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Abstract: W e determ ined the preferences of feeding and oviposition of the brow n planthopper (BPH),
N ilaparvata lugens, to riceplantsof IR64w ith different nitrogen content, the changes in preferencesof
BPH populations fed successively on plantsw ith high (200N) or low (ON) nitrogen fertilizer, and the
influences of nitrogen content on the satial distribution patterns of feeding and oviposition. In choice
test, all feanalesfrom four populations reared on both 200N and ON rice plantspreferred significantly to
feed and oviposite on plantsw ith high nitrogen content, w hile no marked difference in nymph feeding
preferencew as found anong the rice plants. The positionsof feeding and ovipositionw ere shifted grad-
ually from the bottom to upper of leaf sheath, and then to leaf bladew ith the reduction of nitrogen con-
tent in host plants. Both nymphsand adults located at higher position of plants and fed much more fre-
quently on ON riceplants than that on 200N rice plants, and differedmarkedly anongBPH populations.
The highest feeding frequency w as found in the nymphs, w hich reared successively on ON rice plants,
on N rice plants, mplying that feeding frequencies of BPH populationsw ere related closely to their

previous host plants.
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Feeding behavior is the first step to ac-
qguire nutrients and is the foundation to carry
out a series of physiological activities for the
maintenance of insect populations, and the
oviposition is the last course and the final goal
to complete their life cycle of insects™ ? .
Feeding and ovipositing behaviors composed
themost mportant characteristics in insect e-
ological and biological systems. They are
managed and regulated mainly by the genetic
properties,
and controlled by environrmental factors such
as temperature, moisture, habitats, morpho-
logical components of host
plants, egecially by the nutrients, such asni-
trogen, sugar, anino acids, and saniochemi-
cals in host plants®® .
anino acids and proteins, and sugar are two
major kinds of the herbivore feeding regula-
tors, which can adjust the feeding rate on dif-
ferent host plants™® *.

Feeding physiology of the brown plan-
thopper (BPH), N ilaparvata lugens, and its
relation to the host plant had been

how ever, they may be affected

and chamical

N itrogen including

re-
vieved”. BPH was attracted much more ef-
fectively to feed and oviposit on those rice
plants applied with nitrogen fertilizer,
(519 less prob-
ing behaviorsandmore eggs”. Kanno et al'™"!
monitored the feeding activity of BPH using ¥
P and found that the feeding anounts and
honeydev excretion on the high nitrogen
plantsw ere increased by 3-7 and 7 times, re-

and
ocould produce more honeydewn

gectively. On the susceptible rice, TN 1w ith
different rate of nitrogen fertilizer, the honey-
dewv excretion of BPH fluctuated w ith the in-
crease of the nitrogen. The increase in nitro-

gen fertilization of plantsup to 100 kg/hm? re-
sulted in the increase in the honeyden excre-
tion, while further increasing the nitrogen
dose reduced honeyden excreted by BPH".
However, BPH populations in paddy fields
may be affected in tenporal and atial by the
nitrogen nutrient. A s the results, the BPH
feeding and ovipositing behaviors may be
changed or modified in the successive popula-
tions fed continuously on host plants, and in
gatial distributive pattern of insects located
and eggs laid on the host plantsw ith different
nitrogen regimes.

This paper dealsw ith the preferences of
feeding and oviposition to host plantsw ith dif-
ferent nitrogen content, the changes in prefer-
ences of successive BPH populations on rice
plantsw ith high or low nitrogen, and the in-
fluences of nitrogen on the gatial distribution
patternsof feeding and oviposition.

1 M aterials and methods

1.1 Host plants

In all cultures and experments, rice vari-
eties, Taichong Native 1 (TN 1), susceptible
to BPH and IR64, moderate resistance to B PH
were used. Seedswere sown at 15 days inter-
vals to ensure adequate supply of host plants
of gecific stages for experiments.

