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Induction of Disease Resistance by Benzothiadiazole and Methyl
Jasmonate in Relation to Activities of Defense-Related Enzymes

MA Bao-cheng, ZHU Shi-jiang

(Guangdong Province Key Laboratory of Postharvest Physiology and Technology of Fruits and Vegetables, College of Horticulture,
South China Agricultural University, Guangzhou 510642)

Abstract: [Objective] The effects of benzothiadiazole (BTH) and methyl jasmonate (MeJA) on induction of disease resistance
in harvested bananas in relation to activities of several defense-related enzymes were investigated. [ Method JHarvested banana fruits
were sprayed with BTH or MeJA solution before being stored at 22°C. The disease incidence and 6 defense-related enzymes were
monitored during the storage. [Result] Compared with the non-treated fruits, BTH and MeJA treatments significantly reduced the
disease indices of non-inoculated bananas and the lesion diameter and disease incidence of bananas inoculated with Colletotrichum
musae. The determinations of activities of the defense-related enzymes peroxidase (POD), catalase (CAT), polyphenol oxidase (PPO),
phenylalanine ammonia lyase (PAL), B-1,3-glucanase and chitinase showed that BTH and MeJA treatments enhanced the activities of
these six enzymes in both un-inoculated and inoculated banana fruits. [ Conclusion JThe results suggested that the control of decay of
postharvest bananas by BTH and MeJA may involve the activation of the disease-related defense system and that the defense
response induced by BTH in postharvest banana fruits appeared to be different from and also related to that by MeJA.
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FUm R R, A 06 TSR i SRR 10 R S
(g 7R BLAE, ATk 5 5 S
G gumti ks f R s R Em DY, Uit Aot
J£1 SA (salicylic acid, K& ZTEHETHHEAIPUN R
Nk R et ehu e R FH Ceentral role) (1915520 7). BTH
(benzothiadiazole, ZRIFEEEZED nLABALL SA L
o AN BTH BRRSATAEY) A R GRS DL,
ifi BTH A% B 847 Ml e 9 B Km0 JA
(jasmonate acid, KR ) Fl MeJA (methyl jasmonate,
FHME N L2 SHPURACIIE ST, 35
HSA NG ARGIAFEDE (SAR) AFI&AEN,
FESL R (AR S S A BAE T Rt R, SA il JA
25 (455 5 R 1R R AE A X ) XA AE B R R
(crosstalk) M, Jr4EK, CRAAEZHAIEY HIiE T
BTH 1 MeJA #& =i PERZ0N . X BTH B0
T A A 46 3 it AN i UL g g e
S0l R BT R USIAE % JA I MeJA FIRFSY 3
A T AR R g S R | 1O gy AL
BEUSAEAEBR S T % . EAFSE DI A1) 7E
YEW) ERIETUN 2 A7 % %¢ BTH A MeJ A 5 S 400
MERION S LU, A 0 B e A T R R A T T
DT R e AT BB R G s i 1) 2 S AL itk . B
P ART,  CE JEAE  Hor g8 . DR S A
IR, T BTH R MeJA #5558 L2 R R0 & e
BUHI, EFRE FRISEE A — e iE . [RlRok
{10 S 1) 50 DA SC A2 SR BTH I MeJA AbFE XS 7 4
S SEHUIR M A 3 R S A 2R G A DG S M ) Bk
R, BERRIK BRI I S YT R G A A
M AE AL o

1 #RIERZE

1.1 ##

R T 2003 4 5 H ~2005 4F 10 HAEEm AR
ST RS R R TSI = AT A A RN
L (Musa spp. AAA group cv Brazilian) , K H/ M
7 B X by b o SRS R 7~8 . Bk
R IE, AL, o B SRR .
FRAKIEVERE 2 W, BT 500 mgL! ZKFE
7 2 min FEAERAE R, NgtT.

