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Abstract— Downy mildew (DM) is a major disease of corn that can limit production. An alternative method of control that is currently 

being developed is the use of biopesticides which can inhibit the development of DM. Therefore, this study aims to test the effectiveness 

of B. subtilis antagonistic bacteria formulation in suppressing DM through seed treatment and foliar spraying. The study was carried 

out from June to October 2019 at Maros Experimental Farm of the Indonesian Cereals Research Institute.  The first application was 

done by treating the seeds with the bacterial formulation with a dose of 8 g/kg of seeds. The second application was done at 16 DAP at 

a dose of 3 g/L. Spraying was done evenly throughout the leaves of the test plant. Observations made include incidents of downy mildew, 

presence of mycelium lignification, leaf chlorophyll content, stomatal density, plant height, and crop yield. Furthermore, the results 

showed that the application of the formula B. subtilis with seed treatment and spraying effectively suppressed the development of downy 

mildew and improved corn plants' growth. The test also showed that mycelium lignification occurred in the treatment using the formula 

B. subtilis. The treatment of B. subtilis tended to have higher leaf chlorophyll content in corn plants compared to control treatments.

Considering the results, the Bima-15 and Perkasa variety have a relatively better response to B. subtilis biopesticides in inhibiting downy

mildew infections, improving maize production.
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I. INTRODUCTION

Downy mildew (DM) is an important disease of corn plants 

that can reduce production. The typical symptom of the 

corn plant which DM attacks is pale yellow leaves with 

chlorotic stripes that extend parallel to the vein of the leaf with 

clear boundaries, while healthy leaves are normal 
green [1]. Biotic and abiotic environmental conditions are 

always changing to affect the development of disease in the 

field. The effort to control DM by cultural practices and 

synthetic pesticides has not shown satisfactory 

results. Therefore, it is necessary to find alternative methods 

to control the disease at every stage of the plant.  

The negative impact of the massive use of synthetic 

pesticides on the environment and human health has 

stimulated the search for an environment-friendlier approach 

to control plant diseases. Bi biocontrol, which relies on using 

beneficial organisms or their products (bioactive molecules 

and hydrolytic enzymes), holds the greatest promise and is 

considered a pillar of integrated pest management [2]. Most 

Biological Control Agent (BCA) products can be applied 

through seed treatment and foliar spraying [3]. 

Over the years, the use of Bacillus genera, especially spore-

producing Bacillus subtilis in crop protection industries, has 

increased due to their high survivability and wide range of 

antimicrobial compounds produced [4].  The antagonistic 

bacteria of B. subtilis TM4 used in this study can act as 

biological control of corn plant pathogens by producing 

various enzymes and secondary metabolites such as chitinase, 
protease, cellulase, antibiotics. They can increase plant 

growth with the ability to dissolve phosphate and potassium 

[5].  

The initial response of plant resistance can be seen from the 

occurrence of mycelium lignification. Lignification will result 

in stunted growth and pathogen infections in plants [6]. 

Observation of chlorophyll content needs to be done 

to determine the effect of DM on chlorophyll due to 

chlorosis. The mechanism of stomata that opens and 
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closes automatically can enter organisms that play a role in 

the process of infection of plant pathogens. The greater the 

density of the stomata, the greater the chance of infection [7], 

[8]. 

The use of antagonistic bacteria as biopesticide can be one 

alternative in controlling the disease because it is still rare in 
Indonesia. This study aims to test the effectiveness of the 

formulation of antagonistic bacteria B. subtilis in 

inhibiting/suppressing the development of DM with seed 

treatment and spraying formulations on the field.  

II. MATERIALS AND METHOD 

This study was conducted at Maros Experimental Farm of 

ICERI from June to October 2019. 

A. Experimental design 

The treatments were arranged in factorial in randomized 

block design consisting of factor A (B. subtilis treatment) with 

three levels (A0=without B. subtilis treatment added, A1= 

with B. subtilis treatment, and A2=synthetic pesticides); and 
factor B (variety) with four levels (B1 = Anoman 

(control/susceptible variety), B2 = Bima 20 URI, B3 = Bima 

15 Sayang, and B4= Perkasa (private-owned commercial 

variety). The B. subtilis formulation in powder form was 

made according to the formulation from the previous study 

[9]. 

