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Introduction:-

Phytohormones play an important role as signals and regulators of growth and development in plants. Auxins,
among them in particular indole-3-acetic acid (IAA), are the most studied plant growth regulators, and this includes
physiological, biochemical and genetic aspects. (Elena S. et al., 2002) [9]. Indole acetic acid (IAA) is one of the
most physiologically active Auxins.

A large number of rhizobacteria produce Auxins, a plant growth hormone, which has a role in plant growth and
development. Research has demonstrated that Auxins producing bacteria can be successfully used in increasing crop
yield (Arshad M. et al. 1999) [2]. Auxins producing bacteria also have deleterious effects as well (Sarwar and
Kremer 1995) [18]. Furthermore, little is known concerning the phylogenetic identities of auxin producing bacterial
communities, or the distribution of auxin production levels among auxin producing bacteria. Tryptophan (TRP) is a
major precursor for auxin production by many of rhizobacteria (Kamilova et al. 2006) [15], and may serve as a
source of nitrogen for some bacteria, which may be the reason for the large increase in Indole-3- acetic acid (IAA)
production in some bacteria challenged with TRP (Martens and Frankenberger, 1993) [19]. Pseudomonas spp.,
for example, increased auxin levels after being supplemented with TRP (Kravchenko et al. 2004) [16].

Auxin producing rhizobacteria have been studied extensively for decades. As far as we know, nobody has yet to
isolate and characterize a large collection of culturable rhizobacteria from any plant species or from different
cultivars and test them for the ability to produce auxin. Furthermore, no one has yet to functionally link auxin
production from a wide range of auxin producers to biomass productivity. Therefore, the aims of this study were to
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connect the in vitro amounts of auxin produced by culturable rhizobacteria in the presence or absence of L-
tryptophan and biomass productivity.

Materials and Methods:-

Collection of soil sample:

The soil samples were collected from rhizosphere area of wheat, paddy field and coconut tree in polythene bag and
brought to the laboratory. All soil samples were taken from 10 cm below the soil surface.

Collection of soil sample:
5 gm of each soil sample was inoculated in 100 ml conical flask containing sterile nutrient broth supplemented with
0.1 % tryptophan (Shahab et al, 2009) [20]. The flaks were labeled as, for wheat soil: WS, for paddy field soil: PS,
for Coconut tree soil: CS.

The flasks were kept for enrichment by incubating at room temperature for 24 hrs. 0.1 ml of enriched sample was
plated on nutrient agar plate and further incubated for 24 hrs at room temperature.

Screening of bacterial isolates for IAA production:

10 isolated colonies were inoculated in sterile 10ml nutrient broth tubes supplemented with 01% tryptophan and
incubated at room temperature for 24 hrs. IAA production was determined in vitro by the method of Salkowski
(Shahab et al, 2009) [20]. From each of the tube, 1.5 ml of culture was taken in centrifuge tube and centrifuged for
10 min at 7000 rpm, 1ml of supernatant was taken and mixed with 3 ml of Salkowski's reagent and incubated for 30
min. in dark for development of pink color. Spectrophotometric analysis of each sample was done for IAA
detection. The isolate which showed higher absorbance at 520 nm were considered as efficient IAA producers and
chosen for further experimental procedure.

Preparation of standard graph:

Different concentrations of IAA were prepared in nutrient broth ranging from 10 to 100pg/ml. 1ml of broth was
mixed with 3ml of Salkowski's reagent and incubated at room temperature in dark for 30 min. The absorbance of
tube showing pink color was taken at 520 nm using spectrophotometry. Then, standard graphs were prepared by
plotting concentration of IAA in pg/ml optical density at 520 nm.

Morphological and Biochemical characterization:
All the isolates were morphologically analyzed by measuring size, shape, and surface, color of colony, margin,
elevation, opacity, consistency, motility and Gram staining.

Indole Test:

Peptone water was inoculated with test organism and incubated at 37°C for 24 to 48 hours. 5 ml of KOVAC’s
reagent was added along the side of the test tube to form a layer on the top. A positive reaction was indicated by the
formation of pink ring at the junction.

Glucose Fermentation:

Pure cultures were inoculated from the agar plates to sugar media and incubated at 37°C for 1-2 days. Positive test
was shown by acid and gas production by change in colour of the media (pink with indicator) and gas inside the
Durham’s tube.

