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ABSTRACT The susceptibility of the whitebacked planthopper, Sagatella lure/lera, and
the brown planthopper, Nilaparvata lugens, to insecticides is affected by the level of varietal
resistance in the host plants on which they are reared. Hoppers reared on moderately
resistant rice varieties had lower LD", values when topically treated, and higher mortality
when sprayed in the Potter spray tower and when placed on sprayed plants, than did those
reared on susceptible varieties.

INSECT-RESISTANTvarieties have been developed
and are currently being grown as a major method
of managing rice insect pests in the tropics (Pathak
and Saxena 1980). Variety IR36, which has resis-
tance to several insects and diseases, currently oc-
cupies more than 20 million ha in Southeast Asia.
However, the rapid selection for biotypes on
monogenic resistant varieties having high levels of
resistance (Pathak and Heinrichs 1982) has
prompted the search for a breeding strategy which
can provide rice varieties on which biotype selec-
tion does not occur, or the rate of selection is slow.
Moderately resistant (MR) varieties which exert
less selection pressure for biotype development than
highly resistant varieties are currently being eval-
uated at the International Rice Research Institute
to determine their compatibility with other con-
trol tactics in an integrated rice pest management
program.

MR varieties are compatible with biological and
chemical control. Spiders kill more N. lugens when
on rice varieties having moderate resistance to Ni-
laparvata lugens, than when on varieties which
are susceptible to N. lugens (Kartohardjono and
Heinrichs 1984). Because of the lower insect pop-
ulations on MR varieties, they require less insec-
ticide applications per crop than susceptible vari-
eties (Adkisson and Dyck 1980). Because of the
general lack of vigor of insects which do survive
on an MR variety, it is expected that when the
economic threshold population is reached and in-
secticides must be applied they will be more ef-
fective than on a susceptible variety and thus low-
er rates can be used. The objective of this study
was to determine the susceptibility to insecticides
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of two rice planthoppers, N. lugens and Sogatella
furcifera, when reared on rice varieties with dif-
ferent levels of resistance. Both of these pests de-
stroy rice by removal of phloem sap.

Materials and Methods

All tests were conducted in the laboratory or
insectary at IRRI. Test insects have been main-
tained on caged rice plants in the greenhouse for
several years. S. furcifera is reared on a susceptible
variety 'Taichung Native l' (TN1), and N. lugens
biotype 2 is reared on 'Mudgo.' 'Mudgo' has the
Bphl gene for N. lugens resistance and is suscep-
tible to biotype 2 (Pathak and Heinrichs 1982).
Hoppers obtained from these two stock cultures
were reared on the respective test varieties for one
generation before treatment with the various in-
secticides. Adults from the stock cultures were
caged on the test varieties for oviposition, and the
nymphs were allowed to become adults. In each
test adults were of the same age, 3 to 7 days. The
level of resistance within each test variety was de-
termined in previous studies at IRRI and was based
on amount of feeding, survival, and population
growth of the hoppers on the varieties.

Three methods were used to apply the insecti-
cides; topical application to the insects with a mi-
croapplicator to determine LD~o values; spraying
the insects in a Potter spray tower; and a foliar
spray. Application methods used are described in
detail in Heinrichs et al. (1981).

LDsoValues. Two tests were conducted to deter-
mine the LD50values of insecticides topically ap-
plied to S. furcifera and N. lugens. In the S. fur-
cifera test, insects reared on rice variety N22 which
has moderate resistance to S. furcifera were com-
pared with those reared on susceptible TN!. In
the N. lugens test an MR variety ASD7 was com-
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Table 1. LD,. of insecticides applied topicalIy to the
whitebacked planthopper S.furcifera reared on susceptible
TNI and moderately resistant N22 rice varieties, IRRI
laboratory, 1980

Table 3. Contact toxicity of insecticides applied with a
Potter spray tower against the whitebacked planthopper,
S. furcifera, reared on susceptible TNI and moderately
resistant N22 rice varieties, IRRI insectary, 1980

Mortality (%)b
Insecticide' HT

TNI N22

Carbofuran 12F 1 41.3a 46.8a
4 62.5a 53.2a

24 67.5a 94.7b
48 83.6a 96.0b

Acephate 75SP 1 O.Oa 1.3a
4 7.5a 17.7a

24 96.1a 98.7a
48 98.6a l00.0a

Ethylan 45EC 1 O.Oa O.Oa
4 O.Oa 10.1b

24 18.2a 44.7b
48 39.7a 85.3b

readings were adjusted for mortality in the con-
trol, using Abbott's (1925) formula.

