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ABSTRACT

The aim of this study was to evaluate the effectiveness of the combination of Bacillus subtilis TM3
formulation with botanical pesticides in suppressing Fusarium verticilloides infection in corn. The research
was carried out at the Plant Pathology Laboratory and the Experimental Farm of Indonesian Cereals
Research Institute (ICERI) from February to November 2019. The research consisted of two stages, namely
an in vitro test of antagonists of botanical pesticides against F. verticilloides using 5 types of plant extracts
namely betel leaf extract, turmeric, galangal, cosmos, and clove leaf. The second stage was to test the
effectiveness of the combination of the formulation of B. subtilis TM3 with the best 3 types of plant
extracts in vitro testing in suppressing F. verticilloides infection in plants. The results of the in vitro study
showed that the plant extracts of betel leaf, clove leaf and galangal had the best inhibitory ability on the
mycelia growth of F. verticilloides. Meanwhile, the field test found that the application of the B. subtilis
TM3 formulation, either alone or in combination with plant extracts, was able to suppress F. verticilloides
infection. The combination of B. subtilis TM3 formulation with betel leaf extract showed the best inhibi-
tion of 20% against stem rot disease and 13.33% against corn cob rot. This treatment did not affect pro-
duction quantitatively, but was able to suppress the decline in seed quality due to F. verticilloides
infection. Seeds grown by the Plastic Rolled Paper Test (PRPT) method were not only infected with F. ver-
ticilloides, but also infected with other seed-borne pathogens, such as Aspergillus niger and A. falvus. The
presence of these two pathogens did not inhibit the growth of F. verticilloides in kernels.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

in kernels and is harmful to human and livestock health (Zhang
et al., 2013; Rocha et al., 2016). Accumulation of fumonisin in

The fungus Fusarium verticillioides is a pathogen that infects
corn plants and causes a decrease in production in the world (Li
et al., 2019). This pathogen infection reported from several coun-
tries that develop corn can reduce production in the range of 10-
50%. (Venturini et al., 2011); Li et al., 2010). In Indonesia, the
decrease in production due to this pathogen is not widely reported,
but the decline in the quality of corn kernels from the accumula-
tion of the pathogen results in low selling value (Pakki, 2016).
Infection on the ears is a major concern because the toxin produced
by this pathogen is in the form of fumonisin which can accumulate
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the body can inhibit sphingolipid metabolism and cell cycle regu-
lation resulting in effects as diverse as oesophagal cancer and the
risk of neural tube defects in children. Based on this, it is necessary
to control this disease to reduce farmers’ losses. The control of
stem rot disease is commonly carried out by spraying fungicides
on plants. Meanwhile, the public has now felt the negative impacts
that arise on human health due to the accumulation of pesticide
residues in agricultural products, so that safe and environmentally
friendly control techniques are needed, such as the use of biologi-
cal agents (Suriani and Muis, 2016). The effectiveness of biological
agents in controlling pathogens that cause plant disease has been
widely reported.

In the last two years, we tested the effectiveness of 8 Bacillus
subtilis isolates which were explored from several regions in
Indonesia and have been formulated in the form of talc as a biolog-
ical agent in suppressing the attack of important diseases in maize,
including Fusarium stem rot disease. The results of the test in vivo
provided recommendations for 2 isolates of formulations of B. sub-
tilis to effectively control stalk rot, then the two formulations were
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tested in the field with several dosages and the results showed that
the formulation of B. subtilis TM3 with 2.5 kg./ha was effective in
controlling Fusarium stalk rot (Suriani et al. 2020).

The effectiveness of antagonistic microbes in cropping is influ-
enced by several factors including climate, physical and chemical
properties of plant surfaces and the environment, and the micro-
bial population. If management is not carried out properly, it will
reduce the activity of the biological control agent (BCA). For this
reason, the use of BCA can be optimized with a combination of
using other control methods, such as adjusting soil pH, crop rota-
tion, immersion of fresh organic matter, environmental modifica-
tion and the use of botanical pesticides Soesanto et al. (2005).
Several research results show the effectiveness of a combination
of BCA and botanical pesticides in suppressing pathogen including,
tapak liman leaf extract, neem, betel, and citronella have the
potential to suppress downy mildew in sweet corn (Sekarsari
et al., 2013). Soesanto et al. (2005) suggested that ginger rhizome
rot in the land can be controlled by the application of the BCA Tri-
choderma sp. (dose of 20 g plant™!) either singly or in combination
with clove leaf powder (dose 10 g of plant™' 4 times every 7 days
interval), which is given since the seedlings are planted, and sprin-
kled around the crops.

