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Abstract
Background  and  Objective: Onion  (Allium  cepa  L.)  is  one  of  the  most  important  commercial  vegetable  crops  worldwide  with
high  economic  value.  However,  fungal  diseases  seriously  threaten  onion  production  by  reducing  yield  and  bulb  quality.  For
sustainable disease management, the use of biological control agents has emerged as an environmentally friendly and effective
alternative to chemical fungicides.  This  study  aimed  to  select  potential  antifungal  bacteria  that  can  promote  plant  growth  in  onion.
Materials and Methods: Bacterial isolates were isolated from rhizosphere soil samples, screened and characterized for antifungal
activities. Strong antagonistic bacterial strains were selected. These bacterial strains were identified and characterized by their biochemical
features. In addition, three selected strains were evaluated for their growth-promoting capacity by pot assay. All experiments were
conducted in triplicate; data were expressed as mean±SD and analyzed using one-way ANOVA followed by Tukey’s test (p<0.05) in
GraphPad Prism 9.3.1. Results: Three bacterial. strains exhibited strong antagonistic activity against Sclerotium rolfsii and Curvularia lunata
through the production of diffusible compounds and volatile organic compounds (VOCs). In addition, physiological and biochemical
characterization revealed that all strains belonged to the genus Bacillus. Moreover, soil amendment with the culture of Bacillus sp. T3,
T33 and T36 significantly enhanced onion growth. Conclusion: These findings suggest that the selected Bacillus sp. strains represent
promising candidates for the development of biocontrol agents against fungal pathogens.
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INTRODUCTION

Plant fungal pathogens are considered a major factor
causing significant reduction in both crop yield and product
quality1. These pathogens infect roots, stems, leaves, flowers
and fruits, leading to visible disease symptoms such as blights,
wilts and rots that decrease photosynthetic capacity and stunt
plant growth, ultimately lowering yields2. Studies have shown
that fungal pathogens accounts for a large proportion of
global crop loses3. In addition to yield loss, crop quality is
compromised through deformed seeds, lower weights, fruit
rot and premature plant death, which diminish market value
and nutritional content4. In onion (Allium cepa L.), fungal
diseases negatively affect early plant growth, reduce bulb
development and lower both yield and market quality5,6. One
of the most damaging soil-borne pathogens in onions is
Sclerotium rolfsii, which causes stem and bulb rot
characterized by basal stem collapse, wilting7,8. This fungal
pathogen  can  form  the  persistent  sclerotia  in  the  soil that
can  survive  for  years  and  complicate  disease management9.
In   addition,   species   within   the   genus   Curvularia  are 
well-recognized   phytopathogens  associated  with  leaf spots,
seed  and  seedling  infections  in  various  crops,  including
Allium species10. Infection by Curvularia sp. can reduce
photosynthetic leaf area and weaken plant vigor, ultimately
affecting bulb yield and quality11,12. The combined impact of
S. rolfsii, Curvularia  sp. species and others fungal pathogens
on onions makes the challenge of fungal disease management
in Allium production systems13. Up to date, chemical
fungicides have been widely used to control fungal diseases
in onion production. However, its repeated and intensive use
has led to concerns regarding environmental contamination,
fungicide resistance  in  pathogen  populations  and  chemical
residues on  onion  bulbs14,15.  Therefore,  application  of 
biological control agents (BCAs) has been increasing attention
as a sustainable approach for managing fungal diseases in
onion cultivation16,17. Most of efficient BCAs are beneficial
fungi and bacteria that can suppress fungal pathogens
through multiple mechanisms such as antibiosis, competition,
mycoparasitism and the induction of plant defense
responses18,19. In onions, these microorganisms have been
reported to reduce the incidence of soil-borne and foliar
fungal diseases while simultaneously promoting plant growth
and improving bulb yield and quality20,21. In the present study,
three bacterial strains were isolated from rhizosphere soil
samples and exhibited  strong  antifungal  activity  against 
fungal pathogens. The study’s objectives were to evaluate the
in  vitro  antagonistic  effect  of  selected  bacterial  strains on
S. rolfsii  and C. lunata along with classifying and determining
their capabilities in promoting onion growth. 

