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Salicylic Acid Increases Resistance to Fusarium oxysporum f. sp.
phaseoli in Common Beans( Phaseolus vulgaris L. )

XUE Ren-feng'>, WU Jing’ ,ZHU Zhen-dong®, WANG Lan-fen”
WANG Xiao-ming” , GE Wei-de ', WANG Shu-min’
(' Crop Research Institute , Liaoning Academy of Agricultural Sciences ,Shenyang 110161 ;
* Institute of Crop Science ,Chinese Academy of Agricultural Sciences /National Key Facility for
Crop Gene Resources and Genetic Improvement , Beijing 100081 )

Abstract ; Common bean is one of major food legumes with high nutrition and large production area. Fusarium
wilt has been a seriously soil-born disease and caused a great loss to the production of common beans. Salicylic acid
(SA)is considered to be one of the important signaling molecules involved in plant defence reactions and has been
proved to be involved in plant hypersensitive reaction( HR) and systemic acquired resistance (SAR). In this study,
we treated the leaves of common bean cultivars BRB-130 by different plant hormones. The results indicated that the
levels of endogenous SA in bean roots were increased when the leaves were treated by SA | the resistance to Fusari-
um oxysporum 1. sp. phaseoli isolate FOP-DMO1 was significantly improved ,the enhancements of PAL and POX ac-
tivity and H, O, level were all significantly up-regulated in roots. SA-treatment induced HR and SAR in common
beans. Therefore ,SA had the ability to improve resistance to Fusarium wilt of common beans as an important chemi-
cal activator in the resistant signaling pathways. This study provided a new idea for the development of environment-
friendly fungicides.
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B 961 T MG 22 7 ( Fusarium wilt) J& 3 3 3¢ &
( Phaseolus vulgaris L. ) 4E 5 A9 F 19—, 2
F 22 it B 2% 5% A Y ( Fusarium oxysporum f.
sp. phaseoli ) 5| 2 (1) ML 7Y 4 4% BB 3 5@ B 1Y
ARy MM IX, 25 5 58 2R 5L AR 7 Al R ROR G
Fo LN HE AT LT AR FRACR, B H AR 37 i
B R B R AR O JE AL ET TR 30% ~50% LA
b PEE R IR 90% , 4 W R KA AR 7 A R
E=9:7 S

DV 2R o VA1 59 R ) 0L 28 D T AR e AH G
iy ) B I AR 4 RN T R AR R AE
YR T S R TP AR T, X 1 A AR 4 B Bl
HORESMEYIUREA EENE L, KBHR
(SA, salicylic acid) J&—F/N o F M 20, 2
VFZAHY) R G0 RN (0 A 5 4y 71 W &
25 MY M0 8% B ( HR, hypersensitive reac-
tion ) Fll & ¢ 3K 15 1% H10 1 )2 1 ( SAR, systemic ac-
quired resistance ) , FEFH Y PR S5 F R E
SRR Y e DB 0 9R Y N A B ) b AR
JeIRAL SA 1Y R R | [6] I 76 A A2 G 19 35 7 o R 2
TREM SA, I e 295 5 SAR 7= 2417,
I SA Z IR HE X AR W B0 P % 3 1 4 T AEAR AT
MELW S| TR A ZE T, RN AR A
( PAL, phenylalanine ammonia lyase ) J& & N & i&
A28 10 G B A 5 DR T AR ) B 5 O A8 L v
SA A I A E BRI PAL ZE A Rk
TEAE W 55 95 It T B A o A v R 35 5 i 40
PAL 8935 M B 3 5 20 7 #1546 IF (Arabidopsis ) X
Hyaloperonospora arabidopsidis 37T X N K Z& B FU
figlol oAb TGRSR 4 & (Oxidative burst) S48
Y5 B B AR R B B SR
H,0, % A T3 R . REITFREY,
T M AR A HR SO i T 10 40 i 7 )7 Ak
FETCRT b5 W A B, R A W P ARG AR L
il i A o3V A B A ) b i A i (POX,
peroxidases ) ¢ TA Ay A2 1% P 40 Y 35 277 AR U T
HE £ #uk B 2 0 1 i 4 H,0, K P /Y B
BF,

AT G S A 9 A Y Oy, b
7 380 5 LN AN [ AR Ak BT 5 S A R A T A
ZBUITE A2 AL, JF X SA b P 3 38 3 TR
YU PAL POX {fi ¥ F1 SA (H, 0, & & S5 A 41
o AH DG A B BR E AT 23 A, B G A A3 56 e A
[Fi) AL T8 2R 0o Ak 2 i Dt T A R ) L A ol 9

