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Abstract: The main aim of this study was to deal with isolation, characterization and identification IAA producing bacteria
from paddy rice cultivated soil samples collected in rice—shrimp farming system in salt affected areas of the Mekong Delta of
Vietnam. Fifteen soil samples collected from the rice crop in the rice-shrimp farming system of 5 different provinces within the
Mekong Delta, Vietnam were used to isolate the IAA producing bacteria. NBRIP media was used to isolate the potentially IAA
producing bacteria. Result showed that 213 isolates were obtained from the fifteen different soil samples. Out of 45 indole
acetic acid producing isolates, ten were selected as efficient producers. One out of ten, the isolate ST2-1 was identified as the
most promising strain as efficient biofertilizer inoculants to promote plant growth. This strain produced 33.13 mg.L'1 as the
highest concentration of IAA after 8 days of incubation. As well, this strain stimulated the growth of rice’s roots and dry
biomass after 7 days of experiment with Hoagland medium containing 0.3% NaCl in 100 mL glass tube. This strain produced
well TAA production in pH variation range of medium between 5 and 9 and this bacterial strain can resist to salinity of
environment up to 3% NaCl. However, this bacterial was highly inhibited by not only 3 commonly used antibiotics:
Ampicillin, Chloramphenicol and Steptomycin at recommended rates but also 3 plant pathology fungicides: Thiophanate
Methyl, Propineb and Mancozed regarding to IAA production ability. The results of the 16S rRNA gene sequence analysis
showed that this IAA producer coded as ST2-1 was genetically identified as species of Bacillus megaterium ST2-9 since 99%
of its sequence affiliated with Bacillus megaterium. In conclusion, the study suggests the IAA producing bacteria as efficient
biofertilizer inoculants to promote plant growth.

Keywords: Bacillus Megaterium, Bacteria, Indole-3-Acetic Acid (IAA), Rice—Shrimp Farming System,
Salt Affected Soil and 16S rRNA

. indole-3-acetamide (IAM) by tryptophan-2-monooxigenase
1. Introduction and [AM is metabolized to IAA by IAM-hydrolase g[3]. A
study of Horemans and Vlassak (1985) [4] revealed that
Azosporillum brasilense could produce TAA in the absence of
tryptophan when grown aerobically and the highest levels of
auxin were produced in the presence of NH,". Among IAA
producing organisms, soil microorganisms, especially
bacteria which reside in soil rhizosphere or as free living
bacteria in soil can also produce IAA [5, 1] as well as
bacteria associated with plants [6]. Many studies have
focused in regarding the physiological effects of bacterial

Indole-3-acetic acid (IAA), a plant hormone compound, is
a natural auxin produced by plants, algae, mosses, lichens
and a diverse group of organisms. It is a metabolite derived
from tryptophan (Trp) by many Trp-dependant and Trp-
independent pathways in plants and bacteria. There is more
than one pathway could be present in a bacterium [1].
Azospirillum brasilense has been reported as physiological
evidence for different Trp-dependent pathways for synthesis
[2]. In Trp dependant pathway, tryptophan is converted to



70 Nguyen Khoi Nghia et al.: Isolation and Characterization of Indole Acetic Acid Producing Halophilic Bacteria from
Salt Affected Soil of Rice—Shrimp Farming System in The Mekong Delta, Vietnam

production of IAA on plants and its possible role as a phyto-
hormone in plant-microbe interaction. Tryptophan has been
identified as a main precursor for IAA biosynthesis pathways
in bacteria [1].

IAA has since been implicated in virtually all aspects of
plant growth and development [7]. It is produced by free
bacteria. They reside in various habitats ranging from hot
springs to brackish and hypersaline coastal environments [8].
These habitats are extreme environments because high salt
concentrations are hostile to most organisms. However, many
organisms, particularly prokaryotic and eukaryotic
microorganisms can inhabit and survive in these
environments due to their ability to cope with osmotic stress.
These microorganisms have many mechanisms to protect
their cells from high osmotic pressure and against the
denaturing effect of salts. They play an important role as
primary producers in these ecosystems [9]. IAA is a common
product of L- tryptophan metabolism produced by several
microorganisms  including  Plant  Growth-Promoting
Rhizobacteria (PGPR) [10]. Bacteria that colonize the
rhizosphere and plant roots and as well as the one which
reside freely in soil can enhance plant growth by many
mechanisms referred to as PGPR. PGPR can exhibit a variety
of characteristics responsible for influencing plant growth.
The common representatives are auxin, gibberellin, ethylene,
siderophores, HCN and antibiotics [11]. Microorganisms
synthesize TAA for their own benefit [12]. Many
microorganisms from rhizosphere region of various crops
have an ability to produce IAA as secondary metabolites due
to rich supply of substrates. IAA helps in the production of
longer roots with increased number of root hairs and root
laterals which are involved in nutrient uptake [13]. TAA
stimulates cell elongation by modifying certain conditions
like, increase in osmotic contents of the cell, increase in
permeability of water into cell, decrease in wall pressure, an
increase in cell wall synthesis and inducing specific RXA
and protein synthesis. It enhances embial activity, inhibit or
delay abscission of leaves, induce flowering and fruiting
[14].

