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MRAFE ~ FRERA - 2022 © Acibenzolar-S-methyl [J5 AT a5 2 BUR S =L TR %S 2
PEET - VB REEIASE 71(4):309-319 -

W Xanthomonas citri subsp. citri Ff 5] AL 69 REAG 3 45 m & B AT B RAEAG 24 & R 3% i B8k & B bk 04 4o 1 1
JBE ARG RZIER AT EMAE RS R R EBERKRAERNESAERRAE LA - R
FFR A TIRA G R I Z MG 5 R AR R B 0 Bt o AR AR T BB 2 AR AT AR 1A AR A 46 Ak AT
SAIHE AR o I ANLAR AR T B EAR T B s R ak 0 A AR L BB E TR ARG B EHAI G F R
H B o KBFR AR acibenzolar-S-methyl (ASM) ~ 4-4 X 3% i % % (Bor) & % [ BF AL 418 1 (ASM +
Bor) > 7 A T BT HAE BB Z 506 2 RARAE - AEALAA B R XA S W Ak R A 23RS Smg ali.
ASM ~ ¥@ia R 4-4 Xl % R R B HBEARFER - M EIE 3 d TGRSR AR - S RET 3R
R ZBRIE AL 19.14% ~ 15.0% & 15.4% > R W2 H R (39.96%) A EF 2% - E—F Wik
A BB A EM 0 B REBLEH A ASM R Z A - L8 R AL EE (peroxidase; POD) A i £.1L & B4 (catalase;
CAT) Z & MEB B Ao o g A L& R VT Jo > ASM T 7 2 MK AR 3 55 9 < 1R % > #B 45 b 42 = POD 2
CAT &M A SAEAEAAR & A4t i 3| G 2R -

RAREER) © PRI -S- HIAR ~ MG ~ TR o

'ﬁ"ﬁ% (citrus canker) /2[R i FH i 3 5% A= 2 7Y 5 2240
B =, 4 BB T
HFE B2 F (Rutaceae) S a5y o EIRIVERH » RE R & TS0

B OB A (L 258 - BT
BIE%S | RERLERRAORBER i s E e R

IR RBERAEIRE 2 — > IR 202058 g Gy mogr o1 gns BEAT RIS RE -

TRk Z A (RZH) FRET (https:// S AR PR A R 2 B 5 A 50
agrstat.coa.gov.tw/sdweb/public/book/Book. B DU D M SIS RE | 28 > SATT SR
aspx) » B EREEAEE 25,000 ha > FEE  mm g BAUAS I ETELHELY
R 52 EONE  DIRGHE - MRS - SCEM B esmmmAesE 2 (Alva er al. 1995) - JE4h 0 B
W&VV*%%%W%DWE FCARREAE ~ M (o S A G R R A A B R
AR IR A > G 5,000 ha - ZEM > @ (Behlau er al. 2012b) » ZLE§7 7 2> [
MEEZFH@aEEEES  BEFCHNHRE NEREERLN - HiEEERE 2 EE
95 F B2 R (Tzeng 2019) > H b Xan-  BREZFH 1990 5 (7l #R 22 A A A 5 (38 of 4%
thomonas citri subsp. citri 5|#E 2 FH i /& 5 5K 235 (Behlau et al. 2011) » fEZAEEEITEE

R HE] c 202245 B 16 H 5 B2 HER: 20224 6 H29 H -
TEIEE ¢ eris2024@tari.gov.tw
W-E3-1-F 5 LI PR s N e

B 8 ZEl -
BT EREAREERERRS TEYRE A EE - &8 ZET -
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(Reunion) K HEHEE T E (Martiniaure) ZEihth,
[ 28 4 ¥R B 87 B B (Richard et al. 2017) » 3T
SRV ZE SR B UR 2 B RS R E R E R
T A 8 5 0 B R P8 B AR (Lai e al. 2021) -
H AT B AR R B O T HERE P e I &% - B
THBIZAN  BEAEYUAEREEER  [HIREH L
IVEPLEER R 2 A i S B N\ R R R BRI AR
RRHVEE b o A IE o BE S H A E i A A
FaKEREES AR ERRNEN. -

1% R M 24 HiME (systemic acquired resis-
tance; SAR) Ky tE V) #E SR K 55 R E) 2 1E
Ve ERE  HivRtEEE AR
A MR &2 (An & Mou 2011; Fu & Dong
2013) » H /K5 (salicylic acid; SA) %2R B
1y AYEUEHIE A B (Zhang et al. 2010) -
HFHRA T AV ZRIRE > IR BIEE
Ytk 2 AL YVE WKIGEE ~ R AHEE K (ben-
zothiadiazole) K ENTEYZE (Gorlach et al.
1996) o ] i fig =X 4 -S- B & (acibenzolar-S-
methyl; ASM) B 7 {H 15 RN TTAEY) - A ik
BE YIRS N R KGR R EIREE K - SFEHEY

* 1. WHEAEBREEERR 2fEL L2 ERER -

FEEPG B IE - DUHAR B3 EAE Y BUR M0 S
mn OB EM @ IR E - BT FE AP A % 1
HER - #iF - WEAGEESRENEYRE
(Cole 1999; Oostendorp et al. 2001; Chinnasri
et al. 2006) - H A /Y #YAH BA b 78 R A FE A
TP a5 Bk B 3 R I W B LM (Hsu
2011) - fB i i JE FH A R AR Y B 2 B 5%
It AW 2 HEY B ASM JE IR L > °
i T W R SRR 6 2 S - [FI
PRt HER EHUR 2 T Re ] -

MFERTE

g SRR RS

ABRAI 2010-2019 2 A 33 R E
BN b5l R AU A
SBPRE B TRIE BB (R 1) - REZR
FHRIER SEP B ITUR AL, - &
0.5% J f B 4 (NaOCI) J 70% 75 15 %2 T 34
B 30 s WRUREKEN 3 Kik - ALY
PR AMRRK RIS - FIRGTHT

Table 1. The growth of the Xanthomonas citri subsp. citri (strains) collected from Yunlin and Chiayi of Taiwan and
their sensitivity to copper on mannitol glutamate yeast (MGY) medium.

