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A bacterial strain CH-67 which exhibits antagonism
towards several plant pathogenic fungi such as Botrytis
cinerea, Fulvia fulva, Rhizoctonia solani, Sclerotinia
sclerotiorum, Colletotrichum sp. and Phytophthora sp.
was isolated from forest soil by a chitin-baiting method.
This strain was identified as Burkholderia cepacia com-
plex (Bcc) and belonging to genomovar IX (Burkholderia
pyrrocinia) by colony morphology, biochemical traits
and molecular method like 16S rRNA and recA gene
analysis. This strain was used to develop a bio-fungicide
for the control of tomato leaf mold caused by Fulvia
fulva. Various formulations of B. pyrrocinia CH-67 were
prepared using fermentation cultures of the bacterium
in rice oil medium. The result of pot experiments led to
selection of the wettable powder formulation CH67-C
containing modified starch as the best formulation for
the control of tomato leaf mold. CH67-C, at 100-fold
dilution, showed a control value of 85% against tomato
leaf mold. Its disease control efficacy was not signifi-
cantly different from that of the chemical fungicide tri-
flumidazole. B. pyrrocinia CH-67 was also effective in
controlling damping-off caused by Rhizoctonia solani
PY-1 in crisphead lettuce and tomato plants. CH67-C
formulation was recognized as a cell-free formulation
since B. pyrrocinia CH-67 was all lethal during formula-
tion process. This study provides an effective biocontrol
formulation of biofungicide using B. pyrrocinia CH-67
to control tomato leaf mold and damping-off crisphead
lettuce and tomato.
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Bacteria in Burkholderia cepacia complex (Bcc) contain

wide beneficial properties such as indole-acetic acid pro-

duction, nitrogen fixation and antifungal compound pro-

duction (Parker and Gurian-Sherman, 2001). For these

reasons, Bcc has attracted intense interests from the agri-

cultural industry as a possible biological control agent

(Bevivino et al., 2000). This organism antagonizes and

represses many soil-bone plant pathogens (Mao et al., 1998,

Milus and Rothrock, 1997, Roberts at al., 2005) and ex-

hibits plant-growth-promoting activity (Pedersen et al., 1999).

For example, Burkholderia ambifaria AMMD was very

effective in controlling root rot in peas, alfalfa and snap

beans caused by Alternaria panax (Joy and Parke, 1994).

In spite of many useful features of Bcc, some of Bcc

species are problematic cystic fibrosis (CF) pathogen (Chiarini

et al., 2006). The human pathogen is very resistant to

antibiotics, making respiratory infection difficult to under-

stand, and resulting in high mortality in CF. Therefore, this

species is leading to considerable problem to cystic fibrosis

patient. Although 16S rRNA gene sequence analysis is a

general method to determine the bacterial species, it is limit-

ed to accurate distinction in the Bcc. The recA gene sequence

is widely used to identify Bcc (Chiarini et al., 2006).

Tomato leaf mould, caused by the fungus Fulvia fulva

(synonym Clodosporium fulvum) is first described by Cooke

(1883). It is common and destructive disease on tomatoes

worldwide grown under humid conditions. Leaf mould is a

primary problem under greenhouse conditions during autumn

and spring seasons. Tomato plants can be killed by this

pathogen resulting in significant yield reduction (Smith et

al., 1969). Generally, foliage is the only tissue affected by

the fungus, although occasionally also stems, blossoms,

petioles and fruit are attacked (Butler and Jones, 1949;

Jones et al., 1997). 

In the course of screening of biocontrol agent for the

control of tomato leaf mold, we found that a bacterial strain

CH-67 isolated from forest soil was highly active to several

plant pathogenic fungi including F. fulva. The objectives of

this study were to identify CH-67 strain to the level of

genomovar by molecular method, to develop eco-friendly

biocontrol formulation and to evaluate disease control

efficacy of the selected formulation under field conditions.*Corresponding author.
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Materials and Method

Selection of antagonistic bacteria. One gram of forest soil

sample, 10% crude chitin mixed with 500 g of forest soil

which were packaged with iron can and buried randomly in

the forest for six months, suspended in 9.0 ml diluent

(Composition per 1 liter: NaCl, 4.25 g; KH2PO4, 0.15 g;

