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ABSTRACT
Plant growth promoting rhizobacteria (PGPR) are of great importance in agriculture for better crop yield
without pathological stress to plants and soil as well. Indole Acetic Acid (IAA), one of the plant growth
promoting components, is an important property of rhizosphere bacteria which facilitates adequate crop
yield. It is already reported that IAA producing bacteria is an efficient biofertilizer in agriculture to promote
plant growth. Hence, isolation of such bacteria is very crucial for agriculture fields for better nutrition. The
present study is aimed to isolate IAA producing bacteria from different forest soils (Salugu,
Vanthalamamidi, Panneddu mailu, Dallapalle and Gurragaruvu village) of Paderu mandal, Vishakhapatnam
district, India. Organisms isolated from these rhizosphere soils were characterized and screened for IAA
production. Among the 55 isolated bacteria, 6 isolates (from Gurragaruvu village) showed IAA producing
activity and out of these 6 isolates one isolate showed high IAA production. Then 16S rRNA gene
sequencing was performed for this promising isolate and based on the sequence homology, the bacterial
isolate is identified as Klebsiella Pneumonia.
Keywords: Klebsiella pneumonia, IAA, PGPR, In vitro and 16S rRNA

1. INTRODUCTION
Microorganism associated with the rhizosphere
promotes the exchange of plant nutrients, minimizes
the chemical fertilizers usage and promotes plant
growth as well as soil fertility [1]. Application of
such beneficial microbes sustains the soil physiology
[2]. Plant growth promoting bacteria are the natural
potential resource which colonize roots of plants and
stimulate growth and yield directly and indirectly [3].
The rhizosphere bacteria appear to have a greater
potential to synthesize and release IAA as secondary
metabolites than normal soil microbiota because of -

the relatively rich supply of nutrients from the root
exudates in the rhizosphere [1, 3]. Many rhizosphere
bacteria have the capacity to synthesize Iodole Acetic
acid (IAA) that has pronounced effect on plant
growth and development [1, 2]. Production of IAA by
microbial isolates varies greatly among different
species or strains that depend on the availability of
substrates.
Rhizosphere, a narrow region of soil that is directly
influenced by root secretions and associated
microorganisms with high microbial diversity [4].
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Phytohormone, especially indole-3-acetic acid plays
an important role in the plant growth regulation like
cell enlargement, cell division, cell elongation and
root initiation by tryptophan dependent and
independent pathways [5]. Rhizospheric colonization
of cereal crop plants and plant growth promoting
activity involving indole-3-acetic acid (IAA)
production by Klebsiella sp. and Bacillus sp. has
been well documented [4, 6, 7]. Klebsiella species
have been isolated and studied for IAA production
from rhizosphere of sugarcane [8], soya bean [9], rice
[6], pearl millet [10] and Kentucky blue grass [9].
Iodole acetic acid (IAA), a phytohormone, is
produced in young leaves and stems from
transamination and decarboxylation reactions of
tryptophan [11]. Effect of IAA on plants are
significant and some of them are promotes cambial
activity, delays in abscission of leaves and induces
flowering and fruits production [12]. Therefore, IAA
has much importance in plant growth promotion as
well as soil fertility and here the present study is
conducted to isolate the potential IAA producing
bacterial strain from forest soil samples around
different places of Paderu Mandal, Visakhapatnam
District, India. The potent IAA producing bacteria is
further characterized by 16S rRNA sequence.

described by Loper and Scroth [14]. Briefly, Isolates
were grown in nutrient broth supplemented with
tryptophan (1 mg/ml) at 30oC for 72 hrs in incubator
to get confluent growth. After incubation, cultures
were centrifuged at 3000 rpm for 5 min. To 1 ml of
the supernatant, 2 ml of Salkowski’s reagent (50 ml
35% Perchloric acid; 1 ml 0.5 FeCl3) were added and
incubated at dark room, for 25 mins. Pink color
formation confirmed the presence of IAA in the
supernatant. Quantification of IAA produced by the
PGPR was done spectrophotometrically read based
on the absorbance of the treated supernatant at 535
nm by Hitachi U-2910 spectrophotometer. The
concentration of IAA produced by the isolate in the
broth was quantified by comparing the standard
graph made using standard IAA procured from
Himedia Laboratories Pvt Ltd, India.
3.

