
(Ananas comosus (L.) Merr.)

(Bromeliaceae) (Ananas)

pineapple

(19) 95 (9)

11,981 

(36)

1~8 11 13 16~21 (19)

(heart rot) (4) (black rot) (2) (fruitlet

core rot black spot) (26)

(marbling fruiltlet brown rot)
(15, 31, 32, 33) (pink disease) (35)

(mealybug wilt) (28) (38)

(black heart) (39)

(23)

Erwinia ananas Serrano. (31) 58~59 

14.84% ~ 60.65% (15)

(32, 33) 1993 Mergaert (27)

DNA G ( ) C (
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PCR 388 bp DNA f8-27/r1510 

16S rDNA B. gladioli B.

gladioli 11 

11 



) E. ananas

Pantoea P. ananas 1997 Tr per
(37) P. ananas

P. ananatis (32, 33)

P. ananatis

75 %

(nutrient

agar, NA) 30 

NA NA 

NA 30 

NA 

NA 

NA 3

(spectrophotometer) (A600) 0.3 (108

cfu/ml) 

Bg Bg3 Bg6

Bg7 Bg8 Bg9 Bg12 Bg14 Bg18 P. ananatis

( 13199)

NA 30 24 hr

( 16 17 20

) 95 % 

(23G) (108 cfu/ml)

( ) 100 l 

(Koch's

postulates) Bg3 Bg5 Bg8 B. gladioli pv.

gladioli ( ) B. cepacia (

13208) 

2~3 

(23G) 

( ) 

30 

30 NA Bg3 Bg14 

2% (PTA, pH

7.5 0.1% bovine serum) Hitach -7000

Bg3 Bg6

Bg7 Bg8 Bg9 Bg12 Bg14 Bg18 

NA 30 

(Gram stain)

( / O/F test) YDC (yeast extract-

dextrose-CaCO3) YDC 

30 KB (King's B) 

KB 

(crystal violet pectate, CVP) 

PDA (potato dextrose agar) 

(arginine dihydrolase) 

40 (gelatin) 

(starch) (oxidase test) 

(nitrate reduction) 5 % NaCl 

Adonitol L-Arabinose D-Arabitol

Gent iob iose L-Fucose Mal tose Xyl i to l L-

R h a m n o s e L - H i s t i d i n e L - O r n i t h i n e L -

Phenylalanine L-Threonine Lactose Sucrose 
(6, 17, 30)

(20)

Biolog Identification System 

Bg1 Bg3 Bg5 Bg8 Bg11 Bg14

Bg18 Bg21 BUGM (biolog

universal growth medium 36 g, Bacto agar 15 g) 

16 24 hr IF buffer (0.4% NaCl, 0.03%

pluronic F-68, 0.01% gellan gum) 63%

T Biolog GN2 (Biolog Inc. Hayward,

CA) 150 l 30 

4 24 hr

Biolog GN2 (Biolog 6.1 ) 

( )
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Bg3 Bg5 Bg6 Bg7 Bg9 Bg12 Bg14 

Bg18 TSA (BBL tryptic soy broth 15 g, agar

20 g) 

Sasser (29) (saponification)

1 ml reagent 1 (NaOH 45 g, Methanol 150

ml, ddH2O 150 ml) 5-10 sec 100 5 min

5-10 sec 100 25 min

(methylation) 2 ml reagent 2 (6 N NaOH

325 ml, Methanol 275 ml) 5-10 sec 80 10

min ( )

(extraction) 1.25 ml reagent 3 (Hexane 200 ml,

Methyl-tert Butyl Ether 200 ml) 10 min

( ) (base

wash) 3 ml reagent 4 (NaOH 10.8 g, ddH2O 900

ml) 5 min

2/3 GC 

GC-MS

(HP 6890N, USA) MIDI Sherlock®

Microbial Identification System (MIS) 

(polymerase chain
reaction, PCR) 

Bg1~26 Bg28 27 

Burkholderia B.

cepacia ( ) B. caryophylli (

) B. gladioli pv. gladioli ( ) B.

glumae ( ) P. ananatis ( )

Wang (40) DNA

2 l DNA CMG-23-1/G-23-2 (

23S rDNA spacer region 

B. gladioli ) (3)

PCR 5.0 M PCR 

5.0 mM dNTPs 1.0 units / l Pro Taq DNA

polymerase (Protech Technology, ROC) 2.5 l 10

(50 mM Tris-HCl pH 9.0, 15 mM MgCl2,

50 mM KCl, 1.0% Triton X-100) 25 l

PCR 95 5 min 96 

30 sec 51 30 sec 72 45 sec 30 

72 7 min 1 

1.5 % agarose (1 TAE buffer) (100

V) Gen-100 DNA ladder (GeneMark Technology,

ROC) (size marker)

(ethidium bromide 0.5 g/ml) 

