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ABSTRACT

Plant Growth-Promoting Rhizobacteria (PGPR)
inhabiting the area around the plant roots or in plant
tissues and stimulate plant growth directly or
indirectly. Synthesis of the phytohormone auxin
indole-3-acetic acid (IAA) is one of the direct
effects of PGPR on plant growth. This study aimed
to isolate and screen IAA producing bacteria from
soil and study the impacts of the alkalinity and
salinity on IAA production and total antioxidant
activity of the highly IAA producing strain. From
the fifteen isolates tested, six were selected as
efficient IAA producer, from which one isolate was
highly IAA producer. The highly producing isolate
was identified based on molecular characteristics
using 16S rRNA. The sequence analysis showed
99% similarity with Bacillus subtilis from GenBank
data base. The strain yielded IAA in a wide range of
pH (5-9), giving its maximum [AA production at pH
8. High IAA concentration was also observed in the
presence of 0.5% and 1% NaCl in comparison with
control (with no NaCl). Furthermore, the results
indicated that, total antioxidant was increased in
acidic (pH 5 and pH 6) and alkaline (pH 8) media,
as well as in salinity up to 2%. This study could be
stated as the prospective of IAA producing bacterial
isolate in the field, as a result, using it as alternative
valuable biofertilizer.

Keywords: Bacillus subtilis; Indole acetic acid;
Soil; Salinity; Antioxidant; Sequencing.

1. INTRODUCTION

Microorganisms especially bacteria produce
promoting compounds which promote and improve
nutrient uptake, plant growth and plant tolerance
to abiotic and biotic stress. Rhizosphere bacteria
(rhizobacteria) and soil-borned bacteria enhance
plant growth by many mechanisms referred to as
Plant Growth Promoting Rhizobacteria (PGPR) [1].
They are involved in various biotic activities of the
soil ecosystem to make it dynamic for nutrient
turn over and sustainable for crop production [2]. As
well as they can stimulate plant growth through
mobilizing soils nutrients, producing numerous plant
growth hormones, protecting plants from phyto-
pathogens, improving soil structure and bioreme-
diating of toxic heavy metal species and degrading
xenobiotic compounds [1, 3, 4]. Indole-3-acetic acid
(IAA), a plant hormone compound, is a natural
auxin produced by rhizobacteria is one of phytohor-
mones [1]. Consequently, IAA plays an important
role in rhizobacteria-plant interactions [5]. More-
over, down-regulation of IAA as signaling is
associated with the plant defense mechanisms
against a number of phytopathogenic bacteria as
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evidenced in enhanced susceptibility of plants to
the bacterial pathogen [5]. Several IAA producing
bacterial species have been isolated previously, such
as Streptomyces sp., Bacillus subtilis spp. [6], Pseu-
domonas syringae [7], Pseudomonas fluorescens
[8], Agrobacterium tumefaciens, Alcaligenes fae-
calis and Azotobacter tumefaciens [9] and Bacillus
megaterium [10].

Recent studies focused on the response of
antioxidant system of bacteria, which are important
in biotechnology, such as Streptomyces growth in
various oxidative stress conditions [11, 12]. Reacti-
ve oxygen species (ROS) arise by the transfer to O,
of one, two or three electrons to form superoxide
(Oy), hydrogen peroxide (H,O,) or hydroxyl radical
(OH"), respectively [13]. Excess of ROS is highly
cytotoxic, due to their reactivity with various cellu-
lar components. High ROS concentrations cause a
major disturbance to intracellular ionic homeostasis,
the oxidation of unsaturated fatty acids in lipids
(affecting cell membrane integrity), amino acid
residues in proteins (inhibiting enzyme activities)
and DNA [13]. The collective effect can lead to cell
death [14]. Salinity stress cause oxidative stress
through the increase formation of ROS [15]. Anti-
oxidants play an important role in inhibiting and
scavenging free radicals, thus providing protection
to the living organisms [16]. Antioxidant com-
pounds that are capable of protecting the cells from
free radical mediate oxidative stress [12]. The
antioxidant activities of bioactive compounds are
mainly due to their redox properties, which play an
important role in absorbing and neutralizing free
radicals [17]. Living organisms have an abundance
of antioxidant compounds that have been shown to
be effective at removing ROS [18].

The objective of this study was to isolate and
screen IAA producing bacteria from different soil
samples, and optimize conditions for maximum
TIAA production. The effect of different pH values
and NaCl concentrations (salt stress) on total
antioxidant activity of bacterial isolate was also
assessed.