Na2HPO4, 0.3 g; MgSO4, 0.1 g; Gelatin, 0.05 g) and spread-

ed on 0.2% colloidal chitin medium (Rodriguez-Kabana et

al., 1983). Bacterial isolates showing chitin hydrolysis

activity were isolated, because chitinolytic bacteria may

have antifungal activity as shown in our previous study

(Lee et al., 2009). Antifungal activity of the isolates was

measured by F. fulva spore dropping assay. Briefly, bacterial

isolates were inoculated in a test tube, contained Nutrient

broth (NB), and cultured for 1 day at 30°C in shaking

incubator. Five microliter of each culture was dropped on

Potato Dextrose Agar (PDA) medium, followed by incuba-

tion for 24 h. F. fulva spores were spreaded on the PDA

medium and then incubated for 3−5 days at 25°C. Bacterial

isolates with strong antifungal activity were finally selected

and further tested for antagonistic activity against other

plant pathogenic fungi by dual-culture method.

Microorganisms and cultivation. An antagonistic strain

CH-67 was isolated from forest soil which was previously

mixed with chitin and buried in Seung Hak Mountain,

Busan. B. pyrrocinia CH-67 was generally grown on nutri-

ent broth and nutrient agar at 30°C. B. pyrrocinia CH-67

was incubated in rice oil broth medium (3% rice oil and

0.5% (NH4)2SO4 was contained in Pseudomonas basal

medium) for mass production. Fulvia fulva TF-13, which

causes tomato leaf mold, was isolated from tomato plastic

house in Gangseo-gu, Busan, Korea. F. fulva TF-13 was

generally grown on potato dextrose agar (PDA) at 25°C.

The conidia suspension (1 × 105 conidia/ml) of F. fulva was

prepared in sterile water from fungal culture grown on PDA

(Lee et al., 2009).

Biochemical analysis to identify the strain CH-67. An

API 20 NE kit for Gram-negative rod bacteria (bioMérieux

Korea, Seoul, Korea) was used in physiological characteri-

zation of strain CH-67, since the strain CH-67 was a typical

Gram-negative rod. The API 20 NE kit consists of 20 micro-

tubes containing different substrates. Bacterial suspension

of CH-67 in saline was inoculated in the test kit by follow-

ing standard protocol provided by the supplier (bioMérieux).

The reactions are read according to the manual and the

identification was obtained by using the identification

software provided by the supplier (bioMérieux). 

DNA sequencing of 16S ribosomal RNA gene and recA

gene. To amplify bacterial 16S ribosomal RNA (rRNA)

gene, polymerase chain reaction (PCR) was performed using

two universal primers, 8F (5'-AGAGTTTGATCCTGGCT-

CAG-3' E. coli position 8-27) and 1492R (5'-GGTTACCT-

TGTTACGACTT-3' E. coli position 1510-1492) (Edwards

et al., 1989), and genomic DNA obtained from target iso-

late CH-67. The PCR amplification was carried out under

the following conditions: 94°C for 3 min initial denatu-

ration; 30 cycles of denaturation at 94°C for 30 s, annealing

at 55°C for 30 s, extension at 72°C for 1 min 30 s, and final

extension at 72°C for 5 min. The reaction mixture (final

volume, 50 μl) contained 1 μl DNA (approximately 40−50

ng), 1X reaction buffer with 2 mM MgCl2 and 2.5 unit of

Taq DNA polymerase (Promega, Madison, USA). To am-

plify recA gene, polymerase chain reaction was performed

using two primers BUR1 (5'-GATCGA(A/G)AAGCAGT-

TCGGCAA-3') and BUR-2 (5'-TTGTCCTTGCCCTG(A/

G)CCGAT-3') (Payen et al., 2005), and DNA obtained from

target isolate CH-67 and quantitated by visualization on

agarose gels, and approximately 20 ng was incorporated

into 25-μl reactions which contained 1 U Taq DNA poly-

merase, 250 μM (each) deoxynucleotide triphosphate, 1.5

mM MgCl2, and 1× PCR buffer. Approximately 20 pmol of

each appropriate oligonucleotide primer (Payne et al., 2005)

was added to each reaction, and amplification was carried

out using a Gene Cycler (Bio-Rad, Mississauga, Ontario,

Canada) for 30 cycles of 30 s at 94°C, annealing for 30 s at

60°C, and extension at 72°C for 45 s, with a final 5 min

extension at 72°C. The amplified products were cloned

into the pGEM-T Easy vector (Promega). The nucleotide

sequencing was performed commercially at the DNA

sequencing facility of GenoTech Corp. (Daejeon, Korea).

