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B E [BH) HEAF%EREHE Nephotettix cincticeps HU A [R5 7K # Oryza sativa L. %
AR, [ FiE] BeEBEM ARy 0 (XTI ). 2. 4 1 8 Sk/bk 4 NAb3E, J35IHLE 6.
24, 48 f1 96 h 5, KM/KAEMH%42 ( Chlorophyll, Chl) 5714 (Total protein, TP) &, AR
B rfiRl s, K RGN A& 8 ( Lipoxygenase, LOX ). B8 & b B {LE( Total superoxide dismutase, T-SOD ),
FEAYIEE (Peroxidase, POD ) ML W% LEE ( Polyphenol oxidase, PPO) Ifitht, [&HR ] ANRIZEEH
A AR KRS, YRR R ARG O B SRR A (P<0.01); HUE 6 h 5, /KFE
MR PR RS T, ELRCE B AR, BRI R AL (P<0.05 ). ANIWIE i) BA
WG, A HGE R ERIOKR LOX WM, HHEN 2 S/ BREMBURE 6 hJ5, 5IE/KFE LOX
TR . ARIBENREMNBEE 24 h, H5EKFE PPO M B EFE (P<0.05), /K T-SOD ik
i 5 D P B ol e (R SR Bh A ARk, FL S A O . AN [R) % B 11 R R i R, S BUKAS POD
EPEFE, REM ISR, POD WM, HAR N 2 SRR 4 SK/pR BRI 96 h ),
JKAE POD M B & T (P<0.01) o [&ig] AREERREMBEE AR, H5HKRE =45
A AR AR, I KAR Chl At & LOX. PPO. T-SOD F1 POD i ¥ i B B 254k,
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by the feeding of Nephotettix cincticeps
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Abstract [Objectives] To explore the physiological and biochemical responses of rice to the feeding activity of the green
rice leathopper (GRL), Nephotettix cincticeps (Uhler) (Hemiptera: Cicadellidae). [Methods] Physiological and biochemical
indices of rice plants were measured at three GRL densities (2, 4, and 8 GRLs per plant). Rice Chl and TP content, LOX,
T-SOD, POD and PPO activities were measured after GRLs had fed on plants for 6, 24, 48 and 96 h. The control group was
comprised of GRL-free plants. [Results] Chl content of all three density treatments was significantly lower than that of the
control group (P<0.01). TP content increased after 6 hours of feeding, then significantly decreased as the duration of feeding
increased (P<0.05). LOX activity in the 2 GRLs per plant treatment group significantly increased after 6 hours of feeding
(P<0.05), then significantly decreased as the duration of feeding increased. PPO activity significantly increased after 24 hours
of feeding in all three density treatment groups (P<0.05). T-SOD activity changed dynamically with the duration of feeding
and GRL density. POD activity increased earlier at higher GRL densities; POD activity of the 2 and 4 GRLs per plant
treatment groups was significantly higher than that of the control after 96 hours (P<0.051). [Conclusion] Significant

physiological and biochemical responses, including changes in Chl content, and in LOX, PPO, T-SOD and POD activity, were
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induced in rice plants by the feeding activity of N. cincticeps. These responses varied with GRL density and the duration of

feeding time.

Key words Nephotettix cincticeps; feeding stress; chlorophyll; total protein; defense protease

JK F& Oryza sativa L.V 2 60%[%) A 12
ftEg, 2REMEZREIEY (Khush, 2005;
RPEIESE, 2015 ), B [N I8 52 228k B BN 3 1
FEC XN F545, 2020, 2021 ), 22 R -1 Nephotettix
cincticeps & i WL /K B 22 L > — ( BHAESE,
2020 ), FEFRE &AW, F 2 =L 0 g
IR (%A, 2014; BXSCARAE,
2020 ),

FE R M WAL R K R E ZE A B (Rice
dwarf virus, RDV ) FlE &Rk a: ( Yellow stunt
virus, RYSV) By FEZEA B AL (XUFFATFIsKkEE
2%, 1983; KR, 2012), HUGEES MK ES
I 3 I ORGSR AT W TR B - Rk, Bl
TR A B ORI R R A R 4 ol FH ) B AL 4% 1Y
KEEREE (P8R, 2012),