2. MATERIALS AND METHODS
2.1. Isolation of IAA producing bacteria from soil

Rhizosphere samples were collected from soil

cultivated with faba bean (Vicia faba), wheat
(Triticum aesativum) and Helba (Trigonella foenum-
graecum) and uncultivated soil (one sample). Three
samples from each studied soil were collected
from Botanical Garden of Botany and Microbio-
logy Department at Assiut University in Assiut
Governorate, Egypt. The chemical and biological
properties of all soil samples were determined and
presented in table 1. Five Gram from each soil
sample were added to 45 ml sterilized distilled
water. The mixture was shaken vigorously at 150
rpm for 1 hour and the soil suspensions were serially
diluted to 10°. Two hundreds pl were spread on
modified Pikovskaya agar medium plates [19] with
composition (g/): glucose, 10.0; dipotassium hydro-
gen phosphate, 10.0; MgCl,.6H,O, 5.0; MgSO;,.
7TH,0, 0.25; CaCl,, 0.2; (NH4),SOy, 0.1; NaCl, 10
and agar 15. The seeded plates were incubated at
30°C for 3 days. Pure colonies were picked up and
transferred to 5 ml tryptone broth medium (gA):
tryptone 5, yeast extract 5, NaCl 3, tryptophan 0.2)
and incubated at 30°C with shaking for 4 days.
The bacterial suspension was centrifuged at 4000
rpm for 5 min. The reagent Salkowski was added
to the bacterial supernatant (1:2) to determine TAA
producing capability.

2.2. Determination of IAA produced by bacterial
isolates

Six out of 15 bacterial isolates were identified
as IAA producers. The amount of IAA produced by
each bacterial strain was determined [20]. Each
bacterial strain was grown in 100 ml Erlenmeyer
flask containing 25 ml tryptone broth medium. All
flasks were incubated under shaking at 100 rpm
at 30°C, for 3 days. Then, the bacterial culture
was harvested by centrifugation at 4000 rpm for
5 minutes. Bacterial supernatant was used to
determine the concentration of IAA production
by using Salkowski reagent (1.2% FeCl; in 37%
H,S0O,) and measured at 530 nm wavelength using
spectrophotometer (MniCam-UV-vis Spectropho-
tometry, Helios Gamma, Germany). Concentration
of IAA was calculated using a standard curve of
known concentration of synthetic IAA (1-100 pg
per ml) [21].

European Journal of Biological Research 2018; 8 (4): 174-182



176 | Yousef Capability of Plant Growth-Promoting Rhizobacteria for producing indole acetic acid

2.3. Assessment of total antioxidant activity

Total antioxidant activity was assessed
by mixing Three ml of bacterial supernatant with
3 ml reagent solution (0.6 M sulfuric acid, 28 mM
sodium phosphate, 4 mM ammonium molybdate).
The mixture was incubated at 95°C for 90 min in
water bath, the developed blue color was measured
by spectrophotometer at 695 nm. The total anti-
oxidant activity was expressed as the number of
equivalent of ascorbic acid [22].

2.4. Determination of sodium and potassium

Assessment of sodium and potassium in soil
samples (1:10) contents was determined using
Flame photometer technique (Flame photometer
M7D, Germany) [23].

2.5. Molecular identification of IAA producing
bacterial isolate

The identification of IAA producing isolate
(CW-2) was done on the basis of 16S rRNA gene
sequencing as described previously by Yousef [24].
PCR product was sequenced in both direction in
Solgent company (South Korea) using universal
primers 27F (AGAGTTTGATCCTGGCTCAG) and
1492R (CGGCTACCTTGTTACGACTT). The se-
quences obtained were then aligned with known
16S rDNA sequences in GenBank database using
the basic local alignment search tool (BLAST) at
the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/BLASTY/). After obtai-
ning the DNA sequences a phylogenetic tree was
constructed with MEGA version 4.0. The sequence
of the strain has been deposited in the GenBank
nucleotide sequence databases (NCBI).