Citrate Utilization Test:
Test organism was inoculated in Simmons citrate agar and incubated at 37°C for 2 days. Blue medium with a streak
of growth was indicated in citrate utilizing bacteria (positive reaction).

Methyl Red Test:

Test organism was inoculated on glucose phosphate broth and incubated at 37 for 48 hrs. 5 to 6 drops of methyl red
reagent was added to the culture. A red colour indicated positive reaction. Negative tests were yellow in colour.
Positive reaction indicated the ability of the organism to produce and maintain an acid pH.
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Voges-Proskauer Test:

The test organism was inoculated in glucose phosphate broth and incubated at 37 for 48 hours. Then VP reagent (I ml
of 40 % potassium hydroxide 3 ml of 5% alpha napthol in absolute ethanol) was added. The tube was shaken
vigorously to ensure maximum aeration. A positive result was indicated by the development of pink color in 2-5
minutes becoming crimson in 30 minute.

Gelatinase test:
The isolates were grown in sterile N.B. containing 12% gelatin and Incubated for 24 hrs. at room temperature. After
24 hrs., the incubated tubes were kept in freeze for 30 min and observed for liquification.

Amylase test:
Starch agar plates were prepared. The pure cultures of isolate were striked at the center of each plate and incubated
at 37°C foe 24 hrs. After incubation iodine solution was flood over the plates. Observed for the blue color change
around culture.

Catalase Test:

Pour 1-2 ml of hydrogen peroxide solution into a 4 test tube. Using a sterile wooden stick or a glass rod, take several
colonies of the 18 to 24 hours old isolate and immerse in the hydrogen peroxide solution and observe for immediate
bubbling.

H,S Production:

4 SIM agar slant were prepared and each isolates was striked on the slant. The slants were incubated at 37°C for 24
hrs. The slants were observed for the occurrence of H2S production (black coloration) along the growth of culture.
2f) Effect of different factors on IAA production:

Effect of Tryptophan concentration:

4 sterile test tubes each containing 10 ml nutrient broth was prepaid. The tubes were supplemented with varying
concentration of tryptophan viz, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, and 0.6% (4 tubes each with same tryptophan
concentration). Then the tubes were inoculated with 4 isolates for different incubation periods i.e. 24, 48, and 72 hrs.
Respectively and the tubes were assessed for IAA concentration by Salkowski's method after each 24 hrs.

Effect of pH:

40 ml of sterile (Nutrient broth + 0.1% tryptophan) was prepared and distributed in 4 sterile test tubes with pH 2, 4,
6 and 8 respectively. The tubes prepared according to respective pH were inoculated with isolates and labeled
according to culture inoculated and kept for incubation at room temperature for 24, 48, and 72 hrs. All the incubated
samples were assessed for measuring IAA concentration by Salkowski's method after each 24 hrs.

Effect of Temperature:

40 ml of sterile Nutrient broth + 0.1% tryptophan was prepared and distributed in 4 sterile test tubes. The test tubes
were inoculated with each of 4 isolates and incubated at 4°c, 37°c, 45°C and room temperature for 24 hrs. After
incubation the concentration of [AA was determined using Salkowski’s method.

Results and Discussion:-

Isolation and screening of IAA producing bacteria:

After assessing by using Salkowski's reagent it was found that all 3 enriched soil samples showed formation of pink
color with high intensity. 10 isolated colonies were selected from all the three flasks and further used for isolation of
IAA. Out of 10 isolates 4 isolates [I1, 12, 13, 14] were found to be positive for LAA production. Out of four isolate 14
followed by 12 shows maximum absorbance at 520nm.

Preparation of Standard graph:
100 microgram/ ml stock of IAA was prepared. And standard graph was prepared as shown in Table 1.Observation:
(Stock 100ug/ml)

Sr. Conc. Stock | D/W | Salkowski’s Incubation Optical  Density at
No. (ng/ml) Reagent) (25°C) 520nm
1 10 0.1 0.9 2ml 25 min. 0.090
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2 20 0.2 0.8 2ml 25 min. 0.112
3 30 0.3 0.7 2ml 25 min. 0.196
4 40 0.4 0.6 2ml 25 min. 0.225
5 50 0.5 0.5 2ml 25 min. 0.319
6 60 0.6 0.4 2ml 25 min. 0.382
7 70 0.7 0.3 2ml 25 min. 0.430
8 80 0.8 0.2 2ml 25 min. 0.514
9 90 0.9 0.1 2ml 25 min. 0.586
10 100 1.0 0 2ml 25 min. 0.647
11 Blank 0 1 2ml -- --
Graph 1:- Standard graph of IAA.
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Morphological characters of the isolates:
Table 2:- After incubation of isolates on nutrient agar medium colony characteristics of each isolate were recorded

and mentioned in Table 2.

