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Abstract:

Fusarium Wilt caused by Fusarium oxysporum f. sp. Cucumerinum is one of the most
important diseases of cucumber in fields and greenhouses worldwide. The use of
antagonists, including yeasts, has been proposed as a safe method to control this
disease. This study investigated the biocontrol potential of 16 yeast isolates obtained
from the cucumber phyllosphere and rhizosphere against the pathogenic fungus

Fusarium oxysporum f. sp. cucumerinum. In evaluating the biocontrol potential of
the isolates against the pathogenic fungus, isolates J1 Rhodotorula. toruloides, J5
Moesziomyces aphidis, and J7 Metschnikowia sinensis showed the highest inhibition
of fungal mycelial growth. Based on dual culture experiments and the production of
antifungal volatile compounds, two isolates (J1 R. toruloides and J7 Me. Sinensis)
were selected for evaluating disease control under greenhouse conditions. In
greenhouse experiments, isolates J7 and especially J1 significantly reduced the
disease index of cucumber Fusarium wilt, with disease control efficacy of
approximately 89.79% for J1 and 87.29% for J7. Possible biocontrol mechanisms,
including biofilm formation, siderophore production, and secretion of extracellular
enzymes, were investigated in all isolates. Some isolates exhibited the ability to
produce these enzymes and compounds. Isolates J1 RA. foruloides, J5 Mo. aphidis,
and J7 Me. sinensis demonstrated siderophore production and biofilm formation
capabilities, suggesting that these traits—particularly siderophore production—play
a key role in inhibiting the growth of F. oxysporum f. sp. Overall, the results of this
study indicated that isolate J1 has high potential as a biocontrol agent for managing
Fusarium wilt disease in cucumbers.
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Extended Abstract
Introduction

Cucumber (Cucumis sativus L.) is one of the most important
vegetables globally and is widely cultivated worldwide
(Arab-Salmani & Hakimi, 2024). Fusarium wilt of cucumber
caused by Fusarium oxysporum f. sp. cucumerinum and
Fusarium oxysporum f. sp. radices-cucumerinum has
become a major limiting factor in the continuous cropping
system of cucumbers (Koike et al., 2007). Fusarium wilt is
now considered one of the most important and destructive
diseases effecting cucumbers in growing regions worldwide
and severely impair their yield and quality (Gordon, 2017;
Koike et al., 2007). Conventional methods of controlling
Fusarium wilt in cucumbers, including fungicides, rotation,
and resistant cultivars, have a long history of use but face
challenges due to environmental damage and high costs.
Today, biological control is being proposed as a suitable and
low-risk alternative method for protecting crops against
Fusarium wilt (Wang et al., 2023). Some yeasts, such as
those from genera Metschnikowia and Naganishia, have
been used as biocontrol agents against F. oxysporum in
plants. Studies have shown these yeasts can inhibit the
growth of this pathogen by producing antifungal compounds
(Kowalska et al., 2022). Using these beneficial yeasts as an
alternative to chemical fungicides is a way to reduce the
environmental impacts of chemical fungicides and increase
profitability by decreeing crop losses (Kaur et al., 2022).
The main objective of this investigation is to 1) study the
antagonistic activity of some yeast strains isolated from the
rhizosphere and phyllosphere of cucumber plants against F.
oxysporum f. sp. cucumerinum, both in vitro and in vivo, and
2) investigate potential mechanisms associated with
biocontrol activity.

Material and methods

Sixteen yeast isolates were obtained from the West
Azerbaijan agriculture research center ((Mohammadi &
Abrin Bana, 1403). Pathogen used in this study was obtained

from the fungal collection of the Iranian Research Institute

of Plant Protection. Primary Screening for Antagonistic
potential of all 16 yeast isolates against F. oxysporum f. sp.
cucumerinum was evaluated in vitro using dual-culture
method and the production of antifungal volatile compounds
using the mouth-to-mouth assay (Etebarian et al., 2005).
biocontrol mechanisms,

Possible including biofilm

formation, siderophore production, and secretion of
extracellular enzymes, were investigated in all isolates.
Extracellular enzyme production was studied by examining
the production of clear zones around the yeast on different
agar media supplemented with the yeast isolates (Buzzini &
Martini, 2002; Pretscher et al., 2018; Ruzicka et al., 2007;
Strauss et al., 2001). Yeasts with the highest inhibitory effect
against F. oxysporum f. sp. cucumerinum in in vitro assays
were selected for evaluating disease control under
greenhouse conditions (Zhai et al., 2021).

Results

The results of the dual culture experiment showed that yeast
isolates had varying inhibitory effects on the growth of F.
oxysporum f. sp. Cucumerinum. The highest inhibition rates
of 60.42%, 56.25% and 41.45% were observed in the
Metschnikowia s Sinensis J7, Rhodotorula toruloides J1and
Moesziomyces. Aphidis J5 yeast isolates, respectively. Based
on the results of the antifungal effect of VOCs produced by
yeast isolates, most of the yeast isolates showed weak
activity in producing inhibitory volatile metabolites against
the growth of F. oxysporum f. sp. Cucumerinum. Compared
with the control, a reduction of 51.11% in the rate of colony
growth of the pathogen was observed in the presence of
volatiles produced by Naganishia adeliensis J11.The yeast
isolates presented different capabilities in producing
extracellular enzymes. Based on the results nine isolates (R.
toruloides (J1), Vishniacozyma sp. (J3), Vishniacozyma
tephrensis  (J4, J15, J19),
Metschnikowia pulcherrima (J10), N. adeliensis (J11), and

