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Abstract— Corn is an important food ingredient because it is the second source of carbohydrates after rice. However, there are obstacles 

to the attack of the armyworm pest Spodoptera frugiferda (J.E.Smith) which is found in corn plantations in Gowa and Takalar 

Regencies, South Sulawesi. An alternative control solution that can be applied is the use of the entomopathogenic fungus Beauveria 

bassiana (Bals.) Vuill. In this study, formulation tests and bioassays of alginate pellet carriers will be carried out against S. frugiperda 

on a laboratory scale. The study was conducted from December 2021 to February 2022. Sampling of test larvae of S. frugiperda in corn 

plantations in Takalar Regency, propagation of the entomopathogenic fungus B. bassiana, alginate pellet production, and its application 

was carried out at the Pest Laboratory, Faculty of Agriculture, Hasanuddin University. The results showed that the alginate pellet 

formulation of B. bassiana could kill S. frugiperda larvae with different percentage levels of mortality. The treatment of 50 alginate 

pellets had a very significant effect with the most influential mortality among other treatments, which was equal to 80%, and had the 

lowest percentage rate of pupal and imago development. The addition of bran, wheat flour, tapioca flour, and corn flour formulations 

had an effect on the spore density of the B. bassiana alginate pellets. The P3 treatment (wheat flour) had a high spore density of 2.35 x 

108 spores per ml with high mortality of S. frugiperda larvae on days 6-9 days after treatment. 

Keywords— Armyworm; corn; entomopathogenic fungi; mortality; spore density. 

Manuscript received 1 Feb. 2023; revised 25 May 2023; accepted 21 Jun. 2023. Date of publication 31 Oct. 2023. 

IJASEIT is licensed under a Creative Commons Attribution-Share Alike 4.0 International License. 

I. INTRODUCTION

Corn is one of the agricultural commodities, the second 

staple food after rice in Indonesia. Corn production in 
Indonesia from 2010 to 2018 increased to a peak of 30.25 

million tons in 2018, but in 2019, corn production began to 

decline until the latest data in 2020 noted that corn production 

fell to 22.5 tons [1]. The obstacle faced in increasing corn 

productivity is the attack of the corn armyworm pest 

Spodoptera frugiperda (J.E. Smith), a new pest in Indonesia 

[2]. Spodoptera frugiperda is an invasive insect that has 

become a pest of maize [3], [4]. This insect originates from 

tropical and subtropical parts of America and has spread to 

various countries, including Indonesia, which entered mid-

2019 [5], [6]. According to [7], in September 2019, this insect 
was found on corn plants in South Sulawesi Province, 

particularly in Bontonompo District, Gowa Regency, and 

Sandrobone District, Takalar Regency. These insects attack 

plants when the plants are 3-4 weeks old, with an intensity of 

plant damage of 90%, thereby affecting the economic 

performance of corn [8], [9]. An alternative solution to control 

techniques that can be applied is using biological agents of the 

entomopathogenic fungus Beauveria bassiana (Bals.) Vuill. 

was developed as a coinsecticide that can be mass-produced 

in solid and liquid media [10]-[12]. 
B. bassiana produces toxins beauvericine, beauverolide,

isorolide, dyes, and oxalic acid, which cause aggressive 

paralysis in insect larvae and imago [13], [14]. The 

formulation of B. bassiana in the form of pellets resulting 

from mycelium encapsulation is effective for increasing pest 

mortality and reducing competition with other microbes, 

thereby increasing the viability of B. bassiana [15]-[17]. In 

utilizing this fungus, efforts are needed to maintain its 

effectiveness and sustainability through the development of 

formulations through modification of the fungus's 

propagation media, carriers, and conidia [18]-[20]. 
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Several carrier materials have been studied for the 

suitability of the B. bassiana pellet formulation, including 

tapioca flour, rice flour, and corn flour combined with ideal 

storage temperatures [21], [22]. Tapioca starch at a storage 

temperature of 5°C effectively maintains the viability of B. 

bassiana conidia for ± 2 months of storage [23]. Corn flour 

contains lower carbohydrates (73.7 g) than wheat flour (77.3 

g) and contains fat, phosphorus, iron, vitamin B1, and beta 

carotene pigment, which functions as a precursor of vitamin 

A and higher antioxidants [24]. Wheat flour has a water 
content of 14%, protein content of 8-12%, ash content of 0.25-

1.60%, and wet gluten of 24-36% [25]. So, in this study, 

formulation tests and bioassays of alginate pellet carriers were 

carried out against S. frugiperda in a laboratory scale. 

II. MATERIALS AND METHOD 

A. Research Site 

The study was conducted from December 2021 to February 

2022. Sampling of test larvae of S. frugiperda in corn 
plantations in Takalar Regency, propagation of the 

entomopathogenic fungus B. bassiana, alginate pellet 

production, and its application to test larvae was carried out 

at the Plant Pest Laboratory, Faculty of Agriculture, 

Hasanuddin University Makassar. 

B. Propagation of Spodoptera frugiperda Larvae 

Test larvae of S. frugiperda were obtained from corn 

plantations in Takalar Regency, South Sulawesi Province. 

