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Table 12.—Effects of distortion by plastic tape bands and injection of ecdysone on the development of G. mcllonella.

Treatment

Controls
Taped only
Taped + ecdysone>> >>

No.
larvae
treated

23
32
33
19

Initial

2.3
2.3"
2.3b

2.2b

24-hr

2.3
2.6
2.6

Avg eye

48-hr

4.6
2.3
2.8
2.7

pigment stage

72-hr

pupae
2.3
2.8a

2.7b

96-hr

2.3
2.8
3.2

120-hr

2.3
2.8
3.4

• Solvent (10% cthanol) (4 /tliters/larva) injected at indicated time.
b Ecdysoiu* at the rate of 1.0 /ig/larva given at indicated time.

duction of ecdysone; larval tissues remained respon-
sive to the hormone.
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Life History of Nilaparvata lugens (Homoptera: Delphacidae) and
Susceptibility of Rice Varieties to Its Attacks1
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ABSTRACT

The rice brown planthopper, Nilaparvata lugens (Stal),
a major pest of rice in most of Asia, underwent optimum
development at 25 and 29°C, but 33°C was detrimental
to all life stages. However, this effect was moderated
considerably by rearing the insects at 12-hour alterna-
tions of 25° and 33 °C or 29° and 33 °C.

While high planthopper populations caused "hopper
burn," lower infestations reduced the number of tillers,
number of panicles, and total grain weight of the plants.
Unfilled grains resulted from infestation during the re-

productive growth stage of plants but not from infesta-
tion during the vegetative phase. There were distinct dif-
ferences in the susceptibility of 20 selected varieties to
this species. While some of these varieties were less
preferred by the insect and showed some antibiosis effects,
tolerance to hopper burn appeared to be the major factor
in the differences of susceptibility. There were no ap-
parent correlations between the resistance of these var-
ieties to the brown planthopper and their resistance
to the rice green leafhopper.

The brown planthopper, Nilapan'ata lugens (Stal) ,
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is one of the most destructive insect pests of the rice
crop in Asian and Pacific regions. Besides frequently
causing "hopper burn" (Kisimoto 1960, Cendana and
Calora 1964, Hinckley 1963) it also is the vector of
grassy stunt rice virus disease (Rivera et al. 1966).

In Japan, Harukawa (1951), Kuwahara (1956),
Suenaga (1963), and Mochida (1964), studied the
bionomics of this insect pest. However, in the tropics,
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where the insect appears to be a more serious prob-
lem than in Japan, the available information is
meager. This paper describes the results of labora-
tory and greenhouse experiments on the insect's life
history, its damage to the rice plant, and differences
in the susceptibility of rice varieties to this species.

MATERIALS AND METHODS

Studies on Life Cycle.—The insects were reared on
40- to 60-day-old potted plants of the rice selection
'IR9-60' in 72x72xl00-cm fine-mesh cages with glass
doors. The initial colony was started from a field
collection made at the experimental farm of The
International Rice Research Institute (IRRI). Stud-
ies on the life history were conducted on 40- to 50-
day-old plants in the greenhouse. Experiments also
were conducted at controlled temperatures in incuba-
tors on 10-day-old seedlings growing in 20x200-mm
test tubes.

To obtain eggs of about the same age, five 5-day-
old females were caged for 6 hr near the base of
plants. The cages used were 4.5x4.5x2-cm plastic
boxes with nylon-mesh-covered openings on 2 sides.
Five caged plants were placed in a greenhouse and
another 5 in a glass-shaded area outside the green-
house. The percents of hatched eggs and their incu-
bation periods were determined by recording the
number of newly hatched nymphs in each cage every
morning for up to 15 days, when the plants were dis-
sected and unhatched eggs were counted under a bi-
nocular microscope. The rate of survival and longev-
ity of various instars were studied by caging batches
of 5 freshly hatched nymphs on individual plants.
Fifty nymphs of each instar were used for these ob-
servations.

To study the life span of adults, 5 pairs of newly
emerged macropterous adults were introduced into a
cag-e and periodic observations were made on their

4- Average Experiment conducted inside greenhouse
O Maximum frequency Experiment conducted outside greenhouse

FIG. 1.—Duration of the different life stages of the brown planthopper. IRRI, 1966.
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Table 1.—Longevity of niacropterous brown planthop-
per adults* at diflFcrent temperatures. IRRI, 1966.

