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ABSTRACT 
Wilt disease of Solanaceae caused by Ralstonia solanacearum reduce the crop quality and negatively affect the 
crop product. The objective of this research was to discover of endophytic bacteria formulation that effectively 
decreases bacterial which cause wilt disease on Solanaceae. The research consisted of purification of Ralstonia 
solanacearum, endophytic bacteria were obtained from the sample and the screening of endophytic bacteria using 
this following assay: antagonist assay, seedling assay and in planta assay. The results showed that in antagonist 
assay, the bacterial isolate code PS1, PS2, and PS8 could inhibit growth of R. solanacearum. From the seedling 
assay, it obtained that all of the isolates increased of percentage of germination, seed coating and powder 
formulation can decrease disease incidence of bacterial wilt disease. 
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INTRODUCTION 

Ralstonia solanacearum triggers wilt disease of 
Solanaceae plant, reducing the crop quality and 
downgrade the agriculture economic impact. Farmers 
have controlled the disease using several methods 
including cultivation techniques, physical treatment, and 
the application of resistant varieties, bactericide, and 
antibiotics, however, it seems important to find the 
alternative way using biocontrol (Yuliar et al. 2015). 
Biocontrol using biology agents was investigated. 
Several endophytic bacteria have been explored for 
biocontrol agents for the disease. The mechanism for 
biocontrol is bacterial metabolites affect the plant to 
increase the resistance to pathogens and elicites 
induced systemic resistance (ISR). Kloepper and Ryu 
(2007) reported that ISR is elicited by rhizobacteria or 
other nonpathogenic microorganisms. 

Endophytic bacteria are a group of microbes that live 
in plant tissue, without plant disease and related plants 
in mutualism symbiosis. Endophytic bacteria is in 
healthy tissues such as seeds, roots, stems, and 
leaves. Plant take benefit from the presence of 

endophytic bacteria because it produces compounds or 
secondary metabolites and antibiotics that stimulate 
growth hormone to affect plant growth and increases 
plant resistance to pathogens (Bandara et al. 2006). 
Endophytic bacteria can be isolated from the roots, 
stems, flowers, and cotyledons, the space between 
cells in a tissue or vessel (Athman 2006) and its 
effectiveness depend on formulation. 

The objective of this research was to discover 
endophytic bacteria isolated from tomato stems and 
root and investigate their potential as biocontrol agents 
against tomato bacterial wilt disease. 

MATERIALS AND METHODS 
Suspension of R. solanacearum 

R. solanacearum that used for the research was a 
personal collection of Dr. Arika Purnawati then was 
purified in Nutrient Agar (NA) medium for 24 hours 
incubation. One loopful purified isolate was taken and 
homogenized with 10 ml sterile distilled water. 

Isolation of endophytic bacteria 
Isolation from tomato stem 

Endophytic bacteria were isolated from healthy 
tomato stem varieties Permata (3 months old). The 
stem with 50 cm long from the base was washed with 
water to clean the surface then the parts were cut into    
1 cm long. The specimen was sterilized using NaOCl 
1.25% for 1 minute, dyed absolute alcohol for 5 sec and 
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did 3 times, dipped into sterile water for 5 sec (repeat 3 
times), dried on sterile filter paper in laminar airflow 
(LAF) for 5 minutes. 

Specimen was splited into two parts and inoculated 
on PDA medium (Difco): 39 g/L, pH 7.0 in a sterile Petri 
dish with position of inner surface touch medium or 
tummy position then was incubated in an incubator at 
room temperature (28°C) for 48 hours. The growing 
endophytic bacteria was indicated by are milky white 
colonies and shiny  surface on Petri dish. The isolate 
was inoculated on sterile NA medium (Difco): 8 g/L,            
pH 7.0 for bacteria to obtained pure cultures.  

Isolation from tomato root 
All plant parts of the tomato roots were washed with 

water to clean the surface then the parts were cut into     
1 cm long. The specimen was sterilized using NaOCl 
1.25% for 1 minute, dyed absolute alcohol for 5 sec 
(repeat 3 times), dipped into sterile water then the 
specimen was dried on sterile filter paper in laminar 
airflow (LAF) for 5 minutes. 

The  specimen was inoculated on PDA medium an 
upright position on the medium so the pieces touch the 
bottom of the medium then was incubated in an 
incubator at room temperature (28°C) for 48 hours. 
Milky white colonies and shiny surface form on the top 
of growth media  indicating that bacteria grow  
successfully. Then bacteria inoculated on NA medium 
for bacteria to obtained pure cultures.  

Formulations 
Seed coating 

Healthy tomato seeds varieties Permata were 
sterilized with 1% NaOCl for 30 seconds then rinsed 
with sterile water 3 times and dried on sterile tissue 
paper. The seed was coated using talk then immersed 
in a suspension of endophytic bacteria (108 CFU/mL) for 
30 seconds. 

The suspension was made by adding 10 mL sterile 
water into pure isolate and homogenized. The seed was 
sowed on soil media, after 30 days old seedlings was 
transferred to polybag that have been filled soil media 
for a further experiment (Purnawati et al. 2014). 

