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	 Cotton is one of the important cash crops of India. Apart from being an important 
source of fibres, cotton seeds also form an important source of edible oil. A lot of Phosphatic 
fertilizers are used to during cotton cultivation but a major portion of this Phosphate gets 
converted into insoluble form which is not available to the plants. However, there are certain 
Phosphate Solubilizing Bacteria which can solubilize inorganic insoluble phosphorous to 
inorganic soluble form and this form of phosphate can be easily used by plants. In present 
study isolation of Phosphate Solubilizing Bacteria was carried out from rhizosphere soil sample 
of cotton plants growing in various villages of District Mahendergarh, Haryana. A total of 15 
bacterial isolates were obtained which were subjected to primary and secondary screening. 
On the basis of secondary screening NPSBS3.2.2 was found to solubilize the maximum amount 
of Phosphorous (0.129¼g/ml). The isolate was grown in different conditions and it was found 
that sucrose was the most suitable Carbon source at pH 7 at the incubation time period of 96 
hours. The isolate was characterized morphologically, biochemically and on the basis of 16s 
rDNA sequencing (Genebank Accession Number- KF974682) and was found to be a member of 
the genus Bacillus.
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	 Phosphorus (P) is one of the most 
important macronutrient and plays a central 
role in conservation and transferring energy in 
cell metabolism. A reduction in seedling, plant 
establishment and root development may be 
resulted from deficiency of phosphorous. Deficient 
plants appear stunted dark green in color and 
exhibit delayed flowering, boll setting and crop 
maturity (Khan et al, 2009). Phosphorus exists 
in nature in variety of organic and inorganic 
form but mainly in either insoluble or in poorly 
soluble inorganic form. It is applied in the form 
of phosphate fertilizers. But a large portion of 
this inorganic phosphate applied to soil through 

these fertilizers is easily immobilized and are not 
in the usable form through precipitation reaction 
with cations like Al2+ ,Fe2+  and Ca2+ present in soil  
(Glodstein,1986; Gyaneshwar et al., 2002; Hao et 
al., 2002) Over application of phosphate fertilizer 
results into the phenomenon of overphosphatisation 
resulting in still lesser phosphate availability to 
plants(Landweert et al., 2001) and also adds to 
the overall crop production cost. The excess of 
fertilizers may also be washed away and reach 
nearby water bodies resulting in eutrophication 
Many soil microorganisms like mycorrhizal fungi 
and the bacteria like Rhizobium, Enterobacter, 
Bacillus, Pseudomanas   have ability to convert 
insoluble forms of phosphorus into bioavailable 
soluble form phosphorus (Igual et al., 2001; 
Whitelaw, 2000).  These microbes secrete organic 
acids like citric acid, glutamic acid which dissolve 
the mineral phosphates by anion exchange or  
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chelation of  both Fe3+ and Al3+ ions associated 
with phosphate (Gaur et al., 1973). This leads to an 
increase in the availability of phosphorous to plants 
which in turn may result in better plant growth 
(Guiñazú et al., 2010; Mohamed and Ibrahim, 
2011).
	 Isolation of phosphate solubilising 
bacteria has been reported from a wide variety 
of habitats like alpine and sub-alpine regions 
(Selvakumar  et al., 2009) and cold deserts 
(Gulati et al., 2009), arid and semi-arid regions 
(Srividya et al., 2009) saline-alkaline soils by some 
workers(Sharan et al., 2008), 	 p h o s p h a t e 
mine (Farhat et al.  2009) brine well (Xiang et al. 
2011).
	 Cotton (Gossypium sp.) is a very important 
cash crop grown across the globe. India is the 
second largest producer of cotton in the world 
with about 12.2 million hectares land.  The yield 
per hectare is however, the lowest against the 
world average (http://cotcorp.gov.in/shares.aspx).  
The problems of many conventional farmers have 
increased because of decrease soil fertility, decrease 
in cotton price and enhancement in production 
cost. The cotton crop requires many of the 
nutrients for its growth out of which Nitrogen and 
Phosphorus are the major ones. The phosphorus 
requirement for cotton crop varies from land to 
land. But in a hectare of land farmers apply 10 
to 20 kg of phosphorus in the form of fertilizers. 
The deficiency of this element cause the reduced 
quality of the crop (Qureshi et al,2012). So the main 
purpose of present research effort was to isolate 
those strains of bacteria which are able to convert 
this insoluble form of Phosphate to soluble form. 
This work may help to maintain the fertility of the 
soil and the use of fertilizers may be reduced.

