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Introduction 
 

Phosphorus (P) is an essential element next 

only to nitrogen that influence plant growth 

and production throughout the world 

(Vassileva et al., 1998; Zahran, 1999; 

Sagervanshi et al., 2012; Sungthongwises et 

al., 2012). In comparison to macro nutrients, it 

is the least mobile and available to plants in 

most soil conditions (El-Azouni 2008). 

However, some soil microorganisms are able 

to mineralize and solubilize P from the 

organic and inorganic soil pools (Richardson, 

2001). Phosphorous plays a major role in the 

process of photosynthesis, respiration energy 

storage and transfer, cell enlargement and 
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Phosphorous is one of the important macronutrient along with nitrogen which limit the 

growth, development, and yield of the plant. The soluble forms of phosphorus when 

applied to soil become insoluble through chemical fixation. The Phosphate solublizing 

bacteria (PSB) plays a very vital role in making soluble phosphorous available to the 

plants. A study was undertaken in rice growing area of Jammu district, J&K, to screen the 

phosphate solubilizing microorganisms from the rhizosphere soil. The soil samples were 

collected from two rice growing blocks, R. S. Pura and Bishnah using Global Positioning 

System. The study revealed the presence of three dominant genera. They were identified 

following Gram staining method and some biochemical tests. Their phosphate solubilizing 

ability was screened by halozone test on solid agar plate after the incubation at 28
 °
C. The 

observations were recorded at 2
nd

,4th and 6th day interval. The microbes showed the 

formation of clear zones around their colonies on agar plate. The dominant genera were 

identified as Bacillus, Pseudomonas and Enterobacter on the basis of biochemical test 

performed on various isolates these were subjected to identification and placed in group 

I,VIII and IX by referring to the separation outlined in Bergeys manual of systematic 

bacteriology Thus, it was observed that PSB from the three genera have the ability to 

reduce the phosphate unavailability by making it available to plants and can be used as 

biofertilizers in soil because these microorganisms neutralize the soil and release acid in 

minute quantity during phosphate solubilization. 
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division and other life processes of a plant. 

Unlike nitrogen, this element is not acquired 

through biochemical fixation but comes from 

other sources including chemical fertilizers, 

animal manures, and plant residues and, native 

compounds of phosphorus, both organic and 

inorganic already present in soil to meet plant 

requirements (Subba Rao, 1982). Nitrogen 

fixation depends appreciably on the available 

forms of phosphorous. However, a large 

portion of soluble inorganic phosphate applied 

to soil as chemical fertilizer is rapidly 

immobilized soon after application and 

becomes unavailable to plants (Yadav and 

Dadarwal, 1997). Farmers apply phosphorus 

fertilizers in order to overcome this problem. 

Therefore, the release of insoluble and fixed 

forms of phosphorus is an important aspect of 

increasing soil phosphorus availability. Plant 

root-associated phosphate solubilizing bacteria 

(PSB) have been considered as one of the 

possible alternatives for inorganic phosphate 

fertilizers for promoting plant growth and 

yield (Thakuria et al., 2004). In fact, PSB 

render more phosphates into the soluble form 

than required for their growth and metabolism 

by secreting organic acids and enzymes. The 

interest in PSB has increased due to the 

prospective use of efficient strains as bio-

inoculants (biofertilizer) components in 

organic agriculture, which is emerging as an 

alternative to chemical inputs in intensive 

agriculture (Bashan and Holguin, 1998)· 

 

The farmers often fail to apply recommended 

doses of P fertilizers to the soil either due to 

non-availability or high cost of phosphatic 

fertilizers. The phosphate solubilizing bacteria 

are obiquotous with variation in forms and 

population in different soils. (Yahya and Al-

Azawi, 1998). Use of PSB inoculants is one of 

the strategy to combat the deficiency of 

phosphorous and meet the demands of 

expensive fertilizer. The aim of the present 

research was to isolate and characterize PSB 

from the rhizosphere soil of rice and to study 

the microbial properties in rice growing areas 

of Jammu district. 

 

Materials and Methods 

 

Soil sampling 

 

Soil samples were collected from rice 

rhizosphere at Panicle initiation stage from 

each rice growing village of R.S.Pura and 

Bishnah blocks of Jammu district by using 

GPS(MAGELLAN, MobileMapper). A total 

of twenty rice grown villages were selected 

and from each village two samples were 

collected, one from Basmati-370 and other 

from Ratna variety through random sampling. 

Location of sites is presented in Table 1. 

 

Dilution of soil samples 

 

The sampled rhizosphere soil was mixed 

thoroughly to make a composite soil sample. 

10 gm of soil sample was diluted to 100 ml to 

make 10
-1

 dilution and further serial dilution 

were prepared to 10
-8

 dilution under aseptic 

conditions. 

 

Isolation of PSBs 

 

PSB were isolated on Pikovskaya medium 

(Pikovskaya, 1948) at panicle initiation stage 

in rhizosphere soil of two rice varieties, 

Basmati-370 and Ratna. 

