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Seventy-three endophyiic bacterial isolates obtained from the rootstocks of Solawam sp., 

widely distributed in Hanoi, Vietnam, were applied to Vitek32 system for their identification. 

Out of these, 29 isolates were tentatively identified as Chryseobacterium indologenes, 

Pseudomonas fluorescens, Chryseomonas luteola, Bacillus pumilis, B. megaterium, B. 
sphaericus. Sphingomonas paucimobilis, Enterobacter cloacae, Pantoea agglomerans, and 
Staphylococcus auricularis with the sirnilarity ranging from 97 to 990/0 to the species covered 

in the system. Eight isolates with sirnilarity less than 970/0 were also tentatively put into the rel-

evant genus. However, the remaining 36 isolates could not be identified by this system. 

Thirty-seven identifiable isolates were evaluated for i7~ vitro antagonism against Ralstonia 

solanacearum and disease suppression of bacterial wllt of tobacco. Thirteen isolates formed 

growih inhibition zones around their colonies placed on lawn of R. sola7~acearum as an indica-

tor. The variation of anti-R. solauacearum activity spectrum within the endophytic bacterial 

species and isolates suggests that there could be different antibacterial substances participated 

in the antagonism. Most of the endophyiic bacterial isolates have not significantly shown dis-

ease suppression. There was no significant correlation between antibiotic activity i?e vitro and 

disease suppression. For example, the tobacco plants treated with the isolate KuTox708, which 

was the least inhibitory to R. solavtacearum i7h vitro, were significantly protected from 

bacterial wilt infection. 

INTRODUCTION 
Bacterial wllt caused by Ralst07~ia sola7~acearum is a soil-borne plant disease of 

substantial economic importance because it is endemi~ in most tropical and subtropical 

countries. Moreover, its wide host range is ceaselessly increasing and the means of 

general control of the disease are still limited. Some success has been achieved by using 

bacterial tolerant cornmercial cultivars of tobacco and groundnut. However, due to the 

oligogenic nature of the plant resistance and to the great variation in aggressiveness of 

bacterial isolates from different locations around the world, alternative control measures 

such as biological control have been investigated with an increased interest recently. 
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Biological control of bacterial wilt of different crops has been reported. Kempe and 

Sequeira (1983) have tested avirulent strains of Pseudomonas sola7zacearum to induce 

cross protection in potato against virulent strains of the pathogen. In addition, Chen et 

al. (1984) and Trigalet et al. (1994) reported the efficacy of an avirulent bacteriocin-pro-

ducing strain of P. solauacearum on the control of bacterial wilt of tobacco and tomato. 

Furthermore, antagonistic rhizosphere bacteria such as･Bacillus sp. (Celino and Gottlieb, 

1952), P. fluorescens (Aspiras and de la Cruz, 1986; Anuratha and Gnanamanickam, 

1990) and P. glumae (Furuya et al., 1991) have also been used for the suppression of 

bacterial wilt 'of tomato, potato, eggplant and banana. However, the biocontrol potential 

of bacterial wilt of tobacco by endophytic bacteria has not been intensively investigated. 

Endophytic bacteria are bacteria living in plant tissues without doing substantive 

harm or gaining benefit other than securing residency (Kado, 1992). As cited extensively 

by Kobayashi and Palumbo '(2000) , endophytic bacteria have been isolated from both 

monocotyledonous and dicotyledonous plants that range frcuh woody tree species to 

herbaceous crop plants.' In the previous study (Long et al., 2003), Sola7zum,sp. was 

found to be a good source of endophytic bacteria, because many bacterial endophytes of 

gram positive ahd gram negative have been isolated from the rootstocks. In this study, 

identifica~ion of the endophytic bacterial isolat~s frbm Sola7~um sp. ~vas conducted and 

their capacity for inhibitijng growth of R. solanacearum i7b vitro and suppressing 

bacterial wilt of tobacco i7b vivo were also investigated. 

