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ABSTRACT

Environ. Entomol. 11: 193-199 (1982)
Thirty-five insecticides used on rice in Asia were tested in the fi~ld a~a!n~t Nil~-

parvata lugens. The most important predators of the pest, Cyrthorhmus livldlpenms,
Microvelia atrolineata, and predac~ous s~iders, Lycosa pseu~oann'fl~ta, ~etr.aBnatha
and Araneus species, were also momtored in the test plots. Ten msectlcldes slgmfl~antly
reduced numbers of N. lugens, but propoxur and ethylan gave the most co,?slstent
and effective control. Most insecticides did not significantly reduce populatIOns of
spiders and M. atrolineata compared with untreated checks, but they did redl;1ce
numbers of C. lividipennis. Fifteen treatments caused resu.rgence of N. lugens, resultmg
in significantly higher numbers in the treated plots than m untreated checks. Resurg-
ence was apparently not caused by the toxicity of the materials against predators.
Eleven of the insecticides had no effect on N. lugens.

Tests were conducted on the International Rice
Research Institute (IRRI) experiment farm in Los
Banos, Philippines. A high-yielding dwarf rice va-
riety, IR29, susceptible to the dominant N. lugens
biotype of the IRRI farm and with a ma~urity of 115
days, was transplanted at 21 days after sowing at a
spacing 25 by 25 cm. Fertilizer was incorporated into
the soil just before transplanting ([19 kg of N + 14
kg of P + 14 kg of K]/ha). Additional nitrogen was
broadcast 25 to 30 days after transplanting (DT)
(16.5 kg/ha) and at panicle initiation (26 kglha). The
plots (5 by 9 m) were arranged in a randomized
complete block design with four replications. Plots
were separated by levees and irrigated individually.

Insecticides were compared in five consecutive
trials conducted from 1979 through 1980. The trans-
planting dates oftests 1 through 5 were, respectively:
7 November 1979; 28 November 1979; 24 December
1979; 9 January 1980; and 28 February 1980. Each
insecticide was applied three times during crop
growth at 30 to 35 DT, 45 to 50 DT, and 60 to 65
DT. Sprays and granules were applied at Philippine
recommended rates of 0.75 and 1.0 kg of AI/ha,
respectively. Granules were hand broadcast into the
paddy water, and sprays were applied with a knap-
sack sprayer calibrated to deliver 300 liters of water
per ha.

Ten randomly selected hills were sampled in the
center of each plot with a FARMCOp® suction de-
vice (Carino et al. 1979) 1 day before, and 2 days
after each insecticide treatment. A final sample was
taken 70 to 80 DT. Both N. /ugens adults and
nymphs, as well as the predators Microvelia atroli-
neata (Bergoth), Cyrotorhinus lividipennis Reuter,
Lycosa pseudoannu/ata Boes et Str., Tetragnatha
sp., and Araneus sp., were counted. These preda-
cious species were sampled because they are the
most common in Asian rice fields and are considered
to be most important in regulating populations of N.
lugens (Heinrichs et al. 1979, Chiu 1979). The per-
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Nilaparvata lugens (StaJ) has become a serious
pest of lowland rice in South and Southeast Asia
during the last decade (Dyck and Thomas 1979).
This pest damages the plant by direct feeding, called
"hopperburn," and also transmits the viruses, grassy
stunt, ragged stunt (Ling et al. 1978), and wilted
stunt (Chen et al. 1978). Chemical control of N.
lugens on nonresistant rice varieties is difficult, and
some ineffective insecticides may cause resurgence,
a significant population increase in treated compared
with untreated fields (Anonymous 1977-1979). The
causes of insecticide-induced resurgence are not
completely known. Sublethal dosages of some in-
secticides increased the longevity, feeding activity,
and fecundity of N. /ugens in the laboratory (Chel-
liah and Heinrichs 1980; Chelliah et aI., unpublished
data6). Subsequent field tests also demonstrated in-
creased oviposition in plots treated with an insecti-
cide associated with an increase in resurgence and
indicated that the amount of population increase is
influenced by the method and timing of applications
(Heinrichs et aI., in press). In addition to directly
affecting the insects' physiology, insecticides may
also destroy natural enemies which help regulate
pest populations in the field (Chiu 1979, Kenmore
1980).

Most of the insecticides commonly used on rice
in Asia were evaluated in the field during this study
to test their effectiveness in controlling N. /ugens
and to identify those ineffective materials causing
resurgence. Populations of important predators were
also monitored in the test plots to compare the re-
sponse of the different species to insecticides and to
determine if resurgence was caused by the destruc-
tion of these natural enemies.

I HomoplerB: Delphacidae.
2 Lycosa pSt'udoannulatQ Boes et Sir. (Aronese: Lycosidae). Tetragnatha species

(Aranea: retragnathidae). Ara •• ", species (Aranea: Argiopidae).
3 Hemiptera: Veliidae.
.• Hemiptera: Miridac.
5 Received for publication 12 December 1980. Present address: Dept. of Enlo.

molojY. N.Y. Stale Agric. Exp. Stn .. Geneva. NY 14456.
S. CheUiah. 1979. Insecticide Application and Brown Planthopper Nilaparvata

lugens (SIAl) Resurgence in Rice. IRRI. Los Banos. Philippines.
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centage of "hopperburned" hills in each plot was
recorded several times during the later stages of each
test.

