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ABSTRACT

Combination between organochlorine and clean weeding is suggested for continuously nettle
caterpillar outbreak in oil palm plantation. Insecticides lead to natural enemies died, clean
weeding caused food shortages and lack of refuge areas for these natural enemies. Cordyceps
militaris is one of fungus biological controls agent to Setothosea asigna. This fungus is possible
to produce in large quantities on maize. C. militaris is typically sprinkled or sprayed onto palm
circle as pupae targeted. Several studies have shown that C. militaris can also infect larval stages
of S. asigna in the laboratory. This study aim is to confirm that C. militaris in maize media, at
optimal dose 15 g/100 ml (based on previous study) could induce infection on both S. asigna
larval and pupal stages. Four days after application (‘daa’), 100% mortality was observed in S.
asigna larvae. Dead larvae were characterized by brown coloration, larval excretion, intact but
fragile larvae, and mycelial growth on their cuticula surface. Infected pupae are not visible
externally because they are protected by cocoons. After 16 ‘daa’ there were difference between
infected and control pupae. Infected pupae were still in the final larval stage, covered in mycelium,
and died. Control pupae had developed into adults with buds of wings, head, and body. C. militaris
on maize and PDA medium was white or lacked pigment. C. militaris derived from infected larvae
and pupae were able to grow and produce blackish conidia on PDA. C. militaris conidia from
larvae had already formed in large quantity after 6 days on PDA, while the pupae were only in the
early stages of conidia formation. C. militaris derived from maize formed only mycelium without
conidia for these 6 days. This study concluded that C. militaris could infect both larval and pupal
stages of S. asigna.
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INTRODUCTION

Setothosea asigna (Lepidoptera: Limacodidae) is one of nettle caterpillar (NC)
species that often causes severe problem to oil palm plantations in North Sumatra. S.
assign severity levels vary from low to very high. Arsi et al. (2022) reported pest severity
of S. asigna in Buay Rawan District, South Oku in range of 5.77%-13.00%. But, pest
severity of NC could be so high that plants defoliate 94% of their leaves, and there is
equal to 40% decrease in per hectare production. S. asigna consume oil palm leaf
voraciously both in immature and mature oil palm plants (Ginting et al., 2015). Diratika et
al. (2020) stated that NC attacks usually occur during in transition from dry season to the
rainy season. According to Wood and Kamrudin (2019), NC outbreak began in late 1950s
to early 1960s. The cause of this pest outbreak was the use of organochlorine insecticides
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which kill natural enemies of insects more effectively than killing these pests themselves.
NC outbreaks decrease when insecticide use is stopped, but NC outbreaks will reappear.
Clean weeding (CW) cultivation techniques were also an additional factor in the frequent
occurrence of NC outbreaks. CW causes the loss of shelter, refugia, and nectar as food
for natural enemies of the NC. The use of synthetic chemicals for pest control can also
have negative impacts to environment and human health (Saranya and John 2021).

One alternative for controlling the S. asigna is the use of Cordyceps militaris
entomopathogenic fungus as biological agent (Saranya and John 2021). Cordyceps sp.
known as caterpillar fungus which infected to insects and other arthropods. Insect orders
frequently infected by Cordyceps sp. are Lepidoptera, Coleoptera, Hymenoptera,
Orthoptera, Diptera, Blatodea, Mantodea, Odonata, and Hemiptera (Rani et al., 2025).
However, the main host of Cordyceps sp. are Lepidoptera and Coleoptera orders.
Ramadani et al., (2016) reported that Oryctes rhinoceros (Coleoptera: Scarabaeidae)
larvae could be infected by the fungus Cordyceps sp. that grown on rice bran media. On
21 days after application, the fungal mycelium had already covered of the O. rhinoceros
larvae. Singh et al. (2024) reported that there are more than 750 Cordyceps species found
in North America, Europe, and Asia. Rani et al. (2025) also confirmed that the distribution
area of Cordyceps sp. fungi includes India, the highlands of China, Japan, Germany, the
USA, Mexico, Canada, Denmark, and Italy.

