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Abstract: Phosphorus deficiency is a major constraint to crop production due to rapid binding of the applied
phosphorus into fixed forms not available to the plants. This work was carried out to explain the release of
soluble phosphates and its effect on plant growth as a function of phosphate solubilization by fluorescent
Pseudomonas. In the current study, Pseudomonas fluorescens K - 34 solubilized tricalcium phosphate and
produced substantial amount of soluble phosphorus (968.5 mg / l) in Pikovskaya ‘s (PVK) broth as compared
to others and exhibited the production of indole acetic acid (IAA), siderophore, cell wall degrading enzyme
activities and growth inhibition against fungal and bacterial pathogens. Thus, the ability of performing
multifarious plant growth promoting activities together suggested uniqueness of Pseudomonas fluorescens
K -34 and its potential use in developing a cost - effective eco friendly multifunctional bio fertilizer and bio
control agent in agriculture.
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INTRODUCTION Micrococcus, Flavobacterium, Achromobacter, Erwinia

Phosphorus (P) is an essential macronutrient often have been reported among the most efficient phosphate -
limiting the plant growth due to its low solubility and solubilizing bacteria and as important bio - inoculants due
fixation in the soil. Improving soil fertility by releasing to their multiple biofertilizing activities of improving soil
bound phosphorus by microbial inoculants is an nutrient status, secretion of plant growth regulators and
important aspect for increasing crop yield. Phosphorus suppression of soil borne pathogens [6, 7]. The aim of the
release from insoluble phosphates reported for several present study was to explicate the release of soluble
soil microorganisms has been attributed mainly to the phosphates and its effect on plant growth as a function of
production of organic acids and their chelating capacity phosphate solubilization by fluorescent Pseudomonas.
[1-3]. Direct periplasmic oxidation of glucose to gluconic
acid is considered as the metabolic basis of inorganic MATERIALS AND METHODS
phosphate solubilization by many Gram- negative bacteria
as a competitive strategy to transform the readily available Bacterial Cultures: Pure Pseudomonas strains viz.
carbon sources into less readily utilizable products by Pseudomonas fluorescence K-34, Pseudomonas
other microbes [4]. fluorescence 1773 /K and Pseudomonas trivalis BIHB

Increased solubilization  of  fixed  soil phosphates 745 were procured from the Regional Centre for Organic
and applied phosphates ensuring higher crop yields has Farming (RCOF), Bangalore, Karnataka, India. These
been reported on inoculation of phosphate - solubilizing strains were sub cultured in King’s medium slants and
bacteria including Pseudomonas, Bacillus, Rhizobium, stored at 4°C. 

and Agrobacterium [5, 6]. Several Pseudomonas species
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Inoculums Preparation: The bacterial strains grown in growth  of   the   specific   target   organisms   was  taken
20ml of trypticase soya broth (TSB) for 48hr at 28°C were as the  antimicrobial  activity  of  strain  Pseudomonas
centrifuged at 10,000 rpm for 10 min and the pellets were strain.
suspended in 0.85% NaCl (OD  = 1.0). The bacterial600

suspensions were separately mixed with sterilized RESULTS AND DISCUSSION
activated charcoal (4: 6 v/w) to give a CFU of
approximately 10 /g of charcoal - based bacterial Detection and estimation of the phosphate7

inoculants. solubilization ability of microorganisms have been
Zero point one milliliter of the charcoal - based possible using agar plate method. Phosphate solubilizer

bacterial inoculants was spread on modified Pikovskaya produces a clear zone around the bacterial colonies on
agar plates for phosphate solubilization assay as media containing insoluble mineral phosphate such as tri
described [8]. Bacterial colonies forming halo zones were calcium phosphate. All the Pseudomonas strains exhibited
considered to be  phosphate  solubilizers.  Quantitative phosphate solubilization, siderophore production and
estimation  [9] of phosphorus was done in PVK broth antimicrobial activity against Fusarium oxysporum,
amended with tri calcium phosphate (TCP). The Xanthomonas sp. Erwinia sp. Alternaria alternata and
logarithmic - phase culture was inoculated and incubated Collectotrichum sp. All the Pseudomonas strains had the
at 37°C for 120 hrs at 150 rpm. ability  to  grow  over  a   wide    range   of   temperature

Siderophore Production: Strains of Pseudomonas were 9.0%).
assayed for siderophore production on the Chrome It  was observed that maximum P - solubilization
azurole S agar (CAS) [10]. Chrome azurole S agar plates (968.5  mg  /  l )  occurred   up  to 96 hrs of incubation
were prepared and spot inoculated with test organism and when inoculated  with  strain P. fluorescens K - 34 as
incubated at 30°C for 5 days. Development of yellow - compared to strain P. fluorescens 1773 / K (947.3 mg / l)
orange halo around the colony was considered as and P. trivalis strain BIHB 745 (936.0 mg/l) on 120 hrs of
positive for siderophore production. incubation. P - solubilization was accompanied by a

