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M — B REE PR 0 /F KB ISEE EAAEgEATOLEE £ NA FEHEEE - 15
BREA S EOOER SR TEZINIE MR EL Burkholderia gladioli WIFF PR » #5
Biolog $##5E LA K RERSEE M5 5 IR B B. gladioli » LIt B. gladioli HE—42Z CMG-23-1/G-23-2
51 TFREEHRIFE T PCR #85E » I 388 bp AW 4 DNA 5% » FRLA £8-27/r1510 5|
THIEIEEZ NI B2 16S t1DNA J BSETE FPEl $7E - e 30 a%0R R B B. gladioli » FH B.
gladioli 7|2 JBAL FIGTREEBYNE A EXRECHE « DL 11 FRREE I G — M (s IR AL ML
SZIR B AR R AN CR - RETSEEA 11 FREEEIELFERRGRARN R ~ $750 000 ~ THIREGE ~ |51k
o~ B IGHGE - S E -~ SEPUIREIGR - 2 REEHEE ~ BEEGE ~ it R R L s =TT SR EE

FIEAREANHIRIFERE A R - HLARGR AN HI R e -

BRBERA © JBAL ~ FURN  REEEHEE S E

woa

B\EY (Ananas comosus (L.) Merr.) » B BFIRL
(Bromeliaceae) ~ JB\ZY)E (Ananas) » % A E AR 71
MY > YR ~ =8 - RN ER ERE
pineapple » R B K AnBATESE N » 38 A RS R
FERE - HIRAR KWESMISZRERE T - T2 |
DIWEIE LEEY - RIBRE 95 FRFEMEIER B
AT BB AEAE AR 11,981 /AtH » - Sifd i 5
BFE% - B B mEREREE - B A S
A R E YRR AR > 80 Tk 2 B ARESE ~ BRE
JRERELE BB YL - 7R ATRUE A KBS - 2ES ~ JEL
FURK S50 B - SEEASEE B - FER SR 5=
o R AT AR ~ B el e REAC M > (e SE R E
2 H A AR R 2L g Bl e R PR, - H Rl D AR S - B3
BT EH OBV S B ML > BT E &
BE1~8 ~11 ~13 ~16~21 5&" -

BB RS R ES » B ER S ELLLE R
(heart rot)® ~ HJgHE (black rot) @ ~ /NEJEMURE (fruitlet
core rot ; Y FEFHYK » black spot) *® B+ » fEIKREH
{EFER (marbling ;5 YA/ NEABIEHR ¢ fruiltlet brown rot)
IR R IREIR (pink disease) ™ o AN EMEZ AN
(mealybug wilt) ® » Frfp s SRR » EHVERE
HIH 2,09 (black heart) ™ o & E\BLH ML S 584
TRETZE AR - B AL IERE FE S B e T & Y
Stk s T SRE BRULIRE - AR A (ERER ~ JRfadis ~ DR
JERUR B B LR REEE AR @ o BB AL ME 4R
FLALREREF - AR R E S EX e E O
& WIERIREEE 2 BIL 2152 - R HREE
e izl H B > BT DL N BB SR o R R HE B
Erwinia ananas Serrano. " s R 58~59 FHE & &
(RIS IRAR T 14.84% ~ 60.65% " » LU IE R 3844
e 7 o AF 1993 4 Mergaert % AFSHA AR ~
HeRAf 8T ~ 2l 5fis &2 DNA 2 G (BE#EE) C (e
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W) & EAEE o MESREE] E. ananas {KEFRME BGELA
% Pantoea J& » RILLSKAERS P. ananas » 1997 4F Triiper
O MR IEEBEME d2E BUS P ananas E#HTSCA R
P. ananatis > T GEBEFCRIERRERIK ™Y ZaAbahs
HE M NEERRBURERE P. ananatis © BRI}
e 40 ECAth o5 [ HTTER 5 [ REBUDIE AR U &5« ol &
T BB B ek b 5% AN IR] odes e B th AT 5 [REH
LUB\ELAEARIR IR 3 B R8T 482 IR R T &5
RS M MT DURERE Hoop BT » S T 3 AR B B 3% R
JREAE R ZINGIEER » DR ia2% -

