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  Among Plant Growh Promoting Rhizobacteria (PGPR) groups, endophytic bacteria considered as one of the 
options to control vascular wilt disease because of its ability to live and colonized internal roots of plants without 
causing any damages. Our previous research had screened 9 isolates which had best ability to promote growth 
rate and increase yields of tomato and biocontrol agents of Ralstonia solanacearum and Fusarium oxysporum 
f.sp solani in planta condition. In order to know its abilities, those isolates need to be characterized. This research 
purposed to characterize those isolates abilities to produce Indole-3-asetic acid (IAA), phosphate solubilizing, 
siderophore production, cyanide production, NH  production, and ability to colonize endophytically and 3

identified the isolates using 16S rRNA. Result shown that all isolates can produce IAA, where TLE1.1 produce 
highest IAA concentration (42.5 ppm). Isolates E1AB1.3, TLE 1.1 and TLE2.2 can dissolved phosphate. None of 
the isolates produced HCN and NH . Only TLE 2.3 isolate can produce siderophore. All of 9 isolates were 3

identified using 16S rRNA gene using 27F and 1492R primers. All isolates were identified as different species, 
i.e. Bacillus toyonensis strain BCT-7112 (EPL1.1.3), Serratia nematodiphila strain DZ0503SBS1 (TLE2.3), 
Bacillus anthracis strain ATCC 14578 (EPL1.1.4), Bacillus cereus ATCC 14579 (TLE1.1), Bacillus cereus strain 
JCM 2152 (SNE2.2), Enterobacter cloacae subsp. dissolvens strain ATCC 23373 (E1.AB1.2), Serratia 
marcescens strain NBRC 102204 (E1AB2.1), Klebsiella michiganensis strain W14 (TLE2.2), and 
Chryseobacterium rhizoplanae strain JM-534 (KLE3.3).
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  Diantara kelompok Plant Growth Promoting Rhizobacteria (PGPR), bakteri endofit dianggap sebagai salah 
satu pilihan untuk mengendalikan penyakit layu karena kemampuannya untuk hidup dan mengkolonisasi 
perakaran tanaman secara internal tanpa menimbulkan kerusakan. Berdasarkan hasil penelitian sebelumnya, 
telah didapatkan 9 isolat yang memiliki kemampuan terbaik dalam memacu pertumbuhan dan hasil tanaman 
tomat serta sebagai agen biokontrol Ralstonia solanacearum dan Fusarium oxysporum f.sp solani pada kondisi 
in planta. Untuk mengetahui kemampuan isolat-isolat tersebut perlu dlakukan karakterisasi. Penelitian ini 
bertujuan untuk mengetahui kemampuan isolat untuk menghasilkan asam indol asetat (IAA), pelarut fosfat, 
produksi siderofor, produksi sianida, produksi NH , kemampuan untuk mengkolonisasi internal perakaran 3

(endofit) dan mengidentifikasinya dengan menggunakan 16S rRNA. Semua isolat dapat menghasilkan IAA, dan 
isolat TLE1.1 menghasilkan IAA dengan konsentrasi tertinggi (42.5 ppm). Isolat E1AB1.3, TLE 1.1 dan TLE2.2 
mampu melarutkan fosfat. Tidak terdapat isolat yang menghasilkan HCN dan NH . Hanya isolat TLE 2.3 yang 3

mampu menghasilkan siderofor. Semua isolat diidentifikasi dengangen 16S rRNA menggunakan primer 27F dan 
1492R. Semua isolat teridentifikasi sebgai spesies yang berbeda, yaitu Bacillus toyonensis strain BCT-7112 
(EPL1.1.3), Serratia nematodiphila strain DZ0503SBS1 (TLE2.3), Bacillus anthracis strain ATCC 14578 
(EPL1.1.4), Bacillus cereus ATCC 14579 (TLE1.1), Bacillus cereus strain JCM 2152 (SNE2.2), Enterobacter 
cloacae subsp. dilolvens strain ATCC 23373 (E1.AB1.2), Serratia marcescens strain NBRC 102204 (E1AB2.1), 
Klebsiella michiganensis strain W14 (TLE2.2), dan Chryseobacterium rhizoplanae  strain JM-534 (KLE3.3).

