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Abstract. Pest resistance, resurgent and the residual effect of conventional insecticides are
the basis to apply Insect Pest Management (IPM) strategies. Metarhizium anisopliae is an
entomophatogenic fungus that has considerable promise for usage in IPM. The spores of
fungus had great potential as insect pathogen, in addition the mycotoxins products having
current interest as bioactive agent. M. anisopliae was exhibited to control pest insect
populations of crops especially host plant of Brassica oleracea (Cruciferae), i.e. Plutella
xylostella, Spodoptera litura, and Crocidolomia pavonana. The insecticidal activities of
conidia suspensions and crude extract product containing mycotoxins were investigated,
withthe parametersmortality and lethal time of C. pavonana 3" instar larvae. The experimental
design of crude extract and conidia suspensions of M. anisopliae on mortality effect used
Completely Randomized Design (RAL). The bioassay of conidia suspensions mortality test
used 6 level spore concentrations (0, 103, 10, 107, 108, and 10° spores/ml). Analysis of
variance (ANAVA) at a 95% followed by Duncan multiple test at o 5% was carried out.
The result of crude extract mortality test showed that M. anisopliae produced mycotoxins
from the third day of fungal growth. The long growth of fungus is directly proportional with
the produced mycotoxins. The mycotoxins was optimally produced in 7 days. The extract
M. anisopliae at highest mortality effect on larvae was tested for 24 to 120 h. One hundred
percent mortality of larvae were achieved at 120 h with an average lethal time were 3.6 days
shorter than mortality caused by conidia infections. Thus, conidia infections showed that M.
anisopliae at 10° - 10° spores/ml concentrations led to mortalities of 75%, 90%, 80%, 85%,
and 95 %, respectively (P<0.05). The larvae lethal time had no different in all concentration
levels, but the shorter lethal time (4.66 days) was showed in the infected larvae with 10°
spores/ml concentration.
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1. Introductions

Nowadays biological control is appreciated and regarded as a desirable technique for controlling
pest insects, due to the low environmental impact and the reduce of resistance development [1].
Biocontrol application uses natural agents such as pathogens, parasites and predators, with the use
of agrotoxins as a last resort [2]. M. anisopliae, most widely used entomopathogenic fungus in
biological control, have been formulated and registered as mycoinsecticides [3]. Metarhizium
grows vegetatively as hyphae producing mycelia and conidia that are infective propagules on
insect cuticle [4]. Many researches on M. anisopliae have been carried out for use against a wide
variety of pests such as insect pests of wood (termites), domestic pests, vector insects (mosquitoes)
also insect pests of ornamental plants and cultivated plants (plantations, cereals and vegetables) [5].
M. anisopliae is known to be a potential biological agent for controlling Spodoptera litura, key
pests of tobacco, soybeans and crop from Brassicaceae [6].

C. pavonana is the important insect pest of Brassicaceae [7-9]. This diet can lead to the
destruction of head cabbage, which cause attacks by C. pavonana as a very serious problem
[7,10]. All stages of host plants are susceptible to attack by C. pavonana and major yield losses
can occur if the pest population is not suppressed [7-8]. Management strategies to control C.
pavonana beside of selective insecticides also used parasitoid and entomapatotoghenic fungus. M.
anisopliae is known to be effective in controlling C. pavonana. The fungal spores are formulated in
pellets and powders. The spores are infectious to C. pavonana larvae at spore concentration 10’
spores/mL for 4 days post infection [11].

The secondary metabolites produced by the fungus are rich source of bioactive chemicals
that increase the toxicity potential of entomophatogenic fungus [8]. Metarhizium are known to
produce mycotoxins such as destruxins (dtxs), cytochalasins C and D, helvolic acid, myroridins,
swainsonine, tyrosine betaine, serinocyclins A and B, aurovertins, hydroxyovalicin, viridoxins,
fungerins, metacytofilin, hydroxyfungerins A and B, and 12-hydroxyovalicin and
hydroxyfungerin, the 7- desmethyl analogs of fusarin C and (8Z)-fusarin C [12-18]. In fact,
destruxins are most widespread mycotoxin of the secondary metabolites produced by
Metarhizium [8]. However, strains of Metarhizium differ considerably in their metabolite
profiles, with variation in destruxins production as a possible virulence or specificity factor [8].