Concentration of Cu amended to MGY medium (mg L)

Location Year Total strain number ~ Growth conditions” 0 50 100 150 175 200 300 400
Yunlin 2019 16 Regular growth 16 16 16 16 14 - -
Weak growth - - - - 2 - -
Chiayi 2010 7 Regular growth 7 7 7 7 2 2 2 2
Weak growth - - - - - - - -
2014 2 Regular growth 2 2 2 2 - - -
Weak growth - - - - - -
2017 3 Regular growth 3 3 3 3 - -
Weak growth - - - - - -
2018 9 Regular growth 9 9 9 5 1 -
Weak growth - - 4 -
2019 43 Regular growth 43 43 43 43 25 - - -
Weak growth - - 4 - - -
Total 80 Regular growth 80 80 80 76 42 2 2 2
Weak growth - 4 6

“ Regular growth indicates a homogenous and thorough coverage of the spot where the bacterial suspension was deposited; weak
growth indicates that some growth was observed but not as uniform or strong as the reference (bacterial growth of each strain on

medium without copper).



Acibenzolar-S-methy! B il 55 K HA% Gl 311

B 4 % R 2B Y NA (nutrient agar) (Difco
Laboratories; Becton, Dickinson and Company,
Franklin Lakes, NJ, USA) Fi F » R 27CE
AR E 3 d ik PREEE TS 2 NA 5%
BEBEAL - At 2 DEERE S THE K
% 5 VE fifE 52 By Xanthomonas citri subsp. citri
(Xce) 1& » ORAFFH A DAL H & sl B A -
ERE e B2 DT

R Z RSN ER (R 1) 72 NAE
IS LR A S K BB 3 R R
& %7 10° colony-forming unit (CFU)mL™"] » H{
10 pL 4B B RE I 2 &AWk (CuSO, -
5H,0, Sigma-Aldrich, St. Louis, MO, USA)
MGY £%%E £ (mannitol glutamate yeast medium)
(Behlau er al. 2012a) - #EFTHEEZ M504 0 7
2 i i 8 2 R 53 Al s 0~ 50 ~ 100 ~ 150 -
175~ 200 ~ 300 % 400 mg L' BREmnEn
T CEmATA RS AR AHEKRERE
V- -SRERMIM  3EE > AllEEE
T2 - RBEKRERBELS R EEEE
(regular growth) » fERE B BE EAVHHE MK
R A R R BRI 2 B eI ER
(weak growth) - R BB EAVHE T
R A RAH B IR AH (RIS 2 55 & A )
2T AR RES (Marin et al. 2019)
TMEERED 318

7 T 2R R R SR 150-400 mg L %%
B2 BT U AR R 7y Aol - 275 Wang
et al. (1993) Z Ji AW B L& HEATRZBE 25 HL -
M HUEE BN NA EZHHRIA 50 pL 2 0.5 N
NaOH - BIZUE B &R EHEL > HI0A 150 pL
Z 1M Tris-HCI (pH 8.0) JE&H 4 » HL 10 pL
AR B KR RE 10x o DU BUARR 1 ul F et
M o FIFLAFLEIEL A (copper resistance genes)
Fe %l R OB 8% 51 B9 B — 1% 5] + ¥ copLF/co-
pLR ~ copAF/copAR 2 copBF/copBR (Behlau
et al. 2013) HE{TE &% ZHH X FE (polymerase
chain reaction; PCR) » 2885k 53 M1 1% DAL E
HREARG 26 B A HUHERFY -

ASM B ERUEE 4-4 TURRE R (4-4 Bordeaux
mixture) < Z{E

HY 5 mg ASM (acibenzolar-S-methyl,
PESTANAL®, Sigma-Aldrich, St. Louis, MO,
USA) /& A 300 mL /K Bl &tk B
Rz A& > sekBc RN E HiH - 4-4 50
KEZKR (1 L&FH 4 g lREEHHE 4 ¢ 1K)
BT KEED R > D RlAMEEE 2N
B (BN EREEMT 688G #
FER ERBaREEMT  68EER)
PRI I 81 7 O 4% 4R (B A /K S A ET A
BIE PR PR LI & SR & 0 TR 5B
P8R E HHEA -