Insect propagation is carried out in the laboratory by feeding 

baby corn (when it just hatches) and then feeding corn leaves 
at instars 2 to 6, while at the pupal stage, it is placed in a 

plastic container filled with moist sand, and the imago is 

placed in a cage that is the size of 20x20x80 cm3 by feeding 

the honey solution to the cotton. The resulting eggs are reared 

until they reach the third instar larval stage, ready to be tested. 

During larvae propagation, observations were also made on 

the larvae, pupae, and imago stages. 

C. Rejuvenation and Propagation of the Entomopathogenic 

Fungus B. bassiana 

B. bassiana isolates were obtained from the Laboratory of 

Plant Pests, Faculty of Agriculture, Hasanuddin University. 

Isolates were rejuvenated on Potato Dextrose Agar (PDA) 

media by taking B. bassiana hyphae using a needle 

preparation, then inoculated on sterile PDA media in a petri 

dish and then incubated for 12-14 days.  

 

Fig. 1  Rejuvenation and propagation of the fungus B. bassiana 

 

B. bassiana isolates were then propagated using corn as 

media. Corn media was prepared using corn rice which was 

washed and soaked for 15-30 minutes and then air-dried in a 

container covered with filter paper for 24 hours. Corn rice is 

put into clear plastic and then sterilized by autoclaving for 2 

hours. The rejuvenated B. bassiana isolate was then 

transferred to a sterilized corn medium and incubated at 25-

280C for 2 weeks. 

D. Preparation of Alginate Pellets 

Corn rice media incubated and covered with B. bassiana 

spores is dried in the refrigerator at 5-15ºC for ±12 days. After 

drying, they were crushed using a blender and sifted to form 

a fine powder containing a lot of spore biomass. Each 

formulation was mixed in a container to form a dough with 

the basic composition of the pellet formulation, namely corn 

rice flour (containing spore biomass) 15 g, 4 g sodium 

alginate, 2 g nutrients in 100 ml distilled water. Then stir for 

5 minutes. After that, pellets were made using a pipette, then 

put in a 2% CaCl2 solution for 60 minutes to form the pellets. 

Once formed, the pellets are then dried at 100°C for 24 hours. 
To evaluate the alginate pellet formulation's carrier material, 

bran, wheat flour, tapioca flour, and corn flour were used. The 

process is the same as the control treatment above, only with 

the addition of media for each treatment, 2 g of bran, wheat 

flour, tapioca flour, and corn flour.  

 
Fig. 2  Making B. bassiana alginate pellets 

 

E. Alginate Pellet Application 

The alginate pellet formulation test was carried out by 

taking the finished pellets according to the treatment, namely 

30, 40, and 50 alginate pellets. The pellets that have been 

separated are then crushed using a mortar, and when they are 

finely ground into powder, they are placed in separate 

containers. After being mashed, each treatment of 30, 40, and 
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50 pellets was mixed into 20 ml of distilled water. Each pellet 

suspension was then homogenized using a vortex for 20 

seconds. Each pellet treatment was calculated for its spore 

density using a hemocytometer. A total of 30 pellets 

equivalent to 106/ml, 40 equivalent to 107/ml and 50 alginate 

pellets equivalent to 108/ml. After the suspension has been 

made, the test larvae are ready to be infected in small 

containers with different treatments. Each container contains 

1 test larva using 5 treatments and 5 replications. Each 

replicate used 10 test larvae. The method of application for 
the first treatment was that the larvae of S. frugiperda were 

dipped up to the abdomen of the larvae in sterile water. For 

the application of the second treatment, S. frugiperda larvae 

were dipped to the larvae's abdomen in the pellet suspension 

without using B. bassiana. Dipping was used with a 

concentration of 3 g of alginate pellets (50 pellets) dissolved 

in 20 ml of sterile water. Application of the next treatment, S. 

frugiperda larvae were dipped to the abdomen of the larvae in 

the B. bassiana alginate pellet suspension at concentrations of 

30, 40 and 50 alginate pellets for 10 seconds. The application 

of alginate pellets with carrier material in the alginate pellet 

formulation was also carried out by immersing the test larvae 

into the alginate pellet solution with the treatment of bran, 
wheat flour, tapioca flour, and corn flour. Observations are 

made every 24 hours. 

 
Fig. 3  Application of B. bassiana alginate pellets 

 

F. Experimental Design 

This study used a completely randomized design (CRD) 

with five treatments and five replications. Each replicate used 

ten test larvae. The larvae used as test larvae were instar 3 

larvae. The treatments for the alginate pellet formulation test 

were as follows: 

 P1: Control (sterile water) 

 P2: Control (pellets without B. bassiana) 

 P3: 30 B. bassiana alginate pellets (106) 
 P4: 40 B. bassiana alginate pellets (107) 

 P5: 50 B. bassiana alginate pellets (108) 

Furthermore, the treatment with the carrier material in the 

alginate pellet formulation is: 

 P0: B. bassiana (corn rice) +alginate (control) 

