DOI:10.6660/TESFE.1993017 &% E&Formosan Entomol. 13:177-185 (1993) IS Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

[Research report]

miEE NE LI &5E&E (Bacillus thuringiensis var. israelensis) BBt 4h s 2B 8B 0N [HRES]
=M BRI AKE S=ER B

MBAEEE-mail :
Received:  Accepted: 1993/03/26  Available online: 1993/06/01
Abstract

HE

B AEPRIESETE (Bacillus thuringiensis var. israelensis )23 812 &%} (Bacillacea) -~ #2& & (Bacilli) PRIRARAE - M
BHEHI4AMDI B EIEHTFEB.T.L - Kufv%aab/{?ﬁEKHmJiBacnmosR (6000 ITU / mg ol@2 % ) - MVectobacR (1200 1ITU /
mgq - MBI RKEFE ) - KZEEKFEE (W/V)E  2RIEH BRI (Aedes togoi; I-Lan strain ) - REFHEI (Aedes
togoi; Yang-Ming Lab. Strain) - & &R 8 G % (Aedes aegypti; Liverpool strain ) - KB EREm% (Aedes aegypti;
Tainan strain ) - B4 DI (Aedes aldopictus ) - EFE R I (Culex quinquefasciatus; Taipei & Laboratory strain) - =H &R I
(Culex tritaeniorhynchus ; = #i & N #z) - ¥ AZ22W (Tripteroides aranoides ) - BIEERE (Armigeres subalbatus ) - FZEELY
(Anopheles sinensis ) 415224/ \SH9EE3Y - 24NN ENEER - JRIRKEFTIMIRZARENRRNEERRR - MMUAERE
IRCEEM B AR ; 7210 ppm & - 24/NEARMIET R AKS50% - SIreiE R m0.01 ppm ~ 0.05 ppm ~ 0.5 ppm K 1.0 ppmiEE
RIBRILTS50 &/H27.25/1\85 ~ 7.15/0\8F ~ 1.67/M\5 K 0.54/\F - B.t.i. RERWNATERNBRUR -

Key words:
FABEE): Br WBELIEAIERE - (Bacillus thuringiensis var. israelensis ) ~ ,BactimosR, VectobacR -
Full Text: TEPDF(0.45 MB)

THEHHEBSEEE X Browse all articles in archive: http://entsocjournal.yabee.com.tw



Research Reports

hER S 13: 177-185(1993)
Chinese J. Entomol. 13: 177-185(1993)

Effectiveness of Two Formulations of Bacillus
thuringiensis var. israelensis on Mosquito Larvae

Rong-Nan Huang, I-Pai Lo Department of Plant Pathology and Entomology, National Taiwan University

Chaumei Ho Department of Parasitology, National Yang-Ming Medical College

Ji-Sen Huang Bureau of Environmental Sanitation and Toxic Substance Control, Environmental Protection Administration, R.0.C.
Err-Lich Hsu  Department of Plant Pathology and Entomology, National Taiwan University

ABSTRACT

Two Bacillus thuringiensis var. israelensis formulations, Vectobac®
(Aqueous suspension & granular, 1200 ITU/ mg) and Bactimos® (Wettable
powder, 6000 ITU / mg) were employed in this study for the evaluation of the
efficacy of B.t.i. and its residual activity on the integrated pest management of
mosquito larvae. Mosquito strains collected from field were revealed by the
results to be more susceptible than the laboratory strain. The LCs in Armigeres
subalbatus was even over 10 ppm and its mortality was below 50% within 24 hr.
Additionally, the B.t.i. formulations tested were exhibited by the results to be
most effective against Culex quinquefasciatus. The LTy values were 27.25 hr, 7.15
hr, 1.67 hr and 0.54 hr when dosed with 0.01 ppm, 0.05 ppm, 0.5 ppm, 1.0 ppm,
respectively.