VA o 3 38 i 2 98 T Rk 22 0 BT AL B A BT 5T
BE5E PRI LA

1 RS

1.1 RIesrd

W 5E 2 SRR S Ah BRB-130 H H E Al Bl
B VPRl F A2 T £ FH T o B 5 PR A 2 St 8
RGN T RKEMER LML 18a =
1:3,V/V)H1,23 ~28CIRELM T ,12 h IR, 5%
7 ~10 d &I T4 b 2208 T A AR iR At 2
LALAL FOP-DMO1 B Rk i oh AL B F BV E DRl
WFSE ARG IR e 45 5 55 A0 e IR 4 (R A, e
JRH 1 JeHeFh T PDB ( Potato dextrose broth ) 3% 57 2t
t1,27 °C,150 r/min ¥535 3 d, 85 5L 28 Uk 45
T ETF 4 CIRTFA
1.2 #EYHELE

73 S T4 PR AR B 55 VA A TN R A
Y E WAL TR, L 0. 02% Tween 20 1EHIEFR . K%
TR (SA) ZEFIR g (MeJA) 1 206 F (ETH ) He i
92 mmol/L, K 0.02% Tween 20 F J % B %E
MR A H DR 50 mL, RN 7 d ;M55 v 4 H i 1
WK HEELEAEFE T d,
1.3 REFNEMSRNERNRE

K B XEES HT S, Mandal 2500 1 75 482
o DL AT, TR FH VR AR VR FH S 7 R [ A 9 3 3 %
30 5 TGO AR B 52 5 5 o R P 55 vk T
FEAMIRIER X 38 3 B0 AR AR AL FR AR s
W 3572 I TE 1 PDB 8% 57 35 FH 85 37 O B 2 ok i
5.0 x10° cfu/mL, IR RS FF A9 0 % oA B
331 0 mmol/L A1 2 mmol/L SA % 22 4b B it Fr
7 d,TEARFE 48 h 5 AL BRI E N 5.0 x
107 cfu/mL (978 SR P AR SRR 35 | X HE AL B 4
2. (1) AR SA AF; (2) B2 A H SA 4k
B (3) N4 AUH SA AbHE; (4) 3 IR SA 4b
B OMMRBCE TR E SR, 12 h I TR 25 +
2 C, J5IHE SA ZbFRJS 0 h 48 h 96 h il 144 h %
AR 38 S AR BUREAAE I A R
1.4 ETEXELRXFBERMNBHE

Z7% PIRRAE S AN EE 1 ~ 9 BRI
T FRIE, 1 B AR AR IE 553 S itk B2y
10% M | =i s w4k ;5 Mk 29 25% M R 555
o AL MR R R AL 7 S MERR b 50% MRS
s B Al MR EEAL ;9 SRR ZEAET S,
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1.5 PAL #1 POX iFHEHIAE

PAL JH PRI E S 18 G. Z. Qin 5 2 A5 15, Bk
B 100 ~ 150 mg 35380 2 B2 AR AL 20, I AU &IT 5 ok
A . H 50 mmol/L Wi R 4H 2% v (pH = 8.8, %
5 mmol/LFHiELEEM 1% PVP) BN AW E
KE 0.1 mg/pl (FW/V), BIESWAE 4 C T,
12000 r/min &> 30 min, B 7% 000 S W96 7% . 7
0. 1 mL HLEEH PN A 4 mL 812 22 /9 (50 mmol/LL,
pH =8.8) , FfilA 1 mL L-ZE %R (20 mmol/L)
F£ 37 CK¥ 60 min, W H 0.2 mL #J 3 mol/L
HCL b DORTNES A X B, 7E 290 nm T Ho,
FHRAERRAE A br o o 22 s e th e, g i ) 2216 L
mg FW B R, B 3 IR,

POX I M ) 52 2 B8 R. Hammerschmidt 2511
J7 e B 3 AR ZH AT 100 ~ 150 mg, 433 A T
7% 10 mmol/L B BR 22 # ¥ ( 137 mmol/L NaCl,
2.7 mmol/L KCI,9. 8 mmol/L Na,HPO, ,1. 7 mmol/L
KH,PO, ,pH =7.4) , Fu 50 515, {45 FF S vk B2 3 R
0.1 mg/uL (FW/V),4 °C %1 F # & 30 min,
13800 r/min.L> 20 min, KWK RALEE 2.9 mL &
A 1.25% (V/V) FEIAMFT0. 1 mol/L H,0, i
FREE M, N A 100 wL BERLEE W, IR A5 )5 F
25 C4MFF B 5 min, 470 nm K R EUROGHE
(ODfH) . 1 AHEGFIE JIHAL(U) % X8 1 min N
1 wmol I U A0 et sl ™ W 1 A6 i, BTG 0 8 Ak
mg FW L EVETN ,EE 3 K,
1.6 H,0,5=HNE

