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Planthoppers and Its Application in Plant Resistance Study

HaTToRI Makoto
(National Institute o f Agrobiological Sciences, Tsukuba 305-8634 , Japan; Email;: hatto@af frc. go. jp)

FLF IO SRR BB A= IR AT S R LA A BT s B S o G

RE ik

(HAERRW EYEEFRIT, HZ ik 305-8634; E-mail; hatto@ affre, g0. jp)

B ERAACHA FILRRE(EMO X B CAKFEF L EYBENMAA LR bphdt F9 7K B8 5 # Babawee | IR
BITRH#AT T LRBF5R. HREW WA NH A SH AR R UNE LR, SB R TER AL B R SR s
Mo MAD BB E, OHBAAEBUBRETHLL. P, 77 LA 28 4R 5 BT 28 B A R 40 R Bk B T 0 e A
w. %ﬁEﬁKﬂFﬁﬂ?ﬁ%%%?iﬂ%iﬂﬁvﬁkﬁﬁﬁ‘ﬁ.?Jdtﬂiﬁ&i’:&%kﬁﬁﬁk%?‘*%ﬁﬁﬁﬁ%‘sE’%Kﬂ?ﬁﬁ%ﬁ?ﬁ
AMYHRFHEAR=G0, BRI R KRB RBR T (17 WA 77 0 B o TR S IE B 1 B (A 72 B9 R B

FERR . P IX— R G0 AT LUA O SR 77 SO0 SR 4T 0 FE B R R BB R S TR
RRWMCE B R RTIERRGE RETH: P00, Sk, B, kR
FHFHS: Q6-33; S433; S435.112%.3 TRARINEG A

Abstract: Feeding behaviors of Nilaparvata lugens on a non-host plant, the barnyard grass Echinochloa crus-galli var.
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oryzicola, and resistant rice Babawee (4ph4) were compared by using AC-eletronic monitoring system (EMS). Waveform data
obtained by EMS showed that N. lugens usually stopped feeding activities before stylets reach the phloem in barnyard grass
which revealed to contain an antifeedant in the non-phloem, whereas feeding was interrupted after stylets reached the phloem in
resistant rice. Thus, EMS analysis clearly distinguished two types of resistant plants with different resistant factors against
planthopper feeding. EMS analysis of Sogatella Sfurcifera oviposition behavior on the lower part of the leaf sheath of fully-
grown rice demonstrated that in most cases the ovipositor was inserted into the plant but pulled out without depositing any
eggs. It suggested that oviposition behavior itself was normally induced on the fully-grown rice, but the entire process was not
completed due to some deterring factors. Thus, this system is also effective in identifying a disrupted step in the behavioral se-
quence on a plant resistant to oviposition.
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1 Introduction

AC electronic monitoring system (AC-EMS) was origi-
nally developed to study feeding behavior of aphids{!4], Sub-
sequently, DC system was also devised(18] and improved[?2],
The EMS has become the most accurate and direct method by
which the probing activities of piercing-sucking insects within
the plant tissue can be monitored(]. It has been used as a
tool in the study of plant resistance to aphids and other ho-
mopteran insects, to identify the mechanisms of resistance,
antixenosis, antibiosis and tolerancel®:17-241, Currently, this
technique was also applied for analyzing oviposition behavior
of the brown planthopper (BPH), Nilaparvata lugens
(S®&D), which lacerates plant tissue with its saw-like oviposi-
tor and deposits eggs(®].

BPH and the whitebacked planthopper ( WBPH ),
Sogatella furcifera (Horvath)are recognized as serious pests

in Asia, including Japan and China. So far, rice varieties with

each of three resistant genes to BPH have been released, but
have often broken down under severe population pressure. A
breeding approach by combining or pyramiding major resist-
ant genes is important for producing high levels of resistant
varieties!3). For this purpose, efficient methods for evalua-
ting various kinds of resistance will be required.

