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ABSTRACT

The productivity of sweet potato in Timor Tengah Selatan (TTS) Regency is still far below the national
productivity. The limiting factor is the attack of the pest Cylas formicarius both in planting and in storage.
The aimed of this study was to examine the virulence of local isolates of Metarhizium anisopliae fungus
cultured on growth media containing chitin. The study was conducted at the Plant Protection Laboratory
from May-December 2021. The experiment was arranged using a Completely Randomized Design with
five replications. The treatments were the type and concentration of chitin derived from three types of
insects and arranged as follows: T0, control without chitin; T1, chitin from Gryllus assimilis 0.5%; T2, chitin
from Gryllus assimilis 1%; T3, chitin from Locusta migratoria 0.5%; T4, chitin from Locusta migratoria 1%; T5,
chitin from Oryctes rhinoceros 0.5%; and T6, chitin from Oryctes rhinoceros 1%. The results of this study
showed that the addition of a chitin source to PDA growing media was able to increase conidia production,
viability, and conidia virulence of M. anisopliae. Chitin also affects the virulence of M. anisopliae in C. formicarius
which can increase the mortality percentage from 68% to 187%. Chitin in the form of flour derived from the
insect O. rhinoceros with a concentration of 0.5% was an appropriate concentration to increase the viability
and virulence of the M. anisopliae, besides that its protein content of 42.43% was high enough to support the
production of quality entomopathogenic fungus.
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Introduction

One of the limiting factors for sweet potato produc-
tivity is Cylas formicarius pest attack . Pests damage
bulbs not only in planting, but also attack bulbs
stored in warehouse (Capinera, 2018). This pest at-
tack can cause 5-97% yield loss (Chen, 2017;
Kalshoven, 1981). C. formicarius pests can be con-
trolled using entomopathogenic fungi. Lapinangga
et al., (2018) found the entomopathogenic fungus
Metarhizium anisopliae, a local isolate of TTS, which is
feasible to be developed as a biopesticide to control

C. formicarius because it has a high mortality rate
(80.75%).

The fungus Metarhizium anisopliae is easily propa-
gated in vitro, but in the process of propagation usu-
ally there is a decrease in quality and virulence. The
decrease in the quality of fungal spores was caused
by reduced sources of chitin and protein in the
propagation medium (Bucarei et al., 2016). Accord-
ing to Hanti et al., (2012) to increase the virulence of
the fungus it is recommended to grow it on media
that contains a lot of chitins from insects. The addi-
tion of chitin to the growing media stimulates the
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production of chitinase which functions to increase
the ability of entomopathogenic fungal infections
(Istiqomah and Fatimah, 2014).

Insect flour contains chitin and high protein so
that it can increase the number of infective conidia
and virulence against pests (Pramesti et al., 2014).
According to Herlinda et al. (2012) cricket flour
(Gryllus sp) with a concentration of 0.5% added to
potato dextrose extract medium was able to increase
the viability of Beuaveria bassiana conidia to 80%. The
results of research by Nuryanti et al. (2013) showed
that the fungus B. bassiana grown on rice media with
the addition of grasshopper flour, caused a mortal-
ity of 78% walang sangit. Prayogo et al. (2017) stated
that the addition of chitin from insects Gryllus
assimilis, Perna viridis, and Scylla serrata, although
were not able to increase conidia production, did
increase the viability and virulence of conidia of the
fungus B. bassiana. Several studies that have been
mentioned have been successful in adding chitin-
containing ingredients as a medium for
entomopathogenic fungi. The similarity of character-
istics as an entomopathogenic fungus is expected to
give good results for the growth of local isolates of
M. anisopliae.

Research examining the use of insect flour con-
taining chitin as a growth medium for M. anisopliae
is still rarely studied, whereas local isolates of the
fungus Metarhizium anisopliae have not been re-
ported previously. Based on this, it is necessary to
conduct research on the effect of adding several
types of insect flour to local isolates of Metarhizium
anisopliae mushroom propagation media on its virulence.