LT H,0, 5 REIES I S. Sagisaka'
Jr ik, 100 ~ 150 mg AR 8% 25 43 50 A TR /Y
0.01 mol/LEFIRZZ il (pH =7.4) & 5% =& LR
(TCA) FHRAIEW (V/V =1/0.7) 513 A& i Ky
0.1 mg/pL,4 CEAM T ,10625 r/min B0 10 min, 2
LDJFBCETER 1.6 mL JIIA 0. 4 mL 50% TCA 0.4 mL
10 mol/L #REZR WV ERE A1 0. 2 mL 2. 5 mol/ LIRS HR Y ,
TRAVAWRE B 0 5 AE 480 nm P 122 0GR &2 12l
B, FHEY H, 0, br i i 2 il b of fh 28, 7133 AR
i H 0, &,
1.7 EEXERF SA WEESDH

218 Plant Salicylic Acid(SA)ELISA Kit( Rapid-
bio, USA) Ut B 532E4 7,
1.8 WRESHFMEEERNNE

%7 S. Mandal %' )54k fE& A PDA I H 2
9 cm K FEIML A 43 5 i A W 2 4 1.0 mmol/L,

nmol/min -

LA pmol/min -

2.0 mmol/L ., 3.0 mmol/L [ SA MeJA F1 ETH A&
100 wL, DL K K F10. 02% Tween 20 1E Ky % B
AR FRMALERN 1 AN EAAN S mm A9 5 B B D,
7 dJE DI SR A TS AR,

2 FERE5HMH

2.1 AREPHENLEEZTRHRENZE

SA  MeJA Fl ETH 4b #3538 32 G 4h 1, IF W
ST 25 5 PPk S R, 45 R W, MeJA |
ETH A 3 B A5 3 52 5 A% 2290 19 ook | #2 R0 i
P10 d J5 , X AR R B 2. 8 (I 1A F)
SA Ab P () 5 3 S TR AR &R B 1.8 (A
1F) , SA Ab 3G R AR BE 09 & 9 5 IR 3598 B
MeJA F1 ETH &b 3 i) 35 38 ¢ TAE AR i 7 BH & 4l 2%
A R BEE 7.3 M 7.8 (K 1B . C,
F) s MeJA FI ETH &b B () oA 4295 i B Al bR 19 A2 &
KZFM ; FM IR SA b FEAE % 1 3 45 S
W PUE, R A 21 d J5, R4 SA Ab
BIAE AR R B AR R MG E R LW, &
SR E] 7. 0B’ 1D F) , T FH SA 4b B %) 34 38
SEEHEBRM RS Y R R R, RN
Gk 3.3(KIE F) , Zad SA b B AR 0 R
PRI R 14 A R D0 R AR R A2 52 )
2.2 PAL #1 POX EgiE Ryl E

PAL 1 POX 5 -3 2% 5 2 A 2595 L 18 FOP-
DMO1 EARIZ Y B UIAR G, S5 R W, FE P 22
i JE TR J5 48 h 96 h 144 h,2 mmol/L SA AbFH )3
WG AR  PAL F1 POX 3G 11 i 25 TR 4 SA
bR AT B B X R PAL AT POX 35 A 7E
144 h I8 E = A, 73914 0. 066 nmol/min + mg FW Al
18.1 pmol/min » mg FW (&l 2A B) , 22 544 Iyt i) 3
(P<0.01), ABFFEHE,SA BEFHFEHE R TR
PAL F1 POX 1EMEAFF 7, TS50 1385388 S5 2 X i
[EfEREH W o
2.3 H,0,ZEMNE

SR GAR T H,0, & 852 SA BT A4 A
BIE M2 (KB 2C), 78 SA L # )5 48 h M
144 h, $E R0 IR TR A5l 32 S AR P H,0, & &
T RS SA Kb BHERN R B2 FhO IR B 0y X)L
1144 h BF I e, 0 0. 113 ng/mg FW, 2 57
WE(P<0.05), HFEERY FEEEELH LR
B A R W H, 0, & ¥ 45 2 A, 48
HRZHZUN H, 0, 17K - i 38 1Y 3 T 27 32 % Al 28 9%
JE B o
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+mg FW)

