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ABSTRACT The feeding behavior of third instars of a rice leaffolder, Cnaphalocrocis
medinalis (Guenee), was recorded on resistant TKM6 and susceptible IR36 rice cultivars
using an electronic monitoring device. Distinct waveforms related to spinning and feeding
of larvae were recorded during feeding by C. medinalis larvae on rice leaves. On susceptible
IR36 plants, larvae readily folded leaf blades and fed for sustained periods. In contrast, on
resistant TKM6 plants, increased mobility of larvae reduced the effective feeding period.
More leaf area was fed upon on IR36 than on TKM6 plants.
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THE ELECTRONIC MONITORING SYSTEM (EMS), de-
veloped by McLean & Kinsey (1964) for recording
the feeding behavior of aphids, has proved to be
invaluable for studying the feeding activities of
several other piercing-sucking phytophagous in-
sects (Kennedy et al. 1978; Tarn & Adams 1982;
Khan & Saxena 1984, 1985, 1988; Marion-Poll et
al. 1987) and some hematophagous insects (Kashin
& Wakeley 1965, Smith & Friend 1970). The sys-
tem detects the changing electrical impedance in
the insect and the plant (substrate) on which the
insect is probing or feeding. To accomplish this, a
low alternating-current (AC) or direct-current (DC)
voltage is applied across the insect and the sub-
strate, which results in a small flow of electrical
charge. During feeding, the insect produces a com-
plex of electrical signals consisting of different pat-
terns which presumably reflect different elements
of feeding behavior. Although the EMS has been
widely used for numerous piercing-sucking insects,
it has not been tested for recording the feeding
behavior of chewing-type insects.

A rice leaffolder, Cnaphalocrocis medinalis
(Guenee), has become a major pest of rice in South
and Southeast Asia, particularly where modern
high-yielding cultivars are extensively grown
(Heinrichs et al. 1985). Before feeding, C. medi-
nalis larvae fold rice leaves longitudinally by fas-
tening the leaf margins with stitches of threadlike
silk (Fraenkel & Fallil 1981). The larvae feed by
scraping the green mesophyll tissue from within
the rolled leaves, leaving the epidermis on the out-
side of the roll intact (Fraenkel et al. 1981). Because
most feeding takes place inside a rolled-up leaf,
direct observation of feeding larvae of C. medinalis
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is not feasible. Also, leaf damage produced by lar-
val feeding is not easily analyzed with area meters
(Jensen et al. 1977) and other photometric devices
(Pedigo et al. 1970) because the insect consumes
tissue only part of the way through the leaf, leaving
behind a thin membrane which eventually desic-
cates.

We investigated whether the EMS can be used
for comparing the feeding behavior of C. medi-
nalis larvae on resistant and susceptible rice cul-
tivars. The study is of particular interest because
we think it is the first time that the system has been
used for insects that chew, and because it may
provide a comparison of the insect's feeding be-
havior on resistant and susceptible rice cultivars.
To confirm the results obtained by EMS, we also
measured the leaf area damaged by C. medinalis
larvae on resistant and susceptible rice plants.

Materials and Methods

A colony of C. medinalis, derived from field-
collected individuals, was maintained for three
generations in the insectary on 30-40-d-old plants
of susceptible rice cultivar IR36. A DC variant of
the EMS (Schaefers 1966; Khan & Saxena 1984,
1985) was used to record the feeding activity of C.
medinalis larvae as follows: A third instar (starved
but water-satiated for 2 h) was lightly anesthetized
with CO2, and a 10 nm gold wire (10 cm long)
(Tanaka Denshi, Kogyo, K. K., Tokyo, Japan) was
attached by a little silver paint (Litsilber 200, De-
metron, D-6450, Hanau, West Germany) to the
dorsal metathoracic segment of the anesthetized
larva. The tethered larva was then placed on the
flag leaf of a 75-d-old TKM6 (maturity 110 d) or
IR36 plant (maturity 105-108 d). The gold wire
was connected directly to the negative input ter-
minal of a transistorized, automatic, null-balancing
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Table 1. Time of electronically recorded events
medinalis larvae on resistant TKM6 and susceptible

IR36
TKM6
Difference0

Spinning

16.7 ± 2.9
25.3 ± 3.7

-8.6**

during 60-min feeding
IR36 rice cultivars

Electronically recorded events, min"

Feeding

27.1 ± 6.7
10.8 ± 3.1
16.3**

Mobility

13.3 ± 2.2
19.8 ± 3.6

-6.5**

periods and leaf

Rest

1.9 ± 0.9
4.1 ± 2.3

-2.2NS

area fed upon by C.

Leaf area consumed
per larva/24 h, cm2*

3.36 ± 0.5
2.29 ± 0.04
1.07*

0 X ± SE of 15 replications; each replication used a new larva and a new plant.
^ £ ± SE of 15 replications; each replication comprised an individual larva caged singly in a Petri dish containing a piece of leaf

cut from a test plant.
c NS, not significant; **, significant (P < 0.01; t test); *, significant (P < 0.05; t test).

