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Studies on the Toxicity of Insect Growth Regulators against
the Fall Webworm {Hyphantria cunea Drury) and the Rice

Stem Borer (Chilo suppressalis Walker)
I. Comparisons of Insecticidal Activities against
Various Instar Stages
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ABSTRACT The experiments were carded out to inveshgate the toxicological characterstics of Insect Growth
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Regulators {IGRs) such as chlorfluazuron, difiubenzuron, pyriproxyfen and tebufenozide against the
various stages of instars of fall webworm {Hyphantria cunee Drury) and nce stem borer (Chilo
suppressalis Walker). In fall webworm, the tolerance ratio (TR} with the 2nd~6th instars, as compared
with LCso of the 1st instar, ranged 107358, 1.13~6.06, 1.02~-3.23 and 1.05~ 6.64, respectively.
In the tice stern borer, the TR of the 3rd instar, as compared with LCso of the 1st instar, to chlorflua-
zuron, diflubenzuron, pyriproxyfen and tebufenozide were 2.86, 260, 19.80 and 15.30, respectively.
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The fall webwormm (Hyphantria cunea Drury) is
a common polyphagous pest with a worldwide dis-
tribution in tropical and subtropical regions It is one
of the invasive pests from USA in 1958. The insect
was known to have the 160 species of haost trees
with broad-leaf and it was the most notorious pest
of farest, street trees and garden plants during 1970
s in South Korea. The msect is still the major pest
of street trees and garden plants.

The rice stem borer {Chilo suppressalis Walker),

a common pest of rice field in eastem Asia, had
been a main pest in rice culture by 1980 in South
Korea. Even at this pomt, the insect should be con-
trolled with pesticides to minimize vield loss. Song
et al. (1982) reported the multiplication and the oc-
currence of the insect at partial localties since 1990.
Both the fall webworm and the rice stem borer are
bivoltine insects in Korea.

A new class of insecticide, the main dervatives
of benzoylphenyl ureas (BPUs), have recently shown
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promise in controlling insects of agricultural, forestal, However, the specific activities of the IGRs such
medical and veterinary importance (Menn & Holli- as chlorfluazuron, diflubenzuron, pyriproxyfen and
ngworth 1985). By Awad & Mulla (1984), these no- tebufenozide aganst the different stages of larval
vel materials generally referred to Insect Growth Re- instars of the fall webworm and the rice stem borer

gulators (IGRs) induce morphological and physical have not yet been reported. Forturnately, the diflu-
disorders and produce deleterious effects and lethal benzuron 25% WP and the chlorfluazuron 5% WP

abnormalities in treated insects. Up to the date, the were only recommended at the rate of 6,000 times
development of IGRs has been received a lot of dilution for fall webwonm contral (cited in insect pe-
attention as a potential measures for selective contol sts and diseases of trees and shrubs p 143, publi-
of insect pests and as a relatively low toxic pesticide shed Forestry Research Institute Forestry Administ-
for environment in the world {(Awad & Mulla 1984, ration) Laboratory studies were conducted to assess
Menn & Hollingworth 1985). the relative mortality activities the IGRs against the

In reviews of research on diflubenzuron (Dimilin®), developmental larval instars of fall webworm and

gypsy moth {Abdelmonem & Mumma 1981), cod- rice stemm borer.
ling moth (Hoying & Riedel 1980), oriental tobacco

budworm (Lee 1985}, spruce budworm (Retnakaran MATERIALS AND METHQDS

1979 and soybeen lopper (Reed & Bass 1980)

were tested against the different stages and instars The fall webworms {(Hyphantria cunea Drury) col-
of the insects to the IGR:and on cyromazine, house lected as egg masses and the gregarious colonies

fly (Awad & Mulla 1984a) and Australian sheep from cheny tree at gardens of Woosung apartment
blow fly {Fiedel & Mcdonell 1985), it was tested in Cheangu City on May 25th in 1992, were conti-
against the different stages and instars of the insects. nually reared with mulberry leaves in rearng boxes
In reviews of research on RH-5849, japanese beetle {31 %2053 cm: Philip Haris) of 28+ 2¢C of tem-
and fall ammyworm (Monthean & Potter 1992), to- perature, 80~85% of relative humidity and 12:12

