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 In this study, phosphate-solubilizing bacterial strains were isolated and characterized 

for their solubilization efficiency in Pikovskaya’s media amended with tri-calcium 
phosphate. There are seven bacterial strains were isolated and screened their phosphate 

solubilization efficiency. Among the seven isolates, only one bacterial strain was 

dominant phosphate solubilizer and it used for further experimental studies. The isolate 
was able to lower the pH and accumulate acid in the medium. Acidification is the main 

mechanism of P solubilization. Then the screened bacterial strain was identified as 

Pseudomonas aeruginosa through Bergys manual of determinative bacteriology. The 
identified bacterial growth was characterized in media amended with different carbon 

sources, nitrogen sources, temperature and pH. Among the tested carbon sources, the 

maximum growth was noticed in glucose added medium. The highest growth was 
obtained in media supplemented with casein within the nitrogen sources tested. In 

experimentation with temperature, the maximum growth was recorded in 400C. Among 

the tested pH, the maximum growth was registered in media adjusted in pH 7. 
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INTRODUCTION 

 

 Phosphate solubilizing bacteria (PSB) are the collection of frequent PGPR in rhizosphere. Production of 

organic acids and phosphatases to solubilize insoluble phosphate to soluble forms is common in this group [10]. 

Although several phosphate solubilizing bacteria occur in soil, their numbers are not adequate to compete with 

other bacteria commonly established in the rhizosphere [9].  

.  PGPB generally provide natural and harmless means of improving the growth, yield of crops and minimize 

the use of agrichemicals. PGPR use one or more direct mechanism to improve the plant growth. These 

mechanisms include improvement of nutrient uptake by phosphate–solubilization, N2 fixation and 

phytohormone production like indole -3- acetic acid. Biological control of plant pathogens and deleterious 

microbes, through the production of antibiotics, lytic enzyme, hydrogen cyanide and siderophore or through 

competition for nutrient and space can significantly improve plant health and promote growth by increasing of 

seedling emergence, vigor and yield [2].  

 Strains of Pseudomonas putida and Pseudomonas fluorescens have increased root and shoot eloguation in 

canola, lettuce and tomato as well as crop yields in potato radishes, rice, sugar beet,, apple, citrus beans and 

ornamental plants. Bacteria in the genera Bacillus, Streptomyces, Pseudomonas, Burkholderia and 

Agrobacterium are the biological control agents predominantly studied and increasingly marketed. They 

suppress plant disease through induction of systemic resistance and production of siderophores or antibiotics. 

Exposure to the PGPR triggers a defense response by the crop as if attacked by pathogenic organism [16].   

 The objective of the present study is to isolate and characterize micro organisms from the rhizosphere soil 

of ground nut; also, to find out the role and mechanism of phosphate solubilization and production of plant 

growth promoting substances by these microorganisms. 
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MATERIALS AND METHODS 

 

Physico - chemical Characterization of Soil: 

 pH: Soil and distilled water were mixed in 1:5 ratio and shaken mechanically for about an hour at regular 

intervals. Then the pH was determined using a digital pH meter (Systronics, Chennai). 

 

Organic carbon content:  

 Oven dried sample was taken and passed through 0.5mm non-ferrous screen. Suitable quantity of soil was 

weighed and transferred to a dried 500 ml conical flask. Then 10 ml of K2Cr2O7 solution and 20 ml concentrated 

H2SO4 were added and the flask was kept as such for about 30 min for the mixture to react. After the reaction, 

the content was diluted with 200 ml distilled water. Then 10 ml phosphoric acid was added followed by 1 ml of 

diphenylamine indicator (0.5 g diphenylamine dissolved in a mixture of 20 ml distilled water and 100 ml 

concentrated H2SO4). The sample was titrated against 0.4N ferrous ammonium sulphate. At the end point, 

colour changed to brilliant green. A blank was run with the same quantities of the reagents but without the soil 

sample. Organic carbon was estimated using the formula, 

Percentage of Organic carbon =  
w

951.3
(1 - T/S)  

 Where, 

 W = weight of the sample in grams 

 S and T are volumes of ferrous ammonium sulphate solution needed for titration with blank and samples 

respectively. 

