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Introduction

Tiger moth, A. sciodoxa is a serious pest of eco-
nomically important medicinal plant species, 

Tongkat ali, Eurycoma longifolia, in South East Asia 
and pest attacks terminal shoots resulting in stunt-
ed plant growth and also results in plant mortality in 
case of severe infestation (Abood et al., 2011). The 
common use of E. longifolia as herbal medicine and 
dietary supplement, and legitimate side effects of syn-
thetic pesticides has ushered for searching nonchem-
ical control of A. sciodoxa.

The entomopathogenic fungus, Beauveria bassiana, 
has been used against several economically important 
field and stored grain pests in tropical as well as tem-

perate regions of the world (Ibrahim and Low, 1993; 
Feng et al., 2004; Faria and Wraight, 2001; Wraight 
and Ramos, 2002; McGuire et al., 2006; Athanassiou 
and Steenberg, 2007). Possibility of infection to A. sc-
iodoxa by B. bassiana under laboratory conditions has 
also been found (Abood et al., 2010).

All metamorphic insect stages are susceptible to B. 
bassiana, in general. In the presence of a virulent iso-
late and a susceptible host insect, however, the in-
fectivity depends on the quantity of inoculum, the 
physiological state of the host and abiotic conditions, 
especially ambient temperature and humidity (Ferron, 
1978). Insect species have been reported to be more 
susceptible to disease at certain stage(s) in their life 
cycle (Boucias and Pendland, 1998). This age-specif-
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ic susceptibility response is quite noticeable in those 
species, which have potential of age-maturation im-
munity (Tanada and Kaya, 1993).

The age-specific dose-mortality response (a set of 
all possible dose-response relationships) provides an 
empirical base upon which pathogen can further be 
evaluated for field application. Hence, these relation-
ships are fundamentals to estimate effectiveness of 
any insect pathogen. Present study was undertaken 
for assessing: (i) virulence of the fungus against dif-
ferent larval instars, (ii) estimation of median effective 
concentrations (EC50) and time (ET50), and (iii) effect 
of temperature on infection.

Materials and Methods

The study was conducted at the Faculty of Forestry, 
University Putra Malaysia, Malaysia. An isolate, Bba-
Pp, of B. bassiana, isolated from the teak bagworm 
(Pteroma pendula), in 2007 was bio-assayed against 
the 3rd, 4th and 5th larval instars at 27±2ºC with 75±5% 
relative humidity and photophase of 12:12 h. The ef-
fect of temperature on the infectivity of B. bassiana 
was assessed using the third instar.

Fungal culture
The fungal isolate was passed through A. sciodoxa and 
cultured on potato dextrose agar 3.9% (PDA) (potato 
starch 4.0 g/L, dextrose 20.0 g/L, and agar 15 g/L) 
supplemented with 0.5% yeast extract (YE) that was 
sterilised at 121ºC at a pressure of 1.05 kg cm-2 for 
20 minutes. The sterilised medium was poured asep-
tically in sterilised Petri dishes at 40ºC. A conidial 
suspension of 1x107 conidia ml-1 concentration was 
prepared from 2-week old culture and the suspension 
was pipetted in each Petri dish (0.1 ml per Petri dish), 
and spread evenly using a cell spreader. The culture 
was incubated at 27ºC for 2-week in darkness.

The 2-week old culture was harvested using 20 ml of 
0.02% aqueous Tween 80 with a glass rod. Aliquot 
was transferred to test tubes and vortexed for 5 min-
utes using MS 3-Digital Vortex at a speed of 3000 I 
per minute. The homogenized suspension was filtered 
twice using cheesecloth and conidial concentration 
was determined using Neubauer improved haemocy-
tometer.

Viability of conidia was assessed simultaneously. Petri 
dishes with PDA+YE were inoculated evenly with 
106 conidia per plate using cell spreader on turning 

table. The inoculated plates were sealed with para-
film and incubated at 27ºC for 24 h in darkness. Four 
drops of lactophenol cotton blue were poured onto 
the medium to stain and fix the germinating conid-
ia. A rectangular piece of medium (1.5x2cm) was cut 
and mounted on microscopic slide. A total of 3x100 
conidia were counted using light microscope (400x). 
The method was followed as described by Bajwa and 
Zimmermann (1996). Ninety nine percent conidia 
were germinated after incubation of 24 h at 27ºC in 
darkness.

