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Physiological responses of different rice cultivars under herbivore stress

CHEN Wei"?, ZHOU Qiang" ", LI Xin', HE Guo-Feng' (1. State Key Lab for Biological Control, Sun-Yat University , Cuangzhou S10275,
China ; 2. Guangdong Cereal Science Institute , Guangzhou ,510310, China ) . Acta Ecologica Sinica ,2006,26(7) :2161 ~ 2166.

Abstract: The long-term co-evolution of plants and herbivores has lead to intricate chemical relationship within the plant secondary
metabolites. When the plants are attacked by herbivores, they trigger specific defensive signals to synthesize a series of defensive
substances and releases volatiles, which act directly or indirectly against herbivores. Furthermore, plant defensive substances are
mainly derived from secondary metabolites under different biosynthetic pathways. There is a considerable variability and diversity
in quantity and quality of these substances synthesized by herbivore damaged plants. This variability and diversity are determined
not only by developmental period, organ or past attacked, but also by the period time of attack. It is well known that the substrates
of plant secondary metabolites and defensive enzymes are all derived from primary metabolism, such as polyphenol oxidase,
peroxidase, lipoxygenase. The allocation of carbohydrates between plant growth and defence may lead to variations in secondary
metabolites of different species. Recently, there are many reports about physiological response of rice under adverse stress,
especially, some research works have indicated that brown plant hopper and white-back plant hopper elicits rice burst response,
but physiological response of different rice cultivars under herbivore stress at different time interval still needs to elucidated.

In this present study, rice-brown plant hopper was used as a model system for the study of plant chemical defense at
physiological level in relation to time course changes of soluble sugar and chlorophyll contents, photosynthesis and transpiration
rates, stornatal conductance, intercellular carbon dioxide concentration and defense enzymes. The results shows that soluble sugar
contents decreased significantly in different rice cultivars infected by herbivore with a corresponding decrease in photosynthesis rate
and chlorophyll contents. Non significant changes were observed with respect to transpiration rate, stomatal conductance and
intercellular carbon dioxide concentration. Polyphenol oxidase, peroxidase and lipoxidase in the rice plant were induced by

herbivore attack. Such induction was found to have time constraint, and were not consistent with different rice cultivars.
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HYSERERPNBRFEIET B TUEIRERBYREIEMWAERR., SEPEZEFR
Bkt BN EES, B3 — R BB XY RN G B R BERY ¥ 6L H 5 AR 5 1 By
BEHBRREFHNRYE TR, HUHBYRTERETARAY S RARMHEYKERBEYR, Y 5H
BHERHEARSBAFASHEYN B RAS SHEMTRHIE S, XHSEEMATEER AR
MY By REE T BTN FEIAM LT, R &I E £ F 530 H Y B 89 5 FE R E 22
LS. MAERKEYRANGBESYRANRYBIRETHY OO EQGE, n2BhE LB
(polyphenol oxidase, PPO) .1t & 4. ¥ B ( peroxidase, poD)! " B & A B (lipoxygenase, LOX)® % &t ¥ A £ 35
AR TER Y E R AP 82 AAWHT AR, TiE R A REYH LR ERBE=YZE K
Z5U, BT, EEME T ABHAERNE FENFAETAEREZHE ARAXHB CEARAT KARS
BERABONARN" Y AREEBEKB=EEBRNNNAENIHERENBIE TENEHFE—
FHA

AT LA/KFE-48 KB\ Nilaparvata lugens Stal AMRERX,VNELFZREHERNUTAEBSE AR E
SR OEEEE KRR KL T E N0 A B A B B L R B A S AR B AR AR, S A K RO (R A et
3 E B 38 B A SR R RFAE
1 #EE5FZE
1.1 JKFEEFH

TN1.Mudgo.IR36 FIMEH) 89(JX89)., EZHNEF RSB TXENEHNEAN (P10cm x 15em) , K FFLY
BKZE 4m AR (4 15d) #RK.

1.2 #HARH

BWEEARERBEBERIREHYERY, UBRE KB LRSS RaER, £ 2 B #HK.