Tomp
C'Q

25

29

25-29

33

25-33

29-33

Sex

9
3
9
£
9
S
9
6
9
&
9

Longevity in days

Range

1-43
1-42
1-32
1-21
1-27
1-15
1-8
1-8
1-9
1-10
1-10
1-19

Max
frequency

16
8
6
2
9
7
2
2
7
6
6
6

Avg

18.6
11.6
10.2
7.5
9.1
6.6
4.1
3.9
5.2
4.5
5.3
5.1

11 50 insects were studied at each temperature.

mortality. Nymphs produced by these pairs were
eliminated to prevent crowding inside the cages, and
the surviving adults were transferred to healthy stems
at 10- to 15-day intervals. Fifty 9 and 50 $ were
studied in each treatment.

200

Brown Planthopper Damage to Rice Plants.—In-
dividual potted plants of the variety 'Taichung (Na-
tive)!' at 25, 50, and 75 days after transplanting were,
in separate experiments, infested with 50, 100, 200,
and 400 lst-stage nymphs or 4, 8, 16, and 32 niacrop-
terous adult planthoppers. Thus plants of each age
were caged separately with each of the insect popula-
tions used. The experiment was conducted in 4 rep-
lications. When the plants in any treatment started
wilting because of planthopper feeding, insects in all
treatments were killed with an insecticide spray and
the plants were grown to maturity to obtain data on
their yield components.

Screening Rice Varieties for Brown Planthopper
Resistance.—A field plot planted to 1351 rice varieties
(selected from the 10,000 varieties that had been
screened for stem borer resistance) was sampled for
brown planthopper populations at 50 and 70 days
after transplanting (International Rice Research In-
stitute 1966). Twenty varieties showing high, moder-
ate, and low infestations were selected for more in-
tensive evaluations of their resistance to the plant-
hopper.

The differential preference of the insect for a vari-
ety was investigated by releasing ca. 1000 adult plant-

o

Q.

o
X

UJ 20 - ; -

25 25-29 29 25-33

Temperature (*C)

29-33

FIG. 2.—Effect of different temperatures on survival and duration of life stages of the brown planthopper.
IRRI, 1966.
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hoppers in a 2.5x3.0x3.0-m fine-mesh screen cage
containing 8 potted plants of each variety. The num-
bers of adult planthoppers and their eggs were re-
corded on each plant at 5 and 15 days after infesta-
tion. The number of eggs was determined under a
binocular microscope by dissecting a randomly se-
lected tiller from each hill detached at 2 and 4 cm
from ground level. The oviposition site was easily
recognized by the leaf tissues which had turned brown
around the oviposition puncture marks.

The fecundity of and the damage caused by the
planthopper was studied by caging 20 first-stage
nymphs on individual potted plants of the selected
varieties at 30 days after transplanting. The number
of insects and the degree of plant damage were ob-
served periodically. The experiment was terminated
when plants of any variety started wilting because of
planthopper feeding.

Based on the results obtained, 10 varieties showing
differential resistance were selected for further stud-
ies. Each variety was sown in 4 replications of single
8-in. rows in wooden flats, each row having ca. 30
plants. Fifteen days after seeding, these varieties were
caged with 4000 macropterous planthoppers and
graded for insect population and plant damage at 4
and 14 days after infestation. The various grades
were:

Plant damage
(proportion of

Grades No. insects plants killed)

1 1-100 0
2 101-200 U
3 201-300 %
4 301-400 >%

RESULTS AND DISCUSSION

Life History Stages under Various Environmental
Conditions.—Outside the greenhouse, the egg incuba-
tion period ranged from 7 to 10 days and averaged

7.3 days. Maximum hatching frequency occurred on
the 8th day after oviposition. The nymphal stages
lasted 13-15 days or an average of 14.6 days. Macrop-
terous males and females lived 12.8 and 17.8 days, re-
spectively. Inside the greenhouse the nymphal period
was prolonged and the adult stage, particularly in
males, was shortened (Fig. 1). A lower percentage
of eggs hatched and fewer nymphs survived inside
than outside the greenhouse.

