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Abstract

Tuber rot disease due to phytopathogen Fusarium oxysporum f. sp. cepae (Foc) infection is one of the main factors causing
the decreasing global onions production. This study aims to find bacteria and fungi candidates with Foc antagonistic activ-
ity through in vitro tests using dual culture techniques. A total of three bacterial isolates and three fungal isolates isolated
from the rhizosphere of healthy onion plants showed the ability to inhibit Fusarium oxysporum growth. LC648364 isolate
had an average inhibitory capability of 65.93%. At the same time, LC648367 and LC648368 fungal isolates can inhibit the
growth of F. oxysporum by as much as 74.82% and 67.76%, respectively. Molecular analysis based on 16S rRNA markers
showed three isolates belonging to the Bacillus. The LC648364 isolates are closely related to species Bacillus sp. strain
LLB-17, LC648365 is closely related to B. subtilis strain S11 and LC648366 is closely related to B. cereus strain EM6. For
the fungi, based on internal transcribed spacer (ITS) gene markers, there are three isolates. The LC648367 isolate is closely
related to Aspergillus tubingensis, LC648368 is closely related to Trichoderma asperellum and LC648369 is closely related
to Issatchenkia orientalis. This study can be used to develop indigenous microbial consortiums as biological control agents

for phytopathogenic fungi Fusarium tuber rot on onion.
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Introduction

Onions (Allium cepa var ascalonicum L) are one of the
world’s main commodities with production reaching 96.77
million tons per year. However, productivity fluctuates
almost every year. In Indonesia, several regions show fluc-
tuations in the amount of production each year (BPS 2018).
Various factors, especially unfavorable environments, such
as drought, salinity, climate, nutritional imbalance and plant
diseases, are the main obstacles in the production of onions
(Abdelrahman et al. 2016). Among a number of diseases
caused by pathogens, Fusarium tuber rot or wilt disease
caused by Fusarium oxysporum f. sp. cepae (Foc) is the
most damaging and a serious threat to onion production
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worldwide (Abdelrahman et al. 2016; Chand et al. 2017,
Kalman et al. 2020). Symptoms caused by Foc include
plants wilting rapidly, newly formed leaves curling and turn-
ing yellow, plants almost collapsing, white fungi colonies
appearing at the base of the rotting layered bulb (Brayford
1996; Taylor et al. 2016). Foc is a pathogenic fungus that can
infect a very wide range of plants as the hosts (Summerell
et al. 2011; Armitage et al. 2018). This fungus can form
chlamydospores so that it can last a long time in the soil
(Brayford 1996; Cremer 2000; Kalman et al. 2020).
Management of Fusarium tuber rot or wilt disease can
be focused on integrating different prevention methods,
including the use of mixed crops, crop rotation systems,
use of pathogen-resistant cultivars, use of chemical fungi-
cides and the use of biological agents (Mc Govern 2015;
Gupta et al. 2020). In practice, the use of synthetic fungi-
cides by onion farmers has not been fully effective because
of the residue left on crops, environmental pollution, and
killing other organisms that are not targeted. Moreover,
the continuous use of synthetic fungicides can lead to the
emergence of resistant pathogenic populations (Mehnaz
et al. 2013; Fournier et al. 2020; Tleuova et al. 2020).
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Biological control using microbes that are antagonistic to
pathogenic fungi is the right alternative because it does not
have a negative impact on the environment (Lecomte et al.
2016; Jamil et al. 2020; Kalman et al. 2020).

Utilization of microbes as biological control agents ide-
ally uses the potential of indigenous natural enemies with
the hope that these microbes will work more effectively
and are supported by appropriate environmental factors,
do not cause changes in ecosystems, and are cheaper to
formulate (Kalman et al. 2020). Therefore, the diversity
of microbes from the root area and their propagation fol-
lowed by their release back into the rhizosphere is a con-
servation measure that will provide promising prospects
for biological disease control (Raaijmakers et al. 2009;
Kandel et al. 2017.).

