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Abstract Plant growth-promoting rhizobacteria (PGPR)

have the potential to be used as microbial inoculants to reduce

disease incidence and severity and to increase crop yield.

Some of the PGPR have been reported to be able to enter

plant tissues and establish endophytic populations. Here, we

demonstrated an approach to screen bacterial endophytes that

have the capacity to promote the growth of pepper seedlings

and protect pepper plants against a bacterial pathogen. Initially,

out of 150 bacterial isolates collected from healthy stems of

peppers cultivated in the Chungcheong and Gyeongsang

provinces of Korea, 23 putative endophytic isolates that were

considered to be predominating and representative of each

pepper sample were selected. By phenotypic characterization

and partial 16S rDNA sequence analysis, the isolates were

identified as species of Ochrobacterium, Pantoea, Pseudomonas,

Sphingomonas, Janthinobacterium, Ralstonia, Arthrobacter,

Clavibacter, Sporosarcina, Acidovorax, and Brevundimonas.

Among them, two isolates, PS4 and PS27, were selected

because they showed consistent colonizing capacity in pepper

stems at the levels of 106
-107 CFU/g tissue, and were found to

be most closely related to Pseudomonas rhodesiae and

Pantoea ananatis, respectively, by additional analyses of their

entire 16S rDNA sequences. Drenching application of the two

strains on the pepper seedlings promoted significant growth of

peppers, enhancing their root fresh weight by 73.9% and

41.5%, respectively. The two strains also elicited induced

systemic resistance of plants against Xanthomonas axonopodis

pv. vesicatoria.
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Plant growth-promoting rhizobacteria (PGPR) are free-

living or root-associated bacteria that can increase plant

growth and productivity [23]. PGPR are also used as

biological control agents owing to their capacity to reduce the

development of plant diseases caused by plant pathogenic

fungi, bacteria, viruses, and nematodes [6, 27, 39-41].

Various mechanisms by which PGPR promote plant

growth and elicit plant defense have been proposed, and

some of these have been described in detail. Production of

phytohormones such as auxins, gibberellins, cytokinins,

and bacterial volatiles (e.g., 2,3-butanediol and acetoin) as

a mechanism of plant growth promotion by PGPR has

been demonstrated [1, 3, 12, 13, 36, 44]. Direct suppression

of the growth of plant pathogenic fungi by PGPR through

the synthesis of antimicrobial compounds such as antibiotics,

siderophores, and hydrolytic enzymes has been studied

extensively [6, 10, 16, 46]. PGPR could also elicit plant

defense mechanisms against foliar or soilborne pathogens;

this is referred to as induced systemic resistance (ISR) [25,

47]. ISR by PGPR could be a factor in the suppression of

plant diseases in the greenhouse and field against a broad

range of plant pathogens, including viruses, fungi, bacteria,

and nematodes [6, 24, 26, 45].

It is also known that some of the PGPR strains can

colonize inside plant tissues, and bacterial strains that

naturally exist in healthy plant tissues are referred to as

“endophytes.” Halmann et al. [14] defined endophytic

bacteria as “bacteria that can be isolated from surface-

disinfested plant tissue or extracted from within the plant,

and that do not visibly harm the plant.” Most of the

endophytes reported previously were isolated by maceration

of surface-sterile plant tissues [2, 11, 20, 35, 43]. Various

endophytes have been isolated from agronomic crops and

prairie plants [7, 14, 27, 49], and many of them have been
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utilized as microbial inoculants to control plant pathogens

and promote plant growth [2, 8, 9, 15, 28, 29, 30].

Pepper (Capsicum annuum L.) is an important agronomic

crop of high economic value and is frequently used as a

condiment worldwide [19, 34]. Pepper is one of the most

important crops in Korea, because pepper powder has long

been used as one of the main spices of kimchi, a traditional

Korean food. Major yield losses during pepper cultivation

in the field are generally the result of plant diseases [19, 34].