 
  Kata kunci: 16S rRNA, endofit, karakterisasi, PGPR
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exert its beneficial effects (Santoyo et al. 2016). They 

can contribute an important role in agriculture by 

conferring advantages for plant (Mengoni et al. 2003).

 Many studies had demonstrated that endophytic 

bacteria can produce beneficial effects on host plants, 

such as growth promoting substances, or prevent the 

negative impact caused by pathogens (Bulgari et al. 

2009). As plant growth-promoting bacteria (PGPB), 

endophytic bacteria can also enhance plant growth by 

activating a number of similar mechanisms, including 

 Endophytic bacteria are groups of bacteria that 

capable to live within the inner tissues of healthy plants 

without causing any disease symptoms (Golinska, et 

al. 2015). Endophytic bacteria had advantage over any 

rhizospheric inhabiting bacteria, because this bacteria 

can live within tissue plants, had opportunity to always 

contact with plant cells and have a better chance to 



indole-3-acetic acid (IAA) production, phosphate 

solubilization, siderophores production and nitrogen 

fixation (Lugtenberg et al. 2013).

 From previous research, we had screened 9 

potential endophytic bacteria which had ability to 

promote growth of tomato and control both Ralstonia 

solanacearum and Fusarium oxysporum fsp. 

Lycopersici in in planta conditions (Yanti et al. 2017). 

Although their ability in in planta conditions had been 

shown good result, their PGPR traits must be 

characterized and identified to know its mechanisms to 

control pathogens and promote growth of tomato. This 

research purposed to identify isolates and 

characterized the ability of the 9 potential endophytic 

bacteria isolates to control R. solanacearum and F. 

oxysporum fsp . lycopersici and promote growth rate of 

tomatoes in in vitro conditions. 

MATERIALS AND METHODS

 This research has been done in Microbiology 

Laboratory, Department of Agriculture, Universitas 

Andalas, Padang, Indonesia from March to June 2017. 

 Indole Acetic Acid Production. Indole acetic acid 

(IAA) productions was determined using quantitative 

methods of Patten and Glick (2002). Isolates cultured in 
-1King's B broth supplemented with the 1g mL  of l-

tryptophan. After 42 h of incubation, the density of each 

culture was measured spectrophotometrically at 600 

nm, and then the bacterial cells were removed from the 

culture medium by centrifugation (5500 × g, 10 min). A 

1-mL aliquot of the supernatant was mixed vigorously 

with 4 mL of Salkowski's reagent (150 mL of 

concentrated H SO , 250 mL of distilled H O, 7.5 mL of 2 4 2

0.5 M FeCl ·6H O) and allowed to stand at room 3 2

temperature for 20 min before the absorbance at 535 

nm was measured. The concentration of IAA in each 

culture medium was determined by comparison with a 

standard curve.

 Phosphate Solubilizing Activity. Phosphate 

solubility was assayed using Pikovskaya agar based on 

methods of Wahyudi et al. (2011). Each isolate was 

streaked to the surface of Pikovskaya agar contain tri-

calcium phosphate and the phosphate solubilizing 

activity was estimated after 5 d of incubation at room 

temperature. Phosphate solubilization activity was 

determined by the development of the clear zone 

around bacterial colony.

 Siderophore Product ion.  Siderophore  

productions was determined using Chrome Azurol 

Sulphonate (CAS) agar medium described by 

Alexander and Zuberer (1991). Each isolate was 

streaked on the surface of CAS agar medium and 

incubated at room temperature for 3 d. Siderophore 

production was indicated by orange halos around the 

colonies after the incubation.

 Hydrogen Cyanide Production. Hydrogen 

Cyanide (HCN) production was assayed using methods 

of Lorck (1948). Isolates cultured on nutient agar 
-1

supplemented with glycine (4 g L ). The production of 

cyanide was detected 48 h after inoculation, using 

picrate/Na CO  paper fixed to the under side of the 2 3

Petri-dish lids which where sealed with parafilm before 
o

incubation at 28 C. A change from yellow to orange, 

red, brown, or reddish brown  was recorded as an 

indication of cyanide production.