2.6. Effect of different NaCl concentrations on
TAA production by bacterial isolate CW-2

To evaluate the effect of different concen-
trations of NaCl on IAA production by the highest
producing isolate CW-2, different NaCl concentra-
tions (0%, 0.5%, 1%, 1.5%, 2%, 2.5% and 3%
NaCl) was added to 100 ml Erlenmeyer flasks
containing 29 ml tryptone broth medium, then 1 ml
bacterial suspension was added to obtain 3x10*

CFUs/ml as the initial bacterial density. Three
replicates were prepared and the flasks were
incubated on a shaker incubator at 100 rpm.
Concentration of IAA was measured after 3 days of
bacterial inoculation.

2.7. Effect of different pH values on IAA
production by bacterial isolate CW-2

The effect of different pH values of tryptone
broth medium (5,6,7,8 and 9) on IAA production by
strain CW-2 was assessed in medium with initial
bacterial counts 3x10* CFUs/ml. Five treatments
were established including five different pH values
of liquid medium 5, 6, 7, 8 and 9. The flasks (in
replicates for each pH) were incubated on a shaker
at 100 rpm. Concentration of IJAA was measured at
3 days after inoculation.

2.8. Effect of IAA producing Bacillus subtilis
strain on wheat and faba bean growth

To study the effect of IAA producing bacteria
on plant growth, an experiment was conducted in
sandy soil. Hoagland’s nutrient solution containing
0.3% sodium chloride was used. This solution was
sterilized at 121°C for 20 minutes [25].

Wheat grains and faba bean seeds were
surface sterilized with 0.5% sodium hypochlorite
solution for 1 minute and 70° alcohol for 1 minute,
following washed consecutively with sterilized
distilled water for four times and then dried. For
coating the seeds with bacteria, the surface sterilized
seeds were immersed in bacterial suspension (10°
cfu/ ml) for 30 min with shaking [10]. The coated
seeds were incubated on 1% agar plates in the
dark and at room temperature for 5 days. After
germinating, the seedlings were transferred to small
pots containing washed sandy soil containing
Hoagland’s solution. The experiment was carried
out in 4 treatments, four replicates for each treat-
ment at room temperature. At the 10th day after
transplanting, root and shoot plant fresh weight
were determined and then dried in oven at
105°C to determine the dry weight. The treatments
were compared with the control without bacterial
coating.

European Journal of Biological Research 2018; 8 (4): 174-182



177 | Yousef Capability of Plant Growth-Promoting Rhizobacteria for producing indole acetic acid

2.9. Statistical analysis

The data were analyzed by SPSS, version 10 for
windows (SPSS Inc; Chicago, IL, USA), Basic
statistical parameters (mean and standard deviation)
were estimated.

3. RESULTS AND DISCUSSION
3.1. Isolation of IAA producing bacteria

The analysis of soil samples indicated that the
pH of all samples were moderately alkaline and total
soluble salts and sodium ions were high in
uncultivated soil (Table 1). A total 15 of bacterial
isolates were isolated on Pikovskaya agar medium.
Six of these isolates exhibited pink color when
reacted with Salkowski’s reagent indicating IAA
production.

3.2. IAA and antioxidant production potential of
the isolates

Six out of 15 bacterial isolates had the ability
to produce high concentration of IAA as well as
antioxidant production in tryptone broth medium
containing 0.3% NaCl (Figure 1). These bacterial

isolates (CW-1, CW-2, CW-3, CF-1, CF-2, and
CH-1) produced TAA with variable degrees ranged
between 13.0-25.5 mg/ 1. Among these strains, the
maximum IAA concentration in broth medium was
observed by isolate CW-2 (25.5 mg/l) followed
by CF-1 (21.7 mg/l) which gave the highest optical
density (good growth) and CW-3 (19.4 mg/l). More-
over, these six isolates were antioxidant producers
as shown in Figure 1. In previous studies 12 of
20 isolates, showed higher concentration of IAA,
100 pg ml™ [26]. However, lower amount of IAA
produced by Bacillus isolates ranging from 0.75
to 21.3 pug ml™' [27]. According to Mirza et al.
[28], IAA production by microorganisms may vary
between different species and strains of the same
species. The culture conditions and substrate stage
growth conditions may cause variations in IAA
production.

Results in Figure 1 showed also that, the all
6 bacterial isolates tested exhibited antioxidant
activities. In the range of 1.75-2.72 pg/ml with little
variation between isolates and this may be due to
that they were isolated from the same habitats.
However, Selim et al. [18] found that the bacterial
isolates from marine habitats gave higher anti-
oxidant activity.

Table 1. Chemical and biological properties of the studied soil samples.

