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Abstract. Exploring entomopathogenic fungi (EPF) which are more toxic to S. litura larvae still needs to be carried out. This study was 

performed to confirm identity of Beauveria bassiana  and Metarhizium anisopliae using sequence analysis of Internal Transcribed Spacer 

(ITS) region as well as the two unknown isolates of EPF and to investigate their filtrate and conidial insecticidal activity against S. litura 

larvae. The EPF species were identified based on morphological characters and molecular analysis. Their culture filtrate and conidial 

bioassays were performed on S. litura larvae. The species found were Penicillium citrinum (BKbTp), Talaromyces diversus (MSwTp1), B. 

bassiana (BSwTd4), and  M. anisopliae (MSwTp3) and have been deposited in the GenBank.  All EPF species have a high insecticidal 

activity against S. litura larvae. The highest larvae mortality  caused by filtrate was found on P. citrinum (98.67%) and not significantly 

different from those of T. diversus (96%), but significantly different from B. bassiana (86.67%) and M anisopliae (82.67%).    The highest 

larvae mortality caused by the conidia was also  occured to  P. citrinum (98.67%) which was not significantly different from those of T. 

diversus (97.33%), B. bassiana (86.67%), and M. anisopliae (86.67%). The LT50 caused by T. diversus filtrate was the shortest (6.19 days) 

and not significantly different from those caused by P. citrinum (6.62 days). The shortest LT50 caused by conidia was found on P. citrinum 

(5.45 days). Therefore, the conidia and filtrate of P. citrinum,  a new emerging entomopathogenic fungus, has the highest insecticidal activity. 

P. citrinum has the potential to be developed into commercial mycoinsecticides. 

Key words: Beauveria bassiana; leaf eating caterpillar; Metarhizium anisopliae; Penicillium citrinum; Talaromyces diversus 

Abbreviations (if any): - 

Running title: New emerging entomopathogenic fungi from South Sumatra 

INTRODUCTION  

South Sumatra, Indonesia has a stretch of land ranging from lowlands to high ones with varied topography. This topographic 

variation can grow many species of plants, for example vegetables and the food crops.  Vegetables that can adapt to various 

land topography in South Sumatra include chili (Capsicum spp.), mustard greens (Brassica juncea), kale (Ipomoea reptans), 

and spinach (Amaranthus tricolor) (Siaga et al. 2019).  The main constraints of vegetable cultivation, especially chili pests are 

fruit flies (Bactrocera dorsalis (Syamsudin et al. 2019),  sap sucker (Thrips) (Johari et al. 2016), and leaf eating caterpillar 

(Spodoptera litura)  (Tompe et al. 2020).  

S. litura is a polyphagous insect pest that attacks many plant species from various families (Tompe et al. 2020), like chili, 

mustard greens, water spinach, and spinach. The yield loss of chili caused by this pest reaches 50% every year (Vijayalakshmi 

et al. 2016). The first instar of S. litura larvae eats the leaves in groups and skeletonize them, while the 2nd instar up to the last 

instar spread and eat individually leaves, flowers and pistil chili (Tompe et al. 2020). In addition, S. litura is a key pest for the 

leafy vegetables, such as mustard greens, water spinach, and spinach because the leaves that have been eaten become no longer 

valuable (Vijayalakshmi et al. 2016; Tompe et al. 2020).  Since the public awareness on the good health and environmental 

quality is increasing, it is needed to reduce on using synthetic pesticides and improving application of eco-friendly control 

strategies for S. litura. One of the methods is applying the entomopathogenic fungi (EPF).  

Some EPF species have been shown to be effective in killing S. litura, for example, Beauveria bassiana cultured in liquid 

media has been shown to kill 98% of S. litura larvae (Ayudya et al. 2019; Gustianingtyas et al. 2020).  Metarhizium anisopliae 
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was reportedly also effective in killing S. litura larvae (Sowmya et al., 2017; Yang et al., 2019; Gustianingtyas et al. 2020) and 

can kill 96% of S. litura larvae (Gustianingtyas et al. 2020). Furthermore, Metarhizium rileyi also effectively kills S. litura 

larvae  (Liu et al. 2017). In addition to being effective in killing the insect pests, EPF can also be integrated with 

entomopathogenic viruses, such as nucleopolyhedroviruses (NPV) (Souza et al. 2019) and botanical insecticides (Hernandez-

Trejo et al. 2019) and does not harm parasitoids (Ngangambe and Mwatawala 2020).  

Four isolates of EPF have been isolated from several kinds of plant rhizosphere in lowland to high land of South Sumatra. 

On the basis of morphological characters, the two isolates have been identified as B. bassiana and M. anisopliae (Safitri et al. 

2018; Sumikarsih et al. 2019; Gustianingtyas et al. 2020) and their filtrates were proven to be effectively killed up to 98% of S. 

litura larvae (Ayudya et al. 2019; Gustianingtyas et al. 2020). The other two EPF, until now,  have not been fully revealed on 

molecular identifications and their filtrate and conidial capability to cause mortality on S. litura.  This research aimed to confirm 

identity of Beauveria bassiana  and Metarhizium anisopliae using sequence analysis of Internal Transcribed Spacer (ITS) 

region as well as the two unknown isolates of EPF and to investigate their filtrate and conidial insecticidal activity against S. 

litura larvae. 

MATERIALS AND METHODS  

Exploring EPF 

The EPF exploration was carried out on soil near rooting for oil palm, rice, maize and vegetables in various locations (Table 

1) ranging from lowlands to highlands of South Sumatra using the method of Safitri et al. (2018). Those locations chosen have 

objective to obtain the fungi that had adapted in the soils.   Morphological identifications were carried out in 2018 and 2019, 

and identified based on the molecular analysis was conducted in April 2020. 

The EPF exploration method modified those of Anwar et al. (2015), namely using a bait method with Tenebrio molitor 

larvae as insect bait which was fed in the soil sample. The soil sampling used the method of Anwar et al. (2015) by digging the 

soil using surface soil sampler (Ø  20 mm) as deep as 10 cm around the rhizosphere plant according to the method of Thaochan 

and Sausa-Ard (2017) and 5 points were taken to collect 1 kg of soil. Then, the soil sample was put into a plastic bag and 

labeled with information about the height of the location, type of commodity, and date of collection.  

The soil sample was first cleaned from the roots and sieved with a 10 mesh sieve. Then, it was put into a plastic tray (32 x 

25 x 5 cm
3
) each containing as much as 1 kg. The soil was then moistened with sterile distilled water with soil moisture 

exceeding 20% according to the method of Chen et al. (2014). Then, 20 newly molted 3rd-instar larvae of T. molitor were 

placed at the bottom of the tray and the larvae were sprinkled with the soil to reach 3 cm in thickness. Then, the tray containing 

the soil was covered with a black cloth and sprayed with distilled water to maintain the soil moisture. The larvae were infested 

in the soil for 7 days to give time for the entomopathogenic fungal conidia to infect them, after which the dead larvae infected 

with entomopathogenic fungi were grown in the Sabouraud Dextrose Agar (SDA, Merck) medium. 

Isolation and identification of EPF 

The EPF infecting the larvae of T. molitor which was characterized by its body was overgrown with EPF mycelia, dry and 

contracted, then isolated and purified using the method of Youssef (2014). The isolation of EPF from the larvae's body surface 

began with the surface sterilization by modifying the method of Sharma et al. (2018) by rinsing with 1% of NaOCl for 1 minute, 

then rinsing with 100 mL of sterile distilled water for 3 times. The larvae sterilization was carried out to obtain EPF inside the 

haemocoel and cuticle larvae and prevent water fungi from being obtained. The sterilized larvae were grown in SDA media and 

incubated for 2 days. The growing fungus was purified in the SDA media until after getting pure isolates. The pure EPF was 

identified based on the molecular analysis. 

Fungal identification  

Morphological observations were carried out based on microscopic and macroscopic characteristics of the EPF. The 

macroscopic observation of the fungi was the color and shape of colony, whereas the microscopic observation was the shape 

and size of conidia and conidiophores.  

The EPF were identified based on the molecular analysis at the Laboratory of Agricutural Biotecnology (accredited 

according to the ISO/IEC  17025 standard), Department of Plant Protection, Faculty of Agriculture, University of Lampung, 

Indonesia.  

DNA extraction and PCR amplification  

The DNA extraction was performed on the mycelium of 7 days old fungi using InstaGene
TM

Matrix (BioRad) based on the 

company recommendation. Amplification was carried out by Sensoquest Thermal Cycler Machine (Germany). PCR 

amplification on Internal Transcribed Spacer (ITS) region was conducted using primer ITS1 and ITS4 (Table 2) (White et al. 

1990). The PCR was carried out with total volume of 25 µL involving 12.5 µL Master Mix (Red Mix) (bioline), 1 µL of 10 µM 

of primer ITS 1 and ITS 4, 2 µL DNA and 8.5 µL of sterile distilled water. DNA amplification consist of 1 cycle of the 

initiation at 95ºC for 5 min, 30 cycles of denaturation at 95ºC for 1 minute, primer annealing at 52ºC for 1 min, primer 

extension at 72ºC for 1 minute, and one cycle of elongation at 72ºC for 5 minutes. The PCR results were run using 0.5% 

agarose gel in 20 mL of 1x buffer Tris-Boric Acid-EDTA (TBE) (1
st
 Base Malaysia) with 1 µL Ethidium Bromide (EtBr 10 mg 



 

mL
-1

). The electrophoresis was performed by 1x TBE buffer at 50 volts for 70 minutes. The results were envisioned by DigiDoc 

UV transilluminator (UVP, USA). 

 
Table 1.  Locations where the EPF found in South Sumatra, Indonesia  

Fungal species (codes) Village, District/City  Ecosystem Crop GPS (coordinat)  

 

Altitude 

(m) 

GenBank 

Acc. No.  

Penicillium citrinum 

(BKbTp) 

Talang Patai, Pagar 

Alam  

Highland soil Cabbage S 04°02.161’ 

E 103°10.484’ 

175  MT448730 

Talaromyces diversus 

(MSwTp1) 

Talang Patai, Pagar 

Alam  

Highland soil Mustard S 03°50.174’, E 

103°31.293’ 

193 MT448731 

Beauveria bassiana 

(BSwTd4) 

Talang Dabok, Ogan 

Komering Ilir  

Peat soil  

 

Oil palm S 03°23.570’ 

E 104°51.498’  

24 MT448732 

Metarhizium anisopliae 

(MSwTp3) 

Talang Patai, Pagar 

Alam  

Highland soil Mustard S 03°50.174’, E 

103°31.293’ 

193 MT448733 

 

Table 2.  Primer used for amplification in this study 

Target of amplification 
Primer 

name 
Sequence (5’-3’) 

Product size 

(bp) 

Reference 

Internal Transcribe 

Spacer Region 

ITS1 TCC GTA GGT GAA CCT TGC GG 
600 (White et al. 1990) 

ITS4 TCC TCC GCT TAT TGA TAT GC 

 

The PCR product was emitted to 1
st
 Base Malaysia for sequencing. The sequencing results were analyzed with Bio Edit 

program ver. 7.2.6 for windows. The result was then submitted to Basic Local Alignment Search Tool (BLAST) 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to find their potential identity. The phylogenetic tree was developed by Mega 7 for 

Windows  (Kumar et al. 2016) with Unweighted-pair Group Method with Arithmetic means (UPGMA). Reference strains 

employed in this research were obtained from NCBI (https://www.ncbi.nlm.nih.gov/).  

Spodoptera litura mass rearing   

S. litura larvae used in the insecticide activity test was collected from the vegetable fields around the campus of Universitas 

Sriwijaya and the farmers' vegetable fields that were not applied with synthetic insecticides. The larvae were taken to the 

laboratory and maintained in plastic containers (Ø 25 cm, height 30 cm) topped with gauze that has been washed thoroughly 

using detergent. Next, pesticide-free water spinach (Ipomoea aquatic) was put into the container for the first instar feed of S. 

litura. The second instar was fed mulberry leaves (Morus alba) planted in the experimental field of the Faculty of Agriculture, 

Universitas Sriwijaya, Indonesia and not applied with pesticides. 

Every day the larvae feed was replaced with fresh new feed. The larvae entering the pupae stage were transferred into plastic 

containers (Ø 10 cm, height 15 cm) whose top was exposed and the base was sprinkled with sifted soil (10 mesh) and already 

sterilized in an oven for 1 hour at 100ºC. The thickness of the soil put in the container was 3 cm. This plastic container 

containing pupae was put into a gauze cage (30 x 30 x 30 cm
3
) already tapped with 10 water spinach sticks for laying eggs of 

the adults. The hatched eggs were transferred into a plastic cylinder and fed with water spinach which was replaced every day. 

The larvae used for toxicity testing were the second instar of the third offspring (F3) or afterwards. 

Producing of EPF mycoinsecticides  

The EPF already identified molecularly, namely P. citrinum, T. diversus, B. bassiana, and M. anisopliae were made liquid 

formulation mycoinsecticides. The mycoinsectides made of four types, each of which had active ingredients P. citrinum, T. 

diversus, B. bassiana, and M. anisopliae and for control the sterile distilled water was used. The making of mycoinsecticides 

modified the method of  which Mascarin et al. (2015) began with the cultivation of EPF in solid media of Sabouraud Dextrose 

Agar (SDA, Merck) incubated for 7 days, and then the fungal cultures that grew were transferred to the liquid media of 

Sabouraud Dextrose Broth  (SDB, Merck). The broth fungal cultures were incubated while being shaken using a shaker for 7 

days at a speed of 120 rpm. The broth fungal cultures from SDB with a minimum density of 1x10
9
 conidia mL

-1
 were used for 

the active ingredient mycoinsecticides. The mycoinsecticides were made liquid formulation containing a mixture of 600 mL of 

the broth fungal cultures, plus 400 mL of carrier from shrimp shell flour compost extract, 10 mL of vegetable oil, and 10 mL of 

sterile distilled water solution of 0.04% polyoxyethyl-189 ene sorbitan mono-oleate (Tween®). The shrimp skin flour compost 

extract was made using the method of Suwandi et al. (2012). After that, the formulation was stored for 30 days before it was 

applied to obtain stable and non-contaminant mycoinsecticides. The mycoinsectides activity was tested in the form of EPF 

culture and conidia filtrate. 

Culture filtrate preparation of the mycoinsecticides.   

Culture filtrates containing raw secondary metabolites have high insecticidal activity (Gustianingtyas et al., 2020) and to get 

the culture filtrate that contains the raw secondary metabolites according to Soesanto et al. (2019) can be done by filtering 

fungal broth or liquid mycoinsecticides. The culture filtrate of liquid mycoinsecticides was produced from 2 stages of filtering 

using the method of Ayudya et al. (2019).  The first stage, 100 mL liquid mycoinsecticides was filtered using Whatman filter 

paper no. 42 and cotton coated with a thickness of 1 cm. The filtration culture produced from the first stage filter was then 
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sucked up to 10 mL using a sterile hypodermic syringe to be filtered in the second stage. The second stage filtering used a 

syringe filter (0.45 µm pore size, Sartorius). The method of installing the syringe filter used the method of Alhusein et al. 

(2016) by placing it at the base of the needle, by the way the needle was removed first from the syringe, then the syringe filter 

was installed at the base of the needle. After the syringe filter was installed at the base of the needle, the needle was re-fitted to 

the syringe. The syringe containing 10 mL was pressed so that it released the culture filtrate that escaped from the syringe filter. 

The 100 mL of mycoinsecticide produced ± 70 mL of culture filtrate. According to Soesanto et al. (2019), this second filtering 

culture filtrate was the raw secondary metabolites. Next, the culture filtrate was measured by its insecticidal activity by taking 

as much as 1 mL to be dropped on a piece of chili leaves.  

