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ABSTRACT 
 

Maize production is still facing many challenges nowadays.  One of the main challenges in 

maize production is pest attacks.  S. frugiperda has been causing significant damage to 

maize farming in Indonesia recently.  This research was conducted to determine the 

potential of Bacillus spp. isolates Bcz-20 and Bcz-30 are identified as biological agent 

candidates to control the S. frugiperda population, with bacterial population densities of 

109 CFU/mL, 108 CFU/mL, and 107 CFU/mL, respectively, as determined by in vitro and in 

vivo application tests.  The Bcz-20 treatment with a population density of 107 CFU/mL was 

capable of suppressing the S. frugiperda larvae population in an in vitro application test, 

resulting in a mortality percentage of 47.5%. The Bcz-20 treatment with a population density 

of 109 CFU/mL was capable of suppressing the S. frugiperda larvae population by in vivo 

application test, resulting in a mortality percentage of 70 %.  The conclusion, Bacillus spp. 

Bcz-20 isolates with a population density of 107 CFU/mL are efficient and effective for 

controlling the S. frugiperda larvae population. 

1. INTRODUCTION 

Maize (Zea mays L.) is included in the main food ingredient group in Indonesia (Fatikhasari et al., 2022).  National 

maize production in 2021 reached 57.09 Qt/ha, Java Island tends to have a higher average production yield compared 

to outside Java, which was 60.09 Qt/ha (Astuti et al., 2022).  National corn demand in 2021 reached 14.37 tons (Minarsih 

et al., 2022), equaling 143.7 Qt. 

Maize production nowadays still faces many challenges.  One of the main challenges in maize production is pest 

attacks.  Spodoptera frugiperda are lately attacking maize crops in Indonesia massively.  This pest is an invasive insect 

that has become the main pest in maize crops in Indonesia (Dudurang et al., 2023).  This pest attack can cause a 

significant loss of yield, up to 80 % (Sari, 2020).  This pest has been reported to attack Indonesian maize crops in the 

regions of Sumatra, West Java, East Java, and Yogyakarta.  S. frugiperda attacks early maize crops and leaf shoots that 

are marked by the presence of bite marks (Megasari et al., 2022). 

Serious and ongoing control is needed to deal with this pest.  One of the alternatives to sustainable control is by 

utilizing biological agents.  Pest control with this method is considered an environmentally friendly way of control, 

because it does not produce residues that endanger to environment.  Control using biological agents was very effective 

in integrated pest management (IPM) systems (Lugito et al., 2023).  Alternatives to biological agents that can be used 

in controlling pests come from various types.  A biological agent that has the potential to control S. frugiperda is Bacillus 

spp.  Sutriono & Zahar (2022) research obtained a result of 100 % S. litura larval mortality on 5–8 days after application 

of Bacillus thuringiensis, with application concentrations of 10 g/L, 20 g/L, and 30 g/L.    
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Some Bacillus spp. Isolates are also known to play a role as a biological agent.  The result of the research conducted 

by Zinidin (2022) mentioned Bacillus spp. Isolates Bcz-20 and Bcz-30 have a bactericidal antibiotic mechanism against 

the pathogen Ralstonia solanacearum causes diseases in chili crops.  The diameter of the inhibition zone from the result 

of the research for Bcz-20 and Bcz-30 isolates against R. solanacearum, respectively, was 34.17 mm and 34.67 mm.  

Another research conducted by Heriyati (2023) mentioned that Bacillus spp. with a population density of 108 CFU/mL 

can inhibit fungal growth of Fusarium sp. by 20.02% in vitro.  More research by Anjarsari et al. (2022) obtained results 

that Bacillus sp. with a population density of 109 CFU/mL can inhibit the development of pathogenic fungi Phytophthora 

palmivora, causing cocoa fruit rot, with an inhibition percentage of 31.5–61 % in vitro.  This research was conducted to 

determine the potential of Bacillus spp. isolate Bcz-20 and Bcz-30 as candidates of biological agents as control S. 

frugiperda larvae, using bacteria population density of 109 CFU/mL, 108 CFU/mL, and 107 CFU/mL. 