Insect culture
Different larval instars of A. sciodoxa were collected 
from the field and reared in the laboratory at 27±2ºC, 
75±5% relative humidity and 12:12 h photoperiod. 
The larvae were collected from the same plantation 
and on the same day. The larvae were reared in a single 
colony for one generation before bioassay. The insect 
culture was fed on E. longifolia leaves in cylindrical 
containers (28cm diameter x 30cm) covered with 
double layer of plastic mesh (2x2 mm). A fresh E. 
longifolia shoot with 4-5 leaflets was affixed upright 
through the centre.

Bioassays
Five concentrations of Bba-Pp including: 1x106, 
5x106, 1x107, 5x107 and 1x108 conidia ml-1 were used 
for bioassays against the three larval instars. The con-
centrations were adjusted by adding 0.02% aqueous 
Tween 80 in stock suspension. Fifty larvae of 24-36 
h old each of the 3rd, 4th and 5th instar per concentra-
tion were randomly selected from the stock culture. 
The larvae and leaves both were sprayed using TLC 
sprayer (Preval® TLC sprayer (Precision Valve Cor-
poration, NY, USA), till running off using 7-8 ml 
suspension. In the control treatments, 0.02% aque-
ous Tween was used. The inoculated larvae and leaves 
were air dried at room temperature and transferred 
to cylindrical containers (11cm diameter x 8cm) lined 
with moist filter paper. The larvae were fed on the in-
oculated leaves for 24-h then fresh untreated leaves 
were fed (Treated leaves are also source of inoculation 
through contact and ingestion of spores). The surviv-
al of the larvae was monitored twice daily. The larvae 
were considered to be dead when there was no visible 
movement by pricking.

The effect of temperature on the infectivity of B. bas-
siana was tested at five constant levels of 21, 24, 27, 
30 and 33(±1) ºC at a concentration of 5x107 conidia 
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ml-1. Fifty larvae per temperature level were inocu-
lated as described previously. The inoculated larvae 
and leaves were transferred to cylindrical containers 
(11cm diameter x 8cm) lined with moist filter paper. 
The containers were placed in multi-chambered in-
cubators with 24 h prior calibrated temperature. The 
larvae were fed on the inoculated leaves for 24-h then 
fresh untreated leaves were fed. The survival of larvae 
was monitored daily. The larval death was validated 
as described earlier. There were separate control treat-
ment for each temperature level where 0.02% aqueous 
Tween 80 was used.

The dead larvae were surface sterilised with 1% sodi-
um hypochlorite and rinsed thrice with sterile distilled 
water. The surface sterilised cadavers were transferred 
into humidity chambers (9 cm Petri dish lined with 
two moist filter papers, almost 100% RH) and sealed 
with parafilm. The humidity chambers were incubat-
ed at 27±2ºC except for study of temperature effect. 
The moribund larvae were incubated in the respec-
tive temperature levels. The mortality was enumerated 
after mycelial appearance on cadavers. The cadavers 
without mycelia were excluded from the final mor-
tality data.

Statistical analyses
The effect and dose-larval instar response were con-
ducted in factorial design (2x6 levels; 3x6 levels) with 
five times, while temperature effect was assessed in 
completely randomized design. The percent mortality 
over time was corrected according to Abbott’s correc-
tion formula (1925). The dose-larval instar response 
was analysed using General Linear Model (GLM), 
and effect of temperature by 1-Way Analysis of Vari-
ance. The means were compared by pairwise contrast 
applying Tukey’s HSD test using Minitab 15.1 Sta-
tistical Software. The median effective concentration 
(EC50) and median effective time (ET50) were estimat-
ed on the basis of seven day after inoculation (DAI) 
using Probit Programme Version 1.5, U.S. Environ-
mental Protection Agency (EPA). The Intercept and 
slope values were calculated with Linear Regression 
analysis and further subjected to χ2 test. The effect of 
temperature on infectivity of B. bassiana was regressed 
for log10 transformed mortality applying second order 
regression. The linear and quadratic function was ana-
lysed using Sequential Analysis of Variance.

Results

The results revealed that tested larval instars were sus-

ceptible to B. bassiana isolate Bba-Pp. The morality 
response, however, was highly age-specific as well as 
dose dependent. There was a highly significant main 
effect of larval age (F2, 60= 43.29; p<0.01), B. bassiana 
concentration (F4, 60= 595.15; p<0.01) and their inter-
actions (F8, 60= 6.43, p<0.01) on the mortality response. 
At 7 day after inoculation (DAI), larval mortality dif-
fered significantly among the 3rd, 4th and 5th instars 
(p= 0.05; CV= 2.61). The 3rd instar stage was the most 
susceptible with 87.2% pooled mortality across five 
concentrations, while 5th instar was least susceptible. 
The mortality was 7.8% and 13.0% greater in the 3rd 
instar as compared to 4th and 5th instars, respectively 
(Figure 1). The difference between 4th and 5th instars 
was 4.8%.