Many species and specific strains of bacteria residing in
rhizosphere and in soil can possess plant growth promoting
traits and hence they are collectively designated as plant
growth promoting rhizobacteria (PGPR) [15]. There are
many mechanisms of PGPR to enhance plant productivity.
Direct promotion of growth by PGPR occurs when plant
growth hormones such as auxins [16], cytokinins [17] and
gibberellins [18] as well as through the solubilization of
phosphate minerals [19] are produced by the rhizobacteria
whilst indirect growth promotion presents through the
elimination of pathogens by the production of cyanide [20]
and siderophores [21]. Their plant growth promoting
activities include production of HCN, siderophores, protease,
antimicrobials, phosphate solubilizing enzymes [22]. Since
the beginning of last century, many IAA producing
microorganisms have been isolated including, for example,
those in Stryptomyces sp. [23], Bacillus subtilis spp [1],
Enterobacter cloacae [24], Pseudomonas syringae [25],

Pseudomonas fluorescens [26], Agrobacterium tumefaciens,
Alcaligenes faecalis and Azotobacter tumefaciens [27]. The
microorganisms functioning similarly also include some
fungi, for example, Pisolithus tinctorius, Suillus variegatus,
Suillus  granulatu, Aspergillus niger strain BHUASOI,
Penicillium citrinum strain BHUPCO1 and Trichoderma
harzianum [28]. Unfortunately, most IAA producing bacteria
isolated previously performed relatively low salinity
tolerance, being less appropriate for saline-alkali soil-based
agriculture. It is urgently needed to isolate highly halophilic
TIAA producing bacteria for the development of saline-alkali
soil-based agriculture. In this study, a moderately halophilic,
IAA producing bacterium ST2-1 was isolated and
characterized. The first objective of this study was to isolate
and screen indigenous Indole acetic acid producing bacteria
from different soil in rice—shrimp rotational farming system
in salt affected soil. The second was to purify the TAA and
screen their abilities of plant growth promoting bacteria
attributes. Besides, optimization study intended for high TAA
production was carried out with physicochemical parameters
such as pH, NaCl, antibiotics and fungicides without
supplement of tryptophan. An attempt was made to isolate
and screen the IAA producing bacteria with an objective to
develop them as bio-inoculants, for selected crop plants.

2. Materials and Methods
2.1. Isolation of IAA Producing Bacteria in Soils

Topsoil (0-20 cm) was sampled from fifteen rice-shrimp
fields in coastal provinces of Mekong Delta including Bac
Lieu, Ben Tre, Ca Mau, Kien Giang and Soc Trang with the
three samples at each sampling place and properties of the
chemical and biological soil samples were presented in Table
1. pH in soil samples are from 7.9 to 8.9 that are moderately
and strongly alkaline except BL4, BT1, BT5, ST5 and ST6
that are neutral (pH from 6.9 to 7.2) and strongly acidic (pH
from 3.7 to 5.0), and all soil samples are evaluated high EC
value (4.08 and 42.20 mS.cm™) and they are saline soil and
salt affected soil or saline acid sulphate soil [29].

After collecting samples from the fields, 10 g of soil was
taken and put in 250 mL bottle and added 90 mL sterile
phosphate buffer solution. Phosphate buffer solution contains
23.99 g NaH,PO, and 15.59 g Na,HPO, in 1 L distilled water
and then this solution was autoclaved in autoclave machine at
121°C in 20 minutes. The sample bottles were shaken
vigorously at 150 rpm for 1 hour (Bio-shaker BR-300LF,
Taitec, Nagoya, Japan) and the soil suspensions were serially
diluted to 10~ (dilution factor = 10). An aliquot of 50 pL
diluted samples were spread on NBRIP agar plates [30]
which contained the following ingredients (g.L™): glucose,
10.0; tricalcium phosphate (TCP), 10.0; MgCl,.6H,0, 5.0;
MgS0,4.7H,0, 0.25; KCl, 0.2; (NH4),SO,, 0.1. This NBRIP
medium was supplied with 1% sodium chloride. The sample
agar plates were incubated in incubator for 3 days at 30°C.
Single colony was picked up and streaked consecutively on
fresh NBRIP agar plates in 5 times to get pure cultures and
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isolated colonies were observed for colony and cell
morphology characterization.

