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Purple spot disease caused by Alternaria porri poses a significant threat to shallot
plants, potentially leading to yield reductions of up to 40%. Addressing this issue
is crucial for maintaining agricultural productivity and ensuring food security. One
promising approach to controlling purple spot disease is the utilization of Bacillus
spp. consortium, which offers a cost-effective and environmentally friendly solution.
In a recent study, researchers aimed to identify the most effective Bacillus spp.
consortium for controlling A. porri while also enhancing the growth and yield of
shallot plants. The study was employed a completely randomized design (CRD)
with seven treatments and five replicates. These treatments included various
combinations of Bacillus strains along with positive and negative controls and
a fungicide containing mancozeb 80%. The results of the study demonstrated
that the consortium treatment consisting of B. pseudomycoides EPL 1.1.4 + B.
cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 was the most effective
in reducing purple spot disease development. This treatment exhibited a disease
incidence of 17.00% and disease severity of 13.33%. Moreover, the consortium
treatment significantly promoted the growth and production of shallot plants.
Specifically, plants treated with this consortium exhibited a notable increase in
plant height, leaf number, and both fresh and dry bulb weights. The enhanced
growth parameters included a plant height of 49.83 cm, a number of leaves of
53.33 strands, and fresh and dry bulb weights of 127.08 g and 96.65 g, respectively.

INTRODUCTION

Shallots (Allium ascalonicum L.) hold significant importance
as a horticultural commodity within Indonesia, being
utilized diversely in various sectors such as health (Aryanta
2019), the food industry (Ibrahim and Elihami 2020), and
export markets. Over recent years, Indonesia has witnessed a

notable increase in shallot productivity, with yields reaching
13.16 tons/ha in 2019, 15.12 tons/ha in 2020, and 18.15
tons/ha in 2021. Similarly, in West Sumatra, productivity
surged from 12.02 tons/ha in 2019 to 19.07 tons/ha in 2021
(Anonymous 2021). Despite these advancements, shallot
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productivity continues to fall short of the optimal level of 20
tons/ha (Susanti et al. 2018).

The relatively low productivity of shallots can be attributed,
in part, to various plant pathogens (Rachmatunnisa et
al. 2017). Among the pathogens affecting shallot plants
are Peronospora destructor, causing feather dew disease;
Colletotrichum gleosporoides, responsible for anthracnose
disease; Fusarium oxysporum f. sp. cepae, leading to
Fusarium wilt disease (Supyani et al. 2021, Yagmur et al.
2024); Erwinia caratovora pv. caratovora, causing tuber rot
disease; Pantoea ananatis, inducing bacterial leaf blight
disease (Yanti et al. 2021); Cercospora duddiae, resulting
in leaf spot disease; the Onion yellow dwarf virus, causing
onion mosaic disease; and Alternaria porri, responsible for
purple spot disease (Aldo and Putra 2020).

Purple spot disease poses a significant threat to onion
plants, often reducing bulb production (Kim et al
2022). Uncontrolled infections of A. porri in shallots can
lead to yield losses of up to 40% (Sutariati et al. 2020).
Typical symptoms of an A. porri infestation include the
development of white spots that evolve into purplish lesions,
expanding with a surrounding yellow halo (Hersanti et
al. 2019). Control measures against the A. porri pathogen
have been predominantly cultural and technical, involving
environmental management through appropriate cultivation
practices (Agastya et al. 2017), mechanical methods such as
the removal of infected plant parts (Sumartini2012), as well as
the utilization of resistant cultivars and synthetic fungicides
containing propineb (Ruswandari et al. 2020). However, the
excessive and continuous use of synthetic fungicides poses
environmental and health risks (Bansal 2020), necessitating
the exploration of alternative, cost-effective, and eco-
friendly control methods such as biological agents (Kim et

al. 2022). Bacillus spp. have been investigated as potential

can suppress pathogens and enhance plant growth quality
directly or indirectly (Miljakovi¢ et al. 2020).

The utilization of Bacillus spp. for controlling plant diseases
is typically conducted individually (Miljakovi¢ et al. 2020).
However, to enhance its effectiveness, Bacillus can be applied
in combination by utilizing two or more isolates, a practice
known as a consortium (Aiman et al. 2017). A consortium
refers to a blend of two or more species of microorganisms
that collaborate synergistically to provide various more
efficient control mechanisms (Yanti et al. 2021). The
objective of the study was to identify the most effective
Bacillus spp. consortium for the control of Alternaria
porri while simultaneously promoting shallot growth and

increasing production.

