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PRODUCTION OF INDOLE ACETIC ACID BY FLUORESCENT PSEUDOMONAS
IN THE PRESENCE OF L-TRYPTOPHAN AND RICE ROOT EXUDATES
A. Karnwal
Bhojia Institute of Life Sciences, Budh, Baddi, Solan, HP, 173205, India

SUMMARY

A total of 30 fluorescent Pseudomonas isolates (15 P.
fluorescens and 15 P. aeruginosa) were obtained from
different plant rhizospheres and were characterized on
the basis of biochemical tests and plant growth-promoting activities. Pseudomonas fluorescens AK1 and
Pseudomonas aeruginosa AK2 showed the best plant
growth-promoting activity. These isolates were tested
for their ability to produce indole acetic acid in pure
culture in the absence and presence of L-tryptophan at
50, 100, 200 and 500 µg/ml. For both strains, indole
production increased with increases in tryptophan concentration (0.5, 1.2, 4.3 and 9.3 µg/ml; and 0.2, 0.7, 3.8,
and 8.3 µg/ml, respectively). P. aeruginosa AK2 was less
effective in production of indole acetic acid than P. fluorescens AK1. Inoculation of rice seeds with P. fluorescens AK1 and P. aeruginosa AK2 showed a good level
(2.30 pmol/ml and 2.1 pmol/ml) of indole acetic acid
compared to uninoculated seeds (1.6 pmol/ml).
Key words: Plant growth promoting rhizobacteria,
Pseudomonas fluorescens, Pseudomonas aeruginosa, biochemical test, PGPR activity.

icum have been shown to produce auxins which help in
stimulating plant growth (Patten and Glick, 1996).
Azotobacter paspali significantly increased the dry
weight of leaves and roots of several plant species following root treatment by production of indole acetic
acid (IAA) (Barea and Brown, 1974). It has been reported that production of IAA and ILA (indole-3-lactic
acid) increased with increasing concentrations of tryptophan (1-100 µg/ml) by Azospirillum brasilense Sp13t
and SR2, respectively (Tien et al., 1979).
In wheat, A. brazilense inoculation of wheat seedlings
increased the number and length of lateral roots (Barbieri
et al., 1986). Inoculation of canola seeds with Pseudomonas putida GR12-2, which produces low levels of IAA,
resulted in 2 to 3 fold increase in the length of seedling
roots (Glick et al., 1986; Caron et al., 1995).
It is assumed that plant growth regulators produced
by Pseudomonas species could also influence plant
growth. To assess auxin production and its influence on
the plant, some 30 strains (both P. fluorescens and P.
aeruginosa) were screened for their natural ability to
produce IAA in the presence of varying amounts of Ltryptophan and rice root exudates.

MATERIALS AND METHODS
INTRODUCTION

Plant growth-promoting rhizobacteria (PGPR) are
free-living, soil-borne bacteria, which enhance the
growth of the plant either directly or indirectly (Kloepper et al., 1980; Glick, 1995). The direct mechanisms involve nitrogen fixation, phosphorus solubilization,
HCN production, production of phytohormones such
as auxins, cytokinins and gibberellins, and lowering of
ethylene concentration (Kloepper et al., 1989; Glick,
1995; Glick et al., 1999). Bacteria belonging to the genera Azospirillum, Pseudomonas, Xanthomonas, and Rhizobium as well as Alcaligenes faecalis, Enterobacter cloacae, Acetobacter diazotrophicus and radyrhizobium japonCorresponding author: A. Karnwal
Fax: +91.1795.247621
E-mail: arunkarnwal@rediffmail.com

Isolation and biochemical characterization of Pseudomonas strains. Fluorescent Pseudomonas species were
isolated from soils collected from Haridwar, Nanital,
Haldwani, Srinagar and Dehradun regions of Uttarakhand state (India). The serial dilution agar plate
method was used to isolate Pseudomonas species on nutrient agar medium or King’s B medium. Pigmentation
and biochemical reactions were determined as described in Bergey’s Manual of Determinative Bacteriology
(Holt et al., 1994). All the 15 isolates of P. fluorescens
and 15 isolates of P. aeruginosa were biochemically characterized for Gram staining, starch hydrolysis, H2S
production, citrate utilization, oxidation reaction, casein
hydrolysis, 3-ketolactose production, urease production,
catalase test, lipolysis activity, indole production, pigment production, lipolysis activity, HCN production
and gelatin liquefaction.
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Fluorescent Pseudomonas and rice root exudates

