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Abstract 
 
The plant growth-promoting rhizobacteria (PGPRBs) is an interesting way to promote increased vegetable production. Here, we aimed 
to isolate, identify, and characterize PGPRBs by using biochemical tests, sequencing of 16S ribossomal DNA, in vitro and screening for 
indoleacetic acid production. The isolates were identified through VITEK® 2 Compact equipment, which is an automated system. We 
identified microorganisms such as Alcaligenes faecalis sp. faecalis, Pseudomonas putida, Proteus vulgaris, Providencia rettgeri, Serratia 
marcescens e Myroides sp. by performing vitek 2 biochemical tests. The analysis of sequencing data for 16S ribossomal DNA of the 
isolated bacteria showed presence of A. faecalis, Myroides sp., P. putida, P. vulgaris, Providencia sp. and Serratia sp. The in vitro 
screening of all isolated bacteria showed production of indoleacetic acid under presence of tryptophan, highlighting that higher 
concentrations were produced by Providencia sp. and Myroides sp. The rhizobacteria studied here have shown the potential to be used 
in the development of new products for plant growth-promoting. 
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Introduction 
 
The knowledge of biodiversity and bioprospecting of new 
micro-organisms have become one of the main focuses of 
the biotechnology era as application of organisms in areas of 
food, health, environment and industry are growing rapidly 
(Oliveira et al., 2006; Prathap and Ranjitha Kumari, 2015).  
Plant growth is influenced by the interaction of aerial parts 
through photosynthesis and roots with the rhizospheric 
environment through soil or planting substrate, which 
provides physical support and do offer water and nutrients 
to the plant, interacting with a complex of microorganisms 
(Luster et al., 2009). Rhizobacteria Plant Growth Promoter 
(PGPR) are stimulated by radicular pseudo exudates,  
colonizing the root system and promoting the growth of the 
plants, making them more vigorous, productive and healthy 
(Vazquez et al., 2000; Oliveira, 2004; Hayat et al., 2010; 
Backer et al., 2018). 
The mechanisms responsible for the promotion of plant 
growth by bacteria often includes production of indoleacetic 
acid (IAA) by the enzyme indolpyruvate decarboxylase in the 
presence of the amino acid tryptophan (Spaepen et al., 2009; 
Prathap and Ranjitha Kumari, 2015). Its main effect is to 
promote the growth of roots and stems, by stretching the 
newly formed cells in the meristems (Barazani and Friedman, 
1999). The phosphate solubilization can take place due to 
secretion of organic acids and phosphatases by some PGPRs, 
facilitating the conversion of the insoluble forms to soluble, 

making this nutrient available to the plants (Souchie et al., 
2005). This is fundamentally important because P is the 
second mineral that ts absence can limit plant growth (Chen 
et al., 2006). It is also affects production of diffusible 
antibiotics (Ahmad et al., 2008) and lytic enzymes such as 
chitinases (Kavino et al., 2010) to provide an efficient 
biological control of phytopathogens in nature (Bakker et al., 
2007).  
Bacterial isolates that produce IAA have stimulatory effects 
on plant growth. In wheat, bacterial isolates that produce 
high amounts of auxins on unsterilized soils, cause the 
maximum increase and development in the crop growth 
(Khalid et al., 2004). Even isolates that produce low amounts 
of IAA, their continuous release promotes plant growth 
(Tsavkelova et al., 2007).  
Patten and Glick (2002) found that application of 
Pseudomonas putida increased the primary growth of canola 
roots (Brassica campestris) from 35% to 50% due to the 
production of IAA. They directly demonstrated that the 
bacterial phyto-regulator plays an important role in root 
elongation when the bacterium is associated with the host 
plant. Similar effect was obtained by Cattelan (1999), with 
different isolates of Pseudomonas spp. in soybean.  
The rhizobacteria of the genus Serratia sp have been 
included among the phytormonium producers (Srinivasan et 
al., 1996; Buchenauer 1998). The potential of Serratia 