1.2 REAHZE

1.2.1 BTH Fl MeJA #0224 14 200K & T 4538
% BTH FI MeJA ¥ i LAVt 25 (1) 75 20K B #8 L i 1)
IR, SLRIREHEERIAS, #E, BT 22°C24h, 0%

FATFES I, 4REAE 22°CIgik. L BTH W 5 MR
AFE: 0.05. 025, 0.5, 5. 50 mmol-L", MeJA ¥ 4
ANREEE: 0.001. 0.01. 0.1 0.5 mmol-L™. PAZEMH/K[H
FENE 2 A FE N 0 . REACFEEE AT 3 Wk, BEEAL 20 MR
Foo BRI DU 58 B g 15 P B0 S 4% AR T 2500y
oo WEHART N 5 B 0 P, ARG 148, W
TR SRS TN 25%0A R 2 9, R BEIHIR AL s T
1 25%~50%: 3 2, TR BEIHAR d7 RS TR 50%~75%:
4 2%, B RS 75%~100%

i 15 ¥8 # ( disease index, DI ) HI it & -
DI=[Y(Nx-X) -100] /(4YNx), X X 4 0~4, EIKIHE
TR s Nx AR 500 RN hR s 225K,
I I Fa 2 H 0~100.

1.2.2 BTH Fl MeJA KRR B 5 A 88 K00 113
W RSP 45 B, BTH IRJZTEHEAE 0.05~5
mmol'L", MeJA WJEEFEILE 0.001~0.1 mmol-L",
B R T AR S R Bk, 78 iE R,
KW 0.5 mmol-L™' () BTH FIWKJE A4 0.05
mmol-L™ [{] MeJA AbBEAAE RS, DIZRIEAK AR,
PR Lo BRI 3K, FIKER 20 MR,
MHR SR A EALE 12 h N T B R R
(Colletotrichum musae) 3. Bl: M HIR A TIE
BERST B4 BRJER 1A, T PDA (potato dextrose agar)
Brgedt BaEgR, 16 25°C FERFE 7 d 5 2K e R 4y
A7, I 2x10° AN F/ml (BT AR R B
T2 BTH Fil MeJA b3 ¥ 52 o 4N S 5300 T3 AW
T JER 2 AN . BT 22°C+0.5° CIAME R
HRTR. MERIRTEUL, FEih sz se 45 B 1R 3t
HE (em) FIRIFE,

1.2.3  FEPURNMCEEE e oA
(POD) . MEAALEEE (CAT) . ZWHAIE (PPO)
Wil (R LS R Jiang! ) 5k

POD Ji5PEII 5 2 Polle 24 f# )52

CAT J5 PRI 2 2 1 Aebi™ ¥ 5%

PPO 35 MEIN 2 2 [ Galeazzi™ 1) 75 ik

KNAMRIREN (PAL) JEVEMIIE S8 Lister
AETURIRK B 6 2P i n A ek . BIUR IR AHZ0 1.0 g
Jn 4 ml0.05 mol-L" TV MIBNERZE 0 (pH 7.0) , UK
WWTEESIS 5, 15 000 r/min T° 4°C &0y 15 min, b3
WOH T 52 PAL 357 .3 ml S AR R4 0.4 ml B,
1.6 ml % S mol- L™ 33t 4FEM 0.1 mol-L™ (IR ZE ph
W (pH 8.8) , 0.02 mol'L"' L-#E I IR 1.0 ml,
TRA)JE LRI E ODago #JAAMH, 38°C R 3 h FHllE
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OD,y, PAEE/NEF OD 224K 0.01 53— AT,

JUT RS PRI 52 2 1 Trving A1 Kuc® ) 77
wE, BEEEGE. 0.1 mol'L' pH 4.8 BEMRZE, 1: 4

(w/v) FIUKAEIEEE, 15000 g &0 15 min (4°C)

Pifs BigE R R RS . B 0.4 ml B, 0 0.04
ml 1% 2F B, 78 37°C N R 30 min, 5 4=
1) N-S e, RIS RJLT gk, — NS
P 5E O AERPRERCL 1 nmol N— ZL P95 B e T #5222 1)
(558