MATERIALS AND METHODS

Isolation of Phosphate solubilizing Bacteria
	 Soil samples were collected from 
rhizosphere of cotton plants growing in various 
villages viz. Dongra Ahir, Bhalkhi, Mundia 
Khera of District Mahendergarh, Haryana. The 
soil samples were diluted  up to 10-6 and plated 
on Pikovskaya’s medium (Pikovskaya, 1948) and 
incubated at 37 OC for 48 hours. The composition 
of Pikovskaya’s medium (gm/l) was: Glucose- 
10, Caƒ (PO„ )‚ -5,  (NH„ )‚ SO„ -0.5, NaCl-0.2, 

MgSO„ .7H‚ O-0.1,KCl-0.2, Yeast extract-0.5, 
MnSO„ .H‚ O- 0.001, FeSO„ .7H‚ O- 0.001;pH-
7.0). The bacterial isolates were purified by 
streaking on fresh Pikovskaya’s media & purified 
isolates were transferred on to slants and stored in 
refrigerated conditions at 4oC.
Primary screening of bacterial isolates
	 The purified phosphate solubilising 
bacterial strains were spotted over Pikovskaya’s 
media plates and incubated for 72 hours at 37 0C. 
The phosphate solubilization efficiency (PSE) was 
as per the given formula: PSE (in %) = (Z-C)/C X 
100, where, Z= Solubilization zone diameter and 
C = Diameter of bacterial colony (Kundu et al., 
2009) 
Secondary screening of bacterial isolates
	 One loop-full bacterial culture of isolates 
was transferred from 24 hrs old slants to 10 ml 
Pikovskaya’s broth and incubated at 37 0C for 48 
hrs. One ml of bacterial culture (O.D = 0.5 »

600 

nm
) was transferred to 100 ml Erlenmeyer flask 

containing 25 ml of Pikovskaya’s broth.  The flasks 
were incubated at 37 0C under shaking condition 
for 72 hrs. Subsequently, the bacterial culture was 
subjected to centrifugation at 10,000 rpm for 10 
min. The pellet was discarded and the quantity 
of solubilized phosphorus in the supernatant was 
assessed by John’s method (1970). The isolate 
showing highest phosphate solubilising  activity 
was used for subsequent experiments.
Standardization of conditions
	 The conditions for maximum phosphate 
solubilization  by selected bacterial isolates were 
optimized by varying the cultural conditions like 
pH (3 to 9), carbon source (Fructose, Sucrose, 
Mannitol, Lactose, Starch), nitrogen source (beef 
extract, peptone, tryptone, ammonium sulphate, 
ammonium chloride, potassium nitrate,) and 
agitation conditions etc. Temperature taken as 37ºC 
and incubation period for optimization was 48 hrs. 
During optimization process one of the conditions 
was varied in each experiment keeping the other 
variables constant.
Characterization of selected bacterial isolate
	 Selected strains were characterized 
for some morphological and biochemical 
characteristics according to Bergey’s manual of 
determinative bacteriology (Kreig and Holt,1994). 
The 16s rDNA sequencing was done by Samved 
Biotech, Ahmedabad, India with the help of  
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27F and 1492R primers using BDT v3.1 Cycle 
sequencing kit on ABI 3730xl Genetic Analyzer. 
The 16S rDNA gene sequence sequence obtained  
was used to carry out BLAST with the nrdatabase 
of NCBI genbank database.

