
In recent years, a considerable attention
has been paid to fluorescent pseudomonads as
plant growth promoting rhizo bacteria (PGPR) due
to their effective seed bacterization, aggressive
root colonization1 and their ability to control soil
borne pathogens. They are equipped with multiple
mechanisms for biocontrol of phytopathogens and
plant growth promotion through production of a
variety of antibiotics, chitinilytic enzymes,
siderophores, HCN and growth promoting
hormones like IAA, GA. Inorganic phosphate
solubilization by fluorescent pseudomonads was
also reported2,3. Recently, Ali et al. 4 reported that
fluorescent pseudomonad also confer
thermotolerance to the crop plants. The present
investigations were aimed at to assess the plant

growth promoting abilities of FLPs isolated from
rhizosphere of maize, their role in enhanced plant
growth and productivity of maize and further to
project the possibility of using FLPs as
bioinoculants for maize crop.

MATERIALS   AND  METHODS

Samples collection
Five locations (Mulugu, Hasanparthy,

ARC, KU Campus, Paluvalpula) cultivating maize
and representing most of the agro-edaphic
conditions of Warangal districts of A.P. were
selected. Plants in the age group of 30 to 90 days,
grown in these soils were selected for collecting
rhizosphere and non rhizosphere soil samples.
Samples of soil from the field were carried to
laboratory in an ice-box and stored in a refrigerator
and isolation and enumeration of FLPs and non-
FLPs were made within 12 hrs of sample collection.
Isolation of fluorescent pseudomonads

Soil serial dilution technique followed by
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spread plate technique was adopted. Dilutions
ranging from 10-2 to 10-6 were standardized and
used for isolations. Number of viable colonies were
counted and recorded as number per gram of
sample taken. King’s B medium was employed for
fluorescein detection of FLPs.  The colonies
without fluorescein were treated as non-FLPs.
Studies on PGPR traits
Indole acetic acid (IAA) production

IAA production was tested by Salkowski
colorimetric technique.5

Gibberellic acid (GA) production
GA production was determined by

Cho et al.6

Siderophore production
Deferrated glassware and iron deficient

MM9 medium was used in these experiments.
Production of siderophores was tested and
confirmed by FeCl

3
 test7 and the assay was

performed by spectrophotometry 8.
Phosphate solubilization

Molybdophosphoric acid blue method 9

was adopted for the estimation of phosphate
solubilization.
Hydrogen cyanide (HCN) production

Production of HCN by an isolate was
identified by the method 10.
Ammonia production

Bacterial isolates were grown in test
tubes containing peptone water (10.0 g peptone,
5.0 g NaCl, 1 l DW, pH 7.0) and the production of
ammonia was estimated 11.
-1, 3-glucanase assay

b-1, 3-glucanase activity was determined
as per the method outlined by Lim et al. 12 and the
enzyme activity was expressed as 1 nmol of glucose
released per minute per mg of protein.
Protease production 

Production of protease was tested by
spot inoculation method as suggested by
Maurhofer et al.  13

Chitinase production
Chitinase production by the FLPs was

determined by the method suggested by
Lim et al .12.  Tolerance of isolates against
environmental stress conditions
Heavy metals
               Tolerance of selected isolates of FLPs to
different heavy metals was tested by agar dilution
method14.

Salt tolerance
Salt tolerance was determined by

inoculating the test isolates into tubes containing
their respective media added with sodium chloride
solution giving final concentrations of 2, 4, 6 and
8%.
pH tolerance

The pH of the media was ranging from
4.5 - 9.5 adjusted using 1N NaOH.
 In vitro antifungal interaction between bacterial
and fungal strains

Antagonism on agar plates was studied
by modified method 15.
Seed germination assay

Selected isolates were grown in nutrient
broth and a population approximately 1.3 – 2.6 x
107 cell / ml was obtained.  Seeds of maize were
surface sterilized (70% ethanol, 1% HgCl

2
) and

immersed in liquid cultures of isolates separately
for 1 hr.  Then the seeds were dried in a laminar air-
flow and placed on 0.8% water agar (10 seeds /
plate). Plates were incubated at 28oC and seed
germination and radicle length was recorded at 72
hrs.  A simultaneous control was maintained with
seeds without any rhizobacterial coating.
Root colonization

Colonization of roots by bacterial isolates
was determined by the method described16.
Formulation of inoculum

The carrier (soil: lignite: 1:1) based
bacterial cultures were prepared as per the method
described by Tilak et al.17 The results are presented
in tables 1-7.