Bioassays of culture filtrate and conidia of EPF   

Bioassays of culture filtrate from mycoinsectides of P. citrinum, T. diversus, B. bassiana, and M. anisopliae were carried out 

by means of chili leaves already dropped with 1 mL of culture filtrate. As a control, it was used sterile distilled water which was 

dripped on chili leaves. Then the leaves were dried before putting 25 second-instar S. litura larvae which had been fasted for 2 

hours. The second instar larvae were let to eat the leaves for 6 hours which had been dropped by the culture filtrate. After 6 

hours the larvae were transferred into a plastic cylinder topped with gauze (Ø 25 cm, height 30 cm) containing 15-30 pieces of 

chili leaves (depending on the instar) which were clean and not dripped with culture filtrate. To maintain the moisture of chili 

leaves, the stalk was wrapped in cotton wool moistened with sterile distilled water. Every day chili leaves were replaced with 

new fresh leaves. The weight of the leaves eaten was measured according to the method of Ayudya et al. (2019)  and recorded 

daily. Every day the dead larvae were recorded up to 12 days after the application.   

Bioassays of conidia from mycoinsectides of P. citrinum, T. diversus, B. bassiana, and M. anisopliae were carried out by 

means of 25 second instar S. litura larvae dripped topically 1 mL of conidia suspension of EPF with a concentration of 1 x 10
6
 

conidia mL
-1

. Then, the larvae were fed 15-30 pieces of chili leaves. As a control it was used sterile distilled water. The weight 

of leaves eaten by larvae and weight of the larvae were recorded daily. Every day the dead larvae were recorded up to 12 days 

after the application.   

The number of dead larvae was used to calculate mortality and the median Lethal Time (LT50). The weight of the chili 

leaves eaten and the body weight of the larvae were measured every day from the first day to 12 days after the application. The 

measurement of the eaten leaf weight was conducted to determine whether the EPF affected the larvae appetite, whereas the 

measurement of larvae body weight was carried out to determine whether or not the EPF influenced the larvae growth. 

Data Analysis  

The data differences among the treatments for edible leaf weight, larvae weight, larvae mortality, and LT50 were analyzed 

using Analysis of Variance (ANOVA) if there were differences, then further tests were carried out using the 5% Tukey's 

Honestly Significant Difference (HSD). LT50 data were obtained from probit analysis. All calculations were conducted using 

software of SAS University Edition 2.7 9.4 M5.  

RESULTS AND DISCUSSION 

Species of EPF 

There were 4 EPF species found from lowland and highland soils in South Sumatra and the results of molecular 

identification showed that they were P. citrinum, T. diversus, B. bassiana, and M. anisopliae. The macroscopic and microscopic 

appearance of the four fungal species showed obvious differences (Figure 1 and 2). The colony characteristics of P. citrinum on 

SDA medium are initially white, the older the fungus, the color turned to bluish green with a white margin, round conidia with a 

diameter of 2.01-2.28 µm. The characteristics matched the description written by Mathew et al. (2010)  stating that P. citrinum 

has globose green granular conidia. T. diversus has a colony characteristic generally in the form of microcolony scattering in the 

medium; the color was dark green with yellow margins. According to Visagie and Jacobs (2012), the size of T. diversus colony 

ranged from 2-4 mm and sometimes only microcolony and produced yellow colored mycelia at colony peripheral zones. In this 

study, T. diversus was more difficult to culture than the other three species and showed poor growth of colony on SDA. B. 

bassiana had a colony that was white but when it got older it was yellowish or turbid white and B. bassiana colonized SDA 

faster than the other three species. Conidia of B. bassiana was one-celled and the same circular shape as the observation of 

Safitri et al. (2018).    M. anisopliae had a colony which was also white initially similar to B. bassiana colony but the older the 

fungus the colony turned greenish white and finally dark green. Conidia of M. anisopliae was 6.42-6.76 µm in size. The found 

characteristics of the colony and conidia of M. anisopliae were the same as those described by  Lopes et al. (2018) and  

Thaochan and Sausa-Ard (2017)  stating that the colony is more than 5 days old, the conidia changes from white to green 

indicating that the conidia is matured with the conidial mass bluish olive and has cylindrical, single and one-celled, hyaline 

conidia. 
  

  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure   1.  Colony of Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae 

 

                                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure   2.  Conidia of Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae (D) 

 

The result of BLAST search revealed that BKbTp showed 99.38% of similarity with P. citrinum strain 

NFML_CH33_5BbE.1 (Acc. No. KM458810.1), MSwTp1 showed 99.05% of similarity with T. diversus strain DTO_131I6 

(Acc. No. KJ775700.1), BSwTd4 showed 99.65% of similarity with B. bassiana isolate GZMS-28 (Acc. No. KT715480.1) and 

MSwTp3 exhibited 99.82% of similarity with M. anisopliae isolate HT008 (Acc. No. MH512951.1). The result of BLAST 

search corresponded to those of phylogenetic tree analysis.   The phylogenetic tree (Figure 3) was constructed using Mega 7 for 

Windows  (Kumar et al. 2016) with Unweighted-pair Group Method with Arithmetic means (UPGMA).   Based on the 

phylogenetic tree, BKbTp was placed in the group of P. citrinum strain NFML_CH33_5BbE.1 (Acc. No. KM458810.1), and 

SL1 (Acc. No. MN735924.1). MSwTp1 was in the group of T. diversus strain DTO_131I6 (Acc. No. KJ775700.1) and strain 

SCZ5-2 (Acc. No. KY445783.1). BSwTd4 was in the group of B. bassiana isolate CGAIPFBS-012 (Acc. No. KY495188.1), 
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isolate 08F04 (Acc. No. KF359944.1), and isolate GZMS-28 (Acc. No. KT715480.1). Meanwhile, MSwTp3 was in the group 

of M. anisopliae HT008 (Acc. no. MH512951.1), A1 (Acc. No. KX806656.1), and IPPM010202 (Acc. No. KY437678.1). 

Thus, based on the morphological characters and molecular analysis, it confirmed that the identity of the four isolates were P. 

citrinum (BKbTp), T. diversus (MSwTp1), B. bassiana (BSwTd4), and M. anisopliae (MSwTp3). The isolates have been 

deposited in the GenBank and  the accession number were MT448730 (BKbTp) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448730), MT448731 (MSwTp1) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448731), MT448732 (BSwTd4) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448732), and MT448733 (MSwTp3) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448733). 

 

Figure   3.  Dendrogram created on the basis of sequence analysis of ITS region using primer ITS1 and ITS4 with UPGMA method developed by MEGA7 for 
windows          = fungal isolates used in this study

https://www.ncbi.nlm.nih.gov/nuccore/MT448730
https://www.ncbi.nlm.nih.gov/nuccore/MT448731
https://www.ncbi.nlm.nih.gov/nuccore/MT448732
https://www.ncbi.nlm.nih.gov/nuccore/MT448733


EPF insecticidal activity against Spodoptera litura 1 
The EPF insecticidal activity against S. litura larvae is stated from the data of the effect of EPF on the weight reduction 2 

of edible chili leaves, body weight of larvae, mortality, and length of time of death. On day 1 (1 x 24 hours) after the larvae 3 
were treated with the filtrate culture of the EPF, the weight of the leaves eaten by S. litura larvae did not show any 4 
significant difference compared to control (sterile distilled water), but after that the weight of the leaves eaten by the larvae 5 
was more lower than control (Table 3). For the larvae treated with conidia of the EPF on day 1 (1 x 24 hours) and day 2 (2 6 
x 24 hours), the weight of the eaten leaves did not show any significant difference compared to control, on the following 7 
day  the  weight  of the eaten leaves by the larvae was significantly lower than those of the control. 8 
 9 
Table 3.  Mean of leaf weight eaten by  Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides from  10 
Penicillium citrinum, Talaromyces diversus, Beauveria bassiana, and  Metarhizium anisopliae 11 

Fungal species 
Leaf weight eaten by  larvae (g larvae-1 day-1) on observation for 12 days 

1 2 3 4 5 6 7 8 9 10 11 12 

Culture filtrate             

P. citrinum 0.10  0.26 a 0.40 a 
0.51 

a 
0.62 a 0.73 a 

0.82 

a 
0.96 a 1.08 a 1.17 a 1.22 a 1.24 a 

T. diversus 0.14  0.35 a 0.46 a 
0.55 

a 
0.65 a 0.77 a 

0.86 

a 
0.99 a 1.09 a 1.18 a 1.23 a 1.25 a 

B. bassiana 0.17  0.36 a 0.47 a 
0.58 

a 
0.74 a 0.94 a 

1.08 

a 
1.22 a 

1.35 

ab 

1.45 

ab 

1.53 

ab 
1.59 b 

M. anisopliae 0.17  
0.36 

ab 
0.53 a 

0.65 

a 
0.78 a 0.97 a 

1.11 

a 
1.26 a 1.42 b 1.55 b 

1.65 

ab 
1.77 b 

Control 0.24  0.56 b 0.94 b 
1.32 

b 
1.74 b 2.33 b 

2.91 

b 
3.45 b 4.02 c 4.65 c 5.04 c 5.58 c 

F-value 1.96ns 6.86* 10.28* 
19.6

3* 

44.96

* 

76.82

* 

124.

79* 

131.9

0* 

203.7

0* 

263.9

2* 

281.95

* 

324.89

* 

P value  0.19 0.011 0.0031 
0.00

034 

0.000

016 

0.000

0020 

0.00

000

031 

0.000

00025 

0.000

00004

4 

0.000

00001

6 

0.0000

00012 

0.0000

070 

HSD value - 0.10 0.14 0.15 0.12 0.12 0.12 0.13 0.117 0.115 0.119 0.122 

Conidia              

P. citrinum 0.45  0.76  1.13 a 
1.50 

a 
1.84 a 2.00 a 

2.28 

a 
2.47 a 2.62 a 2.74 a 2.85 a 2.92 a 

T. diversus 0.45  0.84  1.17 a 
1.50 

a 
1.87 a 2.15 a 

2.51 

a 
2.71 a 2.94 a 3.04 a 3.19 a 3.28 a 

B. bassiana 0.44  0.76  1.09 a 
1.43 

a 
1.76 a 2.07 a 

2.40 

a 
2.59 a 2.87 a 3.01 a 3.21 a 3.45 a 

M. anisopliae 0.34  0.70  1.08 a 
1.39 

a 
1.78 a 2.10 a 

2.35 

a 
2.54 a 2.72 a 2.86 a 3.01 a 3.23 a 

Control 0.56  1.28  1.97 b 
2.64 

b 
3.33 b 3.99 b 

4.99 

b 
5.73 b 6.57 b 7.49 b 8.32 b 9.16 b 

F-value 1.78 ns 3.58ns 7.14 * 
18.2

6 * 

16.06 

* 

17.38 

* 

14.9

8 * 

14.07 

* 

17.72 

* 

23.27 

* 

26.81 

* 
33.23 * 

P value  0.23 0.06 0.01 
0.00

04 

0.000

7 

0.000

5 

0.00

1 

0.001

1 

0.000

5 

0.000

2 
0.0001 

0.0000

5 

HSD value   0.23 0.18 0.23 0.26 0.35 0.41 0.42 0.42 0.43 0.42 

Note: ns =  not significantly different; * =  significantly different; values within a column  followed by the same letters were not 12 
significantly different at P < 0.05 according to Tukey's HSD test 13 
 14 

 15 
 16 

Figure   4.  The symptoms on chili leaves eaten by  Spodoptera litura larvae treated with culture filtrates of mycoinsecticides  and 17 
control 18 

 19 
The symptoms of leaf infested with larvae treated with filtrate or conidia culture showed less damage, whereas the 20 

control leaves left only the bone of the leaf (Figure 4 and 5). The decreased appetite in leaves treated with the culture 21 
filtrate of the EPF was faster than in leaves treated with the conidia of the EPF. All tested species of the EPF significantly 22 



 

reduced the weight of leaves eaten by larvae compared to controls (Table 3). Thus, all species of the EPF (P. citrinum, T. 23 
diversus, B. bassiana, and M. anisopliae) were effective in reducing the appetite of S. litura larvae.  24 

 25 

 26 
 27 

Figure   5.  The symptoms on chili leaves eaten by  Spodoptera litura larvae treated with conidia of mycoinsecticides and control 28 
 29 
 30 

Table 4.  Mean of weight  of Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides from  Penicillium 31 
citrinum, Talaromyces diversus, Beauveria bassiana, and  Metarhizium anisopliae 32 

Fungal species 
Larvae weight (g larvae-1) on observation for 12 days 

1 2 3 4 5 6 7 8 9 10 11 12 

Culture filtrate             

P. citrinum 0.06  0.09 a 0.12 a 
0.15 

a 
0.19 a 0.22 a 

0.25 

a 
0.29 a 

0.34 

ab 
0.40 a 

0.48 

ab 
0.50 a 

T. diversus 0.06  0.09 a 0.12 a 
0.15 

a 
0.18 a 0.22 a 

0.27 

a 
0.31 a 0.38 b 0.46 b 0.53 b 0.58 b 

B. bassiana 0.06  0.09 a 0.12 a 
0.15 

a 
0.18 a 0.21 a 

0.25 

a 
0.29 a 0.33 a 0.39 a 0.45 a 0.51 a 

M. anisopliae 0.06  0.09 a 0.12 a 
0.15 

a 
0.18 a 0.22 a 

0.26 

a 
0.31 a 

0.36 

ab 

0.41 

ab 
0.47 a 0.53 ab 

Control 0.07  0.11 b 0.16 b 
0.21 

b 
0.28 b 0.34 b 

0.42 

b 
0.50 b 0.58 c 0.68 c 0.78 c 0.89 c 

F-value 
2.91 

ns 
6.31* 12.24* 21.0

7* 

36.38

* 

52.94 

* 

74.2

5* 

109.1

8* 

97.99

* 

96.07

* 

107.63 

* 
40.12* 

P value  0.09 0.014 0.0017 
0.00

026 

0.000

035 

0.000

0085 

0.00

000

23 

0.000

00052 

0.000

00079 

0.000

00085 

0.0000

0055 

0.0000

24 

HSD value - 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.024 0.03 0.028 0.053 

Conidia              

P. citrinum 
0.12 0.18 ab 0.23 a 

0.29 

a 0.35 a 0.41 a 

0.47 

a 0.53 a 0.59 a 0.65 a 0.73 a 0.75 a 

T. diversus 
0.13  0.19 ab 0.25 ab 

0.32 

a 0.39 a 0.46 a 

0.52 

a 0.59 a 0.66 a 0.74 a 0.83 a 0.85 a 

B. bassiana 
0.11  0.17 a 0.24 a 

0.31 

a 0.38 a 0.45 a 

0.50 

a 0.57 a 0.64 a 0.72 a 0.81 a 0.90 a 

M. anisopliae 
0.12  0.18 ab 0.25 ab 

0.31 

a 0.38 a 0.45 a 

0.52 

a 0.59 a 0.66 a 0.74 a 0.82 a 0.91 a 

Control 
0.12  0.20 b 0.27 b 

0.36 

b 0.45 b 0.55 b 

0.65 

b 0.77 b 0.90 b 1.03 b 1.18 b 1.33 b 

F-value 
3.37

ns 4.07* 6.49* 

7.49

* 9.23* 

12.46

* 

15.8

2* 

20.61

* 

27.40

* 

32.25

* 36.85* 64.25* 

P value  
0.07 0.04 0.01 0.01 0.004 0.002 

0.00

1 

0.000

3 

0.000

1 

0.000

06 

0.0000

3 

0.0000

04 

HSD value - 0.01 0.01 0.02 0.028 0.03 0.04 0.04 0.05 0.05 0.05 0.05 

Note: ns =  not significantly different; * =  significantly different; values within a column  followed by the same letters were not 33 
significantly different at P < 0.05 according to Tukey's HSD test 34 

