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ABSTRACT

Phosphorus is one of the most vital elements required for plant growth and when humanity is still dealing with the food crisis in several parts of the earth, to
provide food for ever-growing population one needs ample amount of fertilizers which helps plants to fill the need of essential nutrients but chemically made
fertilizers have several disadvantages and have been proved bane for mankind instead of a boon. Phosphorus is one of the most limiting elements in soil for plants
which are essential for its growth and biofertilizers supplementing these essential nutrients are in huge demand. There are several microorganisms that can
solubilize insoluble phosphate via various mechanisms, which can be further made effective by strain improvement. The role of Phosphate solubilising bacteria
for phytoremediation has been well studied. Several PSB can produce siderophores that is very important to prevent infection of plants from different
Microorganisms. There are several genes responsible for solubilising insoluble phosphate which can bring cloned into other microorganisms to get more numbers
of phosphate solubilizers which can be effectively done via genetic engineering which we shall be discussing in this paper.
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INTRODUCTION

Phosphorus (P), is inarguably one of the most growth-limiting macronutrients required for proper plant growth, as it is one of the least available plant
nutrients in the rhizosphere. It makes up about 0.2% to 0.8% of the dry weight of plants and is one of the major constituents of DNA, RNA, enzymes,
coenzymes, and phospholipids[1]. It is essential for cell division and development of the growing tip of the plant, it also participates in metabolic
processes such as photosynthesis, energy production, energy transfer, and synthesis and breakdown of carbohydrates[2]. In determining the quality of
the crop, it is very crucial to maintain a concentration of phosphorous. Additionally, for the primordial development from which different parts of plant
organs can be generated, phosphorous is one of the vital factors. Hence, starting from the molecular level to ultimately plant development, the role of
phosphorous is enormous[1][2].

“Phosphorus is the second most important macronutrient after nitrogen but unlike for nitrogen, there is no large atmospheric source that can be made
biologically available for phosphorus availability”. Only 0.1% of phosphorus is available to the soil, with the total amount of Phosphorus in soil being
0.5%, due to its poor solubility and its fixation as insoluble phosphates of other metallic elements in soil such as Ca, Al, Fe to form Calcium phosphate,
Aluminium phosphate & Ferrous phosphate[3]. To address this problem, a large number of phosphate fertilizers can be supplemented to soil with low
available phosphorus such as tricalcium phosphate, but most of the chemical phosphorus fertilizer is precipitated by metal-cation complexes and rapidly
become fixed in soils and has a long term impact on the environment such as eutrophication and soil fertility depletion[4]. So, an alternative method is
needed and phosphorus biofertilizers in the form of microorganisms can help in the availability of accumulated phosphates for plant growth through
various mechanisms and make them available so that plants can uptake. Additionally, by enhancing the number of trace elements, soil nitrogen,
potassium, and plant growth-promoting hormones by phosphate solubilizing bacteria it is essential to increase plant growth. Phosphate solubilizing
microorganisms play an important role in supplementing phosphorous to plants[5]. PSB as bio-inoculants play a vital role in maintaining the soil
nutrient status, structure and this review is interested to provide a brief on different aspects of phosphorus nutrition, its availability in soil, diversity of
PSM, mechanism of PSM, and how PSM induces plant growth and it's crucial role as biofertilizers.

SCREENING & ISOLATION

Phosphate Solubilizing Microorganisms (PSM) are routinely screened by Pikovskaya (PVK) media[6]. In this process, 1 ml of serially diluted
rhizospheric soil suspension is plated on a sterilized PVK media supplemented with insoluble tricalcium phosphate (TCP)/ hydroxyapatite as the sole
phosphate source. After incubation, colonies forming holo/clear zone on media are screened as PSM. These clear zones are formed due to the
production of organic acids by the PSM into the surrounding media[6][7]. However, a novel microbiological growth medium NBRIP (National
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Botanical Research Institutes Phosphate growth medium)is more efficient than PVKmedia[8]. NBRIP medium is more preferred as it excludes the use
of yeast extract which enhances the phosphate solubilizing activity. The presence of yeast extract in excess in PVK medium is inhibitory to phosphate
solubilization. Isolation of phosphate solubilizers is better observed in the liquid medium than in the agar plate technique. Many isolates which didn't
show any clear zones on agar plates, solubilized insoluble inorganic phosphate in liquid medium. Therefore microbes from soil screened in broth assay
for identification of phosphate solubilizers is a better technique. NBRIP broth assay is the most preferred technique as it not only excludes yeast extract
in the medium but also it is more efficient in a broth assay compare to PVK[1][6][7][8].