MATERIALS AND METHODS

The study was conducted using a completely randomized
design (CRD) consisting of seven treatments and five
replicates. The bacterial isolates used in this study were
obtained from previous exploration research conducted by
Yanti et al. (2019). These are individual bacteria that were
isolated and characterized in that study, not commercial
products. The combinations of Bacillus species used in
this study were based on previous research by Yanti et al.
(2021). According to Yanti et al. (2021), the combinations
were determined through compatibility testing between
the bacterial isolates. The compatibility tests enabled the
identification of bacterial combinations that could effectively
work together without inhibiting each other's growth or
antagonistic effects. The specific combinations that passed

these compatibility tests are shown in Table 1.

The research was conducted in the microbiology laboratory
of the Department of Andalas University and the
experimental garden of Andalas University from July 2023

biological agents for controlling plant pathogens, as they to January 2024.
Table 1. Treatment and consorsium Bacillus spp.
Treatment  Accepted
A Bacillus pseudomycoides strain EPL 1.1.4 + Bacillus cereus strain TLE 2.3
B Bacillus pseudomycoides strain EPL 1.1.4 + Bacillus cereus strain TLE 2.3 + Bacillus cereus strain SNE 2.2
C Bacillus pseudomycoides strain EPL 1.1.4 + Bacillus cereus strain TLE 2.3 + Bacillus cereus strain TLE 1.1
D Bacillus pseudomycoides strain EPL 1.1.4 + Bacillus cereus strain TLE 2.3 + Bacillus cereus strain TLE 1.1 +
Bacillus cereus strain SNE 2.2

E Positive control: without Alternaria porri inoculation and without Bacillus spp. consortium treatment.
F Negative control: inoculated with Alternaria porri and without Bacillus spp. consortium treatment.

G Fungicide: active ingredient mancozeb 80%
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Preparation of Bacillus spp.

Bacillus spp. samples were gathered in microtubes, revitalized
using the scratch technique on Tryptic Soy Agar (TSA)
medium, and cultivated for two consecutive periods of 24
hours each. Following this incubation, they were examined
for morphological traits of colony growth. To ensure purity,
Bacillus spp. isolates underwent verification through Gram

staining and hypersensitivity reaction testing.
Isolation and identification of Alternaria porri

The fungal inoculum of A. porri was obtained from
symptomatic shallot leaves through isolation using the
moist chamber method. When symptomatic plants were
discovered in the field, they were promptly transported
to the laboratory. Subsequently, surface sterilization was
performed by immersing the symptomatic plant parts, cut
into 1x1 cm”® pieces, in sterile distilled water and alcohol
for 1 minute. These pieces were then placed onto Petri
dishes containing sterile Potato Dextrose Agar (PDA)
media and incubated for seven days (Wiyatiningsih 2009).
Identification of the pathogenic fungi was conducted
through both macroscopic and microscopic observations.
Macroscopic observation of A. porri morphology focused on
colony growth, shape, color, and texture, while microscopic
examination involved assessing the shape of hyphae and
conidia, as well as the color and shape of conidiophores,
using a binocular microscope with a magnification of 40x10
(Rachmatunnisa et al. 2017).

Pathogenicity test of Alternaria porri

A Petri dish containing a pure culture of A. porri fungus
was filled with 10 ml of sterile distilled water. Subsequently,
the fungus was gently crushed using a small sterile brush
to release the hyphae and conidia. The resulting suspension,
which primarily contained conidia, was transferred to a test
tube and homogenized using a vortex. Serial dilutions were
performed up to 107. The fungal suspension was examined
using a Haemocytometer Neubauer Improved, and the
conidia density was calculated under a microscope. The
required conidia density for the test was 107 conidia/ml
(Hersanti et al. 2019). The homogenized conidial suspension
was then transferred into a sprayer. The pathogenicity test of
A. porri was conducted on Birma variety shallot plants two
weeks after planting. The fungus was inoculated by spraying
5 ml per plant onto shallot leaves that had been wounded
with a sterile needle. Observations were subsequently made
to determine whether the leaves exhibited symptoms of
purple spot disease.

