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Acidovorax avenae subsp. avenae ¥ » FELL Aaaf3/Aaar2 Jx Aaaf5/Aaar2 —fH5| T-H13E1T 8L
PCR (Nested-PCR) $&7F + fEEEZHIIE S A. avenae subsp. avenae » H:F 5 [FE.Zi{EE 4 B i
i (bacterial leaf blight of turmeric) o DA 11 FREEFHIZE M0 IR & M ERIRE A R Z
MG R PR ZER S RE IS RIR 2 AR = Hd W DAPY B3R 2 BEi| R e E - HER
KPP Fs PUERBGR ~ BRSR MR ~ S Mk - BEPYBRRIGR ~ 5 ~ 2 REEMGR - BEGR - @ =1l
Hil ~ iR S ~ =T R R P RAIESE

BB - B~ MRS AL ST

woa

B (turmeric) /B BFR} (Zingiberaceae) i )H
(Curcuma) Z BT EMEY) - REE - EE LEE
Curcuma JBWN ZEERIREY) » IR EREGEN - &
RIS & (C. longa L. » NHEMGEER) k&
B4 (C. aromatica Salisb » NFEHED) » FE M
FREE S o HE A S R R R RS E R S A Y -
HE BEYE AR ECRER - HEaR TR KR
AR TR CHWEIZEH » HiRx e EgsmE
(curcumin) FEPIEILVE » nIHIGICERNEIL ~ PO~ 1A
RBAEEIMKRIERSEEER - B— BB )12 EER Y

14

YR (B9 295 RV 1995 4E HARI

~ TR

(Zingiber officinale Rosc., ginger) » & fij& (Z. mioga

e

Rosc., mioga) & mi{F (C. alismatifolia Hort., curcuma)
FHERMEY EEEBLH Ralstonia (JR S Pseudomonas)
solanacearum F|FEATERER" ™ M(EE T & 5850 A
Pseudomonas cichorii 5|FCRTE =EMEMIHEE " » 725
B KR B w2 A A s S8R BE R (Alternaria spp.)
KR JEIR (Colletotrichum spp.) — 8 BEE MR » M
B TR H B & Pseudomonas sp. 7| FERTHHE DT BE
95 » LA E R. solanacearum 51EEHIEMGRE « &
VAR AELRY) B Rl SR (ARG 58 ARV EO8% - HE
AT SRR A T e 4 P AR B AR B 58
WA AR DT - KA e & S35 | FEE At 2
TRIR B IR B 2R 1 - ST W8 ZER EfE - (HH 1%
biia2s -
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PErA TR AR R SRR & (B R
&) SHEI BEFH LB L3 R R - 48 75% JKE 20m
BEHE DL 1% KREFEHT (NaOCl) L 30 414 » K
MEEE K EESE 3 KL 15 UIE R EE R A2 S 2 HEA -
B MR ZRE K ASIRER S LIRS PR T E M R E
TR > BIRLNS BB EEL (nutrient agar, NA) /P E - §if7
& 30°C TIEE K% - PR —E%% - FEES NA
P > EE =XKL Aa fw9k > WiF%ZE NA REHEHA -

Joi DRk

W5 oy it B R 2 A AR oy RIS RERS NA B
b fE30C MEEE KB BRPHEREZAEAKH - LA
533 E (spectrophotometer, Bausch & Lomb) Fi#ELH.
RIBHE (Agy) £5 0.3 (10° CFU/ml) {EREAER - LIEST
B S AFER PEE EREERRN o E =R N
RHMGEHEVEE - HBIHER Aad ~ AaS ~ K Aa9
AREE IR 0 DU KBS K B ot 7575 BifkAad ~ Aas
Fe Aa9 RGBT 0 DUEZE 77 SN AN
ZEXK(EMA) ~ KIE (BE63 ) kES (B MM
Pk b DEBBRERREE - B 30°C mFaH - iRk
FREZBIB R » BIZRECHERE - IS EEhErk
F o EERER - TR 5 B R R Z A R AHE]

9o D A A LA R e

ER Aad BHEARERIE NA B F 30°C MESE—
Ktk » NMAVEFIE K REEER 2% Sl iRk (PTA,
pH 7.5, & 0.1 % bovine serum) * i&f* Hitach -7000 A%
BN T-REMR$E (Transmission Electron Microscope) EH
LM T RE A MFE - 72 EY Aad ~ Aa5 ~ Aa8 % Aa9 £5
{HERERR > K Jones 29 KrWillems % A Fsfiste! 74
HHAALHIE » DASRE HAERE -

Song Z£ A *° $1¥] A. avenae subsp. avenae BEEEZ
SR EEEEL - sorbitol pyroglutamic acid agar (SPA)
K HAE SPA b2 AU RE R i HE M R R &5 A.
avenae subsp. avenae MK > RIASFHES EHE L 77
AR B RS SPA | - (EUEIR B RES AR AR TE B IR
Burkholderia andropogonis BA17 ~ FEJHEEZEFERE B.
caryophylli TWT (5 H BKRENRR) ~ PE B SR
B B. cepacia 13208 (& EE TR ~ FEEHEERE B.
gladioli pv. gladioli ~ IKFEEBALTRE B. glumae ~ 2l
ETHEEDER A P. cichorii 12682 (EH R LAT) % < SPA