 Ammonia Production. Ammonia (NH3) 

production was assayed according to methods of 

Cappuccino and Sherman (2004) using peptone water 
o(10mL), incubated for 48-72 h at 28 + 2 C and 

Nesseler's Reagent (0.5 mL) added after incubations. 

The color change to brownish yellow indicated positive 

result. 

Root Colonization. Root colonization ability of 

endophytic bacteria were assayed by reisolations of 

resistance isolates mutated with rifampicin from root of 

tomato. Bacterial isolates were mutated with 

sequentially streaked on TSA with concentration of 0, 

10, 20, 50 and 100 ppm of rifampicin each for 24-36 h. 

The mutant isolates growth from 100 ppm rifampicin 

culture then regrowh on the same media for 24-36 h, then 
6 -1were suspensed with sterile aquadest (10  cell mL ). 

Seedlings of tomato introduced with the mutant strains 

by dipped the seedlings for 5 min into the bacterial 

solutions before planted in sterilized soil. Roots of 

tomatoes were harvested after 4 weeks and surface 

sterilized with NaOCl 2%. Sterilized roots were 
-4

macerated and diluted to 10 , 0.1 mL of each 

homogenized with TSA contained 100 ppm rifampicin 

and plated to petri dishes for 48 h. Bacterial colonies 

growth on the medium with the same morphologies as its 

mutant culture then were counted.

 Bacteria Identification Using 16S rRNA. 

Endophytic bacterial isolates was identified by 16S 

rRNA gene. Bacterial DNA was extracted using the 

protocol of PureLink Genomic DNA mini Kit 

(Invitrogen, Thermo Scientific Inc. USA). The 

extracted DNA then used as PCR template and 

amplified using universal primer 27F (5' AGA GTT 

TGA TCM TGG CTC AG'3) and 1492R (5'CGG TTA 

CCT TGT TAC GAC TT '3). The PCR conditions were 
o

following Xiong et al. (2014), denaturation at 94 C for 
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o o
1 min, annealing at 54 C for 30 s and extension at 72 C 

for 1 min for 30 cycles and final extention for 30 min. 

The 16S rRNA fragment then assayed qualitative and 

quantitative by electrophoresis on agarose gel 1%. 

DNA fragment sequenced in Macrogen Inc. (Korea). 

The 16S rRNA sequence data then compared with the 

sequences from the GenBank using BLAST analysis 

(http://ncbi.nlm.nih.gov).

 RESULTS

 Growth Promotion Characters of Endophyte 

Isolates. We aimed to characterize selected endophytic 

bacteria associated with the roots of tomato from 

previous reearch which have potential as biocontrol of 

R. solanacearum and F. oxysporum f.sp solani and 

promote growth of tomato in field conditions.  All 

isolates shown varies ability to produce IAA, produce 

NH3 and solubilize phosphate (Table 1). All isolates 

can produce IAA. Isolate TLE 1.1 had shown highest 

IAA productions, 42.5 ppm, then E1AB2.1, 38.9 ppm 

and TLE2.2, 36.5 ppm. However, not all isolates such 

as EPL1.1.3, TLE2.3, EPL1.1.4, SNE2.2, E1AB2.1 

and KLE3.3 can solubilize phosphate.  Only isolates 

TLE1.1, E1AB1.2, and TLE2.2 had shown ability to 

solubilize phosphate. All isolates were also found 

could not produce NH3 which one the main source of 

Nitrogen for plants.

 Biocontrol Characters of Endophyte Isolates. 

Besides the growth promotion ability by productions of 

hormone indole acetic acid (IAA) and phosphate 

solubility, the endophytic bacteria isolates also had 

ability as biocontrol R. solanacearum and F. 

oxysporum f.sp solani which characterized by 

siderophore production, cyanide production and the 

ability of bacteria to colonize roots of tomato. From all 

isolates characterized, only TLE2.3 can produce 

siderophore, and no isolates can produce cyanide. All 

isolates can persistent in the roots tissue until 4 weeks 

after introduction. 

