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Mg = Mg+ M,,, (1 = Mg /100)

where: M — observed mortality (%) caused by fipronil;
M_ . - observed mortality (%) caused by M. anisopliae

Chi squared test (x?) was performed by calculating
the x? value using the formula:

X = (M, — Mp)*/M,

fm

where M, represents the observed mortality for the
treatment combinations, and then compared to the
table value for 1 df (> 3.84). If the calculated x* value
exceeds the tabulated value, it indicates a non-additive
effect (either synergistic or antagonistic) of the two
control agents. A significant interaction of the fun-
gus—fipronil combination was determined through the
difference of (M, — M;), where positive = synergistic
and negative = antagonistic. In contrast, if the tabulated
value exceeds the calculated x*value, it represents an
additive effect at P < 0.05. LT, and 95% confidence
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limits of each treatment were performed using the
probit analysis of SPSS software. The treatments were
considered as significantly different when there was
no overlap in the 95% CL of lethal time values.

RESULTS

Conidia germination. All tested M. anisopliae local
isolates showed a varying degree of inhibition of conidia
germination percentage at different concentrations of
fipronil amended media. Isolate TA achieved a high
germination of 92.40% and only the germination at
higher concentrations of fipronil (0.1-50 mg a.i./l)
was significantly different from the control (F = 11.24,
df = 8, P < 0.0001). For LR2 isolate, the germination
of conidia was significantly affected by fipronil. The
percentages of germination were comparatively lower
(35.60—56.90%) in the presence of acetone and fipronil

Isolate MG

Fipronil concentrations (mg a.i./1)

Figure 1. Germination (means + SE=r0), colony diameter (means + SEs @), and spore production (means + SE,
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Table 1. Biological index (BI) values of different concent-
rations of the pesticide with three isolates of Metarhizium
anisopliae (TA, LR2, and MG)

Fipronil concentration

(g a.i /] TA LR2 MG

Acetone 107.81 130.43 97.44
0.0001 94.75 122.75 93.57
0.001 87.26 133.39 97.89
0.01 96.16 123.48 93.49
0.1 96.37 125.71 91.95
1 85.65 137.75 92.24
10 88.50 135.13 75.99
50 81.22 106.16 83.30

Classification: compatible (BI > 66), moderately toxic (42 <
BI < 66), and toxic (BI < 42)

compared with the control (71.40%) (F = 25.53,df = 8,
P < 0.0001). However, significantly fewer conidia of
isolate MG germinated ranging from 75.00 to 87.20%
on media amended with > 0.0001 mg a.i./l fipronil
compared with the control (95.00%) (F = 25.87,df =8,
P < 0.0001) (Figure 1).

Vegetative and spore production. The vegeta-
tive growth of three local isolates showed the same
tendency, whereby only the highest concentrations
of fipronil (10 and 50 mg a.i./l) had the most adverse
effect on fungal growth. Conversely, other lower
concentrations of fipronil were statistically at par
according to each isolate. In terms of spore produc-
tion, it was not affected by the presence of fipronil,
judging from the result which showed no significant
difference between control and fipronil (Figure 1).

Biological index for compatibility of pesticide.
From the biological index, all tested concentrations of
fipronil could be used along with the entomopathogenic
fungi M. anisopliae isolates TA, LR2, and MG as all the
combinations were classified as compatible according
to the biological index formula. The value decreased
with increasing concentrations of fipronil (Table 1).

Toxicity effect of formulated bait. The results
showed that termite mortality was significantly af-
fected by fipronil concentration (F = 71.38, df = 4,
P < 0.0001), spore concentration (F = 280.98, df = 3,
P <0.0001), and the interaction of pesticide and fungi
(F=13.51,df = 12, P < 0.0001). Mixing of 10° conidia/g
with either 0.1, 0.05, 0.01, or 0.001 mg a.i./l of fipronil
showed no significant difference with the treatment of
10° conidia/ galone, while the combination treatments of
10® and 107 conidia/g with fipronil 0.1 and 0.05 mg a.i./1
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caused higher termite mortalities compared to treat-
ments at 10® and 107 conidia/g alone, respectively.
Moreover, mortalities of fipronil + spore combination
at 0.1 + 10%and 0.05 + 10® were similar to the highest
mortality treatment of 10° spores (F = 60.94, df = 18,
P <0.0001) (Table 2). The result of the chi-squared test
also showed synergistic interaction between fipronil
and M. anisopliae in both concentrations of 0.05 +
10% and 0.05 + 107 combinations, wherein the great-
est synergistic effect occurred when 107 conidia/g
bait acted synergistically with 0.05 mg a.i./l fipronil
(x> = 48.80). However, a combination of 10” spores of
fungus and 0.001 mg a.i./1 fipronil caused an antago-
nistic effect. The overall interaction of M. anisopliae
and fipronil in combination treatments is additive in
killing the termite colony (Table 3).