RESULTS AND DISCUSSION

	 A total of three soil samples were collected 
from cotton rhizosphere grown in different villages 
i.e. Dongra Ahir, Bhalkhi, Mundia Khera of District 
Mahendergarh, Haryana, India. A total of 15 
bacterial isolates were obtained. Many scientists 
have isolated PSB from the rhizosphere soil of 
different plants like tomato, groundnut, maize, 
soyabean, mungbean, potato, Cotton, Wheat, 
Jowar,  Sugarcane, Gram, Onion, Sunflower, 
Cabbage etc. (Chabot et al., 1996; Ponmurugan  
and Gopi , 2006; Rajankar et al., 2007)
	 All purified bacterial isolates were spotted 
over solid Pikovskaya’s media plates to check 
their insoluble phosphorus solubilizing efficiency. 
The  Phosphate Solubilization Efficiency of all 

the isolates ranged between 25 to 33%. All the 
isolates were subjected to secondary screening 
under liquid culture. The isolate NPSBS3.6 
showed the least activity of 0.02 µg/ml while 
the isolate  NPSBS3.2.2 which was having less 
phosphorous solubilizing efficiency from primary 
screening(25%) solubilized maximum amount of 
Phosphorous in Pikovskaya broth(0.129¼g/ml). 
So this shows that there is no significant relation 
between primary and secondary screening. Similar 
observations were also made by  some other 
workers (Balamurgan et al., 2010 and Banerjee et 
al., 2010). 
	 The selected isolate NPSBS3.2.2 was 
then followed up for the optimization process. In 
this conditions were varied to check the maximum 
solubilization of the selected strain with respect 
to, pH, carbon sources, nitrogen sources and 
incubation period 
	 The medium pH is also one of the 
very crucial factors, influencing the phosphate 
solubilization efficiency. Out of all different values, 
i.e. pH 3, 4, 5, 6, 7, 8 and 9 it was found that 

Fig. 1. Effect of pH on phosphate solubilizing efficiency 
(µg/ml) of isolate NPSBS3.2.2.

Fig. 2. Effect of various carbon sources on phosphate 
solubilizing efficiency (µg/ml) of isolate NPSBS3.2.2

Fig. 3. Effect of various nitrogen sources on phosphate 
solubilizing efficiency (µg/ml) of isolate NPSBS3.2.2

Fig. 4. Effect of incubation period on phosphate 
solubilizing efficiency (µg/ml) of isolate NPSBS3.2.2 
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pH 7 was optimum for maximum solubilization 
(0.134 ±0.002)  ¼g/ml of calcium phosphate. The 
Phosphate solubilizing efficiency of the isolate 
was  almost negligible pH 3(0.001¼g/ml) and 
it gradually increase up to pH 7 then it started 
to decrease on further increase in pH (Fig-1). 
Chen et al. (2005) also reported that in case of 
Acinetobacter CR 1.8, the maximum phosphate 
solubilization was recorded at pH 7 (3,820.6 lg 
ml-1) followed by pH 5 (1,042.2 lg ml-1). Zhu et 
al.(2011)and Sahu et al. (2007) also reported that 
pH7 was best suitable for Phosphate solubilization 
activity by isolates Kushneria sp. and Streptomyces 
gallus PS3 respectively.  Several other workers 
have reported a range of pH 6 to 8 for phosphate 
solubilization (Naik et al., 1982; Promod and 
Dhevendaran, 1987; Seshadri et al., 2002).
	 Different carbon sources were used in 
broth to see the optimum result of the strain. 
Fructose, Sucrose, Mannitol, Lactose, Starch were 
used as carbon sources. The isolate was having the 
maximum activity in the Sucrose(0.134¼g/ml) 
followed by dextrose and starch. Least activity 
of 0.098 ¼g/ml was observed in the presence of 
mannitol. Similarly (Srividya et al, 2009) found 
that the isolate DASA 68056 was having the highest 
Phosphate Solubilization Efficiency when Sucrose 
was used as carbon source (Fig-2). However, 
Patel et al. (2008) observed higher Phosphate 
solubilization  by Citrobacter sp. DHRSS in the 
presence of glucose and maltose as compared to 
sucrose and fructose. 
	 Different nitrogen sources were used 
in broth to see the optimum result of the strain. 
Although the isolate showed comparable activity 
with all the Nitrogen sources, Ammonium sulphate 
was the best suitable nitrogen source, closely 
followed by  peptone and tryptone (Fig-3). Similar 
results were shown by (Balamurgan et al, 2010) 
while optimizing the conditions the strain PSB22 
and PSB37 showed best results in Ammonium 
sulphate.  Many other workers have also reported 
ammonium sulphate to result in better Phosphate 
solubilization  activity (Thakker et al.,1993; 
Kumari and Gupta, 2013). Several workers (Illmer 
and Schinner, 1992; Lapeyrie et al., 1991) have 
reported that a significant number of bacteria 
have been found of being capable to solubilizing 
phosphate only in the presence of ammonium as 
the nitrogen source.