538 

 

marcescens isolate for cold tolerance and promotion of 
wheat growth was evaluated and significant increase in 
biomass and nutrient absorption along with increase in 
nutrient absorption was observed in wheat seedlings at 4 ºC. 
This phenomenon was attributed to the ability of the isolate 
to produce IAA and to solubilize phosphate, which positively 
influences the growth and development of the roots.  
In addition to the effects on plant size and development, 
auxin of bacterial origin plays an important role in seed 
germination. Azospirillum brasilense Az39 and 
Bradyrhizobium japonicum E109, are capable of excreting 
IAA in culture medium in a concentration sufficient to 
produce morphological and physiological changes in young 
maize (Zea mays L.) seeds tissue (Cassán et al., 2009). 
This study aimed at isolation and identification of 
rhizobacteria and to verify the mechanisms of action such as 
production of indoleacetic acid to promote plant growth 
using biochemical and molecular tools. 
 
Results and discussions 
 
Biochemical and molecular identification of rhizobacteria 
isolation  
 
According to the biochemical tests, the following 
species/isolates were identified: Alcaligenes faecalis ssp. 
faecalis isolate (99% probability), isolate Myroides spp. (98% 
probability), Pseudomonas putida (99% probability), Proteus 
vulgaris (99% probability), Providencia rettgeri (99% 
probability), and Serratia marcescens. The results were 
satisfactory since it is recommended that the accuracy of an 
automated system exceeds 90%. Some reports have 
confirmed that system had ability to identify commonly 
isolated organisms, with at least 95% accuracy compared to 
the conventional method (O’hara, 2006; Otto-Karg 2009).  
In order to confirm the biochemical identifications, 
molecular tests were performed, based on the 16S rDNA of 
the isolates. From the partial amplification of the 16S rDNA 
gene by PCR generated fragments of approximately 550 base 
pairs (bp) for the six rhizobacteria isolates (Fig 1). 
The nucleotide sequences corresponding to the PCR 
products of each isolate were determined by sequencing and 
submitted to the BLASTn algorithm. Species that shared 
more than 95% nucleotide identity with the six bacterial 
isolates were selected for pairwise sequence analysis (PASC). 
In the PASC analysis, the isolate 1A (gb|KC693027) was 
closer to the species: Alcaligenes faecalis, A. faecalis subsp. 
faecalis, A. faecalis subsp. parafaecalis with 99% nucleotide 
identity. However, it was not possible to characterize its 
subspecies. This result corroborates with the biochemical 
analysis, which identified this isolate as A. faecalis subsp. 
faecalis, with 99% probability.  
The sequence of isolate 2A (gb|KC693028) has proved 100% 
identity to the species Myroides odoratus. This isolate, 
belonged to the genus Myroides spp. by biochemical tests. 
Isolate 4A (gb|KC693026), shared 100% identity with the 
species Pseudomonas putida and P. rhizosphaerae. By 
biochemical tests this isolate was identified as P. putida with 
99% probability. 
Isolate 5A (gb|KC693029) has proved 100% identity to the 
species Proteus penneri and P. vulgaris. This isolate was 
biochemically characterized as P. vulgaris with 99% 
probability. Isolate 6A (gb|KC693030) proved 97% identity 
with the species Providencia rettgeri and P. vermicola. 