DNA sequences of 16S rRNA gene were analyzed by using

software from the Blastn program provided by the National

Center for Biotechnology Information (http://www.ncbi.

nlm.nih.gov/blast/Blast.cgi).

Phylogenetic analysis. Multiple nucleotide sequence align-

ments of the recA and 16S rRNA genes were performed

using CLUSTAL W (Thompson et al., 1994) and visually

examined with the GENEDOC. Phylogenetic trees were

constructed by using DNADIST with the Jukes-Cantor

model (Jukes and Cantor., 1969) and NEIGHBOR with the

neighbor-joining method (Saitou and Nei., 1987) in the

PHYLIP program, version 3.61. We generated 1,000 boot-

strapped replicate resampling data sets with SEQBOOT.

We followed the standard protocol for the default settings

of the computer programs used in this procedure.

Formulations of Burkholderia pyrrocinia CH-67. To

generate various formulations of B. pyrrocinia CH-67, 5 ml

of overnight culture was inoculated into 400 ml of rice-oil
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broth in 1 L flask and incubated at 30°C and 300 rpm

overnight. Then, the culture broth was added directly to 4 L

rice-oil broth in a 7 L jar fermenter and incubated for 72 h.

The grown bacterial culture (approximately 1.7 × 1010 cfu/

ml) was thoroughly mixed with the materials described in

Table 1. Then, the mixtures were dried for 2-3 days at 60°C

in a drying oven for the wettable powder formulations.

After grinding by using a blender, the powders were sieved

through a 200-mesh filter to complete CH-67 formulations,

which were stored at 4°C until use.

Suppression of tomato leaf mold caused by F. fulva.

Tomato plants used in this study, cultivar Seo-gun (Sakata,

Japan), were grown in 15-cm-diameter pots in plastic house

for general cultivation use. The tomato plants at the stage of

5-6 fully expanded leaves, which were grown for 7 weeks,

were used. To prepare the inoculum, F. fulva TF-13 was

planted on PDA and incubated for 2 weeks at 25°C. Four

grown fungal discs (φ = 1 cm) were plated to 100 ml of PD

broth, and the inoculum was incubated for 4 days at 25°C

and 150 rpm. The culture broth was filtered through a

double-layer of sterile cheesecloth to remove mycelial

fragments. The conidial suspension was diluted in PD broth

until A550 = 0.4. The conidial suspension was sprayed on

tomato plants until run-off. One day after inoculation, the

wettable powder formulations of CH-67 were treated by

foliar spray about 5 ml per each pot. The formulations were

diluted 100-fold with tap water before spraying on tomato

plants. Triflumizole (a.i. 30%, WP; trifumine (Nippon Soda,

Japan)), at a 3,000-fold dilution, was treated as a positive

control. Plants treated with tap water were used as a control.

The treated plants were maintained in growth room for 24 h

(22±2°C, 90% RH). Then, the plants were transferred into

a plastic house (25±5°C) (Lee et al., 2006). The disease

severity was rated 5 days after pathogen inoculation.

The disease severity index of leaf mould on the tomato

plants was defined as the percentage of leaf area that was

diseased, where 0 = no disease, 1 = 0.1-20%, 3 = 20.1−

50%, 5 = 50.1−70%, 7 = 70.1%−100%. The disease severity

value was calculated using the following formula: Disease

severity (%) = ((Σ (the number of diseased leaves) × (disease

severity index))/(7 × the number of leaves rated). The

disease control value was calculated using the following

formula: Disease control value (%) = ((A−B)/A) × 100,

where A is disease severity of non-treated and B is the

disease severity after various treatments, including formu-

lated bio-fungicide or chemical fungicide. The experiment

was triplicated.

