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Abstract 
The use of phosphate solubilizing bacteria (PSB) as biofertilizers has concurrently increased phosphorous 

uptake in plants and improved yields in several crop species. A laboratory study was conducted to isolate, 

identify and characterize the phosphate solubilizing bacteria (PSB) from various rhizospheric soils from 

District Kulgam. Based on the highest solubilization zone production in the solid Pikovskaya’s medium, 

7 isolates (PSBK-10, PSBK-11, PSBK-12, PSBK-13, PSBK-14, PSBK-15 and PSBK-16) were selected 

and used for further studies. The selected PSB strains were screened in vitro. Among these PSB isolates, 

4 strains belong to genera Bacillus sp, 2 to Pseudomonas and 1 to Micrococcus. 

 

Keywords: Phosphorus solubilizing bacteria (PSB), biofertilizers, Pikovskaya’s medium, Bacillus sp, 

Pseudomonas sp, Micrococcus sp. 

 

1. Introduction 

Phosphorus (P) is one of the most essential plant nutrients which profoundly affect the overall 

growth of plants (Wang et al., 2009) [33] by influencing the various key metabolic processes 

such as cell division, photosynthesis, respiration, energy storage and transfer, cell enlargement 

and some other processes in the plants. It is applied to the soil in the form of Chemical 

fertilizers. Its availability to the plant utilization is limited. As inorganic phosphate, it is 

immobilized rapidly and becomes unavailable to plants (Akhtar et al., 2010) [1]. Among the 

alternative P sources, the most important is locally available rock phosphate (Khan et al., 

2009) [16]. Majority of the soils throughout the world are P deficient (Muhammad, 2012) [19]. 

The concentration of Bioavailable P in soil is very low getting to the level of 1.0 mg kg–1 

(Goldstein, 1994) [12]. Plants absorb P as phosphate anions (HPO4-) or H2PO4-) from soil 

(Rodriguez and Fraga, 1999) [27].  

Phosphate anions are highly reactive in the soil and their precipitation is soil pH dependent. In 

acidic soils phosphate anions get precipitated with free oxides and hydroxides of iron and 

aluminium, but in alkaline soils calcium is the main element involved in P fixation (I gual et 

al., 2001)[13]. Indian soils are characterized by poor and medium status with respect to 

available P (Baby, 2002, Li et al., 2003., Ramanathan et al., 2004) [2, 17, 25]. A number of 

bacterial species, mostly those associated with the plant rhizosphere, are able to exert a 

beneficial effect upon plant growth. This group of bacteria has been termed as ‘plant growth 

promoting rhizobacteria (PGPR) and among them are strains from genera such as Bacillus, 

Pseudomonas, Azotobacter, Micrococcus, Serratia, Azospirillum, Enterobacter, Rhizobium, 

Erwinia, Alcaligenes, Arthrobacter, Acinetobacter and Flavobacterium (Rodríguez et al., 

1999) [28]. Many of these microorganisms act as phosphate solubilizing agents and convert the 

insoluble phosphorus into soluble form HPO4
2- and H2PO4- by production of acids, 

acidification, chelation, and polymeric substance formation (Delvasto et al., 2008) [7]. These 

microorganisms thus reduce the dependence on chemical fertilizers and hence are being 

regarded as an alternative to the conventional chemical fertilizers.  

Several workers have reported the isolation of various phosphate solubilizing bacteria from 

rhizospheres of a variety of plants. Islam et al., (2006) [14] isolated and purified a total of 30 

bacterial strains from the rhizoplane of rice by repeated streak culture on PVK medium. The 

phosphate solubilization index of the rice isolates varied from 1.2 to 6.7. The isolate 

Acinetobacter sp. BR-25 exhibited the highest phosphate solubilization index (6.7) followed 

by BR-15 (4.8) when calcium phosphate was used as P source. Maheshwar et al., (2012) [18] 

collected the soil sample from different rhizosphere soil of groundnut and reported the 
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presence of phosphate solubilizing microorganisms. The 

isolated bacterial strains of Bacillus subtilis and Bacillus 

cereus exhibited maximum phosphate solubilization and were 

found to be active in solubilization of tricalcium phosphate 

under in-vitro condition.  

Phosphate solubilizers play a vital role in soil P dynamics and 

availability of phosphate to plants (Richardson, 2001) [26]. 

