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ABSTRACT Phloem or xylem feeding by leafhoppers and planthoppers on susceptible and
resistant rice varieties was indicated by the difference in the color of their excreta on
seedlings treated with safranine, a dye that is selectively translocated through roots into
xylem vessels. Red honeydew of the green leafhopper Nephotettix virescens (Distant) on
safranine-treated seedlings of the resistant ASD7 variety indicated that the insect sucked
primarily from xylem vessels, whereas clear honeydew excreted on seedlings of the suscep-
tible TNI variety indicated phloem feeding. Plant hoppers Nilaparvata lugens (Stal) and
Sogatella furcivera (Horvath) were primarily phloem feeders.

LEAFHOPPERand plant hopper damage to suscep-
tible rice plants results from an excessive loss of
sap from the vascular tissue, particularly from
phloem, as evidenced by the copious excretion of
the honeydew during hopper feeding and also from
the transmission of associated virus diseases. Hop-
per-resistant varieties are less damaged than sus-
ceptible varieties, due to low intake of the phloem
sap or because of feeding restricted to the xylem
tissue. Saxena and Pathak (1977) demonstrated that
uptake of the phloem sap by the brown planthop-
per Nilaparvata lugens (Shil) was quantitatively
less from resistant than from susceptible varieties.
Similar results were obtained by Pablo (1977) and
Auclair and Baldos (1982) with the whitebacked
plant hopper Sogatella furcifera (Horvath). How-
ever, marked quantitative differences in the up-
take of sap by the green leafhopper Nephotettix
virescens (Distant) were not demonstrable on sus-
ceptible and resistant varieties (Auclair et al. 1982).
Biochemical analysis of the honeydew suggested
that N. virescens is primarily a xylem feeder on
resistant rice plants but feeds predominantly on
phloem sap in susceptible plants.
Knowledge of the mode of leafhopper and

planthopper feeding in the rice plant is useful in
evaluating germ plasm for resistance to these pests
and their transmitted diseases. However, the tech-
niques used to determine the mode of hopper
feeding are complex and involve determination
and distribution of gut enzymes (Saxena 1954), mi-
crotomy of fed tissue (Sogawa 1973), electronic
recording of waveform patterns during feeding
(Kawabe and McLean 1980), and semiquantitative
biochemical evaluations (Auclair and Baldos 1982,
Auclair et al. 1982). We tested a simple technique
for monitoring the feeding behavior of N. vires-
cens, N. lugens, and S. furcifera hoppers in sus-
ceptible and resistant rice varieties using a dye,

safranine, that is highly selective to lignin (Berlyn
and Miksche 1976) and is translocated in xylem
vessels.

Materials and Methods

'Taichung Native l' (TNl), a variety susceptible
to all the three hopper species, ASD7, resistant to
N. virescens and N. lugens, and IR 2035-117-3,
resistant to S. furcifera, were grown separately in
clay pots in a greenhouse. When seedlings were
10 days old, they were removed without damaging
their roots and washed thoroughly to remove soil
particles. They were then immersed in an aqueous
solution of 0.2% safranine "0" (Kansai Reagent
Corp., Hirakata, Japan) for ca. 6 h when the trans-
located dye colored the xylem vessels red through-
out the entire length of the seedlings. The treated
seedlings were then removed, and the excess dye
was washed off. Two to three seedlings of each
variety were placed in separate, 250-ml glass bea-
kers which contained enough water to immerse
their roots. Each beaker was then covered with a
medially perforated, 12-cm-diameter plastic petri
dish through which seedling shoots emerged (Fig.
1). A 9-cm-diameter Whatman filter paper disk
was placed on each petri dish around the base of
the seedlings which were then enclosed in a cylin-
drical mylar cage (15 cm high, 9 cm in diameter).
Meanwhile, newly emerged females of each hop-
per species were collected from the stock cultures
and kept starved but water satiated for 4 h. Ten
hoppers of each species were then released in my-
lar cages on the seedlings of their respective resis-
tant and susceptible varieties. A set of untreated
seedlings were infested similarly and served as
controls. The honeydew excreted by the hoppers
dropped on to the filter paper disks and was readi-
ly absorbed. Red honeydew spots on the filter pa-
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Fig. 1. Assembly for collecting honeydew of rice
leafhoppers and planthoppers. IRRI, 1983.

per disks indicated xylem feeding by hopper fe-
males on the safranine-treated seedlings. Bluish
amino acid spots, however, indicated phloem feed-
ing by the insects when filter paper disks from
control seedlings were treated with a 0.1% nin-
hydrin-acetone solution.

Results and Discussion

Based on above criteria, N. virescens proved
primarily to be a phloem feeder on the susceptible
TNI rice variety (Fig. 2a), although occasionally
it also sucked small amounts of xylem sap (Fig.
2b). On the resistant ASD7 variety, the hopper
switched over to xylem feeding as indicated by a
preponderance of red honeydew spots (Fig. 2d).
However, it also did some phloem feeding on re-
sistant plants as evidenced by the presence of traces
of amino acids in the honeydew (Fig. 2c). Similar
results were obtained by Kawabe and McLean
(1980) and Oya and Sato (1981) with N. cincti-
ceps, and by Auclair et al. (1982) with N. vires-
cens. However, both N. lugens and S. furcifera
plant hoppers were primarily phloem feeders,
whether the offered variety was susceptible or re-
sistant (Fig. 2e-h). Red honeydew spots could be
detected on filter paper disks in none of these cases,
indicating the absence of xylem feeding. Although
the amount of honeydew excreted by the plant-
hoppers was less on the resistant than on the sus-
ceptible plants, the appearance of bluish amino
acid spots upon treatment with ninhydrin indicat-
ed phloem feeding. Based on pH estimates of hon-
eydew as well as on estimated concentrations of

Fig. 2. Filter paper disks on which honeydew of N. virescens (a-d) and N. lugens (e-h) was collected when
the hoppers fed on seedlings of the susceptible TNl and the resistant ASD7rice varieties. Bluish amino acid spots
on ninhydrin-treated filter paper disks indicate phloem feeding (a, c, e, g). Encircled spots (b, d) on filter paper
disks indicate xylem feeding by N. virescens; absence of spots on filter paper disks (f, h) indicates the lack of xylem
feeding by N. lugens on safranine-treated plants. IRRI, 1983.
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free amino compounds in sap exudate of suscep-
tible and resistant varieties and in honeydew, Au-
clair and Baldos (1982) also considered S. furcifera
to be a phloem feeder.
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