
ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(3), 104-116 

104 

 

Journal Homepage: - www.journalijar.com 

    

 

 

 

 

 

 

RESEARCH ARTICLE 

 
3 Day National Level Seminar Cum Workshop On Recent Aspect Of Microbiological Techniques(RAMT) 

During 10-12 February, 2017 By Dept Of Microbiology, Techno India University, West Bengal. 

 

ISOLATION AND CHARACTERIZATION OF POTENTIAL PHOSPHATE SOLUBILIZING BACTERIA 

FROM SOIL SAMPLES OF AGRICULTURAL FIELDS OF DHAPA, KOLKATA, WEST BENGAL. 

 

Satarupa Banerjee
1
, 

*
Atanu Roy

2
, Suvakshan Dutta

2
,Madhumita Roy

2
,
 
Sandhimita Mondal

2
 and Abhijit 

Mitra
3 

1. Department of Microbiology, Techno India University, Salt Lake Campus Kolkata 700091. 

2. Department of Biotechnology, Techno India University, Salt Lake Campus, Kolkata 700091. 

3. Department of Marine Science, University of Calcutta, 35 B.C. Road, Kolkata 700 019. 

…………………………………………………………………………………………………….... 

Manuscript Info   Abstract 

…………………….   ……………………………………………………………… 
Manuscript History 

 

Received: 01 January 2017 

Final Accepted: 02 February 2017 

Published: March 2017 

 

 

Key words:- 
Phosphate Solubilizing Bacteria (PSB), 

indole acetic acid assay (IAA), ammonia 
production, siderophore detection, 

hydrogen cyanide (HCN) production 
 

 

 
 

 

 
 

 

 

Phosphate solubilizing bacteria (PSB) helps in uptake of insoluble 

phosphate by plants.  ‗Phosphate‘ is one of the most essential growth 

promoting factor and plays a vital role in plant cellular enhancement 

processes like root elongation, proliferation and changes of root 

architecture due to its deficiency, seed development, and normal crop 

maturity. Therefore, the present study was targeted for isolation of 

potential PSBs from Dhapa agricultural soil samples and was assessed 

for the plant growth promoting traits. The assessments include indole 

acetic acid assay (IAA), ammonia, siderophore, and hydrogen cyanide 

(HCN) production and their effects on growth and uptake of 

phosphorous by chilli plants. The estimation of growth of the chilli 

plants were observed with a pot experiment. According to the study the 

IAA production was 2.9, 4.9, 1.92, and 3.17 μg/ml for the isolated 

organisms PSB AR1, PSB AR2, PSB AR3 and PSB AR4 respectively. 

Amount of phosphate solubilized were 70, 60, 67.6 and 54% by PSB 

AR1, PSB AR2, PSB AR3 and PSB AR4 respectively.  

 
                  Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Phosphorous is one of the growth promoting factors for plants. This is because phosphorous in included in the 

growth factors of plants like cell division, photosynthesis, utilization of carbohydrates in plants (Wu et al., 2005). It 

plays a great role in several physiological processes like root elongation, proliferation, root morphology, seed 

development and maturity, etc. Deficiency of phosphorous results in various problems in plant growth. The 

deficiency includes as browning of leaves, weak stem, and slow development. It remains in an insoluble form which 

makes difficult for the plants to utilize to its full extent (Mittal et al., 2008). The mineral phosphorous is solubilized 

by bacteria known as the ―phosphate solubilizing bacteria‖ or PSBs. Assimilation of phosphorous takes place with 

the help of the enzyme called the ―phosphatase‖. These are present in variable amount in the soil, and present in 

wide variety of soil microorganisms (Zaidi A, Khan MS, Amil MD, 2003). The soil microorganisms transfer the 

phosphorous to a soluble form of phosphate. The process includes the consumption of the tricalcium phosphate by 
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the psb present in the soil. The plants consume the nutrient in the orthophosphate forms (H 2 PO 4- and HPO 4 2- ). 

Therefore psb acts as a natural bio-fertilizer which is necessary for the plants for their growth. Phosphorous is the 

structural components of various co-enzymes, phospho-proteins, phospholipids, and a part of the memory ―DNA‖. 

These types of bacteria are majorly found in the rhizopheric region of plants. Due to the specialty of the PSB to 

transfer the insoluble compounds, they are widely used in the crop yield. The psb strains are associated with the 

release of organic acids (Bashan, Y., Kamnev, A. A., & de-Bashan, L. E. 2013). The hydroxyl and the carboxyl 

groups chelate the cations which are bound to the phosphate. There are different strains of psb such as, 

Micobacterium laevaniformans (P7), Pseudomonas putida (P13) etc. These bacteria are renowned for the rapid 

utilization of the insoluble phosphate to a soluble form, so that the plant can utilize it for their growth. Phosphorus 

nutrition has become a global issue and 30-40% crop yield of the world‘s cultivation land is hampered by the P 

availability (Rudresh DL, Shivaprakash MK, Prasad RD, 2005). Phosphate deficient soils due to poor availability of 

mineral phosphorous in the soil, require more amount of psb. The free phosphate concentrations are not higher than 

10uM, and the favorable pH is 6.5. This is also applicable for fertile soil. 