Number of N. Lugens, average number of prey per
predator (number of N. Lugens adults and nymphs
per number of predators), and percent hopperburn
were subjected to an analysis of variance, and means
were separated by Duncan's multiple range test (P
< 0.05). Predator counts were tested for normality7
and transformed if necessary (log x + 1), and means
were separated by the Waller and Duncan BSD pro-
cedure (P < 0.05).

Results
Populations of N. Lugens built up to levels suffi-

cient to cause varying amounts of hopperburn in all
experiments except test 1 (Table 1). Even in this
test, the pest populations exceeded the proposed
economic threshold of 20 per hill (Heinrichs et al.
1979) in the untreated check during the later crop
growth stages. Despite the severe hopperburn that
occurred in some insecticide-treated plots, very little
damage was observed in the untreated checks. The
checks in tests 1, 2, and 3 had no hopperburn,
whereas those in tests 4 and 5 had, respectively, 10
and 13% damaged hills.

Sixteen of the insecticide treatments were consid-
ered to have caused resurgence of N. Lugensbecause
populations in these treatments significantly ex-
ceeded the check in one or more samples after the
first treatment. These materials are marked with an
asterisk in Table 1. This group included carbamate,
synthetic pyrethroid and organophosphate insecti-
cides. Usually, N. lugens populations in the resurg-
ence plots did not become significantly larger than
those in the checks until later in the season, after
the second insecticide application. The amount of
population increase compared with the check varied
considerably among the different tests and with dif-
ferent compounds, ranging from ca. 3-fold for fen-
valerate and Penncap-M® (microencopulated methyl
parathion) to ca. 35- and 37-fold, respectively, for
carbofuran and isazophos granules. The percentage
of hopperburn occurring in plots treated with re-
surgence-promoting insecticides was significantly
greater than that in the untreated checks, except for
monocrotophos plots in test 3, and materials in test
1 in which no hopperburned plants occurred in any
treatments.

Insecticides marked with a plus sign in Table 1
significantly reduced populations of N. lugens below
that of the check in one or more samples taken 2
days after application. Ethylan was the most effec-
tive material and gave more consistent control dur-
ing the season than other materials. Propoxur also
consistently reduced numbers of N. Lugens during
crop growth and significantly reduced hopperburn
compared with the check in test 5. All of the other
materials providing control were inconsistent after

~ Ryan. Hod B. L. Joiner. N~rmal proba~i1it~ plms H.odl~sts for normality.
Statistics Depanment. The Pennsylvama Slate Umve~lty. Umverslty Park.

the various applications. Carbofuran sprays in test
1 controlled N. Lugens, but the granular formulation
caused resurgence in the subsequent test 4. The rea-
sons for this difference in effectiveness of the two
carbofuran formulations are not known.

Eleven of the tested materials had no effect on N.
Lugens because populations in plots treated with
these insecticides were not significantly different
than the check after the first application (Table 1).
Usually the percentage of hopperburn in these treat-
ments was not significantly different from the check.
However, in test 5, plots treated with dimethoate
suffered more hopper burn than the check, and those
treated with acephate had less damage than the
check even though the populations of N. Lugenswere
similar during the season in all three treatments.

In contrast to the large differences among treat-
ments in numbers of N. lugens, predator populations
were relatively low throughout crop development
and quite uniform in both insecticide-treated and
check plots (Table 2). Prey were generally abundant
compared with the numbers of predators, particu-
larly during mid- to late stages of crop development.
BHC, monocrotophos, decamethrin, azinphos-methyl
+ MTMC, BPMC + dorpyrifos, and fenvalerate
consistently reduced numbers of spiders below those
in untreated checks, but the effects of the other in-
secticides were usually insignificant. The average
number of prey per spider was significantly reduced
compared with the check after some applications of
some of the materials controlling N. lugens, such as
FMC 35001, ethylan, MTMC, endosulfan, and pro-
poxur, indicating that those materials were more
toxic to prey than to the spiders. Also. most of
the insecticides did not significantly affect popula-
tions of M. atrolineata. Methyl parathion, monocro-
tophos, pyridaphenthion, cyanofenphos, carbaryl
sprays, isazophos, and carbofuran granules appar-
ently were slightly more toxic to M. atro/ineata than
to N. lugens, since application of these materials
usually caused a significant increase in the average
number of prey per predator. C. /ividipennis were
generally more sensitive to insecticides than the
other predator species. Most insecticides signifi-
cantly reduced populations of C. /ividipennis, and
the prey-per-predator averages were usually larger
than the check averages after application.

Discussion
A substantial number of insecticides commonly

used on rice, including organophosphates, carba-
mates, and a synthetic pyrethroid, caused resurgence
of N. lugens. The population increases observed in
this study were probably not caused by the destruc-
tion of natural enemies, as suggested by other re-
searchers (Chiu 1979, Kiritani 1979, Otake 1977).
Numbers of spiders and M. atro/ineata and the av-
erage numbers of C. lividipennis and Microve/ia even
in the untreated checks in this study were probably
not sufficiently large to regulate N. lugens. In pre-
vious studies in the tropics in which these predators
were reported effective against N. lugens, predator-
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