For cultures and experments, 3or 4 ten-
day-old rice seedlings were trangplanted into
clay pots (sizeNo. 3, Diameter 14 an or size
No.O, Dianeter 7 an) filledw ith garden oil.
30%, 30% and 40% of total nitrogen fertiliz-
er, anmonium nitrate, were applied quantita-
tively on 7 days after tranglanting, tillering
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and reproductive stage, regectively. IR64
plantsw ith four rate of nitrogenous fertilizer,
200, 100, 50 and O kg/hm?, named as 200N ,
100N, 5N and ON, regectively, were cul-
tured. The exact anount of nitrogenousfertil-
izer applied in different size potsw as calculat-
ed based on the amount of il in each pot and
quantified by a series of containersw ith vari-
ous sizes. A ny pesticidew asfree in all grow th
period of rice. Thew ater irrigation wasman-
aged regularly.

A n electronic chlorophyll meter (SPAD-
502, M inolta caneraCo., O saka, Jagpan) was
calibrated for the assessnent of tissue nitro-
gen. At different rice growth stages, eight
uppemost fully expanded leavesw ere selected
at random from each nitrogen regime and the
SPAD readings recorded. The tillers bearing
these leaves were ranoved and placed sepa-
rately in brow n paper bags. The sanplesw ere
for 30
for 48 hours until con-

placed mmediately in an oven at 110
min and dried at 80
stant w eight.
m ined by micro-K jeldahl digestion and distilla-
tion. A regression of tissue nitrogen content
(%) as the dependent variable and SPAD me-
ter reading as the independent variablew as es-
tablished and used to convert SPAD readings
Pooling data from all plant grow th stages, the
relationship betw een leaf nitrogen content and
leaf SPAD readingsw as found to be

N % = 0.1151 SPAD - 1.2772

(F= 162, P< 0.001)

W hereN % is the nitrogen content in per-
centage and SPAD is the chlorophyll meter
reading. T his linear modelw asused to predict
the nitrogen content of plantsin all the experi-

N itrogen ocontent was deter-

ments.
1.2 Insect

BPH adultsw ere collected from rice fields
inL aguna, Philippinesand reared in an ovipo-
sition cage w ith susceptible variety, TN 1, as

the host plant. On every M onday and Thurs-
day, 45-60 day-old plants in potsw ere placed
into this cage and removed 24 hours late. The
potted plantsw ith BPH eggswere placed in a
cage with TN 1. Those populationswere de-
signed as GO.

To establish different BPH populations
on rice plantsw ith different nitrogen regimes,
nev ly molted BPH adultsfrom GOw ere intro-
duced into cages (L 50 anxW 38 anx H 80
an) w ith opening top and side w indow s at-
tached w ith finemesh nylon cloth, containing
45-60 day-old IR64 rice plants. Two host
plants, ON and 200N, were used. Populations
that w eremaintained on each regective nitro-
gen regime for more than one generation w ere
designated as G1, G2 and 9 on. Populations
under different nitrogen regimesw ere labeled.
The first generation of BPH population reared
on 200N and ON rice plants were naned as
200N G1 and ON G1, regectively.

1.3 Preferences of the feeding and oviposi-
tion

1.3.1 Preference to rice plants 45 day-
old plants in potswere trimmed to main stan
and oneprimary tiller, and the SPAD readings
were recorded. Four pots of
200N, 100N, 50N and ON, were arranged
random ly in aplastic tray (L 35an, W 30 an

rice plants,

and H14 an) and covered w ith the cylindrical
plastic cage (H 80 an) w ith fine nylon mesh
on the top and one 3 an-long-cut on sidew all
for BPH infestation. W ater level in trayswas
kept to the rim sof clay pots in order to let in-
sects move among plants randomly. Fifteen
gravid brachypterous fenale adults and twen-
ty-five 3 instar nymphsof BPH from the pop-
ulation maintained on TN 1 riceplantsw ere in-
troduced in themiddle of the cage. The num-
bers of BPH including fenale adults and
nymphs located on each plantw ere recorded at
24, 48 and 72 h after infestation. A fter 72 h,

