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ABSTRACT Insecticides, at the N. lugens LD.o level, were applied in the Potter's spray
tower and as a foliage spray to determine their selective toxicity to predators of N. lugens.
These included a mirid bug, Cyrtorhinus lividipennis; the ripple bug, Microvelia atroli-
neata; and the spider Lycosa pseudoannulata. In the Potter's spray tower test, cypermethrin
and deltamethrin were highly toxic to the three predator species on contact. Deltamethrin
was toxic to C. lividipennis and M. atrolineata when they fed on treated N. lugens prey.
Endosulfan and ethylan were not very toxic to the three predators. When the predators
were placed on sprayed plants, only deltamethrin was toxic to L. pseudoannulata and M.
atrolineata, whereas all of the insecticides were toxic to C. lividipennis, with BPMC being
the least and deltamethrin the most toxic. Of the commercially available insecticides, ace-
phate, BPMC, carbophenothion, and endosulfan were the least toxic to natural enemies.

THE BROWN PLANTHOPPER, Nilaparvata lugens
(Stal), was formerly a minor pest, but in the 1970s
it became a major threat to rice production
throughout South and Southeast Asia (Dyck and
Thomas 1979). Major means of controlling N. lu-
gens are use of resistant rice varieties and insec-
ticides. Biotype selection has complicated the
breeding for rice varieties resistant to N. lugens
(Pathak and Heinrichs 1982). Continuous use of
insecticides has led to the development of resis-
tance (Nagata and Morita 1974, International Rice
Research Institute 1970, 1976). Outbreaks have
been associated with the insecticides that cause re-
surgence of N. lugens populations (Heinrichs et
al. 1982b). Resurgence of N. lugens is caused by
a combination of several factors, including repro-
ductive stimulation and the destruction of natural
enemies (Kiritani et al. 1971, Reissig et al. 1982a).

The N. lugens population is normally regulated
by predators (Kenmore 1980). Of the 37 predators
known to attack N. lugens (Chiu 1979) the mirid
bug, Cyrtorhinus lividipennis Reuter; the ripple
bug, Microvelia atrolineata (Bergroth); and the
spider Lycosa pseudoannulata Boes et Str. are ma-
jor population-regulating agents (Heinrichs et al.
1982a). Insecticides continue to be an important
means of control for several insect pests on rice,
but more information is needed regarding their
effects on natural enemies in order to minimize
resurgence of the pests. The objective of this study
was to identify insecticides that are selective, i.e.,
less toxic to the predators of N. lugens, C. lividi-
pennis, M. atrolineata, and L. pseudoannulata,
than to N. lugens.

Materials and Methods

Determination of the Toxicity and Median Le-
thal Concentration (LCw) of Insecticides to N.
lugens. The toxicity of 24 insecticides to N. lugens
was determined using the Potter's spray tower
(Heinrichs et al. 1981). Insecticide dilutions were
prepared, based on the Philippine recommended
or manufacturer's suggested dosages. Following
recommendations of the FAO Working Party of
Experts on resistance of pests to pesticides (FAO
1970) we sprayed 2 ml of each insecticide on 20
2- to 3-day-old brachypterous N. lugens adult fe-
males, from a greenhouse colony, anaesthetized
with CO2 at a regulated flow rate of 2.5 ml/sec.
The insects were then transferred to a petri dish
lined with filter paper. The control insects were
also anaesthetized and treated with 2 ml of dis-
tilled water. Each treatment was replicated three
times. Insects were transferred to 2-week-old 'Tai-
chung Native I' (TN1) seedlings covered by mylar
cages and randomly arranged in a water pan in-
side a room with a temperature of 27 ± 2°C, 60 to
80% RH, and a 12-h light period. Mortality was
recorded at 1, 4, and 24 h after treatment.