 

Materials and methods:- 
Study area and sample collection:- 

The analysis of phosphate solubilizing bacteria from soil sample was carried out in 22
o
 32‘ 17‖N and 88

o
 25‘ 11‖ E 

field of Dhapa, near the E.M. Bypass, Kolkata, West Bengal. The soil samples from Dhapa were collected in sterile 

bottles for sampling. The quality of the data is replicated by its replication. 

 

Screening and isolation of the organism:- 

The soil samples taken of 1 gram and were serially diluted up to 10-folds. 10 to 20 ul of the diluted sample was 

plated in NBRIP (National Botanical Research Institute of Phosphate solubilizing bacteria) agar media plates and 

were incubated at 30
o
 C for 5 days. Single colonies with clear halozone were randomly selected and pure culture 

was obtained by continuous re-plating in NBRIP agar media. Glycerol stocks were prepared and were stored at - 20
o
 

C.   

 

Morphological analysis of the isolated organism:- 

Physical identification of bacteria were done by morphological and biochemical analysis. The bacterial 

isolates with clear halo zones formation were identified by colony morphology and by different staining 

procedures such as simple staining and Gram‘s staining.  

 

Biochemical characterization:- 

Biochemical analysis for the isolates were done to examine activities of MR-VP test, Indole test, Urease 

hydrolization test, Gelatin test, Citrate agar test, Motility test, Starch hydrolysis test, Catalase test, TSI test, Casein 

hydrolysis test. Some carbohydrate utilization test like Lactate test, Mannitol test, Sucrose and D-glucose test were 

also performed. The above tests were performed as per Bergey‘s Manual of Systematics Bacteriology  

 

Determination of growth curve:- 
Growth pattern was determined for the isolated organism. 24 hrs old cultures were taken and were inoculated in LB 

broth. Readings were taken in triplicates at regular intervals for 3 days at 660 nm.  

 

Genomic DNA extraction:- 
The bacterial genomic DNA was extracted by cTAB alkaline lysis method. 24 hrs old liquid culture of the organism 

was taken and was centrifuged at 10000 rpm for 15 mins to obtain the bacterial pellet. The pellet was then dissolved 

in 0.8 ml of CTAB buffer along with 50 µl of 0.1mg/ml proteinase k and was incubated at 60
0 

C for 1 hr. Then 

0.6ml of chloroform : isoamyl alcohol at a ratio of  24:1 was added, gently mixed and then was centrifuged at the 

maximum speed for 10 minutes. The resulting aqueous phase was the transferred to a fresh tube without disturbing 

the organic phase and about 2/3
rd

 volume of chilled isopropanol was added and vortexed gently by hand until thread 

like DNA appears. The DNA was then pelleted down by centrifugation and the supernatant was discarded and the 

pellet was washed with 70% chilled ethanol and centrifuged at maximum speed. The pellet or DNA was then 

dissolved in 50 to 100 µl of T.E. buffer depending on the amount of DNA obtained and stored at 4
o
C for further use.  

 

16s rDNA PCR amplification:- 

Complete 16s rDNA amplification was done using universal Forward primer (5‘-AGA GTT TGA TCC TGG CTC 

AG-3‘) and Reverse primer (5‘-GGT GTT TGA TTG TTA CGA CTT-3‘) to know the bacterial species. Colony and 
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Genomic DNA PCR were performed. PCR was performed using 50-μl reaction mixture containing 1-μl of DNA 

extract as a template,  5 mM of each primers, 25 mM  of MgCl2, 2 mM of dNTPs, 1.5 U of Taq polymerase and 

buffer recommended by the manufacturer (GCC Biotech, India). After initial denaturation for 5 min at 95
o
C, 35 

cycles of reaction was performed consisting of denaturation at 95
o
C for 30 secs, annealing at 48

o
C for 1 min 30 secs, 

extension at 72
o
C for 1 min and final extension at 72

o
C for 7 min. The PCR products were analyzed by using 1% 

(w/v) agarose gel electrophoresis (C.Edward Raja, G.S Selvam, Kiyoshi Omine). 

 

Assay of inorganic phosphate solubilising ability:- 

Bacterial strains were grown in sterilized liquid NBRIP broth medium (30 ml) at 30°C for two days with continuous 

shaking at 150 rpm, and were tested for phosphate solubilizing ability. Sterilized uninoculated medium served as a 

control. 50ml of phosphate reagent were prepared to evaluate the phosphate solubilizing ability of the organisms. 

4ml of the phosphate reagent were mixed with 1ml of the bacterial culture and was incubated for 1 hour. The 

absorbance after the incubation was measured at 829 nm.  Standard curve of the phosphate were prepared using 

dihydrogen sodium phosphate and were extrapolated to evaluate the amount of phosphate solubilized (Murphy and 

Riley, 1962). 