Figure 1: Pooled larval mortality of A. sciodoxa caused by B.  bas-
siana

The concentration effect differed significantly (p= 
0.05, CV= 3.95). The highest mortality, pooled 
across the three larval instars, was 100% obtained us-
ing 1x108 conidia ml-1 and the lowest mortality was 
41.7% at concentration of 1x106 conidia ml-1 (Figure 
2). The mortality was 2.4, 1.3, 1.1 times higher at con-
centration of 1x108 conidia ml-1 as compared to 1x106, 
5x106 and 1x107 conidia ml-1, respectively. There was 
a non-significant difference of 0.7% between concen-
tration of 1x108 and 5x107 conidia ml-1.

Figure 2: Pooled concentration effect of B. bassiana on larvae of A. 
sciodoxa 

The effect of combinations between larval instars 
and concentrations on mortality was significant (p= 
0.05, CV= 8.59). The combination of 3rd instar with 
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Table 1: Median effective concentrations of three larval instars of A. sciodoxa
Stage
(Instar)

EC 50 (95% fiducial limits) EC 99 (95% fiducial limits) χ2-value
Lower Upper Lower Upper

3rd 9.87* 5.2* 14.7* 210.1* 1.13* 662.4* 1.24
4th 16.15 9.6 23.32 447.3 2.37 1321.1 0.99
5th 21.30 12.89 30.87 788.5 4.04 2373.3 0.52

*105 conidia ml-1

1x108; 3rd instar with 5x107; 4th instar with 1x108, 4th 
instar with 5x107 and 5th instar with 1x108 conidia ml-1 

caused 100% mortality. The treatment combination 
of 3rd instar with 1x106, 3rd instar with 5x106 and 3rd 
instar with 1x107 conidia ml-1 resulted in significant-
ly higher mortality as compared to combinations of 
4th and 5th instars with corresponding concentrations 
(Figure 3). The mortality caused in 3rd instar by inoc-
ulating with 5x106 conidia ml-1 was greater compared 
to the mortality of 5th instar with 1x107 conidia ml-1 
(indicated an increase in age-maturation immunity 
between the two larval stages). The combinations of 
4th instar with the five tested concentrations did not 
differ significantly with 5th instar. The lowest mortali-
ty was observed in combination of the 5th instar with 
106 conidia ml-1.

Figure 3: Effect of larval instar and inoculum concentration on lar-
val mortality

Median effective concentrations
Median effective concentration (EC50) estimated for 
the 3rd, 4th and 5th larval instars showed considerable 
difference in EC50 values among three larval instars. 
At 7 DAI, the lowest EC50 was 9.87x105 conidia ml-1 
for 3rd instar. This was 0.6 and 0.5 times of the 4th 
and 5th instar (Table 1). The 5th instar larva required 
1.3 times more inoculum as compared to 4th instar for 
causing 50% mortality in larval population. The EC99 
also differed greatly among larval instars. The EC99 
of the 3rd instar was 0.47 and 0.27 times of the 4th 
and 5th instars, while EC99 of the 4th instar was 0.57 

times of the 5th instar. The slope values for the 3rd, 4th 
and 5th instars stages were 1.75±0.3, 1.61±0.24 and 
1.48±0.20, respectively. This signified relatively great-
er inoculum requirement for each mortality increase 
unit in successive larval stage. The effective concentra-
tions values, both at 50 and 99% mortality levels, also 
substantiated this trend.

Median effective time
Overall median effective time (ET50) varied signifi-
cantly across the larval instars (F2, 14= 42.47; p<0.01), 
and concentrations (F4, 14= 468.88, p<0.01). The short-
est mean survival time of 50% larval population, pooled 
across concentrations, was 4.7±0.68 days for the 3rd 
larval instar, while the longest ET50 was 5.5±0.78 days 
for the 5th larval instar (Table 2). ET50 of larval 3rd in-
star was 0.92 times of the 4th instar (5.1±0.72 days). 
The survival time varied significantly among the larval 
instars (p= 0.05; CV= 0.24). The shortest pooled ET50, 
across the three larval instars, was 3.6±0.17 days at 
concentration of 1x108 conidia ml-1, while the longest 
ET50 was 7.7±0.32 days at 1x106 conidia ml-1. The dif-
ference in ET50 values among 1x106, 5x106 and 1x107 
conidia ml-1 concentrations was significant, while this 
was non-significant between 5x107 and 1x108 conidia 
ml-1 (p= 0.05, CV= 0.24).