In the second Potter spray tower test, N. lugens
reared on the MR varieties 'Triveni,' 'Pao-Hsun,'
ASD7, and resistant 'Sinna Sivappu' were com-
pared with those reared on TNl. Test insecticides
were carbofuran 12F, carbosulfan 20EC, and
BPMC 50EC (carbamates), all at a concentration
of 0.075%. In the third test, N. lugens reared on
MR ASD7 and susceptible IR26 were sprayed with
a 0.01% concentration of carbofuran 12F and a
0.04% concentration of acephate 75SP and ethylan
45EC. Other methods used in both tests 2 and 3
were the same as described in test 1 for S. furcif-
era.

Foliar Spray. Four potted, 40-day-old plants
were placed on a rotating table and sprayed with
12.5 ml of insecticide in water, using an atomizer
bottle attached to a pressure pump. Insecticides
used and insects tested were the same as in test 3
of the Potter spray tower test. At one day after
treatment (DT) cylindrical mylar cages (14 cm in
diameter by 54 cm high) were placed on the pot-
ted plants and infested with 20 N. lugens. Mor-
tality was recorded 48 h after infestation, and in-
sects were removed from the cage. A fresh batch
of insects was placed in the cages at 3, 5, and 10
DT.

• Insecticides were applied at a concentration of O.0~5%.
• Mean of four replications. Adjusted by usmg t\bbott.s formula.

Separation of means within a row by Duncan s multiple range
test at the 5% level.

TNI N22
Insecticide LD,. 95% LD,. 95%

(/lg/g) Limits (/lg/g) Limits

Carbofuran 0.46 0.36-0.55 0.24 0.18-0.29
Acephate 1.15 0.26-3.62 0.44 0.25-0.68
Ethylan 9.42 4.75-31.41 2.77 1.63-4.98

pared with IR26 which has the Bphl gene and is
susceptible to biotype 2.

In both tests, the insecticides used were carbo-
furan (carbamate), acephate (phosphate), and
ethylan (organochlorine). Before topical applica-
tion the test insects were anaesthetized with CO2,

They were then treated with a 0.2-1'1 dose of a
solution of insecticide in acetone, using a Burkhard
microapplicator with a calibrated microsyringe.
Control insects were treated with acetone. Each
treatment was replicated three times and consisted
of 20 insects per replication. After treatment the
insects were placed on 2-week-old, potted TWI
seedlings, covered with a cylindrical mylar film
cage (3.5 cm in diameter by 15 cm tall) and placed
in an incubator at 27 ± 2°C. Mortality was re-
corded 24 h after treatment. LD50 values were
computed using probit analysis and expressed as
J.Lg! g of insect weight.

Potter Spray Tower. Three tests were conduct-
ed with the Potter spray tower. In the first test S.
furcifera were reared on N22 and TNl. Test in-
sects were anaesthetized with CO2 and transferred
to petri dishes lined with filter paper and placed
in the spray tower. They were then sprayed with
a 2-ml suspension, solution or emulsion of insecti-
cide in water. Treatments consisted of 0.075% con-
centrations of carbofuran, acephate, and ethylan.
Control insects were sprayed with 2 ml of water.
Each treatment was replicated four times, with
each replication consisting of 20 insects. Sprayed
insects were transferred to 2-week-old potted TNI
seedlings in cylindrical mylar film cages and placed
in an insectary room at 25 ± 3°C, 60 to 80% RH,
and a 12-h light period. Mortality was recorded at
1, 4, 24, and 48 h after treatment (HT). Mortality