Bacillus spp. complex propagation

Bacillus spp. that were revitalized on TSA media underwent

a multiplication process in liquid culture, which comprised
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two stages—in the initial stage, the pre-culture phase, a single
colony of Bacillus spp. pure culture was transferred into 25
ml of TSB medium within a culture bottle. Subsequently,
this mixture was incubated on a rotary shaker at 150 rpm
for 24 hours. Following this, the second stage, referred to as
the main culture phase, involved the creation of the Bacillus
consortium by combining two compatible Bacillus species.
For this stage, 1 ml of liquid culture from each Bacillus
species obtained from the pre-culture phase was transferred
into 198 ml of sterile coconut water within a culture bottle.
The mixture was then incubated for 48 hours on a rotary
shaker at 150 rpm, maintaining room temperature. After
the incubation period, the concentration of the bacterial
suspension used in the experiment was determined by
comparing the turbidity of the suspension with a 0.5
McFarland standard, which corresponds to approximately
1.5 x 10° CFU/ml.

Preparation of planting media

The shallot planting substrate consisted of soil, which was
thoroughly cleaned and sifted to remove any impurities,
combined with manure sourced from the Animal Husbandry
UPT of Universitas Andalas at a ratio of 2 parts soil to 1 part
manure (Yanti et al. 2019). This mixture was then filled into
transparent, heat-resistant plastic containers with a capacity
of 5 kg. The planting medium underwent sterilization in a
pot for one hour, after which the soil was allowed to cool for
a day. Subsequently, the planting substrate was transferred

into polybags.
Bacillus spp. consortium introduction and planting

The introduction of the consortium involved cutting the
top one-third portion of the shallot bulb. Subsequently, the
cut portion was immersed in the Bacillus spp. consortium
solution corresponding to the designated treatment for 15
minutes. Following this, two treated bulbs were planted by
submerging them into a single polybag with a capacity of 10
kg, filled with soil mixed with manure (Hersanti et al. 2019).

Inoculation of Alternaria porri

The inoculation of the A. porri fungus occurs when the
shallot plants reach the age of two weeks. The fungus is
inoculated by spraying 5 ml of A. porri conidia suspension
(107 conidia/ml) onto the shallot leaves that have been
previously wounded with a sterile needle. Subsequently,
the wounded leaves are covered with clear plastic for three
days (Hersanti et al. 2019). The variables under scrutiny
which

assessing the incubation period, disease incidence, and

encompassed disease development, involved

disease severity.
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Incubation period (days after planting)

The incubation period was observed after inoculation with
A. porri on the shallot plants, noting the first appearance of
purple spot disease symptoms on the plants.

Disease incidence (%)

Disease incidence was monitored weekly after inoculation
until the plants were 8 weeks old. The disease incidence was
calculated using the following formula:

DI% = 3X100%" ...ovvvnniiiiiiiineeiiiinnn Formula 1
where:

DI%: Percentage of disease incidence

n: Number of leaves infected by A. porri

N: Total number of leaves

Disease severity (%)

Disease severity was assessed weekly after inoculation until
the plants were 8 weeks old. The severity of the disease was
calculated using the following formula:

§ = ZOEED g 00 et Formula 2

NxV

where:

S: Disease severity

ni: Number of plants with the same disease score
vi: Disease score for each plant

N: Total number of sample plants

V: Maximum value of the damage category

Table 2. Scale and degree of infection by Alternaria porri
(modified from Hersanti et al. 2019)

Scale Symptoms
0 No symptoms
1 Leaves infected 0 < X < 12%
2 Leaves infected 13% < X < 25%
3 Leaves infected 26% < X < 50%
4 Leaves infected 51% < X < 75%
5 Leaves infected 76% < X < 100%

Figure 1. Scale of purple spot disease symptoms on
shallots: (a) scale 0, (b) scale 1, (c) scale 2, (d) scale 3, (e)
scale 4, (f) scale 5
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Shallot plant growth

Number of leaves (count): Counting was performed once a
week from 1 week after planting until 6 weeks after planting.

Plant height (cm): Measurement was done once a week
from 1 week after planting until 6 weeks after planting.
Observations were made from the soil surface to the tip of
the highest leaf on the sample plants.

Fresh bulb weight (g): The weight was measured by weighing
the shallot bulbs per cluster in each treatment within the
polybag. The bulbs were cleaned of any remaining soil,
then the leaves at the top of the bulbs were trimmed before
weighing.

Dry bulb weight (g): The dry weight was measured after the
shallot bulbs from each cluster were air-dried for 14 days,
then the bulbs were weighed.