Identification of selected bacteria

Selected IAA producing bacterial isolate was
identified by colony morphology, microscopic
examination, screening for properties study and
biochemical characteristics following Bergey’s
Manual [15] by performing tests such as catalase,
oxidase, insole, methyl red, citrate utilization, starch
hydrolysis, carbohydrate fermentation i.e. glucose,
sucrose, mannitol, lactose and urea utilization etc.

2. MATERIALS AND METHODS
2.1 Collection of Samples
To isolate most efficient IAA producing PGPR, soil
samples were collected from forest of Paderu,
Visakhapatnam district, Andhra Pradesh, India. Here
we have selected paderu area to isolate the potent
bacteria because of fully vargin forest soil and it has
significant variations in the soil nutrients reported by
[13] through geo statistical analysis. 1 kg of each
rhizospheric soil sample was brought to the
laboratory in the sterile polythene bags.
2.2 Isolation and purification of bacterial isolates
Soil attached to the roots was removed followed by
preparation of serial dilutions. Dilutions were plated
on nutrient agar (Hi-Media) and the plates were
incubated at 30oC for 48 h. Morphologically distinct
colonies from agar plates were selected and purified
by repeated culturing and stored in nutrient broth
containing 15% glycerol at -4oC temperature.

4.1. Molecular Identification of selected IAA
producing bacteria Using 16S rRNA Gene
sequencing
4.1.1. DNA Extraction
Bacterial Genomic DNA was isolated using the
InstaGeneTM Matrix Genomic DNA isolation kit –
We followed the procedure according to the
instructions provided by the manufacturers. Briefly,
an isolated bacterial colony was picked and suspend
in 1ml of sterile water in a microfuge tube. Then
centrifuged at 10,000 to 12,000 rpm for 1 minute.
Later, 200μl of Insta Gene matrix is added to the
pellet and incubated at 56°C for 15 minutes. After
that it was vortex at high speed for 10 seconds and
placed the tube in 1000C in heat block or boiling
water bath for 8 minutes. Finally, again was vortex at
high speed for 10 seconds and centrifuged at 10,000
– 12,000 rpm for 2 minutes. From the supernatant
20µl was taken for PCR reaction.
4.1.2. PCR Protocol

2.1.3. In Vitro Screening for IAA Production
The IAA production by the isolates was screened
under in vitro conditions by the standard method

1μL of template DNA has taken in 20µl of PCR
reaction solution. 27F/1492R Primers were used for
bacteria, and then PCR reaction performed with

Isolation and characterization of IAA producing strain from rhizospheric forest soil
89

Devi Soundarya and Padal /Malaya Journal of Biosciences 2017, 4(2):88-96

below conditions. Initial denaturation at 94℃ for 2
min and then 35 amplification cycles at 94℃ for 45
sec, 55℃ for 60 sec and 72℃ for 60 sec. Final
Extension at 72℃ for 10 min. Included a positive
control (E. coli genomic DNA) and a negative control
in the PCR.

simulated data, while being one order of magnitude
faster. PhyML was shown to be at least as accurate as
other existing phylogeny programs using simulated
data, while being one order of magnitude faster. The
program Tree Dyn 198.3 was used for tree rendering
[18].

4.1.3. Purification of PCR products

5. RESULTS

Removed the unincorporated PCR primers and
dNTPs from PCR products by using Montage PCR
Clean up kit (Millipore). The PCR product was
sequenced using the 518F/800R primers. Sequencing
reactions were performed using an ABI PRISM®
BigDyeTM Terminator Cycle Sequencing Kits with
AmpliTaq® DNA polymerase (FS enzyme) (Applied
Biosystems).