L R IR 3 mT LA S AR AR PR 1 B AR A
G & RAEZA, w5l R ALY

( Peroxidase, POD ). Z %A L ( Polyphenol
oxidase, PPO ), I§% &M ( Lipoxygenase, LOX )
1Ak (Howe and Jander, 2008 ), fHEMEER
Hu RIS AR B A ) S LA A ) e B
o, WO BEATRR I (FRSE, 2018), H
HIETREANR) 25 B (AR BB T ) SN R
BRI 3 S, KR AR A LR AR
M o7 1) A DL AR IE

AT 38 3 I A [F) 25 PR R I AN
ENE NI =1 2 & S Y R DO aE I N
ARG YRR S A, T R R R R
BB 5 & A A AR AR R 1 e &R, il
— PRGBS ) 2% Ol 75 2 K R B
A b BN ARYE 5 k.

1 #MREFEZE

11 KEBRMS5EE

SEH A A ORI LR AR G, BTl )
P I T AT 7] 5 SRR A B R A

TN1, i i p AL BB tE P O 3 i it
K%,

KFEENEEE . KRR TG, 8T
Bia (K 16em. T8 12cm. & 12cem) HY,
TR 10 6L, N AE TSR Y., 10 d 5K
AT A 14em, 4 18 ecm. 15 20 cm X33
BHE, AR 1Rk, AR, Y %S
Higto BLLE WL HEUE R - (VL9524 Ao
PHEABRA T ) MBI, WY (26+1)
°C J2JE 85%+5% JEHR L : D=14 : 10( Shietal.,
2019 ),

12 BEMEMEBkESEE

RN T M MR SRR, TEN
FH TN1 KRR 7E S AU by %, SOHIRE (26+
1) °C. {WJE 85%+5%. I L . D=14 : 10 ( Shi
etal., 2019),

13 REM#ZESNRMKHIRE

VEREPIMLIG 2 48 h (BRI R, B
FHFET 45 d BARE-S0RENE - (R
TR R L, BUEE LE A 0R . &
20 cm B P ), FEHEUE 6. 24, 48 f1 96 h
J, KRR B (Cheah et al., 2020), #2H
AR R E T LU AL BE 2 h ( Zhou et al.,
2014 ), HEMBAZEEE 0, 2, 4 F1 8 k/Fk, 4
RN IR AR 3 A SR A
FALPYBEE 3 KER

14 KBEHENERNERUNS ESTHE

SR R ) A DS ) 28 3 2R R o L R
AFEH S, KR4 %E (Chl) (FEMH4EE a.
MERER b HAMgER) 5RENA (TP) MEE,
€ LOX ., PPO. T-SOD 5 POD RyiF ., H,
LOX & A 75 MR AE ARG BR A ],
Hax s & m A m st Y TRRAIESE B . 1
AR FRYEEEE A 0.1 g FIRE I AR, A5 Ab B
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H Excel 2010 5 R4S #6 I H8 B5 ) 5 2 o 76
Y1144 . fEI8, H Origin Pro 2021 14 Fisher LSD
PIE T2 5 B E A

2 GR59H

21 AEZEENEEHEMKBHEESEDN
=410

AR BE i i B RS /KA 6 h Rl 96 h ),
MK a, MEEEK b M SEE S B0 E &K
FXHRAL (P<0.01) HIJLIH 2 A & ik
P& 24 h5, SEEHANBTSRTE, PE
SR R AR R b A RN T IR,
% 5 S AR a SRR
4, THEXESE (P>0.05), K%E5H%ER
(e R | R 43R a A DL R
FEALRER b &R = XA (P<

0.01); HUE 48 h B, BRESEANMTEE a.
M2RE b 5 NS E & i P A5 b
SRS FRT X IR, BN EEE b
W B EE TRRA (P<0.01) 4b, HAK M4
Eom SRR REES (P>0.05) (% 1),
SMRFERFRIR, 3 AR I A A B
STEINS TR ] W T S g i