MR S c BAAEEEAESR KHPO, 0.5 g,
Na,HPO, 3.0 g, D-sorbitol 2.0 g, L-pyroglutamic acid 0.2
g, Tween 80 10.0 ml, victoria blue B 40.0 mg, bromthymol
blue 15.0 mg, agar 15.0 g, ampicillin 150.0 mg,

vancomycin 25.0 mg®” o

Biolog Identification System Z #ll Fi§ &

Y Aa5 ~ Aa8 K Aa9 AR - RIS ER
BUGM (Biolog Universal Growth Medium, medium 36 g,
Bacto Agar 15 g) FEERAR) 16-24 /NRF » EEEFR L
BUGM | - 1538 24 /% - AS5HH ER2 S GN/GP-IF
buffer (0.4% NaCl :0.03% pluronic F-68 » 0.01% gellan
gum) H1 o FEEYREE 63 % T (Turbidity) » 437 A0 A
Biolog GN2 [ fE#& (Biolog Inc. Hayward » CA) 1 »
FLAOA 150 ul HHERGIEIE - B2 30°C NS 4-24 /)
IKF » Z IR LIERER (ODyyns) HIRE » BARIFE R A
Aigd Biolog GN2 & RI/#H (Biolog 6.1 fik) HIEL#T » Ligh
EHAHE (KRR FE )

AR WAL S0 #r B B

N Aas ~ Aa8 K Aa9 BHEAENR - SrRIESER
TSA (BBL tryptic soy broth 15 g, agar 20 g) tZ&Hr »
BT X% INEREAE - T - PBRE
(saponification) [z & : e/ A 1 ml reagent 1 (NaOH 45
g, methanol 150 ml, ddH,0 150 ml) » Z# 5-10 5 » 100
°C KRS SyeE c TR 5-10 B0 100°C K 25 4y
#8055 PSRN (methylation) KFE : 0 A 2 ml
reagent 2 (6 N NaOH 325 ml, methanol 275 ml) + E#% 5-
10 - 80°C /Kimr 10 77 » alaE (Buok b) » =
EREZE B (extraction) @ A 1.25 ml reagent 3
(Hexane 200 ml, Methyl-tert Butyl Ether 200 ml) iiff k=
RZ2) 10 7088 - §RiERY g BERIER OKg) » B8
ER et (base wash) : fj[IA 3 ml reagent 4 (NaOH 10.8
g, ddH,0 900 ml) » = TRZ] 5 7088 - BRiER g 0 &
g A5t a » AIE AR B K AGE s SR
2P LB ERE ME o g eriitig 223§
g BN GC /IVE - 5Tl AR % » DURAH gt
%% GC-MS (HP 6890N, Agilent, Palo Alto, CA,
USA) 174787 » Wi LL MIDI Sherlock® Microbial
Identification System (MIS) Z&RHELLES 5387 » LU R
TRIR TR o

FEH #iz\ PCR (Nested Polymerase Chain
Reaction, Nested-PCR) # & B #H Bk

SEERY Aad ~ AaS ~ Aa8 Fr Aa9 DUR it bt sERBaA 2
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MBI » ELE F RGBS Acidovorax avenae subsp.
avenae CHI12 (3K B BLAAEIR %) » HEHFEDRE B.
andropogonis BA17 ~ R JTEEZIHE B. caryophylli
TW7 (2K H B KRR %) ~ 7 Bl MEOS i B.
cepacia WEEAET) ~ [FEMH EEMNE B. gladioli pv.
gladioli ~ KFEFHE RN B. glumae ~ Fr- 25l 14 TEHHR
P. cichorii 12682 (BE R LHN ~ KEEEHHE
Pseudomonas syringae pv. glycinae P154 ~ 755 BEIERE
P. syringae pv. phaseolicola P343 ~ B G AR E P.
syringae pv. pisi P11 K& AniEP figE P. syringae pv.
tomato P133 (P. syringae pathovars DNA 152 5 rri# &
EERESRRATE 52 %) 55 - #{Tnested-PCR o

Nested-PCR F{fi FH .2 5| %] Aaaf3/Aaar2 K&
Aaaf5/Aaar2 (%1 A. avenae subsp. avenae Z 16S-23S
rDNA B[R Z K% FoFRagst @ o IR ERERE R 25
1 (200 M &7 ANTPs ~0.4 M B8] F~0.8 U fY
Pro-Taq DNA polymerase ~ 1 X JEAZTE R K 125 ng )
DNA 15 » JIEBET/KEREREFE 25 1) » JeLAHZK
$EF Acidovorax spp. Z4VME 5| 7% Aaaf3/Aaar2 1T
PCR 2 JfE » [ JEIGRMH 5 94°C » 10 3§# » FRLL 94°C »
30 0> 53°C » 30 #h R 72°C » 30 FU3ET 30 {ETEERT% -
Bf% LA 72°C > 507 5ER8 B - ESER RIS LAY
£ 100 15 » B 10 ul VERSARRR » FEAOIAEES A. avenae
subsp. avenae ZWNE#EERS | ¥t Aaaf5/Aaar2 &7
K PCR /& » [IEWGRIHFR 94°C » 5 5788 > FLL94C >
30 5 ~60°C »30 # ~72°C » 30 FL3E1T 3 {EI{EIRTE - LA
94°C » 30 0 ~48°C - 30 b ~72°C » 30 FhifT 3 &
IR #2%1194°C » 30 #~53°C » 30 #0 -~ 72°C » 30 #
ST 25 {EJEIRTE > 72°C » 7 SrEEiRil I E > RIESERK
#% LL1X TAE $EfEraiR Bl 2 2.3% agarose 31 TEEIK Y
Hr