 R. solanacearum is one of the most devastating 

pathogens that attack plants from roots and invade the 

vascular tissues of plants. The good ability of the 

endophytic bacteria isolates to inhabit and persistent in 

roots tissue may prevent the attack of R. solanacearum 

both from direct mechanisms such as competitions and 

antimicrobial substance productions, or from indirect 

mechanisms such as Induced Systemic Resistance 

(ISR).

 Molecular Identifications. DNA amplificons 

shown that all sequences were compatible with 27F 

and 1492 primers. All fragments shown on parallel 

with aproximately 1500 bp markers, as expected 

results of 27F and 1492R primers amplificons (Fig. 1). 

Electrophoresis results shown all amplicons acquired 

were a single DNA band indicated that the primers can 

specifically amplified the expected fragment. 

Sequence analysis from the 16S rRNA gene of 

endophytic bacteria shown a variable species of 

bacteria (Table 3). All isolates were identified as 

different species as seen in table 3. Out of 9 isolates 

only 3 isolates shown high similarities between 97% to 

100% with the databases in GeneBank. Another 

isolates shown 96% (3 isolates), 95% (1 isolates) and 

94% (2 isolates) isolates of similarity with those in 

genebank.

DISCUSSION
 

 R. solanacearum and F. oxysporum f.sp solani are 

the most devastating pathogens that attack plants from 

roots and invade the vascular tissues of plants. The 

good ability of the endophytic bacteria isolates to 

inhabit and persistent in roots tissue may prevent the 

attack of R. solanacearum and F. oxysporum f.sp solani 

both from direct mechanisms such as competitions and 

antimicrobial substance productions, or from indirect 

mechanisms such as Induced Systemic Resistance 

(ISR). In this study we have characterized and 

identified endophytic bacteria which are shown 

potential activity to control R. solanacearum from 

tomato roots. 

 Some of strains were characterized (TLE1.1, 

E1.AB1.2 and TLE2.2) also had ability to solubilize 

phosphate which is one of essential substance for plant 

growth. Moreover, all isolates also produce IAA. 

Endophytic bacteria can enhance of plant growth 

through synthesis of plant auxin IAA (Chen et al. 

2010). IAA can stimulate growth by cell elongations or 

cell division (Patten and Glick 2002). However, ability 

to produce NH  which also essential substance of 3

growth tested negative for all isolates. This can be 

concluded that the ability of the endophyte bacteria to 

promote growth rate of tomato are mainly by IAA 

productions and phosphate solvent ability.

 Endophytic bacteria has been found inhabit most 

plant species and have been isolated from variety of 

plants. We found that all isolates were well estabilished 

in plant root tissues. The capability of bacteria to 

colonize plant tissues is desirable because its greater 

chance of influencing development of host plants 

(Kuklinsky et al. 2004). The colonizations of the 



Fig 1 Results of DNA amplification of 165 rRNA gene from endophytic bacteria using 27F and 1492R primers.
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Table 1 IAA productions, phosphate solubility and NH  productions of endophytic bacteria isolates3

(C)

Table 2 Characterizations of endophytic bacteria isolates to produce siderophore, cyanide (HCN), Ammonia 
(NH ) and ability to colonize tomato plant root3

Table 3 Identification results of endophytic bacteria using 16S rRNA sequence

Isolates Sequence Analysis R esults 
% of 

Similarity 
Accession Number  

EPL1.1.3 Bacillus toyonensis  strain BCT-7112 96 NR_121761.1  
TLE2.3 Serratia nematodiphila  strain DZ0503SBS1  94 NR_044385.1 
EPL1.1.4 Bacillus anthracis  strain ATCC 14578  97 NR_041248.1  
TLE1.1 Bacillus cereus  ATCC 14579  97 NR_074540.1  
SNE2.2 Bacillus cereus strain JCM 2152  97 NR_113266.1  

E1.AB1.2 
Enterobacter cloacae  subsp. dissolvens  strain 
ATCC 23373  

96 NR_118011.1  

E1AB2.1 Serratia marcescens  strain NBRC 102204  94 NR_114043.1  
TLE2.2 Klebsiella michiganensis  strain W14  95 NR_118335.1  
KLE3.3 Chryseobacterium rhizoplanae  strain JM-534 96 NR_134711.1  