 

Production of indole acetic acid:- 

IAA production was determined following the method described by Gutierrez et al. (2009). Bacterial strains grown 

in sterilized 100 ml liquid NBRIP medium containing 1 ml of 0.2% tryptophan were incubated for 72 h with 

continuous shaking at 30°C. A sterilized uninoculated medium was served as the control. Treated sample and 

control were taken into centrifugation tube for every 24 h and centrifuged 10 min at 12000 rpm. The clear 

supernatant of 1 ml was mixed with 4 ml of the Salkowski‘s reagent (50 ml of 35% perchloric acid and 1 ml of 0.05 

M FeCl3 solution). The mixture was incubated in the dark at 37°C for 30 min. Development of pink color indicates 

the IAA production and optical density was measured at 530 nm using UV spectrophotometer (Shimadzu UV-VIS).  

 

Production of hydrogen cyanide (HCN):- 

HCN production was assessed by growing the bacteria in 10% tryptic soy agar (TSA) supplemented with glycine 

(4.4 g/L). Filter paper soaked in picric acid and Na2CO3 (0.5 and 2%, respectively) solution was fixed to the 

underside of the lids of plates and incubated for five days at 30°C. A change in filter paper color from yellow to 

orange-brown was considered to be the indication of HCN production (Donate-Correa et al., 2005). 

 

Production of ammonia:- 

The bacterial isolates were tested for the production of ammonia in peptone water. Fresh cultures were inoculated 

into 10 ml peptone water and incubated for 48 hrs at 30°C. Nessler‘s reagent (0.5 ml) was added to each tube. 

Development of brown to yellow colour was considered to be a positive test for ammonia production (Cappucino 

and Sherman, 1992). 

 

Production of siderphore:- 

Siderphore production was assayed qualitatively using chrome azurol S (CAS) blue agar as described by Schwyn 

and Neilands (1987). The bacterial strains were inoculated on the CAS agar plates and incubated at 30°C for 24 h. 

Orange halos around the colonies were recorded as the measurement of siderphore production (Payne, 1994). 

 

Results:-  
Screening and isolation of the organism:- 

After plating in NBRIP medium the organisms showing halo zones around the colonies were subjected for further 

tests and were named as PSB AR1, PSB AR2, PSB AR3 and PSB AR4. 
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        A. PSB AR1     B. PSB AR2    C. PSB AR3               D. PSB AR4 

Figure 1:- Initial isolation and halozone by the organisms. 

 

Morphological analysis of the isolated organism:- 

First line of identification for the organism was done by Gram staining technique. The isolates appeared rod shaped 

gram positive cells when viewed under both phase contrast and 100 X oil immersion microscopy (Figure 2). The 

colonies were creamish white in color, round and small (Table 1). 

 

 
   A. PSB AR1    B. PSB AR2       C. PSB AR3        D. PSB AR4 

Figure 2:- Oil immersion and Phase contrast microscopic image of the isolated PSB. 

 

Table 1:- Morphological Characteristics of the organism 

Morphological characters 

 PSB AR1 PSB AR2 PSB AR3 PSB AR4 

Colour of colony Creamish Creamish Creamish Creamish 

Cell shape Rod Rod Rod Rod 

Gram staining Positive Positive Positive Positive 

Motility Motile Motile Motile Motile 

 

Biochemical characterization:- 

Table 2:- Biochemical characteristics of the organisms 

Biochemical tests 

 PSB AR1 PSB AR2 PSB AR3 PSB AR4 

Urease Negative Negative Negative Negative 

Catalase Positive Positive Positive Positive 

MR Positive Positive Positive Positive 

VP Positive Positive Positive Positive 

Starch hydrolysis Negative Negative Negative Negative 

Gelatin Negative Negative Negative Negative 

Indole production Negative Negative Negative Negative 

Citrate utilization  Positive Positive Positive Positive 

 

Table 3:- Carbohydrate test results of the organisms 

Carbohydrate utilization tests 

 PSB AR1 PSB AR2 PSB AR3 PSB AR4 

Fructose Positive Positive Positive Positive 

Mannitol Positive Positive Positive Positive 

Sucrose Positive Positive Positive Positive 

D- Glucose Positive Positive Positive Positive 
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Table 4:- TSI test results of the four organisms 

Results for TSI test 

 

PSB AR1 

 

Positive 

 

Yellow but = acid production; 

Broken but = (move upward) gas production; 

Black colour = H2S; acid; and gas production; 

PSB AR2 Positive 

 

Yellow but = acid production; 

Broken but = slight gas production; 

PSB AR3 Positive 

 

Yellow but = acid production; 

Broken but = (move upward) high gas production; 

 

PSB AR4 

 

Positive 

 

Yellow but = acid production; 

Broken but = (move upward) high gas production; 

Black colour = H2S; acid; and gas production; 

  

Determination of optimum growth condition:- 
The isolate showed a wide range of dependence for both temperature and pH. The optimum pH for growth for the 

organism was found to be pH 7 (Table 5) and the optimum temperature was found out to be 30
0
 C (Table 6). 