ASM BriatiiE S Bm < h = s BE MG

A B e P DU R 45 (Citrus limon) {E Fy
EEY) - HEZBEMITHEGY 2 FAELk
FEENEBE (B 24 cm > 529 cm) > W&
PURES - BEEHEE (Xcc1954) BARWZE H
ZREITHERE - M HE R R TR
HHUERE 150-175 mg L' B A - s BRAH 2 %
TR BEEWT © HIRFZ Xeel954 B &
NA BFEEL > Y2704 2 d B8 - DUEE K
SRR B RO R - SRR RRIZL B 10°
CFU mL™ Bl By fdJH o b5 A R0 o 5 55 o
R TF 440 - (1) slBndE KA A 483805 75 =
i 1 X ASM (% S mg a.i) 5 5B BAR[EE
R AR 1l < i 7] B2 (5 FH R B & ASM. [R] B 58 A
Z R RAE By bhud > oy Al Ry (2) TEME A 4-4
AR Z 1R (3) [EIFFH 550 ASM
(PR S mg ai) KEER R 4-4 SR 2K
(4) AP HEER 7 MEARTE Ry B HAAH - R EER R
HI3IdgMUATHEEHMBEESRE  SEH
3ERIERE - BHRMEMREEEE S RO (BRR 2
DHES R BEEREEN R E S E
Blat HamEr Rl st RN ER - WERE
%7 (disease index) 77 By 8 & : 0 4% B My 4 ~
Va R EER B 1-3 (EEBE ~ 34 B E R H
I 4-10 {EwBE ~ 5 4 BEER H3R 11-20 &5
PER T 4Ry BE R HIEL > 20 {EE BE (Shiotani et
al. 2008) » FHR THIAXETEREHE (disease
severity) ©
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TR (%) = = (58 x IR ER)/
(7 x HHETEED x 100%

EBEZEITRIE
fEMR D B RSB 0248 f 11 d >

HU R ik B2 55 6-8 BELY 0.1 g Z BER 4% -

WARFERY -20CKAE - BRI EHEA L3 E

o AEREE 2 X -

(1) #% & b € B (catalase, CAT) : f¥ Kato &
Shimizu (1987) J5 /A#ETT » LUK R S E
A% > A 1 mL sodium phosphate buf-
fer (50 mM, pH 6.8) H5)E % » N 4CAH
B0 M B0y 20 min 5 BV 0.2 mL 0B R
B A 2.7 mL sodium phosphate buffer (100
mM, pH 7.0) B 0.1 mL H,0, (1 M) » J&E&
HE% - Aoy e R 240 nm A& IO
B 1 min> 555 0s 8160 s Z3E(H » BEZEE
Ve LA (unit) 5455 SOG4 FE 1 pM H,0, -
55 LA Bradford (1976) & HE &% > WEM
FRKZHEAGE  SRBEREOE
HIEE R &M -

(2) BEALYIEG (peroxidase, POD) : £:°% Hsieh
(2010) 2 J57% » B EEA LURRE S B IIA
1 mL potassium phosphate buffer (50 mM,
pH 5.8 A& 0.8 MKCl) HEEL » B 4C
2 BB O 20 min > B EJEIR B HTHY
1.5 mL &0 8 o K B FAH 2 HUR ~ po-
tassium phosphate buffer (50 mM, pH 5.8) -
guaiacol (21.6 mM) fz H,0, (39 mM) DL 1 :
10 : 10 : 9 NEEBI ANEGTR » Dl totE
T 470 nm I E W E{E | min> 5C8E 0 s
Bl60 s 7 3EH B R E B g #EES
1 uM tetraguaiacol - 55 L Bradford (1976)
EOERZE  WEMHEIURTHESNSE
HEEBEREOENERIENE -

3)# & 1t IF 1L B (superoxide dismutase;
SOD) : {K{ETE~ Deepak et al. (2006) 2~ J5
% AR LURBEEHER > LA 1 mL so-
dium phosphate buffer (50 mM, pH 7.0) 15
E)B% B ACK HBE LB L 20 min 0 HY
EHEBREHA 1S mL @0 EH - FHL100
nL EEZHAEHUR DA 100 pL 2 B A [150

rere

]

& FHa4M

mM sodium phosphate buffer, 39 mM me-

thionine, 0.3 mM EDTA, 225 uM nitro blue

tetrazolium (NBT), pH 7.8] ~ 30 pL 20 uM

riboflavin » 5 1% ABEE /KA1 % 300 pL > BL

T3 EETRY 570 nm HIE R SE(E 10 min

SCE%k 0 s 81600 s Z3E{H » BFRIGIEEL A

I 50% NBT Z W e {5 854k » 55 LA Brad-

ford (1976) 2 E1E Rk » HIRLAIAEHUR P48

EHER  SITREEREOENERENE -
ASM EitEtE ERRE T RINGIEE I L=
e

PR B4R B B A 1T ASM B M i U5 155
(Xcel1954) ZNHIRE I » K EAL 0.8 em
2 JE 4% B # (TOYO ADVANTEC, Tokyo, Ja-
pan) 43 HIE 0 ~ 100 ~200 ~ 300 % 400 mg L™
Z ASM 1 JAEE NRE 10 min 2K EAKIE]
REH 2Rz - HIRERCEMA 0.1 mL #E
BT M4y R 10° CFU mL™") 2 NA F iy
FE(ERY em) » F—5E R 2 [EEAKE
3l DS B K B B 2 AR B 1F ey HRAH -
25 P 7 B SRR Y 27 CH B R S
N BE2 dig > BLHUHTEHNHEIER /)N - &R
H3EE AEE2 K-
RET DT
5B ORHF FH SAS 9.1 KR 4% 51 45 A7 ok A

S ETT 8 75 9 7 (analysis of variance; ANO-
VA) » FDUR/NEEE 2= A (Fisher’s least sig-
nificant difference; LSD) JHE&{E 5% & /KA
Tt R E s R