SR RS2 P

FIFHBSHRIE] BB H0E (paper disc diffusion method)
U NA BSEEL RHIE RS B L SERR R
S [E] B j YR 2 o AN Aad ~ AaS ~ Aa8 K
Aa9 LSRR - LS 10° CFU/mI » 4371 HY 0.1 ml
IRIS/KIEAE (water agar) H > FRBIFS NA b 5 5%
FREERR PRl RURAE TR - 53R 0.1 ml R E I8
#M(ERL2.7 mm) F - Z{REME 3 (8E5%E ZIEHIE
i 0 DGR MR KGR PR IR R - 7 30°C T ESE
1-2 Kt - HIE NGB ] » 25 Al A A 2t 22
FAE Pl G iR i R PR AR R SR SR -
Al 11 RETTE SR RMERRELAN T > PUAERARSER -
PURREIFR (Tetracycline » pan-4 RS SHEM] - SBFZ N

H] » 30.3% SP ° {EHHE S 200 ppm ~ 400 ppm ~ 600
ppm) ~ FEPYER 3R (Streptomycin Tetracycline » FE&R%4
BN ESE » 2EAF 0 10.0% SP - {HAKIEE 100
ppm ~200 ppm ~ 400 ppm) ~ $##3# (Streptomycin * 5
A B REEE YEAF 125% S (FHEIES
100 ppm ~ 200 ppm ~ 400 ppm) ~ % % i & %
(Thiophanate methyl + Streptomycin » [ gh¥& F5 %8 5E
» HifH/S 7] 0 68.8% WP » (& & 500 ppm -

1000 ppm ~ 1500 ppm) ~ ZG R (Kasugamycin » [&iah
“EMBCK > KL »2.0% S » FHERABES 100
ppm ~ 200 ppm ~ 400 ppm) ; 8 EREZEH] 2 it & A
{k#d (Copper Oxychloride » R§ anf HEARH » &AL
F] » 85.0% WP » J#E £ 1000 ppm ~ 1500 ppm ~ 2000
ppm) ~ EE LA (Copper hydroxide * Pl 45 Al E
% » Kocide Chemical Corporation » 77.0% WP » {5 F37#|
E£% 1000 ppm ~ 1500 ppm ~ 2000 ppm) ~ = JLHHEEHH
(Tribasic Copper Sulfate » Pf @B = > HELT
INF] 2 27.12% SC » {fH® &£ 1000 ppm ~ 1500
ppm ~2000 ppm) ; EEFEBERZ 575 (Kasugamycin
+ Copper oxychloride » 14 fn& B #ikfihr » AR L T »

81.3% WP - { FHE| &£ 500 ppm ~ 1000 ppm ~ 1500
ppm) ~ $¥ERIEGE 42 (Ridomil-MZ » 58% WP » Paab5S
P EBI- 2E 8k - ISE FEE R AR AT - IRE A 1000
ppm * 1500 ppm * 2000 ppm) » Hfth REZER] 2 |k 3= PR
(Oxolinic acid - pan# &2 - FRILEALTF] - 20%
WP {# FE & £51000 ppm ~ 1500 ppm ~ 2000 ppm) °

S
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FH P B 5 SR P (B B 1 HHER O E B LR R
AR B - SHE N EBUIETESORTLBRIG 384 - 120K
RiK » ZARTE BRI e DAY - vy ST AR L -
e E AL - mARTE RS (81 - 2) - ZEHH IR
KIRAR (ll— ~ 3) S SHE EAL By R %48 BT (1&]
—~4) o DUR IR EESH A < B RS EER AL 24 /)
P IR EIEDE » DUEZE T M R (REE) M
PR SRR 1~2 RAIR(EZER HBUKGGIRERE ([8]— ~5) »
TRBHIRI EE L2 AT SRS OB - A&
TERRIR B ([ — ~ 6)  ZKAE REPRES R — KIS E S 38 8L
TEF B S L BEAY - B TE AR R - ER TR
e R TIRE - 1 PY KR T Rl et 5B (18— -
7) o FARERR HORE R R R S Ty L B
B> LR R LR - VR SEARIE AL > TR
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A i YE'JafK%%EET@Eaﬁ%%iﬁ%gﬁﬁﬁ?x
T IFRE B B REE —~ AR MR AT 2
MRAIE - £ NA FEHEEE » /£ YDC (yeast
extract dextrose CaCO,) BZEEL FigEm — ~ =K @E4
FLEGE - A2 40°C 4K » B Kovacs & (LR

PREBEEEYE » AT 0 PLEE - e e P R pE ~ SR0E -
HERlE s LB BRIy B == P AR % - /£ NA K& KB

TR ZIREL(, 2) 5
FEN T30 1-2 REBER Z/KSIRIRTEL (5) 5 ik 7 REERJREL(6) -
Fig 1. Symptoms of bacterial leaf blight of turmeric. Naturally infected leaves (1, 2), leaf sheath (3, 4), and artificially
inoculated leaves at 1-2 (5) and 7 (6) days after inoculation with strains of Acidovorax avenae subsp. avenae.