bacco cutworm (Park et af 1992) and tobacco hor- {L:D} of photoperiods. The adult rice stem borers
nworrn (Wing 1988) were tested against the different {Chilo suppressalis Walker) collected from rice field
stages and instars of the insects. with black light-traps at Cheongweon county, Chu-
On the other hand, Demark & Bennett (1989) ngbuk province, at eady in the August of 1992.
evaluated the inhibition efficacy of the chlodliazu- laid in a susceptible rice varety {Chuchecng-byeo)
ron against the nymph of the german cockroach and there the egg-laid plant was reared in the bea-
and compared it with inhibition aclivities against the ker (500 ml) which contains seedlings of the vanety,
2rd and the 5th nymphal stages. Bae et al {1992) after hatching from the egg-mass. The environmental
evaluated the effect of the buprofezin against the conditions of all experiments camried out were the
brown planthopper (Nilaparvata lugens Stal} in the same as mentioned in advance.
laboratory and pot trials, and the inhibition activities The IGRs used in this experiment were obtamned
to the developmental nymphal stages were reported from the manufacturers and suppliers of agrochemi-
by Ahn ef ai. (1992) cals in Korea (Table 1}. The standard solution was

Table 1. Name and purity of chemicals used in the experiment

Common name Trade name Chemical name Pusity (%)
Chlorluazuron Atabron 1-[ 3,5-dichloro-4-(3-chlor-o-5-trifluoromethyl-2-pyridyloxy) 97.3
pheny!]-3-(2,6-difluorobenzoyliurea
Diflubenzuron Dimilin 1-{4-chlorophenyl}-3-(2,6-diflucrobenzoyljurea 914
Pyriproxyfen Sumilarv 2-[1-methy]-2-[phenoxyphenoxy)ethoxyl pyndine 98.1

Tebufenczide Mimic N-tert-butyl-N'-(4-ethylbenzoyl)-3 5-dimethylbenzohydrazide 45.0
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Table 2. Comparisons of according to developmental larval instars of fall webworm (Hyphantria cunea Drury)
in mortality effects of chlofluazuron by the leaf dipping method

Instar N LC5y(95%FL) 1.Cos Slope+ SE TR®
Lst 250 6.98(5.1-9.0) 6293 172021 1.00
2nd 250 7495(5.4-9.8) 8302 157+ 020 1.07
3rd 250 778{(5.1-109) 163.06 1.24+018 1.11
4th 250 8.24(6.1-10.8) 90.90 158+019 118
5th 350 2356(19.4-28.6) 136.04 216021 3.38
bth 360 25.01(205-30.3) 13026 230+ 0.25 358

a95% fducial limits(ppm): TR®(Tolerance Ratio) LCsy values of each instar/ LCse values of 1st instar

prepared to the 1% solution (W/V) with reagent
acetone (Gr 99.5%) and the preparation of applying
solution was made the mixture of acetone(diluted
chemical) and distilled water {1:9 V/V) at 5-6 levels
for the analysis of probits.

Leaf dipping method was used to evaluate the
effect of IGRs on the fall webworm. Mulberry leaf
disk (0 9cm) was dipped in the treated solution
for 30 sec. After the excess solution on the surface
was absorbed by filter paper, the treated disk was
dned in the shaded lot of laboratory. Then, it was
put in the petr-dish (¢ 9 cm) and the testing instars
younger than 1 day after hatching or molting accor-
ding to developmental instars of infested on the
treated leaf within petr-dish. Untreated mulberry leat
disk was supplied at every 24 hours intc the same
size of petri-dish after 24 hours feeding of treated
disk. The number of tested instars per each concen-
tratlons of IGRs was infested with 5 replications, 10
instars per replication in 1—2 instars and the other
nstars increased the replications without any reduc-
tion in the number of treated nstars per concentra-
tion. The efficacy was counted with the appearance
of stable mortality at 4 days after treatment (DAT)
For evaluation of the rice stem borer, rice stem dip-
ping method was used. A bundle of Chucheong-
byzo bound with 6 stems (5cm long) at 60 days
after transplanting, was dipped inte the solution for
30 sec. After the excess solution on the bundles
was absorbed by cottons, the treated bundle was
dried at the shade in the laboratory. Then, these
were put in the beaker (500 ml) and the instars of
1 day old after hatching and 1 day old after molting
from 2nd nstars were infested on treated bundles.
The number of tested instars per concentration was

mnfested with 5 replications. 10 instars per replica-
tion/beakers without distinguish the stage of instars.
The dead instar was counted at the 6th days after
infestations. The LCsy was calculated by probit an-
alysis with computer.