MATERIALS AND METHODS

Study area: This study was conducted in the Plant
Biotechnology Laboratory in the Department of Plant
Biotechnology at Faculty of Biotechnology, Vietnam National
University of Agriculture from August 2024 to October 2025. 

Plant-pathogenic fungi: For testing the antifungal activity of
bacterial strains, two fungal isolates of S. rolfsii and C. lunata
were used. These fungal pathogens were grown in potato
dextrose agar (PDA) medium at 28EC in the dark. The S. rolfsii
was  cultured  for  3-5 days and the C. lunata was cultured for
7-10 days, respectively.

Screening of antifungal bacterial strains: Forty-eight
bacterial strains were isolated from rhizosphere soil samples
of vegetable crops in Haiphong and Hanoi, Vietnam, using the
serial  dilution  method  on  Nutrient  agar  medium  (at 35EC,
4 days). To select trains with strong antifungal activities, the
collected  isolates were screened with S. rolfsii  and C. lunata
by the dual-culture method (Fig. 1). The tested bacteria were
streaked along two straight lines, each 4.5 cm long,
symmetrically positioned at equal distances (3 cm) from the
center of the plate (A). The fungal plug was placed at the
center of the PDA plate (F). The plates were kept in the dark,
at 28EC for 3-5 days. The control plate was inoculated with
only the pathogenic fungus. Antifungal activity was assessed
by measuring the mycelial growth diameter of the pathogens
on both control (R1) and treatment plates (R2) using ImageJ
software.

The percentage of growth inhibition (PIRG) was
calculated as: 

R1 R2PIRG (%) 100
R1


 

Testing antifungal activity of bacterial volatile organic
compounds (VOCs): The antifungal activities of bacterial
volatile compounds from three selected strains (T3, T33 and
T36) against S. rolfsii and C. lunata were evaluated using the
double Petri-dish method22. A petri dish containing LB was
inoculated by spreading 100 :L of 24 hrs bacterial culture from
a single colony of each strain. In another petri dish, a 7 mm
diameter mycelial plug of S. rolfsii or C. lunata from a growing
culture plate was placed in the center of the PDA dish. Then,
the plate with bacteria was inverted and placed over the fungi
plate. The two plates were sealed with parafilm. Plates of a
dish of mycelial plug of S. rolfsii or  C.  lunata  covered  with  LB
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dish  were  the  controls. All plates were incubated in the dark
at  28EC.  Treatment  plates  with S. rolfsii  were incubated for
3 days and treatment plates with C. lunata were incubated for
5 days. The experiments were triplicated. The inhibition rate
was calculated using the formula:

R1 R2Inhibition rate (%) 100
R1


 

Where:
R1 = Diameter of the fungi in the control
R2 = Diameter of the fungi in the treatment plate. The

diameter was measured by using ImageJ software

Morphological and biochemical analysis of bacterial strains:
The selected bacterial strains were examined for colony
morphology, Gram staining, physiological and biochemical
traits, including tests for catalase, amylase, cellulase and IAA
production23,24. For siderophore production, three bacterial
strains were streaked on Chrome Azurol S (CAS) medium.
Then,  the  testing  plates  were  kept  at  35EC  in the dark for
2 days and the change of medium color was observed25. 

