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Ten srains of the entomopathogenic fungi Metarhizum anisopliae and Beauveria bassana were evaluated to find the most
effective strain for optimization studies. The first criterion tested for strain selection was the mortality (>50%) of Spodoptera
litura larvae after inoculation of the fungus for 4 days. Results on several bioassays revealed that B. bassana BNBCRC
showed the most virulence on mortality S. litura larvae (80% mortality). B. bassana BNBCRC also showed the highest ger-
mination rate (72.22%). However, its conidia yidd (7.2 x 10° conidia/mL) was lower than those of B. bassana B 14841 (8.3 x
10° conidia/mL) and M. anisopliae M6 (8.2 x 10° conidia/mL). The highest accumulative radial growth was obtained from the
strain B14841 (37.10 mm/day) while the strain BNBCRC showed moderate radial growth (24.40 mm/day). M. anisopliae M6
possessed the highest protease activity (145.00 mU/mL) while M. anisopliae M8 possessed the highest chitinase activity
(20.00 mU/mL) during 96~144 hr cultivation. Amongst these criteria, selection based on virulence and germination rate lead
to the sdection of B. bassana BNBCRC. B. bassana B14841 would be sdlected if based on growth rate while M. anisopliae
M6 and M8 possessed the highest enzyme activities.
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Introduction

The cutworm, Spodoptera litura Fabricius (Lepidoptera:
Noctuidae), is a polyphagous insect that has very wide
host range of over 150 host species including vegetable and
ornamental plants [1]. It is one of the most economicaly
important insect pests in Southeast Asia and some specific
problematic pest population reports occurring in Cambodia,
Hong Kong, Indig, the Pacific idands, Guam, American
Samoa, and Hawaii [2]. Using chemicas for pest control
has disadvantages that the surviva pest can develop
resstance to many chemica insecticides. Problems with
synthetic chemica insecticides have given rise to a sense
of urgency in the development of biologica control agents
as supplements to these chemicals. Integrated contral is
thought to be an attractive dternative to effective control
and efforts are being made to develop such control methods
[3, 4]. Entomopathogenic fungi (EPF) have been widdy
used againgt a number of insect pests, the only efficacy
study of fungi againgt pupae of S litura has been reported
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[5]. But no such report is available on the efficacy of
fungi againgt larvae of S litura. EPF are considered to be
very promising hiological control agents and the popular
EPF in pest management are Metarhizium anisopliae and
Beauveria bassiana. Recently, the full potential and the
many advantages of this practice reached application on a
commercial scale usng M. anisopliae and B. bassana
with capability to synthesize antagonistic compounds [6].
They cause infection by growing through the body of
insect and release extracdlular cuticle-hydrolyzing enzymes
(protease and chitinases) [7]. Moreover, these fungi
release toxins (M. anisopliae produced destruxin and B.
bassiana produced beauvericin and bassianolide) which
are corrdlated with their entomopathogenesis. Thus, various
fungal srains differ in their host range, necessitating
selection of the most virulent strain against insect.

The first step in developing a microbial control program
and may improve the efficiency of mycoinsecticides are
laboratory evaluation of the effectiveness of potentia
microbia agents. Therefore, the objective of this study

® This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercia License (http:/
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercia use, distribution, and reproduction in any medium,
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was to select relevant characteristic to the development of
M. anisopliae and B. bassiana, based on virulence of
fungal strains to the target host reveded by laboratory
bioassays, germination rate, spore production, radia growth
and enzyme activity. The information obtained could be
used for selection of the most efficient strain to control S
litura and could reved the potentia of the candidate strain
to be further improved its efficiency through biotechnology.

Materials and Methods

Microorganisms. The two strains of EPF, Metarhizium
anisopliae (M6) and Beauveria bassana (BPMC) were
obtained from Pest Management Center, Songkhla Province.
Three drains of B. bassana (B14532, B14841, and
B16041) were purchased from Nationa Center for Genetic
Engineering and Biotechnology Bangkok Thailand. M.
anisopliae (MNBCRC) and B. bassiana (BNBCRC) were
obtained from Nationa Biologicad Control Research
Center (BNBCRC), Bangkok, Thailand. M. anisopliae
M8, M33 and M36 were kindly provided by Dr. Narit
Thaochan from Department of Pest Management, Faculty
of Natura Resources, Prince of Songkla University. These
fungal strains were cultured on potato dextrose agar
(PDA) a room temperature for 14 days for use as an
inocula [8, 9]. Each stock culture was stored at 4°C until
use.