The C. militaris fungus belongs to Ascomycota phylum, Cordycipitaceae family,
which has sexual and asexual reproductive phases (Johri et al., 2022). The development
of sexual phase of the C. militaris fungus occurs in insect host which will produce sexual
spores or ascospores. The asexual phase of C. militaris can occur in organic materials
which will produce conidia spores. The asexual phase of Cordyceps sp. can grow on
artificial media such as PDA (potato dextrose agar) (Mugiarto et al., 2021); SDAY
(sabouraud dextrose agar plus yeast extract) (Shrestha et al., 2005); liquid media
containing nutrients such as ammonium sulphate, magnesium sulphate, potassium
phosphate, peptone and yeast (Rozsa et al., 2020); rice bran (Ramadani et al., 2016);
corn, rice bran, and rice (Ginting et al., 2015; Ginting et al., 2026). Both ascospores and
conidia can cause infection to insect hosts (Saranya and John, 2021). The ability of C.
militaris to be cultivated in inexpensive artificial media such as corn, rice bran, and rice
polish allows the fungus to be mass-produced by farmers or planters for biological control
(personal communication).

Biological pest control methods are methods of manipulating pathogens to cause
negative impacts on pest’s target (Aprianda et al., 2021). The aims of using C. militaris
fungi as biological control agent are to cut off the S. asigna metamorphosis cycle so that
the following season population of this pest will decrease below the damage threshold
(Ginting et al., 2015). In oil palm plantations, C. militaris is usually found naturally in pupal
stage of nettle caterpillars with an infection rate of 7.25 — 11% (Wibowo et al., 2022).
Mugiarto et al. (2021) reported the application of C. militaris augmented in corn, mixed
with soil, and then spread on oil palm weeded circle to control S. asigna pupae. These
applications prevented S. asigna outbreaks within 398 hectares of oil palm plantations in
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2020. Wibowo et al., (2022) reported that the application of C. militaris propagated in corn
with concentrations of 10 g/liter and 20 g/liter was able to cause 95-100% mortality of S.
asigna larvae in the laboratory. Ginting et al., (2015) tried various concentrations of corn
propagated media; Ginting et al., (2026) tried various augmenting media for C. militaris
targeting to S. asigna larvae. Both experiments were able to cause up to 100% mortality
in larval stages of S. asigna. The application of the C. militaris fungus was also carried
out by the Tinjowan plantation in North Sumatera by spraying the fungus solution on oil
palm weeded circle to control pupal stage of NC (personal communication). This study
aim is to reconfirm the infection ability of C. militaris on pupae and larvae of S. asigna,
with an optimal dose 15 g/100 ml of C. militaris in corn propagated media. The dose of
fungus solution is according to previous research by Ginting et al., (2015).

MATERIALS AND METHODS

The study was conducted from January to June 2026. Samples of larvae and
pupae of S. asigna, fungal culture of C. militaris propagated in corn media were obtained
from Tinjowan plantation, PT Perkebunan Nusantara IV Regional Il, Ujung Padang District,
Simalungun Regency, North Sumatra Province. The infection process of larvae and
pupae with C. militaris culture was carried out in the laboratory of the Faculty of Agriculture,
Prima Indonesia University (UNPRI), Jalan Danau Singkarak, Gang Madrasah, Medan,
North Sumatra. Microscopic observation of C. militaris was carried out in the UNPRI
Integrated Laboratory, Jalan Sampul no. 3 Medan City, North Sumatra.

The tools used this this study were blender, sieve, electric scale, sprayer, spray
bottle, plastic box size (31x22x13) cm and (21x13x8) cm, petri dish, laminar air flow,
bunsen, light microscope. The materials used were C. militaris fungus propagated in corn
media, alcohol, cling wrap, PDA (potato dextrose agar), methylene blue dye, final instar
of larval and pupal of S. asigna.