B-1,3- 71 SRRk (1 D0 52 25 M MauchPOr) 7 ik
1.3 SHitHh

KB K2 52 il T g b

2 HER5HM

2.1 BTH#AMeJA M REMREEEENZI
2.1.1 BTH F1 MeJA &l # £5 1148 A0 1 300
BTH A2 & B B R i8R . A 1-a AT LA
FE 4, BTH ALFEFE 0.05~50 mmol- L Y [H N, &AW
PR EOOMT X, HBER T, i HR BRI,
H 49K A E) 50 mmol- L i, 7% AR R i s 4,
R ERA, BIZIRE BTH i m. 5 7 EN
AR, LLRE A 5 mmol-L™ ) BTH &b B4 i i 42
R e, AR 10d )5, MR 3.3,
M LT A, witsfagch 95.0. N
0.5 mmol-L™" [y BTH 4b#E 5 5 mmol-L™ [ i R SR AR
I, T H B TR AR 10 5, Wt i bl & R
MeJA Ab B A DA ki s 2. AL 1-b
A LAE ), MeJA AEFEAE 0.001~0.5 mmol-L™ Y [E 4,
P LS BRI A P A 5 PR . IS FR BT B MeJA

120
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= 20}
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AR T ) JES EAR  (H ISR A LB A5 (1)
AP, RUWREL A, ARG KSEREH, 4
MeJA [P EE R 0.1 mmol-L™ I, #2875 A5 i 2 1 ke o1
U, SRR 10 K, ST FaEch 20.8, XA 95.0.
2.1.2  BTH Fl MeJA X 2 85 s 2 [A) 57 A e 25 11
e N 5 mmol- L i) BTH A10.1 mmol-L™ 1)
MeJA AbHRA BRI SO B, AR5 10 d i 4
B A DRI, 00 S P A Ak B %) 7 R 2 i L 907 7
B, IS RTROEAT LU, BB T T Pl
H(E2) .

POD 3 : % HEAE S 8 R — /MR 5 BTH
I MeJA Ab BRI, HE IHE BTH Al MeJA AL FE ()
A1 T 0 B, 55 6 RS 12 K5 06) (1 2 S e ) 11 A
{H BTH F1 MeJA 4bFE 2 [8] 1) POD 8 A48 1% K,
FILH AR R A

CAT 3fPE: BALFEM) CAT WHPEAESS 8 RIf —
45, WETta, BHshERME ARG, BTH
KPR FELESS 6. 8 10 K, MeJA AbFEIILESS 8
10, 12 K CAT Wtk & 0 . BTH ALEEFI MelJA
AR B2 CAT SR AR AL

PPO §iitt: #AbFL) PPO VE A SAAIL, HI7E
8 KA —I&1H, {0 BTH F1 MeJA ALBE {75 £ PPO &%
—E TR

PAL 5. KRG PAL vtk 8 FR##4%, BTH
b TR NER 8 AT M T e, 55 10 R 12 R340
MeJA A PRI A 88 PAL WG PERAGECFAS, 1R 8. 10,
12 R T0

B-1,3-71 SRBE M M ) R )R AR I ) 6~ 12

120
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The observation of the disease incidence was done 10d after treatment. The columns with different letters are significantly different at P=0.01

1 AEREGY BTH FA MeJA R IBIN S B EE LM R

Fig. 1 Effects of BTH of various concentrations on control of postharvest banana decay
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d T, BTH AEE S5 B A—, 5 o) S
PEr . MeJA AR TEARAK, HUEAES 6 Kis
TXf

JUT SRS I - W HEFD BTH ALBE 85U T Bl
AR A, H R R E RS R, 1
BTH AbFE TP T . MeJA AL 56 S Jim ik
Tt T 12 R TR,
2.2 BTH#0 MeJA XM#EMRERGEENZMN
2.2.1 BTH Fl MeJA X[Jp B AR RN 2RI 2 (1)
s K 3-A TRLE W, TEEMIEINE 14 K, &
BTH 1 MeJA Wb A & SRR R R 5, i B AR5y
54 0.84 1 0.46 cm, BHZ/NTXIHEA 1.79 cm, %57

Effects of BTH and MeJA on activities of defense-related enzymes

MR (P=0.01) « MWREEHKSE, BME
HEIH 9 RZEFAK, o MhBRLFIGS I 22 P R i R
FIHERS Bk K : T8 BTH A FHIL /& MeJA AbFRHY
BRI NG, T IR, R EL LI
e, BTH AbHE [R5 BE EL ARG KT MeJA b3,

