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ABSTRACT Population development of three Homoptera, Nilaparvata lugens (Stal),Ne-
photettix virescens (Distant), and Sogatella furcifera (Horvath), and three Lepidoptera,
Chilo suppressalis (Walker), Cnaphalocrocis medinalis Guenee, and Nymphula depunctalis
Guenee, was studied on traditional 'Peta' and 'Intan' and modern 'IR20', 'IR36', and 'IR50'
rice cultivars grown under identical conditions in the greenhouse. There was no consistent
relationship between population development and cultivar and we conclude that, contrary
to suggestions in the literature, intrinsic properties of modern rice cuItivars do not unduly
favor development of high populations of insect pests.

RICE PRODUCTIONsystems in south and southeast
Asia have changed dramatically in the last two
decades. A major component of the green revo-
lution in rice was the development of high-yield-
ing, dwarf cultivars that responded to fertilizer
application. In addition to the replacement of many
different traditional cultivars with a few modern
cultivars and a decreasing genetic diversity, there
has been a change in entire agricultural systems,
including a change from one crop to two or three
crops per year, and a change in water and fertil-
izer management. It has been suggested that the
cultivation of modern cultivars has led to in-
creased insect problems in rice (Smith 1972, Nick-
eI1973). Some have reported that the introduction
of the modern high-yielding rice cultivars has been
a factor in the devastating brown planthopper, Ni-
laparoota lugens (StAI), outbreaks in south and
southeast Asia (Banerjee et al. 1973, Pathak 1975).
However, conclusive published evidence that the
modern rice cultivars are intrinsically more sus-
ceptible to N. lugens and are a cause of outbreaks
is not available (Dyck et al. 1979, Kenmore et al.
1984). Field trials conducted at the International
Rice Research Institute (IRRI) comparing N. lu-
gens-susceptible modern and traditional cultivars
indicated no differences in pest density.

The intensity of the controversy regarding the
role of modern rice cultivars in insect outbreaks
has increased. We, thus, have conducted several
tests to determine the population development of
six major rice insect pests on selected traditional
and modern cultivars.

Materials and Methods

Traditional cultivars were 'Peta', from Indone-
sia, and 'Intan', developed in the Philippines. 'Peta'
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has been extensively used in the IRRI breeding
program and is a parent of 'IR8'. 'Intan' has been
widely grown in south and southeast Asia. 'IR20',
'IR36, and 'IR50', having growth durations of 121,
110, and 107 days, respectively, served as modern
test cultivars. 'IR36' is the world's most widely
grown rice cultivar; it is grown on ca. 13 million
ha in south and southeast Asia.

All tests were conducted under greenhouse con-
ditions except for the Chilo suppressalis (Walker)
test, which was conducted in a screenhouse. Plants
of all cultivars for a given test were grown under
identical conditions. Tests were carried out on var-
ious Homoptera and Lepidoptera reared as de-
scribed in detail in Heinrichs et al. (1985).

Planthoppers and Leafhoppers. Levels of resis-
tance were measured by the level of populations
developed on the test cultivars. Test insects were
three biotypes of N. lugens, Sogatella furctfera
(Horvath), and Nephotettix virescens (Distant). N.
lugens biotype 1, S. furcifera, and N. mrescens
were reared on 'Taichung Native l' ('TNl'), a
short-statured Taiwanese cultivar that is suscepti-
ble to all of the insects included in this study. The
hoppers had been maintained in culture at least 3
years (ca. 36 generations). N. lugens biotype 2 was
reared on 'Mudgo', an Indian cultivar that has the
Bph 1 gene for N. lugens resistance, and biotype
3 on another Indian cultivar, 'ASD7', having the
bph 2 gene (Pathak and Heinrichs 1980).

Potted plants (30 days old) of the test cultivars
were enclosed individually in mylar film cages.
Five pots per cultivar were used for each insect
species or biotype; each pot represented one rep-
licate. Pots were arranged in a randomized com-
plete block design (RCBD) in a metal tray filled
with water. The plants were infested by introduc-
ing into each cage five pairs of 3-day-old adults of
the test insects. At 30 days after infestation (DAI),
the progeny from each cage were counted.
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Table 1. Populations 01 three species 01 planthopp'lrs and leafhoppers on modern and traditional rice cultivars 20
days alter infestation

Progeny per five 22"