Biochemical analysis identified this species as P. rettgeri with 
99% probability. Finally, isolate 8A (gb|KC693031) shared 
100% identity with Serratia marcescens and S. 
nematodiphila. However, 8A isolate was biochemically 
identified as Serratia marcescens with 95% probability.  
Phylogenetic analysis revealed the distribution of the six 
isolates in six different groups, which corresponded to the 
genus Alcaligenes sp., Pseudomonas sp., Proteus sp., 
Providencia sp., Serratia sp., and Myroides sp. (Fig 2). 
Group 1, represented by genus Alcaligenes, including isolate 
1A (gb|KC693027) which grouped in a branch with 100% 
probability with the species A. faecalis, A. faecalis subsp. 
faecalis and A. faecalis subsp. parafaecalis. Alcaligenes 
faecalis is related to the biological control against pathogens 
and the promotion of plant growth (Honda et al., 1998; 
Sayyed et al., 2010; Gholamalizadeh et al., 2017). The plant 
growth promoting characteristics of A. faecalis includes 
production of AIA and phosphate solubilization (Sayyed et 
al., 2010; Gholamalizadeh et al., 2017). The isolate 4A 
(gb|KC693026) classified in the second group, represented  
the genus Pseudomonas, grouping with 88% probability with 
two species of P. putida, which is an important plant growth 
promoting bacterium (Matilla et al., 2011; Hernández-
Montiel et al., 2017) and P. rhizosphaerae, isolated 
bacterium of marine environment, which has been reported 
as a potential biocontrol agent (Paternoster et al., 2010). The 
third group represented by the genus Proteus sp., included 
isolated 5A (gb|KC693029), grouped with the species P. 
penneri and P. vulgaris. The P. vulgaris and P. penneri species 
are closely related, being differentiated by the production of 
indole, salicin, esculin and resistance to chloramphenicol, 
which are not synthesized by the last one (Hickman, 1982). 
The production of auxin (indole-3-acetic acid) via tryptophan 
was detected by isolate 5A (Fig 3), indicating as indole 
positive. This fact contributes to increasing the possibility of 
this isolate belonging to P. vulgaris specie. Isolate 6A 
(gb|KC693030) was placed in the fourth group, represented 
by the genus Providencia sp., which is next to the group of 
the species P. rettgeri and P. vermicola. P. rettgeri. It is an 
opportunistic pathogen associated with human urinary tract 
infections (Manos and Belas, 2006). P. rettgeri found in 
association with Nicotiana tabacum (tobacco) was able to 
phosphate-solubilizing and siderophore production showing 
its potential as promoting plant growth (Gao et al., 2016). 
However, P. vermicola, presented deaminase activity, which 
caused the increase in the size and number of mung bean 
(Vigna radiata) roots (Akhtar and Ali, 2011). It has reportedly 
promoted the germination of cauliflower and cabbage seeds 
(Gowtham et al., 2015). The fifth group corresponded to the 
genus Serratia sp., where it was grouped the isolate 8A (gb| 
KC693031) along with S. marcescens and S. nematodiphila. 
The two of the bacteria commonly reported as plant growth 
promoters by inducing resistance against plant pathogens, 
production of antagonist substances (Queiroz and Melo, 
2006), phosphate solubilization and auxin production 
(Tripura et al., 2007; Dastager et al., 2011; Khan et al. 2017; 
Santosa et al., 2018).  
The sixth and last group was represented by the genus 
Myroides. The isolate 2A (gb|KC693028) was identified as 
belonging to the species Myroides odoratus, with 93% of 
reliability based on phylogenetic analysis of rRNA. Myroides 
odoratus has been reported as an opportunistic pathogen 
related to hospital infections, in addition to being able to  
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Fig 1. Electrophoretic PCR pattern of 500bp fragments of the DNAr16S gene on 1.2% agarose gel. (M) Molecular weight marker 
(100pb). The numbers 1, 2, 3, 4, 5, 6, 7 and 8, represent the isolates 1A, 2A, 3A, 4A, 5A, 6A, 7A and 8A, respectively.  
 