Soil samples pH EC/mS Na K Total soluble Bacterial
(1:10) (1:10) (mg/g soil) (mg/g soil) salt (%) counts/g soil

Cultivated Wheat (CW) 8.1 25.9 37.8 3.99 0.2901 35x 10°

Cultivated Faba (CF) 8.0 39.3 54.2 9.04 0.4402 19x 10’

Cultivated Helba (CH) 7.8 32.3 51.90 9.88 0.3618 11x 10’

Uncultivated (UN) 8.2 611 97.8 1.53 0.6843 25 x 10°
s EEEODE00  FEEITAD  —B—IAA (pg/ml] <128 Presences of antioxidant in normal conditions
3 - 25 due to small amounts of reactive oxygen species

- 20

~ 15

- 10

-5
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Figure 1. Average production of indole acetic acid
(IAA), Total antioxidant (TAO) and optical density
(ODgq) of selected 6 bacterial isolates.

(ROS) are by-products of normal cell metabolism,
formed in vital processes such as respiration [13].
Inconsistently, under non-stressful conditions, ROS
at low concentrations play an important role as
signaling molecules involved in plant growth, deve-
lopment, and many normal physiological processes
[29, 15]. Such low-level ROS functions include
triggering of antioxidant defense mechanisms for
adapting to abiotic stress [14].
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3.3. 16S rRNA Gene Sequencing of bacterial
isolate CW-2

The BLAST results of the 16S rRNA gene
sequences allowed to assign the isolate to family
Bacillaceae. The sequence was deposited in the
GenBank under accession number MG642784.
Phylogenetic tree was constructed using closely
related Bacillus species from Genbank data base
(Figure 2). The evaluated strain was aligned against
sequences available from GenBank data base; the
isolated strain, CW-2 matched to Bacillus subtilis
with 99% similarity through GenBank data base
(Figure 2). The identified bacterium in this study
have been associated with plant rhizosphere and its
IAA production and phosphate solubilizing activity
has also been reported earlier [30, 31].

Bacillus nealsonii DSM 15077 (T)
Bacillus sp.

Bacillus subtilis KL1

Bacillus circulans NBRC 13626 (T)

12 Bacillus dakarensis Marseille-P3515 (T)

0

Mucleotide Substitutions (x100)

Figure 2. The phylogenetic homology tree based on
multiple sequence alignments of the 16S rRNA of the
Bacillus spp. reference to international isolates.

3.4. Effect of NaCl concentration on the IAA and
total antioxidant production by Bacillus subtilis

Salt tolerance of the selected bacterial strain,
CW-2 (the highest IAA producing strain) was
determined tryptone broth medium supplemented
with different NaCl concentrations (0.5, 1.0, 1.5,
2.0, 2.5 and 3.0%). The results showed that, this
strain was able to grow and produce IAA product in
medium supplemented with 0-3% (w/v) NaCl
(Figure 3). The IAA production by the tested isolate
was significantly decreased with increasing NaCl
concentrations. The maximum IAA production
varied between 28.20 and 37.65 mg 1", significantly
higher than that of the control treatment (24.92
mg 1'). However, at the concentrations of 1.5
and 2% NaCl, TAA productions were higher than
that produced in 2.5 and 3% NaCl. The highest
production level of IAA (28.20-37.65 mg I'") were
found at 0.5 and 1% NaCl and this strain can

tolerant the environmental salt stress to 3% NaCl.
Egamberdiyeva [32] reported that IAA-producing
bacteria significantly increased plant growth under
salt stress. In addition, Nakbanpote et al. [33] also
reported that IAA producing Pseudomonas sp.
isolated from Zn/Cd contaminated soil was classi-
fied as salt-tolerant bacteria. Similar results were
obtained by Nghia et al. [10] who found that
Bacillus sp. tolerant salt stress to 3% NaCl. It is
worthy to mention that, isolate CW-2 could be
used as plant growth promoting halotolerant bac-
teria in saline soil. Nadeem et al. [34] found that
B. megaterium was less affected by high salinity and
can alleviate the negative impacts of salinity on
cucumber growth.

40 -
| O 1AA W TAO
35 -
30 -

25

LI

0 %0.50 %1 %1.50 %2 %2.50 %3
NacCl concentrations

Figure 3. Effect of different NaCl concentrations on [AA
and TAO production by bacterial strain CW-2.