 

Table 5:- represents the pH range of the organism and the optimum pH for the growth 

 pH 4 pH 5 pH 6 pH 7 pH 8 pH 9 pH 10 pH 11 pH 12 

PSB 1 - + + ++ + - - - - 

PSB 2 - + + ++    + - - - - 

PSB 3 - +    +   ++    + - - - - 

PSB 4 - +    +   ++    + - - - - 

-, Indicates no growth; +, Indicates growth; ++, Indicates optimum condition 

 

Table 6:- shows the optimum temperature for the growth of the organism 

 25
 o
 C 30

 o
 C 37

 o
 C 40

 o
 C 

PSB 1 + ++ + - 

PSB 2 + ++ + - 

PSB 3 + ++ + - 

PSB 4 + ++ + - 

        -, Indicates no growth; +, Indicates growth; ++, Indicates optimum condition 

 

Determination of growth curve:- 

After incubation the organisms showed different growth rate (Figure 12, 13, 14, 15). All the organisms showed 

similar growth pattern. In accordance with rate of growth the organisms can be arranged as PSB AR2 <PSB AR3 

<PSB AR4< PSB AR1. 

 
Figure 3:- Growth curve for PSB AR1   Figure 4:-Growth curve for PSB AR2 
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Figure 5:-Growth curve for PSB AR3   Figure 6:-Growth curve for PSB AR4 

 

Molecular characterization:- 

After 16s rDNA analysis the isolates were submitted to GenBank for acquiring accession number for the organisms. 

Figure 16 shows the band of genomic and Figure 17 shows the PCR band of the 16s rDNA when observed through 

gel imaging system after running the sample in 1% agarose gel.  

 

 
Figure 7:- Genomic DNA band         Figure 8:-PCR product band 

 

Assay of inorganic phosphate solubilising ability:- 

After incubation at 30°C for two days with continuous shaking at 150 rpm, the organisms showed a varied amount 

of phosphate solubilisation. Table shows the amount of phosphate solubilised by the four organisms (Figure 18). 

Figure shows the standard curve from which the amount of phosphate was determined. 

 

 
Figure 9:-Standard Curve for phosphate assay 
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Table 7:- shows the concentration of Phosphate solubilised by the four PSB 

  

Initial Conc. Of 

Phosphate in media 

(µg/ml) 

Final Conc. of 

Phosphate in media 

after 48 hrs. (µg/ml) 

Amount of 

phosphate 

solubilized (µg/ml) 

% of phosphate 

solubilized 

PSB AR 1 5 1.5 3.5 70 

PSB AR 2 5 2 3 60 

PSB AR 3 5 1.62 3.38 67.6 

PSB AR 4 5 2.3 2.7 54 

 

 
Figure 10:-Amount of phosphate solubilised by the four PSB 

 

Production of indole acetic acid:L- 

All the four PSBs were positive for production of IAA. The production of IAA (Table 8) varied with time (Figure 

20). Figure shows the standard curve for estimation of IAA production. 

 

Table 8:- shows the concentration of IAA produced by the four PSB 

Concentration of IAA produced (µg/ml) 

  PSB AR1 PSB AR2 PSB AR3 PSB AR4 

Day 1 0.04 4.9 1.8 3 

Day 2 2.9 3.2 2.1 2.3 

Day 3 0.6 2.89 0.2 2.98 

Day 4 1.6 3.1 0.55 1.76 

Day 5 1.92 4 1.92 3.17 

 

 
Figure 11:-Production of IAA by the four PSB 
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Production of hydrogen cyanide (HCN):- 

After incubation for five days at 30°C the filter paper colour changes from yellow to orange-brown and was 

considered to be the indication of HCN production by all the four PSB. 

 
A. PSB AR1   B. PSB AR2 

 
C. PSB AR3   D. PSB AR4 

Figure 12:-HCN production results 

Production of ammonia:- 

All the four bacterial isolates that were tested for the production of ammonia in peptone water showed a 

development of yellow color after addition of Nessler‘s reagent, which was considered to be a positive test for 

ammonia production.  

 
A    B 
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C    D 

Figure 13:-Yellow color formation conferring positive result for ammonia production. 

 

Production of siderphore:- 

Siderphore production was assayed qualitatively using chrome azurol S (CAS) blue agar as described by Schwyn 

and Neilands (1987). The bacterial strains on the CAS agar plates showed orange halo zones around the colonies 

after incubation at 30°C for 24 hrs which was recorded as positive result for siderphore production. 