 P1: B. bassiana (corn rice) + alginate + 2 g bran 

 P2: B. bassiana (corn rice) + alginate + 2 g wheat flour 

 P3: B. bassiana (corn rice) + alginate + 2 g tapioca flour 

 P4: B. bassiana (corn rice) + alginate + 2 g corn flour 

G. Observation parameters 

1) Spore density of Beauveria bassiana: Observation of 

B. bassiana spore density was carried out by dissolving B. 

bassiana alginate pellets with each treatment, namely by 

taking each suspension using a micron pipette and dropping it 

on a spore counter haemocytometer and then counting the 

number of spores. This observation was made only once after 

one week of making alginate pellets. The density or number 

of B. bassiana spores can be calculated using the [26] formula 

as follows: 

 C =  
�.�

� � 	,��
  106 (1) 

Description: 

 C : Number of spores/ml 

 t : The total number of spores in the observed sample 

box 

 n : The number of sample boxes observed 
 0.25: Correction factor for using a small-scale sample 

box in a hemocytometer 

2) Testing the mortality of test larvae of Spodoptera 

frugiperda: Observation of the mortality of test larvae of S. 

frugiperda was carried out by counting the number of test 

larvae that died in each treatment starting from 24 hours after 

application until the seventh day of observation. The 

percentage of mortality is calculated using a formula based on 

[27] as follows: 

 � =  
�

�
  100%  (2) 

Description: 

 P  : Percentage of mortality 
 n  : Number of dead larvae 

 N  : Number of larvae tested 

H. Data Analysis 

The data obtained was analyzed statistically with variance, 

then if significantly different data were found, it would be 

followed by the Least Significant Difference (LSD) test at the 

5% level (0.05). 

III. RESULTS AND DISCUSSION 

A. Results 

1) Test the alginate pellet formulation: After applying B. 

bassiana alginate pellets for 10 days after application (DAA) 

and based on the results of analysis of variance Test of Least 
Significant Difference (LSD) level of 5% (0.05) it is known 

that the density of conidia of the different B. bassiana fungi 

has a very significant effect on S. frugiperda larvae mortality. 

Table 1 shows the average mortality of S. frungiperda larvae 

for 1 to 10 days after application (DAA) tends to increase. The 

results of statistical tests showed that on the 1st day after 
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application, the sterile water control treatment was 

significantly different from the 30 pellets, 40 pellets and 50 

pellets, but not significantly different from the control 

treatment without B bassiana. Observations on the 2nd day, 

the treatment of 50 pellets was significantly different from the 

sterile water control, control without B. bassiana and 30 

pellets however, not significantly different from the 40 

pellets, while the treatment of 30 pellets was significantly 

different from the other treatments. Observations on the 3rd 

day with 30 pellets were significantly different from the 

sterile water control treatment, control without B. bassaiana, 

40 pellets and 50 pellets, but the control treatment without B. 

bassaiana was not significantly different from the sterile 

water control. 

TABLE I 

AVERAGE MORTALITY PERCENTAGE OF S. FRUGIPERDA INSTAR III LARVAE ON OBSERVATION DAY 1 TO DAY 10 

Treatments 
Observation (Days after application) 

1 2 3 4 5 6 7 8 9 10 

Control (Sterile Water) 0.0a 0.0a 0.0a 0.0a 2.0a 4.0a 8.0b 8.0a 10.0a 10.0a 
Control (Pellets Without B. bassiana) 0.0a 0.0a 0.0a 2.0b 2.0a 6.0b 6.0a 8.0a 10.0a 10.0a 

30 B. bassiana alginate pellets  2.0b 8.0b 14.0b 20.0d 28.0c 34.0d 52.0d 60.c 64.0c 66.0c 
40 B. bassiana alginate pellets 6.0c 12.0c 16.0c 16.0c 20.0b 28.0c 36.0c 44.0b 54.0b 56.0b 
50 B. bassiana alginate pellets  8.0d 12.0c 18.0d 28.0e 38.0d 58.0e 66.0e 74.0d 80.0d 80.0d 

Comparison Value of LSD 5% 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 
Note: Numbers followed by the same letter in the same column are not significantly different in the LSD test level of 0.05 

 

Table 1 shows the average mortality of S. frungiperda 

larvae for 1 to 10 days after application (DAA) tends to 

increase. The results of statistical tests showed that on the 1st 

day after application, the sterile water control treatment was 

significantly different from the 30 pellets, 40 pellets and 50 

pellets, but not significantly different from the control 

treatment without B. bassiana. Observations on the 2nd day, 

the treatment of 50 pellets was significantly different from the 

sterile water control, control without B. bassiana and 30 

pellets however, not significantly different from the 40 
pellets, while the treatment of 30 pellets was significantly 

different from the other treatments. Observations on the 3rd 

day with 30 pellets were significantly different from the 

sterile water control treatment, control without Bb, 40 pellets 

and 50 pellets, but the control treatment without B. bassaiana 

was not significantly different from the sterile water control. 