 

 
Fig. 1 Flowchart diagram of the procedures of biopesticide application. 

B. Suppression Test of Downy Mildew by B. subtilis 
TM4Suppression Test of Downy Mildew by B. 

subtilis TM4 

1) Collecting the Spores of Downy Mildew: The 

inoculum source was obtained from DM-infected plants in the 

Maros Experimental Farm of ICERI (Indonesian Cereals 

Research Institute). The collection of DM-infected leaves was 

carried out at 5 am by cutting the whole leaves and then put 
them in a plastic bag. Once collected, the leaves used as a 

source of inoculum were washed with running water to 

remove existing conidia and dirt on the leaf's surface. The 

base of the leaves was then soaked in sugar water with a 

concentration of 2% in a container in dark conditions to 

stimulate the formation of spores (sporulation). At 3:00 am., 

the spores were collected by rinsing the leaves that white-

colored spores have covered in a container filled with water. 

2) Planting and Inoculation: Seeds were planted in micro 
plots with an area of 5 m2 with a spacing of 75 cm × 

25 cm. After being planted, at the age of 7 days after planting 

(DAP), spore inoculation was carried out by spraying a 

conidia suspension of P. philippinensis (106 spores/ml) on the 

leaves of corn plants at around 03.00-04.00 am. Inoculation 
was repeated three days later to get optimal symptoms. 

Fertilizer was applied twice, at 10 DAP with the dose of 100 

kg Urea/ha + 1 5 0 kg Phonska/ha and at 4 weeks after 

planting (WAP) by applying 100 kg Urea/ha. Watering was 

done every two days (conditioned according to soil 

conditions). Maintenance is carried out by removing weeds 

that grow and embroider plants that did not grow and making 

arrangements for irrigation not to lack water. 

3) Application of B. subtilis Biopesticide Formulation: 

The B. subtilis TM4 formulation used in this study is 

formulated with talc as a carrier. The carrier is the major 

portion (by volume or weight) of the inoculant [10]. The 
formulation application was carried out twice. The first 

application was made just before planting by treating 8g/k g 

of corn seeds. The second application was made at 16 DAP at 

a dose of 3 g/L. Spraying was done evenly throughout the 

leaves of the test plant. 

4) Observation: The parameters observed were the 

percentage of plants growth at 7 DAP, disease severity at 21, 

28, 35, and 42 DAP, plant height at 28 and 42 DAP, and yields 

by counting weight and number of cobs harvest. The formula 

calculated the severity of the disease. 

Is = 
�

�
� 100%  

Is = Percentage of DM incidence (%) 

A = Number of infected plants  

B = Total number of plants observed 

C. Observation of Mycelium Lignification Observation of 

Mycelium Lignification 

Observation of P.philippinensis mycelium lignification 

was carried out at 12 hours after inoculation. The observation 

was carried out by the Sass method [11] with modification. 

The plant leaves were cut approximately 1 cm, then soaked in 

phloroglucinol 1% solution in alcohol 96% during the first 5 

minutes, then soaked in a solution of HCl 10% for 5 minutes 

and heated in a solution alcohol 50% for 30-60 
seconds. Furthermore, the leaves were observed under the 

microscope. Purplish red tissue of mycelium indicates that 

mycelium was lignified. 

D. Chlorophyll Content 

Chlorophyll content was observed at 42 DAP using the 

SPAD-502 Chlorophyll meter. Leaf strands were sampled at 

the base, middle, and tip of the leaf 

E. Stomata Density 

Observation of the number of stomata was done once at 21 

DAP. Each variety was represented by one sample plant. The 

leaf used was the third leaf from the top. The leaf's surface 

was cleaned from sand or soil and then smeared with 1 cm2 

nail polish on the underside of the leaf at the tip, middle, and 

base. After the paint dries, masking tape was applied to cover 

the paint layer. The tape was released slowly, so the nail 
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polish peels off. Masking tape clinging to the nail polish was 

affixed to the glass of the object. The surface of the leaves and 

stomata were recorded on a layer of nail polish like a 

mold. Stomata printouts were observed using optilab. 

