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Abstract––Phosphorus is one of the most vital macronutrients required for the growth and development of plants. A large
number of microorganisms present in the rhizosphere are known to solubilize and make available the insoluble
phosphorus in the available form to the plants. A total of fifty phosphate solublizing bacterial colonies were isolated on
the Pikovskaya’s (PKV) agar medium, containing insoluble tri-calcium phosphate (TCP), from repeatedly chemical
pesticide used agriculture soil of Dhanbad area. The colonies showing clear halo zones around the bacterial growth were
considered as phosphate solubilizers. Out of 50 bacterial isolates, 10 isolates showing highest phosphate solubilisation
index (SI) ranged from 1.4 – 3.0 were selected for the further study as qualitative as well as quantitative performance.
Among these 10 potent isolates, two strains S2 and S30 showed the maximum phosphate solubilization index of 3.1 and 3.0
in agar plates along with high soluble phosphate production of 373.07 mgL−1 and 368.58 mgL−1 in broth culture,
respectively. Isolates S2 and S30 belong to genus Bacillus sp. and Pseudomonas sp. as identified by their morphological
and biochemical characteristics, respectively. In all the phosphate solubilizing bacterial isolates, decrease in pH was
observed ranging 3.2 to 6.2 from initial pH of 6.8 to 7.2. The decrease in pH of the culture medium there by solublizing
the insoluble TCP indicated the production of various organic acids by the culture.
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I.

INTRODUCTION

Phosphorus is a major essential macro element required for plants to growth and development. The bioavailability
of soil inorganic phosphorus in the rhizosphere varies considerably with plant species, nutritional status of soil and ambient
soil conditions. It is mostly deficient in soils as it is fixed as water insoluble iron and aluminium phosphates in acidic soils or
calcium phosphate in alkaline soils [1]. Chemical phosphate fertilizers are only meagrely soluble under the conditions in
which they are applied to the soil. However, under such conditions microorganisms offer a biological rescue capability of
solublizing the insoluble inorganic phosphorus of soil. Phosphate solubilizing microorganisms (PSM) particularly those
belonging to the genera Bacillus sp. and Pseudomonas sp., and many others possess the ability to bring insoluble phosphates
in soil into soluble forms by secreting organic acids such as formic, acetic, propionic, lactic, glycolic, fumaric and succinic
acids [2], [3]. Production of organic acids results in acidification of the microbial cell and its surroundings. These bacteria
can grow on various phosphorus containing medium and play an important role in supplying phosphate to plants in a more
environmentally-friendly and sustainable manner [4].
Phosphate-solubilizing bacteria (PSB) mobilize insoluble inorganic phosphates from their surrounding soil mineral
matrix to the bulk soil where they can be absorbed by plant roots for their growth and development [5]. Although the use of
chemical fertilizers is credited with nearly fifty percent increase in agricultural production but they are closely associated
with environmental pollution and health hazards [6]. Organic Phosphates applied in agricultural areas do not remain at their
target sites, it enter aquatic environments via soil percolation, air drift or surface runoﬀ [7]-[9]. Its concentrations greater
than recommended doses in agricultural production do not only cause interruptions in soil microbial activities but they also
affect soil environment resulting in alterations in the equilibrium of soil processes for shorter or longer periods. Keeping the
above environmental concerns in mind a study being carried out to examine the phosphate solubilization capacity of soil
microorganisms present in the chemical pesticide exposed agricultural land and to identify characteristics of most efficient
strain using standard microscopic, morphological and biochemical methods.

II.

METHODOLOGY

A.

