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ABSTRACT

Phosphate Solubilizing Bacteria (PSB) solubilizes insoluble phosphates. Two strains of PSB, 2b3 and 2b5
were isolated from Lablab purpureus (L.) Sweet rhizosphere soil based on the formation of halozone in
Pikovskaya agar plates. Phosphate solubilization in Pikovskaya broth containing either aluminium, ferric
or tricalcium phosphates in different pH conditions was estimated. Both the strains were subjected to salinity
stress. Morphology and biochemical characters of the bacterial isolates were studied and identified by 16s
rRNA gene sequencing. The two bacterial strains 2b3 and 2b5 were identified as Burkholderia sp. and
Burkholderia cepacia respectively. The Phosphate Solubilization Index of Burkholderia sp. and Burkholderia
cepacia were 2.43±0.057 and 2.36 ± 0.200 respectively. Both the strains showed higher phosphate solubilization
in broth containing tricalcium phosphates in comparison to aluminium and ferric phosphates. Burkholderia
cepacia (2b5) showed higher phosphate solubilization than 2b3 (Burkholderia sp.) after 144 hours in all the
three media. Phosphate solubilized in broth containing aluminium phosphate, ferric phosphate and
tricalcium phosphate by 2b5 after 144 hours were 117.53±9.13, 109.15±5.43 and 260.17±11.81 respectively.
Both the isolates showed ammonia production  and Burkholderia cepacia (2b5) showed better growth in agar
plates with NaCl than Burkholderia sp. (2b3). The results indicate that the isolated bacterial strains are potent
mineral phosphate solubilizers and further studies will help in the use of these two strains as biofertilizers.
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Introduction

Phosphorus (P) is a major plant growth limiting nu-
trient after nitrogen (Anasuya and Jayaranjan, 1998;
Gyaneswar et al., 2002). The amount of P in plants
ranges from 0.05% to 0.5% of total dry weight of
plant and in soil it  is 2000-fold higher (Malhotra et
al., 2018). P is less available to plants due to its fixa-
tion in the form of aluminium/iron or calcium/
magnesium phosphates (Malhotra et al., 2018). P is
taken up by the plants in the form of inorganic or-
thophosphate ions H2PO4

– and HPO4
2–. Deficiency of

P reduces plant growth and affects crop yield and
quality (Malhotra et al., 2018). To overcome the de-
ficiency of P in soil, chemical fertilizers are applied
and large amount of these chemical substances are
converted to insoluble forms (Halder and
Chakrabartty, 1993). Chemical fertilizers are expen-
sive and have negative impact on the environment
(Rodríguez et al., 2006). Overuse of chemical fertiliz-
ers in agriculture sector now becomes a critical envi-
ronmental issue. Recently, the use of Phosphate
Solubilizing Bacteria (PSB) as alternative to chemical
fertilizers is being encouraged. There are several
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PSB such as  Pseudomonas, Burkholderia, Bacillus,
Enterobacter, Rhizobium, Serratia, Arthrobacter and
Acinetobacter that can solubilize phosphates
(Rodrìguez and Fraga, 1999). PSB has the ability to
solubilize insoluble mineral phosphates by secreting
organic acids (Rodrìguez and Fraga, 1999). Plate
screening methods which show clearing or halo
zones formed due to the solubilization of insoluble
mineral phosphates present in the plates when in-
oculated with PSB are used for visual detection
(Rodrìguez and Fraga, 1999). The plant growth pro-
moting rhizobacteria provide fixed nitrogen, phos-
phorus, iron, phytohormones synthesized by the
bacteria and can lessen the negative impacts of some
pathogens also (Glick and Bashan, 1997). Bacillus
megaterium is one of the commonly used PSB for
preparation of commercial biofertilizer. Application
of PSB led to increase in wheat and cotton yield, in-
crease in potato biomass (Hameeda et al., 2008;
Qureshi et al., 2012; Malboobi et al., 2009). The aim of
our study was to isolate and characterize such PSB
from the rhizosphere of Lablab purpureus (L.) Sweet.

Materials and Methods

Top soil rhizosphere samples of Lablab purpureus (L.)
Sweet were collected with the help of trowel from
the agricultural field of Garudharia Charaihibi
Gaon, Dibrugarh, Assam, India (Latitude-27.34206o,
Longitude-94.809513o). The samples were placed in
sterile plastic bags. The soil samples were stored at
4oC in the laboratory after collection and PSB were
isolated within 2 weeks.

For isolation of PSB, Pikovskaya media contain-
ing tricalcium phosphates was used. Soil suspension
consisting of 10 g soil in 90 ml distilled water was
made and then serially diluted. The samples were
then spread on Pikovskaya plates and the colonies
that formed halo zone were considered as PSB.

