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Abstract: W e determ ined the p references of feeding and ovipo sit ion of the b row n p lan thopper (BPH ) ,

N ilap arva ta lug ens, to rice p lan ts of IR 64 w ith differen t n itrogen con ten t, the changes in p references of

BPH popu lat ions fed successively on p lan ts w ith h igh (200N ) o r low (0N ) n itrogen fert ilizer, and the

influences of n itrogen con ten t on the spat ia l distribu t ion pattern s of feeding and ovipo sit ion1 In cho ice

test, a ll fem ales from fou r popu lat ions reared on bo th 200N and 0N rice p lan ts p referred sign ifican tly to

feed and ovipo site on p lan ts w ith h igh n itrogen con ten t, w h ile no m arked difference in nymph feeding

p reference w as found among the rice p lan ts1 T he po sit ions of feeding and ovipo sit ion w ere sh ifted grad2
ually from the bo ttom to upper of leaf sheath, and then to leaf b lade w ith the reduction of n itrogen con2
ten t in ho st p lan ts1 Bo th nymph s and adu lts located at h igher po sit ion of p lan ts and fed m uch mo re fre2
quen tly on 0N rice p lan ts than that on 200N rice p lan ts, and differed m arkedly among BPH popu lat ions1

T he h ighest feeding frequency w as found in the nymph s, w h ich reared successively on 0N rice p lan ts,

on 0N rice p lan ts, imp lying that feeding frequencies of BPH popu lat ions w ere related clo sely to their

p revious ho st p lan ts1
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氮营养对褐飞虱在 IR64稻株上取食和产卵行为的影响 (英文) Λ 浙江大学学报 (农业与生命科学版) ,

2005, 31 (1) : 62270

摘　要: 研究了褐飞虱对不同含氮量的 IR 64稻株的取食和产卵选择性、寄主含氮量对褐飞虱种群选择性

的影响以及在不同含氮量稻株上取食和产卵的空间分布Λ结果表明,无论褐飞虱饲养在高氮和低氮稻株上

其雌成虫均显著偏爱在含氮量高的稻株上取食和产卵,而若虫对不同含氮量稻株的取食选择性无显著差

异Λ随着稻株含氮量的下降褐飞虱取食和产卵的位置从叶鞘底部逐渐向上部转移,直至叶片中脉Λ在低氮
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稻株上若虫和成虫均偏向于较高的位置取食和产卵,而且不同的种群有明显差异Λ饲养在低氮稻株上的褐

飞虱种群在低氮稻株上的取食频次最高,褐飞虱种群的取食频率与其前期饲养的寄主有关Λ

关键词: 褐飞虱; 氮营养; 取食; 产卵; 行为

　　Feeding behavio r is the first step to ac2
qu ire nu trien ts and is the foundat ion to carry

ou t a series of physio log ica l act ivit ies fo r the

m ain tenance of in sect popu la t ion s, and the

ovipo sit ion is the last cou rse and the fina l goa l

to com p lete their life cycle of in sects[ 1, 2 ] 1
Feeding and ovipo sit ing behavio rs com po sed

the m o st im po rtan t characterist ics in in sect e2
co log ica l and b io log ica l system s1 T hey are

m anaged and regu la ted m ain ly by the genet ic

p ropert ies, how ever, they m ay be affected

and con tro lled by environm en ta l facto rs such

as tem pera tu re, m o istu re, hab ita ts, m o rpho2
log ica l and chem ica l com ponen ts of ho st

p lan ts, especia lly by the nu trien ts, such as n i2
t rogen, sugar, am ino acids, and sem iochem i2
ca ls in ho st p lan ts[ 328 ] 1 N itrogen includ ing

am ino acids and p ro tein s, and sugar are tw o

m ajo r k inds of the herb ivo re feed ing regu la2
to rs, w h ich can adju st the feed ing ra te on dif2
feren t ho st p lan ts[ 1, 6 ]1
　　 Feeding physio logy of the b row n p lan2
thopper (BPH ) , N ilap a rva ta lug ens, and its

rela t ion to the ho st p lan t had been re2
view ed [ 7 ]. BPH w as a t t racted m uch m o re ef2
fect ively to feed and ovipo sit on tho se rice

p lan ts app lied w ith n it rogen fert ilizer, and

cou ld p roduce m o re honeydew [ 8210 ] , less p rob2
ing behavio rs and m o re eggs[ 9 ]1 Kanno et a l

