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Biocontrol microbes have mainly been screened among
large collections of microorganisms via. nutrient-rich in
vitro assays to identify novel and effective isolates.
However, thus far, isolates from only a few genera,
mainly spore-forming bacilli, have been commercially
developed. In order to isolate field-effective biocontrol
microbes, we screened for more than 200 oligotrophic
bacterial strains, isolated from rhizospheres of various
soil samples in Korea, which induced systemic resistance
against the soft-rot disease caused by Pectobacterium
carotovorum SCC1; we subsequently conducted in planta
bioassay screening. Two oligotrophic bacterial strains
were selected for induced systemic disease resistance
against the Tobacco Mosaic Virus and the gray mold
disease caused by Botrytis cinerea. The oligotrophic bac-
terial strains were identified as Pseudomonas manteilii
B001 and Bacillus cereus C003 by biochemical analysis
and the phylogenetic analysis of the 16S rRNA sequence.
These bacterial strains did not exhibit any antifungal
activities against plant pathogenic fungi but evidenced
several other beneficial biocontrol traits, including phos-
phate solubilization and gelatin utilization. Collectively,
our results indicate that the isolated oligotrophic bac-
terial strains possessing induced systemic disease re-
sistance could provide useful tools as effective biopesti-
cides and might be successfully used as cost-effective
and preventive biocontrol agents in the field.
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Recent demand for organic and sustainable agriculture

products has been a strong driving force toward the develop-

ment and use of biopesticides in the field. Additionally,

biopesticides for the control of plant diseases represented a

rapidly growing industry, because of their efficacy and

environmentally-friendly qualities. Certain plant-associated

bacteria can promote plant growth and suppress plant di-

seases by the expression of various mechanisms, including

the production of antimicrobial secondary metabolites and

the induction of systemic resistance against plant disease

(Kim et al., 2011). The efficacy of biocontrol bacteria

requires successful colonization on plant surfaces, and thus

microbial biopesticides have generally been on isolated

primarily from microbial collections derived from culti-

vated soils and plants. 

Soils and plants are recognized as extremely rich re-

servoirs of microbial diversity, and are also profoundly rich

natural resources for the isolation of many effective micro-

bial pesticides (Sloan et al., 2008). The approach tradition-

ally employed in the development of microbial inoculants

has been to first isolate large collections of microorganisms,

followed by systematic screening for activity using simple

and cheap and then more complicated and expensive bio-

assays to identify those with the greatest activity (Fravel,

2005). Only certain species of Agrobacterium, Bacillus,

Burkholderia, Erwinia, Pantoea, Pseudomonas and Strepto-

myces have been commercialized as microbial biopesticides

for the control of plant diseases (Cropping, 2004). 

Even though bioformulated products for gram-positive

biocontrol bacteria, such as endospore-forming Bacillus

spp. strains, have been developed and commercialized, only

a few biopesticides have been developed from gram-negative

bacteria, mainly because of short shelf-life (Cropping,

2004). An effective biocontrol bioformulation containing a

complex of chitinase-producing biocontrol bacterial strains

and chitin under large-batch conditions was previously

developed and effectively used to control Phytophthora

blight of pepper (Kim et al., 2008) as well as Alternaria
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blight and the anthracnose disease of Korean ginseng under

field conditions (Kim et al., 2008; 2010).

Since the efficacy of biocontrol bacteria requires success-

ful colonization on plant surfaces, we isolated oligotrophic

potential bicontrol microbes possessing induced systemic

resistance to plant pathogens by the traditional “isolate and

screen” approach in order to develop micropesti-cides

effective from both a cost and survival standpoint under

natural low-nutrient conditions. Soil samples were collect-

ed from various sources, including red pepper cultivated

soils in Jeollanamdo province, beach soils in Buan, and

beach soils in Taean, Jeollanamdo province in year 2007.

Approximately 1 g of soil samples were placed in 10 ml of

sterile water, briefly vortexed, and serially diluted with

sterile water, then plated directly onto 1/100 Luria Bertani

agar (Difco Inc., Detroit, MI). After 5 days of incubation on

1/100 LB agar plates, individual colonies were picked and

stored for further analysis. A total of 252 oligotrophic

bacterial isolates were selected and employed for further in

vivo bioassays for induced systemic resistance. 