RESULTS   AND  DISCUSSION

The results presented in table -1 reveal
that, in general, the rhizosphere of maize cultivated
under different agro-edaphic conditions harboured
more FLPs than the non-rhizosphere soil. The ratios
of FLPs and non FLPs in rhizosphere soils ranged
from 0.05 to 0.25 that varied with both the type of
soil and age of the plant. In case of non-rhizosphere
soil, the ratio ranged between 0.02 to 0.09. Thus a
wide variation exists in the distribution of
pseudomonads in rhizosphere and non-
rhizosphere soils. It is also evident from the table
that the population of both types of
pseudomonads varied with the type of soil. This
differential distribution of FLPs can be explained
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Table 1. Distribution of fluorescent pseudomonads in rhizosphere and
non-rhizosphere soils of  maize grown in different  soils of  Warangal

Place Age of Rhizosphere Non-rhizosphere

the crop Flourescent Non- Ratio Flourescent Non- Ratio
(DAS) flourescent flourescent

Mulugu 30 3.4* 24.5 0.13 2.75 36 0.07
60 2.9 28.55 0.1 2.1 36.55 0.05
90 2.2 20.55 0.1 1.5 48.75 0.03

Hasanparthy 30 5.25 25.55 0.21 3.3 37.5 0.08
60 3.05 20.5 0.14 2.3 38.55 0.05
90 2.3 13.75 0.16 1.5 31.55 0.04

ARC 30 8.16 31.5 0.25 3.64 39.82 0.09
60 7.25 46.17 0.15 2.64 40.12 0.06
90 6.1 40.55 0.15 1.54 46.12 0.03

KU Campus 30 8.8 64.25 0.13 2.5 42.5 0.05
60 4.66 43.5 0.1 1.25 25.55 0.04
90 5.5 51.5 0.1 1.15 42.35 0.02

Paluvalpula 30 4.55 62.5 0.07 2.5 37.9 0.06
60 3.5 54.76 0.06 3.7 69.61 0.05
90 2.85 56.1 0.05 2.4 47.5 0.05

*Values are expressed in colony forming units (104 CFU/g)

in terms of different edaphic factors and variation
within the practice of cultivation of maize. The
results also reveal that in rhizosphere soils of maize
grown in all soils, the maximum population of both
types of pseudomonads was supported at the age
of 30 days of plant growth. It may be due to the
vigorous growth and metabolism of plant at this
age, during which many metabolites are likely to
be released which serve as the nutrients for
rhizospheric organisms. Subsequently, the
populations decreased slowly and steadily.
Interestingly, such type of tendency was not
observed in case of non-rhizosphere soil. Several
reports indicate that the pseudomonads are
dominant in the rhizosphere of maize and their
inoculation can increase growth and yield
production18,19. Distribution of Pseudomonas sp.
populations in the rhizosphere of maize root and
growth stage was reported by Battista et al.20. Gloria
and Leda21 reported that the fluorescent
pseudomonads associated with the rhizosphere
of  several crops.

A total of 250 isolates obtained with
different colony morphology were screened for
biochemical traits that are expected to be involved
in plant growth promotion (PGP) and plant health
promoting activities. Twenty isolates (8.0%) proved