Synthetic media. The basa sdts medium used for
production of enzyme contained g/L: 0.1% KH,PO,,
0.05% MgSO,H,0, 0.001% FeSO,-H,0O, 0.05% KClI, then
were sterilized at 121°C for 15 min.

Insects (S. litura). S litura larvee was collected from
vegetable garden a Bangriang, Bangglum digtrict, Songkhla
Province, and kept in plagtic cages (30x22x 6cm) at
25°C with a 16-hr photoperiod until pupation. The larvae
were fed with cabbage leave. Individua adults were
transferred into paper bags (8 x 15 x 20 cm) with a 10%
sugar solution as a food source as well as water. After
femae adults laid their eggs and these eggs hatched to
larvae s0 called the F, larvag, the larvee of 3rd indtar (5
days old) that was used for the insecticidal activity study
[10, 11].

Virulence of fungal gtrain on S. litura. The larvae of
3rd ingar (5 days old) of S litura were dipped for
5seconds in conidia suspension (10° conidia/mL) of M.
anisopliae and B. bassiana (7 days from PDA plate). A
control was maintained by applying 0.05% Tween 80.
Four hundred fifty samples of the larvae samples (15
samples per replication) were kept in the dterilized petri
dish, which contain sterilized damp cotton (for keeping
moisture). The dead of larvae was counted and recorded

everyday till 7 days, then calculated for percent of dead
larvae and cultured in water agar plates to confirm the
mycosis. This method was described by Lezama-Gutiérrez
et al. [12].

Conidia production and radial growth of M. anisopliae
and B. bassana. For solid cultivation, one piece (10 mm
diameter cork borer) of each strain of M. anisopliae and
B. bassana were placed in the center on Czapeck Dox agar
(CDA) plates. These inoculated plates were incubated at
room temperature (29 + 3°C) that the optimum temperature
for growth of these fungi [13] and determined the surface
radia growth after 3 days intervas for 15 days. The
surface colonies were measured by using two diameters
(mm) of fungus and caculate radial growth (mm/day).
Conidia from each plate were harvested after 15 days
incubation by scrapping with 0.05% Tween 80 to ensure
maximum conidid harvesting. Conidid yidd was determined
by suspending the conidia from the whole colony in
50mL of 0.05% Tween 80, and counting the number of
spores using an haemacytometer and a light microscope at
a 400x magnification. The procedure was as described by
Soundarapandian and Chandra [8].

Conidia germination test. For each fungd strain, CDA
plates were inoculated at the centre with 3 ul suspension
(7 days old a room temperature) of conidia from a
micropipette. Fifty such inoculated plates of each strain
were placed a room temperature. At nine intervals during
an 18 hr period following inoculation, the conidia from
each of four petri dishes of each dtrain were fixed by
adding lactophenol to the inoculated plates. Percentage
germination was then determined by randomly counting
300 spores for each plate. Conidia were considered to
have germinated if it had a germ tube at least as long as
the smallest diameter of the conidia[14].

Enzyme assay. Assay of generd proteolytic activity was
performed with casain as a substrate. A 1 g of casein was
dissolved in 10mL of 0.01M Tris HCl a pH 8.0. A
04mL of casein subgtrate, 0.2mL crude enzyme and
02mL of 0.01M Tris HCl a pH 8.0 were added and
incubated for 10 min at 37°C. Later 1.0 mL of 1.2M TCA
was added to terminate the reaction. The contents were
centrifuged at 5,720 xg at 4°C for 5 min and the resulting
supernatants were measured a 280nm. One unit of
protease activity was defined as the amount of enzyme
that produced 1.0 mM of tyrosine per minute under the
above condition, the experiment was done in 3 replication
[15].