PERLEL S 5

[£:27 2 S

HEF T F5 IR 4 ] 9006 sz 2 MRl S kb "2 J B4 AL
TR I E B » S RICLIEKGEIRER » LTS5 %
KSR ~ WelHZ » DU G IR S5 » 7 LAES )
UIRGHAR 28z B > WIS ERS MR /KA ST B
IR IR IR AR B B BES B AL (nutrient
agar, NA) ZFfg b » & 30 °C TIEE— Ktk - PREEE—
75 FERRES NA P > B =K 5% NA RHaifH
H o BREEG & LA BIEE S NA P B 30 °C TS
B HRHEER  OEH -FHEE E2H NA T
e B = RIEEE NA BHEEH -

oS RS

o BEFTS A IR ) HIAS NA RhAEE - 523 °C
TESE— KR BRI EZ SR A - LUy Seotisa
(spectrophotometer) ZFEHIRIT(E (A,,) £ 0.3 (10°
cfu/ml) ERS MR » DOESTEE R 7vE 5y HIVESTRS S
TREREE R - BRI NSRS S BT R
S 2 kR FILL B #7% » ST B3 ~ Bgb ~
Bg7 ~Bg8 ~Bg9 ~ Bgl2 ~Bgl4 ~ Bgl8 K P. ananatis
(EBUTE AR - BEE B LA » Bk CHR 13199) » 735l
FEEANA | 30 °C FHEER 24 hr - (YRR IRTE
G - BREZE#2RE (FE16 ~17 ~20
%) - EERAIRE ST LIUE KGR - HELL 95 % JHIRE ZRANA
T LIESEE (236) B RERIFUR (107 cfu/ml)
BB K (BAEEIR) 4 100 11 53 BEARAREEN
W o S FLLUBAR BB - R E LB R 1% - B
2R — A% HIBE B SO R R B BT - R
it JB\ B A oy B > DASERA 8 AR (Koch's
postulates) o 54138 Bg3 ~Bg5 ~Bg8 ~ B. gladioli pv.
gladioli (FEE M EIRINE) K B. cepacia (FEHE JEIR
s WEHE B TAT » BERCHE 13208) SEEMRLL_Eilty7ih

B BERR - o3 B LARRE 7 SRR 2 2~3 TR/
EvEEER - —BEHRE - S BRIk o SHRIEER M
FERIEER S S (236) RS EER - FFA A&
ZARAE B R AR B RK (B IR) 192 PR
B0 5 59 3 A DU B )71 8YZE Fy Al imik - 53 0
IRA R S K AT P9 BIRHE L2 MRk DAPBIE 4%
EIRRE - & 30 C ERAET - iRERIREIBIELL -
AR BHEE T -

I B VR P B R B AL A P

30 °C T NA 3E FiE#E—KZ Bg3 Kk Bgl4
Bk IO /DRF IR DK S 58 B 2% SRl HL ik (PTA, pH
7.5 » & 0.1% bovine serum) » &2 Hitach -7000 225
B TR RIS T2 A8 S i =€ - ZEH Bg3 ~ Bg6 ~
Bg7 ~Bg8 ~ Bg9 ~ Bgl2 ~Bgl4 & Bgl8 iz Etksy
AITENA Fhin 30 °C MEE—K o T MyI& EAHE
AAbEEE - BRI (Gram stain) » &AHE ZFIH A
X (B RS > O/F test) » YDC (yeast extract-
dextrose-CaCO,) BEEEL b 7 EEAE » £ YDC B2EH
530 “CIRERR G EA K > KB (King's B) B85
HOUEFR LT - KB WEEE ERE A4 IER e aF
FESEE R (crystal violet pectate, CVP) HEEEL F RIE
‘REE ST » 7F PDA (potato dextrose agar) g FBH
EEAE a3 > KRB KR (arginine dihydrolase) i
TE 0 40 °C TzARAES) 0 FHHARZ (gelatin) WRILAETST »
Bk (starch) 73f#RET] > E Ll (oxidase test) HITE » #
BaEE = A & (nitrate reduction) H|%E » 72 5 % NaCl 24
RBEJ1 & ¥} Adonitol ~ L-Arabinose ~ D-Arabitol ~
Gentiobiose ~ L-Fucose ~Maltose ~ Xylitol ~L-
Rhamnose ~L-Histidine ~L-Ornithine ~ L-
Phenylalanine ~ L-Threonine ~ Lactose 5 Sucrose il
FIFBE JoHlE @™ » DI a2t R Rtk » i LITE
TR 2 SR L ™ TR -