Suppression of damping-off of tomato and crisphead

lettuce caused by Rhizoctinia solani PY-1. Tomato and

crisphead lettuce seeds were sown in plug hole pot con-

taining the commercial horticulture nursery soil (Punong

Co., Ldt., Korea) for damping-off experiment. Four-weeks

old plants were used for these experiments. The suppressive

effects of the cell suspensions of CH-67 and CH67-C

formulation (Table 1) were compared. In order to prepare

cell suspension of CH-67, the bacterium was incubated in

300 ml of nutrient broth (NB) medium for 24 h at 30°C and

150 rpm. The cells were collected by centrifugation (8,000

× g, 10 min, 4°C), washed in phosphate buffer saline (PBS)

solution, and centrifuged again. The cell were suspended

using sterile PBS solution until A550 = 1.0 (1.4 × 105 CFU/

ml) and then drenched into soil in plug hole pot. One gram

of CH67-C formulation was diluted with 100 ml of tap

water and drenched into soil in plug hole pot. Inoculum of

R. solani PY-1 was prepared as previously described (Heo

et al., 2008). The plants were inoculated with the fungal

pathogen 24 hours after treatments of cells of CH-67 and

CH67-C formulation. Inoculated plants were maintained

under 90% relative humidity at 25°C for 48 hrs and trans-

ferred to a growth chamber. Disease severity of damping-

off was rated by counting the number of seedlings showing

typical damping-off 2 weeks after pathogen inoculation.

The disease control value was calculated using the follow-

ing formula: Disease control value (%) = ((A−B)/A) × 100,

where A is the disease severity of untreated plants and B is

the disease severity of treated plants. The fungicide pency-

curon 20% (Dongbu Hannong Co., Korea) was treated as a

positive control after 1,000-fold dilution with tap water.

Plants treated with PBS solution alone were negative

control and the experiments were triplicated.

Suppression of the tomato leaf mold under field condi-

tions. A field experiment was conducted from January to

February 2006 in a farmer’s plastic house under tomato

production conditions at Kang-Seo, Busan, Korea. The

tomato cultivar Seo-gun (Sakata, Japan) was planted on

November 10, 2007 and transplanted into a plastic house

according to routine cultivation practices. CH67-C formu-

lation was sprayed on tomato plants at 100-fold dilution.

Triflumizole, at 3,000-fold dilution, was used as a positive

Table 1. Composition of several wettable powder type formu-
lations of B. pyrrocinia CH-67

Type Formulation
Composition per liter 

of bacterial culture broth

Wettable 
powder

CH67-A Sun creamy, 70 g; Dextrin, 10 g

CH67-B Beads type Tapioca, 400 g; Sugar, 25 g

CH67-C Sun creamy, 80 g

CH67-D Powder type of Tapioca, 400 g

CH67-F Powder type of Tapioca, 400 g; Sun 
creamy, 80 g; Sucrose, 100 g
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control. We chose a plastic house containing tomato plants

showing an initial appearance of leaf mold symptoms. The

first applications of the CH67-C and chemical fungicide

were performed on January 26, 2007. The treatment was

repeated three times at 7-day intervals, and the disease

severity was converted into disease control values as de-

scribed above. Each of treatment samples was randomly

selected to sample composite leaves of each plant to

examine the disease lesions. Untreated plants were treated

with tap water alone. The experiment was triplicated.

Statistical analysis. Duncan’s multiple range test was used

to compare each of experiment results. All statistical ana-

lyses were conducted using SAS/STAT software (SAS

Institute, 1989).

Results

Identification of CH-67 strain and phylogenetic ana-

lysis. A number of antagonistic bacteria isolated from chitin

baiting forest soil were initially selected based on chitin

hydrolysis. Further screening of bacterial isolates showing

strong antifungal activity was performed using F. fulva. A

strain CH-67 was finally selected based on strong anti-

fungal activity; it inhibited strongly mycelial growth of

various plant pathogenic fungi (data not shown). Biochemical

test using API kit revealed that CH-67 was most closely

related with Bcc. CH-67 strain showed positive response

for gelatin hydrolysis and cytochrome oxidase, in contrast

to the negative response for nitrate reduction, indole pro-

duction, arginine hydrolase, urease, esculine hydrolysis and

β-galactosidase. The strain could utilize the following

carbon sources; glucose, arabinose, mannose, mannitol, N-

acetyl-glucosamine, maltose, gluconate, caprate, adipate,

malate, citrate, and phenyl acetate. Fatty acid composition

of CH-67 was similar to that of Bcc (data not shown). CH-

67 strain was identified as B. cepacia complex based on 16s

rRNA gene analysis. Phylogenetic relationships among

representative Burkholderia species were illustrated in

Fig. 1. The CH-67 was highly related with B. cepacia, B.