Data analysis

Data were analyzed using analysis of variance (ANOVA).
If significant differences were found, further analysis
was conducted using Duncan’s New Multiple Range Test
(DNMRT) at a 5% significance level.

RESULTS
Disease progression
Incubation period (hsi)

Shallot plants treated with a Bacillus spp. consortium showed
a notable difference in the incubation period of purple
spot disease compared to the negative control. Specifically,
Consortium D demonstrated a significant difference
when compared to the treatment with Consortium B. In
contrast, while the treatments with Consortiums C and A
did not show significant differences from each other, they
were significantly different from both the fungicide (active
ingredient: mancozeb 80%) and the negative control (Table
3).

Disease incidence (%)

Disease incidence was monitored weekly after inoculation
until the plants were 8 weeks old. The percentage of disease
incidence was calculated using the following Formula 1.
Shallot plants treated with the Bacillus spp. consortium
exhibited a notably distinct impact on the incidence of
purple spot disease compared to the control group. The
negative control exhibited a notable variation between
Consortia C and A, while no significant differences was
found between the two consortia themselves. Conversely,
Consortium B displayed significant distinctions from both
the fungicide treatment and Consortium D. Notably, no
significant difference was observed between the fungicide
treatment of 80% mancozeb and Consortium D (Table 4).
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Table 3. The incubation period of purple spot disease in shallot plants introduced with the Bacillus spp. consortium

Incubation period

Treatment (the day after inoculation)
+SD
(D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 9.67+0.57a
(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2 9.00 +0.00 b
(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 8.67 £0.57 bc
(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 8.33 £ 0.57 bc
(G) Fungicide: active ingredient mancozeb 80% 8.00 £ 0.00 cd
(F) Negative control 5.00+0.00d

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New

Multiple Range Test (DNMRT) at the 5% significance level.

Table 4. The incidence of purple spot disease in shallot plants following their exposure to the Bacillus spp. consortium

Disease incidence (%)

Treatment +SD

(F) Negative control 5473 +4.33a
(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 39.77+1.16 b
(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 36.90+1.15b
(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2 28.17 +2.28 ¢
(G) Fungicide: active ingredient mancozeb 80% 20.23+£0.63d
(D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 17.00 +2.64 d

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New

Multiple Range Test (DNMRT) at the 5% significance level

Disease severity (%)

Disease severity was assessed weekly after inoculation until
the plants were 8 weeks old. The severity of the disease
was calculated using the following Formula 2. Shallot
plants treated with the Bacillus spp. consortium exhibited
a significantly varied impact on the severity of purple
spot disease compared to the control group. Notably, the
negative control group exhibited a significant difference
when compared to the treatments with Consortiums C and
A; however, no significant difference was found between the
two consortia. Consortium B showed significant differences
when compared to the fungicide treatment and Consortium
D. Interestingly, there was no significant difference observed
between the fungicide treatment and Consortium D (Table
5).

A comparison of the severity of purple spot disease is shown
in Figure 2. The initial symptoms caused by the A. porri
fungus appear as minor white spots on the leaf surface.
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Subsequently, with continued infection, the color transitions
to a purplish hue, and shallot leaves exhibit curling,
accompanied by yellow circles forming along the leaf edges.
Severe infections may lead to complete leaf necrosis, thereby

delaying bulb maturation.

Figure 2. Severity of purple spot disease: (a) shallot
leaves without symptoms of purple spot disease, (b) early
symptoms of purple spot disease, (c) purple spot disease
begin to spread, (d) purple spot disease begins to spread on
all parts of the affected leaves, and leaves die
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Table 5. The severity of purple spot disease in shallot plants following their exposure to the Bacillus spp. consortium

Treatment

Disease Severity (%) £ SD

(F) Negative control

(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1

(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3

(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2

(G) Fungicide: active ingredient mancozeb 80%

(D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2

5320+3.55a
35.93+2.06b
33.10+1.22b
26.70 +3.11 ¢
17.57+£2.41d

13.33+£0.90d

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New

Multiple Range Test (DNMRT) at the 5% significance level

Onion plant growth
Number of leaves (blade)

Onion plants that were introduced to a consortium
of Bacillus spp. demonstrated a significantly different
effect on the number of leaves compared to the control
group. Specifically, Consortia D and B showed significant
differences when compared to Consortia A and C. However,
there were no significant differences among the treatments
within the same consortium. Additionally, both Consortia
A and C exhibited significant differences when compared to
the fungicide and the control group, but again, there were
no significant differences among the treatments within the
consortia (see Table 6).

