation of phytotoxicity (necrosis, chlorosis, whitening’s, deformations) were performed

3. RESULTS

In the conducted conidial spores inhibition in vitro tests, dimethyl sulfoxide express even stimulation effect on
germination of conidia in comparison with the control variant — more spores were germinated in the comparison
with the control variant and they were with longer germs (Figure. 1).

Figure 1. Effect of dimethyl sulfoxide towards conidia spores of Monilinia fructigena. On the left — control
variant, on the right — 1 % water solution of DMSO
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Source: Author’s research
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Below 1 % concentration, waster solutions of DMSO do not affect germination of conidia i.e. the effect was the
same like the control variant. . However above this concentration, stimulation effect on germination of spores of
this plant pathogen appeared. Increasing concentrations to 4 % increase this stimulation effect of DMSO.

The conducted leaf disk tests with Erysiphe graminis shows that DMSO did not express any fungicidal activity
towards this pathogen (Figure. 2)

Figure 2. Effect of dimethyl sulfoxide towards Erysiphe graminis . On the left — control variant, on the right
— 3 % water solution of DMSO

Source: Author’s research
The same was found towards Unicinula necator — there is no difference with the control variant (Figure.3)
Figure 3. Effect of dimethyl sulfoxide towards Unicinula necator. On the left — control variant, on the right —

3 % water solution of DMSO

Source: Author’s research

Figure 4. Effect of dimethyl sulfoxide towards mycelium of Monilinia fructigena. On the left — control
variant, on the right — 1 % water solution of DMSO

Source: Author’s research
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However, in conducted in vitro test for mycelium inhibition in potato dextrose agar (PDA), DMSO was able
fully to block development of mycelium of Monilinia fructigenaat 1 % (v/v) concentration. Below this
concentration, the action of DMSO rapidly decrease and at 0.5 % (v/v) concentration this chemical do not
express and antifungal activity towards this plant pathogen in mycelium inhibition radial growth assays.
Conducted phytotoxicity tests reveal that up to 3-4 % concentration, water solutions of DMSQO do not cause any
damages on treated cherry, wheat and grape plants which means that DMSO can be safely sprayed onto plants.

4. DISCUSSIONS

The conducted in vitro tests, confirm the antifungal action of DMSO towards some plant pathogens
particularilty — towards Monilinia fructigena in this research. The same action was established towards Botrytis
cinerea (Petruccelli et al., 2020), Fusarium graminearum (Li et al., 2025), Aspergillus parasiticus (Osman et al.,
2017) and Sclerotium rolfsii (Melhuish and Bean, 1971). In all cases of established fungicidal action of DMSO,
inhibited plant paratactic fungus from this compound was from division of Ascomycota. DMSO however was
found to even stimulate the germination of conidia spores of Monilinia fructigena although that in the other
research this chemical significantly reduce the germination of teliospores of Tilletia laevis (Ansari at al., 2015)
and conidial germination of Fusarium graminearum (L.i at al., 2025)

5. CONCLUSIONS

The presented study shows antifungal action of dimethyl sulfoxide (DMSO) towards mycelium of Monilinia
fructigena. The compound was able fully to inhibit this plant pathogen in the conducted in vitro trials at 1 %
(v/v) concentration in potato dextrose agar media (PDA). In the conducted phytotoxicity tests, DMSO to not
injury the plants of cherry, wheat and grape even when was applied at 3-4 % (v/v) concentration. However, in
the conducted in vitro tests for inhibition of germination of conidia spores of Monilinia fructigena, DMSO
even slightly stimulate spore germination, which strongly limited application of this compound as a cheap, low
toxic fungicide against of Monilinia fructigena. DMSO do not express any antifungal activity against tested
powdery mildews of Unicinula necator and Erysiphe graminis infested grapes and wheat.
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