 

 
PSB AR1                 PSB AR2 

 
PSB AR3                 PSB AR4 

Figure 14:-shows the orange halos around the colonies conforming siderphore production 

 

Discussions:- 
Phosphorus is an important limiting factor in agriculture production, and microbial activation seems to be an 

effective way to solve the solidified phosphorus in soil. The result obtained in this study shows that the isolates PSB 

AR1, PSB AR2, PSB AR3 and PSB AR4 has a broad growth range: it can survive at a pH range of 5.0 – 8.0and it 
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can solubilize both inorganic phosphorus. The optimum temperature for the growth of the organisms was all around 

30
0
 C. 

 

The formation of the clear zones is concerned with the phosphate solubilization of the strains (Figure 4). It may 

secrete some substances into surroundings in the course of growing, which can solubilize phosphate. Phosphate 

solubilization result may vary depending on kinds of the metabolism, how quickly it releases, and also its spread 

degree on the medium. Therefore, observational method of phosphate solubilizing zone can only be used to 

qualitative assays (Piccini and Azcon, 1987).  

 

The major mechanism associated with the solubilization of insoluble phosphate is the production of organic acids, 

accompanied by acidification of the medium (Puente et al., 2004). Reductions in releasing rate of soluble 

phosphorous during the later stages of the incubation might be due to the depletion of nutrients in the culture 

medium, in particular, carbon source needed for the production of organic acids (Kang et al., 2002; Kim et al., 2005; 

Chaiharn and Lumyong, 2009). However, as reported by Varsha-Narsian et al. (1994) availability of soluble 

phosphorus in the culture medium might also have an inhibitory effect on further phosphate solubilization. 

 

IAA stimulates a rapid response (example increased cell elongation) as well as a long-term response (example cell 

division and differentiation) in plants (Ahmad et al., 2008). Furthermore, IAA stimulates lateral root formation 

which in turn could facilitate high root surface area for nutrient absorption from soil (Compant et al., 2010). 

Therefore, IAA production by microbes could have definite effect on growth of the host plant. Similar to these 

findings, IAA production by PSB strains such as Achromobacter xylosoxidans and Klebsiella SN 1.1 have also been 

reported (Jha and Kumar, 2009; Chaiharn and Lumyong, 2011). The present study also reveals that the isolated 

organisms produced good amount of IAA that can be of use for plant growth when applied as bio-fertilizers. 

 

References:- 
1. Ahmad F, Ahmad I, Khan MS (2008). Screening of free living rhizobacteria for their multiple plant growth 

promoting activities. Microbiol. Res. 163:173-181.  

2. Anwar, M. S., Rana, V. R. S., & Pande, V. (2014). Isolation, screening and characterization of Bacillus cereus 

and Enterobacter asburiae isolated from rhizospheric soils of Uttarakhand for different plant growth promotion 

(PGP) activities: an in vitro-study. International Journal of Basic and Applied Agricultural Research, 12(2), 

254-260. 

3. Aslantas R, Cakmakci R, Sahin F (2007). Effect of plant growth promoting rhizobacteria on young apple tree 

growth and fruit yield under orchard conditions. Sci. Hortic. 111:371-377.  

4. Bashan, Y., Kamnev, A. A., & de-Bashan, L. E. (2013). Tricalcium phosphate is inappropriate as a universal 

selection factor for isolating and testing phosphate-solubilizing bacteria that enhance plant growth: a proposal 

for an alternative procedure. Biology and fertility of soils, 49(4), 465-479. 

5. Bashan, Y., Kamnev, A. A., & de-Bashan, L. E. (2013). Tricalcium phosphate is inappropriate as a universal 

selection factor for isolating and testing phosphate-solubilizing bacteria that enhance plant growth: a proposal 

for an alternative procedure. Biology and fertility of soils, 49(4), 465-479. 

6. Caballero-Mellado J, Onofre-Lemus J, Estrada-De Los Santos P, Martinez-Aguilar L (2007). The tomato 

rhizosphere, an environment rich in nitrogen-fixing Burkholderia species with capabilities of interest for 

agriculture and bioremediation. Appl. Environ. Microbiol. 73:5308- 5319.  

7. Cappucino JC, Sherman N (1992). Microbiolgy: A laboratory manual. Benjamin/Cummings Publishing 

Company, New York. pp. 125-179.  

8. Chaiharn M, Lumyong S (2009). Phosphate solubilization potential and stress tolerance of rhizobacteria from 

rice soil in Nothern Thailand. World J. Microbiol. Biotechnol. 25:305-314.  

9. Chaiharn M, Lumyong S (2011). Screening and optimization of indole-3- acetic acid production and phosphate 

solubilization from rhizobacteria aimed at improving plant growth. Curr. Microbiol. 62:173-181.  

10. Chen Z, Ma S, Liu LL (2008). Studies on phosphorus solubilizing activity of a strain of phosphobacteria 

isolated from chestnut type soil in China. Biores. Technol. 99:6702-6707.  

11. Chen, Y. P., Rekha, P. D., Arun, A. B., Shen, F. T., Lai, W. A., & Young, C. C. (2006). Phosphate solubilizing 

bacteria from subtropical soil and their tricalcium phosphate solubilizing abilities. Applied soil ecology, 34(1), 

33-41. 