22 AREZEEMREMHBEEXNKBEES
(TP) & EHIRM

P& 6hbf, i, . & 3 AR
2 TP &m0 e 3 & T R4 (P<0.01), H.3
A 8] TG 25 22 57 (P> 0.05 ), HUE 24 h 1),
REEY TP SRS HEMEER TH ., BEE
HEXTHRAL (P<0.01), o, m# R4S
G2 (P>0.05), BUE 48 h i, 3 4%
JEA TP F e B BB T XA (P< 0.01),
VMR B TP & e fi . HUE 96 h i, hig s
¢ TP FEME TXRA, HILREES (P>
0.05), K. FHRREHN TP &tk W E K T xt
M2 (P<0.01) (1), BPZKFENISZ 321 2 2 - i

1 TEAZENEEMHEESRHTKEHEZESE (my/g)
Tablel The content of chlorophyll in rice under different feeding stimulus by Nephotettix cincticeps (mg/g)

LD W (/bR HUERtE] (h)  Feeding time (h)

Parameters Density (insects/plant) 6 24 48 96
0 1.28 £ 0.01A 1.13+0.01B 1.00 + 0.00A 0.93 £0.01A
M52 a 2 0.83 +0.02C 1.11 +0.08B 0.98+0.01A 0.57+0.01B
Chlorophyl a 4 0.52+0.01 D 1.22 + 0.00A 0.99 + 0.00A 0.29 + 0.00C
8 1.09 + 0.01B 1.14 + 0.00B 0.82+0.01B 0.56 + 0.01B
0 0.50 + 0.01A 0.28 + 0.01B 0.36+0.00 B 0.28 + 0.00A
W4 b 2 0.36 + 0.00B 0.39 + 0.04A 0.42 £ 0.00A 0.18 + 0.02B
Chlorophyl b 4 0.17 £ 0.01C 0.33 + 0.00B 0.29 +0.00 C 0.09 + 0.00C
8 0.36 + 0.00B 0.30 + 0.00B 0.29 +0.01C 0.16+0.01B
0 1.78 £ 0.01A 1.41+0.01B 136 £0.00AB  1.22+ 0.00A
P 2 1.19+0.01C 1.50 £ 0.07A 1.40 £ 0.01A 0.75 + 0.02B
Total chlorophyll 4 0.70 + 0.01D 1.55 + 0.00A 1.28 +0.00B 0.38 + 0.00C
8 1.45+0.01B 1.44£0.00AB  1.11£0.01C 0.72+0.01B

[RZEE G AR A AR RS FHRERATE 0.01 KA EEZS (P<0.01, Fisher LSD H{HIEKL: )

Data followed by the different capital letters in the same column indicate extremely significant differences at the 0.01 level

by mean value method of Fisher LSD-test.



53] XSO AR AN [7] 5 JRE SR Pt I AN ] P 7K A A AR o 11 i

- 1071 -

257 .
O 0 insect/plant
B 2 insects/plant
= 4 insects/plant
320+ .
= & 8 insects/plant
2 aA aA
]
£ = B T
S 15t [ aA aA
o . (L1l -
g o o bB = 7}7
<} 1] | M
3 [ ]
- ] bcBC
3 == ]
5 1.0 Hy me cC r—
= e s bB
i = —
‘@ o =
Z oS o =
B == o
= ]
= T //
0 (L1l - -

% i

48

B tfE] (h) Feeding time (h)

Bl AEZENEEMHENRRATAEEAREE
Fig.1 The content of total protein in rice under different feeding stimulus by Nephotettix cincticeps
[ — BB E] A B EARAE AR E FRERRE 0.01 K PEAHRBEZER (P<0.01), AE/NGFRFER
7E 0.05 KFA BF2S (P<0.05), Fisher LSD ¥I{EERK . FEIF.

Histograms at the same feeding time followed by the different capital letters indicate extremely significant

differences at the 0.01 level ( P<0.01) and followed by the different lowercase letters indicate significant
differences at the 0.05 level (P<0.05) by mean value method of Fisher LSD-test. The same below.
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23 FEEZEEHNREMHEINRARMM KBRS
AE (LOX) FEHEHRMm

B 6 hit, REEHM LOX JE M %
XA S mEEA(P<0.01); BUE 24 h
Wf, 3 NREEAR LOX W6 P B K T X 1
M, HhWEA S Mm% EA LOX G RN W E %
FALE R (P<0.01); HUE 48 h B, A
LR A LOX I M i 3 s 1 R S5 1K
WA (P< 0.01), HLPEEL LOX JEMEix
o WU 96 hEF, 3 ALY LOX TP
TR, DS B A A HAR e T
R REE S5 BE2H LOX 6P (/] 2) o /KFd
TE I8 57 R IROR [) 2% 5 OR [ s O 3
Je, MREEEERR, TEMER N A5 LOX 151k

Thi, B NTIE LOX ik B E R .