FERN BRI T L B B ARARL (] 3-B)
FERNE 0~9 d ZZRBN, ZJa, KRR R 2Tt
i, AR PRI AR 2 AR IR NS, Rl & BTH AL FEIH)
FR, MR 10 RLME, AIRERKIR/N. BTH 4b#
M 11 RARIE =T MeJA ALBE, %5 14 K5 MelA
IR 25
2.2.2 BTH F1 MeJA YRR I R )G A BEHTWIAR K
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Fig.3 Effect of BTH and MeJA on lesion diameter and disease incidence in bananas inoculated with Colletotrichum musae
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Fig. 4 Effects of BTH and MeJA on activities of defense-related enzymes in bananas inoculated with Colletotrichum musae
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CAT 35 PE: Xof HEAE SN 5 A ) s A T vy, {ELAR
TBIRIEEE /N . BTH Fil MeJA Kb 38U KARIRE, 16
B3 RANES 12 R EIE(E . BTH ALBRIITEES 3
KA 12 K454 18.03 A1 20.52 U-g'FW, MelA it
PRI 20504 17.45 F123.36 U-g'FW, &= TR
11.47 #113.42 U-g'FW (P=0.05) .

PPO i E: Ab BTG BEAE B M i JH B 5 SRR T
R LT a3, {H BTH A1 MeJA A3 (T % )
SRR

PAL &t X IULT-#A 24, 1 BTH 1 MeJA
Qb FEAE N 5 ) 35 v 0 R

B-1,3-I MMV M AbIRAS fY 2 B,
HALEE BRSO, PRk, BeMUEEE 6 Kild, BTH
A MeJA AbFRY) W2 5 TR (P=0.01)

JUT RS 6 0~9 d JLIEAEk, 2 )5 PR,
BTH Il MeJA 4bFE53 7T 6 d F1 3 d HHBLIEAE, 7655 6
K, BTH AbBERUG 235004 7 097.3 F1 3 536.7
U-g'FW, 45 3 K, MeJA ARG I 4 5k
6 5442 A1 3 900.1 U-g 'FW, AbFAN RG22 1A
M B (P=0.01)

3 itig

TEARIE T, ANFEREER BTH F1 MeJA 4K 5
TR WEBE TR, AE—eiln, #
THIIGE 2 PR R R A BE A BRI 5 (B T M iR R a3y, X
55 Thaler 20 ER At 145 FABl. AR, Thaler 25
PRI T BTH 75 0~2.5 mmol-L™ 3t i 4 7 46 (40w 1k
SN, BATHRE PRI . X MeJA, MR W S AE
WiPem e R BT R R IE . EAIRK R, BTH 4b
HUR G A S HORPER EBRIR S 5 mmol- L™, i
MeJA AbFE ) 1 BRI 0.1 mmol- L

JiFEAH S (pathogenesis-elated proteins, PR
EAD EHRELT A B-1,3-F O AL A A B
SR AN SA RN T I Th gAY
BTH w3 FEAH <R A (PR proteins) &K )Rk,
I AR SR BRI, HRPUVE 2 AN IR R0 S R AR
ZEB . KW R ], BTH ACFEE S T AR BR ORI 1# 1)
TR OGO B-1,3- R 2R B . LT oA A
ARSI R (B 2 S T HREN RS
FRPEBCE, MITTHEE] T R k4 . BTH ALBE (1) 7 4
CAT. PPO. PAL “&PiflgrG e s (8 2) , &
X LAl 5 A& ORI G, X5 ETA A
(=L A1 S Sk G