Initial screening of each bacterial isolate for ISR was

conducted against the soft-rot disease caused by Pecto-

bacterium carotovorum in tobacco plants (Nicotiana tabacum

cv. Xanthi-nc) grown in MS microtiter plates as previously

described (Han et al., 2006). In brief, the bacterial strains

grown for 48 hr in 1/100 LB broth, were harvested by

centrifugation, then re-suspended as equal volume of sterile

water. The bacterial suspensions (10 µl) were inoculated on

the roots of tobacco grown for 3 weeks in a growth chamber.

One week after root treatment, 2 µl of the P. carotovorum

suspension was inoculated onto systemic individual tobacco

leaves. Two days after pathogen inoculation, the severity of

soft-rot disease was measured as previously described (Han

et al., 2006; Spencer et al., 2003). Through initial screening,

two bacterial isolates, designated B001 and C001, evidenced

strong ISR activity against soft-rot disease in the tobacco

bioassay system. 

To assess the ISR spectrum of the selected isolates, we

employed the gray mold disease caused by Botrytis cinerea

and Tobacco Mosaic Virus (TMV) in tobacco plants. To

evaluate ISR activity against gray mold disease, B. cinerea

KACC 40573 obtained from the Korean Agricultural

Culture Collection (RDA, Suwon, Korea) was used. Approxi-

mately 1 × 105 conidia/ml of conidial suspension harvested

from B. cinerea grown on potato dextrose agar plates

in 30% tomato juice and 0.1 M KH2PO4 (pH 7.0) was

inoculated onto systemic tobacco leaves, which were

grown for 3 weeks on MS microplates and inoculated with

the bacterial suspension into the root area as described

above. Five days after pathogen inoculation, the percentage

of infected area of each leaf was measured using Image

Insicide software Ver. 2.32 (IHwa Inc., Seoul, Korea).

For TMV bioassays, tobacco (cv. Xanthi) seeds were

surface-sterilized by 2 min of soaking in 70% ethanol and

20 min of soaking in 1% sodium hypochlorite. After exten-

sive washing with sterile distilled water, the seeds were

incubated in sterile water for 3 days in the dark at 4ºC to

promote germination. The sterilized seeds were subsequently

planted in sterile soil-less medium (BioHorticulture soil:

vermiculite, 7:3, vol/vol) using 500 cm3 of medium for each

18-by-18-by-22 cm pot, at 1 seed/pot. These pots were

watered with 20 ml of sterile water every 2 days. Seedlings

were grown with a cycle of 16 h of light and 8 h of darkness

under 40-W fluorescent lights (2,000 lux, 80 µmol photons

m−2s−1). The temperature was maintained at 25 ± 1 oC with a

relative humidity of 50 to 60%. The bacterial suspensions

were applied by root drenching seven weeks after planting.

TMV inoculum (TMV-U1 strain), which was obtained

from the Plant Virus Bank at Seoul Women’s University,

consisted of systemically infected Samsun leaf tissue

ground in 50 mM potassium phosphate buffer, at a of pH

7.0 and a ratio of 1 g of tissue per 10 ml of phosphate buffer.

The tobacco plants were mechanically rub-inoculated with

TMV and Carorundum as previously described (Park et al.,

2012). Five days after pathogen inoculation, the number of

spot was counted. In plant bioassay, three experiments were

performed; in each experiment, 15 tobacco plants per

treatment were used.

Initial study indicated no or much lower ISR-eliciting

activities of both strains 1 to 2 days after pre-treatment with

bacterial suspensions prior to inoculation with the soft-rot

pathogen (data not shown). Similar ISR-eliciting activities

upon the duration of ISR-inducing bacterial strains were

noted in other bacterial strains. In P. chlororaphis O6, signi-

ficant ISR-eliciting-activity against soft-rot disease was

noted 3 days after root drenching of the strain and reached

maximal levels after 7 days of application to the root with

strain O6 (Cho et al., 2011). ISR-eliciting activities of B001

and C003 against gray mold and TMV were also observed.