To protect pepper plants from disease, many disease control

strategies, including application of chemical fungicides,

adoption of disease-resistant varieties, and biological or

cultural control, have been studied [5, 31, 34, 48]. However,

few results have been published regarding microbe-mediated

measures such as PGPR- or endophyte-mediated biological

control for pepper plant diseases [21]. An analysis of the bacterial

community in the rhizosphere of the pepper plant was conducted

[22]. As a result of phylogenetic analysis of partial 16S

rDNA clone sequences, the study found that 32 clones

(41%) out of the total 78 clones belonged to the gamma-

Proteobacteria, which include Pseudomonas and Pantoea

spp. Lucas Garcia et al. [32] reported that Pseudomonas

fluorescens strain Aur 6, which was isolated from Lupinus

hispanicus and characterized as a plant growth-promoting

bacterium, was an effective and persistent colonizer of

pepper roots, but it did not behave as an endophyte. Besides

Gram-negative endophytes, in Thailand, greenhouse screening

of previously reported endophytic Bacillus spp. was conducted

to demonstrate that ISR was elicited in other crops, including

a local variety of pepper [21]. The long cayenne pepper (C.

annum var. acuminatum) and Colletotrichum gloeosporioides

pathosystem were used in the study. Mixed or single

treatments of endophytic spore-forming bacteria elicited ISR

in this system. However, no result indicated that a single PGPR

strain elicits both plant growth promotion and ISR on pepper.

In this study, we intended to isolate endophytic PGPR

strains that could be utilized as microbial inoculants for

eliciting both plant growth promotion and ISR on pepper.

Out of 23 preselected putative endophytes identified by

16S rDNA sequence analysis, we selected two strains, PS4

and PS27, which showed high, consistent colonizing capacity

in pepper stems. The two endophytic strains showed consistent

abilities to increase plant growth and plant defense against

bacterial spot caused by Xanthomonas axonopodis pv.

vesicatoria. This is the first report on bacterial endophytes that

elicit both ISR and plant growth promotion on pepper plants.

MATERIALS AND METHODS

Isolation of Endophytic Bacteria

Samples of healthy pepper plants were collected at 25

locations in the Chungcheong and Gyeongsang provinces

of Korea from June to September 2003. Whole pepper

plants collected from the field and wrapped in plastic bags

were brought to the laboratory within 6 h and kept at 4oC

until further processing. Putative endophytic bacterial strains

were collected from the pith of stems. In the laboratory, the

stem of the whole pepper plant was wiped with 70%

ethanol and flame-sterilized. A portion of the stem about

3 cm in length was severed aseptically at 10 cm above the

crown, and the bark of the stem was peeled off to exclude

potential contamination of epiphytic microorganisms. The pith

samples were ground with a sterile mortar and pestle. Tissue

extracts were then serially diluted in 12.5 mM potassium

phosphate buffer (pH 7.4) and plated on 1/10 strength tryptic

soy agar medium (TSA, BD Co, Sparks, U.S.A.). All colonies

that displayed differentiable colony morphologies from

each pepper sample were picked for further study after

incubation at 30oC for two or three days. Bacterial isolates

were stored at -70oC in tryptic soy broth with 15% glycerol.

Bacterial Growth Conditions and Phenotypic

Characterization

The endophytic bacterial isolates were grown on 1/10 strength

TSA at 30oC in a growth chamber. A plant-pathogenic

bacterium, X. anoxopodis pv. vesicatoria (Xav), was grown

on LB agar medium, and Pseudomonas syringae pv.

tomato DC3000 (Pst DC3000) and P. syringae pv. tabaci

(Ps tabaci) were grown on King’s B medium. Colony

morphologies of each bacterial isolate, including color,

shape, size, motility, and division mode, were observed

with the naked eye or with a microscope (Nikon ECLIPSE

E600, Nikon, Tokyo, Japan) at 1,000× magnification.

Amplification, Sequencing, and Phylogenetic Analysis

of 16S rDNA

Bacterial isolates were identified by the analysis of 16S

rDNA sequences and phylogenetic relatedness. Chromosomal

DNA was isolated by following standard procedures [42].

For amplification of the partial 16S rRNA gene of

approximately 1.3 kb, a pair of PCR primers, GF1 (5'-

TAACACATGCAAGTCGAACG-3') and GR1 (5'-GTGT-

GACGGGCGGTGTGTACAAG-3'), was used. To amplify

approximately 1.5 kb, another set of 16S rRNA gene

primers, BSF8 (5'-AGAGTTTGATCCTGGCTCAG-3') and

BSR1541 (5'-AAGGAGGTGATCCAGCCGCA-3'), was

used. The PCR mixtures consisted of 20 pmol of each

primer, AccuPower PCR PreMix, Taq DNA polymerase,

dNTP, Tris-HCl, KCl, MgCl2, a stabilizer, and tracking dye

(BIONEER Co., Daejeon, Korea) at a 20 µl volume. The

amplification reaction, DNA sequencing, and phylogenetic

analysis were performed as described by Cheong et al. [4].