Phosphate Solubilizing Index (PSI) was deter-
mined by spot inoculation of isolates in Pikovskaya
agar plates containing tricalcium phosphates and
incubated for 48 hours at 31oC. The diameter of
colony and halo zone was measured after 48 hours.
Phosphate Solubilizing Index was found out using
formula given by Edi Premono et al., 1996. PSI=
(Colony diameter + Halozone diameter/Colony di-
ameter).

Phosphate solubilized in Pikovskaya broth was
estimated containing any of the three phosphate
sources, aluminium phosphate (AlPO4), ferric phos-

phate (FePO4) and tricalcium phosphate (Ca3(PO4)2 ).
The pH of the medium with tricalcium phosphate
was 7 before inoculation, whereas for aluminium
phosphate and ferric phosphate the pH of the me-
dium was acidic i.e. 5. Pikovskaya broth was inocu-
lated with the isolated bacterial strains. Centrifuga-
tion of the broth was done at 10000 rpm for 10 min.
Amount of phosphate solubilized was determined
in the supernatant  after 48,96 and 144 hours by the
method given by Murphy and Riley, 1962.

The pH of the three different broths (aluminium,
ferric and tricalcium) were noted after 48,96 and 144
hours.

Salinity test was performed using LB medium
with 2%, 5% and 8% NaCl concentration. The plates
were inoculated with the isolated bacterial strains
and were observed after 72 hours at 28 oC (Gupta et
al., 2019; Barra et al., 2016).

Ammonia production test was performed in pep-
tone water 10 ml peptone water was taken and in-
oculated with 2b3 and incubated for 48 hrs at 28 oC.
Similarly in another 10 ml, 2b5 was inoculated. Af-
ter 48 hrs, 0.5 ml of Nessler’s reagent was added to
each tube. Production of brown to yellow colour in-
dicated production of ammonia (Ahmad et al., 2008).

Shape and colour of the isolated colonies were
studied. Gram staining was done. Catalase test, su-
crose fermentation test, citrate test, oxidase test, ni-
trate reduction test and gelatin hydrolysis test were
performed for biochemical characterization of the
isolates as listed in Bergey’s manual of determina-
tive bacteriology by following standard protocols.

Sequencing of 16S rRNA gene was done for ana-
lyzing the phylogenetic relationships. For the isolate
2b3,DNA was isolated from the bacterial culture
and  evaluated on 1.0% Agarose Gel. Amplification
of DNA isolated was done with 16SF and 16SR
primers. BDT v3.1 Cycle sequencing kit on ABI
3730xl Genetic Analyzer was used for Sanger se-
quencing. For molecular characterization of 2b5,
DNA isolated was evaluated on 1.8% Agarose Gel
and amplified with 16S rRNA Specific Primer (27F
and 1492R) where Veriti® 96 well Thermal Cycler
was used. Sanger Sequencing using BDT v3.1 Cycle
sequencing kit on ABI 3500Dx Genetic Analyzer was
used. NCBI Nucleotide BLAST was used to find the
sequences producing significant alignments. For
both the isolates, phylogenetic analysis was done
with MEGA11. Neighbour joining was the statistical
method used for construction of phylogenetic tree.
Number of bootstrap replications for bootstrap con-
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sensus tree was 1000. Maximum composite likeli-
hood was the substitution model.

The experiments were conducted in triplicates.
Means and standard deviation (SD) were computed
using Microsoft Excel.

Results and Discussion

Isolation of PSB

PSB were isolated on production of halo zone in
Pikovskaya plates. Two isolates 2b3 and 2b5 which
showed good amount of solubilization in
Pikovskaya agar plates, i.e. the Phosphate Solubili-
zation Index was higher than the rest of the bacterial
colonies were selected for further study (Fig. 1).

Phosphate Solubilizing Index (PSI)

In the present study, both the isolates 2b3 and 2b5
produced halo zone in Pikovskaya agar plates. The
PSI of 2b3 and 2b5 were 2.43±0.057 and 2.36 ± 0.200
respectively after 48 hours incubation in 31 oC. Or-
ganic acids production by PSB leads to the forma-
tion of halo zone (Halder and Chakrabartty, 1993;
Rodrìguez and Fraga, 1999).

Phosphate Solubilized in liquid broth

Solubilization of phosphates was higher in
Pikovskaya broth containing tricalcium phosphates
than aluminium and ferric phosphates (Table 1). 2b5
showed higher phosphate solubilization than 2b3 in
all the three types of media. Amount of phosphate
solubilized in medium containing aluminium phos-
phates, ferric phosphates and tricalcium phosphates
after 144 hours by 2b5 are 117.53 ±9.13, 109.15 ± 5.43
and 260.17±11.81 respectively.

Change in pH

The decline in pH correlated with increase in solubi-
lization of insoluble phosphates (Table 1). Produc-
tion of organic acids which help in the solubilization
of insoluble mineral phosphates declines the pH of
the  broth (Halder and Chakrabartty, 1993).