The greatest reduction in the disease severity of gray mold

was achieved when the B001 or C003 bacterial suspension

was applied to the rhizosphere of tobacco seedlings 7 days

prior to fungal inoculation (Table 1 and Fig. 1). Total

symptomatic spots were greatly reduced in the tobacco

plants treated by root inoculation with B001 or C003

bacterial suspension compared to the water-treated control

plants 7 days prior to the pathogen inoculation (Table 1 and

Fig. 1). These results indicated that the selected oligo-

trophic bacterial strains evidenced a broad spectrum of ISR

activities against viral, bacterial and fungal disease, and

could be employed in the development of protective

biocontrol agents.

Additionally, other phenotypic properties of the selected

bacterial strains including antifungal, chitin degradation,
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gelatin degradation, and solubilizing phosphate activity

were assessed on the detection agar plates, because the

microbial properties are known to involve in biocontrol of

plant disease and insect (Han et al., 2008; Kim et al., 2008;

2011; Martin and Gundersen-Rindal, 2008). The In vitro

antifungal activities of the selected strains were tested by

dual inoculation on potato dextrose agar (Difco Inc., Detroit,

MI) with plant pathogenic fungi Fusarium oxysporum

(KACC NO. 41083) and Magnaporthe grisea (KACC NO.

40439), and the inhibition zone of the fungal pathogens was

measured. The bacterial isolates were inoculated on hydroxy-

apatite medium (MgSO4·7H2O 0.1 g, NaCl 0.5 g, CaCl2·H2O

0.1 g, NH4NO3 0.75 g, glucose 10 g, Hydroxyapatite 4 g,

yeast extract 0.5 g, agar 20 g per liter, adjust pH 7.0) to

evaluate phosphate solubilizing activity, and the production

of extracellular chitinase was determined on chitin medium

(Colloidal chitin 2%, Na2HPO4 2 g, KH2PO4 1 g, NaCl 0.5

g, NH4Cl 1 g, MgSO4·7H2O 0.5 g, CaCl2·H2O 0.5 g, yeast

extract 0.1 g, agar 20 g per liter, adjusted pH 7) and gelatin

utilization on gelatin containing medium (1% gelatin, 0.5 g

KH2PO4, 0.5 g K2HPO4, 1 g NaCl, 1.5 g NH4NO3, 0.4 g

MgSO4·7H2O, 0.2 g KCl, 0.2% yeast extract, 1.5% agar per

liter, pH 7.0).

Both  strains B001 and C003 were able to utilized gelatin

as nutrient source and strongly solubilized insoluble

phosphate on the detection plates, but did not produce

extracellular chitinase on the chitin medium and did not

exhibit anti-fungal activities against F. oxysporum and M.

grisea. Additionally, both strains B001 and C003 proved

capable of growth in both full-length and 1/100 diluted-LB

broth. In the soil and rhizophere, the limitation of microbial

growth has been proposed to result in the release of com-

pounds from roots, these released compounds are collec-

tively referred to as rhizodeposits (Dennis et al., 2010). In

the rhizodeposits, sugars and amino acids are believed to be

released in the greatest quantities. Suwa and Hattori (1984)

showed that two different oligotrophs were recovered from

soils; one was able to grow in both full-length, whereas the

other was able to grow only in the diluted nutrient broth.

Many soil bacteria appeared to belong to the latter group.

The bulk soil and rhizosphere are recognized as low-

nutrient available environments, and nutrient levels in the

Table 1. Induced systemic resistance upon root colonization of the
selected bacteria against various plant pathogens

Treatmenta

Soft-rot 
disease

Gray mold
Tobacco 

Mosaic Virus

Disease
indexa

Infected area
(%)c

Number of 
spots/ leaf d

B001 1.65 ± 0.37 ae 8.6 ± 0.38 ae 84.0 ± 8.15 ae

C003 3.01 ± 0.41 be 8.6 ± 1.01 ae 83.8 ± 16.34 ae

Control 4.06 ± 0.30 be 31.9 ± 3.54 be 126.8 ± 7.06 be

aBacterial strains B001 and C003 were applied to the tobacco root
system to evaluate induced systemic resistance activity against Pec-
tobacterium carotovorum subsp. carotovorum SCC1, Botrytis cinerea,
and Tobacco Mosaic Virus. Control plants were treated with equal
volumes of sterile water.

