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ABSTRACT The feeding activity of a leafhopper, Nephotettix virescens (Distant), on nine
genetically diverse rice varieties was monitored with an electronic recording device. The
varieties tested were the leafhopper resistant 'Pankhari 203' (Glh 1), 'ASD7' (Glh 2), 'IR8'
(Glh 3), 'Ptb 8' (glh 4), 'ASD8' (Glh 5), 'IR36' (Glh 6), 'Moddai Karuppan' (Glh 7), the highly
resistant 'IR29' (resistance gene not identified), and the susceptible 'Taichung Native l'
(TN1) (no resistance gene). Distinct differences in waveforms for probing, salivation, phloem
feeding, and xylem drinking were recorded on resistant and susceptible rice plants. The
waveforms indicated that the insect fed primarily from the phloem of susceptible 'TNl'
plants, but switched to the xylem on resistant varieties. N. virescens made a significantly
higher number of brief and repeated probes on resistant varieties than on susceptible 'TN}'
plants. However, differences in the mean duration of salivation on resistant and susceptible
varieties were not associated with resistance. Bulk seedling screening of the test varieties
and the insect's growth on them were used as criteria for evaluation of resistance to N.
virescens for comparison with results of electronic recording.

Nephotettix virescens (Distant) is a doubly de-
structive leafhopper pest of rice in tropical Asia.
The insect causes direct damage to the rice plant
by sucking the sap from vascular tissues; it causes
indirect damage by transmitting a number of virus
diseases including the rice tungro virus during
feeding. This pest has caused heavy crop losses
throughout south and southeast Asia.

Incorporation of resistance to N. virescens is an
important objective of the rice improvement pro-
grams at the International Rice Research Institute.
Of 48,000 rice varieties and accessions from all
over the world that have been screened, about
2,000 have shown potential for resistance to this
pest (Heinrichs et al. 1985). Resistance to the vec-
tor, however, cannot always be correlated with re-
sistance to the virus. For example, 'IR8' is mod-
erately resistant to the leafhopper, but susceptible
to tungro virus (Ling 1972, Rapusas and Heinrichs
1982). Recently, the most popular rice variety,
'IR36,' that is planted in almost 11 million ha all
over the world (International Rice Research Insti-
tute 1982), has succumbed to the rice tungro virus
in a few locations in the Philippines.

N. virescens primarily feeds through the phloem
on susceptible varieties, but has been found to
switch to xylem drinking on resistant varieties (Au-
clair et al. 1982, Khan and Saxena 1984a). The
rice tungro virus is phloem-specific. Even in plants
showing severe disease symptoms, the virus parti-
cles are not detectable in the mesophyll or the
xylem tissue (Favali et al. 1975). Consequently, if
the leafhopper feeds less in the phloem, the chances
of its acquiring or transmitting the virus are con-

siderably reduced. Knowledge of the mode of N.
virescens feeding on the rice plant is, therefore,
useful in evaluating rice germ plasm for resistance
to this pest and its transmitted virus diseases. How-
ever, studies involving homopteran feeding are
particularly difficult because plant penetration by
mouthparts, and subsequent salivation and inges-
tion, all occur within plant tissues (Triplehorn et
al. 1984).

McLean and Kinsey (1964, 1968) developed an
electronic monitoring system for recording feed-
ing behavior of sucking insects and correlated the
waveform patterns with various phases of feeding,
i.e., probing, salivation, and ingestion. Khan and
Saxena (1984b) described a DC variant of the elec-
tronic recording system. In the study reported here,
we used the DC recording system to investigate
the feeding activity of N. virescens on nine rice
varieties with diverse genes for resistance to the
leafhopper. We made parallel observations on
damage ratings of the test varieties by means of a
free-choice bulk seedling screening method (Sax-
ena and Khan 1984), and on insect growth on those
varieties.

Materials and Methods

A virus-free colony of N. virescens was main-
tained in the insectary on 30- to 40-day-old healthy
plants of leafhopper-susceptible 'Taichung Native
l' (TN 1) rice variety. The varieties tested were the
resistant 'Pankhari 203' (elk 1), 'ASD7' (elk 2),
'IR8' (elk 3), 'Ptb 8' (glh 4), 'ASD8' (elh 5), 'IR36'
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(Glh 6), 'Moddai Karuppan' (Glh 7), the highly
resistant '1R29' (resistance gene not identified), and
the susceptible check 'TNl' (no resistance gene).

