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ABSTRACT Feeding activity of Nilaparvata lugens (Stal) biotype 3 on five rice cul~ivars
was monitored with an electronic recording device. Cultivars tested were N. lugens-resls~ant
'IR56' with the Bph 3 gene, field-resistant 'IR36', 'IR42', and '~tri Raj~pa~', and susceptible
'Taichung Native 1', Distinct differences in waveforms for probmg, sahvatIon, A waveforms,
and ingestion were recorded on resistant and susceptible cultivars. !", lugens. prob~d r,e:
peatedly, salivated for a long time, and i.ngested for a. very .short penod o~ re~l.stant IR~6
when compared with the susceptible cultIvar. Phloem mgestIon decreased slgmficantly WIth
an increase in age of 'IR36', 'IR42', and 'Utri Rajapan'.

THE BROWN planthopper, Nilaparvata lugens
(Stal), causes direct damage to rice plants by suck-
ing plant sap, which often results in hopper bum,
and by transmitting the virus diseases grassy stunt
(Ling et al. 1970) and ragged stunt (Ling et al.
1978).

Rice damage is related to the feeding activity
of the insect. Honeydew excreted by N. lugens has
been used as a criterion for determining the amount
of sap ingested by the insect on resistant and sus-
ceptible rice cultivars (Sogawa & Pathak 1970).
Quantity of honeydew excretion is low on resistant
and high on susceptible cultivars (Paguia et al.
1980). McLean & Kinsey (1964, 1968) introduced
a novel method of electronically monitoring the
feeding behavior of aphids and subsequently cor-
related waveform patterns associated with various
phases of feeding: probing, salivation, and inges-
tion. Kawabe & McLean (1980) recorded distinct
waveforms when the rice green leafhopper, Ne-
photettix cincticeps (Uhler), probed into rice plants
and into sucrose solutions, These waveforms were
correlated with ingestion and salivation activity as
based on chemical analyses of the excreta.

The primary objective of this study was to re-
cord feeding behavior of N. lugens electronically
on selected rice cultivars having different levels of
resistance. Waveforms recorded during N. lugens
feeding were compared and interpreted according
to McLean & Kinsey's (1967) identification of
waveform patterns associated with the feeding be-
havior of the pea aphid, Acyrthosiphon pisum
(Harris). Greenhouse and field studies were also
conducted to determine growth and development
of N. lugens on the rice cultivars to confirm their
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field resistance and to determine the nature of such
resistance.

Materials and Methods

All tests were conducted in the laboratory,
greenhouse, or field at the International .~ice. Re-
search Institute, Los Banos, Laguna, Phlhppmes.
N. lugens biotype 3, which had been maintained
on cultivar 'ASD7' with the bph 2 gene for ca. 10
years, was used in the study. Electronic monit~r-
ing of feeding behavior and insect growth studIes
were conducted in the laboratory, Plant damage
and population development tests were conducted
with traditional cultivars and modern high-yield-
ing cultivars in the field. 'ASD7' was used as the
susceptible check.

Electronic Monitoring of Feeding Behavior. An
improved electronic measurement system of insect
feeding behavior developed by Kawabe et al.
(1981) in cooperation with M. E. Commercial, To-
kyo, Japan was used to determine the feeding be-
havior of N. lugens. The AC machine of Kawabe
et al. (1981) was used rather than the DC machine
of Khan & Saxana (1984) because the behaviors it
detects have been much better studied and the
output of the AC machine is more delinitive than
that of the DC machine. Direct comparisons be-
tween results reported in this paper and those of
Khan & Saxana (1984) thus cannot be made.