bDisease index (0−5) was measured 2 days after P. carotovorum SCC1
inoculation. Twelve tobacco plants were evaluated with two trials.

c Infected area (%) was measured 5 days after B. cinerea inoculation.
The infected area was calculated using ImageInside Ver. 2.32 soft-
ware program. Three selected tobacco plants, including 3 leaves
from 12 plants, were evaluated in 4 trials.

dNumber of systemic spots were counted 5 days after TMV inocula-
tion. Three tobacco leaves from one plant were evaluated over 4 tri-
als. 

eMeans and standard errors followed by different letters differed sig-
nificantly according to Duncan's multiple test at P < 0.05 using
SPSS14.0 software.

Fig. 1. Systemic disease resistance induced by root colonization of the oligotrophic bacterial strains against various plant diseases in
tobacco plants. Images of typical symptomatic lesions evidencing induced systemic resistance activity of the individual bacterial strains
were taken two days after treatments of the pathogens in tobacco plants. The tobacco plants were pre-treated with the selected
oligotrophic bacterial strains B001 and C003, or sterile water as a negative control, 7 days prior to the pathogen treatments. The images
are representative of three independent experiments.
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rhizosphere may prove sufficient for oligotrophs but are

prohibited low for many other microorganisms (Darrah,

1991). Oligotrophs are adapted for growth under low-

nutrient available conditions. Additionally, oligotrophs may

be important components of the bacterial communities

observed in the rhizosphere and soil environments. The

results of a recent study indicated that the ratio of copio-

trophic and oligotrophic bacteria depends on growth and

survival activity in the rhizosphere and bulk soils, both of

which are known to be low-carbon flux habitats (Maloney

et al., 1999). Both copiotrophic and oligotrophic bacteria

existed at higher populations at the upper portions of the

root than at the tip locations or in the bulk soils. The ratio of

copiotrophs to oligotrophs was high at the root tip and low

at the root base in the lettuce rhizosphere, but an opposite

pattern was noted in the tomato rhizosphere. 

Certain rhizobacteria are beneficial to plants because they

promote plant growth and induce resistance against patho-

genic attack or abiotic stresses. ISR involves an enhanced

and accelerated ability to mount a defense response upon

challenge (Van Loon et al., 1998). However, for induced

resistance to be successful, colonization of the root surface

by the inducing bacterium must be effective with regard

to timing, cell density and the location of coverage

(Raaijmakers et al., 1995; Han et al., 2006). In this study,

the isolated B001 and C003 strains were found to be

excellent candidates for biocontrol agents, as they remain

competitive in soils in which nutrients are not readily

available. However, in the future, the root colonization and

competitiveness characteristics of the selected isolates

must be carefully evaluated to determine the microbial

community dynamics of the selected oligotrophs in relation

to the induction of systemic resistance activities under

various rhizosphere and soil conditions. 

In order to identify two selected bacterial strains, at first

we used biochemical profiles using the API 20 NE kit and

API 50CHB test kit (BioMérieux, Marcy l'Etoile, France),

following the manufacturer’s instructions. API test kit results

were interpreted using the Analytical Profile Index (API)

database of the Apiweb software (version 4.0, BioMérieux,

Marcy l'Etoile, France). The API test kit result of B001

showed 99.6% certainty with Pseudomonas putida. For

B001 strain, the test using the API 20 NE strip shows that

the strain was oxidase-positive and hydrolysis of arginine

and esculin. The B001 strain assimilated glucose, arabinose,

gluconate, caprate, malate, citrate, phenyl-acetate, but did

not assimilate mannose, mannitol, N-acetyl-glucosamine,

maltose, and adipate. The API 50 CHB test result of C003

showed 99.6% certainty with Bacillus cereus. The API

result indicated that C003 utilized glycerol, ribose, D-

glucose, D-fructose, D-mannose, inositol, N-acetyl gluco-

samine, arbutin, esculin, saucing, cellobiose, maltose, treha-

lose, starch, glycogen, and gluconate. 