Feeding Behavior on Resistant Varieties. To
determine N. virescens feeding activity, a 5-cm-
long, 18 ~m gold wire (Tanaka Denshi, Kogyo,
K.K., Tokyo) was attached to the dorsum of a non-
viruliferous, 8- to lO-h-old female by means of
silver paint (Litsilber 200, Demetron, Hanau, W.
Germany). The insect was starved but water-sa-
tiated for 2 h and then placed on an intact leaf
blade of a 30-day-old susceptible or resistant rice
plant. The gold wire was connected directly to the
negative input terminal of a transistorized, auto-
matic, and null-balancing DC chart recorder hav-
ing 250-mm recording width and input resistance
of 1 Mfl (Unicorder, Pantos, Nippon Denshi, Ka-
gaku, Japan). The voltage source consisted of two
1.5-V DC batteries connected in series. The posi-
tive battery terminal was connected with the plant
roots through moistened filter paper and alumi-
num foil. The negative battery terminal was con-
nected directly to the positive input terminal of
the chart recorder. The recorder pen was adjusted
to the chart baseline and insect feeding was mon-
itored for 180 min. A chart speed of 1.5 cm/min
at 500-m V amplifier power was adequate for dis-
tinguishing various voltage reversals during insect
feeding. Each variety was tested 10 times using 10
new plants and 10 new insects. All recordings were
done at 27 ± 2°C and 65 to 70% RH.

Waveforms recorded during N. virescens feed-
ing were compared and interpreted according to
Chang's (1978) identification of waveform pat-
terns associated with the feeding behavior of the
sugarcane leafhopper, Perkinsiella saccharicida
Kirkaldy. Voltage signals in xylem drinking were
stronger than those in phloem feeding.

Bulk Seedling Test. For bulk seedling screen-
ing, all nine test varieties were seeded in 40-cm-
long rows in wooden trays (60 by 45 by 10 cm) in
a greenhouse. One week after germination, the
seedlings in each tray were thinned to 15 per row
and placed inside screen cages (55 cm long, 40 cm
wide, and 50 cm high). The seedlings were infest-
ed uniformly with five second-instar N. virescens
nymphs per seedling. Seedling damage, based on
individual seedling score (International Rice Re-
search Institute 1980), was graded as soon as the
susceptible check 'TNl' variety was killed. Treat-
ments were replicated five times in a randomized
complete block design.

Nymphal Growth and Development. Thirty-
day-old, virus-free plants of the test varieties, grown
separately in clay pots, were covered with mylar
cages (90 cm high, 10 cm diam) and arranged in
a randomized complete block design in a water-
filled iron tray in the insectary. The room tem-
perature was maintained at 27 ± 1°C with 65 to
70% RH and a LD 12:12 photoperiod. Each plant
was infested with 10 first-instar nymphs. Each
treatment was replicated four times. 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 index was calculated as
a ratio of the percentage of nymphs becoming
adults to the mean growth period in days (Saxena
et al. 1974). The higher the growth index, the more
suitable was the variety for N. virescens nymphal
growth.

Data of the experiments on N. virescens feeding
behavior, bulk seedling test, and nymphal growth
were subjected to an analysis of variance, and
means were compared with Duncan's (1951) mul-
tiple range test at the P < 0.05 level.

Results

Distinct waveform patterns for probing, saliva-
tion, phloem ingestion, and xylem ingestion (Fig.
1) were recorded during N. virescens feeding on
the resistant and susceptible rice varieties (Table
1). Susceptible and resistant varieties differed in
each of the events analyzed. The most notable dif-
ference in insect feeding behavior on susceptible
and resistant plants was in the duration of phloem
feeding and xylem drinking. The mean duration
of phloem feeding on the susceptible 'TNl' (31.8
min) was significantly longer than that on resistant
varieties. No phloem ingestion was recorded on
resistant '1R29.' Correspondingly, the mean dura-
tion of xylem drinking was significantly shorter on
'TN l' plants than on resistant ones.

Another indication of resistance was the signif-
icantly higher mean number of separate probes by
N. virescens during feeding on resistant plants than
on susceptible 'TNl.' The highest probing activity
(122 mean number of probes) was on '1R36.'