The insect was starved but water-sa.tiated for 2
h. Then a gold wire (20 ~m diam) (Tanaka Elec-
tronics, Tokyo, Japan) was attached to the dorsum
of a I-day-old, biotype 3, brachypte:rous female
with electroconductive paint (Dotite ])-550, Fuji-
kura Kasei, Fochigi, Japan). The opposite end of
the gold wire was attached to a larger wire leading
to the input of a current detection amplifier. The
insect was then placed on the leaf sheath of a pot-
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Fig. 1. Typical electronically recorded waveforms during feeding by N. lugens on 40-day-old rice cultivars:
susceptible 'TNl' (a and b) and field-resistant 'IR36' (c) and 'Vtri Rajapan' (d), Charts are to be read from right
to left. The arrow denotes the initiation of probing: P, probe; S, salivation; A, A waveform; and I, ingestion. Fig.
la shows waveforms associated with initiation of feeding on susceptible cultivar 'TNl'. After an initial period of
probing (3 min), salivation (5 min), and A waveforms (4 min), ingestion begins and is continuous (b) for up to no
min. In c and d, ingestion duration on 'IR36' and 'Vtri Rajapan' is short and interrupted by the A waveform.

ted plant that was electrified by generating a 500-
Hz, 0.5-V alternating current from the oscillator
into the potting soil. The final amplifiers were ad-
justed to 500 mV full-scale output and speed of
the strip-chart recorder was 2 cm/min. The feed-
ing behavior of the insect was studied on plants
10 and 40 days after sowing (DS) of 'Taichung
Native I' ('TNl') (susceptible), 'IR36' and '1R42'
(bph 2 gene), 'IR56' (Bph 3), and 'Utri Rajapan'
(field resistant). Each cultivar of each plant age
was tested seven times using seven plants and sev-
en insects, All recordings were done at 27 ± 3°C
and 65-70% RH and lasted 180 min.

Nymphal Growth and Development. Thirty-
day-old plants of 'TNl', 'IR36', 'IR42', 'IR56', and
'Utri Rajapan' grown separately in clay pots were
covered with mylar film cages (90 cm high and 10
cm diam) and arranged in a randomized complete
block design. Each cultivar was replicated seven
times and each replicate was infested with 10 first
instars. Insect growth was measured in terms of
the number of nymphs that became adults and the
time taken to reach the adult stage. A growth in-
dex was calculated as a ratio of the percentage of

nymphs becoming adults to the mean growth pe-
riod in days.

Field Test. 'IR36', 'IR42', and 'Utri Rajapan'
were evaluated for resistance to N. lugens biotype
3 in plots on the IRRI farm. 'IR56' served as the
resistant and 'ASD7' as the susceptible check.
Twenty-five-day-old seedlings of each cultivar were
transplanted at a spacing of 15 by 20 cm in 1-m"
plots at one seedling per hill. Cultivars were ar-
ranged in a randomized complete block design with
five replications. Each plot was covered with a
fiberglass mesh cage (1.5 by 1.5 by 2,0 m high)
supported by bamboo stakes at each corner. At 30
days after transplanting (DT) the plants of each
plot were infested with five pairs (males and fe-
males) of 1-day-old N. lugens biotype 3 per hill.
N. lugens nymphs and adults were counted and
plant damage ratings, based on a 0-9 scale (Anon-
ymous 1980), were recorded at 20,40, and 60 days
after infestation (DI) from 10 randomly selected
hills per plot. Data were subjected to analysis of
variance and means were compared using Dun-
can's (1951) multiple range test at the P = 0.05
level.
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Growth
index

4.9 ± O.4b
6.9 ± 0.5a

1.0 ± 0.3e
2.7 ± O.4d
3.8 ± 0.3c

13.6 ± 0.3d
13.1 ± O.le

Develop-
mental
period
(days)

17.7 ± 0.2a
15.4 ± 0.2b
14.3 ± 0.2c

Nymphs
becoming
adults (%)

17.1 ± 4.ge
41.4 ± 6.9d
54.3 ± 5.3c

67.1 ± 4.8b
90.0 ± 5.7a

Cultivars

Table 2. Percentage of nymphs becoming adults, de-
velopmental period, and growth index or N. lagens bio-
Iype 3 on rice cultivars, IRRI greenhouse, 1984

'IR56'
'IR36'
'IR42'
'Utri

Rajapan
'TNI'

Means (±SD) within a column followed by a common letter
are not significantly different (P > 0.05; Duncan's [19511 multiple
range test).

