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Abstract: A Gram positive, rod shaped bacterial strain, designated NHPC4, was selected from a pool of
bacterial cultures isolated from tea garden rhizospheric soil, collected from Nilgiri hills, India. Using
phenotypic characters and 16S rRNA gene based molecular phylogenetic approach, it was identified as Bacillus
toyonensis. The strain possessed several plant growth promoting (PGP) traits including production of
siderophore, ammonia, solubilization of zinc, fixation of nitrogen and auxin production. Production of Indole-3-
acetic acid (IAA) from L-tryptophan by the strain was determined through bioassay and effect of various
parameters (precursor concentration, temperature, pH, percentage of sodium chloride, various nitrogen and
carbon sources) on its production was investigated. Maximum yield of IAA was recorded at 218 h of growth
37°C and pH 7. Optimised IAA production was recorded on a mineral medium containing L-tryptophan (1%, w/
V), supplemented with maltose, 0.20% and ammonium sulphate, 0.01%. The strain could also produce several
hydrolytic enzymes like amylase, caseinase and gelatinase.
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I. Introduction

The use of plant growth promoting rhizobacteria (PGPR) or microbial inoculants for sustainable
agricultural production is being widely accepted in many parts of the world [1]. The PGPR are rhizosphere
dwelling bacteria that have the ability to colonize plant roots and exert a beneficial effect on plant growth [2].
Currently, most agricultural fields are supplemented with chemical fertilizers and toxic agrochemicals such as
herbicides, pesticides to enhance and maintain crop productivity. In fact, pesticides have become a primary
input in farming for greater crop yields [3]. Henceforth, sources of renewable energy, economic issues and most
importantly environmental concerns necessitate the use of biological alternatives [4]. Biosynthesis of IAA is an
important criterion for the screening of potential PGPR [5]. IAA plays a predominant role in regulating plant
growth and bacterial IAA producers stimulate plant growth by adding to the endogenous pool of host plant IAA
[6]. L-tryptophan (L-Trp) is a physiological precursor for biosynthesis of IAA in plants and microbes [7].

In the present work, an attempt was made to explore bacteria having PGP traits from tea plant
rhizospheric soil of Nilgiri Hills (NH), India. A strain designated, NHPC4 capable of producing IAA was
isolated and characterized. The strain was identified as Bacillus toyonensis, based on 16S rRNA gene sequence
similarity. Although, plant enhancing effect of B. toyonensis has been studied in two plants [8], production and
optimization of the phytohormone, IAA has not been reported earlier in B. toyonensis. NHPC4 is endowed with
other PGP traits and capable of producing hydrolytic enzymes. Henceforth, the strain might have
biotechnological potential and can be part of phytostimulant and bio-fertilizer formulation, which might find
application for better crop productivity.

Il. Materials And Methods
2.1 Isolation and ldentification of the strain
Tea plant rhizospheric soil samples were collected from different tea gardens located in Ooty (11.41°N 76.70°E)
and Coonoor (11.35°N 76.82°E) hill stations of Tamil Nadu, India. Many bacteria were isolated and among
them, a bacterial strain, NHPC4 was characterized phenotypically [9], screened for presence of PGP traits, and
hydrolytic enzyme activities. This was followed by quantification and optimization of 1AA production in the
strain. Analysis based on 16S rRNA gene sequence was carried out at EzTaxon server;
www.ezbiocloud.net/eztaxon [10].
2.2 Screening for extracellular hydrolytic enzymes
The strain was screened for the presence of various hydrolytic enzyme activities adopting methods as described
in the standard manual [11].
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2.3 Screening for plant growth promoting (PGP) attributes

