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ABSTRACT

Environ. Emomol. 9: 778- 780 (1980)
LOs, 1.0'25, and 50values of the insecticides methyl parathion, decamethrin, and Perthane

were ~stlmated for the 5th instal' nymphs of N. lugens. LO values were lowest for deca-
methrin, followe~ by Perthane and ~ethyl pa~athion. Topical applications of sub-lethal doses
?f methyl pa,rathion and decamethnn on 5th Instal' nymphs caused increases in reproduction
In the resultmg adults. Highest reproductive stimulation occurred at the LO dosage for
m~thyl parathion and at LOso for decamethrin. Perthane did not cause reprod~ctive stimu-
latIOn at any of the four dosages tested.

that cause resurgence of N. Lugens increase the repro-
ductive rate when applied at sub-lethal doses.

Materials and Methods
Lethal doses (LOs, LOlO, L02s, and LDso) of three

insecticides [decamethrin (NROC 161) (C'!-cyano-3-
phenoxybenzyl d cis 2,2 dimethyl (2, 2 dibromovinyl)
cyclopropane carboxylate), methyl parathion (O,O-di-
methyl-0-4-nitrophenyl phosphorothioate), and Perthane
(I, I-dichloro 2,2-di (4-ethyl-phenyl ethane)] for the 5th
instal' female nymphs of N. Lugens biotype 2 (virulent
to varieties possessing the Bph I gene for resistance)
were determined. Five concentrations of the technical
insecticides were prepared in acetone through serial di-
lution. Test insects were anaesthetized for 40--45 sec
with CO2 at a flow rate of 10 mI/13 sec. A volume of
0.2 ILl of the insecticide solution was applied to the
thoracic tergites using a micro-applicator and a cali-
brated micro-syringe. Control insects were tested with
only acetone. The test was conducted with 4 replicates,
using 20 nymphs/replicate. The treated insects were
placed on potted, 2-week old seedlings of the N. lugens
susceptible rice variety, Taichung Native 1 (TNI), and
covered with mylar film cages. The caged plants were
confined in an incubator with a temperature of 26°_
28°C, 60--80% RH and 12 h illumination. Mortality was
recorded 24 h after treatment and the percent mortality
was corrected using Abbott's (1925) formula. From
these mortality rates, LO values were computed using
probit analysis. The doses were expressed as ILg/g body
weight of the insect.

Based on LO values obtained, another experiment
was conducted to determine the effect of the four treat-
ments (LOs, LOlO, LD2s and LOso) on the reproductive
rate of the surviving hoppers. Treatments were arranged
in a randomized complete block design and replicated
4 times with 20 insects/treatment. Insecticides were ap-
plied to 5th instar nymphs with a micro-applicator. Fifth
instal'S were used because of the rapid rate of ovary
development at this stage. After application the insects
were placed on 2-week old TNI rice seedlings. Young
seedlings were selected. The hoppers adapt better to
feeding on young plants after insecticide application and
it is easier to check for mortality and to select the sur-
vivors. However, after 24 hours on the seedlings, it was
necessary to transfer the survivors to 30 day-old TN I
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Introduction
Resurgence of N. lug ens after applications of certain

insecticides has been repeatedly reported at the Inter-
national Rice Research Institute (IRRI) (IRRI 1969,
]971, 1973, 1974, 1975 and 1977). Such insecticides
are applied to increase N. lugens populations in field
screening for varietal resistance at IRRI (Heinrichs et
al. 1978). Resurgence consistently occurred after treat-
ment with decamethrin and methyl parathion, while Per-
thane did not cause resurgence (IRRI 1977). Controlled
studies which excluded natural enemies of the hopper
indicated that the reproductive rate of the hoppers was
increased when they were confined on plants treated
with these insecticides (Chelliah and Heinrichs3).

Resurgence of arthropod pests after pesticide appli-
cations is a well documented phenomenon (Huffaker and
Spitzer 1950, Bartlett 1968, Reynolds 1971, Eveleens
et al. 1973, and McClure 1977). One of the important
factors causing resurgence of phytophagous pests is
stimulation of reproduction by sub-lethal doses of in-
secticides (Yrie et a!. 1972, ~ittrich et al. 1974, EI-
Lakwah and Abdel-Salam 1974, and Honek and Novak
1977). Ball and Su (1979) reported that carbaryl and
carbofuran at sub-lethal dosages stimulated egg produc-
tion in the western corn rootworm, Diabrotica virgifera.
Roan and Hopkins (1961) suggested that sub-lethal
doses might positively stimulate neural activity to bring
about a favorable neurohormonal influence on insect re-
production. Lucky (1968) explained this phenomenon
through his horrnoligosis concept which suggested that
sublethal quantities of any stressing agent will be stim-
ulatory to an organism by providing it with increased
sensitivity to respond to changes in the environment.