Biolog Identification System &% &Hl &

it Bgl ~Bg3 ~Bg5 ~Bg8 ~Bgll ~Bgl4 ~
Bgl8 K Be2l ks » A HIEE R BUGM (biolog
universal growth medium 36 g, Bacto agar 15 g) ¥%#EEr
#9 16~24 hr » Z %87 IF buffer (0.4% NaCl, 0.03%
pluronic F-68, 0.01% gellan gum) - » S EGEEE S 63%
T » 57 AIINA Biolog GN2 [ JE#Z (Biolog Inc. Hayward,
CA) H» BFLIOA 150 «1 MRS - E52 30 C
E5EE 4~24 hr » 2% DUCEHANRE » (&G E A E
H&igd Biolog GN2 & H|JH (Biolog 6.1 i) H1Lbis » LU
& HARE (KR mA) ©
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H% Bg3 ~Bg5 ~Bg6 ~Bg7 ~ Bg9 ~Bgl2 ~Bgl4 &
Bgl8 47 AIMEE R TSA (BBL tryptic soy broth 15 g, agar
20 g) BEEEL A BRI (R - IR e BB H 0 K
Sasser * ffpsit. 2 /7% (TR — PR E 1L (saponification)
FE : el A 1 ml reagent 1 (NaOH 45 g, Methanol 150
ml, ddH,O 150 ml) * %2 5-10 sec * 100°C 7K¥& 5 min °
FE% 5-10 sec » 100°C/KIA 25 min ; 25 _SUER S FHEL
1t (methylation) [ : AIA 2 ml reagent 2 (6 N NaOH
325 ml, Methanol 275 ml) » &% 5-10 sec » 80°C/KiA 10
min * W ANGR & (B oK) 5 38 =2 B K EL
(extraction) : AI A 1.25 ml reagent 3 (Hexane 200 ml,
Methyl-tert Butyl Ether 200 ml) 3ifi_F T3~ 10 min »
B - BRIER OB 5 B Rt (base
wash) : LA 3 ml reagent 4 (NaOH 10.8 g, ddH,0 900
ml) » F NRZ) S min - ERSE > B oERT R
ATEY SRR B KR AGAE o R B e PLLEL R
BiME Mg » nExeibgz 23 AifgiE GC /h
& o STk FARTER B % o DURAH ENT E 3 GC-MS
(HP 6890N, USA) {74347 ¢ iifi LL MIDI Sherlock®
Microbial Identification System (MIS) Z ¥k} L #4347
iR o

V5| BIER & HFH FE (polymerase chain
reaction, PCR) 73#¢

ZEH Bgl1~26 k& Bg28 % 27 X EMRIER HEAE
fk » K Burkholderia J&VHIIRIFE FR¥IR » £155 B.
cepacia (FEEJRHBUHRE) ~ B. caryophylli (FRT/EEZE N
) ~ B. gladioli pv. gladioli (FEETH & ERE) - B.
glumae (FEFEHEIRE) I P. ananatis (JBAEALRYR H)
55 {f Wang 5 2 SRS IIIE S iEE DNA > 74
B2 wl EFS DNA #&iR o LA CMG-23-1/G-23-2 (Ith5]F
¥1EHRE 23S rDNA EL[A spacer region [ HTHAEEF S
Mma%at » ¥f B. gladioli BHIAEE —M) H5F# Y
17 PCR $55E » 51 FIRERY 5.0 «M » 535H0A PCR %%
K FE®) : 5.0 mM dNTPs » 1.0 units/u1 Pro Tag DNA
polymerase (Protech Technology, ROC) Ak 2.5 x110 X
I FERE R (50 mM Tris-HCI pH 9.0, 15 mM MgCl,,
50 mM KCl, 1.0% Triton X-100) * #8 FEREFEES 25 ul °
PCR HM&EIRAIELL 95 °C [ FE 5 min » 21T 96 °C
30 sec * 51 "C 30 sec * 72 °C 45 sec * 3 30 {E{HR - &
BT 72 °C 7 min 1 {E7BER - 5] ¥R < EY)
53RILL 1.5 % agarose (1 XTAE buffer) Z#EiKk 5747 (100
V) » il Gen-100 DNA ladder (GeneMark Technology,
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ROC) £ K/DEE (size marker) » &% LIRIL Z8F
(ethidium bromide 0.5 pg/ml) YLaERER » AGIEAEECR% -