Inoculation of Pepper Plants with Bacterial Isolates

and Confirmation of the Reisolated Bacterial Strains

To test whether bacterial isolates were capable of colonizing

inside the pepper stem, the putative endophytic isolates
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were introduced into pepper seedlings grown aseptically

under in vitro conditions. Chili pepper seeds (C. annuum

L. cv. Bukang) were surface-sterilized using 5% sodium

hypochlorite (NaOCl) for 30 min, 70% ethanol for 30 s,

and rinsed ten times with sterile distilled water. The seeds

were then placed on 3S medium (0.44% MS salt including

vitamins, 3% sucrose, and 0.8% plant agar, pH 5.8) in a

transparent sterile container. The pepper seedlings were

grown in a growth chamber at 25oC under a 12-h/12-h of

light/dark cycle. Four-week-old pepper seedlings were

inoculated with 10 µl of bacterial suspension (106 CFU/

ml) using a 26-gauge needle attached to a 1-ml syringe as

described by Zinniel et al. [49]. The inoculated pepper

seedlings were grown for two weeks, the surfaces of the

stems were sterilized using 70% ethanol, and then the

introduced bacterial strains were reisolated from the

sterilized stems of pepper seedlings. Phosphate buffer was

used as a control for the inoculation and reisolation studies.

The experiment was repeated twice with 10 replications

(one plant per replication).

To confirm whether the reisolated bacteria were identical

to the inoculated strains, randomly amplified polymorphic

DNA (RAPD) analysis was performed with a RAPD primer,

OPY-7 (CTGGACGTCA, Operon Biotechnologies, Inc.,

Huntsville, U.S.A.). The thermocycling conditions consisted

of one cycle of pre-PCR at 94oC for 5 min, 36oC for 2 min,

and 72oC for 2 min, followed by 35 amplification cycles of

94oC for 1 min, 60oC for 1 min, and 72oC for 2 min, and

a final polymerization step of 72oC for 10 min with a

GeneAmp PCR System 9700 (Perkin-Elmer, Foster City,

U.S.A.).

Hypersensitive Response and Pathogenicity Test

To test whether the isolates were pathogenic to plants, we

assessed plant responses after infiltration of bacterial

suspensions at 106
-107 CFU/ml into the leaves of pepper

(C. annuum L. cv. Bukang) and tobacco (Nicotiana

benthamiana) plants, as described previously [33]. To

assay non-host hypersensitivity responses, Pst DC3000

and 12.5 mM potassium phosphate buffer (pH 7.4) were

used as a positive and negative control, respectively. For

the pathogenicity assay, Xav was used as a control

pathogen. The presence of the main symptom (bacterial

spot) was assessed seven days after infiltration.

Evaluation of Plant Growth Promotion and Induced

Resistance Against Bacterial Leaf Spot Disease

To test the effect of the bacterial isolates on growth

promotion in pepper seedlings, 10 ml bacterial suspensions

adjusted to an optical density of 1.0 at 600 nm were used to

drench three-week-old pepper seedlings. The same volume

of 0.05 M MgSO4 solution was used as a control treatment.

Seedlings were grown further under a 12-h/12-h of light/

dark cycle in a greenhouse at 25oC. Two weeks after

drenching with the bacterial isolates, growth parameters

such as height, total fresh weight, and root fresh weight

were measured. Additionally, to assess the effect of the

selected isolates on induced resistance against the bacterial

spot pathogen, 10 ml of bacterial suspensions diluted to an

optical density of 1.0 at 600 nm were also used to drench

three-week-old pepper seedlings. The same volumes of

0.05 M MgSO4 and a chemical inducer, 1 mM benzothiadiazole

(BTH), were used as a negative and positive control,

respectively. Four days after application, bacterial suspensions

of Xav (OD600=0.01) were forced to penetrate pepper

leaves using the needleless syringe method [33]. Seven

days after the pathogen challenge, disease severity was

assessed as described by Ryu et al. [37]. The severity of

symptoms on the leaf was scored from 0 to 5; 0=no

symptoms, 1=mild chlorosis, 2=chlorosis only, 3=chlorosis

and mild necrosis, 4=necrosis, and 5=severe necrosis of

the inoculated area. The experiment was repeated three

times with 10 replications (one plant per replication).