Results

The sequence of waveforms recorded during the
feeding of N. lugens on the susceptible cu\tivar
'TNI' and field-resistant '1R36' and 'Utri Rajapan'
were salivation (S), A waveform (A), and ingestion
waveform (I) (Fig. I). The data in Table I give
the results of the electronically recorded events in
feeding on resistant and susceptible rice cultivars.
There were significant differences among the cul-
tivars in each of the feeding activities analyzed.
On the lO-day-old 'TNI' seedlings the fewest
probes (four) were recorded. Signillcantly more
probes were made when N. lugens fed on '1R36',
'IR42', and 'Utri Rajapan', with the highest num-
ber made on the highly resistant cu.ltivar '1R56'.
The mean duration of the salivatio:~ period dif-
fered significantly among cultivars; it was longest
on '1R56'. The insect salivated for only 5 min on
susceptible 'TNI'. The duration of the A wave-
form extended for only 3 min on 'TNI' while it
lasted from 19 to 43 min on other cliltivars. Very
little ingestion (15 min) was recordec. on the resis-
tant cultivar '1R56'. The longest mean duration of
161 min ingestion occurred on susceptible 'TNI'.
Ingestion on '1R36', 'IR42', and 'Utri Rajapan
ranged from 100 to 112 min but was significantly
shorter than the 161 min on 'TNI'.

Similar differences among cultivars occurred
when the insects fed on 40-day-old plants (Table
I) but there was more probing and the duration
of the salivation period and A waveform was lon-
ger on the older plants. Most notable in the feeding
behavior of N. lugens on a susceptible cultivar was
the duration of ingestion. I was signifkantly longer
and continuous on 'TNI' (Fig. I a and b) while
discontinuous ingestion, interrupted by the A
waveform, was recorded when N, lugens fed on
cultivars '1R36' and 'Utri Rajapan' (Fig. I c and
d).

In the insect development study, the percentage
of nymphs becoming adults was significantly higher
on 'TNI' than on other cultivars (Table 2). The
developmental period of survivors also differed
significantly among cultivars and W~.slongest on
'1R56' and shortest on 'TNI' (Table 2) The growth
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Table 3. Plant damage ratings and population growth of N. lugens biotype 3 on rice cultivars in caged 6eld plots
at indicated 01, IRRI, dry season, 1984

Cullivar
N. lugens per hilla plant damage ratingb

20 DI 40 DI 60 DI 20 DI 40 DI 60DI

'ASD7' (S ('heck) 726 ± 28,9a 1,775 ± 28.6a HBc 3 ± 0.9a 7 ± O.Oa 9 ± O.Oa
'Ulr; Rajapan 109 ± 4.2b 237 ± 18.1b 386 ± 25.5a I ± O.Ob 1 ± O.Ob 3 ± O.Ob
'1R36' 46 ± 4.3c Il8± 6.5c 154 ± 8.9b 1 ± O.Ob 1 ± O.Ob 1 ± O.Oc
'lR42' 48 ± 6.6c 126 ± 5.8c 161 ± 1O.3b I ± O.Ob 1 ± O.Ob 1 ± O.Oc
'1H56' (R che('k) 12 ± 1.92d 20 ± 2.8d 46 ± 4.8c 1 ± o.ob 1 ± O.Ob 1 ± O.Oc

Means (±SD) within a column followed by a common leIter are not significantly different (P > 0.05; Duncan's [1951] multiple
rang" ,,'sl).

" Infesled al 30 days after lransplanting wilh five pairs (males and females) of N. lugens per hill.
" Based on s('ale of 0-9; 0, no damage and 9, all plants killed .
•.Planls were hopperburned.

index was lowest on resistant 'IR56' because of the
low adult emergence and the long developmental
period of survivors. The growth index on 'TNl'
was the highest and on 'IR36', 'IR42', and 'Utri
Rajapan' it was intermediate.

Field Test. The population growth of N. lugens
differed significantly among cultivars in caged field
plots (Table 3). The susceptible check, 'ASD7', had
a significantly higher N. lugens population than
other cultivars. At 40 OI, 'ASD7' had 1,775 N.
lugens per hill. By 60 DI, 'ASD7' had a damage
rating of 9 and was completely hopperburned.
Among the other cultivars, population growth at
60 DI was lowest on resistant 'IR56' (46 per hill).
'Utri Rajapan' supported significantly more N. lu-
gens than 'IR36' and 'IR42' but less than the sus-
ceptible check, 'ASD7'.