[ 11 ]

m on ito red the feed ing act ivity of BPH u sing 32

P and found tha t the feed ing am oun ts and

honeydew excret ion on the h igh n it rogen

p lan ts w ere increased by 327 and 7 t im es, re2
spect ively1 O n the su scep t ib le rice, TN 1 w ith

d ifferen t ra te of n it rogen fert ilizer, the honey2
dew excret ion of BPH fluctua ted w ith the in2
crease of the n it rogen1 T he increase in n it ro2

gen fert iliza t ion of p lan ts up to 100 kgöhm 2 re2
su lted in the increase in the honeydew excre2
t ion, w h ile fu rther increasing the n it rogen

do se reduced honeydew excreted by BPH [ 12 ] 1
How ever, BPH popu la t ion s in paddy fields

m ay be affected in tem po ra l and spa t ia l by the

n it rogen nu trien t1 A s the resu lts, the BPH

feeding and ovipo sit ing behavio rs m ay be

changed o r m odified in the successive popu la2
t ion s fed con t inuou sly on ho st p lan ts, and in

spa t ia l d ist ribu t ive pa t tern of in sects loca ted

and eggs la id on the ho st p lan ts w ith d ifferen t

n it rogen reg im es1
　　T h is paper dea ls w ith the p references of

feed ing and ovipo sit ion to ho st p lan ts w ith d if2
feren t n it rogen con ten t, the changes in p refer2
ences of successive BPH popu la t ion s on rice

p lan ts w ith h igh o r low n it rogen, and the in2
f luences of n it rogen on the spa t ia l d ist ribu t ion

pat tern s of feed ing and ovipo sit ion1

1　M ateria ls and m ethods

111　Host plan ts

　　 In a ll cu ltu res and experim en ts, rice vari2
et ies, T a ichong N ative 1 (TN 1) , su scep t ib le

to BPH and IR 64, m odera te resistance to BPH

w ere u sed1 Seeds w ere sow n at 15 days in ter2
vals to en su re adequate supp ly of ho st p lan ts

of specif ic stages fo r experim en ts1
　　Fo r cu ltu res and experim en ts, 3 o r 4 ten2
day2o ld rice seed lings w ere tran sp lan ted in to

clay po ts (size N o1 3, D iam eter 14 cm o r size

N o10, D iam eter 7 cm ) filled w ith garden so il1
30% , 30% and 40% of to ta l n it rogen fert iliz2
er, amm on ium n itra te, w ere app lied quan t ita2
t ively on 7 days after t ran sp lan t ing, t illering
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and rep roduct ive stage, respect ively1 IR 64

p lan ts w ith fou r ra te of n it rogenou s fert ilizer,

200, 100, 50 and 0 kgöhm 2, nam ed as 200N ,

100N , 50N and 0N , respect ively, w ere cu l2
tu red1 T he exact am oun t of n it rogenou s fert il2
izer app lied in d ifferen t size po ts w as ca lcu la t2
ed based on the am oun t of so il in each po t and

quan t if ied by a series of con ta iners w ith vari2
ou s sizes1 A ny pest icide w as free in a ll g row th

period of rice1 T he w ater irriga t ion w as m an2
aged regu larly1
　　A n electron ic ch lo rophyll m eter (SPAD 2
502, M ino lta cam era Co1, O saka, Japan) w as

ca lib ra ted fo r the assessm en t of t issue n it ro2
gen1 A t differen t rice grow th stages, eigh t

upperm o st fu lly expanded leaves w ere selected

a t random from each n it rogen reg im e and the

SPAD readings reco rded1 T he t illers bearing

these leaves w ere rem oved and p laced sepa2
ra tely in b row n paper bags1 T he sam p les w ere

p laced imm edia tely in an oven at 110 ℃ fo r 30

m in and dried a t 80 ℃ fo r 48 hou rs un t il con2
stan t w eigh t1 N itrogen con ten t w as deter2
m ined by m icro2K jeldah l d igest ion and dist illa2
t ion1 A regression of t issue n it rogen con ten t

(% ) as the dependen t variab le and SPAD m e2
ter read ing as the independen t variab le w as es2
tab lished and u sed to convert SPAD readings1
Poo ling data from all p lan t grow th stages, the

rela t ion sh ip betw een leaf n it rogen con ten t and

leaf SPAD readings w as found to be.