The temperature and relative humidity in and out
of the greenhouse were:

Temp °C % RH

Range Avg Range Avg

Greenhouse 19-38 28.9 30-100 79.5
Glass-shaded area 19-33 27.3 36-100 77.0

The detrimental effects of high temperature on
brown planthoppers were confirmed in further ex-
periments conducted at constant temperatures of 25°,
29°, and 33°C and at 12-hr temperature alternations
of 25° and 29°C, 25° and 33°C, and 29° and 33°C.
Both male and female planthoppers had the longest
life spans at 25°C, females living longer than males.
However, at higher temperatures the longevity of
females declined considerably. At 33°C the average
longevity of male and female planthoppers was 3.9
and 4.1 days, respectively, as compared with 11.6 and
18.6 days at 25°C. The deleterious effect of 33°C was
not reduced even when the insects were kept at this
temperature for only 12 hr and at either 29° or 25°C
during the remaining 12 hr (Table 1).

Oviposition usually occurred in the leaf sheath
tissues near the plant base or in the ventral midribs
of leaf blades. The eggs were laid in masses with the
number of eggs in an egg mass ranging from 1 to 27.
The average number of eggs laid was 244.2/female.
At 29°C this average declined to 86.8, and at 33°C no
oviposition occurred. However, some oviposition oc-
curred if newly emerged adults were first kept for 4

Table 2.—Effect of nymphal and adult brown planthopper feeding on Taichung (Native) 1 plants. IRRI, 1965-6.

Insects

First-stage
nymphsb

Adults6

Control

No.
insects
caged/
plant

50
100
200
400

4
8

16
32

0

25

No./plant

Tillers ]

29.3
26.8
17.5

All

39.6
30.6
22.0
19.7

33.8

Panicles

23.8
21.0
11.0

plants

26.2
20.6
16.4
10.7

26.6

Plants"

Plant
• height

(cm)

100.3
98.0
90.0

killed

106.4
105.4
99.5
96.7

106.8

infested at indicated days

50

No./plant

Tillers

30.6
26.0
25.0
22.0

30.4
38.8
21.8
18.8

33.1

Panicles

25.0
20.0
19.0
15.0

25.8
24.4
17.6
13.2

25.1

after transplanting

Plant
height
(cm)

105.2
97.6
92.8
88.8

101.4
98.2
98.8
97.2

102.4

75

No./plant

Tillers

39.0
31.8
20.4
18.8

30.3
26.4
26.0
27.5

32.9

Panicles

30.2
26.0
12.4
7.5

27.6
22.0
17.6
15.0

31.6

Plant
height
(cm)

104.0
91.0
90.4
81.8

106.0
97.8
93.4
81.0

108.4

• No. panicles and plant height were determined at harvest.b Caged for 3, 16, and 13 days, respectively, on plants at 25, 50, and 75 days after planting.c Caged for 5, 16, and 15 days, respectively, on plants at 25, 50, and 75 days after planting.
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days at either 25° or 29°C and thereafter at 33°C.
This result indicated an increase in tolerance to higher
temperatures in older insects.

More than 90% of eggs incubated at 25° or 29°C,
or their combinations, hatched in an average period
of 7 days, but no eggs hatched when incubated at
33°C. Exposure to 33°C, even in combination with
25° or 29°C, reduced hatching significantly and in-
creased the incubation period (Fig. 2). There was
no apparent difference in survival and rate of growth
of nymphs when reared at 25° or 29°C or their com-
binations. At these temperatures about 90% of
nymphs reached the adult stage in an average period
of 2 weeks, but at 33°C no nymphs survived beyond
the 2nd instar. Also, their survival was greatly re-
duced and the nymphal period was prolonged consid-
erably even at alternating temperatures of 25° and
33°C or 29° and 33°C. All instars appeared to have
equally retarded growth rates at these temperature
combinations.

The deleterious effects of higher temperatures may
explain the lower survival of planthoppers inside the
greenhouse where the maximum temperature was ca.
5°C higher (reaching up to 38°C) than outside. These
results also imply that brown planthopper populations
remain low in areas where temperatures fluctuate
beyond 33°C. That the incubation period of eggs was
shorter at 12-hr alternating temperatures of 25° and
29°C than at either of these temperatures alone sug-
gests that fluctuating temperatures, such as those
which occur during day and night, are more suitable
for egg development than are constant temperatures.
Furthermore, although all eggs failed to hatch at
33°C, ca. 76% hatched when 33°C was alternated

with either 29° or 25°C. These results demonstrate
that eggs have greater tolerance to higher tempera-
tures than do nymphs or adult brown planthoppers.