Based on the foregoing, this research was conducted to obtain a
combination of treatment of the formulation of B. subtilis TM3 with
botanical pesticides that have the potential to control F. verticil-
lioides infection in corn.

2. Material and method

The research was conducted at the Plant Pathology Laboratory
and Maros Experimental Farm of Indonesian Cereals Research
Institute (ICERI) from February 2019 to November 2019. The activ-
ity began with the isolation of the fungus F. verticillioides from the
stalks of corn plants infected with stalk rot by growing them on
DifcoTM Potato Dextrose Agar (PDA), then incubated for 2 days.
The fungal mycelium that grew was then re-isolated on new PDA
medium and incubated for 14 days. Furthermore, macroscopic
identification was carried out including the shape and color of
the colony, microscopically by looking at the shape of the conidia
of the fungus and then matching it with a reference. Isolates iden-
tified as F. verticilloides were propagated in Petri dishes as inocu-
lants. The B. subtilis TM3 formulation used was the result of
development at the Plant Pathology Laboratory of ICERI. The botan-
ical pesticides used were obtained from the Indonesian Vegetable
Research Institute, Lembang and consisted of clove leaf extract,
galangal extract, cosmos extract, and turmeric rhizome extract.

2.1. Antagonist test of botanical pesticides against F. verticillioides
in vitro

The treatment was arranged in a completely randomized
design, consist of six treatments (five extracts of botanical pesti-
cides and sterile distilled water as control) and 4 replicates. Each
botanical pesticide was diluted with a concentration of 2%, then
each was poured 1 ml into a Petri dish contains 10 ml of PDA
media. Shake the petri dish to make it homogeneous, then let stand
for 10 min so that the suspension was absorbed by the media.
Pieces of F. verticillioides (1 cm diameter) were placed in the center
of the petridish, then incubated for 7 days. In the control treat-
ment, PDA medium was given 1 ml of sterile distilled water and
then F. verticillioides was grown in the center of the petri dish.
The level of inhibition of botanical pesticides on the growth of F.
verticillioides was were observed by measuring the development
of F. verticillioides mycelia in each treatment then converting the
following formula:
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dk — dp
dk

where THR is the relative inhibitory level (%), dk (fungus diameter
on control) and dp (fungus diameter on treatment). Test results
were analyzed using a variety of fingerprints. If there is a difference
in treatment data with analytic control continued with Duncan Test
at 5%.

THR = x 100%

2.2. The effectiveness test of the combination formulation of B. subtilis
and botanical pesticides in controlling Fusarium verticillioides in crops

Preparation made before the implementation of the test in the
field was the propagation of F. verticillioides using the toothpick
contamination method (Nordby et al., 2007). Testing the ability
of the combination of B. subtilis formulation and botanical pesti-
cides to control F. verticillioides in corn was carried out at the Maros
Experimental Farm of ICERI The treatments were arranged in a
randomized block design consisting 8 treatments with 3 replicates.
The eight treatments were single application formulation B. subtilis
TM3 (P1), formulation B. subtilis TM3 + betel leaf extract (P2), for-
mulation B. subtilis TM3 + clove leaf extract (P3), formulation B.
subtilis TM3 + galangal extract (P4), control with active ingredient
fungicide difenoconazole (P5), control with a fungicide with active
ingredient mancozeb (P6), positive control (sterile distilled water
with inoculation of F. verticillioides) (P7) and negative control (ster-
ile distilled water without inoculation of F. verticillioides) (P8).