2. MATERIALS AND METHODS 

2.1. Instruments and Materials 

The research was carried out at the Plant Health Laboratory and the Screen House of the Faculty of Agriculture, UPN 

“Veteran” Jawa Timur. The instruments used to support this research include: 16 mm × 100 mm test tube, 9 cm, petri 

dish, inoculation loop, 200 μL micropipette, yellow tip, erlenmeyer flask 35 mL plastic cup, 32 cm × 25 cm, plastic 

basket, tweezer, fine brush number 2, measuring tape 5 m, beaker glass 50 mL, beaker glass 100 mL, vortex mixer, hoe, 

shovel, crop marker, 100 mL sprayer, cover made from organza fabric. 

The materials used to support this research activity include: Bacillus spp. Bcz-20 and Bcz-30 isolates collection of 

Dr. Ir. Yenny Wuryandari, M.P., nutrient agar (NA), S. frugiperda instar 2–3 larvae, maize leaves, millimeter block paper, 

70% alcohol, sterile aquadest. 

2.2. Research Design 

Equal to research by Anjani et al. (2025), Completely Randomized Design (CRD) Factorial with two factors was used 

in this research.  The two factors are the type of bacterial isolates (B) and the density of the bacterial population (K).  

The type of isolates used are Bacillus spp. isolate Bcz-20 (B1) and Bcz-30 (B2).  The density of the bacterial population 

(K) used are of 109 CFU/mL (K1), 108 CFU/mL (K2), 107 CFU/mL (K3).  This population density refers to research 

conducted by Anjarsari et al. (2022), who use isolates of Bacillus sp. with a population density of 109 CFU/mL.  More 

research was conducted by Heriyati (2023), who used isolates of Bacillus spp. with a population density of 108 CFU/mL.  

In vitro and in vivo application tests were carried out with 8 treatments (6 main treatments and 2 controls) and 4 

repetitions.  The number of repetitions is calculated using Gomez's equation with the formula t ( r – 1 ) ≥ 15 (Gunawan 

et al., 2023).   

There are two controls used in this research for each repetition.  The first control is a negative control (KO1).  KO1 

uses only sterile aquadest.  The second control is the positive control (KO2).  This KO2 uses Turex WP insecticide with 

a dose of 2 g/L.  Turex WP is a biological insecticide that works as a light brown flour-shaped stomach poison that can 

be suspended, used to control armyworms, S. litura on soybean crops Wibawa (2018). 

2.3. Preparation 

2.3.1. S. frugiperda Larvae Preparation 

S. frugiperda eggs were obtained from the area of Balai Penelitian Tanaman Pemanis dan Serat di Kabupaten Malang 

(Sweetener and Fiber Crops Research Institute, Malang Regency).  The eggs will be hatched and maintained until it can 

be confirmed that those are S. frugiperda larvae.  The larvae used as test materials came from eggs of S. frugiperda 

larvae that had been reared previously.  The total number of larvae used for treatment was 640, for both in vitro and in 

vivo application tests. 

Fitriana et al. (2020) research using S. frugiperda instar 2 larvae for a total of ten per cup.  Ten instar 3 S. frugiperda 

larvae in each treatment also used by Kurniawati et al. (2025).  Based on both researches, the larvae used in this research 

are S. frugipeda instar 2–3, ten larvae per treatment.  In vitro application test using ten larvae per treatment repetition, 
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divided into five plastic cups, each cup containing two S. frugiperda larvae.  In vivo application test using ten S. 

frugiperda larvae per maize crop. 

2.3.2. Preparation of Bacillus spp. Suspension  

The series of processes to prepare Bacillus spp. suspensions of Bcz-20 (B1) and Bcz-30 (B2) isolates in this research 

began with preparing five test tubes of Bacillus spp. culture on nutrient agar media for each isolate.  The cultures were 

then harvested at the age of less than 24 hours by adding 10 mL of sterile aquadest to each test tube.  The surface where 

the bacteria grew was then scraped using an inoculation loop, then homogenized using a vortex mixer and collected in 

one Erlenmeyer flask with a total suspension volume of 50 mL.  10 mL suspension was taken from the stock suspension, 

then poured into an Erlenmeyer flask containing 50 mL of sterile aquadest, and homogenized with a vortex mixer.  10 

mL suspension is taken out of a total of 60 mL.  The homogeneous suspension then take another 10 mL to be dilute nine 

times.  A suspension of 0.2 mL, each grown on nutrient agar media in a petri dish.  Based on preliminary observations 

that have been made, colony count can be done in the range of 16–21 h before the growth of bacterial colonies is too 

widespread.  The bacterial population density of 109 CFU/mL was obtained through this method. 