1.3 KASAbE R BURE |

HIRKFEREI~ARAKND—BWER4~5L, BEH150~200 L, FARRLEA MEAER,F
HRERYS EE, LHETR—KEO L), A 24h 5 KIKTE 24.48.72.96h BL 4 REE. B THAHEBREKX
L, EME 10d £
1.4 KR FAIEERSENE

FRELO0.5g KREM i, ZERE M T MBI EARE, REFB B K, B BIAM T HRE +, mMAFEK
5ml,70°C K 30min, MALFHEMNBERAERREZREBRTEOR, HEAERAGMENL, EEZE
10ml, FWH=AMT WFMA 0. 1g BB, Bt ik, R EBFBRBENES . RAEERKNE 6200m 4L %
WA, HIMEPRAERIZR: B 0 ~ 200 pg/ml WA MR B E, MAGEHELNN ERBETETREESE
(mg/g)

1.5 KBEHAFHSRESENE

FREL 0.5 KR B, E REM TGP EABE BEBRH K, HBEIARTHRES, HEFH
10ml; B 2.5ml F—REH , MAFE 10ml, ## E 10min, R EFBRLEB D —REH, HWEH. L 80% K
VAR Xt BB, 43 B FE S8 AP AT I 5% 43 6 D6 T (UV-9100, Jb BB F 40 7 1L 28 24 B W E 645nm 1 663nm F B
W, SRITE:BHEETE =0.1x (20.2 ODgs,, +8.02 0D o
1.6 KM EEEHEE BBEER SIS EMEAE R R — S bk E N E

FAE#HERLE N E N (RS :C1-310),

1.7 EEMENE
FRBOK TG 4 150mg, EA BB ERMEK , REFEBEE 2ml WEOE, A 1.25ml KB 0. 1mol/L B


http://www.cqvip.com

D000 http://www.cqvip.com]

78 BRBL % R R KRG & b oxeh ot 3 Bl A H A 38 2163

BREPE MR (pH 7) , & 7¢/100mL T Z 4 ML ¥ 528 (PVPP) , A /S A 0.4ml 10% TritonX-100, B % 1 447 , 10000
x g B> 10 min, EIEW NN E PPO.POD,LOX (MBS . LAMMMERR (2.92mmol/L, pH 8 B% AR 4028 v i) 9K
Wi, B 470nm M E PPO HoIE T ; LA B A B (2.92mmol/L, pH 8 BEEREP S hil ) MK Y, 300 20 T EA R, B
£ 470nm & POD H¥EHE ; LA HBR (0.4mmol/L, pH 7 BB BZ B NEY (FE KR SH N 0.1% M-
20), B K 234nm WE LOX iEHE, DA MR WCOE I 76 5 3 UV-2201 B4 50/%7 R 43 6 6 B 3 kAT, WU 2
BT ZE /D 5 min, 30s B3 1 K, BEHRT R AOD/min/ EYHRE (g),

1.8 ¥HELHE
R 30 75 B4R 4 A SPSS 11.0 #H4T -5,
2 ER

2.1 AKBARSHHTEEESETR

BAEKBRMS INI EREESGE, HENMAFWITBEERSERET M, JLR KBS Mudgo.JX89
IR36 ZEREFERGE, HEKT AW A BEEESERELRANEL, EREEF L5, IX89 Fl IR36 M A
AEME S RAEL, BERMK, M AKBSH Mudgo EREIES 4 ~06 h MR BHBESBIIFRAEEN
B (R 1),

21 ARFESTRAKBRAMATFEMS R (mg/g+5.D.)
Table 1 Soluble sugar contention of different rice cultivars induced by herbivore (mg/g+ S.D.)

& A BXHE i 18] Sampling time (h)

Cultivars Treatment 0 2 48 7 96

TN1 %} B Control 6.73+0.15 6.74+0.03 6.78 £ 0.08 6.81+0.12 6.84£0.04
Ab 38 Treatment 6.69+0.09 6.67+£0.12 6.62+0.10" 6.54£0.05" 6.53+0.03"

Mudgo %} B8 Control 6.55+0.04 6.60+0.13 6.62+0.05 6.64 £0.10 6.63 +0.08
Ab 38 Treatment 6.58+0.06 6.58+0.10 6.55+0.16 6.51 £0.02 6.43+0.20

JX89 %} B8 Control 6.97+0.22 6.96 £ 0.06 7.00+0.08 7.01+£0.12 7.07+£0.10
AL 3 Treatment 6.94+0.18 6.93+0.12 6.87+0.07" 6.80+0.03 6.73+£0.06"