SRFTIRAT A 05 18 S B ke A B SR, MeJA
Al LA SR E R4 Alternaria brassicicola 11 Botrytis
cinerea [(IFTIERT, H JIA S PURGE SH SRR
SA FHFMA . SA 1551 SAR 5 PR S AMRIAH
KPS JA AP S IR R SRR R IR IA
SN WL, SA Al MeJA ¥ IMHIHE 5248
BEAH L AB P AR X, ARFFTH, MeJA AbFEA
REXT AR B Ph R JEL B 1K A S B- 13- SRBH R L T il
FEAERRE S, T BTH ACHL G FH X 4 PR BTG
PE—Hm TR (B 2) , 1 H MeJA Al BTH Ab#[H)
AR I 1 A B S A A Il P B 7S 7 A I T A
K, RIHAH R . X275 B MeJA F1 BTH 7F
FETES TAFEYUNGE S 2852, GR—Du
5t M CAT #1 PPO WM KT, MeJA I BTH ALBE
AR I T AL BN &R %, i B CAT. PPO
I PAL 35 PE 2 Bt ie) i T (B 2) o Xit—D 3%
B MeJA XA B T 2 )48 1) 5 0k S i s 2 1) 4 v
Ko

BTH Fl MeJA AbBEABHR 5 T H i i B 1) B 260
WARSCEEIIEYE (B 4) , X5 REERI 1S
FAALL. (HAFERME, FREEMRIAEG, BTH
MeJA  KbER (1) A8 a3 Lb AR Pl B R L T 2 1A
Ik, HIERFIYLEAT fEE— 0T

25 EFTI&, MeJA F1 BTH Kb A B 2 (1ML
HREETIHST T HERGIREEDUE, Was T A&
IR RS 76 BRI, MeJA FI BTH X
3 FhBHEEGE (CAT. PPO. PAL) (RSZMIAHAL, {HX) 3
PR FEAR DG T (B-1,3- M5 WEG . LT oM A i 44k,
YINGE) WOV AN o FERERN R I & R, MelA
U BTH ATl E (4 6 iy 48 i 1) 5% i S5 AEABL o ASHIF 50
SRYILRY, EFED LMY T —R, 0
MeJA F1 BTH 753 1 PRI [1] 1R 005 J5 B A2 WA 77 22
MM BERR.

4 i

WG LS L], BTH M1 MeJA A3 n] L% S
KIG B RGN, M HE e kA R
e U P LB AT RETE TS T A& BRI R 4
MeJA FI BTH 75 & #2052 Bif S HP0m OV A 2 57
NABER

References

[1] Wills R, McGlasson B, Graham D, Joyce D. Postharvest, an



1226

doE ok W A %

39 %

[2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

Introduction to the Physiology and Handling of Fruit, Vegetables and
Ornamentals. Sydney, Australia: University of New South Wales
Press Ltd, 1998: 9.

Eckert ] W, Ogawa J M. The chemical control of postharvest diseases:
deciduous fruits, berries, vegetables and root/tuber crops. Annual
Review of Phytopathology, 1988, 26: 433-469.

RMVE. REMEZEWRGEAR. AR, 1993, 174(10):
22-23.

Zhu S J. Horticultural postharvest technology in the United States. The
World Agriculture, 1993, 174(10): 22-23. (in Chinese)

Holmes G J, Eckert J W. Sensitivity of Penicillium digitatum and P.
italicum to postharvest citrus fungicides in California. Phytopathology,
1999, 89: 716-721.

Karlsson S 1. Agricultural pesticides in developing countries.
Environment, 2004, 46 (4): 22-41.

RULT, R, ik, Rk, HaER SRR 5 &8
RERRPER AR, BRI, 2004, 37: 406-409.
ZhuSJ,JiZL, An HL, Wu Y T. Induction of disease tolerance of
postharvest bananas by cruide extract from peels of green bananas.
Scientia Agricultura Sinica, 2004, 37: 406-409. (in Chinese)

Wilson C L, Ghaouth A E, Chalutz E, Droby S, Stevens C, Lu J Y,
Khan V, Arul J. Protential of induced resistance to control postharvest
diseases of fruits and vegetables. Plant Disease, 1994, 78: 837-844.
WM, TRIEIL, FAER. RER)SESTUNTE. MY E R,
2002, 19: 412-418.