Key word: Bacillus thuringiensis var. israelensis, Vectobac®, Bactimos®.
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Introduction

The Bacillus thuringiensis var. israe-
lensis (B.t.i.) has received extensively
studies with its larvicidity against differ-
ent varieties of mosquito larvae (Garcia
and Desrochers, 1979; Kramer et al., 1988;
Molloy, 1992; Van Essen and Hembree,
1980) since it was isolated initially in
Israel in 1977 (Goldberg and Margalit,
1977). Owing to the verification of envir-
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onmental safety to non-target organisms
and efficacy (Gharib and Hilsenhoff, 1988;
Molloy, 1992; Purcell, 1981; Rishikesh et
al., 1983), the B.ti. has also become the
most widely utilized microbial agent on
the control of mosquito larvae. Because
of the deficiency of environmental per-
sistence and limited larvicidal spectrum,
a lot of commercial groups also acted on
the formulations and genetic construc-
tions of a new B. thuringiensis strain



with broadly larvicidal spectrum and a
longer environmental stability (Andrews
et al., 1987). The utilization of microbial
agents has become an alternative pest
control strategy owing to the awareness
of environmental contamination and re-
sistance raised in pest by severe use of
organic pesticides, and also due to its
advantage of selectivity, efficacy, and
biodegradability. This is specially true in
the integrated pest management of public
health vector of mosquito control (Garcia
and Sweeney, 1986; Laird and Miles,
1985).

A number of microbial agents and
commercial formulations have been eva-
luated during the past ten years for the
potential application in mosquito control
under laboratory and field condition (La-
cey et al., 1988a; Lacey et al., 1988b;
Meisch et al., 1990). Among these, B.t.i.
has been considered as the most potential
candidate for the control of mosquito
larvae. In practice, the larvicidal activity
of B.t.i. was observed to be significantly
affected by environmental factors, inclu-
ding pH, temperature, UV-light, water
quality, habitats, predators and popula-
tion density (Garcia and DesRochers,
1979; Ignoffo et al., 1983; Lacoursiére,
1988; Molloy, 1981). Short term per-
sistence in environmental for the control
of mosquito larvae is the chief limitation
of B.ti. (Garcia and Sweeney, 1986;
Mulla, 1985). Additionally, the efficacy of
B.t.i. is progressively influenced by the
soil constituent in the field condition as a
result of absorptive interaction among a
variety of particulate types and bacteria
(Marshall, 1980; Ramoska et al., 1982).
Hence, the purpose of this study has
primarily focused on the laboratory
evaluation of the efficacy and residual
activity of two formulations of B.t.i.
under a simulated condition using fine
sand as substrate.

Materials and Methods

Two formulations, Vectobac® (Aque-
ous suspension & granular, Abbott Labo-
ratories, 1200 ITU/mg) and Bactimos®
(Wettable powder, Biochem Chemicals,
6000 ITU/ mg) were employed in this
study for the evaluation of the efficacy of
B.t.i. and its residual activity on mosquito
larvae.

The field—collected larvae of Aedes
aegypti from Tung-Kang, Aedes albopictus
and Culex quinquefasciatus from Taipei
were continuously cultured in the labora-
tory for several generations. Culex tritae-
niorhynchus was provided by the Depart-
ment of Parasitology, Yang-Ming Medi-
cal College. Mosquito larvae tested in
this experiment were hatched from eggs
laid by female mosquitos described as
above in the laboratory. The larvae were
reared in de—chlorination water with
yeast in a 29.5cm X 23cm plastic disc and
maintained in an incubator with the
temperature 25°C. The surface scum was
daily skimmed with toilet tissue and
followed by a fresh addition of yeast.
Adults of mosquito were blood on ICR
mice. Synchronous growth of 3rd and 4th
instar mosquito larvae were chosen for
the following experiments. Other species
of mosquito collected from field were also
applied in this study for comparing their
susceptibility to B.t.i. with that of labora-
tory strains.

Preliminary experiments were perfor-
med in petri dishes [ 10 cm dia X 5 cm
h ] for determination the efficacy of B.t.i.
against mosquito larvae in various in-
stars. Ten ml of serial dilution of B.t.i. in
distilled water and 20 tested mosquito
larvae [ 3rd and 4th instar ] were intro-
duced into each petri dish. Three repli-
cates were taken for each concentrations
of B.ti. and the larval mortality was
counted after 24 hr.