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1 , IR64

« ) 65

the SPAD values of rice leave w ere measured
again and the eggs laid on rice plants were
counted by dissecting the plant tissues under
the binocular microscope. The preferences of
feeding and oviposition to host plantsw ere ex-
pressed by the total number of BPH located
and eggs laid on one plant in 72 h. A ll treat-
mentsw ere replicated eight times in the green-
house in International Rice Research Insti-
tute, Philippines. The natural photoperiod of
approximately L 12 D 12w asmaintained.
1.3.2 Preference to positions of rice plants

Potted rice plants at vegetative (35 day-
old) and reproductive (65 day-old) grow th
stages were trimmed to one main stem,
recorded SPAD readings and coveredw ith my-
lar cages. L eaf sheathsweremarked in middle
with Pilot® super color marker. Ten 4-5" in-
star nymphs and gravid fenale adultsw ere in-
troduced into cages. The numbersof BPH lo-
cated on the bottom and upper of leaf sheaths,
and leaf bladesw ere recorded after 24 h of in-
festation, and the numbersof eggs laid on rice
plants w ere counted by dissecting the plants
under the binocular microscope. Tests were
oonducted at (26+ 2)  in laboratory. The
proportion of BPH located and eggs laid at dif-
ferent positions on host plantsw as calculated
in percentage. Eight replicationsw ere set up
in each rate of nitrogen fertilizer.
1.4 Feeding behavior

45 day-old riceplantsw ereplaced individ-
ually in test tubes (@2 an, H 15an) . One
4" instar nymph or new ly molted female adult
w as introduced into a test tube. 1% Eosinw a-
ter lution was prepared to mark feeding
marks, and the feeding marks were counted
under the binocular microscope based on the
color dyed by Eosin.
1.5 Data analysis

V alues in percentagew ere transformed by
arcsine before analysis. L inear regressions

were analyzed in IRRISTAT Ver. 4.0. Anal-
ysisof variance ANOVA ) and D uncan’ smul-
tiple range test were performed with SAS

package using PROC ANOVA or PROC
GLM .

2 Results

2.1 Oviposition preference

2.1.1 Preference to host plants In choice

test experiments, all fenalesfrom BPH popu-
lations rearing on rice plants both w ith high
(200N) and low (ON) nitrogen fertilizer pre-
ferred to lay their eggson the host plantsw ith
higher nitrogen content (Fig 1) . Significant
(P < 0.0001) linear regressions between the
number of eggs laid and nitrogen content of
rice plantsw ere obtained in all four BPH pop-
ulations. No observed differences in oviposi-
tion preferencesw ere found among tested four
populations, w ith the exception of the relative
low er valuesof R?and F w ere regressed in the
populations on 200N than those on ON. The
regression model for all dataw as found to be
E = 85.036N - 82.602 (F= 280.21, R’=

0.7488, P< 0.0001), where E is the number

of eggs laid and N
300

is the nitrogen content of

200

100

No. of eggs laid

0.8 1.6 2.4 3.2 4
Nitrogen content/%

#ONG1  R=0.8240, F=103.01, P<0.0001
oONG2  R=0.8897, F=177.41, P<G.0001
A 200NG]1 R<0.6169, F=35.43, P<0.001

X 200NG2 £=0.7755, F=16.02, P<0.0001

Fig- 1 Oviposition preference of BPH popula-
tions on rice plants with different nitrogen con-
tent
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rice plants.
2.1.2 Preference to positions of host plants
The smilar trend of oviposition prefer-
ence to the bottom and upper leaf sheath, and
leaf bladew as found at the vegetative and re-
productive rice growth stages (Fig.2 and
Fig.- 3). The proportion of eggs laid increased
at the bottom of leaf sheath and decreased in
the upper of leaf sheath and leaf blade with
the increase of nitrogen content in host plants
(P< 0.01). These mplied that BPH females
prefer to lay their eggs in the lower part of

