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ABSTRACT

The Red Coffee Borer, Zeuzera spp. (Lepidoptera: Cossidae), is one of the major insect pests
of Eucalyptus pellita plantations. The larvae may cause holes in stems, thereby reducing log
productivity and have difficulty to control the larval stage. The use of biological agents has
been carried out, however the application of nematode group as agent is still limited. Integrated
Pest Management (IPM) strategy, including biological agents by fungus group, may have
potential to control Zeuzera spp. by providing the optimal results. This study aims to analyze
the potential use of entomopathogenic fungi (Beaveria bassiana, Metarhizium anisopliae, and
Metarhizium majus) in infecting the larvae of Zeuzera spp. in the laboratory and field scale. In
the laboratory scale, a non-factorial completely randomized design implemented with 13
treatments and three replications (the total larva of Zeuzera was 78 samples). In the field scale,
a randomized block design with one factor (species of entomopathogen) and four planting
areas. The application of B. bassiana, M. majus, and M. anisopliae with different conidial
densities (10® conidial ml!, 10° conidial ml"!, 10* conidial ml™!, 102 conidial ml, and control)
had a significant effect on the mortality of Zeuzera spp. larvae. Entomopathogenic B bassiana
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at 108 ml! causes the highest infection rate of Zeuzera spp. Compare two other fungi. However,
there was no significant effect of the application of three species of entomopathogenic fungi
on Zeuzera spp. Larvae in young E. pellita in the field. Results from the analysis concluded
that entomophatogens have given positive results and potential to control Zeuzera spp. larvae.

Keywords: Beauveria, fungus, infection, inoculation, Metarhizium
ABSTRAK

Ulat Pengorek Kopi Merah, Zeuzera spp. (Lepidoptera: Cossidae) merupakan salah satu
serangga perosak utama di ladang Eucalyptus pellita. Larva serangga ini membuat lubang pada
batang, seterusnya mampu mengurangkan produktiviti kayu balak dan ianya sukar dikawal.
Penggunaan agen biologi telah dijalankan tetapi hanya kepada kumpulan nematod dan ianya
masih terhad. Strategi Pengurusan Perosak Bersepadu (PBB), termasuk agen biologi daripada
kumpulan kulat, berkemungkinan mempunyai potensi untuk mengawal Zeuzera spp. dan
mampu memberikan hasil yang optimum. Kajian ini bertujuan untuk menganalisis potensi
penggunaan kulat entomopatogen (Beauveria bassiana, Metarhizium anisopliae dan
Metarhizium majus) dalam menjangkiti larva Zeuzera spp. dalam skala makmal dan lapangan.
Dalam skala makmal, reka bentuk rawak sepenuhnya bukan faktorial digunapakai. Terdapat
13 rawatan dan tiga ulangan (jumlah larva Zeuzera ialah 78 sampel). Dalam skala lapangan,
penggunaan reka bentuk blok rawak dengan satu faktor (spesies entomopatogen) dan empat
kawasan penanaman. Penggunan B. bassiana, M. majus, dan M. anisopliae dengan kepadatan
konidia yang berbeza (10® konidia ml!, 10° konidia mlI"!, 10* konidia ml!, 10? konidia ml,
dan kawalan) mempunyai kesan signifikan ke atas kematian larva Zeuzera spp. entomopatogen
B. bassiana dengan kepadatan konidia 10® ml' yang menyebabkan tahap jangkitan tertinggi
pada larva Zeuzera spp. jika dibandingkan dengan dua jenis kulat yang lain. Walau
bagaimanapun, tiada kesan signifikan penggunaan tiga spesies kulat entomopatogen pada larva
Zeuzera spp. dalam E. pelita belum matang di ladang. Keputusan daripada analisis
menyimpulkan bahawa entomopatogen telah memberikan hasil yang positif dan berpotensi
dalam menjangkiti dan mengawal larva Zeuzera spp.