16S rDNAE > Je B i€

HEHY B3 7E NA B5EHE F 2B —&F % > LL DNeasy
plant mini kit (QIAGEN, Hilden, Germany) ##{H{ genomic
DNA 1% » FHflE 16S rDNA universal primers f8-
27/r1510 3¢fT PCR W& » 51 FUEER 10 «M > 537
A PCR & FEY) : 5.0 mM dNTPs » 2.5 units/u1
RealTag DNA polymerase (Real Biotech Corporation,
ROC) » LUK 5.0 1 10X#J PCR X FEXEEMR » HAIE
HEfeRs 50 1 o PCR HEMEME(FSELL 94 °C & S min »
Z183ETT 94 °C 30 sec » 55 °C 30 sec » 72 °C 140 sec »
40 {EEER - BIEFETT 72 °C 5 min 1 {E{BER - HEHE
2 EEYIAILL 1.0~1.5% agarose sE1TEEIKIHT » F4FTS
Z R BREITEF (sequencing) » FFF 4L NCBI
(National Center for Biotechnology Information » J5E[E
FKAYRMHTE R AL) FI SDSC-Biology Workbench (/10
PNAER & BEbh o By st s sl EE A L) o BLAST (Basic
Local Alignment Search Tool) #1731 ELE -

PRS2 PR E

FIFHUEAHRIE B %50 (paper disc diffusion method)
VS NA ESEREL IHIRE S BAY 2 SRR R AR A
[RIZERAN [RIEE  RAZ T o S BEPRIRE S 10° cfu/ml »
4yRIEL 0.1 ml JBHS 0.8 % /KIZHE (water agar) H1 » 7
5 NA 7P b5 R 2518 SRR R AN AR % - o0 5l
B 0.14 ml A8 A TER (ER13 mm) b > Z&E IR
3 {8 & EE 2B AR - Sl LIR IR K Z I8 AR R IR
fE - TEZER NEEEE 2 - 3 Ktk - HIEHTHIBIA /| » 5
HN Pl AR 2 s Ik BRI ARl 2R R i I AR Pk 2
AR AN IS SR o BUAS i 9 = oy Bl E B AL 21 PR
Bgl ~Bg3 ~Bg5~9 ~Bgll~12 ~Bgl4 ~Bgl5~16 -~
Bg18~19 ~Bg21 J& Bg22 % 16 PR HEEARTK - {it
Al 11 FERRE A0 T ¢ VUEREISR (Tetracycline » Radh 4
PR et - ZEEZLF 0 30.3 % SP) ~ BEVIRMGR
(Streptomycin Tetracycline » B4 b & EME EE » 250
] » 10.0 % SP) ~ ##f@# (Streptomycin » PF LGB T2
W% YRERAF - 125 % SL) ~ % {R MR
(Thiophanate methyl + Streptomycin * P& ah34 F285%
» Bt/ F] 0 68.8% WP) ~ FHG R (Kasugamycin »
P ek » K ET. > 2.0 % WP) ; & Half| AHEE
] 21 G2 LAA (Copper oxychloride » Fikh 445 AL
S+ Z KA T 0 85.0 % WP) ~ @4 LS (Copper
hydroxide * P &5 %% 5 7] EE % » Kocide chemical
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corporation * 77.0 % WP) ~ =JTHiE&SHA (Tribasic copper
sulfate » Fd & MHIE M - HEKILATR 2712 %
SC) 5 &Pt hiAAZER Z $¥55)7H (Mancozeb » pEin #45%
B4 200 KEFSAFE] 0 80.0 % WP) 5 (R & RHEERZ 52
H5# (Kasugamycin + Copper oxychloride » [ 5h-& B
il » KB LT 0 81.3 % WP) ; H{thREzEm ~ Bz e
(Oxolinic acid » P an &8 - ERILELF 20 %
WP) » REEE|RRRERREL AR =P o

TS

e

e 52 R FATAS R 2 ek s ok 5 2 JBBL M 5
bt - (BB FEEE AL = AR 2 1 0 RS TR S B R
([8l— > A ~ B)  Ko0BfEAniG. < MIE Bg BRI AIESHE
RSB TEEER W - Fi0 T 24~48 hr N UR