Materials and Methods

The experiment was arranged using a completely
randomized design with five replicates. The treat-
ments were the type and concentration of chitin de-
rived from three types of insects and arranged as
follows: T0 = control without chitin; T1 = chitin from
Gryllus assimilis 0.5%; T2 = chitin from Gryllus
assimilis 1%; T3 = chitin from Locusta migratoria 0.5%;
T4 = chitin from Locusta migratoria 1%; T5 = chitin
from Oryctes rhinoceros 0.5%; and T6 = chitin from
Oryctes rhinoceros 1%. Each treatment was repeated
6 times. Insects used in this study were insects in the
imago phase.
- Insect flour manufacture

Imago Gryllus assimilis, Locusta migratoria, and
Locusta migratoria 0.5 kg each were dried in an

oven for 24 hours at 70 C. The dried insects were
then ground and filtered. The filter results were
stored at room temperature. Insect flour was then
analyzed for chitin and protein content. The addi-
tion of the amount of insect flour in 100 ml of
PDA media used the formula by Pramesti (2014):
K = Concentration (%) x % chitin content x 100
grams
Each type of chitin was added to the PDA growth
medium. The control treatment only used PDA
media without insect flour. The growing medium
was then poured into a petri dish.

- Preparation and inoculation of fungi on growing
media

Pure culture of M. anisopliae local isolate used were
derived from previous studies. Mushroom suspen-
sion solution made following the Pramesty (2014)
procedure by taking and weighing 17 g of rice
(starter) that had been prepared previously, then
mashed and put into a bottle and added 100 ml of
sterile water; then shaken using a shaker for 24
hours. The spore density obtained in a suspension of
100 ml of M. anisopliae in this suspension will be
used for treatment.

The fungal isolates were then planted and incu-
bated on PDA media enriched with insect flour. The
isolates were incubated in dark and humid condi-
tions for 14 days. After 14 days the fungus can be
used for mushroom quality measurement and viru-
lence test.
- Mushroom quality measurement was done by:

a. Calculating conidia viability.
b. Count the number of conidia.

- Virulence test, with stages:
a. Preparation of bioinsecticide solution

The biological insecticide solution was made
by taking 10 grams of PDA media made from
insect flour that had been overgrown with
fungus, crushed and then mixed into 200 ml
of distilled water, then stirred until smooth.
Furthermore, the mixture was filtered to be
applied in the test.

b. Application of biological insecticides
The application technique used was the contact
method. The test insects were put into plastic con-
tainers with a diameter of 10 cm and a height of 15
cm, each container containing 20 imago. The appli-
cation dose of conidia suspension was 200 ml/100
imago which was sprayed all over the body. The test
insects were fed with sweet potato tubers. Observa-
tions were made every 12 hours after application 8
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times. Observations included the mortality of the
test insects and the time of death of 50% (LT50).
Data obtained from mortality observations were car-
ried out by Analysis of Variance (ANOVA) if there
was an effect, further DMRT test was carried out.

Results and Discussion

Conidia Production and Viability of Metarrhizium
anisopliae

The addition of chitin from three types of insects,
both 0.5% and 1%, in PDA growth media caused the
number of conidia of the entomopathogenic fungus
M. anisopliae to be higher when compared to PDA
media without chitin/control (Figure 1). The addi-
tion of chitin from 0.5% and 1% of G. assimilis re-
sulted in the number of conidia which were not sig-
nificantly different, they were 5.33x107 and 4.83x107

each, but significantly different from other treat-
ments. The addition of chitin from L. migratoria and
O. rhinoceros at concentrations of 0.5% and 1% re-
sulted in the number of conidia that were not signifi-
cantly different, they were 2.33x107; 1.83x107;
2.17x107; 2.5x107 respectively. The lowest number of
conidia produced on PDA media without the addi-
tion of chitin was 1.5x107.

The observation showed that the higher the con-
centration of chitin added to the growth medium,
the conidia growth inhibited. Chitin is a source of
nutrients needed by fungi to build energy so that the
conidia formed have better quality than fungi grown
on media that do not contain chitin. Senthiraja et al.
(2010) reported that chitin was a source of carbon
and nitrogen that functions as nutrients and energy.
Carbon and nitrogen contained in the growing me-
dia can increase mycelium formation and conidia
germination (Nuryanti et al., 2012; Kim et al., 2014).
Meanwhile, a growth medium that lacks protein will

cause lower conidia germination so that insect mor-
tality was also low.

The results of analysis of variance showed that
the entomopathogenic fungus M. anisopliae cultured
on PDA media enriched with chitin had a significant
effect on spore viability. Chitin enrichment in media
was able to increase spore viability. However, the
higher the concentration of chitin added to the PDA
growth medium, the conidia viability of M. anisopliae
decreased (Figure 2).