In order to evaluate the relationship between
salt stress and the antioxidant response, the activity
of total antioxidant was determined. The As com-
pared to control, total antioxidant activity (TAO)
increased in lower NaCl concentrations but it
showed decreasing trend with increasing salt
concentrations. In this respect increased antioxidant
response has been shown to be positively associated
with decreased oxidative damage and improved
salinity tolerance [35].

The result of the current experiment also
revealed that, the total antioxidant activity increased
in media supplemented with lower concentrations
NaCl, the higher values was recorded with increa-
sing salinity up to 1%. The highest value of total
antioxidant was recorded at 0.5% and 1% (WAH)
NaCl, but decreased thereafter. Antioxidant com-
pounds are capable of protecting the cells from free
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radical mediate oxidative stress due to their redox
properties, which play an important role in
absorbing and neutralizing free radicals [18]. These
results are in agreement with those of Hu et al. [36]
who reported that the antioxidants play an important
role as free radical scavengers for the prevention of
oxidative damage in living organisms.

Salinity represents the common abiotic stress
increases ROS production resulting in a dramatic
promotion of oxidative damage [15]. High ROS
concentrations cause a major disturbance of cellular
components [13]. To help avoid excessive ROS
accumulation during stress, plants activate enzy-
matic and nonenzymatic antioxidant systems and
antioxidant response increased to be positively
associated with decreased oxidative damage and
improved salinity tolerance [35]. PGPR impart
drought tolerance by producing exopolysaccharides
and phytohormones inducing accumulation of
antioxidants as well as causing alteration in root
morphology in acquisition of stress [37].

3.5. Effect of pH of culture medium on IAA and
total antioxidant production by Bacillus subtilis

The TAA production by the strain CW-2 in
different pH values (5, 6, 7, 8, 9) is presented in
Figure 4. IAA production was significantly different
among different pH values, the maximum amount
41.19 mg/l of IAA was produced at pH 8, followed
by pH 7 (33.93), pH 6 (32.56) and pH 5 (16.72).
These results are in agreement with those of Nghia
et al. [10]. Acidic pH medium (below 6) as well as
alkaline (over 8) was found to be unfavorable for
IAA production by the tested isolate. Mandal et al.
[38] have reported that the Rhizobium strain, VMA
301 elaborated high IAA concentration in pH 7.2
medium, and Khamna et al. [39] recorded that pH
7.0 was suitable for maximum IAA production by
Streptomyces sp. IAA production by Bacillus spp.
MQH.19 showed highest value at pH 6.0, but
decreased by 62% at pH 5.0. For Paenibacillus spp.
SPT.03, TAA production was highest at pH 5.0 and
decreased by 42% at pH 7.0 [40]. The property of
TIAA is considered as effective tool for screening
beneficial microorganisms suggesting that I[AA
producing bacteria have profound effect on plant
growth [41]. Furthermore, the current experiment
showed that, total antioxidant increased in acidic

(pH 5-6) and alkaline (pH 8) media. The antioxidant
activities of bioactive compounds are mainly due to
their redox properties, which play an important role
in absorbing and neutralizing free radicals [18].

a5
40 - il 1AA mTAO
35 |
30
25 |
20 |
15 -
10 |

o N e e

pH5 pH6 pH7 pH7.5 pH8 pHS
Figure 4. Effect of different pHs on IAA and TAO
production by bacterial strain CW-2.

3.6. Effect of TAA producing bacterial strain
Bacillus subtilis on wheat and faba bean growth

To study the effect of IAA producing strain
on plant growth, wheat and faba bean cultivars were
chosen for this assay due to their important as the
most common cultivated crops. The results showed
that, the plants treated with B. subtilis stimulated the
germination and seedlings and exhibited improve-
ment in plant growth through the fresh and dry
weights compared with untreated plants (Table 2).
The current results are in agreement with previous
results of Mena-Violante and Olalde-Portugal [42],
who found that isolates of Bacillus subtilis promoted
size, mass and texture fruit of tomato (Solanum
lycopersicum) and also the yield per plant, and they
attributed these results to a possible production of
hormones by Bacillus. Fatima et al. [43] concluded
that, the plants inoculated with IAA producing
bacteria induced the proliferation of lateral roots and
root hairs. Reetha et al. [31] found that B. subtilis
caused increase in fresh and dry weight of onion
roots and shoots. It has been also found that
the strain Bacillus subtilis produce phytohormones
during its development, which also provided encou-
ragement in developing soybean root [27]. Ghosh et
al. [44] found that, Bacillus spp. promote and
facilitate seeding of Canola and Brassica. Yousef
and Hussein [45] found that, the fresh and dry
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weight of faba bean increased when inoculated with
Rhizobium sp.