Many soil microorganisms particularly those present in 

rhizosphere of plants, are able to solubilize fixed form of P to 

soluble form and makes it available to plants (Dave and Patel, 

2003., Dubey et al., 1997., Narayanasamy et al., 1981, 

Sashidhar, B., and Podile, A.R. 2010 [6, 8, 21, 29]. The principal 

mechanism of p solubilization is the production of organic 

acids and phosphatase enzymes which play key role in 

phosphatase solubilization in the soil (Surange et al., 1995., 

Duttan and Evans, 1996., Nahas, 1996., Shankar et al., 2013) 
[32, 9, 20, 30]. 

The present paper discusses the isolation and Characterization 

of phosphate solubilizing from various rhizospheric soils. 

 

Material and Methods 

Different strains of phosphate solubilizing bacteria (PSB) 

were isolated from various rhizospheric soils. It was a 

laboratory scale study and whole of the work was undertaken 

in the laboratories of division of Plant Pathology, SKUAST- 

Kashmir. 

 

Sample preparation 

In order to isolate PSB, 10 mixed soil samples were collected 

from rhizospheric soils of Apple, walnut, peach, almond, 

cherry, brinjal, from different locations of kulgam, Jammu 

and Kashmir. The samples were collected at a depth of 10-35 

cm. The tools used for soil sampling were surface sterilized 

using 70% ethanol and soil samples were placed in sterile 

bags, transported to laboratory, stored at 4 0C and finally 

processed. 

 

Isolation and screening of efficient PSB strains 

The isolation of phosphorus solubilizing bacteria (PSB) from 

rhizospheric soils was done by following the serial dilution 

technique. For isolation, soil samples were serially diluted 

from 10-3 to 10-6 and inoculated on modified Pikovskayas’s 

agar medium (Pikovskayas’s, 1948) [23]. which consists of 

glucose, 10.0 g; Ca3(PO4)2, 5.0 g; (NH4)2SO4, 0.5 g; 

NaCl,0.2 g; MgSO4·7H2O, 0.1 g; KCl, 0.2 g; MnSO4·H2O, 

0.002 g; FeSO4·7H2O, 0.002 g; yeast extract, 0.5 g; agar, 

18.0 g for solid medium; distilled water, 1000 ml., pH was 

adjusted to 7 before sterilization, followed by pour plate 

technique and the 48 h incubation at 300C, discrete colonies 

showing halo zones were picked up, sub cultured in Nutrient 

agar slants and then preserved  

 

Characterization of PSB Strains 

Morphological Characters 

Suspension of each purified culture was prepared and poured 

on plates having solid media by spread plate method. The 

inoculate plates were incubated at 250C till the appearance of 

colonies. Morphological characters of colonies like size, 

shape, color and elevation were measured as (Goenadi et al., 

2000) [11]. 

 

Microscope Characters 

The isolated strains were heat fixed called as smear. Crystal 

violet was flooded for one minute and washed gently by tape 

water. Then the smears were exposed to Gram's iodine for one 

minute and washed and drained carefully. 95% alcohol was 

applied for 30 seconds and washed. Finally the smears were 

washed and drained with 0.25% safranin for 30 seconds and 

examined under microscope. It focused on shape and size of 

bacteria. Pink colored bacteria were named as Gram negative 

while purple colored were named as Gram positive 

 

Estimation of phosphate solubilization efficiency 

For testing the P solubilizing capability of PSB strains, each 

PSB culture was poured on 

Pikovskayas’s agar plate containing insoluble tricalcium 

Phosphate as P source. The plates having culture were 

incubated for 4 days at 28 oC. Solubilization index was 

measured by Edi-Premono formula (Edi- Premono et al., 

1996) [10]. 

 

 𝑷𝑺𝑰 =
𝐶𝑜𝑙𝑜𝑛𝑦 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟+𝐻𝑎𝑙𝑜 𝑍𝑜𝑛𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

𝐶𝑜𝑙𝑜𝑛𝑦 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
  

 

Biochemical tests 

The most efficient PSB strains were characterized by 

biochemical tests (Smibert and Krieg, 1994) [31]. 

 

Identification of bacterial strain 

Different tests like Biochemical, Morphological and 

Physiological of the selected phosphate solubilizing bacterial 

isolates were performed for identification, as per methods 

defined in Bergey᾿s Manual of Determinative Bacteriology 

(J.G. Holt, et al., 1994) [15]. The isolates belong to genus 

Bacillus, Pseudomonas, Micrococcus. PSBK 10, 11 to genus 

Pseudomonas, PSBK12 to Micrococcus, PSBK 13, 14, 15, 16 

to Bacillus.  