Kata kunci: Beauveria, fungus, infection, inoculation, Metarhizium

INTRODUCTION

The development of plantation forests help satisfy demand for wood resources which cannot
be supported by the limited increment of natural forests (Yudistira et al. 2019). Problems arise,
one of them by the most destructive insect pests, Zeuzera spp. (Tavares et al. 2020). The Red
Coffee Borer, Zeuzera spp. is a group of insects from the Cossidae family in the larval stage,
which becomes stem borers of their host plants including Eucalyptus pellita (Suheri et al.
2020). The newly hatched larvae immediately search for young shoots and branches and then
begin to enter by boring and damaging from the inside (Monteys 2015). Insect attacks cause
host plants to wither and die (Almanoufi et al. 2012). This insect significantly impacted loss
and damage to E. pellita plantation. However, their position in the stem is very difficult to
control (Ibrahim et al. 2019). In this regard, a strategy is needed to manage these insect pests.
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Integrated Pes Management (IPM) control is one of the concepts of controlling insect
pests by integrating various insect pest control methods, one of which is using biological agents
and monitoring activities (Arnaudov et al. 2012). The monitoring output is to find information
on trends and pest insect populations for management decision-making (Suheri et al. 2022).
Using the entomopathogens fungi are an alternative to control insect of agriculture and urban
pests (Nyam et al. 2021). This reason of using this method are sustainable and environmentally
friendly and tends to be more specific to target insects. Biological agents not only control insect
pests at this time but conidial will survive in locations that support and cause natural epizootic
and control pest outbreak conditions (Caron et al. 2023). Although entomopathogens can
control insect pests less than chemicals, their effectiveness still has potential and allows long-
term use (Sabbahi et al. 2022). However, research on potential entomopathogens against
Zeuzera spp. larvae is still sparse. This condition is the background for us to conduct this
research. This study aimed to analyze the potential use of the entomopathogenic fungi
Beauveria bassiana, Metarhizium anisopliae, and Metarhizium majus in infecting Zeuzera spp.
larvae. in E. pellita plantation forest.

MATERIALS AND METHODS

Time and Place of Research

Research on fungal entomopathogens against Zeuzera spp. on E. pellita was carried out from
May 2022 to November 2022. The research locations were in Block planting 5, Block planting
6, and the Laboratory of Pests and Diseases Perizinan Berusaha Pemanfaatan Hutan (PBPH)
PT. Korintiga Hutani, West Kotawaringin, Central Kalimantan, Indonesia (1110 51' 29.859"-
20 11'29.814").

Collecting Larva Zeuzera spp. and Propagating Entomopathogenic

Zeuzera spp. larvae from various stages were collected from E. pellita trees and reared in
chopped fresh E. pellita stems in plastic containers (25 cm x 30 cm x 8 cm). The fungus B.
bassiana (East Java), M. majus (West Kalimantan), and M. anisopliae (West Kalimantan) were
grown on potato dextrose agar (PDA) medium until to fill the entire petri dish area (14 - 21
days). Furthermore, three isolates of fungal entomopathogens were given 20 ml of aquadest,
and the contacted between Zeuzera spp. and entomopathogens suspension lasted 3 minutes.
The larvae of Zeuzera spp. larvae returned to container by providing fresh chopped E. pellita
wood. Infected larvae were surface disinfected with 70% alcohol and isolated directly on PDA
media as material propagates. Propagated entomopathogenic isolate from Zeuzera spp. larvae
on PDA medium using sterile ground corn media with 200 grams/pack packaging.
Entomopathogenic fungus was cultured on ground corn media, and it can be used for testing at
21 days of age (Figure 1).

- i ' S
Figure 1 A). Entomophatogenic fungus isolated from infected Zeuzera spp., B). Zeuzera spp.
larvae infected with the entomopathogenic fungus B. bassiana with signs that the
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whole body is covered with powdery white mycelia. C). Larvae infected with B.
bassiana were isolated on PDA media to obtain f0. D). Propagation of B. bassiana
isolates from Zeuzera spp. on sterile ground corn media.