IR36 % B Control 6.10+0.08 6.11+£0.16 6.15:£0.12 6.13 £ 0.06 6.19+0.11
AL # Treatment 6.04+0.20 6.04+£0.12 6.05+0.06 5.81+0.13" 5.76 £0.20"

*» RAMBELBZEZRBE(p<0.05,:-BKE)  Significance difference between control and treat groups (p < 0.05, t-test)

2.2 AKBARSEHHTRESETRE

HEESAKREHEF TNI 72.96 h J5 ,HEESE B EH /D, Mudgo & F LA K IR36 & F ] 43 3 7 1% = 96.72
h)G, MG ESBETHUE, T IX89 FEMAA B M0 ~96h)FREAHFIHFRREFEBBEREM(K2),
2.3 FRAIKEBHEMAGER ZBER SASFERARER _SMAKKEZTHMIRE

HEFESKES 48h 5, KAG A TN1 DA K IR36 it} YA S B 8 T F&, Wil JX89 LA K& Mudgo #1 A B B [
Ko ZBEER SIS EMMEME R _EMREETHIFREE(FEI)

22 ARFESTRAKBIEMAHERK LR (mg/g+S.D.)
Table 2 Chlorophyll contention of different rice cultivars induced by herbivore {mg/g+ S.D.)

& Ab3E BXH¥ B (8] Sampling time(h)

Cultivars Treatment 0 2 48 7 96

TN1 %t B8 Control 1.54+0.19 1.46+£0.14 1.63+0.17 1.70£0.22 1.78 £ 0.16
SbFE Treatment 1.48+0.20 1.32+0.127 1.42+0.08 1.28+0.10" 1.25+£0.10"

Mudgo %} B8 Control 1.38+0.13 1.32+£0.12 1.42+0.07 1.38+£0.13 1.41+0.03
AL 3 Treatment 1.29+0.12 1.24 £0.06 1.34+0.08" 1.23+0.08 1.17£0.05"

JX89 %% B8 Control 2.01+£0.10 2.02+0.09 2.10+£0.13 1.88+0.65 2.19+£0.17
Ab 3 Treatment 2.00£0.12 1.99+0.10 1.91+0.03 1.87+£0.09 1.85+0.08

IR36 %+ B8 Control 1.61+0.11 1.64+0.16 1.65+0.10 1.72+0.08 1.79+0.13
Ab 3 Treatment 1.61+0.13 1.55+£0.06 1.48+0.05 1.39+£0.05" 1.40 + 0.06

» BEWBMGEZREREE(p<0.05,-8%)  Significant difference between control and treat groups (p < 0.05, t-test)
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Table 3 The changes of photosynthesis rate, transpiration rate, stomatal conductance and intercellular carbon dioxide concentration in different rice

cultivars induced by herbivore

LY Vi)

Cultivars Treatment

FAER(pmol/ (m? +s)) M BE (mmol/(m?+s)) SILTFBE (mmol/(m?-s))

Photosynthesis rate

Transpiration rate

Stomatal conductance

40 ff i) Bt — A BR o B

pmol/mol

Intercellular carbondioxide concentration

TN1 %} Control
AL F Treatment
Mudgo %} B& Control
AL F Treatment
JX89 %t f& Control
AL F Treatment
IR36 %} il Control
AL P Treatment

11.4+2.7
5.6+1.0"
6.7+0.8
8.8+£3.0

11.5+4.4
4.0+0.4
9.4+0.9
59x1.3"

0.45+£0.07
0.40+0.00
0.30+£0.10
0.33+0.25
0.85+0.21
0.40+0.14
0.60+0.00
0.57+0.21

11.80+2.69
7.85+0.07
6.93+2.48
7.07+5.06
19.3+5.23
7.95+£2.90
15.67+1.21
11.83 +3.90

413.05+ 4.
425.05+3.
423.57 3.
431.27+2.
421.60 0.
415.15+ 0.
423.13 £ 4.
430.20 £ 4.

45
04
02
14
7
07
78
77

* BEMBMLEZRLEREE (p<0.05,-BI) Significant difference between control and treat groups ( p < 0.05, z-test)

2.4 HEXKRS PPO.POD Kk LOX B A% SEFH ,(H A% i (8] BR ) i B & B Z [AIA — 3
TNl R FHERG, PPO LWIETETE 48h RBBH  RABTHR, 5 EEKHHF TEENER . Mudg 7EH
EES 72h, PPO LLIEHEBIB K, HHLMF IX89 7 R EiBE RS 24h, PPO LLIEHERN R BI R K, MLtk

IR36 EHEE RIS 48h, PPO LU IEH B E B/ T HEHEK(E4),

£4 RWESTEHKBMAF PPO.POD.LOX KL 7E 1 (AOD/min/g+ S.D.)
Table 4 Relative activities of PPO, POD and LOX in different rice cultivars induced by herbivore( AOD/min/g+ S.D.)