FHIRT B 28 R E B TEIR IR 13 (3, 4) 5 EEIEPR

EABEEE R AEARE REREE - MRS
FERE I B AL A o bolhs RS (AR e AL
avenae subsp. avenae 2 EHAELRHEAT (F2—) ©
{13 Aad ~ AaS ~ Aa8 K Aa9 EFHE M » f&HREs
EIS SPA ERM ISR > IWRBREE HRBAGZH
NFEEOEE > M RHEMIERRE B.
~ B JYER ZERAJRE B. caryophylli
TW7 ~ PRI R ZHNE B. cepacia ~ & E# E &R
B B. gladioli pv. gladioli ~ /X¥EZFERE B. glumae ~ 7+
ZRBEBEREE P. cichorii 12682 “EHIMRAT SPA BEEEL H
TRk B 8 $RANTZ () B v - Rt al s =ik

andropogonis BA17
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SPA REEHR b2 FEEFFIEEL A avenae subsp. avenae fH
G o

Biolog System 5 %59

30 B 5T B tRkAaS ~ Aa8 & Aa9 LL Biolog
Identification System #&ERS FRT » £L 16 /DRFESE
A. avenae subsp. avenae FHILUEK FF453 Bl 0.85 ~0.79
K2 0.84 » % 24 /MNFEZE 4 A, avenae subsp. avenae
FRACHEAL P57 B 55 0.87 ~ 0.81 £20.735

i R 5 e B R s SR

B EHE IR AaS K Aa9 RANMRAERT BBRH AR5y
Br > AERAE = - RS E R E & RHE MIDI
Sherlock® Microbial Identification System (MIS) L%t »
FETERS A. avenae subsp. avenae » HARLHEKFE 7 A5
0.902 £10.903

H5{ PCR (Nested-PCR) JEftH

F— ~ HETERNE LA AU

LA Song 5% pE%it 2 4MES| T Aaaf3/Aaar2 i
1T PCR JE » &5 BanlE —~ =R R » (3 s EE
Aad ~ Aa5 ~ Aa8 ~ Aa9 KB KIEHLIRE A. avenae
subsp. avenae CH12 ¥JR]{E 262 bp BEFEH % DNA
154 » TiHEN Burkholderia 1@ (181 —) K Pseudomona &
(Bl=) FEk GERMEITE) » BIREAE DNA 15
W LU EYEBERE N AN BT 7 #
Aaaf5/Aaar2 {7 PCR JJE®™ » #ERANE —~=Fi8
T o EAE R Aad ~ AaS ~ Aa8 ~ Aa9 R FOKAGET
JRE A. avenae subsp. avenae CH12 ¥3RJ{E 241 bp BRE
AEE M DNA 585 » RS Burkholderia & (IR —) &
Pseudomona B(IE =) 2 E DNA - HJEzE LT
DNA f5#5 » FH nested-PCR #& SR B8HMIERE & E AL A.

avenae subsp. avenae °

L e T

38 Aad ~ Aa5 ~ Aa8 K Aa9 BEFMRE M 11
FeR G FHITE — M (S YR 2 A2 - 4 SRR AT B
PR IR 2 T I 3R o ik 2 Ak Rt B I

Table 1. Physiological and biochemical characteristics of Acidovorax avenae subsp. avenae from bacterial leaf blight of

turmeric

f B B PR

HH

A. avenae subsp. avenae'

Strains from turmeric

Gram positive
Grows anaerobically
Grows aerobically
Yellow insoluble pigment on nutrient agar
Yellow colonies on YDC at 30°C
Fluores pigment on KB
Diffusible non-fluorescent pigments on KB
Pectolytic activity
Urease
Kovacs oxidase
Grows at 40°C
Flagella
Carbon sources utilized for growth:
L-arabinose
Sucrose
D-fucose
D-mannitol or D-arabitol
Sorbitol
Lactalysate or beef extract ppt.
Pathogenicity on:
Corn
Rice
Tobacco HR

+ +
+ +
+ +
+ +
+ +
Polar lor 2 Polar 1 to 3
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

Except specifically stated, + indicated positive reaction, and — indicated negative reaction.

‘Data from Willems, et al., 2005 and Jones, et al. 2001.
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241bp

B — - JEA$ X PCR (Nested-PCR) $&%E Burkholderia & & B SEMRE © lane 1-11, UL Aaaf3/Aaar2 S4EF| %12
HF—2X PCR ; lane 12-22, ) Aaaf5/Aaar2 A[E5|F¥t22 _2k PCR ; Lane M, DNA Bio-100 marker ; lane 1, 22,
negative control (ddH,0) ; lane 2, 21, B. andropogonis BA17 ; lane 3, 20, Burkholderia caryophylli TW7 ; lane 4, 19, B.
cepacia ; lane 5, 18, B. gladioli pv. gladioli ; lane 6,17 B. glumae ; lane 7,16, A. avenae subsp. avenae CH12 ; lane 8§, 15,
EEEME Aad ; lane 9, 14, EEE MR AaS ;s lane 10, 13, EEFEME Aa8 ; lane 11, 12, E & E K Aa9 -

Fig. 2. Identification of Acidovorax avenae subsp. avenae isolated from diseased tissues of turmeric by nested polymerase
chain reaction with primer pairs Aaaf3/Aaar2 (lane 1-11) and Aaaf5/Aaar2 (lane 12-22). Lane M, DNA Bio-100 marker;
lane 1 and 22, negative control (ddH,0); lane 2 and 21, Burkholderia andropogonis BA17; lane 3 and 20, B. caryophylli
TWT7; lane 4 and 19, B. cepacia; lanes 5 and 18, B. gladioli pv. gladioli; lane 6 and 17 B. glumae; lane 7 and 16, A. avenae
subsp. avenae CH12; lane 8 and 15, strain Aa4 from turmeric; lane 9 and 14, strain Aa5 from turmeric; lane 10 and 13,
strain Aa8 from turmeric; lane 11 and 12, strain Aa9 from turmeric.