The most preferred technique for isolating PSM

NBRIP broth assay > PVK broth assay > NBRIP agar media assay > PVK agar media assay[8]

Bacterial strains were isolated from rhizospheric region of the soil which was exposed to high salt, temperature & pH
stresses.

The roots were washed & macerated in 0.85% saline Milli Q water (MQW).

Serial dilution of root homogenate & soil were then individually plated on Pseudomonas Isolation Agar, Nutrient Agar &
TGY medium & incubated at 28°C.

Bacterial strains were tested via plate assay using PVK media or NBRIP media supplemented with Bacto-agar & after 14
days of incubation of plates at 28°C, halo and colony diameters are calculated.

Using Erlenmeyer fasks (150ml) containing 10 ml of medium inoculated in triplicate with the bacterial strain,
quantitative estimation of phosphate solubilizationin broth was carried out.

The flask was incubated for 2days at 38°C at 180 rpm.

The cultures were harvested by centrifugation at 10 000 rpm for 10 min.

Flowchart of isolation of PSM [1][8]

Media composition

Name of the media Composition (in g/l)
Pikovskaya (PVK) media [17] Yeast extract 0.500

Dextrose 10.000

Calcium phosphate 5.000
Ammonium sulphate 0.500
Potassium chloride 0.200
Magnesium sulphate 0.100
Manganese sulphate 0.0001
Ferrous sulphate 0.0001

National Botanical Research Institute's phosphate growth | Glucose 10

medium (NBRIP) [9] Calcium phosphate 5

Magnesium chloride hexahydrate 5
Magnesium sulfateheptahydrate0.25
Potassium chloride 0.2

Ammonium sulfate 0.1

ESTIMATION OF SOLUBILIZATION INDEX
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The ability of P solubilization of a particular PSM can be estimated as solubilization index (SI) and the same can be calculated by the formula given
below[10]:-

Sl = Colony diameter + Halozone diameter

Colony diameter

The percent of change in Pi fractions in the soil can be calculated by the formula given below[11]:-
% of Ap = [(Pi, — Piy )/Pi; ] x100

WhereAp is the percent of change in Pi fractions in soil, Pi; is the concentration of inorganic phosphate (mg-kg™) in the soil after application of PSM
and Piy is the concentration of inorganic phosphate (mg-kg™) in the soil before application of PSM.

ESTIMATION OF SOLUBLE PHOSPHATE RELEASE

The quantitative estimation of phosphate solubilization by PSM can be measured by the Vanadomolybdate Phosphoric Acid Colorimetric method or
Ascorbic Acid method[12].

Vanadomolybdate Phosphoric Acid Colorimetric Method
In this method the dilute Orthophosphate solution, Ammonium Molybdate reacts under acidic conditions to form a Heteropoly Acid, Molybdo

Phosphoric acid. In the presence of Vanadium yellow Vanadomybdo Phosphoric acid is formed. The intensity of the yellow color is proportional to the
Phosphate concentration [12][13].

As sample pH above 10 is not anticipated, sample pH is adjusted in case it is above 10. 0.05 ml of
Phenolphthalein Indicator to 50 ml sample and the red colorationwith 1+1 HCl is discharged before diluting to
100ml by dH,0.

After pH is adjusted to less than 10, then colour from the sample is removed by shaking about 50 ml which 200
mg activated carbon in an erlenmeyer flask for 5 minutes and in filter to remove carbon & colour. Strong acid
solution is added dropwise to discharge the color.