Fig 2. Comparisons of nucleotide sequences of the 16S DNAr gene among six rhizobacterial isolates of this work and other bacteria 
available from GenBank. 1, 2, 4, 5, 6, 8, bacterial isolates belonging to this work; Ser N - Serratia nematodiphila; Ser M - Serratia 
marcescens; Prov V - Providencia vermicola; Pro R - Providencia rettgeri; Alc F - Alcaligenes faecalis; Alc FSF - Alcaligenes faecalis 
subsp. faecalis; Alc FSP - Alcaligenes faecalis subsp. parafaecalis; Pseud F - Pseudomonas  fluorescens; Pseud S - Pseudomonas  
syringae; Pseud P - Pseudomonas  putida; Pseud R - Pseudomonas  rhizosphaerae; Myr M - Myroides marinus; Myr OM - Myroides 
odoratimimus; Myr OT - Myroides odoratus. 
 

 
Fig 3. Growth dynamics and IAA concentration of the six isolates, monitored by OD measurement at 600nm, at intervals of 6 hours 
of growth and concentration of IAA at 530nm. 

Bactéria 1A 2A 4A 5A 6A 8A Ser N Ser M Prov V Prov R Prot P Prot V Alc F Alc FSF Alc FSP Pseud F Pseud S Pseud P Pseud R Myr M Myr OM Myr OT

1A 100

2A 74 100

4A 88 80 100

5A 79 79 85 100

6A 80 77 85 94 100

8A 81 77 85 94 96 100

Ser N 81 78 85 94 96 100 100

Ser M 81 78 85 94 96 100 100 100

Prov V 82 78 86 95 97 98 98 98 100

Prov R 81 78 85 95 97 98 98 98 99 100

Prot P 79 79 85 100 94 94 94 94 95 95 100

Prot V 79 79 85 100 94 94 94 94 95 95 100 100

Alc F 99 74 87 79 80 81 81 81 99 80 79 79 100

Alc FSF 99 74 87 79 80 81 81 81 99 80 79 79 100 100

Alc FSP 99 74 87 79 80 81 81 81 99 80 79 79 100 100 100

Pseud F 87 80 99 85 85 85 85 85 85 85 85 85 87 87 87 100

Pseud S 88 80 99 85 85 85 85 85 86 85 85 85 87 87 87 99 100

Pseud P 88 80 100 85 85 85 85 85 86 85 85 85 87 87 87 99 99 100

Pseud R 88 80 100 85 85 85 85 85 86 85 85 85 87 87 87 99 99 99 100

Myr M 74 96 79 77 77 76 77 77 77 77 78 78 73 73 73 79 79 79 79 100

Myr OM 73 95 79 77 76 76 76 76 77 77 78 78 72 76 72 79 79 79 79 99 100

Myr OT 74 100 80 79 77 77 78 78 78 78 79 79 74 74 74 80 80 80 80 96 96 100
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Fig 4. Solubilization halos of inorganic phosphate (CaHPO4)2 by Pseudomonas putida and Providencia sp. isolates grown in NYDA pH 
7.0 at 28ºC for seven days. 
 
produce biofilm (Jacobs and Chenia, 2009). However, M. 
odoratus obtained from rice rhizosphaere was able to 
produce IAA and beta-1,3 glucanase showing potential to act 
in the promotion of plant growth and as a biocontrol agent 
(Amruta et al., 2018). PASC and phylogenetic analysis based 
on the partial sequence of the 16r rDNA gene allowed the 
identification at the genus level of the six rhizobacteria 
isolates. However, it was not possible to confirm the identity 
of the species which has been found by biochemical 
methods. 
 
Colorimetric quantification of IAA synthesized via 
tryptophan 
 
All the isolates studied in this research were able to produce 
IAA. However, the production of the Serratia isolate was 
incipient (0.6 μg.mL