DC chart recorder having a 250-mm recording
width and input resistance of 1 mfi (Unicorder,
Nippon Denshi, Kagaku, Japan). The voltage source
consisted of a 1.5 V penlight battery. The positive
battery terminal was connected directly to the leaf
sheath substrate. The negative battery terminal was
connected directly to the positive input terminal
of the chart recorder. Feeding was recorded for 60
min at a chart speed of 5 cm/min. Each cultivar
was tested 15 times using fresh insects and fresh
plants. All recordings were made at 27 ± 2°C and
70-75% RH.

In the EMS assembly, the rice plant and C. medi-
nalis larva each formed part of an electrical circuit,
which remained closed when the insect fed on the
plant. When the larva ate, slow changes in elec-
trical activity could be recorded. These changes
were characteristic of each feeding activity and
allowed, for example, each bite to be counted. The
waveforms recorded during feeding were first clas-
sified and then interpreted in terms of spinning-
feeding sequences on the basis of behavioral ob-
servations. No pronounced waveforms were re-
corded when the insect was resting (motionless) or
moving about (mobile) on the plant.

To determine the leaf area consumed, C. medi-
nalis third instars, starved for 2 h but water-sati-
ated, were enclosed singly in a Petri dish (9 cm
diameter) with a piece of leaf cut (6 cm long) from
TKM6 or IR36 rice. After 24 h, the leaf area scraped
by each larva was measured using a transparent
graph paper divided into square millimeters. The
experiment was replicated 15 times; in each rep-
lication, five individual larvae were enclosed singly
in a Petri dish with one piece of leaf cut from a
test plant. Data were subjected to analysis of vari-
ance, and means were compared by using the t test
(Gomez & Gomez 1984).

Results and Discussion

Distinct waveforms related to larval spinning
and feeding were recorded during the feeding of
C. medinalis larvae. The waveform patterns were
the same on the two rice cultivars tested. However,
resistant and susceptible cultivars differed in each
of the feeding events analyzed (Table 1). For in-
stance, the feeding duration of larvae on resistant
TKM6 plants was significantly shorter than on sus-

ceptible IR36 plants. In addition, the mean dura-
tion required for spinning a feeding tube by C.
medinalis larva was significantly longer on the re-
sistant cultivar. Another notable indicator of resis-
tance was an increase in mobility or restlessness of
larvae while feeding on resistant TKM6 plants.

During larval feeding bouts, a distinct undulate
waveform pattern (each wave representing a bite)
was recorded on both susceptible and resistant rice
cultivars (Fig. 1). During a 60-min access period
on susceptible IR36 plants, an average feeding lasted
«27 min and comprised an average of 21 chewing
bouts, each lasting on average of 1.3 min. Each
chewing bout consisted of an average of 12.7 chew-
ing bites, each lasting about 6.1 s. Of 15 larvae
examined, 13 began with a period of spinning and
2 with a period of exploration. In contrast, on re-
sistant TKM6 plants, the average feeding lasted
only about 10.8 min and comprised an average of
9.6 chewing bouts, each lasting for about 1.1 min.
Each chewing bout comprised an average of 11.3
bites, each lasting an average of 6 s. Of fifteen
larvae examined, 3 began with a period of spinning
and 12 with a period of exploration and movement.
Additional details are given in Table 1.

In a no-choice feeding test, leaf area scraped in
24 h by third instars of C. medinalis also differed
significantly on resistant and susceptible plants.
Larvae confined on pieces of susceptible IR36 leaf
fed significantly more than those on resistant TKM6
(Table 1).

Plant resistance to insect attack depends largely
on the plant's ability to defend itself from sustained
feeding. Nonpreference or antixenosis is an im-
portant factor for resistance that can be measured
by the EMS (Tarn & Adams 1982). In our study,
strip chart recordings showed that C. medinalis
larvae responded to resistant TKM6 plants with
prolonged spinning activity and increased mobil-
ity, resulting in reduced food intake. Conversely,
plant susceptibility was shown by a shorter spinning
period, reduced mobility, and sustained feeding.
Reduced food intake on TKM6 was also confirmed
by determination of leaf area consumed on resis-
tant and susceptible rice plants. Thus, in addition
to other established screening procedures (Hein-
richs et al. 1985), the electronic recording of C.
medinalis feeding can be useful in evaluating and
confirming resistance in rice cultivars. The tech-
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Fig. 1. Electronically recorded waveforms produced by C. medinalis when spinning silk (S), feeding (F), and
resting (R) on flag leaves of resistant TKM6 and susceptible IR36 rice plants.

nique can also be useful in quantitative determi-
nation of preference or nonpreference for feeding
by an insect on test cultivars.
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