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          A B S T R A C T                                

Introduction  

Phosphorus (P) is a major growth-limiting 
nutrient, and unlike the case for nitrogen, 
there is no large atmospheric source that 
can be made biologically available for  
root development, stalk and stem strength, 
flower and seed formation, crop maturity 
and production, N-fixation in legumes,               

crop quality, and resistance to plant 
diseases are the attributes associated with 
phosphorus nutrition (Ahmad Ali Khan et 
al., 2009). However, a greater part of soil 
phosphorous, approximately 95-99% is 
present in the form of insoluble 
phosphates and hence cannot be utilized 
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Soil Microorganisms play a role in maintaining the ecological balance by active 
participation in Carbon, Nitrogen, Sulphur and Phosphorous cycles in nature. 
Phosphate Solubilizing Microbes plays an important role in plant nutrition through 
increase in phosphate uptake by plants and used as biofertilizers of agricultural 
crops. Phosphate is one of the most vital macronutrient required for the growth and 
development of plants. A large number of microorganisms present in the 
rhizosphere are known to solubilize and make available the insoluble phosphorus in 
the available form to the plants. A total of 37 Phosphate Solubilizing Microbial 
colonies were isolated on the Pikovskaya s agar medium, containing insoluble tri-
calcium phosphate (TCP) from agricultural soil. The colonies showing clear halo 
zones around the microbial growth were considered as phosphate solubilization. 
Out of 37 microbial isolates 8 isolates showed highest Phosphate Solubilization 
Index (PSI) ranged from 1.13 - 3.0 were selected for further study as qualitative as 
well as quantitative activities. Among these 8 potent isolates, 3 strains showed 
maximum PSI of psm1, psm2 and psm6 in agar plates along with high soluble 
phosphate production of 0.37 mgL-1, 0.30 mgL-1 and 0.28 mgL-1 in broth culture. 
These isolates psm1, psm2 and psm6 belongs to genus   Pseudomonas, Bacillus 
and Rhizobium as identified by their morphological and biochemical properties 
respectively. 
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by the plants (Kannapiran and Sri 
Ramkumar, 2011). Phosphorus plays an 
indispensable biochemical role in 
photosynthesis, respiration, energy storage 
and transfer, cell division, cell 
enlargement and several other processes in 
the living plant. It helps plants to survive 
winter rigors and also contributes to 
disease resistance in some plants (Amit 
Sagervanshi et al., 2012). P availability is 
low in soils because of its fixation as 
insoluble phosphates of iron, aluminium 
and calcium. Since deficiency of P is the 
most important chemical factor restricting 
plant growth, chemical phosphatic 
fertilizers are widely used to achieve 
optimum yields. Soluble forms of P 
fertilizer used are easily precipitated as 
insoluble forms, this leads to excessive 
and repeated application of P fertilizer to 
cropland (Sadia Alam  et al., 2002).  

Phosphorus is a plant macronutrient that 
plays a significant role in plant 
metabolism, ultimately reflected on crop 
yields. It is important for the functioning 
of key enzymes that regulate the metabolic 
pathways. It is estimated that about 98% 
of Indian soils contain insufficient 
amounts of available phosphorus, which is 
necessary to support maximum plant 
growth. The uptake of phosphorus by the 
plant is only a small fraction of what is 
actually added as phosphate fertilizer. 
Phosphorus deficiency is widespread and 
phosphorus fertilizers are required to 
maintain crop production. When it is 
added to the soil in the form of phosphatic 
fertilizer, only a small portion is utilized 
by plants (Padmavathi Tallapragada, 
2010). Phosphate fertilizers can also be 
used to immobilize heavy metals in soil. 
Insoluble phosphate compounds can be 
solubilized by organic acids and 
phosphatase enzymes produced by plants 
and microorganisms (Jinhee Park et al., 
2010). Application of biological fertilizers 

such as biological phosphate fertilizers 
improves soil fertility (Abdol Amir 
Yousefi et al.,2011). Phosphorus can 
naturally be found in diverse forms in the 
soil solution. The roots take up several 
forms of phosphorus, out of which the 
greatest part is absorbed in the forms of 
H2PO4 and HPO4 2- depending upon soil 
pH. The degree of fixation and 
precipitation of phosphorus in soil is 
highly dependent upon the soil conditions 
such as pH, moisture content, temperature 
and the minerals already present in the soil 
(Buddhi Charana Walpola, 2012).   