Table 2. LD,. of insecticides applied topicalIy to the
brown planthopper, N. lugens, reared on susceptible IR26
and moderately resistant ASD'1, IRRI laboratory, 1980

IR26 ASD7
Insecticide LD,. 95% LD,. 95%

(pg/g) Limits ("g/g) Limits

Carbofuran 0.46 0.32-0.67 0.17 0.13-0.22
Acephate 6.82 3.49-13.34 1.07 0.73-1.58
Ethylan 4.63 3.33-6.46 1.12 0.86-1.45

Results

As indicted by LDso values, S. furcifera and N.
lugens reared on MR varieties were more susce~-
tible to insecticides than those reared on susceptI-
ble varieties. The LD50values of S. furcifera reared
on N22 were one-half to one-third of those reared
on TNI (Table 1). The LD50 of the TNI population
on ethylan was 9.42 compared with that of 2.77
of the N22-reared hoppers.

In the N. lugens test (Table 2), differences in
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Table 4. Mortality of N. lugens biotype 2 adult females reared on rice varieties with different levels of resistance
when sprayed in the Potter spray tower, IRRI insectary, 1980

Treatment' HT
Mortality (%)b

TNI (S) 'Triveni' (MR) 'Pao-Hsun' (MR) ASD7 (MH) 'Sinna Sivappu' (R)

Carbofuran 12F 1 37.5c 82.3b 81.3b 83.8b 95.0a
4 50.0c 82.3b 83.8b 86.3ab 95.0a

24 63.8b 85.0a 85.0a 93.8a 95.0a
48 80.0b 95.0a 98.8a 96.3a l00.0a

Carbosulfan 20EC 1 1O.0c 22.5b 20.0b 41.3a 50.0a
4 53.8b 68.8b 68.8b 88.8a 87.5a

24 66.3c 82.5bc 78.8c 92.5ab 94.3a
48 75.0c 87.5bc 85.0bc 93.8ab 95.0a

BPMC 50EC 1 40.Oc 68.8ab 56.3bc 67.5ab 77.5a
4 40.0c 72.5ab 57.5bc 76.3a 85.0a

24 46.3c 73.8b 67.5b 78.8ab 89.8a
48 67.5c 85.0ab 73.8bc 86.3ab 90.0a

Control 1 O.Ob O.Ob O.Ob 5.0a 1O.0a
4 O.Ob O.Ob o.ob 5.0ab 10.0a

24 O.ob 1.3b 3.8b 17.5a 22.5a
48 7.5b 5.0b 1O.0b 30.0a 35.0a

• Insecticides were jPlied at a concentration of 0.075%.
b Insects were reare on the varieties indicated and placed on susceptible TNI after spraying. Means within a row and within the

same HT, followed by a common letter, are not significanfy different at the 5% level, by Duncan's multiple range test. S, Susceptible;
R, resistant.

the LD5Q values of the two insect populations were
even greater than in the S. furcifera test. The LDso
of the hoppers reared on susceptible IR26 ranged
from two to seven times higher than those reared
on MR ASD7.

Results of the Potter spray tower tests were sim-
ilar to the LD5Q tests where the hoppers reared on
MR varieties had higher mortality rates in most
insecticide treatments than did those reared on
susceptible varieties. Mortality of S. furcifera

reared on N22 was higher than those reared on
TNI when sprayed with carbofuran and ethylan
(Table 3). Mortality in the N22 population at 48
HT when sprayed with ethylan was 85% whereas
it was only 40% in the TN 1 population. There
were no differences, however, between the two
hopper populations when sprayed with acephate.
Because Abbott's formula was used to eliminate
the possibility that mortality may have been due
to the effect of varietal resistance on the insects,

Table 5. Contact toxicity of insecticides applied with a Potter spray tower and residual activity of foliar sprays
against the brown planthopper, N. lugens, biotype 2 when reared on a susceptible (IR26) and a moderately resistant
(ASD7) variety, IRRI insectary, 1980