stabilis and B. pyrrocinia (Fig. 1). However, 16S rRNA-

based identification has limited utility in the genus Burk-

Fig. 1. Phylogenetic tree by 16S rRNA analysis of B. cepacia CH-67 isolated from forest soil. Bootstrap values are shown for each node
that had 50% support in a bootstrap analysis of 1,000 replicates. The scale bar indicates 0.01 change per nucleotide.



Biological Control Using B. pyrrocinia CH-67 63

holderia, especially within the B. cepacia complex, where

it cannot be used as a mean to accurately distinguish this to

the species level (Coenye et al., 2001; Coenye et al., 2005).

G+C content of CH-67 was 68.2%, which is typical for

Burkholderia species (data not shown). 

In order to identify CH-67 to the species level, molecular

analysis of phylogenetic marker gene, recA, has been con-

ducted. DNA sequence comparison and phylogenetic analysis

of recA from CH-67 revealed that CH-67 belongs to geno-

movar IX of Bcc (Mahenthiralingam et al., 2005) (Fig. 2).

Therefore, the isolate CH-67 could be identified as B.

pyrrocinia. 

Selection of formulation condition. Measuring population

growth is the mean to select optimal carbon and nitrogen

sources, and large-scale fermented medium for a specific

bacterium. A rice-oil medium was an efficient medium for

the growth of B. pyrrocinia CH-67, to reach 1.7 × 1010 cfu/

ml after 72 h of fermentation (data not shown). For the

selection of the optimal composition of formulation (Table

1), various commercial starches, sugars, carriers and addi-

tives were amended in bacterial culture broth of CH-67.

The six prepared wettable powder formulations were tested

for in vivo antifungal activity against tomato leaf mould in

pots in the controlled growth room. Among the 6 formu-

lations, CH67-C showed the highest control activity. The

disease control efficacy of CH67-C was similar with that of

chemical fungicide triflumizole (Fig. 3). 

In a controlled growth room, treatments with CH67-C

showed disease control values ranging from 75.7 to 67.2%

(Fig. 4). The formulation showed dose-dependent response.

In addition, it showed a similar disease control efficacy

with that of triflumizole. In a plastic house, treatments with

CH67-C at 100- and 500-fold dilutions displayed control

values of 76.4% and 68.5%, respectively (Fig. 5). The con-

trol efficacies were not significantly different from that of

Fig. 2. Phylogenetic tree by recA gene analysis of Burkholderia pyrrocina CH-67. Bootstrap values are shown for each node that had
50% support in a bootstrap analysis of 1,000 replicates. The scale bar indicates 0.01 change per nucleotide. (AM905034) Burkholderia
contaminans R-18442, (AM905032) Burkholderia lata R-23139, (AF143786) Burkholderia cepacia ATCC25416, (AF143794)
Burkholderia pyrrocinia LMG14191, (AF143789) Burkholderia stabilis LMG7000, (AF143784) Burkholderia cenocepacia PC184,
(AF143793) Burkholderia vietnamiensis LMG10929, (AF456051) Burkholderia anthina C1765, (AF143802) Burkholderia ambifaria
ATCC53266, (AF323971) Burkholderia dolsa LMG 18942, (AF143775) Burkholderia multivorans ATCC 17616, (AY619657)
Pandoreae apista patient W.



64 Kwang Youll Lee et al.

triflumizole. On the other hand, 1,000-fold treatment of

CH67-C showed significantly a reduced disease control

value compared to other treatment including chemical

fungicide (data not shown). 