The C. militaris fungus was cultivated in corn media by the Tinjowan Plantation.
NC infected cocoons by C. militaris were collected from oil palm plantations and then
washed thoroughly. Ten cocoons were opened, removing its shell, and collected the
mummified white pupae. The mummified pupae and 100 ml water were ground in a
blender. The water was then filtered and placed in a spray bottle. One kg of cracked corn
was washed thoroughly 4-5 times and steamed for 15 minutes. The steamed corn was
stirred every 5 minutes. After it was semi-soft, the corn was removed from kitchen stove
and cooled. The cooled corn was placed in a (31x22x13) cm plastic box and sprayed with
C. militaris liquid from the mummified pupae. The plastic box was tightly sealed with
transparent tape and stored for 21 days. The corn culture was ready for use once the
white mycelium had grown. All work was carried out in a semi-sterile process to prevent
contamination.

The study used a Completely Randomized Design (CRD) with two treatments,
application C. militaris to larval dan to pupal of S. asigna. The C. militaris solution
containing 15 g of propagated fungus in corn media with100 ml of water (15g/100 ml),
which was sprayed on S. asigna larvae and pupae. The concentration 15 g/100 ml of the
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C. militaris solution was based on previous research by Ginting et al., 2015. Each
treatment was repeated six times and placed randomly. The observed variable was the
number of larval and pupal mortality. Observations on larvae were carried out at 4th ‘daa’,
while pupae observed at 16th ‘daa’. The effect of fungal infection on larvae and pupae
was measured qualitatively through morphological and microscopic observations.
Mortality number of larvae and pupae measured quantitatively using t-tests compared
between control and treatment. However, due to human error, quantitative testing on
pupae was eliminated so that the focus observation was only on morphological and
microscopic. The t-test value was obtained by entering the control and treatment mortality
data into the formula in the Window Excel 2019 program.

The infection process of S. asigna larvae and pupae using C. militaris fungal
culture is as following description. Each replication contains 10 last instar larvae (instar
8-9) of the same size and 10 healthy pupae. The control and treatment boxes with size
(21x13x8) cm have ventilation hole in the lid. The inside of the larval boxes is given oil
palm leaves as food, while the inside of the pupae boxes is given soil from oil palm weed
circle.

One box for each replication was treated with 15 g of C. militaris in corn culture
and 100 ml of water, while one control box was sprayed with water. The C. militaris culture
and water were blended until evenly mixed, filtered, and then poured into a hand sprayer.
The C. militaris solution was then sprayed evenly on the larvae and pupae. The C. militaris
culture and control were only applied once both in larvae and pupae of S. asigna.

RESULTS AND DISCUSSION
Propagation of C. militaris on artificial media

The propagation of C. militaris fungus on corn media was white after 21 days of
incubation (Figure 1). In this study, the culture solution can cause infection and death in
both S. asigna larvae and pupae. The volume of corn culture media is not too much but
is still able to cause death in the larvae and pupae. C. militaris isolated from corn media
and then grown on PDA also produced white cultures. At 16 days after being grown on
PDA, the C. militaris isolates from larvae and pupae were blackish in colour. Meanwhile,
the C. militaris culture from corn remained white (Figure 2).

Figure 1 Corn media for propagating Cordycpes militaris fungus at 21 days, white in colour,
and ready to be used for biological control of Setothosea asigna (Lepidoptera:
Limacodidae).
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Corn pupae

Figure 2 C. militaris at 16th days after being grown on PDA (potato dextrose agar), the
fungus from the corn media was white, while the culture from infected larval and
pupal tissue was blackish.

Ginting et al. (2026) stated that C. militaris propagation in bran, rice, and corn
media produced yellow and white mycelium and conidia. Both conidia colours were
infective to S. asigna. There was a tendency that corn media had highest conidial density.
Higher conidial density correlated to faster infection rates.