Sr. Colony characters I-1 I-1 I-1 I-1

No.

1 Size 1.2 mm 0.8 mm 1.2 mm 1.1 mm

2 Shape Circular Circular Circular Circular

3 Surface Smooth Smooth Smooth Smooth

4 Color White White White White

5 Margin Entire Entire Entire Entire

6 Elevation Convex Convex Convex Convex

7 Opacity Opaque Opaque Opaque Opaque

8 Consistency Butyrious Butyrious Butyrious Butyrious

9 Motility Motile Motile Motile Motile

10 Gram’s nature Gram  negative | Gram positive | Gram positive | Gram  negative
rods rods rods rods
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Biochemical Characterization:
Table 3:- Results of biochemical characterization were recorded and mentioned in Table 3.

Sr. Biochemical Tests I-1 -1 I-1 I-1

No.

1 Indole Test Negative Negative Negative Negative
2 Methyl red Test Negative Negative Negative Negative
3 Vogus-Proskour Test Negative Negative Negative Negative
4 Citrate Utilization Test Positive Positive Positive Positive
5 H2S production Test Negative Positive Negative Negative
6 Catalase Test Positive Positive Positive Positive
7 Amylase Test Negative Negative Positive Positive
8 Gelatinase Test Positive Positive Positive Positive
9 Glucose Fermentation Negative Positive Positive Negative

Effect of Tryptophan on IAA production:

The samples inoculated with varying concentration of tryptophan viz, 0.1%, 0.2%, 0.3%, 0.4%, 0.5% and 0.6% in
nutrient medium have shown gradual increase in production of IAA with the increase of tryptophan concentration.
The samples were assessed by Salkowski’s method. The isolate (I4) showed maximum IAA production at 0.6%
concentration of tryptophan for 48 hrs. Incubation.

Effect of pH on IAA production:
Effect of pH of medium on 1AA production was determined by using varying the initial pH medium viz, 2, 4, 6, and
8. Each tube was then inoculated with 4 isolates separately and incubated at room temperature for 24 hrs. The
samples were assessed by Salkowski’s method. I-1 and I-3 showed maximum IAA production at pH 2, whereas
optimum pH for 1-2 and 1-4 was 8.

Effect of Temperature on 1AA production:

Effect of temperature of incubation on IAA production was determined by varying the temperature viz, 4°C, 37°C,
45°C and room temperature. After incubation the samples were assessed by Salkowski’s method. At room
temperature 1-1 and 1-3 shows maximum production after 72 hrs. of incubation.

Discussion:-

Indole acetic acid (IAA) is a member of phytoharmones and considered as an active auxin. Total four isolates were
identified as potential of IAA production. This type of studies has been conducted earlier for isolation of the I1AA
producing bacteria (Mohite et al. 2013) [4]. Earlier studies showed that IAA producing bacteria are gram negative
bacteria (Datta et al. 2000) [7]. Few gram positive bacterial strains belonging to the Bacillus species are also kown
for IAA producing capabilities (Wahyudi et al. 2011) [21]. Effect of different cultural conditions, growth stage and
substrate availability (Mutluru et al. 2007) [22]

Conclusion:-
Soil is considered as the source of finding diverse kind of bacterial species. Soil samples are considered as priority
for isolating IAA producing bacteria by considering ability of Raigad district soil consist of IAA  producing

bacteria. From this study, it is clear that rhizospheric soil can provide a rich source of IAA producing bacteria and
has the ability to produce a significant amount of IAA in a tryptophan supplemented medium.

Overall four isolates were identified as IAA producing strains were characterized and media components, physical
parameters were optimized for IAA production. These bacterial isolates were mainly Bacillus spp. and Pseudomonas

Spp.
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