Identification of selected bacterial strains: To identify the
bacterial strains exhibiting strong antagonistic activities
against  the  pathogenic  fungi,  16S  rRNA  gene  sequencing
was performed.  Single  colony  of  each  selected  bacterial 
strain was cultured in  5  mL  LB  medium  in  shaker  (180  rpm) 
at 30EC for 2 days. Then, the cell pellet was collected by
centrifuge. The genomic  DNA  of  each  selected  bacterial 
strain was extracted    following    the    method    described  
by  Masoomi-Aladizgeh   et   al.26.    The    16S    rRNA    genes 
of  bacterial    strains    were    amplified    by    PCR    using
primers     27F     (5’-AGAGTTTGATCCTGGCTCAG-3’)    and
1492R (5'-GGTTACCTTGTTACGACTT-3’) with an annealing
temperature of 53EC. The PCR product (1465 bp) was purified
and sequenced at 1st BASE (Singapore). The 16S rRNA
sequences of selected bacterial were aligned and compared
with reference sequences using the GenBank database using
the BLAST tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Pot assay for testing the growth-promoting ability of
selected bacteria: To evaluate the effects of selected bacterial
strains on onion plant growth, bacterial suspensions were
applied to the planting soil and then growth parameters were
subsequently assessed. The sterilized soil was used for the
experiment and weighed at 1.5 kg per pot (30 cm in diameter).
For  bacterial  culture,  50  µL  of  bacterial  suspensions from
three selected  strains  that  were  preserved  in  glycerol were

reactivated in 5 mL of LB medium. The cultures were
incubated at 37EC with shaking at 180 rpm for 24 hrs. The
cultures were then scaled up to 100 mL and incubated under
the same conditions for an additional 48 hrs. After incubation,
the bacterial cultures were centrifuged to collect cell pellets.
Then, cell pellets were washed 2 times with sterile water and
diluted in water to obtain a final optical density of OD600 = 0.5.
The experiment consisted of four treatments, each comprising
six pots (five single onion bulbs per pot). The control
treatment was not inoculated with bacteria, while the
experimental treatments were inoculated with each strain, T3,
T33, or T36 (50 mL of bacterial suspension per pot). In this
experiment,  bacterial  suspensions  were  prepared  and
applied   to  the  soil  three  times  (at  weeks  1,  4  and  8)  in
10 weeks. All treatments were irrigated daily with equal
volumes of water. Growth parameters were evaluated,
including fresh weight of plant (g), fresh weight of roots per
plant (g) and dry weight of roots per plant (g).

Statistical analysis: All experiments were repeated three
times and the data were expressed as the Mean±Standard
Deviation  (SD).  Statistical  analysis  was  performed  using
One-way analysis of variance (ANOVA) by GraphPad Prism
(version 9.3.1). The comparisons of mean values were carried
out through Tukey’s multiple comparisons test with p<0.05. 

RESULTS

Antifungal activity of selected bacterial strains in in vitro
conditions: From collected samples, three out of forty-eight
bacterial isolates with significant antagonistic activities against
S. rolfsii and C. lunata were obtained. The antifungal activities
of three isolates (strains) were evaluated using in vitro dual
culture assays (Fig. 1a-b). The antagonistic activities of all three
bacterial strains against both fungal strains were more than
60% compared with the control. Interestingly, the T3 strain
exhibited the highest antagonistic activity, with an inhibition
rate of 78.46% against S. rolfsii after three days of co-culture
(Fig.  1a)   and   72.65%   against   C.   lunata   after   5  days of
co-culture (Fig. 1b). The antifungal activities of the T33 strain
against S. rolfsii and C. lunata reached 75.81 and 63.57%,
respectively. Strain T36 exhibited the lowest antagonistic
activity among the three isolates.

