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ABSTRACT
The term plant hormones or phytohormones is restricted to naturally occurring substances
and includes four main groups of compounds: auxins, cytokinins, gibberillins and abscisic acid.
Indole acetic acid is physiologically active auxins. Production of IAA and other auxins such
as gibberellins and cytokines enhance root growth and aid in nutrient absorption. Indole acetic
acid (IAA), a phytohormone produced by certain rhizobacteria can massively proliferate root
hair production and enhance root’s absorptive capacity and nutrient uptake. The present
attempts were therefore made to find out the efficiency of Rhizobium as a biofertilizer and
see this performance on various parameters of different seeds. Rhizobium sp secreted IAA into
culture media and significantly increased the dry weight of leaves and roots of several plant
species. It was found that inoculation of seedlings with Rhizobium increased the number and
length of lateral roots. It is presumed that PGPR producing plant growth regulators play a
critical role in plant growth promotion. Effects of plant growth regulators including IAA on
the plant will be concentration dependent.
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Introduction

Nitrogen supply was initially thought to be the
sole function of rhizobial root nodules, but later the
hormone content of root nodules drew attention due
to the involvement in the formation and development
of the nodule (Kefford et al., 1960 and Verma et al.,
1992).

Rhizobium sp are known to produce indole
acetic acid from tryptophan in culture. But most of
the studies were restricted to leguminous herbs due
to its agricultural importance. Probably the first
report on nodular hormones of a tree legume was
from pongamia pinnate. Purpose of this study in to
throw light on the growth properties and IAA
synthesizing capacity of rhizobium sp isolated from
the root nodules of two different plants. (Dullart,
1970, Bhattacharya and Basu, 1992).

Plant growth promoting rhizobacteria are
considered to promote plant growth directly or
indirectly. Plant growth promoting bacteria can

exhibit a variety of characteristics responsible for
influencing plant growth. IAA is a common product
of L-tryptophan metabolism by several
microorganisms including PGPR (Lynch, 1985 and
Frankenberger, 1983). Microorganism inhabiting
rhizophere of various plants are likely to synthesize
and release auxin as secondary metabolites because
of the rich supplies of substrates. These substrates
are exuded from the roots compared with
non-rhizospheric soils. (Kampert, 1975). Indole acetic
acid production from tryptophan by rhizobium has
been extensively studied because it is one of the
events largely involved in the formation of legume
root nodules (Kefford et al., 1960 and Verma et al.,
1992).

There is substantial evidence for production of
IAA and number of IAA precursors both by rhizobia
and bradyrhizobia grown under cultural conditions.
There are two pathways for the convertion of
tryptophan to IAA via Indole-3 acetamide and via
Indole-3 pyruvic acid. Since tryptophan is the key
intermediate in IAA biosynthesis. In microorganism
the addition of tryptophan in the medium, greatly
increased IAA concentration in the culture
supernatants of Rhizobium sp. Plant morphogenic
effects may also be a result of different ratios of plant
hormones produced by roots as well as by rhizosphere
bacteria. Diverse soil microorganism including
bacteria, fungi and algae capable of producing
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physiologically active qualities of auxins, which may
exert pronounced effects on plant growth and
establishment (Stein et al, 1990). In India, most of
the pulse crop grown, the average yield is very low.
It is mainly due to factors including lack of proper
and efficient rhizobia strain in the soil. The studies
augmenting efficient biological nitrogen fixation,
native and competent strains are required to be
isolated and used in legume production. The
effectiveness of the Symbiotic Nitrogen fixation and
nodule formation depends on the proper
establishment of interrelationship between particular
legume and specific strain of Rhizobium. (Subbha rao,
1976)

The present attempts were therefore made to
find out the efficiency of Rhizobium as a biofertilizer
and see this performance on various parameters of
different seeds. Rhizobium sp secreted IAA into
culture media and significantly increased the dry
weight of leaves and roots of several plant species.
It was found that inoculation of seedlings with
Rhizobium increased the number and length of
lateral roots. It is presumed that PGPR producing
plant growth regulators play a critical role in plant
growth promotion. Effects of plant growth regulators
including IAA on the plant will be concentration
dependent. (Barbieri and Zanelli, 1986).

Hence in the present study to assess this
hypothesis, local isolates of Rhizobium sp from
nodules of legume plants were screened for their
intrinsic ability to produce IAA in the presence of
varying amounts of L-tryptophan and their effect on
root and shoot elongation of germinating seeds of test
plants.

The aims and objectives of the present study
are, to isolate Rhizobium sp from different plant root
nodules, to study the IAA production under different
concentration of tryptophan, to characterize the IAA
production of the different Rhizobium isolates using
paper chromatography, to compare the efficiency of
culture and IAA extract in different seedling
germination.

Materials and methods 

Isolation of Rhizobium sp

Root nodules of the two different plants
(Mimosae pudica and Archis hypogeae) were collected
freshly from the farm and brought to the laboratory
for isolation of different species specific Rhizobium
spp.

