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Introduction

Abstract: Oryctes rhinoceros is a major pest in oil palm plantations, causing serious yield
losses. Biological control using the entomopathogenic fungus Metarhizium sp. is a safer
alternative to chemical insecticides. This study aimed to evaluate the effect of different
culture media on the growth and pathogenicity of Metarhizium sp. against O. rhinoceros
larvae. The experiment used a Completely Randomized Design with seven treatments:
sterile aquadest (control), PDA, PDA + O. rhinoceros extract, corn medium, corn medium
+ O. rhinoceros extract, rice medium, and rice medium + O. rhinoceros extract. Observed
parameters were colony diameter, initial time of larval mortality, and larval mortality.
The results showed that culture medium significantly affected colony growth and
virulence of Metarhizium sp. Corn medium supplemented with O. rhinoceros extract
(A4) produced the largest colony diameter (95 mm at 23 days after inoculation) and the
fastest onset of mortality (8.33 days). All Metarhizium sp. treatments caused high
mortality of O. rhinoceros larvae under laboratory conditions. These findings indicate
that nutrient-rich media, particularly corn combined with insect extract, enhance the
performance of Metarhizium sp. and support its use as an effective biological control
agent against O. rhinoceros.
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Oryctes rhinoceros

This pest causes both direct and indirect economic
losses. Indirect losses arise from damage to fronds and

Oil palm (Elaeis guineensis Jacq.) is one of the most
important plantation commodities in Indonesia and
plays a vital role as a source of vegetable oil for domestic
and global markets. Indonesia is a major producer and
exporter of palm oil, and the sustainability and
productivity of oil palm plantations are closely linked to
effective pest management (Magfira et al., 2022;
Maysaroh et al., 2022; Santi et al., 2022; Sormin &
Junaedi, 2017). One of the most destructive pests in oil
palm plantations is the rhinoceros beetle Oryctes
rhinoceros L., which has long been recognized as a major
constraint to oil palm cultivation (Harahap et al., 2023;
Magfira et al., 2022; Manjunatha et al., 2023; Villamizar
et al., 2024).

How to Cite:

young leaves, which reduces photosynthetic activity and
consequently lowers palm oil yields. Reduced
photosynthesis also weakens plant vigor, making palms
more susceptible to secondary infections and other stress
factors  (Indriyanti et al, 2018, Indriyanti,
Widiyaningrum, et al., 2017; Prastowo et al., 2022).
Attacks by O. rhinoceros can extend the immature or
unproductive  period (TBM, Tanaman  Belum
Menghasilkan), and in severe cases palms may never fully
recover and produce optimally throughout their life
cycle (Magfira et al., 2022; Maysaroh et al., 2022; Santi et
al., 2022). Direct losses result from adult beetles boring
into the crown region and destroying the apical
meristem, often causing the death of young palms
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(Indriyanti, Widiyaningrum, et al., 2017; Prastowo et al.,
2022; Villamizar et al., 2024). The severity of infestation
can be very high, with substantial reductions in yield
and stand density reported in various production
systems (Gunawan et al.,, 2024; Harahap et al.,, 2023;
Manjunatha et al., 2023; Maysaroh et al., 2022). These
impacts pose a serious threat to both smallholder
farmers and large-scale plantation companies, as
reduced productivity directly affects national palm oil
output and economic competitiveness (Magfira et al.,
2022; Santi et al., 2022; Villamizar et al., 2024).

Traditionally, farmers have relied heavily on
chemical insecticides to control O. rhinoceros, applying
them through trunk injection, soil drenching, or
spraying at breeding sites. However, over-reliance on
chemical insecticides, often at doses exceeding
recommended rates and applied continuously over time,
has led to environmental contamination and risks to
non-target organisms (de Miranda et al., 2024; Hajjar et
al., 2023; Nik & Rusae, 2024; Quesada-Moraga et al.,
2024). These practices contaminate soil and water,
disrupt natural ecosystems, and pose risks to human
health through occupational exposure (Astuti et al.,
2023; Basri et al., 2023; Mamabhit et al., 2024; Pramudya
et al, 2021; Supriatno et al., 2023). Indiscriminate
insecticide application also disrupts ecological balance
by eliminating natural enemies such as predators and
parasitoids (Quesada-Moraga et al., 2024; Ramalho et al.,
2021). Prolonged use of synthetic insecticides promotes
the evolution of resistance in pest populations
(Manjunatha et al., 2023; Villamizar et al., 2024; Wang et
al., 2019), leading to reduced field effectiveness and
frequent control failures (Gunawan et al., 2024; Harahap
et al., 2023).

Given these limitations, biological control has
gained increasing attention as a safer and more
sustainable approach to pest management (de Miranda
et al., 2024; Hajjar et al., 2023; Quesada-Moraga et al.,
2024). Biological control employs natural enemies such
as predators, parasitoids, and pathogens to suppress
pest populations to sub-economic levels and is a core
principle of Integrated Pest Management (IPM) (Hajjar
et al, 2023; Quesada-Moraga et al, 2024). For O.
rhinoceros, several natural enemies have been identified,
including entomopathogenic fungi, bacteria, nematodes,
viruses, and predatory insects (Indriyanti et al., 2018;
Indriyanti, Putri, et al.,, 2017; Prastowo et al., 2022;
Villamizar et al., 2024).