Conversely, no significant difference was observed between
the fungicide treatment and the control across the treatments
(Table 7).

Fresh weight of tuber (g)

Shallot plants introduced with the Bacillus spp. consortium
exhibited a notably distinct impact on bulb fresh weight
compared to the control group. Notably, Consortium D
demonstrated a significantly different effect compared
to Consortium A treatment. Furthermore, Consortium
A treatment displayed significant differences from the
treatments of both Consortium B and C. However, no
significant difference was observed between Consortium B

and C treatments, although they were significantly different

Table 6. Number of leaves of shallot plants inoculated with Bacillus spp. complex

Number of leaves (Leaves)

Treatment +SD (%)

D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 55.33+3.01a
(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2 54.66 +3.07 a
(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 51.33+1.36b
(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 51.33+1.36b
(G) Fungicide: active ingredient mancozeb 80% 35.00+2.09 ¢
(E) Positive control 33,16 +2.31c

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New

Multiple Range Test (DNMRT) at the 5% significance level.

Plant height (cm)

The consortium exhibited a notably distinct impact on
plant height compared to the control group. Interestingly,
all Bacillus spp. consortia did not demonstrate significant
differences amongst themselves. However, they significantly

differed from the fungicide treatment and the control.
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from both the fungicide treatment and the positive control
(Table 8).

Tuber dry weight (g)

Shallot plants treated with the Bacillus spp. consortium
exhibited a notably distinct impact on the dry weight
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Table 7. The plant height measurements of shallots following their exposure to the Bacillus spp. consortium

Treatment Plant Height (cm) + SD
D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 49.83+4.87a
(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2 48.83+2.73a
(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 4833 +495a
(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 47.33+398a
(G) Fungicide: active ingredient mancozeb 80% 3850+£1.37b
(E) Positive control 35,50+ 1.87 b

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New
Multiple Range Test (DNMRT) at the 5% significance level.

Table 8. The weight for shallot bulbs following their exposure to the Bacillus spp. consortium

Treatment Fresh Weight (g) + SD
D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 127.08 £591 a
(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 87.52+2.03b
(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2 67.95+1.59 ¢
(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 64.90 + 1.58 ¢
(G) Fungicide: active ingredient mancozeb 80% 51.33+1.54d
(E) Positive control 49.43+1.45d

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New
Multiple Range Test (DNMRT) at the 5% significance level.

Table 9. The dry weight measurements for shallot bulbs following their exposure to the Bacillus spp. consortium

Treatment Dry Weight (g) + SD
D) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 96.65+0.80 a
(A) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 81.27+1.37b
(B) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus SNE 2.2 47.07 + 144 c
(C) B. pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus TLE 1.1 46.43+0.83 ¢
(G) Fungicide: active ingredient mancozeb 80% 3843+127d
(E) Positive control 3545+ 198e

Numbers followed by identical lowercase letters within the same column do not display significant differences, as determined by Duncan's New
Multiple Range Test (DNMRT) at the 5% significance level.

of the bulbs compared to the control group. Notably, DISCUSSION

Consortium D demonstrated a significantly different effect ) . ) . )
. The introduction of a Bacillus spp. consortium in shallot

compared to Consortium A treatment. Furthermore, the . ] ]
] ) o } plants has been found to extend the incubation period,
Consortium A treatment displayed significant differences . o . . .
) reduce disease incidence, and mitigate disease severity

from the treatments of both Consortium B and C. However, . o
] o ] compared to both the negative control and fungicide
Consortium B and C treatments were significantly different . )
. treatments. Among the various treatments, the consortium

from the fungicide treatment (Table 9). o ]
consisting of B. pseudomycoides EPL 1.1.4, B. cereus TLE 2.3,
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B. cereus TLE 1.1, and B. cereus SNE 2.2 proved to be the
most effective. This can be attributed to the utilization of
multiple isolates in the consortium, which yields superior
outcomes in suppressing the development of purple spot
disease. The efficacy of Bacillus spp. consortium in acting
as a biocontrol agent against the A. porri pathogen in
shallot plants is underscored by its collaborative action
in inhibiting pathogen growth. This notion is supported
by Hadi et al. (2021), who suggest that bacterial consortia
exhibit enhanced efficacy in plant protection due to their
interactive mechanisms that control pathogen intrusion and

exert physiological influences.