Huang X M, Zhang Z Q, Ji Z L. Induced resistance to postharvest
disease of fruits and vegetables. Chinese Bulletin of Botany, 2002, 19:
412-418. (in Chinese)

Jirage D, Zhou N, Cooper B, Clarke J D, Dong X N, Glazebrook J.
Constitutive salicylic acid-dependent signaling in cprl and cpr6
mutants requires PAD4. The Plant Journal, 2001, 26: 395-407.
Gorlach J, Volrath S, Knauf-Beiter G, Hengy G, Beckhove U, Kogel
K-H, Oostendorp M, Staub T, Ward E, Kessmann H, Ryals J.
Benzothiadiazole, a novel class of inducers of systemic acquired
resistance, activates gene expression and disease resiatance in wheat.
The Plant Cell, 1996, 8: 629-643.

Glazebrook J, Chen W Q, Estes B, Chang H-S, Nawrath C, Métraux
J-P, Zhu T, Katagiri F. Topology of the network integrating salicylate
and jasmonate signal transduction derived from global expression
phenotyping. The Plant Journal, 2003, 34: 217-228.

Kunkel B N, Brooks D M. Cross talk between signaling pathways in
pathogen defense. Current Opinion in Plant Biology, 2002, 5:

325-331.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Anfoka G H. Benzo-(1,2,3)-thiadiazole-7-carbothioic acid S-methyl
ester induces systemic resistance in tomato (Lycopersicon esculentum.
Mill cv. Vollendung) to cucumber mosaic virus. Crop Protection, 2000,
19: 401-405.

Latunde-Dada A O, Lucas J A. The plant defence activator
acibenzolar-S-methyl primes cowpea [Vigna unguiculata (L.) Walp.]
seedlings for rapid induction of resistance. Physiological and
Molecular Plant Pathology, 2001, 58: 199-208.

Perez L, Rodriguez M E, Rodriguez F, Roson C. Efficacy of
acibenzolar-S-methyl, an inducer of systemic acquired resistance
against tobacco blue mould caused by Peronospora hyoscyami f. sp.
tabacina. Crop Protection, 2003, 22: 405-413.
Burketova L, Stillerova K, Feltlova M. Immunohistological
localization of chitinase and f3-1, 3-glucanase in rhizomania - diseased
and benzothiadiazole treated sugar beet roots. Physiological and
Molecular Plant Pathology, 2003, 63: 47-54.

Navarre D A, Mayo D. Differential characteristics of salicylic
acid-mediated signaling in potato. Physiological and Molecular Plant
Pathology, 2004, 64: 179-188.

Liu H X, Jiang W B, Bi Y, Luo Y B. Postharvest BTH treatment
induces resistance of peach (Prunus persica L.cv. Jiubao) fruit to
infection by Pernicillium expansum and enhances activity of fruit
defense mechanisms. Postharvest Biology and Technology, 2005, 35:
263-269.

Dong X N. SA, JA, ethylene, and disease resistance in plants. Current
Opinion in Plant Biology, 1998, 1: 316-323.

Clarke J D, Volko S M, Ledford H, Ausubel F M, Dong X N. Roles of
salicylic acid, jasmonic acid and ethylene in cpr-induced resistance in
Arabidopsis. The Plant Cell, 2000, 12: 2175-2190.

Lorenzo O, Piqueras R, Sanchez-Serrano J J, Solano R. Ethylene
response factors integrates signals from ethylene and jasmonate
pathways in plant defense. The Plant Cell, 2003, 15: 165-178.

Yao H J, Tian S P. Effects of pre- and post-harvest application of
salicylic acid or methyl jasmonate on inducing disease resistance of
sweet cherry fruit in storage. Postharvest Biology and Technology ,

2005, 35: 253-262.

[23] Jiang M Y, Zhang J H. Effect of abscisic acid on active oxygen species,

[24]

[25]

antioxidative defense system and oxidative damage in leaves of maize
seedlings. Plant and Cell Physiology, 2001, 42: 1265-1273.

Polle A, Tilman T, Seifert F. Apoplastic peroxidases and lignification
in needles of Norway Spruce (Picea abies L). Plant Physiology, 1994,
106: 53-60.

Aebi H. Catalase in vitro. Methods Enzymology, 1984, 105: 121-126.