Among these, entomopathogenic fungi are
particularly promising because they can infect and kill
insect pests without posing significant risks to humans
or beneficial organisms (de Miranda et al., 2024; Li & Xia,
2022; Wang et al., 2019). These fungi infect insects
through cuticle penetration or ingestion, proliferating
inside the host and ultimately causing death (de
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Miranda et al.,, 2024; Li & Xia, 2022; Wang et al., 2019).
After the insect dies, fungal mycelia sporulate on the
cadaver, spreading infection to other susceptible hosts.
The most studied species in pest control include
Beauveria bassiana and various Metarhizium species (de
Paula et al., 2021; Gomes et al., 2023; Gotti et al., 2023;
Wang et al., 2019; Yousef-Yousef et al., 2022).

Among these species, Metarhizium sp. is considered
one of the most effective biocontrol agents due to its high
virulence, environmental persistence, and compatibility
with pest management practices (de Miranda et al., 2024;
Li & Xia, 2022; Suryadi et al., 2024). However, its
successful application depends largely on efficient and
economical mass-production systems. Various media
and substrates have been evaluated for large-scale
production, including agar-based and grain-based
media (Agale et al., 2018; Barra-Bucarei et al., 2016; Rajak
et al., 2010; Soriano & Adion, 2023; Sucipto et al., 2025).
Agricultural substrates such as rice and corn support
high spore yields and good fungal performance (Agale
et al,, 2018; Barra-Bucarei et al.,, 2016; Suryadi et al,,
2024). The choice of growth medium affects not only
fungal growth rate but also conidia viability,
pathogenicity, and environmental persistence (Carolino
etal., 2021; Ismanto & Sukartana, 2016; Mejia et al., 2024;
Yang et al., 2024).

Supplementation with specific nutrients or host-
derived materials can enhance fungal virulence by
improving conidial quality and infection efficiency
(Barra-Bucarei et al., 2016; Mejia et al., 2024; Rajak et al.,
2010; Sirait et al., 2023; Yang et al., 2024). These findings
strengthen the need to develop media formulations that
improve field performance while remaining cost-
effective.

The novelty of this study lies in evaluating corn-
and rice-based media supplemented with O. rhinoceros
extract to enhance the growth and pathogenicity of
Metarhizium sp. (Agale et al., 2018; Magfira et al., 2022;
Maysaroh et al., 2022; Quiroga-Cubides et al.,, 2024;
Soriano & Adion, 2023). Therefore, this research aims to
evaluate the growth performance and pathogenicity of
Metarhizium sp. cultured on different substrates,
including PDA, corn, and rice media, with and without
supplementation of O. rhinoceros extract, to support the
development of sustainable pest management strategies
in oil palm plantations.

Method

Data Types and Sources
This research was conducted at the Laboratory of
the Center for Seeds and Protection of Plantation Crops
(Balai Besar Perbenihan dan Proteksi Tanaman
Perkebunan/BBPPTP), Jalan Asrama No. 124, Cinta
Damai Village, Medan Helvetia District, Medan,
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Indonesia. The study utilized both primary and
secondary data. Primary data were obtained directly
through laboratory experiments and observations, while
secondary data were collected from relevant literature,
including journals, books, and official reports related to
Oryctes rhinoceros, entomopathogenic fungi, and the
application of Metarhizium sp. (de Miranda et al., 2024;
Indriyanti, Widiyaningrum, et al., 2017, Magfira et al.,
2022; Prastowo et al., 2022).

Research Method

This study was carried out at the Laboratory of the
Center for Seeds and Protection of Plantation Crops
(Balai Besar Perbenihan dan Proteksi Tanaman
Perkebunan/BBPPTP), Medan, Indonesia. The research
was designed to evaluate the effect of different culture
media on the growth and pathogenicity of the
entomopathogenic fungus Metarhizium sp. against
larvae of the rhinoceros beetle, Oryctes rhinoceros. The
methodological approach was based on controlled
laboratory experiments, which allowed for systematic
observation of fungal development and its bio-efficacy
on the target pest.

Experimental Design

The experiment employed a Non-Factorial
Completely Randomized Design (CRD), which is
commonly used in agricultural and biological research
due to its simplicity and statistical reliability (Falah et al.,
2024; Harahap et al., 2023; Nik et al., 2023; Nik & Rusae,
2024; Supriatno et al., 2023). A total of seven treatments
were tested, with each treatment replicated three times
to ensure statistical validity and minimize experimental
error. The treatments consisted of:
AQ = Sterile aquadest (control)
A1 = Potato Dextrose Agar (PDA) medium
A2 = PDA medium + O. rhinoceros extract
A3 = Corn medium
A4 = Corn medium + O. rhinoceros extract
A5 = Rice medium
A6 = Rice medium + O. rhinoceros extract

The inclusion of different media types, both with
and without supplementation of insect extract, was
intended to evaluate the influence of nutritional
composition on fungal growth and virulence. Each
treatment was inoculated with isolates of Metarhizium
sp. and incubated under controlled environmental
conditions (25 £ 2 °C, ambient laboratory humidity).