PAL{H: ( nmol/min

2 OTween 20
0| oMelA
| mETH
ESA
4t
2 L
0 I"T"EI .

10 21
Ti[%IH]LIHJ (d) Time post-inoculation

A:Tween 20 A FEHEE S 10 d;B: MeJA AFRHEE S 10 d;C. ETH 23 H )5 10 d;

D:Tween 20 AbPRIZE S 21 d;E.SA AbHIEER /G 21 d;F. %58

PR CEST

A ;Plants treated by Tween 20 at 10 d post-inoculation, B ; Plants treated by MeJA at 10 d post-inoculation,

C:Plants treated by ETH at 10 post-inoculation, D ; Plants treated by Tween 20 at 21 d post-inoculation,

E:Plants treated by SA at 21 d post-inoculation, F; Disease scores

in common bean

E1 EREAEDHZELEELEXRENRRENEE

Fig.1 Phenotypic identification of common bean plant by adding different chemicals into the mediums
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PAL activity
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O SA-Fop-  SA+Fop-m SA-Fop+ m SA+Fop+ —~ 25.0
0.07+ o z
0.06- . % @ 200
- * z\
0.05 : ' I £ 2 150
0.04F 111 1 s = 2
=
0.03f 13 100
0.02- Esal
e L
0.01F w50
o
1 1 ~
0 48 96 144

[OSA-Fop-  SA+Fop- = SA-Fop+ m SA+Fop+

#x

AbFEESE) (h) Treatment time

(@)
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0.14 -
0.12 |
0.10
0.08
0.06
0.04
0.02

0851 (ng/mg FW ) Hy0; content

H,

II I, I
I ’+II
0 48 ‘ 96

144
AbFRESE) (h) Treatment time

0O SA-Fop-  SA+Fop- ® SA-Fop+ ® SA+Fop+

0 48 96
AbFRESE) (h) Treatment time
o [ (P <0.05) AL B3 22 5% (P <0.01)
* and ** represent a significant difference in the level of P <0.05 and P <0. 01
B2 SALEMFEEERER PAL # POX EFM R H,
Fig.2 PAL and POX activity and H, O, quantification in

144

, P
,respectively. The same as below

0, & EMNE

roots of common

bean after the plants were treated with SA through foliar spray
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2.4 EEXERAPESR SANEESH 2.0 mmol/LA1 3.0 mmol/L AR #1825 %1955 R 1A I

Z: I8 Plant Salicylic Acid(SA)ELISA Kit( Rapid-
bio, USA) 156 HH , il fif #3552 G AR o SA 5 & (K]
3), GEHRFRIA SA AbHS 48 h B SE AR SA &
AR 2R, MRS, 75 96 h Fl 144 h,

EEAEN WA W S5 (K 4B) . BFRE
FEH SA MeJA Fl ETH X} FOP-DMO1 FEERAA K
WA EHALSIVE

26 SA AEHIFHAE R AW BRI A SA Sl _ [V OSATop  SAtFop-=SAFopt mSAtFopt
B TRZ SA M HAA MR AR, L £ og) i
PIE K2 0. 76 ng/g FW 0. 86 ng/g FW (P < 507 I I
~ 0.6f I
0.05) M2t SA b F AR BRI KRS = L I
SA iR T HAL 2 HARZ SA AL FRAYAE AR, (H 22 S 04
SO G BEYIE R RS SN SA A & )
BERR 7T SA F i, AT T f%[ o1l
£ SA A0 5B BT R, R T B T ooll X - - o
E/‘J ﬁiygjj o ALFERE] (h) Treatment time
2.5 EYHENEEERHNE _
FOP-DMO1 T #E7E PDA 533 [ K A2 3 SAREMHRMETERXRZRFT SA S=WRE
Tween 20 .SA  MeJA Al ETH A950 ( [€] 4A) HH Fig.3 Accumulation of SA in roots of common
WAL e )
DZ%WJ(%H Tween 20 [/J&{ZU#%;JIJj\j 10 mmol/L bean plants treated with SA through foliar spray
I . N
(‘mmol/L ) OCK [ETween20 F1SA EIMeJA K ETH
90
. 80 iy TR T 1 B
Lo ~ Em_‘]‘._z];ﬂ’ i T P
2.0 @ = ig: B
5 g
b 8307
=20¢
3.0 10+ '
0 - 1.0 I ‘”20 | ‘“A3.0