6 PR R 2R EURN SR AT FH X SR B 4 R S0 1 B A DR Tl 7% 2 P 2 T 1227
[26] Galeazzi M A M, Sgarbieri V N, Constantinides S M. Isolation, induces resistance to Colletotrichum lagenarium and cucumber

[27]

(28]

[29]

[30]

[31]

[32]

[33]

purification and physiochemical characterization of polyphenol
oxidase (PPO) from dwarf variety of banana (Musa cavendishii L).
Journal of Food Science, 1981, 46: 150-155.

Lister C E, Lancaster J E, Walker J R L. Developmental changes in
enzymes of flavonoid biosynthesis in the skins of red and green apple
cultivars. Journal of the Science of Food and Agriculture, 1996, 71:
313-320.

WRBHOGS5. RN R IR B (PAL) WETEMIE. W. B¥NE. H
WAL TM. Bl BREREEROR I ARAL, 1985: 191-192.

Ouyang G C. Detection of activity of phenylalanine ammonia lyase. In:

Xue Y L. A Guide to Modern Plant Physiology. Shanghai: Shanghai
Science and Technology Press, 1985: 191-192. (in Chinese)

Irving H R, Kuc J A. Local and systemic induction of peroxidase,
chitinase and resistance in cucumber plants by K,HPO,. Physiological
and Molecular Plant Pathology, 1990, 37: 355-366.

Mauch F, Hadwiger L A, Boller T. Ethylene: symptom, not signal for
the induction of chitinase andf-1,3-glucanase in pea pods by
pathogens and elicitors. Plant Physiology, 1984, 76: 607-611.

Thaler J S, Fidantsef A L, Bostock R M. Antagonsim between
jasmonate- and salicylate-mediated induced plant resistance: effects of
concentration and timing of elicitation on defense-related proteins,
herbivore, and pathogen performance in tomato. Journal Chemical
Ecology, 2002, 28: 1131-1159.

Xue L, Charest P M, Jabaji-Hare S H. Systemic induction of
peroxidases, f-1,3-glucanases, chitinases and resistance in bean plants
by binucleate Rhizoctonia species. Phytopathology, 1998, 88:
359-365.

Smith-Becker J, Keen N T, Becker J O. Acibenzolar-S-methyl

[34]

[35]

[36]

[37]

[38]

[39]

[40]

mosaic virus in cantaloupe. Crop Protection, 2003, 22: 769-774.

Ryals J A, Neuenschwander U H, Willits M G, Molina A, Steiner H-Y,
Hunt M D. Systemic acquired resistance. The Plant Cell, 1996, 8:
1809-1819.

Raskin 1. Role of salicylic acid in plants. Annual Review Plant
Physiology and Plant Molecular Biology, 1992, 43: 439-463.
Mohammadi M, Kazemi H. Changes in peroxidase and polyphenol
oxidase activities in susceptible and resistant wheat heads inoculated
with Fusarium graminearum and induced resistance. Plant Science ,
2002, 162: 491-498.

Thomma B P H J, Eggermont K, Penninckx I A M A, Mauch-Mani B,
Vogelsang R, Cammue B P A, Broekaert W F. Separate
jasmonate-dependent and salicylate-dependent ~ defense-response
pathways in Arabidopsis are essential for resistance to distinct
microbial pathogens. Proceedings of the National Academy of
Sciences of the USA, 1998, 95: 15107-15111.

Ward E R, Uknes S J, Williams S C, Dincher S S, Wiederhold D L,
Alexander D C, Ahl-Goy P, Métraux J-P, Ryals J A. Coordinate gene
activity in response to agents that induce systemic acquired resistance.
The Plant Cell, 1991, 3: 1085-1094.

Shah J, Kachroo P, Klessig D F. The Arabidopsis ssil mutation
restores pathogenesis-related gene expression in nprl plants and
renders defensin gene expression salicylic acid dependent. The Plant
Cell, 1999, 11: 191-206.

Maleck K, Lawton K. Plant strategies for resistance to pathogens.
Current Opinion in Biotechnology, 1998, 9: 208-213.

(SEfESAH HORID