HER

iR EEREARE I RZED RN
TR R DS A

AWFFER 2010-2019 475 B (R 17 2 A
BB E RS 80k » b EMME By 168k
mEMER 64tk () - BEKRSHNESE
FEEERRE Y MGY B3 (787
TRV - 45 REURTE S E R (80 BF)
BE ] AR 0-100 mg L 2B E AL FIEE 4
B o A S EE R 150 mg L BF > 95.0%
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(76 ) MERE T EHEERE > Hf5.0% 4 PEilEE 200-400 mg L B8 EN 2 HhE#H
%) EI’J*I*H@FA,\m\\mﬁﬂziﬁ%ﬁéﬁéﬁz 53 BERR Xcel1004 81 Xcel023 o] 3 i H 78 HA 7%
B % L Al Ry 59 > 40 2018 FUEZ 5 W SriE copL FERF B 356 bp (base pair),
JYHERR Xccl1808 ([E 1A) - EHFFEE S %H/%':F copA R 7 B Fy 870 bp K copB ZR 7 B Ky
Fo 175 mg LB > 7.5% (6 #F) MUERE AT 6855 531 bp » HALE A E ST BERE Xce1942 Bl
ER52.5% (428 MEMETIEEEE > W1 2458 Xcel954 ~ Xecl808 2 Hij A SHI75- E HA
2019 U Y S BERE Xoc1954 (B 1A) - (58 (8 1B) -
B 5 R TS F5 200-400 mg L Hf > £ s A
2 2010 4F [ 22 2401540 M6 > itk (Xee1004  ASM B et iE EE R B s
Bl Xcel023) AIIEHE 4R (B 1A) ¢ Mﬂmﬂﬂ% ASM fE B il 2 [ 6 &
] A B SRS 150-400 mg L A B 4-4 S0 B9 2 0 [E BRI & 6 O LA
g 80 BREME > FIAHLIH AR R — 5] ﬁﬁﬁ@l‘.l il 2 2 SR HETT AL o G5 RS E N PEE
T4 (15 copL ~ copA Hl copB) #ETTRAH 3wk 1% 0 Jifi FH ASM 7 R B4R FH PR MR B By
LIM0E (Behlau ef al. 2013) > &5RFF AR 19.14% ~ [FIFFEEH 4-4 R 2 %5 ASM

(A)

Xcc1023

Xcc1954

Xcc1808

T T
100 150 175 200 300
Concentratlon of Cuamended to MGY medium (mg L")
( B ) coplL COpA copB
M1 2345123451 2345M

870 bp»

531 bp»

356 bp»

B 1. MEEERE R 2 R A b2 B M i R B UERE R o3 AR o (A) BB Xeel023 ~ it §i B
T% Xcel954 Bl Xccl808 FAMNIIA ESHEE IR ER 2 £ RIEF - (B) FIFR &R BIHNIE (polymerase
chain reaction; PCR) & M 71 #i %&£ K] (copL: 356 bp ~ copA: 870 bp Iz copB: 531 bp) F E¥ > 17 M : 1 kb DNA
ladder 5 171 ~ 2 * Hi#IERE Xccl1004 Kz Xecl023 5 173 ~ 4~ 5 ¢ (it Xce1942 ~ Xcel954 K Xecl808 -

Fig. 1. Sensitivity to copper on mannitol glutamate yeast (MGY) medium and detection of copper resistant genes
from the Xanthomonas citri subsp. citri strains. (A) Growth of copper resistant strain Xcc1023, copper tolerant strains
Xce1954 and Xcc1808 on MGY medium supplemented with different concentrations of copper. (B) PCR amplifica-
tion of copper resistance gene fragments of copL (356 bp), copA (870 bp) and copB (531 bp) from Xanthomonas citri
subsp. citri strains. Lane M: 1 kb DNA ladder; lanes 1 and 2, copper resistant strain Xcc1004 and Xcc1023; lanes 3, 4
and 5, copper tolerant strains Xcc1942, Xcc1954 and Xcc1808.
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Ja B Ry 15.4% 0 B {EF 4-4 U0 B 2 R
Z R E By 15.0% > Sf Bt A A A PR O R JU) 2
39.96% - Fil i = fepm B IR AH 7 PR T L
AEEER B3 ZMAEEEEE (8 2) -
EEERITAIE

sl BRE PRI 68 ) ASM 2 4-4 U %)
FaHE TR 3 d TR IR R - W RETEIRER 0
2~4-~8~11d 4% FIM % CAT ~ POD Jz SOD
ZBEZEME - AESSREUR - CAT JEIE B
(/) ASM Z i BRAH > S5 35 0 B 1R IR
ine 22 REERSE > E 2-11 KIIHE
AR EREEAEWIFEZ CAT & &
B h Ho At pm B A R PR IR A 0.95-0.3 %
[ 5 56 I ASM B 4-4 =087 i 2 % 2 e B 4 B2
PRt IR SR ARy E RS ﬂ:%ﬁ“ RS E-3E

®/NE BT 25 2 REFIRS > Z1&/MET
Ve 3lf; 52 B S E Ay S HW%ZF’?E’J CAT &

PRSI SRR R S B A 4-4 UL 2R
BN R 2 BRIEERE BT ®

50

a

—~ 40
X
>
=
; 30+
>
]
) b
D 20+ T
(7] b b
b T
[}
il
o 10r

0

ASM ASM+ Bor Bor Xcc
Treatment

2. FEBEPRLL acibenzolar-S-methyl (ASM) ~ 4-4
U 2% (Bor) KW & FEIHFEC&#H (ASM + Bor)
FE¥E 3 d % FEEMREEHE Xeo) » 483 wk
1% 2 BIRIE -

Fig. 2. Effects of acibenzolar-S-methyl (ASM), 4-4
bordeaux mixture (Bor) and the combination of ASM +
Bor on the disease severity of citrus canker 3 d prior to
the inoculation of Xanthomonas citri subsp. citri (Xcc)
on lemon plants and evaluated after 3 wk of inocula-
tion. Bars indicated the standard deviation. Values with
the same letter are not significantly different according
to Fisher’s least significant difference (LSD) test (P =
0.05).