Based on their toxicity to N. lugens, several in-
secticides were selected to represent each of the
four classes: four carbamates, four phosphates, two
chlorinated hydrocarbons, and two pyrethroids.
The LCso values of the 12 insecticides were deter-
mined using the Potter's spray tower and foliage
spray methods. The LCso of each of the insecti-
cides for N. lugens was the concentration later
used in the test to determine the selective toxicity
of the insecticides to predators. The Potter's spray
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tower procedure was similar to that used in the
preceding test, except that five concentrations of
the insecticides were applied to establish the LCso'

Mortality was recorded 24 h after treatment.
In the foliage spray test, the same insecticides,

concentrations, numbers of insects, and insects of
the same ages were used as in the Potter's test. For
each treatment, four potted TN1 plants (25- to 30-
day-old) were arranged at equal distances on an
electrically operated turntable, and uniformly
sprayed at a pressure of 0.70 kg/sq cm with 12.5
ml of the insecticide solution using an atomizer.
The control plants were sprayed with water.
Sprayed plants were covered by mylar film cages
and infested with N. lugens 24 h after spraying.
Mortality was recorded 48 h after infestation. The
LCso of each insecticide was computed using prob-
it analysis, and was expressed in percent concen-
tration.

Toxicity of Insecticides to N. lugens Predators.
Following the same procedures as described for
the determination of the LCso of the insecticides,
the toxicity to predators of N. lugens-adult C.
lividipennis, L. pseudoarmulata, and M. atroli-
neata-was evaluated in Potter's spray tower and
foliage spray tests.

Three Potter's spray tower tests were conduct-
ed. In the first test, mortality of the three predator
species was determined when treated predators and
untreated predators were placed on plants con-
taining treated N. lugens adults. Each treatment
was replicated three times. A replication consisted
of 10 cages, each containing one predator and five
N. lugens. Predator mortality in the first treatment
was due to contact with the insecticides sprayed
on the predator, effect of the insecticide as a stom-
ach poison when the predator fed on treated N.
lugens, and contact with treated prey. In the sec-
ond treatment, the effect of the insecticide as a
stomach poison, and contact with treated prey,
were measured.

In the second Potter's spray tower test, the effect
of the insecticides on the predatory activity of L.
pseudoannulata on N. lugens adults was deter-
mined. The experimental design was the same as
that in the first test. Predator activity was deter-
mined by comparing the N. lugens mortality when
treated L. pseudoannulata or untreated L. pseu-
doannulata were caged with treated N. lugens.

In the third Potter's spray tower test, the effect
of six insecticides on the predators M. atrolineata
and C. lividipennis was determined. Treatments
consisted of treated predators and untreated pred-
ators caged on plants with treated N. lugens
nymphs as prey. To provide for a high level of
predator activity, 10 predators were caged with
100 N. lugens nymphs. Each cage represented one
replication and each treatment was replicated three
times. Mortality was recorded at 48 h after treat-
ment.

A foliage spray test was conducted to determine
the residual toxicity of 12 insecticides against the

three predators. Potted plants placed on a rotating
table were sprayed at the N. lugens LCso level.
One predator species was caged on a treated plant
with five N. lugens adults, which served as prey.
Each replication consisted of 10 caged plants.
Treatments were replicated three times. Fresh
batches of N. lugens and its predators were placed
on the plants at 1, 3, and 5 days after spraying. At
48 h after caging, predator mortality was record-
ed. Predator mortality in this test was caused by
direct contact with treated plants, and through
feeding on N. lugens which were in contact with
the treated plants.

The effect of 12 insecticides on the predatory
activity of L. pseudoannulata when feeding on N.
lugens adults was determined in a foliage spray
test. Treatments consisted of five N. lugens adults
caged on treated plants without the predators and
five N. lugens adults caged on treated plants with
one L. pseudoannulata adult. Each replication
consisted of 10 caged plants. Treatments were rep-
licated three times. The test was conducted 1 day
after treatment and repeated at 3 days after treat-
ment.

Results and Discussion

Determination of the Toxicity and Median Le-
thal Concentration (LCso) of Insecticides for N.
lugens. The results of the preliminary test on tox-
icity of the 24 insecticides to N. lugens indicated
that most carbamates are fast-acting, causing high
mortality at 4 h after treatment (HT), and most
of the organophosphates are slow-acting (Table 1).
High toxicity of the carbamate insecticides to three
species of planthoppers has been observed in
Japan by Fukuda and Nagata (1969). Of the two
chlorinated hydrocarbons, endosulfan had a low
toxicity; ethylan killed few N. lugens at 1 HT
but by 4 HT caused >90% mortality. The four
pyrethroids killed few N. lugens and were less tox-
ic than either the carbamates or phosphates. The
12 insecticides selected for further studies are
given in order of decreasing toxicity at 24 h after
treatment: acephate = azinphos ethyl = BPMC
= carbofuran = ethylan = carbosulfan = mono-
crotophos = propoxur = carbophenothion = cyper-
methrin = deltamethrin = endosulfan.