　　N % = 011151 SPAD - 112772.

　 (F = 162, P < 01001)

　　W here N % is the n it rogen con ten t in per2
cen tage and SPAD is the ch lo rophyll m eter

read ing1 T h is linear m odelw as u sed to p red ict

the n it rogen con ten t of p lan ts in a ll the experi2
m en ts1
112　 In sect

　　BPH adu lts w ere co llected from rice fields

in L aguna, Ph ilipp ines and reared in an ovipo2
sit ion cage w ith su scep t ib le variety, TN 1, as

the ho st p lan t1 O n every M onday and T hu rs2
day, 45260 day2o ld p lan ts in po ts w ere p laced

in to th is cage and rem oved 24 hou rs la te1 T he

po t ted p lan ts w ith BPH eggs w ere p laced in a

cage w ith TN 11 T ho se popu la t ion s w ere de2
signed as G01
　　To estab lish d ifferen t BPH popu la t ion s

on rice p lan ts w ith d ifferen t n it rogen reg im es,

new ly m o lted BPH adu lts from G0 w ere in tro2
duced in to cages (L 50 cm×W 38 cm×H 80

cm ) w ith open ing top and side w indow s at2
tached w ith fine2m esh nylon clo th, con ta in ing

45260 day2o ld IR 64 rice p lan ts1 Tw o ho st

p lan ts, 0N and 200N , w ere u sed1 Popu la t ion s

tha t w ere m ain ta ined on each respect ive n it ro2
gen reg im e fo r m o re than one genera t ion w ere

designa ted as G1, G2 and so on1 Popu la t ion s

under d ifferen t n it rogen reg im es w ere labeled1
T he first genera t ion of BPH popu la t ion reared

on 200N and 0N rice p lan ts w ere nam ed as

200N G1 and 0N G1, respect ively1
113　Preferences of the feed ing and ov iposi2
t ion

11311　P reference to rice p lan ts　　45 day2
o ld p lan ts in po ts w ere trimm ed to m ain stem

and one p rim ary t iller, and the SPAD readings

w ere reco rded1 Fou r po ts of rice p lan ts,

200N , 100N , 50N and 0N , w ere arranged

random ly in a p last ic t ray (L 35 cm , W 30 cm

and H 14 cm ) and covered w ith the cylindrica l

p last ic cage (H 80 cm ) w ith fine nylon m esh

on the top and one 3 cm 2long2cu t on side w all

fo r BPH infesta t ion1 W ater level in trays w as

kep t to the rim s of clay po ts in o rder to let in2
sects m ove am ong p lan ts random ly1 F ifteen

gravid b rachyp terou s fem ale adu lts and tw en2
ty2f ive 3rd in sta r nym ph s of BPH from the pop2
u la t ion m ain ta ined on TN 1 rice p lan ts w ere in2
t roduced in the m iddle of the cage1 T he num 2
bers of BPH includ ing fem ale adu lts and

nym ph s loca ted on each p lan t w ere reco rded a t

24, 48 and 72 h after infesta t ion1 A fter 72 h,
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the SPAD values of rice leave w ere m easu red

again and the eggs la id on rice p lan ts w ere

coun ted by dissect ing the p lan t t issues under

the b inocu lar m icro scope1 T he p references of

feed ing and ovipo sit ion to ho st p lan ts w ere ex2
p ressed by the to ta l num ber of BPH loca ted

and eggs la id on one p lan t in 72 h1 A ll t rea t2
m en ts w ere rep lica ted eigh t t im es in the green2
hou se in In terna t iona l R ice R esearch In st i2
tu te, Ph ilipp ines1 T he natu ra l pho toperiod of

app rox im ately L 12∶D 12 w as m ain ta ined1
11312　P reference to po sit ion s of rice p lan ts