Total 213 strains were obtained and considered potentially
as [AA producing bacteria from 15 soil samples and among
which 45 isolates were qualitatively identified as IAA

producing bacteria via the qualitative assay of [AA produced
by isolated strains was conducted on the basis of Brick et al.
(1991) [31] proposed method and they were further checked
for quantitative IAA assay.

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

. pH EC Available P NH, Bacteria density
Soil Code 1 -1 1 1 iyl
(1:2.5) (1: 2.5) mS.cm™) (mgP.kg™) (mgN.kg™) (log CFU.g- soil)
BL1 8.2 9.41 0.0071 0.544 5.52
Bac Lieu BL4 7.2 12.20 0.0153 1.083 593
BL6 8.0 11.71 0.0059 0.872 5.74
BT1 3.7 12.77 0.0030 1.217 5.21
Ben Tre BT2 8.6 9.12 0.0036 0.593 5.59
BT5 3.8 10.65 0.0089 0.196 4.97
CM1 7.9 42.20 0.0137 1.758 5.73
Ca Mau CM4 8.5 33.60 0.0107 1.364 6.34
CM6 8.5 31.90 0.0065 1.500 6.05
KG2 8.7 21.00 0.0012 1.663 5.24
Kien Giang  KG3 8.9 15.14 0.0125 1.082 5.18
KG4 8.8 17.06 0.0024 1.452 5.69
ST2 8.3 4.08 0.0048 0.765 6.04
Soc Trang STS 6.9 6.69 0.0101 0.432 5.74
ST6 5.0 7.28 0.0095 0.537 5.78

2.2. Characterization of IAA Production Potential

Forty five out of 213 bacterial isolates were identified
qualitatively as IAA producing bacteria from a qualitative
assay. These isolates were tested to determine the amount of
IAA produced by each bacterial strain. Each bacterial strain
was grown in 150 mL Erlenmeyer flask containing 50 mL
Tryptose Soybean Broth (TSB) medium supplied 1% sodium
chloride. The composition of TSB contains (g.L™") Tryptose
Soybean Broth, 30.0 and agar, 15.0 in 1L distilled water and
then it was sterilized at 121°C for 20 minutes. All sample
flasks were incubated on the shaker at room temperature
(30°C), 100 rpm for 3 days in the dark (Bio-shaker BR-
300LF, Taitec, Nagoya, Japan). Then microbial biomass was
harvested by centrifugation at 2500 x g for 10 minutes. In
order to remove completely nutrient from TSB medium,
sterilized deionized water was used to wash the microbial
biomass by means of centrifugation and this process was
repeated consecutively for 4 times. Microbial suspension
with sterilized deionized water was calibrated to optical
density (ODggonm = 0.7). Initial bacterial numbers of each
isolate were determined after achieving optical density of 0.7
at 660 nm by spreading 100 pL of each diluted concentration
of each bacterial suspension on TSB agar medium. Each
isolate was incubated in NBRIP liquid media for 12 days in
the dark on the orbital shaker at 100 rpm (Bio-shaker BR-
300LF, Taitec, Nagoya, Japan) and concentration of IAA
production was determined by Salkowski reagent at a 530 nm
wavelength [31].

2.3. Effect of IAA Producing Bacterial Isolates on Plant
Growth by Glass Tube Assay

To study the effect of IAA producing bacteria on plant
growth, an experiment was conducted in glass tube. The best