100 .
80
60

40

20 i'--__:"‘"-L__
A it ."A-._.f'\-

0 ok ‘ MI-—
0.8 1.6 2.4 3.2 4
Nitrogen content/%
# Bottom leafsteath  R?2=0.5805, F=29.05, P<0.0001

# Upper teaf sheath  R2=0.3048, F=9.21, P=0.0052
4 Leaf blade R¥=0.5048, F~21.41, P=0.0002

Proportion of eggs laid / %

Fig- 2
sheath and blade of rice plant with different ni-

Proportion of BPH eggs laid on leaf

trogen content in vegetative growth stage

100 -
80
60 |
40 .

20

Proportion of eggs laid / %

Nitrogen content/%

# Bottom leaf steath  R*=0 7204, F=~54.12, P<0.0001
W Upper feaf sheath  §?=( 5080, F=21.68, P=0.0002
& Leafblade R?=0,6380, F=37.1, P<0.0001

Fig- 3
sheath and blade of rice plant with different ni-

Proportion of BPH eggs laid on leaf

trogen content in reproductive growth stage

leaf sheath. However, with the reduction of
the nitrogen content, BPH eggswere laid at
the higher part of leaf sheath and in the leaf
blade.
2.2 Feeding preference
2.2.1 Preference to host plants Feeding
preferences of BPH nymphs and famale adults
maintained on susceptible variety TN 1 were
detemined in the free-choice test experi-
ments. Results indicated thatmore adultspre-
ferred to feed on the host plantsw ith higher
nitrogen content. The adult densities were
significantly (P = 0.0001) related to the in-
crease of nitrogen content in host plants
How ever, no marked difference w as found in
nymphs (P = 0.0825) (Fig. 4). Similar re-
sults in nymphs (P> 0.05) and fanale adults
(P < 0.0001) were found in the populations
reared continuously on 200N (high nitrogen)
plantsand ON (low nitrogen) plantsfor 1 and
2 generations (Fig- 5 and Fig. 6) -

D

no
E=1
T

No. of BPH located
=

0.8 1.6 2.4 3.2 4
Nitrogen content/%

® Nymph R2=0,1282, F=324, P=0.0825
A Adul  R2=0.647, F=4033,P=0.0001

Fig- 4 Feeding preference of BPH fran TN1
on rice plantswith different nitrogen content

2.2.2 Preference to positions of host plants

The relationship s betw een nitrogen con-
tent in host plants and the proportion of BPH
located were positive at the bottom of leaf
sheath and negative on the leaf blade. How ev-
er, the slope values of the regression were
higher in female adults than that in nymphs
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£ &
0
0.8 16 2.4 3.2 4 0.7 1.4 2.1 2.8 3.5
Nitrogen content/% Nitrogen content/%
+ONGL  F=0.0613, F=1.44, P=0.242i ® Agult on leafblade R2=05913, F=28.93, P<0.0001
00NG2  R=0.0935, F=227, p=0.1424

A 200NGL R=~0.0605, F=142, P=0.2454
x 200NG2 R=0.0974, F=2.38, P=0.1340

Fig- 5 Nymph feeding perference of BPH pop-
ulations to rice plants with different nitrogen

content
30
E:
2 20
i
£
) 10
g
z
0 ;
0.8 1.6 2.4 3.2 4
Nitrogen content/%
$ONGI R 0.6409, F=30.26, P<0.000
QONGZ = (18425, F=117,70, P<0.0001

A 200NG1 R-(0.5526, F~27.17, P<0.0001
X 200NG2 pA=(.7917, F=83.60, P<0.0001

Fig.- 6 Femaleadult feeding preference of BPH
populationsto rice plantswith different n itrogen
content

(Fig. 7). It mplied that both nymph and
adult fed on the lower parts of host plants
w ith higher nitrogen content, and the higher
parts of plantswere the feeding sites on the
rice plantsw ith low er nitrogen content.