The correlation coefficient (r2) value was -0.968, 
-0.965 and -0.792 for the 3rd, 4th and 5th instar, respec-
tively, thus indicating an inverse correlation between 
concentration and median effective survival time 
within larval instars. The slope and intercept values 
showed positive trend with concentration (Table 2). 
The longest mean survival time of 50% population 
was 8.2 days in combination of 5th instar x 106 conidia 
ml-1 while survival time was the shortest (3.3 days) in 
3rd instar x 108 conidia ml-1. The maximum shortening 
in ET50 was 1.9 days (3rd instar), 2.3 days (4th instar), 
and 2.3 days (5th instar) between concentrations 1x106 
and 5x106 conidia ml-1, while the minimum shorten-
ing was 0.3 days, and 0.2 days between 5x107 and 
1x108 conidia ml-1.
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Table 2: Median effective time (ET50) for three larval instars of A. sciodoxa at different concentrations
Larval 
Instar

Conc. ET50  (days) 95% fiducial limits Slope± SE Intercept± SE χ2-value
Lower Upper

3rd 1x106 7.1 6.4 8.9 4.99±1.23 -6.15±2.61 1.24
5x106 5.2 4.7 5.6 6.45±1.02 -8.50±2.13 3.63
1x107 4.3 4.0 4.6 7.05±0.91 -9.21±1.87 3.32
5x107 3.6 3.2 3.8 7.34±0.95 -9.18±1.90 1.79
1x108 3.3 3.1 3.6 9.19 ±1.33 -12.49±2.60 1.77

4th 1x106 7.7 6.8 10.9 5.10±1.46 -6.56±3.13 0.24
5x106 5.4 5.0 5.9 6.07±0.98 -7.83±2.07 0.59
1x107 4.8 4.4 5.2 6.97±0.98 -9.39±2.03 0.67
5x107 3.9 3.6 4.1 8.02±0.98 -10.76±1.98 1.66
1x108 3.6 3.3 3.8 9.59±1.29 -13.51±2.56 1.34

5th 1x106 8.2 7.1 13.1 5.70±1.80 -8.08±3.87 0.61
5x106 5.9 5.4 6.4 6.43±1.15 -8.82±2.44 0.06
1x107 5.2 4.8 5.6 7.45±1.13 -10.63±2.38 0.24
5x107 4.1 3.8 4.4 8.28±1.00 -11.54±2.06 0.46
1x108 3.9 3.6 4.1 8.49±1.03 -11.7±2.08 1.58

Table 3: Effect of temperature on infectivity of B. bassiana in A. sciodoxa
Temp. (ºC) Mortality ± SE (%) ET50 (days) 95% fiducial limits Slope± SE χ2-value

Lower Upper
21 62.0±1.99 c 6.5  6.2  7.0 10.42±2.15 0.34
24 89.8±0.22 b 4.8  4.5  5.1  8.26± 1.21 0.58
27 100.0±0.0 a 3.5  3.2  3.8  7.30± 0.90 1.77
30 100.0±0.0 a 3.8  3.4  4.1  6.70± 0.90 3.60
33 60.9±2.48 c 4.9  4.3  5.5  4.10± 0.69 3.85

Means followed by the same letter (s) are not significant at p=0.05 according to Tukey’s HSD

Effect of temperature on infectivity
A highly significant (F4, 20= 188.46; p<0.01) effect of 
temperature was found on the infectivity of B. bassi-
ana. At 7 DAI, there was 100% mortality at 27 ºC and 
30ºC, while the lowest mortality was 60.9% at 33ºC. 
The mortality at 24ºC was significantly (p<0.05) less as 
compared to 27ºC but it was greater, both than 21ºC 
and 33ºC (Table 3). The difference between 21ºC and 
33ºC was not significant (p= 0.05, CV= 6.07). The 
median survival time was the longest at 21ºC. The 
ET50 decreased gradually between 21ºC and 27ºC, 
and increased between 27ºC at 33ºC. There was a 
marginal difference in ET50 between 27ºC and 30ºC.

There was a curvilinear correlation between tempera-
ture and mortality (Figure 4). The regression analysis 
indicated a significant quadratic function of temper-
ature (F2, 22= 132.71; p<0.01) with mathematical ex-
pression: Log10(y)= -2.658+0.346t-0.006t2. The R2 

indicated 92.4% change in mortality due to temper-
ature.