The bacterial population density of 108 CFU/mL and 107 CFU/mL was also obtained by the same measures as the 

bacterial population density of 109 CFU/mL.  The only difference is the volume of sterile aquadest mixed with 10 mL 

of stock suspension.  The bacterial population density of 108 CFU/mL was obtained by homogenizing 10 mL of stock 

suspension and 70 mL of sterile aquadest.  The bacterial population density of 107 CFU/mL was obtained by 

homogenizing 10 mL of stock suspension and 90 mL of sterile aquadest.  

The counting of bacterial colonies was carried out using the Total Plate Count (TPC) and stated as Colony Forming 

Unit (CFU/mL) Laili et al. (2022).  This calculation is to find out if the density of the bacterial population is as desired, 

which is 109 CFU/mL (K1), 108 CFU/mL (K2), and 107 CFU/mL (K3).  TPC calculated using the formula: 

Total Plate Count (TPC) = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑝𝑒𝑟 𝑝𝑒𝑡𝑟𝑖 𝑑𝑖𝑠ℎ ×  
1

𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟
  (1) 

2.3.3. Maize Crop Preparation 

Deden et al. (2023) conducted research using 17 days after planting (DAP) maize crops.  Based on this research, maize 

crops with an age close to 17 DAP were used in this research, namely maize crops of 21 DAP.  Maize planting was 

carried out in a 20 cm × 27 cm polybag.  The planting medium consists of a combination of soil and compost with a 

ratio of 2 : 1.  The planting medium was sterilized by stirring well with formalin (5 % concentration), with a dose of 2.5 

mL/kg, then wrapped in plastic to let it sit for 7 days, followed by drying for 7 days (Sianipar et al., 2019).  Three maize 

seeds were planted into each polybag.  The crops used for the in vivo application test are one of the best crops of each 

polybag, while the remaining two were discarded. 

The maize leaves used for the in vitro application test were the same as the leaves of the maize crop used for the in 

vivo application test, which comes from the same type of seed.  Based on Fitriana et al. (2020) research, maize leaf feed 

is required in the amount of 5 grams per day for ten larvae, so that each cup contains 1 gram of maize leaves for two 

larvae.  The maize leaves were first dipped with Bcz-20 (B1) and Bcz-30 (B2) suspensions, respectively, according to 

the desired population density, 109 CFU/mL (K1), 108 CFU/mL (K2), 107 CFU/mL (K3).  Leaves were dipped in 

suspension for the in vitro application test, and sprayed with suspension for the in vivo application test. 

2.4. Procedure 

2.4.1. In Vitro Application Test of Bacillus spp. to S. frugiperda Larvae 

The in vitro application test was carried out in a laboratory environment with the main components of S. frugiperda 

larvae and corn leaves that have been dipped in Bacillus spp. suspension.  This application test uses a plastic cup for 

every two individual S. frugiperda larvae.  A total of 20 cups with a total of 40 S. frugiperda larvae were placed in one 

plastic box, consisting of four treatments divided into five rows in one box.  The plastic box used totals 9 units, so there 

are 320 larvae for in vitro application tests.  5 grams of maize leaves were given for each treatment every day, each cup 

filled with 1 gram of maize leaves according to the treatment.  The leaves were first dipped in Bcz-20 (B1) and Bcz-30 
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(B2) suspensions according to the population density K1 – K3 (109 – 107 CFU/mL).  Incubation is carried out within 7 

days.  Data collection of S. frugiperda larval mortality was carried out for 7 days of observation. 