2.3 Feeding behavior

2.3.1 Feeding fre-
guency of BPH on rice plantsw as expressed as
the number of feedingmarks. Results show ed

Feeding frequency

© Nymph on leaf blade RZ=0,6124, F=31.60, P<0.0001
A Adult on bottom of leaf' sheath  R2=0.4985, F*~19.89, P=.0002

4 Nymph o bottom of icaf sheath *=(.4913, 7~19.31, P=0.0003

Fig- 7 Proportion of BPH located on leaf blade
and bottam of leaf sheath of rice plantswith dif-

ferent nitrogen content

that both nymphs and adults fed much more
frequently on ON riceplants than that on 200N
rice plants (Table 1) . The significant differ-
ences in number of feeding marks in 24 h be-
tween on 200N and ON rice plantsw ere found
in nymphs (F = 143.38, P < 0.0001) and
adults (F= 9.45, P= 0.0036) . The highest
feeding frequency of nymphswas recorded on
ON rice plants in those nymphs reared previ-
ously on ON rice plants, w hile the lowest fre-
guency was monitored on 200N rice plants in
those insects reared successively on 200N rice
plants. However, the highest adult feeding
frequency was recorded on ON rice plants in
the BPH from TN 1 population,
adults maintained successively on ON rice
plants had the lowest feeding frequency on
200N rice plants. On the same diet plants,

there w ere significant differences anong BPH
populations in nymphs (F = 12.56, P <

0.0001) and adults (F= 14.45, p< 0.0001) .

Statistical differences in interaction of popula-
tion and diet were analyzed in adults (F =

5.74, pP= 0.0008), and not in nymphs (F =

1.08, P = 0.3774) . Results indicated the
feeding mechanisn differed between nymphs

and these
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and adults and w as related closely to the diet
plants and their previous host plants, aswell
as to their adaptation to host plants.

2.3.2 Feeding position
percentage of feeding marks on the bottom of
leaf sheath (%) of rice plantsw ith different
nitrogen fertilizer were listed in Table 2. On
200N rice plants, proportions on the bottom
of leaf sheath of feeding marks produced by
both nymphsand adultsw eremore than 50%,
and no significant differences in nymphs (P=

0.1897) and in adults (P = 0.2567) were

Proportions in

Table 1
nitrogen fertilizer

found anong BPH populations. On ON rice
plants, how ever, the proportionson the bot-
tom of leaf sheath both in nymphs and adults
were less than 50%, and significant differ-
ences in nymphs (P < 0.0001) and in adults
(P= 0.0024) were found anong BPH popula-
tions. Comparing to the BPH populations
from 200N and ON rice plants, feeding posi-
tions of nynmphsw ere no significant difference
(F= 2.17, p= 0.0871), however thosew ere
significant in adults (F= 4.69, P= 0.003).

Feeding frequency of BPH populationson rice plantswith different

Feedingmarks/d

ON rice plants

200N rice plants

BPH population TN1

generation > 15 1 1 3 ] i
200N 15.9b 17.9ab 19.1a 14.9b 14.8 b 3.3 0.021
Nymph N 20.4 b 26.7a 25.8a 21.7b 22.2b 7.21 0. 0002
200N 19a 12.6 ¢ 12.4c¢ 14.2 be 16.2 b 13. 45 < 0.0001
A dult
5 N 24.1a 18.5b 15.9b 16.6 b 18.6 b 14. 16 < 0.0001
Table 2 Proportionsof feedingmarkson the bottan of leaf sheath %
BPH population TN 1 On ON rice plants On 200N rice plant
generation > 15 1 3 1 3 F P
200N 55.58 63.0 54.71 61. 19 53.45 1.63 0. 1897
N h
yme ™ 30.37b 25.31c  20.06c  36.34a  28.91bc 2591 < 0.0001
200N 69. 69 71.33 70. 86 70.73 70. 60 1.98 0. 2567
Adult N 42.3a 21.28 ¢ 26.62 bc 31.32a 31.28 ab 5. 08 0. 0024