 

Microscopic examination and identification 

by gram staining  
 

Bacteria were studied for colony and cell 

morphology following microscopic 

examination and further identification by gram 

staining.(Gram,1884).  

 

Biochemical characterization of isolates 

 

The bacterial isolates at panicle initiation stage 

in rhizosphere soil of two rice varieties, 
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Basmati-370 and Ratna were characterized 

using biochemical tests viz. Catalase test, 

Citrate utilization test, Nitrate reduction test 

and oxidase test. 

 

Quantitative estimation of Phosphate 

solubilization 

 

It was done by following the method given by 

Selvi et al., 2011. 

 

Results and Discussion 

 

The study area was chosen after taking into 

consideration the fact that no such previous 

work was undertaken on the rice varieties 

being cultivated there. Since this area in 

Jammu Division of Jammu and Kashmir State 

is famous for best quality of Basmati Rice, 

therefore, the present study holds lot of 

significance.  

 

Colony morphology of P-solubilising 

bacteria 
 

Colonies of all the PSB isolates were round, 

small, had flat elevation, smooth surface and 

white in color (Table. 2). 

 

Characteristics of P-soulbilizing bacteria 

 

An appraisal of data presented in Table. 3 and 

4 revealed that P-solubilising bacteria isolated 

from rhizosphere soils of rice were rod 

shaped, gram negative and gram positive 

types. Biochemical tests (Catalase, Nitrate 

reduction, Citrate utilization and Oxidase test) 

performed showed positive results except few 

of them were negative. Majority of P-

solubilising bacteria isolated from rhizosphere 

soil of Basmati-370 were gram negative but 

the few mixed population isolates were having 

gram negative as well as gram positive 

bacteria (Table. 3).  

 

Quantitative estimation of Phosphate 

solubilization  
 

Maximum amount of phosphate solubilization 

occurred on sixth day of experiment 

accompanied with its responsible organisms of 

genus Bacillus (2.52 mg/litre) followed by 

Pseudomonas (2.34 mg/litre) and 

Enterobacter (2.02 mg/litre) in group IX. 

Besides this, fourth day experiment showed 

the phosphate solubilization efficiency range 

from 0.35 to 2.50 (mg/50 ml) in Bacillus as 

compared to uninoculated conditions 

respectively in rhizosphere soil. Similar effect 

was observed initially, second day of 

experiment. The sets of experiment with two 

days interval denote the comparatively 

phosphate solubilization effectively takes 

place in sixth day with bacteria belonging to 

genus Bacillus as compared to bacteria from 

genus Pseudomonas. (Table. 5). 

 

 

Table.5 Quantitative estimation of Phosphate solubilization in Pikovskaya;s medium  

 

Microorganism Available phosphate(mg/50ml) 

2
nd

 day  4
th

 day 6
th

 day 

 Uninoculated 0.36 0.35 0.35 

 Genus Bacillus 0.75 2.50 2.52 

Genus Pseudomonas 0.50 2.35 2.34 

Genus Enterobacter 0.42 1.86 2.02 
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Table.1 Collection sites of rhizosphere soil samples 

 

S. No. Village Block GPS Location 

1. Tinda RS Pura 32°37'40.662"N 74°47'23.310"E 

2. Rattian RS Pura 32
o
37'11.850"N 74°47'09.342"E 

3. Kir Pind RS Pura 32°37'11.568"N 74°47'09.048"E 

4. Mahlawal RS Pura 32°37'01.434"N 74°46'50.622"E 

5. Tanda RS Pura 32°36'46.944"N 74°46'27.630"E 

6. Kotli Shah RS Pura 32°36'56.796"N 74°46'06.198"E 

7. Mahlawal RS Pura 32°37'03.300"N 74°45'52.020"E 

8. Tikrian RS Pura 32°37'19.884"N 74°44'43.182"E 

9. Banota RS Pura 32°37'19.734"N 74°44'41.988"E 

10. Langarwal RS Pura 32°37'16.992"N 74°42'27.378"E 

11. Kulle Bishnah 32°37'13.914"N 74°50'40.410"E 

12. Dhinda Bishnah 32°37'06.498"N 74°50'48.810"E 

13. Bishnah Tehsil Bishnah 32°36'58.716"N 74°50'57.354"E 

14. Ban Chak Bishnah 32°36'24.256"N 74°52'09.522"E 

15. Pante Di Chubbian Bishnah 32°36'05.634"N 74°53'13.776"E 

16. Sorer Tokor Bishnah 32°35'47.604"N 74°53'34.026"E 

17. Chubbian 

Brahmana 

Bishnah 32°35'44.736"N 74°52'59.346"E 

18. Chorli Bishnah 32°35'56.058"N 74°52'27.822"E 

19. Dabbar Bishnah 32°35'39.756"N 74°51'46.266"E 

20. Daali Bishnah 32°35'52.932"N 74°50'07.632"E 
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Table.2 Colony Morphology of P-solubilising bacteria in rhizosphere soils in different areas of 

Jammu District 

 

Bacteria  Size  Shape  Elevation  Surface  Consistency  Pigmentation 

PSB’s Small  Round  Flat  Smooth Viscous White  

 

Table.3 Isolation and characterization of P-solubilising bacteria from rhizosphere soils of 

Basmati-370 rice in different areas of Jammu District 

 

Sr. 