 1 

Isolates 
IAA 

Production 
(ppm) 

Phosphate 
solubility 

Ammoniac 
(NH3) 

Production 
EPL1.1.3 34.6 - - 
TLE2.3 29.8 - - 
EPL1.1.4 36.7 - - 
TLE1.1 42.5 + - 
SNE2.2 28.7 - - 
E1.AB1.2 26.8 + - 
E1AB2.1 38.9 - - 
TLE2.2 36.5 + - 
KLE3.3 30.9 - - 

 1 

Isolates 
Siderophore 
Production 

Cyanide (HCN) 
Production 

Endophyte Colonization (10^5) 4 weeks 
after introduction 

EPL1.1.3 - - 15 
TLE2.3 + - 20 
EPL1.1.4 - - 17 
TLE1.1 - - 35 
SNE2.2 - - 28 
E1.AB1.2 - - 16 
E1AB2.1 - - 1.7 
TLE2.2 - - 20 
KLE3.3 - - 9 

 1 
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endophytes will barrier the pathogen attack to plants 

and increase the competence in the rhizosphere which 

lead to lower the possibility of pathogens infection. Out 

of all isolates, only TLE2.3 (Serratia nematodophilla) 

can produce siderophore. Siderophore are organic 

molecules that had high affinity for Fe ions, prevent 

another pathogenic microbe to get Fe as one of nutrient 

source. 

 We had successfully identified all 9 isolates using 

16S rRNA sequences. From the Bacillus genus, we 

have identified 3 species, i.e B. toyonensis, 2 strain of  

B. cereus and  B. antrachis. B. toyonensis could be a 

valuable strain for further studies because of its ability 

to promote growth and control pathogens. There are 

not much publications of B. toyonensis ability as 

biocontrol agents and growth promoting agents. Rocha 

et al. (2017) found 9 isolates of B. toyonensis which can 

control Fusarium oxysporum f. sp. Lycopersici. B. 

toyonensis also reported had antagonistic activities 

against Meloidogyne incognita (Xiang et al. 2017).

 B. cereus is one of the well studied species for plant 

growth promotions and biocontrol activity among of  

Bacillus genera. B. cereus known to promote plant 

growth by produce growth hormone such as gibberellin 

(Joo et al. 2004), produce antibiotic compounds (Silo-

suh et al. 1994) and induce systemic resistance (Niu et 

al. 2011). 

 We also found two isolates from Serratia genera 

which are S. marcesens and S. nematodiphila. Another 

rarely studied strains we found in this research are S. 

nematodiphila. Although Serratia spp. have been 

classified as opportunistic human pathogens (Grimont 

and Grimont 2009), S. nematodiphila had reported as 

growth promotor, gibberellin producer and biocontrol 

agents of chili (Kang et al. 2015), enhanced heavy 

metal phytoremediation (Wan et al. 2012), and control 

Xanthomonas oryzae pv. oryzae.

 The isolates E1AB1.2 was identified as 

Enterobacter cloacae subsp. Dissolvens. This species 

were not a common plant growth promoting species, 

but had been reported can promote plant growth by 

regulatory of antifungal compounds, phenolic 

compounds and IAA (Slininger et al. 2004).

 All isolates showed various characters which led to 

growth promotions of plants and biocontrol activity. 

We had identified all 9 isolates from genera Bacillus, 

S e r r a t i a ,  K l e b s i e l l a ,  E n t e ro b a c t e r,  a n d  

Chrysobacterium. This research found new PGPR 

strains and further research need to be done related to B. 

toyonensis, K. michiganensis and C. rhizoplanae. 

However, all isolates shown the similarity under 99% 

compared to Genebank Database indicated that these 

bacteria are likely to be a novel strains or species. 

Bosshard et al. (2003) defined ≥99% similarity from 

16S sequence can be considered as new species. 

Turenne et al. (2001) also designated 16S sequence 

similarity range under 0.8 to 2% can might be 

suggested as new species. We suggest further genomic 

research to confirm the novelty of these isolates.