10 bacterial isolates showed their ability in producing IAA
compound in NBRIP liquid medium among 45 selected
strains were chosen for this assay. These isolate names were
as follows: BT1-1; CM6-1; CM6-2; CM6-4; KG3-1; KG4-1;
KG4-2; ST2-1 and ST6-1. Rice seed variety so called “Mot Bui
Do” was chosen as cultivar for this assay due to it can tolerate
with the water salinity up to 0.3% and is the most common used
rice variety in the coastal area of Vietnamese Mekong Delta.
Hoagland’s nutrient solution [32] containing 0.3% sodium
chloride was used as nutrient solution for rice and bacterial
isolates to develop. This solution was sterilized at 121°C for 20
minutes. Rice seeds were removed peels, then sterilized with 1%
sodium hypochlorite solution for 10 minutes and 70° alcohol for
1 minute following washed consecutively with sterilized
deionized water for four times. Then peeled rice seeds were
incubated on 1% agar plates in the dark and at room
temperature for 3 days. After germinating, a rice seedling
was placed on a sterilized cotton ball placed on surface of
Hoagland’s nutrient solution to keep the rice seedling not
submerged in a sterilized 100 mL glass tube including 10 mL
Hoagland’s nutrient solution. The bacterial suspension of
each isolate was prepared the same way as the “Characterization
of IAA production” part. The initial bacterial number of each
isolate was determined after achieving optical density of 0.7 at
660 nm. The experiment was carried out in 11 treatments
including 10 bacterial strains and a control (without bacteria)
with four replications for each treatment at room temperature
under a static condition. At the 7" day after transplanting, root
length and plant height were measured and biomass of the whole
rice plant was recorded after oven dry at 105°C. Then, the
treatments were compared with the control treatment to choose
the best bacterial isolate which stimulate the growth and biomass
of rice seedling for assays to evaluate effect of environmental
factors on the IAA production of the best isolate.
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2.4. Environmental and Physical Factors on IAA
Production

To check effect of environmental and physical factors on
IAA production of the best bacterial strain (ST2-1) in term of
concentrations of NaCl, pH, antibiotics and fungicides in
NBRIP medium containing 1% NaCl. The ST2-1 strain was
enriched in TSB liquid medium to obtain optical density
(ODggonm = 0.7) and the bacterial suspension was used for the
following experiments.

2.4.1. Effect of Different NaCl Concentration of Liquid
Medium on IAA Production of ST2-1 Bacterial Strain
The experiment was conducted to evaluate the effect of
different concentrations of NaCl on IAA production ability of
the ST2-1 strain, including four treatments 0%, 1%, 2% and
3% NaCl in 100 mL Erlenmeyer flasks containing 29 mL
NBRIP medium and then 1 mL bacterial suspension was
added to obtain 3x10* CFUs.mL"' as the initial bacterial
density. Each treatment had a corresponding control that had
the same concentrations of NaCl and culture medium as the
actual treatment, but they did not have microbial inoculation.
The experiment was carried out with three replicates for each
treatment and the sample flasks were incubated on a shaker at
90 rpm in the dark for 8 days (Bio-shaker BR-300LF, Taitec,
Nagoya, Japan). Concentration of IAA production was
measured at 0, 1, 3, 6 and 8 days after inoculation by
Salkowski reagent at a 530 nm wavelength [31].

2.4.2. Effect of Different pH Values of Liquid Medium on
IAA Production of ST2-1 Bacterial Strain

To determine effect of different pH values of NBRIP liquid
medium containing 1% NaCl on TAA production of the ST2-
1 bacterial strain, an experiment was conducted. The manner
of this experiment was similar to the experiment entitled
“Effect of different NaCl concentration of liquid medium on
IAA production of ST2-1 bacterial strain”. Four treatments
were established including four different pH values of liquid
medium 3, 5, 7 and 9, together with four replicates for each
treatment. The initial bacterial number of this ST2-1 strain
was 3x10* CFUs.mL-1. Each treatment had a corresponding
control that had the same pH value of liquid medium as the
actual treatment, but they did not have microbial inoculation.
The sample flasks were incubated on a shaker at 90 rpm in
the dark for 8 days (Bio-shaker BR-300LF, Taitec, Nagoya,
Japan). Concentration of IAA production was measured at 0,
1, 3, 6 and 8 days after inoculation by Salkowski reagent at a
530 nm wavelength [31].

2.4.3. Evaluation of Antibiotic Sensitivity on IAA
Production of ST2-1 Bacterial Strain

A liquid experiment was conducted evaluate the antibiotic
sensitivity on IAA production of ST2-1 bacterial strain. The
liquid experiment was carried out with four treatments in
NBRIP liquid medium comprising 1% NacCl, including three
antibiotic treatments as follows Ampicillin, Chloramphenicol
and Streptomycin at 100 mg.L'1 concentration and the control
treatment having the same amount of bacterial number, but

antibiotic compounds were not applied. The initial bacterial
number of ST2-1 strain was 3x10* CFUs.mL-1. The sample
flasks were incubated on a shaker at 90 rpm in the dark for 11
days (Bio-shaker BR-300LF, Taitec, Nagoya, Japan).
Concentration of IAA production in NBRIP liquid medium
was measured at 0, 1, 3, 5, 7 and 11 days after inoculation by
Salkowski reagent at a 530 nm wavelength [31].