Dry powder 
Ten gram of Methylcelulosa (MC) then added 40 g 

of talk and 15 g of CaCO, all three were mixed until 
homogeneous, sterilized for 0 minutes with autoclave. 
The suspension of endophytic bacteria (108  CFU/mL) 
was made by adding 10 mL sterile water into pure 
isolate and homogenized. Suspension with 24 hours old 
was taken 400 mL and then inoculated into the bacterial 
carrier mixture. The awaited treatment for 20 minutes 
then stored at 25 ± 2°C for 3-4 days until dry to obtain 
powder form (Purnawati et al. 2014). 

Antagonist assay 
This assay used seed coating method. Healthy 

seeds were sterilized with 1% NaOCl for 30 seconds 
then rinsed with sterile water 3 times and dried on 
sterile tissue paper. Sterile seeds were soaked in 
suspension of endophytic bacteria (108 cfu/ml) for 30 
and 60 seconds then planted in NA media and 
incubated for 24 hours at 28°C, 0.2 mL of suspension 
R. solanacearum (108 CFU/mL) mixed with 6 ml of 

0.6% WA and poured on to the seed surface. The 
treatment was incubated for 24 hours at 28°C. The 
observed variable was the clear zone around the seed 
at 24, 48, 72 hours (Purnawati et al. 2014). 

Seedling assay 
The assay using for seed coating formulation. The 

soil was mixed with compost (1:1). The soil was 
sterilized using 5% formalin then covered with plastic 
for 7 days. The soil was dried for 7 days then put into 
the tray and ready to be used to germinate seeds. 
Tomato seeds were soaked with suspension endophytic 
bacteria PS1, PS2, and PS8 (108 CFU/mL) then sowing 
in a tray, for control seeds were soaked in sterile water 
then sowing in a tray. Indicator observation is the 
percentage of germination (Purnawati et al. 2014). 

In planta assay 
Effectiveness assay in vivo was conducted in a  

greenhouse used seed coat and powder formulation.               
R. solanacearum (108 cfu/ml) was inoculated into soil 
using poured technique. Seed coat formulation was 
planted into soiland wait until the plants are grown. 
Indicator observation were incubation period and 
disease incidence during 60 days. 

Data analysis 
The data of clear zone size and disease incidence of 

wilt disease were statistically analyzed using analysis of 

variance (ANOVA) and Least Significant Difference 

(LSD) 5%. 

RESULT AND DISCUSSION 
Antagonist assay 

The results of antagonist assay, isolates PS1, PS2, 

and PS8 at 30 seconds and at all observation time can 

inhibit the growth of R. solanacearum. in general, the 

size of the clear zones formed by PS1 and PS2 were 

greater than that formed by PS8 (Table 1). This was 

because both of them produced phenol and 

siderophores compounds that it can adhere to the 

surface of the seed coat that was semipermeable so 

when used for antagonist assay was able to form clear 

zone. 

Table 1. Clear zone size at antagonist assay 

Treatments 
Time observation (h) 

24 48 72 

PS1 3a 5.2a 7a 

PS2 3a 5.2a 7a 

PS8 2a 4.5a 5a 

LSD 5% 0.25 0.82 2.15 

Zhou et al. (2013) reported that tomato seed coat 

was semipermiable and composed of fat, pectin, and 

cellulose, this was evidenced by coloring techniques 

and histochemical analysis. It is due to phenol and 

siderophores compounds in seeds  indicated that the 

molecules of these compounds are chemically bound to 

fat molecules, pectin, cellulose so that when used to 

assay antagonism it was able to form a bright zone. 
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Siderofor is a compound composed of hydroxamic 

molecules and catechol can be attached to the seed 

coat composed of fat, pectin, and cellulose. Besides, 

phenol and siderophores compounds produced by 

endophytic bacteria are thought to have a molecular 

size smaller than fat and protein so that they are 

capable of diffusing and adhering to the surface of the 

tomato seed coat. 

Seedling assay 

Percentage germination PS1 and PS2 was higher 

than PS8, but all of them increase percentage 

germination Table 2 likewise for the length of sprout 

PS1 and PS2 was longer than PS8, but all of them 

increase the length of sprout (Table 3). 

It was because the seeds produced siderophores that 
influenced the activity of the gibberellic acid to stimulate 
seed germination and break down seed dormancy. 
They also produced gibberellic acid that affected the 
concentration of gibberellin acid in the seeds. 
Gibberellic acid naturally in the seeds contained in 
aleuron and when the seeds are covered with a whisk 
of endophytic bacteria. 

Table 2. Percentage of germination (%) 

Treatments 
Time observation (days) 

14 21 28 35 

C 60 60 60 60 

PS1 80 80 90 90 

PS2 80 80 90 90 

PS8 65 75 75 75 

Table 3. Length of sprout (cm) 

Treatments 
Time observation (days) 

14 21 28 35 

C 20 20 20 25 

PS1 45 45 45 50 

PS2 45 45 45 50 

PS8 35 35 35 40 

Endophytic bacteria beaten into the aleurone seeds 

so the concentration of gibberellic acid increases. Seed 

germination generally begins with the imbibition of 

water in the seeds, then the gibberellic acid activity will 

break dormancy and stimulate germination. Patel et al. 