The residual activity was conducted
in fine sand fundamentally according to
the investigation of Ramoska et al. (1982)
in which sand had the least effect in
decreasing B. thuringiensis var. israele-
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nsis efficacy against both Ae. Aegypti and
Cx. quinquefasciatus. The residual ac-
tivity of different formulations of B.t.i.
was explored using Vectobac®™G and Ve-
ctobac®~12 AS in stainless containers.
Five hundred ml of distilled water and
100g of fine sand were bounded in
separated stainless container with serial
100 mg, 300 mg, 500 mg, 700 mg, 1000 mg
concentrations of Vectobac®™G, or 1 ml, 5
ml, and 10 ml of 100X dilute of Vectobac®-
12 AS. The dosages for testing Bactimos®
residual activity were 0.1, 0.2, 0.6, 0.8, 0.95
ppm respectively. Fifty tested larvae were
then introduced into each container at
day 0 and each day of subsequent ob-
servations. Dead larvae were recorded at
a 12 hr interval once the tested larvae
had been introduced, and the LCs and LC
s was calculated with probit analysis.
Three separate experiments were con-
ducted for each formulation.

Results and Discussion

The comparison of the susceptibility
between field-collected and laboratory
strain of mosquito larvae indicated that
B.t.i. expressed broad larvicidal spectrum
and high efficiency for an extensive
variety of mosquito larvae (Table 1). The
B.t.i. formulation of Bactimos® displayed
high toxicity in the most concerned
vectors on field collected colonies of Ae.
aegypti (Tainan strain) and Cx. quin-
quefasciatus (Taipel strain) with the LCs
of 0.0032 and 0.0169 ppm, respectively;
whereas Ae. albopictus (Taipei strain)
displayed low susceptibility to this for-
mulation with the LCy of 0.2042 ppm.
Unique results were obtained from Cx.
quinquefasciatus (Laboratory strain),
with the LCy of 0.2743 ppm, being around
16 times less susceptible than that of

Table 1. Susceptibility of field collected and laboratory strains of mosquito larvae to B.t.J.

(Bactimos®)

Species LCs(ppm) LCox(ppm)
Aedes togoi 0.0837 0.7376
(Ilan strain)

Ae. togoi 0.1199 0.4225
(Yang-Ming lab. strain)

Ae. aegypti 0.0689 0.1708
(Liverpool strain)

Ae. aegypti 0.0332 0.2562
(Tainan strain)

Ae. albopictus 0.2042 0.7521
(Taipei strain)

Culex quinquefasciatus 0.0169 0.1585
(Taipei strain)

Cx. quinquefasciatus 0.2743 2.1365
(Laboratory strain)

Cx. tritaeniorhynchus 0.0238 0.0586
(4th instar)

Cx. tritaeniorhynchus 0.0130 0.1737
(3th instar)

Tripteroides aranoides 0.5494 1.0965
Armigeres subalbatus >10

Anopheles sinensis 0.1288 0.4107
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Taipei strain (with the LCx of 0.0169
ppm). It deserves further studying and
keeping surveillance on its development.
Armigeres subalbatus exhibited a high
tolerance to Bactimos® with LCs higher
than 10 ppm. However, the field—collected
strains were indicated from this test to be
more susceptible to the B.t.i. formulation
of Bactimos® than the laboratory strain.

Results of the efficacy of B.t.i. for
various instars of mosquito larvae are
listed in Table 2. The LCs values of Cx.
quinquefasciatus to Bactimos® were 0.1447
and 0.3854 ppm in the early and late 4th
instar larvae respectively which was ap-
parently higher than those of Cx. tritae-
niorhynchus to Bactimos®, i.e. 0.0255 and
0.0091 ppm in early 4th and 3rd instar
larvae respectively. The susceptibility of
mosquito larvae to B.t.i. was generally
decreased with the development of mo-
squito larvae. Even in the same instar,
the LCy of the late 4th instar was almost
tripled compared to early 4th instar in
this test in Cx. quinguefasciatus. The
B.t.i. was almost inactive following the
pupation, e.g. the LCys was over 1000 ppm
in the pupa of Cx. quinquefasciatus. The
explanation provided by Van Essen
(1980) was that due to the cessation of
feeding during pupation stage, therefore
reducing the possibility of B.t.i. consump-
tion.

