
(Turmeric) 

(Curcuma longa L. ) (C.

aromatica Salisb )
(19) (curcumin)

(8, 19, 20)

Pseudomonas cichorii (25)

Pseudomonas spp. Ralstonia

solanacearum (21)

Acidovorax avenae subsp. avenae
(17)

1991 (15)

A. avenae subsp. avenae ( P. avenae) 

Burkholderia andropogonis ( P. andropogonis) 

(

) 

75% 1% 

(NaOCl) 30 3 

(nutrient agar NA) 30

NA 

Bu NA 
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2006 Acidovorax avenae

subsp. avenae

Burkholderia Burkholderia B. andropogonis (

Pf/Pr) B. caryophylli ( 20L/20R nL/ nR) B. cepacia ( CMG23-1/CM23-2)

B. gladioli ( CMG-23-1/G-23-2) B. glumae ( 1418S/1418A 1419S/1419A) 

PCR Burkholderia

Biolog 16S rDNA Herbaspirillum

huttiensis 11 



NA 

30

(spectrophotometer, Bausch & Lomb) 

(A600) 0.3 (108 CFU/ml) 

Bu01 Bu07 Bu22 

( ) 

30

Bu01 Bu07 Bu22 NA 

30 2%

(PTA pH 7.5 0.1% bovine serum)

Hitach -7000 (Transmission

Electron Microscope) 

Schaad (29) Garrity (12)

Biolog Identification System 

Bu01 Bu07 Bu22 

BUGTM Agar ( Biolog Universal Growth Agar

57 g) 16-24 BUGM 

24 GN/GP-IF buffer (0.4%

NaCl 0.03% pluronic F-68 0.01% gellan gum) 

63 % T (Turbidity) Biolog GN2 

(Biolog Inc. Hayward CA) 150 l

30 4-24 

Biolog GN2 

(Biolog 6.1 ) (

)

Bu01 Bu22 TSA

(BBL tryptic soy broth 15 g, agar 20 g) 

(saponification) 1 ml reagent 1 (NaOH

45 g methanol 150 ml ddH2O 150 ml) 5-10

100 5 5-10 100

25 (methylation) 

2 ml reagent 2 (6 N NaOH 325 ml methanol 275 ml)

5-10 80 10 (

) (extraction) 1.25 ml reagent

3 (Hexane 200 ml Methyl-tert Butyl Ether 200 ml) 

10 ( )

(base wash) 3 ml reagent 4 (NaOH

10.8 g, ddH2O 900 ml) 5 

2/3 GC 

GC MS (HP 6890N, Agilent, Palo Alto,

CA, USA) MIDI Sherlock® Microbial

Identification System (MIS) 
(28)

16S rDNA 

Bu01 Bu22 NA 

DNeasy plant mini kit (QIAGEN, Hilden,

Germany) genomic DNA 16S rDNA

universal primers f8-27/r1510 (23) PCR 

1.0 mM PCR 10 mM

dNTPs 1 units/ l RealTaq DNA polymerase (Real

Biotech Corporation, ROC) 5.0 l 10 PCR 

50 l PCR 

94 5 min 94 10 sec 55 30 sec

70 90 sec 30 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) 

PCR (Polymerase Chain Reaction, PCR)

Bu1~3 Bu6~7 Bu10~23 19 

Burkholderia 

B. andropogonis

B. caryophylli ( )

B. cepacia ( ) B. gladioli

B. glumae Wang (32)

DNA 2 l DNA 

Pf/Pr B. andropogonis (3) 20L/20R 

nL/ nR B. caryophylli (10) CMG-23-1/CM-23-2

B. cepacia (6) CMG-23-1/G-23-2 B.

18 1 200914



gladioli (6) 1418S/1418A 1419S/1419A 

B. glumae (14) PCR 

1.5 % agarose (1 TAE buffer) 

(100 V) Gen-100 DNA ladder (GeneMark

Technology, ROC) (size marker)

(ethidium bromide 0.5 g/ml) 

(paper disc diffusion method)(1)

NA 

Bu01 Bu07

Bu11 Bu13 Bu15 Bu18 Bu20 Bu22 

108 CFU / ml 0.1 ml 

(water agar) NA 

0.1 ml ( 12.7

mm) 3 

30 1-2 

11 

(Tetracycl ine

30.3% SP 200 ppm 400 ppm 600

ppm) (Streptomycin Tetracycline

10.0% SP 100

ppm 200 ppm 400 ppm) (Streptomycin

12.5% S

100 ppm 200 ppm 400 ppm)