Preparation of Culture Media

PDA was prepared following commercial
formulations. Corn and rice media were formulated by
milling each substrate into flour, mixing with agar and
dextrose, and sterilizing at 121 °C for 20 minutes. The
suitability of grain-based substrates for Metarhizium
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mass production has been well established (Agale et al.,
2018; Barra-Bucarei et al., 2016; Rajak et al., 2010; Soriano
& Adion, 2023; Sucipto et al., 2025; Suryadi et al., 2024).

Media supplementation was applied by adding
crude extract prepared from homogenized third-instar
larvae at a 1:1 ratio with sterile aquadest, then filtered.
Host-derived enrichment has been shown to enhance
conidial quality and virulence (de Miranda et al., 2024;
Li & Xia, 2022; Quesada-Moraga et al., 2024; Wang et al.,
2019).

Inoculation of Fungal Isolates

Pure Metarhizium sp. isolates were sourced from the
BBPPTP culture collection. Plugs (1 cm) from actively
growing PDA cultures were aseptically transferred to
the test media. Plates were sealed with parafilm and
incubated at room temperature. Colony diameter was
measured daily across perpendicular axes (Agale et al,,
2018; Gomes et al., 2023; Rajak et al., 2010).

Preparation of Insect Test Material

The target pest used in this study was the third-
instar larvae of O. rhinoceros. Larvae were collected
from decaying oil palm residues and reared in sterilized
rotten palm trunks, which served as a natural substrate.
Only healthy, active, and uniform-sized larvae were
selected to minimize variability. Each larva weighed
approximately 10-14 g and measured 7-8 cm in length.
The selection of instar III larvae was based on their high
feeding activity and susceptibility to fungal infection
(Prastowo et al., 2022).

Pathogenicity Test

Pathogenicity tests were conducted using the
dipping method. Fungal suspensions were prepared by
adding sterile distilled water (15 ml) to the surface of
sporulating cultures and gently scraping conidia with a
sterile spatula. The resulting suspension was filtered
through sterile cheesecloth and adjusted to a
concentration of 107 conidia/ml using a hemocytometer
(Prastowo et al., 2022). Each larva was immersed in the
suspension for 20 seconds, air-dried for five minutes,
and then transferred to individual rearing containers
lined with sterilized palm trunk pieces. The control
group (A0) was treated with sterile aquadest only.

Observation and Data Collection
Observations were conducted daily for 21 days. The
recorded parameters included colony diameter growth
(mm), which was measured at regular intervals from the
point of inoculation until the fungal colony reached the
edge of the petri dish; the initial time of larval mortality
(days), defined as the number of days after treatment
until the first larval death was observed in each replicate;
and larval mortality percentage (%), calculated as the
1132
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cumulative number of dead larvae expressed as a
percentage of the total larval population in each
treatment. Larvae that died during the experiment were
surface-sterilized with 70% ethanol and placed in moist
chambers to confirm fungal infection by observing
characteristic mycelial growth on cadavers (Li & Xia,
2022).

Data Analysis

Data obtained were analyzed using analysis of
variance (ANOVA) following the model of a Completely
Randomized Design (CRD) as described Freeman et al.
(1985):

YVj=u+ta+B;+e; 1)
Where:
Y;; = observed value for the i-th treatment and j-th

replication
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€;j = experimental error
When significant differences were detected, the means
were separated using Duncan’s Multiple Range Test
(DMRT) at the 5% significance level (Harahap et al,,
2023).

Result and Discussion

Diameter Growth of Metarhizium sp. Colonies

The results of the variance analysis demonstrated
that the type of culture medium exerted a significant
influence on the growth diameter of Metarhizium sp.
colonies during the incubation period. This finding
highlights the crucial role of nutrient composition and
physical properties of the growth substrate in
supporting or constraining fungal development. The
average colony diameters measured at daily intervals
revealed distinct differences among treatments, which
are summarized in Table 1: Average Colony Growth

u = general mean Diameter of Metarhizium sp. (mm) at 3-23 Days After

a; = treatment effect Inoculation (DAI).

pB; = replication effect
Table 1. Average Growth Diameter of Mushroom Colony (mm) 3 - 23 DAI
DAI Al A2 A3 A4 A5 A6
3 13.67 c 16.00 b 21.00b 23.33a 13.33 ¢ 23.33a
4 1733 ¢ 21.00b 27.00b 29.33 a 1833 ¢ 27.33a
5 21.00 e 26.00 c 32.00b 3433 a 23.33d 32.33b
6 24.67 e 31.00 c 36.00b 3833 a 27.33d 36.33b
7 28.00e 35.50 c 4017 b 4233 a 31.33d 40.33 b
8 3217 e 3833 ¢ 4417b 46.50 a 35.00d 45.50 ab
9 37.00e 4133 c 48.00 b 50.00 a 38.83d 49.00 ab
10 4133 e 4433 c 51.67b 54.00a 42.67d 5333 a
11 4733 d 49.00 c 54.67 b 5733 a 46.67 d 5733 a
12 50.67 d 53.67 c 57.50b 61.50 a 50.67 d 62.00 a
13 53.67 d 57.67 c 60.50 b 65.00 a 53.50d 65.00 a
14 57.00d 64.00 ¢ 64.67 b 69.00 a 57.00d 68.67 a
15 60.33 c 67.33b 68.33 b 7333 a 60.67 c 71.67 ab
16 64.50 ¢ 71.00 b 7217 b 77.00 a 64.67 ¢ 75.17 ab
17 66.83 c 74.67 b 76.00 b 80.33 a 69.00 c 78.33 ab
18 7150 c 78.00 b 79.00 ab 8333 a 73.00 c 81.33 ab
19 73.50 c 80.67 b 81.50 ab 86.00 a 74.67 c 83.33 ab
20 75.67 c 82.67 b 84.17 ab 88.67 a 76.67 c 86.00 ab
21 7717 c 84.50 b 86.67 b 91.00 a 78.83 c 87.67 ab
22 78.67 c 85.83 b 88.33 b 93.67 a 81.33 c 89.00 b
23 79.83 d 87.00 c 88.67 bc 95.00 a 83.00d 90.67 b