In the foliage spray test, the relative toxicity
(LCso) of the insecticides to N. lugens in decreas-
ing order was cypermethrin > deltamethrin =
carbosulfan = carbofuran = ethylan = carbophe-
nothion = monocrotophos = azinphos ethyl = ace-
phate = endosulfan > propoxur > BPMC (Table
2). The trend was similar in the Potter's spray tow-
er test except for BPMC and propoxur. The rela-
tively high LCso of BPMC and propoxur with the
foliage spray and the low LCso with the Potter's
spray tower suggest that these insecticides are more
effective as a direct contact poison than as a foliage
spray.
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Untreated N. tugens + untreated predators
Control O.Oe(a) 3.3j(a) O.Og(a)

Table 3. Comparative toxicity of 12 insecticides to
treated and untreated predators caged with treated N. tu-
gens adults

mortality. The other insecticides were not toxic as
direct contact poisons.

Deltamethrin was the most toxic (as a stomach
poison) to untreated C. lividipennis feeding on

In a column and in a row (in parentheses), means followed by
the same letter are not significantly different (P < 0.05; Duncan's
multiple range test).

a Applied by Potter's spray tower at the LCso for N. lugens.
Mortality readings taken 48 h after treatment.

b Analysis based on values transformed to arcsine x 100.

M. atro-
lineata

C./ividi-
pennis

L. pseudo-
annulata

Predator morta Iity (%)b

Treated N. lugens + treated predators
6.7de(b) 56.7b(a) O.Ofg(b)

70.0b(b) 96.7a(a) 16.7cdef(c)
O.Oe(c) 53.0bc(a) 16.7cd(b)

66.7b(b) 96.7a(a) 13.3cd(c)
o.Oc(b) 26.7efgh(a) O.Ofg(b)

lOO.Ode(a) 96.7a(a) 40.0b(b)
93.3a(a) 100.Oa(a) lOO.Oa(a)

lOO.Oa(a) lOO.Oa(a) lOO.Oa(a)
36.7c(a) 46.7bcd(a) 3.3defg(b)
20.0d(a) 20.0d(a) 16.7cd(a)
6.7de(b) lOO.Oa(a) 13.3cde(b)
O.Oe(c) 93.3a(a) 23.3bc(b)

Treated N. [ugens + untreated predators
O.Oe(a) 6.7ij(a) O.Ofg(a)
O.Oe(a) 13.3ghi(a) 10.Ocdefg(a)
O.Oe(b) 30.0cdef(a) O.Ofg(b)
O.Oe(b) 16.7fgi(a) O.Ofg(b)
3.3de(a) 6.7hij(a) O.Ofg(a)
O.Oe(b) 26.7defg(a) O.Ofg(b)
O.Oe(b) 20.Oefgh(a) O.Oefg(b)
O.Oe(c) 46.7bcd(b) 90.0a(a)
3.3de(b) 36.7bcde(a) 10.Ocdef(b)
O.Oe(a) 6.7hij(a) 3.3defg(a)
O.Oe(b) 26.7defg(a) O.Ofg(b)
3.3de(b) 30.0cdef(a) 3.3defg(b)
O.Oe(a) 3.3ij(a) 3.3defg(a)

Insecticides"

Acephate
Azinphos ethyl
BPMC
Carbofuran
Carbophenothion
Carbosulfan
Cypermethrin
Deltamethrin
Endosulfan
Ethylan
Monocrotophos
Propoxur

Acephate
Azinphos ethyl
BPMC
Carbofuran
Carbophenothion
Carbosulfan
Cypermethrin
Deltamethrin
Endosulfan
Ethylan
Carbosulfan
Monocrotophos
Propoxur

Table 1. Mortality of the brown planthopper, N. tu-
gens, at various h after treatment with insecticides in the
Potter's spray tower