NHPC4 was screened for the presence of several PGP traits. The ability to solubilise phosphate was checked on
Pikovskaya’s agar (Himedia) medium. Production of siderophore was detected using Chrome azurol S agar
medium [12]. Peptone broth was used for checking ammonia production [13]. The method of Lorck (1948) was
adapted for detecting the production of hydrogen cyanide. Nitrogen-fixing ability was assessed using nitrogen-
free Ashby’s agar medium, and growth after repeated transfer (5 to 7) was recorded as presumptively positive
for fixation of nitrogen. IAA production by the strain, in the absence and presence of the precursor, L-Trp (1%)
was determined by following the Salkowski’s method [15]. Following growth, the bacterial culture was
centrifuged at 10,000 x g for 10 minutes. 1 mL of the cell-free culture supernatant was mixed with 2 mL of
Salkowski’s reagent (0.5 M FeClz 2 mL; 35% perchloric acid, 98 mL) and incubated in dark for 30 minutes. The
intensity of resultant pinkish colour was recorded at 530 nm by using an UV-Vis spectrophotometer (Cary50,
Varian). Quantification of IAA was carried out against a standard curved prepared from authentic IAA (Sigma-
Aldrich, India).

2.4 Effect of physicochemical parameters on IAA production

For optimization of IAA production process parameters, the factorial design of experiments, the ‘one factor at a
time’ method was adopted. The optimum pH for IAA production was assessed by adjusting the initial pH of the
medium to 4, 5, 6, 7 and 8. IAA production was quantified at various temperature ranges (10, 20, 28, 37, 45°C),
sodium chloride (NaCl) concentrations [0.5, 1.0, 2.0, 3.0, 4.0, 5.0%, (w/v)] and, shaking vs static condition for
optimized period of time.

2.5 Effect of nutritional parameters

The effect of precursor on IAA production was determined by incorporating different concentrations of L-Trp
[0.01, 0.03, 0.05, 0.1, 0.5, 1.0% (w/v)] into the production medium. The effect of different organic (beef extract,
peptone, tryptone, yeast extract) and inorganic [ammonium chloride (NH,4CI), ammonium dihydrogen phosphate
(NH4H,PO,), ammonium bicarbonate (NH4;HCOs), diammonium hydrogen orthophosphate (NH,),HPO,,
ammonium sulphate (NH4)SO,4, ammonium iron (I1) sulphatehexahydrate (NH,),Fe(SOy),-6H,0, sodium nitrite
(NaNOy)] nitrogen (N) sources on the production of IAA was checked in M9 minimal medium. The amount of
the best N supplement was varied [0.001, 0.005, 0.01, 0.05, 0.1, 0.2, 0.25, 0.5%, (w/v)]. Different sugars such as
glucose, maltose, mannose, D-ribose, glycerol, mannitol, D-sorbitol, adonitol, xylitol were incorporated in M9
minimal medium to analyze their effect on 1AA production. The concentration of the best carbon source was
varied [0.01, 0.05, 0.2, 0.5, 1.0, 2.0, 2.5, 5.0% (w/v)]. The M9 minimal medium used for studying the effect of
carbon and nitrogen source on IAA production was exogenously supplied with L-Trp (1%).

2.6 Time course assay of IAA production

A time course assay for monitoring IAA production was performed. Starting from the 0™ h of incubation till the
224™ h, 1AA production was monitored at regular time intervals of 3 h. Optimum parameters for 1AA
production obtained from previous experiments were used for the time course assay.

1. RESULTS

3.1 Characterization and identification of the strain

The cultural, morphological, and biochemical characteristics along with the plant growth promoting traits of the
strain, NHPC4 are documented in Table 1. With reference to 16S rRNA gene sequence, it showed closest
sequence identity with Bacillus toyonensis BCT-7112" (100%) followed by Bacillus thuringiensis ATCC
10792" (99.93%), CM000739-s AH1271 (99.93%) and Bacillus wiedmannii FSL W8-0169" (99.79%). The
partial 16S rRNA gene sequence of the strain was deposited in GenBank database; its accession number is
KP229423. The strain was deposited in Microbial Culture Collection (MCC), National Centre for Cell Science,
Pune, India; (accession number, MCC 3302) for its general availability to scientific community.