Information: The number followed by different letters in the same observation column differs significantly at the

level of 5% based on the DMRT test.

From the data, it is evident that corn medium
supplemented with Oryctes rhinoceros extract (A4)
consistently produced the largest colony diameters
across the observation period, reaching 95 mm by 23
DAL This value was statistically higher than that of the
other media, indicating that the synergy between the
corn substrate and the insect extract provided an optimal
environment for fungal proliferation. Conversely, the

smallest growth was observed in PDA medium (A1),
with a final diameter of 79.83 mm, which was not
significantly different from rice medium (A5) at 83.00
mm. Rice + O. rhinoceros extract (A6) produced a
diameter of 90.67 mm, comparable to corn medium
alone (A3) at 88.67 mm. These results suggest that while
rice is rich in carbohydrates, physicochemical changes
during media preparation may have reduced nutrient
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bioavailability for fungal metabolism (Barra-Bucarei et
al., 2016; Agale et al., 2018; Soriano & Adion, 2023;
Suryadi et al., 2024; Sucipto et al., 2025).

The superior performance of A4 can be attributed
to the balanced nutrient composition and favorable
physical structure of corn, which support both
vegetative growth and sporulation of Metarhizium sp.
Grain-based substrates such as corn and rice provide
carbohydrates and proteins that act as key carbon and
nitrogen sources for fungal development (Rajak et al.,
2010; Barra-Bucarei et al., 2016; Agale et al., 2018; Soriano
& Adion, 2023). Protein serves as an important nitrogen
source that supports germination and enhances
virulence through increased enzyme and metabolite
production (Mejia et al., 2024; Yang et al., 2024; Yousef-
Yousef et al., 2022).

Furthermore, the addition of O. rhinoceros extract
likely enriched the medium with insect-derived
compounds such as chitin, lipids, and hemolymph
proteins, which are natural substrates encountered by
entomopathogenic fungi during infection. Host-derived
substrates and specific nutrient profiles have been
shown to stimulate the production of hydrolytic
enzymes such as chitinases, proteases, and lipases, as
well as secondary metabolites essential for host
penetration and fungal metabolism (Li & Xia, 2022; de
Miranda et al., 2024; Wang et al., 2019; Quesada-Moraga
et al.,, 2024). Thus, A4 provided both macronutrient
sufficiency and host-mimicking signals, accelerating
fungal colony expansion.

Despite the high carbohydrate content of rice, the
growth performance of Metarhizium sp. colonies on A5
and A6 was inferior to A4. This paradox can be
explained by the preparation process: heating and
subsequent cooling of rice-based media can cause starch
gelatinization and restructuring, leading to larger
particle aggregates and a denser matrix that limit the
surface area accessible to fungal hyphae (Barra-Bucarei
et al., 2016; Soriano & Adion, 2023; Yousef-Yousef et al.,
2022). Reduced accessibility of soluble carbohydrates
and altered substrate microstructure have been reported
to constrain nutrient uptake and slow colony expansion
in entomopathogenic fungi (Rajak et al., 2010; Agale et
al., 2018; Mejia et al., 2024).

Regression analysis further confirmed the strong
relationship between incubation time and colony
growth across treatments. The coefficients of
determination (R?) were high, ranging from 98.32% in
rice medium (A5) to 99.17% in corn + O. rhinoceros
medium (A4). This indicates that time progression
accounted for nearly all variability in colony expansion,
although the slope of the regression lines varied
according to substrate quality. The steepest slope was
observed in A4, reflecting rapid growth rates

November 2025, Volume 11 Issue 11, 1130-1142

throughout incubation, whereas A5 exhibited the
slowest trajectory.
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Figure 1. Regression Analysis of Colony Growth Rates of
Metarhizium sp. at Different Media Types

Figure 1 illustrates these differences and shows that
corn + insect extract provided the most conducive
growth environment. Nutrient-rich, well-structured
media not only increase final colony size but also
accelerate the early exponential growth phase, which is
critical for fungal establishment (Yousef-Yousef et al,,
2022; Mejia et al., 2024; Soriano & Adion, 2023).

These findings are consistent with earlier studies
emphasizing the importance of substrate composition
for entomopathogenic fungi. Grain-based and agro-
industrial substrates have been reported as particularly
favorable for Metarhizium mass production due to their
balanced nutrient profiles and suitable physical
properties, which promote both vegetative and
reproductive growth (Rajak et al., 2010; Barra-Bucarei et
al., 2016; Agale et al., 2018; Soriano & Adion, 2023;
Suryadi et al., 2024; Sucipto et al., 2025). The current
results corroborate these conclusions, as A4 yielded the
most vigorous colony expansion.