16S rDNA

Bg3 NA DNeasy

plant mini kit (QIAGEN, Hilden, Germany) genomic

DNA 16S rDNA universal primers f8-

27/r1510 (25) PCR 10 M

PCR 5.0 mM dNTPs 2.5 units / l

RealTaq DNA polymerase (Real Biotech Corporation,

ROC) 5.0 l 10 PCR 

50 l PCR 94 5 min

94 30 sec 55 30 sec 72 140 sec

40 72 5 min 1 

1.0~1.5% agarose 

(sequencing) NCBI

(National Center for Biotechnology Information

) SDSC-Biology Workbench (

) BLAST (Basic

Local Alignment Search Tool) 

(paper disc diffusion method)
(1) NA 

108 cfu/ml

0.1 ml 0.8 % (water agar) 

NA 

0.14 ml ( 13 mm) 

3 

2 - 3 

Bg1 Bg3 Bg5~9 Bg11~12 Bg14 Bg15~16

Bg18~19 Bg21 Bg22 16 

11 (Tetracycline

30.3 % SP)

(Streptomycin Tetracycline

10.0 % SP) (Streptomycin

12.5 % SL)

(Thiophanate methyl + Streptomycin

68.8% WP) (Kasugamycin

2.0 % WP)

(Copper oxychloride

85.0 % WP) (Copper

hydroxide Kocide chemical
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corporation 77.0 % WP) (Tribasic copper

sulfate 27.12 %

SC) (Mancozeb

- 200 80.0 % WP)

(Kasugamycin + Copper oxychloride

81.3 % WP)

(Oxolinic acid 20 %

WP)

( A B) Bg 

24 48 hr 

17 2 2008160

A B C D C 17 (
) D 16 ( ) 1. Pantoea ananatis 2. Burkholderia gladioli Bg

12 3. B. gladioli pv. gladioli 4. Bg 8 5. negative control 6. Bg 14 7. Bg 3 8. Bg 8 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 8; 9, Bg 18;
10, Bg 12.



Bg 17 (

C) 16 ( D) 20 

( ) 48 hr 

4 

Bg3 Bg5

Bg8 B. gladioli pv. gladioli ( )

B. cepacia ( ) 

16 hr B. gladioli pv.

gladioli Bg 

16 hr 

B. cepacia

( ) 

16 hr 

B. gladioli pv. gladioli 

B. cepacia

( )

Bg 

1~2 4~5 

NA NA 

YDC 30 

KB 

PDA 

40 

5% NaCl 

Adonitol L-Arabinose D-Arabitol L-Fucose L-

Histidine L-Phenylalanine L-Threonine (

) P. ananatis ( ) Bg
(20) P. ananatis

Bg 

Bg B. gladioli 

Biolog Identification System 

Bg1 Bg3 Bg5 Bg8 Bg11 Bg14

Bg18 Bg21 Biolog Microplate 6.1 

B. gladioli 0.74 0.60 0.93 0.69

0.85 0.76 0.66 0.55 B.

gladioli (probability) 97~100%

GC-MS Bg 

C16:0 (saturated) C17:0 cyc C19:0 cyc

(cyclopropane) hydroxy 3OH-10:0

3OH-16:0 2OH-16:0 2OH-16:1 2OH-18:1

MIDI Sherlock® (MIS) 

Bg3 Bg5 Bg6 Bg7 Bg9 Bg12 Bg14

Bg18 B. gladioli 

0.40 0.34 0.42 0.40 0.39 0.40 0.37 0.29

B. gladioli 74.2~95 % ( )

B. gladioli CMG-23-1/G-23-2(3)

PCR 27 

B. gladioli pv. gladioli 388 bp 

DNA B. cepacia

B. caryophylli B. glumae

P. ananatis 388 bp 

( )

16S rDNA 

16S rDNA f8-

27/r1510 (25) PCR 1,502 bp 

DNA DNA 

BLAST NCBI SDSC-Biology

Workbench database Bg3 

B. gladioli 2R34 PA17.2 (GenBank accession

number EF178441.1 EF193645.1) 16S rDNA

(identity) 99 %

16 11 

( )
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Bg 
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Pantoea
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Table 1. Physiological and biochemical characteristics of bacterial strains isolated from pineapple

Character Strains from pineapple 1 Burkholderia gladioli 2 Pantoea ananatis 2

KOH test G ( ) 3 G ( ) 3 G ( ) 3

O/F test O 3 O 3 O/F 3

Colonies yellow on YDC
Colonies mucoid on YDC at 30
Fluorescent pigment on KB
Diffusible non-fluorescent pigments on KB
Pectolytic Activity
Flagellar number 1 1 1
Diffusible pigments
Arginine dihydrolase
Growth at 40 V 3

Gelatin hydrolysis
Starch hydrolysis
Oxidase V 3

Nitrate reduction
Growth in 5 % NaCl
Tobacco HR
Growth on :
Adonitol
L-Arabinose
D-Arabitol V 3

Gentiobiose V- 3

L-Fucose
Maltose V- 3

Xylitol V- 3 V 3 V- 3

L-Rhamnose
L-Histidine
L-Ornithine
L-Phenylalanine V- 3

L-Threonine V 3

Lactose
Sucrose
1 The tested strains isolated from pineapple were Bg 3, 6~9, 12, 14 and 18. 
2 Data are combined by referring to Chun, et al., 2001 (6). Cophlin, et al., 2001 (8). George, et al., 2001 (10). Grimont, et al., 2005 (12).

and Schaad, 2001 (30). 
3 G (-) , Gram negative; O , oxidative F, fermentation ; , indicated positive reaction; , indicated negative reaction; V, 21~79%

positive; V-, 21~79% negative.