The isolated were also identified by phylogenetic analysis

of 16S rRNA and morphological analysis. The 16S rRNA

sequence was amplified using PCR with the universal

primers, forward 5'-AGA GTT TGA TCC TGG CTC AG-

3' and reverse primer 5'-ACG GCT ACC TTG TTA CGA

CTT-3'. The PCR reaction was performed with premix

(Bioneer Inc., Daejeon, Korea) in a gradient thermo block

(Bioneer Inc., Daejeon, Korea) with the following profile: 1

cycle of 5 min pre-denaturation at 94 oC, 30 cycles con-

sisting of 30 sec of denaturation at 94 oC, 30 sec of anneal-

ing at 60 oC, and 100 sec of extension at 72 oC, and a final

extension step at 72 oC for 7 min. The 1.4 kb PCR product

was purified from agarose gel using a PCR product purifi-

cation kit (Bioneer Inc., Daejeon, Korea) and cloned into

pGEM T-easy vector (Promega, Madison, WI) in accordance

with the manufacturer’s instructions. Recombinant plasmids

harboring PCR inserts were isolated using a mini plasmid

purification system purchased from Bioneer Inc. (Bioneer

Inc., Daejeon, Korea). Nucleotide sequences analyses were

conducted using an ABI1301 DNA sequencer (Applied

Biosystems, Foster City, CA) at the Korea Basic Science

Institute (KBSI), Gwangju Branch. 

The multiple alignment file was edited using BioEdit

version 5.0. The sequences were initially aligned using

CLUSTAL_X software. The nucleotide sequence alignment

of each gene was subjected to GBlocks analysis using

parameters optimized for rRNA alignments (Castresana,

2000). The phylogenetic trees were constructed with the

MEGA 3.0 software package using the Neighbor-joining

method with the Kimura two-parameter model (Kumar et

al., 2004; Kimura, 1980) using bootstrap values based on

1,000 replications (Fig. 2A and 2B).

For TEM observations, bacterial cells were cultured on

Tryptic Soy Agar plates for 18 h at 28°C, and then suspend-

ed in sterile distilled water. Bacterial cells harvested from

the plates were negatively stained with 0.1% uranyl acetate.

The samples were examined under a Leo g12AB trans-

mission electron microscope (Call Zeiss, Germany) at 100

Kv.

Strain B001 was a rod-shaped gram-negative bacterium

and lophotrichous flagella were detected under electron

microscopic observation. Comparative 16S rRNA gene

sequence analyses showed that strain B001 was most

closely related to the P. monteili CIP 104883 type strain,

with a sequence similarity of 99.6%, and was 99.0% similar

to P. putida type strain IFO14164. Sequence similarities to

other members, such as P. chlororaphis and P. fluorescens,

used in the phylogenetic analysis were lower than 96%

(Fig. 2A). 

Strain C003 was identified as Bacillus cereus based on

morphological and 16S rRNA analysis (Fig. 2B). C003 was
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a rod-shaped gram-positive bacterium and peritrichous

flagella were detected under electron microscopic obser-

vation. Comparative 16S rRNA gene sequence analyses

demonstrated that strain C003 was most closely related to

B. cereus type strain CCM2010, with a sequence similarity

of 99.9%, and to B. thuringiensis type strain ATCC10792

with a sequence similarity of 99.8%. Sequence similarities

to other members used in the phylogenetic analysis, such as

Fig. 2. Phylogenetic positions based on a neighbor-joining analysis of 16S rRNA gene sequences of the oligotrophic bacterial strain
B001 (A) and C001 (B) possessing induced systemic disease resistance. The accession numbers of the 16S rRNA nucleotide sequences
used are indicated in parentheses. The trees were constructed with the neighbor-joining method. Bootstrap values, which expressed as
percentages of 1,000 replications, greater than 50% are indicated at the branches. Bar, 0.01 substitutions per nucleotide position.
Transmission electron micrographs of each strain were observed from 18 h of culture.
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B. amyloliquefaciens, B. licheniformis, and B. subtilis,

evidenced sequence similarities below 95%. 

