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con- Abstract: A synthetic chemical, 0.59% granules of pyriproxyfen (S-31183),
which acts as a juvenile hormone, was tested against Culex pipiens pallens and
ij;léz Cx. tritaeniorhynchus under field conditions. This compound was extremely effective
against larvae of both species which showed high resistance to organophosphorus
LA insecticides. Complete inhibiticn of adult emergence continued for 3 weeks or more
> BT in open polyethylene containers and irrigation ditches at a dosage of 0.01 ppm, in
Ak cesspools at 0.05 ppm and in sewers with inflow of house wastewater at 0.1 ppm
agus (AL). Activity of the compound was retained after a drying of the test site for
+15 several days. For evaluation of the effect of IGRs in the field, pupal isolates are
preferable to larval isolates.
etle,
ured pheles mosquitoes (Mulla et al., 1986, 1989;
yzed INTRODUCTION Kawada et al., 1988; Schaefer et al., 1988;
and Suzuki ez al., 1989; Kerdpibule, 1989; Mul-
term By repeated applications of organophos- ligan et al., 1990; Ishii et al., 1990). How-
nber phorus insecticides Culex pipiens pallens ever, none of those experiments emphasized
v of Coquillett and Cx. tritaeniorhynchus Giles, the efficacv of pyriproxyfen against organo-
the vectors of filariasis and Japanese encephalitis, phosphorus-resistant mosquitoes.
Vk.len respectively, became resistant to these insecti- In the present study we evaluated pyri-
Irlilng cides and so their control is difficult new proxyfen against highly organophosphorus-
ogZ: (e.g, Kamimura and Maruyama, 1983; resistant mosquitoes, Cx. pipiens pallens and
ein, Maruyama et al., 1984; Watanabe et al., Cx. tritaeniorhynchus in the field.
anic 1990}. Recently some insect growth regula-
n of tors (IGRs) have been synthesized and they MATERIALS AND METHODS
not are expected to control these resistant mos-
hese quitoes (Mian and Mulla, 1982). Pyriproxy- The compound evaluated was granular
- for fen, one of these IGRs, shows an activity like formulation of 0.5% pyriproxyfen (S-31183)
> in a juvenile hormone (Syafruddin et al., 1990). which was provided by Sumitomo Chemical
81 This IGR exhibited a high level of activity Co., Ltd., Osaka, Japan.
against Culex, Aedes, Psorophora and Ano- The following experiments were carried
out in the suburbs of Toyama City (Kami-
CEM O, RN R BUEREAAREFREE  Twa 1991) o
HEHE (TI30-01 ELFHEZA 2630) A)  Polyethylene containers with Cx. pi-
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piens pallens. We placed 15 polyethylene
containers (40X60cm by 15cm deep) at
an open site in the campus of Toyama
Medical and Pharmaceutical University to
allow Cx. pipiens pallens to breed naturally
(Fig. 1). After the appearance of mosquito
larvae and pupae, 34 containers each were
treated with pyriproxyfen at dosages of 0.1,
0.01, 0.001 or 0.0001 ppm (AI) on July 23,
1986. Two containers for control remained
untreated.

B)  Cesspools with Cx. pipiens pallens,
Two polluted waste-water cesspools (8 X6 m
by 0.1 m deep and 6X7m by 2.51 m deep)
in an open site beside a pig shed where many
Cx. pipiens pallens inhabited were treated
with pyriproxyfen at a dosage of 0.05 ppm
(AI) on July 28, 1986. .

C)  Sewers with Cx. pipiens pallens. Four
open sewers (10-30 m long, 0.3-0.5 m wide
by 0.05-0.2 m deep) where many Cx. pipiens
pallens inhabited were treated with pyripro-
xyfen at a dosage of 0.1 ppm (AI) on July
28 or August 4, 1986. In these sewers water
was stagnant during the day, but inflow of
house wastewater was observed every morn-
ing and evening.