Mechanism  

Some bacterial species have 
mineralization and solubilization potential 
for organic and inorganic phosphorus, 
respectively. Phosphorus solubilizing 
activity is determined by the ability of 
microbes to release metabolites such as 
organic acids, which through their 
hydroxyl and carboxyl groups chelate the 
cation bound to phosphate, the latter being 
converted to soluble forms. Phosphate 
solubilization takes place through various 
microbial processes/mechanisms including 
organic acid production and proton 
extrusion. A wide range of microbial P 
solubilization mechanisms exist in nature 
and much of the global cycling of 
insoluble organic and inorganic soil 
phosphates is attributed to bacteria and 
fungi (Ahmad Ali Khan et al., 2009). 
Phosphobacteria have been found to 
produce some organic acids such as 
monocarboxylic acid (acetic, formic), 
monocarboxylic hydroxy (lactic, glucenic, 
glycolic), monocarboxylic, ketoglucenic, 
decarboxylic (oxalic, succinic), 
dicarboxylic hydroxy (malic, maleic) and 
tricarboxylic hydroxy (citric) acids in 
order to solubilize inorganic phosphate 
compounds.  
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A diverse group of soil microflora was 
reported to be involved in solubilizing 
insoluble phosphorous complexes enabling 
plants to easily absorb phosphorous. 
Several fungal and bacterial species, 
popularly called as PSMs assist plants in 
mobilization of insoluble forms of 
phosphate. PSMs include different groups 
of microorganisms, which not only 
assimilate phosphorus from insoluble 
forms of phosphates, but they also cause a 
large portion of soluble phosphates to be 
released in quantities in excess of their 
requirements. Species of Aspergillus and 
Penicillium are among fungal isolates 
identified to have phosphate solubilizing 
capabilities. Among then bacterial genera 
with this capability are Pseudomonas, 
Azospirillum, Bacillus, Rhizobium, 
Burkholderia, Arthrobacter, Alcaligenes, 
Serratia, Enterobacter, Acinetobacter, 
Flavobacterium and Erwinia.  

Several reports have examined the ability 
of different bacterial species to solubilize 
insoluble inorganic phosphate compounds, 
such as tricalcium phosphate, dicalcium 
phosphate, hydroxyapatite, and rock 
phosphate. Among the bacterial genera 
with this capacity are Pseudomonas, 
Bacillus, Rhizobium, Burkholderia, 
Achromobacter, Agrobacterium, 
Microccocus, Aereobacter, 
Flavobacterium and Erwinia. There are 
considerable populations of phosphate-
solubilizing bacteria in soil and in plant 
rhizosphere.  

Effect of PSMs on growth, yield and 
phosphorus economy  

Inoculation of plants with PSMs generally 
results in improved plant growth and yield, 
in particular, under glasshouse conditions 
(Khan et al., 2010; Zaidi et al., 2009). 
More importantly, investigations 

conducted under field level using wheat 
and maize plants have revealed that PSMs 
could drastically reduce the usage of 
chemical or organic fertilizers (Singh and 
Reddy, 2011). As reported by Vessey and 
Heisinger (2001), enhancement of plant 
phosphorus nutrition might be due to 
stimulation of root growth or elongation of 
root hairs by specific microorganisms, 
thus no direct increase in the availability 
of soil phosphorus is always expected. 
PSMs have been isolated from soil of 
various plants such as walnut (XuanYu, 
2011), rice (Chaiharn and Lumyong, 
2009), mustard (Chandra et al., 2007), oil 
palm (Fankem et al., 2006), soybean (Son 
et al., 2006), aubergine and chili 
(Ponmurugan and Gopi, 2006), and maize 
(Alam et al.,2002). Better crop 
performance was reported to beachieved 
from several horticultural plants and 
vegetables, which were successfully 
inoculated with PSB (Young etal., 2003). 
Phosphorus use efficiency in agricultural 
lands could effectively be improved 
through the inoculation ofrelevant PSMs, 
which is in fact, an integrated and 
sustainable mean of nutrient management 
of crop production systems.  