Calculation of the number of stomata was carried out at an 

observation area of 876 × 656 μm2. 

F. Data Analysis 

Data were analyzed with ANOVA and continued with the 

least significant difference test (LSD) at 5% level. 

III. RESULTS AND DISCUSSION 

Mycelium lignification was observed in the B. subtilis 
treated samples. It is characterized by purplish-red mycelium. 

The control treatment did not show the mycelium lignification 

process (Figure 2). The occurrence of lignification 12 hours 

after inoculation in the biopesticide treated samples may 

indicate that B. subtilis triggers the response of plant 

resistance to pathogen infections. 

The plant is known to have multi-layered recognition and 

resistance mechanisms. One layer of resistance involves the 

introduction of cell surfaces to microbial components, one of 

which is Microbe-Associated Molecular Patterns (MAMPs) 

which can trigger resistance (as an elicitor) [12]. MAMP can 
be a molecule derived from beneficial microbes or non-

pathogens [13]. One of the epitopes (places of recognition) 

that acts as a MAMP elicitor is the flagella structure of 

bacteria [14], [15]. B. subtilis species is known to have a high 

number of flagella, so that there is a higher likelihood for 

contact recognition to trigger resistance [16]. 

 
Fig. 2 Mycelium lignification of P. philippinensis on the leaves of corn plants 

12 hours after inoculation; control + Anoman (a), formula B. subtilis + 

Anoman (b), formula B. subtilis + Bima-20 (c), formula B. subtilis + Bima-

15 (d), formula B. subtilis + Perkasa ( e ), and synthetic pesticides + Bima-20 

(f) 

Lignification is one mechanism of plant resistance to a 

pathogen. Pathogens such as Peronosclerospora sp. can 

penetrate plants' tissues and grow internally between 

plant cells [17]. Peronosclerospora sp. was grouped into 

Oomycetes taxa [18]. In contrast to the fungi group, the 

Oomycetes cell wall comprises cellulose, glycan, and proteins 

rich in hydroxyproline [13]. The lignification process can 
inhibit the development of pathogens in the plant tissue as 

well as on the surface of the plant by strengthening the cell 

walls of plants through lignification process. The other 

mechanisms are to lignified pathogen cell containing 

components such as chitin, cellulose and protein-rich 

hydroxyproline, which can act as a matrix in the lignification 

process. As a result, pathogens will be lignified and become 

rigid and lose the plasticity required for development and 

penetration  [19]. 

The effect varieties and the application of B. subtilis 

formulation to the plant growth and stomata density can be 

seen in Table 1. In general, the plant growth was not 

significantly different, except between the control treatments 

of Perkasa variety was significantly higher than the Bima-15 

treated with synthetic pesticides with the plant growth 90% 

and 21% respectively. Meanwhile, the results of the analysis 

of variance on stomata density showed that the mean stomata 
density between varieties and between treatments was not 

significantly different. Anoman has the lowest density of 

stomata in synthetic pesticide treatment with 37.8/mm2 and 

the highest was the B.subtilis treated Perkasa variety with the 

stomata density of 53.7/mm2.  

TABLE I 

EFFECT OF B. SUBTILIS FORMULATION ON PLANT GROWTH AND STOMATA 

DENSITY ON 4 TEST VARIETIES. MAROS 2019. 

Seed Treatment 
Plant growth 

(%) 
10 DAP 

Stomata Density 

(/mm2 ) 
21 DAP 

Control + Anoman   
Control + Bima-20   
Control + Bima-15 

Control + Perkasa  
B. subtilis + Anoman   
B. subtilis + Bima-20  
B. subtilis + Bima-15  
B. subtilis + Perkasa 
Synthetic + Anoman   
Synthetic + Bima-20  
Synthetic +Bima-15       
Synthetic + Perkasa 

85.0ab 
78.7 ab 
57.9 ab 

90.4 a 
85.4 ab 
69.6 ab 
65.0 ab 
80.0 ab 
67.9 ab 
53.7 ab 
21.2b 
97.9a 

51.3 
52.5 
52.5 

53.7 
48.8 
53.7 
45.2 
51.3  
37.8 
51.3 
43.9 
47.6 

Value in column followed by the same letter, are not significantly different 

according to Tukey test (HSD) at 5% level. 