MATERIALS AND METHODS 

Endophytic bacteria 
Endophyiic' bacteria were isolated from Solawam sp. which is wldely distributed in 

Hanoi; Vietnam CLong et al., 2003). Seventy-three endophytic bacterial isolates (Table 

1) was used in this experiment. Each isolate was cultured on the slant of YPDA medium 

(yeast peptone dextrose agar medium; 0.6g peptone, 3 g dextrose, 3 g yeast extract and 

15g agarA, pH 7.2) at 30 'C for 2 to 3 days, suspended in sterile distmed water at the con-

centration of ca. 109cfu/ml in test tubes, and preserved at room temperature. For 

long-term preservation, the bacteria were lyophilized with 100/0 skim-milk containing 

0.050/0 L*glutamic acid and kept at 4 'C. Each isolat~ was preliminarily grown orl the 

YPDA slant at 30 'C for 48 hr, suspended in 10;nl of sterile distilled water, added to 200 ml 
of YP broth in: Sakaguc.hi flask, and shaken at 3Q 'C for 48 hr. The bacterium was coilected 

by centrifugation ~t 6,000 Xg for 20rnin, and respspended in sterile distilled water at the 

concentration of ca. 10"cfu/ml. The bacterial suspension was then used for prptecting 

tobacco plants frorn the infection wlth R. solonbacearum. 

Ratstonia solanacearum 
R. sola7~acerum C319 isolated from Nicotia72;a tabacum in Kagoshima Tobacco 

Experimental Station was used in this study. The strain was maintained in sterile distilled 

water at room temperature. Stock stisperision was spread on TTC medium (triphenyl 
tetrazolium chloride medium; I ~ casamino acid, 10g peptone, 5 g glucose, 17g agarA and 
5 ml of a lo/o stock solution of 2-3-5 triphenyl tetrazolium chloride) and incubated at 30 'C 

for 48 hr in order to select virulent colonies.' Typical virulent colony was selected and 
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Table l. Origin of the endophytic bacterial isolates from the rootstocks of Solanum sp. 

Isolates Solawam sp sam pling 
Isolates 

Solawam sp. sam pling 
Isolates 

Solawam sp. sampling 

Location") Date Location Date Location Date 

KuToxlO1 

KuToxl02 
KuTox201 

KuTox202 
KuTox203 
KuTox204 
KuTox301 
KuTox302 

KuTox303 
KuTox304 
KuTox305 
KuTox306 
KuTox307 
KuTox308 
KuTox401 
KuTox402 

KuTox403 
KuTox404 
KuTox501 
KuTox502 
KuTox503 
KuTox504 

KuTox505 
KuTox506 
KuTox507 

Thanh Xuan 

Thanh Xuan 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

O1/10/2002 

O1/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/l0/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/l0/2002 

22/10/2002 

KuTox508 
KuTox509 
KuTox5 10 

KuTox51 1 

KuTox512 

KuTox513 
KuTox514 
KuTox60 1 

KuTox602 
KuTox70 1 

KuTox702 

KuTox703 

KuTox704 
KuTox705 
KuTox706 
KuTox707 
KuTox708 

KuTox709 
KuTox710 
KuTox71 1 

KuTox712 
KuTox713 
KuTox80 1 

KuTox802 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Thanh Tri 

Gia Lam 

Gia Lam 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

22/10/2002 

2 1/09/2002 

2 1/09/2002 

KuTox901 

KuTox902 

KuTox903 

KuTox904 
KuTox905 
KuTox I OOl 

KuToxI002 

KuToxI003 
KuToxl I O 1 

KuToxll02 

KuToxll03 

KuToxl201 

KuToxl202 
KuToxl203 

KuToxl301 
KuTox 1 302 

KuTox 1 303 

KuTox 1 401 

KuTox 1402 

KuToxl403 

KuToxl501 

KuToxl502 
KuTox 1 503 

KuToxl601 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

Gia Lam 

21/09/2002 

21/09/2002 

21/09/2002 

21/09/2002 

21/09/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

23/05/2002 

') Districts in Hanoi, Vietnam 

grown in PS broth (potato semi-synthetic broth; 5 g peptone, 15g sucrose, 2 g Na2HP0+ -

12H20, 0.5g Ca(N03)2'4 H.O and decoction of 300g potaton, pH 7.0) with rotary shaking 

at 30 'C for 48 hr. Cells were collected by centrifugation at 6,500 Xg for 20 min and resus-

pended in sterile distilled water to produce concentration of ca. 109cfu/ml to be used as 

inoculum. Five hundred ml of this suspension was drenched in each planter containing 

7 kg of steam-sterilized soil. 

ldentification of the endophyiic bacterial isolates using Vitek32 system 

Seventy-three endophyiic bacterial isolates were applied to automatic Vitek32 sys-

tem for their identification. Each identification Vitek card comprises 30 wells which con-

tain biochemical substrates in a dehydrated form. No additional reagents are needed, 

thus eliminating any risk of omission or error. Vitek identification database covers over 