Apart from phosphate solubilizing 
abilities, some of these microorganisms 
can benefit plant growth by several 
different mechanisms such as enhancing 
nitrogen fixation, plant hormone 
production etc. Although phosphorus 
PSMs are abundant in many of the soils, 
isolation, identification and selection of 
PSMs have not as yet been successfully 
commercialized, thus application is still 
found to be limited. Investigations on the 
subject are often designed to confirm a 
specific response of PSMs to a particular 
environment, thus large scale application 
infield level is still limited.  
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Materials and Methods  

Collection of sample  

The soil samples were collected from 
depth of 6-15cm from the agricultural 
land. Soil samples were collected from 
rhizosphere of tomato plant. Collected soil 
samples were stored in polythene bags 
aseptically and maintained at the 
laboratory for further study.  

Isolation of Strains  

For isolation of Phosphate Solubilizing 
Microbes, 1g rhizosphere soil was 
suspended in 100ml of distilled water. An 
aliquot (100 l) from decimal dilutions was 
inoculated on Picovskaya s medium by 
pour plate technique and incubated at 
30oC. Colonies showing phosphate 
solubilizing zone around them were 
considered as PSM. Single colonies 
appearing on Picovskaya s agar plates 
were transferred in liquid broth of 
Picovskaya s and on agar slants for further 
study.  

Identification of Microbes  

For identification of fungi, a drop of 
lactophenol cotton blue placed on glass 
slide and observed under microscope. The 
isolated bacteria was identified by 
morphological characteristic in which 
gram staining, shapes, IMViC test and 
motility including catalase, oxidase test, 
sucrose, lactose fermentation, starch 
hydrolysis, Gelatin hydrolysis and Nitrate 
reduction.   

Analysis of Phosphate Solubilizing 
Activity  

From the isolates, larger halo zone 
producing strains were selected for further 
study. The qualitative as well as 

quantitative analyses of phosphate 
solubilizing activity of the selected isolates 
were conducted by plate screening method 
and broth culture method.  

Qualitative method  

All the suspected colonies were screened 
for phosphate solubilization on 
Pikovskayas medium. Isolates showing 
phosphate solubilizing ability were spot 
inoculated at the centre Pikovskaya s plate 
and incubated at 370C.Diameter of 
clearance zone was measured successively 
after 24 hours, up to 7 days. The 
Phosphate Solubilization Efficiency (PSE) 
is the ratio of total diameter .i.e. clearance 
zone including bacterial growth and the 
colony diameter.  

      PSI =        Colony diameter + Halozone diameter

 

                           Colony diameter   

All the observations were recorded in 
triplicate. Strains developing clear zones 
around their colonies could easily identify 
as PSM.  

Quantitative method  

Pikovskaya s broth medium (100 ml) with 
Tricalcium phosphate (0.3g/100ml) was 
prepared and sterilized; 1ml of each 
isolates was inoculated into the broth 
medium. Then the inoculated sample were 
incubated for 5 days on rotatory shaker 
370C after incubation, culture broth was 
centrifuged at 10,000rpm for 30min. 
Uninoculated broth served as control. The 
available Phosphorous was determined 
using colorimetrically at 410nm with 
standard KH2PO4.  

Optimization of physiological conditions 
(Temperature and pH)  

The phosphate solubilization efficiency 
(PSE) of the isolates was studied on 
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Pikovskaya agar and (pH 7.0) and 
incubation temperature 25ºC,30ºC,35ºC, 
40ºC and 45ºC and Pikovskaya agar 
adjusted at different pH values 5,6,7,8, and 
9,with incubation temperature 28ºC.  

Effect of PSB on growing Tomato 
(Solanum lycopersicum)  

The following treatments with tomato 
seeds as follows,  

1. Control soil 
2. Control soil + Zinc phosphate 
3. Control soil + psm1 
4. Control soil + psm2 
5. Control soil + psm6  

All the treated seeds were sown in 
sterilized soil within the polythene bag. 
After 10 days of sowing, the growth of 
tomato plant was noted.  