262b 241 bp

[E= ~ fEA R PCR (Nested-PCR) $E5F Pseudomonas [B R BRI - lane 1-11, Ll Aaaf3/Aaar2 YLES| T2
Z5—2X PCR ; lane 12-22, L Aaaf5/Aaar2 ANES| T %125 —2k PCR ; Lane M, DNA Bio-100 marker ; lane 1, 22,
negative control (ddH,O) ; lane 2, 21, Pseudomonas cichorii 12682 ; lane 3, 20, P. syringae pv. glycinae P154 ; lane 4,
19, P. syringae pv. phaseolicola P343 ; lane 5, 18, P. syringae pv. pisi P11 ;lane 6, 17 P. syringae pv. tomato P133 ; lane
7, 16, A. avenae subsp. avenae CHI2 ; lane 8, 15, EHEFEF Aad ; lane 9, 14, EHEIE Aas ; lane 10, 13, EHEEF
Aa8 ; lane 11, 12, EEF K Aa9 ©

Fig. 3. Identification of Acidovorax avenae subsp. avenae isolated from diseased tissues of turmeric by nested polymerase
chain reaction with primer pairs Aaaf3/Aaar2 (lane 1-11) and Aaaf5/Aaar2 (lane 12-22). Lane M, DNA Bio-100 marker;
lane 1 and 22, negative control (ddH,0O); lane 2 and 21, Pseudomonas cichorii 12682; lane 3 and 20, P. syringae pv.
glycinae P154; lane 4 and 19, P. syringae pv. phaseolicola P343; lane 5 and 18, P. syringae pv. pisi P11; lane 6 and 17 P.
syringae pv. tomato P133; lane 7 and 16, A. avenae subsp. avenae CH12; lane 8 and 15, strain Aa4 from turmeric; lane 9
and 14, strain Aa5 from turmeric; lane 10 and 13, strain Aa8 from turmeric; lane 11 and 12, strain Aa9 from turmeric.
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R EETERRE L ZRE DIERRE R AT
Table 2. Cellular fatty acid analysis of Acidovorax avenae
subsp. avenae from bacterial leaf blight of turmeric

Fatty acid Aas Aa9
10 : 0 0.35 0.40
10 : 0 30H 3.78 3.95
12 :0 2.32 2.70
12 :130H 0.15 —
12 : 0 20H — —
12 : 0 30H 0.13 —
14 :0 2.20 2.55
14 :0 20H — —

Unknown 14.263 — —
Unknown 14.502 — —
Sum In Feature2

(14 : 030H/16 : 11ISO 1) 0.69 0.31
Sum In Feature3

(16 : 1 w7¢/15 iso 20H) 39.88 41.63
16 : 00 33.03 33.21
17 :0 CYCLO 0.88 1.02
17 : 00 0.21 0.24
16 : 0 30H 0.08 0.06
18 : 1 w7c¢ 15.39 13.33
18 : 00 0.37 0.28
11 methyl 18 : 1 w7¢c

(un 18.846/19 : 1 wb6c) 0.21 0.14
Sum In Feature 7 — 0.06
Sim Index 0.902 0.903

A. avenae A. avenae

Result from data base

subsp. avenae  subsp. avenae

F(RD) - HAr L DIVBRBIGR ZZEFIRCR il - HAl
A RAK £ VIR R ~ BRGR M ~ 57 Mo 5R ~ Y
IRR ~ G~ SRR - BEGR - /SR -
Wa P ERE LR ~ = TThiUs B e BrEIHOELE S -

E

CNEE R E B E B ey BEER R RIE R 0 Al
B PERTBEE ke MR o (B e A EE M R AT
AL o SCRR > AR SR 15 e 45 Wk ] e vl S5t %
Bz B AR o BRI AR 2B BV R £
TRIRE Z 1% » WI2P4K Jones %59 K Willems 2% A ™ Fft
ST 25 TEAR FRAR AL EANRE o RE T IR AT oy
¥A FHE RS Acidovorax JBRVATIE  LLZR & =NEE T REHER
e R IR KES B A —R > D &R —
~ZHREFE - BRT AWFSERR 2 S Acidovorax spp. ZH
HERRA R BE AR 2R A Y - RS
NFEH A. avenae subsp. avenae FEIRETFFIEEEAIHTEHE
B (F—) REAHE ™" - FLL Biolog ##7E AAHIEK

B EARIRE - AR EL A, avenae subsp. avenae
FEALUEAE 0.735~0.870 28 - Gardan 5E A. avenae
subsp. avenae WIRAIAENGfEAERL » LL C16 : ITWTC
(42.9%) ~C16 : 0 (32.2%) k& C18 : IW7C (15.9%) =&
HERf e & i m 7 S ATFE o W e B RS SR A
[F] () » FHAERA, BeAH AR 88 5 S thBm (A B
RS A. avenae subsp. avenae - f§E T FEIFERIIEES
SPA EREMIGE AL b - 4 BRI (38 EE R AL SPA
AR R e s FOER L EEaETE R A
A. avenae subsp. avenae BTG FAE] o R baiA:
41k > Biolog * HE Bl /7 A fo SPA B5E FiHS5#S A
WHER T E SR ZIRIAE R A avenae subsp.
avenae ©