Application of Entomopathogenic Fungi with Different Conidial Density

This study was used a completely randomized non-factorial design. There were 13 treatments
with 3 replications on Zeuzera spp larvae. namely, B. bassiana 10® conidial ml!, B. bassiana
10 conidial ml™!, B. bassiana 10* conidial ml!, B. bassiana 10? conidial ml', M. majus 10®
conidial ml™!, M. majus 10° conidial ml"!, M. majus 10* conidial ml™!, M. majus 10* conidial
ml!, M. anisopliae 10® conidial ml!, M. anisopliae 10° conidial ml™, M. anisopliae 10*
conidial ml!, M. anisopliae 10? conidial ml™!, and control. The experimental unit was Zeuzera
spp. larvae test insect. The total experimental unit of test insects in this experiment was 78
Zeuzera spp. larvae. The variables of this experiment were the growth and development of the
entomopathogenic fungi on Zeuzera spp. larvae, the percentage of mortality, and the symptoms
and signs of insects infected with the entomopathogenic fungi (Figure 2 and Table 1).

MAS2|BB22 |MM63| K1 |MAE1 MM42 MA2Z MM4.1|MASS | MME 1| MA23|MM6.1| MAG.3

BB43 | BB6.2 | BB4.2 |[MM23|MM4 3 MM21|MA41|BB6.1 [ BB23 [BBE1| K2 | BB6.3 [MM22

BBE3 | BB82 [ MA62| K3 |MA61 |MM62|MME3I|MA42|BB2.1 [MA21|MA43)| BB4.1 [MMR2

Figure 2. Chart of experimental design
Table 1. Detailed treatment of Zeuzera spp. by entomophatogenic fungus

Code Treatment

BBS.1 B. bassiana 10® conidia ml!
BBS.2 B. bassiana 10® conidia ml™!
BBS.3 B. bassiana 10® conidia ml™!
BB6.1 B. bassiana 10° conidia ml™!
BB6.2 B. bassiana 10° conidia ml!
BB6.3 B. bassiana 10° conidia ml™!
BB4.1 B. bassiana 10* conidia ml™!
BB4.2 B. bassiana 10* conidia ml™!
BB4.3 B. bassiana 10* conidia ml™!
BB2.1 B. bassiana 10? conidia ml™!
BB2.2 B. bassiana 10? conidia ml!
BB2.3 B. bassiana 107 conidia ml™!
MMS.1 M. majus 108 conidia ml™!
MMS8.2 M. majus 108 conidia ml™!
MMS.3 M. majus 108 conidia ml™!
MM6.1 M. majus 10° conidia ml™!
MMB6.2 M. majus 10° conidia ml™!
MM6.3 M. majus 10° conidia ml™!
MM4.1 M. majus 10* conidia ml™!
MM4.2 M. majus 10* conidia ml™!
MM4.3 M. majus 10* conidia ml™!
MM2.1 M. majus 10? conidia ml™!
MM2.2 M. majus 10* conidia ml™!
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MM2.3 M. majus 10* conidia ml™!
MAS.1 M. anisopliae 10® conidia ml™!
MAS.2 M. anisopliae 108 conidia ml™!
MAS.3 M. anisopliae 10® conidia ml™!
MAG6.1 M. anisopliae 10° conidia ml™!
MA6.2 M. anisopliae 10° conidia ml™!
MAG6.3 M. anisopliae 10° conidia ml™!
MA4.1 M. anisopliae 10* conidia ml™!
MA4.2 M. anisopliae 10* conidia ml™!
MA4.3 M. anisopliae 10* conidia ml™!
MA2.1 M. anisopliae 10* conidia ml™!
MA2.2 M. anisopliae 10? conidia ml™!
MA2.3 M. anisopliae 10* conidia ml™!
K.1 Control

K.2 Control

K3 Control

Application of Entomopathogenic Fungi on Young E. pellita Trees (4 month) in The Field
The experimental design used was a randomized block design with one factor: species of
entomopathogen (B. bassiana, M. anisopliae, and M. majus) with four plot locations (249G,
226E, 233E, and 216F). Spraying application using kap sprayer was carried out on the entire
part of E.pellita plant at 2 - 3 months. The application time was carried out in the morning with
cloudy sunny weather conditions ( 29° C and humidity = 76%). The concentration was four
packs of entomopathogenic cultures on sterile milled corn media (200 grams/pack) for one solo
cap with 14 liters. Suspension volume sprayed on plants + 50 ml each tree. The application plot
measures 6 rows x 8 plants (48 trees) with an observation plot of 4 rows x 4 plant (16
observation trees) with three replications (total 48 observation plots) (Figure 3). Observational
indicators included symptoms on infested plants (swollen stem, broken top-crown) and signs
(frass, tunnels, Zeuzera spp. larvae), and target fungi infected insects.