Calculated LT, values and 95% confidence limits
(Table 4) for different treatments against termites
showed the same results as in Table 2, whereby there
were no significant differences in LT, between
10° spores alone with other fipronil incorporated

Table 2. Toxicity of fipronil (mg a.i./l) and Metarhizium
anisopliae (conidia/g) alone and in combination tre-
atments against termite Coptotermes curvignathus at
8 days post treatment (# = 300)

Treatment
M. anisopliae (10%)

Mortality (%) + SE*
100.00 + 0.00%

M. anisopliae (108) 48.29 + 8.76°
M. anisopliae (107) 17.65 + 4.66%¢
Fipronil (0.1) 72.60 + 5.23P
Fipronil (0.05) 23.63 + 5.89¢
Fipronil (0.01) 3.51 + 1.42f
Fipronil (0.001) 9.11 + 3.17¢
0.1 +10° 98.29 + 1.19*
0.1+ 108 91.78 + 3.47°
0.1 + 107 71.23 + 4.75"
0.05 + 10° 98.63 + 1.372
0.05 + 10° 94.86 + 2.40°
0.05 + 107 79.45 + 6.56"
0.01 + 10° 99.66 + 0.342
0.01 + 10® 4950 + 8.61¢
0.01 + 107 11.48 + 3.76%f
0.001 + 10° 98.97 + 0.742
0.001 + 108 51.03 + 7.96°
0.001 + 107 13.35 + 3.58%¢

*means with the same letters are not significantly different at

P <0.05 by using Duncan’s New Multiple Range Test
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Table 3. Synergy bioassay of a different combination of fipronil and Metarhizium anisopliae in termite mortality at
8 days post treatment

Treatment Mortality (%)

f(i;gildia g) frllfgroanlﬂ/l) fungi Fipronil exg\ic}gt)ed olzls\;ele':)e d X effect
107 0.001 17.47 8.56 24.53 13.36 5.09 antagonistic
107 0.01 17.47 2.05 19.17 11.30 3.23 additive
107 0.05 17.47 23.63 36.97 79.45 48.80 synergistic
107 0.1 17.47 72.60 77.39 71.23 0.49 additive
108 0.001 48.29 8.56 52.72 51.02 0.05 additive
108 0.01 48.29 2.05 49.35 49.32 0.00 additive
108 0.05 48.29 23.63 60.51 94.86 19.50 synergistic
108 0.1 48.29 72.60 85.83 91.78 0.41 additive
10° 0.001 100.00 8.56 100.00 98.97 0.01 additive
10° 0.01 100.00 2.05 100.00 99.66 0.00 additive
10° 0.05 100.00 23.63 100.00 98.63 0.02 additive
10° 0.1 100.00 72.60 100.00 98.28 0.03 additive

x* comparison that exceeds 3.84 with df = 1 and a = 0.05 is considered a synergistic or antagonistic interaction

10’ treatments. In addition to the synergistic and tively, the combinations showed the shortest lethal
additive effect of 0.1 and 0.05 mg a.i./l fipronil with  time for causing 50% mortality in termite colony in
107 and 108 conidia/g M. anisopliae spores, respec- comparison to sole fungus treatments of 107 and

Table 4. Calculated LT, values for the formulated bait of Metarhizium anisopliae (conidia/g) and its combination
with fipronil (mg a.i./])