Differences in the mean durations of salivation
on susceptible and resistant varieties were not as-
sociated with resistance. For instance, although the
mean salivation period was shortest for N. vires-
cens feeding on susceptible 'TNI' plants (13.2 min)
and longest on resistant 'IR36' (30.3 min) and
'ASD7' (23.5 min) plants, the mean duration of
salivation of the insect on susceptible 'TN I' and
resistant 'Ptb8' (13.5 min) and 'IR29' (16.6 min)
did not differ significantly.

In bulk seedling screening (Table 1), 'Moddai
Karuppan' and 'Ptb 8' had resistance scores of 3.3
and 3.7, respectively, followed in order of decreas-
ing resistance by 'IR29,' 'Pankhari 203,' 'ASD7,'
'1R8,' and 'ASD8.' The score of 6.1 for '1R36' in-
dicated moderate susceptibility to N. virescens.
Despite significant differences in resistance scores
of the test varieties, nymphal growth (as indicated
by percentages of nymphs that became adults) on
resistant 'Moddai Karuppan,' 'Ptb 8,' and '1R36'
was as high as on susceptible 'TNl' (Table 2).
However, significantly fewer nymphs reached
adult stage on resistant varieties 'ASD7,' 'ASD8,'
'IR8,' 'IR29,' and 'Pankhari 203.' The growth pe-
riod was shortest (13.8 days) on 'TNl' plants, fol-
lowed by that on 'Ptb 8' (15.4 days) and 'Moddai
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Fig. 1. Waveforms recorded during N. vtrescens feeding on susceptible TNl (a-c) and resistant 'Pankhari 203'
(d-f) rice varieties, using an electronic monitoring device.

Karuppan' (16.1 days), but it was significantly
longer by 6 to 10 days on other resistant varieties.
The growth index was highest in 'TN1,' followed
by that in 'Moddai Karuppan' and 'Ptb 8'; the
other rice varieties were less suitable for N. vires-
cens growth and development.

Discussion

The feeding of N. virescens on resistant rice
varieties was characterized by reduced periods of
phloem feeding and a corresponding increase in
the frequency of probing and xylem drinking. A
significantly greater number of feeding punctures
made by N. virescens females on resistant varieties
compared to susceptible varieties was also record-
ed by Rezaul-Karim (1978). Likewise, increased
probing and reduced phloem feeding on resistant
cultivars and non host plants has been reported in
other leafhoppers such as Perkinsiella vitiensis

Kirkaldy and P. saccharicida (Chang and Ota
1978), and Graminiella nigrifrons (Forbes) (Tri-
plehorn et al. 1984).

Causes of the shift from phloem feeding to xy-
lem drinking on resistant rices are not well under-
stood. The existence of a physical barrier that sup-
presses phloem feeding in or around the vascu-
lar tissue in the resistant varieties is unlike Iy.
Ling (1968) demonstrated that the sclerenchyma
cap on the abaxial side of the vascular bundle in
a cross section of the resistant 'Pankhari 203' leaf
sheath was not wide enough to prevent N. vires-
cens stylets from reaching the vascular bundle.
Auclair et al. (1982) speculated that differences in
feeding were due to either the presence of a feeding
deterrent in tissues adjacent to or within sieve ele-
ments of resistant plants or formation of callose or
slime plugs in phloem in response to N. virescens
probing. Rice plant volatile chemicals may also
play an important role in resistance. Application
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Table 1. Means of electronically recorded events during 180-min feeding by N, virescens on selected resistant and
susceptible rice varieties

Electronically recorded events"
Tungro diseaseVariety Probes Salivation Xylem drinking Phloem feeding ratingb

(no.) (min) (min) (min)

'IR 29' 71b 16.6cd 25.0abcd O.Oe Intermediate (1)
'ASD7' 108a 23.5b 21.6cd 0.4e I
'Pankhari 203' 78b 20.6bc 33.7a 0.7de I
'IR 36' 122a 30.3a 30.4ab 1.3cde Susceptible (S)
'IR 8' Illa 21.5b 19.5d l.6cde S
'ptb 8' l09a 13.5d 27.2abc 3.3bcd SC
'Moddai Karuppan' l09a 19.8bc 21.8bcd 4.obc S
'ASD8' 8lb 20.lbc 19.900 6.0b I
'TNl' (susceptible check) 25c 13.2d 1l.Oe 31.8a S

In a column, means followed by the same letter are not significantly different (P < 0.05; Duncan's [1951] multiple range test).
"Average of 10 replications, each replication using a new insect and a new plant.
b Tungro disease rating from International Rice Research Institute greenhouse, provided by H. Hibino, virologist.
C From Heinrichs and Rapusas (1983).

of steam distillate extracts of the resistant 'ASD7'
to susceptible 'TN l' plants disrupted the insect's
normal feeding-i.e., reduced phloem feeding and
increased xylem drinking (Khan and Saxena 1985).