TABLE II 

DEVELOPMENTAL STAGES AND MORTALITY OF LARVAE, PUPAE AND IMAGO 

OF S. FRUGIPERDA AFTER APPLICATION OF B. BASSIANA 

Treatments 
Larvae Pupa Imago 

ax dx ax Dx ax 

Control (sterile water) 9 1 9 0 9 

Control (pellets without B. bassiana) 9 1 9 0 9 

30 B. bassiana alginate pellets  3 7 2 1 2 

40 B. bassiana alginate pellets 4 6 3 1 3 

50 B. bassiana alginate pellets  2 8 1 1 1 

Description: ax : The number of living individuals; dx : The number of 

individuals that died in the age group x 

 

Meanwhile, the control treatment without B. bassaiana on 

the 4th day after application was significantly different from 
the control treatment with sterile water, 30 pellets, 40 pellets 

and 50 pellets. Observations on the 5th day, the sterile water 

control treatment was significantly different from the 30 

pellets, 40 pellets and 50 pellets, but not significantly different 

from the control without B. bassaiana, the 40 pellets 

treatment was significantly different from the other 

treatments. On the 6th day of DAA observation, the treatment 

of 50 pellets was significantly different from the treatment of 

30 pellets, 40 pellets and the air-sterile control and control 

without B. bassaiana. Observations of the 7 treatments of 30 

pellets were significantly different from each other. From the 

8th to 10th DAA observations in the treatment of 50 pellets, 

they were significantly different from each other from the 

other treatments, but the sterile water control treatment was 

not significantly different from the control treatment without 

B. bassaiana. 

Table 2 shows that the stages of development and mortality 

of larvae, pupae and imago in the control treatment of sterile 

water were 1 larvae mortality and 9 individuals that were still 

alive. In the pupal stage, no pupae died until they changed to 

imago, resulting in a total of 9 larvae that developed up to 
imago. In the control treatment without B. bassaiana, 1 larvae 

mortality and 9 individuals lived. Until the imago stage, the 

number of larvae that developed into imago was 9 tails. 

The treatment of 30 pellets showed that the mortality of 7 

larvae and 3 of them were still alive. Mortality at the pupal 

stage was 1 tail and 2 tails that were still alive to become 

imago. In the treatment of 40 pellets, 6 larvae died and 4 

survived, 1 in the pupal stage and 3 that survived to imago. In 

the treatment of 50 pellets, 8 larvae died and 2 of them 

survived. The mortality rate of pupae was 1 tail and 1 tail that 

was still alive to develop into an imago. 

2) Bioassay of alginate pellet formulation with carrier: 
From the results of observations 1 week after the manufacture 

of B. bassaiana alginate pellets, the results are obtained in the 

following table: 

TABLE III 

CALCULATION OF THE NUMBER OF OBSERVED SPORES AND SPORE DENSITY 

IN EACH TREATMENT 

Treatments 

The number of spores 

observed (after dilution 

10-2) 

Spore density 

(/ml) 

P0 (control) 164 2.05 x 108 
P1 (bran) 107 1.34 x 108 

P2 (wheat flour) 188 2.35 x 108 
P3 (tapioca flour) 112 1.40 x 108 
P4 (corn flour) 115 1.44 x 108 

 

Based on the calculation results above, it is known that P2 

had the highest number of spores compared to other 

treatments, namely 188 spores and had the largest spore 

density, namely 2.35 x 108, while P1 had the smallest number 
of spores compared to other treatments, namely 107 spores 
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and also had the smallest spore density was 1.34 x 108. Based 

on the mortality test of B. bassaiana against S. frugiperda in 

all treatments for 9 days after application (DAA), the 

following table shows the results. 

TABLE IV 

AVERAGE MORTALITY OF INSTAR III S. FRUGIPERDA LARVAE AFTER 

APPLICATION OF B. BASSIANA AT VARIOUS CONCENTRATIONS 

Treatments 

Average cumulative mortality (%) of larvae 

observed 9 days after application 

2 3 4 5 6 7 8 9 

P0 (control) 8b 24c 38b 48b 56b 60bc 62bc 62bc 

P1 (bran) 0a 8a 16a 20a 28a 32a 34a 36a 

P2 (wheat 

flour) 
8b 20 a 36b 46b 60b 68c 70c 70c 

P3 (tapioca 

flour) 
2a 6a 20a 26a 38a 46ab 48ab 48ab 

P4 (corn 

flour) 
0a 10ab 22a 30a 38a 42a 42a 42a 

Note: Numbers followed by the same letter in the same column are not 

significantly different in the LSD test at the level of 0.05 (5%) 

 

Table 4 above shows the average cumulative mortality of 

S. frugiperda (%) for 9 days after the application of B. 

bassiana began to show its effect since the 2nd day of DAA 

observation, because on the first day there was no effect on 

mortality so it is still in the early stages of starting an effect 

mortality. This can be seen in P0 and P2 showing a mortality 

of 8% and P3 of 2%, while P1 and P4 have not shown any 

mortality. P0 and P2 showed significantly different from P1, 

P3 and P4, but respectively P0 and P2 and P1, P3 and P4 

showed no significant difference. On the 3rd day of 
observation there was an increase in mortality in all 

treatments, where the highest mortality rate was at P1 which 

was 24% and mortality had started to appear at P1 by 8% and 

P4 by 10%. P1, P3 and P4 were not significantly different, but 

significantly different from P0 and P2, while P2 was not 

significantly different from P0 and P4. On the 4th and 5th day 

of observation, the highest mortality rate was at P0, namely 

38% (4 DAA) and 48 (5 DAA). P0 and P2 showed 

significantly different from P1, P3 and P4, but respectively P0 

and P2 and P1, P3 and P4 showed no significant difference. 