Table 2. Effect of IAA producing bacteria on growth of faba bean and wheat plants.

Germination Fresh weight/g Dry weight/g
Treatments
%0 Shoot Root Shoot Root

Control-faba bean 90 1.76 £0.12 1.26 £0.17 0.151 £0.023 0.133 £0.014

Treated-faba bean 94 1.954+0.21 1.66 £0.15 0.185 £0.21 0.153 £0.017

Control-wheat 92 0.104+0.023 0.120+0.02 0.0138+0.003 0.048 £ 0.011

Treated-wheat 94 0.117+0.031 0.253 +£0.13 0.180 +£0.24 0.105 +£0.019

4. CONCLUSION REFERENCES

1. Ahemad M, Kibert M. Mechanisms and applications
Cultivated soils harbor IAA producing of plant growth promoting rhizobacteria: current

bacteria. Fifteen IAA producing strains
isolated from soil samples, among which, 6 were
highly IAA and total antioxidant producers. From
the six isolates, the isolate CW-2 showed the
maximum [AA production, identified and charac-
terized as halotolerant bacteria and considered as
plant growth promoting bacteria. Furthermore, the

IAA production was performed in wide range of pH

were

(5-9). The significance of this study is the potential
of TAA producing bacteria in salinity condition,
which can stimulate the plant growth in the field
and prevent environmental pollution by avoiding
excessive applications of industrially produced ferti-
lizers to cultivated fields. Plant growth promoting
bacteria (PGPB) are good alternative biofertilizer
and they can be used as safe and ecofriendly
fertilizers. They can be used as bio-inoculants to
promote plant growth and development under
various stresses.

ACKNOWLEDGMENTS

The author would like to acknowledge Prof. Mady
A. Ismail, Department of Botany & Microbiology,
Faculty of Science, Assiut University, Egypt for
helpful comments and careful corrections for

improvement of this manuscript.
CONFLICTS OF INTEREST

The author declares that there is no conflict of
interest regarding the publication of this article.

perspective. A review. Saudi J Biol Sci. 2014; 26: 1-
20.

Chandler D, Davidson G, Grant WP, Greaves J,
Tatchell GM. Microbial biopesticides for integrated
crop management: an assessment of environmental
and regulatory sustainability. Trends Food Sci Tech.
2008; 19: 275-283.

Hayat R, Ali S, Amara U, Khalid R, Ahmed I. Soil
beneficial bacteria and their role in plant growth
promotion: a review. Ann Microbiol. 2010; 60: 579-
598.

Ahemad M, Khan MS. Evaluation of plant growth
promoting activities of rhizobacterium
Pseudomonas putida under herbicide-stress. Ann
Microbiol. 2012; 62: 1531-1540.

Spaepen S, Vanderleyden J. Auxin and plant-
microbe interactions. Cold Spring Harb Perspect
Biol. 2011; 3: a001438.

Swain MR, Naskar SK, Ray RC. Indole 3-acetic
acid production and effect on sprouting of yam.
(Dioscorea rotundata L.) Minisetts by Bacillus
subtilis  isolated from culturable cowdung
microflora. Pol J Microbiol. 2007; 56: 103-110.

Kosuge T, Sanger M. Indole acetic acid, its
synthesis and regulation: basis for tumorigen city in
plant disease. Recent Adv Phytochem. 1987; 20:
147-161.

Oberhansli T, Defago G, Haas D. Indole-3-acetic
acid (IAA) synthesis in the biocontrol strain CHAO
of Pseudomonas fluorescens: role of tryptophan side
chain oxidase. J Gen Microbial. 1991; 137: 2273-
2279.

Costacurta A, Vanderleyden J. Synthesis of
phytohormones by plant associated bacteria. Crit
Rev Microbiol. 1995; 21: 1-18.

European Journal of Biological Research 2018; 8 (4): 174-182



181 | Yousef Capability of Plant Growth-Promoting Rhizobacteria for producing indole acetic acid

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nghia NK, Tien TT, Oanh NK, Nuong NK.
Isolation and characterization of indole acetic acid
producing halophilic bacteria from salt affected soil
of Rice-Shrimp farming system in the Mekong
Delta, Vietnam. Agric For Fish. 2017; 6(3): 69-77.