2.4.2. In Vivo Application Test of Bacillus spp. to S. frugiperda Larvae 

The in vivo application test was carried out on a screen house scale.  The main components of the in vivo application 

test were maize crops with leaves that had been sprayed with Bacillus spp. suspension and S. frugiperda larvae.  The 

maize crops used are 32 crops.  Spraying of Bcz-20 (B1) and Bcz-30 (B2) suspensions with a dose of 2.4 mL per leaf 

was carried out first according to the population density of K1 – K3 (109 – 107 CFU/mL).  Ten larvae of S. frugiperda 

were then infested on each maize crop.  A cover sheathes each crop to the base of the polybag to prevent crops from 

being disturbed by other pests, and prevent S. frugiperda larvae from moving to another crop.  Data collection of larval 

mortality and apparent symptoms of larval attack in the maize crop was carried out for 7 days of observation. 

2.5. Parameter 

2.5.1. Larval Mortality of S. frugiperda 

Larval mortality of S. frugiperda observation observed in in vitro and in vivo application tests.  Observation of the 

mortality percentage was carried out by dividing the number of dead larvae by the total number of larvae, multiplied by 

100 % (Putri et al., 2022). 

% 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑙𝑎𝑟𝑣𝑎𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒
× 100%     (2) 

2.5.2. Attack Symptoms of S. frugiperda Larvae 

Symptoms of S. frugiperda larval attack observed during in vivo application tests.  It was done by observing the presence 

of holes in the leaves that are still buds or have not been fully opened, parallel transparent spots on the leaves, and the 

presence of feces on and/or around the crops.  These three types of symptoms are signs of the presence and attack of S. 

frugiperda, especially instar 2–3 observed.  The signs are based on statements by Maharani et al. (2019), Trisyono et al. 

(2019), and Putra et al. (2024).   

Affected crop shoots (by S. frugiperda), if the leaves have not opened fully (buds), appear hollow, and there are 

many larval feces.  It can be seen that many parts of the leaves are damaged, with holes on the leaves that have been 

opened and attacked by larvae (Maharani et al., 2019).  Early S. frugiperda instar (1–2 instar) attack in the form of 

parallel transparent spots on the leaves, while in the advanced instar (3–6 instar), the bite holes on the leaves form 

parallel (Trisyono et al., 2019; Putra et al., 2024). 

2.6. Data Analysis 

The data from the research was analysed using ANOVA (Analysis of Variance). If the conclusion is obtained under the 

condition calculated F > F table 5%, then the average difference between treatments is tested using the DMRT (Duncan 

Multiple Range Test) at a real level of 5 % Hariyanto et al. (2022), using SPSS 16.0 software. 

3. RESULTS AND DISCUSSION 

3.1. Mortality of S. frugiperda Larvae as an In Vitro Application Test 

The results of Bacillus spp. in vitro application tests against S. frugiperda larvae show two conditions, namely healthy 

or asymptomatic larvae, and dead larvae with symptoms of poisoning (Figure 1).  Healthy S. frugiperda larvae, based 

on preliminary observations, show bright green to brown body surface features, dense body texture, shiny clear caput, 

and fast mobility and voracious eating activities (Figure 1. (a)).  Research conducted by Putri et al. (2024) also describes 

a similar trait, namely a green to dark brown body during the instar phases 3–5.  Dead larvae show characteristics of 

skin discoloration to become darker and opaque, as well as body fluids out of the body (exocytosis) so that the larvae's 

body texture is not too dense or tends to be soft (Figure 1. (b)).  Research result by da Costa et al. (2020), stated that the 

S. frugiperda larvae those tested showed symptoms of poisoning, such as low mobility, blurred colour, and soft texture.  
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These symptoms were also similar to the results obtained by Karshanal & Kalia (2023), that the larvae are found dead 

on the feed surface and become mushy after death.  The results of the same research also mentioned that in the Bt 

treatment, the intestinal part of the larvae turned black. 

Karshanal & Kalia (2023) research results were also strengthened by the results of Mohammad et al. (2024) research, 

which stated that B. thuringiensis toxicity is likely caused by the Cry protein produced by the bacteria, causing larval 

death.  Research conducted by Knaak et al. (2010) has confirmed that strains and proteins synthesized by B. thuringiensis 

thuringiensis 407 (pH 408) and B. thuringiensis kurstaki HD-73 are efficient in controlling S. frugiperda, and the 

Cry1Ac protein was the most effective, with an LC50 value of 1.79 against instar 1 S. frugiperda larvae. 