No. 

Sample Gram 

staining 

Cell 

morphology 

Catalase 

test 

Nitrate 

reduction 

test 

Citrate 

utilization 

test 

Oxidase 

test 

1 R1 _ Rod shaped _ + + + 

2 R2  _ & + Rod shaped + + _ + 

3 R3 _ & + Rod shaped + + + + 

4 R4 _ Rod shaped _ + + + 

5 R5 _ Rod shaped + + _ + 

6 R6 _ & + Rod shaped + + + + 

7 R7 _ Rod shaped + + + _ 

8 R8 _ Rod shaped + + + + 

9 R9 _ Rod shaped + + + + 

10 R10 _ Rod shaped + _ + + 

11 B1 _ Rod shaped _ + + + 

12 B2 _ Rod shaped + + _ _ 

13 B3 _ & + Rod shaped _ + + _ 

14 B4 _ Rod shaped + + + _ 

15 B5 _ Rod shaped + + + + 

16 B6 _ Rod shaped + + + + 

17 B7 _ Rod shaped + + _ _ 

18 B8 _ & + Rod shaped + + + + 

19 B9 _ & + Rod shaped _ + + + 

20 B10 _ & + Rod shaped + + + + 
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Table.4 Isolation and characterization of P-solubilising bacteria from rhizosphere soils of Ratna 

rice in different areas of Jammu District 

 

Sr. 

No. 

Sample Gram 

staining 

Cell 

morphology 

Catalase 

test 

Nitrate 

reduction 

test 

Citrate 

utilization 

test 

Oxidase 

test 

1 R1 _ & + Rod shaped + + + + 

2 R2  _ & + Rod shaped + + + + 

3 R3 _ & + Rod shaped _ + + + 

4 R4 _ & + Rod shaped + + + + 

5 R5 _ & + Rod shaped + + _ + 

6 R6 _ & + Rod shaped + + + + 

7 R7 _ & + Rod shaped + _ _ + 

8 R8 _ & + Rod shaped + + + + 

9 R9 _ & + Rod shaped + + + _ 

10 R10 _ & + Rod shaped + + + + 

11 B1 _ & + Rod shaped + + + + 

12 B2 _ & + Rod shaped _ + + _ 

13 B3 _ & + Rod shaped + + + + 

14 B4 _ & + Rod shaped + + + _ 

15 B5 _ & + Rod shaped + + _ + 

16 B6 _ & + Rod shaped + + + + 

17 B7 _ & + Rod shaped + + + + 

18 B8 _ & + Rod shaped + + _ + 

19 B9 _ & + Rod shaped _ + + + 

20 B10 _ & + Rod shaped + + + + 
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The present study revealed the existence of 

phosphate solubilizing bacteria in the 

rhizospheric soil of both varieties of rice, 

Basmati-370 and Ratna being cultivated in R. 

S. Pura and Bishnah Blocks of Jammu 

Division of J&K state. Similar studies have 

been carried by many other workers from rice 

as well as other rhizospheric soil of other 

plants. The PSBs have been isolated from Tea 

plant from Darjeleeng Hiis (Sharma et al., 

2012). They have been isolated from Vigna 

mungo L. (Qureshi et al., 2012), Festuca 

arundinacea (Monk et al., 2009), legume 

plants (Khan et al., 2010)rice grown in acidic 

soil (Thakuria et al., 2004), rice crop of 

eastern Uttar Pradesh (Shahi et al., 2009).  

 

In conclusion, present study revealed the 

existence of Phosphate Solublizing Bacteria 

in the rhizosphere soils of both Basmati -370 

and ratna varieties of rice cultivated in R. S. 

Pura and Bishna blocks of Jammu division of 

J&K. These bacteria exhibited difference with 

respect to Gram property, nitrate reductase, 

oxidase, citrate utilization and catalase 

activities. Prominent halo zones were found in 

case of positive PSB isolates on Pikovskaya’s 

agar. The Isolates exhibited different 

phosphate solubilization activity as reflected 

by type of transparent halo zones. Phosphate 

solubilization effectively took on sixth day 

with Bacillus than Pseudomonas.  

 

Based on Gram property, bacterial 

morphology and biochemical tests viz. nitrate 

reduction, oxidase, citrate utilization and 

catalase performed on various isolates these 

were subjected to identification and placed in 

group I,VIII and IX by referring to the 

separation outlined in Bergeys Manual of 

Systematic Bacteriology and confirms the 

dominance of genus Bacillus, 

Pseudomonodas, and Enterobacter. The 

identification at species level will be further 

undertaken by using appropriate molecular 

marker.  
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