24 AEHEREEM HE AR Hx kg % 5
S4B (PPO) EHAER

B eh i, ik, SRR
) PPO itk, WS E E2ER, K4AnH
TR EER (P>0.05); W& 24 h5, 3MHE
%) PPO IR S TXTIRAL, Heb, s A
W = TR, rh AN R E S TR
2l (P<0.01), X% 4 PPO &M S5x) B4 H] TG
WEZES (P>0.05), HUE 48 hif, 3 MEE
) PPO R P4 W L FX R4, H %A
PPO G BB LT A (P< 0.01) Jfi
FRTHPEEH (P<0.05); BUE 96 h i, [
FEA PPO I M I IF Al i 2L T R4l (P<
0.01) #h, Hax 2 MEEASX A TR E2ES
(P>0.05) (&l 3) . /K& PPO {5 AR fL AR
L5 PR I W A O, (L2 R ) B A T
WG KRS PPO TEPENT R i, BEE ARt



- 1072 - R B H1 244 Chinese Journal of Applied Entomology 59 %

180
00 insect/plant

2 insects/plant

160 - E4 insects/plant aA
8 8 insects/plant

140

120 [

100

80

60

AFME (U/g) Lipoxygenase activity (U/g)

40

fig

20

, i
24 48
BU&RiK (h) Feeding time (h)
B2 ARZFENEEMHENARBTKEEESHEELE
Fig. 2 The activity of lipoxygenasein rice under different feeding stimulus by Nephotettix cincticeps
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Fig. 3 Theactivity of polyphenol oxidasein rice under different feeding stimulus by Nephotettix cincticeps
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B ZEK, /KRG PPO 1GVEI WAL, JFREZ A [H
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S LE ( T-SOD ) BRI Z M
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Fig. 4 Theactivity of total superoxide dismutasein rice under different feeding stimulus by Nephotettix cincticeps

26 AREENEEHMBINARMXKETER
4E (POD ) FEMAIRIN

BE 6 h5, E®ELM POD Jif I & 7t
EHBERTXYRA (P<0.05), k., HHEEFH
xR o E 2R (P>0.05 ), BUE 24 h )5,
% B2 4] POD {14 BH S Tt s ELA S 325 1 1 X i
W5, mEEA, =% EY POD E M W3
RFXTRRAL (P<0.01), BUE 48 hE, 3 NM&EE
ZH 1Y) POD &P i 2 5 T X IR (P<0.01 ),
B o6h Ja, K. P4 POD i HEY W& 5
FXHEL4] POD &1 (P<0.05), %4l POD
WS A TR EES (P>0.05)(KlS5) , &
M EEpbG, SEUKFE POD TR,

HItmARE | e SRR A G, B2
WL IR B, POD 5 M T i HH BT ]

3 @ikSiip

AN [R]85 ) P T M BB AN () s R X6 7K A
MR AEATE. IBEAH . ZBA L. &
8 4Rk W 05 Ak il RT3 ARk B T O A 1) R T
2, HASTR] S R W I v R f Ao 1] 5 R A B i
ZE5t,

£ 96 h BUEHTRIPY, AN[R)SEEAr R R
AR S G KR SRR E i R B E R
fI-Th - B BRI AR RIS AR Mk By
LT SRR S B TS, X R AR L] AR



- 1074 -

o FH RS B 244 Chinese Journal of Applied Entomology

59 &

800 I [J0 insect/plant

EA 2 insects/plant
L E24 insects/plant
518 insects/plant

700

A

o

600

500

400 -

300

200

100

TEAYREEN: (U/g) Peroxidase activity (U/g)

bB

24

48

BERtK (h) Feeding time (h)