2.4.4. Evaluation of Fungicide Sensitivity on I4A
Production of ST2-1 Bacterial Strain

To evaluate fungicide sensitivity on IAA production of the
ST2-1 bacterial strain, a liquid experiment was conducted in
NBRIP medium, containing three different ingredients of
fungicides as follows Thiophanate Methyl, Propineb and
Mancozeb with recommended doses of 1000, 3125 and 3750
mg.L'l, respectively and the control treatment having the
same amount of bacterial number, but fungicide compounds
were not applied. The initial bacterial number of ST2-1 strain
was 3x10* CFUs.mL™". The sample flasks were incubated on
a shaker at 90 rpm in the dark for 11 days (Bio-shaker BR-
300LF, Taitec, Nagoya, Japan). Concentration of IAA
production in NBRIP liquid medium was measured at 0, 1, 3,
5, 7 and 11 days after inoculation by Salkowski reagent at a
530 nm wavelength [31].

2.5. Molecular Identification of IAA Producing Bacteria
(ST2-1)

The identification of IAA producing ST2-1 strain was
done on the basis of 16S rRNA gene sequencing. The
genomic DNA of ST2-1 isolate was extracted using
PowerSoil® DNA Isolation Kit (MOBIO Laboratories, a
QIAGEN Company, Valencia, CA). The primer 27F (5’-AGA
GTT TGA TCC TGG CTC AG-3’) and 1492R (5’-GGT TAC
CTT GTT ACG ACT T-3°) were used for amplification of 16S
rRNA gene (Lane, 1991). The total PCR reaction mixture was
50.0 pLL comprising 200.0 uM dNTPs, 50.0 uM each primer, 1X
PCR buffer, 3U Taq polymerase, and 100.0 ng genomic DNA.
The thermocycling conditions involved an initial denaturation at
94°C for 5 minutes, followed by 35 cycles of 94°C for 1 minute,
55°C for 1 minute, and 72°C for 2 minutes and final extension at
72°C for 7 minutes. The sequences of the insert were determined
using a Big-Dye Terminator Cycle Sequencer and an ABI Prism
310 Genetic Analyzer (Applied Biosystems, CA). The 16S
rRNA gene sequences were analyzed using the gapped BLASTn
(http://www.ncbi.nlm.nih.gov) search algorithm and aligned to
their nearest neighbors.

2.6. Statistical Analysis
Data were analyzed ANOVA by Minitab 16 version
compare average treatments.
3. Results and Discussions
3.1. Isolation of IAA Producing Isolates

The results of isolation shows that total 213 bacterial
strains were successfully isolated on NBRIP medium
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comprising 1% NaCl from 15 different soil samples located
in the coastal area in the Mekong Delta of Vietnam. Forty
five out of 213 strains showed their positive reaction in
forming pink solution when reacted with Salkowski’s
reagent. Thus they were considered as potentially TAA
producing isolates. The results of IAA production potential
of these 45 isolates in NBRIP liquid medium containing 1%
NaCl were shown as bellows.

3.2. Characterization of IAA Production Potential

The highest IAA concentration in NBRIP liquid medium
containing 1% NaCl produced by 45 bacterial isolates was
presented in Figure 1. In this figure only the most ten IAA
producing isolates were selected to present. It means that ten
out of 45 isolates had an ability to produce high amount of
IAA in NBRIP liquid medium modified with 1% NaCl. They
were coded as BT1-1, CM6-1, CM6-2, CM6-3, KG4-1, ST2-
1, ST6-1, CM6-4, KG3-1 and KG4-2. TAA concentration
generated from ten bacterial strains varied between 10.44 and
33.13 mgL"'. Among these strains, the maximum IAA
concentration in liquid medium was observed by ST2-1
(33.13 mg.L™") followed by CM6-1 (31.13 mg.L™") and BT1-1
(27.2 mg.L") while ST6-1 was the worst one among ten
selected isolates in term of TAA production ability (10.44
mg.L'l). Moreover, these ten isolates which produced TAA,
were potentially also phosphate solubilizer since these strains
were isolated from NBRIP medium which is specific medium
for phosphate solubilizing microorganism isolation. The
results of mean comparison related to different isolates
indicate that concentrations of ITAA produced by these
isolates in this study are in agreement with the results of
former studies, including [1, 33-35]. In their reports bacterial
isolates produced TAA in the range 5.34 to 25.4 mg.L". All
these studies clearly reflect the ubiquitous nature of bacteria
and their significance in promoting the growth of the
associated biota. In this study ST2-1 can be considered as the
best isolate in producing highest IAA concentration and this
strain may help to promote the plant growth via many
mechanisms and this strain was wused for further
investigations as a function of biofertilizer for plants.