Control of tomato leaf mold by CH67-C under field

conditions. The field experiment showed that the natural

disease occurrence during the experimentation period was

62% (P<0.05) of disease severity. The disease control

value of 100-fold dilution treatment of CH67-C was 85%

(P<0.05). It was not significantly different from that of a

chemical fungicide, triflumizole, which gave a disease con-

trol value of 91% (P<0.05) (Fig. 6). However, 500- and

1,000-fold treatments of CH67-C showed the reduced di-

sease control values. The negative control formulation pre-

pared without bacterial cells did not suppress the develop-

ment of tomato leaf mold. These results were similar to

Fig. 3. Disease control effects of CH67-C formulations and chemical fungicide against tomato leaf mold caused by Fulvia fulva in growth
chamber (4 days after inoculation). (A, Disease control effect of CH67-C was selected as the best formulation.) (B, Disease control effect
of CH67-C compared with similar formulations CH67-D and CH67-F.) Error bars represent the standard deviation of three replications.
Means in the same column followed by the same letter are not significantly different (P < 0.05) based on Duncan's multiple range test.

Fig. 4. Control efficacy of CH67-C formulation and chemical
fungicide against tomato leaf mold caused by Fulvia fulva in
growth chamber (4 days after inoculation). Error bars represent
the standard deviation of three replications. C100, 100-fold
dilution of CH67-C; C500, 500-fold dilution of CH67-C; C1000,
1,000-fold dilution of CH67-C; T3000, 3,000-fold dilution of
triflumizole. Means in the same column followed by the same
letter are not significantly different (P < 0.05) based on Duncan's
multiple range test.

Fig. 5. Disease control effects of CH67-C formulation and
chemical fungicide against tomato leaf mold caused by Fulvia
fulva in plastic house (4 days after inoculation). Error bars
represent the standard deviation of three replications. C100, 100-
fold dilution of CH67-C; C500, 500-fold dilution of CH67-C;
T3000, 3,000-fold dilution of triflumizole. Means in the same
column followed by the same letter are not significantly different
(P < 0.05) based on Duncan's multiple range test.
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those obtained in the plastic house where the plants were

artificially inoculated with fungal pathogen.

Control of tomato and crisphead lettuce damping-off by

CH-67. The suppressive effects of the culture broth of B.

pyrrocinia CH-67 and CH67-C formulation on tomato and

crisphead lettuce damping-off caused by R. solani PY-1

were shown in Fig. 7 and 8. In the uninoculated pots, all

tomato and crisphead lettuce seedlings grew normally and

no disease appeared. B. pyrrocinia CH-67 significantly sup-

pressed the development of damping-off of tomato and

crisphead lettuce. Its disease control efficacy was compar-

able to a chemical fungicide, pencycuron. There was no

phytotoxicity when treated with CH-67 and CH67-C formu-

lation (data not shown). With the CH-67 culture broth

treatment, the percentage of disease control value of damp-

ing-off on crisphead lettuce and tomato was 82% and 95%,

respectively (Fig. 7 and 8). With the 100-fold diluted CH-

67 formulation treatment, the disease control values of

damping-off on crisphead lettuce and tomato was 55% and

80%, respectively (Fig. 7 and 8).

Discussion

Burkholderia cepacia complex (Bcc), firstly described as a

plant pathogen responsible for a bacterial rot of onions

(Burkholder, 1950), have received much attention as an

effective biocontrol agent and biotechnological use (Chiarini

et al., 2006). However, recent studies revealed that some

strains of Bcc belonged to clinical strain which causes

cystic fibrosis. Therefore, in an attempt to assess the human

risk associated with the use of rhizosphere isolates of Bcc,

recA gene analysis has developed for differentiation bet-

ween clinical isolates and biocontrol agent. As for Bcc as a

biocontrol agent, it's antagonism against plant pathogenic

fungi and the utility of this bacterium in the biological

control of many postharvest fungal diseases has been

Fig. 6. Suppression of leaf mold on tomato plants by the CH67-C
formulation under field conditions. Error bars represent the
standard deviation of three replications. C100, 100-fold dilution
of CH67-C; T3000, 3,000-fold dilution of triflumizole. Means in
the same column followed by the same letter are not significantly
different (P < 0.05) based on Duncan's multiple range test.

Fig. 7. Suppression of damping-off on crisphead lettuce plants by
the fermentation broth of Burkholderia pyrrocinia CH-67 and
CH-67C formulation at plug pot in growth chamber. Error bars
represent the standard deviation of three replications. Means in
the same column followed by the same letter are not significantly
different (P < 0.05) based on Duncan's multiple range test.