 35 
The decreased appetite of S. litura larvae treated with culture filtrate or conidia EPF was one of the stages of the larvae 36 

to be ill due to the treatment with EPF. In culture filtrate experiments, on day 2 the larvae appetite already decreased and 37 
was faster on day 1 than the trial using the EPF conidia. In culture filtrate experiments, the decreased appetite was faster 38 
due to the raw secondary metabolite content of larvae consumed from the first day since the EPF culture filtrate was 39 
exposed, whereas in conidia treatment it required conidia time to enter the haemolymph and secrete secondary metabolites. 40 
The process of being ill due to the EPF started with the conidia attached to the cuticle larvae, and then the conidia ruptures 41 
to form germ tubes to penetrate the cuticle  (Fernandes et al. 2007). The infection started when germ tubes were able to 42 
penetrate the insect cuticle and the ability to infect was a determinant of the level of virulence EPF (Altre and Vandenberg 43 
2001). After germ tubes reach the haemocoel, they produced specific infection hyphae originating at appressoria (El-44 



 

Ghany 2015).  Then the hyphae spread to the haemolymph and developed to produce blastospores. The blastospores then 45 
produced the secondary metabolites and enzymes that could disrupt normal cell metabolism (Mancillas-Paredes et al. 46 
2019). The penetration stages of germ tubes to blastospores produced secondary metabolites and the enzymes occurred in 47 
the experiments using conidia, whereas in culture filtrate experiments this stage did not occur because the two stages of 48 
filtration were already carried out to separate conidia from the filtrate. Therefore, the process of the larvae starting to be ill 49 
in the culture filtrate was faster than the conidia experiment. The next process, the toxins from secondary metabolites 50 
began to kill the host insect but the death of the host insect was not only by the toxin but also by the mechanical damage of 51 
the fungal penetration into the body of the insect (El-Ghany 2015). 52 

The reduction of the weight of the eaten affected the weight of the larvae. At 1 x 24 hours after the larvae were treated 53 
with culture filtrate or EPF conidia, the weight of the S. litura larvae did not show any significant difference, starting on 54 
the second day the larvae weight began to be lower than that of the control (Table 4), as well as the  third day up to the 12 55 
day the larvae weight was lower than that of the control. All the tested species of the EPF decreased significantly the 56 
larvae body weight compared to that of the control. Consequently, the larvae treated with mycoinsectides containing the 57 
culture filtrate or EPF conidia could reduce the larvae appetite to make their body weight decrease.  58 

Percentage of the mortality or mortality of the larvae caused by the EPF culture filtrate showed significant differences 59 
when compared to that of the control (Table 5). All EPF species were toxic to S. litura larvae, both their culture filtrate and 60 
conidia. The highest larvae mortality due to culture filtrate was found in the treatment of P. citrinum (98.67%) and not 61 
significantly different from the larvae mortality by T. diversus (96%), but significantly different from the larvae mortality 62 
by B. bassiana (86.67%) and M anisopliae (82.67%). The LT50 larvae treated with culture filtrate T. diversus was the 63 
shortest (6.19 days) and not significantly different from the LT50 larvae treated with P. citrinum (6.62 days), but 64 
significantly different from the LT50 larvae treated with B. bassiana (7.55 days) and M. anisopliae (7.60 days). Thus, the 65 
most toxic EPF species against S. litura larvae was P. citrinum. The larvae mortality due to the EPF conidia showed 66 
significant differences when compared to that of the control (Table 5). All of the EPF species were pathogenic to S. litura 67 
larvae. The larvae mortality caused by the conidia was highest in P. citrinum (98.67%) which was not significantly 68 
different from the larvae mortality by T. diversus (97.33%), B. bassiana (86.67%), and M. anisopliae (86.67%). The LT50 69 
of the larvae treated with the conidia of P. citrinum was the shortest (5.45 days) and not significantly different from the 70 
LT50 of larvae treated with T. diversus (6.55 days), but it was significantly different from the LT50 of larvae treated with B. 71 
bassiana (8.88 days) and M. anisopliae (7.70 days). Thus, the most pathogenic EPF species against S. litura larvae was P. 72 
citrinum.  73 

 74 
 75 

Table 5.  Mean of larvae mortality and  LT50 of  Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides 76 
from  Penicillium citrinum, Talaromyces diversus, Beauveria bassiana, and  Metarhizium anisopliae 77 

Fungal species 
Mortality ± SE 

(%) LT50  ± SE (days) 

Culture filtrate   

P. citrinum 98.67±1.09  c 6.62±0.135 a 

T. diversus 96.00±1.89 c 6.19±0.072 a 

B. bassiana 86.67±2.88 b 7.55±0.154 a 

M. anisopliae 82.67±1.09 b 7.60±0.203 b 

Control 0.00±0.00 a - 

F-value 187.26* 13.12* 

P value  0.00000006 0.00480044 

HSD value 11.38 0.87 

Conidia    

P. citrinum 98.67 ± 1.09 b 5.45 ± 0.232 a 

T. diversus 97.33 ± 2.18 b 6.55 ± 0.081 ab 

B. bassiana 86.67 ± 1.09 b 8.88 ± 0.420 c 

M. anisopliae 86.67 ± 1.09 b 7.70 ± 0.404 bc 

Control 0.00 ± 0.00 a - 

F-value 156.31* 29.38* 

P value  0.00000013 0.00055 

HSD value 12.70 1.24 

Note: * =  significantly different; values within a column  followed by the same letters were not significantly different at P < 0.05 78 
according to Tukey's HSD test  79 
 80 

Both culture filtrate and conidia of EPF in this study had significantly higher insecticidal activity than the control, and 81 
the highest insecticidal activity was found in P. citrinum. P. citrinum had the highest insecticidal activity due to its ability 82 
to infect the larvae faster shown by its LT50 value which was the shortest compared to the other species. Altre and 83 
Vandenberg (2001) state that the most pathogenic EPF species due to the fungus has germ tubes that are able to penetrate 84 
the insect cuticle faster than other fungal species and have more toxins and enzymes that disrupt normal cell metabolism in 85 
insects. In addition, the color of the P. citrinum culture filtrate was the darkest compared to the color of the culture filtrate 86 



 

of the other three EPF species. The darker color of the EPF culture filtrate proved to be more toxic than the lighter color of 87 
the culture filtrate (Ayudya et al., 2019; Gustianingtyas et al., 2020) because the darker the color of the fungus culture 88 
filtrate the higher the concentration of the secondary metabolites  (Luo et al., 2017).  The P. citrinum culture filtrate 89 
contains secondary metabolites and is toxic to  insects, for example patulin which can kill Culex quinquefasciatus larvae 90 
up to 100% (Maketon et al., 2014). P. citrinum are reported to be effective in killing insect pests (Foo et al., 2017; 91 
Maketon et al., 2014) and  mite pests (Mazid et al., 2016).   92 

The other EPF species were also toxic because they had enzymes or secondary metabolites that could kill the host 93 
insects, for example B. bassiana produced the enzymes of proteolytic and chitinolytic that could disrupt normal cell 94 
metabolism (Mancillas-Paredes et al., 2019). The secondary metabolite produced by B. bassiana containing the 95 
bassianolone B toxic to the T. molitor larvae (Luo et al., 2017). M. anisopliae produces secondary metabolites, including 96 
destruxins toxic to insect pests (Borisade et al., 2016). So far there has been no information on the secondary metabolites 97 
or enzymes produced by T. diversus that kills insects. At present there is only general information stating that T. diversus 98 
can kill insects (Visagie et al., 2009).  For this reason, in the future it is necessary to study to identify the secondary 99 
metabolites or T. diversus enzymes that can kill insect pests. 100 

The S. litura larvae treated with EPF culture or conidia showed the same behavior, i.e., they ate less and less and got 101 
lazy to move, while the control not treated with the EPF continued to eat greedily and actively moved. After 3 days the 102 
larvae given culture filtrate began to change integument color that was previously bright green to dull and began to find 103 
dead larvae and the same symptoms occurred in larvae treated with EPF conidia. Four days after the larvae were treated 104 
with culture filtrate or EPF conidia, the larvae's body began to shrink, wrinkle, get odorless and dull black, and eventually 105 
died (Figure 6 and 7). After 2-3 days the larvae died, the symptoms in the larvae integument died due to the conidia 106 
covered by mycelia and the conidia appeared, whereas in larvae that died due to the culture filtrate there was no mycelia 107 
and conidia. Thus, the symptoms of ill S. litura larvae caused by the culture filtrate were slightly different from the 108 
symptoms caused by the EPF conidia. The symptoms of sick larvae due to the culture of this filtrate were the same as the 109 
symptoms described by Ayudya et al. (2019) and Gustianingtyas et al. (2020), namely the larvae got shrunk, wrinkled, dry, 110 
odorless, and the integument was not covered by EPF conidia. The symptoms of sick insects caused by EPF conidia in this 111 
study were the same as those described by Bugti et al. (2018) and Sumikarsih et al. (2019), that is, the insect's body got 112 
smaller, wrinkled, dry, odorless, and the integument was covered in mycelia and EPF conidia.  113 
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Figure   6.  Morphology of  Spodoptera litura larvae of  healthy larvae of control (right) and dead larvae  (left) treated with culture 143 
filtrate of of mycoinsecticides from Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium 144 
anisopliae (D) 145 
  146 
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Figure   7.  Morphology of  Spodoptera litura larvae of  healthy larvae of control (right) and dead larvae  (left) treated with conidia of 175 
mycoinsecticides from  Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae (D) 176 

 177 
The results of bioassays of culture filtrate and EPF conidia showed that both culture filtrate and conidia had high 178 

insecticidal activity. However, for the future development of mycoinsecticides, the use of culture filtrate without conidia as 179 
the active ingredient of mycoinsecticide needs to be further investigated. The fungus culture filtrate is relatively more 180 
stable than the culture that still has conidia and can be stored for a longer time and remains toxic, besides the culture 181 
filtrate does not clog the sprayer nozzle when sprayed (Soesanto et al. 2019). 182 

The EPF species found in the soils of South Sumatra were P. citrinum, T. diversus, B. bassiana, and M. anisopliae. All 183 
species have a high insecticidal activity against S. litura larvae and the most toxic species is P. citrinum. The filtrate and 184 
conidia of the P. citrinum are toxic.  P. citrinum,  a new emerging entomopathogenic fungus, has the highest insecticidal 185 
activity and the highest potential to be developed into commercial mycoinsecticides.  186 
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Abstract.. This study was carried out to confirm identity of Beauveria bassiana  and Metarhizium anisopliae using sequence analysis of 

Internal Transcribed Spacer (ITS) region as well as the two unknown isolates of EPF and to investigate their filtrate and conidial insecticidal 

activity against S. litura larvae. The EPF species were identified based on morphological characters and molecular analysis. Their culture 

filtrate and conidial bioassays were performed on S. litura larvae. The species found were Penicillium citrinum (BKbTp), Talaromyces 

diversus (MSwTp1), B. bassiana (BSwTd4), and  M. anisopliae (MSwTp3) and have been deposited in the GenBank.  All EPF species have a 

high insecticidal activity against S. litura larvae. The highest larvae mortality  caused by filtrate was found on P. citrinum (98.67%) and not 

significantly different from those of T. diversus (96%), but significantly different from B. bassiana (86.67%) and M anisopliae (82.67%).    

The highest larvae mortality caused by the conidia was also  occured to  P. citrinum (98.67%) which was not significantly different from those 

of T. diversus (97.33%), B. bassiana (86.67%), and M. anisopliae (86.67%). The LT50 caused by T. diversus filtrate was the shortest (6.19 

days) and not significantly different from those caused by P. citrinum (6.62 days). The shortest LT50 caused by conidia was found on P. 

citrinum (5.45 days). Therefore, the conidia and filtrate of P. citrinum,  a new emerging entomopathogenic fungus, has the highest insecticidal 

activity. P. citrinum has the potential to be developed into commercial mycoinsecticides. 

Key words: Beauveria bassiana; leaf eating caterpillar; Metarhizium anisopliae; Penicillium citrinum; Talaromyces diversus 
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Running title: New emerging entomopathogenic fungi from South Sumatra 

INTRODUCTION  

South Sumatra, Indonesia has a stretch with varying topography from the height of the land to the high ground. This 

topographic variation can develop many species of plants, for example vegetables and the food crops.  Vegetables that can adapt 

to various land topography in South Sumatra include chili (Capsicum spp.), mustard greens (Brassica juncea), kale (Ipomoea 

reptans), and spinach (Amaranthus tricolor) (Siaga et al. 2019).  The main constraints of vegetable cultivation, especially chili 

pests are fruit flies (Bactrocera dorsalis (Syamsudin et al. 2019),  sap sucker (Thrips) (Johari et al. 2016), and leaf eating 

caterpillar (Spodoptera litura)  (Tompe et al. 2020).  

S. litura is a polyphagous insect pest that attacks many plant species from various families (Tompe et al. 2020), like chili, 

mustard greens, water spinach, and spinach. The yield loss of chili caused by this pest reaches 50% every year (Vijayalakshmi 

et al. 2016). The first instar of S. litura larvae eats the leaves in groups and skeletonize them, while the second instar extend to 

the last instar spread and eat individually leaves, flowers and pistil chili (Tompe et al. 2020). In addition, S. litura is a key pest 

for the leafy vegetables, such as mustard greens, water spinach, and spinach because the leaves that have been eaten become no 

longer valuable (Vijayalakshmi et al. 2016; Tompe et al. 2020).  Since the public awareness on the good health and 

environmental quality is increasing, there is a need to reduce the use of synthetic pesticides and improving application of eco-

friendly control strategies for S. litura. One of the methods is applying the entomopathogenic fungi (EPF).  

Some EPF species have been shown to be effective in killing S. litura, for example, Beauveria bassiana cultured in liquid 

media has been shown to kill 98% of S. litura larvae (Ayudya et al. 2019; Gustianingtyas et al. 2020).  Metarhizium anisopliae 

was reportedly also effective in killing S. litura larvae (Sowmya et al., 2017; Yang et al., 2019; Gustianingtyas et al. 2020) and 

can kill 96% of S. litura larvae (Gustianingtyas et al. 2020). Furthermore, Metarhizium rileyi also effectively kills S. litura 

larvae  (Liu et al. 2017). In addition to being effective in killing the insect pests, EPF can also be integrated with 

entomopathogenic viruses, such as nucleopolyhedroviruses (NPV) (Souza et al. 2019) and botanical insecticides (Hernandez-

Trejo et al. 2019) and does not harm parasitoids (Ngangambe and Mwatawala 2020).  

Four isolates of EPF have been isolated from rhizosphere of several kinds of plant in lowland to high land of South Sumatra. 

On the basis of morphological characters, the two isolates have been identified as B. bassiana and M. anisopliae (Safitri et al. 

2018; Sumikarsih et al. 2019; Gustianingtyas et al. 2020) and their filtrates were proven to be effectively killed up to 98% of S. 

litura larvae (Ayudya et al. 2019; Gustianingtyas et al. 2020). The other two EPF, until now,  have not been fully revealed on 

molecular identity and their filtrate and conidial capability to cause mortality on S. litura.  This research aimed to confirm 

identity of Beauveria bassiana  and Metarhizium anisopliae using sequence analysis of Internal Transcribed Spacer (ITS) 

region as well as the two unknown isolates of EPF and to investigate their filtrate and conidial insecticidal activity against S. 

litura larvae.  