positive for at least two traits examined. Out of 20
isolates, ten isolates were able to produce
detectable amounts of indole-3-acetic acid (Table-
2). Significant amounts of gibberellic acid was also
produced by eight isolates. Siderophore production
in iron free medium was observed in 10 isolates.
Production of HCN and ammonia was observed in
four and eleven isolates respectively. Similarly,
protease production in six isolates, -1, 3 glucanase
production in eight isolates and production of
chitinases in five isolates was observed.
Solubilization of inorganic phosphates (tri and di
calcium) by fluorescent pseudomonads was
observed in six isolates. Among all three isolates
viz, MPf – 1, MPf – 7, MPf – 30 were found showing
positive for more number of traits tested and are
expected to be promising isolates. They have
shown the relative efficacy ratios of 0.77. These
strains were further evaluated for other attributes.
Screening of rhizobacteria for their plant growth
promoting activities was reported by Chaiharn et
al.22. The ability of pseudomonads to produce
auxin can significantly affect the plant growth23.
As an arsenal of beneficial effects exerted, FLPs
are known to produce IAA24, GA25 and other plant
growth regulators. Some species of pseudomonads
can also produce different levels of HCN that are
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Table 3. Resistance of fluorescernt pseudomonads to different heavy metals and NaCl concentrations

S. Isolate Heavy metals (100 ppm) NaCl conc(%)

No Control Hg Co Zn Cu Mo Control 2 4 6 8

1 MPf1 1.72 NG NG 0.75 0.64 1.36 1.4 1.23 1.36 1.14 NG
2 MPf7 1.62 NG NG 0.85 0.75 1.42 1.61 1.32 0.95 0.84 NG
3 MPf30 1.24 NG NG 0.2 0.28 1.1 1.76 1.39 0.62 0.96 NG
4 Control 1.18 NG NG 0.1 0.21 1 1.13 1.1 0.14 0.24 NG

Optical density measured at 680nm, NG = No Growth

Table 4. Antifungal activity of fluorescent pseudomonads against four pathogenic fungi

S. Isolate       Fusarium    Curvularia Colletotricum  Macrophomina
No      oxysporum       lunata      falcatum    phaseolina

1 MPf1 0.5 1.4 1.7 1.5
2 MPf7 0.1 1.5 1.7 0.8
3 MPf30 0.6 1.2 1.9 0.5
4 Control 0 0.89 1.2 0.2

LSD 0.042 0.041 0.011 0.001

Inhibition zone measured in cm
Values are mean of three replicates and significancant at p<0.05

Table 5. Influence of selected pseudomonad isolates on seed germination and root colonization of maize

Seed germination bioassay Root colonization (CFU x 104)

S. Isolate No. of No. of % of Root Rhizosphere Rhizoplane Endorhizosphere
No seeds seeds length

(cm) 30 60 30 60 30 60

1 MPf1 40 30 90 3.2 13.1 13.6 2.9 0.8 1.2 0.6
2 MPf7 40 32 80 2.5 6.6 7.8 4.5 2.6 0.9 0.3
3 MPf30 40 35 87.5 3.5 9.6 12.8 5.2 4.6 0.5 0.2
4 Control 40 20.1 50.25 1.1 - - - - - -

Table 6. Influence of inoculations of fluorescent pseudomonads
on growth of maize under green house  conditions (45 DAS)

S. No Isolate Plant height (cm)  Shoot dry weight (g) Root length (cm) Root dry weight (g)

1 MPf-1 10.1* 2.01 11.6 1.26
2 MPf-7 14.2 5.86 18.8 1.25
3 MPf-30 27.4 8.28 2.4 2.1
4 Control 7.13 2.86 4.8 1

LSD  0.05 0.010 0.040 0.003 0.037

* Values are mean of three replicates and significant at p<0.05

toxic to certain pathogenic fungi26. Under
conditions of low iron regime, the pseudomonads
isolates studied, produced yellow-green iron

binding peptides, the siderophores27. Suresh et al.28

reported that plant growth promoting activities of
fluorescent pseudomonads associated with some
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crop plants. Similarly plant growth promoting
activites of fluorescent pseudomonads isolated
from the Iranian soil was reported by
Abbas et al.29.