In the last decade, research on biocontrol and micro-
bial metabolite products for pest and pathogen control
has intensified (Jangir et al. 2018). Generally, this micro-
bial group belongs to the genera Bacillus, Pseudomonas,
Streptomyces and Trichoderma (Ramyabharathi et al.
2020; Jangir et al. 2018; Kalman et al. 2020). This group
of microbes is able to act as a biocontrol agent in reducing
pathogenicity through a number of mechanisms, such as
antibiotic production, root colonization, induction of sys-
temic resistance systems in the host, production of extra-
cellular cell wall breakdown enzymes and formation of
resistant spores (Ongena and Jacques 2008; Beneduzi et al.
2012). A number of studies have reported that the applica-
tion of microbes, both bacteria and fungus, is effective in
suppressing the growth of Fusarium pathogens, includ-
ing using Bacillus sp. (Jangir et al., 2018), Pseudomonas
aeruginosa DRB1 and Trichoderma harzianum CBF2
antagonist Foc Tropical Race 4 (Foc-TR4) (Wong et al.
2019). Further, Khan et al. (2020a) report that secondary
metabolites produced by Trichoderma spp., such as har-
zianolides, peptaibols, gliotoxin, trichokonin, and several
volatile compounds, have functioned as antifungal, stimu-
lating plant growth and increasing resistance to pathogens.

This study aims to evaluate the antagonistic activity of
indigenous microbial strains isolated from onion growing
areas in Enrekang Regency, South Sulawesi, Indonesia.
In vitro analysis was conducted using Fusarium isolates
which were isolated from onion plants showing symptoms
of tuber rot. All isolates that showed potential in inhibiting
the growth of the F. oxysporum pathogen were identified
molecularly using specific primers for the 16S rRNA gene
and the nuclear ribosomal internal transcribed spacer (ITS)
region using specific primers ITS1 and ITS4. The isolates
obtained are expected to be able to contribute to the inven-
tory of genetic diversity in the region, with possible future
applications for the control of Fusarium pathogens in plants,
especially in onion.
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Materials and methods
Isolation of Fusarium tuber rot

Fusarium tuber rot were isolated from onion rhizosphere
soil samples which showed tuber rot symptoms in the onion
cultivation area in Enrekang regency. The isolation was
carried out based on techniques described in Miao et al.
(2016) using potato dextrose agar medium (PDA, Merck)
and incubated for 5 to 7 days at 25 +2 °C. Isolates were
determined based on their microscopic morphological char-
acteristics. Microscopic observation using the fungal slide
culture method was used to observe the hyphae growth under
a microscope (Harris 1986).

Fusarium-antagonist bacterial and fungal isolations

Fusarium tuber rot-antagonist bacteria and fungi were both
isolated from healthy rhizosphere areas of onion plants by
the serial dilution method. The rhizosphere bacteria isolation
technique is based on Jangir et al. (2018) with modifications.
The dilution results were grown in Nutrient Agar (Merck)
medium at 30 °C for 48 h, whereas the fungal isolation tech-
nique is based on Miao et al. (2016) by growing the results
of 107 dilution in PDA medium at 25 +2 °C for 5-7 days.
Next, the bacterial and fungal isolates were purified in the
same medium and maintained at 4 °C. Further preservation
used glycerol stock (25%) and was stored at a temperature of
—80 °C. All the isolates which were successfully identified
were characterized based on morphological, biochemical
parameters and molecular identification.

In vitro tests of Fusarium-antagonist isolates

Fusarium tuber rot-antagonist microbes screening was
conducted using the dual culture method (Skidmore and
Dickinson 1976). A culture block with a diameter of 8 mm
from antagonist isolate and another from Fusarium isolate
was placed opposite to each other in a PDA medium, 3 cm
away from the edge of the Petri dish. As a control, a sin-
gle Fusarium culture disk was placed alone in another Petri
dish without the antagonist isolate. The Petri dish was then
incubated at a temperature of 25+ 2 °C for 5-7 days. Obser-
vation of growth inhibition (GI) was done every two days.
Observation was terminated when the colony in the control
reached maximum growth. The percentage of GI was calcu-
lated using the formula:

GI = [(R1 —R2)/R1] x 100%

In which, R1 is the radius of radial growth to the oppo-
site direction in the control Petri dish and R2 is the radius
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of radial growth in the treated petri dish. The tests were
done three times to acquire the mean of the inhibition zone
for each isolate.

The GI data were analyzed using one-way ANOVA with
values a=0.05 and n=3.