The first step was planting NEI 9008 line on a treatment plot
measuring 3.75 x 5 m, one plant per hole with a planting space
of 75 cm x 20 cm. Furthermore, maintenance was carried out
including fertilization, weed control, and plant watering. Fertiliza-
tion was carried out twice, the first fertilization was applied
10 days after planting (DAP) using urea and NPK fertilizers with
doses of 150 kg/ha and 200 kg/ha, respectively. While the second
fertilization was applied at 30 DAP using Urea fertilizer at a dose
of 150 kg/ha. Inoculation of F. verticilliodies was done artificially
at 45 DAP by making a hole of 0.25 cm in the second stem segment
and then inserting a toothpick that had been covered with F. verti-
cilliodies. The application of the B. subtilis formulation was carried
out in 2 ways (seed treatment and spraying). Spray application
was carried out 7 days after inoculation of F. verticilliodies, at a dose
of 2.5 kg/ha. Meanwhile, the application of botanical pesticides
was carried out 14 days after inoculation of F. verticilliodies at a
dose of 41/ha. Each pesticide was sprayed on the surface of the
plant evenly.

The variables observed included the severity of Fusarium stalk
rot, the severity of Fusarium ear rot disease, yield, and the percent-
age of seeds infected with F. verticillioides.

2.2.1. Disease incidence of Fusarium stalk rot

Observation on the severity of Fusarium stalk rot was done at
75 and 90 DAP by determining the damage score adopted from
(Ahamad et al., 2015) as follows: score 1 = healthy or slight color
change in the first stem internode; score 2 = up to 50% of the first
segment changes color; score 3 =51-75% of the first segment
changes color; score 4 =76-100% of the first segment changes
color; score 5 = 50% change in color of the first segment adjacent;
score 6 => 50% change in color of adjacent internodes; score
7 = change in color of three internodes; score 8 = change in color
of four internodes; and score 9 = change in color of five or more
internodes and premature death of the plant. Crop damage scores
are converted to the following formula:

_2mi x Vi)
DS = TN x 100%

where: DS = Disease severity (%).
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n; = infected plant to-i;

v; = score by category of infection to-i;

N = Number of plant observed;

Z =The highest score of infection category (score 9).

2.2.2. The severity of Fusarium ear rot

This variable was observed at harvest by taking 20 samples of
ear per treatment unit. Ear damage scores converted to disease
severity. The scores for ear damage due to F. verticillioides infection
were: score 1=1-3% of corn kernels infected with the disease;
score 2=4-10% of corn kernels infected with disease; score
3=11-25% of corn kernels infected with disease; score 4 =26-
50% of corn kernels infected with disease; score 5 => 75% of corn
kernels infected with disease; score 6 =4-10% of corn kernels
infected with disease (Reid et al., 1993).

2.2.3. Yield

Observations were made on several aspects of the harvest
including the weight of wet peeled ears, shelling percentage, and
moisture content. The results of the observations were converted
to yield/ha using the following formula:

10.000
HA

100 — MC

yield(t/ha) = X 300 =15

x PW x SP

where: HA = Harvested area (m?).
MC = Moisture content at harvest (%).
PW = Wet peeling weight (kg).
SP = Shelling percentage (%).

2.2.4. Percentage of seeds infected with F. verticillioides

This step was carried out at the Plant Pathology Laboratory of
ICERI. A total of 100 kernels from each research unit were grown
using the Plastic Rolled Paper Test (PRPT) method and stored for
7 days. The percentage of seeds infected is calculated according
to the following formula:

A
I:§><100%

where: | = Percentage of F. verticilloides infected kernels.

A = Number of F. verticilloides infected kernels

B = Number of observed kernels.

The data for each observation variable was analyzed separately
using the computer program STAR Ver. 2.0.1 for Windows. Vari-
ance and the mean of the treatments are differentiated with the
Duncan’s Multiple Range Test (P = 0.05).

3. Result

3.1. Antagonist test of botanical pesticides against F. verticillioides
in vitro

The test results of the inhibition of five botanical pesticides
against the growth of F. verticillioides mycelia showed that betel
leaf extract had the highest inhibition of 71.12%, which was signif-
icantly different from the inhibition ability of 3 other extracts (cos-
mos, galangal and turmeric) (Table 1). The growth of F
verticillioides mycelia for 9 days of storage in the betel leaf extract
treatment was very slow with a mycelial growth diameter of
+2 cm, while the mycelia growth without the use of botanical pes-
ticides (control) filled the Petri dishes with a diameter of 9 cm
(Fig. 1).
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Table 1
Inhibition of 5 botanical pesticides on the growth of F. verticillioides mycelia in vitro.