Schweder T, Lindequist U, Lalk M. Screening for
new metabolites from marine microorganisms. Adv
Biochem Engin Biotechnol. 2005; 96: 1-48.

Janardhan A, Kumar AP, Viswanath B, Saigopal
DV, Narasimha G. Production of bioactive
compounds by actinomycetes and their antioxidant
properties. Biotechnol Res Int. 2014; ID 217030.

Al Hassan M, Chaura J, Donat-Torres M, Boscaia
M, Vicenta O. Antioxidant response under salinity
and drought in three closely related wild monocots
with different ecological optima. AoB Plants 2017;
9: PIx 009.

Kumari A, Das P, Parida AK, Agarwal PK.
Proteomics, metabolomics and
perspectives of salinity tolerance in halophytes.
Frontiers Plant Sci. 2015; 6: 537.

Bose J, Rodrigo-moreno A, Shabala S. ROS
homeostasis in halophytes in the context of salinity
stress tolerance. J Exp Bot 2014; 65: 1241-1257.

Sharma SK, Gupta VK. In vitro antioxidant studies

ionomics

of Ficus racemosa Linn. root. Pharmacognosy Mag.
2008; 13: 70-74.

Saha MR, Alam MA, Akter R, Jahangir R. In-vitro
free radical scavenging activity of Ixora coccinea L.
Bangl J Pharmacol. 2008; 3: 90-96.

Selim MS, Mohamed SS, Shimaa RH, El Awady
ME, El Sayed OH. Screening of bacterial
antioxidant  exopolysaccharides isolated from
Egyptian habitats. J] Chem Pharm Res. 2015; 7(4):
980-986.

Gaur AC. Phosphate solubilizing microorganisms as
biofertilizers. Omega Scientific Publishers, New
Delhi, 1990.

Sawar M, Kremer RJ. Determination of bacterially
derived auxins using microplate method. Lett Appl
Microbiol. 1995; 20: 282-285.

Brick JM, Bostock RM, Silverstone SE. Rapid in
situ assay for indole acetic acid production by
bacteria immobilized on nitrocellulose membrane.
Appl Environ Microbiol. 1991; 57: 535-538.

Prieto P, Pineda M, Aguilar M. Spectrophotometric
quantitation of antioxidant capacity through the
formation of a phosphomolybdenum complex:
specific application to the determination of vitamin
E. Anal Biochem. 1999; 269(2): 337-341.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Williams and Twine. Flame photometric method for
sodium, potassium and calcium. In: Tracey MV, edr.
Modern method of plant analysis. Berlin: Springer-
Verlag, 1960.

Yousef N. Characterization and antimicrobial
activity of silver nanoparticles synthesized by rice
straw- utilizing bacterium (Lysinibacillus
fusiformis). Int J Develop Res. 2014; 4(9): 1875-
1879.

Hoagland DR, Arnon DI. The water culture method
for growing plants without soil. California Agr Exp
Sta Cir. 1938: 337.

Chagas Jr AF, de Oliveira AG, de Oliveira LA, dos
Santos GR, Chagas LFB, Lopes da Silva AL, da Luz
Costa J. Production of indole-3-acetic acid by
Bacillus isolated from different soils. Bulg J Agric
Sci. 2015; 21: 282-287.

Araujo F, Henning A, Hungria M. Phytohormones
and antibiotics produced by Bacillus subtilis and
their effects on seed pathogenic fungi and on
soybean root development. World J Microbiol
Biotechnol. 2005; 21: 1639-1645.

Mirza MS, Ahmad W, Latif F, Haurat J, Bally R,
Normand P, Malik KA. Isolation, partial
characterization, and the effect of plant growth-
promoting bacteria (PGPB) on micro-propagated
sugarcane in vitro. Plant Soil. 2001; 237: 47-54.

Miller RL, Tegen I, Perlwitz JP. Surface radiative
forcing by soil dust aerosols and the hydrologic
cycle. J Geophys Res. 2004; 109, D04203.

Zaidi S, Usmani S, Singh BR, Musarrat J.
Significance of Bacillus subtilis strain SJ 101 as a
bioinoculant for concurrent plant growth promotion

and nickel accumulation in Brassica juncea.
Chemosphere. 2006; 64: 991-997.