DNA extraction and PCR amplification

Isolation of fungal genomic DNA was carried out using
the Plant Genomic DNA Mini Kit (Geneaid) in accordance
to the manufacturer's standard protocol. The nuclear ribo-
somal internal transcribed spacer (ITS) region was ampli-
fied using a universal primer set (ITS 1: 5’-TCC GTA GGT
GAA CCT GCG G-3’ and ITS 4: 5°-TCC TCC GCT TAT
TGA TAT GC-3’) (White et al. 1990). The PCR reaction
consisted of 1 ul DNA template (100 ng/pl), 5 ul NZYTaq
II 2x Green Master Mix, 0.25 pl ITS 1 primer (10 pmol/
ul), 0.25 plITS 4 primer (10 pmol/ pl), 3.5 ul dH,O so that
the total reagent volume was 10 pul. PCR was run with a
thermal cycler for pre-denaturation at 95 °C for 5 min, for
denaturation at 95 °C for 30 s, for annealing at 52 °C for
30 s, for extension at 72 °C for 30 s, the reaction being
repeated for 35 cycles, and post-PCR at 72 °C for 5 min.

The total bacterial genome was isolated using Presto™
Mini gDNA Kit (Geneaid). According to the manufac-
turer's protocol, the 16S rRNA gene amplification was
performed using specific primer pairs (63 F: 5’-CAG
GCC TAA CAC ATG CAA GTC-3’ and 1387 R: 5°-GGG
CGG WTG GTA CAA GGC-3’). The mix composition
and PCR program were made the same as the ITS gene
amplification procedure in fungi. PCR products were ana-
lyzed using 1% agarose gel in 1 X TAE buffer. The gel was
then electrophoresed at a voltage of 100 V for 28 min and
stained using ethidium bromide staining. The visualiza-
tion of the electrophoresis results was carried out using a
UV-Transilluminator. PT Bioneer Indonesia conducted the
PCR product sequencing.

\

Fig. 1 Morphological and microscopic characteristics of 7-day-old F.
oxysporum isolated from the rhizosphere of onion plants. a The upper
surface of the colony; b the basal surface of the colony; ¢ microco-

Construction of phylogenetic trees

The 16S and ITS sequences for all bacteria and fungi were
constructed to determine their evolutionary relationships
based on phylogenetic analysis. Multiple sequence align-
ments were performed using Bio Edit's CLUSTAL W pro-
gram. Phylogenetic tree construction was carried out using
the neighbor-joining method from the MEGA version 10.0
program. Each clade obtained was then determined using
bootstrap analysis with 1000 replications and then Kimura's
two-parameter model was used. The nucleotide sequences
in this study have been deposited in the DNA databank
of Japan (DDBJ, URL: http://www.ddbj.nig.ac.jp/) under
Accession No. LC648364 through LC648369.

Results
Isolation and identification of fungal pathogens

The isolates suspected as Fusarium were isolated from
the rhizosphere of the onion plants which showed tuber
rot symptoms. Observation of the morphology of fungal
isolates was based on the characteristics described which
include parameters of color, colony, texture, and air hyphae.
All parameters showed characteristics matching Fusarium
oxysporum. Furthermore, the observations showed that on
the upper surface, the mycelium was purple, while the lower
surface was white. In addition, microscopic characteristics,
such as macroconidia, microconidia and chlamydospores,
were successfully observed under a microscope at magni-
fication of 400x (Fig. 1) with the appearance of a colorless
round microconidium, and a crescent-shaped macroconid-
ium that was colorless and had 3-5 septa while chlamydo-
spores are single-celled.

Further identification was carried out by molecular
method and based on the results of sequencing analysis
has been confirmed that the pathogen isolated is Fusarium

[

nidia (1) and macroconidia (2) microscope observation at X 400 mag-
nification; d Chlamydospores (X 400 magnification)
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oxysporum which has 96.6 % similarity identity to Fusarium
oxysporum strain KG_26 (Fig. 2).