(Thiophanate methyl + Streptomycin

68.8% WP 500 ppm

1000 ppm 1500 ppm) (Kasugamycin

2.0% S 100

ppm 200 ppm 400 ppm)

(Copper oxychloride

85.0% WP 1000 ppm 1500 ppm 2000

ppm) (Copper hydroxide -

101 Nufarm Americas, Inc. 77.0% WP

1000 ppm 1500 ppm 2000 ppm)

(Tribasic copper sulfate

27.12% SC 1000 ppm 1500 ppm

2000 ppm) (Kasugamycin +

Copper oxychloride

81.3% WP 500 ppm 1000 ppm 1500

ppm) (Ridomil-MZ 58%WP

- 1000

ppm 1500 ppm 2000 ppm)

(Oxolinic acid 20%

WP 1000 ppm 1500 ppm 2000 ppm)

24 

( ) 1~2 

7~10 

A.

avenae subsp. avenae

Schaad (29) Garrity (12)

1 3~4 

NA PDA YDC

(yeast extract-dextrose-CaCO3) 2~3 

40 Kovacs 

KB

Burkholderia spp. 

( )

Biolog system 

Bu01 Bu07 Bu22 Biolog

Identification System 24 

Herbaspirillum huttiensis ( Pseudomonas

huttiensis) (Burkholderia-like) 0.52

0.41 0.27

Bu01 Bu22 

MIDI

Sherlock® Microbial Identification System (MIS) 

H. huttiensis 0.961 0.625

15



16S rDNA 

16S rDNA f8-

27/r1510 PCR DNA 

BLAST NCBI SDSC-Biology Workbench

database Bu01 Bu22 H.

huttiensis DNA for 16S rRNA, strain ATCC 14670T

(GenBank accession number AB021366) 

(identity) 98%

PCR (Polymerase Chain Reaction, PCR)

Burkholderia 

PCR

Pf/Pr ( B. andropogonis

410 bp DNA ) ( B) 20L/20R nL/

nR ( B. caryophylli 

500 bp 400 bp DNA ) ( B)

CMG23-1/CM23-2 ( B.

cepacia 388 bp DNA ) (

A) CMG-23-1/G-23-2 ( B.

gladioli 388 bp DNA ) (

A) 1418S/1418A 1419S/1419A (

B. glumae 571 bp 628 bp

DNA ) ( A) PCR 

DNA 

B. andropogonis B.

caryophylli B. cepacia B. gladioli B. glumae

11 

( )
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Table 1. Physiological and biochemical characteristics of Herbaspirillum huttiensis of bacterial leaf blight of turmeric
Character Strains from turmeric Burkholderia spp. a H. huttiensis b

Gram positive
Grows anaerobically
Grows aerobically
Diffusible pigment on PDA
Colonies mucoid on YDC
Fluores pigment on KB
Kovacs' oxidase c

Urease
Grows at 40 d

Levan
Flagella Polar1or3 or4 Polar1 or multitrichous Polar1or multitrichous
Arginine dihydrolase e

Gel hydrolysis f

Starch hydrolysis g

Pectate hydrolysis h

Carbon sources utilized for growth:
Adonitol
Cellobiose
D-Sorbitol
Sucrose i

Trehalose
Pathogenicity on:

Tobacco HR
In Table 1, except specifically stated, indicated positive reaction, and indicated negative reaction.
a Data from Schaad, N. W., Chun, W. and Jones, J. B. 2001; b Data from Leifson, et al., 1962. and Obradovic, et al., 2007.; c B.
andropogodis is oxidase negative.; d B. andropogodis and B. glumae pv. agricola are negative.; e B. caryophylli and B. glumae are
positive.; f B. caryophylli and B. cepacia are negative.; g B. gladioli pv. agricola are positive.; h B. cepacia and B. gladioli are
positive.; i B. andropogodis and B. glumae are negative. 
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Table 2. Cellular fatty acid analysis of Herbaspirillum huttiensis of bacterial leaf blight of turmeric
Fatty acid Bu1 Bu22
10 0 0.15 0.24
10 0 3OH 1.61 1.50
12 0 3.31 3.38
12 1 3OH
12 0 2OH 0.34 0.28
12 0 3OH 2.85 3.27
14 0 0.59 0.58
14 0 2OH 2.40 2.08
Unknown 14.263
Unknown 14.502
Sum In Feature2 (14 0 3OH/16 1 ISO ) 0.05
Sum In Feature3 (16 1 w7c/15 iso 2OH) 36.83 32.03
16 00 25.06 25.78
17 0 CYCLO 1.47 3.49
17 00 0.31 0.30
16 0 3OH 0.20
18 1 w7c 23.40 23.51
18 00 1.41 1.74
11 methyl 18 1 w7c (un 18.846/19 1 w6c) 0.27
Sum In Feature 7 0.09
Similarity Index 0.961 0.625
Result from database Pseudomonas huttiensis Pseudomonas huttiensis