After washing the root system of leguminous
plants in running water, well-formed healthy pinkish

nodules on the taproot carefully cut with a sterile
knife. The nodules then washed. Then surface
sterilized for 5mins in 0.1% mercuric chloride in
water and washed repeatedly with sterile water to
get rid of the chemical. The nodule is then washed
in 70% ethyl alcohol, for 3 minutes. Again washed in
sterile water. The nodules were crushed with sterile
glass rod in sterile distilled water. The suspension
got were then serially diluted and plated on yeast
extract mannitol agar medium.

Screening of bacterial isolates for Indole
acetic acid production

The basal medium for incubation was yeast
extract Mannitol agar media broth. The media was
supplemented with different concentrations of
L-tryptophan. Different concentrations of tryptophan
were 0g, 5g, 1g, 1.5 in 50ml broth medium. The
bacterial isolates (Rh1 and Rh2) were inoculated in
the broth and incubated for 36h at 30°C on rotary
shaker to study the IAA production.

Estimation of IAA production

After the incubation time, the basal medium
containing different concentration of Tryptophan was
centrifuged at 5000rpm for 15mins. From each
concentration of 50ml broth culture (0, 0.5, 1.0, 1.5g
trp), 1ml of the broth culture taken and centrifuged
at 5000rpm for 15mins. The cell free supernatant
alone was taken and 1ml of reagent was added to
estimate the production of IAA. The reagent used was
Salkowski’s regent. IAA produced was estimated
calorimetrically at 520 nm after the reagent added.
Development of pink colour indicates IAA production.
The level of IAA produced was estimated by a
standard IAA graph. The OD readings were taken
after 1 hour incubation in dark after the reagent
added. This OD readings were taken in the alternate
days up to 10days of incubation. The level of IAA
production estimating by plotting the standard graph.
The concentration of IAA produced was estimated.

Preparation of Salkowski’s reagent for the
estimates of IAA

Salkowski’s reagent was prepared by adding
100ml of [0.05M Fe2 (SO4)3] in 1.5N (H2SO4), into
240 ml of H2O. To this 160 ml of conc H2SO4 was
added.

Estimation of standard IAA solution

In the standard flask, 100mg of the IAA
powder was added in 100ml-distilled water. From this
1ml of solution taken and diluted with 9ml distilled
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water as a stock solution. From this stock solution,
0.1ml, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, & made
upto 1ml by adding distilled water. To that 1ml of
Salkowski’s reagent was added. Then incubated in
dark for 1hour. Pink colour developed after the
incubation time. Calorimetrically IAA was estimated
at 520nm in calorimeter. With this standard graph
was plotted.

Extraction of crude IAA

Bacterial Colonies (Rh1 &Rh2) were inoculated
in 200ml of yeast extract Mannitol agar medium
broth supplemented with 1mg of tryptophan and
incubated at 28° C for 1 week on a shaker incubator.
After incubation the bacterium cells were separated
from supernatant by centrifugation at 10,000rpm for
30mins. The supernatant was acidified to pH 2.5 to
3 with IN HCl and extracted twice with the ethyl
acetate at double the volume of the supernatant.
Extracted ethyl acetate fraction was evaporated to
dryness in a rotatory evaporator at 40° C. The extract
was dissolved in 300ml of methanol and kept at
–20° C.

IAA Characterization

Paper Chromatography 

Whatmann No: 1 filter paper sheets cut into
suitable size (40 × 24 cm). A line was drawn across
the sheet about 5cm away from one end. 10ml of
ethyl acetate fraction Std IAA powder dissolved in
NaOH was spotted and then placed in the
chromatography chamber in such a way that the edge
of the paper in just below the solvent level (ethanol
and water in ratio 7:3). The jar was then covered
with a glass lid. It is then kept undisturbed till the
solvent rise up and reaches 3⁄4th of the paper. The
solvent front was noted and dried the chromatogram.
0.3% of ninhydrin /Ehmann’s reagent solution was
then sprayed over the chromatogram dried for 5mins
in room temperature followed by 40 − 45° C in an
over for 5 minutes. Purple coloured spots indicate the
presence of IAA. Calculated the RF value 

Distance moved by the solute

Rf = 
Distance moved by the solute
Distance moved by the solvent

Effect of Rhizobactera and IAA extract on
shoot elongation in different plants.

Five different seeds were collected. Seeds of
[Phaseolus aureus, Phaseolus mungu, ground nut, Pea
(red), Pea (white)] were soaked in Rhizobium cultures

for 2hours. Pots were filled with soil and soaked seed
were sown. Three sets of plastic cup one set with
unsoaked seeds and water, another set with soaked
seeds and Rhizobium culture, other set with soaked
seeds and IAA extracts. Daily water, culture, IAA
extract added respectively. The root and shoot
measurements were taken and yield is compared.

Results and Discussion

Isolation of Rhizobium from legume root
nodules

Indole acetic acid, the plant growth promoter
produced by different isolates of Rhizobium sp. (Rh1
& Rh2) were isolated from root nodules of two
different plants and identified on the basis of
biochemical test and sugar fermentation. 