T0  Control
T1 B. bassiana
T2 M. anisopliag

T3 M. mujus
4m
3m|_
L] T0.1 L] L] L] L] L] L] T1.1 L] L] L] L] L] L] T2.1 T34
L] T2.2 L] L] L] L] L] L] T3.2 L] L] L] L] L] L] T0.2 L] L] L] L] L] L] T1.2 L]
menn (R (RO Y IR e Y I e
Figure 3. Layout for the application of entomopathogens in the field
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Data Analysis
The percentage of mortality of Zeuzera spp. after treatment (Balse 1985):

o calitv = Number of infected Zeuzera spp.larvae 100 %
o MO = Number of observed Zeuzera spp. larvae X °

Conidial density/ml (Badan Standardisasi Nasional 2014):

_ 3
> LXthX10

S = density of conidial (ml™!)

X = average number of conidia in boxes a, b, ¢, d, ¢;
L = calculating box area 0.04 m?

t = depth of field calculated 0.1 mm
d = dilution factor
1

0°= calculated suspension volume (1 ml = 10> mm?

Application data of entomopathogenic fungi with different conidial density and in the
field were analyzed using IBM SPSS Statistics 23 to determine significantly treatment affected
to response. The Tukey test at a=5% was carried out when the treatment had a significant effect
on the treatments to determine the effectiveness of each treatment on the variables in the study.

RESULTS AND DISCUSSION

Application of Entomopathogenic Fungi with Different Conidial Density

The results of the ANOVA test show that the entomopathogenic species and the density of
conidial have a significant effect on the mortality of Zeuzera spp. larvae (Table 2). Meanwhile,
the treatment did not affect to the day of Zeuzera spp. infected. The treatments show promising
potential of using entomopathogenic fungi to control Zeuzera spp. larvae. Based on the results
of observations of the mortality of Zeuzera spp. larvae by entomopathogens, it is known that
the highest mortality occurs on day 5 after inoculation. According to Herlinda et al. (2020), the
insect phase is infected by entomopathogens depending on the insect species, but symptoms
usually begin on days 3 — 5, such as decreased activeness, reduced appetite, and death.

Table 2. ANOVA results of each treatment on the response to insect tests
Respones
Treatments Mortality of Zeuzera The day start to
spp. larvae infection
Entomopathogenic ~ with  different s NS

conidia density

**Significant (P<0.05); NS: Non-significant (P>0.05)

Tukey test results showed that several entomopathogen treatments: MA 108 ml!, MM
108 ml'!, BB 10° ml™!, BB 108 ml"!, and BB 10* ml"! were effective to suppress Zeuzera spp.
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larvae (Table 3). The BB 10¢ ml! treatment was good enough for the mortality of Zeuzera spp.
larvae. (100%) was not much different from the treatment of MA 108 ml™!, and MM 108 ml..
In addition, the BB 10* ml™! treatment was good enough to cause the mortality of Zeuzera spp.
(83.33%). The reason is that the species of B. bassiana was collected from coffee ground
exploration from BBPPTP Mojoagung Surabaya, East Java. One of the key insect pests that
attack coffee plant is the coffee borer, Z. coffeae. It is suspected that the isolate is quite specific
to the Zeuzera spp. group. According to Meyling et al. (2009) that B. bassiana is a facultative
entomopathogen with a wide host range (more than 700 arthropod species), so it allows
adaptation and higher infectious power than other fungus.

Tukey test results showed that the conidia density of 10® ml! of three entomopathogenic
fungi provide the best results causing 100% mortality of Zeuzera spp. The higher the density
of conidia makes the higher the chance of infection of the test insects. According to Shapiro-
Ilan et al. (2006) that the standard for applying entomopathogens in the field also depends on
the species of insect pest. In the case, the standard of conidia density was 10! to 10'* conidia/ha
for control Hemiptera group. The higher of conidia density affected to the infection rate of the
target insect (Table 11).