In vitro antifungal activity of bacterial volatile organic
compounds: To understand the antifungal mechanism of
selected bacterial strains, the effects of the VOCs produced by
these strains were investigated by double petri-dish assay. As
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Fig. 1(a-b): Antagonistic activities of three selected bacterial strains against fungal pathogens on PDA plates, (a) The growth of
Sclerotium  rolfsii  (Sr)  on  the  control  plate  and  the  treatment  plates  (dual  culture  three  selected  bacterial
strains with R.  rolfsii)  after  3  days  (b)  The  growth  of  Curvularia  lunata  (Cl)  on  the  control  plate  and  the 
treatment  plates (dual culture three selected bacterial strains with C. lunata) after 5 days
Inhibition rates were presented with standard deviation (SD)

Fig. 2(a-b): Double Petri-dish assay for antifungal activity of VOCs produced by three selected bacterial strains, (a) The growth
of Sclerotium rolfsii (Sr) on the control plate and the treatment plates after 3 days of treatment and (b) The growth
of Curvularia lunata (Cl) on the control plate and the treatment plates after 5 days of treatment
Inhibition rates were presented with standard deviation (SD)

shown in Fig. 2(a-b), the VOCs released by all three strains had
strong inhibitory effects on the growth of both fungal
pathogens, S. rolfsii  and C.  lunata.  In  detail,  all  three  T3, 

T33 and T36 strains exhibited stronger growth inhibition
against S. rolfsii  (81.15-81.39% on PDA medium after 3 days)
(Fig. 2a). In  contrast,  the  growth  inhibitions  of  three  strains 
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Sclerotium rolfsii (Sr) 
Inhibition rate (%) after 3 days 

Sr+T3 strain 
78.46±1.35 

Sr+T33 strain 
75.81±2.34 

Sr+T36 strain 
66.97±2.52 

(a) 

(b) 

Curvularia lunata (Cl) 
Inhibition rate (%) after 5 days 

Cl+T3 strain 
72.65±2.24 

Cl+T33 strain 
63.57±3.16 

Cl+T36 strain 
65.95±1.26 

Sclerotium rolfsii (Sr) 
Inhibition rate (%) after 3 days 

Sr+T3 strain 
81.39±1.27 

Sr+T33 strain 
82.80±1.38 

Sr+T36 strain 
82.15±1.86 

(a) 

(b) Curvularia lunata (Cl) 
Inhibition rate (%) after 5 days 

Cl+T3 strain 
66.02±2.01 

Cl+T33 strain 
71.48±2.34 

Cl+T36 strain 
60.71±2.90 
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Fig. 3(a-c):  Colony morphology of selected bacterial strains on LB agar plates, (a) T3 colony is milk-white, rough and dry surface,
(b) T33 colony is milk-white, irregular edges, wrinkled surface and (c) T36 colony is milk-white, irregular edges,
opaque surface

Fig. 4(a-b): Effects of Bacillus sp. strains on fresh plant biomass (after 10 weeks of treatment), (a) Biomass of onion plants in
control and treatments; Bars marked with different letters were significantly different from one another with p<0.05
and (b) Photograph of onion plants in control and treatments

Table 1: Physiological, biochemical and genetic characteristic of selected bacterial strains
Characteristics Strain T3 Strain T33 Strain T36
Gram staining + + +
Cell shape Rod-shaped Rod-shaped Rod-shaped
Catalase test + + +
IAA production  (3 days of culture) - + (6.0 :g/mL) -
Siderophore production + + +
Cellulase + + +
Amylase + + +
 -: Negative, not detected and +: Positive reaction
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Strain T3      Strain T33                 Strain T36  

(a)  (b)  (c)  

Control                             Bacillus sp. T3                       Bacillus sp. T33                    Bacillus sp. T36   
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Fig. 5(a-b): Effects of Bacillus sp. strains on root development (a) Fresh root weight and (b) Dry root weight
Bars marked with different letters were significantly different from one another with p<0.05

Table 2: Molecular identification of selected bacterial strains by analyzing 16S rRNA sequence
Strains Highest homology strain Accession on GenBank NCBI Percentage identity (%) Named
T3 Bacillus velezensis ES1-02 PQ107481.1 98.30 Bacillus sp. T3
T33 Bacillus sp. strain Par3 OR690892.1 98.07 Bacillus sp. T33
T36 Bacillus subtilis strain Tr21H MH210866.1 99.97 Bacillus sp. T36

against  C. lunata were reduced (60.71-71.48% after 5 days of
treatment) (Fig. 2b). Among three strains, T33 strains exhibited
the strongest inhibitory effects against testes fungal
pathogens.