Figure 4: Correlation between temperature and B. bassiana infec-
tivity in A. sciodoxa

Discussion

A standardised bioassay method was developed in 
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which an attempt was made to remain closer to field 
exposure method with least disturbance of treatment 
handling. The leaves were kept fresh in the treatment 
preparation as described earlier. Secondly, the larvae 
were sprayed topically on leaves instead of immersing 
in conidial suspension as has been reported previously 
against other pest insects (Marannino et al., 2006). 
The method ensured the target stage be inoculated as 
natural as possible.

The precise and accurate comparison of fungal infec-
tivity among different insect species is difficult. The 
same fungal isolate may get variable response against 
different insect species and vice versa. The present 
results also confirm age-specific dose-mortality re-
sponse. Previously, decreasing susceptibility to B. 
bassiana and increasing average survival time with 
maturation of the host stage was demonstrated in the 
European corn borer, Ostrinia nubilalis (Carruthers et 
al., 1985; Feng et al., 1985), the diamondback moth, 
Plutella xylostella (Vandenberg et al., 1998), and the 
western flower thrips, Frankliniella occidentalis (Ugine 
et al., 2005).

The present median effective concentration (EC50) 
ranging from 9.87 to 21.30x105 conidia ml-1 are mixed 
(either slightly lower or greater) with other insect spe-
cies. These values are, nevertheless, comparable with 
that of 1.9x106 and 2.2x106 conidia ml-1 against Lygus 
hesperus and L. lineolaris adults (Steinkraus and Tug-
well, 1997; Noma and Strickler, 1999) 1.5x105 conidia 
ml-1 against 2nd instar Helicoverpa armigera (Nguyen 
et al., 2007); 4.8×105 conidia ml-1 against last larval 
instar of O. nubilalis (Demir et al., 2012).

Median effective time (ET50) significantly varied 
across the developmental stages as well as concentra-
tions. There was an inverse proportion between ET50 
values and dose rate, as well as larval instars. Such con-
centration dependent ET50 values have also been esti-
mated for the maize weevil, Sitophilus zeamais (Adane 
et al., 1996) and the Russian wheat aphid, Diuraphis 
noxia (Vandenberg, 1996).

Present ET50 values of 3.3 days to 3.9 days at 1x108 
conidia ml-1 of the 3rd and 5th instars, respectively, are 
in conformity with Bidochka et al. (1993) and Kouas-
si et al. (2003) who obtained ET50 values of 3.0 days 
and 4.9 days at a concentration of 1x108 conidia ml-1 
of the adult Lygus lineolaris and L. borealis, respective-
ly, using other different B. bassiana isolates. The slight 
variation in present EC50 and ET50 values and previ-

ously reported may be due to isolate and host specific 
infectivity. Besides, there may be different degree of 
maturation immunity in the hosts as had been report-
ed by Khachatourians (1992) and Gindin et al. (2000).

Effect of temperature on infectivity of B. bassiana 
revealed non-linear temperature function. The mor-
tality level and mean survival time decreased, both 
at low and high temperature levels. This temperature 
function on the B. bassiana infectivity is in agreement 
with previous findings reported by Vandenberg et al. 
(1998); Fargues and Luz (2000); Tsay et al. (2001); 
Tefera and Pringle (2003); Kreutz et al. (2004) and 
Vassilakos et al. (2006). In general, B. bassiana has 
high efficacy with low mean survival time between 
25ºC to 30ºC. The present results also indicated opti-
mum temperature range between 27ºC to 30ºC with 
100% mortality and survival time of 3.5 days to 3.8 
days. The optimum temperature range, however, de-
pends on the fungal isolate and insect host. Isolate 
Bba-Pp shows slightly higher optimum temperature 
range which may be due to its tropical origin. Effect 
of origin of isolate on vegetative growth and infectiv-
ity of B. bassiana has been observed earlier (Ekesi et 
al., 1999).

Conclusion

Based on present findings it is concluded that B. bas-
siana is infective to different larval instars of A. scio-
doxa (field temperature was 26±3ºC). The infectivity 
of B. bassiana depends on the larval stage and inoc-
ulum concentration. The 3rd instar is found to be the 
most susceptible, while the 5th instar the least. The 
temperature shows significant effect on the infectivity 
of B. bassiana, with optimum range between 27ºC and 
30ºC. The optimum temperature range shows prom-
ising signs of the isolate as microbial control agent 
against A. sciodoxa.
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