 

The effect of four corn varieties by B. subtilis formulation 

on DM incidence is presented in Table 2. Table 2 shows that 

the response of different corn varieties by the B. subtilis 

formulation can suppress P. philippinensis. The treatment of 

B. subtilis formulation in suppressing DM pathogen 

was significantly lower than in control. The statistical 

analysis showed that the incidence of DM on Anoman 

varieties was significantly higher compared to Bima-20, 

Bima-15, and Perkasa. There were no significant differences 

between the hybrid varieties. 
The highest disease index was observed in the control 

(91%) at 42 days after treatment. The B. subtilis formulation 

treated group showed the lowest disease incidence, which was 

6.5% and 24% in Bima-15and Bima-20, respectively 

(Table 2). This is presumably because Bima-15 has a better 

response to the treatment of B. subtilis formulation than Bima-

20. Due to their genetic and metabolic diversity, Bacillus spp. 

are well-adapted to a wide range of environmental conditions. 

Such wide environmental adaptability with many beneficial 

traits makes Bacillus spp. a suitable candidate for their 

application as a biofertilizer or biocontrol agent [20]. 
In addition to inducing plant resistance, B. Subtilis is also 

known to directly inhibit the development of pathogens. B. 

Subtilis can produce several antimicrobial and volatile 

organic compounds that inhibit the development of pathogens  

[4], [21]. B. Subtilis has 4-5% of the entire genome to 

synthesize various antimicrobial compounds [22]. Among 

several antimicrobial compounds produced by B. Subtilis, 

compounds included in the cyclic lipopeptide group such as 

surfactin, iturin, and fengicin [23] are the best known for their 

potential because apart from being an antimicrobial 
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compound they are also included in the biosurfactant class. 

The ability of B. subtilis to inhibit the development of 

pathogens even in low concentrations in the treatment of 

seeds can indicate that B. subtilis is an environmentally 

friendly alternative disease control solution [24]. 

TABLE II 

AVERAGE DM INCIDENCE ON TESTING FORMULATIONS OF B. SUBTILIS  
TO DOWNY MILDEW. MAROS 2019 

Treatment 

DM incidence (%) on 

21 

HST 

28 

HST 

35 

HST 

42 

HST 

 

Control + Anoman 
Control + Bima-20 
Control + Bima-15 
Control + Perkasa 
B. subtilis + Anoman 
B. subtilis + Bima-20 

B. subtilis + Bima-15 
B. subtilis + Perkasa 
Synthetic + Anoman 
Synthetic + Bima-20 
Synthetic + Bima-15 
Synthetic + Perkasa 

10.1 b 
1,4 c 
0.5 c 
0.0 c 
17.7 a 
1.7 c 

1,2 c 
0.0 c 
3,9 c 
0.0 c 
0.0 c 
0.4 c 

46.9 a 
3,3 b 
1.0 b 
2,8 b 
41.6 a 
4,6 b 

2.2 b 
1.5 b 
37.8 a 
1,2 b 
9.3 b 
4.0 b 

77.4 a 
20.1 b 
8.2 b 
7.3 b 
71.7 a 
17.4 b 

5,4 b 
8.1 b 
59.4 a 
12.6 b 
6,4 b 
5,3 b 

91.1 a 
28.7 b 
8.2 b 
13.2 b 
75.2 a 
24.7 b 

6.5 b 
9.9 b 
81.9 a 
19.4 b 
6,4 b 
9.2 b 

 

Value in column followed by the same letter, are not significantly different 

according to Tukey test (HSD) at 5% level. 