Then, 4 ml Molybdate reagent I & 0.5 ml Stannous chloride reagent I is added with thorough mixing after each
addition.

After 10 minutes, but before 12 minutes, using the same interval for all determinations, color at 690 nm is
measured photomatrically and compared with a calibration curve, using a distilled water blank.

To increase the sensitivity and overcome the interference extraction must be done.

Flowchart of the method
Extraction:-

50 ml Benzene-isobutanol solvent along with 15 ml Molybdate reagent Il is added to 40 ml of sample in a separatory funnel.

The funnel is closed and shook for about 15 seconds. 25 ml of the separated organic layer is removed from the funnel and transferred to 50 ml of
volumetric flask.

After that, 15 ml of alcoholic H,SO,is added to the organic layer and is swirled.

0.50 ml of dilute Stannous chloride reagent Il is added and swirled and diluted to the mark with alcoholic H,SO, and mixed thoroughly.

Reading of solution against the blank is taken at 625 nm between 10 to 30 minutes in which the blank is prepared by using 40 ml water, replacing the
40 ml sample in the same process[13].

Calculation

Direct procedure :
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mg P (in approximately 104.5 mL final volume ) x 1000

mg P/L =

mL sample

Extraction procedure :

mg P (in approximately 50mL final volume ) X 1000

mg P/L =

mL sample

Ascorbic Acid Method

In this method, ammonium molybdate and potassium antimonyltartarate react in acidic solution with orthophosphate to form a heteropolyic acid i.e,
phosphomolybdic acid which can be reduced to intensely colored molybdenum blue by ascorbic acid[12][13].

50 ml sample is taken on an washed erlenmeyer flask

0.05 ml of Phenophthalein indicator is added. If a red color developes 5 N H,SO, solution is added
dropwise to discharge the color.

Then, 8 ml of combined reagent is added and mixed thoroughly. After atleast 10 mins but not more
than 30 mins ., absobance of each sample is messured at 880 nm, using reagent blank as reference
solution

Now individual callibration curve from a series of six standards within the phosphate ranges is
prepared.

Using a distilled water blank with the combined reagent to make photometric reading for the
callibration curve.

Absorbance vs Phosphate concentration to give a straight line passing through the origin is plotted.

Atleast one phosphate standard with each set of sample is tested.

Flowchart of the method

Calculation

mg P (in approximately 58 mL final volume ) X 1000

mg P/L=

mL sample

MECHANISMS OF PHOSPHATE SOLUBILIZATION
Inorganic phosphate solubilization

Chelation by Organic and Inorganic acid:-Phosphate solubilizing microorganism produces some organic and inorganic acids which dissolve insoluble
soil phosphate by chelation of cation and competing with phosphate for adsorption site in the soil. The organic acid converts tricalcium phosphate to di
and monobasic phosphate, enhancing the availability of phosphorus to the plant[1][14]. Organic acids such as acetic, citric, lactic, propionic, oxalic,
glycolic, gluconic, 2-ketogluconic, malonic, tartaric, and fumaric acid are produced by phosphate solubilizers. Gluconic acid and 2-ketogluconic acid
are the most frequent agent of mineral phosphate solubilization by PSM. Organic acids do so by lowering the soil pH as they dissociate in a pH-
dependent equilibrium, into their respective anion(s) and proton(s), which are consumed by the soil. Depending upon the strength and nature of acid
efficiency of solubilization depends such as aliphatic acids are found to be more effective in phosphate solubilization compared to phenolic, citric, and
fumaric acid[1][14]. Not only organic acids but also inorganic acids such as nitric and sulfuric acids produced by nitrifying bacteria and
Thiobacillusduring the oxidation of nitrogenous or inorganic compounds of sulfur reacts with calcium phosphates and convert them into soluble
forms[1][14]. These acids may also compete for fixation sites of Al and Fe, on reacting with them, stabilize them and are called chelates. The chelation
process is also one of the important phosphate solubilization processes. 2-ketogluconic acid is a powerful chelator compound and those PSMs which
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excrete it also solubilize various forms of hydroxyapatite, fluorapatite, and aluminum phosphate. Humic and Fulvic acid release during microbial
degradation of plant debris are also good chelators of calcium, iron, and aluminum present in insoluble phosphates [14][15].