In vitro tests of antagonist microbes isolates

A total of three fungi isolates and three bacterial isolates
were isolated from rhizosphere soil samples. From the
results of initial in vitro testing against Fusarium oxyspo-
rum, three isolates of fungi and three isolates of bacteria
showed inhibitory activity reaching 50% against F. oxyspo-
rum mycelium growth. In the second test, the percentage of
inhibitory potential was measured against the growth of F.
oxysporum grown in dual culture with the test isolate. Tests
were carried out three times to determine the average inhibi-
tion. From the results of analysis of variance (ANOVA) on
all isolates, it was found that almost all tested microbes had
inhibitory activity above 50%. Isolate LC648367 showed the
highest inhibitory activity of F. oxysporum with an average
of 74.82%, whereas the inhibitory activity of fungi against
F. oxysporum was discovered to have a higher growth rate
than the bacterial activity. The lowest inhibitory activity was
shown by the LC648369 fungal isolate with an inhibition
value of 41.12%. All data are presented in Table 1.

The capability of bacteria and fungi to inhibit F. oxyspo-
rum growth seems to be correlated with different growth
rates. Visually, the growth of fungi in colonizing the growth
medium was seen to be faster than bacteria (Fig. 3). From
all isolates of bacteria and fungi, LC648364 and LC648367
can be considered to have the best potential as antagonists
in suppressing F. oxysporum growth in vitro.

Further analysis was carried out to determine the capabil-
ity of the isolates to suppress the growth of F. oxysporum
mycelium. Microscopic observations were carried out on
the outer part of the F. oxysporum mycelium growth zone.
From the observations, it was found that hyphae damage
occurred which is assumed to have been due to the activ-
ity of the antifungal compounds produced. In contrast to
the control, hyphae in F.oxysporum were seen to undergo
fragmentation (Fig. 4).

Fig.2 Phylogenetic tree of the
pathogenic fungus (Fusarium
oxXysporum,)

Molecular identification of bacterial and fungal
isolates

The three bacterial isolates were analyzed molecularly to
identify species based on their evolutionary relationships.
The phylogenetic tree construction from the alignment
results of 16S gene amplification products with the GenBank
database showed that all F. oxysporum antagonist bacteria
were related to the genus Bacillus and all of them belong to
different species evolutionarily (Fig. 5). There are three iso-
lates belonging to the genus Bacillus. The LC648364 isolate
is closely related to species Bacillus sp. strain LLB-17 with
a gene similarity rate of 96%, LC648365 is closely related
to B. subtilis strain S11 with the 97 % similarity identity
and LC648366 showed a closer relationship with species B.
cereus strain EM6 with level of 97 %.

The results of the BLAST analysis were different for each
fungal sample. From the results of phylogenetic constructs,
it was found that the LC648367, LC648368, and LC648369
samples were of different species. The LC648367 isolate is
closely related to Aspergillus tubingensis with a similarity
rate of 99.6%, L.C648368 is closely related to Trichoderma
asperellum with a similarity 99.2% and LC648369 is closely

Table 1 Percentage of inhibition of F. oxysporum growth by bacteria
and fungi from the rhizosphere of onion plants on PDA medium

Isolate code
access number

Inhibition (%)

Day 1 Day 3 Day 5 Day 7 Mean
LC648364 54.84 65.39 70.61 72.87 65.93°
LC648365 49.34 59.67 61.04 65.38 58.86¢
LC648366 49.30 51.70 58.58 65.53 56.28¢
LC648367 68.35 73.77 77.65 79.51 74.82%
LC648368 62.12 65.32 70.79 72.79 67.76°
LC648369 25.60 41.00 46.81 51.08 41.12¢

Numbers followed by the same notation do not show a significant dif-
ference based on analysis of variance with values @=0.05 and n=3

e Fusarium_sp._NRRL_22570
Fusarium_proliferatum_strain_XJ_b
Fusarium_proliferatum_strain_XJ_a
Fusarium_equiseti_UNJCCF1

Fusarium_oxysporum_strain_MR104

Fusarium_solani_isolate_f2-16

Fusarium_sola

~ Fusarium_sp._strain_WCQ3361
y Fungi_01
IMG647858.1_Fusarium_oxysporum_KG26
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Fig. 3 Inhibitory activity of
bacteria and fungi against the
pathogen Fusarium oxysporum.
Origin of onion rhizosphere

in PDA medium on day 7. a
Control; b bacterial LC648364,
¢ bacteria LC648365, d bacteria
LC648366, e fungus LC648367,
f fungus LC648368, g fungus
LC648369

Fig.4 Comparison of growth
conditions for Fusarium hyphae
at day 7 in PDA medium. a
Hyphae condition in control; b
the condition of the F. oxyspo-
rum hyphae tested. Arrows
show hyphae in both treatments.
Microscope observation at X
100 magnification

related to Issatchenkia orientalis with a similarity level of

99.2% (Fig. 6).