MATERIALS AND METHODS  

Exploring EPF 

The EPF exploration was carried out on soil near  root of oil palm, rice, maize and vegetables in various locations (Table 1) 

ranging from lowland to highland of South Sumatra using the method of Safitri et al. (2018). Those locations chosen have 

objective to obtain the fungi that had adapted in the soils.   The morphological identifications were carried out in 2018 and 

2019, and their  identities were confirmed by molecular analysis.  The EPF exploration method modified those of Anwar et al. 

(2015), namely using a bait method with Tenebrio molitor larvae as insect bait which was fed in the soil sample. The soil 

sampling used the method of Anwar et al. (2015) by digging the soil using surface soil sampler (Ø  20 mm) as deep as 10 cm 

around the rhizosphere plant according to the method of Thaochan and Sausa-Ard (2017) and 5 points were taken to collect 1 kg 

of soil. Then, the soil sample was put into a plastic bag and labeled with information about the height of the location, type of 

commodity, and date of collection.  

The soil sample was first cleaned from the roots and sieved with a 10 mesh sieve. Then, it was put into a plastic tray (32 x 

25 x 5 cm
3
) each containing as much as 1 kg. The soil was then moistened with sterile distilled water with soil moisture 

exceeding 20% according to the method of Chen et al. (2014). Then, 20 newly molted 3rd-instar larvae of T. molitor were 

placed at the bottom of the tray and the larvae were sprinkled with the soil to reach 3 cm in thickness. Then, the tray containing 

the soil was covered with a black cloth and sprayed with distilled water to maintain the soil moisture. The larvae were infested 

in the soil for 7 days to give time for the entomopathogenic fungal conidia to infect them, after which the dead larvae infected 

with entomopathogenic fungi were grown in the Sabouraud Dextrose Agar (SDA, Merck) medium. 

Isolation and identification of EPF 

The EPF infecting the larvae of T. molitor which was characterized by its body was overgrown with EPF mycelia, dry and 

contracted, then isolated and purified using the method of Youssef (2014). The isolation of EPF from the larvae's body surface 

began with the surface sterilization by modifying the method of Sharma et al. (2018) by rinsing with 1% of NaOCl for 1 minute, 

then rinsing with 100 mL of sterile distilled water for 3 times. The larvae sterilization was carried out to obtain EPF inside the 



 

haemocoel and cuticle larvae and prevent water fungi from being obtained. The sterilized larvae were grown in SDA media and 

incubated for 2 days. The growing fungus was purified in the SDA media until after getting pure isolates. The pure EPF was 

identified based on the molecular analysis. 

Fungal identification  

Morphological observations were carried out based on microscopic and macroscopic characteristics of the EPF. The 

macroscopic observation of the fungi was based on the color and shape of colony, whereas the microscopic observation was 

based on the shape and size of conidia and conidiophores.  

The EPF were identified based on the molecular analysis at the Laboratory of Agricutural Biotecnology (accredited 

according to the ISO/IEC  17025 standard), Department of Plant Protection, Faculty of Agriculture, University of Lampung, 

Indonesia.  

DNA extraction and PCR amplification  

The DNA extraction was performed on the mycelium of 7 days old fungi using InstaGene
TM

Matrix (BioRad). Amplification 

was carried out by Sensoquest Thermal Cycler Machine (Germany). PCR amplification on Internal Transcribed Spacer (ITS) 

region was conducted using primer ITS1 and ITS4 (Table 2) (White et al. 1990). The PCR was carried out with total volume of 

25 µL involving 12.5 µL Master Mix (Red Mix) (bioline), 1 µL of 10 µM of primer ITS 1 and ITS 4, 2 µL DNA and 8.5 µL of 

sterile distilled water. DNA amplification consist of 1 cycle of the initiation at 95ºC for 5 min, 30 cycles of denaturation at 95ºC 

for 1 minute, primer annealing at 52ºC for 1 min, primer extension at 72ºC for 1 minute, and one cycle of elongation at 72ºC for 

5 minutes. The PCR results were run using 0.5% agarose gel in 20 mL of 1x buffer Tris-Boric Acid-EDTA (TBE) (1
st
 Base 

Malaysia) with 1 µL Ethidium Bromide (EtBr 10 mg mL
-1

). The electrophoresis was performed by 1x TBE buffer at 50 volts 

for 70 minutes. The results were visualized by DigiDoc UV transilluminator (UVP, USA). 

 
Table 1.  Locations  of EPF in South Sumatra, Indonesia  

Fungal species (codes) Village, District/City  Ecosystem Crop GPS (coordinat)  

 

Altitude 

(m) 

GenBank 

Acc. No.  

Penicillium citrinum 

(BKbTp) 

Talang Patai, Pagar 

Alam  

Highland soil Cabbage S 04°02.161’ 

E 103°10.484’ 

175  MT448730 

Talaromyces diversus 

(MSwTp1) 

Talang Patai, Pagar 

Alam  

Highland soil Mustard S 03°50.174’, E 

103°31.293’ 

193 MT448731 

Beauveria bassiana 

(BSwTd4) 

Talang Dabok, Ogan 

Komering Ilir  

Peat soil  

 

Oil palm S 03°23.570’ 

E 104°51.498’  

24 MT448732 

Metarhizium anisopliae 

(MSwTp3) 

Talang Patai, Pagar 

Alam  

Highland soil Mustard S 03°50.174’, E 

103°31.293’ 

193 MT448733 

 

Table 2.  Primer used for amplification  

Target of amplification 
Primer 

name 
Sequence (5’-3’) 

Product size 

(bp) 

Reference 

Internal Transcribe 

Spacer Region 

ITS1 TCC GTA GGT GAA CCT TGC GG 
600 (White et al. 1990) 

ITS4 TCC TCC GCT TAT TGA TAT GC 

 

The PCR product was emitted to 1
st
 Base Malaysia for sequencing. The sequencing results were analyzed with Bio Edit 

program ver. 7.2.6 for windows. The result was then submitted to Basic Local Alignment Search Tool (BLAST) 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to find their potential identity. The phylogenetic tree was developed by Mega 7 for 

Windows  (Kumar et al. 2016) with Unweighted-pair Group Method with Arithmetic means (UPGMA). Reference strains 

employed in this research were obtained from NCBI (https://www.ncbi.nlm.nih.gov/).  

Spodoptera litura mass rearing   

S. litura larvae used in the insecticide activity test was collected from the vegetable fields around the campus of Universitas 

Sriwijaya and  those vegetable fields that were not sprayed with synthetic insecticides. The larvae were taken to the laboratory 

and maintained in plastic containers (Ø 25 cm, height 30 cm) topped with gauze. that has been washed thoroughly using 

detergent. Next, pesticide-free spinach (Ipomoea aquatic) was put into the containers for the first instar feed of S. litura. The 

second instar was fed mulberry leaves (Morus alba) planted in the experimental field of the Faculty of Agriculture, Universitas 

Sriwijaya, Indonesia and not sprayed with pesticides. 

Every day the larvae feed was replaced with fresh new feed. The larvae entering the pupae stage were transferred into plastic 

containers (Ø 10 cm, height 15 cm) whose top was exposed and the base was sprinkled with sifted soil (10 mesh). and already 

sterilized in an oven for 1 hour at 100ºC. The thickness of the soil in the container was 3 cm. This plastic container containing 

pupae was put into a gauze cage (30 x 30 x 30 cm
3
) already tapped with 10 water spinach sticks for laying eggs to the adults. 

The hatched eggs were transferred into a plastic cylinder and fed with water spinach which was replaced every day. The larvae 

used for toxicity testing were the second instar of the third offspring (F3) or afterwards. 

Producing of EPF mycoinsecticides  

https://blast.ncbi.nlm.nih.gov/Blast.cgi


 

The EPF already identified molecularly, namely P. citrinum, T. diversus, B. bassiana, and M. anisopliae were made liquid 

formulation mycoinsecticides. The mycoinsectides made of four types, each of which had active ingredients P. citrinum, T. 

diversus, B. bassiana, and M. anisopliae and sterile distilled water was used for control. The mycoinsecticides were made bythe 

method of  Mascarin et al. (2015). In this, EPF was cultivated in solid media of Sabouraud Dextrose Agar (SDA, Merck), 

incubated for 7 days, and then the fungal cultures that grew were transferred to the liquid media of Sabouraud Dextrose Broth  

(SDB, Merck). The broth fungal cultures were incubated using a shaker for 7 days at 120 rpm. The broth fungal cultures from 

SDB with a minimum density of 1x10
9
 conidia mL

-1
 were used for the active ingredient mycoinsecticides. The mycoinsecticides 

were made liquid formulation containing a mixture of 600 mL of the broth fungal cultures, 400 mL of carrier from shrimp shell 

flour compost extract, 10 mL of vegetable oil, and 10 mL of sterile distilled water solution of 0.04% polyoxyethyl-189 ene 

sorbitan mono-oleate (Tween®). The shrimp skin flour compost extract was made using the method of Suwandi et al. (2012). 

After that, the formulation was stored for 30 days before it was applied to obtain stable and non-contaminant mycoinsecticides. 

The mycoinsectides activity was tested in the form of EPF culture and conidia filtrate. 

Culture filtrate preparation of the mycoinsecticides.   

The presence of raw secondary metabolites in culture filtrate was performed according to Soesanto et al. (2019) can be done 

by filtering fungal broth or liquid mycoinsecticides. The culture filtrate of liquid mycoinsecticides was produced from 2 stages 

of filtering using the method of Ayudya et al. (2019).  The first stage, 100 mL liquid mycoinsecticides was filtered using 

Whatman filter paper no. 42 and cotton with a thickness of 1 cm. The filtration culture produced from the first stage filter was 

then sucked up to 10 mL using a sterile hypodermic syringe to be filtered in the second stage. The second stage filtering used a 

syringe filter (0.45 µm pore size, Sartorius). The method of installing the syringe filter used the method of Alhusein et al. 

(2016) by placing it at the base of the needle, by the way the needle was removed first from the syringe, then the syringe filter 

was installed at the base of the needle. After the syringe filter was installed at the base of the needle, the needle was re-fitted to 

the syringe. The syringe containing 10 mL was pressed so that it released the culture filtrate that escaped from the syringe filter. 

The 100 mL of mycoinsecticide produced ± 70 mL of culture filtrate. According to Soesanto et al. (2019), this second filtering 

culture filtrate was the raw secondary metabolites. Next, the culture filtrate was measured by its insecticidal activity by taking 

as much as 1 mL to be dropped on a piece of chili leaves.  

Bioassays of culture filtrate and conidia of EPF   

Bioassays of culture filtrate from mycoinsectides of P. citrinum, T. diversus, B. bassiana, and M. anisopliae were carried out  

on chili leaves  sprayed with 1 mL of culture filtrate. As a control, sterile distilled water was dripped on chili leaves. Then the 

leaves were dried before putting 25 second-instar S. litura larvae which  were fasted for 2 hours. The second instar larvae were 

let to eat the leaves for 6 hours which had been dropped by the culture filtrate. After 6 hours the larvae were transferred into a 

plastic cylinder topped with gauze (Ø 25 cm, height 30 cm) containing 15-30 pieces of chili leaves (depending on the instar) 

which were clean and not dripped with culture filtrate. To maintain the moisture of chili leaves, the stalk was wrapped in cotton 

wool moistened with sterile distilled water. Every day chili leaves were replaced with new fresh leaves. The weight of the 

leaves eaten was measured according to the method of Ayudya et al. (2019)  and recorded daily. Every day the dead larvae were 

recorded up to 12 days after the application.   

Bioassays of conidia from mycoinsectides of P. citrinum, T. diversus, B. bassiana, and M. anisopliae were carried out by 

means of 25 second instar S. litura larvae dripped topically 1 mL of conidia suspension of EPF with a concentration of 1 x 10
6
 

conidia mL
-1

. Then, the larvae were fed 15-30 pieces of chili leaves. As a control it was used sterile distilled water. The weight 

of leaves eaten by larvae and weight of the larvae were recorded daily. Every day the dead larvae were recorded up to 12 days 

after the application.   

The number of dead larvae was used to calculate mortality and the median Lethal Time (LT50). The weight of the chili 

leaves eaten and the body weight of the larvae were measured every day from the first day to 12 days after the application. The 

measurement of the eaten leaf weight was conducted to determine whether the EPF affected the larvae appetite, whereas the 

measurement of larvae body weight was carried out to determine whether or not the EPF influenced the larvae growth. 

Data Analysis  

The data differences among the treatments for edible leaf weight, larvae weight, larvae mortality, and LT50 were analyzed 

using Analysis of Variance (ANOVA) if there were differences, then further tests were carried out using the 5% Tukey's 

Honestly Significant Difference (HSD). LT50 data were obtained from probit analysis. All calculations were conducted using 

software of SAS University Edition 2.7 9.4 M5.  

RESULTS AND DISCUSSION 

Species of EPF 

There were 4 EPF species namely, P. citrinum, T. diversus, B. bassiana, and M. anisopliae found from lowland and 

highland soils in South Sumatra. The macroscopic and microscopic appearance of the four fungal species showed obvious 

differences (Figure 1 and 2). The colony characteristics of P. citrinum on SDA medium were initially white, the older the 

fungus, the color turned to bluish green with a white margin, round conidia with a diameter of 2.01-2.28 µm. The characteristics 



 

matched the description described by Mathew et al. (2010)  stating that P. citrinum has globose green granular conidia. T. 

diversus has a colony characteristic generally in the form of microcolony scattering in the medium; the color was dark green 

with yellow margins. According to Visagie and Jacobs (2012), the size of T. diversus colony ranged from 2-4 mm and 

sometimes only microcolony and produced yellow colored mycelia at colony peripheral zones. In this study, T. diversus was 

more difficult to culture than the other three species and showed poor growth of colony on SDA. B. bassiana had a colony that 

was white but when it got older it was yellowish or turbid white and B. bassiana colonized SDA faster than the other three 

species. Conidia of B. bassiana was one-celled and the same circular shape as the observation of Safitri et al. (2018).    M. 

anisopliae had a colony which was also white initially similar to B. bassiana colony but the older the fungus the colony turned 

greenish white and finally dark green. Conidia of M. anisopliae was 6.42-6.76 µm in size. The found characteristics of the 

colony and conidia of M. anisopliae were the same as those described by  Lopes et al. (2018) and  Thaochan and Sausa-Ard 

(2017)  stating that the colony is more than 5 days old, the conidia changes from white to green indicating that the conidia was 

matured with the conidial mass bluish olive and has cylindrical, single and one-celled, hyaline conidia. 
  

  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure   1.  Colony of Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae 

 

                                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure   2.  Conidia of Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae (D) 

 

The result of BLAST search revealed that BKbTp showed 99.38% of similarity with P. citrinum strain 

NFML_CH33_5BbE.1 (Acc. No. KM458810.1), MSwTp1 showed 99.05% of similarity with T. diversus strain DTO_131I6 

(Acc. No. KJ775700.1), BSwTd4 showed 99.65% of similarity with B. bassiana isolate GZMS-28 (Acc. No. KT715480.1) and 

MSwTp3 exhibited 99.82% of similarity with M. anisopliae isolate HT008 (Acc. No. MH512951.1). The result of BLAST 

search corresponded to those of phylogenetic tree analysis.   The phylogenetic tree (Figure 3) was constructed using Mega 7 for 

Windows  (Kumar et al. 2016) with Unweighted-pair Group Method with Arithmetic means (UPGMA).   Based on the 

phylogenetic tree, BKbTp was placed in the group of P. citrinum strain NFML_CH33_5BbE.1 (Acc. No. KM458810.1), and 

SL1 (Acc. No. MN735924.1). MSwTp1 was in the group of T. diversus strain DTO_131I6 (Acc. No. KJ775700.1) and strain 

SCZ5-2 (Acc. No. KY445783.1). BSwTd4 was in the group of B. bassiana isolate CGAIPFBS-012 (Acc. No. KY495188.1), 
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isolate 08F04 (Acc. No. KF359944.1), and isolate GZMS-28 (Acc. No. KT715480.1). Meanwhile, MSwTp3 was in the group 

of M. anisopliae HT008 (Acc. no. MH512951.1), A1 (Acc. No. KX806656.1), and IPPM010202 (Acc. No. KY437678.1). 