Insecticide"
Mortality (%)

1 HT 4 HT 24 HT

BPMC lOO.Oa 100.Oa 100.Oa
Acephate 93.3a 100.Oa 100.Oa
MTMC 48.3c 100.Oa 100.Oa
Propoxur 63.3b 98.3a 100.Oa
Carbosulfan 26.7d 96.7a 100.Oa
Azinphos ethyl 25.Ode 73.3cd 100.Oa
Ethylan 8.3fgh; 91.7ab 100.Oa
Monocrotophos 13.3efgh 81.7bc 100.Oa
Dioxacarb 93.3a 96.7a 98.3a
Carbofuran 93.3a 93.3a 93.3ab
Fenitrothion 16.7defg 41.7gh 98.3a
Chlorpyrifos 6.7fghi 28.3ij 91.7ab
Pirimiphos methyl 23.3de 51.7fg 86.7bc
Methyl parathion 8.3fghi 41.7gh 76.7cd
MIPC 15.0defgh 68.3de 73.3de
Carbophenothion 38.3c 58.3ef 68.3def
Cypermethrin 21.7de 40.0h 65.Ocf
Ethion 18.3def 36.7hi 58.3fg
Methyl parathionb

(microencapsulated) 6.7fghi 43.3gh 51.7gh
Endosulfan 5.0ghi 13.3kl 38.3ij
Deltamethrin 26.7d 28.3ij 43.3hi
Fenvalerate 8.3fghi 21.7jk 28.3jk
Permethrin 3.3hi 15.0kl 23.3k
Dioxathion 5.0ghi 5.01 5.01

Control O.Oi 5.01 8.31

Means, within a column, followed by the same letter are not
significantly different (P < 0.05; Duncan's multiple range test).

a All insecticides were applied in 2-ml spray solution per petri
dish at the concentration of 0.15% except carbofuran which was
applied at 0.05% and the pyrethroids cypermethrin, deltameth-
rin, fenvalerate, and permethrin at 0.006%.
b Penncap M.

Toxicity of Insecticides to N. lugens Predators.
None of the insecticides was toxic to L. pseudoan-
nulata as a stomach poison through ingestion of
the treated N. lugens (Table 3). When treated L.
pseudoannulata were caged with treated N. lu-
gens, azinphos ethyl, carbofuran, cypermethrin,
deltamethrin, and carbosulfan were more toxic to
L. pseudoannulata than to N. lugens, causing 60%

Table 2. Median lethal concentration (LCso) of 12 insecticides for N. tugens"

Foliage spray Potter's spray

Insecticide 95% Fiducial limits 95% Fiducial limits
LCso LCso

Lower Upper Lower Upper

Cypermethrin 0.003 0.002 0.004 0.005 0.004 0.006
Deltamethrin 0.016 0.012 0.020 0.022 0.016 0.038
Carbosulfan 0.018 0.002 0.028 0.034 0.026 0.040
Carbofuran 0.022 0.020 0.024 0.018 0.016 0.022
Ethylan 0.024 0.022 0.026 0.042 0.034 0.050
Carbophenthion 0.028 0.024 0.030 0.062 0.050 0.072
Monocrotophos 0.031 0.026 0.036 0.056 0.050 0.064
Acephate 0.040 0.034 0.046 0.038 0.034 0.044
Azinphos ethyl 0.040 0.030 0.050 0.056 0.048 0.066
Endosulfan 0.048 0.042 0.054 0.080 0.068 0.094
Propoxur 0.096 0.082 0.110 0.018 0.014 0.022
BPMC 0.116 0.102 0.134 0.030 0.022 0.036

a Based on prohit analysis of the average percentage of mortality resulting from five concentrations.
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Table 4. The effect of inseclicides on the predalory activily of L. pseudoannulata

Inseclicide"

Acephate
Azinophos ethyl
BPMC
Carbofurnn
Carbophenothion
Carbosulfan
Cypermethrin
Deltamethrin
Endosulfan
Ethylan
Monocrotophos
Propoxur

Acephate
Azinophos ethyl
BPMC
Carbofuran
Carbophenothion
Carbosulfan
Cypermethrin
Deltamethrin
Endosulfan
Ethylan
Monocrotophos
Propoxur