 

Estimation total nitrogen and phosphorus content:  

 The stimation of total nitrogen content was analysed by the method of Kjeldahl (Kjeldahl digestion 

method). Qualitative estimation of total phosphorus content was studied by the method of Allen et al. [1]. 

 

Chloride content [17]:  

 A sample of 0.1 g soil was dissolved in 50 ml of water and 2 ml of potassium chromate solution were added 

in conical flask. The content was titrated against silver nitrate solution until persistent red tinch appeared. The 

titration was repeated following the above procedure to get concordant value. Total amount of chloride was 

calculated using the following formula 

Total chloride content  = 
sampleofml

5.35x1000xNxA
 mg1

-1
 

A =volume of AgNO3  

N = normality of AgNO3 

 

Sulphate content [17]:  

 To 100 ml of soil solution 5.0 ml conditioning reagent was added. The sample was stirred on a magnetic 

stirrer and spoonful of BaCl2 crystal was added. After four minutes, the absorbency was measured at 420 nm. 

The amount of sulphate was expressed in mg l
-1

.  

 

Isolation of rhizospheric phosphate solubilizing bacteria:  

 Rhizospheric soil samples of ground nut plants were collected and brought to the laboratory in sterile plastic 

containers. Air-dried soil samples were used to identify phosphate-solubilizing bacteria using Pikovskaya's 

medium amended with tri-calcium phosphate as a substrate. Phosphate solubilizing fungi were isolated in Potato 

Dextrose Agar incorporated with tri-calcium phosphate. Culture plates were incubated at 27±2 °C for 48 hours 

to find out the formation of solubilization halos. 

 

Biochemical Characterization of Bacteria: 

 Morphology: The colony morphology of the isolate was studied by observing its nature of growth and 

colour of the colony. The cell shape was studied by preparing the slide for microscopic observation using simple 

staining technique. 

 

Screening for phosphate solubilization in Petriplates:  

 Soil isolates were screened for their phosphate solubilizing ability on Pikovskaya (PVK) medium. Bacterial 

isolates were inoculated in triplicates with sterile toothpicks. The halo and colony diameter was measured 2,4,6 

and 8 days after the incubation of the plates at 30
0
C. The results are expressed as solubilization efficiency (SE) 

according to Nguyen et al., (1992), where  
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SE = 
diameterGrowth

xSdiameterilizationSo 100)(lub
 

 

Quantitative estimation of phosphate Solubilization by free bacterial isolates in liquid PVK medium: 

 Experiments were carried out in Erlenmeyer flasks (100 ml) each containing 20 ml of PVK medium, pH = 

7.0, before autoclaving flasks were inoculated with 1 ml of bacterial suspension. Autoclaved, unioculated flasks 

were used as controls. The flasks were incubated at 30
o
C as still surface culture. Cultures were harvested by 

centrifugation at 7000 x g for 10 min, 2, 4, 6 and 8 days after incubation, and the phophorus in culture 

supernatant was estimated by Allen et al. (1989) method. Phosphorus content was expressed as g / ml and pH 

of the medium was recorded. 

 

Determination of pH, titratable acidity and phosphatase activity:  

 pH of PVK broth medium of phosphate solubilizing culture was determined with a glass electrode and 

titratable acidity was determined by titrating each sample of pH 7.0 with 0.1 N NaOH. The phosphatase activity 

was analysed by the method of Fiske – Subbarao (1925). 

 

Growth characterization of the candidate bacterium: 

 Effect of pH on growth: The effect of pH on candidate bacterium was determined by culturing the 

bacterium with different pH (2-10) and incubated at 37
o
C for 24 hours. After incubation, growth was observed 

by measuring the absorbance at 405 nm.  . 

 

Effect of temperature on growth:  

 The effect of temperature on growth of candidate bacterium was inoculated in Pikovskaya’s broth and 

incubated at different temperatures such as 10
0
C to 50

0
C for 4 days. Growth of culture was measured by using 

absorbance in spectrometer at 405 nm. 