El— ~ BEALURER ZE A BEHMBERCBERE Z2ME - C D BEMINE -C » 5217 3 (SHEE
) ~D » HE 16 5 (FHEEBAYD - B HIE 1. BEY NG Pantoea ananatis ~ 2. Burkholderia gladioli Bg
12 ~ 3. FHEWHEERE B. gladioli pv. gladioli ~4. Bg 8 ~ 5. negative control ~6.Bg 14 ~7.Bg3 ~8.Bg8 ~9.Bg 18 ~

10.Bg 12 °

Fig. 1. Symptoms of bacterial fruit-rot of pineapple. A and B, Natural infected fruits, C and D, fruits (C: pineapple cultivar
Tainon No. 17; D: pineapple cultivar Tainon No. 16) inoculated with different bacterial strains: 1, Pantoea ananatis; 2,
Burkholderia gladioli Bg12; 3, B. gladioli pv. gladioli; 4, Bg 8; 5, negative control; 6, Bg 14; 7, Bg 3; 8, Bg §; 9, Bg 18;

10, Bg 12.



JHIRE - Bg WkEE EE R 17 REe BB (E—
O ~ A 16 RHHEEEBA (BE— > D) R&EE 20 584
BELER & (MR » 48 hr EFIFEEE » B
2R » 4 RigFE BB RN 2RECESE
o HEBRARFAHR - ki) - B AR BUTER R
ZIRE e T =R E R AR [E] 0 PR RBUR o
{E P 154 B B e AL R AHR] - it 32000 Ml TR DR T
5| BERLITE AN 2R 13 3 BB B £% Bg3 ~ Bg5 »
Bg8 MEXIES B. gladioli pv. gladioli (FEEH & IEHRE)
JeB. cepacia (FEREJEMIRE) LIS B B EE(S 14877
EEE R B SFHI$ERE 16 hr #% » B. gladioli pv.
gladioli B Bg MRS AT{EAS 1ER &K IRIREE » &
B RREALES AL - E BRI E 2 S
o N HE R H= BRI RE BRI B %R
BAAAHEK - T SESAE % 16 hr [RIFEHBIAGRIK
WS B RYUICEE S AL - /9 —E R REE &
HEE L # =R ERBIER O E RS L T B. cepacia
(R TERURIRIR ) Z & IS e b 5 - Sl
f{% 16 hr HIRAQRIRIRBE » 5 — KR b R E 5
b #I— R ERRET VHE 2 0 #9 = EEARRNE
AS CHECK > SMEIBREOINGE R S8 (2 - H 3T SRR e
SPRIME I THIR B [F] - BEIAME 3G MREL IR & T B R R
B. gladioli pv. gladioli T¥IFHEHEER bRtk 2 iRzl
EtHIE] - ABERE RN B. cepacia TR ZIRERIH T
[A] (i SRAFET) o

R R Bk

STEEEBALL Bg ERRAER RN - BIRE - %
B E 1~2 IR ZHEE - DR 4~5 R A
L BIFREMERE - /£ NA ERBETEE - [P NA B
BE-RgAEAFROOR - DI TR #EE
{£ YDC B5EEL EAFAEA MR - 530 °C HBERN
BAELRIK - KB FRIEA RGO GRENERCOER
A RTEE o i PDA FrlEAFGOHK - FH
FALlE ~ KeEE KR R IR IFNEE - /£ 40 C T
AR TR KIEEETS) - AIIRILE B - (ERE 5L
b AT AR BRI JE > RITE 5% NaCl A& - "IFIH
Adonitol ~ L-Arabinose ~D-Arabitol ~ L-Fucose ~ L-
Histidine ~ L-Phenylalanine &2L-Threonine % i (2%
—) © % P. ananatis (JBELACRRERIRE) G0t Bg
BRI B ES B AUARR R Z SRR RSB AL » P. ananatis
TERCIETE ~ KEvE R EERLER A & - W& LM s 28
2 - B AEERARY IR - T Bg BERAYEEAIRE
RORE G E R BdE - 8t B SR EIR -
ey Fata A BeZ A SRR - Be WIMREL B. gladioli 2%
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Biolog Identification System ] B @&

A % Bgl ~Bg3 ~ Bg5 ~Bg8 ~Bgll ~Bgl4 ~
Bgl18 k: Bg21 : I/ Biolog Microplate 6.1 iz » #f SREd
B. gladioli FH{EME{KFF57 A8 0.74 ~0.60 ~0.93 ~0.69 ~
0.85 ~0.76 ~0.66 % 0.55 » Wiz LE L& IR & B.
gladioli 2 #4275 (probability) £ 97~100% -

