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ABSTRACT Using an electronic device, the feeding behavior of a leafhopper, Nephotettix
virescens (Distant), was monitored on rice plants sprayed with seed oil from the neem
(Azadirachta indica A. Juss)tree. Application of neem oil to rice plants disrupted the normal
feeding behavior of the leafhopper. Phloem feeding by the insect on plants sprayed with
neem oil at 1.25, 2.5, 5, or 10% concentrations wassignificantly (P < 0.05) reduced compared
with control plants sprayed with acetone. Phloem feeding was erratic on plants sprayed with
5 and 10% neem oil, as evidenced by repeated voltage reversals in associated waveforms.
Reduced intake from phloem on neem oil-treated plants was associated with a significant
(P < 0.05) increase in the insect's probing frequency, and an increase in durations of sali-
vation and xylem feeding. The total ingestion period on neem oil-treated plants was signif-
icantly (P < 0.05) less than that on control plants. On plants sprayed with 10% neem oil,
the insect became restless, probed repeatedly, salivated profusely, and fed mainly from
xylem. Disruption of phloem feeding and associated aberrations in the feeding behavior
may explain the reported reduction in N. virescens survival on neem oil-treated rice plants
and a corresponding decrease in its ability to transmit the tungro virus.

THE POTENTIALof neem (Azadirachta indica A.
Juss) seed oil and seed extracts against several rice
insect pests has been demonstrated (Saxena et al.
1981a, b, Schmutterer et al. 1983, Heyde et al.
1984). Neem oil also was reported to be highly
effective in reducing the survival of Nephotettix
virescens (Distant), a leafhopper pest of rice,
thereby reducing its transmission of the rice tun-
gro virus (Mariappan and Saxena 1983, 1984). Re-
cently, Heyde et al. (1984) and Saxena et al. (1984)
found that food intake by N. virescens was signif-
icantly reduced on rice plants sprayed with neem
oil. In the present study, we have investigated how
neem oil influenced the behavior of N. virescens,
and monitored feeding activity on neem oil-treat-
ed plants using a dc variant of an electronic device
(Schaefers 1966) for recording insect feeding.

Materials and Methods

Crude neem oil expelled from decorticated neem
seeds (1982 crop) was obtained from C. M. Ketkar,
advisor to the Neem Cake Manurial Project, Poona,
India. The oil was diluted with acetone and tested
at four concentrations-I. 25, 2.5, 5, and 10%.
Thirty-day-old 'Taichung Native l' (TNl) rice
plants susceptible to leafhoppers were used in the
study. Using a quick-spray atomizer (Pierce
Chemical Co., Rockford, IL 61105), each plant
was sprayed with neem oil at a dosage of 1 ml per
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plant 3 h before it was offered to the insect for
feeding. Each plant received a different concen-
tration of neem oil spray. Plants treated with ace-
tone served as the control.

To determine the insect's feeding activity, a 5-cm
fine (18 !lm) gold wire (Tanaka Denshi, Kogyo,
K.K., Tokyo, Japan) was attached by a small quan-
tity of silver paint (Litsilber 200, Demetron,
D-6450, Hanau, W. Germany) to the dorsum of
an 8- to lO-h-old female reared on virus-free, 45-
day-old TNI rice plants. Before attaching the wire,
the insect was anesthetized with carbon dioxide
gas. The insect was starved but water-satiated for
2 h and then placed on an intact leaf blade of a
treated or control TNI plant. The gold wire was
connected directly to the negative input terminal
of a transistorized, automatic, null-balancing, dc
chart recorder having 250-mm recording width
and input resistance of 1 MQ (Unicorder, Pantos,
Nippon Denshi, Kagaku, Japan). The voltage source
consisted of two 1.5 v dc batteries connected in a
series. The positive battery terminal was connect-
ed with the plant roots through a moistened filter
paper and an aluminum foil (Fig. 1). The negative
battery terminal was connected directly to the pos-
itive input terminal of the chart recorder. The re-
corder pen was adjusted to the chart baseline and
insect feeding was monitored for 180 min. A chart
speed of 1.5 cm/min at 500 mY amplifier power
was adequate for distinguishing various wave-
forms and associated voltage reversals. Each treat-
ment, including the control, was replicated 10 times
(i.e., 10 different individuals on 10 different plants).
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Fig. 1. Schematic diagram of circuit and equipment
for recording N. virescens feeding on rice plants.

Data were subjected to analysis of variance and
means were compared using Duncan's (1951) mul-
tiple range test at the P < 0.05 level.

Results

The waveform patterns associated with N. vi-
rescens feeding on control rice plants were similar
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to those recorded by Chang (1978) for the sugar-
cane leafhopper, Perkinsiella saccharicida Kirkal-
dy. Waveform patterns for N. virescens feeding
on rice plants sprayed with neem oil solutions of
different concentrations are shown in Fig. 2. Xy-
lem feeding was differentiated from phloem feed-
ing by stronger voltage signals in the former.
Phloem feeding was significantly (P < 0.05) lon-
ger on control plants than on neem oil-treated
plants (Table 1). Phloem feeding decreased pro-
gressively with increased concentration of neem
oil (Fig. 3). The decrease in phloem feeding was
accompanied by a corresponding, significant (P <
0.05) increase in the frequency of probing, the
salivation period, and xylem feeding in all treat-
ments, except on plants sprayed with 1.25% neem
oil.