Reetha S, Bhuvaneswari G, Thamizhiniyan P, Ravi
Mycin T. Isolation of Indole acetic acid (IAA)
producing rhizobacteria of
fluorescens and Bacillus subtilis and enhance
growth of onion (Allium cepa L.). Int Curr
Microbiol App Sci. 2014; 3(2): 268-574.

Egamberdiyeva D. Alleviation of salt stress by plant
growth regulators and IAA producing bacteria in
wheat. Acta Physiol Plant. 2009; 31: 861-864.

Nakbanpote AW, Panitlurtumpaia N, Sangdeea A,
Sakulponea N, Sirisoma P, Pimthong A. Salt-
tolerant and plant growth promoting bacteria
isolated from Zn/Cd  contaminated  soil:
identification and effect on rice under saline
conditions. J Plant Interact. 2013; 32: 37-41.

Pseudomonas

European Journal of Biological Research 2018; 8 (4): 174-182



182 | Yousef Capability of Plant Growth-Promoting Rhizobacteria for producing indole acetic acid

34.

35.

36.

37.

38.

39.

40.

Nadeem SM, Ahmad M, Naveed M, Imran M, Zahir
ZA. Crowley relationship between in
characterization and comparative efficacy of plant
growth-promoting improving
cucumber salt tolerance. Arch Microbiol. 2016;
198(4): 379-387.

El-Shabrawi H, Kumar B, Kaul T, Reddy MK,
Singla-Pareek SL, Spory SK. Redox homeostasis,
antioxidant methylglyoxal
detoxification as markers for salt tolerance in
Pokkali rice. Protoplasma. 2010; 245(1): 85-96.

Hu JF, Gen MY, Zhang JT, Jiang HD. An in vitro
study of the structure-activity relationships of
sulfated polysaccharide from brown algae to its
antioxidant effect. J Asian Nat Prod Res. 2013; 4:
353-358.

Vurukonda SS, Vardharajula S, Shrivastava M, Skz
A. Enhancement of drought stress tolerance in crops
by plant growth promoting rhizobacteria. Microbiol
Res. 2016; 184: 13-24.

Mandal SK, Mondal KC, Dey S, Pati BR.
Optimization of cultural and nutritional conditions
for indole-3-acetic (IAA) production by a Rhizobium
sp. Isolated from root nodules of Vigna mungo (L.).
Helpper Res J Microbiol. 2007; 2: 239-246.
Khamna S, Yokota A, Peberdy JF, Lumyong S.
Indole-3acetic acid production by Streptomyces sp.
isolated from some Thai medicinal plant rhizosphere
soils. Eur Asia J BioSci. 2010; 4: 23-32.

Acuna JJ, Jorquera MA, Martinez OA, Menezes-
Blackburn D, Fernandez MT, Marschner P, et al.

vitro

rhizobacteria for

defence and

41.

42.

43.

44.

45.

Indole acetic acid and phytase activity produced by
rhizosphere Bacilli as affected by pH and metals. J
Soil Sci Plant Nutr. 2011; 11: 1-12.

Wahyudi AT, Astuti RP, Widyawati A, Meryandini
A, Nawangsih AA. Characterization of Bacillus sp.
strains isolated from rhizosphere of soybean plants
for their use as potential plant growth for promoting
Rhizobacteria. J] Microbiol Antimicrobials. 2011; 3:
34-40.

Mena-Violante HG, Olalde-Portugal V. Alteration
of tomato fruit quality by root inoculation with plant
growth-promoting rhizobacteria (PGPR): Bacillus
subtilis BEB-13bs. Scientia Horticult. 2007; 113:
103-106.

Fatima Z, Saleemi M, Zia M, Sultan T, Aslam M,
Riaz-ur-Rehman, Chaudhary MF. Antifungal
activity of plant growth-promoting rhizobacteria

isolates against Rhizoctonia solani in wheat. Afr J
Biotechnol. 2009; 8: 219-225.

Ghosh S, Penterman JN, Little RD, Chavez, Glick
BR. Three newly isolated plant growth-promoting
bacilli facilitate the seeding of canola, Brassica
campestris. Plant Physol Biochem. 2003; 41: 277-
281.

Yousef N, Hussein NA. Impacts of inoculation with
Rhizobium
mycorhizae fungi and phosphate on faba bean (Vicia

leguminosarum  and  arbuscular

faba L.) grown in soil under salt stress condition.
Bangl J Bot. 2017; 46(2): 599-605.

European Journal of Biological Research 2018; 8 (4): 174-182