On the 6th day of observation, the highest mortality rate was 

at P2, which was 60%. This is where the P2 treatment began 
to have high mortality of S. frugiperda larvae since the day of 

observation after P0 was dominant with high mortality of S. 

frugiperda larvae on the previous day of observation. P0 and 

P2 showed significantly different from P1, P3 and P4, but 

respectively P0 and P2 and P1, P3 and P4 showed no 

significant difference.  

On the 7th, 8th, and 9th day of observation, there was an 

increase in the percentage of mortality, where in P1 there was 

an increase in mortality for 3 consecutive days but the 

mortality was still low, while for P0, P2, and P3 there was an 

increase in mortality for two days and the next day it remained 
the previous mortality, but P4 did not experience mortality for 

three consecutive days even though it had experienced an 

increase in mortality from the 6th day to the 7th day. The P1 

and P4 treatments experienced no significant differences but 

were significantly different from P0 and P2. While P0 

experienced no significant difference to P2 and P3. 

From the research results that have been obtained from day 

5 or starting from the formation of pupae, the development of 

S. frugiperda larvae into pupae and imago has different 

population levels. In the pupal phase/stadia, the percentage of 

the pupal population in the P0 treatment was 38%. 

Meanwhile, the P1 treatment had a pupal population 

percentage of 64%, which was the highest percentage of all 

treatments. The P2 treatment had a pupal population 

percentage of 30%, which was the lowest percentage of all 

treatments. Then the P3 treatment had a pupal population 

percentage of 52%. And the P4 treatment had a pupal 

population percentage of 58%. Treatments P1 and P4 had no 

significant difference, but were significantly different from P0 
and P2, while P0 had no significant difference to P2 and P3. 

 

 

Fig. 4  The average percentage of larvae developing into pupae after being 

infected with B. bassiana on third instar larvae 

 

At the time of entering the imago phase, the results 

obtained were in the P0 treatment. The percentage of the 
imago population was 30%. In treatment P1, the percentage 

of the imago population was 54%, which was the highest 

percentage of all treatments. In the P2 treatment, the 

percentage of the imago population was 24%, which was the 

lowest percentage of all treatments. Then in the P3 treatment, 

the percentage of the imago population was 42%. And in the 

P4 treatment, the percentage of the imago population was 

48%. Treatments P1 and P4 had no significant difference, but 

were significantly different from P0 and P2, while P0 had no 

significant difference to P2 and P3. 
 

 
Fig. 5  The average percentage of pupae developing into imago after being 

infected with B. bassiana in third instar larvae 

 

The results obtained from the percentage mortality of S. 

frugiperda larvae, pupae and imago after all treatments 

accumulated showed that the percentage of death or mortality 

in larvae was 52% or a total of 129 individuals who died. The 
percentage of death or mortality in pupae was 9% or a total of 

22 individuals who died. While the percentage of survival 
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from third instar larvae to imago was 39% or a total of 99 

individuals who survived to imago. 
 

 
Fig. 6  Percentage of mortality of S. frugiperda larvae, pupae to imago if 

accumulated in all treatments 

B. Discussion 

The alginate pellet formulation applied to S. frugiperda 

larvae showed differences in mortality in each treatment. The 

highest mortality rate was found in the treatment of 50 pellets 

of 80% on the 10th day of observation and the sterile water 

control treatment of 10% was the same as the control without 

Bb of 10% on the 10th day of observation which was the 

lowest percentage of mortality compared to other treatments 

(Table 1). 
The percentage of mortality of S. frugiperda infected by B. 

bassiana in the treatment of 50, 40 and 30 pellets were able 

to kill more than 50% of the larvae on the 10th day of 

observation. This shows that in this experiment the 

application of B. bassiana alginate pellets effectively killed S. 

frugiperda larvae because the high spore density resulted in 

denser spores so that larvae infected with B. bassiana had a 

higher chance of mortality, this was in accordance with the 

opinion of [28]-[30] which states that the higher the spore 

density, the more toxins the fungus produces, thereby 

accelerating the process of death of the larvae. 
In the treatment of 40 pellets, it appears that the increase in 

concentration was not followed by an increase in the mortality 

of the test insects, this was seen in the treatment of 30 pellets, 

the mortality of larvae was higher compared to the treatment 

of 40 pellets. This is presumably because the concentration of 

spores in the treatment of 40 pellets experienced an uneven 

distribution of spores on the bodies of the test insects. This is 

supported by the statement of [31], [32] that the growth 

medium, the level of virulence, viability and pathogenicity of 

entomopathogenic fungi greatly determine the success of the 

fungus in the process of infecting the host.  