However, entomopathogenic fungus has numerous benefits over other microbes for insecticide
preparation. The development and formulation have used new technology that produce new
insecticidal compound for larvicides or adulticides, i.e. in the bio-control of mosquitoes [11]. The
fungal spores and metabolites have been significantly demonstrated to show efficacies against
adults and its developmental stages of mosquitoes [11]. The weaknesses of using fungal
suspensions is that it requires a longer time to reach insect pest mortality because the fungal spores
need more time to germinate and penetrate into cuticles [4]. Thus, it was considered to be more
feasible for large scale experiments and field implementation [11]. Metabolites of
entomomopathogenic fungus were found significant pathogenic after filtration [19]. Efficacy of
culture filtrates of five strains of M. anisopliae isolated from insects were evaluated against An.
stephensi and Cx. Quinquefasciatus [20].

The extract of M. anisopliae has been characterized to determine the secondary metabolites. It
contained a rich source of bioactive chemicals, responsible for insecticidal activity [12]. One of the
important things to know about M. anmisopliae extract characterization is the optimization of
mycotoxins production. The purpose of this study was to determine the time of optimization of
mycotoxins released by fungi products in rough extract which is showed by the effect mortality to
C. pavonana larvae. In addition, the effectiveness of conidia suspension was compared with the
rough extract of M. anisopliae on C. pavonana larvae.
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2. Materials and Methods

2.1. Experimental Insect

The research object was crop caterpillar (C. pavonana). It is known as an important secondary
pest in cabbage plantation, and other Brassicaceae plants. In this research, third instar of the
larvae obtained from HPT Departement, Agriculture Faculty of UNPAD and BALITSA in
Lembang were used. Feed bait and testing leaves are cabbage leaves (B.olereace) that is a typical
food for C.pavonana. The larvae was cultured in a rearing box (40 x 25 x 25 cm?). The ovitrap was
used to collect the eggs at the bottom of the leaves. The group of eggs was reared in the separate
rearing box (20 x15 x5 ¢m?) with controlled humidity and temperature. Furthermore, the eggs were
hatched and become caterpillar/larvae. The instar I-IV larvas were placed in different rearing boxes.
The bioassay test used third instar larvae, the stage of active feeding.

2.2. Culture of M. anisopliae

The culture of M. anisopliae obtained from Department of Plantation Protection Centre, Bandung.
Further prophylactic culture of M. anisopliae was carried out on Potato Dextrose agar medium
(PDA) of fungal preparation and incubated at room temperature of 22-27°C with pH between 3.3 to
8.5 [5]. It was observed and was made the growth curve, by using colony counter methode.

2.3. M. anisopliae Extraction

The culture of M. anisopliae sporas were harvested from growth mediums and collected into the
macerator. It was soaked for 24 h using 95% ethanol solvent. Ethanol is a polar solvent and can
attract polar compounds including mycotoxins compounds that polar protein molecules. The
macerate was concentrated by a vacuum rotary evaporator to evaporate the solvent with a low
pressure (40°C) to obtain a viscous extract in the form of a paste [21].

2.4. Prepared Conidia suspensions of and extract solutions

One g of conidia (containing > 10° spore/ml) was dissolved into 5 ml aquadest and homogenized by
Tween®, then mixed with vortex. Further, the suspension was diluted into 10°, 108 107, 10°, 10°
spore/ml of level concentrations. M. anisopliae extract was made into a concentration of 1000 ppm
(1 mg/1000 mL). Then, the cabbage leaf in @ 5 cm was dipped into 0.05 ml of extract and the
surface was dried for 1 minute.

2.5. Bioassay test

The bioassay of conidia suspensions was performed by topical method (suspension was infected
into pro-thorax of larvae) and the bioassay test of extract M. anisopliae used leaf dipped method
[22]. The C. pavonana third instar larvae was used in both tests. Each treatment used 5 larvas with
5 replications. Observations were made daily with parameter of larval mortality and lethal time of
larvae.