 

Statistical analysis 

Statistical comparison of different PSB strains for P 

solubilization efficiency, PSI was undertaken. 

 

 
 

Fig 1: P Solubilization on PVK Medium. 

  

Results and discussion 

Phosphorus is an important limiting factor in agriculture 

production and microbial activation seems to be an effective 

way to solve the solidified phosphorus in the soil. 

Microorganisms capable of producing a zone of clearance due 

to the solubilization of inorganic phosphorus (Das, 1989) [5] 

and were routinely screened in the laboratory by a plate assay 

method using Pikovskayas’s agar medium (pikoviskayas 

1948) [23] or tricalcium phosphate medium (Nautiyal, 1999) 
[22]. The primary screening protocol used for the identification 

of PSB strains usually depends on the use of tricalcium 

phosphate as a sole source of P in indicator plates. we decided 

to use tricalcium phosphate as source of P for screening of 

PSB isolated from rhizospheric soils. 

Results indicates that significant clear halo zone formation 
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around bacterial colonies on Pikovskayas’s agar with 

tricalcium phosphate as P source, which was in agreement 

with reports of (Chung et al., 2005, Barroso and Mahas, 2005) 
[4, 3]. According to morphological and biochemical 

characterization the microorganisms showing zone of 

clearance belongs to the genera pseudomonas sp, 

Micrococcus sp, Bacillus sp (Table 1 to 3). 

 

Table 1: Morphological Characters of Phosphorus solubilizing Bacteria. 
 

Rhizospheric soil Isolates Colony Characteristics 
Morphological Characters 

Cell shape Gram reaction Spore 

Apple PSBK10 Whitish, entire, flat, translucent, large. Small rods - - 

Apple PSBK11 White gummy, small, entire. Small rods - - 

Walnut PSBK12 White, circular, raised, small, Opaque, large Minute cocci + - 

Peach PSBK13 White, entire, flat, small, Opaque, Long rods + + 

Cherry PSBK14 Creamy, irregular, flat, opaque, large Small rods + + 

Almond PSBK15 Whitish, irregular, umbonate, opaque, large Small rods + + 

Brinjal PSBK16 Whitish gummy, circular, less raised, opaque, small Long rods + + 

 

Table 3: Zone of Clearance and phosphorus solubilization index of 7 isolates 
 

PSB isolates Diameter of zone of Clearance(cm) Colony Diameter (cm) Phosphorus solubilization index(PSI) 

PSBK10 0.70 0.40 2.75 

PSBK11 0.50 0.30 2.67 

PSBK12 0.60 0.30 3.00 

PSBK13 0.60 0.30 3.00 

PSBK14 0.70 0.40 2.75 

PSBK15 0.90 0.40 3.25 

PSBK16 0.90 0.40 3.25 

 

 
 

Fig 2: Graphical representation of solubilization index. 

 

Table 2: Biochemical Characterization of 7 PSB isolates. 
 

Isolates PSB C U O D MR VP S.H C.D CA A.P G.P H2S G.L NaCl S M G CI Probable Genus 

PSBK10 + - + - - - + + + + - - + - + + + + Pseudomonas 

PSBK11 + - + - - - + + - + - - + - - + - - Pseudomonas 

PSBK12 + + + - - - + + + - - - - - + + + - Micrococcus 

PSBK13 + + - - + + + + + - - - + - + - + + Bacillus 

PSBK14 + + - - + + + + + - - - + - - + + + Bacillus 

PSBK15 + + - - + + + + + - - - + - + - - + Bacillus 

PSBK16 + + - - + + + + + - - - + - + + + + Bacillus 

C = Catalase test, U = Urea Hydrolysis, O = oxidase, Dn= Denitrification test, MR = Methyl red test, V.P = V.P test, SH = Starch Hydrolysis 

test, C.D = Cellulose degradation, Ca = Casein test, A.P = Acid production, G.P = Gas production, H2S = H2S production test, G. l = Gelatine 

hydrolysis, Ci = citrate test, S = sucrose, M = Mannital, G = glycerol, NaCl = 70% NaCl. 
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Conclusion 

Apple, walnut, peach, cherry, almond and brinjal rhizospheric 

soil presented a diverse population of PSBs. All the screened 

isolates PSBK10 to PSBK16 were more efficient in P 

solubilization. Therefore, these isolates can be used in the 

production of biofertilizer in order to improve growth of some 

agricultural crops in P-deficient soils, constituting an interesting 

alternative to the application of P fertilizers, reducing costs and 

improving crop yields. 
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