In practical crop protection this phenomonon is of
great importance, as the use of low dosages of insecti-
cides due to economic reasons or defective application
techniques, and environmental factors which reduce the
lethality of the toxicant in a very short period, might
lead to increased pest population, rather than control.
This study was conducted to determine if the insecticides
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plants covered with cylindrical mylar cages as the young
seedlings cannot withstand oviposition and feeding over
the extended period required to complete the test. Wnen
females reached the adult stage, sufficient numbers of
untreated males were released in each cage. After the
pre-ovipositional period, 2 gravid females were col-
lected from each replicate and placed on 30 day-old TNI
plants for 7 days using mylar film cages. Dead insects,
if any, were replaced daily with fecund females from
the respective treatments throughout the observational
period. It was only necessary to replace two females out
of the total of ]20 tested. Because the replacement fe-
males received the same treatment and were the same
age as those which were replaced this technique was
considered valid. Because it is extremely difficult to
introduce fresh plants daily and dissect leaf sheath tissue
into which the hopper eggs have been inserted, fecundity
of the hoppers was assessed indirectly by counting the
nymphs emerging from the plants. Previous studies have
indicated that there is about a 95% hatch of N. lugens
eggs laid in TNI plants (Saxena and Pathak 1979).
Treatments were tested by analysis of variance and by
Duncan's multiple range test (P = 0.05).

Results and Discussion
The lethal doses were the lowest for dec amethrin,

followed by Perthane and methyl parathion (Table I).
Significant differences were found in the reproductive
rates of hoppers treated with 4 lethal doses of deca-
methrin and methyl parathion (Table 2). At LDso, de-
camethrin stimulated hopper reproduction significantly.
At this dose, there was a 75.5% increase in the number
of nymphs followed by LOs (45.1%), LD2s (30.7%),
and LOto (20.9%). In the methyl parathion treatments
the number of nymphs was highest at LD2s. At other
doses, the differences were not significant. At all 4
doses, Perthane did not cause a significant difference in
nymph numbers.

It was evident that topical application of sublethal
doses of decamethrin and methyl parathion on the 5th
instar nymphs of hoppers lead to reproductive stimula-
tion of the resulting adults, although the dose for max-
imum stimulation differed between the two insecticides.
Under field conditions the degree of resurgence, among
possible other factors, would be affected by a combi-
nation of both the percentage of hoppers surviving the
insecticide treatment, and the extent of reproductive
stimulation at the given rate applied. Thus, maximum
resurgence would be expected at a rate which allowed
a high survival of the hoppers and also caused a high
degree of reproductive stimulation. With decamethrin,
the highest increase (75.5%) in reproductive rate of the

Table I.-Lethal doses of insecticides applied topicaUy
to 5th instar nymphs of N. lugens.

LOs LOw L02s LOso

Insecticide (/Lg/gbody weight)

Oecamethrin 0.0000015 0.0000045 0.000075 0.003
Perthane 0.0015 0.0045 0.06 0.75
Methyl parathion 0.015 0.045 0.45 4.36

Table 2.-Effect of lethal doses of insecticide on the num-
ber of progeny of N. lugens.

No. of nymphs hatched 2

Lethal dose I Methyl
(LD) Oecamethrin parathion Perthane

5 232.8b 147.3b 160.0a
10 198.0bc 147.5b 126.5a
25 214.0bc 247.3a II1.3a
50 287.5a 180.8b 159.5a

Control 163.8c 137.0b 134.0a

I Topical application of technical material on 5th instar nymphs.
2 From eggs laid by 2 females in 7 days. In a column. means followed by a

corrunon lener arc not significantly different at lhe 0.05 level (Duncan's multiple
range test).

surviving hoppers was recorded at LDso. Theoretically,
this rate of increase would not result in an overall pop-
ulation increase in the next generation over that of the
control because of the high mortality rate (50%) even
though the few survivors had a higher reproductive rate.
However, at LOs, a 42. I % increase in reproductive rate
of the 95.0% surviving insects would significantly in-
crease the hopper population, resulting in resurgence.

With methyl parathion, the increase in reproductive
rate was significantly higher (80.5%) at L02s. At this
dosage, high survival coupled with increased reproduc-
tion of surviving hoppers could lead to hopper resurg-
ence.

Perthane has consistently provided good control of
N. lugens at IRRi. As indicated in this study, Perthane
did not cause reproductive stimulation at sub-lethal
rates. In a previous study, Perthane was found to have
much longer residual activity than methyl parathion or
decamethrin and also caused reduced feeding after the
lethal effect was diminished (Chelliah and Heinrichs
1980). These three factors have contributed to the ef-
fectiveness of Perthane in N. lugens control.
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