Cell Wall Degrading Enzyme Production: Protease (Table 1).  The  decrease  in pH indicates the production
activity (casein degradation) was determined from clear of  organic acids which were considered responsible for
zone in skimmed milk agar. Colonies were screened for P - solubilization [13]. Maximum growth coincided with the
chitinolytic and cellulase activity by plating on chitin agar maximum  amount  of  P-solubilization  and  is in
and CMC agar [11]. The agar plates were prepared and agreement with the earlier reports on P-solubilization [14].
spot inoculated with test organism and incubated at 30°C The extent of solubilization with the release and
for 5 days. Development of halo zone around the colony accumulation  of  968.5  mg  /  l  (96.85%)  of  phosphate
was considered as positive for cell wall degrading enzyme from  TCP  by  Pseudomonas  fluorescens  K-34   is  high
production. in  comparison  to  earlier  reports  on  P - solubilization,

IAA Production: Indole acetic acid (IAA) production by by  an induced   mutant  of   Aspergillus  turbingensis
bacteria was assayed calorimetrically using ferric chloride [16] and 957.3 mg /l by Bacillus circulans MTCC 8983
acid reagent in the presence of tryptophan [12]. A [17].
standard curve was prepared from serial dilutions of IAA Substantial production of IAA was observed by
stock solution. Pseudomonas strains when it was grown in PVK broth

Antimicrobial  Activity  of Pseudomonas Strains: The with findings of Mehta et al. [17]. IAA production by
cell  free  culture  filtrates of the Pseudomonas strains
were tested against Fusarium oxysporum, Alternaria
alternata, Collectotrichum sp, Xanthomonas sp and
Erwinia  sp.  by   well   diffusion   assay  method.
Diameter of the inhibition zone (mm) showed against the

(25 - 45°C), pH (5.0 - 9.0) and NaCl concentration (2.0 -

decrease in pH of the culture filtrate from 7.0 initially to 4.0

i.e. 502.4  mg/l  by  Bacillus  megaterium  [15];  785 mg/l

without tryptophan (Table 2). It is positively correlated

microbes promotes the root growth by directly stimulating
plant cell elongation or cell division [18]. Increase in IAA
production in medium supplemented with tryptophan is
not surprising because tryptophan is a known precursor
for synthesis of IAA [19]. 
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Table 1: Tricalcium Phosphate (TCP) solubilization by Pseudomonas strains under optimum conditions

P - solubilization (mg/l) Final pH of supernatant
--------------------------------------------------------------------- -------------------------------------------------------------------------------

Incubation Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas Pseudomonas
S. No period (hrs) fluorescens K-34 fluorescens 1773/K trivalisBIHB 745 fluorescens K- 34 fluorescens 1773/K trivalis BIHB 745

1. 0 0.00 0.00 0.00 7.0 7.0 7.0
2. 24 563.0 523.0 510.0 5.9 6.2 6.2
3. 48 752.0 747.4 729.3 4.8 5.2 5.2
4. 72 906.0 876.3 867.1 4.3 4.6 4.5
5. 96 968.5 924.5 913.2 4.0 4.1 4.3
6. 120 934.3 947.3 936.0 4.0 4.1 4.3

Table 2: Plant growth promoting properties of selected strains 

S. No Bacterial Strains IAA Production (µ Mol ml) Siderophore production

1. Pseudomonas fluorescens K - 34 4.73 +
2. Pseudomonas fluorescens 1773/K 3.27 +
3. Pseudomonas trivalis BIHB 745 3.5 +

(+) = Positive for selected properties 
(-) = Negative for selected properties

Table 3: Some selected cell wall degrading enzymes produced by Pseudomonas strains

Enzyme Type (Diameter of Halo zone in cm)
--------------------------------------------------------------------------------------------------------

S. No Bacterial Strains Cellulase Chitinase Protease

1. Pseudomonas fluorescens K - 34 1.80  ±  0.08 1.33  ±  0.05 1.50  ±  0.05
2. Pseudomonas fluorescens 1773/K 1.43 ±  0.10 1.03  ± 0.05 0.95 ±  0.06
3. Pseudomonas trivalis BIHB 745 1.23  ±  0.05 1.03 ±  0.05 1.03  ±  0.1

Table 4: Antimicrobial test of Pseudomonas strains against fungal and bacterial pathogens 