Thus, based on the morphological characters and molecular analysis, it confirmed that the identity of the four isolates were P. 

citrinum (BKbTp), T. diversus (MSwTp1), B. bassiana (BSwTd4), and M. anisopliae (MSwTp3). The isolates have been 

deposited in the GenBank and  the accession number were MT448730 (BKbTp) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448730), MT448731 (MSwTp1) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448731), MT448732 (BSwTd4) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448732), and MT448733 (MSwTp3) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448733). 

 

Figure   3.  Dendrogram created on the basis of sequence analysis of ITS region using primer ITS1 and ITS4 with UPGMA method developed by MEGA7 for 
windows          = fungal isolates used in this study

https://www.ncbi.nlm.nih.gov/nuccore/MT448730
https://www.ncbi.nlm.nih.gov/nuccore/MT448731
https://www.ncbi.nlm.nih.gov/nuccore/MT448732
https://www.ncbi.nlm.nih.gov/nuccore/MT448733
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EPF insecticidal activity against Spodoptera litura 

The EPF insecticidal activity against S. litura larvae was stated from the data of the effect of EPF on the weight 

reduction of edible chili leaves, body weight of larvae, mortality, and length of time of death. On day 1 (1 x 24 hours) after 

the larvae were treated with the filtrate culture of the EPF, the weight of the leaves eaten by S. litura larvae did not show 

any significant difference compared to control (sterile distilled water), but after that the weight of the leaves eaten by the 

larvae was more lower than control (Table 3). For the larvae treated with conidia of the EPF on day 1 (1 x 24 hours) and 

day 2 (2 x 24 hours), the weight of the eaten leaves did not show any significant difference compared to control, on the 

following day  the  weight  of the eaten leaves by the larvae was significantly lower than those of the control. 
 

Table 3.  Mean of leaf weight eaten by  Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides from  

Penicillium citrinum, Talaromyces diversus, Beauveria bassiana, and  Metarhizium anisopliae 

Fungal species 
Leaf weight eaten by  larvae (g larvae-1 day-1) on observation for 12 days 

1 2 3 4 5 6 7 8 9 10 11 12 

Culture filtrate             

P. citrinum 0.10  0.26 a 0.40 a 
0.51 

a 
0.62 a 0.73 a 

0.82 

a 
0.96 a 1.08 a 1.17 a 1.22 a 1.24 a 

T. diversus 0.14  0.35 a 0.46 a 
0.55 

a 
0.65 a 0.77 a 

0.86 

a 
0.99 a 1.09 a 1.18 a 1.23 a 1.25 a 

B. bassiana 0.17  0.36 a 0.47 a 
0.58 

a 
0.74 a 0.94 a 

1.08 

a 
1.22 a 

1.35 

ab 

1.45 

ab 

1.53 

ab 
1.59 b 

M. anisopliae 0.17  
0.36 

ab 
0.53 a 

0.65 

a 
0.78 a 0.97 a 

1.11 

a 
1.26 a 1.42 b 1.55 b 

1.65 

ab 
1.77 b 

Control 0.24  0.56 b 0.94 b 
1.32 

b 
1.74 b 2.33 b 

2.91 

b 
3.45 b 4.02 c 4.65 c 5.04 c 5.58 c 

F-value 1.96ns 6.86* 10.28* 
19.6

3* 

44.96

* 

76.82

* 

124.

79* 

131.9

0* 

203.7

0* 

263.9

2* 

281.95

* 

324.89

* 

P value  0.19 0.011 0.0031 
0.00

034 

0.000

016 

0.000

0020 

0.00

000

031 

0.000

00025 

0.000

00004

4 

0.000

00001

6 

0.0000

00012 

0.0000

070 

HSD value - 0.10 0.14 0.15 0.12 0.12 0.12 0.13 0.117 0.115 0.119 0.122 

Conidia              

P. citrinum 0.45  0.76  1.13 a 
1.50 

a 
1.84 a 2.00 a 

2.28 

a 
2.47 a 2.62 a 2.74 a 2.85 a 2.92 a 

T. diversus 0.45  0.84  1.17 a 
1.50 

a 
1.87 a 2.15 a 

2.51 

a 
2.71 a 2.94 a 3.04 a 3.19 a 3.28 a 

B. bassiana 0.44  0.76  1.09 a 
1.43 

a 
1.76 a 2.07 a 

2.40 

a 
2.59 a 2.87 a 3.01 a 3.21 a 3.45 a 

M. anisopliae 0.34  0.70  1.08 a 
1.39 

a 
1.78 a 2.10 a 

2.35 

a 
2.54 a 2.72 a 2.86 a 3.01 a 3.23 a 

Control 0.56  1.28  1.97 b 
2.64 

b 
3.33 b 3.99 b 

4.99 

b 
5.73 b 6.57 b 7.49 b 8.32 b 9.16 b 

F-value 1.78 ns 3.58ns 7.14 * 
18.2

6 * 

16.06 

* 

17.38 

* 

14.9

8 * 

14.07 

* 

17.72 

* 

23.27 

* 

26.81 

* 
33.23 * 

P value  0.23 0.06 0.01 
0.00

04 

0.000

7 

0.000

5 

0.00

1 

0.001

1 

0.000

5 

0.000

2 
0.0001 

0.0000

5 

HSD value   0.23 0.18 0.23 0.26 0.35 0.41 0.42 0.42 0.43 0.42 

Note: ns =  not significantly different; * =  significantly different; values within a column  followed by the same letters were not 

significantly different at P < 0.05 according to Tukey's HSD test 

 

 
 

Figure   4.  The symptoms on chili leaves eaten by  Spodoptera litura larvae treated with culture filtrates of mycoinsecticides  and 

control 
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The symptoms of leaf infested with larvae treated with filtrate or conidia culture showed less damage, whereas, the 

control leaves left only the bone of the leaf (Figure 4 and 5). The decreased appetite in leaves treated with the culture 

filtrate of the EPF was faster than in leaves treated with the conidia of the EPF. All tested species of the EPF significantly 

reduced the weight of leaves eaten by larvae compared to controls (Table 3). Thus, all species of the EPF (P. citrinum, T. 

diversus, B. bassiana, and M. anisopliae) were effective in reducing the appetite of S. litura larvae.  
 

 
 

Figure   5.  The symptoms on chili leaves eaten by  Spodoptera litura larvae treated with conidia of mycoinsecticides and control 

 
 

Table 4.  Mean of weight  of Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides from  Penicillium 

citrinum, Talaromyces diversus, Beauveria bassiana, and  Metarhizium anisopliae 

Fungal species 
Larvae weight (g larvae-1) on observation for 12 days 

1 2 3 4 5 6 7 8 9 10 11 12 

Culture filtrate             

P. citrinum 0.06  0.09 a 0.12 a 
0.15 

a 
0.19 a 0.22 a 

0.25 

a 
0.29 a 

0.34 

ab 
0.40 a 

0.48 

ab 
0.50 a 

T. diversus 0.06  0.09 a 0.12 a 
0.15 

a 
0.18 a 0.22 a 

0.27 

a 
0.31 a 0.38 b 0.46 b 0.53 b 0.58 b 

B. bassiana 0.06  0.09 a 0.12 a 
0.15 

a 
0.18 a 0.21 a 

0.25 

a 
0.29 a 0.33 a 0.39 a 0.45 a 0.51 a 

M. anisopliae 0.06  0.09 a 0.12 a 
0.15 

a 
0.18 a 0.22 a 

0.26 

a 
0.31 a 

0.36 

ab 

0.41 

ab 
0.47 a 0.53 ab 

Control 0.07  0.11 b 0.16 b 
0.21 

b 
0.28 b 0.34 b 

0.42 

b 
0.50 b 0.58 c 0.68 c 0.78 c 0.89 c 

F-value 
2.91 

ns 
6.31* 12.24* 21.0

7* 

36.38

* 

52.94 

* 

74.2

5* 

109.1

8* 

97.99

* 

96.07

* 

107.63 

* 
40.12* 

P value  0.09 0.014 0.0017 
0.00

026 

0.000

035 

0.000

0085 

0.00

000

23 

0.000

00052 

0.000

00079 

0.000

00085 

0.0000

0055 

0.0000

24 

HSD value - 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.024 0.03 0.028 0.053 

Conidia              

P. citrinum 
0.12 0.18 ab 0.23 a 

0.29 

a 0.35 a 0.41 a 

0.47 

a 0.53 a 0.59 a 0.65 a 0.73 a 0.75 a 

T. diversus 
0.13  0.19 ab 0.25 ab 

0.32 

a 0.39 a 0.46 a 

0.52 

a 0.59 a 0.66 a 0.74 a 0.83 a 0.85 a 

B. bassiana 
0.11  0.17 a 0.24 a 

0.31 

a 0.38 a 0.45 a 

0.50 

a 0.57 a 0.64 a 0.72 a 0.81 a 0.90 a 

M. anisopliae 
0.12  0.18 ab 0.25 ab 

0.31 

a 0.38 a 0.45 a 

0.52 

a 0.59 a 0.66 a 0.74 a 0.82 a 0.91 a 

Control 
0.12  0.20 b 0.27 b 

0.36 

b 0.45 b 0.55 b 

0.65 

b 0.77 b 0.90 b 1.03 b 1.18 b 1.33 b 

F-value 
3.37

ns 4.07* 6.49* 

7.49

* 9.23* 

12.46

* 

15.8

2* 

20.61

* 

27.40

* 

32.25

* 36.85* 64.25* 

P value  
0.07 0.04 0.01 0.01 0.004 0.002 

0.00

1 

0.000

3 

0.000

1 

0.000

06 

0.0000

3 

0.0000

04 

HSD value - 0.01 0.01 0.02 0.028 0.03 0.04 0.04 0.05 0.05 0.05 0.05 

Note: ns =  not significantly different; * =  significantly different; values within a column  followed by the same letters were not 

significantly different at P < 0.05 according to Tukey's HSD test 

 

The decreased appetite of S. litura larvae treated with culture filtrate or conidia EPF was one of the stages of the larvae 

to be ill due to the treatment with EPF. In culture filtrate experiments, the larvae appetite already decreased on 2
nd

 day  and 

was faster on day 1
st
 than the trial using the EPF conidia. In culture filtrate experiments, the decreased appetite was faster 

due to the raw secondary metabolite content of larvae consumed from the first day since the EPF culture filtrate was 

exposed, whereas in conidia treatment it required conidia time to enter the haemolymph and secrete secondary metabolites. 

The process of being ill due to the EPF started with the conidia attached to the cuticle larvae, and then the conidia ruptures 
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to form germ tubes to penetrate the cuticle  (Fernandes et al. 2007). The infection started when germ tubes were able to 

penetrate the insect cuticle and the ability to infect was a determinant of the level of virulence EPF (Altre and Vandenberg 

2001). After germ tubes reach the haemocoel, they produced specific infection hyphae originating at appressoria (El-

Ghany 2015).  Then the hyphae spread to the haemolymph and developed to produce blastospores. The blastospores then 

produced the secondary metabolites and enzymes that could disrupt normal cell metabolism (Mancillas-Paredes et al. 

2019). The penetration stages of germ tubes to blastospores produced secondary metabolites and the enzymes occurred in 

the experiments using conidia, whereas in culture filtrate experiments this stage did not occur because the two stages of 

filtration were already carried out to separate conidia from the filtrate. Therefore, the process of the larvae starting to be ill 

in the culture filtrate was faster than the conidia experiment. The next process, the toxins from secondary metabolites 

began to kill the host insect but the death of the host insect was not only by the toxin but also by the mechanical damage of 

the fungal penetration into the body of the insect (El-Ghany 2015). 

The reduction of the weight of the eaten affected the weight of the larvae. At 1 x 24 hours after the larvae were treated 

with culture filtrate or EPF conidia, the weight of the S. litura larvae did not show any significant difference, starting on 

the second day the larvae weight began to be lower than that of the control (Table 4), as well as the  third day up to the 12 

day the larvae weight was lower than that of the control. All the tested species of the EPF decreased significantly the 

larvae body weight compared to that of the control. Consequently, the larvae treated with mycoinsectides containing the 

culture filtrate or EPF conidia could reduce the larvae appetite to make their body weight decrease.  

Percentage of the mortality or mortality of the larvae caused by the EPF culture filtrate showed significant differences 

when compared to that of the control (Table 5). All EPF species were toxic to S. litura larvae, both their culture filtrate and 

conidia. The highest larvae mortality due to culture filtrate was found in the treatment of P. citrinum (98.67%) and not 

significantly different from the larvae mortality by T. diversus (96%), but significantly different from the larvae mortality 

by B. bassiana (86.67%) and M anisopliae (82.67%). The LT50 larvae treated with culture filtrate T. diversus was the 

shortest (6.19 days) and not significantly different from the LT50 larvae treated with P. citrinum (6.62 days), but 

significantly different from the LT50 larvae treated with B. bassiana (7.55 days) and M. anisopliae (7.60 days). Thus, the 

most toxic EPF species against S. litura larvae was P. citrinum. The larvae mortality due to the EPF conidia showed 

significant differences when compared to that of the control (Table 5). All of the EPF species were pathogenic to S. litura 

larvae. The larvae mortality caused by the conidia was highest in P. citrinum (98.67%) which was not significantly 

different from the larvae mortality by T. diversus (97.33%), B. bassiana (86.67%), and M. anisopliae (86.67%). The LT50 

of the larvae treated with the conidia of P. citrinum was the shortest (5.45 days) and not significantly different from the 

LT50 of larvae treated with T. diversus (6.55 days), but it was significantly different from the LT50 of larvae treated with B. 

bassiana (8.88 days) and M. anisopliae (7.70 days). Thus, the most pathogenic EPF species against S. litura larvae was P. 

citrinum.  

 
 

Table 5.  Mean of larvae mortality and  LT50 of  Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides 

from  Penicillium citrinum, Talaromyces diversus, Beauveria bassiana, and  Metarhizium anisopliae 

Fungal species 
Mortality ± SE 

(%) LT50  ± SE (days) 

Culture filtrate   

P. citrinum 98.67±1.09  c 6.62±0.135 a 

T. diversus 96.00±1.89 c 6.19±0.072 a 

B. bassiana 86.67±2.88 b 7.55±0.154 a 

M. anisopliae 82.67±1.09 b 7.60±0.203 b 

Control 0.00±0.00 a - 

F-value 187.26* 13.12* 

P value  0.00000006 0.00480044 

HSD value 11.38 0.87 

Conidia    

P. citrinum 98.67 ± 1.09 b 5.45 ± 0.232 a 

T. diversus 97.33 ± 2.18 b 6.55 ± 0.081 ab 

B. bassiana 86.67 ± 1.09 b 8.88 ± 0.420 c 

M. anisopliae 86.67 ± 1.09 b 7.70 ± 0.404 bc 

Control 0.00 ± 0.00 a - 

F-value 156.31* 29.38* 

P value  0.00000013 0.00055 

HSD value 12.70 1.24 

Note: * =  significantly different; values within a column  followed by the same letters were not significantly different at P < 0.05 

according to Tukey's HSD test  

 

Both culture filtrate and conidia of EPF in this study had significantly higher insecticidal activity than the control, and 

the highest insecticidal activity was found in P. citrinum. P. citrinum had the highest insecticidal activity due to its ability 

to infect the larvae faster shown by its LT50 value which was the shortest compared to the other species. Altre and 
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Vandenberg (2001) state that the most pathogenic EPF species due to the fungus has germ tubes that are able to penetrate 

the insect cuticle faster than other fungal species and have more toxins and enzymes that disrupt normal cell metabolism in 

insects. In addition, the color of the P. citrinum culture filtrate was the darkest compared to the color of the culture filtrate 

of the other three EPF species. The darker color of the EPF culture filtrate proved to be more toxic than the lighter color of 

the culture filtrate (Ayudya et al., 2019; Gustianingtyas et al., 2020) because the darker the color of the fungus culture 

filtrate the higher the concentration of the secondary metabolites  (Luo et al., 2017).  The P. citrinum culture filtrate 

contains secondary metabolites and is toxic to  insects, for example patulin which can kill Culex quinquefasciatus larvae 

up to 100% (Maketon et al., 2014). P. citrinum are reported to be effective in killing insect pests (Foo et al., 2017; 

Maketon et al., 2014) and  mite pests (Mazid et al., 2016).   