Control

N. lugens mortality (%)b

Treated N. lugens
+

treated predator

94.0de
86.0e
99.3abc
97.3abcd

100.Oab
93.3cd
94.0abcd
96.0abcd
97.3abcd
97.3abcd
99.3abc

IOO.Oab

Treated N. lugens
+

untreated predator

99.3abc
99.3abc

100.Oa
IOO.Oa
96.7bcd

100.Oab
100.Oa
100.0a
100.Oa
96.7abcd

100.Oa
100.Oab

Untreated N. lugens
+

untreated predator

97.3abcd

Treated
N.lugens

28.0g
41.3f
58.Ode
80.0a
40.7f
65.3cd
72.7bc
75.3ab
65.3cd
50.7e
64.0d
60.0d

Treated
N.lugens

28.0g
41.3f
58.Ode
80.0a
40.7f
65.3cd
72.7bc
75.3ab
65.3cd
50.7e
64.0d
60.0d

Untreated
N.lugens

8.2h

Differencec

66.0**
44.7**
41.3**
17.3**
59.3**
28.0**
21.3**
20.7**
32.0**
46.6**
35.3**
40.0**

71.3**
58.0**
42.0**
20.0**
56.0**
34.7**
27.3**
24.7**
34.7**
46.0*·
36.0*·
40.0*·

89.1··

Means, within a column, followed by the same leller are not significantly different (P < 0.05: Duncan's multiple range test).
" Applied by Poller's spray tower at the LCso for N. lugens adults. Mortality readings taken 48 h after treatment.
b Analysis based on values transformed to arcsine x 100.
C .*, Highly significant.

treated N. lugens, causing 47% mortality. Only
acephate, carbophenothion, ethylan, and propoxur
treatments were completely safe to C. lividipennis
when feeding on treated N. lugens. When treated
C. lividipennis were caged with treated N. lugens,
azinphos ethyl, carbofuran, cypermethrin, delta-
methrin, carbosulfan, monocrotophos, and propox-
ur were toxic, causing more than 90% C. lividi-
pennis mortality. Ethylan was least toxic to C.
lividipennis, causing only 20% mortality.

Untreated M. atrolineata caged with delta-
methrin-treated N, lugens incurred 90% mortali-
ty, indicating high toxicity of the insecticide as a
stomach poison. None of the other insecticides was
toxic. When M. atrolineata were treated, both cy-
permethrin and deltamethrin were highly toxic,
causing 100% mortality, whereas acephate, car-
bophenothion, and endosulfan were not very toxic,
causing between 0 and 3% mortality.

The results in Table 3 suggest that cypermethrin
and deltamethrin have relatively high contact tox-
icity to the three predator species, causing be-
tween 93 and 100% mortality. Carbophenothion
and ethylan had low toxicity to the three predator
species in both caging combinations. Others had

differential toxicity, most being highly toxic to C.
lividipennis but less toxic to L. pseudoannulata
and M. atrolineata.

In the second Potter's spray tower test, N. lu-
gens mortality due to predation by L. pseudoan-
nulata was high in all treatments (Table 4). In
spite of being treated, L. pseudoannulata signifi-
cantly increased N. lugens mortality above that of
treated N. lugens caged without the predator. The
fact that L. pseudoannulata tolerated insecticide
treatments and continued its predatory activity was
also observed by Chu et al. (1976) with BPMC and
Unden. For N. lugens caged with the treated
predator, the acephate, azinphos ethyl, and car-
bosulfan treatments resulted in significantly lower
N. lugens mortality than the treated N. lugens
caged with the untreated predator, indicating tox-
icity from contact with the insecticides, which de-
creased the spider's predatory activity.