12. Compant S, Clément C, Sessitsch A (2010). Plant growth-promoting bacteria in the rhizo- and endosphere of 

plants: Their role, colonization, mechanisms involved and prospects for utilization. Soil Biol. Biochem. 42:669-

678.  



ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(3), 104-116 

114 

 

13. D. Piccini and R. Azcon. (1897) ―Effect of phosphate-solubilizing bacteria and vesicular-arbuscular 

mycorrhizal fungi on the utilization of Bayovar rock phosphate by alfalfa plants using a sand-vermiculite 

medium,‖ Plant and Soil, vol. 101, no. 1, pp. 45–50. 

14. De Freitas JR, Banerjee MR, Germida JJ (1997). Phosphate-solubilizing rhizobacteria enhance the growth and 

yield but not phosphorus uptake of canola (Brassica napus L.). Biol. Fert. Soils 24:358-364.  

15. Dey R, Pal KK, Bhatt DM, Chauhan SM (2004). Growth promotion and yield enhancement of peanut (Arachis 

hypogaea L.) by application of plant growth-promoting rhizobacteria. Microbiol. Res. 159:371-394.  

16. Dobbelaere S, Croonenborghs A, Thys A, Ptacek D, Okon Y, Vanderleyden J (2002). Effects of inoculation 

with wild type Azospirillum brasilense and A. irakense strains on development and nitrogen uptake of spring 

wheat and grain maize. Biol. Fert. Soils 36:284-297.  

17. Donate-Correa J, Leon-Barrios M, Perez-Galdona R (2005). Screening for plant growth-promoting 

rhizobacteria in Chamaecytisus proliferus (tagasaste), a forage tree-shrub legume endemic to the Canary 

Islands. Plant Soil 266:261-272. 

18. Dworkin M, Foster J (1958). Experiments with some microorganisms which utilize ethane and hydrogen. J. 

Bacteriol. 75:592-601.  

19. Egamberdiyeva D (2005). Plant growth promoting rhizobacteria isolated from a Calcisol in a semi-arid region 

of Uzbekistan: Biochemical characterization and effectiveness. J. Plant Nutr. Soil Sci. 168:94-99.  

20. Goldstein, A. H. (1986). Bacterial solubilization of mineral phosphates: historical perspective and future 

prospects. American Journal of Alternative Agriculture, 1(02), 51-57. 

21. Gracia de Salamone IE, Hynes RK, Nelson LM (2001). Cytokinin production by plant growth promoting 

rhizobacteria and selected mutants. Can. J. Microbiol. 47:404-411.  

22. Gull M, Hafeez FY, Saleem M, Malik A (2004). Phosphate uptake and growth promotion of chickpea by co-

inoculation of mineral phosphate solubilizing bacteria and a mixed rhizobial culture. Aust. J. Exp. Agric. 

44:623-628.  

23. Gutierrez CK, Matsui GY, Lincoln DE, Lovell CR (2009). Production of the phytohormone indole-3-acetic acid 

by the estuarine species of the genus Vibrio. Appl. Environ. Microbiol. 75:2253-2258.  

24. Gutierrez-Manero FJ, Ramos-Solano B, Probanza A, Mehouachi J, Francisco RT, Manuel T (2001). The plant-

growth-promoting rhizobacteria Bacillus pumilis and Bacillus licheniformis produce high amounts of 

physiologically active gibberellins. Physiolo. Plant 111:206-211.  

25. Gyaneshwar PG, Nareshkumar G, Parekh LJ, Poole PS (2002). Role of soil microorganisms in improving P 

nutrition of plants. Plant Soil 245:83-93.  

26. Hamdali H, Hafidi M, Virolle MJ, Ouhdouch Y (2008). Rock phosphate solubilizing Actinimycetes: Screening 

for plant growth promoting activities. World J. Microbiol. Biotechnol. 24:2565-2575.  

27. Hameeda B, Harini G, Rupela OP, Wani SP, Reddy G (2006a). Growth promotion of maize by phosphate 

solubilizing bacteria isolated from composts and macrofauna. Microbiol. Res. 163:234-242.  

28. Hameeda B, Rupela OP, Reddy G, Satyavani K (2006b). Application of plant growth-promoting bacteria 

associated with composts and macrofauna for growth promotion of Pearl millet (Pennisetum glaucum L.). Biol. 

Fert. Soils 43:221-227.  

29. Hariprasad P, Niranjana SR (2009). Isolation and characterization of phosphate solubilizing rhizobacteria to 

improve plant health of tomato. Plant Soil 316:13-24.  

30. Jackson ML (1973). Soil Chemical Analysis. Prentice-Hall of India Pvt. Ltd., New Delhi, India. pp. 38-204.  

31. Jeon JS, Lee SS, Kim HY, Ahn TS, Song HG (2003). Plant growth promotion in soil by some inoculated 

microorganisms. J. Microbiol. 41:271-276.  