3.2 Optimization studies for IAA production

Optimization studies using the strain recorded maximum IAA production at temperature of 37°C and a pH of 7
(Fig. 5). There was a linear rise in the IAA production with the increase in L-Trp concentration (Fig. 1).
Addition of L-Trp to production medium has been reported to enhance IAA production [16]. Higher yield of
IAA was recorded under shaking condition in comparison to incubation under static condition (Fig. 7). There
was a linear rise in the IAA production with the increase in L-Trp concentration (Fig. 1). In comparison to the
organic N supplements, the inorganic N sources supported higher IAA production (Fig. 3). Ammonium sulphate
(0.01%) was recorded to be the best N source. Among tested C sources, maltose (0.20%) was best, followed by
glycerol and adonitol (Fig. 2). The amount of IAA produced was 54.6 pg mL™ and 49.2 ug mL™ using the
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optimal concentration of maltose and ammonium sulphate, respectively (Fig. 4). No IAA could be detected even
at the lowest concentration of NaCl.

3.3 Time course of IAA production

Production of IAA in the medium begun from 48 h (41.32 ug mL™) and it increased gradually with time.
Maximum IAA production was recorded at 218 h (127.56 pg mL™) (Fig. 6). In a previous study [17], IAA
production was reported to increase progressively from two to eight days and decreased later with a decrease in
the growth of bacteria in the production medium.

3.4 PGP attributes and hydrolytic enzyme properties of the strain

The strain also possessed other PGP traits like siderophore production, ability to fix atmospheric nitrogen,
ammonia production, and solubilization of zinc; produced hydrolytic enzymes like amylase, gelatinase, and
caseinase.

V. Discussion

The 1AA synthesis by bacteria dwelling in the rhizosphere can act concurrently with the endogenous IAA in
plants, thereby, promoting enhanced root system development and uptake of nutrients by plants from the soil
[18]. This eventually leads to better plant productivity. IAA synthesized by the PGP microbes is considered
more effective by virtue of their continuous slow release [18]. The strain in the present work produced
considerable amount of IAA, when compared to reports of IAA production by previous authors [1, 16, 17, 19,
20]. To the best of our knowledge, B. toyonensis has never been quantified and optimized for production of IAA
in any earlier work report. There lies significant scope of the strain being developed into a bio-inoculant and
being explored for the production of the agroactive compound, auxin.

V. Conclusion
A propitious strategy for the replacement and/or supplementing the activity of chemical fertilizers is the use of
“go green” technology of using PGP bacteria used individually or part of multi-strain bacterial consortium.
These PGP microorganisms are potential candidates to be developed into commercial biofertilizer candidates.
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Table 1. Phenotypic characters of Bacillus toyonensis strain NHPC4

Abbreviations used: R, rod shape; +, positive reaction; ++, strong positive; —, negative reaction; +/-, acid
production from carbohydrate/no gas production from carbohydrate; -/-, no acid/no gas production

Cultural and morphological characteristics

Colony morphology Irregular, curled, rough, opaque, turbid white, umbonate elevation
Vegetative cells R

Gram reaction +

KOH reaction -
Endospores +

Motility +

Colony colour -

Aerobic growth +
Temperature optimum 10-45°C (37°C)
pH optimum 5.5-10 (7.0)
Biochemical characteristics

Catalase test +

Oxidase test +

Indole production -

Methyl red test -

Voges Proskauer test +

oxidative / fermentative /negative Fermentative
Nitrate reduction +

Growth on MacConkey agar medium -

Growth on blood agar -

Starch hydrolysis +

Cellulose ,, -

Casein ,, +

Gelatin ,, +

Pectin ,, -

Chitin ,, -

DNA -

Acid and gas production from carbohydrates

Mannitol -I-

Glucose +/-

Sucrose +-

Plant growth promoting traits

Siderophore production ++
Ammonia production +
Presumptive nitrogen fixation +
Solubilization of phosphate -

Hydrogen cyanide production -
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Fig. 1 Effect of L-Tryptophan concentration
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