2.6. Data analysis
The results were analyzed by ANOVA and if the results were significantly different (o 5%),
continued with Duncan Multiple Range Test.
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3. Result and Discussions

3.1. Mortality effect of crude extract M. anisopliae to the C. pavonana larvae

The growth patterns of M .anisopliae cultivated in PDA medium was showed in growth curve
(Figure 1). By counted the colony of fungal spores , there was an exponential phase on the 1% day
to 6™ day of growth in PDA. The conidia of M. anisopliae declined on the 7™ day. It was the phase
of fungal death marked by the decreasing population until 10" day.
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Figure 1. The growth curve of M. anisopliae in PDA Culture

M. anisopliae crude extract contained secondary metabolites in the form of mycotoxins known
to cause the mortality of C. pavonana larvae. Furthermore, the mycotoxins produced from M.
anisopliae exctract grown on the 1* day until the 7" day, were tested for their mortality effect, in
order to determine the most optimal fungal growth time. Finally, mycotoxin with the highest
insecticidal effect of C. pavonana larvae was then resulted (Figure 2).

The results showed that crude extract of M. anisopliae in PDA produced mycotoxin starting on
the 3 of fungal growth. The fungal growth was directionally proportional with the production of
mycotoxins. The most optimum time of mycotoxin production was up to day 7™, and it was
observed from the highest mortality effect on larvae (24 to 120 h): 53.3% mortality in 24 h and
100% mortality of larvae at a 120 h, respectively (Figure 2).
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Figure 2. The histogram of mortality effect of M. anisopliae extract to C. pavonana larvae
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The time of fungal growth had an effect on the mycotoxin product observed by lethal time of C.
pavonana larvae (P <0.05). The mycotoxin product on the 7™ day showed significantly different
shortened the lethal time of C. pavonana larvae for an average of 3.6 days (Figure 3). Thus, the
optimum time of mycotoxins from M. anisopliae extract on PDA media was produced on day 7.
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Figure 3. The histogram of the extract of M. anisopliae in various time fungal growth effect to
lethal time of C. pavonana larvae

3.2. Mortality effect of M. anisopliae conidia suspensions to the C. pavonana larvae

The infection of M. anisopliae to the larvae showed that conidia suspension at concentration from
10° to 10° spores/ml had a mortality effect on larvae (P <0.05) with 75%-95% mortality rate, but the
difference concentration factor did not significantly effect to the mortality rate of C. pavonana
larvae (Figure 4)
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Figure 4. The histogram of C. pavonana larvae mortality due to infection of M. anisopliae
conidia suspensions at various concentration levels
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The conidia suspensions of M. anisopliae infected C. pavonana larvae and significantly affected to
lethal time (P <0.05), with there was no different among of level concentrations. The shortest
average lethal time of C. pavonana larvae was 4.66 days using 10° spore/mL conidia suspensions,
and the longest was 6.3 days using 10° spore/mL of conidia suspensions (Figure 5).
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Figure 5. The histogram of the M. anisopliae conidia suspensions in various concentrations

effect to lethal time of C. pavonana larvae

Potato dextrose agar (PDA) media were found most favoured for soil fungal [23], such as M.
anisopliae that naturally spread in soil [4, 24]. The composition of PDA consists of 20% potato
extract and 4% glucose, and low pH (4.5-5.6). It was the ideal conditions for optimal fungal
growth in a culture medium containing nutrients with appropriate osmotic pressure and pH [25]. In
this study, M.anisopliae showed the optimum growth phase in 48-72 hours. Culture media
influenced the germination of conidia, appressorial development and mycelial growth of M.
anisopliae [25]. The 72- hour incubation period is a phase with lest active dividing cells. In this
phase, fungal cells obtain nutrient intake and perform metabolic reaction, such as secondary
metabolite productions [26]. The product of secondary metabolite was invested by the cells,
because it was no longer needed by cell [26]. Determination in incubation period is very important
for harvest timing, quantity and quality of the fungal secondary metabolic product, especially for
industrial scale process. Penicillin production uses Penicillium chrysogenum generally last for 72
hours (about 3-7 days). However, it is necessary to extend the incubation period to 8-10 days to
reach the stationary phase for optimize penicillin production. The medium enricedh with a mixture
of leachate and sucrose can improve the penicillin product [27]. However, from this study, the first
mortality of larva C. pavonana (25%) was observed using the extract of 3" days fungal growth. The
highest mortality effect on larvae (100%) was observed using the extract from the 7™ days fungal
growth.