CK Tween 20 SA ETH

MeJA

#E (mmol/L ) Concentration

A.FOP-DMO! Bk MIEA ; B. FOP-DMO1 B Hk 19 B V& H 12
A ; Phenotypes of FOP-DMOL1 isolate, B ; Diameters of FOP-DMO1 isolate
4 AEEPHEIT FOP-DMO1 k& KA #0E
Fig. 4 Effect of differet chemicals on mycelial growth of FOP-DMO01 isolate

3 it S

SA 1EH LAY AR W) (5 5 3 FAER Y R G bi ik
REPEAAAEF EEOER MR RN,
200 pmol/L SA AbFRF i ik & HhFe T 7 F i SA
B 5, TSR T 25 X Alternaria solani 1 258
PUbE ' SR SA AL B RE ST R IR RE 5 A S5 4
F A FEXT F. oxysporum FIBTRGPE ") s AN SA Tk
TR M R IR AL A 20 TR Y R G b, W R
KT 27 ML HAN S A, SA R REBEIE I 76 %
HitRXF Botrytis cinerea W) FERIHTM L HAT E 7 H %
AIVE R o ASBIFSY B e A 3 30 5 Ty 3R 1T W e
2 mmol/L SA, )T i 3 $& /& THEARMR 7 SA &

IR T REAROW G 2R R FOP-DMOT T Bk B B
it RIMAIRES R LB, SA XT F. oxysporum f. sp.
phaseoli T A H AL TG, X BT SA J& i i
PG HERE SA A RYAH AR 515 T ik 48, N5
PR AL 5, C. Y. He 2520 W0 2¢ 5] SA %t
F. oxysporum f. sp. asparagi AT ELHE W BT E 6 M, AL
W I (0 B2 e 2 A7 2 AS B B A S B SA B0 1Y
SR At — D UE W] T SA i A TS ALY
SAR Sz ik B IR R gL i H A

PAL 25 T YL R G NP2 EEAG YWY
B, bR R BRI O A A 32 SR
PR G 2 WO T S, U PAL H1 POX {1k
S T, A AR LUTESZ F. oxysporum f. sp.
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lycopersici W F175 5 55F T, PAL F1 POX BTG PE ik (6]
FTHE SA SN 4F PAL F POX I M 19 T
{5525 S A 20 I BE R SN T ] T F. owysporum f. sp.
asparagi WA ARSI SA b H 38 52
A AR LU0 PAL Al POX 16 M B 5 THE,
T3 T 338 3 5 0 FOP-DMO1 Ebkfprtee .
WA FEY) T H0, .0, (OH - Fl HO, %1% 46 (ROS)
(R B WA R e s s ey
SUABUPE RN s R N Doke ™ Fe R SR 51 1
BE5 Phytophthora infestans HAE I FEHH A ROS [10]
B=AE . ARWESEE T AN SA B 5 3 SR AR
LR H,0, i 5 i B THES TGS THi Y
R R B AR Y 0 HR, HE T SRS ERE (2]
SAR By &A=, PRI, £ I ) B 4 A IS g T R s 1) K
18 ROS JEAE Y 4H B W X &0 500 I 40 4= % T 5 & 1) [13]
PR Y AR A

AWFFE A YR SA MeJA ETH i i {A 41
REBREG T RS S T R A R O A G
SALFIEAR A T S XA 2R TR P [15]
P SA WIS I0R T MeJA 5 ETH &b 3 1) B AF%

(7]

[16]
THEIPPE EH SA MeJA Al ETH ZE/AMIR
B KR SOOI R JA, A dbsme

SEEM A AR SA 1SR, A S
SEEARA LU PAL A1 POX 3hMELL M H,0, 1 &l
BT, WIMOE T 2F £ RN B R R I (18
HR, 15 BRI 8 52 T A SAR, AT 3G 5 1 38
ST FOP-DMO1 BRI, PRI, SA J2 358 =5
SRS POR SN P S ST, [
B A% 5 4L 1m0 3 3 S 2 ) R 0 TR A 25 I o
SRy 3 3 AR ZE R U AL AT 5 B SR [20]