D)  Ditches with Cx. tritaeniorhynchus.
A ditch (300m long, 4.7 m wide by 0.4 m
deep) surrounding a farmhouse and 2 1rriga-
tion ditches (2X5m by 0.12m deep and
2Xx10m by 0.2 m deep) in agricultural land
where many Cx. tritaeniorhynchus inhabited
were treated at a dosage of 0.01 ppm (AI)
on July 28 or August 4, 1986,

For evaluation of the compound, the pupal
and larval isolate methods were utilized.
Pupae were collected from the test sites one
day before treatment and at intervals of 1.7
days after treatment till September 16, 1986
(Tables 1-3, Fig, 2). Duplicate samples of
25 pupae each were placed in a plastic cup
filled with 100 ml deionized water, and main-
tained in the laboratory at 25-27°C until
all pupae died or emerged.

When pupae were not collected in suffi-
cient number, 3rd and 4th instar larvae were
collected with field water. At site 5, 8 and
9 of Tables 2 and 3 few pupae were collected
throughout the survey, so that only the larval
1solate method was utilized. Twenty-five lar-
vae each were placed in a cup with 100 ml
of field water, from where the larvae were
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Fig. 1 Treatment of polyethylene containers
in the campus with 0.5% pyriproxyfen
granules.

collected. They were fed powdered baby food
(dried liver and vegetables from Yukijirushi
Co., Ltd.). The observation method after
pupation was the same as that in the pupal
isolates. Mortality readings were taken daily,
and dead larvae, pupae and adults were
counted and removed. Adults which under-
went incomplete emergence and larvae which

died before pupation were counted as in-
hibited.

RestiTs

Water temperature in the test sites was
23-30°C and average air temperature was
21.0-29.9°C (mean 25.5°C) during the test
period. It rained on August 4, 5, 6, 7, 22,
23 and 24 and September 3, 9 and 10 (Fig.
2). Total precipitation was 185 mm. In
pupae from the control site and pretreatment
samples from the test sites, mortality in the

laboratory was observed at 0-4.5% (mean
1.5%; Tables 1-3).

A4)  Polyethylene containers with Co. pipiens
pallens

Adult emergence was completely inhibited
for 40 days after treatment at a high dosage,
0.1 ppm. All larvae died before pupation in
the containers treated at 0.1 ppm for 25 days
after treatment. Sufficient number of pupae
for evaluation first appeared 27 days after
treatment. Due to depression of pupal popu-
lation, further observation was not continued
after then (Table 1, Fig. 2).
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Fig. 2 Residual activities of 0.5% pyriproxy-
fen granules against Culex pipiens pallens
in polyethylene containers and rainfall in
Toyama.

Emergence was almost inhibited for 38
days and 22 days after treatment at 0.01 and
0.001 ppm, respectively, in spite of several
days’ rainfall.

Inhibition was almost complete for 12 days
after treatment at a low dosage of 0.0001
Ppm, but the rate decreased rapidly after
rainfall during 13th—19th day after treatment.

B)  Cesspools with Cx. pipiens pallens

Complete inhibition of adult emergence
was produced during 4-43 days after treat-
ment in the pupal isolates (Table 2).

Nearly half of inhibition for the first 2
weeks in larval isolates was larval death.
Nevertheless, the inhibition rate was lower
m the larval isolates than in pupal isolates.
Some adults emerged normally 1 week after
treatment in the larval isolates. After that,
the rate of normal emergence was reduced
to 0-2%, but the rate gradually increased
within 36-50 days after treatment.

One cesspool (Site No. 2 of Table 2) dried
up for 4 days from 22nd to 25th day after
treatment, and then the water level recovered
with rainfall. Third and 4th instar larvae
appeared again 36 days after treatment, but
the inhibition rate stayed at the 74-85%
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Table 1 Residual activity of 0.5% pyriproxy-
fen granules as measured by inhibition of
adult emergence against Cx. pipiens pallens
in polyethylene containers,

———

Dose Days after I(?fhiebriiaine;i?
(ppm) treatment (No. sargples)
0.1 27-40 100 (190)
0.01 7-37 100 (2,024)
38 949 (39)

0.001 7-10 100 (1,758)
12 97.7 (173)

13 96.1 (51)

14-15 100 (9)

17 97.3  (73)

19-21 100 (175)

22 91.0 (100)

0.0001 6-8 100 (641)
9 99.5 (201)

10-12 100 (160)

13 875  (8)

17 1.0 (127)

19 315 (124)

0 (control) 6-17 0 (163)
19 0.5 (218)

20-31 0 (253)

33-38 0.6 (172)

-_ T e

level during the period from 36 to 56 days
after treatment..