Assay of chitinase activity was performed with colloidal
chitin as a substrate. A 1.0mL crude enzyme was
incubated at 37°C for 1 hr with 1.0mL of 1% colloidal
chitin in 0.2M acetate buffer (pH 5). The reaction was
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terminated by boiling in water bath for 20 min followed
by cooling in ice-cold water. 0.2 mL of reaction product
N-acetylglucosamine (GIcNACc) was determined by using
Somogyi-Neson Method [16]. Absorbance at 585 nm was
taken against water as blank. One unit of chitinase activity
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Virulence of fungal strain on S. litura. In bioassay
experiment, al five gtrains each of M. anisopliae and B.
bassana were pathogenic to S litura larvee. These
virulences were significantly different as compared to
untreated or treated by 0.05% Tween 80 (control) after
4th-6th day (p<0.01, df =32, F=840), (p<0.01, df =
32, F=35.37), (p<0.01, df =32, F=121.00), respectively.
Percentage mortality started after 2 days incubation and
reached over 50% mortdity a 4th day and total deeth
(100%) occurred at 5th day for M. anisopliae (M33, M 36,
M6) and B. bassiana (BNBCRC, BPMC) and 6th day
for M. anisopliae (M8, MNBCRC) and B. bassiana
(B14841, B16041, B14532) (Table 1). It was observed
that half of them showed 100% mortality on the 5th day.
The highest larvae mortdity rate was obtained from B.
bassiana BNBCRC while the lowest efficiency belonged
to from M. anisopliae MNBCRC. Under one tested
concentration  (10° conidia/mL) lead to focused on
pathogenicity of each fungus which caused the different
mortality rate.

Conidia production and radial growth. Production of
aeriad conidia was highly dependent on the strain used.
These numbers of conidia were significantly different on

0.0

Fungal isolate

Fig. 1. Conidia yield of five Metarhizum anisopliae (Metsch.)
Sorokin (M33, M8, M36, MNBCRC, and M6) and
five Beauveria bassana (BNBCRC, B PMC, B14841,
B16041, and B14532). Each data represents the average
(= SD). Measurements were made on 15 days post
incubation at room temperature. Each point represents
the mean of three replicates.

CDA media (P<0.01, df =29, F=288.32). The highest
mean number of conidia yield (8.30 x 10° conidi/mL) was
obtained from B. bassana B14841 (Fig. 1), followed by
group of M. anisopliae M6 and B. bassana B NBCRC
(8.20 x 10° and 7.8 x 10° conidia/mL, respectively).

The radia growth was highly affected by incubation at
room temperature (29 + 3°C) in al tested strains. Over dl,
the accumulative growth rate reveded the highest radial
growth rate from B. bassana B14841 (37.10 mm/day)
which was dgnificantly (p<0.01) higher than those
obtained from al strains of M. anisopliae (Fig. 2).

Conidia germination test. The percentage of germination
varied significantly according to the strain tested. These

Table 1. Mean percentage mortality of Spodoptera litura treated with 10° conidia/mL of 10 pathogenic fungi

Mortdlity (%)

Fungus Strain - - — — —

1t day™ 2nd day 3rd day 4th day 5th day 6th day
Metarhizium anisopliae M33 0.00° 13.33™ 2333 60.00° 100.00° 100.00°
M. anisopliae M8 0.00° 23.33" 36.67° 66.67° 85.00° 100.00*
M. anisopliae M36 0.00° 26.67* 40.00° 70.00° 100.00° 100.00*
M. anisopliae MNBCRC 0.00° 3.33" 20.00°° 66.67° 93.33° 100.00°
M. anisopliae M6 0.00° 6.67° 26.67" 73.3%° 100.00° 100.00°
Beauveria bassiana BNBCRC 0.00° 30.00° 4333 80.00" 100.00° 100.00°
B. bassiana BPMC 0.00° 6.67° 16.67" 63.33" 100.00° 100.00°
B. bassiana B14841 0.00° 10.00" 33.33" 70.00° 90.00° 100.00°
B. bassiana B16041 0.00° 13.33™ 30.00” 66.67° 86.67° 100.00*
B. bassiana B14532 0.00° 10.00™ 23.33" 60.00° 83.33° 100.00°
0.05% Tween 80 Control 0.00° 0.00" 0.00° 0.00° 0.00° 6.67°

Measurements were made on 1 till 6 days incubation a room temperature. Each point represents the mean of three replicates. Vaues in the
same column followed by the different letters were significant different a the p<0.05 level according to Duncan’'s multiple range test tests.
Ns, non significant different.