Tukey test showed that the treatment of MM 10 mI'}, MM 10* mI"!, MA 10* mI'!, MA
10 ml!, MA 10> ml'!, MM 10> ml"!, BB 10> ml"! were not significantly different from the
control. The treatment of B. bassiana, M. anisopliae, and M. majus with conidia densities of
10* mI! and 10> ml"! were under the standard conidial density procedure for insect testing,
according to Badan Standardisasi Nasional (2014). As for the MM 10° ml"! and MA 106 ml!
treatments, it was found that the origin of the two isolates came from the host insect Brontispa
spp. (Coleoptera: Chrysomelidae) and Oryctes spp. (Coleoptera: Scarabaeidae), so it is
suspected to be more pathogenic to their host insects. According to Trizelia et al. (2018), insect
mortality by entomopathogens is also influenced by the source of the isolate. The research
results of Trizelia et al. (2010) showed that isolates of Metarhizium spp. originating from the
rhizosphere of several plants, they showed different abilities in infecting Crocidolomia
pavonana larvae. Metarhizium spp. isolates from the rhizosphere of cabbage plants were more
virulent against C. pavonana than isolates from the rhizosphere of carrot, shallot, and leek
plants.

Table 3. Tukey test on the mortality of Zeuzera spp. larvae by treatments
Treatments Mortality of Zeuzera spp. larvae (%)
MA10® 100a
MM 108 100a
BB 10¢ 100a
BB 108 100a
BB 10* 83a
MM 10¢ 67ab
MM 104 50ab
MA 10* 33ab
MA 10°¢ 33ab
BB 10° 22ab
Kontrol Ob
MA 10° 0b
MM 10* 0b

Numbers with the same letter indicate that the treatment is not significantly different at the 5% test level; MM =
M. majus, MA = M. anisopliae, BB = B. bassiana, and control.
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Application of Entomopathogenic Fungi in The Field

The results of monitoring and analysis show that the specie of entomopathogenic fungi and
location had not significantly affected to the incidence of damage from the signs and symptoms
of Zeuzera spp. and infected target insects on young plants of E. pellita (Table 4). It is
presumably because the various management methods that have been applied in the field made
reducing the population of Zeuzera spp. At the moment, the epizootic process in a target insect
needs to take a long time. According to Mantzoukas et al. (2022) the application of
entomopathogenic fungi that have been applied in the field for many years can indicate a
natural epizootic later if the environment supports the growth of entomopathogenic fungi. In
addition, direct contact between conidial of entomopathogens and insect pests is the primary
trigger condition for infection (Brusselman et al. 2011).

Table 4. Results of ANOVA application of entomopathogenic in the field

Treatments Respones :
Symptoms Signs

Species of entomophatogens NS NS

Locations NS NS

NS: Non-significant (P>0.05)

Symptoms and Signs of Zeuzera spp. Infected by Entomopathogenic Fungi

The results of observations when rearing Zeuzera spp. characteristic symptoms and signs were
found after the inoculation of entomopathogenic fungi. At the beginning of the inoculation, the
larvae were still active in broaching the freshly chopped wood of E. pellita. Unless the larvae
collected from the field already show signs of illness, they will be different again. Usually,
larvae that look unhealthy from the field will be more easily infected with entomopathogenic
fungi. Zeuzera spp. larvae those starting to be infected with B. bassiana will experience loss of
appetite, be less active (move less), and be a little restless. The following symptom is that the
larvae will be death in a hardened and stiff body conditions. In several cases, dead larvae were
found while drilling holes in logs or burrows. Changes in the body skin color of the larvae will
turn pale in contrast to healthy larvae, which tend to be bright reddish yellow. According to
Sianturi et al. (2014) that the test insects, especially the larvae of the Lepidoptera group, which
were infected by the fungus B. bassiana, had symptoms such as slow movement, decreased
appetite, and eventually died stiff and covered their entire body with B. bassiana's typical
snow-white mycelia. The dead larvae grow white mycelia from each fall segment until they
completely cover it (mummification) (Figure 4).
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Figure 4. The process of symptoms of Zeuzera spp larvae. infected with B. bassiana
consisting of; A). Dead larva with stiff and pale (5th day), B). The corner of the
larval body begins to grow white mycelia (6th day), C). White mycelia almost
wholly covered the larvae's body (7th day), and D). Larvae are covered with
typical white mycelia in the form of powder by B. bassiana (9th day)