32. Jha PN, Kumar A (2009). Characterization of novel plant growth promoting bacterium Achromobacter 

xylosoxidans from wheat plant. Microb. Ecol. 58:179-188.  

33. Jones DL, Oburger E (2011). Solubilization of phosphorous by soil microorganisms. In: Buneman, E., Oberson, 

A., Frossard, E. (eds.) Phosphorous in action, Vol.100: Biological processes in soil phosphorous cycling. 

Springer Berlin Heidelberg. pp. 169-198.  

34. Kang BG, Kim WT, Yun HS, Chang SC (2010). Use of plant growth promoting rhizobacteria to control stress 

responses of plant roots. Plant Biotechnol. Rep. 4:179-183.  

35. Kang SC, Ha CG, Lee TG, Maheswari DK (2002). Solubilization of insoluble inorganic phosphates by a soil-

inhabiting fungus Fomitopsis sp. PS 102. Curr. Sci. 82:439-442.  

36. Khalid A, Arshad M, Zahir ZA (2004). Screening plant growth promoting rhizobacteria for improving growth 

and yield of wheat. J. Appl. Microbiol. 96:473-480.  

37. Khalimi K, Suprapta DN, Nitta Y (2012). Effect of Pantoea agglomerans on growth promotion and yield of 

rice. Agric. Sci. Res. J. 2:240-249.  



ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(3), 104-116 

115 

 

38. Kim IG, Lee MH, Jung SY, Song JJ, Oh TK, Yoon JH (2005). Exiguobacterium aestuari sp. nov. and 

Exiguobacterium marinum sp. nov., isolated from a tidal flat of the yellow sea in Korea. Int. J. Syst. Evol. 

Microbiol. 55:885-889.  

39. Kumar S, Tamura K, Jakobsen IB, Nei M (2001). MEGA2: molecular evolutionary genetics analysis software. 

Bioinformatics. 17:1244- 1245.  

40. Kundu, B. S., & Gaur, A. C. (1980). Establishment of nitrogen-fixing and phosphate-solubilising bacteria in 

rhizosphere and their effect on yield and nutrient uptake of wheat crop. Plant and Soil, 57(2-3), 223-230. 

41. Lester, G. E., Jifon, J. L., & Makus, D. J. (2010). Impact of potassium nutrition on food quality of fruits and 

vegetables: A condensed and concise review of the literature. Better Crops, 94(1), 18-21. 

42. Lie J, Ovakim DH, Charles TC, Glick BR (2000). An AC deaminase minus mutant of Enterobacter cloaca UW4 

no longer promotes root elongation. Curr. Microbiol. 41:101-105. 

43. Liu, Z., Li, Y. C., Zhang, S., Fu, Y., Fan, X., Patel, J. S., & Zhang, M. (2015). Characterization of phosphate-

solubilizing bacteria isolated from calcareous soils. Applied Soil Ecology, 96, 217-224. 

44. Mehta, S., & Nautiyal, C. S. (2001). An efficient method for qualitative screening of phosphate-solubilizing 

bacteria. Current microbiology, 43(1), 51-56. 

45. Murphy J, Riley JP (1962). A modified single solution method for the determination of phosphate in natural 

waters. Anal. Chem. Acta. 27:31-36.  

46. Nautiyal CS (1999). An efficient microbiological growth medium for screening phosphate solubilizing 

microorganisms. FEMS Microbiol. Lett. 170:265-270.  

47. Olsen SR, Cole CV, Watanabe FS, Dean LA (1954). Estimation of available phosphorus in soils by extraction 

with sodium bicarbonate. Circular 939. United States Department of Agriculture, Washington, DC. pp. 171-179.  

48. Pandey A, Trivedi P, Kumar B, Palni LMS (2006). Characterization of a phosphate solubilizing and 

antagonistic strain of Pseudomonas putida (B0) isolated from a sub-alpine location in the Indian central 

Himalaya. Curr. Microbiol. 53:102-107.  

49. Patten CL, Glick BR (2002). Role of Pseudomonas putida indole acetic acid in development of the host plant 

root system. Appl. Environ. Microbiol. 68:3795-3801.  

50. Payne SM (1994). Detection, isolation and characterization of siderphores. Methods Enzymol. 235:329-344.  

51. Peix A, Mateos PF, Rodriguez-Barrueco C, Martinez-Molina E, Velazquez E (2001). Growth promotion of 

common bean (Pasheolus vulgaris L.) by a strain of Burkholderia cepacia under growth chamber conditions. 

Soil Biol. Biochem. 33:1927-1935.  

52. Penrose DM, Glick BR (2003). Methods for isolating and characterizing ACC deaminase-containing plant 

growth-promoting rhizobacteria. Physiol. Plant. 118:10-15.  

53. Piccini, D.F., Azcón, R., (1987). Effect of phosphate-solubilizing bacteria and vesicular-arbuscular mycorrhizal 

fungi on the utilization de Bayovar rock phosphate by alfalfa plants using a sand-vermiculite medium. Plant 

Soil 101, 45–50 

54. Prasad, M. P. (2014). Optimisation of fermentation conditions of phosphate solubilizing bacteria-a potential 

biofertilizer. Merit Res. J. Microbiol. Biol. Sci,2(2), 031-035. 