B3 ik [21]
(1] HoKR 2R SRERER Y K E SERE PR, S MEEE,
2008(4) :89
[2] Vot A C,Dempsey D A, Klessig D F. Salicylic acid, amultifaceted [22]
hormone to combat disease [ J]. Ann Rev Phytopathol ,2009 ,47 .
177-206
[3] Durrant W E, Dong X. Systemic acquired resistance [ J]. Annu
Rev Phytopathol ,2004 ,42 ; 185-209 [23]
[4] Malamy J, Carr J P, Klessig D F, et al. Salicylic acid: A likely en-
dogenous signal in the resistance response of tobacco to viral in- [24]
fection [ J]. Science,1990,250 :1002-1004
[5] Métraux J P,Signer H,Ryals J A, et al. Increase in salicylic acid

%

#

at the onset of systemic acquired resistance in cucumber [ J]. Sci-
ence,1990,250:1004-1006

Mauch-Mani B, Slusarenko A J. Production of salicylic acid pre-
cursors is a major function of phenylalanine ammonia-lyase in the
resistance of Arabidopsis to Peronospora parasitica [ J]. Plant
Cell,1996,8:203-212

Bindschedler L V, Dewdney J, Blee K A, et al. Peroxidase-de-
pendent apoplastic oxidative burst in Arabidopsis required for
pathogen resistance [ J . Plant J,2006,47 :851-863

Bolwell G P, Bindschedler L. V, Blee K A, et al. The apoplastic
oxidative burst in response to biotic stress in plants:a three com-
ponent system [ J].J Exp Bot,2002,53.1367-1376
PRI R PRAR B, 45, W IO E B PCR B8R 0 #7 318
SRR L AL BUE R R ()], EY 2R, 2012,
38(5):791-799

Mandal S, Mallick N, Mitra A. Salicylic acid-induced resistance to
Fusarium oxysporum {. sp. lycopersici in tomato[ J]. Plant Physiol
Bioch,2009,47 .642-649

TR, TR BIRAL. 510 3% TR BT 5 YR R LS A
Frie [S]. Abat: o E Ol ittt , 2006 .64

Qin G Z,Tian S P. Enhancement of biocontrol activity of Crypto-
coccus laurentii by silicon and the possible mechanisms involved
[ J]. Phytopathology,2005 ,95 :69-75

Hammerschmidt R, Nuckles E M, Kué F. Association of enhanced
peroxidase activity with induced systemic resistance of cucumber
to Colletotrichum lagenarium[ J]. Physiol Plant Pathol,1982,20.
73-82

Sagisaka S. The occurrence of peroxide in perennial plant Populas
gebrica [ J]. Plant Physiol ,1976,57 :308-309

Dempsey D A, Shah J,Klessig D F. Salicylic acid and disease re-
sistance in plants [ J]. Crit Rev Plant Sci, 1999 ,18 :547-575
Spletzer M E,Enyedi A J. Salicylic acid induces resistance to Al-
ternaria solani in hydroponically grown tomato [ J] . Phytopathol-
ogy,1999,89.722-727

Edgar C T,McGrath K C,Dombrecht B, et al. Salicylic acid medi-
ates resistance to the vascular wilt pathogen Fusarium oxysporum
in the model host Arabidopsis thaliana [ J]. Australas Plant Path
2006,35:581-591

Saikia S, Singh T, Kumar R, et al. Role of salicylic acid in system-
ic resistance induced by Pseudomonas fluorescens against Fusari-
um oxysporum f. sp. ciceri in chickpea [ J]. Res Microbiol 2003,
158.203-213

Achuo E A, Audenaert K, Meziane H, et al. The salicylic acid de-
pendent defense pathway is effective against different pathogens in
tomato and tobacco [ J]. Plant Pathol ,2004,53 :65-72

He C Y, Wolyn D J. Potential role for salicylic acid in induced re-
sistance of asparagus roots to Fusarium oxysporum {. sp. Asparagi
[J]. Plant Pathol ,2005,54 :227-232

Klarzynski O, Plesse B, Joubert ] M, et al. Linear b-1,3-glucans
are elicitors of defense responses in tobacco [ J]. Plant Physiol,
2000,124:1027-1037

Mandal S, Mitra A. Reinforcement of cell wall in roots of Lycoper-
sicon esculentum through induction of phenolic compounds and
lignin by elicitors [ J]. Physiol Mol Plant Pathol, 2007, 71 ;
201-209

Mehdy M C. Active oxygen species in plant defense against patho-
gens [ J]. Plant Physiol , 1994 ,105 :467-472

Doke N. Involvement of superoxide anion generation in the hyper-
sensitive response of potato tuber tissues to infection with an in-
compatible race of Phytophthora infestans and to the hyphal cell
wall components [ J]. Physiol Plant Pathol,1983,23:359-367
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