Figure 1. The highest IAA production in NBRIP liquid medium containing
1% NaCl of ten selected bacterial isolates at day 8 (bars indicate + standard
deviation,).

3.3. Effect of IAA Producing Bacterial Isolates on Plant
Growth

The results of plant height, root length and dried biomass
of rice plant cultivated in Hoagland medium inoculated with
ten different bacterial isolates at 7™ day after transplanting
are presented in Figure 2. In this plant growth test, the
maximum effect on the height of rice seedling was
demonstrated by strain CM6-4 (23.47 cm) and followed by
CM6-3 (22.13 cm). These two strains increased the plant
height of inoculated rice seedlings over the control (20.62
cm) whilst the root length of rice seedlings were elongated
significantly over the control treatment by strain CM6-1;
CM6-2; CM6-3; KG3-1; KG4-1; KG4-1; ST2-1 and ST6-1.
The longest root of rice seedlings was observed by the strain
ST2-1 (6.23 cm) while the root length of rice seedlings
grown in Hoagland liquid medium inoculated by other strains
varied between 3.24 and 6.07 cm (Figure 2A). Moreover,
although the plant height of rice seedling inoculated with
strain ST2-1 (17.43 cm) was significantly shorter than the
other treatments even the control treatment (20.62 cm)
(P<0.05), root length (6.23 cm) and total dried biomass
(16.30 mg) of rice seedlings inoculated with strain ST2-1
were significantly longer and higher than other treatments
and even control treatment (4.13 cm and 13.69 mg,
respectively) (Figure 2B). This result indicates that the strain
ST2-1 had the most favorable effect on the root length and
dry biomass of rice seedlings whilst the strain CM6-4 had the
optimal effect on shoot length of rice seedlings. Thus, it
would say that IAA produced by this strain ST2-1 has a good
function in increasing of root and biomass of rice seedlings.
The TAA concentration production from this strain ST2-1 can
promote the root length and dry biomass thus, it could help
plant to take up more nutrients in soil and consequently it
helps to improve biomass and yield of rice plant [36, 37]. In
former studies showed that root elongation was found to
occur in Sesbania aculeata by inoculation with Azotobacter
spp. and Pseudomonas spp., in Brassica campestris by
Bacillus spp [38] in Vigna radiata by Pseudomonas putida
[1] and in Pennisetum americanum by Azospirillum
brasilense [39]. Another study of Mohite (2013) [35] showed
that the rhizosphere soil isolates were significantly augment
the plant height and root length of wheat seedlings along with
increase in chlorophyll content when compared with control.
The property of synthesizing IAA is considered as effective
tool for screening beneficial microorganisms suggesting that
IAA producing bacteria have profound effect on plant growth
[37]. Fatima ef al., (2009) [36] also showed that germination
rate, roots, shoot growth of plant were increased by [AA
producing bacteria. Data obtained from this glass tube
experiment demonstrated positive effect of this bacterial
strain (ST2-1) on rice seedling growth and thus it can be
considered as plant growth promoter. Hence, this strain is
promising strain used as bio-fertilizer source in agricultural
application.
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Figure 2. Root length, plant height and dried biomass of rice seedlings
grown in Hoagland liquid medium inoculated with different bacterial strains
at day 7 after transplanting (bars indicate + standard deviation).

3.4. Environmental and Physical Factors on IAA
Production

3.4.1. NaCl Concentration

The salt tolerance of the selected bacterial strain, ST2-1
was determined by the products of IAA produced in NBRIP
liquid medium supplemented with 0-3% NaCl. The results
showed this strain was able to grow and produce [AA
product in NBRIP liquid medium plus 0-3% (w/v) NaCl
(Table 2). The highest percentage of NaCl to 3% (w/v)
suppressed the TAA production of this strain in NBRIP liquid
medium. Therefore, IAA production capacity of ST2-1
cultivated in NBRIP liquid medium plus 1, 2, and 3% (w/v)
NaCl was investigated to confirm its tolerance and this ST2-1
could be classified as halotolerant bacteria [40]. All the NaCl
concentrations enhanced the IAA production of the bacterial