Table 1 shows that the percentage of larval mortality in the 
treatment of 50 pellets, 40 pellets and 30 seeds tended to 

increase in mortality every day. It is suspected that the fungus 

takes a long time to infect and develop in the bodies of the 

larvae which will result in more and more larvae dying every 

day. This is in accordance with the opinion of [33], which 

states that pest mortality increases after a few days of 

application. reproduce the mycelium in the insect's body until 

the insect dies. This is reinforced by the opinion of [34], who 

said that the infection mechanism of B. bassiana begins with 

contact between the conidia of the fungus and the cuticle of 

the insect, then the conidia germinate, then the hyphae 
penetrate the integument and produce the enzymes chitinase, 

protease and lipase to soften the cuticle. 

The spores multiply within the insect's body for 36 to 72 

hours and begin to damage the host's internal structures and 

then the host insect dies between 4 and 10 days after infection. 

The color of the insects will also turn black after being 

infected with the fungus B. bassiana and there are white 

hyphae on the surface of the larvae's body. This is 

corroborated by the statement of [35] that the spores of the 

fungus B. bassiana were able to cause death on the fourth day 

of the test insects and on the seventh day they began to show 

symptoms. The time of death depends on the species, the age 
of the insect and the number of conidia attached to the insect's 

body [34], [36], [37].  

In this study, B. bassiana had not shown effectiveness of 

up to 100% larval mortality in controlling S. frugiperda larvae 

populations until 3 days after application. The success of 

entomopathogenic fungi in controlling target pests is highly 

dependent on the diversity of isolate species, conidial density, 

quality of growing media, target pest species, pest stage, time 

of application and environmental factors including 

temperature and humidity [10], [38], [39]. The humidity 

obtained during the study ranged from 81% and a temperature 
of 27ºC. While the fungus B. bassiana can grow optimally on 

the insect's body with the appropriate humidity of 92% and 

will increase at low temperatures. Temperature is one of the 

factors that most influence the development of the B. bassiana 

fungus [34], [40], [41]. 

The stadia of the test larvae also greatly affect the resulting 

mortality percentage level. The younger the instars used as 

test insects, the higher the mortality rate of the larvae and vice 

versa. According to [27] stated that the younger the instars 

used, the higher the mortality rate of the larvae. It can also be 

said that the effectiveness of the applied fungus and the 
increased mortality affect the age of the instar larvae of an 

insect. This is also supported by the opinion of [42] that the 

effectiveness of the fungus is not only influenced by the 

growth media, the level of virulence and the frequency of 

application, it is also largely determined by the age of the 

insect instars, especially the entomopathogenic fungi which 

generally penetrate the integument in the part between the 

head capsule and the thorax and between the vertebrae of the 

limbs [43], [44]. 

In the application of B. bassiana alginate pellets, it can be 

seen that the treatment of 50 pellets showed the best 

percentage of mortality, reaching 80% compared to other 
treatments. This can be seen in the test larvae, which show 

symptoms of less active insects, reduced appetite, so that over 

time they will die and can also be seen on the insect's body 

overgrown with white hyphae. This is in accordance with the 

opinion of [45] which states that in host insects that have been 

infected with B. bassiana, the hyphae of the fungus will grow 

into the cells of the insect's body and absorb the insect's body 

fluids resulting in the insect dying in a hard body condition 

such as mummy. 

Based on observations of S. frugiperda that developed into 

pupae and imago after the application of B. bassiana alginate 
pellets, it was shown that the larvae that developed into pupae 

had different mortality and length of life (Table 2). Pupae 

mortality in the treatment of 30 seeds, 40 seeds, and 50 pellets 

was 1 tail and in the sterile water control treatment and the 

control without Bb there was no pupal mortality. While the 

number of pupae that were still alive in the sterile water 

39%

52%

9%

Larvae---> Imago Larvae Pupa
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control treatment and the control without B. bassiana was 9 

tails and was the highest number of pupae among the other 

treatments. treatment of 50 pellets the number of pupae that 

were still alive was 1 tail and was the lowest number of pupae 

among the other treatments. It is suspected that the highest 

concentration level is still able to inhibit the larvae from 

developing into pupae. In accordance with the opinion of [46] 

which states that the high concentration of spores results in a 

higher number of spore densities resulting in a relatively large 

toxic content produced from B. bassiana [47], [48]. 
After a 7-day pupal stage, on the 16th day the observations 

showed that the pupae that developed into imago had different 

mortality and length of life (Table 2). The number of imagoes 

that lived in the sterile water control treatment and the control 

without B. bassiana was 9 individuals and was the highest 

number of imago among all treatments and the least number 

of living imago was in the treatment of 50 pellet seeds as 

much as 1 tail. The decrease in the percentage of imago in the 

treatment of 50 pellets proved that the toxicity of the alginate 

pellets of B. bassiana still inhibited the development into 

imago. The less conidia of the fungus spores are applied, the 
percentage of development to imago tends to increase. In 

accordance with the results of a study by [49] which stated 

that the higher the density of conidia of the fungus B. 

bassiana, the greater the number of conidia of the fungus 

attached to the body of the larvae and the greater the amount 

of poison produced [50]. 