In the third Potter's spray tower test, where N.
lugens nymphs rather than adults were used as
prey, both treated and untreated C. lividipennis
caged with treated N. lugens nymphs had high
mortality from deltamethrin (Table 5). Delta-
methrin thus was toxic both as a contact and a
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Insecticide"

Table 5. Comparative toxIcIty of six insecticides to
two predators caged with N. lugens nymphs

Mortality (% )b

C. livid/pennis M. atrolineata

Treated N. lugens + treated predators
~~~ _M 3~
Azinophos ethyl 83.3b O.Oe
Carbofuran 100.Oa 16.7bcd
Deltamethrin 100.Oa 76.7a
Endosulfan 63.3c 20.0bcd
Monocrotophos 93.3ab 23,3bc

Treated N. lugens + untreated predators
Acephate 16.7ef O.Oe
Azinophos ethyl 20.0ef 6.7de
Carbofuran 36.7de 1O.0cde
Deltamethrin 66.7c 33.3b
Endosulfan 23.3def 13.3cd
Monocrotophos 23.3def 13.3cd

Untreated N. lugens + untreated predators
Control 10.Of O.Oe

Means, within a column, followed by the same letter are not
significantly different (P < 0.05; Duncan's multiple range test),

" Applied by Potter's spray tower at the LCso for N. lugens.
Mortality readings taken 48 h after treatment.

b Analysis based on values transformed to arcsine/(X + 0.5).

stomach poison. The other insecticides' had low
toxicity as stomach poisons, resulting in C. lividi-
pennis mortality ranging from 17 to 37%. How-
ever, when treated C. lividipennis were caged with
treated N. lugens all insecticides were toxic, caus-
ing mortality ranging from 47 to 100%. Acephate
had the lowest toxicity, and carbofuran and del-
tamethrin the highest.

When either treated or untreated M. atrolinea-
ta were caged with treated N. lugens nymphs, M.
atrolineata mortality was highest in the delta-
methrin treatment (Table 5). Mortality caused by
poisoning from feeding on treated N. lugens was
33%, in comparison to between 0 and 13% for the
other insecticides. When deltamethrin-treated M.

atrolineata were caged with treated N. lugens, M.
atrolineata mortality increased to 77% because of
the combination of contact plus stomach poison-
ing. Acephate and azinphos ethyl were not toxic
to M. atrolineata.

In the foliage spray test, where predators were
caged on treated plants, all the insecticides except
deltamethrin were not very toxic L. pseudoan-
nulata and M. atrolineata (Table 6). However, all
insecticides were toxic to C. lividipennis, mortal-
ity ranging from 40 to 100%, 1 day after treat-
ment. BPMC was the only insecticide causing
~50% mortality, thus being about equally toxic to
N. lugens and C. lividipennis. Toxicity of the in-
secticides decreased considerably with time, ex-
cept for deltamethrin, which still caused 83% mor-
tality at 5 days after treatment. Among the three
predators, C. lividipennis was the most sensitive
to insecticides. This agrees with field studies (In-
ternational Rice Research Institute 1976) where C.
lividipennis was more susceptible to insecticide
treatments than L. pseudoannulata.

When N. lugens adults were caged on treated
plants with L. pseudoannulata, N. lugens mortal-
ity at 1 day after treatment was high in all treat-
ments (89-100%) except deltamethrin (55%) (Ta-
ble 7). Deltamethrin greatly decreased spider
activity; the control N. lugens adults had 99%
mortality. Other insecticides that slightly de-
pressed predatory activity below that shown by
animals on untreated control plants 1 day after
treatment were cypermethrin, ethylan, and car-
bosulfan. Spider activity was still depressed by the
same four insecticides 3 days after treatment.

The results of this study show that there are
distinct differences in the toxicity of various insec-