-1
). The highest concentrations of IAA 

were obtained by the Providencia isolate, which reached 24 
μg.mL

-1
 followed by Myroides 24 μg.mL

-1
, Alcaligenes 20 

μg.mL
-1

, Pseudomonas 18.37 μg.mL
-1

, and Proteus 16.53 
μg.mL

-1
, at 72 h growth. This result is in agreement with the 

literature showing that more than 80% of the bacteria 
isolated from the rhizosphere are capable of producing the 
AIA growth regulator (Barazani and Friedman, 1999; Khalid 
et al., 2004; Panhwar, 2014).  
Rhizosphere bacteria, which produce IAA, can perform 
functions in promoting plant growth, especially in the early 
stages of development and in the rooting process. It is 
known that this stimulus is dependent on the amount of 
hormone produced, since the excess of it can delay or even 
inhibit the growth of the plant (Trabelsi, 2017).  
In plants, the microbial IAA produced by bacteria of the 
genus Azospirillum, Alcaligenes faecalis, Klebsiella, 
Enterobacter, Acetobacter diazotrophicus, Pseudomonas, 
Enterobacter Xanthomonas, Herbaspirillum seropedicae, 
Rhizobium and Bradyrhizobium sp., has been related to the 
growth stimulus. The quantities of IAA excreted by the 
isolates depend on the species or even the strain under 
study, as well as on the conditions, under which organisms 
are cultured, such as presence or absence of the IAA 
precursor in the culture medium (tryptophan), oxygenation, 
pH and growth phase in which the isolates (Pedraza et al., 
2004) are found.  
The results observed for the isolates of Providencia and 
Myroides, overpassed most reports in the literature. Several 
studies have identified bacterial strains producing IAA, 

(Rocha et al., 2011; Oliveira, 2009; Verma et al., 2001; Xie et 
al., 1996; Fuentes-Ramirez et al., 1993; Fett et al., 1987). 
The species Pseudomonas putida has been observed as a 
merit producer of IAA, reaching IAA levels of 14.5 μg.mL

-1
 

with 50 μg.mL
-1

 of Trp; 22.5 μg.mL
-1

 with 100 of Trp and 26.2 
μg.mL

-1
 with 220 μg.mL

-1
 of Trp (Patten and Glick, 2002). 

Contrarily, this species presented lower results in this study.  
The bacterial IAA is a secondary metabolite and is therefore 
produced in the stationary phase of bacterial growth. 
However, the duration of the stationary phase depends on 
each species. Thus, it is necessary to know the behavior of 
each isolate, to read auxin synthesis at different times of 
bacterial development. It makes determination of period, 
during which maximum hormone synthesis occurs, possible 
(Cerigioli, 2005). In addition to, the knowledge of the 
stationary phase for auxin reading, the growth curve 
provides the relationship between bacterial density and 
hormone production. 
The isolates of Alcaligenes, Myroides, Pseudomonas, Proteus 
and Providencia (Fig 4) started a production before bacterial 
growth and reached a stationary phase. This effect may be 
related to the culture medium used for the bacterial growth 
(nutrient broth) containing yeast extract, rich source of 
amino acids and tryptophan (Yamada et al., 2003). It was 
observed that the concentrations of IAA was increased 
starting from 30 hours of incubation and optical density 
between 0.5 and 2.0 and were not observed in the 
production. The levels of IAA produced by bacteria depend 
on the bacterial growth, metabolic activity and the 
expression of genes that encode enzymes for an IAA 
biosynthesis (Lambrecht et al., 2000). Hence, a nutritional 
deficiency may inhibit a production of this phytohormone. 
The amounts of IAA excreted by the isolates depend on the 
species or even the strain under study, as well as on the 
conditions, under which the organisms are cultivated, such 
as: presence or absence of the IAA precursor in the culture 
medium (tryptophan), oxygenation, pH and growth phase 
(Pedraza et al., 2004).  
 