Among the nine test varieties that we tested,
phloem feeding was not recorded on 'IR29,' and
was extremely low on 'ASD7' and 'Pankhari 203'
plants. These varieties were also resistant to both
the vector and the tungro virus. Low phloem in-
take from these varieties was also reflected in poor
growth of N. virescens nymphs. High mortality
and slow growth of N. virescens nymphs on 'ASD7'
and 'Pankhari 203' plants were also reported by
Cheng and Pathak (1972). Despite reduced phloem
feeding on 'IR8' and 'IR36,' 70 to 75% leafhopper
nymphs became adults. However, the much lon-
ger developmental period on these varieties can
be ascribed to feeding on xylem sap of lower nu-
tritive value. 'IR8' is moderately resistant while
'IR36' is moderately susceptible to the vector, but
both are susceptible to the virus. Similar reactions
of 'IR8' and 'IR36' to the vector and the virus have
been reported by Rapusas and Heinrichs (1981,
1982).

Among the resistant varieties, phloem feeding
by N. virescens was longer on 'ASD8,' 'Moddai
Karuppan,' and 'Ptb 8.' In spite of substantial feed-
ing from the phloem, 'Moddai Karuppan' and 'Ptb
8' were rated as resistant to the leafhopper in the
bulk seedling screening test. The comparability of
the growth indices of the leafhopper on varieties
'Moddai Karuppan' and 'Ptb 8' to that on suscep-
tible 'TN1' indicates a possible tolerance of 'Mod-
dai Karuppan' and 'Ptb 8' for N. virescens feed-
ing. However, the two varieties are susceptible to
the tungro virus (Heinrichs and Rapusas 1983). A
somewhat higher damage score for 'ASD8' was
reflected in a correspondingly high phloem intake.
Causes of the insect's poor growth on 'ASD8' and
resistance to tungro virus are presently unknown.

Our findings show that electronic monitoring of
insect feeding activity can be a useful and con-
venient adjunct to other methods for screening host
plant resistance to the vector and the transmitted
diseases. In N. virescens feeding, phloem ingestion
should be considered as the key criterion in eval-
uating resistance to the vector and the tungro vi-
rus. For example, on 'IR29,' which derives its high

Table 2. Growth of N. virescens nymphs on susceptible and resistant rice plants

Variety Nymphs becoming Developmental Growth index" Phloem feedingh Insect damage
adults (%) period (days) (min) rating<

'IR 29' 8e 21.5a 0.7d O.Oe 3.8bc
'ASD7' lOe 22.0a 0.5d O.4e 4.7bc
'Pankhari 203' 48cd 23.6a 2.0cd 0.7de 4.0bc
'IR 36' 75abc 22.7a 3.3b 1.3cde 6.Ib
'IR 8' 70bc 23.9a 2.9bc 1.6cde 4.8bc
'Ptb 8' 88ab 15.4b 5.6a 3.3bOO 3.7c
'Moddai Karuppan 98a 16.1b 6.1b 4.0bc 3.3c
'ASD8' 28de 23.5a 1.2d 6.0b 5.lbc
'TN!' (susceptible check) 93ab 13.8b 6.7a 31.8a 9.0a

In a column, meanS followed by the same letter are not significantly different (P < 0.05; Duncan's [1951] multiple range test).
Average of four replications, each replication with 10 first-instar nymphs.

" Growth index = percentage of nymphs becoming adult divided by mean developmental period (days).
b From Table 1.
c Average of five replications, scored On a 0-9 scale: 0, highly resistant; 9, highly susceptible (International Rice Research Institute

1980).
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level of resistance from 'Gam Pai,' a Thai variety,
the insect was not able to feed at all on the phloem.
Hence, 'IR29' proved to be highly resistant. Other
sibling varieties of the same origin (e.g., 'IR28' and
'IR34') also have high levels of resistance to both
N. virescens and the tungro virus (Rapusas and
Heinrichs 1982)
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