NE R AL o W B2 B

LL GC-MS #17o047% - 1550 Bg BIRRIAGAAERRE
B FE R Cy, (saturated) ~ C,y e M Croy e
(cyclopropane) » LAK & hydroxy ZHERA# 30H-10:0
30H-16:0 ~ 20H-16:0 ~ 20H-16:1 L1 20H-18:1 » ¥5FR
15& FHi A MIDI Sherlock™ (MIS) FEAKE FHEA LY -
FE R BE Bg3 ~Bg5 ~Bg6 ~Bg7 ~ Bg9 ~ Bgl2 ~ Bgl4
Fe Bgl8 ZEMIAEIREL B. gladioli Z FHLIE 73 BIIFS
0.40 ~0.34 ~0.42 ~0.40 ~0.39 ~0.40 ~0.37 2 0.29 - %
& B. gladioli ZYEASE 74.2~95 % (FR"T) ©

B—VEG | -BIER & We UL SR 57 b

LLB. gladioli ZFH—15F%f CMG-23-1/G-23-2%
17 PCR » #EEEER{ER & 27 PREELSE I R B
JEIRIE B. gladioli pv. gladioli #[5] » ¥7EH: 388 bp AV
BIE 2 DNA 557 » T BEIEBURE B. cepacia ~
RTRZEFRE B. caryophylli ~ Fgth)iE B. glumae
LIS JBBIACRERRE P. ananatis ZEHEEAREPRTE 388 bp &
i EL (J2) -

16S rDNA 7€ K 8

LIt B 16S rDNA H & —14 Z 5| F ¥ 18-
27/r1510® #£17 PCR ¥EMgE » 5% A/VE 1,502 bp 2
DNA FrB& » f§ILF B 1T DNA 7 AT - BT
5 Y L BLAST f2:(##=% NCBI 1 SDSC-Biology
Workbench database ZFALUF » #E R B3 BE i
B. gladioli HJERE 2R34 K PA17.2 (GenBank accession
number 43BIE EF178441.1 J EF193645.1) 16S rDNA
53 FE o RIRIAHEAE (identity) 399 % ©

S sz Tk

AR 16 PRIEEL GRS 11 FRARE T — it (o iR
JE 2R - ARG SR (A BRI R 2 A
RIGFIHEER (R » H b DGR Ml 2 5% R
{3 (REAIHIBOR ZNE P R SRR I ~ $¥6R T ~ T
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REE - @8R ~ B8R - G - slpY BRE R

~ RIS ~ BEEGR ~ IR A LR R =TT -

CI

ML 2CEE 1 T R R LU Be 558 IR vl P
A < B BLFE BHOV e T - (BRIBR L =M A2 T
HAARIRAL o RIFELE AR G B #7258 L 2
st ARBEZN - 400 AR fef B AR 0.2 AERT - JE A0 P
ananatis FTiSRAIRBEUERURE - RILR R ZRR T
A2 A - A B FCis HIRE RS R IR 12 » (T2
AFAE LR AT - H DL TEM BERAGEARE R 2T -

e~ BRI 2 A T LR

HERA:—F L HRIEE » 8 Pantoea &2 84 MEEHARE
A[E » B Bg BTETE KB ~PDA LUk YDC EiEEdt
bR R HAt RS 8 Schaad ®” K&z George "
#é3lt Burkholderia [ A2¥AAL R (F—) < B
b FGERIRY BB ERRE P. ananatis B157 B H JBIEY
Z Bg TRE T RIS EP BB CRIRE 2 i h s EEL ™
HEBAL 2 Bg RE A v AU RERS SRR ulElE - B
18- HaB T ELE AR 83 - iR BlVeT BARE ) HERT &
ZHE &R YEA R o 8RS AR A b OB R
R EIRIRE AL 70 38 LB Burkholderia J& » i3E
Pantoea [& -

Table 1. Physiological and biochemical characteristics of bacterial strains isolated from pineapple

Character

Strains from pineapple '

Burkholderia gladioli*  Pantoea ananatis’

KOH test
O/F test o’
Colonies yellow on YDC -
Colonies mucoid on YDC at 30°C
Fluorescent pigment on KB