Utilizing the consortium consisting of B. pseudomycoides
EPL 1.1.4, B. cereus TLE 2.3, B. cereus TLE 1.1, and B.
cereus SNE 2.2 confers an advantage in suppressing plant
diseases compared to alternative treatments. This Bacillus
consortium is known to produce salicylic acid, which plays
a pivotal role in inducing plant resistance (Lugtenberg
and Kamilova 2009). Each Bacillus strain harbors unique
advantages when incorporated into the consortium, as it
facilitates various mechanisms and synergistic effects that
effectively suppress plant diseases. Including B. cereus and
B. pseudomycoides in the consortium significantly enhances
the production of chitinase enzymes, which help decompose
chitin substances and hinder the growth of plant pathogens.
This finding is supported by research conducted by Win et
al. (2021), demonstrating that a combination of B. subtilis,
B. velezensia, and Penicillium sp. resulted in a substantial
reduction (60-63%) in disease severity caused by Fusarium
sp. and Alternaria sp. on banana plants. Additionally,
Krestini et al. (2020) reported promising outcomes in
reducing the intensity of Fusarium wilt disease in garlic
plants by employing a consortium comprising B. subtilis, T.

harzianum, A. chroococcum, and P. cepacian.

Bacillus spp. possess the capability to produce antibiotic
compounds and enzymes that serve as signaling molecules,
prompting the attacked plant to activate its self-defense
mechanisms. Among these enzymes, chitinase, lipoxygenase,
and glucanase are notable examples found in plants as
part of their self-defense mechanisms against pathogens.
This statement is supported by research conducted by
Butarbutar et al. (2018), which highlighted that Bacillus sp.
has the ability to produce chitinase enzymes, fix nitrogen,
and solubilize phosphate. These capabilities allow Bacillus
sp. to outcompete white root fungi for nutrients in plants,
thereby suppressing the growth of the fungi. Additionally,
Mageshwaran et al. (2022) reported the antagonistic activity
of B. subtilis against wilt disease in chickpea plants caused by
various soil-borne pathogens. Furthermore, studies by El-
Kareem et al. (2021) demonstrated that B. pumilus effectively
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mitigated the severity of black rot disease in strawberry
plants induced by pathogens such as E solani, R. solani, and
Pythium sp. by 65.3% to 67.3%. Moreover, Djaenuddin et
al. (2017) found that B. subtilis significantly suppressed the
development of the soil-borne pathogenic fungus R. solani
in corn plants by 63.4%. Additionally, Saputri et al. (2020)
reported that Bacillus spp. they inhibited dauqan midrib
rot disease caused by the pathogen R. solani by 56.93% and
51.52% in corn plants.

The introduction of a Bacillus spp. consortium to shallot
plants has been shown to enhance plant growth and
productivity. Among the Bacillus consortia tested, the
combination of B. pseudomycoides EPL 1.1.4 + B. cereus TLE
2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 emerged as the
most effective in promoting plant height, leaf count, and
bulb weight, with plant height reaching 49.83 cm, leaf count
at 55.33 leaflets, fresh bulb weight of 127.08 g, and dry bulb
weight of 96.65 g. This enhancement in growth is attributed
to the production of Indole Acetic Acid (IAA) by Bacillus,
known as a plant growth promoter. Additionally, Bacillus
spp. contribute to plant growth through the synthesis of
phytohormones and siderophores. Rabbe et al. (2019)
highlighted that Bacillus spp. can produce siderophores,
bacteriocins, and other volatile compounds that stimulate
plant growth. This finding is corroborated by Gau et al.
(2021), who reported that B. subtilis application in shallots
increases plant height, leaf count, and fresh bulb weight.
Furthermore, Ernita et al. (2016) demonstrated through
their research that B. pumilis can augment plant height, leaf

count, and shallot yield, reaching 15.2 tons/ha.