Results and Discussion  

Isolation and Identification of PSM  

The collected soil samples were evaluated 
for Phosphate solubilizing microbe in 
Pikovskaya s agar medium. A total of 37 
Phosphate Solubilizing Microbial colonies 
were isolated on the Pikovskaya s agar 
medium, containing insoluble tri-calcium 
phosphate (TCP) from agricultural soil. 
Out of 37 microbial isolates 6 isolates 
showed highest Phosphate Solubilization 
Index (PSI) ranged from 1.13 - 2.23 were 
selected for further studies. The colonies 
showing clear halo zones around the 
microbial growth were considered as 
phosphate solubilization were shown in 
the photo 1.  

The bacterial isolates were further 
characterized by a series of biochemical 
reaction and identified as Azotobacter sp., 
Bacillus sp., Pseudomonas sp., and 

Rhizobium. The fungal isolates were 
identified as Aspergillus by LPCB mount. 
The morphological and biochemical 
characteristics of these isolates were 
shown in the Table 1.  

Analysis of phosphate solubilizing 
activity  

From the isolates, larger halo zone 
producing strains were selected for further 
study. The qualitative as well as 
quantitative analyses of phosphate 
solubilizing activity of the selected isolates 
were conducted by plate screening method 
and broth culture method.  

Qualitative method  

All the selected isolates were found to be 
potent phosphate solubilizers showing 
clear zone around their colonies. Out of 37 
microbial isolates 6 isolates showed 
highest Phosphate Solubilization Index 
(PSI) ranged from 1.13 - 2.23 were 
selected for further studies .Among these 6 
potent isolates, 3 strains showed maximum 
PSI of psm1, psm2 and psm6 in agar 
plates. The PSI measurement was shown 
in the table 2.  

Quantitative method  

Pikovskaya s broth medium (100 ml) with 
Tricalcium phosphate (0.3g/100ml) was 
prepared and sterilized; 1ml of each 
isolates was inoculated into the broth 
medium. It was observed that psm1 
(Pseudomonas sp.), psm2 (Bacillus sp.) 
and psm6 (Rhizobium sp.) showed highest 
percent P solubilization. The results were 
showed in the Table 3 and figure 1.  

Optimization of physiological conditions  

The phosphate solubilization efficiency of 
these isolates were analysis using various 
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parameters such as pH (5-9), temperature 
(30ºC - 45ºC). The results were shown in 
the table 4, figure 2 and table 5, figure 3.  

Effect of PSB on growing Tomato 
(Solanum lycopersicum)  

In this study comparative analysis of 
vegetative and reproductive plant growth 
patterns of tomato from germination of 
seeds to maturation of plant in polythene  
bag experiment were done. Each 
containing control soil, control soil with 
Zinc Phosphate and psm1, psm2 and psm6 
with control soil. Crop development data 
were collected on an average interval of 
10-23 days from the sowing of seeds. 
Several parameters related to vegetative as 
well as reproductive plant growth patterns 
i.e., date of sowing, date of germination, 
number of plants germinated, number of 
leaves, length of leaves, colour of leaves, 
length of plants etc. were recorded for 
comparative evaluation in different 
combinations. Initially the best growth 
was recorded for the plant growing in 
control with strain psm1 and psm2, 
followed by control with zinc phosphate 
which was shown in the table 6.  

In the present study, the collected soil 
samples were evaluated for P solubilizing 
in PKV plates. Phosphate solubilizing 
microbes are detected by the formation of 
clear halos around their colonies. The halo 
is produced due to solubilization of 
insoluble phosphates, which in turn is 
mediated via the production of organic 
acid in the surrounding medium 
(Gaur,1990). A total of 37 Phosphate 
Solubilizing Microbial colonies were 
isolated on the Pikovskaya s agar medium, 

containing insoluble tri-calcium phosphate 
(TCP) from agricultural soil. Out of 37 
microbial isolates 6 isolates showed 
highest Phosphate Solubilization Index 
(PSI) ranged from 1.13 - 2.23 were 
selected for further studies. Among these 6 
potent isolates, 3 strains showed maximum 
PSI of psm1, psm2 and psm6 in agar 
plates as 2.23, 2.15 and 2.11.These isolates 
were identified as genus Pseudomonas sp., 
Bacillus sp., and Rhizobium. These 
bacteria were well known identified as 
phosphate solubilizer by Hilda Rodríguez 
and Reynaldo Fraga, 1999.  