By contrast, PDA (potato dextrose agar), although
widely used for fungal isolation and maintenance, was
less effective as a bulk growth substrate. Agar-based
media such as PDA are generally formulated for clear
morphological observation rather than maximized
biomass production and therefore lack the nutrient
density and structural heterogeneity of grain-based
substrates (Rajak et al., 2010; Barra-Bucarei et al., 2016;
Agale et al., 2018). This helps explain the smaller colony
sizes recorded in A1 compared with corn- and rice-based
media.

Environmental factors such as temperature and
humidity can interact with substrate quality to
determine fungal performance. However, in this study,
incubation conditions were standardized, suggesting
that the observed differences are primarily attributable
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to media composition and structure rather than external
environmental variability (Yousef-Yousef et al., 2022;
Quesada-Moraga et al., 2024).

The vigorous growth of Metarhizium sp. on A4
medium has broader implications for its pathogenicity.
Larger colonies are likely to produce greater numbers of
viable conidia, which are critical for successful infection
of insect hosts (Magfira et al., 2022; Santi et al., 2022;
Maysaroh et al., 2022; Indriyanti et al., 2017; Prastowo et
al.,, 2022; Villamizar et al., 2024; Manjunatha et al., 2023;
Gunawan et al., 2024). The high growth rate observed in
corn-based media supplemented with insect extract may
therefore translate into enhanced field performance
when used as a bioinoculant against O. rhinoceros.
Conversely, the limited growth on PDA and rice media
may reduce sporulation potential and compromise
biocontrol efficacy.

Moreover, the metabolic activity associated with
rapid vegetative growth could support earlier and more
intense toxin production. Metarhizium sp. produces
destruxins and other secondary metabolites that disrupt
hemolymph microfilaments, interfere with immune
responses, and impair host physiology (de Miranda et
al.,, 2024; Li & Xia, 2022; Wang et al., 2019; Zhang et al.,
2024). Enhanced nutrient uptake in A4 may accelerate
the biosynthesis of these compounds, further increasing
virulence.

Visual examination of colony morphology also
supported the quantitative data. Colonies on A4
exhibited dense, evenly distributed mycelial mats with
vigorous radial expansion, whereas colonies on Al and
A5 appeared thinner and more irregular. After 23 DAI,
colonies in A4 and A6 treatments displayed a
characteristic olive-green coloration associated with
conidial maturation, suggesting that both vegetative
growth and reproductive development were promoted
(Rajak et al., 2010; Barra-Bucarei et al., 2016; Agale et al.,
2018).

(d) (e) ®
Figure 2. Morphological Appearance of Metarhizium sp.
Colonies on Six Different Media at 23 DAI
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Figure 2 provides photographic documentation of
these differences. Such visual contrasts reinforce the
notion that substrate quality directly influences growth
speed, colony structure, and sporulation potential
(Barra-Bucarei et al, 2016; Soriano & Adion, 2023;
Sucipto et al., 2025).

The growth curves observed align with the classical
microbial growth pattern characterized by lag,
exponential, stationary, and decline phases. In nutrient-
rich media such as A4 and A6, the lag phase was brief,
suggesting that fungi readily adapted to these
substrates, while the exponential phase was more
pronounced, reflecting sustained colony expansion.
Approaching the stationary phase, colony growth in Al
and A5 plateaued earlier, indicating nutrient depletion
or physical constraints. By contrast, A4 maintained
expansion nearly until the end of the incubation period,
consistent with superior nutrient availability and uptake
efficiency (Yousef-Yousef et al., 2022; Mejia et al., 2024;
Soriano & Adion, 2023).

These dynamics underscore that entomopathogenic
fungi require not only macronutrients but also
micronutrients, vitamins, and structurally suitable
substrates in their culture environment. Substrates that
balance these factors accelerate growth and ultimately
enhance pathogenic potential (de Miranda et al., 2024;
Quesada-Moraga et al., 2024; Wang et al., 2019).

Early Time of Oryctesrhinoceros Larval Death (HSA)

The analysis of variance indicated that the type of
culture medium significantly influenced the early time
of larval death in Oryctes rhinoceros. This finding
highlights the profound impact of nutritional and
biochemical differences in fungal culture substrates on
the pathogenic expression of Metarhizium sp.. The results
of daily observations, summarized in Table 2, provide
clear evidence that the mortality onset varied across
treatments, with the corn-based medium supplemented
with O. rhinoceros extract (A4) producing the earliest
lethal effects.

Table 2. Average Early Time of Death of O. rhinoceros
Larvae (HSA)

Treatment Early death

(HSA)
AQ = Aquadest steril (control) 0.00
Al =PDA Media 10.33 a
A2 =PDA Media + O. rhinoceros extract 9.33 ab
A3 = Corn Media 9.00 b
A4 = Corn Media + O. rhinoceros extract 8.33 b
Ab = Rice Media 9.33 ab
A6 = Rice Media + O. rhinoceros extract 9.00 b

Information: The number followed by different letters in
the same observation column differs significantly at the
level of 5% based on the DMRT test.
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The data show that the fastest onset of larval death
occurred in A4, with an average of 8.33 HSA. This value
was statistically similar to A3 and A6 (9.00 HSA), as well
as A5 and A2 (9.33 HSA), but significantly different from
PDA medium alone (A1), which delayed mortality until
10.33 HSA. In the control group, no larval mortality
occurred throughout the observation period, confirming
that death was directly attributable to fungal infection
rather than environmental stress.