No Treatment Percentage of mycelial
inhibition of
F. verticillioides (%)
1 Clove leaf extract VS F. verticillioides 67.32 ab
2 Cosmos extract VS F. verticillioides 61.49 b
3 Tumeric extract VS F. verticillioides 56.14 ¢
4 Galangal extract VS F. verticillioides 63.36 b
5 Betel extract VS F. verticillioides 71.12 a
6 Control (F. verticillioides) 0.00 d

Note: The number in a column followed by the same letter is not significantly
different at the 5% level of the DMRT.

3.2. The effectiveness test of the combination formulation of B. subtilis
and botanical pesticides in controlling Fusarium verticillioides in crops

The results of observations on the severity of fusarium stalk rot
disease showed that the combined application of the formulation
B. subtilis TM3 and botanical extracts suppressed disease progres-
sion higher than the single application of the formulation B. subtilis
TM3, but it did not show a significant difference. Plants that were
applied a combination of the formulation B. subtilis TM3 and betel
leaf extract showed the lowest disease severity, namely 25.19%,
not significantly different from the application of the two types
of synthetic pesticides which showed the incidence of Fusarium
stalk rot disease with 24.44% and 21.48% respectively at 90 DAP
(Table 2). Plants in negative control were also found to be infected
with pathogens on both stems and cobs, but the severity of stem
rot and cob rot in negative controls was very low (Tables 2 and
3). The emergence of disease in plants that are not inoculated
can be caused by surface water flow that can spread this pathogen.
It is known that F. verticilloides is a soil-borne pathogen.

F. verticillioides infection on corn stalks then spreads and infects
the ears, causing damage and rot in the kernels. The application of
BCA in this study had lower effectiveness in suppressing ear rot
infection compared to the use of synthetic pesticides, either difeka-
nozole or mancozeb (Table 3). However, the combined application
of the B. subtilis formulation and betel leaf extract consistently
reduced the incidence of F. verticillioides both on the stalks and
ears.

The test for the accumulation of F. verticillioides on the har-
vested kernels was observed in the laboratory by growing the
seeds on test paper rolled in plastic (TPRP) media. The results
showed that the kernels were infected with F. verticillioides evenly
and did not show any significant differences between treatments.
The lowest infected kernels were in a single application of the B.
subtilis TM3 formulation, which was the same as the infection in
the mancozeb treatment of 8.33% (Fig. 2). Infected kernels were
found to have purplish-white mycelia and conidia which were
observed microscopically in oval shape (Fig. 3).

Besides being infected with F. verticillioides, seeds grown on
TPRP media were also found Aspergillus flavus and A. niger with dif-
ferent infection characteristics in the kernels (Fig. 4). Both fungi are
transmitted through seeds and produce harmful toxins such as F.
verticilloides.

The yield in this experiment showed that there was no signifi-
cant different among the treatments (Fig. 5). However, there was
a decrease in production due to corn stem rot disease. This can
be seen in plants that were not inoculated with F. verticilloides
(negative control) showing higher yield than that in plants inocu-
lated with F. verticilloides, both in the treatment with pesticides
and in plants without the application of pesticides (positive con-
trol). However, the production of pesticide application was lower
than the production of positive control.
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Fig. 1. Inhibition test of botanical pesticides against F. verticillioides (L.1: galangal extract vs F. verticillioides; S1: betel leaf extract vs F. verticillioides; C: control).

Table 2

Effect of application of a combination of the formulation of B. subtilis TM3 and botanical pesticides on the attack of Fusarium stalk rot in Maros experimental farm, 2019.

Treatments Disease severity at (%)

75 DAP 90 DAP
B. subtilis TM3 formulation 12.59 be 27.41 bed
Combination of B. subtilis TM3 formulation and betel leaf exctract 14.81 ab 25.19 «d
Combination of B. subtilis TM3 formulation and clove leaf extract 14.07 abe 27.41 bed
Combination of B. subtilis TM3 formulation and galangal extract 14.07 abc 2593 «d
Difenokonazol fungicide 1111 be 24.44 «d
Mankozeb fungicide 12.59 be 21.48 d
Inoculation of F. verticillioides without any pesticide (control positive) 19.26 a 45.19 a
Without inoculation of F. verticillioides (control negative) 1.48 d 2.96 e
DMRT value (5%) 6.54 7.67

Note: The number in a column followed by the same letter is not significantly different at the 5% level of the DMRT.