Characterization and identification of selected bacterial
strains: To extend knowledge about the three selected
bacterial strains, the physiological, biochemical characteristic
and 16S rRNA sequences were  analyzed  (Table  1,  Fig.  3). 
The data revealed that all three bacterial strains are gram
positive with rod-shaped. On LB medium, three strain-colonies
exhibited milk-white color with distinct colony morphology
(Fig. 3a-c). All three selected strains were capable of producing
catalase, cellulase and amylase. Notably, all strains also
generated siderophores on CAS medium, with strain T36
exhibiting stronger activity than the other two strains.
However, only strain T33 was able to produce IAA and at a
relatively low concentration of 6.0 µg/mL.  Analysis  sequences
of the 16S rRNA genes showed that all three strains shared
high similarity (>98 %) with members of the genus Bacillus
(Table 2). Therefore, based on the cellular characteristics,
biochemical   properties   and  16S  rRNA  gene  sequences, 
the  selected  s trains were identified as belonging to the
genus Bacillus. Consequently, three strains were named as
Bacillus  sp. T3, Bacillus sp. T33 and Bacillus sp. T36.

Effect of Bacillus sp. strains on onion growth: To evaluate
the capacity of selected Bacillus sp. strains to promote plant
growth, the onion buds were grown in pots and treated with

bacterial  culture  during  the  growth  process.  As shown in
Fig. 4a-b, treatments with three Bacillus sp. strains, T3, T33 and
T36, significantly increased the plant weight of onion (p<0.05)
compared with the control after 10 weeks. However, no
significant differences were observed in the fresh plant weight
of onions between treatments. In addition, analysis of the
fresh and dry weight of roots showed different effects of
Bacillus sp. strains. Data shown in Fig. 5a-b exhibited that only
Bacillus sp. T3 and Bacillus sp. T36 promoted both fresh and
dry weight of onion roots compared with the control.
Interestingly,  compared  with  the  Bacillus  sp.  T3  strain,
Bacillus sp. T36 exhibited the greatest increase in dry root
biomass of onion. Treatment with Bacillus sp. T33 strain
showed no difference in weight of roots compared with the
control.  Overall,  three  Bacillus  sp.  strains  exhibited  a
growth-promoting effect on onion growth (Fig. 4). 

DISCUSSION

Pathogenic fungi are common agents of plant diseases
that significantly impacts crop yield and quality. Recently,
biocontrol agents have become an essential component of
sustainable plant disease management due to their ability to
suppress fungal pathogens while reducing reliance on
chemical fungicides. Among these agents, Bacillus  species are
particularly important because of their strong antagonistic
activities, ability to colonize the rhizosphere and capacity to
produce multiple antifungal metabolites27. In addition, their
ability to produce stable endospores gives them high survival
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under  harsh  environmental  conditions,  making  them  more
reliable in field applications than many other microbial
biocontrol agents28. As concerns over fungicide resistance and
environmental contamination increase, the use of Bacillus
species as biocontrol agents represents a promising and
necessary strategy for sustainable agriculture. In this study, we
characterized three Bacillus strains exhibiting strong
antifungal activity against plant pathogenic fungi. These
Bacillus strains were isolated and identified based on their
cellular morphology, biochemical properties and 16S rRNA
gene sequences. The antifungal activities of the strains were
demonstrated by their inhibitory effects on the mycelial
growth of S. rolfsii and C. lunata on co-culture medium. Three
Bacillus strains T3, T33 and T36 exhibited strong fungal
inhibition (>60%) compared with the control (Fig. 1). The data
indicated that these bacterial strains could secrete antifungal
compounds into the agar medium that prevent the elongation
of fungal hyphae. In addition, the results indicated that VOCs
produced by three Bacillus strains suppressed the mycelial
growth of fungal pathogens. Biochemical properties also
indicated that all three Bacillus strains could produce
extracellular cellulase (Table 1). These results suggested that
the antagonistic activities of these Bacillus strains may due to
their antifungal metabolites and cell wall degrading enzymes.
Normally, hydrolytic enzymes could be produced together in
several bacterial biocontrol agents and be a mechanism for
these bacteria to fight fungal pathogens29. Cellulase is
reported to be involved in fungal cell wall degradation by
enhancing the activity of chitinases and glucanases as well as
degrading cellulose or cellulose-like polysaccharides30,31.
Interestingly, all three strains, T3, T33 and T36, also exhibited
plant growth‒promoting activity, resulting in increased plant
biomass (Fig. 3). Biochemical assays confirmed that all strains
produced siderophores (Table 1). This could be the
advantageous property of these strains, explaining their
antifungal mechanism. In Bacillus, siderophores act as high-
affinity iron-chelating compounds that restrict iron availability
to fungal pathogens while increasing iron uptake by plants,
thereby providing a dual function in biocontrol and plant
growth promotion32,33. Numerous Bacillus species with
capacity of synthesizing siderophores which contributes to
their effectiveness as biocontrol agents against
phytopathogens34.