	 The activity of the isolate was checked 
at different incubation time periods i.e. 24hrs, 
48hrs, 72hrs, 96hrs, 120hrs, and 144hrs at 370C. 
The activity of the isolate after 24 hours was quite 
good (0.108µg/ml) and was maximum after 96 
hours(0.138¼g/ml). Phosphorous Solubilizing 
Efficiency however decreased with further increase 
in time (Fig.-4). Kumar and Rath (2013) found that 
maximum activity of the strain of Bacillus sp. and 
Pseudomonas sp. were after 72hours of incubation. 
Banerjee et al. (2010) also reported maximum 
phosphate solubilization  by the bacterial isolate 
TRSB10 after incubation of 3 days. However 
some other workers have reported  more than 10 
days (Sridevi and Mallaiah 2009)and even upto 15 
days  (Pandey  et al., 2006; Sahu et al., 2007) to be 
the optimum time for P solubilization by various 
bacterial isolates. When the isolate was grown 
under the optimized conditions (pH-7, Carbon 
source-sucrose, Nitrogen source-ammonium 
sulphate and Incubation time-96 hrs under shaking 
conditions) and the amount of phosphorous 
solubilized was enhanced from 0.129µg/ml to 
0.432µg/ml.
	 Selected isolate was characterized for 
various morphological biochemical characteristics 
and was found to be Gram positive, with spore 
formation, rod shaped, motile, indole negative, 
Methyl Red positive , Voges-Proskauer negative, 
Citrate positive, Catalase positive. The isolate 
was also characterized on the basis of 16s 
rDNA sequence(Genebank Accession Number- 
KF974682) and on the basis of it’s biochemical 
and molecular characteristics, the isolate seemed  
to be similar to Bacillus sp. 
	 So, in the current study, a total of  15 
isolates were obtained from rhizosphere of cotton 
plant, out of which  the isolate  NPSBS3.2.2 
showing highest phosphate solubilization was 
selected and conditions for highest phosphate 
solubilization in vitro were assessed. The pH-7, 
sucrose (Carbon source) , -ammonium sulphate 
(Nitrogen source) and Incubation time of 96 
hrs under shaking conditions were found to be 
suitable for maximum phosphate solubilization by 
the isolate. The morphological, biochemical and 
molecular characteristics the isolate was found to 
be the member of genus Bacillus. Since, the isolate 
Bacillus NPSBS3.2.2 has shown good phosphate 
solubilization activity under in vitro conditions, 
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it may prove to be a promising isolate for in vivo 
phosphate solubilization also.
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