Beyond quantitative differences, qualitative
observations revealed a distinct sequence of infection
symptoms. By the fifth day after inoculation, larvae in
fungal treatments exhibited reduced mobility,
diminished feeding activity, and a tendency to isolate
from healthy individuals, behavioral changes
characteristic of entomopathogenic fungal infection (Li
& Xia, 2022; de Miranda et al., 2024). On the sixth day,
external signs of infection became apparent as dark
brown patches on the cuticle indicated localized fungal
penetration and enzymatic degradation. By the seventh
day, larval movement was markedly weakened, and by
the eighth day, symptomatic larvae succumbed, with
bodies becoming rigid and hardened due to tissue
colonization by fungal mycelia (Indriyanti et al., 2017;
Prastowo et al., 2022; Villamizar et al., 2024; Manjunatha
et al., 2023).

The superior performance of A4 in inducing early
mortality reflects the synergy between corn as a basal
substrate and insect extract as a natural nutrient source.
Corn provides carbohydrates and proteins that enhance
fungal growth and sporulation, while host-derived
components supply additional cues and nutrients
relevant to the infection process (Rajak et al., 2010; Barra-
Bucarei et al., 2016; Agale et al., 2018; Soriano & Adion,
2023; Mejia et al.,, 2024; Yang et al., 2024). The insect
extract contributes biologically relevant compounds
such as chitin fragments and hemolymph proteins,
which may prime the fungus to produce higher levels of
virulence factors, including extracellular enzymes and
toxins (Li & Xia, 2022; de Miranda et al., 2024; Wang et
al., 2019; Quesada-Moraga et al., 2024).

By contrast, PDA medium (A1), composed mainly
of potato-derived carbohydrates with relatively low
nutrient density, is less suitable for rapid expression of
fungal virulence. Although PDA is widely used for
fungal isolation and maintenance, its simplified
composition limits biomass and conidial production
compared with grain-based substrates (Rajak et al., 2010;
Barra-Bucarei et al., 2016; Agale et al., 2018). The delayed
onset of larval death in Al therefore reflects slower
fungal colonization and toxin production.

Rice-based media (A5 and A6), despite high
carbohydrate content, yielded mortality onsets slower
than A4. As discussed previously, starch gelatinization
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and restructuring during preparation can reduce
nutrient bioavailability by creating a denser, less
accessible substrate matrix (Barra-Bucarei et al., 2016;
Soriano & Adion, 2023; Yousef-Yousef et al., 2022).
Consequently, fungal growth and conidial virulence
were somewhat delayed compared to corn-based
substrates.

The early mortality in corn-based treatments is
closely linked to the infection mechanism of Metarhizium
sp., which involves conidial adhesion, germination,
penetration, and invasion. Penetration is facilitated by
enzymes such as chitinases, lipases, and proteases, while
toxins including destruxins disrupt hemolymph and
immune functions (Li & Xia, 2022; Wang et al., 2019; de
Miranda et al., 2024; Zhang et al., 2024). Nutrient-rich
media such as A4 likely accelerate enzyme and toxin
synthesis, enabling the fungus to overcome host
defenses more rapidly.

Previous studies on entomopathogenic fungi have
reported that isolates grown on nutrient-rich media
produce more vigorous conidia with faster infection
cycles and higher mortality rates in target insects
(Magfira et al., 2022; Santi et al., 2022; Maysaroh et al.,
2022; Indriyanti et al, 2017, Prastowo et al, 2022;
Villamizar et al., 2024; Manjunatha et al., 2023; Gunawan
et al.,, 2024). The behavioral and morphological patterns
observed in this study are in line with these findings and
with detailed descriptions of infection kinetics in
Metarhizium-insect systems (Li & Xia, 2022; de Miranda
et al., 2024; Wang et al., 2019).

Biologically, earlier larval death implies more
effective suppression of pest populations, as larvae are
eliminated before causing substantial feeding damage.
Practically, culture media that promote early mortality
may enhance the efficacy of Metarhizium sp.
formulations used as bioinsecticides in oil palm
plantations. Rapid onset of death can reduce the
reproductive potential of O. rhinoceros populations,
thereby limiting future outbreaks (Magfira et al., 2022;
Santi et al., 2022; Villamizar et al., 2024; Manjunatha et
al., 2023; Gunawan et al., 2024).