The egg incubation period in these experiments
was slightly shorter than those reported by Kuwahara
(1956) and Suenaga (1963). These differences may
have been due to differences in temperature responses
between planthopper populations in the Philippines
and those in Japan. That 29°C was more suitable for
egg hatching than 25°C agrees in general with results
obtained by Kuwahara (1956) and Suenaga (1963)
who reported a positive relationship between develop-
mental velocity of brown planthopper eggs and tem-
peratures of 12.9-29.5°C. They also reported that
temperatures beyond these slowed egg development
and caused low percentages of hatching.

Damage to Rice Plants.—The damage caused to
the rice crop by the brown planthopper is usually
manifested as "hopper burn." Even small populations
cause significant losses, as proved by a series of ex-
periments in which plants of different ages were ex-
posed to different levels of planthopper populations.

The plants caged with 400 first-stage nymphs 25
days after being transplanted started wilting 2 days
after infestation. Although we killed the insects at
this stage, all plants infested with 400 nymphs, and
3 out of 4 replications of those infested with 200
nymphs, died (Table 2). Observations made 60 days
after infestation showed that the numbers of tillers
and panicles of plants infested with 200 nymphs were
much less than those caged with 50 and 100 nymphs
and those of the control. The 50- and 100-nymph
treatments showed only small plant-height differences.

Plants infested at 50 and 75 days after being trans-

Plants at 25 days after transplanting infested for 3 days

Ave. of plants at 50 S 75 days after transplanting infested for 3 days

50 400100 200
Number of Nymphs

FIG. 3.—-Damage by brown planthopper nymphs and adults to Taichung (Native) 1 rice plants. IRRI, 1966.

4 8 16
Number of Adults

32
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FIG. 4.—Damage by brown planthopper adults to Taichung (Native) 1 rice plants. The plants were infested
for 5 clays and the picture was taken 10 days after the insects were removed IRRI, 1966.

Table 3.—Host:pest interactions of different rice varie-
ties and brown planthoppers as evidenced by differences
in grades for insect's preference, oviposition, population
buildup, and damage to these varieties. IRRI, 1965.

Variety

Garunbalay
TKM-6
Shoa-hi-den
Panduruwee
IR-8
'R-D C.I. 8643'
'Skrivimankoti'
'R8 Luchai'
'Taipei-shuangjam'
'Kerr sail Sc 94-9'
'Bir-r-ton-tsan'
Hill Med Sel 131
'Ziongzo
Rexoro
'345 Dacca'
CM-7-6
HBJ-2
I-geo-tze
JC-149
Taichung (Native) 1

1"

No.
adults

1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
4
4
S

No.
eggs

3
1
5
5
2
5
3
3
3
S
5
5
5
5
5
5
5
5
5
5

2

Fecun-
dity

1
2
1
3
2
2
1
2
2
2
2
2
2
3
4
4
2
3
3
3

b

Plant
dam-
age

1
2
2
2
1
2
2
2
2
2
3
2
2
3
3
4
2
3
2
2

Infes-
tation
index0

6
6
9

11
7

11
8
9
9

11
12
11
12
14
15
16
12
15
14
15

"About 4000 macropterous adults were released in a 2.5X3.OX
3.0--screen cage containing 4 potted plants of each variety.
Observations on the number of adults and eggs on each variety-
were made at 5 and 15 days from infestation, respectively.

b Twenty lst-stage nymphs were caged for 30 days on individual
plants at 1 month after transplanting. Each numeral represents
an average of 10 replications.

c Infestation index = 2 different grades. See text for explana-
tion of the grades.

planted were more tolerant to damage by direct feed-
ing than plants infested earlier. Plants caged with
400 nymphs started wilting ca. 2 weeks after infesta-
tion, but recovered when the insects were killed at
this stage. Infestation of these plants with 50 nymphs
for 2 weeks did not significantly reduce plant height,
number of tillers, or number of panicles per plant.
However damage increased with larger nymphal
populations (Table 2). The plants infested at 50 and
75 days after being transplanted showed high percent-
ages of empty grains, an effect not recorded on plants
infested 25 days after transplanting. High levels of
insect populations on test plants of all ages reduced
the number of tillers, number of panicles, and total
grain weight per plant (Fig. 3). Since damage other
than hopper burn does not produce any characteristic
symptoms (Fig. 4), field losses by comparatively low
levels of planthopper populations frequently are not
noticed.