Song 257 §1¥} A. avenae F%ETE ST - LA
nested-PCR 777 1T E » HIF B E I H R AR5
SHERET M7 H—$12 81 Acidovorax [
FE% et 2 VB 5] T Aaaf3/Aaar2 FI5E — %16+ %) A,
avenae subsp. avenae MRAT R E 2 N & 5 T
Aaaf5/Aaar2 » H3E{T 2K PCR : It /5B {47 PCR L
# > nested-PCR HEL# {2 B — Ve 88 U - (HAHETAY
HRRBE S RS rEYs - FERAREERF A L e
nested-PCR 77 Afrifets SREH 7T~ e 28 o R kB A0 S AL
avenae subsp. avenae CH12 T AGEHREG » 1£56— K
LA Aaaf3/Aaar2 5| F¥3#1T PCR IRFFRIAE 262 bp K&
Ay (Bl —~=) » MHAMELEL Burkholderia & (& —)
K Pseudomonas [&H7 DNA ([E=) RIFIFRTE 262 bp &
FEARAGTS » il (B # EIRE Acidovorax &  #ET
LIEE—2k PCR ZEVIEFERRAIA AaafS/Aaar2 5|14
T K PCR - il B HE MR AN A, avenae
subsp. avenae EfF CHI2 t5nali@nEH 241 bp ZH %
& (B —~ =)+ T Burkholderia /& (B8 —) K
Pseudomonas & ([B]=) WY HE DNA f£25 2k PCR
I E AR 78 AR LR Y - i E G EEER A A
avenae subsp. avenae °

Willems % A% #8H! » Acidovorax [BNEL & A.
avenae subsp. avenae ~ A. avenae subsp. cattleyae ~ A.
avenae subsp. citrulli 5 A. konjaci %5 4 FEMEYHEIRE -
A. avenae subsp. cattleyae FEFEGFHAT » & BARPHR
@ s A. avenae subsp. citrulli » FEREHLTEE » SR RBE
R 5 Al konjaci » SRR E RN T o G TER
5% » A. avenae subsp. avenae == FERRLLEE F-EEREY @ -
TE7KAG b5 | REAME PR BEBTIR B IRBR " > fE oK b4l
FEEAHE TE BEDLR ~ BIAGR ~ RBLR R s Y > 1
AEZS ~ HIHE R/ v b 5 B P AGRBEH R BB s
P H BRI EEEE AR ERE RO ~ RLERCRET
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Table 3. Growth inhibition of Acidovorax avenae subsp. avenae strains by various agrochemicals at different concentrations

Concentration (ppm)

No. of strains Inhibited / Inhibition zone

Chemical No. of strains tested (diameter in cm )
Tetracycline 200 4/4 1.70-3.07
(30.3% SP) 400 4/4 2.10-3.33
600 4/4 2.23-3.53
Streptomycin 100 4/4 0.83-1.13
(12.5% S) 200 4/4 0.93-1.33
400 4/4 1.10-1.43
Streptomycin 100 4/4 1.20-1.50
+Tetracycline 200 4/4 1.60-1.77
(10% SP) 400 4/4 1.77-2.03
Thiophanate methyl 500 4/4 0.87-1.13
+ Streptomycin 1000 4/4 1.07-1.30
(68.8% WP) 1500 4/4 1.27-1.50
Kasugamycin 100 4/4 1.27-1.50
2% S) 200 4/4 1.53-1.93
400 4/4 1.87-2.50
Kasugamycin 500 4/4 1.03-1.20
+ Copper oxychloride 1000 4/4 1.23-1.50
(81.3% WP) 1500 4/4 1.47-1.80
Copper oxychloride 1000 4/4 0.60-0.97
(85% WP) 1500 4/4 0.63-1.03
2000 4/4 0.70-1.13
Copper hydroxide 1000 4/4 0.70-0.97
(77.0% WP) 1500 4/4 0.83-1.07
2000 4/4 0.97-1.13
Tribasic Copper sulfate 1000 4/4 0.20-0.37
(27.12% SC) 1500 4/4 0.23-0.57
2000 4/4 0.40-0.77
Oxolinic acid 1000 4/4 1.90-2.77
(20% WP) 1500 4/4 1.93-2.83
2000 4/4 2.17-2.87
Ridomil MZ 1000 2/4 0.17-0.33
(58% WP) 1500 3/4 0.37-0.43
2000 3/4 0.47-0.53

FeBEDT » W)EA SR BT X A U BEEE - W 2R L Eud 45
JREL > melk AR RARET » ST AIRARIEE T ©
121639, FpEi A, avenae subsp. avenae 55 [F#E KA
TEGEBERR " R SEAB GBI @7 » (Hfa 6 R B w5 A ¥R
o ANNT AT R R R B TS M RS 2 B A
PR FSIAEDE - 0V SEARIE AL SRR R AL
BEEERMEZ  HHRE AR B HEMNRE
(bacterial leaf blight of turmeric) o [HJ5 5 1 7] BR HLoKFeh
Fe oK s SRR BT AR S (VIR BT - BETRSE AR E
AOFESRAREL " o

TEZE R 38350 - P AZERIES REN 6 & s i
TR 24 R o ARIR HNHI R 2 N B P B 3 ~ BRSR
g ~ G EGR - BPUIREIER - ZHH - 2 (REEME

o AR - DR LR ~ et EE AL - = STk i
Kb SESE % BT SRR s YR R DU 3
HE . BER B I B TR B A R RER - AT H
L) o 3L DAY BRBGRACR R (4 - AR R &iie 2
%,

51 SRR

Adaskaveg, J. E. and Hine, R. B. 1985. Copper
tolerance and zinc sensitivity of Mexican strains of
Xanthomonas campestris pv. vesicatoria, causal agent
of bacterial spot of pepper. Plant Dis. 69: 993-996.