Screening of bacterial isolates for indoles and indole
acetic acid (IAA) production. Production of indoles by
P. fluorescens AK1 and P. aeruginosa AK2 was assayed as
described by Patten and Glick (1996). Bacterial isolates
were propagated in DF salts minimal medium with Ltryptophan (0, 50, 100, 200 and 500 µg/ml) and incubated at 28±2°C for 48 h. Bacterial cells were removed by
centrifugation at 4,000 rpm for 20 min at 4ºC. One ml
of the supernatant was mixed with 4 ml of Salkowski’s
reagent in the ratio of 1:4 and incubated at room temperature for 20 min. Development of a pink colour indicated indoles. The absorbance of supernatant mixture (supernatant+ Salkowski’s reagent) for indole production
was measured at 535 nm The quantity of indoles was
determined by comparison with a standard curve using
an IAA standard graph. Indole-3-acetic acid production
by P. fluorescens AK1 and P. aeruginosa AK2 was estimated by ELISA. Supernatants from cultures grown in
DF salts minimal medium amended with 0, 100, 200
and 500 µg/ml L-tryptophan were assayed. Three-milliliter aliquots of supernatant were methylated by adding
four to five drops of 2.0 M trimethylsilyl diazomethane
in diethyl ether, then samples were vortexed at high
speed for 1 min and placed in a fume hood to evaporate
excess ether.
The colour produced on addition of substrate is inversely proportional to the amount of phytohormone in the
sample. The intensity of the colour was read at 405 nm
using an ELISA plate reader and related to phytohormone concentrations by means of a standard curve.
Effect of rice roots on IAA production in growth
chamber studies. In a growth pouch study, rice seeds
(Oryza sativa, cv. Basmati type-3) were surface sterilized
in 95% ethanol (v/v) for 10 to 20 sec, then soaked in
20% bleach (v/v) for 10 min. The seeds were washed
with sterile distilled water 5-7 times to remove excess
bleach and were air dried in a laminar flow hood for 24
h. Seed growth pouches sterilized at 121ºC for 15 to 20
min were filled with 10 ml of sterile half-strength N-free
Hoagland’s nutrient solution. Bacterial cells grown in
half strength tryptic soy broth (TSB) were diluted 100fold. Surface-sterilized seeds were soaked in 10 ml of
bacterial suspension for 10-15 min with gentle agitation.
The growth pouches were filled with 25 ml of Hoagland’s N-free nutrient solution and seeds treated with
bacterial strains were transferred aseptically to growth
pouches (3 seeds per pouch and 3 pouches per treatment). Seeds treated with 0.1 M MgSO4 served as controls. The growth pouches were incubated in a growth
cabinet for 72 h with gentle shaking at 100 rpm to create aerobic conditions. Supernatants from growth pouches (10 ml) were obtained by centrifugation at 4,000
rpm for 20 min at 4°C and filtration using 0.22 µm
membrane filters. The filtrate was used to detect and
quantify the concentration of IAA production by P.
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fluorescens AK1 and P. aeruginosa AK2 by ELISA. Aliquots of filtrates (3 ml) were methylated by adding four
to five drops of 2.0 M trimethylsilyl diazo-methane in
diethyl ether, then samples were vortexed at high speed
for 1 min and placed in a fume hood to evaporate excess ether.
IAA was assayed using ELISA kits (Phytodetek, Agdia, USA). Stock solutions of the IAA (10 µmole/ml)
were prepared in absolute methanol. Standard concentrations of 78-2500 pmoles/ml (IAA) were used. One
hundred microlitre of standard or the sample were used
for each assay.

RESULTS AND DISCUSSION

All of the 30 isolates of fluorescent Pseudomonas recovered from soils of different regions of Uttarakhand
were gram-negative, citrate-positive, oxidase-positive,
catalase-positive, indole-positive, produced fluorescence
under UV light, were able to hydrolyze starch and casein, produced siderophores and were able to use glucose, mannitol, fructose, arabinose, trehalose, glycerol, xylose and starch as carbon source. These isolates were
screened for their ability to produce IAA and other PGPR activity. P. fluorescens AK1 and P. aeruginosa AK2
showed better PGPR activity than other isolates. In the
absence of L-tryptophan, P. aeruginosa AK2 produced
significantly higher amounts of indole (0.8 µg/.ml) than
P. fluorescens AK1 strain (0.2 µg/ml). In the presence of
50 µg/ml of L-tryptophan P. fluorescens AK1 produced
a significantly higher concentration of indole (1.4
µg/ml) than P.aeruginosa AK2 (0.9 µg/ml). When 100
µg/ml L-tryptophan was added to the medium P. fluorescens AK1 and P. aeruginosa AK2 produced three (4.0
µg/ml) and four (3.9 µg/ml) times, respectively the concentration of indole produced at the 50 µg/ml L-tryptophan concentration. A significant increase in indole
production was recorded in the presence of 200 µg/ml
and 500 µg/ml L-tryptophan, i.e. 4.3 µg/ml and 9.3
µg/ml, respectively, for P. fluorescens AK1. The same increment in indole production was noted with P. aeruginosa AK2 4.1 µg/ml and 8.2 µg/ml at 200 µg/ml and
500 µg/ml of L-tryptophan concentration, respectively.
Varying levels of IAA were recorded with different
concentrations of tryptophan, i.e. 0, 100, 200 and 500
µg/ml. The concentration of IAA in P. fluorescens AK1
isolates without tryptophan was 3.1 pmol/ml. A significant increase in the production of IAA was recorded in
the presence of 100, 200 and 500 µg/ml of tryptophan,
i.e. 3.8, 5.2 and 6.9 pmol/ml, respectively. Similarly, P.
aeruginosa AK2 was able to produce IAA without tryptophan in a concentration of 3.3 pmol/ml. A further increase in IAA production (3.9 pmol/ml, 4.0 pmol/ml
and 4.2 pmol/ml) was observed in the presence of different concentrations of L-tryptophan (100, 200 and 500
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µg/ml). Both isolates produced IAA as observed by
others (Narumiya et al., 1979; Bano and Musarrat,
2003). The concentrations of IAA secreted with rice
root exudates in growth chamber studies with P. fluorescens AK1 and P. aeruginosa AK2 were significantly higher (2.3 pmol/ml and 2.1 pmol/ml) than that of the
control (1.6 pmol/ml).
These results proved that plant growth regulators
produced by Pseudomonas species could also play a critical role in plant growth promotion.
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