B71E H4W

4 RiER S - BHIE MBI R MR E
R Z&E/ME T RERESS (8 3A) - i POD
ETENESS R EI > Bl ASM mH 2 B
ZE HEREER R 4 d AR

4 RIRWEIME AR > 705 8 RER &I -
JH:EHZ POD JE & e [l ] 2 # 4R 0.2 £
ZigiE M 2 IS - HRE 11 R 2B
ZEME SN E IR 0.3 1% (EH 4-4 K
%R < i P AH B T TR 4 R 2 SRR DL 1
LB N8 REER G ER S > Hd
4-4 FUN R 2R Z PR B AH LE RS 2 POD JEPE(EHY
HHIEAH 0.13 £ & [ [ (F A ASM B2 4-4 (%
B %R BRER A B 2R ME N TR 2 d R/NER
Wi Z R HYER 2-11 RISV 236 PR Ay
BE o HNEERESE 4 RATZBREEENH
flt R E4H ([ 3B) - SOD j& P4 I 72 &5 SRR
A B U IR A 2 SR B - TR MR TR
2 d WAIREREIN > BEIR MK - 56 8-11 K
AR OAYBIZS - (8 2% pa P AH B Rl S IR A
fegE =R (18 3C) -

ASM EH1E ERREERINGIEENZ &
=8
MR R B A E TR A B2 AlIHsE

ENES o S IR DL 0~ 100 ~ 200 ~ 300 K 400
mg L' 7 ASM J& ¥ 7 i 4% 1B A 21 B e S 4001 )
&~ 2k (data not show) JEEHRE (Xccl954)
EHEAE > HETH - ASM 55 RHRE R E
HHERUSE -

EE]

S By H ARz FE AP A B SR 2
g R T A S5 80W R HE ATt
AT PRS2 P e » MRS RE
Z PR A PTAR 22 K35 F 1% (Behlau er al.
2011) » 2 [ 4 > Hftf A1 A 72 (6 5 35 0 80 1 ok
(Richard et al. 2017; Lai et al. 2021) » 7 H} 52
B EM R ERIE 2 R E SR E RS
SO B2 2 e S By 150-175 mg L7
20k B 2 E M E A E R (Xeel004 K
Xcel023) A A& il S B 400 mg L' 2 525
H EA R - K4 Marin et al. (2019) WF5EH &
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0.10

(A) —e— ASM +Xco

—O— ASM + Bor + Xcc
0.08f —v— Bor+ Xcc

0.02f

=
o
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028
0.26F (B)
0.24f
022
0.20F
018}
0.16}
0.14}
012

0.10

0.26
o2at (C)
0.22F
0.20F
0.18f

0.16

D activity (units mg protein™) POD activity (units mg protein™) CAT activity (units mg protein™)

0.14F

0 2 4 8 11
Day post inoculation (DPI)

3. tEEREEEATRESRER 0-11 d N (A) BE
{L=lE (CAT) ~ (B) BE(LYIEE (POD) K (C) #%AL
P {ERE (SOD) ZiE S -

Fig. 3. (A) Activity of catalase (CAT), (B) peroxi-
dase (POD) and (C) superoxide dismutase (SOD) in
lemon leaves from plants with different treatments:
(@) drenched with acibenzolar-S-methyl and inoculat-
ed with Xanthomonas citri subsp. citri (ASM + Xcc),
(o) drenched with acibenzolar-S-methyl, sprayed 4-4
bordeaux mixture and inoculated with Xanthomonas
citri subsp citri (ASM + Bor + Xcc). (V) sprayed 4-4
bordeaux mixture and inoculated with Xanthomonas
citri subsp. citri (Bor + Xcc). (/\) inoculated with Xan-
thomonas citri subsp. citri (Xcc, untreated control).
Enzyme activities were evaluated at 0, 2, 4, 8 and 11 d
after inoculation. Bars indicated the standard deviation.

SO
o

HH R AT A VR 155 R R S i RS2 1 2 oy 35 > Wl
By 37E 0 4 B2 BUSEFE (sensitive strain, Cu®)
(< 150 mg L) ~[it : Bk (tolerant strain, Cu")
(150-200 mg L") BHiMEE#E (resistant strain,

Cu®) (> 200 mg L) » Z5 LI 3l Sy JE 1 Ry fziste
FURARI T o 7 B R M & B R 2 BT B B it
MEEPE - Hp 2 MREEFE R TR A IUER
Bk o BEAL - mT A TR B Xanthomonas spp.
P HE R BH cop BRI (W copd ~ copB
K copL) TFAF (Behlau er al. 2011) » AHF5E
EfiE N 2 2 PROUHIE R (Xcc1004 J Xccel023)
TN M5 copA ~ copB F copL 71 > S8 E 2
HEREKADEN - AFEZ MM HEE
Z & E B R B R R A & i K5 R
&3 E (Lai et al. 2021) » %5 BFai - B8
FEAMEEECEREEER > HoikE
ERMEN S ERC S EE AN - AR
Bt > AR ASM (E BBaEM - ¥l E
IR M& RS 2 a3 A H e -