3 Discussion

Insect behavior is generally detem ined by
the closed genetic prograns. The number of
publications dealing with learning in phy-
tophagous secies is al® increasing rapid-
ly™
as the result of an experiencew ith high-nitro-
gen plants, indicated that the selection of
feeding and oviposition of herbivores to host
plantsw ith higher nitrogen content can be in-
duced by rearing previously on plants of high

Hypothesis, that apreference isinduced

nitrogen. T his hypothesismay be proved by a
herbivorous fly, L irianyza trif olii that had
been exposed previously to tomato plants of
high nitrogen preferred to feed and oviposit on
high nitrogen plants, w hereas flies previously
exposed to plants with the least nitrogen

(1 In this experiment,

show ed no preference
however, BPH reared successively on rice
plants both with high and with low nitrogen
content for two generations show ed the pref-
erence to high nitrogen content plants, all
four populations tested have the same trend in

feeding and ovipositing preference (Fig 1 and
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Fig. 6) . Results mplied that the preference of
BPH to host plantsw ith high nitrogen content
w as not induced by previous hosts, and is at-
tributed to the genetic characters. The nymph
feeding frequency show ed slightly the learning
response to their previous host plants. Lower
feeding frequency was recorded on 200N rice
plantsin those nymphsfed previously on 200N
rice plants, while higher feeding frequency
w as found on ON rice plants in those nymphs
fed previously on ON rice plants (Table 1) .
How ever, the difference in feeding frequency
of BPH population maintained on TN 1 should
be related to the resistance of IR64 to BPH,
since the resistance of rice plants could affect
greatly on the feeding reponse of BPH ™ *°.
The process of host plant selection by
phytophagous insects is a lock-key system, in
w hich the lock refers to the host plant and the
key stands for the complex sensory pattern of
the insect'”
gonds to some innate standard is an gppropri-
ate behavioral reponse triggered™”. The host
plant recognition process is not smply amat-
ter of reponding to a positive signal or avoid-
ing a negative signal. Theprocess is the result
of an integration of numerous plant chemical
and insect internal factors“. The great differ-
ence in reception of nerve pulse produced by
environmental stimulation through olfactory
organs and the diversity in nutritional de-
mandsof various grow th stages resulted in the

differences in the feeding preference to host
2]

. Only when this pattern corre-

plants®. Nymphsof BPH regponded non-sen-
sitively to nitrogen content in host plants and
the great selection of adults to rice plantsw ith
high nitrogen content (Fig. 4-6) may be at-
tributed to their differences in the olfactory
organs, and not in nutritional damands, since
they have the same feeding physiology and
feeding process”.

The contents of nutrients such as anino

acids in rice sap are 9 low compared to their
needs that BPH have to suck much more sap
for their better life perfomance’®®. The in-
crease of anino acid content in rice sgp and
more succulent plants by the gpplication of ni-
trogenous fertilization mproved greatly the
nutritional condition and ovipositing space for
sap-sucking hoppers®®. So adult fenales se-
lected host plantsw ith high nitrogen content
to oviposit for the best life performance of the
progenies. T he excessive gpp lication of the ni-
trogen fertilizer resulted in thick canopy and
more succulent plants can ocontribute to the

successful oviposition'*

. Obvious few eggs
w ere laid on the nitrogen-deficient rice plants
compared to on those with nitrogen fertiliz-

er[gl,

how ever, in non-choice test, fanales
can lay their eggs on the relative ft and
thickness place such as at the upper part of
leaf sheath and the midribs of leaf blade
(Fig. 2 and Fig 3), since the eggsw ere laid
into leaf sheath and leaf blade. T he changes in
position of eggs laid shifted from the bottom
of leaf sheath to leaf blademay be considered
to be the adaptation of BPH to nitrogen-defi-

cient factor.
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