5 - B BB A] Sampling time (h)
Enzyme Cultivars Treatment 0 2 48 72 96
PPO TN1 %f B8 Control 2.54+0.52 2.52+0.57 3.14+0.24 3.06+0.17 2.29+0.19
AL HE Treatment 2.61+0.76 2.60+0.76 5.66+0.70" 2.74+0.63 2.19+0.12
Mudgo % B8 Control 6.86+0.72 6.50+0.80 6.45+0.57 6.45+0.58 6.41 +0.57
AL Treatment 6.78 +0.57 6.68+1.34 3.34:£0.74" 7.97+2.52 7.01+0.81
JX89 %f B8 Control 5.92+0.29 5.67+0.68 5.62+1.26 4.88+0.28 4.72+0.61
4L 3 Treatment 5.88+0.44 6.28+1.98 5.42+1.54 4.85+0.50 4.50+0.32
IR36 ¥} & Control 2.88+0.15 2.83+0.23 3.46+0.49 3.25+0.27 3.59+0.41
438 Treatment 2.64+0.51 2.70+1.41 10.60+2.46" 3.83+0.94 4.38+0.75
POD TN1 %} B8 Control 26.53+6.70 23.3817..52 25.04+7.95 27.14+6.31 28.58+1.54
AL 2 Treatment 26.59 +6.41 27.38+6.58 27.96+4.49 30.80+3.87 32.30x1.71"
Mudgo X} B8 Control 29.65+1.62 29.35+0.92 31.35+2.41 32.75+1.63 30.69+2.35
438 Treatment 29.32+1.81 31.42+1.97 33.34+1.71 34.55+2.16 32.03+2.63
JX89 %f & Control 32.41+2.19 32.81+2.84 29.58+1.76 30.42+1.54 34.63+1.86
438 Treatment 32.34+2.98 36.27+5.63 32.16+7.13 32.83+2.61 31.41+1.64
IR36 %I B Control 20.59+2.28 20.45+0.74 22.84+1.06 24.47+1.00 23.95+1.42
AL HE Treatment 21.06+1.87 22.01+1.89 30.06+1.55" 30.86+1.96 29.74+1.30"
LOX TN1 Xt & Control 1.02+0.07 1.03+0.08 1.10+£0.19 1.10+£0.11 1.16 £0.12
AL 38 Treatment 1.04+0.06 1.53+0.08 1.43+0.08 1.26+0.20" 1.25+0.12
Mudgo Xt B Control 1.23+0.07 1.29+0.10 1.23+0.13 1.19+0.18 1.06+0.10
4b# Treatment 1.18+0.15 2.54+0.06" 2.47+0.14" 2.16+0.20" 1.98+0.26"
JX89 Xt B Control 3.29+0.12 3.47+0.04 3.42+0.33 3.48+0.48 3.30+0.21
438 Treatment 3.19+0.14 4.10£0.02" 4.16+£0.17" 3.97+0.11 3.76 £0.27
IR36 X§ FR Control 2.17+0.20 2.35+0.06 2.13+0.19 2.10+0.15 2.29+0.10
AL B Treatment 2.20+0.11 2.18+0.06 2.17+0.16 2.34+0.19" 2.20+0.18

* RAWMBHLBZEMEREE(p<0.05,:-BHK) Significant difference between control and treat groups (p < 0.05, t-test)

ARIKEHFHNTELYEEEKFEIET 20 NMLiFEE B A, BdES B TNL M 5 POD LLIE
HEFERRE 96h, MEFRBKEHLEENE, ST EEKRYH POD HHHL, 2R EE(p<0.05,:-BE),
Mudgo A FHE R EHES 72h J5, POD HLiEHABIRFE . IX89 X HBAEMEM i POD 5§ R EFFESHBLM H POD
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EH AR 30 ML EEAN, EREFE S 24h J5,P0D LIEHRE K, BF IRICERFBIHEEMT H
(48 ~96h) 49 POD Lh{& PE X B B & F > AR - POD HTEME (R 4) .