C) Sewers with Cx. pipiens pallens

Complete inhibition was produced during
4-22 days after treatment in the pupal iso-
lates. The inhibition rate in the larval iso-
lates was over 809% within 22 days after
treatment and then it decreased gradually
(Table 2).

D) Irrigation ditches with Cx. tritaenio-
rhynchus

‘The inhibition rate in the pupal isolates

was more than 98% during the period 4 to

22 days after treatment. The inhibition rate
in the pupal isolates was 43-59% for the
first 2 days after treatment. The same tend-
ency was observed in the larval isolates. The
rate rapidly dropped after rainfall on the
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3 Residual activity of 0.5% . pyriproxyfen granules as measured by adult emergence
against Cx. tritaeniorhynchus in the 3 djtches.

~

Days after treatment

(Dojrf) Site Inhibition
pp Pre- 0 1 2 4 7 15 22 29 36 43
0.or 7 Pupae 0O 42.9 39.0 8.7 100 100 98.2 100 — — —

(86) (21) (78)  (150)

7 Larvae 1.8 100 — —
(55) (23)

8 Larvae 2.1 220 957 975

(48) (50) (47) (40)

9 Larvae — 100 100 100

(25) (29) (26)

(91  (157)  (109) (5) — — —

— — 744 520 32.0

82) (750  (25)

97.297.3 73.9 92,9 833 37.8 40.7

(36) (37) (92) (85) (60) (111)  (113)

100 97.8 * 92,0 21.1 16.2 —
(49 (45) (25) (1049 (79

( ): No. samples. * Dried up.

29th day after treatment, both in pupal and
larval isolates (Table 3).

One irrigation ditch (Site No. 9 of Table
3) dried up for 4 days, August 15-18, and
then the water level recovered with rainfall.
The inhibition rate in larval isolates after
the dry-up was still 929% 22 days after treat-
ment, but the rate decreased rapidly after
rainfall during 29-36 days after treatment.

Discussion

Pyriproxyfen effectively inhibited adult
emergence of Cx. pipiens pallens and Cu.
tritaeniorhynchus for more than 3 weeks in
ditches with wastewater inflow at a dosage
of 0.1 ppm and in those with stagnant waste-
water of 0.01 ppm. This IGR produced com-
plete inhibition of emergence of Cx. pipiens
pallens for rainless 12 days in the poly-
ethylene containers without mud on the
bottom at a very low dosage of 0.0001 ppIm,
but the effect decreased rapidly when the
concentration was diluted by rain water
(Fig. 2).

The high effect of granular formulation
was retained in the cesspools and irrigating
ditches after drying up for several days in
the course of the experiments.

However, the effective component did not
remain in the bottom mud for a long period
when an emulsion was sprayed (Schaefer
et al., 1988). We thought that granules of
this IGR sank to the bottom, and the effective
component was slowly released; thus, the

effective component remained in the sub-
stratum for a long time.

It is already confirmed that emergence

nhibition rates were higher in pupal isolates
than in larval isolates (Mulligan and Schae-
fer, 1990). The same results were obtained
in the present study. Concentration was ex-
pected to be higher in the’ bottom than the
upper water for a long time when granular
formulation was applied. This IGR is active
against the larval stage, and inactive against
pupae (Hatakoshi et al., 1987). The age
sensitivity of larvae differs in instars (Estrada
and Mulla, 1986) . Through eating bottom
mud and /or floating fine particles containing
the active component, larval midguts and
Malpighian tubes are destroyed (Syafruddin
et al., 1990) . Therefore, field-collected pupae
might contact higher concentration on the
bottom through touch and/or eating mud
at their larval stage. In the larval isolate
only the field-collected water was used, so
larvae could not contact the bottorn mud at
the stage they were sensitive to the chemical.
To determine the effect of IGRs in the field,
pupal isolates are stable and are preferable
to larval isolates. In the plots treated at
high dosage of 0.05-0.1 ppm, many larvae
died and pupal populations were depressed,
and so the actual mortality in the test sites
at high dosages is expected to be higher than
that obtained in the pupal isolates.
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