Isolation of Phosphate Solubilizing Bacteria (PSB)
A total of 50 Phosphate solublizing bacterial (PSB) colonies were isolated from repeatedly chemical pesticide used
agriculture soil from Dhanbad area were isolated on the Pikovskaya’s (PKV) agar medium (contained ingredients g/l:
Glucose, 10 g; tricalcium phosphate (TCP), 5 g; ammonium sulphate, 0.5 g; sodium chloride, 0.2 g; potassium chloride, 0.2
g; magnesium sulphate, 0.1 g; yeast extract, 0.5 g; manganese sulphate, trace; ferrous sulphate, trace; agar, 15 g; the pH was
adjusted to 7.0 ± 0.2 before sterilization [10]) by soil dilution pour plate technique [11]. The bacterial colonies showing
phosphate solubilizing zone around them were considered as PSB. Pure culture of the isolates were made by repeated sub
culturing for 2-3 times on fresh PKV plate and were maintained on PKV slants at refrigerator temperature.
B.

Identification of bacterial strains
Identification of phosphate solublizing bacterial strains was performed by morphological characteristics and
biochemical analysis comparing with standard references. The microscopic identification was carried out by gram’s staining
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method using oil immersion microscope [11]. Morphological and biochemical tests of the PSB isolates were carried out for
their identification as per the procedures outlined in Bergey’s Manual of Systemic Bacteriology as in [12], [13].
C.

Analysis of phosphate solubilizing activity
Out of 50 bacterial isolates, 10 isolates having larger halo zones were selected for further study. The qualitative as
well as quantitative analysis of phosphate solubilizing activity of the selected isolates were conducted by plate screening
method and broth culture method, respectively. The quantitative analysis of phosphorous solubilizing efficiency was
observed by spectrophotometric method at 430 nm.
1). Qualitative measurement of phosphate solubilisation: Bacterial isolates were screened for their tri-calcium phosphate
(TCP) solubilizing activity on PKV plates. Isolates were spot inoculated on the centre of agar plate aseptically. All the plates
were incubated at 28 ± 2°C for 5-days. A clear zone around a growing colony indicated phosphate solubilisation and was
measured as phosphate solubilisation index (SI). SI was calculated as the ratio of the total diameter (colony + halo zone) to
the colony diameter [14]. All the observations were recorded in triplicate. Strains developing clear zones around their
colonies could easily be identiﬁed as PSBs [15], [16].
2). Quantitative measurement of phosphate solubilization: The bacteria, found to be positive for TCP solubilization were
further analyzed for their ability to solubilize it in liquid medium. Bacterial isolates were inoculated in Pikovskaya’s broth
(100 mL) in 250 mL of Erlenmeyer flasks and incubated at 28 ± 2°C for 5 days with interval shaking at 100 rpm. Triplicates
were maintained for each treatment. After incubation the bacterial cultures were filtered through Whatmann No.1 filter paper
and were clarified by centrifugation at 8,000 rpm for 20 minutes. Uninoculated broth served as control. The soluble
phosphorus was determined in clear ﬁltrate using standard procedures as in [17]. The intensity of blue colour was measured
in Aquamate Thermo Scientific colorimeter at 430 nm. The pH of ﬁltrate was recorded at the end of the experiment. A
standard graph was then prepared from which phosphorus values for experimental samples were calculated.

III.

RESULTS AND DISCUSSION

A. Isolation and Identification of Phosphate Solubilizing Bacteria (PSB)
In the present study, the collected soil samples were evaluated in vitro for P solubilising bacteria in Pikovskaya’s (PKV)
plates supplemented with 1.5% (w/v) agar. Initially, 50 isolates were isolated on the basis of zone of clearance around their
colonies on PKV plates. Out of 50 bacterial isolates, 10 isolates showed higher phosphate solubilisation index ranged from
1.6 – 3.1 were selected for the further studies. All of the bacterial isolates were rod shaped and 80% of them were gram
negative. These isolates were further characterized, by a series of biochemical reactions and identified as genus Azotobacter
sp., Bacillus sp. and Pseudomonas sp. (Table I). These bacteria were well known identified as phosphate solubilizer by many
researchers [18]-[21].
Table I. Morphological and Biochemical Characteristics of the Isolates
Characteristics