Diffusible non-fluorescent pigments on KB
Pectolytic Activity

Flagellar number

Diffusible pigments

Arginine dihydrolase

Growth at 40°C

Gelatin hydrolysis

Starch hydrolysis

Oxidase

Nitrate reduction

Growth in 5 % NaCl

Tobacco HR

Growth on :

Adonitol

L-Arabinose

D-Arabitol

Gentiobiose

L-Fucose

Maltose

Xylitol

L-Rhamnose —
L-Histidine +
L-Ornithine —
L-Phenylalanine +
L-Threonine
Lactose —
Sucrose —

| +

G(—)’

++ 1L ++1+Y

G(—)’ G(—)
o} O/F*
— +

| +
|

l++ 1+ Y
<

<
|

+

w

|+ + S+

l++++ 1S+ +++
++ 1 T

' The tested strains isolated from pineapple were Bg 3, 6~9, 12, 14 and 18.
* Data are combined by referring to Chun, et al., 2001 ©. Cophlin, et al., 2001 ®. George, et al., 2001 "?. Grimont, et al., 2005 "*,

and Schaad, 2001 “”.

* G (-) , Gram negative; O , oxidative ; F, fermentation ; 1, indicated positive reaction; —, indicated negative reaction; V, 21~79%

positive; V-, 21~79% negative.



Al Bg WK AT HE RS I o> B 8 B A4S R EE B.
gladioli Z LI (R (0.29~0.42) » {HE[E] —FEE <
PR S 74.2~95.0 % ° {f Graves ¥ A" Zif3edfg
i » B. gladioli ZRaHEEER T C,q, (saturated) * T
HAth#HAY £ C,,, cyc ~ C,, cyc (cyclopropane) * LI &
hydroxyZ 6 F#EAE A% 30H-14:0 ~ 30H-16:0 ~ 20H-
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16:0 ~20H-16:1 ~20H-18:1 LA 20H-19:0,, » Ttk
Bg AR T A~& 30H-14:0 F120H-19:0,, LSt - H gk
HER AR B8 Graves S8 A 10 (Z I 9eHa SRAREL - Ab/E
922 Bg WS A 30H-10:0 » {E Christenson 3¢ A #
HHIRE HRER9r 2 B. gladioli 84 30H-10:0 + {H
Graves F A" &2 B. gladioli HIZE {EHIH 30H-

10:0 © 44 > Jiao A" K Lincoln A 735l#t B.

K [BEURENE ARG DR ST
Table 2. The components of fatty acid of Burkholderia gladioli from pineapple

Fatty acids Bg3 Bg5 Bg6 Bg7 Bg9 Bgl2 Bgl4 Bgl8 Reference
Saturated
Cioo 1.19 1.93 1.41 1.19 0.99 ND 1.44 ND 24
Ciso 4.00 3.79 3.81 3.60 3.85 3.95 3.97 4.01 5,11, 16, 24
Ciso 21.59 20.06 16.59 16.17 16.30 15.50 15.21 15.48 5,11, 16, 24
Cio 1.03 2.31 2.57 2.75 1.11 2.82 2.68 2.39 5,24
Ciso 1.09 0.94 2.27 3.97 2.52 1.31 1.27 2.52 5,11, 16, 24
Cyclopropane
Ciro 18.16 18.89 14.62 12.86 13.54 14.91 14.64 13.12 5,11, 16, 24
Cioo 22.18 22.02 18.66 18.42 19.97 20.01 20.76 17.76 5,11, 16,23
Hydroxy
20H C,, 1.48 1.67 1.91 1.95 1.65 2.12 2.15 1.63 5,11, 16, 24
Cie 0.63 0.75 1.17 1.26 0.84 1.32 1.12 1.25 5,11, 16, 24
Cis 1.88 1.93 3.01 ND 2.29 ND ND 3.63 5,6,11, 16,24
30H C,, 3.94 591 5.64 4.56 3.82 5.62 5.52 3.54 11,16
Ciso 5.09 4.52 4.56 4.53 4.74 5.20 5.14 4.63 5,11, 16, 24
SIM index 0.40 0.34 0.42 0.40 0.39 0.40 0.37 0.29

Percent named
(B. gladioli)
Percentages of total fatty acids. ND: not detected.