Proton release from NH,":-Phosphate solubilizing microorganisms assimilate ammonium present in the soil for the synthesis of amino acid, reducing
the cytosolic pH as inside the microbial cell, ammonium (NH4") is converted to ammonia (NH3) and the excess proton (HY) is released into the
cytoplasm of the microbial cell. This results in lowering the soil pH which leads to the dissolution of insoluble phosphate[15][16].

Indirect mechanism:-Large amount of phosphorus is assimilated indirectly from the soil by the rhizospheric microbes. During stressed conditions,
microbial cells can lyse and can release this phosphorus into the soil. Plants can take up this phosphorus as a nutrient source[18].

Exopolysaccharide production:-It has been observed that some phosphate solubilizing microorganisms can solubilize phosphate via exopolysaccharide
(EPS) production. In soil microbial EPS can improve aggregation of the particle and benefit plants by maintaining environmental moisture and trapping
nutrient. These compounds convert insoluble inorganic phosphate into soluble form via their ionizable functional groups such as carboxyl, carbonyl,
and amino. The addition of EPS in the medium increases the amount of phosphorus solubilized by organic acids. EPS with the ability of phosphorus
holding is the important factor in the microbial dissolution of tricalcium phosphate. Three phosphates solubilizing bacteria-Enterobacter sp. EnHy-401,
Arthrobacter sp. ArHy505, Azotobactersp. AzHy510 which have EPS producing capacity have also a stronger ability for phosphate solubilization
compared to Enterobacter sp.EnHy-402( without EPS producing capacity). Enterobactersp.EnHy-401 with the highest EPS production had a stronger
capacity for P-solubilization than the other three.

Siderophore production:-Siderophores are secondary metabolites produced by different organisms in order to scavenge iron from their surrounding
environment making this essential element available to the cell. The production of siderophore can be determined by plating bacteria on CAS agar
(Chrome Azurole S) [19]. A color change from blue to purplish-red indicates positive results for siderophore production.

Even under alkaline conditions, several phosphate solubilizing bacteria releases siderophore such as Bacillus megaterium followed by B. subtilis[20].
Releasingofsiderophores is a strategy to chelate iron from Fe—P complexes to make the phosphate available for the plant.

Organic phosphate solubilization

Mineralization:-Mineralization is another mechanism via which phosphorus solubilization occurs. Organic phosphate is converted into a utilizable form
by PSM through this process, which occurs in the soil at the expense of plants and animal remains, which contain a large amount of organic phosphorus
compounds such as nucleic acid, phospholipid, sugar phosphate, phytic acid, polyphosphate, and phosphonates. Phosphorus can be released in the soil
from organic compounds by several groups of enzymes such as-

Non-specific phosphatases — It dephosphorylates phosphoester or phosphoanhydride bonds in the organic matter[21].
Phytases—It releases phosphorus in the form of phytic acid[14].
Phosphonatases and C-P lyases- These are the phosphonate degrading enzymes that perform C-P cleavage in organophophate[21].

Apart from these, several other extracellular enzymes like phosphoesterases, phosphodiesterases, and phospholipases are released by several phosphate
solubilizing microbes such as Bacillus and Streptomyces spp. which leads to the mineralization of very complex organic matter. Mixed cultures of
PSMs (Bacillus, Streptomyces, and Pseudomonas are most effective in mineralizing organic phosphate. Several physicochemical and biochemical
properties of the molecules affect the degradability of organic phosphorus compounds. Microbial action to degrade phosphorus is influenced by
moisture content, pH of the soil, weather condition, chemical nature, particle size, and degree of solubility of phosphate in water[22][23].