Plant damage ratings reflected the N. lugens
population. 'IR36', '1R42', and 'IR56' had damage
ratings of 1 at 20, 40, and 60 DI.

Discussion

N. lugens is a typical vascular feeder and pri-
marily sucks the phloem sap (Sogawa 1980). The
highly localized feeding process of N. lugens is
composed of a series of gustatory responses to the
specific phytochemical stimuli and several inter-
mediary behavioral reactions induced according
to the internal demands of the insect (Sogawa
1976). However, feeding can be divided into two
main behavioral phases, stylet probing and suck-
ing, which are controlled by the central nervous
system (Sogawa 1982). Distinct waveforms such as
salivation, A waveform, and ingestion were re-
corded during N. lugens feeding on susceptible
and resistant cultivars. The salivation and inges-
tion sequences recorded for N. lugens are similar
to those recorded by McLean & Kinsey (1967) for
A. pisum.

Causes of the A waveform are not well under-
stood. The A waveform may be related to a sen-
sory response of the insect that provides the insect
with information regarding the suitability of
phloem sap for ingestion. If this information is
acceptable to the insect, ingestion begins. We have

not observed honeydew excretion when the insect
produced the A waveform but only when I wave-
forms were recorded.

The greenhouse study indicated that factors
causing low populations on 'Utri Rajapan', 'IR36',
and 'IR42' in the field were a low survival to the
adult stage and a prolonged developmental period
of those insects that survived (Table 2), both of
which could be related to lack of nutrients.

The use of the electronic monitor gave an in-
dication of the feeding behavior on the cultivars
and confirmed the greenhouse and field studies.
The total number of probes and ingestion time and
duration of A waveform and ingestion time were
negatively correlated. The prediction y = a + bx
where y = the number of probes and x = ingestion
time was y = 52.38 - 0.3264x (r = -0.97; P <
0.01) for plants aged 10 DS and y = 66.35 -
0.3873x (r = -0.97; P < 0.01) for 40 DS plants.
Correlation coefficients of numbers of probes
against duration of A waveform were -0.92 (P =
0.01) and -0.88 (P = 0.01) at 10 DS and 40 DS,
respectively. This indicates a corresponding de-
crease in number of probes as ingestion time in-
creases. An increase in probing frequency indi-
cates an increase in some deterrent factor, so there
is evidence of non preference. The increased du-
ration of the A waveform also supports this.

Ingestion time was related to the level of resis-
tance as expressed by plant damage ratings, N.
lugens survival, and population growth. There was
a significant correlation between the length of time
spent in ingestion and N. lugens population growth
(r = 0.98; P < 0.05) and the growth index (r =
0.98; P < 0,05). Ingestion time was shortest on the
highly resistant 'IR56' and longest on susceptible
'TNl'. Sogawa & Pathak (1970) attributed resis-
tance to N. lugens to lack of sustained sucking on
sieve elements. Later studies indicated that suck-
ing inhibitory chemicals such as oxalic acid inhib-
ited phloem feeding (Sogawa 1982). According to
Sogawa, lack of sustained sucking is responsible for
the high frequency of stylet probing, lack of suf-
ficient intake of nutrients, and the subsequent re-
duction in fecundity. Auclair et al. (1982) specu-
lated that differences in feeding were due either
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to the presence of a feeding deterrent in the tissues
adjacent to or within sieve elements of resistant
plants or to the formation of callose or slime plugs
in phloem in response to Nephotettix virescens
(Distant) probing. Extent of probing (as indicated
in Table 1) was inversely related to the ingestion
time. A similar pattern of increased probing and
reduced phloem feeding by aphids on resistant
hosts was reported by Nielson & Don (1974), Ken-
nedy et al. (1978), and Campbell et al. (1982).

It is difficult to detect differences in levels of
resistance between susceptible and field-resistant
cultivars when they are evaluated for plant dam-
age as lO-day-old seedlings. However, with the aid
of the electronic monitor, distinct differences in
the feeding behavior among the resistant and sus-
ceptible cultivars were evident at that stage (Table
1). With an increase in plant age, from 10 to 40
DS, the frequency of probing and length of sali-
vation and the A waveform period increased and
ingestion period decreased in all cultivars.
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