ASM Fy 7R {1 B BT AR Y > HERLE
VigE {78/ Z% &9 (Fungicide Resistance Ac-
tion Committee; FRAC) FFfE B E T » HA
G~ AREEARER - M2 EBAEYRAN
KB RFERERS > FEEYEERER
& (Oostendorp et al. 2001) o Z B 3¢ 45 5 &8
TR A S 5597 A B 725 FE 400 mg L ASML T
EEER £ - HILFTA > ASM $BE W E
A L E AR o HAT ASM E 8 E 1l 5h
BLEMEYEESDURRIE > FhaH A B R
ol ZWE - WHAF R RN (Faize ef al.
2004) ~ SN R IEJ% (Cool & Ishii 2002) ~ FH
Bifi 7 #i9% (Pradhanang er al. 2005) & » A FH
WE SR aER JTHE - Al A (Francis
et al. 2009) ~ #%&jff (Graham & Myers 2011)
K BB VHEF M (Ibrahim et al. 2017) ZEMFEIE
Y EREEAENNE - BEFRERFIAL
g E W ER HAEANP G R T A
7 (Graham & Myers 2011) o K32 78 ZE &5
Epas N BUR A B AT 3 d DA A3 7 e
F 1R ASM » 0] &4 Fa (R te 152 58 A i A OB 05
2 MRS - B 4-4 SR B 2R 2 B50a
RS i B A2 B o M — 20 Oy A B A R B
R SRS TR ASM EEEAH
BEH N2 POD 1 CAT 2 jEMEHHEEN il » POD
EME PERE R 4-8 d BHEIG N - TAEE 8 KT
&g CAT &M R Refd 1% BT BH B RS 0 - 7t
52 KRET| S 0 SOD &M IR i B fE 1% B HH



316 G

RN 5L 2 REEF S0 - SATT LA 7 3
R 2 e B B = B o ML Z 45 R A Al-Saleh
et al. (2015) Z B 5% o 4% B 25 7Y SF < 40 5 1A it
K5 - R REfET% 1-3 d 9 POD B CAT 2
JEPEBHEERE O o AR EERETR 3-5 d NS -
HATC A MM D - 7 H A (Faize et
al. 2004) ~ )1\ (Cools & Ishii 2002) K &b
(Soylu et al. 2003) ZFEZFHE{EY)NZ POD J&EME
0] 1 ASM 3% E &L > iff POD ] #5 (B i
FALEEREARERIDR » [FHF IR R
AL HEYHAIE(LEGE (Thatcher et al.
2005) - FH I B A1 > POD J* ASM & E i 4 2
P8 FE TR 4y e B B A R o (T AT RS B AE
B G LB Z R B Ffy SOD Bl CAT A EifdE 1% 4
HH 2 TEMENE N0 > BN REAR A2 AT A I T R IR
&g £ K EEMER AL T (reactive oxygen
species; ROS) 2k & BLH i [ & » H H AMS
HEE CAT EMEBHE - SEREBZEHIE
Ryt §Y POD 7195 R & By Sy i ig o H
VMR = IR I R Y E R 2 i DA 45 5R
HUR - AMS 5F S5 7 4 Hu e iy o] gE A A By
I CAT JE M A PR 84 fir » POD J& M Fy + %2
YU R E > 1fy SOD JE M R A %2 AMS 228 -
ZAIM > B HAM R RE 2 H19% S FE AT pathogene-
sis-related (PR) proteins B 44 Jijp {97 5 1A [ 22
[ IEH T E A QAR E— P IRET < 1Ah -
KIFFE 3T AMS Bl 4-4 SO &R — B &
{50 Y e JEC 577 0 3050 S L B 4 o B DR e I A
AERZE HoWMBEREEZER T (£
POD JEME R BRG] (0-4 d ) BEH AR
H4am - MU R TR AMS B q Sk i
—iEi A& 2 B %8 (Graham & Leite
2004) > M KA 7R A — 2P B SR ER AT R
AMS TA{E b A o B el ] [T s (5
MiEEER e B B ERE &
FE MR E o ST R N A AR (Y
FiiaJ72 » R HSHEEHER - 5iEk
97 [ BT S BT AR AR - RIS A HORE
B BERE N LT ENERE - ARRHAE
ST R 2 & O H R AR S B DU B A
RBL - IR E kK EREE S Z A
BERISCEM A HNEN: - ARV EE L
g5 U U ASM > 0 = el TR mT A R

B71E H4W

W (i st AR M R B 2 PR T - ELE i A
4-4 MW 2R TEBER B E AR - Hig
Ptk 2 I E R g POD B CAT ZJE (%
DUAE SR ERE L ST B a0 - R
o] HE 25 G Y R A 2 &~ SR
IR R ERE R Z2ZE > DIREER
B~ TR ZERITE -

=}V
AWFRTBIR R EZ B G RS FT 52
ekl o Fr TR NE B B ETT
R IEECEH

5| FASZRA

Al-Saleh, M. A., A. A. Saleh, and Y. E. Ibrahim. 2015. In-
tegration of Pseudomonas fluorescens and salicylic
acid improves citrus canker disease management
caused by Xanthomonas citri subsp. citri-A. Arch.
Phytopathology Plant Prot. 48:863-872. doi:10.108
0/03235408.2016.1143573

Alva, A. K., J. H. Graham, and C. A. Anderson. 1995.
Soil pH and copper effects on young ‘Hamlin’
orange trees. Soil Sci. Soc. Am. J. 59:481-487.
doi:10.2136/ss52j1995.0361599500590002003 1x

An, C. F. and Z. L. Mou. 2011. Salicylic acid and its
function in plant immunity. J. Integr. Plant Biol.
53:412-428. doi:10.1111/j.1744-7909.2011.01043.x

Behlau, F., B. 1. Canteros, G. V. Minsavage, J. B. Jones,
and J. H. Graham. 2011. Molecular characterization
of copper resistance genes from Xanthomonas citri
subsp. citri and Xanthomonas alfafae subsp. citru-
melonis. Appl. Environ. Microbiol. 77:4089-4096.
doi:10.1128/AEM.03043-10