 

Figure 1.  S. frugiperda larvae in vitro application tests result: (a) healthy larvae; (b) dead larvae with poisoning symptoms 

The results of the ANOVA test on S. frugiperda larval mortality data from the in vitro application test stated that 

there was no difference between the mortality data.  The results of the ANOVA test also showed no interaction between 

the bacterial isolates of Bacillus spp. (Bcz-20 and Bcz-30) and the bacterial population density (109 CFU/mL, 108 

CFU/mL, and 107 CFU/mL) on the mortality of S. frugiperda larvae by an in vitro application test.  This conclusion was 

obtained from the significant value in the results of the ANOVA Test of 0.322 for the type of bacterial isolate; 0.693 for 

bacterial population density, as well as 0.125 for a combination of bacterial isolate type and bacterial population density, 

where the significant values are greater than 0.05. 

Based on the data listed in Table 1, it is known that the highest mortality percentage of the in vitro application test 

reached 47.5 %.  The highest mortality percentage occurred in treatment with Bacillus spp. Bcz-20 isolates with a 

population density of 107 CFU/mL (B1K3).  The lowest mortality percentage of the in vitro application tests was only 

30 %.  The lowest mortality percentage occurred in treatment with Bacillus spp. Bcz-30 isolates with a population 

density of 109 CFU/mL (B2K1).  These mortality percentages were lower when compared to the mortality percentage in 

positive controls using Turex WP insecticide dose 2 g/L (KO2), which reached 60 %.  Turex WP is an insecticide 

containing Bacillus thuringiensis var. Aizawai GC-91: 3.8 %. 

Table 1. Mortality of S. frugiperda larvae by in vitro application tests 

Treatment Code Treatment Description % Mortality 

KO1 Aquades sterile (negative control) 27.5 

KO2 Turex WP Insecticide dosage 2 g/L (positive control) 60 

B1K1 Bcz-20 population density 109 CFU/mL 42.5 

B1K2 Bcz-20 population density 108 CFU/mL 32.5 

B1K3 Bcz-20 population density 107 CFU/mL 47.5 

B2K1 Bcz-30 population density 109 CFU/mL 30 

B2K2 Bcz-30 population density 108 CFU/mL 42.5 

B2K3 Bcz-30 population density 107 CFU/mL 35 

Information: The results of the ANOVA test showed that the data between treatments were not significantly different; Controls were not included in 

the ANOVA Test 

Bcz-20 (B1) isolates were able to cause S. frugiperda larval mortality to be close to 50 %, namely at a population 

density of 107 CFU/mL (K3) of 47.5 % and 109 CFU/mL (K1) of 42.5 %.  These results support the fact that Bacillus 

spp. isolate Bcz-20 (B1) can cause S. frugiperda larvae mortality.  Considering the mortality data in Table 1, with a lower 

a b 
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population density, namely 107 CFU/mL (K3), Bacillus spp. was able to kill S. frugiperda larvae. With no different result 

from the higher population density of Bacillus spp. The application test of both Bacillus spp. isolates were more efficient 

and effective using a population density of 107 CFU/mL (K3) by in vitro application tests. 

3.2. Symptoms of S. frugiperda Larval Attack on Maize Crops 

Attack symptoms of S. frugiperda larvae were observed to ensure the presence and life of the S. frugiperda larvae on 

maize crops as a test material for an in vivo application test.  Three attack symptoms of S. frugiperda were observed in 

this research.  The three symptoms of the attack were the presence of holes in the leaves that are still buds or have not 

been fully opened, parallel transparent spots on the leaves, and the presence of feces on and/or around the crops.  These 

three types of symptoms are based on statements by Maharani et al. (2019), Trisyono et al. (2019), and Putra et al. 

(2024).  Figure 2 shows three symptoms observed in this research.  Figure 2a to 2c  respectively show symptoms of 

maize plant attacked by S. frugiperda in form of holes in the partly opened leaf, parallel transparent spots on the leaf, 

and feces of S. frugiperda on the leaf. 