Phosphate solubilization test 
 
Only the isolates of P. putida and Providencia presented a 
halo around the colonies (13.5 and 8.8 mm, respectively) 
indicating the phosphate solubilization potential (Fig 4). 
These solubilization halos were superior to those observed 
by Silva Filho and Vidor (2000), Massenssini et al. (2008), in 
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which halo diameters ranged from 2 to 7 mm for 
Pseudomonas, and 2 to 5 mm for Bacillus.  
This ability has been attributed to the ability to change the 
pH of the medium through the release of organic acids such 
as citrate, lactate, succinate (Hariprasad and Niranjana, 
2009). However, acid phosphatases are of great importance 
for organic phosphorus mineralization (Souchie et al., 2005). 
The solubilization of calcium phosphate may have 
contributed to the greater availability of this element, 
increasing resistance to disease. This is a fact that should be 
observed is the ability of these bacteria to facilitate the 
absorption of calcium by the plant. 
The proposed work on growth-producing bacteria revealed 
that A. faecalis sp faecalis, Myroides sp, Pseudomonas 
putida, Proteus vulgaris, and Providencia sp isolates 
produced significant amounts of IAA. In addition, the isolates 
of Pseudomonas putida, and Providencia sp were able to 
solubilize phosphate. This is the first report of Myroides sp. 
as rhizobacteria growth promoter and producer of IAA, and 
Providencia sp as phosphate solubilizer.  
 
Materials and methods 
 
Isolation of rhizobacteria 
 
The isolates used in this study were removed from the roots 
of vegetable crops and stored in nutrient broth (bacterial 
pools). 
In the isolation process, a 100 μL aliquot of each pool was 
distributed in a 9.0 cm diameters Petri dishes, with different 
blood agar and Levine culture medium (prepared according 
to the manufacturers recommendations), scattered with 
Drigalsky spatula. The cultures were incubated in a BOD 
incubator at 28 °C. The same procedure was repeated in 
CHROMagar BD medium, where the colonies formed with 
different staining and morphology were repeated with 
platinum loop. Sequentially, the procedure was conducted to 
the BD CHROMagar medium and to the media -BD MPac-
Agar-Pseudomonas and Agar-Cled- BIOGEN, because they 
are medium deficient in electrolytes making possible the 
isolation of the genus Proteus sp. The present isolates are 
mobile, facilitating the contamination between them. 
Subsequently, the isolates were submitted to the Gram test. 
 
Biochemical tests for identification of isolates 
 
Biochemical analysis were performed using the VITEK® 2 
Compact equipment (bioMérieux, Inc.) (Crowley et al., 
2012). Colonies of each isolate with 18-24 hours of culture 
were resuspended in NaCl -0.85% in a test tube to be 
connected through a small tube to the biochemical card for 
Gram- or + bacteria (already Identified by the Gram staining 
test) and then placed in VITEK® 2 system for reading and 
identification of the isolates, according to the manufacturer's 
specifications. 
 
16S rDNA sequence analyzes  
 
DNA extraction  
 
Total genomic DNA was extracted according to the protocol 
of Ausubel et al. (2003) and quantified on 8% agarose gel in 

Tris Acetate EDTA buffer (TAE) and stained with 0.5 μg/ml 
ethidium bromide.  
 
16S rDNA bacterial amplification 
 
Approximately 500 pb amplification of the bacterial DNA of 
the 16S region was performed using the universal primers 
EUBF 933: 5 'GCACAAGCGGTGGAGCATGTG and EUBr 1387: 5' 
GCCCGGGAACGTATTCACCG (Iwamoto et al., 2000). 
The reactions were carried out to a final volume of 50 μL in 
35 cycles of amplification, in four distinct stages: 
Denaturation of the viral DNA strand at 94 °C for 30 seconds, 
ringing the primers at 56 °C for 1 minute, extension of new 
DNA strands at 72 °C for 1 minute and final extension at 72 
ºC for 10 minutes. 
 
Bacterial 16S DNA fragment sequencing 
 
The Direct sequencing of PCR products was performed by 
MACROGEN Inc., Seoul, South Korea. Sequences obtained 
were aligned with sequences deposited in the GenBank / 
NCBI database (www.ncbi.nlm.nih.gov/) "National Center for 
Biotechnology Information "using the BLAST tool," Basic 
Local Alignment Search Tool ". 
To determine the percentage of nucleotide sequence 
identity between the bacterial isolates of this work and 
other bacterial sequences deposited in GenBank, additional 
pairwise nucleotide pairwise analysis were performed with 
the DNAMan v.6.0 (LynnonCo.) program, using the optimal 
alignment option following parameters: Ktuple = 2, Gap 
penalty = 7, Gap open = 10, Gap extension = 5. 
 