Behlau, F., I. C. Blanca, J. H. Graham, and J. B. Jones.
2012a. Copper resistance genes from different
xanthomonads and citrus epiphytic bacteria confer
resistance to Xanthomonas citri subsp. citri. Eur.
J. Plant Pathol. 133:949-963. doi:10.1007/s10658-
012-9966-8

Behlau, F., J. B. Jones, M. E. Myers, and J. H. Graham.
2012b. Monitoring for resistant populations of Xan-
thomonas citri subsp. citri and epiphytic bacteria
on citrus trees treated with copper or streptomycin
using a new semi-selective medium. Eur. J. Plant
Pathol. 132:259-270. doi:10.1007/s10658-011-
9870-7

Behlau, F., J. C. Hong, J. B. Jones, and J. H. Graham.
2013. Evidence for acquisition of copper resistance



Acibenzolar-S-methy! A iATHAGIE SR S H AR 317

genes from different sources in citrus-associated
xanthomonads. Phytopathology 103:409-418.
doi:10.1094/PHYTO-06-12-0134-R

Bradford, M. M. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal.
Biochem. 72:248-254. doi:10.1006/abio.1976.9999

Chinnasri, B., B. S. Sipes, and D. P. Schmitt. 2006. Ef-
fects of inducers of systemic acquired resistance
on reproduction of Meloidogyne javanica and
Rotylenchulus reniformis in pineapple. J. Nematol.
38:319-325.

Cole, D. L. 1999. The efficacy of acibenzolar-S-methyl,
an inducer of systemic acquired resistance, against
bacterial and fungal diseases of tobacco. Crop Prot.
18:267-273. doi:10.1016/S0261-2194(99)00026-5

Cools, H. J. and H. Ishii. 2002. Pre-treatment of cucum-
ber plants with acibenzolar-S-methyl systemically
primes a phenyalanine ammonia lyase gene (PAL1)
for enhanced expression upon attack with a patho-
genic fungus. Physiol. Mol. Plant Pathol. 61:273—
280. doi:10.1006/pmpp.2003.0439

Deepak, S. A., H. Ishii, and P. Park. 2006. Aciben-
zolar-S-methyl primes cell wall strengthening genes
and reactive oxygen species forming/scavenging
enzymes in cucumber after fungal pathogen attack.
Physiol. Mol. Plant Pathol. 69:52-61. doi:10.1016/
j-pmpp.2006.12.006

Faize, M., L. Faize, N. Koike, M. Ishizaka, and H. Ishii.
2004. Acibenzolar-S-methyl-induced resistance to
Japanese pear scab is associated with potentiation
of multiple defense responses. Phytopathology
94:604-612. doi:10.1094/PHYTO.2004.94.6.604

Francis, M. I., A. Redondo, J. K. Burns, and J. H. Gra-
ham. 2009. Soil application of imidacloprid and re-
lated SAR inducing compounds produces effective
and persistent control of citrus canker. Eur. J. Plant
Pathol. 124:283-292. doi:10.1007/s10658-008-
9415-x

Fu, Z. Q. and X. N. Dong. 2013. Systemic acquired resis-
tance: Turning local infection into global defense.
Annu. Rev. Plant Biol. 64:839-863. doi:10.1146/
annurev-arplant-042811-105606

Gorlach, J., S. Volrath, G. Knauf-Beiter, G. Hengy, U.
Beckhove, K.-H. Kogel, M. Oostendorp, T. Staub,
E. Ward, H. Kessmann, and J. Ryals. 1996. Benzo-
thiadiazole, a novel class of inducers of systemic
acquired resistance, activates gene expression and
disease resistance in wheat. Plant Cell 8:629-643.
doi:10.1105/tpc.8.4.629

Graham, J. H. and R. P. Leite. 2004. Lack of control
of citrus canker by induced systemic resistance
compounds. Plant Dis. 88:745-750. doi:10.1094/

PDIS.2004.88.7.745

Graham, J. H. and M. E. Myers. 2011. Soil application
of SAR inducers imidacloprid, thiamethoxam, and
acibenzolar-S-methyl for citrus canker control in
young grapefruit trees. Plant Dis. 95:725-728.
doi:10.1094/PDIS-09-10-0653

Hsieh, T. Y. 2010. Evalution for efficacy of total protein
extracted from Alternaria tenuissima APRO1 on
inducing Chinese cabbage seedlings resistant to
Rhizocotonia damping-off. Master Thesis. Depart-
ment of Plant Pathology, National Chung Hsing
University. Taichung, Taiwan. 47 pp. (in Chinese
with English abstract)

Hsu, T. L. 2011. Application of acibenzolar-S-methyl
and its resistance mechanism in controlling disease
of Pak-choi. Master Thesis. Department of Plant
Pathology, National Chung Hsing University. Tai-
chung, Taiwan. 63 pp. (in Chinese with English
abstract)

Ibrahim, Y. E., A. A. Saleh, and M. A. Al-Saleh. 2017.
Management of Asiatic citrus canker under field
condition in Saudi Arabia using bacteriophages
and acibenzolar-S-methyl. Plant Dis. 101:761-765.
doi:10.1094/PDIS-08-16-1213-RE

Kato, M. and S. Shimizu. 1987. Chlorophyll metabolism
in higher plants. VII. Chlorophyll degradation in
senescing tobacco leaves; phenolic-dependent per-
oxidative degradation. Can. J. Bot. 65:729-735.
doi:10.1139/b87-097