300 species encountered clinically and in the industrial field (Vitek", bioM~rieux Inc.). In 

this experiment, gram negative identification + card (GNI + ) and ~acillus card were 

used. The results were expressed in terms of percentage of similarity to the species cov-

ered in the database of the system. Only tentatively identified isolates were used in fur-

ther studies such as in vitro antagonism and pot assay. 
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In vitro antagonism assay 
To detect the antibacterial activity of the tentatively identffied isolates, the plate chlo-

roform method (Chen et al., 1984; Wakimoto et al., 1986) was used. A fresh culture (1-2 

days) of the producer (endophytic bacterial isolate) from YPDA slant was transferred to 

the centre of YPDA plate. The plates were then incubated at 30'C for 2-3 days. After the 

bacteria formed colonies several nun in diameter, the plate was turned upside down. A 

sheet of filter paper was placed in the Petri plate lid and 2 ml of chloroform was added to 

it and kept at room temperature for 3 hr. Arter complete evaporation of cllloroform, the 

indicator bacterial suspension (conc. ca. 108clu/irnl, 0.5ml) was mixed with 5 Inl of 0.50/0 

plain agar medium (melted and kept at 50 'C) and overlaid on the plate and incubated at 

30'C for 2 days. If an inhibition zone appeared, its semi~liameter was measured. The 

experiment was conducted in duplicate. 

Tobacco plants 
Tobacco seeds (N. tabacum L cv. Xanthi-nc) were grown in the greenhouse condi-

tions at temperature 20-30'C and watered daily. Three week-old plants were then trans-

planted onto cell trays. Two weeks after transplanting, healthy and uniform plants were 

selected for the experiment. 

Pot assay for bacterial wilt suppression 

Tobacco plants were removed from the cell trays and rinsed with tap water to remove 

loosely adhering soil. Tobacco root was dipped in endophyiic bacterial suspension for 

24hr. Seedlings mock-inoculated with distilled water served as the check. Treated 
plants were transplanted into the soil infested wlth R. solanacearum C319 and kept in an 

air-conditioned greenhouse wlth daily irrigation. Each treatment contains I O plants and 

the experiment was repeated twlce. The disease severity was recorded at 5 day-intervals 

for 45 days using the following index: O: no symptom; I : 1-200/0 of the foliage wilted; 2: 

21~;Oo/o of the foliage wilted; 3: 41-600/0 of the foliage wilted; 4: more than 610/0 of the 

foliage wilted and 5: entire plant wilted or dead. 

Data analysis 

Data from greenhouse experiments were analyzed using an analysis of variance 

(ANOVA) with StatView software (SAS Institute, 1992-1998) and the protected least 
significant difference (PLSD) was determined. Differences with P<_0.05 were considered 

to be significant. All treatments in which disease ratings were significantly (P~0.05) 

10wer than the check was considered to be effective. 

RESULTS 

ldentification of the endophytic bacterial isolates by Vitek32 system 

Twenty-nine isolates was tentatively identified as Chr~lseobacterium i7bdologenes, 

P. fluoresce7bs, Chr~lseomonas luteola, Bacillus pumilis, B. megaterium, B. sphaeri-

cus, Spl~ingomonas paucimobilis, Enterobacter cloacae, Pa7btoea agglomera7bs, and 

Stap/z~/lococcus auricularis wlth a range of similarity from 970/0 to 990/0 (Table 2). In 

addition, 8 isolates were tentatively identffied to belong to the relevant genera with the 
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Table 2. Identification of the endophytic bacterial isolates by using Vitek32 system (bioM6rieux). 

S pecies Isolates Similarity (o/o)') S pecies Isolates Similarity (o/o) 

Chryseobacterium 

iudologenes 

KuTox301 
KuTox302 
KuTox402 
KuTox403 
KuTox701 
KuTox702 

99 
98 

99 
99 

99 
99 

Sphingomonas 
paucimobilis 

KuTox501 
KuTox706 
KuTox707 
KuTox709 

98 

99 
99 

99 

Chryseobacterium sp. 

KuTox503 
KuTox401 
KuTox308 
KuTox703 

96 
92 
92 

92 

Enterobacter cloacae 

KuTox201 
KuTox203 
KuTox904 
KuTox905 

99 

99 

99 

98 

KuTox I OO 1 

Pseud omonas fluorescel~s KuTox 1 203 

KuToxl303 

98 
98 
98 

Pantoea agglomerans 

Pseudomouas sp. 
KuToxl201 
KuToxl I O 1 

96 
94 

KuTox801 
KuTox802 
KuTox903 
KuToxI002 
KuTox 1 2 02 

KuToxl503 
KuToxl601 

99 

98 

99 
98 

98 
97 
98 

Chryseomonas I uteol a KuTox I 003 97 
Bacillus pumilis KuToxl02 99 

Pantoea sp. KuTox901 96 
KuTox 1 1 02 93 

Bacillus wegaterium KuTox202 99 Staphylococcus auricularis KuTox708 97 
Bacillus sphaericus KuTox514 99 

') Percentage of similarity between the endophyiic bacterial isolates with the species covered in the 

Vitek32 system's database 

similarity less than 970/0 to the species covered in the database. However 36 rsolates 

could not be identified by this system. 