E5 ARZFENEEMHERRAMAT KEIEUDEFEEETL
Fig. 5 Theactivity of peroxidase in rice under different feeding stimulus of Nephotettix cincticeps
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o P e 5 s R IO fE R K R I
BESRDETHRMSEE—8 (HEEE,
2003 ),
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IKRE R 10T B A, 3 ] R P I I s [
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NEE = e SIS SN NI 5
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W= E s CEURE R KRG 2R LOX 1& AR ik
SRR —F, AT LOX TG AR Ak AT B By Tl
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FRAE, 2005 ),
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4, 2019 ),
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Yréa bR, fuf5 SOD. POD Fliliid KA RiE 4L
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AJ AN FH T R R R R Sy ) 2 R, T
iE—20 % R o HLA X L BRIk 2 R B
Jit FH 2t 1) 28 e W B YA R B S O s, A e i
— 5.

S & 30Hk (References)

Chen JJ, Zhong QL, Zeng QX, Xu CB, Yu H, 2019. Effects of pests
on non-structural substance contents and enzyme activities in
leaves of Machilus pauhoi and Phoebe bournei. Journal of South
China Agricultural University, 40(6): 88-94. [[43aidh, Shahk,
MR, R, R, 2019, AUEXFOIAERFIE AR LS
R PR J5T % ek ST PRS2 R AR ROk R A, 40(6):
88-94.]

Chen JM, Yu XP, Cheng JA, Lii ZX, Xu HX, 2003. The changes of
physiological indexes of different rice varieties after infestation
by brown planthopper Nilaparvata lugens (Stal). Chinese
Journal of Plant Protection, 30(3): 225-231. [FREEH, firbe
R, B, R A, 2003, AFUKFESFZE CEEE
JE RN AR PRI AR L. AEY PRI, 30(3): 225-231.]

Chen W, Zhou Q, Li X, He GF, 2006. Physiological responses of
different rice cultivars under herbivore stress. Chinese Journal of
Ecology, 26(7): 2161-2166. [BfEL, 5, ZEK, {4, 2006.
AN T K A it o 0 L 38 B0 A B N AR ZS AR, 26(7):
2161-2166.]

Cheah BH, Lin HH, Chien HJ, Liao CT, Liu LYD, Lai CC, Lin YF,
Chuang WP, 2020. SWATH-MS-based quantitative proteomics

reveals a uniquely intricate defense response in Cnaphalocrocis

medinalis-resistant rice. Scientific Reports, 10: 1-11.

Gu YL, 2012. Research on rice dwarf disease. Research on
Agricultural Disasters, 2(1): 1-5. [BUK#K, 2012. /KFEELER
BIRIESE. bR FIT, 2(1): 1-5.]

Howe GA, Jander G, 2008. Plant immunity to insect herbivores.
Annual Review of Plant Biology, 59: 41-66.

Jiang DC, Yang H, Jin DC, 2012. A review on virus vector and virus
transmission mechanism of rice dwarf disease. Guizhou
Agricultural Science, 40(5): 73-77. [W1EE, Wik, 4EH,
2012. KFEIEARIEA B B AL REALRII D . St
LV RBE:, 40(5): 73-77.]

Khush GS, 2005. What it will take to feed 5.0 billion rice consumers
in 2030. Plant Molecular Biology, 59(1): 1-6.

Li Y, Zhang JJ, Du B, He GC, Li JR, 2018. Research progress of
chemical interactions between rice and brown planthopper.
Journal of Plant Physiology, 54(4): 528-538. [Z5%, K# 1,
FEk, AR, 2R, 2018, KRG 518 €A R RIS
HEJE. Y FIAEAR, 54(4): 528-538.]

Liu QX, Zhang GF, 1983. Occurrence and control of black-tailed
leathopper. Henan Agriculture and Forestry Technology, 12(5):
13-15, 19. [XUFFEF, sKEESY, 1983, SRR & A S5B5iA.
TRABREHL, 12(5): 1315, 19.]

Liu YF, Yang GM, Zhao WH, Yang F, Xie MQ, Tian TT, 2021.
High habitat heterogeneity and connectivity promote the
diversity and survival of predatory natural enemies in paddy
fields. Chinese Journal of Applied Entomology, 58(6):
1365-1375. [XIWJ7, Hoefly, ®3C4e, BAEE, Mi5eh, Bk,
2021. A e S B 5 v e A XU S i e A R
ZREMERT. N R 2R, 58(6): 1365-1375.]