In this study, it was confirmed that the EMS is a useful
tool in elucidating mechanisms underlying plant resistance to
feeding of piercing-sucking insects and oviposition of lacera-
ting-depositing insects. In this paper, the correlations be-
tween various waveforms and behavioral events of BPH feed-
ing and oviposition were first described and then waveform
outputs were compared between BPH and WBPH. On the
basis of the waveform interpretation, feeding behavior of
BPH on a non-host plant, whose resistant factor was deter-

mined chemically, was recorded by using the EMS, and its
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waveform profiles were compared with those of a resistant va-

riety of rice. Furthermore, behavior of WBPH on a plant un- -

suitable for oviposition was also measured to identify the step

in which oviposition sequence was interrupted.
2 AC electronic monitoring system (EMS)

The AC-EMS records changes in electrical resistance of
the insect-plant interface, while the DC-system is able to re-
cord resistant changes and electromotive force of the insect
and plant{!], However, for collection of data on salivation
and phloem ingestion, AC and DC systems are equally use-
full?6), In this study, AC voltage (500 Hz, 0.5 V) was in-
troduced into the planthopper-plant interface. When a wired
insect penetrates its stylets or ovipositor into the plant, the
circuit is completed and then waveforms characterized by am-
plitude, frequency and voltage level are recorded, depending
on specific activities of the insect during feeding and oviposi-
tion. Stylets and ovipositor activities including penetrating
and ejecting saliva or eggs evoke electrical events, resulting in
characteristic waveform types,

2.1 Characteristic waveforms correlated with particular be-
havioral events of feeding

Rice planthoppers, such as BPH and WBPH are vascular
feeders and target almost exclusively phloem, and rarely xy-
lem as sucking sites (phloem feeders)(10:19]  The feeding
process of BPH consists of two major behavioral steps: ex-
ploratory probing with the secretion of coagulable sheath ma-
terial (salivation), and sucking from phloem sieve element
(phloem ingestion)[291, Qut of several waveforms observed
during feeding activities of BPH, three waveforms, S, A,
and I are distinctive and particularly important (Fig. 1). The
S waveform with high amplitude that appeared immediately
after stylet penetration may represent salivation of the stylet
sheath accompanied with the movements of the stylets and

samplings of plant fluid. The I waveform associated with the
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phloem ingestion can be confirmed from analysis of honeydew
droplets and cut stylets, Sequential spots of honeydew drop-
lets (ca. 25/h) collected on a filter paper during sustained I
waveform (over 30 min) always showed high ninhydrin and
positive for sugar. Furthermore, cut stylets nearly always
exuded droplets of phloem sap if they were cut during sus-
tained I waveform. The I waveform always immediately fol-
lowed a series of the A waveform. It is reported that during
the A waveform the terminal locations of feeding track ended
in phloem(1'], Waveforms observed in BPH during feeding
activities strongly resembled those in WBPH, although the A
waveform continued for a shorter period and its voltage level
was relatively unstable (Fig. 2). Therefore, the interpreta-
tion of waveform in BPH will be applicable for the WBPH's.
2.2 Difference between feeding behavior of BPH on a non-
host and a resistant host plant

The feeding activity of BPH was recorded on the barn-
yard grass, Echinochloa crus-galli var. oryzicola, and on a
resistant variety of rice, Babawee (bphd4), by using the
EMSL6], The barnyard grass is regarded as a model plant for
analyzing feeding interruption process, because this species
has been proven to contain (E)-aconitic acid, an antifeedant
for BPHI12] in non-phloem tissue of leaf sheath(8], Compari-
son of the feeding pattern of BPH on two resistant plants al-
lowed clear differentiation of probing profiles. On the barn-
yard grass, the planthoppers performed many probes,but the
mean duration of a probe per insect was shorter than that on
the resistant and susceptible rice (Fig. 3). Furthermore, the
percentage of probes that consisted only of S waveform (sali-
vation) were higher on the barnyard grass than that on the
resistant rice, accounting for more than 50% of total probes
(Fig. 4). On the other hand, on the resistant rice, the I
waveform was observed as frequently as it was on the suscep-
tible rice. However, its duration on the resistant rice was

much shorter than that on the susceptible one (Fig. 5).
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Fig. 1. Waveforms recorded during feeding of BPH on susceptible rice.
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Fig. 2. Waveforms recorded during feeding of WBPH on rice.
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Fig. 3. Frequency and duration of probes by BPH on three
different plants.
Bars with the same letter are not significantly different (P <
0.05),
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Feeding patterns were summarized with respect to BPH
feeding on three plants with different characteristics in Fig.
6. On the barnyard plant, the insect frequently made short
probes with only salivation. As a result, duration of non-pro-
bing increase and successful accessing into the phloem became
rare; namely, interruption of probing mainly occurs during
salivation in non-phloem tissue in which the antifeedant ex-
ists. As gustatory receptors are located in the small passage
way leading from the food duct to cibarium(*], the insect
seemed to take up some fluid during salivation. In aphids pro-
bing on non-host plants, an absence of phloem ingestion, but
occurrence of non-phloem ingestion has been frequently ob-
servedi2:15] | In these cases, however, the presence or loca-
tion of chemicals that could deter accessing to the phloem or
ingestion was not determined.