　　Po tted rice p lan ts a t vegeta t ive (35 day2
o ld ) and rep roduct ive ( 65 day2o ld ) grow th

stages w ere trimm ed to one m ain stem ,

reco rded SPAD readings and covered w ith m y2
la r cages1 L eaf shea th s w ere m arked in m iddle

w ith P ilo t super co lo r m arker1 T en 425th in2
sta r nym ph s and gravid fem ale adu lts w ere in2
t roduced in to cages1 T he num bers of BPH lo2
ca ted on the bo t tom and upper of leaf shea th s,

and leaf b lades w ere reco rded after 24 h of in2
festa t ion, and the num bers of eggs la id on rice

p lan ts w ere coun ted by dissect ing the p lan ts

under the b inocu lar m icro scope1 T ests w ere

conducted a t ( 26± 2)℃ in labo ra to ry1 T he

p ropo rt ion of BPH loca ted and eggs la id a t d if2
feren t po sit ion s on ho st p lan ts w as ca lcu la ted

in percen tage1 E igh t rep lica t ion s w ere set up

in each ra te of n it rogen fert ilizer1
114　Feed ing behav ior

　　45 day2o ld rice p lan ts w ere p laced ind ivid2
ually in test tubes (Á 2 cm , H 15 cm ) 1 O ne

4th in sta r nym ph o r new ly m o lted fem ale adu lt

w as in troduced in to a test tube1 1% Eo sin w a2
ter so lu t ion w as p repared to m ark feed ing

m ark s, and the feed ing m ark s w ere coun ted

under the b inocu lar m icro scope based on the

co lo r dyed by Eo sin1
115　Da ta ana lysis

　　V alues in percen tage w ere tran sfo rm ed by

arcsine befo re ana lysis1 L inear regression s

w ere ana lyzed in IRR ISTA T V er. 4101 A nal2
ysis of variance (ANOVA ) and D uncan’s m u l2
t ip le range test w ere perfo rm ed w ith SA S

package u sing PROC ANOVA o r PROC

GLM 1

2　R esu lt s

211　Ov iposit ion preference

F ig1 1　Ov iposition preference of BPH popula-

tion s on r ice plan ts with d ifferen t n itrogen con-

ten t

21111　P reference to ho st p lan ts　　 In cho ice

test experim en ts, a ll fem ales from BPH popu2
la t ion s rearing on rice p lan ts bo th w ith h igh

( 200N ) and low (0N ) n it rogen fert ilizer p re2
ferred to lay their eggs on the ho st p lan ts w ith

h igher n it rogen con ten t (F ig. 1) 1 Sign ifican t

(P < 010001) linear regression s betw een the

num ber of eggs la id and n it rogen con ten t of

rice p lan ts w ere ob ta ined in a ll fou r BPH pop2
u la t ion s1 N o ob served differences in ovipo si2
t ion p references w ere found am ong tested fou r

popu la t ion s, w ith the excep t ion of the rela t ive

low er va lues of R
2 and F w ere regressed in the

popu la t ion s on 200N than tho se on 0N 1 T he

regression m odel fo r a ll da ta w as found to be

E = 851036 N - 821602 (F = 280121, R
2 =

017488, P < 010001) , w here E is the num ber

of eggs la id and N is the n it rogen con ten t of
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rice p lan ts1
21112　P reference to po sit ion s of ho st p lan ts

　　T he sim ila r t rend of ovipo sit ion p refer2
ence to the bo t tom and upper leaf shea th, and

leaf b lade w as found at the vegeta t ive and re2
p roduct ive rice grow th stages ( F ig12 and