PCR M DNA Bio-100 marker 16 27 ddH2O 1-5
CMG-23-1/CM-23-2 Burkholderia cepacia 6-10 CMG-23-1/G-23-2 B. gladioli 11-15

1419S/1419A B. glumae 17-21 Pf/Pr B. andropogonis 22-26
nL/nR B. caryophylli 1 B. cepacia 13208 6 B. gladioli Bg2 11 B. glumae 17 B.

andropogonis BA17 22 B. caryophylli TW9 2 7 12 18 23 Bu01 3 8 13 19 24
Bu07 4 9 14 20 25 Bu10 5 10 15 21 26 Bu22
Fig. 1. Identification of Herbaspirillum huttiensis isolated from diseased tissues of turmeric by polymerase chain reaction.
specific primer pair : CMG-23-1/CM-23-2 (lanes 1-5); CMG-23-1/G-23-2 (lanes 6-10); 1419S/1419A (lanes 11-15); Pf/Pr
(lanes 17-21); nL/nR (lanes 22-26); M, DNA Bio-100 marker; lanes 16, 27, negative control (ddH2O). lane 1, Burkholderia
cepacia 13208; lane 6, B. gladioli Bg2; lane 11, B. glumae; lane 17, B. andropogonis BA17; lane 22, B. caryophylli TW9;
lanes 2, 7, 13, 18, 23, strain Bu01 from turmeric; lanes 3, 8, 14, 19, 24, strain Bu07 from turmeric; lanes 4, 9, 15, 20, 25,
strain Bu10 from turmeric; lanes 5, 10, 16, 21, 26, strain Bu22 from turmeric.



(25) (21)

(17) (21)

(17)

A. avenae subsp. avenae (17)

A.

avenae subsp. avenae 17.4 %

82.6 % Schaad (29)

Garrity (12)

Burkholderia

Burkholderia 19 
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Table 3. Growth inhibition of Herbaspirillum huttiensis strains by various agrochemicals at different concentrations 

Chemical
Concentration No. of strains Inhibited / Inhibition zone

(ppm) No. of strains tested (diameter in cm)
Tetracycline 200 8/8 1.47-3.03
(30.3% SP) 400 8/8 1.83-3.27

600 8/8 1.90-3.43

Streptomycin 100 8/8 0.07-0.83
(12.5% S) 200 8/8 0.43-1.07

400 8/8 0.70-1.30

Streptomycin 100 8/8 0.83-1.73
+Tetracycline 200 8/8 1.07-2.03

(10% SP) 400 8/8 1.20-2.43

Thiophanate methyl 500 8/8 0.63-0.87
+ Streptomycin 1000 8/8 0.87-1.20

(68.8% WP) 1500 8/8 0.97-1.30

Kasugamycin 100 8/8 0.83-1.47
(2% S) 200 8/8 1.10-1.87

400 8/8 1.23-2.23

Kasugamycin 500 8/8 0.73-1.20
+ Copper oxychloride 1000 8/8 1.00-1.57

(81.3% WP) 1500 8/8 1.23-1.80

Copper oxychloride 1000 8/8 0.23-0.93
(85% WP) 1500 8/8 0.30-1.00

2000 8/8 0.33-1.10

Copper hydroxide 1000 8/8 0.30-0.97
(77.0% WP) 1500 8/8 0.37-1.07

2000 8/8 0.47-1.17

Tribasic Copper sulfate 1000 4/8 0.10-0.20 
(27.12% SC ) 1500 4/8 0.13-0.37

2000 5/8 0.40-0.53

Oxolinic acid 1000 8/8 0.30-0.70
(20% WP) 1500 8/8 0.37-0.77

2000 8/8 0.63-0.83

Ridomil MZ 1000 0/8 0.00
(58% WP) 1500 0/8 0.00

2000 0/8 0.00



(12, 29) B. andropogonis B. caryophylli B.