strain ST2-1 as compared to the control treatment, 0% NaCl.
The maximum IAA production produced by ST2-1 in the
NBRIP liquid medium varied between 25.94 and 29.55mg.L"
! significantly higher than that of the control treatment
(11.92 mg.L™"). However, at the concentrations of 1 and 2%
NaCl, TAA productions produced by ST2-1 were not
significantly different with each other, but these two IAA
productions were significantly higher than that of the
treatment with 3% NaCl. Thus, this result showed that the
maximum TAA (28.65-29.55 mg.L™") productions were found
at 1 and 2% NaCl and this strain can tolerant the
environmental stress to 3% NaCl. In the case of IAA
production, IAA is an auxin required by most plant cells for
division and root initiation [41]. Egamberdiyeva (2009) [42]
reported that IAA-producing bacteria significantly increased
plant growth under salt stress. In addition, Nakbanpote et al.,
(2014) [43] also reported that Pseudomonas sp.
PDMZnCd2003 isolated from from a Zn/Cd contaminated
soil was classified as salt-tolerant bacteria. This bacteria had
indole-3-acetic acids (IAA) production, nitrogen fixation, and
phosphate solubilization, under 8% (w/v) NaCl condition,
moreover, this strain stimulated the germination and
seedlings of Oryza sativa L.cv. RD6 under a salinity of 0—16
dS.m'. Therefore, the isolate of ST2-1 which was
halotolerant bacteria is considered as plant growth promoting
bacteria.

3.4.2. pH of Culture Medium

The highest IAA production by the strain, ST2-1 in
different pH level media is presented in Table 2. The low pH
retards plant growth, because the concentrations of metals
(AP and Mn™") in the soil solution can make metals more
bioavailable to reach toxic levels. It is known that soil pH
and metal cations may affect many processes occurring in the
rhizosphere. The affect of different levels of pH (5-9) was
determined. The IAA production by this ST2-1 strain was
significantly different among different pH treatments. The
maximum amount of IAA was produced by the isolate, ST2-
1 in NBRIP liquid medium supplemented with 1% NaCl
when pH of the culture medium was 7 (23.46 mgL™),
followed by pH 5 (20.44 mg.L™"), pH 9 (3.25 mg.L™") and pH
3 (0.86 mg.L"). The result of this present study is in
agreement with other former studies. Acidic pH medium
(below 5 and over 7) was found to be unfavorable for IAA
production by the isolate, ST2-1 in NBRIP liquid medium.
Mandal et al., (2007) [44] have reported that the Rhizobium
strain, VMA 301 for elaborated high levels of IAA
production in a pH 7.2 medium. Khamna et al., (2010) [45]
have shown that pH 7.0 was suitable for maximum [AA
production by Streptomyces sp. However, other pH value
ranges of the medium were proven to be a favorable
condition to have high IAA production by other bacterial
species for other bacteria through many other former studies.
IAA production by Bacillus spp. MQH—19 was highest at pH
6.0 and decreased by 62% at pH 5.0. For Paenibacillus spp.
SPT—03, IAA production was highest at pH 5.0 and
decreased by 42% at pH 7.0 [46]. The property of TAA is
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considered as effective tool for screening beneficial
microorganisms suggesting that IAA producing bacteria have
profound effect on plant growth [37]. Soil or plants
inoculated with IAA producing bacteria induces the
proliferation of lateral roots and root hairs. Fatima et al.,
(2009) [36] also showed that germination rate, roots, shoot
growth of plant were increased by IAA and PGPR. Therefore
this isolate was studied for its effect on plant growth under
controlled conditions.

3.4.3. Antibiotic Sensitivity

Antibiotic sensitivity pattern of the halotolerant bacterial
isolate was determined against three different antibiotics
(Ampicillin, Chloramphenicol and Streptomycin) in NRRIP
liquid medium containing 1% NaCl. Results showed in Table
2 depict that halotolerant bacterial isolate was sensitive to all
the three tested antibiotics. This is indicted by that fact that
IAA production was found highest in the control treatment
which had no antibiotic supplementation. The most
sensitivity of the ST2-1 strain was found for Streptomycin
antibiotic where TAA production was 0.45 mg.L"'. Among
three antibiotics tested, Ampicillin was found to be less
susceptible for this strain, ST2-1. The maximum IAA
production produced by this strain in NBRIP liquid medium
supplemented with 1% NaCl was seen for Ammpicillin
treatment (4.52 mg.L™"), higher than that in treatment
containing antibiotic Chloramphenicol (1.20 mg.L'l). In
short, the halotolerant bacterial isolate, ST2-1 was sensitive
to all the three tested antibiotics = Ampicillin,
Chloramphenicol and Streptomycin.