Table 3

Effect of application of a combination of the formulation of B. subtilis TM3 and
botanical pesticides on the attack of Fusarium ear rot in Maros experimental farm,
2019.

Treatments Ear rot disease
severity (%)
B. subtilis TM3 formulation 6.67
Combination of B. subtilis TM3 formulation and betel 6.19
leaf exctract
Combination of B. subtilis TM3 formulation and clove ~ 6.98
leaf extract
Combination of B. subtilis TM3 formulation and 9.05
galangal extract
Difenokonazol fungicide 4.29
Mancozeb fungicide 4.64
Inoculation of F. verticillioides without any pesticide 19.52
Without inoculation of F. verticillioides 7.14

Note: The number in a column followed by the same letter is not significantly
different at the 5% level of the DMRT.

4. Discussion

The mechanism of betel leaf extract in inhibiting the growth of
F. verticillioides is not widely known. However, previous research-
ers reported that the mechanism of antifungal activity of betel leaf
extract of Beleng cultivar against the fungus F. oxysporum f. sp.
vanillae occurs through inhibition of spore germination, spore for-
mation and colony growth (Subrata and Rai, 2019). The ethanol
content in black betel leaf extract has the highest inhibitory activ-
ity compared to other compounds contained in betel leaves such as
n-hexane and ethyl acetate extract (Junairiah et al., 2017).

Other botanical pesticides that have high inhibition of the
growth of F. verticillioides mycelia besides betel leaf extract were
clove and cosmos leaf extracts with inhibition percentage of
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Fig. 2. Infection rates of F. verticillioides and 2 other seed-borne pathogens against
corn kernels in a combined application of the formulation B. subtilis TM3 and
botanical pesticides. (P1: Formulation B. subtilis TM3; P2: Combination of Formu-
lation B. subtilis TM3 and betel leaf extract; P3: Combination of Formulation of B.
subtilis TM3 and clove leaf extract; P4: Combination of Formulation of B. subtilis
TM3 and galangal extract; P5: difenoconazole fungicide; P6: Mankozeb fungicide;
P7: F. verticillioides inoculation without biopesticide; P8: Without F. verticillioides
inoculation.

67.32% and 63.36%, respectively. The results of this test underlie
the use of 3 types of botanical extracts combined with the formu-
lation of B. subtilis in controlling F. verticillioides infection in corn.

The biological control carried out in the field shows the consis-
tent effectiveness of the combined formulation of B. subtilis and
betel leaf extract in suppressing the infection of F. verticilloides
both on the stalk and on the ear. The effectiveness of betel leaf
extract in suppressing F. verticillioides is might be due to the high
content of phenolic compounds which are antifungal in betel leaf
(Susanti et al., 2017). Phenolic compounds can break the cross-
linkage (cross-linkage) of peptidoglycan and penetrate the fungal
cell wall (Ingram, 1981).

The inhibition ability of the combination B. subtilis TM3 formu-
lation and botanical pesticides against F. verticillioides in the plant
was not significantly different from the single application of B. sub-
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Fig. 3. (a) Symptoms of F. verticillioides infection in corn kernels; (b) Microconide
detached from the apical end of the monophialide; (c-d) aerial conidia with 1-2
septa; e. Macroconidia F. verticillioides with 3-5 septa.

Fig. 4. Seeds infected with A. flavus (a) and A. niger (b), A. flavus (c) and A. niger (d)
conidiophores growing on the surface of the seeds.

tilis TM3 formulation. Unlike the case with the test results on the
mycelial growth inhibition of F. verticillioides using betel leaf
extract in vitro, the inhibition ability was 71.12%. The decrease in
the anti-fungal ability of botanical pesticides applied to corn plant
is due to the content of betel leaf extract in the form of volatile
essential minerals at room conditions or higher temperatures
(Hartati, 2012).