C. militaris is a fungus in the phylum Ascomycota that reproduced both sexually
and asexually. The fruiting body of C. militaris, which emerges from the host insect, is
essentially a stromal network containing perithecia. Within these perithecia, ascus
sheaths were formed, each containing eight sexual spores or ascospores (Sung et al.,
2007, Johri et al., 2022). C. militaris also produces asexual spores or conidia. Ascospores
and conidia that fall onto organic substrates such as corn, bran, and rice (Ginting et al.,
2026) can grow into mycelium to produce subsequent conidia, or fungi in the asexual
reproductive cycle (Johri et al., 2022).

The ability of C. militaris from corn propagation media to infect S. asigna larvae

Solution of C. militaris from corn media successfully infected the last instar of the
S. asigna larvae (instar 8-9). The ability of C. militaris infection is proven by the occurrence
of larval death, in other words, conidia or asexual spores of C. militaris can infect its host
insect. The dead infected larvae can be grown on PDA and are able to produce conidia.
A total of six replicate boxes with a total number 60 larvae, respectively, the number of
larvae that died on 1-4 days after application: 38.33%; 66.67%; 96.67%; and 100%
(Figure 3). The t-test value for the comparison between control and treatment is p value
=0.025031. P-value <0.05; the mortality results are significantly different between control
and treatment larvae.
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Figure 3 Mortality rate of Setothosea asigna (Lepidoptera: Limacodidae) larvae after
application of Cordyceps militaris in corn propagation media was able to cause
100% larval mortality on 4th day.

Dead treated larvae were characterized by a brown colour, exuded bodily fluids,
and wrinkled integuments. Some larvae were also in brown colour but had no exuded
contents. Two days later, mycelium was found growing on the surface of these intact
larvae (Figure 4). Control larvae sprayed with water also died, but this was due to stress
and lack of fresh feeding. On the first day of application, dead treated larvae were brown,
while control larvae were alive and remained green.

Figure 4 S. asigna larvae died due to the application of C. militaris fungus propagated in
corn media, one of morphological characteristics was brown body colour, without
bodily fluids coming out and covered with mycelium (white arrow).

The ability of C. militaris from corn propagation media to infect S. asigna pupae

The C. militaris from corn propagation media was able to cause infection in S.
asigna pupae. The pupae are protected by a cocoon, so at 4 days after fungus application,
the difference surface between healthy and infected cocoon was unknown. The cocoon
was split on the 16th day after infection, and the difference between infected and healthy
pupae was visible. This study found that conidia or asexual spores of C. militaris can
infect S. asigna pupae. Pupae infected with a 15 g/100 ml C. militaris solution, as many
as 91.67% were remain in larvae last instar already inside in cocoon (prepupa phase).
These infected last instar larvae failed to transform into pupae, which are characterized
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by the visible form of winged imago candidates. 98.33% of the treated pupae had
mycelium growing on their bodies (Figure 5). Only one (1.6% of the treated pupae) had
no visible mycelium on their body surface (Table 1).

Prepupal larvae inside control cocoons were able to transform into pupae with
winged bud at 16 days post-application (Figure 6). 100% of these pupae were not covered
by mycelium (Table 1). Based on these data, it is suspected that the pupae were not
infected by the C. militaris because they were only sprayed with 100 ml of water. Healthy
pupae have a 40-days cycle (Simbolon et al., 2020). In this study, human error occurred,
resulting in the pupae dying at only 16 days old. Although the pupae were dead, there
were no visible signs of C. militaris infection.

———
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Figure 5 The cocoon has just formed and contains prepupal larvae. Infection with
159/100ml of Cordyceps militaris solution causes unsuccessful transformation
prepupal larvae into pupae and their bodies become covered with mycelium.

Table 1 Morphological formation of pupae infected with C. militaris 15 g/100 ml solution

Character Treatment (%) Control (%)
Larval form with setae is visible 91,67 0

A combination of the larval form and the 3,33 0

winged buds is visible.