Rhizosphere soil samples from five different villages
around Paderu mandal were collected to identify the
potential IAA producing strain. The geographical
locations of the collected sites (except Panneddu
mailu) were presented in Figure 1. R5H isolate
shown in Figure 2. A total of 55 bacterial isolates
were identified from the collected soil samples based
on morphological characters and screened for In vitro
IAA production. Among 55 bacterial isolates, 6
isolates (R5 series collected from Gurragaruvu
village) were found to produce pink color with
Salkowski’s reagent, which revealed that these
organisms produce IAA in the presence of tryptophan
(1mg/ml) (Fig. 3). IAA production from isolates of
R5 series are mentioned in Table 1. In this R5 series,
R5H isolate has shown high concentration of IAA
(75.61 ± 4.6) in comparison to other strains.R5
Series, plant growth promoting activities shown in
(Table 2) Hence, R5H is focused to study further
biochemical parameters (Table 3). To confirm species
level, the present potent R5H isolate was
characterized by molecular 16S rRNA gene
sequencing (Figure 4). The resulted sequence was
checked with the BLAST alignment for similarity
matches and the phylogenetic relationship is
presented in Figure 5.

4.1.4. Sequencing protocol
Single-pass sequencing was performed on each
template using below 16S rRNA universal primers.
The fluorescent-labeled fragments were purified from
the unincorporated terminators with an ethanol
precipitation protocol. The samples were resuspended
in distilled water and subjected to electrophoresis in
an ABI 3730xl sequencer (Applied Bio-Systems).
Using below 16S rRNA Universal primers gene
fragment was amplified by MJ Research Peltier
Thermal Cycler. Sequence data was aligned and
analyzed for Identifying the Sample.
4.1.5. Primer Details
Primer

Sequence Details

Number of
Base

27F

AGAGTTTGATCMTGGCTCAG

20

1492R

TACGGYTACCTTGTTACGACTT

22

4.1.6. Bioinformatics protocol
The 16s r RNA sequence was BLAST using NCBI
BLAST similarity search tool. The phylogeny
analysis of our sequence with the closely related
sequence of BLAST results was performed followed
by multiple sequence alignment. The program
MUSCLE 3.7 was used for multiple alignments of
sequences [16]. The resulted aligned sequences were
cured using the program Gblocks 0.91b. This
Gblocks eliminates poorly aligned positions and
divergent regions (removes alignment noise) [17].
Finally, the program PhyML 3.0 aLRT was used for
phylogeny analysis and HKY85 as Substitution
model. PhyML was shown to be at least as accurate
as other existing phylogeny programs using

6. DISCUSSION
The most widely studied group of PGPR inhabiting at
root surfaces of plants and the closely adherent soil
surface, the rhizosphere [19]. The plant rhizosphere is
a useful and essential parameter for microbes-plants
interactions for better nutrition to promote plant
growth [20]. Previously reported that the PGPR
inoculants supports the plant growth parameters like
germination rate, seedling emergence, sustains to
external stress factors and immunity towards diseases
[21]. According to the previous studies rhizosphere
isolates are more efficient auxin producers then the
bulk soil [22]. The present R5H isolate is gram
negative organism which supports the earlier studies
about most IAA producing organisms are Gram
negative [23 and 24] and few bacillus strains, gram
positive, known to produce IAA [25]. Mirza et al.,
[26] reported that IAA production levels are varies
from species to species and also depends on other
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Figure 1: Geographical location of the sample collected sites. A. Gurragaruvu, B. Vanthalamamidi, C. Salugu and
D. Dallapalle

Figure 2: R5 H- Isolate
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R5A R5B R5C R5D R5E R5F R5G R5H R5I R5J

Figure 3: IAA Production by rhizosphere isolates (R5 H) showing pink color formation after addition of
Salkowski’s reagent

Table 1. Consolidated result showing the concentration of IAA (μg/ml) produced by the Rhizosphere Isolates under
in vitro conditions.
S. No.