"Highly significant different (p<0.05). “Highly significant different (p <0.01).
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Fig. 2. Cumulative radia growth of five Metarhizium anisopliae
(Metsch.) Sorokin (M33, M8, M36, MNBCRC, and
M6) and five Beauveria bassana (BNBCRC, BPMC,
B14841, B16041, and B14532). Measurements were
made after 3 days interval until 15 days post incubetion
a room temperature. Each point represents the mean
of three replicates.

germination rates were sgnificantly different on CDA
media after 12hr (p<0.01, df =29, F=353), 24hr (p<
0.01, df =29, F=45.29) and 48hr (p<0.01, df =29, F=
21.36). The highest germination rate on the CDA media
was obtained from B. bassana BNBCRC and significantly
higher than those of the other nine drains a 2 days
incubation (39.54%) (Table 2). Its germination rate after
24 hr incubation (62.00%) was not significantly higher
than that of the M. anisopliae M36 (60.38%). This also
occurred a 48 hr incubation with the highest conidia
germination rate of B. bassana BNBCRC (72.22%)
followed by the strain B14841 (71.63%) and M. anisopliae

—+-M33 O-M8
--BNBCRC -4-BPMC

—&—M36
——B 14841

-#-MNBCRC -#¥-Mé6
—=-B 16041 —0—-B 14532
150.00

130.00

110.00 -

Protease activity (mU/mL)

70.00 T T T T 1
48 72 9% 120 144
Time (hr)

Fig. 3. The time course of protease activity from five
Metarhiziium anisopliae (Metsch.) Sorokin M33, M8,
M36, MNBCRC and MPMC and five Beauveria
bassana (BNBCRC, B PMC, B14841, B16041 and
B14532). The cultivation was set a room temperature
and measured after 48hr till 144 hr. Each point
represents the mean of three replicates.

M36 (70.82%).

Enzyme assay. All ten fungd strains produced protease
and chitinase and their activities were dependent on the
grains (Figs. 3 and 4). Protease activities reached maximum
after 120 hr incubation and decreased theresfter. Most of
M. anisopliae showed higher protease activity (83.00~
145.00 mU/mL) than those of B. bassiana (89.00~137.00
mU/mL) (Fig. 3). M. anisopliae M6 possessed the highest
protease activity (145 mU/mL). All funga strains showed
the same pattern of increasing of chitinase activity during
144 hr incubation and reached the maximum values after
72 hr incubation (Fig. 4) and decreased thereafter. Most of
M. anisopliae showed higher chitinase activity (0.10~
20.00 mU/mL) than B. bassiana (0.70~18.00 mU/mL). The

Table 2. Conidia germination (%) of five Metarhizium anisopliae (Metsch.) Sorokin (M33, M8, M36, MNBCRC, and M6) and five
Beauveria bassiana (BNBCRC, BPMC, B14841, B16041, and B14532)

Germination rate (%)

Fungus Strain - N N

12 hr 24 hr 48 hr
Metarhizium anisopliae M33 18.90+ 315 46.56 + 7.69™ 69.56 + 0.62°
M. anisopliae M8 12.35+ 17.45" 37.15+ 357" 53.00 + 4.24%
M. anisopliae M36 2254+382° 60.38 + 4.28° 70.82+1.15°
M. anisopliae MNBCRC 9.91+ 4.74" 2430 + 3.62° 39.83+7.13"
M. anisopliae M6 232+ 044 22.00+ 5.65° 45.77 + 12.407
Beauveria bassiana BNBCRC 39.54+0.88° 62.00 + 2.82° 7222+ 393
B. bassiana BPMC 0.00 + 0.00° 31.38+7.48"* 63.02 + 11.29”
B. bassiana B14841 20.84 + 5.89 55.18 + 1.15” 71.63 + 7.60°
B. bassiana B16041 14.44 + 0.79” 31.50 + 6.36" 66.50 + 6.36”
B. bassiana B14532 0.00+ 0.00° 2450 +2.12° 34.00 + 4.24°

Each data represents the average (+ SD). Measurements were made on 12, 24, and 48 days incubation a room temperature. Each point rep-
resents the mean of three replicates. Vaues in the same column followed by the different letters were significant different a the p<0.05 level

according to Duncan’s multiple range test tests.
"Highly significant different (p < 0.05).
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Fig. 4. The time course of chitinase activity from five
Metarhizium anisopliae (Metsch.) Sorokin M33, M8,
M36, MNBCRC, and MPMC) and five Beauveria
bassana (BNBCRC, BPMC, B14841, B16041, and
B14532). The cultivation was set a room temperature
and measured after 48hr till 144 hr. Each point
represents the mean of three replicates.

highest chitinase activity at 72 hr was achieved from M.
anisopliae M8 (20.00 muU/mL).