Discussion

Fusarium oxysporum f. sp. cepae (Foc) is one of the
most severe diseases (Cramer 2000; Wang et al. 2019)
which affects all phases of plant development at pre- and
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Fig.5 Phylogenetic trees con-
structed using neighbor-joining
method at 1000 times bootstrap

Bacillus_sinesaloumensis_Marseille-_P3516_LT671591
|— Bacillus_velezensis_NRRL_B-41580_EU138484

using Kimura's two-parameter
model. The results showed the
position of the isolates and
related Bacillus species based
on the 16S rRNA gene sequence

Badllus_spizizenii_NRRL_B-23049_EU138464
MG062761.1_Bacillus_sp._strain_LLB-17
KF830999.1_Badllus_subtilis_strain_S-11

L.C648365
LC648364
I KJ612533.1_Badllus_cereus_strain_EM6

LC648366

- Bacillus_bingmayongensis_FJAT-13831_JN411109

Bacillus_badius_ ATCC_14574_D78310

Badllus_wudalianchiensis_FJAT-27215_KT362901

Bacillus_aquiflavi_3_H-10_MN088608

Bacillus_caccae_Marseille-P3604_LT714169

_|_— Badllus_dakarensis_Marseille-P3515_LT671589
Bacillus_marasmi_Marseill e-P3556_LT671590

0.03
Fig.6 Phylogenetic trees AY939796.1_Issatchenkia_orientalis isolate_ST 3382
constructed by neighbor-joining EF136369.1_Issatchenkia_orientalis
m‘?th(’% at IOQOtnmes bo"ts:rap AY939808.1_Tssatchenkia_orientalis_strain_ATCC
using Kimuras two-parameter LC648369
1. Th Its sh h
;no(;?gon o fe t;le:rletlzti doi‘,:otla?es L KX757232.1_Issatchenkia_sp._solate_Tar04
based on the ITS gene sequence KJ775447.1_Aspergillus_salwaensis_strain_DTO297E3T
IKJ775434.1_Aspe|glllus_westlandensls_straln_CBSlBT.fz1T
F1629326.1_Aspergillus_costaricaensis_strain_CBS
MG659602.1_Aspergillus_tubingensis_strain_ND8
LC648367
KF425754.1_Trichoderma_asperellum_strain_CGMCC
LC648368
JX238469.1_Trichoderma_pseudolacteum
EU330945.1_Trichoderma_turrialbense_strain_CBS_112445
KR868258.1_Trichoderma_asperellum
0.08

post-harvest stages from damping off and delayed seed-
ling emergence to bulb rot (Galeano et al. 2014; Wang
etal. 2019). Warm temperatures (28-32 °C optimum) can
induce infection and climate change will predict increase
it (Cramer 2000). Fusarium oxysporum was white floccose
mycelia. Some isolates produced dark violet pigment in
the agar (this character was observed for 1H (less virulent)
and 13 M (avirulent) isolates). Microconidia were formed
in false heads on short monophialides. Thin-walled mac-
roconidia were approximately straight and slightly tapered
at the ends (Ghanbarzadeh et al. 2014).

Fusarium wilt or tuber rot in onion plants due to Foc
infection causes enormous losses annually to global agri-
culture. It can survive in the soil for many years because
like many other Fusarium species, Foc produces resilient,

@ Springer

long-lived chlamydospores (Brayford 1996; Cramer 2000;
Armitage et al. 2018) so that the treatment using synthetic
fungicide is not entirely effective (Fig. 1d) which is resistant
to extreme environmental stress (Gupta et al. 2020). This
is also considered uneconomical and a source of environ-
mental pollution, so that alternative pathogen control with
antagonistic microbes (biocontrol) is more promising and
sustainable (Abbey et al. 2018; Fournier et al. 2020; Tleuova
et al. 2020). In this study, a number of indigenous microbes
showed antagonistic activity against F. oxysporum growth
in vitro (Fig. 3).