Statistical Analysis

Analysis of variance for the experimental datasets was

performed using JMP software version 5.0 (SAS Institute

Inc., Cary, U.S.A.). Significance of the effect of each

treatment was determined by the magnitude of the F-value

(P=0.05). When a significant F-value was obtained for

treatments, separation of means was accomplished by Fisher’s

protected least significant difference (LSD) at P=0.05.

RESULTS AND DISCUSSION

Isolation and Characterization of Endophytic Bacteria

from Pepper Stems

Whole pepper plants were collected at 25 locations in the

Chungcheong and Gyeongsang provinces of Korea from

June to September 2003, and endophytic bacterial strains

were isolated from the plant samples. To avoid contamination

during isolation of endophytic bacteria from inner plant

tissues, the pepper stems were peeled after surface-

sterilization. By observing colony morphologies, a total of

150 bacterial isolates were collected from the pith of

pepper stems. Among them, 23 putative endophytic isolates

that predominated and were representative of each pepper

sample were chosen for further study. All 23 bacterial

isolates were identified by partial 16S rDNA sequence

analyses as described in Materials and Methods. The

lengths of the 16S rDNA sequences of the isolates determined

in this study ranged from 431 to 679 nucleotides, and the

analysis of the sequences revealed that the closest species

of these isolates include those of genera Ochrobacterium,

Pantoea, Pseudomonas, Sphingomonas, Janthinobacterium,

Ralstonia, Arthrobacter, Clavibacter, Sporosarcina, Acidovorax,

and Brevundimonas (Table 1). The 16S rDNA similarity
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values of each isolate to its closest strain were found to be

between 95.7 and 100%.

To examine whether the endophytic isolates were capable

of causing plant diseases, we conducted a hypersensitive

response (HR) assay. As shown in Table 1, seven isolates

produced an HR on pepper leaves after infiltration of a

107
-108 CFU/ml bacterial suspension. Four isolates out of

these also elicited an HR on tobacco leaves. These results

indicated that the seven strains have the potential to act

as pathogens in certain plants. We also measured lesion

development (symptoms) at 5-7 days after inoculation

with 105
-106 CFU/ml bacterial suspension. Inoculation

of strain PS8 (Pseudomonas sp.) and strain PS14

(Janthinobacterium sp.) resulted in development of

symptom-like lesions on pepper and tobacco, respectively.

For the plant pathogenic bacteria, two pathovars (tobaci

and tomato) of P. syringae induced an HR on the non-host

pepper plant, and infiltration of Xav and Pst DC3000

showed an HR on tobacco. In contrast, each host plant that

was challenged with Xav on pepper or Ps tabaci on tobacco

showed severe symptoms at the area of inoculation. Of 23

selected isolates, these seven isolates were eliminated from

the list of candidates for further study because they could

be potential pathogens in some plants. Potential plant

pathogens cannot be utilized as microbial inoculants for

enhancing plant growth and reducing the development of

plant disease. After eliminating the potential pathogens,

the remaining 15 isolates were assessed for their capacity

to colonize plant tissues.

Confirmation and Assessment of the Capacity of

Endophytic Colonization

To confirm the endophytic growth and to assess the

colonization capacity of the selected bacterial isolates in

pepper tissue, we performed an inoculation and reisolation

experiment twice using four-week-old pepper seedlings

Table 1. Identification and characterization of bacterial strains isolated from the pith tissue of pepper stems.