Liu YF, Zhao WH, Yang F, Xie MQ, Chen SY, 2020. An analysis of
predatory insects in farmlands in China based on the CNKI
database: Future potential and current application. Chinese
Journal of Applied Entomology, 57(1): 70-79. [XIFGZ%, #X 3,
PRAE, #5565y, BREE, 2020. JT CNKI MM T E&R H ol
PR SRS R . R B 2R, 57(1): 70-79.]

Liu YQ, Jiang L, Sun LH, Wang CM, Zhai HQ, Wan JM, 2005.
Changes in some defensive enzyme activity induced by the
piercing-sucking of brown planthopper in rice. Journal of Plant
Physiology and Molecular Biology, 31(6): 643—650. [XI#3i,
VLE, Phark, FHEW, BIRE, JTHE, 2005, # CEIK
P AR Rl — SER I R S P AR Al A IS T
2R, 31(6): 643-650.]

Mittler R, 2002. Oxidative stress, antioxidants and stress tolerance.

Trendsin Plant Science, 7(9): 405-410.



- 1076 -

o B 3244 Chinese Journal of Applied Entomology 59 %

Shi JH, Sun Z, Hu XJ, Jin HN, Foba CN, Liu H, Wang C, Liu L, Li
FF, Wang MQ, 2019. Rice defense responses are induced upon
leaf rolling by an insect herbivore. Bmc Plant Biology, 19(1):
1-12.

Wang MH, 2014. Identification and control method of rice pest
Nephotettix cincticeps (Uhler). Agricultural Hazard Research,
4(4): 45-48. [T/4E, 2014, IR BB MBS S BA.
Aelk ke FEWIT, 4(4): 45-48.]

Xu L, 2008. Study on resistance and physiological and biochemical
mechanism of different rice varieties to rice leaffolder
Cnaphalocrocis medinalis  (Giienée) infestation. Doctor
dissertation. Yangzhou: Yangzhou University. [15#, 2008. A~[F]
KRR ity e X R A W E e P B A B R AL T . (L
LRI Ml IR

Yang F, Yang H, Zhao WH, Liu YF, 2020. Impacts of organic
manure on rice paddy arthropod communitiess. Chinese Journal
of Applied Entomology, 57(1): 153-165. [FH3E, #f, B34,
XUTE 35, 2020. A HLAE XA B9 i 3h 49 B 7% 14 5% e K G
Top-down % I FHEL HUF4R, 57(1): 153-165.]

Zhao WH, Yang F, Xie MQ, Liu YF, 2020. Research progress on

the occurrence and control of the black-tailed leafhopper,

Nephotettix cincticeps. Insects in Central China, 16: 67-74. [#43C
4, BHEE, WSEE, XIMIDY, 2020, AR dUR Y A A
5Bk, 4R R, 16: 67-74.]

Zhou GX, Ren N, Qi JF, Lu J, Xiang CY, Ju HP, Cheng JA, Lou YG,
2014. The O9-lipoxygenase Osr9-LOX1 interacts with the
13-lipoxygenase-mediated pathway to regulate resistance to chewing
and piercing-sucking herbivores in rice. Physiologia Plantarum,
152(1): 59-69.

Zhou GY, 2014. Physiological response of rice to brown planthopper
feeding and the study of small brown planthoppers microRNA.
Doctor dissertation. Hangzhou: Zhejiang University. [J&[E ¥,
2014, FKFERLXHE € EURCE (¥ AR 0 B KK KL microRNA
7 L3 B S VA 720w G VI AL B/ R W o)

Zhu DF, Zhang YP, Chen HZ, Xiang J, Zhang YK, 2015. Innovation
and practice of high-yield rice cultivation trchnology in China.
China Agriculture Science, 48(17): 3404-3414. [fllg, 5Kk F
B, BREYT, g, i L, 2015, HEDKRE AR SR A
B IER. ERARE, 48(17): 3404-3414.)

Zhou SQ, Lou YR, Tzin V, Jander G, 2015. Alteration of plant primary
metabolism in response to insect herbivory. Plant Physiology,
169(3): 1488-1498.