The other EPF species were also toxic because they had enzymes or secondary metabolites that could kill the host 

insects, for example B. bassiana produced the enzymes of proteolytic and chitinolytic that could disrupt normal cell 

metabolism (Mancillas-Paredes et al., 2019). The secondary metabolite produced by B. bassiana containing the 

bassianolone B toxic to the T. molitor larvae (Luo et al., 2017). M. anisopliae produces secondary metabolites, including 

destruxins toxic to insect pests (Borisade et al., 2016). So far there has been no information on the secondary metabolites 

or enzymes produced by T. diversus that kills insects. At present there is only general information stating that T. diversus 

can kill insects (Visagie et al., 2009).  For this reason, in the future it is necessary to study to identify the secondary 

metabolites or T. diversus enzymes that can kill insect pests. 

The S. litura larvae treated with EPF culture or conidia showed the same behavior, i.e., they ate less and less and got 

lazy to move, while the control not treated with the EPF continued to eat greedily and actively moved. After 3 days the 

larvae given culture filtrate began to change integument color that was previously bright green to dull and began to find 

dead larvae and the same symptoms occurred in larvae treated with EPF conidia. Four days after the larvae were treated 

with culture filtrate or EPF conidia, the larvae's body began to shrink, wrinkle, get odorless and dull black, and eventually 

died (Figure 6 and 7). After 2-3 days the larvae died, the symptoms in the larvae integument died due to the conidia 

covered by mycelia and the conidia appeared, whereas in larvae that died due to the culture filtrate there was no mycelia 

and conidia. Thus, the symptoms of ill S. litura larvae caused by the culture filtrate were slightly different from the 

symptoms caused by the EPF conidia. The symptoms of sick larvae due to the culture of this filtrate were the same as the 

symptoms described by Ayudya et al. (2019) and Gustianingtyas et al. (2020), namely the larvae got shrunk, wrinkled, dry, 

odorless, and the integument was not covered by EPF conidia. The symptoms of sick insects caused by EPF conidia in this 

study were the same as those described by Bugti et al. (2018) and Sumikarsih et al. (2019), that is, the insect's body got 

smaller, wrinkled, dry, odorless, and the integument was covered in mycelia and EPF conidia.  

 
 

                                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                         

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure   6.  Morphology of  Spodoptera litura larvae of  healthy larvae of control (right) and dead larvae  (left) treated with culture 

filtrate of of mycoinsecticides from Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium 

anisopliae (D) 
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Figure   7.  Morphology of  Spodoptera litura larvae of  healthy larvae of control (right) and dead larvae  (left) treated with conidia of 

mycoinsecticides from  Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae (D) 

 

The results of bioassays of culture filtrate and EPF conidia showed that both culture filtrate and conidia had high 

insecticidal activity. However, for the future development of mycoinsecticides, the use of culture filtrate without conidia as 

the active ingredient of mycoinsecticide needs to be further investigated. The fungus culture filtrate is relatively more 

stable than the culture that still has conidia and can be stored for a longer time and remains toxic, besides the culture 

filtrate does not clog the sprayer nozzle when sprayed (Soesanto et al. 2019). 

The EPF species found in the soils of South Sumatra were P. citrinum, T. diversus, B. bassiana, and M. anisopliae. All 

species have a high insecticidal activity against S. litura larvae and the most toxic species is P. citrinum. The filtrate and 

conidia of the P. citrinum are toxic.  P. citrinum,  a new emerging entomopathogenic fungus, has the highest insecticidal 

activity and the highest potential to be developed into commercial mycoinsecticides.  
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New emerging entomopathogenic fungi isolated from soil in South 

Sumatra (Indonesia) and their filtrate and conidial insecticidal activity 

against Spodoptera litura 
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Abstract. Herlinda S, Efendi RA, Suharjo R, Hasbi, Setiawan A, Elfita, Verawaty M. 2020. New emerging entomopathogenic fungi 

isolated from soil in South Sumatra (Indonesia) and their filtrate and conidial insecticidal activity against Spodoptera litura. 

Biodiversitas 21: xxxx. This study was carried out to confirm identity of Beauveria bassiana and Metarhizium anisopliae using sequence 

analysis of Internal Transcribed Spacer (ITS) region as well as the two unknown isolates of EPF and to investigate their filtrate and 

conidial insecticidal activity against S. litura larvae. The EPF species were identified based on morphological characters and molecular 

analysis. Their culture filtrate and conidial bioassays were performed on S. litura larvae. The species found were Penicillium citrinum 

(BKbTp), Talaromyces diversus (MSwTp1), B. bassiana (BSwTd4), and M. anisopliae (MSwTp3) and have been deposited in the 

GenBank. All EPF species have a high insecticidal activity against S. litura larvae. The highest larvae mortality caused by filtrate was 

found on P. citrinum (98.67%) and not significantly different from those of T. diversus (96%), but significantly different from B. 

bassiana (86.67%) and M anisopliae (82.67%). The highest larvae mortality caused by the conidia was also occured to P. citrinum 

(98.67%) which was not significantly different from those of T. diversus (97.33%), B. bassiana (86.67%), and M. anisopliae (86.67%). 

The LT50 caused by T. diversus filtrate was the shortest (6.19 days) and not significantly different from those caused by P. citrinum 

(6.62 days). The shortest LT50 caused by conidia was found on P. citrinum (5.45 days). Therefore, the conidia and filtrate of P. citrinum, 

a new emerging entomopathogenic fungus, has the highest insecticidal activity. P. citrinum has the potential to be developed into 

commercial mycoinsecticides. 

Keywords: Beauveria bassiana; leaf eating caterpillar; Metarhizium anisopliae; Penicillium citrinum; Talaromyces diversus 

INTRODUCTION 

South Sumatra, Indonesia has a stretch with varying 

topography from the height of the land to the high ground. 

This topographic variation can develop many species of 

plants, for example vegetables and the food crops. 

Vegetables that can adapt to various land topography in 

South Sumatra include chili (Capsicum spp.), mustard 

greens (Brassica juncea), kale (Ipomoea reptans), and 

spinach (Amaranthus tricolor) (Siaga et al. 2019). The 

main constraints of vegetable cultivation, especially chili 

pests are fruit flies (Bactrocera dorsalis (Syamsudin et al. 

2019), sap sucker (Thrips) (Johari et al. 2016), and leaf 

eating caterpillar (Spodoptera litura) (Tompe et al. 2020).  

S. litura is a polyphagous insect pest that attacks many 

plant species from various families (Tompe et al. 2020), 

like chili, mustard greens, water spinach, and spinach. The 

yield loss of chili caused by this pest reaches 50% every 

year (Vijayalakshmi et al. 2016). The first instar of S. litura 

larvae eats the leaves in groups and skeletonize them, while 

the second instar extend to the last instar spread and eat 

individually leaves, flowers and pistil chili (Tompe et al. 

2020). In addition, S. litura is a key pest for the leafy 

vegetables, such as mustard greens, water spinach, and 

spinach because the leaves that have been eaten become no 

longer valuable (Vijayalakshmi et al. 2016; Tompe et al. 

2020). Since the public awareness on the good health and 

environmental quality is increasing, there is a need to 

reduce the use of synthetic pesticides and improving 

application of eco-friendly control strategies for S. litura. 

One of the methods is applying the entomopathogenic 

fungi (EPF).  

Some EPF species have been shown to be effective in 

killing S. litura, for example, Beauveria bassiana cultured 

in liquid media has been shown to kill 98% of S. litura 

larvae (Ayudya et al. 2019; Gustianingtyas et al. 2020). 

Metarhizium anisopliae was reportedly also effective in 

killing S. litura larvae (Sowmya et al. 2017; Yang et al. 

2019; Gustianingtyas et al. 2020) and can kill 96% of S. 

litura larvae (Gustianingtyas et al. 2020). Furthermore, 
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Metarhizium rileyi also effectively kills S. litura larvae 

(Liu et al. 2017). In addition to being effective in killing 

the insect pests, EPF can also be integrated with 

entomopathogenic viruses, such as nucleopolyhedroviruses 

(NPV) (Souza et al. 2019) and botanical insecticides 

(Hernandez-Trejo et al. 2019) and does not harm 

parasitoids (Ngangambe and Mwatawala 2020).  

Four isolates of EPF have been isolated from 

rhizosphere of several kinds of plant in lowland to high 

land of South Sumatra. On the basis of morphological 

characters, the two isolates have been identified as B. 

bassiana and M. anisopliae (Safitri et al. 2018; Sumikarsih 

et al. 2019; Gustianingtyas et al. 2020) and their filtrates 

were proven to be effectively killed up to 98% of S. litura 

larvae (Ayudya et al. 2019; Gustianingtyas et al. 2020). 

The other two EPF, until now, have not been fully revealed 

on molecular identity and their filtrate and conidial 

capability to cause mortality on S. litura. This research 

aimed to confirm identity of Beauveria bassiana and 

Metarhizium anisopliae using sequence analysis of Internal 

Transcribed Spacer (ITS) region as well as the two 

unknown isolates of EPF and to investigate their filtrate 

and conidial insecticidal activity against S. litura larvae. 

MATERIALS AND METHODS 

Exploring EPF 

The EPF exploration was carried out on soil near root 

of oil palm, rice, maize and vegetables in various locations 

(Table 1) ranging from lowland to highland of South 

Sumatra using the method of Safitri et al. (2018). Those 

locations chosen have objective to obtain the fungi that had 

adapted in the soils. The morphological identifications 

were carried out in 2018 and 2019, and their identities were 

confirmed by molecular analysis in February 2020. The 

EPF exploration method modified those of Anwar et al. 

(2015), namely using a bait method with Tenebrio molitor 

larvae as insect bait which was fed in the soil sample. The 

soil sampling used the method of Anwar et al. (2015) by 

digging the soil using surface soil sampler (Ø 20 mm) as 

deep as 10 cm around the rhizosphere plant according to 

the method of Thaochan and Sausa-Ard (2017) and 5 

points were taken to collect 1 kg of soil. Then, the soil 

sample was put into a plastic bag and labeled with 

information about the height of the location, type of 

commodity, and date of collection.  

The soil sample was first cleaned from the roots and 

sieved with a 10 mesh sieve. Then, it was put into a plastic 

tray (32 x 25 x 5 cm
3
) each containing as much as 1 kg. 

The soil was then moistened with sterile distilled water 

with soil moisture exceeding 20% according to the method 

of Chen et al. (2014). Then, 20 newly molted 3rd-instar 

larvae of T. molitor were placed at the bottom of the tray 

and the larvae were sprinkled with the soil to reach 3 cm in 

thickness. Then, the tray containing the soil was covered 

with a black cloth and sprayed with distilled water to 

maintain the soil moisture. The larvae were infested in the 

soil for 7 days to give time for the entomopathogenic 

fungal conidia to infect them, after which the dead larvae 

infected with entomopathogenic fungi were grown in the 

Sabouraud Dextrose Agar (SDA, Merck) medium. 

Isolation and identification of EPF 

The EPF infecting the larvae of T. molitor which was 

characterized by its body was overgrown with EPF 

mycelia, dry and contracted, then isolated and purified 

using the method of Youssef (2014). The isolation of EPF 

from the larvae's body surface began with the surface 

sterilization by modifying the method of Sharma et al. 

(2018) by rinsing with 1% of NaOCl for 1 minute, then 

rinsing with 100 mL of sterile distilled water for 3 times. 

The larvae sterilization was carried out to obtain EPF 

inside the haemocoel and cuticle larvae and prevent water 

fungi from being obtained. The sterilized larvae were 

grown in SDA media and incubated for 2 days. The 

growing fungus was purified in the SDA media until after 

getting pure isolates. The pure EPF was identified based on 

the molecular analysis. 

Fungal identification  

Morphological observations were carried out based on 

microscopic and macroscopic characteristics of the EPF. 

The macroscopic observation of the fungi was based on the 

color and shape of colony, whereas the microscopic 

observation was based on the shape and size of conidia and 

conidiophores.  

The EPF were identified based on the molecular 

analysis in February 2020 at the Laboratory of Agricutural 

Biotecnology (accredited according to the ISO/IEC 17025 

standard), Department of Plant Protection, Faculty of 

Agriculture, Universitas Lampung, Indonesia.  

 

 
Table 1. Locations of EPF in South Sumatra, Indonesia  

Fungal species (codes) Village, District/City  Ecosystem Crop GPS (coordinat)  

 

Altitude 

(m) 

GenBank 

Acc. No.  

Penicillium citrinum 

(BKbTp) 

Talang Patai, Pagar 

Alam  

Highland soil Cabbage S 04°02.161’ 

E 103°10.484’ 

175  MT448730 

Talaromyces diversus 

(MSwTp1) 

Talang Patai, Pagar 

Alam  

Highland soil Mustard S 03°50.174’, E 

103°31.293’ 

193 MT448731 

Beauveria bassiana 

(BSwTd4) 

Talang Dabok, Ogan 

Komering Ilir  

Peat soil  

 

Oil palm S 03°23.570’ 

E 104°51.498’  

24 MT448732 

Metarhizium anisopliae 

(MSwTp3) 

Talang Patai, Pagar 

Alam  

Highland soil Mustard S 03°50.174’, E 

103°31.293’ 

193 MT448733 
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Table 2. Primer used for amplification  

 

Target of amplification Primer name Sequence (5’-3’) Product size (bp) Reference 

Internal Transcribe  

Spacer Region 

ITS1 TCC GTA GGT GAA CCT TGC GG 600 (White et al. 1990) 

ITS4 TCC TCC GCT TAT TGA TAT GC 

 
 

 

DNA extraction and PCR amplification  

The DNA extraction was performed on the mycelium of 

7 days old fungi using InstaGene
TM

Matrix (BioRad). 

Amplification was carried out by Sensoquest Thermal 

Cycler Machine (Germany). PCR amplification on Internal 

Transcribed Spacer (ITS) region was conducted using 

primer ITS1 and ITS4 (Table 2) (White et al. 1990). The 

PCR was carried out with total volume of 25 µL involving 

12.5 µL Master Mix (Red Mix) (bioline), 1 µL of 10 µM of 

primer ITS 1 and ITS 4, 2 µL DNA and 8.5 µL of sterile 

distilled water. DNA amplification consist of 1 cycle of the 

initiation at 95ºC for 5 min, 30 cycles of denaturation at 

95ºC for 1 minute, primer annealing at 52ºC for 1 min, 

primer extension at 72ºC for 1 minute, and one cycle of 

elongation at 72ºC for 5 minutes. The PCR results were run 

using 0.5% agarose gel in 20 mL of 1x buffer Tris-Boric 

Acid-EDTA (TBE) (1
st
 Base Malaysia) with 1 µL Ethidium 

Bromide (EtBr 10 mg mL
-1

). The electrophoresis was 

performed by 1x TBE buffer at 50 volts for 70 minutes. 