RESULTS AND DISCUSSIONS

The mortality effects of chlorfluazuron by develop-
mental larval stages of fall webworm (Huphantria
cunea drury) in the leaf dipping method were shown
in Table 2.

[n Table 2, the 1.Cso values of chlorfluazuron by
developmental larval stages of fall webworm were
increased and the values of TR in bBth and 6th
instars as compared with that of 1st~dth instars
were increased 3.38 and 3.58 times, respectively.

In chlorfluazuron against the nymphal german co-
ckroach (Blattella germanica L) reported by Demark
& Bennett (1989), low diet concentration of chlord-
luazuron to kill the Znd instars increased 2 times
as compared with that of the bth instars and the
mortality ratio of the bth instars as compared with
2nd instar was. Although it was not agreed with
tested insects, the experimental resulis of the fall
webworm showed the correspondent tendency with
results of remarks.

The mortality effects of the diflubenzuron in ac-
cordance with developmental larval stages of the
fall webworm in the leaf dipping methad were
shown in Table 3

In Table 3, the L 5o values of diflubenzuron agai-
nst the developmental larval instars of the fall web-
worm increased gradually and the TR values of dth
and 5th instars increased progressively, and as com-



%

84 I &8

% 8 7 A Vol 33 Ne.?2

Table 3. Comparisens of mortality effects of diflubenzuron according to developmental larval instars of fall
webworm {Hyphantria cunea Drury) in mortality effects of diflubenzuron by the leaf dipping method

Instar N LCeo{OR%FL)" LCas Slope+ SE TR?
Ist 250 5.78(44-72) 2929 233028 1.00
2nd 250 6.54{4.9-8.3) 3755 217+ 027 113
3rd 300 2.13(6.7-120) 90.09 165+ 0.20 158
4th 300 1024(7.6-13.3) 107.32 161+0.18 1.77
5th 300 19.40(14.3-26.3) 37167 1.28+0.14 336
6th 300 35.02(25.6-48.0 607.05 1.32+015 6.06

995% fiducial limits (ppm): TR® (Tolerance Ratio); LCgy values of each nstar/LCsy values of 1st instar

Table 4. Comparisons of mortality effects of pyriproxyfen according to developmental larval instars of fall
webworm (Hyphantria cunea Drury) in mortality effects of pyriproxyfen by the leaf dipping method

Instar N LC5(95%FLy" LCs Slope SE TR
Lst 420 30.66(25.0-37.3) 25391 179+ 0.16 1.00
ond 420 31.17(21.0-46.2) 284.62 1714022 1.02
3td 300 35 94(26.7-48.4) 522.93 141+014 117
4th 350 40.33(315-51.0) 34639 176+ 0.16 132
5th 400 88.28(68.3-113 8) 124035 143+0.11 238
6th 400 99.10(73.8-1325) 1885.21 1.29+0.12 323

295% fiducial limits (ppm), TR?(Tolerance Ratia). LCqy values of each instar/LCsy values of 1st mstar

pared with those of Ist~4th instars, it was 3.36
and 606 times. respectively.

The diflubenzuron was studied on various insects
by many researchers. New IGR (EL-494) structures
closely similar to diflubenzuron except for the bro-
mophenyl-methylpyrazine moiety and the dichloro
substitution were reported by Retnakaran (1979).
The comparisons of ECsy values with El-494 in
according to developmental larval instars of spruce
budworm (Choristoneura fumiferana) by diet tests
were 0.205ppm for the 3rd instar, 0.249 for the
dth, 0.287 for the 5th and 0486 for the 6th. The
TR values of EL-494 to the 4th, 5th and 6th instars
of the spruce budworm as compared with that of
the 3rd instar were gradually increased by the stage
of instars, ie, 12, 14 and 23 times, respectively.
In comparison of mortality effects on diet surface
treated with diflubenzuron against the developmental
stages of soybean looper (Pseudoplusia itrcludens
Walker] by Reed & Bass (1980). [Dg wvalues for
the Sth instars were significantly greater than that
of similar values for Ist and 3rd instars and signifi-
cantly less than LDsgg values for 6th instars. Abdel-