Many abiotic factors such as pH,
temperature, salinity, antibiotics, heavy metals,
moisture content and pollutants interact with the
organisms affecting their characters adversely30,31.
A successful organism withstands these stress
conditions and imparts the beneficial effects. In
the present investigations, resistance of selected
FLPs towards different pH, heavy metals and
sodium chloride concentration was studied and
the results are presented in the Fig. 1 and
Table 3.The present isolates did not show any
growth at pH 4.5 and 9.5. For all the three isolates,
pH 7.0 appears to be ideal for growth. A critical
perusal of the table-3 reveals that the resistance of
FLPs under investigation varied towards different

metals and sodium chloride. All the three isolates
were completely inhibited in presence of mercury
and cobalt. However, these isolates exhibited a
significant resistance to molybdenum. With regard
to salt concentration, the resistance power of the
present FLP isolates decreased with the increase
in concentration (upto 6%) of NaCl and all the three
isolates were completely inhibited at 8%
concentration. Djuric et al.32 reported that the
selection of indigenous fluorescent pseudomonad
isolates from maize rhizospheric soil in Vojodina as
possible PGPR.

FLPs have been widely tested for
biocontrol activity against fungal pathogens
because of their rapid growth rate and their ability
to colonize rhizosphere to a large extent besides
their ability to suppress the soil borne pathogens.
They also produce highly potent broad-spectrum
antifungal molecules against a variety of

Fig. 1. Resistance of three isolates of fluorescent pseudomonads to different pH

Fig. 2. Anti fungal activity shown by MPF-30
isolate against Colletotricum falcatum

Fig. 3. Seed germination assay
with MPF-30 isolate in Zea mays L
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phytopathogens, thus acting as effective
biocontrol agents33. FLPs colonizing roots of a wide
range of crop plants are reported to be antagonistic
to soil borne plant pathogens34. In the present
study, an attempt was made to evaluate the three
strains of FLPs for antifungal activity against
selected four phytopathogenic fungi viz Fusarium
oxysporum, Curvularia lunata, Colletotrichum
falcatum, Macrophomina phaseolina and the
results are presented in table-4. It is evident from
the results that these strains caused inhibition
zones ranging from 0.1 to 1.9 cm (diameter) for
different phytopathogenic fungi (Fig. 2). However,
the antifungal activity varied both with the FLP
strain as well as test fungi. MPF-30 showed more
inhibitory activity against all the four pathogenic
fungi. In case of fungi, the inhibitory effect of all
the three isolates was more pronounced on C.
falcatum.  Pal et al.35 reported that P. fluorescens
and Bacillus sp.  have reduced the root rot, collar
rot and stem rot of maize caused by Rhizoctonia
solani and Fusarium wilt of cotton caused  by F.
oxysporum sub sp. vasinfectum. Kaur et al.36

reported that antagonistic activity of selected
isolates of fluorescent pseudomonas against
Fusaium oxysporum f sp. cicri. Supraja et al.37

studied that Plant growth promotion and biocontrol
properties of local isolates of fluorescent
pseudomonads.

Inoculation with three isolates of FLPs
enhanced the seed germination and root elongation
over the control (Table 5, Fig. 3). The highest
enhancement was observed with MPf-30 isolate.
Significant numbers of FLPs in all the three zones
of root indicate a successful colonization and
perhaps with a significant physiological functions.
Interestingly, the population of FLPs was more in
rhizosphere followed by rhizoplane and least in
endorhizosphere. The PGP ability of FLPs is a
function of good root colonization and production
of growth hormones38. In one study, seed treatment
with rhizosphere pseudomonads resulted in 90%
seed germination in contrast to 50% obtained in
untreated control in pigeon pea. In vitro seed
treatment with PGPR strains improved seed
germination, seedling vigor, seedling emergence
and seedling stand over the control39. Similar
improvement of seed germination parameters by
rhizobacteria has been reported in other cereals
such as sorghum40 and pearl millet41.

The beneficial response of different
crops to inoculation with PGPR in general and
Pseudomonas sp. under green house and field
conditions have been extensively studied and
reviewed by different workers from India as well as
abroad42,43,44,45,46,47. In the present investigations,
an effort was made to evaluate the influence of
inoculations of FLPs on the growth parameters of
maize and the results revealed that there is a
pronounced enhancement in all the four parameter
of maize plants inoculated with FLPs. However,
the effect varied with FLPs isolate and also with
the parameter. In general, enhancement effect is
more on plant height and shoot dry weight than
the root parameters (Table 6).

It can be concluded from the present
investigations that FLPs owing to their growth
promoting traits contribute at least partially,
towards enhanced growth and yield of maize
cultivars.
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