The study showed that there are no difference at the mortality effect of conidia suspension in all
levels concentration. The pathogenic spores were germinated and penetrated to cuticle, as soon as
possible, to attack the immune system [28]. The death of the larvae caused by the pathogenicity of
the opportunistic fungus and possibly due to the characteristic of spore virulence, the rapid growth
of opportunistic fungus, which infects, injures or weakens the insect's immunity [1]. So it depends
not only on the number of infected spores.

The fungal spores M. anisopliae have virulence levels to kill the infected larvae. The shortest
average of lethal time of C. pavonana larvae was 4.66 days using 10° spore/mL conidia
suspensions, and the longest was 6.3 days using 10° spore/mL of conidia suspensions. A higher
concentration is representative with the possibility of a number of infected spores, possibly
increasing contact between host with pathogen and shorter at time of death larvae.. Deaths of larvae
are also caused by damage to the intestines due to mycotoxins released by fungi [29]. From this
study, the effect of M. anisopliae extract succeeded in shortening the time of death of C. pavonana
lar larvae. The rough extract of M. anisopliae from the growth of the 7th day fungus shortened the
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deadly time of C. pavonana larvae to

3.6 days. The time of death of the larva with infected conidia suspension takes more time for the
germination spores to occur on the insecticular cuticle followed by penetration of growing insects in
the hemolymph that kill mosquitoes within 7-14 days, depending on dosage, formulation and fungal
strain [29].

Penetrate hyphae produces a number of enzymes such as lipase, protease and chitinase enzymes
capable of degradation of the cuticle. Furthermore, the spores will develop in the hemocoel by
absorbing hemolymph and producing destrucsin which can lead to the death of the larvae. A few
days after the larvae dies, the body of the larvae begins to harden and stiffen. This is because the
whole body of the larvae is enveloped by mycelium [30].

M. anisopliae secretes large amounts of trehalase acid, a type of enzyme that reduces
trehalose in hemolimfa of insects. Trehalose is the main sugar found in hemolimfa insects. The
presence of a trehalase enzyme in the body of a fungus infected insect will lead to a decrease in
adaptation of insects in the environment [31]. M. anisopliae also produces destrucsin cyclic
peptide poison. Some of the destrucin, especially destrucin A, B and E show insecticidal
activity [4,36].Mycotoxins of M. anisopliae inhibits the feeding and mobility of insect larvae
[4]. Destrucsin is synthesized via multifunctional peptide synthetic [4], [36] and injection of
destrucsin in pest insects causes muscle paralysis [32]. Insect paralysis results in a direct link
between insect damage and mortality.Although some studies of M. anmisopliae are less
prospective, one of the fungal application constraints is slowly killing target insects.
Furthermore, through this research we found that the crude extract of M. anisopliae is more
effective than conidia suspension to control C. pavonana larvae primarily to slow the death
time of the larvae. However, in further research we would like to know the mycotoxin
production opportunities in growth media, and the increasing factor of growth medium of
mycotoxin production. In the following decade, better knowledge of M. anisopliae applications
and increased public concern about the effects of reducing pesticide use by using
entomophatogenic products for a sustainable environment, especially in controlling C.
pavonana in vegetable plantations is expected to change.

4. Conclusions

The results of mortality test of crude extract showed that M. anmisopliae had produced
mycotoxin from the 3" day of fungal growth. The longer the fungal growth, the higher the
resulting mycotoxin was obtained. Mycotoxins was optimized on the 7™ days. This was
demonstrated by the extract of M. anisopliae having the highest mortality effect on larvae
tested for 24 to 120 hours. One hundred percentage of mortality of larvae was achieved at 120
hours with an average time of 2.5 days shorter rather than mortality caused by conidia
infection. The average lethal time of 10° spores/mL suspension was 4.66 days. The extraction
of M. anisopliae proved to be more effective in controlling S. litura, observed from the lethal
time was shorter than the conidial suspension.
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