Strains Identificationa
HR (24 h)b Symptom (day 5)c

Pepper Tobacco Pepper Tobacco

PS1 Ochrobactrum sp. - - - -

PS2 Pantoea sp. - - - -

PS3 Pseudomonas sp. +/- - - -

PS4 Pseudomonas sp. - - - -

PS5 Sphingomonas sp. - - - -

PS6 Sphingomonas sp. - - - -

PS7 Janthinobacterium sp. - - - -

PS8 Pseudomonas sp. - - + -

PS9 Ralstonia sp. +/- +/- - -

PS11 Pseudoxanthomonas sp. - - - -

PS12 Arthrobacter sp. - - - -

PS13 Pseudomonas sp. + + - -

PS14 Janthinobacterium sp. + - - +

PS15 Janthinobacterium sp. +/- - - -

PS17 Janthinobacterium sp. - - - -

PS19 Janthinobacterium sp. - - - -

PS21 Sporosarcina sp. - - - -

PS24 Acidovorax sp. - - - -

PS25 Brevundimonas sp. - - - -

PS26 Janthinobacterium sp. - - - -

PS27 Pantoea sp. - - - -

PS28 Clavibacter sp. +/- +/- - -

PS29 Pseudomonas sp. + + - -

Controls X. axonopodis pv. vesicatoria - + + -

P. syringae pv. tabaci + - - +

P. syringae pv. tomato DC3000 + + - -

Potassium phosphate buffer - - - -

aIdentification of isolates was conducted by partial 16S rDNA sequence analysis.
b
-: no HR (visual cell death on bacterial inoculated area); +: HR within 24 hrs; +/-: late HR after 48 h.

c
-: no symptoms; +: symptoms seven days after infiltration.

Plant responses were detected 24 h and five days after infiltration of bacterial suspensions of each isolate at 106
-107 CFU/ml into the leaves of tobacco (N.

benthamiana) for hypersensitivity response (HR) and pepper (C. annuum L. cv. Bukang) for disease assay, respectively.
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grown aseptically in vitro, as described in Materials and

Methods. Population densities of the bacteria reisolated

from pepper stems and grown on the MS medium ranged

from 7.0×103 to 3.1×107 CFU/g tissue (fresh weight) at

two weeks after inoculation, depending on the strain. No

indigenous bacteria were isolated from the control plants

in which only phosphate buffer was used for inoculation

(Fig. 1A). We could observe only one type of colony when

we plated macerated pepper stems inoculated with each

strain. For further confirmation of reisolated strains

compared with the introduced strains, RAPD analysis was

performed for the two strains, and the two strains did,

indeed, show identical band patterns (Fig. 1B). In this

assessment, four isolates, PS4 (Pseudomonas sp.), PS17

(Janthinobacterium sp.), PS19 (Janthinobacterium sp.),

and PS27 (Pantoea sp.), out of 15 isolates showed

consistently high colonizing capacity in pepper stems at

levels ranging from 105 to 107 CFU/g at 14 days after

inoculation (Fig. 1A).

Pepper Endophytes Elicit Plant Growth Promotion

and Induce Systemic Resistance on Pepper

Two endophytic strains, PS4 and PS27, showing the

highest levels of colonizing capacity [1.9×106 and 3.1×

107 CFU/g tissue (fresh weight), respectively] in pepper

stems were chosen in order to test whether they are capable

of promoting plant growth and inducing systemic resistance

against Xav on pepper. Drenching application of the two

strains on the crown part of the pepper seedlings significantly

promoted the growth of pepper at two weeks after treatment

(Table 2). The two strains, PS4 and PS27, enhanced shoot

height as much as 16.6 and 17.2%, total fresh weight as

much as 27.7 and 15.3%, and root fresh weight as much as

73.9 and 41.5%, respectively. From these results, it was

found that the two endophytic strains were effective,

especially in promoting root growth. Considering that

limited root growth is one of the major problems in

production of plug seedlings, the increase of root biomass

induced by the two strains is an interesting result in terms of

application. In many cases, pepper growers have disregarded

this factor because root growth is not readily recognizable

when transplanting the seedlings to the field. In fact, when

seedlings are transplanted to the field or greenhouse, root

growth limitations often result in unhealthy seedlings that

are more susceptible to environmental stresses such as heat

or drought. Further identification of the two strains by

additional analyses of 16S rDNA sequences showed that

strain PS4 was closest to Pseudomonas rhodesiae strain

CIP 104664 (perfectly matched in 1,522 bp of 16S rDNA

sequences, GeneBank Accession No. AF064459), and

Fig. 1. Colonization of four endophytic isolates in pepper stems
and confirmation of the reisolates.
A. The colonizing capacity of four selected endophytic isolates, PS4, PS17,

PS19, and PS27, in stems of pepper seedlings was analyzed by inoculation

and reisolation experiments. The population densities of the bacteria

reisolated from pepper stems were measured at two weeks after inoculation.