Naganishia sp. (J19),

V. carnescens (J13)) were able to produce esterase. Among
the 16 isolates examined, only two isolates, J9 and J10,
belonging to Naganishima sp. and M. pulcherrima,

respectively, produced the protease enzyme. Isolates J2 of K.
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hebeiensis, isolate J9 of Naganishima sp., isolate J10 of M.
pulcherrima, and isolate J1 of R. toruloides were able to
produce amylase. Additionally, a total of two isolates J9 and
J10 belonging to the species Naganishima sp. and M.
pulcherrima, respectively were able to produce pectinase. In
the evaluation of siderophore production using CAS media,
the formation of orange halos around the colonies of strains
J1 (R. toruloides), J5 and J7 was observed. Biofilm
formation was observed in six isolates including R.
toruloides (J1), Vishniacozyma sp. (J3), Mo. aphidis (J5),
Me. sinensis (J7, J8), and N. adeliensis (J11). In the
greenhouse pot experiment, two yeast isolates were
evaluated for their potential biological control ability. Both
of isolates significantly (P <0.05) reduced the severity of
Fusarium wilt. The highest disease incidence (83.96%)
occurred in the control treatment. The application of strains
R. toruloides J1, and Me. Sinensis J7 significantly decreased
the disease incidence by 79.89% and 29.87%, respectively,
compared to the control treatment.

Discussion

In this study, two yeast isolates R. toruloides J1, and Me.
Sinensis J7 isolated from the cucumber phylosphere showed
highest antagonistic activity against F. oxysporum f. sp.
Cucumerinum. Understanding the mechanisms involved in
biocontrol activity is essential for the successful
development and application of yeasts as plant protection
agents (Spadaro & Droby, 2016). The production of
siderophores by strains J1 and J7 may play an important role
in promoting plant growth. According to current reports,
these compounds cause resistance in plants, ultimately
leading to increased resistance against plant pathogens
(Maindad et al., 2014). The ability of strains J1 and J7 to
form biofilm aligns with previous findings (Klein & Kupper,
2018; Zajc et al., 2020). In fact, biofilm production helps the
antagonist attach, colonize, and grow on plant tissue,
enhancing the antagonist's ability to absorb necessary
nutrients (Yang et al., 2021).

This study demonstrates that the isolate R. toruloides J1 has

significant potential as a biocontrol agent for managing of

Fusarium wilt in cucumbers. However, further field studies
are needed to explore the adaptability of this isolate to

different environmental conditions.
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Figure 1. Inhibitory effect of isolates J1 (R. toruloides, A), 5 (Mo. aphidis, B) and J7 (Me. sinensis, C) on the growth of mycelium of

F. oxysporum f. sp. cucumerinum (right) compared to the control (left) after 14 days of storage at 25°C in the dark.
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Figure 2. Graph of the percentage of inhibition of non-volatile compounds of yeast isolates against F. oxysporum f. sp.

Cucumerinum in co-culture after 14 days
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after 14 days




oo 990 g WAS 9 5of g J oS Jole SO :Rhodotorula toruloides 3¢yl y5od g gm0

oy 4 a8 J10 U9 alar o LB w3y alis VP
s, (’U'j L M. pulcherrima s Naganishima sp. « Gl
RENCRR
K. hebeiensis &5 « by 212 claswlix (Ml Il Ll
M. < ;1 J10 «la= Naganishima sp. <5 51 J9 ali
ol s s s 4 B R toruloides ;| J1 wlu>= 4 pulcherrima
b bge o5 0010 519 Llix 5 §seme 53 imen Lng sl
M5 s St 4 ML pulcherrima 5 Naganishima sp. slas 5§

sl olis s sl V”-f—l

Sl GlapsilSe

S o el g

)53 S pee il glaglr s Jsle 2ol Pl s kb
b aw o8 e 5 35 50 4l VP g gazma 51l esls QLA (Y st
«lu>= V. carnescens « S 35113 &l V. tephrensis © S 4 Haze
J9 wlu N. adeliensis « S 51J11 «la Vishnicozyma sp. 313
s M. pulcherrima « S ;1 )10 «la>= Naganishima sp. « 5 3

3 g 3l o 5T a5 w36 R toruloides S 5101wl

St Salin o g 5 555 e I 55 g T G s

Table 2. Results of enzyme tests, siderophore production and biofilm of yeast isolates

Species Protease Esteras Amylase Pectinase Biofilm formation Sidrophore
production

R. toruloides (J1) - + —/+ - + +

K. hebeiensis (J2) - - I+ - - -

Vishniacozyma sp. (J3) - + - - + -

V. tephrensis (J4) - + _ _ _ _

Mo. aphidis (J5) - - , _ i +

Me. sinensis (J6) _ _ _ _ _ _

Me. sinensis (J7) - - - - + +

Me. sinensis (J8) _ _ _ _ + _

Naganishia sp. (J9) + + + + - -

M. pulcherrima (J10) + + + + - -

N. adeliensis (J11) _ + _ _ + _

N. adeliensis (J12) _ _ _ _ _ _

V. carnescens (J13) _ + _ _ _ _

N. adeliensis (J14) - - - - - -

V.tephrensis (J15) - + - - - -

V. tephrensis (J16) _ —_/+ _ _ _ _
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Figure 3. Symptoms of cucumber wilt disease in treatment with yeast isolates J1 (R. toruloides, A) and J7 (Me. sinensis, B)

compared to healthy (C) and infected (D) controls.
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