Discussion

Virulence of the ten fungal strains on S litura was similar
to that reported by Swe et al. [18]. The concentration of
M. anisopliae a 10° conidia/mL reached 100% mortality
of S litura after 7 days incubation. The larvae mortality
of S littoralis after 4~10 days incubation was 7.74~
3057% for M. anisopliae and 5.17~41.15% for B.
bassiana [19].

Conidia production may be related to inherent trait of
grain used and nutritional composition of the media,
carbon sources, concentration and carbon: nitrogen ratio
are known to affect conidia yield and other physicd
characteristics [20, 21]. Many researchers reported that
PDA is the best medium for culture of fungi [22, 23].
While many researchers successfully used Sabouraud
dextrose agar (SDA) medium for mass culture of M.
anisopliae and B. bassiana [24]. In this study, the conidia
production from both B. bassana and M. anisopliae on
CDA medium (1.0 x 10°~8.3 x 10°conidia/mL) showed
(Fig. 1) were higher than on PDA (2.8 x 10") and SDA
(3.0 x 10°), respectively [8].

The fungal strain had different radid growth rate when
tested on CDA medium (Fig. 2). The highest radia growth
rate was obtained from B. bassiana B14841 (37.10 mm/
day). CDA medium aso gave the high vaue of conidia
production and radia growth rate. This may be due to its
component such as sucrose, sodium nitrate, and minerals
which are needed for growth of fungi [25]. Sabbour et al.
[26] reported that the growth of B. bassiana on each basal

sat medium mixed with sucrose and sodium nitrate
showed the highest radid growth at 87.25 mm/day and
50.50 mm/day, respectively. This may be the reason for
good performance of this media.

In this study, germination rate on CDA medium
containing sucrose and sodium nitrate showed poor
germination rate at 12 hr (9.91~39.54%) while Jarrold et
al. [27] reported that the germination rate on locust wing,
which contained fatty acids, ester, glucose, amino acid
and peptide, was 90% at 12 hr. The poor germination may
be due to the lack of a complex mixed nutrient, and
suggest that the carbon source was a more effective
trigger for germination than the nitrogen source.

Most of the strains showed high protease activity during
96~144 hr cultivation of culture which was comparable
with the observations by other researchers that high
protease activity was obtained at fifth day of culture in
both M. anisopliae and B. bassiana [28]. Protease activity
of fungal strains decreased with increase in culture age
probably due to nutrient limitation or autolysis of the
culture.

Chitinase activity of the ten funga strains appeared
after 72 hr and increased to 1.00~10.00 mU/mL a 96 hr
and kept constant to 120 hr [29]. The low leve of chitinase
in the induction medium may be due to the possible
reliance on other enzyme like chitin deacetylase [30]. For
ingtance, chitin deacetylase deacetylates the cdl wall chitin
of the peneraing funga hypha for protection against
plant endochitinases. Insects produce chitinase to degrade
old cuticle during moulting, which can adso act on M.
anisopliae cdl wal chitin. Composte cell wall anaysis of
M. anisopliae mycdium content was 21.45%, chitin and
chitosan composed of 53.62% and 46.38% of tota
hexosamines, respectively [29]. This suggests that chitin
deacetylase activity could play a dud role, cuticle softening
as well as self-defense.

In this study, use of colloida chitin in the induction
medium could induce chitinase production to consume
chitin for growth while chitinase from fungi may aso act
on funga cdl wdl. This may be cause of the low
production of chitinase activity. Most of the 10 drains in
the present study produced an appreciable amount of
protease and chitinase useful in the degradation of organic
subgtrate. Entomopathogenesis by fungi reflects that the
enzyme system of the EPF is unique and is of greet interest
as potentid criteria for mycoinsecticide improvement. The
selection of a potent strain from funga population forms
the basis for their genetic optimization and prospective
use.
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