Lai, Y. R,, C. H. Lin, C. P. Chang, H. F. Ni, W. S. Tsai,
and C. J. Huang. 2021. Distribution of copper resis-
tance gene variants of Xanthomonas citri subsp. citri

and Xanthomonas euvesicatoria pv. perforans. Plant
Prot. Sci. 57:206-216. doi:10.17221/160/2020-PPS

Marin, T. G. S., A. L. Galvanin, F. E. Lanza, and F.
Behlau. 2019. Description of copper tolerant Xan-
thomonas citri subsp. citri and genotypeic compari-
son with sensitive and resistant strains. Plant Pathol.
68:1088-1098. doi:10.1111/ppa.13026

Oostendorp, M., W. Kunz, B. Dietrich, and T. Staub.
2001. Induced disease resistance in plants by chem-
icals. Eur. J. Plant Pathol. 107:19-28. doi:10.1023/
A:1008760518772

Pradhanang, P. M., P. Ji, M. T. Momol, S. M. Olson, J.
L. Mayfield, and J. B. Jones. 2005. Application of
acibenzolar-S-methyl enhances host resistance in

tomato against Ralstonia solanacearum. Plant Dis.
89:989-993. doi:10.1094/PD-89-0989

Richard, D., V. Ravigné, A. Rieux, B. Facon, C. Boyer,
K. Boyer, P. Grygiel, S. Javegny, M. Terville, B. L.
Canteros, 1. Robéne, C. Verniére, A. Chabirand, O.
Pruvost, and P. Lefeuvre. 2017. Adaptation of genet-
ically monomorphic bacteria: Evolution of copper



318 G

resistance through multiple horizontal gene transfers
of complex and versatile mobile genetic elements.
Mol. Ecol. 26:2131-2149. doi:10.1111/mec.14007

Shiotani, H., T. Yoshioka, M. Yamamoto, and R. Matsu-
moto. 2008. Susceptibility to citrus canker caused
by Xanthomonas axonopodis pv. citri depends on
the nuclear genome of the host plant. J. Gen. Plant
Pathol. 74:133-137. doi:10.1007/s10327-008-0074-8

Soylu, S., O. Baysal, and E. M. Soylu. 2003. Induction
of disease resistance by the plant activator, aciben-
zolar-S-methyl (ASM), against bacterial canker
(Clavibacter michiganensis subsp. michiganensis)
in tomato seedlings. Plant Sci. 165:1069-1075.
doi:10.1016/S0168-9452(03)00302-9

Thatcher, L. ., J. P. Anderson, and K. B. Singh. 2005. Plant

& FHa4M

defence responses: What have we learn from A4ra-
bidopsis? Funct. Plant Biol. 32:1-19. doi:10.1071/
FP04135

Tzeng, S. S. 2019. List of Plant Disease in Taiwan. 5th
ed. Taiwan Phytopathology Society Press. Taichung,
Taiwan. 329 pp. (in Chinese)

Wang, H., M. Qi, and A. J. Cutler. 1993. A simple method
of preparing plant samples for PCR. Nucleic Acids
Res. 21:4153-4154. doi:10.1093/nar/21.17.4153

Zhang, X. D., M. L. Francis, W. O. Dawson, J. H. Gra-
ham, V. Orbovic, E. W. Triplett, and Z. Mou. 2010.
Over-expression of the Arabidopsis NPR1 gene in
citrus increases resistance to citrus canker. Eur. J.
Plant Pathol. 128:91-100. doi:10.1007/s10658-010-
9633-x



Acibenzolar-S-methy! B il 55 K HA% Gl

Efficacy of Acibenzolar-S-methyl and Its Induced
Resistance Mechanism in Controlling Citrus Canker

Ching-Yi Lin"" and Hui-Ju Lin’

Abstract

Lin, C. Y. and H. J. Lin. 2022. Efficacy of acibenzolar-S-methyl and its induced resistance
mechanism in controlling citrus canker. J. Taiwan Agric. Res. 71(4):309-319.

Citrus canker caused by Xanthomonas citri subsp. citri (Xcc) is one of the most economically
important bacterial disease in the international citrus industry. The copper-based bactericides were
widely use to or control citrus canker. However, frequent applications of copper-based bactericides
induce the development of bacterial strains either resistant or tolerant to copper. In this study, Xcc
strains were collected from citrus orchards in Yunlin and Chiayi of Taiwan and used to assess the sen-
sitivity to copper on a solid medium. The tests identified two copper resistant strains and 46 copper
tolerant strains. Copper resistance in plant pathogenic bacteria contributes to a failure to control plant
bacterial diseases by copper bactericides. In view of this, it is necessary to develop alternative con-
trol methods for sustainable agricultural practices. In this study, the individual and combined effects
of acibenzolar-S-methyl (ASM) and 4-4 bordeaux mixture (Bor) were investigated in a greenhouse
to control citrus canker disease. Three treatments were conducted on potted lemon (Citrus limon)
seedlings: soil drench with 5 mg a.i. ASM, foliar spray with Bor, and a combination of the above two
treatments (ASM + Bor). The lemon seedlings were inoculated with Xcc 3 d post treatments. The
results showed that the disease severities of ASM, Bor and ASM + Bor were 19.14%, 15.0%, and
15.4%, respectively, which were significantly different from the untreated control (39.96%). For the
defence-related enzyme activity assay, progressive increases in peroxidase and catalase activities were
found in lemon seedlings treated with ASM alone. Our results suggested that ASM was effective in
reducing canker disease severity, mainly through enhancing the activities of peroxidase and catalase
in planta.
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