Cultivar N./ugens
S. furcifera N. u/rescens

Biotype I Biotype 2 Biotype 3

'IR20' 1,457 ± 161a 2,260 ± 317a 2,071 ± 477a 438 ± 102b 347 ± 45a
'IR36' 46 ± 19b 126 ± 80b 255 ± 190b 542 ± 84ab 128 ± 33b
'IR50' 46 ± 24b 170 ± 75b 120 ± 67b 450 ± 54b 5± He
'Peta' 1,416 ± 125a 1,706 ± 532a 2,019 ± 210a 432± 56b 105 ± 18b
'Intan' 1,094 ± 143a 2,016 ± 556a 1,485 ± 326a 653 ± 121a 90 ± 164b
'TNI' (S check) 1,068 ± 328a 1,989 ± 298a 1,881 ± 162a 630 ± 108a 558 ± 184a

• Average of five replications. Means in a column followed by the same letter are not significantly different (P > 0.05; Duncan's
multiple range test [Gomez and Gomez 1984]).

Table 2. Number 01 C. medinali. emerging on modem
and traditional rice cultivars

• From six pairs of C. medina/is. Average of three replications.
Means in a column followed by the same letter are not signifi-
cantly different (P > 0.05; Duncan's multiple range test [Gomez
and Gomez 1984]).

was repeated for five generations to determine the
population growth of each generation.

Asiatic Rice Borer, C. suppressalis (Walker).
Seedlings of the test cultivars were transplanted
into plots (100 by 120 cm) in soil beds in a screen-
house with 20-cm spacing between plants and rows.
Treatments were arranged in a RCBD and repli-
cated four times. Each plot of 20 plants was cov-
ered with a nylon mesh cage to prevent infestation
from other insects, At 40 DT, each plant of each
plot was infested with five freshly hatched larvae
that were reared from eggs deposited by field-col-
lected adults. At 25 DT, deadhearts were counted
on each plot. Plants from each plot were then cut
at the base and dissected to count and weigh sur-
viving larvae. Larvae collected were further reared
until pupation on cut stems of the same cultivars.
Pupae were collected and their sex was deter-
mined. Twenty pairs of pupae from each plot were
randomly selected and placed in four cages (five
pairs per cage) with a potted plant of the same
cultivar for moth emergence and oviposition. Egg
masses from each cage were collected and eggs
per mass were counted. All the eggs laid by moths
from each cultivar were pooled and allowed to
hatch. From these, 100 freshly hatched larvae were
randomly selected and infested on the same cul-
tivar for the second generation. The same proce-
dure was followed through five generations.

In all tests, data were subjected to an analysis of

Rice Leafl'older, Cnaphalocrocis medinalis
Guenee. Seven-day-old seedlings of the test culli-
vars were transplanted in pots with five plants per
pot. The potted plants were arranged in a RCBD
in a metal tray with water. Cultivars were repli-
cated three times with 20 pots per replication. The
plants in each replication were covered with nylon
mesh cages (1 by 1 m) to prevent infestation by
other insects or predators and parasites. The test
insects were selected from cultures that had been
maintained on 'TNI' for about four generations.
At 30 days after transplanting (DT), six pairs (male
and female) of newly emerged C. medinalis moths
were introduced into each cage for oviposition.
The emerging larvae were left to develop into
adults. Emerging adults from each cage were col-
lected daily until emergence ceased. The total
number of adults and the length of the life cycle
on each cultivar were determined and computed.

Rice Caseworm, Nymphula depunctalis Gue··
nee. The test insects originated from field-collect-
ed adults and were reared on 'TNl' for about six
generations before the test. Five pairs of newly
emerged N, depunctalis adults in oviposition cages
were provided with cut leaves of the test cultivars
floating on water in a plastic basin. Cultivars were
arranged in a RCBD and replicated four times,
with one oviposition cage serving as a replicate.
Eggs from each cage were counted and recorded
daily until all adults were dead. Leaf pieces with
first instars were transferred into the water inside
a larval rearing cage containing ll-day-old potted
plants of the same cultivars and left there until
pupation. Leaves with pupae were cut leaving only
the lower stem portion of the plant and were trans-
ferred into a moth emergence cage. As soon as the
adults started to emerge, they were collected and
their sex was determined and recorded daily until
all adults had emerged. The total number of adults
counted represented the first-generation progeny.