ticides to natural enemies of N. lugens. Acephate,
BPMC, carbophenothion, endosulfan, and ethylan
have also been shown to have low toxicity to nat-
ural enemies of N. lugens in field tests (Reissig et
al. 1982b). It is important to note that these insec-

Table 6. Residual toxicily of 12 inseclicides to N. lugens predators when applied as a foliage spray

Predator mortality (%) at various days after treatment

Insecticide" L. pseudoannulata C. lividipennis M. alrolineata

1 day 3 days 5 days 1 day 3 days 5 days I day 3 days 5 days

Acephate OOd O,Ob O.Ob 80.0abcd 40.0cde 36.7cd O.Od O.Ob O.Ob
Azinophos ethyl 6.7bcd 3.4b O.Ob 86.7abc 60.0bc 56,7bc 6.7cd O.Ob O.Ob
BPMC O.Od O.Ob O.Ob 40.0g 30.0e 13.3b O.Od O.Ob O.Ob
Carbofuran 13.3bc O.Ob O.Ob 86.7abc 56.7bcd 53,3bc O.Od O.Ob o.Ob
Carbophenothion O.Od o.ob O.Ob 66.7def 36.7de 33.3cde O.Od 6.7b O,Ob
Carbosulfan 16.7b 3Ab O.Ob 83.3abc 66.7b 53,3bc 6.7cd 3.4b O.Ob
Cypermethrin 3Ad O.Ob O.Ob 50.0fg 40.0cde 36.7cd 20.0b O,Ob O.Ob
Deltamethrin 93,3a 80,Oa 63.3a 93.3a 83,3a 83.3a 86.7a 53.3a 53.3a
Endosulfan 6.7bcd O,Ob O.Ob 53.3efg 36,7de 23.3def 1O.0bc 3.4b 3.4b
Ethylan 3.4cd O,Ob O.Ob 73,3cde 26.7e 16.7ef 10.Oed O.Ob O.Ob
Monocrotophos 6.7cd O.Ob O.Ob 80.0bcd 70.0ab 66.7ab 3Acd 3.4b O.Ob
Propoxur O.Od O,ob O,Ob 90.0ab 73.3ab 63.3b 20.0b O.Ob O,Ob

Control O.Od O,Ob O,Ob O.Oh O.Of O.Of O.Od O.Ob O.Ob

Means. within a column, followed by the same letter are not significantly different (P < 0.05; Duncan's multiple range test).
a Applied as foliar spray at the LCso for N. lugens adults.
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Table 7. Comparative toxicity of selected insecticides to N. lugens adults when caged on treated plants with or
without the predator, L. pseudoannulata

N. lugens mortality (%) at various days after treatmenth

Insecticide" 3

With Without Differencec With Without Differencepredator predator predator predator

Acephate 98.0a 46.7a 51.3·· 89.3b 16.7b 72.6··
Azinophos ethyl 97.3a 42.7ab 54.6·· 94.0ab 36.7a 57.3··
BPMC 99.3a 32.7bc 66.6·· 94.0a 12.7bc 81.3··
Carbofuran 98.0a 55.3a 42.7·· 92.0b 16.7b 75.3··
Carbophenothion 97.3a 44.7a 52.6·· 94.0ab 15.3b 78.7··
Carbosulfan 91.3b 48.0a 43.3·· 90.7b 26.0a 64.7··
Cypermethrin 89.3b 27.3c 62.0·· 77.3c 14.7b 62.6··
Deltamethrin 54.7c 34.7bc 20.0·· 56.od 20.7b 35.3··
Endosulfan l00.0a 46.7a 53.3·· 96.0a 18.7b 77.3··
Ethylan 88.7b 46.7a 42.0·· 90.0b 16.7b 73.3··
Monocrotophos 98.7a 38.7bc 60.0·· 90.0b 17.3b 72.7··
Propoxur 97.3a 28.7bc 68.6·· 86.0bc 18.0b 68.0··

Control 99.2a 3.3d 96.0·· 96.0 3.3d 92.7··

Means, within a column, followed by the same letter are not significantly different (P < 0.05; Duncan's multiple range test).
a Applied as a foliage spray at the LCso for N. lugens adults.
c •• , Highly significant.

ticides have not been shown to cause N. lugens
resurgence. Deltamethrin, however, which is high-
ly toxic to natural enemies of N. lugens, is the
most active among the many resurgence-inducing
insecticides (Heinrichs et al. 1982b, Reissig et al.
1982b). Although reproductive stimulation at sub-
lethal doses is considered to be a major cause of
N. lugens resurgence (Heinrichs et al. 1982a, Reis-
sig et al. 1982b), evidence indicates that insecti-
cide toxicity to natural enemies is a contributing
factor, especially in resistant rice varieties where
predator Iprey ratios are low (Reissig et al 1982a).
The selective toxicity of the commercial insecti-
cides tested in this study should be more fully ex-
ploited in the management of rice insect pests,
especially in locations having potential for N. lu-
gens outbreaks.
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