2. Ark, P. A. and Thomas, H. E. 1946. Bacterial leaf spot
and bud rot of orchids caused by Phytomonas

—



10.

11.

12.

13.

14.

15.

EEEA By Acidovorax avenae subsp. avenae 5| #E .2 B i TEFGIR 51

cattleyae. Phytopathology 36: 695-698.

Bradbury, J. F. 1986. Pages 116-117 in: Guide to plant
pathogenic bacteria. CAB International, Farnham
Royal, Great Britain 332pp.

Che, F. S., Iwano, M., Tanaka, N., Takayama, S.,
Minami, E., Shibuya, N., Kadota, I. and Isogai, A.
1999. Biochemical and morphological features of rice
cell death induced by Pseudomonas avenae. Plant Cell
Physiol. 40: 1036-1045.

Chen, H. E. and Tsai, P. L. 1975. Studies on the
Natural coloring matters of horticultural crops. 3.
Some properties of yellow natural color in curcuma
rhizome and its application. J. Chinese Soc. Hort. Sci.
21:242-248. (Taiwan, R. O. C.)

Cottyn, B., Van Outryve, M. F., Cerez, M.T., De
Cleene, M., Swing, J. and Mew, T.W. 1996. Bacterial
disease of rice. II. Characterization of pathogenic
bacteria associated with sheath rot complex and grain
discoloration of rice in the Philippines. Plant Dis. 80:
438-445.

Gardan, L., Stead, D. E., Dauga, C. and Gillis, M.
2003. Acidovorax valerianellae sp. nov., a novel
pathogen of lamb's lettuce [Valerianella locusta (L.)
Laterr.]. Int. J. Syst. Evol. Microbiol. 53: 795-800.
Gitaitis, R., Wilson, J., Walcott, R., Sanders, H. and
Hanna, W. 2002. Occurrence of bacterial stripe of
pearl millet in Georgia. Plant Dis. 86: 326.

Goto, M. 1983. Pseudomonas pseudoalcaligenes
subsp. konjaci subsp. nov., the causal agent of bacterial
leaf blight of konjac (Amorphophalus konjac Koch.)
Int. J. Syst. Bacteriol. 33:539-545.

Grote, D., Olmos, A., Kofoet, A., Tuset, J. J.,
Bertolini, E. and Cambra, M. 2002. Specific and
sensitive detection of Phytophthora nicotianae by
simple and nested PCR. Eur. J. Plant. Pathol. 108: 197-
207

Horota, M., Yano, K. and Tsuchiya, K. 2004. PCR-
based specific detection of Ralstonia solanacearum
race 4 strains. J. Gen. Plant. Pathol. 70:278-283.

Hsu, S. T.,, Chang, R. J., Tzeng, K. C. and Leung, L. K.
1991. Occurrence of bacterial stripe of corn in Taiwan.
Plant Prot. Bull. 33: 376-383. (Taiwan, R. O. C.)

Hu, M. F. 1995. Curcuma longa Linn. Pages 276-277.
in: Taiwan agriculture encyclopedia. Vol. 2. Harvest
Farm Magazine of non-profit organization, Taipei, 926
pp. (Taiwan, R. O. C.)

Hu, M. E, Tsai, S. J., Chang, I. F. and Liu, S. Y. 2003.
Effect of combined chicken compost and chemical
fertilizer application on the yield and quality of
turmeric (Curcuma longa L.). J. Agric. Res. China. 52:
334-340. (Taiwan, R. O. C.)

Huang, C., Zhang, Z. G., Huang, R. M. and Song, B.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A. 2002. Investigations of disease of important
medical plants in Guizhou Province. Pesticides. 41: 6-
9. (in Chinese )

Jones, J. B., Gitaitis, R. D. and Schaad, N. W. 2001.
Acidovorax and Xylophilus. Pages 121-138. in:
Laboratory guide for identification of plant pathogenic
bacteria. 3" edition APS, St. Paul, Minnesota, USA,
373 pp.

Maringoni, A. C. 2003. First report of Pseudomonas
cichorii on turmeric (Curcuma longa) in Brazil. Plant
Pathol. 52: 794.

Mudingotto, P. J. 2002. First report of bacterial blight
caused by Acidovorax avenae subsp. avenae
associated with finger millet seeds from Uganda. Plant
Pathol. 51:396.

Nishiyma, K., Nishiharan, N. and Ezuka, A. 1979.
Bacterial brown stripe of ragi caused by Pseudomonas
alboprecipitans. Ann. Phytopath. Soc. Japan 45: 25-
31.

Okabe, N. 1934. Bacterial disease of plant occurring in
Formosa IV. J. Soc. Trop. Agr. 6: 54-63.

Pataky, J. K., du Toit., L. J. and Kerns, M. R. 1997.
Bacterial leaf blight on shrunken-2 sweet corn. Plant
Dis. 81:1293-1298.