From the adults collected on the 4th day of
emergence, five pairs (male and female) from each
cage were placed in oviposition cages with cut
leaves of the same cultivars for oviposition and
start of the next generation. Another five pairs of
adults were individually weighed. This procedure

Cultivar

'IR20'
'IR36'
'1R50'
'Peta'
'Intan'
'TN l' (S check)

No. of moths
emerged·

107 ± 37a
101 ± 76a
233 ± 127a
136 ± 42a
87 ± 92a

121 ± 47a

Developmental
period (days)

32.1 ± 4.1a
35.1 ± 3.9a
34.8 ± 5.0a
34.7 ± 0.7a
31.7 ± 4.3a
35.8 ± 4.1a
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TobIe 3. Number of adult N. depunctalis emerging on modern and traditional riee cultivars starting with five pairs
of moths in each generation

Cultivar
No. of adults emerging"

II III IV V

'IR20' 150 ± 34a 281 ± 22a 156 ± 128b 182 ± 20b 220 ± 33a
'IR36' 152 ± 36a 285 ± 32a ·180 ± 43b 328 ± 44a 234 ± 19a
'IR50' 156 ± 45a 290 ± 72a 238 ± 28a 160 ± 23b 195 ± 34a
'Peta' 142 ± 42a 168 ± 44b 104 ± 21c 41 ± 8c 79 ± 25bc
'Intan' 139 ± 48a 93 ± 13c 95 ± 12e 36 ± lOe 51 ± 20c

• Mean of four replications. In a column, means followed by a common letter are not significantly different (P > 0.05; Duncan's
multiple range test [Gomez and Gomez 1984]~.

variance and means separated with Duncan's mul-
tiple range test (Gomez and Gomez 1984).

Results

Planthoppers and Leafhoppers. N. lugens pop-
ulations on 'Peta' and 'Intan' were high and sim-
ilar to those on 'IR20' and the susceptible check
'TNl', both of which have no gene for resistance
to N, lugens (Table 1). 'IR36' and 'IR50', which
have genes for N. lugens resistance, had lower in-
sect populations than the traditional cultivars.

Populations of S. furcifera were high on all cul-
tivars (Table 1). However, populations on 'IR20',
'IR50', and 'Peta' were significantly less than those
on the susceptible check.

Populations of N, virescens ranged from 5 to
558 on the test cultivars (Table 1). 'IR50' was high-
ly resistant (R), having only five insects per five
females, while 'IR36', 'Peta', and 'Intan' were
moderately resistant (MR), having 100 insects.

C. medinalis. No significant differences were
observed in the populations developed or duration
of the life cycle of C. medinalis among the test
cultivars (Table 2).

N. depunctalis. Adult emergence of N. de-
punctalis over five successive generations is given
in Table 3. There were no differences in the first
generation but differences among cultivars were
obvious beginning in the second generation, where
'Intan' and 'Peta' produced significantly less adults
than the modern cultivars. This trend continued
through the fifth generation. In the fourth gener-
ation, populations on 'Intan' and 'Peta' were ca.
11% that on 'IR36' and in the fifth generation ca.
30%. In the third and fifth generations, fecundity

was significantly lower on 'Intan' and 'Peta' than
on the modern cultivars (Table 4).

Moth weight was generally lowest on 'Intan' and
'Peta'; the difference was evident in the second
generation (Table 5). Weights on 'Intan' and 'Peta'
were ca. 70-80% of those on 'IR36' in the fourth
and fifth generations.

C. suppressalis. Plant and insect responses
among cultivars were similar among generations.
Thus, the data for the five insect generations were
pooled. The plant response based on percent dead-
hearts indicated that 'IR20', 'IR36', and '1R50' were
more resistant than 'Peta' and 'Intan' (Table 6).
Deadhearts on the modern cultivars were 50% less
than those on the traditional cultivars.

C. suppressalis survival was generally lowest on
the modern cultivars but only on 'IR50' was it
significantly less than that of the other cultivars.
Larval and pupal weight were lowest, females pro-
duced few egg masses, and they contained fewer
eggs when the larvae fed on the modern cultivars
(Table 6).

It is of interest to note that the three modern
cultivars affected the C. suppressalis male: female
ratio (Table 6). C, suppressalis, when reared on
the modern cultivars, produced significantly more
males than females; the difference between the
two sexes was 20%. There was no significant dif-
ference between sexes when reared on 'Peta' and
'Intan'.