95.0 93.5 83.9 79.3 89.2 78.9 82.1 74.2

M1

23456 78 9 1011121314151617 181920212223 M

500 bp
— s

—
388 bp

[E — ~ FEF PCR #ifiLA5| F#1 CMG-23-1/G-23-2 &5 [ERLAME 1 FENRE © M, 100 bp DNA marker ; 1, negative
control 5 2, Burkholderia caryophylli (JR7YEEZEVARE) 5 3, B. cepacia (FEEEBRURE) ;5 4, B. gladioli pv. gladioli (&
EVE BRE) 5, B. glumae (FEEHEGIRE) 3 6, Pantoea ananatis ([BEL{UARRE) ; 7~23, BELEERE M Be
1~3 ~5~18 »

Fig. 2. Identification of B. gladioli from pineapple by PCR with primer pair CMG-23-1/G-23-2. Lane M, 100 bp DNA
marker; lane 1, negative control; lane 2, Burkholderia caryophylli; lane 3, B. cepacia; lane 4, B. gladioli pv. gladioli; lane
5, B. glumae; lane 6, Pantoea ananatis; lanes 7~23, Bg 1~3, 5~18.
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Table 3. Growth inhibition of Burkholderia gladioli by various agrochemicals at different concentrations

. Concentration No. of strains inhibited/ Inhibition zone
Chemical . .
(ppm) No. of strains tested (cmin dia.)
Tetracycline 200 16/16 0.67-1.33
(30.3% SP) 400 16/16 0.83-1.53
600 16/16 0.90-1.57
Streptomycin 100 16/16 0.43-0.90
(12.5% SL) 200 16/16 0.57-1.00
400 16/16 0.80-1.17
Streptomycine 100 10/16 0.00-0.93
+ Tetracyclin 200 10/16 0.00-1.03
(10.0% SP) 400 10/16 0.00-1.27
Thiophanate methyl 500 16/16 0.50-0.87
+ Streptomycin 1000 16/16 0.67-1.10
(68.8% WP) 1500 16/16 0.90-1.20
Kasugamycin 100 2/16 0.00-0.97
(2.0% WP ) 200 3/16 0.00-1.20
400 10/16 0.00-1.33
Kasugamycin 500 16/16 0.20-0.97
+ Copper oxychloride 1000 16/16 0.40-1.13
(81.3% WP ) 1500 16/16 0.47-1.27
Copper oxychloride 1000 16/16 0.23-1.07
(85.0% WP ) 1500 16/16 0.40-1.10
2000 16/16 0.47-1.17
Copper hydroxide 1000 16/16 0.47-1.13
(77.0% WP) 1500 16/16 0.60-1.27
2000 16/16 0.80-1.37
Tribasic copper sulfate 1000 10/16 0.00-0.67
(27.12% SC) 1500 10/16 0.00-0.73
2000 12/16 0.00-0.83
Mancozeb 1000 6/16 0.00-1.27
(80.0% WP ) 1500 8/16 0.00-1.43
2000 9/16 0.00-1.60
Oxolinic acid 1000 16/16 0.93-1.80
(20.0% WP) 1500 16/16 0.97-2.00
2000 16/16 1.03-2.13
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ABSTRACT

Hseu, S. H.,' Zeng, W. FE,,' Lai, W. C.,' Pan, Y. P." and Lin, C. Y."? 2008. Fruit rot disease of pineapple
caused by Burkholderia gladioli. Plant Pathol. Bull. 17: 157-167. (' Plant Pathology Division,
Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan; * Corresponding

author, E-mail: cylin@wufeng.tari.gov.tw)

A new record of pineapple disease in Taiwan was investigated. The disease did not cause
apparent symptoms on pineapple plants or fruit surfaces, but it induced browning and mild soft-rot to
the fruit flesh, similar to the pineapple marbling disease caused by Panfoea ananatis. Based on the
symptom and pathological studies, physiological and biochemical analyses, Biolog GN2 and MIDI
Sherlock Microbial Identification comparisons, the pathogen was identified as Burkholderia gladioli.
PCR identification showed that the pathogen, same with B. gladioli isolated from various host plants,
contained a DNA segment of 388 bp that is not found in P. ananatis. Results from 16S rDNA
sequencing and comparison revealed that the degree of similarity to the ones of B. gladioli reached
99%. Besides, eleven commercial agrochemicals were tested and all found to inhibit the growth of

this pathogen; among which, oxolinic acid was identified to be the most effective one.

Keywords: pineapple, fruit-rot disease, PCR, Burkhoderia gladioli
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