The results were visualized by DigiDoc UV 

transilluminator (UVP, USA). 

The PCR product was emitted to 1
st
 Base Malaysia for 

sequencing. The sequencing results were analyzed with Bio 

Edit program ver. 7.2.6 for windows. The result was then 

submitted to Basic Local Alignment Search Tool (BLAST) 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to find their 

potential identity. The phylogenetic tree was developed by 

Mega 7 for Windows (Kumar et al. 2016) with 

Unweighted-pair Group Method with Arithmetic means 

(UPGMA). Reference strains employed in this research 

were obtained from NCBI (https://www.ncbi.nlm.nih.gov/).  

Spodoptera litura mass rearing  

S. litura larvae used in the insecticide activity test was 

collected from the vegetable fields around the campus of 

Universitas Sriwijaya and those vegetable fields that were 

not sprayed with synthetic insecticides. The larvae were 

taken to the laboratory and maintained in plastic containers 

(Ø 25 cm, height 30 cm) topped with gauze. that has been 

washed thoroughly using detergent. Next, pesticide-free 

spinach (Ipomoea aquatic) was put into the containers for 

the first instar feed of S. litura. The second instar was fed 

mulberry leaves (Morus alba) planted in the experimental 

field of the Faculty of Agriculture, Universitas Sriwijaya, 

Indonesia and not sprayed with pesticides. 

Every day the larvae feed was replaced with fresh new 

feed. The larvae entering the pupae stage were transferred 

into plastic containers (Ø 10 cm, height 15 cm) whose top 

was exposed and the base was sprinkled with sifted soil (10 

mesh). and already sterilized in an oven for 1 hour at 

100ºC. The thickness of the soil in the container was 3 cm. 

This plastic container containing pupae was put into a 

gauze cage (30 x 30 x 30 cm
3
) already tapped with 10 

water spinach sticks for laying eggs to the adults. The 

hatched eggs were transferred into a plastic cylinder and 

fed with water spinach which was replaced every day. The 

larvae used for toxicity testing were the second instar of the 

third offspring (F3) or afterwards. 

Producing of EPF mycoinsecticides  

The EPF already identified molecularly, namely P. 

citrinum, T. diversus, B. bassiana, and M. anisopliae were 

made liquid formulation mycoinsecticides. The 

mycoinsectides made of four types, each of which had 

active ingredients P. citrinum, T. diversus, B. bassiana, and 

M. anisopliae and sterile distilled water was used for 

control. The mycoinsecticides were made by the method of 

Mascarin et al. (2015). In this, EPF was cultivated in solid 

media of Sabouraud Dextrose Agar (SDA, Merck), 

incubated for 7 days, and then the fungal cultures that grew 

were transferred to the liquid media of Sabouraud Dextrose 

Broth (SDB, Merck). The broth fungal cultures were 

incubated using a shaker for 7 days at 120 rpm. The broth 

fungal cultures from SDB with a minimum density of 

1x10
9
 conidia mL

-1
 were used for the active ingredient 

mycoinsecticides. The mycoinsecticides were made liquid 

formulation containing a mixture of 600 mL of the broth 

fungal cultures, 400 mL of carrier from shrimp shell flour 

compost extract, 10 mL of vegetable oil, and 10 mL of 

sterile distilled water solution of 0.04% polyoxyethyl-189 

ene sorbitan mono-oleate (Tween®). The shrimp skin flour 

compost extract was made using the method of Suwandi et 

al. (2012). After that, the formulation was stored for 30 

days before it was applied to obtain stable and non-

contaminant mycoinsecticides. The mycoinsectides activity 

was tested in the form of EPF culture and conidia filtrate. 

Culture filtrate preparation of the mycoinsecticides.  

The presence of raw secondary metabolites in culture 

filtrate was performed according to Soesanto et al. (2019) 

can be done by filtering fungal broth or liquid 

mycoinsecticides. The culture filtrate of liquid 

mycoinsecticides was produced from 2 stages of filtering 

using the method of Ayudya et al. (2019). The first stage, 

100 mL liquid mycoinsecticides was filtered using 

Whatman filter paper no. 42 and cotton with a thickness of 

1 cm. The filtration culture produced from the first stage 

filter was then sucked up to 10 mL using a sterile 

hypodermic syringe to be filtered in the second stage. The 

second stage filtering used a syringe filter (0.45 µm pore 

size, Sartorius). The method of installing the syringe filter 

used the method of Alhusein et al. (2016) by placing it at 

the base of the needle, by the way the needle was removed 

https://blast.ncbi.nlm.nih.gov/Blast.cgi


HERLINDA et al. – New emerging entomopathogenic fungi isolated from soil 

 

34 

first from the syringe, then the syringe filter was installed 

at the base of the needle. After the syringe filter was 

installed at the base of the needle, the needle was re-fitted 

to the syringe. The syringe containing 10 mL was pressed 

so that it released the culture filtrate that escaped from the 

syringe filter. The 100 mL of mycoinsecticide produced ± 

70 mL of culture filtrate. According to Soesanto et al. 

(2019), this second filtering culture filtrate was the raw 

secondary metabolites. Next, the culture filtrate was 

measured by its insecticidal activity by taking as much as 1 

mL to be dropped on a piece of chili leaves.  

Bioassays of culture filtrate and conidia of EPF  

Bioassays of culture filtrate from mycoinsectides of P. 

citrinum, T. diversus, B. bassiana, and M. anisopliae were 

carried out on chili leaves sprayed with 1 mL of culture 

filtrate. As a control, sterile distilled water was dripped on 

chili leaves. Then the leaves were dried before putting 25 

second-instar S. litura larvae which were fasted for 2 hours. 

The second instar larvae were let to eat the leaves for 6 

hours which had been dropped by the culture filtrate. After 

6 hours the larvae were transferred into a plastic cylinder 

topped with gauze (Ø 25 cm, height 30 cm) containing 15-

30 pieces of chili leaves (depending on the instar) which 

were clean and not dripped with culture filtrate. To 

maintain the moisture of chili leaves, the stalk was wrapped 

in cotton wool moistened with sterile distilled water. Every 

day chili leaves were replaced with new fresh leaves. The 

weight of the leaves eaten was measured according to the 

method of Ayudya et al. (2019) and recorded daily. Every 

day the dead larvae were recorded up to 12 days after the 

application.  

Bioassays of conidia from mycoinsectides of P. 

citrinum, T. diversus, B. bassiana, and M. anisopliae were 

carried out by means of 25 second instar S. litura larvae 

dripped topically 1 mL of conidia suspension of EPF with a 

concentration of 1 x 10
6
 conidia mL

-1
. Then, the larvae 

were fed 15-30 pieces of chili leaves. As a control it was 

used sterile distilled water. The weight of leaves eaten by 

larvae and weight of the larvae were recorded daily. Every 

day the dead larvae were recorded up to 12 days after the 

application.  

The number of dead larvae was used to calculate 

mortality and the median Lethal Time (LT50). The weight 

of the chili leaves eaten and the body weight of the larvae 

were measured every day from the first day to 12 days after 

the application. The measurement of the eaten leaf weight 

was conducted to determine whether the EPF affected the 

larvae appetite, whereas the measurement of larvae body 

weight was carried out to determine whether or not the EPF 

influenced the larvae growth. 

Data analysis  

The data differences among the treatments for edible 

leaf weight, larvae weight, larvae mortality, and LT50 were 

analyzed using Analysis of Variance (ANOVA) if there 

were differences, then further tests were carried out using 

the 5% Tukey's Honestly Significant Difference (HSD). 

LT50 data were obtained from probit analysis. All 

calculations were conducted using software of SAS 

University Edition 2.7 9.4 M5. 

RESULTS AND DISCUSSION 

Species of EPF 

There were 4 EPF species namely, P. citrinum, T. 

diversus, B. bassiana, and M. anisopliae found from 

lowland and highland soils in South Sumatra. The 

macroscopic and microscopic appearance of the four fungal 

species showed obvious differences (Figure 1 and 2).  

 

 

 

 
A B C D 

 

Figure 1. Colony of Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae 
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Figure 2. Conidia of Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae (D) 

 

 

 

The colony characteristics of P. citrinum on SDA 

medium were initially white, the older the fungus, the color 

turned to bluish green with a white margin, round conidia 

with a diameter of 2.01-2.28 µm. The characteristics 

matched the description described by Mathew et al. (2010) 

stating that P. citrinum has globose green granular conidia. 

T. diversus has a colony characteristic generally in the form 

of microcolony scattering in the medium; the color was 

dark green with yellow margins. According to Visagie and 

Jacobs (2012), the size of T. diversus colony ranged from 

2-4 mm and sometimes only microcolony and produced 

yellow colored mycelia at colony peripheral zones. In this 

study, T. diversus was more difficult to culture than the 

other three species and showed poor growth of colony on 

SDA. B. bassiana had a colony that was white but when it 

got older it was yellowish or turbid white and B. bassiana 

colonized SDA faster than the other three species. Conidia 

of B. bassiana was one-celled and the same circular shape 

as the observation of Safitri et al. (2018). M. anisopliae had 

a colony which was also white initially similar to B. 

bassiana colony but the older the fungus the colony turned 

greenish white and finally dark green. Conidia of M. 

anisopliae was 6.42-6.76 µm in size. The found 

characteristics of the colony and conidia of M. anisopliae 

were the same as those described by Lopes et al. (2018) 

and Thaochan and Sausa-Ard (2017) stating that the colony 

is more than 5 days old, the conidia changes from white to 

green indicating that the conidia was matured with the 

conidial mass bluish olive and has cylindrical, single and 

one- celled, hyaline conidia. 

The result of BLAST search revealed that BKbTp 

showed 99.38% of similarity with P. citrinum strain 

NFML_CH33_5BbE.1 (Acc. No. KM458810.1), MSwTp1 

showed 99.05% of similarity with T. diversus strain 

DTO_131I6 (Acc. No. KJ775700.1), BSwTd4 showed 

99.65% of similarity with B. bassiana isolate GZMS-28 

(Acc. No. KT715480.1) and MSwTp3 exhibited 99.82% of 

similarity with M. anisopliae isolate HT008 (Acc. No. 

MH512951.1). The result of BLAST search corresponded 

to those of phylogenetic tree analysis. The phylogenetic 

tree (Figure 3) was constructed using Mega 7 for Windows 

(Kumar et al. 2016) with Unweighted-pair Group Method 

with Arithmetic means (UPGMA). Based on the 

phylogenetic tree, BKbTp was placed in the group of P. 

citrinum strain NFML_CH33_5BbE.1 (Acc. No. 

KM458810.1), and SL1 (Acc. No. MN735924.1). MSwTp1 

was in the group of T. diversus strain DTO_131I6 (Acc. 

No. KJ775700.1) and strain SCZ5-2 (Acc. No. 

KY445783.1). BSwTd4 was in the group of B. bassiana 

isolate CGAIPFBS-012 (Acc. No. KY495188.1), isolate 

08F04 (Acc. No. KF359944.1), and isolate GZMS-28 (Acc. 

No. KT715480.1). Meanwhile, MSwTp3 was in the group 

of M. anisopliae HT008 (Acc. no. MH512951.1), A1 (Acc. 

No. KX806656.1), and IPPM010202 (Acc. No. 

KY437678.1). Thus, based on the morphological characters 

and molecular analysis, it confirmed that the identity of the 

four isolates were P. citrinum (BKbTp), T. diversus 

(MSwTp1), B. bassiana (BSwTd4), and M. anisopliae 

(MSwTp3). The isolates have been deposited in the GenBank 

and the accession number were MT448730 (BKbTp) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448730), MT448731 

(MSwTp1) (https://www.ncbi.nlm.nih.gov/nuccore/MT448731), 

MT448732 (BSwTd4) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448732), and 

MT448733 (MSwTp3) 

(https://www.ncbi.nlm.nih.gov/nuccore/MT448733). 

A B 

C D 

https://www.ncbi.nlm.nih.gov/nuccore/MT448730
https://www.ncbi.nlm.nih.gov/nuccore/MT448731
https://www.ncbi.nlm.nih.gov/nuccore/MT448732
https://www.ncbi.nlm.nih.gov/nuccore/MT448733
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Figure 3. Dendrogram created on the basis of sequence analysis of ITS region using primer ITS1 and ITS4 with UPGMA method 

developed by MEGA7 for windows   = fungal isolates used in this study 
 

 

 

EPF insecticidal activity against Spodoptera litura 

The EPF insecticidal activity against S. litura larvae 

was stated from the data of the effect of EPF on the weight 

reduction of edible chili leaves, body weight of larvae, 

mortality, and length of time of death. On day 1 (1 x 24 

hours) after the larvae were treated with the filtrate culture 

of the EPF, the weight of the leaves eaten by S. litura 

larvae did not show any significant difference compared to 

control (sterile distilled water), but after that the weight of 

the leaves eaten by the larvae was more lower than control 

(Table 3). For the larvae treated with conidia of the EPF on 

day 1 (1 x 24 hours) and day 2 (2 x 24 hours), the weight of 

the eaten leaves did not show any significant difference 

compared to control, on the following day the weight of the 

eaten leaves by the larvae was significantly lower than 

those of the control. 