Larval Mortality O. rhinoceros (%)

The variance analysis revealed that culture media
of Metarhizium sp. did not significantly affect larval
mortality at 8 days after inoculation (HSA), but from 9 to
18 HSA the effect became highly significant. This
indicates that the fungus required an initial adaptation
phase before expressing pathogenicity, but once
established, the growth environment provided by
different media strongly shaped the infection outcomes.
The average mortality data are summarized in Table 3.
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Table 3. Percentage of Larval Mortality of O. rhinoceros (%) across Treatments at 8-18 HSA

HSA A0 Al A2 A3 A4 A5 Ab
8 0.00b 0.00c 3.33c 0.00c 6.67 0.00c 0.00c
9 0.00c 0.00c 6.67bc 10.00ab 20.00a 10.00bc 16.67ab
10 0.00c 10.00bc 23.33ab 26.67ab 33.33a 26.67ab 33.33a
11 0.00c 30.00bc 36.67a 36.67a 40.00a 36.67a 36.67a
12 0.00b 46.67a 50.00a 50.00a 53.33a 50.00a 63.33a
13 0.00b 56.67a 70.00a 66.67a 60.00a 66.67a 70.00a
14 0.00b 63.33a 70.00a 73.33a 80.00a 66.67a 70.00a
15 0.00b 66.67a 70.00a 83.33a 86.67a 70.00a 73.33a
16 0.00b 70.00a 80.00a 83.33a 90.00a 70.00a 80.00a
17 0.00b 70.00a 80.00a 83.33a 96.67a 76.67a 83.33a
18 0.00b 70.00a 80.00a 90.00a 96.67a 76.67a 83.33a

Information: The number followed by different letters in the same observation column differs significantly at the

level of 5% based on the DMRT test.

The data indicate that larval mortality first
appeared at 8 HSA, with A4 producing the earliest
deaths at 6.67%. PDA + insect extract (A2) produced
3.33% mortality at the same time point, while other
media and the control showed no mortality. Between 9
and 10 HSA, mortality levels began to diverge sharply
from the control, which consistently recorded 0%
mortality throughout the observation period.

From 11 HSA onwards, all fungal treatments
showed significantly higher mortality than the control,
although no statistically significant differences were
detected among the media themselves. Descriptively, A4
consistently produced the highest mortality rate,
culminating at 96.67% by 18 HSA and approaching 100%
in some replicates. Corn medium alone (A3) followed
with 90%, rice + insect extract (A6) reached 83.33%, PDA
+ insect extract (A2) 80%, rice medium (A5) 76.67%, and
PDA alone (Al) 70%. These trends are in line with
reports that Metarhizium-based formulations can cause
high mortality in coleopteran pests, including O.
rhinoceros and other insect pests of oil palm and
vegetable crops (de Paula et al., 2021; Falah et al., 2024;
Gomes et al., 2023; Gunawan et al., 2024; Indriyanti et al.,
2018; Indriyanti, Widiyaningrum, et al., 2017; Lei et al,,
2023; Magfira et al., 2022; Manjunatha et al.,, 2023;
Maysaroh et al., 2022; Mejia et al., 2024; Prastowo et al.,
2022; Santi et al., 2022; Villamizar et al., 2024).

The mortality curve (Figure 3) visually illustrates
the contrast between treatments and the control. Corn-
based treatments, particularly A4, exhibited a steep
upward trajectory beginning at 8 HSA, surpassing 90%
by day 16 and reaching the highest final mortality by day
18. PDA-based treatments increased more gradually,
stabilizing between 70-80%, while rice-based media
showed intermediate performance. The control line
remained flat at 0%, reinforcing the conclusion that
larval death resulted from fungal infection.
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Figure 3. Larval mortality graph of O. rhinoceros

The pattern shows a rapid increase in mortality
between 9 and 15 HSA, after which mortality plateaued
as most larvae succumbed. This exponential increase
reflects  the  typical infection  kinetics  of
entomopathogenic fungi: once conidia germinate and
penetrate the cuticle, fungal growth within the hemocoel
rapidly overwhelms the host (Li & Xia, 2022; de Miranda
et al., 2024; Wang et al., 2019; Quesada-Moraga et al.,
2024).

The superiority of A4 can again be attributed to
corn’s balanced carbohydrate-protein composition and
favorable physical characteristics as a solid substrate,
which support vigorous fungal growth and sporulation
(Rajak et al., 2010; Barra-Bucarei et al., 2016; Agale et al.,
2018; Soriano & Adion, 2023; Suryadi et al., 2024; Sucipto
et al., 2025). Supplementation with O. rhinoceros extract
may have provided host-specific cues—such as chitin
fragments and  hemolymph  components—that
stimulated the production of cuticle-degrading enzymes
and virulence factors (Li & Xia, 2022; de Miranda et al.,
2024; Wang et al., 2019; Quesada-Moraga et al., 2024).

PDA medium (A1), with its relatively simple and
less nutrient-dense formulation, was nutritionally
inferior. Although PDA is widely used for fungal
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maintenance, it did not foster the highest virulence in
Metarhizium sp., leading to delayed mortality onset and
the lowest final mortality rate. The addition of insect
extract in A2 improved mortality outcomes relative to
A1, but was still unable to match corn or rice-based
media (Rajak et al., 2010; Barra-Bucarei et al., 2016; Agale
et al., 2018).

Rice-based treatments (A5 and A6) showed
intermediate performance. Despite rice’s suitability as a
carbon source, heating and gelatinization during
medium  preparation likely reduced nutrient
bioavailability by creating a more compact substrate
matrix (Barra-Bucarei et al., 2016; Soriano & Adion, 2023;
Yousef-Yousef et al., 2022). As a result, fungal growth
and conidial virulence were somewhat delayed
compared to corn-based substrates.