In vitro antagonisln against R. solanacearum C319 
Antibacterial activity against R. solon~acearum of 37 endophytic bacterial isolates 

identified by the Vitek32 system to the species or genus level was investigated. Our result 

indicates that the anti~~, sola7~acearum activity spectrum of these isolates was greatly 

different depending upon the endophytic bacterial isolates (Table 3) . Thirteen isolates 

were antagonistic against R. sola7bacearum i7b vitro. Three isolates (KuToxl201, 

KuTox905 and KuTox801) tentatively identified as Pseudom07~as sp., E. cloacae and P. 

agglomera7~s have shown strong antagonistic activity (Fig. 1). However, 24 isolates 

belonging to C, i7~dologe7~es, C/~ryseobacterium sp., S. paucimobilis, 1~. megaterium, 

P. agglomera7bs, E, cloacae and ~, sp/2;aericus did not inhibit the growth of R. 

so I a?~acearum. 

Suppression of bacterial wilt of tobacco by the endophytic bacterial isolates 

Thirt~~seven previously identified isolates were evaluated for bacterial wllt suppres-

sion of tobacco plant under greenhouse conditions (Table 4) . Most of these isolates did 

not reduce significantly (P~0.05) the disease severity of tobacco 45 days after inocula-

tion. Although several isolates such as KuToxl201, KuTox801 and KuTox905 exhibited a 

high extent of antagonistic activity against R. sola7~acearum i7b vitro, significant disease 

suppression was not found in this study. However, the isolate KuTox708 showln~ a low 

degree of antagonistic activity was remarkably suppressed the disease when compared 
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with the check (Fig. 2). 

Table 3 . Growih inhibition of Ralstonia solanacearum C3 19 by the endophytic bacterial isolates. 

S pecies Isolates 
Width of inhibition 

zone (nun)") 
S pecies Isolates 

Width of inhibition 

zone (mm) 

ChnJseobacterium 

iudol oge7~es 

KuTox301 
KuTox302 
KuTox402 
KuTox403 
KuTox70 1 

KuTox702 

S phingomo?2;as 

pauci7nobilis 

Chryseobacterium sp. 

KuTox501 
KuTox706 
KuTox707 
KuTox709 

KuTox503 
KuTox401 
KuTox308 
KuTox703 

E7lterobacter cloacae 

KuTox2 O 1 

KuTox2 03 

KuTox904 
KuTox905 

Pseud omo?sas 

fluorescens 

+ 
H~ 

KuToxIOO1 
KuToxl203 
KuToxl303 

+ 
+ 
+ 

Pantoea agglomerans 

Pseudomonos sp, 
KuToxl201 
KuTox 1 1 O 1 

~~ 
+ 

KuTox801 
KuTox802 
KuTox903 
KuToxI002 
KuTox 1 202 

KuTox 1 503 

KuTox 1 601 

+h+ 
~h 

Chryseomo?~as luteola KuTox I 003 + 
Bacillus pumilis KuTox I 02 (+) 

Pantoea sp. 
KuTox901 
KuToxl I 02 + 

Bacillus megaterium KuTox202 Staphylococcus auricularis KuTox708 (+) 
Bacillus sphaericus KuTox514 

') Inhibition zone semi-diameter was measured after 24 hr of incubation at 30 'C; Inhibition zone 

semi-diameter index: H~h , > 10 nun; ~h , 5-10 mm; + , < 5 mm; (+), doubtful; -, no zone of 

inhibition. 

