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Abstract

The purpose of this study was to investigate eco-friendly measures to manage major diseases which cause heavy economic
damages to ginseng. Morphological, physicochemical, and molecular biological species identification was carried out after
isolating useful antagonistic bacteria from ginseng fields. In addition, optimal conditions for mass culture were established,
and he efficacy of the bacteria in the prevention of the diseases was verified in the field. The results showed that about 150
bacteria were extracted from 150 ginseng fields in the whole county. Among them, B. pyrrocinia LA101 was finally selected,
which had a strong antagonistic potency against Alternaria panax, Botrytis cinerea, Rhizoctonia solani, and Cylindrocarpon
destructans on agar media. The B. pyrrocinia LA101 is a baculiform gram-negative bacterium identified as Burkholderia
pyrrocinia according to results from an API(Analytical Profile Index) kit, 16S rRNA, and gyrase gene sequencing analysis. It
was donated to the microbe bank of the Agricultural Genetic Resources Center at the National Academy of Agriculture
Science under the Rural Development Administration on September 28, 2011 (Donation No. KACC91663P). A patent for the
mass culture technology was granted in August 2012 (Patent No. 10-1175532).
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Table 1. Inhibition of mycelial growth of Alternaria panax, Botrytis cinerea, Rhizoctonia solani and Cylindrocarpon

el ~ O]
v o

N

destructans by antagonistic bacteria on agar plates

i

=

R

Isolate Pathogen
A. panax B. cinerea R. solani C. destructans

LA099 - ++ + ++
LA002 -+ R RR ++ ++
LA003 +++ +++ +++ ++
LA033 ++ ++ ++ +++
LA060 ++ ++ +++ ++
LA066 +++ +++ +++ +++
LAO070 ERRE -+ + +
LAO077 + ++ -+ ++
LA078 ++ ++ ++ ++
LA080 -+ -+ ++ ++
LA0S8 +++ ++ + ++
LA097 ++ ++ ++ +++
LA098 ++ + ++ +
LA101 -+ -+ +++ ++
LA107 -+ -+ ++ +
LA108 +++ +++ +++ +++
LA109 -+ -+ - ++
LA124 ++ ++ +++ +
LA125 ++ +++ ++ +++
LA130 +++ ++ ++ ++
LA132 ++ ++ - +
LAI133 it ++ +
LA135 ++ + + ++
LA136 ++ ++ ++ ++
LA141 -+ ++ ++ ++
LA143 -+ ++ + +
LA144 ++ + ++ ++
LA145 ++ +++ +++ ++
LA146 ++ + ++ +
LA148 ++ + + ++

% :not, +: 1-5 mm, ++ : 6-10 mm, +++ : 11-15 mm, and ++++: 16-20 mm tested were determined by size of inhibition zone.

16656(AF148556), B. vietnamiensis LMG 10929
(AF097534), B. multivorans ATCC BAA-247(Y18703),
B. ubonensis GTC-P3-415(AB030584), B. latens
R-5630(AM747628), B. glumae LMG 2196(U96931),
B. plantarii LMG9035(U96933), B. oklahomensis

C678(DQ108388), B. thailandensis E264(U91838),
B. pseudomallei ATCC 23343(DQ108392), B. mallei
ATCC 23344(AF110188).

7S F18l recA k] A7IME A AR
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Fig. 1. Antifungal activities of Burkholderia pyrrocinia LA101
against Alternaria panax on agar media (A and A-1 :
normal mycelia (X100 and x400), B and B-1 : inhibited
mycelia (X100 and x400).

439

Fig. 2. Antifungal activities of Burkholderia pyrrocinia LA101
against Botrytis cinerea on agar media (A and A-1 :
normal mycelia (X100 and x400), B and B-1 : inhibited
mycelia (X100 and x400).

Fig. 3. Antifungal activities of Burkholderia pyrrocinia LA101
against Rhizoctonia solani on agar media (A and A-1 :
normal mycelia (X100 and x400), B and B-1 : inhibited
mycelia (100 and x400).
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Fig. 4. Antifungal activities of Burkholderia pyrrocinia LA101
against Cylindrocarpon destructans on agar media (A
and A-1 : normal mycelia (x100 and x400), B and B- 1
: inhibited mycelia (100 and x400).
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Fig. 5. Morphological features through electron microscope of the Burkholderia pyrrocinia LA101.
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Table 2. Biochemical and physiological characteristics using API 20 NE kit for Burkholderia pyrrocinia LA101

No. Characteristic Reaction
1 Reduction of nitrates to nitrites -
2 Indole production -
3 Glucose acidifiction -
4 Arginine dihydrolase -
5 Urease -
6 B-glucosidase -
7 Protease +
8 [-galactosidase -
9 Glucose assimilation +
10 Arabinose assimilation +
11 Mannose assimilation +
12 Mannitol assimilation +
13 N-acetyl-glucosamine assimilation +
14 Maltose assimilation +
15 Gluconate assimilation +
16 Caprate assimilation +
17 Adipate assimilation +
18 Malate assimilation +
19 Citrate assimilation +

20 Phenyle-acetate assimilation +

21 Cytochrome oxidase +

*+ . Positive, - : negative.
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Fig. 6. Phylogenetic tree based on 16S rRNA gene sequences showing the position of Burkholderia pyrrocinia LA101
closely related species of the genus Burkholderia.

5-GGGTGCTTGCACCTGGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGAACATGTCCTGTAGTGGGGGAT
AGCCCGGCGAAAGCCGGATTAATACCGCATACGATCTACGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCT
ATAGGGTTGGCCGATGGCTGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCAGTAGCTGGT
CTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATT
TTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTT
TGTCCGGAAAGAAATCCTTGGTTCTAATATAGCCGGGGGATGACGGTACCGGAAGAATAAGCACCGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCA
GGCGGTTTGCTAAGACCGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTGGTGACTGGCAGGCTAGA
GTATGGCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGGCG
AAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTG
GTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGGGGATTCATTTCCTTAGTAACGTAGCTAACGCGTGAA
GTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGG
ATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGGTCGGAATCCTGCTGAGAGG
TGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGG
GTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCTACGCAAGAGCACTCTAAGGAGACTGCCGGTGA
CAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAA
TGGTCGGAACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCAGAAAACCGATCGTAGTCCGGATTGCA
CTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
GGGTCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTTTACCAGAAGTGGCTAGTCTAACCGCAA-3’

Fig. 7. 16S rRNA gene sequences of Burkholderia pyrrocinia LA101.
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5“TACGGTCCGGAATCGTCCGGTAAAACCACGCTCACGCTGCAGGTGATCGCCGAACTGCAGAAGATCGGCGG
CACGGCCGCGTTCATCGACGCCGAGCACGCGCTCGACGTCCAGTACGCGGCGAAGCTCGGCGTGAACGTGCC
GGAACTGCTGATCTCGCAGCCGGACACCGGCGAGCAGGCGCTGGAAATCACCGATGCGCTGGTGCGCTCGGG
CTCGATCGACATGATCGTCATCGACTCGGTCGCGGCGCTCGTGCCGAAGGCCGAAATCGAAGGCGAGATGGG
CGATTCGCTGCCGGGCCTGCAGGCCCGCCTGATGTCGCAGGCGCTGCGCAAGCTGACCGGCACGATCAAGCGC
ACGAACTGCCTCGTGATCTTCATCAACCAGATTCGTATGAAGATCGGCGTGATGTTCGGCAACCCGGAAAC-3’

Fig. 8. recA gene sequences of Burkholderia pyrrocinia LA101.
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