 

Effect of various carbon sources on growth:  

 Different carbon sources such as sucrose, glucose, galactose, maltose, lactose, fructose and arabinose were 

added in the Pikovskaya’s broth separately in the concentration of 1% in the medium.  Here culture broth of 

candidate bacterium was inoculated in to the culture media and incubated at 35
0
C.  

 

Effect of various nitrogen sources on growth:  

 The effect of different nitrogen sources such as yeast extract, peptone, urea, ammonium nitrate, ammonium 

molybdate and casein were added in the Pikovskaya’s broth separately in the concentration of 1% in the 

medium. Growth of culture was measured by using absorbance in spectrometer at 405 nm. 

 

Effect of various Concentration of Tricalcium phosphate on growth:  

 Tricalcium phosphate was added to the Pikovskaya’s broth at various concentrations 0.15, 0.20, 0.25, 0.30, 

0.35, 0.40, 0.45 and the candidate bacterium was inoculated and incubated at 35
0
C for 4 days. Growth of the 

cultures were measured using absorbance in spectrometer at 405 nm 

 

RESULTS AND DISCUSSION 

 

 Phosphorus, an essential mineral macronutrient, is required for maximum yield of agriculturally important 

crops. Soil contains only a small percentage of total phosphorus in a soluble form. The rest may be chemically 

bound in insoluble complexes or organically bound mainly as phytates [14].  

 

Isolation and screening of phosphate solubilizing bacterial strain:  

 A total of seven bacterial strains were isolated from the rhizosphere soil of mangroves. Among the seven 

bacterial isolates, only one bacterial isolate was found to be maximum phosphate solublizer due to the zone 

formation around the bacterial growth and it selected for further experimental analysis. The selected bacterial 

strain was further identified as Pseudomonas aeruginosa through biochemical analysis (Table 1).  Phosphate 

solubilization by the Pseudomonas fluorescens, Bacillus megaterium and Azospirillum spp. was accompanied 

with pH reduction of the culture medium [6]. 

 

Physiochemical parameters: 

 The rhizosphere soil was analyzed to find out its physicochemical characteristics. The soil is slightly 

alkaline (pH 7.65) with a C: N ratio of 5:1. The level of available phosphate was very low (Table 2). The 

presence of inorganic elements such as chloride and sulphate in a significant amount indicates the calcareous 
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nature of the soil. The analyses revealed that the nutrient levels were below the specified lower limit for 

agricultural soil.  

 Solubilization efficiency of bacterial isolates in PVK agar and broth revealed an increase in the potential of 

P solubilization, achieving a peak on the 6
th

 day with a subsequent decline (Fig 1). In general, microbial activity 

was initially slow and then increased gradually followed by a decline at the end of incubation period. A decrease 

in P concentration in the initial stages can be attributed to the utilization of existing P for their growth, and in the 

later phase, they would have started acting on the substrate for the need of nutrients. Thus, they release P from 

insoluble source like tri-calcium phosphate [4]. 

 pH of growth medium was increased gradually and maximum growth obtained in 6
th

 day. Then a gradual 

reduction in the pH values in PVK was observed after 6
th

 day of incubation period and no revival in later days 

for the candidate bacterium (Fig.2). This report was inaccordance with the earlier report of [18]. They have 

reported that the maximum P solubilization was observed in 7
th

 day of incubation. After 7
th

 day of incubation, 

considerable drops in the values were observed. Phosphorus released by the organisms was associated with 

reduction in pH of the medium. 

 The tendency for correlation between P level and pH-titratable acidity become less significant after the peak 

in P level in media (Fig. 3). The declining concentration of P after six days of growth is probable due to the 

factors other than pH and titratable acidity. The lowering of pH is the main P solubilization mechanism before 

the peak level. Similar observations have already been reported in Aspergillus and Penicillium species by Illmer 

and Schinner [12] and Whitelaw et al. [19]. 