monem & Mumma (1981} reported that the ECs,
valies of mortalify inhibition with diflubenzuron to
the 3rd and the 4th instars of gypsy moth (Lymant-
ria dispar) by continuous feeding on artificial diet
method showed 0,052 ppm and 0009, respectively,
The ECsy values of diflubenzuron to the 3rd, 4th,
5th and 6th instars of tobacco budworm (Helicove-
rpa assulta Guenee) by continuous feeding on artifi-
cial diet treatment were 162, 21.3, 204 and 276
ppm, respectively (Lee 1985).

In comparisons, Retnakaran (1979) and Reed &
Bass {1980) were in concord with our resulis, but
Abdelmonem & Mumma (1981) and Lee (1985)
did not compare ECsy values because of the diffe-
rent feeding amounts in accordance with develop-
mental instars by continuous feeding on artificial diet
method.

The montality effects of pyriproxyfen In conformity
with developmental larval stages of the fall webworm
by the leaf dipping method were shown in Ttable
4.

In Table 4, the L.Csq values of pyriproxyfen against
the developmental larval instars of the fall webworm
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Table 5. Comparisons of mortality effects of tebufenozide according to developmental larval instars of fall
webworm (Hyphantria cunea Drury) in mortality effects of tebufenozide by the leaf dipping method

Instar N LCso(95%FL)" LCos Slope+ SE TR?
lst 250 598(35-10.3) 24.04 272+ 063 1.00
2nd 250 629(35-114) 27.00 260+ 063 1.05
3td 250 6.09(2.3-8.0) 5086 178+ 027 1.02
4th 250 6.05(3.9-84) 88.77 141+ 021 101
5th 400 39.49(31 4-504) 509.01 148+ 013 6,60
6th 250 3973(29.2.53.8) 508 60 149+ 0.15 6.64

20h% fiducial limits (ppm). TR® {Tolerance Ratio). LCs values of each instar/LCe values of lst instar

increased gradually and the values of TR in the 5th
and the 6th instars as compared with that of the
Ist instars were 288 and 3.23 times, respectively.
The LCso values of pyriproxyfen to the differenta]
instars of the fall webworm showed little by little
increasing tendency as abovely mentioned it. How-
ever, the LCs values of pyriproxyfen to the larval
instars of the fall webwom showed in low values
as compared with that of the other IGRs tested,
On the other sides, the pyriproxyfen was shown to
be the feasible IGRs for the contrals of housefly
(Musca domestica) and mosquito (Culex pippience
pallens) reported by Kim et al. (1993).

The mortality effects of tebufenozide according
to developmental larval stages of fall webworm by
the leaf dipping method were shown in Table 5.

The tebufenczide was also known as the RH-
5992, one of the hydrazide compounds similar to
RH-5849, a nonstercidal ecdysone agonist, In Table
5, the LGy, values of tebufenozide against the deve-
lopmental larval instars of the fall webworm were
gradually increased and the values of TR in the 5th
and the 6th mstars showed rapid increase as com-
pared with that of the 1lst—4th instars, and showed
the 6,60 and 6.64 times as compared with that of
1st instar, respectively Unfortunately, these results
were not compared with other reporters until now.
The RH-5849, one of similar compound of tebufe-
nozide, was reported by several researchers; Mon-
thean & Potter (1992), Park ef al. (1992), Tateistu
& Takeda (1993) and Wing (1988), aganst the lar-
vae of insects The LCsy values of RH-5849 against
the Ist, 2nd, 3rd. 4th and 5th instars of tobacco
budworm (Spodeptera litura) by cabbage leaf dip-
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Fig. 1. Differences of susceptibility in each larval instar

stage of fall webworm (Hyphariria eunea Drury) to in-

sect growth regulators (IGRs)