On the resistant rice, the planthopper made the phloem
access without difficulty as on the susceptible rice, unlike on

the barnyard grass. However , ingestion was interrupted in
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Fig. 4. Duration of S waveform and percentage of probes consisting of only S waveform during feeding by BPH on three different

plants.

Bars with the same letter are not significantly different (P <<0. 05).
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Fig. 5. Frequency and duration of I waveform during feeding by BPH on resistant and susceptible rice.
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Fig. 6. Schematic illustration of feeding pattern of BPH on three different plants.

the phloem in a short time. Such a feeding interruption in
BPH was also observed on other resistant rices by using AC
or DC systems(11+13:23]

Thus, EMS analysis clearly distinguished two types of
resistant plants with different resistance factors against
planthopper feeding.

2.3 Characteristic waveforms correlated with particular be-
havioral events of oviposition

The EMS, combined with simultaneous TV camera mo-
nitoring was used to explore the correlation between charac-
teristic waveforms and particular behavioral events of BPH on
ricel5], Gravid females were released on a half longitudinally
sectioned leaf sheath to observe eggs inserted into the plant
tissue from the back during the movement of the ovipositor.
Observation and recording of WBPH behavior revealed that
they exhibited oviposition in a manner basically similar to that
of BPHI[?] with regard to sequence, and homologous wave-
forms produced during oviposition (Fig. 7).

St waveform indicating initiation of stylet penetration

was always recorded a few minutes prior to ovipositor pene-
tration. The voltage level increased rapidly with the oviposi-
tor penetration and reached up to 8 times as high as that dur-
ing stylet penetration only. During this high voltage level
three waveforms Si, E, and pW, correlating to specific be-
havioral events were recorded. The Si waveform synchronized
with the forward-backward motion of the ovipositor, cutting
into the plant tissue. The E waveform was characterized by
the shape of the letter S with a rapid succession of very low
amplitude pulses, which corresponded to the short reciproca-
ting motion of the ovipositor to release an egg. The pW wave-
form with a small peak on which low amplitude pulses were
superimposed, occurred during part withdrawal of the ovipos-
itor. Repetitions of these behavioral events resulted in a mass
of several eggs in a row. After the release of the final egg of
an egg mass, the ovipositor was completely withdrawn (cW
waveform) from the plant and the voltage dropped back to the
initial level, From a sequence of waveform patterns, it was

possible to determine the number of eggs and egg masses
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Fig. 7. Waveforms recorded during oviposition by WBPH on rice.
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Fig. 8. Waveforms recorded during oviposition by WBPH on the leaf sheath of fully-grown rice.

laid inside the plant tissue.
2.4 Oviposition behavior of WBPH on a grown-up rice plant
It was reported that WBPH did not prefer laying eggs on
the lower part of leaf sheath in the fully-grown ricel7-21].
Therefore, ovipositional sequences of gravid females on rice
60-70 days after seeding were observed by using EMS. Fig. 8
shows that a female tried to lay eggs three times in two differ-
ent sites. Although, Si and cW waveforms representing pene-
tration and complete withdrawal of the ovipositor were
recorded, no E waveform corresponding to the release of the
egg was observed. This suggested that oviposition behavior
itself was induced, but the full process was not completed due
to some deterring factors., Thus, the EMS was effective in
identifying a disrupted step in the behavioral sequence on less
suitable plants or sites for oviposition, The system will be
useful in analyzing disruption of the behavioral sequence for

oviposition on resistant plants.

3 Conclusion

The EMS is an effective tool in elucidating mechanisms
underlying resistance to feeding by piercing-sucking insects
and oviposition by lacerating-depositing insects in plants,
This technique will constitute a further step, in combination
with other methods in measuring the relative degree of resist-
ance in plants, screening for multiple resistant varieties and

checking virulence level of biotype.
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