Mortality (%)b

Treatment' Potter's spray tower Foliar spray

HT IR26 ASD7 DT 1R26 ASD7

Carbofuran 12F 1 lOb 25a 1 53b 73a
4 llb 45a 3 26b 45a

24 45b 90a 5 lOb 19a
48 66b 100a 10 Oa 3a

Acephate 75SP 1 Ob 23a 1 45b 68a
4 Ob 29a 3 18b 34a

24 8b 66a 5 9b 16a
48 23b 76a 10 Ob 3a

Ethylan 45EC 1 Ob 20a 1 61b 80a
4 Ob 28a 3 39b 53a

24 5b 60a 5 20a 26a
48 13b 75a 10 Ob 5a

Control 1 Ob 4a 1 Oa Oa
4 Ob 9a 3 la 3a

24 3b 9a 5 4a 5a
48 3b lOa 10 Oa Oa

• Carbofuran was applied as a 0.01% srray: acephate and ethylan were applied at 0.04%.
b Within a row, under each method a insecticide application, means followed by a common letter are not significantly different

at the 5% level, by Duncan's multiple range test. DT, Days after treatment at which fresh insects were placed on the treated plants.
Mortality readings were taken 48 h after the insects were placed on the plants.
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rather than to the insecticide, we can conclude
that the high mortality of the MR variety-reared
insects can be attributed to a greater efficiency of
the insecticide on the TN I-reared insects.

Results of the second Potter spray tower test are
given in Table 4. Mortality in the carbofuran
treatment of N. lugens reared on the MR varieties
and the resistant variety 'Sinna Sivappu' was sig-
nificantly higher than that of the TN I-reared N.
lugens at 1 to 48 HT. Results of the carbosulfan
treatment were similar to that of carbofuran at 1.
HT but at 4, 24, and 48 HT only the ASD7 and
'Sinna Sivappu' populations had significantly higher
mortality than the TNI population. The higher
mortality in the ASD7 and 'Sinna Sivappu' popu-
lations than in the 'Triveni' and 'Pao-Hsun' pop-
ulations at 24 and 48 HT was due to the effect of
varietal resistance on the insects as indicated by
the mortality in the untreated controls.

Carbofuran, acephate, and ethylan caused sig-
nificantly higher mortality of N. lugens reared on
ASD7 than of those reared on IR26 (Table 5). Dif-
ferences between the two N. lugens populations
was most distinct when sprayed with acephate and
ethylan. Residual activity of the three insecticides
applied as a foliar spray was longer against N.
lugens reared on the MR variety ASD7 than against
those reared on IR26 (Table 5).

Discussion

Rice varieties with moderate resistance to S.
furcifera and N. lugens are compatible with
chemical control in an integrated pest manage-
ment program. First of all, moderate resistance
will decrease the hopper population resulting in
lower populations than on a susceptible variety. As
a result, fewer insecticide applications will be nec-
essary per crop. Second, when hopper populations
do reach the economic threshold on MR varieties,
insecticides which are applied will be more effec-
tive than on susceptible varieties. It was not an
objective 'of this study to determine the causal
mechanism(s) involved in the relationship between
varietal resistance and increased susceptibility to
insecticides. However, a low level of vigor of the

hoppers reared on MR varieties may be one rea-
son. The weight of biotype 2 N. lugens female
adults reared on MR ASD7 and susceptible IR26
was significantly different being 30 and 38 mg,
respectively. The combination of the increase in
insecticide effectiveness and the mortality caused
by the varietal resistance in the MR varieties re-
sults in more effective hopper control than that on
susceptible varieties.

Results of this study indicate that insecticide rates
required for effective hopper control on a MR va-
riety would be lower than that on a susceptible
variety, resulting in less insecticide applied to the
environment and a financial saving to the farmer.
Field tests are necessary to determine minimum
effective rates of currently recommended chemi-
cals for hopper control on rice varieties which have
different levels of hopper resistance.
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