High-virulence fungi such as Metarhizium sp. cause
host mortality by penetrating the cuticle with chitinase,
protease, and lipase, and by secreting secondary
metabolites in the hemolymph, including destruxins and
other toxic compounds that disrupt hemolymph
microfilaments, interfere with circulation and immune
function, and ultimately cause systemic failure (Wang et
al.,, 2019; Li & Xia, 2022; de Miranda et al., 2024; Zhang
et al., 2024). The ability to synthesize these compounds
is strongly influenced by the nutritional environment;
thus, the nutrient-rich A4 medium likely supported
faster and more abundant toxin production, resulting in
rapid and complete larval mortality.

Larvae exposed to fungal treatments exhibited clear
behavioral and morphological symptoms of infection
starting at 4-5 HSA. Early behavioral changes included
sluggish movement, loss of appetite, and isolation
behavior. As infection progressed, larvae became
paralyzed and immobile. Morphologically, the first
visible signs were darkened patches on the cuticle,
followed by yellowing and stiffening of the body.
Similar infection patterns and symptom progression
have been reported in other studies involving
Metarhizium spp. and various insect hosts (Indriyanti et
al., 2017; Indriyanti et al., 2018; Prastowo et al., 2022;
Villamizar et al., 2024; Manjunatha et al., 2023; Lei et al.,
2023; Quiroga-Cubides et al., 2024; Falah et al., 2024; de
Paula et al., 2021; Gomes et al., 2023).

The infection stages of O. rhinoceros larvae (Figure
4), captured through photographic documentation,
complement these observations. One day post-mortality,
larvae displayed pale-yellowish cuticles; by day two,
white mycelial outgrowth was evident across the
integument. On day three, mycelial density increased
substantially, followed by near-complete coverage and
initial green sporulation by day four. By day five, the
entire cadaver was enveloped in green conidia, a
classical signature of Metarhizium sporulation on insect
hosts (Indriyanti et al., 2017, Prastowo et al., 2022;
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Villamizar et al., 2024; Manjunatha et al., 2023; Magfira
et al., 2022; Santi et al., 2022; Maysaroh et al., 2022).

Figure 4 Infection stages of O. rhinoceros larvae post-
inoculation with Metarhizium sp.

The high mortality rates observed in all fungal
treatments (70-100%) reinforce the categorization of
Metarhizium sp. as an effective bioinsecticide. Numerous
studies have shown that  Metarhizium-based
formulations can achieve high levels of control against
O. rhinoceros and other economically important pests in
both laboratory and field conditions (Magfira et al., 2022;
Santi et al., 2022; Maysaroh et al., 2022; Indriyanti et al.,
2017; Indriyanti et al., 2018; Prastowo et al., 2022;
Villamizar et al., 2024; Manjunatha et al., 2023; Gunawan
et al., 2024; Lei et al., 2023; Quiroga-Cubides et al., 2024;
Falah et al., 2024; de Paula et al., 2021; Gomes et al., 2023;
Yousef-Yousef et al., 2022; Quesada-Moraga et al., 2024).
Although PDA medium (A1) produced slightly lower
mortality than the other treatments, most media—
especially A4, A3, and A6—achieved high mortality
levels, underscoring the fungus’s potential for field
application against O. rhinoceros.

At the same time, research on entomopathogenic
microbes such as Metarhizium can serve as an authentic
science learning resource to enhance students’ literacy
on agricultural biotechnology and biological control in
formal education settings (Arfan et al., 2025).

Moreover, the fact that mortality was significantly
different from the control but not among media indicates
that while all tested media can support effective fungal
infection, certain substrates (particularly corn + insect
extract) accelerate mortality and ensure near-complete
suppression. This suggests that substrate optimization
can enhance the field efficacy of fungal bioinsecticides,
especially under tropical plantation conditions where
pest outbreaks are rapid and severe. These results align
with  broader perspectives on the role of
entomopathogenic fungi as key components of
integrated pest management in perennial cropping
systems (Hajjar et al., 2023; de Miranda et al.,, 2024;
Quesada-Moraga et al., 2024).

Future field programs could be strengthened by
quantitative monitoring of M. anisopliae in soil and
cocoon samples using specific qPCR primers, allowing
more precise tracking of fungal persistence and spread
in oil palm ecosystems (Saragih et al., 2025).
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Conclusion

The type of culture medium significantly
influenced the growth rate and pathogenicity of
Metarhizium sp. colonies against Oryctes rhinoceros
larvae. Corn medium supplemented with O. rhinoceros
extract (A4) produced the fastest and most extensive
colony growth (95 mm at 23 days after inoculation), the
earliest onset of larval mortality (8.33 days), and the
highest final mortality (up to 100% in laboratory
conditions). In contrast, PDA and rice media without
insect extract supported slower growth and lower
overall performance, although all tested media were
able to cause high larval mortality. These results indicate
that nutrient-rich substrates, particularly corn combined
with insect extract, enhance fungal virulence and are
more suitable for the mass production of Metarhizium
sp. as a biocontrol agent. Practically, the use of such
alternative media can support more cost-effective and
environmentally friendly management of O. rhinoceros
within integrated pest management programs in oil
palm plantations.
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