No indigenous bacteria were found in the pepper seedlings. The experiment

was repeated twice with 10 replications (one plant per replication). B. The

identities of the reisolated bacteria and the inoculated strains were

confirmed by RAPD analysis with OPY-7 primer (CTGGACGTCA,

Operon Biotechnologies, Inc., Huntsville, U.S.A.). In each case, the DNA

band patterns between the two strains were shown to be the same. Lane M,

DNA size marker (1-kb ladder); lane 1, PS4 (inoculated strain); lane 2, PS4

(reisolated strain); lane 3, PS17 (inoculated strain); lane 4, PS17 (reisolated

strain); lane 5, PS19 (inoculated strain); lane 6, PS19 (reisolated strain);

lane 7, PS27 (inoculated strain); lane 8, PS27 (reisolated strain).

Table 2. Effect of endophytic bacterial strains PS4 (Pseudomonas sp.) and PS27 (Pantoea sp.) on the growth of pepper seedlings.

Treatments Height (cm) Total fresh weight (g) Root fresh weight (g)

PS4 21.35±0.40 16.85±0.52 5.53±0.29

PS27 21.45±0.57 15.21±0.61 4.50±0.33

Control 18.30±0.88 13.19±0.88 3.18±0.24

The number indicates the mean and standard deviation of ten replicated experiments.

Ten ml of bacterial suspension diluted to OD600=1 was used to drench three-week-old pepper seedlings. The same volume of 0.05 M MgSO4 was used as a

control. Growth parameters were measured two weeks after bacterial inoculation.
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strain PS27 was closest to Pantoea ananatis strain LMG

20103 (99.1% similarity in 1,393 bp of 16S rDNA sequences,

GeneBank Accession No. AF364847).

To examine the capacity for ISR on pepper by the two

strains PS4 and PS27, bacterial suspensions were applied

to pepper seedlings by drenching, and the pepper leaves

were then challenged by the plant pathogenic bacterium,

Xav, as described in Materials and Methods. Severity of

disease caused by Xav was visually measured using the

ratings of 0 to 5 (no symptoms to severe necrosis) at seven

days after the pathogen challenge. Disease severity by the

two strains was decreased to 34.7% and 26.3%, respectively,

compared with the control treatment. Pepper leaves treated

with strains PS4 and PS27 showed only chlorosis (disease

severity=2.38) or chlorosis and mild necrosis (disease

severity=2.69), respectively, whereas control treatment showed

severe necrosis (3.65) (Fig. 2). Drenching with a chemical

inducer, BTH, which is well-known to elicit strong ISR,

showed only mild yellowish color (1.59). To exclude direct

contact between the two bacterial strains and the pathogen,

we confirmed that no introduced endophytes were detected

on the pepper leaves at the area in which they were

challenged with Xav. Intriguingly, pepper plants treated with

0.1 M BTH showed dwarfism one week after application.

In previous studies, application of chemical inducers such

as salicylic acid and BTH often resulted in reduced plant

growth [17, 18]. In particular, BTH significantly decreased

wheat growth under limited nitrogen conditions in the

greenhouse and field [18]. A reduction of plant growth

after triggering of induced resistance might be explained as

a trade-off in terms of the cost in conditions in which

nutrient or mineral resources for growth and plant defense

against pathogen attack are limited [17]. However, our

study indicated that bacterial endophytes induced both ISR

and plant growth promotion.

In conclusion, from the pepper stems, we isolated bacterial

endophytes that were evaluated as microbial inoculants for

the management of plant pathogens and also for enhancement

of plant productivity. Two strains, PS4 and PS27, were

finally selected for useful characteristics such as high levels

of colonization capacity and lack of plant pathogenicity, and

were identified to be most closely related to P. rhodesiae

and P. ananatis, respectively. The two strains showed

significant pepper growth-promoting effects, especially on

root growth, and the strains also elicited ISR against a

bacterial pathogen, Xav. The exact mechanisms and reasons

for this phenomenon are not currently understood. However,

recent results on plant responses to endophytic bacteria

demonstrated that specific volatile organic compounds

produced by the endophyte B. amyloliquefaciens strain

IN937a elicit both plant growth promotion and ISR [36,

38]. Efforts to find a specific determinant among bacterial

VOCs produced by IN937a revealed that 2,3-butanediol

and acetoin elicited plant growth promotion and ISR

against Erwinia carotovora subsp. carotovora. To our

knowledge, this is the first report of bacterial endophytes

isolated from pepper (C. annuum L.) that elicited both ISR

and plant growth promotion.
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