Fig. l. Growth inhibition zone formed by the endophytic 
bacterial isolate KuTox905 on the lawn of Ralstonia 

solanacearum C3 1 9. 
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Table4．　Protection　efficacy　ofbacterial　w且t　oftobacco　by　the　endophytic　bacterial　isolates．

Isolates
Mean　of（iisease　severitya）

Isolates
Mean　of（iisease　severity

Treatment Check Treatment Check

KuTox301
KuTox302
KuTox402
KuTox403
KuTox701
KuTox702
KuTox503
KuTox401
KuTox308
KuTox703
KuTox1001
KuTox1203
KuTox1303
KuTox1201
KuTox1101
KuTox1003
KuTox102
KuTox202
KuTox514

2
0
7
8
2
0
0
3
7
0
1
9
9
0
3
3
7
6
5

2
2
2
2
2
3
3
2
2
4
2
1
0
2
1
1
2
1
1

1
0
1
1
0
8
6
0
6
0
9
3
7
3
5
0
1
3
7

3
2
3
3
2
2
3
2
3
2
1
2
1
2
2
2
2
2
2

KuTox708
KuTox501
KuTox706
KuTox707
KuTox709
KuTox201
KuTox203
KuTox904
KuTox905
KuTox801
KuTox802
KuTox903
KuTox1002
KuTox1202
KuTox1503
KuTox1601
KuTox901
KuTox1102

＊

5
8
0
5
3
0
5
0
2
8
6
6
9
8
8
8
5
8

1
1
2
4
1
2
3
1
1
1
0
2
1
1
1
1
1
2

1
8
3
7
3
3
7
5
3
9
5
3
0
7
7
7
3
7

3
2
2
4
2
2
2
1
2
1
1
2
3
2
2
2
2
2

a）Disease　severity　was　rate（l　using　a　O（no　disease）to5（entire　plant　wilted）rating　scale45days　after

　inoculation．

＊Significantly　different　from　the　check（Determined　by　the　Fisher’s　PLSD　testP≦0．05）．

Fig．2．

藤．羅

麟．

齢

遡

SupPression　of　bacterial　wilt　of　tobacco　by　the　en（io－

phytic　bacterial　isolate　KuTox708．
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DISCUSSION 

Endophytic bacteria have been found to be associated with the root of numerous 

plant species, with most being members of common bacterial genera such as 
Pseudom07zas, Bacillus, Cory7~ebacterium (Lalande et al., 1989; Gardner et al., 1982; 

Jacobs et al., 1985) , Burkholderia. E7bterobacter (Mclnroy and Kloepper, 1995; Gardner 

et al., 1982) . In our previous paper CLong et al., 2003) , diversity in endophytic bacterial 

population in the root of Sola7bum sp. was clarified. For a rapid identification of the 

endophytic bacterial isolates, Vitek32 system was used in this study. The endophytic 

bacterial isolates from Sola7~um sp. were tentatively identified as Bacillus, 
Pseudom07~as. E7~terobacter, Pantoea. Sphi7bgom07~as, Chr~lseomonos. Staphylococcus 

and Chr~1Seobacterium which is the most prominent genus. Study for more accurate 
identification of the endophytic bacterial isolates including 36 uniderltifiable isolates is in 

progress. 
Among 37 tentatively identified isolates of endophytic bacteria, 13 isolates exhibited 

growih inhibition of R. sola7~acearum i7~ vitro. In particular, the identified isolates of 

Pseudom07~as sp. that has beeh known to be one of the most antibiotic producers in the 

rhizosphere (Weller and Cook, 1983; Brisbane and Rovira, 1988) showed anti-R. 
sola72;acearum activity. The inhibitory spectrum against R. sola7~acearum varied 

depending upon isolates of endophytic bacteria, suggesting that various antibiotics may 

be involved in the formation of inhibition zones. 

Antibiotic production could play a significant role in disease suppression, since there 

was relationship between the level of i7~ vitro antibiosis and i7~ vivo suppression of bacte-

rial wilt (Chen et al., 1984; Trigalet et al., 1994) . In this study, however, the isolate with 

strong antagonistic activity against R. sola7~acearum i7~ vitro has shown a low level of 

chsease suppression in tobacco plant under greenhouse conditions. On the other hand, 

although KuTox708 did not produce a clear inhibition zone against the pathogen i7b vitro, 

the isolate protected tobacco plants from bacterial wilt caused by R. sola7~acearum. 

Significant correlation between i7b vitro antagonism and disease suppression i7~ vivo was 

not found in this study. The role of antibiotic produced by the endophytic bacterial iso-

lates seems to be slight in the mechanisms of disease suppression. Kempe et al. demon-

strated that the induced resistance by pre-treatment with pseudomonads may be 
involved in the mechanism of suppression of bacterial wilt of potato. The disease sup-

pression shown in this experiment may be also the result of systemic resistance induced 

by KuTox708. Further studies are needed to clarify the mechanisms of disease suppres-

sion in detail. 
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