The highest Conidia viability of M. anisopliae was
found in the addition of 0.5% chitin from O. rhinoc-
eros, namely 56.17% which was not significantly dif-
ferent from 0.5% chitin from L. migratoria, which
was 54.33%, followed by 1% chitin from O. rhinoc-
eros. by 52.5% and L. migratoria 1% by 51%, but sig-
nificantly different with the addition of 0.5% chitin

Fig. 1. Conidia production on three-enriched PDA
growth media sources of chitin with different
concentrations

Fig. 2. Viability of M. anisopliae conidia on PDA growth
media enriched with three sources of chitin with
different concentrations

from L. migratoria and 1% from G. assimilis which
were 45% and 43.5%, respectively. The lowest viabil-
ity was found in PDA growing media without chitin
(control), which was 40.67%. Nutrient limitations in
PDA culture media make spore viability low. Ac-
cording to Prayogo (2017), PDA media has a protein
content of only 2% and a mineral content below 1%.
Meanwhile, insect flour contains chitin and protein
so that the addition of insect flour in the media adds
nutrients to the media which can provide more en-
ergy for spores to germinate. The more often
entomopathogenic fungi were sub-cultured in me-
dia with low nutrients, the energy stored in the
spores was low, which can reduce viability. The re-
sults of the analysis showed that the protein content
in insect flour was high enough to support fungal
growth. The highest percentage of protein content
was found in insect flour from L. migratoria, which
was 55.56%, while G. assimilis and O. rhinoceros were
42.87% and 42.43%, respectively. The results of this
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study showed that the addition of chitin was able to
increase the viability of M. anisopliae conidia although
only 15.5%. This result can be seen from the viabil-
ity of conidia in the control treatment of 40.67%,
while the viability of conidia in the chitin treatment
ranged from 43.5 to 56.17%.

The results of several studies showed that nutri-
ent-rich growing media had an effect on germina-
tion and viability of conidia of entomopathogenic
fungi (Lopes et al., 2013; Kim et al., 2014). Production
and germination of fungal conidia were influenced
by sugar and nitrogen content in the growing media
used (Mishra and Malik 2013; Liu et al., 2012). Judg-
ing from the number of conidia formed and the vi-
ability of conidia from the addition of chitin, further
studies are needed to explore the type of chitin and
the right dose to obtain high quality conidia.

Mortality of Imago Cylas formicarius

The addition of chitin compounds from G. assimilis,
L. migratoria, and O. rhinoceros to the growing media
significantly affected the mortality rate of C.
formicarius imago (Figure 3). The lowest mortality
was found in the PDA media treatment without the
addition of chitin flour, which was only 25.83%. The
highest mortality was found in the addition of 0.5%
chitin from O. rhinoceros, namely 74.17% which was
not significantly different from 0.5% chitin from L.
migratoria, namely 68.33%, but significantly different
with the addition of 1% chitin from O. rhinoceros was
50.83% and chitin from L. migratoria 1% is 47.5%.
The addition of 0.5% chitin from L. migratoria and
1% from G. assimilis caused mortality of 45% and
43.5%, respectively.

The results showed that the addition of chitin
was proven to increase the virulence of
entomopathogenic fungi 68-187%. The addition of

chitin of different types and concentrations resulted
in higher quality conidia. This was indicated by the
higher mortality of the test insects compared to the
treatment of the control PDA growing media.

The speed of the fungus M. anisopliae to kill C.
formicarius was influenced by the density of germi-
nating conidia on the insect integument. The more
conidia that germinate on the insect’s integument
will cause the integument to be damaged more
quickly and body fluids will be depleted faster
which causes the insect to die faster. According to
Prayogo et al. (2017) the tissues and body fluids of
insects that are attacked by entomopathogenic fungi
will usually be completely absorbed by the fungus
so that the insects die.

Conclusion

The addition of chitin sources in PDA growing me-
dia was able to increase conidia production, viabil-
ity, and conidia virulence of the fungus M. anisopliae.
This indicates that the nutrients contained in insect
flour have an impact on the growth of the
entomopathogenic fungus M. anisopliae. Chitin also
affects the virulence of M. anisopliae in C. formicarius
because it can increase the mortality percentage
from 68-187%. Chitin in powder form derived from
the insect O. rhinoceros with a concentration of 0.5%
was a suitable concentration to increase the viability
and virulence of the fungus M. anisopliae, besides its
protein content of 42.43% was high enough to sup-
port the production of quality entomopathogenic
fungi.
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