 The data indicated that the growth was started from 0.2g and it reached maximum level at 0.6g (Fig. 4). The 

highest growth and optimized concentration of the candidate bacterium was 0.6g. This study was identical with 

previous study of Pallavi and Gupta (2013). They have reported that the the pseudomonas lurida showed greater 

phosphate solubilization activity with TCP in presence of glucose than with other monosaccharides and 

disaccharides. 

 In the present study, the effect of different carbon sources on growth of PSB was studied. PSB strains 

utilized various compounds as carbon source for their growth (Fig. 5). But the utmost level was found in 

medium supplemented with glucose.  The present result was supported by the earlier study of Balamurugan et 

al. [5]. They have reported that the maximum growth was found in glucose added medium. 

 In this study, the candidate bacterial growth was recorded in casein (Fig. 6) supplemented medium among 

the tested nitrogen sources. This study was supported by the earlier study of Asea (1998). He reported that the 

nitrogen source in salt form seems to be an important for growth of the bacterial strain and it was necessary for 

better solubilization of rock phosphate. 

 In the present study, the highest growth was noticed in medium adjusted with pH 7 (Fig. 7). Afterwards 

considerable reduction was obtained in medium. This result is identical with the earlier report of Sagervanshi et 

al. [15]. They have reported the maximum P solublization and growth was monitored at pH 7. At the same time 

retardation in growth and P solublization was observed at pH 8.  

 In the present study, we found that the preferential temperature for the growth of PSB strain was 40ºC (Fig. 

8). At the same time above and below which the growth was automatically retarded. The optimum temperature 

for growth of PSB was reported 30-35ºC [8]. 

 

Conclusion: 

 Phosphate solubilizing bacteria play an important role in plant nutrition by enhancing phosphorus uptake by 

the plants. They can be used as efficient biofertilizers for agricultural crops. Thus rhizosphere microbes can be 

used as PGPR. Genetic manipulation of phosphate solubilizing bacteria to improve their capabilities and the 

introduction of this trait in strains with other plant growth promoting effects is not only important, but also seem 

to be practically feasible. Phosphate solubilizers isolated in the rhizosphere soil of ground nut seem to be 

efficient candidates to be used as biofertilizers. Further research is needed to develop a strategy to investigate 

the stability and performance of the P solubilization and phytohormones production traits once they are 

introduced in soil. 

 
Table 1: Physico – Chemical Characteristics of Soil. 

 Parameters Value 

pH 7.65 

Organic Carbon 5.6 g Kg-1 

Total Nitrogen 1.6 g Kg-1 

Available Phosphorus 8.2  g g-1 

Chloride content 9.94  g g-1 

Sulphate content 4.8  g g-1 
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Table 2: Biochemical Characterization of Bacteria. 

Biochemical Tests Pseudomonas 

Gram reaction - 

Indole production - 

Methyl red test - 

Voges – Proskauer test - 

Citrate utilization test - 

Fermentation 
Lactose 

Dextrose 

Sucrose 

 
- 

- 

- 

Hydrolysis 
Starch 

Gelatin 

Urease 
Catalase 

 
- 

- 

- 
+ 

(-) Negative:    (+)  Positive:      (A) - Acid production  

 

 

 
 

Fig. 1: Effect of different time intervals on phosphate solubilization. 

 

 
 

Fig. 2: Effect pH on culture broth at different time incubation by bacterial strain  
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Fig 3: Titratable activity in various time intervals. 

 

 
 

Fig 4: Effect of various concentrations of tricalcium phosphate on growth of on Pseudomonas aeruginosa. 

 

 
 

Fig. 5: Effect of various carbon sources on growth of Pseudomonas aeruginosa. 
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Fig. 6: Effect of various nitrogen sources on growth of Pseudomonas aeruginosa. 

 

 
 

Fig. 7: Effect of various pH sources on growth of Pseudomonas aeruginosa. 

 

 
 

Fig. 8: Effect of various carbon sources on growth of Pseudomonas aeruginosa. 
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