Metarhizium anisopliae and Metarhizium majus have similar symptoms to Zeuzera spp.
larvae. One of them, they have same green conidia character. Zeuzera spp. larvae those infected
with M. majus and M. anisopliae looked restless, seemed to slow down, and black spots like
burns were found on the bodies of the larvae (especially those infected by M. majus). The next
day, the larvae will die in a stiff and pale body. Furthermore, the larvae are covered with thin
white mycelia (the sticking and sticking to the larva's body is different from the mycelia
belonging to B. bassiana, which has a type powder). The thin white mycelia will turn green all
over the larva's body. The observation results showed that the Zeuzera spp. infected with M.
majus will have a darker green color compared to M. anisopliae, which tends to be young
green. According to Tanada and Kaya (1993), larvae infected with M. anisopliae show
restlessness, lack of active movement, decreased feeding activity, and loss of ability to
coordinate with the environment (Figure 5).

ﬁ\ -..1"‘ :.:l‘

i'l. ’ = | i | 5 I
Figure 5. The process of symptoms of Zeuzera spp larvae. infected with M. majus and M.
anisopliae consisting of; A). Zeuzera spp. larvae dead stiff with black wounds
(9th day), B). Larvae body covered with white mycelia attached (10th day), C).
White mycelia covered the entire body of the larvae (12th day). D). White
mycelia slowly turn green (14th day)

ISSN 1394-5130 23



Serangga 2024, 29(1): 15-28. Mohamad Suheri et al.

Mortality Rate of Zeuzera spp. Larvae According to Species of Entomopathogens and
Conidial Density

The results of observations on the mortality rate of entomopathogenic fungi (B. bassiana, M.
anisopliae, and M. majus) with conidial density (10% ml!, 10® mI"!, 10* ml", 10> ml"!, and
control) found that suitable entomopathogenic species of B. bassiana, M. anisopliae, and M.
majus with a conidial density of 10® ml"! had a high mortality rate killing all tested insects in
each treatment (100%) (Figure 6). According to Nelly et al. (2023), using the correct dose and
species of entomopathogen can cause high mortality in insects, one of which is high conidial
density. Zeuzera spp. larvae mortality rate based on the species of entomopathogen, it is known
that B. bassiana is the best based on the highest accumulation of mortality than M. majus and
M. anisopliae (Figure 7). Lepidoptera group insects are more infected by B. bassiana than M.
anisopliae, a biological agent for insect pests in the soil (Sari et al. 2023). The mortality rate
based on conidial density is known that conidial density of 10® ml™! is the best because it can
cause 100% mortality compared to other conidial densities (Figure 8). Conidial density of
entomopathogens influences the mortality of insect pests. (Sopialena et al. 2022). In addition,
direct contact is the main trigger requirement for infection (Zhang et al. 2023).
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Figure 6. Mortality rate of Zeuzera spp. larvae with species of entomopathogens and
conidial densities
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Figure 7. Mortality rate of Zeuzera spp. larvae with species of entomopathogens
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Figure 8. Mortality rate of Zeuzera spp. larvae with conidial densities

CONCLUSION

Initiation of entomopathogenic fungi inoculation on Zeuzera spp. larvae shows 100%
mortality. Application of M. anisopliae at 108 ml™', M. majus at 103 ml", B. bassiana at 108 ml’
I, 10% ml'!, 10* ml! effective against Zeuzera spp. There is no significantly affected of
application of three species of entomopathogenic fungi against the early signs and symptoms
of Zeuzera spp. infected by entomopathogens on young plants of E. pellita. Results from the
analysis concluded that entomopathogens have given positive results and potential to control
Zeuzera spp. larvae.
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