The solubilization levels varied with 
different isolates, all the potent isolates 
were capable of solubilizing tricalcium 
phosphate in broth medium. It was 
observed that isolate psm1 (0.864 U/ml) 
and psm2 (0.786 U/ml) showed highest 
percent P solubilization when compared to 
other isolates. Tripti et al., 2012, showed 
that isolates S2 (Pseudomonas sp.) and 
S30 (Bacillus sp.) showed highest P 
Solubilization. Our findings are very well 
supported by Gupta et al., 2002, that 
Pseudomonas sp. is a potent phosphorus 
solubilizer.   

To analyze whether bacteria can grow in a 
range of pH 5 to 9 and to test their ability 
to change the pH value of the medium, all 
the potent strains were inoculated 
separately. Optical density of culture 
medium revealed that rapid growth at pH 5 
and 7.These changes were well 
documented by Rodriguez and Fraga, 
1999 and Md.T.Islam et al., 2007. 
Nautiyala et al., (1999) reported that the 
strains isolated from alkaline soil have the 
potential to solubilize phosphates  at   high      
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Table.1 Morphological and Biochemical characteristics of the isolates   

S.No Characteristics Psm1 
P* 

Psm2 
B* 

Psm6 
R* 

Psm4 
B* 

Psm5 
A* 

1 Gram reaction G-ve G +ve G -ve G +ve G -ve 

2 Shape Rods Rods Rods Rods Rods 

3 Pigments +/- - +/- - +/- 

4 H2S production + - + - - 

5 Indole - - + - + 

6 Methyl red - - + - + 

7 Vogues Proskauer - + + + + 

8 Citrate utilization + + - + + 

9 Nitrate reduction + + + + + 

10 Starch hydrolysis + + + + + 

11 Gelatin Hydrolysis - + - + - 

12 Lactose fermentation - + + + + 

13 Sucrose fermentation + + + + + 

14 Mannitol fermentation - + + + + 

*P=Pseudomonas, B=Bacillus, R=Rhizobium, A=Azotobacter  

Table.2  Phosphate Solubilizing Activities of Six most P solubilizing activities  

*SI= (Colony diameter + Halo zone)/colony diameter    

S.No

 

Isolates of PSM Colony 
measurement(cm) 

Zone 
measurement(cm) 

Solubilization 
Index(SI)* 

1 Psm1(Pseudomonas 
sp) 

1.3 1.6 2.23 

2 Psm2(Bacillus sp.) 2.0 2.3 2.15 
3 Psm3(Aspergillus) 0.6 0.6 2.0 
4 Psm4(Bacillus sp.) 1.2 1.3 2.08 
5 Psm5(Azotobacter) 1.2 1.3 2.08 
6 Psm6(Rhizobium) 1.9 2.1 2.11 
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Table.3 Phosphate Solubilizing Activities of Six most P solubilizing activities  

S.No Isolates of PSM Soluble P concentration 
(mg/l) 

1 Psm1 (Pseudomonas sp) 0.864 

2 Psm2 (Bacillus sp.) 0.786 

3 Psm3 (Aspergillus) 0.561 

4 Psm4 (Bacillus sp.) 0.612 

5 Psm5 (Azotobacter) 0.593 

6 Psm6 (Rhizobium) 0.686 

 

Figure.1 Phosphate Solubilizing Activities of Six most P solubilizing activities  

      

   

Table.4 Optimization of pH on Phosphate solubilisation  

Phosphate solubilization(mg/l)  
(Mean of triplicate values) 

 

S.No

  

pH Range 
Psm1 Psm2 Psm6 

1 5 0.20 0.19 0.21 
2 6 0.25 0.20 0.26 
3 7 0.38 0.30 0.29 
4 8 0.34 0.25 0.24 
5 9 0.28 0.23 0.22 
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Figure.2 Optimization of pH on Phosphate solubilisation  

  

Table.5 Optimization of Temperature on Phosphate solubilization  

Phosphate solubilization(mg/l) 
(Mean of triplicate values) 

 

S.No  Temperature (ºC) 
Psm1 Psm2 Psm6 

1 25 0.25 0.20 0.22 
2 30 0.26 0.25 0.23 
3 35 0.33 0.30 0.26 
4 40 0.36 0.33 0.28 
5 45 0.31 0.28 0.24 