cepacia B. gladioli B. glumae 
(12, 29) B. andropogonis (15)

(27) (16) B. caryophylli 
(31) (10) (24) (33)

B. gladioli
(30) (18) B.

glumae (9)

Burkholderia

B. andropogonis B.

caryophylli B. glumae 
(29) B. cepacia B. gladioli

(29)

B. cepacia B. gladioli 
(29)

Burkholderia 5

Burkholderia

Pf/Pr B. andropogonis 16s rDNA 
(3) 20L/20R nL/ nR 

Operon Technologies Inc, Alameda, CA B.

caryophylli (10) CMG-23-1/CM-23-2 

B. cepacia 23S rDNA (6)

CMG-23-1/G-23-2 B. gladioli 23S rDNA 
(6) 1418S/1418A 1419S/

1419A B. glumae IS3 
(14) PCR

DNA 

( )

Burkholderia

Biolog H. huttiensis

(Burkholderia-like) 0.27~0.52 

H. huttiensis

0.625 0.961 C16:1 w7c /

C15:0 iso 2-OH (36.8%) C16:0 (25.1%) C18:1 w7c

(23.4%) ( ) Obradovic (26)

Ding (11) H. huttiensis

C16:1 w7c / C15:0 iso 2-OH (38.4%) C16:0

(26.5%) C18:1 w7c (19.3%) 

16S rDNA H.

huttiensis 98%

Herbaspirillum huttiensis 

40 (4) Burkholderia
(26)

(22) 1 3~4 
(7, 12, 22, 26, 29) ( )

Biolog 16S rDNA

H. huttiensis

Baldani (4, 5) Hale & Wilke (13)

Herbaspirillum H. rubrisubalbicans

H. rubrisubalbicans

H. huttiensis 1962 (22)

Pseudomonas huttiensis 2000 Anzai (2)

Baldami (5) Ding & Yokota (11) 16S rRNA 

Herbaspirillum

2007 Obradovic (26)

H. huttiensis

H. huttiensis 

Obradovic (26) H. huttiensis H.

rubrisubalbicans 16S rRNA

16S rRNA

99.8% Obradovic (26) H.

huttiensis 

A. avenae subsp. avenae 

A. avenae subsp.

avenae (17)

H. huttiensis 

(bacterial leaf blight of turmeric)

A. avenae subsp. avenae (17)

A. avenae subsp. avenae
(17)

H. huttiensis 

(

)
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ABSTRACT

Hseu, S. H.1, Sung, C. J.1 and Lin, C. Y.2, 3 2009. Occurrence of leaf blight of turmeric caused by

Herbaspirillum huttiensis in Taiwan. Plant Pathol. Bull. 18: 13-22. (1 Plant Pathology Division,

Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan, ROC., 2 College

of Health Science, Asia University, Wufeng, Taiwan, 3 Corresponding author, E-mail:

yihlin@asia.edu.tw)

Irregular browning lesion of the leaf margin was found on 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 and then spread along the leaf midrib. In later stage, lesions became darken and

usually accompanied with yellowing halo and the color became darker. The same symptoms also

appeared in the leaf sheath and finally the plant wilted. A gram-negative, rod-shaped bacterium was

consistently isolated from the diseased tissues except Acidovorex avenae subsp. avenae. The unknown

bacterium was identified as Herbaspirillum huttiensis based on its physiological and biochemical

characteristics, the Biolog GN MicroPlate Identification System, fatty acid analysis, PCR, 16S rDNA

and pathogenicity tests.  According to the symptoms on the turmeric plants caused by H. huttiensis

was also designed as bacterial blight of turmeric. In vitro screening for the efficacy of various

agrochemicals to inhibit bacterial growth on NA plates showed that all tested chemicals except

Ridomil MZ, including copper bactericides, antibiotics, oxolinic acid, and carbamates, were effective.

Among them, tetracycline was the most effective.

Key words: turmeric, bacterial leaf blight, PCR, agrochemical screening