TN1.Mudgo 1 JX89 ZE R EFEF 24h J5, LOX WILIEHBEXM BEKHE AT . Mudgp mMEREH T 24
~96h, LOX L EHE TR&E,HENBER T BEK, X8 EREE T 48h 5, LOX HiEHEEII K,
i IR36 M7ZEREES 72h J5, LOX LEBEHER(E4),

3 it

KBEAIRERRE, TRHAHENBROTRSHY BB HRNEIHX. NEREFAETMS,
BTN AR, EETHYNEOE, ERERRS 8, ERREEDEBERA", A5
HMMBRKEYFENERER RS, WERPIET Hofland SAEB M SHERBAHELXRZRPHIARL
7, B TARGHYRNREEEOERY RS, SRS ER A, TR EER SR . f
AR, UEESESEMBSREYAEZEYERE  MRIBEIBERRENSER,

AREKBHFANEEBRSHRENEERA -, 0, RESHH NI iERH IXOEREEREEHE
AETH,BERMH INNHEESENAAERBE TR, MTERAEMOMHFHRRXIBRASHER
HEHBERNEL, XHEARERFA LAY R RSN EERASHEYN, It SBRER M
e BRI ERAEN, XE5HMEDNEXR ML B FESHFRALERAM,

BRYFNEMERIRBR T REFRLETEYEORRSRTE. AWARAEYTEEESBIES
REM YA R R R AT, SRR AEEREYR MR UEEIHEERET
AL, T EX AR T AESMESFBEFHEMHELFE. #F—PRA CNEEUREEHYRES
BARXAHT, R AT A RS HEBK LSS ], WA BRIMEN RSN,

HERHYREREERFESNEDLEGHPREREMEM. PPO R—HXFAREZERBEFNILESN
BEA, MEREMEMGEAEYY BH S DAY EXSHAMPEFEN - SERRRRAKEN
Yitk, AP AN, 8 KEBERKBH PPO LLEHE—EHEAFAE , RAEHHA TR, XTTERHEAYEE
FHEEHRRIEHN, FAE—ENREYRERHERENRSESER, B TXEREYRIRN &
BXE SRS EFEERA Y, AE—-BNEESEHIA TR, POD B REREEE LAY, R
AT, MAEYEZEYEF a8 % KIS pOD™™ . AW P HILR MK 89 £ S 24h B} POD W15
HMEZRBEMRE, MREMAF INL 5 POD BHESHERFHAR, AL EFEFFERIEH N, B 96h 1Y,
EHRA. XN REEPHEN O ERERI, EARERMERERNERIN—F 7. LOX f#
WAL B T B S R T SRR 4 R A R R A s B BR T BT E AL R AR L A R T RB B A X
S E AR REEM, BHEARL, RERVRAESHRRAFGRE ", Fit, LoX taEME L T RKR A
REF R, FFRRIENEES FHE— R HHEERENEINTE AR —RIGEYES . &R
8 KEAS RRAKRE R LOX HERRBREMERER, SZHAXRERRKBERE HEERYH T
FAREMEATE" XA LOX 7] LAE N RE S /K 78 By S R i —Fh 38 m W R

s EX KR H PPO.POD 1 LOX ¥ B A BESIERA, L4 KR8 5 F Mudge, B Xl 89 1 IR36 F &+ PPO #
POD 7E 48 KA\ R )5 BIA B B M K9 i (A1 A — B, 43 3129 72.24h 1 48h, TR F LOX #Y 1% T W [A] &0 & A 4
., BF LOX ERFEWEKERETPNFEEEREA, Bk, REVE S /KT PPO.POD 1 LOX Y B 1 W L
MEAMEAKAPBHZ AMHENENRI, HAARANFESRBEWITREEES/ER QB8 Y EAHE
FANGER, B—FHARBENRI,

AR —-FERRTRERFSG AR ERFF KB UEESIEENN RZARIE, hiE—2 TREY
FEREWE T HAEBTSTRATNKE. ARG —SHRTRERAEESKBEALEEE LT, AR
BROESEEEENEHRM. B THAMKEERBENE REURAEGHEGZEE, HTFHE S
K. AERS THREYREZESHNEURRTOMAXLXLR AREFNAAEYSERAMMEXE, IR
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