Discussion

These experiments indicate that, in the limited
range of cultivars tested, modern rice cultivars do
not unduly favor the development of high popu-

Table 4. Fecundity of N. depunctalis at difl'ercnt generations on modern and traditional rice cultivars

Cultivar
Eggs laid per 2"

II III IV V

'IR20' 127 ± 11a 269 ± 21a 200 ± 38a 127 ± 47ab 215 ± 58abc
'IR36' 120 ± 12a 236 ± 52a 162 ± 55ab 174 ± 62a 269 ± 52ab
'IR50' 127 ± 34a 230 ± 47a 220 ± 33a 159 ± 19a 273 ± 20a
'Peta' 122 ± 6a 237 ± 46a 124 ± lOb 150 ± 31ab 192 ± 20e
'Intan' 140 ± 8a 239 ± 27a 117 ± 17b 97 ± lOb 201 ± 31c

• From five pairs in each generation. In a column, means followed by a common letter are not significantly different (P > 0.05;
Duncan's multiple range test [Gomez and Gomez 1984]).
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Table 5. Weight of one adult N. depunerali. when Table 7. Reaction" of modern ('IR20" 'IR36', and
reared on modern and traditional rice cultivars 'IR50') and traditional ('Peta' and 'Intan') rice cultivars

to six major rice insect species

Cultivar
Moth wt (mg)"

II III IV V

'IR20' 2.4 ± 0.2ab 2.2 ± 0.2a 2.3 ± O.la 2.3 ± O.la
'IR36' 2.4 ± 0.3ab 2.3 ± 0.2a 2.3 ± O.Oa 2.3 ± O.la
'IR50' 2.5 ± 0.2a 2.3 ± 0.2a 2.4 ± 0.2a 2.4 ± 0.2a
'Peta' 2.2 ± O.lb 2.4 ± O.la 1.8 ± 0.2b 2.0 ± o.lb
'Intan 1.9 ± O.lc 1.7 ± 0.2b 1.6 ± 0.2b 1.6 ± O.lc

a Weight per insect based on mean of five pairs (male and
female). In a column, means followed by a common letter are
not significantly different (P > 0.05; Duncan's multiple range test
[Gomez and Gomez 1984]).

lations of insect pests. In the case of N. lugens
biotypes, populations on the modern cultivars
'IR36' and 'IR50' reached very low levels, reflect-
ing the fact that they were selected specifically for
their resistant properties. With the other Homop-
tera, the modern and traditional cultivars were
susceptible to S, furcifera (Table 7), whereas all
of the cultivars except 'IR20' reduced N. virescens
populations. However, except for 'IR50', the levels
of resistance were too low to prevent damage from
rice tungro virus vectored by N. virescens (Ra··
pusas and Heinrichs 1981).

In the case of Lepidoptera, the modern cultivars
produced more N. depunctalis but fewer C. sup-
pressalis than the traditional cultivars.

This study included only a few selected modern
and traditional cultivars. There are thousands of
traditional rice cultivars and it is not possible to
categorically determine whether modern or tra-
ditional cultivars are more or less susceptible to
insects. Based on this study and extensive screen-
ing of the traditional cultivars and breeding lines
in the insect resistance research program at IRRI,
it is evident that there is a great deal of variation
in the level of insect resistance within modern and
traditional cultivars depending on the type of re-
sistance test that is conducted, the age of the plant,
and the insect species or biotype used as a test
insect. This study does indicate that certain mod-
ern cultivars are more resistant to some insect
species than certain traditional cultivars, whereas
the opposite may be true for other insect species.
Thus, categorical statements regarding the com-

Resistance of rice culli val'Sto:

Culti- N.lugens S. N. C. N. C.
val' biotypes fur- vires- medi- de- sup-

cifera eens nalis pune- pres-
2 3 talis salis

'IR20' S S S S S S S S
'IR36' R R R S MR S S R
'IR50' R R R S R S S R
'Peta' S S S S MR S MR S
'Intan S S S S MR S MR S

a S, susceptible; MR, moderately resistant; R, resistant.

parative levels of resistance of the modern and
traditional cultivars are not valid.

There is no simplistic answer to the question of
whether modern cultivars have led to increased
insect problems in rice. It must be stressed that the
intrinsic properties of the modern cultivars tested
do not favor high pest populations, but that agro-
nomic practices associated with their use may do
so. This fact is especially obvious in the case of N.
lugens, where insecticide-induced resurgence is the
major cause of outbreaks (Heinrichs et al. 1982,
Kenmore et al. 1984).
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