Test Organisms (Zone of inhibition in mm)
---------------------------------------------------------------------------------------------------------------------------------------

S.No Bacterial Strains Fusarium  oxysporum Alternaria alternata Collectotrichum sp Xanthomonas sp Erwinia  sp

1.  Pseudomonas fluorescens K - 34 18.0 ± 1.2 20.0 ± 1.3 12.0±0.9 15 ± 1.1 17  ±  1.1
2. Pseudomonas fluorescens 1773/K 15  ± 1.1 12  ±  0.9 9.0  ± 0.07 12  ±  0.9 14  ± 1.0
3. Pseudomonas trivalis BIHB 745 17 ±  1.5 14  ± 1.0 10.0 ± 0.07 14  ± 1.0 12  ±  0.9

Another important trail of PGPR (Plant Growth Siderophore producing bacteria are good candidates
Promoting Rhizobacteria) is the production of sideropohre for plant growth promotion, especially in neutral to
that may indirectly influence the plant growth. Strains of alkaline soil. All of the P - solubilizing bacteria has good
Pseudomonas could grow on CAS agar and were phosphate prospects to improve plant growth, especially
considered as siderophore producers (Table 2) because in the soil with large amount of precipitation [20]. 
orange haloes were formed around the colonies. These Production of fungal cell wall degrading enzymes was
siderophores bind to the available form of iron (Fe ) in analyzed because this is an important mechanism of3+

the rhizosphere, thus making it unavailable to the fungal inhibition. Strains of Pseudomonas species were
phytopathogens and protecting the plant health. The found to produce cellulase and chitinase, a fungal cell wall
production of maximum antifungal antibiotic activity at the degrading enzyme and also could produce halo zones on
end of exponential phase is in agreement with the earlier skim milk agar that showed protease activity (Table 3). 
studies on the production of peptide antibiotic by Strains of Pseudomonas species also showed
Bacillus megaterium [20] that usually begins at late log antimicrobial activity against Fusarium oxysporum,
phase of growth and continues with the stationary phase. Alternaria alternata, Collectotrichum sp. Erwin sp. and
The antifungal activity exhibited a close relationship with Xanthomonas sp (Table 4). These results are in agreement
production of siderophore. with  earlier  reports  that  Bacillus sp. produce antifungal
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metabolites with activity against a number of mycelial 5. Rodriguez, H. and R. Fraga, 1999. Phosphate
fungi [21, 22]. This effect might be caused by the different solubilizing  bacteria  and  their  role   in   plant
antifungal metabolites including siderophores, organic growth    promotion.     Biotechnology    Advances,
acids,  IAA and antifungal antibiotics in the culture 17: 319-339. 
filtrate. Other workers [23, 24] have reported that the 6. Trivedi, P. and T. Sa, 2008. Pseudomonas corrugate
inhibition of growth of phytopathogens is due to the (NRRL B-30409) mutants increased phosphate
production of some specific siderophores, antibiotics, solubilization, organic acid production and plant
secondary metabolites / hydrolytic enzymes. Therefore, growth at lower temperatures. Current Microbiology,
phosphate  solubilization   bacteria   (PSB)   with 56: 140-144.
antifungal  activity  could  be  further  exploited  both as 7. Vyas,  P.,  P.  Rahi and A. Gulati, 2009. Stress
a bio fertilizer and an effective bio control agent. P- tolerance and genetic variability of phosphate-
solubilization of inorganic  phosphate  has  been solubilizing fluorescent Pseudomonas from the cold
attributed to the production  and  release  of  organic deserts of the trans - Himalayas. Microbial Ecology,
acids [25, 26]. It was observed that there was no clear 58: 425-434.
relationship between P - solubilization and growth of 8. Nautiyal, S.C., 1999. An efficient microbiological
Aspergillus tubingensis [16]. growth  medium  for screening phosphate solubilizing

PSM microorganisms benefit plant growth and micro - organisms. Microbiology Letters, 170: 265-270.
development not only by the increase in uptake of 9. Sundara Rao, W.V.B. and M.K. Sinha, 1963.
phosphate, but also are often combined with the Phosphate dissolving microorganisms in the soil and
production of other metabolites, which take part in rhizosphere. Indian Journal of Agricultural Sciences,
biological control against soil - borne plant pathogens. 33: 272-278.
Our results showed the potential of P - solubilizing 10. Clark,      V.L.     and     P.M.     Bavoil,     1994.
Pseudomonas strains for the simultaneous synthesis of Methods in Enzymology. London: Academic Press,
IAA and release of pathogens suppressing metabolites, pp: 315-372.
mainly siderophores. 11. Cattelan, M.E., P.G. Hartel and J.J. Fuhrmann, 1999.
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