 

Figure 2.  Symptoms of S. frugiperda larval attack on maize crops: (a) holes in the partly opened leaf; (b) parallel transparent spots 

on the leaf; (c) feces on the leaf 

Table 2. Symptoms of S. frugiperda larval attack on maize crops 

Treatment 

Code 
Treatment Description 

Holes in partly 

opened leaves 

Parallel 

transparent 

spots on leaves 

Feces on and/or 

around crops 

KO1 Aquades sterile (negative control) √ √ √ 

KO2 Turex WP Insecticide dosage 2 g/L (positive control) √ √ √ 

B1K1 Bcz-20 population density 109 CFU/mL √ √ √ 

B1K2 Bcz-20 population density 108 CFU/mL - √ √ 

B1K3 Bcz-20 population density 107 CFU/mL √ √ √ 

B2K1 Bcz-30 population density 109 CFU/mL - √ √ 

B2K2 Bcz-30 population density 108 CFU/mL - √ √ 

B2K3 Bcz-30 population density 107 CFU/mL √ √ √ 

Information: Observation of the S. frugiperda symptoms attack was carried out on the 1st to 7th days after application. 

Mulyani et al. (2024) describe the attack that begins with the larvae feeding on the tissue on the leaf surface, so that 

the leaves appear transparent with a diameter of less than 5 mm. The next attack of the larvae will create an increasingly 

large bored hole of irregular shape, on the leaf surface or around the feeding area there was dirt such as sawdust. More 

severe damage the larvae attack the shoots of the plant, eating the inside, causing damage to the shoots. 

Based on the data in Table 2, known that all three types of S. frugiperda larval attack symptoms occur in almost 

all treated maize crops.  The absence of holes in the bud leaves or not fully opened leaves only occurs in plants with 

Bcz-20 treatment with a population density of 108 CFU/mL, Bcz-30 with a population density of 109 CFU/mL, and Bcz-

a b c 
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30 with a population density of 108 CFU/mL.  The results of the treatment were better when compared to the two controls 

who experienced three attack symptoms according to the desired parameters. 

3.3. Mortality of S. frugiperda Larvae as an In Vivo Application Test 

Results of biological agent Bacillus spp. in vivo application tests against S. frugiperda larvae show two conditions, 

namely healthy or asymptomatic larvae, and dead larvae with poisoning symptoms (Figure 3).  Healthy S. frugiperda 

larvae, based on preliminary observations, show the characteristics of a bright green to brown body surface, a dense 

body texture, a shiny and clear caput, and fast mobility and gluttonous eating activities (Figure 3 (a)). Larvae that have 

died show the characteristics of skin discoloration to become darker and opaque, as well as body fluids out of the body 

(exocytosis), so the larvae body texture is not too dense or tends to be soft (Figure 3 (b)).  da Costa et al. (2020) in their 

research, stated that the S. frugiperda larvae those tested showed symptoms of poisoning, such as low mobility, blurred 

color, and soft texture. 

More specific larval mortality symptoms are shown in Figure 3 (b), namely, the colour of the caput is feculent, the 

body texture is soft, and the digestive part looks blackish or darker than other parts of the body.  These symptoms are 

supported by the results obtained by Karshanal & Kalia (2023) that in Bt treatment, the intestinal part of the larvae turns 

black.  The larvae are found dead on the feed surface and become mushy after death.  These results are also strengthened 

by the Mohammad et al. (2024) research result, which stated that larvae fed with bacteria show severe changes in the 

part of the midgut involving separation and destruction basement membrane and degeneration of vacuoles severe in 

epithelial lining in the midgut and malpighian tubules, with degradation and folding peritrophic matrix.  B. thuringiensis 

toxicity is also mentioned, likely caused by the Cry protein produced by the bacteria, causing death in the larvae.  In a 

research conducted by Knaak et al. (2010) it was confirmed that strains and proteins synthesized by B. thuringiensis 

thuringiensis 407 (pH 408) and B. thuringiensis kurstaki HD-73 are efficient in controlling S. frugiperda, and the 

Cry1Ac protein was the most effective, with an LC50 value of 1.79 against first instar S. frugiperda larvae. 