The waveform pattern recorded for phloem
feeding was erratic on plants sprayed with 5 and
10% neem oil, as evidenced by repeated voltage
reversals (Fig. 2d, Pi?). In spite of increased xylem
feeding on neem oil-treated plants, the total du-
ration of intake from the vascular tissue was sig-
nificantly (P < 0.05) less than on control plants

p

Fig. 2. Electronically recorded waveforms during N. virescens feeding on TNl rice plants sprayed with (a)
acetone (control) and (b) 1.25%, (c) 2.5%, (d) 5%, (e,f) 10% neem oil.
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Fig. 3. Effects of different neem oil concentrations on feeding activity of N. virescens.

(Table 1). On plants sprayed with 10% neem oil,
the insects became restless, probed repeatedly, sal-
ivated profusely, and fed mainly from xylem (Fig.
2 e and f). After about 150 min of feeding activity,
the insects became very weak due to increased
restlessness. This was also evidenced by assump-
tion of an unusual slanting posture with the ab-
domen tip touching the leaf surface.

Discussion

The feeding response of an insect after it has
alighted on a plant involves the initial feeding re-
sponse, and the continued feeding response (Beck
1965, Dethier 1966). The initial feeding response
of leafhoppers is defined as probing (application
of proboscis to the plant), salivation, and insertion
of its sty lets into the food substrate. Duration of
feeding from the target tissue and food intake de-
fines the continued feeding response.

Neem oil had a profound effect on the feeding
activity of N. virescens. We observed that neem
oil, when sprayed on rice plants, changed the in-
sect's feeding behavior. Changes in the feeding
activity of N. virescens on neem oil-treated rice
plants were comparable to those associated with
its feeding behavior on resistant rice varieties. The
insect is primarily a phloem feeder on susceptible
varieties, but switches over to xylem feeding on
resistant varieties (Auclair et al. 1982, Khan and
Saxena 1984). Increased probing frequency also
has been observed during N. virescens feeding on
resistant rice varieties (Rezaul Karim 1978). The
shift in the insect's feeding from phloem to xylem
on neem oil-treated rice plants can be attributed
to its effort to offset desiccation resulting from re-
peated probing, profuse salivation, and restless-
ness.

On plants sprayed with 10% neem oil, initially
N. virescens showed maximum restlessness as evi-
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Table I. Means of various events in feeding of N. vi-
reseens on rice plants sprayed with different concentra-
tions of neem oil during 180 mina

Electronically recorded events

Oil conch Saliva- Phloem Xylem Total
(%) Probes

tion
inges- inges- inges-

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

10 91a 34.5a 5.6e 28.7a 34.3b
5 58b 27.5b 12.8d 23.6b 36.4b
2.5 35c 22.2c 22.7c 15.6c 38.4b
1.25 24d 17.6d 28.7b 12.2d 40.9b
o (acetone 19d 13.9d 45.4a 9.7d 55.1a

only)

Means within a column followed by the same letter are not
significantly different (P < 0.05; Duncan's [1951] multiple range
test).

a Average of 10 replications, each replication using a new plant
and a new insect.

/,All the neem oil concentrations were prepared in acetone.

denced by increased locomotion and probing fre-
quency. However, after about 150 min of feeding
activity, the insect became very weak and as-
sumed an unusual slanting posture with the ab-
dominal tip touching the leaf surface. Schoon-
hoven (1982) suggested that after contacting a
feeding deterrent, such as azadirachtin-a neem
constituent-the insect may not only interrupt food
intake, but also may show increased locomotory
activity. Likewise, Saxena et al. (1981a) reported
that when a planthopper, Nilaparvata lugens (Stal),
was confined to rice plants sprayed with 12% neem
oil, its food intake was reduced significantly. Fur-
thermore, the insect's feeding duration decreased
by 0.93 min/h for every 1% increase in oil con-
centration, while search and avoidance of feeding
sites on treated plants increased correspondingly.
It is possible to observe disturbances visually in N.
[«gens feeding activity on neem oil-treated rice
plants, because this planthopper is exclusively a
phloem feeder. However, visual observations would
not depict accurately the events during N. vires-
cens feeding because the insect shifts from phloem
to xylem feeding if the offered host is intrinsically
unsuitable or rendered so by application of neem
oil. Electronic monitoring easily detects these
changes in feeding activity of the leafhopper.

The potential of neem oil in reducing N. vires-
cens survival and its ability to transmit rice tungro
virus has been demonstrated (Mariappan and Sax-
ena 1983, 1984). Increased mortality of the leaf-
hopper on neem oil-treated plants can be attrib-
uted to insect's restlessness, desiccation due to
profuse salivation, and starvation resulting from
disrupted phloem feeding. Also, the rice tungro
virus is phloem-specific because even in plants
having severe symptoms virus particles have not
been detected in xylem or mesophyll tissue (Favali
et al. 1975). Thus, if a leafhopper feeds less on the
phloem, it has less probability of acquiring or
transmitting the virus. Therefore, reported reduc-

tion in the leafhopper's ability to transmit the tun-
gro virus on neem oil-treated plants could be
ascribed to reduced phloem feeding and associ-
ated aberrations in feeding behavior.
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