Phylogenetic analysis 
 
Phylogenetic analysis consisted of the construction of a tree 
based on the "Maximum Likelihood" method, using 
approximately 400 nucleotides from the DNAr 16S region of 
the isolates and other nucleotide sequences from more 
closely related bacteria already deposited in GenBank. For 
maximum likelihood analysis, the nucleotide sequences were 
initially aligned with the MUSCLE tool available in the MEGA 
5.05 program. 
Alignment was later used to determine the best nucleotide 
substitution model with the "Find Best-Fit Substitution 
Model" tool available in the same program. The best 
substitution model chosen was the Kimura 2 parameters, 
which takes into account the transitional substitution rates 
(A <-> G, purine for purine, or T <-> C, pyrimidine for 
pyrimidine) and transverse substitution rates (purine to 
pyrimidine, or vice versa). The model also assumes that all 
bases are equally frequent (Kimura, 1980). The reliability of 
the tree branches was calculated by bootstrap analysis with 
10,000 replications. 
 
Indoleacetic acid (IAA) colorimetry quantification 
 
Each isolate was multiplied by the striped method in Petri 
dishes under nutritive medium agar-dextrose-yeast extract - 
NYDA. The colonies with 24 hours growth were removed 
from the surface of the culture medium with platinum 
handler and placed in test tubes with 0.5 mL sterile distilled 
water (SDW). The bacterial suspension was prepared so as to 
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obtain a standard concentration of 10
7
 colony forming units 

(CFU) / ml, according to the MacFarland Scale.  
Aliquots of 13 mL of bacterial suspension were collected 
every six hours, and then agitated for five minutes. Then 3 
mL of aliquots was taken for optical density (OD) 
quantification at 600 nm, and 10 mL centrifuged at 7,000 xg 
for 10 minutes at 15 °C and the supernatant collected for 
analysis of the IAA quantification. The quantity of IAA per ml 
of the culture supernatant was estimated with the modified 
Gordon and Weber protocol (Gordon and Weber, 1951). 
The color intensity was determined on spectrophotometer, 
UV / VIS (Perkin Elmer UV / VIS Lambda 2), with absorbance 
reading at 530 nm. The nutrient broth (1mL) was used as a 
"white" and nutrient broth with addition of 200 μg mL

-1
 

tryptophan (1 mL) as negative control. The IAA concentration 
was estimated using a standard curve, prepared with the 
culture medium, with addition of 200 μg mL

-1
 of tryptophan 

and known amounts of the hormone, which were obtained 
by dilutions of 1.0 to 200 mg mL- (Sigma-Aldrich). The 
experimental design was completely randomized with eight 
treatments and three replicates. The analysis were 
performed using the statistical software SISVAR® version 5.3. 
 
Conclusions 
 
Information obtained through biochemical tests allowed the 
isolates to be identified as Alcaligenes faecalis ssp. faecalis, 
Pseudomonas putida, Proteus vulgaris, Providencia rettgeri, 
Serratia marcescens and Myroides sp. The sequencing of 16S 
rDNA gene was not capable of identify all species. Isolates of 
A. faecalis ssp. faecalis, Myroides sp., P. putida, P. vulgaris 
and Providencia sp. produced IAA in significant amounts. The 
isolates of Pseudomonas putida and Providencia sp. were 
able to solubilize phosphate. The rhizobacteria interfered 
positively in the development of collard greens, bell pepper 
and tomato seedlings, in which the Providencia sp. isolate, 
stood out. This is the first report of Myroides sp. as growth 
promoting rhizobacteria and IAA producer, and Providencia 
sp. as phosphate solubilizer. 
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