ACKNOWLEDGMENT

 This research was funded by 'Penelitian Terapan 

Unggulan Perguruan Tinggi' Batch 2019 Contract No. 
rd

059/SP2H/LT/DRPM/IV/2017 April 3  2017 from 

Ministry of Research, Technology and Higher 

Education of the Republic of Indonesia.

REFERENCES

Alexander DB, Zuberer DA. 1991. Use of chrome azurol S 

reagents to evaluate siderophore production by 

rhizosphere bacteria. Biol Fertil Soils. 12(1): 39-45.

Bosshard PP, Abels S, Zbinden R, Bottger EC, Altwegg M. 

2003. Ribosomal DNA sequencing for identification of 

aerobic gram-positive rods in the clinical laboratory (an 

18-month evaluation). J Clin Microbiol. 41:4134-4140. 

doi: 10.1128/JCM.41.9.4134-4140.2003.

Bulgari D, Casati P, Brusetti L, Quaglino F, Brasca M, 

Daffonchio D, Bianco PA. 2009. Endophytic bacterial 

diversity in grapevine (Vitis vinifera L.) leaves 

described by 16S rRNA gene sequence analysis and 

length heterogeneity-PCR. J Microbiol. 47(4): 393-

401. doi: 10.1007/s12275-009-0082-1.

Cappuccino J, Sherman N. Microbiology: a laboratory 

manual. 2004. Person education, USA.

Chen L, Luo S, Xiao X, Guo H, Chen J, Wan Y, Liu C. 2010. 

Application of plant growth-promoting endophytes 

(PGPE) isolated from Solanum nigrum L. for 

phytoextraction of Cd-polluted soils. Appl Soil Ecol. 

46(3): 383-389. doi: 10.1016/j.apsoil.2010.10.003.

Golinska P, Wypij M, Agarkar G, Rathod D, Dahm H, Rai M. 

2015. Endophytic actinobacteria of medicinal plants: 

diversity and bioactivity. Antonie Van Leeuwenhoek. 

108(2): 267-289. doi: 10.1007/s10482-015-0502-7.

Grimont F, Grimont PAD, 2009. Genus XXXIV. Serratia 

Bizio 1823, 288AL. In: Garrity GM, Brenner DJ, Krieg 

NR, Stately JT. (Eds.), Bergey's Manual of Systematic 

Bacteriology, Vol. 2, the Proteobacteria, second ed. 

Springer, East Lansing, pp. 799–811.

Joo GJ, Kim YM, Lee IJ, Song KS, Rhee IK. 2004. Growth 

promotion of red pepper plug seedlings and the 

production of gibberellins by Bacillus cereus, Bacillus 



macrolides, and Bacillus pumilus. Biotechnol Lett. 26(6): 

487-491. doi: 10.1023/B:BILE.0000019555.87121.34.

Kang SM, Khan AL, Waqas M, You YH, Hamayun M, Joo 

GJ, Shahzad R., Choi, K.S., Lee, I.J., 2015. Gibberellin-

producing Serratia nematodiphila  PEJ1011 

ameliorates low temperature stress in Capsicum 

annuum L. Eur J Soil Biol. 68:85–93. doi: 

10.1016/j.ejsobi.2015.02.005.

Kuklinsky-Sobral J, Araújo, WL, Mendes R, Geraldi IO, 

Pizzirani-Kleiner AA, Azevedo JL. 2004. Isolation and 

characterization of soybean-associated bacteria and 

their potential for plant growth promotion. Environ 

microbiol, 6(12): 1244-1251. doi: 10.1111/j.1462-

2920.2004.00658.x.

Lorck H. 1948. Production of hydrocyanic acid by bacteria. 

Physiol Plant. 1:142–146. doi: 10.1111/j.1399-

3054.1948.tb07118.x.

Lugtenberg BJ, Malfanova N, Kamilova F, Berg G. 2013. 

Plant growth promotion by microbes. Molecular 

Microb Ecol Rhizosphere: Volume 1 & 2, 559-573. doi: 

10.1002/9781118297674.ch53. 