Genetics of PSM

Several genes of phosphate solubilizing microorganisms correlate with phosphate solubilization. Soil labile phosphate is negatively correlated with
phosphatase activity and phoCand phoD gene abundance[24][25].

Several genes such as gcd, paqE, paqC genes are responsible for glucose dehydrogenase (gcd) mediated phosphate solubilization[26][27].

eno gene has been also found to solubilize phosphate. Mutant bacterial strain 71-2 showed reduced phosphate solubilizing activity compared to a wild
type strain 71-2. The disrupted gene in 71-2-MT51 shares 65.26% identity to protein sequences of enolase from E. coli suggesting that the gene codes
the enzyme enolase and is responsible for phosphate solubilizing capacity of Burkholderiacenocepacia strain 71-2[28].

Translation of acp genes and pho genes produces acid phosphatase and alkaline phosphatase respectively which helps in phosphorus transport into the
PSM cell. These acp genes are only active when soil is deprived of soluble phosphate[29].

phyA gene from Aspergillusnigerhas been genetically transformed to Arabidopsis plant, resulting in improving phosphorus nutrition due to release of
phytase enzyme as this enables organic phosphorus assimilation to plants[30][31].

gabY and pcc genes are also concerned with phosphate solubilization. gabY gene is involved in phosphate solubilization without organic acid
release[31].

The increased expression level of the ppk gene is correlated with the content of extracellular phosphorus[31].
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Role of pgq gene

Transformation of insoluble tricalcium phosphate into soluble phosphorus involves a strong expression of the pyrroloquinolinequinone biosynthesis
gene (pgq gene). Expression of the pgq gene cluster is essential for the phosphate solubilization capacity of most of the inorganic phosphate
solubilizing microorganisms[34]. Mutation in any pgq gene cluster would reduce the inorganic phosphate solubilization capacity [35]. The
pyrroloquinolinequinone, a small redox-active molecule, serves as a cofactor for glucose dehydrogenase enzyme in the release of gluconic acid and 2-
keto-D-gluconic acid from glucose such as in Enterobacterintermidium(60-2G)[36]. PQQ is encoded by pgq operon which consist of six core
genespqgA,B,C,D,E,F . Among them pggA,pqqC, paqD&pqgqgEare essential in PQQ biosynthesis[32].

PQQA is a small peptide of 22-24 amino acids that acts as a substrate for PQQE.

PQQC catalyzes the final step of PQQ biosynthesis. It is a cofactorless oxygen-activating enzyme.

PQQD can interact with PQQE but the function of this is not very clear.

PQQE is an enzyme that can cleave S-Adenosyl-L-methionine (SAM) to methionine and 5’-deoxyadenosine [33]

PQQB and PQQF are Metallo-B-lactamase and metalloendopeptidase respectively but both of them are not crucial in PQQ production because of
greater genetic variation[32].

Determination of gluconic acid (GA) is carried out using HPLC (High-Performance Liquid Chromatography ). It is observed that the more the level of
GA is produced, the higher the concentration of phosphate is released. Thus, acidification seems to be one of the main strategies for solubilizing
phosphorus which is confirmed by HPLC analysis of supernatants experimentally[37].

Genetic analysis shows that the endophytic strain of Pseudomonas fluorescens(L321 strain) possesses a full pgq operon as well as gcd and gad genes.
When this endophytic strain is inoculated into the rhizosphere of P.sativumL. plants under soluble phosphorus limiting conditions, strains that were
capable of producing medium-high levels of GA, resulted in greater plant growth i.e, EndophyticPseudomonasfluorescens can solubilize the insoluble
phosphate compound, and hence significant growth of P.sativum with L321 inoculation is observed compared to uninoculatedP.sativum. These inocula
produce GA in the rhizosphere of the inoculated plants, which results in the release of soluble phosphorus and this soluble phosphorus is subsequently
assimilated by the plant. Also, the production release of PQQ by inoculated strains may enhance the phosphorus solubilizing activity of other
indigenous microflora.