Since the 1980s, a number of papers have reported the

beneficial effect of certain bacterial strains on the promo-

tion of plant growth and the induction of systemic disease

resistance (Kloepper et al., 1980; van Loon et al., 1998).

Most of the ISR-triggering rhizobacterial strains were

selected on nutrient-rich medium and screened for ISR-

bioassay. However, we focused on the isolation of the

oligotrophic bacterial strains evidencing ISR-triggering

activities. It is not surprising that B. cereus C003 and P.

monteili B001 were selected in this study, because of the

abundance of both of these genera as major groups in the

microbial community occupying plants and soils, and also

because numerous rhizobacteria, mainly those belonging to

Pseudomonas and Bacillus species, are capable of eliciting

ISR (de Vleesschauwer and Hofte, 2009; Kloepper et al.,

2004). Whereas B. cereus strains are known to induce

systemic resistance in plants (Kloepper et al., 2004; Liu et

al., 2008), this report is the first, to the best of our know-

ledge, to demonstrate that P. monteilii B001 evidences a

strong induced broad-spectrum systemic resistance. Recent-

ly, draft genome sequence of the P. monteilii B001 has been

completed and published, owing primarily to vast potential

as a protective biocontrol agent (Park et al., 2011). To the

best of our knowledge, this is the first report in which the

oligotrophic bacterial strains P. moneilii B001 and B. cereus

C003, were isolated and identified, and shown to evidence

a broad spectrum of induced systemic resistance. 

Acknowledgement 

This work was supported by a grant from Korea Institute of

Planning and Evaluation for Technology in Food, Agri-

culture, Forestry, and Fisheries (#311019-3), Ministry for

Food, Agriculture, Forestry and Fisheries, Republic of Korea.

References 

Castresana, J. 2000. Selection of conserved blocks from multiple

alignments for their use in phylogenetic tool. Curr. Opin.

Genet. Dev. 8:668−674.

Cho, S. M., Park, J. Y., Han, S. H., Anderson, A. J., Yang, K. Y.,

McSpadden Gardener, B. B. and Kim, Y. C. 2011. Identifica-

tion and transcriptional analysis of priming genes in Arabidop-

sis thaliana induced by root colonization with Pseudomonas

chlororaphis O6. Plant Pathol. J. 27:272−279. 

Copping, L. G. 2004. The Manual of Biocontrol Agents. 3rd ed of

the BioPesticide Manual. British Crop Protection Council,

Alton, England. p. 1−171.

Darrah, P. R. 1991. Models of the rhizosphere. I. Microbial-popu-

lation dynamics around a root releasing soluble and insoluble

carbon. Plant Soil 133:187−199.

De Vleesschauwer, D. and Hofte, M. 2009. Rhizobacteria-induced

systemic resistance. Adv. Bot. Res. 51:224−281.

Dennis, P. G., Miller, A. J. and Hirsh, P. R. 2010. Are root exu-

dates more important than other sources of rhizodeposits in

structuring rhizosphere bacterial communities? FEMS Micro-

biol. Ecol. 72:313−327.

Fravel, D. 2005. Commercialization and implementation of bio-

control. Annu. Rev. Phytopathol. 43:337−359.

Han, S. H., Anderson, A. J., Yang, K. Y., Cho, B. H., Kim, K. Y.,

Lee, M. C., Kim, Y. H. and Kim, Y. C. 2006. Multiple determi-

nants influence root colonization and induction of induced

systemic resistance by Pseudomonas chlororaphis O6. Mol.

Plant Pathol. 7:463−472.

Han, S. H., Kim, C. H., Lee, J. H., Park, J. Y., Cho, S. M., Park, S.

K., Kim, K. Y., Krishnan, H. B. and Kim, Y. C. 2008. Inactiva-

tion of pqq genes of Enterobacter intermedium 60-2G reduces

antifungal activity and induction of systemic resistance. FEMS

Microbiol. Lett. 282:140−146.