 

The treatment of B. subtilis biopesticide formulations 

tended to have higher leaf chlorophyll content in corn plants 

compared to control treatments. The result of observations 

showed that the highest chlorophyll level was found in the 

Bima-15 formulation treatment (43.7 g/ml), while the lowest 

with a chlorophyll content of 21.1 g/ml was found in Anoman 

for synthetic pesticide treatment. These findings can be 

explained by the fact that photosynthesis is mainly regulated 

by the stimulation of endogenous signals and the 

environment. The chlorophyll content also had greater in the 
B. subtilis formulation which may be explained by previously 

reported finding [25], i.e. that the Bacillus subtilis SL-13 may 

regulate signal transduction pathways that are related to 

photosynthesis, and biochar alters the soil environment, 

which results in plant growth stimulation. In downy mildew, 

plants undergo chlorosis which causes a decrease in 

chlorophyll and photosynthetic activity. Differences in the 

value of chlorophyll content between treatments can be 

caused due to the suppression effect of the treatment on 

disease progression so that the reduction rate of chlorophyll is 

lower in some treatments.  

 
Fig. 3 Effect of application of B. subtilis formulation on four test varieties on 

leaf chlorophyll levels in the plant at 42 DAP. Maros 2019. The same letter 

indicating not significantly different according to the LSD test at the 5% level 

Besides that B. subtilis can play a role as PGPR (Plant Growth 

Promoting Rhizobacteria) through photosynthetic pigment 

restoration activity [26]. The average chlorophyll content can 

be seen in Figure 3. 

To determine the effect of the treatment of B. subtilis 

formulation on the growth and production of maize under 
conditions of downy mildew disease, several parameters were 

observed. Plant height at 28 DAP with the application of B. 

subtilis formulation showed significantly higher results 

compared to controls, and not significantly different from 

synthetic pesticides (Figure 4). The height of the corn plant in 

the treatment of B. subtilis formulation was 53.5 cm, and in 

the treatment of synthetic pesticides was 54.7 cm while in the 

control treatment, it was lower at 48.9 cm. B. Subtilis species 

have been widely reported as the PGPR that can trigger plant 

growth. Lobo et al. [27] reported that B. subtilis inoculation 

can cause an increase in plant height of 9-18%. Besides the 

ability of B. Subtilis to produce endospores like most other 
Bacillus genera, causing B. Subtilis can survive in less 

favorable environmental conditions. 

 
Fig. 4 Effect of B. subtilis formulation application on plant height at 28 DAP. 

Maros 2019. The same letter indicating not significantly different according 

to the LSD test at the 5% level 

 

For observations on yields, parameters observed included 
the number of ears, 10 ears weight, and yields. The 

application of B. subtilis formulations showed the highest 

yields on Perkasa that were significantly different compared 

to Bima-15, Bima-20, and controls (Table 3). The yield on the 

Perkasa was 4.5 t/ha, followed by Bima 15 and Bima-20 was 

1.8 and 1.7 t/ha respectively, and the lowest (Anoman) was 

0.24 tons/ha.  

TABLE III 

COMPONENTS OF THE YIELD OF 4 VARIETIES IN THE TESTING OF 
B. SUBTILIS FORMULATIONS AGAINST DOWNY MILDEW. MAROS 2019. 

Treatment Yield components 

  
Number 

of Ear  
10 Ears 

Weight (kg) 
Yield 

(t/ha) 

Anoman 
Bima-20 URI 
Bima-15 Sayang 
Perkasa 

4 c 
27 b 
25 b 
57 a 

0.47 c 
1.47 b 
1,24 b 
2.0 2 a 

0, 24 c 
1.70 b 
1.80 b 
4.51 a 

The number in the column followed by the same letter is not significantly 

different according to the LSD test at the 5% level 

IV. CONCLUSION 

The present study showed the application of B. subtilis 

formulations by seed treatment and spraying on plants 

effectively inhibit the development of DM (P. philippinensis), 
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induce mycelium lignification, showed a higher leaf 

chlorophyll content and improve the growth of corn plants. 

Plant height of B. subtilis treated samples showed a 

significantly higher average (53.5cm) compared to controls. 

The combination of B. subtilis and Bima-15 showed the 

lowest disease incidence (6.5%) and highest chlorophyll 
content (43.7 g/ml) among the B. subtilis treated group. 
However, the Perkasa variety showed the highest yield (4.5 

t/ha) compared to other DM stress conditions. 
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