However, knockdown of the pqq gene results in the reduction of inorganic phosphorus solubilizing capacity such as in mutant Serratia sp. RSL.
(pggE). Complementation with synthetic PQQ factor restores phosphate solubilization by gluconate production reaching the levels produced by wild
type strains. This shows the role of the pqqg gene in phosphate solubilization_[35].

Cloning of mps genes

E.coli can produce PQQ-dependent GDH but are unable to produce PQQ. Phosphate solubilizing activity can be conferred to the DH5astrain of E. coli
by cloning and placing a pgq gene cluster producing pgq from phosphate solubilizing bacteria. As a result of the cloning of the pqq gene into DH5«,
PQQ produced from it acts as a co-factor resulting in the activation of an endogenous glucose dehydrogenase, permitting gluconic acid secretion that
solubilizes the insoluble phosphate[36]. Some strains of E. coli such as K12 synthesize apo-GDH but not the cofactor PQQ essential for the formation
of the hollow enzyme. Therefore in the absence of exogenous PQQ, these strains cannot produce gluconic acid and hence cannot solubilize phosphate.
However, the expression of a single 396- base P. capaciaopen reading frame (designated as gabY) in E. coli IM109 (a K12 derivative) induces mineral
phosphate  solubilization__ [40].  Similarly, napA phosphatase gene, containing plasmid pPM9 can be transferred from
MorganellamorganiiintoBurkholderiacapacialS16 using the broad host range vector pRK293. Here also, recombinant construction was transformed
and expressed in E. coli ( E. coli MC1061) first after which transformed clones were selected and characterized and with the help of Zymograms, acid
phosphatase activity was detected and then ultimately genetic constructions were transformed to B. cepacia by 1S16 by conjugation [41].

pgqg gene has a very important role in conferring mineral phosphate solubilization in many microorganisms and so when it is cloned in different
microorganisms, those microorganisms too attained the capacity of phosphate solubilization. Till now pgq genes have been successfully isolated from
several phosphate solubilizing bacteria such as E. entermedium, Bacillus licheniformis, Bacillus MycoidesGnyt1, etc.[36][38][39
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Detection of phosphate solubilizing bacteria

This strain of recombinant phosphorus solubilizing genes produces small phosphorus solubilizing circles on the culture medium and phosphorus
solubilizing characteristics of linked expression vector is identified via liquid chromatography. Xiaomey and Yao et.al. Liquid chromatography is a
separation technique in which the mobile phase is liquid where the sample molecules are dissolved.

Organic acid contains secreted by recombinant strains, standard solutions of different concentrations are purified and enriched by column mobile phase
and analyzed under specific chromatographic conditions.

Recombinant phosphorus solubilizing gene strains have been shown to secrete organic acid, thus solubilizing phosphate.[39]

Symbiosis between Nitrogen fixers, Phosphate solubilizers, and Arbuscular Mychorrhizal Fungi

Nitrogen fixers, Phosphate solubilizers & arbuscular mycorrhizal fungi are involved in mutual symbiosis and during the inter-generic interaction,
nitrogen-fixing microorganisms provide nitrogen to the plants, improving the nitrogen status of the soil, while PSM enhances plant growth by providing
it with phosphates[42]. If both nitrogen and phosphorus are limiting, arbuscular mycorrhizal fungi comes into the picture, improving phosphate uptake
for plants [43]. It has been observed that combined inoculation between nitrogen fixers and PSM contributes to a high yield production rather than
applying a single inoculation as when plants are inoculated with both nitrogen fixers and phosphate solubilizers, the microorganisms are able to provide
both the crucial nutrients nitrogen and phosphorus to the plants [42]. When phosphorus was inoculated along with Rhizobium tropici, Phaseolus
vulgaris showed an increase in growth [44][47].

Also, nodulation and Nitrogen fixation was enhanced [42][44]. Increased growth, nodulation, and grain yield in common bean and chickpea in
comparison to control when co-inoculated with phosphate solubilizers and rhizobia. Rhizobium and phosphate-solubilizing fungi
(Aspergillusawamori), when used as seed inoculants have been shown to increased the grain yield of chickpea under field conditions[42][45].