Three bacterial isolates and three fungal isolates showed
inhibitory activity of F. oxysporum mycelium growth.
LC648364 (Bacillus sp. strain LLB-17) was significantly
(p <0.05) able to inhibit the growth of radial mycelium F.
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oxysporum when compared to controls with inhibition per-
centages of 65.93%. When compared with bacterial isolates,
the F. oxysporum inhibition capability of fungal isolates was
much higher. Although the rate of bacterial cell proliferation
is faster, the expansion capability of fungal hyphae in the test
medium is much faster, so this is thought to be correlated
with its antagonistic activity in suppressing the growth of
F. oxysporum mycelium. Kalman et al. (2020) reported that
the Foc growth rate reached 0.83-0.87 cm/day. The activity
of rhizosphere bacteria in suppressing pathogen growth can
be through a number of mechanisms of action, including
synthesis of hydrolytic enzymes, such as chitinase, p-1,3-
glucanase, and proteases, that can lyse pathogenic fungal
cells (Lopez et al. 2020), (2) competition for nutrition and
colonization of the rhizosphere niche (Rana et al. 2019), and
(3) production of siderophores and antibiotics (Kumar et al.
2018; Panchami et al. 2020). But generally, the mechanism
of inhibitory action by bacteria occurs due to the synthesis
of a number of bioactive compounds, particularly antibiot-
ics (Jangir et al. 2018; Panchami et al. 2020; Ramyabharathi
et al. 2020).

From the results of molecular analysis using 16S rRNA
markers, it was found that the three bacterial isolates were
included in the genus Bacillus (Fig. 5). The isolate with the
highest inhibitory capability, LC648364 has evolutionary
similarity to Bacillus sp. strain LLB-17. The interesting
thing is that isolate LC648364 has a percent identity of 94%
when compared to Bacillus sp. strain LLB-17, where both
share the same branch. A number of studies have reported
the capability of Bacillus to suppress the growth of vari-
ous phytopathogenic fungi so that it is commonly used as
a biocontrol agent in both monoculture and consortium
forms (Khan et al. 2017). Cucu et al. (2019) reported that
B. subtilis QST713 was able to suppress the growth of F.
oxysporum f. sp. lycopersici (Fol). Bacillus sp. B44 Ana-
tagonist Fol (Jangir et al. 2018). In contrast to bacteria, of
the three antagonistic fungi isolates tested with the dual cul-
ture method, isolates LC648367 and LC648368 showed sig-
nificant inhibitory activity while isolate LC648369 was the
lowest among the three (Table 1) with an inhibitory percent-
age of 41%. The results of molecular analysis showed that
the LC648367 isolate had high homology (99.4% —100%
similarity) (Gupta et al. 2020) with Aspergillus tubingensis
strain ND8, whereas LC648368 and LC648369 are identical
to Trichoderma asperellum strains CHI3 and Issatchenkia
orientalis.

The application of fungi in controlling the growth of the
F.oxysporum pathogen is not only related to its high prolifer-
ation capability so that it is able to colonize the environment
quickly, especially habitats exposed to pathogens (rhizos-
phere, phyllosphere, and plant organs) but is also related to
its capability to produce bioactive compounds (Ghorbanpour
et al. 2018). A number of previous studies have reported

that A. rubingensis has antifungal activity. Zhao et al. (2018)
reported that A. tubingensis QF05 was able to inhibit the
activity of the pathogenic fungus Botrytis cinerea in tomato
plants, whereas Kriaa et al. (2015) reported that the activ-
ity of glucose oxidase (f-p-glucose: oxygen-oxidoreductase
EC 1.1.3.4) which was partially purified from A. tubingen-
sis CTM 507 effectively inhibited F. solani. This enzyme
activity causes the mycelium to undergo lysis, cytoplasmic
vacuolization, premature formation of chlamydospores, and
mycelium induction through anastomosis between hyphal
filaments.