Kim, Y. C., Jung, H., Kim, K. Y. and Park, S. K. 2008. An effec-

tive biocontrol bioformulations against Phytophthora blight of

pepper using growth mixtures of combined chitinolytic bacte-

ria under different field conditions. Eur. J. Plant Pathol.

120:373−382.

Kim, Y. C., Lee, J. H., Bae, Y.-S., Sohn, B.-K. and Park, S. K.

2010. Development of effective environmentally-friendly ap-

proaches to control Alternaria blight and anthracnose diseases

of Korean ginseng. Eur. J. Plant Pathol. 127:443−450.

Kim, Y. C., Leveau, J. McSpadden Gardener, B. B., Pierson, E.

A., Pierson III, L. S. and Ryu, C-M. 2011. The multifactorial

basis for plant health promotion by plant-associated bacteria.

Appl. Environ. Microbiol. 77:1548−1555. 

Kimura, M. 1980. A simple method for estimating evolutionary

rates of base substitutions through comparative studies of

nucleotide sequences. J. Mol. Evol. 16:111−120.

Kloepper, J. W., Leong, J., Teintze, M. and Schroth, M. N. 1980.

Enhanced plant growth by siderophores produced by plant

growth-promoting rhizobacteria. Nature 286:885−886.

Kloepper, J. W., Ryu, C.-M. and Zhang, S. 2004. Induced sys-

temic resistance and promotion of plant growth by Bacillus

spp. Phytophthology 94:1259−1266.

Kumar, S. Tamura, K. and Nei, M. 2004. MEGA3: integrated

software for molecular evolutionary genetics analysis and

sequence alignments. Brief. Bioinform. 5:150−163.

Liu, Y.-H., Huang, C.-J. and Chen, C.-Y. 2008. Evidence of

induced systemic resistance against Botrytis elliptica in lily.

Phytopathology 98:830−836.

Maloney, P. E., Van Bruggen, A. H. C. and Hu, S. 1997. Bacterial

community structure in relation to the carbon environments in

lettuce and tomato rhizospheres and in bulk soil. Microb. Ecol.

34:109−171.

Martin, P. A. W. and Gundersen-Rindal, D. E. 2008. Microbial

combinatorics: a simplified approach for isolating insecticidal

bacteria. Biocontrol Sci. Techn. 18:291−305.

Park, J. Y., Han, S. H., Lee, J. H., Han, Y. S., Lee, Y. S., Rong, X.,

McSpadden Gardener, B. B., Park, H.-S. and Kim, Y. C. 2011.

Draft genome sequence of the biocontrol bacterium Pseudo-



74 Song Hee Han et al.

monas putida B001, an oligotrophic bacterium that induces

systemic resistance to plant diseases. J. Bacteriol. 193:6795−

6796. 

Park, J. Y., Yang, S. Y., Kim, Y. C., Kim, J.-C., Dang, Q. L., Kim,

J. J. and Kim, I. S. 2012. Antiviral peptide from Pseudomonas

chlororaphis O6 against Tobacco Mosaic Virus (TMV). J.

Korean Soc. Appl. Biol. Chem. 55:89−94.

Raaijmakers, J. M., Leeman, M., van Ooschort, M. M. P., van der

Sluis, I., Schippers, B. and Bakker, P. A. H. M. 1995. Dose-

response relationships in biological control of Fusarium wilt

of radish by Pseudomonas spp. Phytopathology 85:1075−

1081.

Sloan, W. T., Quince, C. and Curtis, T. P. 2008. The uncountables.

p 35−54. Chapter 3 in Accessing Uncultivated Microorgan-

isms, from the Environment to Organisms and Genomes and

Back. K. Zengler ed. ASM Press: Washington D.C.

Suwa, Y. and Hattori, T. 1984. Effects of nutrient concentration on

the growth of soil bacteria. Soil Sci. Plant Nutr. 30:397−403.

Van Loon, L. C., Bakker, P. A. H. M. and Pierterse, C. M. J. 1998.

Systemic resistance induced by rhizosphere bacteria. Annu.

Rev. Phytopathol. 36:453–483.