The residual activity of Vectobact-G
and Vectobac®™12AS on the control of
mosquito are displayed in Table 3 and 4.

Almost all of the mosquito larvae tested
experienced 100% mortality if the dosage
reached 100 mg or 1 mg per treatment in
VectovackG and Vectobac®-12 AS respec-
tively; However, the larval mortalities of
Vectobac®-12AS to Ae. albopictus were
only 82%, 87% and 99% following 12, 24,
or 36hr of exposure respectively.Apparen-
tly, Vectobacf~G was more effective than
the Vectobac™12AS in killing mosquito
larvae, and its residual activity could
persist over 1-3 weeks (Table 3 & 4). In
contrast, only 87% mortality was ob-
served in 24 hr exposure of Ae. albopictus -
to Vectobac®™12AS and the residual ac-
tivity dramatically declined after 1 week
(Table 3). In Bactimos®, the residual
activity was not as effective as the
Vectobac®. The Bactimos® is indicated
from table 5 to be most effective against
Ae. aegypti in which mortality in 12 hr
was more than 90% when dosed with 0.2
ppm. However, the mortality dosed with
higher as 0.6 ppm were even lower than
50% within 12 hr in Cx. quinquefasciatus
and Ae. albopictus. The residual activity
of Bactimos® was lowered than 10% in
day 7 for all of the tested larvae. The
mechanism involving the reduction of
larvicidal effectiveness of B.t.i. by soil
constituents has not been demonstrated;
however, several possibilities could be
considered; first, chemical deterioration
of the toxin of B.ti.; second, physical
adherence and sedimentation of toxin-
contalning sporangia with soil particles;

Table 2. Effecicacy of B. thuringiensis var iseraelensis (Bactimos”) on different instar larvae
of Cx. quinquefasciatus and Cx. tritaeniorhynchus

Species Stage LCw(ppm) LCqs{ppm)
Cx. quinquefasciatus
early 4th instar 0.1447 0.6679
late 4th instar 0.3854 2.0893
pupa >1000
Cx. tritaeniorhynchus
early 3rd instar 0.0091 0.0793
early 4th instar 0.0255 0.0714
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Table 3. Residual activity of B.t.i. Vectobac®-G on the control of mosquito larvae

Dosage Time"” Mortality( %) in different observation time
ppm 12hr 24hr 36hr 48hr 60hr
Cx. quinquefasciatus
1000 Day 1 100 100 100 100 —
500 Day 1 100 100 100 100 —
300 Day 1 100 100 100 100 —
100 Day 1 100 100 100 100 —
Day 6 91 97 99 100 -
Day 62 1 5 6 — —
Ae. albopictus
500 Day 1 100 100 100 - —
300 Day 1 100 100 100 — —
100 Day 1 100 100 100 — -
Day 11 45 47 58 — —
Ae. aegypti
500 Day 1 100 100 100 100 100
300 Day 1 100 100 100 100 100
100 Day 1 100 100 100 100 100
Day 9 99 99 99 100 100
Day 15 100 100 100 100 100
Day 21 91 98 99 99 100
Day 40 31 66 76 — —

1) : indicates the tested larval was introduced into each petri dish on the day following

applicaton of the B.t.i.

and third, interference with feeding be-
havior (Van Essen and Hembree, 1982).
Results from this study tended to support
the second mechanism, since no effect
was observed in the control experiment in
which the same substrate with no B.t.i.
added was employed.