Treatment LT, 95% CL* Slope + SE X df
Fipronil (0.001) 21.82 16.78-40.19 0.09 + 0.03 0.47 12
Fipronil (0.01) 16.51 14.42-20.96 0.18 + 0.04 1.62 12
Fipronil (0.05) 10.52 9.81-11.36 0.26 + 0.03 0.29 12
Fipronil (0.1) 5.89 5.22-6.52 0.30 + 0.03 6.56 12
M. anisopliae (107) 13.83 12.28-16.49 0.15 + 0.03 0.32 12
M. anisopliae (107) + Fipronil (0.1) 6.14 5.53-6.73 0.33 +£0.03 1.96 12
M. anisopliae (107) + Fipronil (0.05) 6.46 5.97-6.94 0.47 + 0.05 0.68 12
M. anisopliae (107) + Fipronil (0.01) 11.52 10.71-12.57 0.25 +0.03 3.88 12
M. anisopliae (107) + Fipronil (0.001) 13.71 12.15-16.36 0.15 + 0.03 0.72 12
M. anisopliae (10%) 8.62 7.89-9.38 0.24 + 0.03 4.62 12
M. anisopliae (10%) + Fipronil (0.1) 5.22 4.72-5.71 0.47 + 0.05 4.97 12
M. anisopliae (10%) + Fipronil (0.05) 4.89 4.44-5.33 0.57 +0.07 4.89 12
M. anisopliae (10%) + Fipronil (0.01) 7.99 7.38-8.60 0.31 £0.03 0.82 12
M. anisopliae (10%) + Fipronil (0.001) 8.12 7.50-8.75 0.30 + 0.03 2.63 12
M. anisopliae (10%) 3.94 3.54-4.32 0.77 £ 0.10 2.08 12
M. anisopliae (10°) + Fipronil (0.1) 3.67 3.24-4.09 0.67 + 0.09 3.46 12
M. anisopliae (10°) + Fipronil (0.05) 4.08 3.66-4.49 0.68 + 0.09 1.86 12
M. anisopliae (10°) + Fipronil (0.01) 4.02 3.54-4.47 0.55 + 0.07 0.88 12
M. anisopliae (10°) + Fipronil (0.001) 4.13 3.70-4.55 0.63+ 0.08 0.47 12

*significant on LT if there was no overlap of 95% CL
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10® spores. This implied that the mortality among
termite population was accelerated by the addition of
fipronil. Besides, there was no significant difference
in LT, between 0.05 mg a.i./l of fipronil and 0.1 mg
a.i./l of fipronil when both were incorporated with
fungus spores whereas in fact there was a significant
difference in termite mortality when each level of
fipronil was applied individually (Table 4).

DISCUSSION

The current study focused on the concentration
response of the pure chemical pesticide on biocon-
trol agents since the additives in an agrochemical
pesticide formulation are known to cause effect on
entomopathogenic fungi (ANDERSON & ROBERTS
1983). Three local M. anisopliae isolates (TA, MG,
and LR2) which have great potential to be developed
as biopesticide and able to cause pathogenic effect
against termite C. curvignathus (HOE et al. 2009)
were chosen for evaluation in the test of compatibility
among fipronil and M. anisopliae. LUAN et al. (2012)
revealed that the Metarhizium spp. populations were
temporarily heterogeneous based on the analysis of
51 isolates sampled on diversified occasions. There-
fore, the evaluation of the three isolates against
fipronil was crucial as different species, and isolates
within a species, can display varying characteristics
in host specificity, infection levels, germination rates,
temperature optima (SIEROTZKI et al. 2000; PELL et
al. 2001; SHAW et al. 2002) and also have different
susceptibilities (SCHUMACHER & POEHLING 2012)
to counteract the existence of different toxicant.

The latest biological index proposed by ALVEs et
al. (2007) (as cited in SCHUMACHER & POEHLING
2012) includes three critical parameters to deter-
mine compatibility: germination, vegetative growth,
and sporulation after realising the importance of
germination which reflected on the viability of the
fungus at the beginning of the infection process.
Asi et al. (2010) also revealed conidia germination
was comparatively more sensitive to pesticides than
vegetative growth of the fungi which was also shown
in the present study. SCHUMACHER & POEHLING
(2012) tested five concentrations of fipronil (0.32,
1.6, 8,40, and 200 ppm) on two M. anisopliae strains
and all the tested concentrations were compatible
with both strains. Generally, the results were in
accordance with the present study which also in-
dicated compatibility of the three local isolates in
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the biological index. However, isolates LR2 and MG
showed a significant reduction in spore germination
even only in the medium of residual solvent acetone
without pesticide treatment, while the vegetative
growth and spore yield were not much different
from control and some were even greater than those
obtained in control treatment. These conflicting data
were common in in vitro experiments due to the
physiological mechanism of pesticide resistance of
fungus whereby the fungus was presumably making
areproductive effort by increasing spore production
in a toxic medium and used the metabolised chemi-
cal substances as secondary nutrients to prolong its
survival (MoiNo & ALVES 1998). However, using the
current biological index imposes a limitation and
may disguise the actual toxic effect of a pesticide on
pathogen (SiLvA et al. 2013), whereby the germina-
tion parameter only consisted of 10% compared to
90% of the formula is attributed to vegetative growth
(47%) and sporulation (43%), respectively.