Mengoni A, Gonnelli C, Hakvoort HWJ, Galardi F, 

Bazzicalupo M, Gabbrielli R, Schat H. 2003. Evolution 

of copper-tolerance and increased expression of a 2b-

type metallothionein gene in Silene paradoxa L. 

populations. Plant Soil. 257(2): 451-457. doi: 

10.1023/A:1027325907996.

Niu DD, Liu HX, Jiang CH, Wang YP, Wang QY, Jin HL, 

Guo JH. 2011. The plant growth–promoting 

rhizobacterium Bacillus cereus AR156 induces 

systemic resistance in Arabidopsis thaliana by 

s i m u l t a n e o u s l y  a c t i v a t i n g  s a l i c y l a t e - a n d  

jasmonate/ethylene-dependent signaling pathways. 

Mol Plant Microbe Interact. 24(5): 533-542. doi: 

10.1094/MPMI-09-10-0213.

Patten CL, Glick BR. 2002. Role of Pseudomonas putida 

indoleacetic acid in development of the host plant root 

system. Appl Environ Microbiol. 68(8): 3795-3801. 

doi: 10.1128/AEM.68.8.3795-3801.2002.

Rocha FYO, de Oliveira CM. da Silva PRA, de Melo LHV, 

do Carmo MGF, Baldani JI. 2017. Taxonomical and 

functional characterization of Bacillus strains isolated 

from tomato plants and their biocontrol activity against 

races 1, 2 and 3 of Fusarium oxysporum f. sp. 

Lycopersici. Appl Soil Ecol. 120: 8-19. doi: 

10.1016/j.apsoil.2017.07.025.

Santoyo G, Moreno-Hagelsieb G, del Carmen Orozco-

Mosqueda M, Glick BR. 2016. Plant growth-promoting 

bacterial endophytes. Microbiol Res. 183: 92-99. doi: 

10.1016/j.micres.2015.11.008.

Silo-Suh LA, Lethbridge BJ, Raffel SJ, He H, Clardy J, 

Handelsman J. 1994. Biological activities of two 

fungistatic antibiotics produced by Bacillus cereus 

UW85. Appl Environ Microbiol, 60(6): 2023-2030.

Slininger PJ, Burkhead KD, Schisler DA. 2004. Antifungal 

and sprout regulatory bioactivities of phenylacetic acid, 

indole-3-acetic acid, and tyrosol isolated from the 

potato dry rot suppressive bacterium Enterobacter 

cloacae S11: T: 07. J Ind Microbiol Biotechnol. 31(11): 

517-524. doi: 10.1007/s10295-004-0180-3 .

Turenne CY, Tschetter L, Wolfe J, Kabani A. 2001. Necessity 

of quality- controlled 16S rRNA gene sequence 

databases: identifying nontuberculous Mycobacterium 

species. J Clin Microbiol. 39:3637-3648. doi: 

10.1128/JCM.39.10.3638-3648.2001.

Wahyudi AT, Astuti RP, Widyawati A, Mery A, Nawangsih 

AA. 2011. Characterization of Bacillus sp. strains 

isolated from rhizosphere of soybean plants for their 

use as potential plant growth for promoting 

rhizobacteria. J Microbiol Antimicrob. 3(2): 34-40.

Wan Y, Luo S, Chen J, Xiao X, Chen L, Zeng G, Liu C, He Y, 

2012. Effect of endophyte-infection on growth 

parameters and Cd-induced phytotoxicity of Cd-

hyperaccumulator Solanum nigrum L. Chemosphere. 

89: 743–750. doi: 10.1016/j.chemosphere.2012.07.005.

Xiang N, Lawrence KS, Kloepper JW, Donald PA, McInroy 

JA, Lawrence GW. 2017. Biological control of 

Meloidogyne incognita by spore-forming plant growth-

promoting rhizobacteria on cotton. Plant Dis. 101(5): 

774-784. doi: 10.1094/PDIS-09-16-1369-RE.

Yanti Y, Warnita, Reflin, Busniah M, 2017. Indigenous 

endophyte bacteria ability to control Ralstonia and 

Fusarium Wilt Disease on chili. International Seminar 

on Biodiversity, Medan, North Sumatra, 4-5 Nov 2017. 

122   YANTI ET AL. Microbiol Indones


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