ping method reported by Park ef af (1992), were
191, 176, 236, 221 and 155ppm, respectively
and he also reported that the feeding rate(%) dec-
reased rapidly for 48 hours after leaf dipping treat-
ment at higher concentrations and the larval weight
also did not increase at hours after treatment as
compared with that of untreated contrel The results
of tobacco budworm experment with RBH-5849
were not comncide with the results of ours. There
are two reasons for this discrepancy. One is the dif-
ferent feeding times: 48 hours for RH-5849 and
24 hours for tebufenozide The other is the estima-
tion of the influences with decreases of feeding rate
and larval weight. In feeding conditions reported by
Guyer & Neumann (1988), ecdysis comparisons of
LCss {ppm in diet) of chlodfluazuron and diflubenzu-
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Table 6. Comparisons of montality effects with several IGRsts with several IGRs against the lst and 3rd
larvae of rice stem borer (Chilo suppressalis Walker) in the rice stem dipping method

Treated Instar N L Cs(95%FLY LCos Slope+ SE TR?
IGRs

Ist 360 3202(224431) 375.95 154017 100

Chiorfluazuron 3rd 300 9166(7341122) 51074 2214022 286
, Lst 360 16323(126-207) 168091 162+ 018 100
Diflubenzuiron 3rd 300 42448(336-514) 204091 241+ 032 260
1st 360  3594(267-484) 52293 1411 0.14 1.00

Pyroproxyten 3rd 300 71169(321-1596) 602472 1774035 19.80
st 360 231(0.4-126) 20727 084+ 0.16 1.00

Tebufenozide 3rd 300 3538(244494) 89355 1174012 1530

295% fiducial limits(ppmy; TR® (Tolerance Ratio): LCsy values of each instar/LCse values of 1st instar

ron against the penultimate instars of Stodoptera
liftoralis were to 0.05, 10 and 1.0, 180 for conti-
nuous feeding and feeding for & hours, respectively.
Wing (1988) also reported that the ED:p values of
RH-5849 agamst the larvae of tobacco homworm
{Manduca sexta) showed the 30670 times activi-
ties as compared with that of 20-hydroxyecdyson
and Monthean & Potter (1992) reported that the
RH-5849 was effective enough against the japanese
beetle (Popillia japonica) grubs at the concentrations
as low as 1 ppm in scil and increased the mortality
at 30 and 100 ppm at 3 days after freatment against
the fall ammyworm (Spodoptera frugiperda). In the
view point of the results with RH-5849 mentioned
above, the efficacies of tebufenozide (RH-5992) will
be expanded mto broad ranges of major insect pe-
sts.

In summary of the inhibition effects with 1GRs
against the developmental larval instars of the fall
webworm (Fig 1), the LCsy values of IGRs increased
gradually in accordance with developmental larval
instars of the fall webworm and the mortality of
IGRs on larval stages from the 1st to the 4th instars
showed good efficacy at low concentrations of chlo-
tfluazuron, diflubenzuron and tebufenozide com-
pounds except the pyriproxyfen. Although. the effi-
cacy in the 5th and the 6ih larvae of the fall web-
worm was sightly higher than that of the 1lst~dth
instars, these three IGRs seemed to be a feasible
developmental pesticides to control the fall web-
worm and other insects.

The meortality effects of IGRs against the nce stem

borer (Chilo suppressalis Walker) larvae by the rice
stem dipping method were shown in Table 6,

LCy values of IGRs against the 1st and the 3rd
larvae of the rice stem borer ranged 32.02--91.66
ppm with chlorfluazuron, 163.23~424.48 with dif-
lubenzurcn, 35.94~711.69 with pyriproxyfen and
2.31~35.38 with tebufenozide. Even though, the
level of TR increased at the 3rd larvae of the rice
stem borer. The tebufenozide (RH-5992) showed
the feasibility as developmental pesticides to control
the rice stern borer. The potentials for pest controls
in agriculture and forestry area needed to be eva-
luated. Actuaily, the possibilities were studied to the
widen specirums of their uses. In these points, the
utilization of IGRs aimed the selective, of which
agents affected varous kinds of insect pests with
minimum determental effects on the human or on
the pest's natural enemies for the intergrated pest
management programs.
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