1
2
3
5
5
6

Isolate

R5- A
R5- B
R5- C
R5- G
R5- H
R5- I

Concentratiom
Mean ± SD
(μg/ml)
13.43 ± 3.5
15.67 ± 3.3
11.33± 6.7
43.33 ± 8.4
75.61 ± 4.6
51.12 ± 9.3

Table2. Plant growth promoting activities of Rizosphere Isolates.
Organism
Code
R5 A
R5 B
R5 C
R5 D
R5 E
R5 F
R5 G
R5 H
R5 I
R5 J

Amylase
(Starch)

+
+

Protease
(Gelatin)

++

Chitin

IAA

Catalase

+

+
+
+

+
+
+
+
+
+
+
+
+
+

+
++

+
++
+

Phosphate
solubilizing

+

+
++
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Table 3. Morphological and biochemical characteristics of R5H isolate
Name of test
Media

Result
Nutrient Agar

Colony morphology

Name of test
Lysine

Result
- ve

Starch

+ ve

Surface

Smooth

Raff nose

+ ve

Size

Medium

Sucrose

+ ve

Color

Cloudy

Lactose

+ ve

Form

Circular

Maltose

+ ve

Texture

Mucoid

Trehalose

+ ve

Elevation

Raised

Cellobiose

+ ve

Margin

Entire

Mellibiose

+ ve

- ve rod shape

Ribose

+ ve

Salt 0 %

++ ve growth

Arabinose

+ ve

Salt 3 %

+++ ve growth

Xylose

+ ve

Salt 6%

+ ve growth

Ramones

+ ve

Salt 8%

+ ve growth

Mannose

+ ve

Salt 10%

No growth

Galactose

+ ve

Salt 12%

No growth

Fructose

+ ve

Catalse

+ ve

Adonitol

- ve

Oxidase

- ve

Mannitol

+ ve

Gram stain

Nitrate

+ ve

Sorbitol

+ ve

H2S

- ve

Dulcitol

+ ve

Urease

- ve

Inositol

+ ve

Iodole

- ve

Myoinositol

+ ve

Methyl red

- ve

Salicilin

- ve

Voges prosecure

+ ve

Asculine

+ ve

Citrate

+ ve

Chromogenic UTI agar

bluish green color growth

Gelatin

- ve

EMB

Transparent growth

Casein

- ve

MAC

Cream color growth

Ornithine

- ve

Kings

cream color growth

Arginine

- ve

TCBS

Yellow color growth

CGAAGGTTAGATGTCGATTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTAC
GGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGA
ACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTC
GTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTAGGCCGGGAACTC
AAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTG
CTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGC
AACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGC
CCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTCATGACTGG
GGTGAAGTCGTAACAGGGAAACCGTAAAAAAGGAGG

Figure 4: 16S rRNA sequence of R5H isolate
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Figure.5. Phylogenetic relationship of R5H isolate on partial 16S rRNA gene sequences with 16S rDNA reference gene
sequences available in NCBI. Based on the reference sequences after BLAST, the present isolate belongs to the phylum
Proteobacteria, Class Gammaproteobacteria, order Enterobacteriales, family Enterobacteriaceae Genus Klebsella and species
pneumoniae.

parameters supports the present study where among
all strains, 6 isolates are IAA positive strains and the
IAA production levels are varying among R5 series
isolates. Van Urk Salkowski reagent is the best choice
in detection of IAA production qualitative as well as
quantitate studies because of its specific reaction
towards IAA [27] and in the present experiment the
IAA production levels are within the limits of
Salkowski reagent [28]. Among all bacterial isolates,
R5G and R5I strains found to be medium IAA
production and R5H is the best IAA producing
bacteria (75.61 ± 4.6 µg/ml) in this series as shown in
Figure 2 and Table 1. Hence for further
characterization R5H was selected and it was
identified by 16S r RNA gene sequencing as K.
pneumoniae. Production of IAA is considered as an
effective parameter for screening the beneficial
microorganisms where these bacteria have profound
effect on plant growth [29 and 30]. Thus, these IAA
producing Klebsiella strain is considered for further
studies to reveal the significance on plant growth
under controlled condition.

directly applied to crop fields in
formulations for sustainable agriculture.
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