Apparently, in vitro studies are important to evalu-
ate the development of disease and the deleterious
way to growth of fungi in the worst condition by
direct exposing the fungus to maximum toxicity of
the chemicals in synthetic environment which could
not occur under field conditions (NEVES et al. 2001).
Compatible fungus and pesticide may help avoid un-
desirable side effects under field conditions (ALVES
et al. 1998) and facilitate the selection of proper
products for IPM practices. In the present study,
isolate TA did not cause a significant reduction in
the spore production, despite a slight effect on spore
viability and average diameter of the colony in the
presence of fipronil compared to the control. With
respect to the good performance of TA in all aspects,
TA isolate was chosen for further investigation on
synergy bioassay.

A simple bait formulation incorporating the co-
nidia of isolate TA and the fipronil treated rub-
ber wood sawdust was used in the current study
to investigate the interaction of the combinations.
The combination of both agents in termite baiting
has the advantages of not contaminating the soil
with chemicals as the chemical concentration is low,
difficult to be leached out after formulating, and
more target specified. Among all tested treatments,
treatment of 10° conidia/g bait obtained the highest
mortalities either in combination with fipronil or as
a sole treatment at 8 DPT. A relatively high dosage
of fungus is necessary to increase the risk of infec-
tion in most tested species (CHOUVENC et al. 2008,
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2009c). Meanwhile, the presence of a massive amount
of fungus triggered avoidance behaviour (MILNER
et al. 1998; MBURU et al. 2009) in the miniature
termite colonies, whereby bait repellence occurred
in the treatments with 10 conidia/g bait, slight re-
pellence at 108 conidia/g bait, and non-repellence at
107 conidia/g bait. However, the high toxicity of 10°
conidia/g Metarhizium bait still manages to infect
the exposed termites when they foraged or buried
the bait area to prevent further spreading among all
individual termites. It can be effective for curative
control of termite but the LT, was relatively shorter
than other treatments, whereby the termites might
fail to carry the disease back to their nest.

Most of the treatments in the study generally in-
creased the mortalities of termites when in combi-
nation of both components than those caused by
individual agents, but synergistic interaction was not
apparent. Only 0.05 mg a.i./l fipronil was interact-
ing synergistically with 10” and 10® conidia/g bait by
increasing the mortality and lowering the LT, values
as compared to the spore treatment alone. Synthetic
insecticides can act as physiological stressors and/or
behavioural modifiers (INGLIS et al. 2001) among
insects at sublethal doses, resulting in fungal conidia
bypassing the primary defense mechanism (groom-
ing behaviour) and penetrating the termite cuticle
successfully. The mechanism of synergistic effect
could be achieved by weakening the immune system
of the insects through insecticidal stress, when the
phenoloxidase activity of insect hemolymph decreased
with time after M. anisopliae and pesticides treat-
ment, thus making it more vulnerable to the fungus
attack (HIRomMORI & N1sHIGAKI 2000) and increasing
the killing speed. Beyond the synergistic interactions
detected in this study, an antagonistic interaction
was obtained in combination of the lowest doses of
fungus and fipronil. This might be due to inability
of both agents with low toxicant and conidia load to
overwhelm the termite’s defense mechanism which
becomes less susceptible for disease attack. How-
ever, further studies on factors or mechanisms for
enhanced efficacy of M. anisopliae in combination
with fipronil against termites are yet to be unravelled.

In conclusion, incorporating the chemical pesticide
fipronil with the fungus M. anisopliae was compat-
ible. The inclusion of a low concentration of fipronil
and the fungus in the bait was proven to obtain
synergistic effect against termite C. curvignathus
by increasing termite mortalities and the lethal time
in laboratory bioassay was shortened, too. Sublethal
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chemical pesticide may be able to break the termite
defense mechanisms and the entomopathogen may
induce an epizootic within the colony. This suggests
that baiting technology with fungus—insecticide
mixtures can serve as an alternative termite con-
trol method to reduce termite populations without
the use of conventional pesticides. Further studies
should be done in field to determine whether the
combined treatments of fipronil and M. anisopliae
using formulated bait are practical and effective
against termite colonies with developed field delivery
systems. It might provide valuable data useful for
the development of effective termite IPM strategies
for long-term sustainable and economical control of
insect pests in the agro-ecosystem.
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