The efficacy of B.t.i. formulation of
Bactimos®on mosquito larvae is listed in
Table 6 with different exposure periods.
All of the tests from three various species
of mosquito demonstrated that the effica-
cy of B.ti. formulation of Bactimos® to
mosquito larvae could be effectively en-
hanced by lengthening the exposure peri-
od of mosquito larvae to B.t.i. The LCs
was more than 3 times improved once the
exposure periods were doubled, e.g. the
LCs% ranged from 0.0169 ppm in 24 hr
exposure down to 0.0048 ppm in 48 hr
exposure in Cx. quinquefasciatus. Similar
results were observed for Ae. albopictus,
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the LCy ranged 0.2042 ppm in 24 hr
exposure down to 0.0623 ppm in 48 hr
exposure and in Ae. aegypti, the LCs was
0.0991 ppm in 12 hr exposure and 0.0332
ppm in 24 hr exposure. From these
investigations, if time is not a limitation
and based on the residual activity tested
above, longer exposure period is sugge-
sted here for minimizing the concentra-
tion required for killing mosquito larvae
in view of environmental contamination
and economical feasibility. Owing to the
short residual effect of B.t.i. being the
primary weak point, the critical efforts in
the future should be made toward obtai-
ning a slow-released formulation of B.t.i.
by physical, chemical or genetical means.
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Table 4. Residual activity of B.t.i. Vectobac®-12AS on the control of mosquito larvae

Dosage Time" Mortality( %) in different observation time
ppm 12hr 24hr 36hr 48hr  60hr  72hr
Cx. quinquefasciatus
10 Day 1 100 100 100 100 100 100
7 Day 1 100 100 100 100 100 100
) Day 1 100 100 100 100 100 100
3 Day 1 100 100 100 100 100 100
1 Day 1 100 100 100 100 100 100
Day 15 0 29 49 63 71 81
Day 62 0 1 1 — - -

Ae. albopictus
b Day 1 100 100 100 — — —
Day 1 100 100 100 — - —
Day 1 82 87 99 — — —

Ae. aegypti
5 Day 1 100 100 100 100 100 -
3 Day 1 100 100 100 100 100 —
1 Day 1 100 100 100 100 100 —

Day 7 100 100 100 100 100 —
Day 13 77 85 92 92 92 —
Day 32 5 19 26 — — —
1) : indicates the test larval was introduced into each petri dish on the day following
application of the B.t.i.

Table 5. Residual activity of B.t.i. Bactimos® on the controi of mosquito larvae

Dosage Time” Mortality(%) in different observation time
ppm 12hr 24¢hr 36hr 48hr  60hr  72hr
Cx. quinquefasciatus
0.10 Day 1 13.3 30.7 44.2 48.1 80.2 80.2
0.20 Day 1 36.7 83.3 88.3 91.7 90.2 90.2
0.60 Day 1 20.0 86.7 98.3 98.3 96.2 98.0
0.80 Day 1 61.7 65.9 80.8 91.4 95.7 95.7
0.95 Day 1 72.3 82.9 89.4 93.6 93.6 98.2

Day 7 0.0 0.0 0.0 23 23 2.3

Ae. albopictus

0.10 Day 1 0.0 21.2 72.7 727 82.2 92.0

0.20 Day 1 6.8 50.0 91.7 97.7 98.2 98.2

0.60 Day 1 50.0 91.3 100.0 — — -
Day 7 0.0 0.0 0.0 1.5 1.5 2.1

Ae. aegypti

0.10 Day 1 52.1 69.5 78.3 78.2 86.9  100.0

0.20 Day 1 971 97.1 97.1 97.1 100.0 —

0.60 Day 1 971 97.1 971 971 100.0 —

Day 7 0 5 5.2 5.2 12.3 12.3
1) : indicates the test larval was introduced into each petri dish on the day after the
B.t.i. was applied
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Table 6. Effecicacy of B.ti. (Bactimos®) on the control of mosquito larvae of Cx.
quinquefasciatus and Ae. albopictus, Ae. aeqypti with various observation times
Species Observation LCy* LCs*
time (hr) (ppm) (ppm)
Cx. quinquefasciatus 1 0.7288 7.0843
12 0.0196 0.3189
24 0.0169 0.2083
36 0.0144 0.1758
48 0.0048 0.1122
Ae. albopictus 24 0.2042 0.7521
48 0.0623 0.1844
Ae. aegypti 12 0.0991 0.1825
19 0.0523 0.2745
24 0.0332 0.2562

tion, R. O. C,, for a grant in support of
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