F ig13) 1 T he p ropo rt ion of eggs la id increased

a t the bo t tom of leaf shea th and decreased in

the upper of leaf shea th and leaf b lade w ith

the increase of n it rogen con ten t in ho st p lan ts

(P < 0101) 1 T hese im p lied tha t BPH fem ales

p refer to lay their eggs in the low er part of

F ig1 2　Proportion of BPH eggs la id on leaf

shea th and blade of r ice plan t with d ifferen t n i-

trogen con ten t in vegeta tive growth stage

F ig1 3　Proportion of BPH eggs la id on leaf

shea th and blade of r ice plan t with d ifferen t n i-

trogen con ten t in reproductive growth stage

leaf shea th1 How ever, w ith the reduct ion of

the n it rogen con ten t, BPH eggs w ere la id a t

the h igher part of leaf shea th and in the leaf

b lade1
212　Feed ing preference

21211　P reference to ho st p lan ts　　Feeding

p references of BPH nym ph s and fem ale adu lts

m ain ta ined on su scep t ib le variety TN 1 w ere

determ ined in the free2cho ice test experi2
m en ts1 R esu lts ind ica ted tha t m o re adu lts p re2
ferred to feed on the ho st p lan ts w ith h igher

n it rogen con ten t1 T he adu lt den sit ies w ere

sign if ican t ly (P = 010001) rela ted to the in2
crease of n it rogen con ten t in ho st p lan ts1
How ever, no m arked difference w as found in

nym ph s (P = 010825) (F ig1 4) 1 Sim ila r re2
su lts in nym ph s (P > 0105) and fem ale adu lts

(P < 010001) w ere found in the popu la t ion s

reared con t inuou sly on 200N (h igh n it rogen)

p lan ts and 0N (low n itrogen) p lan ts fo r 1 and

2 genera t ion s (F ig15 and F ig16) 1

F ig1 4　Feed ing preference of BPH from TN1

on r ice plan ts with d ifferen t n itrogen con ten t

21212　P reference to po sit ion s of ho st p lan ts

　　 T he rela t ion sh ip s betw een n it rogen con2
ten t in ho st p lan ts and the p ropo rt ion of BPH

loca ted w ere po sit ive a t the bo t tom of leaf

shea th and negat ive on the leaf b lade1 How ev2
er, the slope values of the regression w ere

h igher in fem ale adu lts than tha t in nym ph s
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F ig1 5　Nym ph feed ing perference of BPH pop-

ula tion s to r ice plan ts with d ifferen t n itrogen

con ten t

F ig1 6　Female adult feed ing preference of BPH

popula tion s to r ice plan ts with d ifferen t n itrogen

con ten t

( F ig1 7) 1 It im p lied tha t bo th nym ph and

adu lt fed on the low er parts of ho st p lan ts

w ith h igher n it rogen con ten t, and the h igher

parts of p lan ts w ere the feed ing sites on the

rice p lan ts w ith low er n it rogen con ten t1
213　Feed ing behav ior

21311　 Feeding frequency　　 Feeding fre2
quency of BPH on rice p lan ts w as exp ressed as

the num ber of feed ing m ark s1 R esu lts show ed

F ig1 7　Proportion of BPH loca ted on leaf blade

and bottom of leaf shea th of r ice plan ts with d if-

feren t n itrogen con ten t

tha t bo th nym ph s and adu lts fed m uch m o re

frequen t ly on 0N rice p lan ts than tha t on 200N

rice p lan ts (T ab le 1) 1 T he sign if ican t d iffer2
ences in num ber of feed ing m ark s in 24 h be2
tw een on 200N and 0N rice p lan ts w ere found

in nym ph s ( F = 143138, P < 010001 ) and

adu lts (F = 9145, P = 010036) 1 T he h ighest

feed ing frequency of nym ph s w as reco rded on

0N rice p lan ts in tho se nym ph s reared p revi2
ou sly on 0N rice p lan ts, w h ile the low est fre2
quency w as m on ito red on 200N rice p lan ts in

tho se in sects reared successively on 200N rice

p lan ts1 How ever, the h ighest adu lt feed ing

frequency w as reco rded on 0N rice p lan ts in

the BPH from TN 1 popu la t ion, and these

adu lts m ain ta ined successively on 0N rice

p lan ts had the low est feed ing frequency on

200N rice p lan ts1 O n the sam e diet p lan ts,

there w ere sign if ican t d ifferences am ong BPH

popu la t ion s in nym ph s ( F = 12156, P <

010001) and adu lts (F = 14145, P < 010001) 1
Sta t ist ica l d ifferences in in teract ion of popu la2
t ion and diet w ere ana lyzed in adu lts ( F =