Recently, many studies have  discovered  several potential
antifungal Bacillus species against S. rolfsii  or C. lunata fungi
with  diverse  mechanisms. The  main  antagonistic
mechanisms of Bacillus species are the productions of
antagonistic compounds,  volatile  compounds, lipopeptides, 
lytic enzymes and siderophores19-35. For instance, endophytic

Bacillus subtilis DZSY21 produced volatile organic compounds
that significantly suppressed C. lunata mycelial growth,
conidial germination, reduced virulence gene expression and
decreased disease incidence on maize leaves36. Bacillus
velezensis LHSB1 was demonstrated with strong suppression
of S. rolfsii (up to ~93.8% radial growth inhibition) and
observed effects on sclerotia formation, hyphal membrane
integrity and disease severity reduction in pot trials. Its
antagonistic activity might be mediated by antifungal
lipopeptides such as bacillomycin A, fengycin A and surfactin
A37. Taken together, our data indicated that Bacillus  strains T3,
T33 and T36 are potential candidates for developing
biocontrol agents to manage S. rolfsii and C. lunata fungi. In
addition, these strains with plant growth promotion make
them attractive candidates for sustainable, integrated disease
management.

CONCLUSION

In this study, three antifungal Bacillus sp. strains were
isolated from soil samples and characterized. The strains
showed  strong  antagonistic  activities  against  S. rolfsii and
C.  lunata  by  diffusible  compounds  and VOCs. In addition,
the physiological and biochemical characteristics were
examined. All three strains were determined to belong to the
Bacillus species with the capability of producing extracellular
enzymes. Interestingly, adding culture medium of Bacillus sp.
T3, T33 and T36 strains to the soil increased onion growth.
Overall, our data indicated that these Bacillus sp. strains are
promising candidates for future study in developing
biocontrol agents. However, more study on these Bacillus
strains is needed, including culture conditions, other
biochemical properties and antagonistic activities in in vivo
conditions.

SIGNIFICANCE STATEMENT

This study highlights the potential of three Bacillus sp.
strains as promising biocontrol agents against the pathogenic
fungi S. rolfsii and C. lunata. Under in vitro conditions, all three
strains significantly inhibited fungal growth by more than
60%. In addition to their antagonistic activity, these strains
promoted onion growth by enhancing plant biomass. Notably,
Bacillus sp. T3 and Bacillus sp. T36 increased both the fresh
and dry root weights of onion plants. Overall, these findings
indicate that the selected Bacillus sp. strains have strong
potential for managing fungal diseases in onion cultivation.
However, their effects against onion fungal pathogens under
in vivo conditions require further investigation.
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