The inhibitory activity of F. oxysporum by the fungus
LC648368 with a percentage of 41.12% was strong. The
results of molecular analysis showed that LC648368 had an
evolutionary relationship with T. asperellum with a simi-
larity percentage reaching 99.2% with T. asperellum strain
CHI13. The mechanism of inhibitory action by Trichoderma
can be either direct contact or the result of diffusion of the
compound being excreted into the environment. Tricho-
derma species have antagonistic activity which are pro-
duction of anti-microbial metabolites, faster physiological
conformation, spatial and nutrient competition, mycoparasit-
ism, and antibiosis by enzymes and secondary metabolites
(Verma et al. 2007). Trichoderma is one of the fungi that
has the capability to produce a number of metabolites that
can inhibit or kill pathogenic fungi, so it is the most com-
mon biocontrol agent (Ghorbanpour et al. 2018). A num-
ber of bioactive compounds with the antifungal activity of
Trichoderma have been reported, such as 3-octanone and
1-octen-3-ol, which are both fungistatic and strong fungi-
cides (Okkull et al. 2003), 6-pentyl-2H-pyran-2-one pro-
duced by T. koningii, T. harzianum, T. virens, and T. viride
(Worsatit et al. 1994) and sesquiterpenes from 7. harzianum
(Lee et al. 2016).

De la cruz-Quiroz et al. (2018) reported that there are
two mechanisms to inhibit the activity of Phytophthora
capsica and Colletotrichum gloeosporioides by Tricho-
derma, namely the production of antibiotic compounds,
which work during the growth of Trichoderma hyphae to
touch the phytopathogenic biomass, and the second is the
mycoparasitic mechanism, which works when these organ-
isms come into contact. Furthermore, Das et al. (2019)
reported that T. asperellum was able to effectively inhibit
the growth of Ralstonia solani and Phytophthora capsica
through mycelium colonization of pathogens. 7. asperel-
lum was also reported to be able to suppress the growth of
F. oxysporum f. sp. cucumerinum (May et al. 2019). Cotx-
arrera et al. (2002) also reported that T. asperellum was
able to effectively inhibit the growth of Fusarium oxyspo-
rum f. sp. lycopersici by antibiosis, mycoparasitism and
competition for nutrients in wilt. In addition, Khan et al.
(2020b) reported that the inhibition of pathogenic fungi
growth by Trichoderma spp. includes interactions between
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secondary metabolites and hydrolytic enzymes can induce
expansion of cell death, competition for nutrients, and
inhibition of enzymes that play a role in the synthesis of
the cell wall of pathogenic fungi.

From this research, all tested isolates have great poten-
tial to be applied as a field biocontrol to suppress F.
oxysporum. However, the capability for antifungal activ-
ity by both bacteria and fungi can be further optimized
through bioformulation in the form of a consortium. A
large number of studies have stated that the application
of fungi and a number of bacteria, especially Bacillus,
are able to inhibit or even kill the growth of phytopatho-
gens through a number of mechanisms (Cucu et al. 2019;
Karuppiah et al. 2019; Jangir et al. 2018). Furthermore,
Wong et al. (2019) stated that a BCA consortium (biologi-
cal control agents) is more effective in controlling plant
pathogens than single strains due to the involvement of
various modes of action of antagonists in suppressing
phytopathogens. Apart from acting as a biocontrol agent
against phytopathogens, the application of fungi and bac-
teria as biocontrol agents is also correlated with support-
ing plant growth through the mechanism of action of pro-
viding metabolites synthesized by bacteria, for example
phytohormones, or facilitating the absorption of certain
nutrients from the environment (Beneduzi et al. 2012; Jan-
gir et al. 2018). However, further testing is still needed to
obtain a more comprehensive understanding of all isolates
obtained.

Conclusion

A total of three bacterial isolates and three fungal isolates
isolated from the rhizosphere of healthy onion plants showed
the ability to inhibit Fusarium oxysporum growth. Based
on the molecular study, LC648364 isolates are closely
related to species Bacillus sp. strain LLB-17, LC648365 is
closely related to B. subtilis strain S11, LC648366 is closely
related to B. cereus strain EM6, LC648367 is closely related
to Aspergillus tubingensis, LC648368 is closely related to
Trichoderma asperellum and LC648369 is closely related to
Issatchenkia orientalis. The study shows that LC648364 and
LC648367 can be considered to have the best potential as
antagonists in suppressing F. oxysporum growth. The micro-
bial consortium used in this study could be developed as a
biological control agent for F. oxysporum on onion.
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