Biochemical characterization of IAA producers

S.No. IAA producing
Rhizobium sp from root

nodules

Reaction

1 Gram reaction Gram negative

2 Indole Negative

3 Methyl red Negative

4 Voges-Proskauer Negative

5 Catalase test Negative

6 Citrase test Positive

7 Nitrate Reduction test Positive

8 Fructose Positive

9 Mannitol Positive

10 Galactose Positive

11 Motility Motile

Indole acetic acid-Standard graph

A standard graph was plotted using
commercially available IAA powder. Series of
standards at known concentration was prepared and
diluted with distilled water. Salkowski’s reagent was
added to all the tubes and the colour intensity
developed in the standard solution was measured
calorimetrically at 540nm. The graphical values were
tabulated and standard graph was plotted. The
amount of IAA produced in the media by the
Rhizobium isolates were extrapolated from the
standard graph.
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Indole acetic acid-Standard graph

Note: In X-axis each division represents 10%g
of IAA from the standard solution

Estimation of IAA produced in the media
with different concentration of tryptophan
(0%, 0.5%, 1.0%, 1.5%)

Rhizobium medium (broth) supplemented with
different concentration of tryptophan (0%, 0.5%, 1.0%,
1.5%) was prepared and the concentration of IAA
produced in the media by Rhizobium sp Rh1 and Rh2
was estimated using the standard graph.

The production of IAA in the media was
analysed for 10 consecutive days between 2 days of
regular intervals. The concentrations of IAA produced
by the strains were graphically presented. 

Estimation of IAA produced with different
concentration of tryptophan using Rhizobium

sp-1 (isolates of Mimosae pudica)

Estimation of IAA produced with different
concentration of tryptophan using Rhizobium

sp-2 (isolates of Archis lypogeae)

The symbiont was isolated from the root
nodules of the two different plants (Mimosa pudica
and Archis lypogeae) and identified as Rhizobium
(Conn et al., 1957 and Jordan, 1984).

Rhizobium sp Rh1 and Rh2 were isolated from
root nodules and identified all the basis of
biochemical test and sugar fermentation. The pure
culture of Rhizobium sp Rh1 and Rh2 obtained by
streaking on yeast extract mannitol agar medium.
This similar isolation previously done by
Bhattacharya and Basu, 1992. 

The bacterial isolates produced varying levels
of IAA in culture when the medium was
supplemented with L-tryptophan. Varying levels of
IAA production were recorded with different
concentration of tryptophan (0, 0.5, 1.0, and 1.5). The
maximum growth and IAA production were found to
be in L-tryptophan containing medium. Similar
observation for tryptophan preference were also made
earlier by Dullart, 1970.

Both bacterial growth and IAA production
phase started simultaneously and reached their
respective stationary phase at 36 hours. After 36
hours the production of IAA declines. The decline in
the IAA level of the medium might be due to release
of IAA degrading enzymes. A similar decline in the
level was observed in Rhizobium sp. (Beltra et al.,
1980).

Maximum production of IAA obtained in case
of 2% of tryptophan concentration a significant
increase in the production of IAA was recorded in the
presence of 1% 2% 3% concentration of tryptophan
findings are in agreement with those of other
scientist Frankenbager and Brunner, 1983.

The production of IAA was further confirmed
by ethyl acetate and methanol. The IAA extract
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characterized by paper chromatography. The Rf value
for the obtained spots of ethyl acetate extracts and
standard IAA showed the same value. Findings are
in agreement with reports by other scientists
Frankenberger and Brunner, 1983. 

Effect of Rhizobium sp and IAA extract on
shoot elongation was evaluated. The shoot elongation
was higher in case of Rhizobium culture when
compared with IAA extract and distilled water.
Similar studies were done by other scientist Kelvin
Vessey, 2004.

IAA extract played a crutial rule in increasing
in shoot elongation. The shoot elongation was
positively influenced by IAA application. The
increasing dry matter production may result of more
uptake of nutrients (Irullapan and Muthukrishnan,
1973) and synthesis of more reserve food materials
(Castro and Malavalta, 1977).

Hence, the findings of the present investigation
highlighted that IAA producing bacteria from local
soil and legume nodules could be easily isolated and
may be exploited for the more production of IAA by
improving the strains. In future for more IAA
production the strains can be improved by genetic
modification methods. However, further studies using
IAA mutant strains of these isolates are needed to
explore the exact contribution of IAA production in
the promotion of plant growth as well as the
contribution of other PGP traits.

There are several soil flora involved in the
synthesis of auxins in pure culture and soil. Some
microorganiosms produce auxins in the presence of a
suitable precursor such as L-tryptophan. The effects
of auxins on plant seedlings are concentration
dependent, i.e. low concentraton may stimulate
growth while high concentrations may be inhibitory.
Differentr plant seedlings respond differently to
variable auxin concentrations and type of
microorganisms.
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