3.4.4. Fungicide Sensitivity

The results of the fungicide sensitivity are presented in
Table 2. Results showed that the bacterial ST2-1 isolate was
susceptible with all three tested fungicides (Thiophanate
Methyl, Propineb and Mancozed) at the recommended rate.
In the presence of these three fungicides amended in NBRIP
liquid medium, the strain ST2-1 showed the maximum
tolerance against Thiophanate Methyl (1000 mg.L") and the
least tolerance against Propineb and Mancozed (3125 and
3750 mg.L", respectively). The fungicide tolerance results
were proven through data of IAA production. [AA
production in the control treatment which had no fungicide
amendment was achieved highest (10.18 mgL™),
significantly different from three other treatments amended
with three different fungicides (p<0.05). Among three
different fungicide treatments, [AA production produced by
the isolate ST2-1 in fungicide Thiophanate Methyl treatment
was 8.42 mg.L", significantly higher than that in the two
other treatments (Propineb and Mancozep, 2.38 and 2.96
mg.L", respectively). The strain ST2-1 did not produce IAA
in the fungicide amended treatments as much as in the
control treatment because these fungicides may be inhibited
or change IAA producing metabolic pathway. The tolerance
or resistance against pesticides including fungicides is a
complex process of microorganisms regulated at both
physiological and genetic level [47]. The toxicology of
pesticides to organisms varies owing to their functional

groups and a great degree of variability occurs even among
pesticides of similar functional groups [48]. Most of the
pesticides in our study have different functions groups. In our
study, degree of inhibition of phyto-beneficial traits of the
strain ST2-1 under pesticide stress hence differs from one
pesticide to another. Additionally, pesticides not only damage
structural proteins essential for the growth of the organism
but also responsible for geno-toxicity [49] and eventually
causes to the decreased functioning and survival of
organisms exposed to high concentration of pesticides [50].
Fungicide accumulates in soils over the recommended level
resulting from either by consistently repeated application or
their slow degradation rate. It affects plant growth by altering
plant root’s architecture, number of root sites for rhizobial
infection, transformation of ammonia into nitrates,
transformation of microbial compounds to plants and vice
versa. Besides this, growth and activity of free living or
endophytic bacteria in soil has also been affected. It is
evident from data that pesticide residue persisted in the
agricultural soil may hamper the plant growth promoting
ability of bacteria.

Table 2. Effect of environmental factors on maximum IAA production of
bacterial strain, ST2-1.

Environmental The maximum concentration

factors Treatment of IAA (mg.L")
0% NaCl 11.92° (+0.66)
Ic\loe;cclentrations 1% NaCl 255 (E00)
%) 2% NaCl 28.65" (+0.50)
3 % NaCl 25.94° (+0.18)
pH-3 0.86% (£0.59)
- pH-5 20.44° (+0.18)
p pH-7 23.46" (+0.87)
pH-9 3.25° (+£0.84)
Control 10.18% (£0.16)
o Ampicillin 4.52° (+0.20)
Antibiotics Chlgramphenicol 1.20° (+0.29)
Steptomycin 0.45% (£0.21)
Control 10.18% (£0.16)
Thiophanate b
Fungicides Methyl 842" (+0.56)
Propineb 2.38°(£0.39)
Mancozeb 2.96¢ (+0.88)

Values are average (n=3); = standard deviation
Averages with the same superscript within the same column are not
significantly different at 5% level

3.5. 16S rRNA Gene Sequencing

Furthermore, the BLAST results of the 16S rRNA gene
sequences allowed to classify the isolated strain from salt
affected soil into the family of Bacillaceae. The evaluated
strain was aligned against sequences available from GenBank
data; the isolated strain, ST2-1 matched to Bacillus
megaterium with 99% of similarity percentage through
GenBank data base. The identified genera in this study have
been associated with plant rhizosphere and their phosphate-
solubilizing activity has also been reported earlier [23, 51,
52].
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4. Conclusions

From this study, it is clear that soils in rice—shrimp
rotational farming system in salt affected areas of the
Mekong Delta, Vietnam can provide a rich source of IAA
producing bacteria and has the ability to produce a significant
amount of IAA in a NBRIP liquid medium without
tryptophan supplementation. Overall ten isolates were
identified as IAA producing strains among which one
efficient TAA producing bacteria were characterized and
environmental parameters were tested for IAA production.
Among the isolates, the isolate ST2-1 show best growth
promoting activity. It is concluded that presence of such
growth promoting rhizoflora accountable for the beneficial
effects on crop growth and yield. The significance of the
study could be stated as the potential of this IAA producing
isolate and environmental factors effecting on IAA
production will stimulate the growth and ultimately TAA
production in the field and prevent environmental pollution
by avoiding excessive applications of industrially produced
fertilizers to cultivated fields.
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