The results of observations on the carrier material in the 

alginate pellet formulation showed that the P2 treatment (B. 

bassiana (corn rice) + alginate + wheat flour) had the number 

of spores observed in the haemocytometer and a high spore 

density compared to other treatments. The nutritional 
ingredients contained in wheat flour such as protein, starch, 

vitamins, fats/oils and the most important substances have a 

large percentage of content so that the B. bassiana spores 

formed in pellets can retain their nutrition so that the spores 

remain active. In addition, room temperature and humidity 

also affect the resistance of the spores in the pellets. The ideal 

room temperature for research is 24-28ºC and humidity is 

around 70-90%. [51] stated that the media or material used for 

the growth of entamopagenic fungi determines the rate of 

formation of new colonies/ isolates and the number of conidia 

or spores during the growth of the fungus. This is often 

influenced by the nutritional conditions contained in each 
media material. So that it can be said that nutrition can affect 

the growth of entomopathogenic fungi. 

From the results of the B. bassiana mortality test on the test 

larvae of S. frugiperda in all treatments, it was shown that 

there was the highest mortality percentage of all treatments. 

Treatment P0 (control) had the highest percentage of 

mortality from day 3 to day 5, the highest mortality was 48%. 

Furthermore, from day 6 to day 9, treatment P2 (B. bassiana 

(corn rice) + alginate + wheat flour) had the highest 

percentage of mortality, the highest mortality was 70%. This 

happened at P0 from the start which showed a very high 
mortality, possibly because the spore density was still high so 

that the test larvae died faster. Then at P2 from the 6th day it 

showed a very high mortality because the treatment of the test 

material required a process to give the test material toxin to 

the test larvae so that at that time there was a very large 

mortality rate. Treatments P0 and P2 can be said to have a 

high spore density and have a high average mortality 

compared to other treatments and these two treatments every 

day after application have a high mortality and are almost 

close in mortality value. [52] states that the density of spores 

of fungal diseases that are applied determines the mortality of 

insects. The higher the spore density, the higher the mortality 

rate of the tested insects. Optimal spore density for pest 

control depends on the type of insect to be controlled. [53] 

also stated that the closeness of the insect relationship where 

B. bassiana was isolated from the target insect had an effect 
on mortality. In addition, the high and low mortality of insect-

potent fungi is influenced by several factors, namely spore 

production, spore growth and spore viability. 

Mortality testing from giving each treatment to the test 

larvae was carried out using the dip method, meaning that the 

feed given was dipped into pellets that had been mixed with 

distilled water in each treatment and then given to the test 

larvae of S. frugiperda. This method is said to be quite 

successful because the larvae eat feed mixed with a solution 

containing B. bassiana isolate and soon the larvae become 

limp and then die with mortality stages every day of 
observation. In a study conducted by [54] the method used in 

his research was the leaf residue or feed dip method which 

causes pesticide residues (or entomopathogenic fungi) to stick 

to leaves or feed. After that, leaves or feed with toxic residues 

attached (or spores of entomopathogenic fungi) will be given 

to the larvae to be tested as a form of application for the 

mortality of the test larvae. 

The behavior of the test larvae of S. frugiperda was highly 

visible after the administration of the test material in each 

treatment. When after being treated, the larvae eat feed that 

has been mixed with a pellet solution containing B. bassiana 
spores and then the spores that have entered the larva's body 

will grow into hyphae threads throughout the larva's body 

tissues so that they can damage internal organs, nerves. 

nerves, parts of the digestive organs and so on. As a result, the 

larvae have a lack of appetite, appear weak, lethargic, stiff, 

usually the body lies down, walking slows down somewhat, 

the larval body's metabolism is disrupted, and damage to 

important nerves that inhibits appetite and inhibits the growth 

and metamorphosis (life cycle) of the larvae. [14] stated that 

B. bassiana produces poisons (toxins) such as beauvericine, 

beauverolide, isorolide and dyes and oxalic acid which can 

cause aggressive paralysis of insect larvae and imago. 
Symptoms of attack on insects that are attacked or infected by 

B. bassiana are larval movements that start to slow down, 

decreased appetite, weakness, stiffness and hardness. 

Research conducted by [55], shows that the time required for 

insect mortality from Beauveria spp. seems varied. The 

variation in the time of mortality was probably caused by 

differences in virulence between isolates and the response of 

the host insects. Insect mortality time can be influenced by the 

dose of application treatment and the virulence of the isolate. 

The color and physical changes of the test larvae of S. 

frugiperda occurred after the test larvae died due to the 
toxicity of B. bassiana. After death, the color of the insect's 

body changes from yellow brown to black and a few white 

spots appear, which are the mycelium of B. bassiana. The 

body of the larva is stiff and wrinkled and the weight of the 

larva is getting lighter and drier. Research conducted by [56] 

found that the fungus Beauveria spp. which results in the 
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death of the larvae, marked by the larvae being hardened or 

stiff and usually blackish brown in color and then over time 

they turn white. This white color occurs because the 

mycelium of Beauveria spp. covered the insect's entire body. 

[18] stated that entomopathogenic fungi need time to grow, 

starting from spore germination which takes 24-48 hours. 