Differences in Varietal Susceptibility.—There were
distinct and highly significant differences in the num-
ber of brown planthopper adults present on different
test varieties. The insect population on varieties
'Garunbalay,5 TKM6,' 'Shoa-hi-den/ and 'Panduru-
wee' was 4—5 times lower than on varieties 'I-geo-tze,'
'JC-149,' and Taichung (Native) 1 (Table 3). Since
the insects had their choice of these varieties in 4 rep-
lications, higher populations on some varieties obvi-
ously denote preference for those varieties. Also,
there was a positive correlation (r — 0.54) between
the number of planthoppers and the number of eggs
laid on these varieties. However, some varieties such
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Table 4.—Preference of and damage caused by the
brown planthopper and the green leafhopper to dif-
ferent rice varieties. 1RRI, 1966.

1
Variety

1R-8
TKM-d
darunbalay
HBJ-2
Panduruwee
Rexoro
Taichung (Native) 1
Hill Mod Sel 131
1-geo-tze
CM-7-6

drade" of
brown

planthopperb

'opula-
tion

4.0
3.0
2.5
2.5
3.5
2.0
2.0
3.0
2.5
2.5

Damage

1.0
1.5
1.5
2.0
2.5
3.0
3.0
3.5
4.0
4.0

drade
green

"of
rice

leafhopper0

Popula-
tion Damege

1.5
1.6
1.5
1.2

2.2
2.8
3.4
1.5
1.5

1.0
2.0
3.8
1.0

4.0
4.0
4.0
4.0
4.0

n Sec text for explanation of different grades.
11 Average of 2 experiments each conducted in 4 replications.
•' Average of 5 replications.

as Garunbalay, Shoa-hi-den, and Panduruwee had
comparatively low adult populations but a relatively
high number of eggs. This observation indicates that
although the latter varieties were less preferred hosts,
they apparently did not inhibit oviposition by the
planthoppers on them. Furthermore, there were
marked differences in the population buildup from 20
freshly hatched nymphs caged on individual plants of
these varieties. These differences in the abil'ty of
nymphs to develop and multiply on various test vari-
eties indicate the persence of an "antibiosis" resist-
ance factor (Painter 1951) in these varieties. It is
significant that some varieties showing low nymphal
survival were also less preferred by the adult plant-
hoppers (Table 3).

In another replicated experiment, va. ieties 'IR-8,'
TKM-6, and Garunbalay suffered minimum plant
damage from insect infestations heavy enough to
severely damage other test varieties (Table 4). The
comparatively large number of planthoppers recorded
on these varieties, which had low infestation in pre-
vious experiments, was apparently because after the
destruction of more suitable hosts these varieties
became the only available hosts. The fact that these
varieties, even under such severe infestations, were
less damaged than other varieties confirms their toler-
ance to the brown planthopper.

Following the same procedure, these varieties were
also tested for their susceptibility to the rice green
leafhopper, Ncphotcttix impicticcps (Motschulsky).
Lower numbers of leafhoppers were recorded on vari-
eties 'HBJ-2,' Garunbalay, IR-8, 'CM-7-6,' and TKM-
6, while considerably larger numbers were recorded
on 'Hill Med Sel 131/ I-geo-tze, Taichung (Native) 1,
and 'Rexoro.' Also these latter varieties were se-
verely damaged while IR-8, TKM-6, and HBJ-2 re-
mained comparatively less affected (Table 4) . The
tolerance of the Garunbalay variety to brown plant-
hopper damage but not to the green leafhopper sug-
gests differences in the nature of its varietal resist-
ance to these pests. It is also highly significant that
several varieties tolerant to the brown planthopper
were also less damaged by the green leafhopper.
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