The symptoms of leaves infested with larvae treated 

with filtrate or conidia culture showed less damage, 

whereas, the control leaves left only the bone of the leaf 

(Figures 4 and 5). The decreased appetite in leaves treated 

with the culture filtrate of the EPF was faster than in leaves 

treated with the conidia of the EPF. All tested species of 

the EPF significantly reduced the weight of leaves eaten by 

larvae compared to controls (Table 3). Thus, all species of 

the EPF (P. citrinum, T. diversus, B. bassiana, and M. 

anisopliae) were effective in reducing the appetite of S. 

litura larvae. 
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Table 3. Mean of leaf weight eaten by Spodoptera litura larvae treated with culture filtrates and conidia of mycoinsecticides from Penicillium citrinum, Talaromyces diversus, Beauveria 
bassiana, and Metarhizium anisopliae 
 

Fungal species 
Leaf weight eaten by a larvae (g day-1) on observation for 12 days 

1 2 3 4 5 6 7 8 9 10 11 12 

Culture filtrate             
P. citrinum 0.10  0.26 a 0.40 a 0.51 a 0.62 a 0.73 a 0.82a 0.96 a 1.08 a 1.17 a 1.22 a 1.24 a 
T. diversus 0.14  0.35 a 0.46 a 0.55 a 0.65 a 0.77 a 0.86 a 0.99 a 1.09 a 1.18 a 1.23 a 1.25 a 
B. bassiana 0.17  0.36 a 0.47 a 0.58 a 0.74 a 0.94 a 1.08 a 1.22 a 1.35 ab 1.45 ab 1.53 ab 1.59 b 
M. anisopliae 0.17  0.36ab 0.53 a 0.65 a 0.78 a 0.97 a 1.11 a 1.26 a 1.42 b 1.55 b 1.65 ab 1.77 b 
Control 0.24  0.56 b 0.94 b 1.32 b 1.74 b 2.33 b 2.91 b 3.45 b 4.02 c 4.65 c 5.04 c 5.58 c 
F-value 1.96ns 6.86* 10.28* 19.63* 44.96* 76.82* 124.79* 131.90* 203.70* 263.92* 281.95* 324.89* 
P value  0.19 0.011 0.0031 0.00034 0.000016 0.0000020 0.00000031 0.00000025 0.000000044 0.000000016 0.000000012 0.0000070 
HSD value - 0.10 0.14 0.15 0.12 0.12 0.12 0.13 0.117 0.115 0.119 0.122 

Conidia              
P. citrinum 0.45  0.76  1.13 a 1.50 a 1.84 a 2.00 a 2.28 a 2.47 a 2.62 a 2.74 a 2.85 a 2.92 a 
T. diversus 0.45  0.84  1.17 a 1.50 a 1.87 a 2.15 a 2.51 a 2.71 a 2.94 a 3.04 a 3.19 a 3.28 a 
B. bassiana 0.44  0.76  1.09 a 1.43 a 1.76 a 2.07 a 2.40 a 2.59 a 2.87 a 3.01 a 3.21 a 3.45 a 
M. anisopliae 0.34  0.70  1.08 a 1.39 a 1.78 a 2.10 a 2.35 a 2.54 a 2.72 a 2.86 a 3.01 a 3.23 a 
Control 0.56  1.28  1.97 b 2.64 b 3.33 b 3.99 b 4.99 b 5.73 b 6.57 b 7.49 b 8.32 b 9.16 b 
F-value 1.78 ns 3.58ns 7.14 * 18.26 * 16.06 * 17.38 * 14.98 * 14.07 * 17.72 * 23.27 * 26.81 * 33.23 * 
P value  0.23 0.06 0.01 0.0004 0.0007 0.0005 0.001 0.0011 0.0005 0.0002 0.0001 0.00005 
HSD value   0.23 0.18 0.23 0.26 0.35 0.41 0.42 0.42 0.43 0.42 

Note: ns = not significantly different; * = significantly different; values within a column followed by the same letters were not significantly different at P < 0.05 according to Tukey's HSD test 
 

 
Table 4. Mean of  larvae weight of Spodoptera litura treated with culture filtrates and conidia of mycoinsecticides from Penicillium citrinum, Talaromyces diversus, Beauveria bassiana, and 
Metarhizium anisopliae 

 

Fungal species 
Weight of  larvae (g larvae-1) on observation for 12 days 

1 2 3 4 5 6 7 8 9 10 11 12 

Culture filtrate             
P. citrinum 0.06  0.09 a 0.12 a 0.15 a 0.19 a 0.22 a 0.25 a 0.29 a 0.34 ab 0.40 a 0.48 ab 0.50 a 
T. diversus 0.06  0.09 a 0.12 a 0.15 a 0.18 a 0.22 a 0.27 a 0.31 a 0.38 b 0.46 b 0.53 b 0.58 b 
B. bassiana 0.06  0.09 a 0.12 a 0.15 a 0.18 a 0.21 a 0.25 a 0.29 a 0.33 a 0.39 a 0.45 a 0.51 a 
M. anisopliae 0.06  0.09 a 0.12 a 0.15 a 0.18 a 0.22 a 0.26 a 0.31 a 0.36 ab 0.41 ab 0.47 a 0.53 ab 
Control 0.07  0.11 b 0.16 b 0.21 b 0.28 b 0.34 b 0.42 b 0.50 b 0.58 c 0.68 c 0.78 c 0.89 c 
F-value 2.91 ns 6.31* 12.24* 21.07* 36.38* 52.94 * 74.25* 109.18* 97.99* 96.07* 107.63 * 40.12* 
P value  0.09 0.014 0.0017 0.00026 0.000035 0.0000085 0.0000023 0.00000052 0.00000079 0.00000085 0.00000055 0.000024 
HSD value - 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.024 0.03 0.028 0.053 

Conidia              
P. citrinum 0.12 0.18 ab 0.23 a 0.29 a 0.35 a 0.41 a 0.47 a 0.53 a 0.59 a 0.65 a 0.73 a 0.75 a 
T. diversus 0.13  0.19 ab 0.25 ab 0.32 a 0.39 a 0.46 a 0.52 a 0.59 a 0.66 a 0.74 a 0.83 a 0.85 a 
B. bassiana 0.11  0.17 a 0.24 a 0.31 a 0.38 a 0.45 a 0.50 a 0.57 a 0.64 a 0.72 a 0.81 a 0.90 a 
M. anisopliae 0.12  0.18 ab 0.25 ab 0.31 a 0.38 a 0.45 a 0.52 a 0.59 a 0.66 a 0.74 a 0.82 a 0.91 a 
Control 0.12  0.20 b 0.27 b 0.36 b 0.45 b 0.55 b 0.65 b 0.77 b 0.90 b 1.03 b 1.18 b 1.33 b 
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F-value 3.37ns 4.07* 6.49* 7.49* 9.23* 12.46* 15.82* 20.61* 27.40* 32.25* 36.85* 64.25* 
P value  0.07 0.04 0.01 0.01 0.004 0.002 0.001 0.0003 0.0001 0.00006 0.00003 0.000004 
HSD value - 0.01 0.01 0.02 0.028 0.03 0.04 0.04 0.05 0.05 0.05 0.05 

Note: ns = not significantly different; * = significantly different; values within a column followed by the same letters were not significantly different at P < 0.05 according to Tukey's HSD test. 
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Figure 4. The symptoms on chili leaves eaten by Spodoptera litura larvae treated with culture filtrates of mycoinsecticides and control. 

 
 

 

 

 

 

 

 

 

Figure 5. The symptoms on chili leaves eaten by Spodoptera litura larvae treated with conidia of mycoinsecticides and control 

 

 

The decreased appetite of S. litura larvae treated with 

culture filtrate or conidia EPF was one of the stages of the 

larvae to be ill due to the treatment with EPF. In culture 

filtrate experiments, the larvae appetite already decreased 

on 2
nd

 day and was faster on day 1
st
 than the trial using the 

EPF conidia. In culture filtrate experiments, the decreased 

appetite was faster due to the raw secondary metabolite 

content of larvae consumed from the first day since the 

EPF culture filtrate was exposed, whereas in conidia 

treatment it required conidia time to enter the haemolymph 

and secrete secondary metabolites. The process of being ill 

due to the EPF started with the conidia attached to the 

cuticle larvae, and then the conidia ruptures to form germ 

tubes to penetrate the cuticle (Fernandes et al. 2007). The 

infection started when germ tubes were able to penetrate 

the insect cuticle and the ability to infect was a determinant 

of the level of virulence EPF (Altre and Vandenberg 2001). 

After germ tubes reach the haemocoel, they produced 

specific infection hyphae originating at appressoria (El-

Ghany 2015). Then the hyphae spread to the haemolymph 

and developed to produce blastospores. The blastospores 

then produced the secondary metabolites and enzymes that 

could disrupt normal cell metabolism (Mancillas-Paredes et 

al. 2019). The penetration stages of germ tubes to 

blastospores produced secondary metabolites and the 

enzymes occurred in the experiments using conidia, 

whereas in culture filtrate experiments this stage did not 

occur because the two stages of filtration were already 

carried out to separate conidia from the filtrate. Therefore, 

the process of the larvae starting to be ill in the culture 

filtrate was faster than the conidia experiment. The next 

process, the toxins from secondary metabolites began to 

kill the host insect but the death of the host insect was not 

only by the toxin but also by the mechanical damage of the 

fungal penetration into the body of the insect (El-Ghany 

2015). 

The reduction of the weight of the eaten affected the 

weight of the larvae. At 1 x 24 hours after the larvae were 

treated with culture filtrate or EPF conidia, the weight of 

the S. litura larvae did not show any significant difference, 

starting on the second day the larvae weight began to be 

lower than that of the control (Table 4), as well as the third 

day up to the 12 day the larvae weight was lower than that 

of the control. All the tested species of the EPF decreased 

significantly the larvae body weight compared to that of the 

control. Consequently, the larvae treated with 

mycoinsectides containing the culture filtrate or EPF 
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conidia could reduce the larvae appetite to make their body 

weight decrease.  
 

Table 5. Mean of larvae mortality and LT50 of Spodoptera litura 

larvae treated with culture filtrates and conidia of 

mycoinsecticides from Penicillium citrinum, Talaromyces 

diversus, Beauveria bassiana, and Metarhizium anisopliae 

 

Fungal species 
Mortality ± SE 

(%) LT50 ± SE (days) 

Culture filtrate   

P. citrinum 98.67±1.09 c 6.62±0.135 a 

T. diversus 96.00±1.89 c 6.19±0.072 a 

B. bassiana 86.67±2.88 b 7.55±0.154 a 

M. anisopliae 82.67±1.09 b 7.60±0.203 b 

Control 0.00±0.00 a - 

F-value 187.26* 13.12* 

P value  0.00000006 0.00480044 

HSD value 11.38 0.87 

Conidia    

P. citrinum 98.67 ± 1.09 b 5.45 ± 0.232 a 

T. diversus 97.33 ± 2.18 b 6.55 ± 0.081 ab 

B. bassiana 86.67 ± 1.09 b 8.88 ± 0.420 c 

M. anisopliae 86.67 ± 1.09 b 7.70 ± 0.404 bc 

Control 0.00 ± 0.00 a - 

F-value 156.31* 29.38* 

P value  0.00000013 0.00055 

HSD value 12.70 1.24 

Note: * = significantly different; values within a column followed 

by the same letters were not significantly different at P < 0.05 

according to Tukey's HSD test. 

 

 

 

Percentage of the mortality or mortality of the larvae 

caused by the EPF culture filtrate showed significant 

differences when compared to that of the control (Table 5). 

All EPF species were toxic to S. litura larvae, both their 

culture filtrate and conidia. The highest larvae mortality 

due to culture filtrate was found in the treatment of P. 

citrinum (98.67%) and not significantly different from the 

larvae mortality by T. diversus (96%), but significantly 

different from the larvae mortality by B. bassiana (86.67%) 

and M anisopliae (82.67%). The LT50 larvae treated with 

culture filtrate T. diversus was the shortest (6.19 days) and 

not significantly different from the LT50 larvae treated 

with P. citrinum (6.62 days), but significantly different 

from the LT50 larvae treated with B. bassiana (7.55 days) 

and M. anisopliae (7.60 days). Thus, the most toxic EPF 

species against S. litura larvae was P. citrinum. The larvae 

mortality due to the EPF conidia showed significant 

differences when compared to that of the control (Table 5). 

All of the EPF species were pathogenic to S. litura larvae. 

The larvae mortality caused by the conidia was highest in 

P. citrinum (98.67%) which was not significantly different 

from the larvae mortality by T. diversus (97.33%), B. 

bassiana (86.67%), and M. anisopliae (86.67%). The LT50 

of the larvae treated with the conidia of P. citrinum was the 

shortest (5.45 days) and not significantly different from the 

LT50 of larvae treated with T. diversus (6.55 days), but it 

was significantly different from the LT50 of larvae treated 

with B. bassiana (8.88 days) and M. anisopliae (7.70 days). 

Thus, the most pathogenic EPF species against S. litura 

larvae was P. citrinum. 

Both culture filtrate and conidia of EPF in this study 

had significantly higher insecticidal activity than the 

control, and the highest insecticidal activity was found in 

P. citrinum. P. citrinum had the highest insecticidal activity 

due to its ability to infect the larvae faster shown by its 

LT50 value which was the shortest compared to the other 

species. Altre and Vandenberg (2001) state that the most 

pathogenic EPF species due to the fungus has germ tubes 

that are able to penetrate the insect cuticle faster than other 

fungal species and have more toxins and enzymes that 

disrupt normal cell metabolism in insects. In addition, the 

color of the P. citrinum culture filtrate was the darkest 

compared to the color of the culture filtrate of the other 

three EPF species. The darker color of the EPF culture 

filtrate proved to be more toxic than the lighter color of the 

culture filtrate (Ayudya et al. 2019; Gustianingtyas et al., 

2020) because the darker the color of the fungus culture 

filtrate the higher the concentration of the secondary 

metabolites (Luo et al., 2017). The P. citrinum culture 

filtrate contains secondary metabolites and is toxic to 

insects, for example patulin which can kill Culex 

quinquefasciatus larvae up to 100% (Maketon et al. 2014). 

P. citrinum are reported to be effective in killing insect 

pests (Foo et al. 2017; Maketon et al. 2014) and mite pests 

(Mazid et al. 2016).  

The other EPF species were also toxic because they had 

enzymes or secondary metabolites that could kill the host 

insects, for example B. bassiana produced the enzymes of 

proteolytic and chitinolytic that could disrupt normal cell 

metabolism (Mancillas-Paredes et al. 2019). The secondary 

metabolite produced by B. bassiana containing the 

bassianolone B toxic to the T. molitor larvae (Luo et al. 

2017). M. anisopliae produces secondary metabolites, 

including destruxins toxic to insect pests (Borisade et al. 

2016). So far there has been no information on the 

secondary metabolites or enzymes produced by T. diversus 

that kills insects. At present there is only general 

information stating that T. diversus can kill insects (Visagie 

et al. 2009). For this reason, in the future it is necessary to 

study to identify the secondary metabolites or T. diversus 

enzymes that can kill insect pests. 

The S. litura larvae treated with EPF culture or conidia 

showed the same behavior, i.e., they ate less and less and 

got lazy to move, while the control not treated with the EPF 

continued to eat greedily and actively moved. After 3 days 

the larvae given culture filtrate began to change integument 

color that was previously bright green to dull and began to 

find dead larvae and the same symptoms occurred in larvae 

treated with EPF conidia. Four days after the larvae were 

treated with culture filtrate or EPF conidia, the larvae's 

body began to shrink, wrinkle, get odorless and dull black, 

and eventually died (Figure 6 and 7). After 2-3 days the 

larvae died, the symptoms in the larvae integument died 

due to the conidia covered by mycelia and the conidia 

appeared, whereas in larvae that died due to the culture 

filtrate there was no mycelia and conidia.  
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Figure 6. Morphology of Spodoptera litura larvae of healthy larvae of control (right) and dead larvae (left) treated with culture filtrate 

of of mycoinsecticides from Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae 

(D) 
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Figure 7. Morphology of Spodoptera litura larvae of healthy larvae of control (right) and dead larvae (left) treated with conidia of 

mycoinsecticides from Penicillium citrinum (A), Talaromyces diversus (B), Beauveria bassiana (C), and Metarhizium anisopliae (D) 
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Thus, the symptoms of ill S. litura larvae caused by the culture filtrate were slightly different from the 

symptoms caused by the EPF conidia. The symptoms of sick larvae due to the culture of this filtrate were the 

same as the symptoms described by Ayudya et al. (2019) and Gustianingtyas et al. (2020), namely the larvae got 

shrunk, wrinkled, dry, odorless, and the integument was not covered by EPF conidia. The symptoms of sick 

insects caused by EPF conidia in this study were the same as those described by Bugti et al. (2018) and 

Sumikarsih et al. (2019), that is, the insect's body got smaller, wrinkled, dry, odorless, and the integument was 

covered in mycelia and EPF conidia. 

The results of bioassays of culture filtrate and EPF conidia showed that both culture filtrate and conidia had 

high insecticidal activity. However, for the future development of mycoinsecticides, the use of culture filtrate 

without conidia as the active ingredient of mycoinsecticide needs to be further investigated. The fungus culture 

filtrate is relatively more stable than the culture that still has conidia and can be stored for a longer time and 

remains toxic, besides the culture filtrate does not clog the sprayer nozzle when sprayed (Soesanto et al. 2019). 

The conclusion of this research is that the  EPF species found in the soils of South Sumatra were P. citrinum, 

T. diversus, B. bassiana, and M. anisopliae. All species have a high insecticidal activity against S. litura larvae 

and the most toxic species is P. citrinum. The filtrate and conidia of the P. citrinum are toxic. P. citrinum, a new 

emerging entomopathogenic fungus, has the highest insecticidal activity and the highest potential to be 

developed into commercial mycoinsecticides. 
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