Fig. 8. Suppression of damping-off on tomato plants by the
fermentation broth of Burkholderia pyrrocinia CH-67 and CH-
67C formulation at plug pot in growth chamber. Error bars
represent the standard deviation of three replications. Means in
the same column followed by the same letter are not significantly
different (P < 0.05) based on Duncan's multiple range test.
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reported (Bevivino et al., 2000; Joy et al., 1994).

This isolated CH-67 strain from the forest soil mixed

with crude chitin has a strong antifungal activity against

many plant pathogenic fungi. Through morphological, bio-

chemical and 16s rRNA gene analysis methods, this strain

was identified as a B. cepacia complex. Since some strains

of Bcc belong to clinical bacteria causing cystic fibrosis, the

recA gene analysis has been developed for differentiation

between biocontrol agent and clinical isolates. In this study,

CH-67 strain finally demonstrated to belong to genomovar

IX, B. pyrroconia. The genomovar IX is known to be the

representative genomovar containing mostly non-clinical

strains of Bcc (Mahenthiralingam et al., 2005). Many B.

pyrrocinia strains with biopesticidal or antifungal properties

have been reported (Burkhead et al., 1994).

This study investigated the biological control activity of

the sun creamy starch-based WP formulation of B. pyrro-

cinia CH-67 against leaf mold on tomato plants. In our

laboratory, rice-oil medium supported the bacterial growth

up to 1.7 × 1010 cfu/ml after 72 h of fermentation in liquid

culture. Rice oil obtained from rice bran is an inexpensive,

under-utilized milling co-product of rough rice and consi-

dered to contain a good source of hypoallergenic proteins.

Development of an effective formulation product would

enhance the biological activity and it is an essential factor

for stabilization of biofungicides (Schisler et al., 2004). Oil

may serve as a food base with the sugar in CH67-C and

regulate the water availability in the formulation (Fravel et

al., 1998). In our biocontrol experiments, CH67-C exhibit-

ed the best disease control activity. At a 100-fold dilution,

the CH67-C formulation was highly effective in controlling

tomato leaf mold. Its control efficacy was comparable to

that of triflumizole in pot and field experiments. On the

other hand, at 500-and 1,000-fold dilutions, the in vivo

antifungal activity of CH67-C formulation was not signifi-

cantly different when compared with that of chemical

fungicide in pot experiment. However, it, at 500-and 1,000-

fold dilutions, showed significantly weaker in vivo anti-

fungal activity in field experiment than triflumizole. Further

investigation to enhance the biocontrol activity of CH-67

based formulations needs to be examined under different

field conditions.

The CH67-C was a cell-free formulation. This formu-

lation was made through the dry process at 60°C to gene-

rate the wettable powder type formulation. During dry

process, all bacterial cells were dead and no living cell was

detected (data not shown). Therefore, the disease control

activity from the CH67-C must be due to the bacterial

metabolites produced from the strain CH-67, which might

be stable at the high temperature. In fact, boiling of the

culture supernatant of CH-67 could not abolish the anti-

fungal activity of the bacterial culture supernatant (data not

shown). 

B. cepacia complex is an extremely versatile biocontrol

agent capable of suppressing diseases caused by a number

of soilborne plant-pathogens in pepper and tomato plants

(Mao et al., 1998). In this study, CH-67 could suppress

tomato leaf mold and damping off tomato and crisphead

lettuce. In dual culture tests, CH-67 inhibited mycelial

growth of various plant pathogenic fungi (data not shown).

Various bacterial isolates from the Bcc produce antifungal

metabolites including pyrrolnitrin, phenazine-1-carboxyl

acid, cepacin A and cepacin B (Burkhead et al., 1994;

McLoughlin et al., 1992; Parker et al., 1984; Whipps, 2001).

B. pyrrocinia CH-67 is an interesting strain for environ-

mental application despite of some strains concern with

clinical bacteria. This strain is unique due to its ability to

suppress a range of pathogens on several important crop

plants and to produce a heat stable metabolite(s) with broad

spectrum antifungal activity. Further study on the genes and

pathways responsible for these unique traits will help to

promote biocontrol capabilities. 
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