The combination application of the B. subtilis formulation with
plant extracts in this study did not have an effect on increasing

Saudi Journal of Biological Sciences 28 (2021) 7000-7005

yield, although in general it was able to suppress the severity of
stem rot disease. Even the yield with the application of the disease
control agent was lower than plants with higher disease severity
(positive control). This can happen because plants that are attacked
by stem rot at 90 DAP generally have entered the physiological
maturation phase of the cob so that they can still be harvested
but the quality of the seeds produced decreases. Positive control
plants that experienced the highest stem rot disease severity also
showed high levels of F. verticilloides infection on the cobs and
seeds (Table 3 and Fig. 2). Infections in the cobs and seeds from
positive control plants were highest compared to other treatments,
which were 19.52% and 21.33%, respectively, while the B. subtilis
formulation and plant extracts showed the lowest infections,
cob infected with 6.19% on seeds by 10%. This of course will
reduce the quality of the seeds both to be used as animal feed
and plant seeds. In addition to the accumulation of toxins in
the form of fumonisin which are harmful to livestock health,
seeds infected with F. verticilloides if planted will become a source
of inoculum and cause systematic infection, a cycle of infection
from seed to stem and so on will infect newly formed seeds
(Gai et al., 2018).

Fusarium verticilloides was found in seeds obtained from the
infected plants. White to pinkish fungal hyphae were colonized
the seeds grown in the laboratory as shown in Fig. 3 with oval-
shaped conidia with septa. This is in accordance with the identifi-
cation made by (Pelizza et al., 2011), the microscopic characteris-
tics of F. verticillioides were found to be oval, without septae and
6-10 x 1.5-2.5 microconidia, while macroconidia had 3-5 septa.
Conidia produced by F. verticillioides infects the kernels, causing a
pink to brown discolouration of the kernel surface (Duncan and
Howard, 2010). In addition to F. verticilloides which infects seeds,
this study also found A. flavus and A. niger infections. The growth
of A. niger was characterized by the presence of black hyphae
and conidiaphores surrounding the seeds, while A. flavus had green
mycelia growing on the seed surface (Sreenu et al., 2019). F. verti-
cilloides, A. niger and A. flavus have similarities in their growth envi-
ronment, but F. verticilloides can inhibit the growth of both fungi,
especially at>0%96 activity water (Marin et al, 1998;
Thompson and Raizada, 2018).

Kernels infected with F. verticilloides, A. niger and A. flavus sim-
ilar to this study should not be used as animal feed or other pro-
cessed food materials because the mycotoxins produced by these
microbes are harmful (Garcia-Diaz et al., 2020; Puspitasari et al.,

Fig. 5. Average yields on the treatment combination of B. subtilis TM3 formulation and botanical pesticides. Maros experimental farm, 2019. (P1: B. subtilis TM3 formulation;
P2: Combination of B. subtilis TM3 formulation and betel leaf extract; P3: Combination of B. subtilis TM3 formulation and clove leaf extract; P4: Combination of B. subtilis TM3
formulation and galangal extract; P5: Diphenoconazole; fungicide P6: Mankozeb fungicide; P7: Inoculation of F. verticillioides without biopesticide; P8: Without inoculation

of F. verticillioides.
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2015). Mycotoxin contamination is one of the major post-harvest
problems of agricultural products in Indonesia (Miskiyah et al.,
2010). The content limit of some mycotoxins has been regulated
in agricultural products in many countries including aflatoxins
produced by Aspergillus spp. and fumonisin from the Fusarium
group (Bagus et al., 2017). Therefore, the control of F. verticilloides
is necessary to ensure the quality of agricultural products
produced.

5. Conclusion

. In vitro test of the inhibitory power of plant extracts on the
mycelia growth of F. verticilloides found 3 plant extracts that
had the best inhibitory power, namely betel leaf extract, clove
leaf extract and galangal extract.

. The application of the B. subtilis TM3 formulation, either alone
or in combination with plant extracts as a whole, was able to
suppress F. verticilloides infection in corn plants. The combina-
tion of B. subtilis formulation with betel leaf extract showed
the best inhibition of 20% against stem rot and 13.33% against
cob rot. This treatment did not affect the yield quantitatively,
but was able to suppress the decrease in the quality of the seeds
produced.

. Seeds grown using the PRPT method, apart from being infected
with F. verticilloides, corn seeds were also infected with other
seed-borne pathogens, namely A. niger and A. falvus. The pres-
ence of these two pathogens did not inhibit the growth of F. ver-
ticilloides in seeds.
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