5174, P = 010008) , and no t in nym ph s (F =

1108, P = 013774 ) 1 R esu lts ind ica ted the

feed ing m echan ism differed betw een nym ph s
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and adu lts and w as rela ted clo sely to the d iet

p lan ts and their p reviou s ho st p lan ts, as w ell

as to their adap ta t ion to ho st p lan ts1
21312　 Feeding po sit ion　　 P ropo rt ion s in

percen tage of feed ing m ark s on the bo t tom of

leaf shea th (% ) of rice p lan ts w ith d ifferen t

n it rogen fert ilizer w ere listed in T ab le 21 O n

200N rice p lan ts, p ropo rt ion s on the bo t tom

of leaf shea th of feed ing m ark s p roduced by

bo th nym ph s and adu lts w ere m o re than 50% ,

and no sign if ican t d ifferences in nym ph s (P =

011897 ) and in adu lts ( P = 012567 ) w ere

found am ong BPH popu la t ion s1 O n 0N rice

p lan ts, how ever, the p ropo rt ion s on the bo t2
tom of leaf shea th bo th in nym ph s and adu lts

w ere less than 50% , and sign if ican t d iffer2
ences in nym ph s (P < 010001) and in adu lts

(P = 010024) w ere found am ong BPH popu la2
t ion s1 Com paring to the BPH popu la t ion s

from 200N and 0N rice p lan ts, feed ing po si2
t ion s of nym ph s w ere no sign if ican t d ifference

(F = 2117, P = 010871) , how ever tho se w ere

sign if ican t in adu lts (F = 4169, P = 01003) 1

Table 1　Feed ing frequency of BPH popula tion s on r ice plan ts with d ifferen t

n itrogen fertil izer Feeding m ark söd

BPH population
generation

TN 1
> 15

0N rice p lan ts

1 3

200N rice p lan ts

1 3
F P

N ymph
200N 1519 b 1719 ab 1911 a 1419 b 1418 b 313 01021

0N 2014 b 2617 a 2518 a 2117 b 2212 b 7121 010002

A dult
200N 19 a 1216 c 1214 c 1412 bc 1612 b 13145 < 010001

0N 2411 a 1815 b 1519 b 1616 b 1816 b 14116 < 010001

Table 2　Proportion s of feed ing marks on the bottom of leaf shea th %

BPH population
generation

TN 1
> 15

O n 0N rice p lan ts

1 3

O n 200N rice p lan t

1 3
F P

N ymph
200N 55158 6310 54171 61119 53145 1163 011897

0N 30137 b 25131 c 20106 c 36134 a 28191 bc 25191 < 010001

A dult
200N 69169 71133 70186 70173 70160 1198 012567

0N 4213 a 21128 c 26162 bc 31132 ab 31128 ab 5108 010024

3　D iscu ssion

　　 In sect behavio r is genera lly determ ined by

the clo sed genet ic p rogram s1 T he num ber of

pub lica t ion s dea ling w ith learn ing in phy2
tophagou s species is a lso increasing rap id2
ly [ 13 ]. H ypo thesis, tha t a p reference is induced

as the resu lt of an experience w ith h igh2n it ro2
gen p lan ts, ind ica ted tha t the select ion of

feed ing and ovipo sit ion of herb ivo res to ho st

p lan ts w ith h igher n it rogen con ten t can be in2
duced by rearing p reviou sly on p lan ts of h igh

n it rogen1 T h is hypo thesis m ay be p roved by a

herb ivo rou s fly, L iriom y z a trif olii tha t had

been expo sed p reviou sly to tom ato p lan ts of

h igh n it rogen p referred to feed and ovipo sit on

h igh n it rogen p lan ts, w hereas flies p reviou sly

expo sed to p lan ts w ith the least n it rogen

show ed no p reference[ 14 ] 1 In th is experim en t,

how ever, BPH reared successively on rice

p lan ts bo th w ith h igh and w ith low n it rogen

con ten t fo r tw o genera t ion s show ed the p ref2
erence to h igh n it rogen con ten t p lan ts, a ll

fou r popu la t ion s tested have the sam e trend in

feed ing and ovipo sit ing p reference (F ig. 1 and
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F ig16) 1 R esu lts im p lied tha t the p reference of