 

Figure.3 Optimization of temperature on Phosphate solubilization  
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Table.6 Effect of selected microbial isolates on Tomato    

S.No

 
Nature of 

soil 
Date of 
sowing 

Date of 
Germination 

No. of plant 
germinated 

No. of 
leaves/plant 

Leaves 
length (cm) 

Colour of 
leaves 

Plant 
Length (cm)

 
Inflores
cence 

No. of 
fruits 

1 Control 15.02.2013 25.02.2013 4 4 2.4 Green 10 - - 

2 Control + 

Zinc 
phosphate 

15.02.2013 25.02.2013 4 4 2.0 Green 8.5 - - 

3 Control+ 

Psm1 

15.02.2013 25.02.2013 4 4 2.0 Deep 

green 

8.0 - - 

4 Control+ 

Psm2 

15.02.2013 25.02.2013 3 3 1.7 Deep 

green 

6.5 - - 

5 Control+ 

Psm6 

15.02.2013 25.02.2013 3 3 1.5 Deep 

green 

5.4 - - 
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salt, high pH and high temperature 
concentration. The phosphate 
solubilization of all potent strain were 
optimized for temperature (30ºC - 45ºC), 
in which growth seen in between 35ºC and 
40° C in which our findings were similar 
to Uma Maheswar  and  Sathiyavani, 
(2012).   

In this study comparative analysis of 
vegetative and reproductive plant growth 
patterns of tomato from germination of 
seeds to maturation of plant in plastic bag 
experiment were done. Each containing 
control soil, control soil with Zinc 
Phosphate and psm1, psm2 and psm6 with 
control soil. In this study, these 
combinations were used for the evaluation 
of comparative growth patterns of plants. 
Initially the best growth was recorded for 
the plant growing in control with strain 
psm1 and psm2, followed by control with 
zinc phosphate.   

Many phosphate solubilizing bacteria are 
reported as plant growth promoter (Hafeez 
2004; Katiyar and Goel., 2003; Hilda 
Rodríguez and Fraga, 1999). It is well 
established that introduction of plant 
growth promoting bacteria (PGPB) in soil 
improves the plant growth. PGPB promote 
plant growth through the production of 
plant growth hormones (Patten and Glick, 
2002; Bottini et al., 2004). Present study 
was conducted to screen the potential 
PGPRs and their use as a biofertilizer. 
psm1 , psm2 and psm6 were selected for 
pot scale trial because of their positive 
effect on the germination of tomato, their 
efficient phosphate solubilization abilities 
on plate assay as well as their release of 
free P in liquid culture and their auxin 
production abilities to enhance the growth 
of three different crops.  

All three PGPRs, improves plant growth 

by various mechanisms which could not 
be mutually exclusive. It is likely that 
phosphate solubilizing strains might have 
helped in plant root proliferation and 
production of plant growth regulators by 
the bacteria at root interface which 
resulted in better water absorption and 
nutrients such as P by host plant (Barea et 
al., 2005; Gupta et al., 2002). The above 
experiments were carried out in complete 
absence of any synthetic plant growth 
regulators. Increase in shoot and root 
length of the tested plants may be 
attributed to the production of growth 
promoting substances.  

Control experiment revealed that 
deficiency of available phosphate retard 
plant growth in various parameters such as 
root and shoot length of rye as compared 
to test. From these results we conclude 
that inoculation of tomato with efficient 
PGPRs significantly enhance plant growth 
in small scale experiment. The pronounced 
plant growth by PGPRs observed in the 
present study can be attributed to the 
production of IAA, IBA and solubilization 
of phosphate. Such findings are in 
agreement with many authors who 
reported phytohormones production 
by Pseudomonas (Glick, 1995).  

In conclusion, it is attractive to speculate 
that coordination of above mentioned 
mechanisms may act to stimulate plant 
growth. Because of their efficient 
phosphate solubilization and auxin 
production ability, it is justifiable to 
propose here that these bacterial strains 
have plant growth potentials and could be 
exploited as biofertilizers or bioinoculant. 
Greater attention should be paid to studies 
and application of new combination of 
phosphate solubilising bacteria and other 
PGPR for improved results.  
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