55. Puente ME, Li CY, Bashan Y (2004). Microbial populations and activities in the rhizoplane of rock-weathering 

desert plants. II. Growth promotion of cactus seedlings. Plant Biol. 6:643-650.  

56. Ramesh, A., Sharma, S. K., & Sharma, M. P. (2015). Isolation and characterization of phytate-mineralizing and 

phosphate-solubilizing Bacillus aryabhattai strains associated with rhizosphere of soybean cultivated in 

Vertisols of Central India. International Journal of Basic and Applied Agricultural Research, 13(Special Issue), 

263-282. 

57. Reijnders, L. (2014). Phosphorus resources, their depletion and conservation, a review. Resources, 

Conservation and Recycling, 93, 32-49. 

58. Reyes I, Bernier L, Antoun H (2002). Rock phosphate solubilization and colonization of maize rhizosphere by 

wild and genetically modified strains of Penicillium rugulosum. Microbial Ecol. 44:39-48.  

59. Rudresh DL, Shivaprakash MK, Prasad RD (2005). Effect of combined application of Rhizobium, phosphate 

solubilizing bacterium and Trichoderma spp. on growth, nutrient uptake and yield of chickpea (Cicer aritenium 

L.). Appl. Soil Ecol. 28:139-146.  

60. Sahin F, Cakmakci R, Kantar F (2004). Sugar beet and barely yields in relation to inoculation with N2 fixing 

and phosphate solubilizing bacteria. Plant Soil. 265:123-129.  

61. Saitou N, Nei M (1987). The neighbor-joining method: a new method for reconstructing phylogenetic trees. 

Mol. Biol. Evol. 4:406-425.  

62. SAS (1999). SAS/STAT User's Guide Version 8. SAS, Cary, NC.  



ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(3), 104-116 

116 

 

63. Schwyn R, Neilands JB (1987). Universal chemical assay for detection and determination of siderphores. Anal. 

Biochem. 160:47-56.  

64. Selvaraj P, Madhaiyan M, Sa T (2008). Isolation and identification of phosphate solubilizing bacteria from 

Chinese cabbage and their effect on growth and phosphorus utilization of plants. J. Microbiol. Biotechnol. 

18:773-777.  

65. Silini-Cherif H, Silini A, Ghoul M, Yadav S (2012). Isolation and characterization of plant growth promoting 

traits of a rhizobacteria: Pantoea agglomerans Ima2. Pak. J. Biol. Sci. 15:267-276.  

66. Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG (1997). The CLUSTAL X windows 

interface: flexible strategies for multiple sequence alignment aided by quality analysis tools. Nucleic Acids Res. 

25:4876-4882.  

67. Tisdale, G. E., & Lindemann, H. B. (1985). U.S. Patent No. 4,497,065. Washington, DC: U.S. Patent and 

Trademark Office. 

68. Toro M (2007). Phosphate solubilizing microorganisms in the rhizosphere of native plants from tropical 

savannas: An adaptive strategy to acid soils? In: Velaquez, C., Rodriguez-Barrueco, E. (eds.) Developments in 

Plant and Soil Sciences. Springer, The Netherlands. pp. 249-252.  

69. Varsha-Narsian J, Thakkar J, Patel HH (1994). Inorganic phosphate solubilization by some yeast. Indian J. 

Microbiol. 35:113-118. 

70. Vejan, P., Abdullah, R., Khadiran, T., Ismail, S., & Nasrulhaq Boyce, A. (2016). Role of Plant Growth 

Promoting Rhizobacteria in Agricultural Sustainability—A Review. Molecules, 21(5), 573. 

71. Viruel E, Lucca ME, Sineriz F (2011). Plant growth promotion traits of phosphobacteria isolated from puna, 

Argentina. Arch. Microbiol. 193:489-496.  

72. Wani PA, Khan MS, Zaidi A (2007). Co-inoculation of nitrogen fixing and phosphate solubilizing bacteria to 

promote growth, yield and nutrient uptake in chickpea. Acta. Agron. Hung. 55:315-323.  

73. Yasmin H, Bano A (2011). Isolation and characterization of phosphate solubilizing bacteria from rhizosphere 

soil of weeds of Khewra salt range and Atock. Pakistan. J. Bot. 43:1663-1668. 

74. Yu X, Liu X, Zhu TH, Liu GH, Mao C (2011). Isolation and characterization of phosphate solubilizing bacteria 

from walnut and their effect on growth and phosphorus mobilization. Biol. Fert. Soils. 47:437-446.  

75. Zaidi A, Khan MS, Amil MD (2003). Interactive effect of rhizotrophic microorganisms on yield and nutrient 

uptake of chickpea (Cicer arietinum L.). Eur. J. Agron. 19:15-21. 

 