In association with nitrogen fixers, arbuscular mycorrhizal fungi increase nitrogen and phosphatic nutrients of plants, especially in phosphorus-deficient
soil. Simultaneous dual inoculation of arbuscular mycorrhizal fungi and PSM stimulates plant growth more than the inoculation of either
microorganism alone in certain situations when the soil is phosphorus-deficient. Beyond the root hair zone, where phosphate is depleted mycorrhizal
external hyphae reaches and helps in improved uptake of nutrients improving plant growth and not only this, root exudation and plasticity can also be
changed by PSM inoculation which in turn affect the arbuscular mycorrhizal development and these also produces plant hormones which ultimately
increase the activity of the nitrogen-fixing organism at the root zone [42][45][46].

When Centrosemamacrocarpum plants were inoculated with Rhizobium strains and the arbuscular mycorrhizal fungi Glomus manihotis or
Acaulosporalongula, a significantly greater mineral absorption, nodulation, and infection by arbuscular mycorrhizal fungi were recorded[42][46].
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Very few reports are available on the effect of combined inoculation of crop plants with nitrogen fixers and PSM in the presence of arbuscular
mycorrhizal fungus. Inoculation of rhizobium, Bacillus polymyxa, and Glomus faciculatum resulted in significantly greater PO*" uptake as compared
with single or double inoculation [42][47].

Role of PSM in phytoremediation

Phytoremediation basically refers to the use of plants and associated soil microbes to reduce the concentration and toxic effects of contaminants in the
environment. Among existing strategies to remediate metal contaminants in soil phytoremediation approach using metal accumulating plants is much
convincing in terms of metal removal efficiency but it has many limitations because of slow plant growth and decreased biomass owing to metal-
induced stress. In addition, constrain of metal bioavailability in the soil is the prime factor to restrict its applicability. Phytoremediation of metals in
association with PSM considerably overcomes the practical drawbacks impost by metal stress on plants. Several phosphate solubilizing bacteria have
been implicated in the phytoremediation of metalliferous soils due to their metal detoxifying traits and plant growth-promoting activities. Wherever
metal concentration is extremely elevated, the phytoremediation (phytoextraction/phytostabilisation) approach has limitations. Under high metallic
stress their physiological activities, growth, and development are severely hampered and resistance mechanisms are weakened and in turn, they become
prone to phytopathogen attack. Further, their metal phytoremediating efficiency is affected and the process of metal decontamination is protected
depending upon several factors. Various plant growth-promoting characteristics of PSB such as organic acid production, secretion of siderophores, IAA
production, and ACC deaminase activity enhances the phytoremediation capability of plants[48]. Several phosphate solubilizing strains belonging to
the genera of Bacillus, Paenibacillus, Brevibacterium, and Staphylococcus have been reported to solubilize phosphate as well as dissolves the Pb
mineral. PSM in addition to chelating agent EDTA (Ethylenediaminetetraacetic acid) when added to Arsenic contaminated soil, phytoremediation
property ofEchinochloafrumentacia is enhanced and it has been reported within 85 days from the seeding of Echinocholafrumentacia, arsenic
contamination in the soil decreases when compared with initial concentration[49]. Inoculation with both BrevibacteriumfrigoripoleransYSP40 and
Bacillus paralicheniformisYSP151 and their consortium have been reported to enhance the growth and Pb uptake of Brassicajunceaplants grown in
metal contaminated soil. Hence, PSM has an effective role to play in phytoremediation[50].

Conclusion and Future Prospects

The efficient use of phosphate solubilizing microorganisms provides a remarkable success in increasing crop productivity and opens up a new horizon
in tackling food security. Therefore, there is a need to characterize more and more phosphate solubilizing microorganisms, and not only that but we also
need to increase solubilizing capacity of PSMs either via strain improvement or cloning the genes responsible for phosphate solubilization such as pgq
to other plants too. To conclude, phosphorus is an essential element required for plants for growth. We can say that without phosphorus, there are
nucleic acids and no life.
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