Ramundo, B. A. and L. E. Claflin. 1990.
Demonstration of synonymy between the plant
pathogens Pseudomonas avenae and Pseudomonas
rubrilineans. J. Gen. Microbiol. 136:2029-2033.
Sasser, M. 1990. Identification of bacteria through
fatty acid analysis. Pages 199-204 in: Methods in
Phytobacteriology. Z. Klement, K. Rudolph, and D. C.
Sands eds. Akademiai Kiado, Budapest, 568 pp.
Shakya, D. D., Vinther, F. and Mathur, S. B. 1985.
Worldwide distribution of bacterial stripe pathogen of
rice identified as Pseudomonas avenae. Phytopath Z.
111: 256-259.

Song, W. Y., Kim, H. M., Hwang, C. Y. and Schaad,
M. W. 2004. Detection of Acidovorax avenae subsp.
avenae in rice seeds using BIO-PCR. J. Phytopathol.
152:667-676.

Song, W. Y., Kang, M. H. and Kim, H. M. 2000. A
new selective medium for detecting Acidovorax
avenae subsp. avenae in rice seeds. Plant. Pathol. J.
16:236-241.

Song, W. Y., Hatziloukas E., Kim, H. M. and Schaad,
N. W. 1997. Development of PCR primers for
detection of Pseudomonas avenae. Phytopathology 87:
S92.

Ummer, D. R. and Schaad, N. W. 1977. Epidemiology
and control of bacterial leaf blight of corn
(Pseudomonas avenae). Phytopathology 67: 1113-
1118.



52

29.

30.

31.

32.

33.

EYREEE T B178 H1H 2008
Sung, P. F. 1999. The polymerase chain reaction
technique for identification and detection of
Acidovorax avenae subsp. citrulli. Graduate Institute
of Plant Pathology, National Chung Hsing University,
Master Thesis 41 pp. (Taiwan, R. O. C.)

Takahashi, T. and Nakayama, T. 2006. Novel
technique of quantitative nested real-time PCR assay
for Mycobacterium tuberculosis DNA. J. Clin.
Microbiol. 44: 1029-1039.

Tominaga, T., Kimura, K., and Goh, N. 1983. Bacterial
brown stripe of rice in nursery box, caused by
Pseudomonas avenae. Ann. Phytopathol. Soc. Jpn. 49:
463-466.

Tsai, H. L., Huang, L. C., Ann, P. J. and Liou, R. F.
2006. Detection of orchid Phytophthora disease by
nested PCR. Botanical Studies 47: 379-387.
Tsuchiya, K., Yano, K., Horita, M., Morita, Y.,

34.

35.

36.

Kawada, Y. and d'Ursel, C. M. 1999. Occurrence of
bacterial wilt of ginger in Japan. Ann. Phytopathol.
Soc. Jpn. 65:363.

Webb, R. E. and Goth, R. W. 1965. A seedborne
bacterium isolated from watermelon. Plant Dis. 49:
818-821.

Willems, A. and Gillis, M. 2005. Family I'V. GenusII
Acidovorax. Pages 696-703 in: Bergey's Manual of
Systematic Bacteriology. Vol. 2, Part C. G. Garrity, D.
J. Brenner, N. R. Krieg, J. T. Staley, D. R. Boone, P.
De Vos, M. Goodfellow, F. A. Rainey, and K. Schleifer
eds. Springer, New York, USA, 1388 pp.

Yano, K., Kawada, Y., Tsuchiya, K. and Horita, M.
2002. First report of bacterial wilt of mioga (Zingiber
mioga) caused by Ralstonia solanacearum in Japan.
Japan J. Phytopathol. 68:94 (abstract).

ABSTRACT

Hseu, S. H.', Sung, C. J.!, Gao, R. L%, Chen, B. S." and Lin, C. Y."* 2008. Occurrence of leaf

blight of turmeric caused by Acidovorax avenae subsp. avenae in Taiwan. Plant Pathol. Bull. 17: 43-

52 (‘'Plant Pathology Division, Agricultural Research Institute, Council of Agriculture,

*Blotechnology Division, Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung,

Taiwan, ROC., ’ Corresponding author, E-mail: cylin@wufeng.tari.gov.tw)

Irregular browning lesions were seen at the leaf margins of turmeric plants cultivated in Minjeng

and Tstun of NanTou county in the summer of 2006 in Taiwan. Water-soaked lesions first appeared at

leaf hydathodes; as the disease progressed, necrotic lesions surrounded by a yellowish halo spread

along the veins and eventually led to blighted plants. The same symptoms were also found on leaf

sheath and finally the plant wilted. A gram-negative, rod-shaped bacterium was constantly isolated

from the diseased tissues and identified as Acidovorax avenae subsp. avenae based on its

physiological and biochemical characteristics, the Biolog GN MicroPlate Identification System, fatty

acid analysis, and pathogenicity tests. The isolated bacteria were further confirmed by nested-PCR

with Aaaf3/Aaar2 and Aaaf5/Aaar2 primers. According to the symptoms on the turmeric plants, the

disease was designed as a baitenal leaf blight of turmeric. In vitro screening for the efficacy of various

agrochemicals to inhibit the growth of A. avenae subsp. avenae on nutrient agar (NA) showed that all

tested chemicals, including copper bacteriocides, antibiotics, oxolinic acid, and carbamates, were

effective, and antibiotic tetracycline was the most effective.

Key words: turmeric, bacterial leaf blight, agrochemical screening