Bg B.

gladioli (0.29~0.42)

74.2~95.0 % Graves (11)

B. gladioli C16:0 (saturated)

C17:0 cyc C19:0 cyc (cyclopropane)

hydroxy 6 3OH-14:0 3OH-16:0 2OH-

16:0 2OH-16:1 2OH-18:1 2OH-19:0cyc

Bg 3OH-14:0 2OH-19:0cyc

Graves (11)

Bg 3OH-10:0 Christenson (5)

B. gladioli 3OH-10:0

Graves (11) B. gladioli 3OH-

10:0 Jiao (16) Lincoln (24) B.
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Table 2. The components of fatty acid of Burkholderia gladioli from pineapple

Fatty acids Bg3 Bg5 Bg6 Bg7 Bg9 Bg12 Bg14 Bg18 Reference
Saturated

C10:0 1.19 1.93 1.41 1.19 0.99 ND 1.44 ND 24
C14:0 4.00 3.79 3.81 3.60 3.85 3.95 3.97 4.01 5, 11, 16, 24
C16:0 21.59 20.06 16.59 16.17 16.30 15.50 15.21 15.48 5, 11, 16, 24
C17:0 1.03 2.31 2.57 2.75 1.11 2.82 2.68 2.39 5, 24
C18:0 1.09 0.94 2.27 3.97 2.52 1.31 1.27 2.52 5, 11, 16, 24

Cyclopropane
C17:0 18.16 18.89 14.62 12.86 13.54 14.91 14.64 13.12 5, 11, 16, 24
C19:0 22.18 22.02 18.66 18.42 19.97 20.01 20.76 17.76 5, 11, 16, 23

Hydroxy
2OH C16:0 1.48 1.67 1.91 1.95 1.65 2.12 2.15 1.63 5, 11, 16, 24

C16:1 0.63 0.75 1.17 1.26 0.84 1.32 1.12 1.25 5, 11, 16, 24
C18:1 1.88 1.93 3.01 ND 2.29 ND ND 3.63 5, 6, 11, 16, 24

3OH C10:0 3.94 5.91 5.64 4.56 3.82 5.62 5.52 3.54 11,16
C16:0 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

95.0 93.5 83.9 79.3 89.2 78.9 82.1 74.2
(B. gladioli)
Percentages of total fatty acids. ND: not detected. 

PCR CMG-23-1/G-23-2 M, 100 bp DNA marker 1, negative
control 2, Burkholderia caryophylli ( ) 3, B. cepacia ( ) 4, B. gladioli pv. gladioli (

) 5, B. glumae ( ) 6, Pantoea ananatis ( ) 7~23, Bg
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.



gladioli 3 B. gladioli

pv. alliicola B. gladioli pv. agaricicola 

3OH-10:0 B. gladioli pv. gladioli 

B. gladioli 

( ) 

B. gladioli hydroxy 

B. gladioli CMG-23-1/G-23-2
(3) PCR Bg B.

gladioli pv. gladioli DNA 

388 bp DNA ( )

B. cepacia B. caryophylli

B. glumae P. ananatis

DNA ( ) PCR 

B. gladioli 16S

rDNA f8-27/r1510 (25) PCR 

DNA BLAST B. gladioli

99 %
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Table 3. Growth inhibition of Burkholderia gladioli by various agrochemicals at different concentrations

Chemical
Concentration No. of strains inhibited/ Inhibition zone

(ppm) No. of strains tested (cm in 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



Biolog 

PCR 16S rDNA 

B. gladioli

P.

ananatis (15, 31, 32, 33) B. gladioli 

B. gladioli B.

gladioli pv. alliicola B. gladioli pv. agaricicola B.

gladioli pv. gladioli (21)

(18) (13) (22) (7) (24)

B. gladioli
(14) (34) (41)

B. gladioli 

P. ananatis

11 

( )
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ABSTRACT

Hseu, S. H.,1 Zeng, W. F.,1 Lai, W. C.,1 Pan, Y. P.1 and Lin, C. Y.1, 2 2008. Fruit rot disease of pineapple

caused by Burkholderia gladioli. Plant Pathol. Bull. 17: 157-167. (1 Plant Pathology Division,

Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan; 2 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 Pantoea 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.
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