After 72 hours, fungal hyphae had begun to appear on the 

integumentary cuticle of the host insect. If the hyphae have 

developed inside the insect's body, the fungus mycelium will 

appear on the surface of the insect's body. 
The test larvae of S. frugiperda used in this study were 

instar 3 larvae, which had the characteristics of being 7-8 days 

old, starting to change color to brownish green, the head was 

smaller than the body of the larvae. This is because when in 

the field, usually instar 2 larvae are still inside the corn plants 

which still eat the corn leaf meristems, so they rarely come 

out of the corn plants. By the time the 3rd instar larvae have 

started to come out of the corn plants (usually in the 

afternoon) so that it is easy to apply the entomopathogenic 

fungus (B. bassiana) test material to the larvae. Also, when 

applied in the laboratory, using instar 3 larvae will be more 
effective in observation and require a process of B. bassiana 

toxicity in the body of the larvae. Compared to using instar 2 

larvae, they will die faster and are not effective in research 

because the larvae's bodies are vulnerable to water and are still 

small. Research conducted by [34] that his research used 

instar larvae 3, 4, and 5, and where the most effective 

mortality was instar 3 larvae because their mortality was 

higher compared to instar 4 and 5 larvae. His research proved 

that the level of stadia (instar) larvae affects the difference in 

larval mortality tested, the lower the larval instar, the higher 

the larval mortality rate. [52] states that apart from being 
influenced by the growing medium, the level of virulence and 

the dosage or dosage of the application, the effectiveness of 

the fungus is also largely determined by the age of the insect 

instars tested. 

The B. bassiana alginate pellets in this study had various 

shapes, some were round, oval and some were flat. There are 

also small and large pellet sizes. This is because at the time of 

printing they still use conventional tools (drinking bottles are 

perforated using a large pipette) so that the shape changes. 

However, the materials used in the manufacture of alginate 

pellets are complete enough so that the manufacturing process 

is easier, and the pellets can be formed properly. In addition, 
these alginate pellets can also retain the conidia (spores) of B. 

bassiana in them so they can last a long time (up to 4 months) 

and be stored in an effective place. 

This also supports research conducted by [57] which 

provides evidence that B. bassiana alginate pellets can 

significantly reduce the population of S. invicta or other test 

insects and can be used as an effective control agent in the 

field. The delivery system developed in this study can 

effectively introduce pathogens into the test insect colonies. 

Baited pellets target dominant soil-dwelling fauna, while 

protecting fungal pathogens from degradation due to exposure 
to UV light or other environmental factors. [58] states that 

there are several steps that can be taken in an effort to obtain 

good quality pellets, namely crushing, mixing, conditioning, 

molding, cooling and drying. 

The percentage of S. frugiperda larvae that developed into 

pupae, with the highest pupal population was found in 

treatment P2 of 64%, while the lowest pupal population was 

found in treatment P3 of 30%, and the two treatments were 

significantly different from each other. Likewise with the 

percentage of S. frugiperda pupae that developed into imago, 

where the highest imago population was in treatment P2 at 

54%, while the lowest imago population was in treatment P3 

at 24%, and the two treatments were also significantly 

different from each other. The treatment that had the highest 

pupal and imago populations was due to the low mortality of 

S. frugiperda larvae and the effect of the material being tested 
was still susceptible to the test larvae. In contrast, the 

treatment that had the lowest pupal and imago populations 

was due to the very high mortality of S. frugiperda larvae and 

the toxicity effect of the test material on the test larvae. 

Based on the data obtained in this study, the mortality 

percentage of S. frugiperda larvae in all treatments did not 

reach 100%. Likewise with the percentage of mortality of 

larvae (52%) and pupae (9%) if the total is only 61% (Figure 

6). This is due to the temperature and humidity factors that are 

not supportive in maintaining the quality of B. bassiana 

alginate pellets so that the spores in it gradually no longer 
survive. Research conducted by [34] found that the 

percentage of insect mortality did not reach 100% due to 

environmental factors (humidity and temperature) which 

could not be tolerated for the growth of the fungus B. 

bassiana. Humidity obtained during research usually ranges 

from 70.6 - 79.3 and the temperature is between 28.6 - 32ºC. 

[59] stated that different concentrations of conidia will result 

in different mortality, the higher the concentration of conidia, 

the higher the mortality (and can reach 100%) depending on 

the formulation used. 

IV. CONCLUSION 

B. bassiana was able to kill S. frugiperda larvae with 

different percentage levels of mortality, in the treatment of 50 

alginate pellets it had a very significant effect among all 

treatments and resulted in the most influential mortality 

among other treatments of 80%. The treatment of 50 alginate 

pellets was also the treatment that had the lowest percentage 

of pupal and imago development, only 1 animal each. The 

addition of bran, wheat flour, tapioca flour and corn flour 
formulations had an effect on the spore density of the B. 

bassiana alginate pellets. The P3 treatment (wheat flour) had 

a high spore density of 2.35x108 spores per ml with high 

mortality of S. frugiperda larvae on day 6-9 DAA respectively 

of 60%, 68% and 70%. 
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