 

Figure 3.  S. frugiperda larvae in vivo application tests result: (a) healthy larvae; (b) dead larvae with poisoning symptoms 

The results of the ANOVA test on S. frugiperda larval mortality data by the in vivo application test stated that there 

was no difference between the mortality data.  The results of the ANOVA test on the mortality of S. frugiperda larvae 

by the in vivo application test also showed no interaction between the bacterial isolates of Bacillus spp. (Bcz-20 and 

Bcz-30) and the bacterial population density (109 CFU/mL, 108 CFU/mL, and 107 CFU/mL) on the mortality of S. 

frugiperda larvae by an in vivo application test.  This conclusion was obtained from the significant value in the results 

of the ANOVA Test of 0.249 for the type of bacterial isolate; 0.699 for bacterial population density, as well as 0.971 for 

a combination of bacterial isolate type and bacterial population density, where the significant values are greater than 

0.05. 

Based on the data listed in Table 3, known that the highest percentage of mortality by in vivo application test reached 

70 %.  The highest mortality percentage occurred in treatment with Bacillus spp. Bcz-20 isolates with a population 

density of 109 CFU/mL (B1K1).  The lowest mortality percentage by in vivo application test was only 52.5 %.  The 

a b 



Amri et al.: The Potential for Controlling Maize Pest Spodoptera frugiperda ……….. 

615 
 

lowest mortality percentage occurred in treatment with Bacillus spp. Bcz-30 isolates with a population density of 108 

CFU/mL (B2K2).  These percentages were higher when compared to the percentage of larval mortality in positive 

controls using Turex WP insecticide dose of 2 g/L (KO2), which reached 50 %.  Turex WP is an insecticide containing 

Bacillus thuringiensis var. Aizawai GC-91: 3.8 %. 

Table 3. Mortality of S. frugiperda larvae by in vivo application tests 

Treatment Code Treatment % Mortality 

KO1 Aquades sterile (negative control) 27.5 

KO2 Turex WP Insecticide dosage 2 g/L (positive control) 50 

B1K1 Bcz-20 population density 109 CFU/mL 70 

B1K2 Bcz-20 population density 108 CFU/mL 62.5 

B1K3 Bcz-20 population density 107 CFU/mL 67.5 

B2K1 Bcz-30 population density 109 CFU/mL 62.5 

B2K2 Bcz-30 population density 108 CFU/mL 52.5 

B2K3 Bcz-30 population density 107 CFU/mL 55 

Information: The results of the ANOVA test showed that the data between treatments were not significantly different; Controls were not included in 

the ANOVA Test 

Research conducted by Nelly et al. (2024) using Bacillus spp. suspension with a concentration of 108 mol/mL shows 

the ability to suppress S. frugipeda larval populations significantly, with mortality on the fourth day reaching 61.67 %.  

This percentage is not much different when compared to the results of the in vivo application test at a population density 

of 108 CFU/mL, which is 62.5 % in the Bcz-20 (B1K2). 

Isolates Bcz-20 (B1) are capable of causing S. frugiperda larval mortality of more than 50 %. Highest mortality in 

population density 109 CFU/mL (K1) by 70% and population density 107 CFU/mL (K3) by 67.5 %.  These results support 

the fact that Bacillus spp. isolate Bcz-20 (B1) can cause S. frugiperda larval mortality.  These results are also supported 

by Zakqy et al. (2024) research result, which stated that the treatment with Bacillus spp. Bcz-20 isolate at a dose of 30 

mL/plant (population density 109 CFU/mL) shows a suppression of pathogen intensity Fusarium sp. with an emphasis 

of 58.94 %.  Considering the mortality data in Table 3, with a lower population density, namely 107 CFU/mL (K3), all 

isolates of Bacillus spp. capable of killing larvae of S. frugiperda.  With results that do not differ from the higher 

population density of Bacillus spp.  The application test of both Bacillus spp. isolates are more efficient and effective 

by using a population density of 107 CFU/mL (K3) in an in vivo application test. 

4. CONCLUSION   

The research prove that Bacillus spp. can be used as an effective biological agent to control Spodoptera frugiperda pests 

in corn plants. The results of this research concluded that Bacillus spp. Bcz-20 isolates with a population density of 107 

CFU/mL efficiently and effectively caused mortality of S. frugiperda larvae by in vitro and in vivo.  At this density, 

Bacillus spp. Bcz-20 results in 67.5% mortality of S. frugiperda. Furthermore, Bacillus spp. Bcz-20 isolate has the 

potential to be developed as a biological agent that can be widely used for controlling pest S. frugiperda in maize crop. 
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