Fig. 1. Halo zone produced by 2b3 in Pikovskaya agar
plate

Table 1. Amount of Phosphate solubilized in Pikovskaya liquid broth (aluminium, ferric, tricalcium) and the change
in pH of the broth

Aluminium Phosphate (AlPO4 )

48 hours 96 hours 144 hours
Phosphate pH Phosphate pH Phosphate pH
Solubilized Solubilized Solubilized
(µg/ml)  (µg/ml) (µg/ml)

2b3 87.05±5.01 3.92±0.02 94.84±5.62 3.91±0.02 104.27±4.06 3.73±0.03
2b5 89.08±10.16 3.90±0.01 109.6±5.69 3.83±0.02 117.53±9.13 3.60±0.02

Ferric Phosphate (FePO4 )
48 hours 96 hours 144 hours

Phosphate pH Phosphate pH Phosphate pH
Solubilized Solubilized Solubilized
(µg/ml) (µg/ml) (µg/ml)

2b3 58.96±3.90 4.21±0.01 95.15±5.52 4.11±0.01 103.05±14.02 3.89±0.01
2b5 66.90±4.67 4.08±0.005 107.6±6.95 3.94±0.02 109.15±5.43 3.75±0.01

Tricalcium Phosphate (Ca3(PO4)2 )
48 hours 96 hours 144 hours

Phosphate pH Phosphate pH Phosphate pH
Solubilized Solubilized Solubilized
(µg/ml) (µg/ml) (µg/ml)

2b3 143.11±4.23 5.32±0.02 174.57±6.91 4.51±0.02 207.14±27.74 4.34±0.04
2b5 148.24±6.53 5.24±0.02 226.66±5.73 3.44±0.05 260.17±11.81 3.20±0.02
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Salinity tolerance test

2b5 showed better salinity tolerance in comparison
to 2b3. Both the isolates showed growth in 2% NaCl.
Growth of 2b5 was seen in 5% NaCl concentration
but 2b3 showed no growth in 5% NaCl concentra-
tion. Both the isolates were not able to grow at 8%
NaCl concentration (Fig. 2).

while the sucrose fermentation test was positive for
2b5.2b3 showed negative gelatin hydrolysis test and
oxidase test. Both gelatin hydrolysis and oxidase test
were positive for 2b5. Both was positive for nitrate
reduction test.

Molecular characterization

For molecular identification, 16S rRNA gene se-
quencing was done. According to the NCBI BLAST
results, 2b3 showed 98.97 percent identity with
MH698887.1 and 2b5 showed 99.80 percent identity
with MN398146.1. Both 2b3 and 2b5 FASTA se-
quences were submitted to NCBI GenBank. The ac-
cession number of 2b3 and 2b5 are OR985028 and
OR947461 respectively (Table 2). According to the
phylogenetic analysis in MEGA11, 2b3 exhibited
close relation with Burkholderia sp.  and so 2b3 was
identified as Burkholderia sp. The other isolate 2b5
was identified as Burkholderia cepacia.

Burkholderia sp. from the rhizosphere of sweet
corn showed phosphate solubilizing potential in
both liquid and solid media (Pande et al., 2020).
Burkholderia sp. isolated from maize  was the highest
phosphate solubilizer among all the bacterial strains
( Zhao et al., 2014). According to the study done by
Megu et al., 2024, Burkholderia could tolerate salinity
stress upto 2.5 %. Burkholderia sp. could release
phosphates from tricalcium, ferric and aluminium
phosphates (Ghosh et al., 2016). Phosphate Solubiliz-
ing Bacteria are promising natural fertilizers. In the
present study, two bacterial strains Burkholderia and
Burkholderia cepacia exhibited phosphate solubilizing
ability in Pikovskaya medium containing either
tricalcium phosphates, aluminium phosphates or
ferric phosphates. Both the strains could grow at 2%
salinity stress. Further studies will help in the devel-
opment of these strains as potent biofertilizers that
can be used in agricultural fields.
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Fig. 2. Growth of the isolates in LB Agar supplemented
with 2%, 5% and 8%  NaCl concentrations

Ammonia production test

2b3 and 2b5 showed positive results for ammonia
production which was based on the production of
yellow colour in peptone water. This shows that the
bacteria can help in supply of nitrogen to the plant.

Morphological and biochemical characteristics

Both the colonies were white and round. The iso-
lates 2b3 and 2b5 were gram negative. 2b3 and 2b5
showed positive catalase and citrate utilization test.
2b3 showed negative sucrose fermentation test

Table 2. Molecular characterization of the isolates

Isolates Percent identity Identification Accession number alloted

2b3 98.97% to MH698887.1 Burkolderia sp. OR985028
2b5 99.80% to MN398146.1 Burkholderia cepacia OR947461
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