The
pseudomycoides EPL 1.1.4 + B. cereus TLE 2.3 + B. cereus
TLE 1.1 + B. cereus SNE 2.2 exhibited superior efficacy in
mitigating the incidence and severity of purple spot disease,

application of the consortium comprising B.

resulting in a disease incidence of 17.00% and disease severity
of 13.33%. Additionally, this treatment demonstrated notable
enhancements in shallot plant growth and production,
evidenced by a plant height of 49.83 cm, a total of 53.33
leaves, a fresh bulb weight of 127.08 g, and a dry bulb weight
of 96.65 g. In our study, the antagonistic potential of the
isolate appeared to be suppressed in consortium D compared
to consortium C. This could be attributed to several factors.
The increased complexity of consortium D, which includes
Bacillus pseudomycoides EPL 1.1.4, Bacillus cereus TLE
2.3, Bacillus cereus TLE 1.1, and Bacillus cereus SNE 2.2,
might lead to competitive interactions among the strains
for resources such as nutrients and space. This competition
could reduce the overall antagonistic activity of each strain.
Additionally, certain strains may produce antimicrobial

compounds or engage in quorum sensing that affects the
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antagonistic capabilities of other strains. In consortium D,
the inclusion of Bacillus cereus SNE 2.2 might have altered
the production or effectiveness of these compounds, leading
to a diminished antagonistic effect. Furthermore, while
consortium D effectively reduced disease incidence and
severity, the interactions among the four strains may not
have been synergistic, impacting the overall effectiveness.
These findings suggest that optimizing the composition
of microbial consortia to balance strain interactions could
enhance their disease-suppressing capabilities. The use of
the consortium B. pseudomycoides EPL 1.1.4 + B. cereus TLE
2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2 has advantages
in suppressing the development of plant diseases compared
to other treatments. This is because the Bacillus consortium
produces salicylic acid which functions to induce plant
resistance (Lugtenberg and Kamilova 2009). Each of
the Bacillus used has advantages when introduced as a
consortium because the consortium has various mechanisms
and synergistic effects that can suppress plant diseases. The
use of B. cereus and B. pseudomycoides produces the chitinase
enzyme where the enzyme can decompose chitin, so that
the chitin produced by Bacillus is able to inhibit the growth
of plant pathogens. This is supported by research by Win
et al. (2021) reported that the combination of B. subtilis, B.
velezensis and Penicillium sp. was able to reduce the severity
of disease from various types of pathogenic fungi in banana
plants caused by Fusarium sp. and Alternaria sp. pathogens
by up to 60-63%.
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OZET

Alternaria porrinin neden oldugu mor leke hastalig,
arpacik sogani bitkileri i¢in 6nemli bir tehdit olusturmakta
ve potansiyel olarak %40'a varan verim kayiplarma yol
acmaktadir. Bu sorunun ele alinmasi, tarimsal verimliligin
strdiiriilmesi ve gida glivenliginin saglanmasi agisindan
hayati 6nem tagimaktadir. Mor leke hastaliginin kontroliine
yonelik umut vadeden bir yaklagim, uygun maliyetli ve cevre

dostu bir ¢oziim sunan Bacillus spp. konsorsiyumunun
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kullanilmasidir. Yakin zamanda yapilan bir ¢aligmada,
aragtirmacilar A. porri'yi kontrol altina alirken ayni zamanda
arpactk sogani bitkilerinin biiyiimesini ve verimini de
artiran en etkili Bacillus spp. konsorsiyumunu belirlemeyi
amaglamistir. Calismada, yedi uygulama ve bes tekerriirden
olugan tamamen tesadiifi tasarim (CRD) kullanilmigtir.
Bu uygulamalar, pozitif ve negatif kontrollerin yani sira
gesitli Bacillus strainlerinin kombinasyonlarini ve %80
oraninda mancozeb iceren bir fungisiti igermektedir.
Calismanin sonuglari, B. pseudomycoides EPL 1.1.4 + B.
cereus TLE 2.3 + B. cereus TLE 1.1 + B. cereus SNE 2.2'den
olusan konsorsiyum uygulamasinin mor nokta hastaliginin
gelisimini azaltmada en etkili oldugunu gostermistir. Bu
uygulama %17.00 hastalik insidansi ve %13.33 hastalik
siddeti gostermistir. Dahasi, konsorsiyum uygulamasi
arpacik sogani bitkilerinin biiyiimesini ve iiretimini dnemli
dlgiide tegvik etmistir. Ozellikle, bu konsorsiyum ile tedavi
edilen bitkiler bitki boyu, yaprak sayisi ve hem taze hem de
kuru sogan agirliklarinda dikkate deger bir artis gostermistir.
Gelistirilmis biiylime parametreleri arasinda 49.83 cm bitki
boyu, 53.33 serit yaprak sayis1 ve sirasiyla 127.08 g ve 96.65

g taze ve kuru sogan agirlig1 yer almistir.

Anahtar kelimeler: Alternaria porri, arpacik sogani, mor

leke, konsorsiyum
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