S1

S2

S9

S14

S15

S26

S30

S32

S46

S49

Gram reaction
Shape
Colour
IMViC test
Indole
Methyl red
Vogues Proskauer
Citrate utilization
H2S Production
Oxidase
OF test
Nitrate reduction
Starch hydrolysis
Gelatin hydrolysis
Carbohydrate
fermentation
Lactose
Dextrose
Sucrose
Mannitol
Remark*

G -ve
rods
Y/O

G -ve
rods
Y/O

G +ve
rods
Y/O

G -ve
rods
W/T

G -ve
rods
W/T

G -ve
rods
W/T

G +ve
rods
W/T

G –ve
rod
W/D

G –ve
rod
Y/O

G -ve
rods
W/O

+
+
+
+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
+

+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
+

+
+
+
+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
-

+
+
P

+
+
P

+
+
+
+
B

+
+
P

+
+
+
+
A

+
+
B

+
+
+
+
B

+
+
P

+
+
B

+
+
+
+
A

Y/O- Yellow & Opaque; W/T- White & Translucent; W/D- White & Dry; W/O- White and Opaque.
* A= Azotobacter sp., B= Bacillus sp. & P= Pseudomonas sp.
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B. Analysis of phosphate solubilizing activity
1) Quantitative measurement of phosphate solubilisation:
All the selected isolates were found to be potent phosphate solubilizers showing clear halo zone around their
colonies. Zone of solubilization around the bacterial colony on PKV agar plates after 3 days of incubation at temperature
28±2°C ranged from 3 to 6.3 mm, the size of the bacterial colony varied from 2.1 to 7 mm. Among these 10 potent isolates,
strains S2 and S30 showed the maximum phosphate solubilization activity as visualized by the size of clear zone developed
around the colony, which showed solubilization index of 3.1 and 3.0, respectively (Table II). Reference [22] also reported
the various zone of solubilization at different incubation temperature ranged from 16.3 (minimum, at 4°C) to 18.5 mm
(maximum at 9°C and 21°C), the size of the bacterial colony varied from 4.2 (at 4°C) to 8.8 mm (at 21°C). Reference [23]
reported in bacterial isolates the halo size of 2.0 to 5.0 mm on PVK agar and 5.0 to 13.0 mm on MPVK agar. The zone
formation could be due to the activity of phosphatase enzyme in bacterial isolates. The experimental PKV slants with
phosphate solubilising microbes were stored at 4°C to arrest their growth and activity.
Table II. Phosphate Solubilizing Activities of Ten Most P Solubilising Isolates
Isolates

Solubilization index†

Soluble P concentration
(mgL −1)

Final

(SI)

pH††

S1 (Pseudomonas sp.)

1.8 ± 0.14

308.15 ± 0.82

4.3 ± 0.05

S2 (Pseudomonas sp.)

3.2± 0.16

373.07 ± 1.22

3.2 ± 0.08

S9 (Bacillus sp.)

1.6 ± 0.07

122.36 ± 0.82

6.2 ± 0.16

S14 (Pseudomonas sp.)

1.6 ± 0.16

278.68 ± 1.63

5.4 ± 0.17

S15 (Azotobacter sp.)

1.8 ± 0.02

244.39 ± 1.43

5.6 ± 0.09

S26 (Bacillus sp.)

1.7 ± 0.02

313.14 ± 2.04

4.6 ± 0.26

S30 (Bacillus sp.)

2.9 ± 0.16

368.58 ± 0.41

3.5 ± 0.05

S32 (Pseudomonas sp.)

1.7 ± 0.07

293.66 ± 1.22

4.8 ± 0.33

S46 (Bacillus sp.)

1.7 ± 0.09

306.650 ± 6.52

4.7 ± 0.29

S49 (Azotobacter sp.)