BPH to ho st p lan ts w ith h igh n it rogen con ten t

w as no t induced by p reviou s ho sts, and is a t2
t ribu ted to the genet ic characters1 T he nym ph

feed ing frequency show ed sligh t ly the learn ing

respon se to their p reviou s ho st p lan ts1 L ow er

feed ing frequency w as reco rded on 200N rice

p lan ts in tho se nym ph s fed p reviou sly on 200N

rice p lan ts, w h ile h igher feed ing frequency

w as found on 0N rice p lan ts in tho se nym ph s

fed p reviou sly on 0N rice p lan ts (T ab le 1) 1
How ever, the d ifference in feed ing frequency

of BPH popu la t ion m ain ta ined on TN 1 shou ld

be rela ted to the resistance of IR 64 to BPH ,

since the resistance of rice p lan ts cou ld affect

grea t ly on the feed ing respon se of BPH [ 15, 16 ]1
　　T he p rocess of ho st p lan t select ion by

phytophagou s in sects is a lock2key system , in

w h ich the lock refers to the ho st p lan t and the

key stands fo r the com p lex sen so ry pat tern of

the in sect [ 4 ] 1 O n ly w hen th is pa t tern co rre2
sponds to som e innate standard is an app rop ri2
a te behavio ra l respon se triggered [ 17 ]1 T he ho st

p lan t recogn it ion p rocess is no t sim p ly a m at2
ter of responding to a po sit ive signa l o r avo id2
ing a negat ive signa l1 T he p rocess is the resu lt

of an in tegra t ion of num erou s p lan t chem ica l

and in sect in terna l facto rs[ 4 ]1 T he grea t d iffer2
ence in recep t ion of nerve pu lse p roduced by

environm en ta l st im u la t ion th rough o lfacto ry

o rgan s and the d iversity in nu trit iona l de2
m ands of variou s grow th stages resu lted in the

d ifferences in the feed ing p reference to ho st

p lan ts[ 2 ]1 N ym ph s of BPH responded non2sen2
sit ively to n it rogen con ten t in ho st p lan ts and

the grea t select ion of adu lts to rice p lan ts w ith

h igh n it rogen con ten t (F ig1 426) m ay be at2
t ribu ted to their d ifferences in the o lfacto ry

o rgan s, and no t in nu trit iona l dem ands, since

they have the sam e feed ing physio logy and

feed ing p rocess[ 7 ]1
　　T he con ten ts of nu trien ts such as am ino

acids in rice sap are so low com pared to their

needs tha t BPH have to suck m uch m o re sap

fo r their bet ter life perfo rm ance [ 8, 9 ] 1 T he in2
crease of am ino acid con ten t in rice sap and

m o re succu len t p lan ts by the app lica t ion of n i2
t rogenou s fert iliza t ion im p roved grea t ly the

nu trit iona l condit ion and ovipo sit ing space fo r

sap 2suck ing hoppers[ 18 ] 1 So adu lt fem ales se2
lected ho st p lan ts w ith h igh n it rogen con ten t

to ovipo sit fo r the best life perfo rm ance of the

p rogen ies1 T he excessive app lica t ion of the n i2
t rogen fert ilizer resu lted in th ick canopy and

m o re succu len t p lan ts can con tribu te to the

successfu l ovipo sit ion [ 19 ] 1 O bviou s few eggs

w ere la id on the n it rogen2deficien t rice p lan ts

com pared to on tho se w ith n it rogen fert iliz2
er [ 9 ] , how ever, in non2cho ice test, fem ales

can lay their eggs on the rela t ive soft and

th ickness p lace such as a t the upper part of

leaf shea th and the m idrib s of leaf b lade

(F ig12 and F ig. 3) , since the eggs w ere la id

in to leaf shea th and leaf b lade1 T he changes in

po sit ion of eggs la id sh if ted from the bo t tom

of leaf shea th to leaf b lade m ay be con sidered

to be the adap ta t ion of BPH to n it rogen2defi2
cien t facto r1
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