(2012) reported that endophytic bacteria Pseudomonas 

aeruginosa isolated from tomato plants in Gujarat were 

able to produce siderophore and gibberellic acid growth 

hormone which affected seed germination, as well as 

research conducted by Umamaheswari et al. (2013), 

reported that endophytic bacteria Bacillus sp., 

Micrococcus sp., Pseudomonas sp., Flavobacterium sp. 

and Serratia sp. from tropical legume produced 

gibberellin acid that affects the seed vigor index. 

Yamaguchi (2008) reported that gibberellin acid was 

a group of growth hormone in plants that had a function 

as a seed germination stimulator and elongation of 

sprouts also according to Waqas et al. (2012) that 

soybean seeds soaked in endophytic microbial filtrate 

caused an increase in gibberellin acid content so that 

the percentage of seed sprout power and vigor index 

were increased. Research conducted by Arwiyanto and 

Simbolon (2009) reported that the tobacco seeds 

covered by Pseudomonas putida up to the age of 40 

days after transplanting can increase the tobacco vigor 

index and not phytotoxic. 

In planta assay 

Results of in planta assay, the incubation period of 

wilt disease for PS1 and PS2 is 16 days, PS8 is 14 days. 

Seed coating formulation for PS1, PS2, PS8 can reduce 

wilt disease incidence and higher than powder 

formulation (Table 4 and 5). So there was no difference 

for each isolate at each formulation except to control. 

This was because the seeds produced phenol and 

siderophores compounds that it can adhere to the 

surface of the seed coat that was semipermeable and 

bound to the seed coat that induces systemic plant 

resistance. Zhou et al. (2013) reported that tomato seed 

coat was semipermeable and composed of fat, pectin, 

and cellulose, this was evidenced by coloring 

techniques and histochemical analysis because phenol 

and siderophores compounds in seeds  indicate that the 

molecules of these compounds are chemically bound to 

fat molecules, pectin, cellulose. Moreover, another 

reason is that phenol and siderophore that bind to the 

seed elicit resistance gen of solanaceae plants against 

R. solanacearum and effectiveness of inducing 

systemic plant resistance. 

The effectiveness of biological control using 

biocontrol agent can be enhanced through the 

application of different techniques like soaking the roots 

or seeds before transplanting and resulting in the more 

rapid induction of resistance (Junaid et al. 2013). 

Otherwise, development of the disease is influenced by 

the environment are temperature was 34°C, humidity is 

80%. Fajinmi and Fajinmi (2010) reported that 

temperature supports the development the wilt disease 

was 25-35°C with 86% humidity, so Purnawati and 

Nirwanto (2015) reported that the incubation period             

R. solanacearum on potato varieties was 6.5- 21.3 

days.  

Research has conducted by Purnawati et al. (2014) 

proved that application of endophytic bacteria will affect 

phenol activity in plants so that plants were more 

resistant to pathogenic bacteria R. solanacearum. 

Phenol compounds in plants will be produced as a 

reaction of plants to the presence of pathogenic 

infections and generally an increase in phenol 

concentration will accumulate on the pathogen infection 

site causing barriers to pathogen activity and the results 

of phenol analysis on plants showed that in tomatoes 

inoculated R. solanacearum 148,613 ± 1,734 ppm.  
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Table 4. Disease incidence (dry powder) 

Treatments 
Time observation (days) 

14 21 28 35 42 49 56 

C 3.51a 13.5a 13.5a 18.11a 18.11a 18.11a 18.11a 

PS1 0.15b 3.75b 3.75b 7.5b 7.5b 7.5b 10.25b 

PS2 0.15b 3.75b 3.75b 7.5b 7.5b 7.5b 10.25b 

PS8 0.15b 5.23b 5.23b 8.75b 8.75b 8.75b 9.5b 

LSD % 3.36 1.51 1.51 1.8 1.8 1.8 1.9 

Table 5. Disease incidence (seed coating) 

Treatments 
Time observation (days) 

14 21 28 35 42 49 56 

C 3.51a 13.5a 13.5a 18.11a 18.11a 18.11a 18.11a 

PS1 0.15b 3.75b 3.75b 6b 6b 6b 6b 

PS2 0.15b 3.75b 3.75b 6b 6b 6b 6b 

PS8 0.15b 5.23b 5.23b 7.5b 7.5b 7.5b 7.5b 

LSD 5% 3.36 1.51 1.51 1.75 1.75 1.75 0.5 

 
CONCLUSION 

Isolates of endophytic bacteria coded PS1, PS2, PS8 
in antagonist assay could inhibit growth of                         
R. solanacearum, in seedling assay inducing 
germination, increasing sprout length, and not toxic, in 
planta assay using formulation seed coating and dry 
powder they can decrease of wilt disease and elicited of 
resistance tomato plant to wilt disease. 
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