1.8 ± 0.02

258.205 ± 1.63

5.7 ± 0.12

Values are mean of three replicates; *SI = (colony diameter + halo zone)/ colony diameter;
± SD ** Initial pH = 7 ± 2.
2) Qualitative measurement of phosphate solubilisation:
The solubilization levels of TCP varied with deferent isolates, all the 10 isolates were capable of solubilizing tricalcium phosphate (TCP) in broth medium containing 0.5% of TCP. It was observed that 50% strains showed P
solubilization activity above 300 mgL−1 where as the rest 50% strains were found to less active with maximum activity
below 300 mgL−1. In this study, isolate S2 (Pseudomonas sp.) and S30 (Bacillus sp.) showed highest percent P solubilization
when compared to other isolates, by solubilizing 74.6 % and 73.7% of insoluble TCP, respectively (Figure 1). Reference
[19] shows two strains of phosphate solubilizing Pseudomonas aeruginosa which solubilize P up to 70% under in vitro
conditions.
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Fig. 1. Solubilization of 0.5% Ca3 (PO4)2 by different bacterial isolates.
Strain S2 (Pseudomonas sp.) produced highest soluble phosphate of 373.07 mgL−1 followed by S30 (Bacillus sp.)
which produce 368.58 mgL−1 of soluble phosphate in the PKV broth (Table II). Our findings are very well supported by the
work done by many researchers. Reference [24] shows that PSB isolated from P amended soils solubilized 217–479 mgL−1
of P. Moreover reference [25] shows that SBC5 (Bacillus sp.) and SBC7 (Bacillus sp.) bacterial isolates exhibited maximum
P solubilisation of 40 and 33 μg mL-1 respectively. Whereas, reference [22] shows the maximum activity of 247 µg mL-1 by
Pseudomonas putida. Reference [26] shows that Pseudomonas sp. NBRI 4014 is a potent phosphorus solubilizer (284
g/mL). In the blank treatment no soluble phosphorous was detected and also no drop in pH was observed.
All phosphate solubilizing bacteria assayed showed decrease in the pH of the medium ranged from 3.2 to 6.2 with
initial pH 6.8 to 7.2, after 7 days of incubation, which coincided with the increase in the P solubilization activity (Table II).
The lowest pH values were scored during the growth phase in which maximal solubilization activity was detected. The
maximum drop of pH was observed in S2 (Pseudomonas sp.) (pH =3.2) followed by S30 (Bacillus sp.) (pH =3.5). In figure 2
and 3, both the strains showed almost similar trend in increase in P solubilisation as the pH decreases. Reference [18] shows
that acidification of the broth medium coincided with phosphorus solubilization. Furthermore, Reference [5] also suggested
that acidiﬁcation of culture supernatants can be the main mechanism for P solubilization. It is well known in the literature
that PSB solubilise insoluble phosphate in soil by secreting acid, this may indicate that our isolates might have used the same
mechanism to solubilize TCP which ultimately caused decline in the pH of culture filtrate. Many of the researchers also
suggested that decrease in pH of the culture filtrates containing inorganic phosphate is due to the secretion of organic acids
by the bacteria in the culture [27]-[29].

Fig. 2. Relationship between solubilized P concentration and final pH of the culture broth of isolate S 2 (Pseudomonas sp.)
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Fig. 3. Relationship between solubilized P concentration and final pH of the culture broth of isolate S30 (Bacillus sp.)

IV.

CONCLUSION

The isolated bacterial strains S2 and S30 (Bacillus sp. and Pseudomonas sp., respectively) are significant phosphate
solubilizers. The use of these native strains as bio-fertilizers helps in reducing the use of chemical fertilizers and also
effective in reducing the cost of cultivation and maintaining the natural fertility of soil. The decrease in pH of the culture
medium there by solublizing the insoluble tri-calcium phosphate indicated the production of multiple organic acids. So, more
studies are required to understand the significance and mechanism used by an unknown acid in phosphate solubilization
activity. Use of these PSB as bio-inoculants will increase the available P in soil, reduces environmental pollution and
promotes sustainable agriculture.
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