The winged bud form is visible 5 100
mycelium 98,33 0

In oil palm plantations, this pupal phase is naturally seen to be infected with C.
militaris, which is characterized by protruded bright orange fruiting bodies from the
cocoons (Wibowo et al., 2022). These fruiting body will produce sexual spores or
ascospores. These ascospores then cause new infections in the prepupa larvae which
drop from the oil palm leaves (Johri et al., 2022). Wibowo et al. (2022) reported natural
infection of C. militaris in S. asigna pupae in four palm oil companies in Bandar Lampung,
with infection rates ranging from 7.25 to 11%.
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Figure 6 Control pupae sprayed with 100 ml of water were able to transform from prepupa
larvae into pupae with the formation of winged bud. The pupae did not show any
mycelium growing on their bodies.

Growth of infected larvae, pupae and corn propagation media in PDA

On the 6th ‘daa’ of the C. militaris solution, samples of larvae, pupae, and corn
media were tested for infection success by growing them on PDA (potato dextrose agar).
Differences in the growth rate of C. militaris mycelium and conidia formation were found.
S. asigna larval tissue grew the fastest in PDA, and the conidia were produced within 6
days (Figure 7). Infected pupae tissue was second in growth rate in PDA. Spores from
treated pupae were produced after 12 days in a petri dish containing PDA. Corn media
contain C. militaris propagation was last in growth rate on PDA and spore production.

Figure 7 (A) Conidia from a sample of infected larvae by C. militaris on PDA (potato
dextrose agar), (B) mycelium and a few conidia from a sample of infected pupae,
(C) mycelium formation without conidia on PDA from corn propagation media. On
the 6th day after application, the infected larval sample produced conidia the
fastest (A) compared to samples from pupae (B) and corn media (C).

The difference time takes for conidia formation in PDA from infected larval and
pupal tissue is thought to be related to the difference of their time of death. Larvae are
not covered by a cocoon, allowing C. militaris conidia quickly enter to their bodies, leading
infection and death. S. asigna pupae are covered by a cocoon, requiring time for C.
militaris conidia to reach the tissue to cause infection and death. When a small amount
of treated larval tissue was taken and grown on PDA, the concentration of C. militaris
fungus was high, allowing rapid mycelium growth and conidia production. When a small
amount of pupal tissue was taken on PDA, the concentration was lower, requiring longer
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time for mycelium propagation and conidia formation. Corn is not a natural host for the
entomopathogenic fungus C. militaris (Syarif et al. 2023). In this study, although the
fungus could grow into mycelium, it took longer for conidia to be produced. Syarif et al.
(2023) also stated that continuous subculturing of entomopathogenic fungi in artificial
laboratory media will reduce their virulence. Virulence will increase again if the
entomopathogenic fungi in the artificial media are reinfected into their host insects.

Control suggestions using C. militaris

Entomopathogenic fungi such as C. militaris, or other well-known
entomopathogenic fungi such as Beauveria bassiana and Metarhizium anisopliae
(Gunawan et al., 2024), have the advantage of being able to grow in artificial media. This
ability allows entomopathogenic fungi to be propagated independently as needed. The C.
militaris propagation method used by the Tinjowan plantation is a semi-aseptic process.
These advanced equipment such as laminar air flow (LAF) is not used. 70% alcohol must
be frequently sprayed on the workbench or hands.

Efforts to control the S. asigna using C. militaris are carried out while the insect is
in the pupal metamorphosis stage (Mugiarto et al., 2021). This control is intended to
interrupt the S. asigna metamorphosis cycle. S. asigna larvae have consumed significant
amounts of oil palm leaves, from first to the eighth or ninth instar (Simbolon et al., 2020).
This study found that S. asigna larvae can die from the application of C. militaris. Control
of S. asigna using C. militaris artificial propagation is recommended for both the larval
and pupal phases.

CONCLUSION

Cordyceps militaris at a dose of 15 g/100 ml can cause infection and death in the
larvae and pupae of nettle caterpillar Setothosea asigna.
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