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A B S T R A C T 

Soil microbial flora has a pivotal role in the phyto-availability of 

phosphorus and other necessary minerals and nutrients. The 

primary class of Rhizobacteria involved in the solubilization of 

phosphate from non-available forms to available forms is Phosphate 

solubilizing bacteria (PSB). The application of Phosphate 

solubilizing bacteria increased phosphorus availability, which is one 

of the major factors responsible for the increase in the yield of 

crops. The phosphorus content is higher in the seeds than in the 

other plant parts; it helps plants in disease resistance and stress 

management such as winter rigors and improves the quality of 

fruits, vegetables, and cereal crops. Application of PSB as the 

biofertilizers positively affects the secretion of siderophores, 

nitrogen fixation, Indole acetic acid (IAA),  1-aminocylopropane-1-

carboxylate (ACC) deaminase, chitinase, and protease. PSB can 

solubilize useful phosphate from rock phosphate and phosphate 

present in the combined state in lower to higher pH range (4 to 10), 

lower to a higher temperature (20 to 40 0C), and even in the higher 

salt ranges (0 to 7.5 % NaCl). Microbes help in the assimilation of 

phosphates and hydrocarbons by the secretions of different 

phosphatases such as monoesterase, diesterases, C-P lyase, and 

phosphatase and phytases. Using chemical P fertilizer in sustainable 

agricultural methods needs to be reduced. For this purpose, 

alternative and inexpensive technology are required so that plants 

can be provided with a sufficient amount of P. Phosphate 

solubilizing microbes can be an excellent option to replace chemical 

P fertilizers for improved agricultural production and soil fertility. 

The fertility of farm fields can be improved by using PSB as the bio-

fertilizer and it will enhance the nutritional quality of plants and 

plant products which are directly or indirectly taken as food. 

Applying these microbes to soil/seeds makes good quality fruits and 

can help to fulfill the nutritional hunger of the world.   
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1. Introduction 

Low phosphate phytoavailability is the 
primary factor affecting the growth of the 

crop plant in the Indian soil. Most of the P in 
the soil is fixed and unavailable to plants[1], 
and only 0.1% of the total phosphate is 
available to the plants[2]. The primary issue 
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with phosphate availability is that it 
solubilizes and gets fixed in both acidic and 
alkaline soil. Microbial flora of the rhizosphere 
has a significant role in phosphate 
solubilization, which has now been well 
documented but very less is known about the 
magnitude of their activities. Bacterial and 
fungal species can both solubilize organic and 
inorganic phosphates respectively. The 
unavailable soil fixed P can be solubilized by 
the phosphate solubilizing bacteria (PSB). 
PSBs release organic acids in soil which 
solubilizes P, thus making it available to the 
plants[3]. 

The activity of this microbial flora depends 
on environmental conditions such as pH, and 
temperature. These microbes contribute not 
only solubilized phosphate but also various 
plant growth-promoting activities and 
biocontrol activities by secretion of the 
hormone Indole acetic acid (IAA). Production 
of organic acids and secretions of phosphatase 
by PSBs has a crucial role in the 
mineralization of phosphorus in the soil and 
farm field. These microbes are also involved in 
the synthesis and secretions of 
phytohormones for plant growth 
promotions[4]. The application of PSB as the 
bio-inoculants increases the P uptake and 
crop yield. Bio-inoculation of sole PSB or their 
consortium with other microbes (e.g. 
Mycorrhiza) increases the nitrogen efficiency, 
availability of trace elements, and production 
of plant growth-promoting substances which 
leads to enhanced plant growth and crop 
yield. The most powerful phosphate 
solubilizing microbes belongs to the genera 
such as Pseudomonas, Bacillus, and Rhizobium 
[5, 6]. These increase the prospect and impact 
of applying phosphate rocks in the farm field 
along with these PSB [7]. This review aims to 
give an overview of the most significant role 
of phosphorus and microbes which can 
functionally work as solubilizers for 
sustainable agricultural production. 

2. Phosphorus as an essential nutrient 
value 

Phosphorus (P) is among the significant 
macronutrient necessary for several 
metabolic activities such as DNA synthesis, 
cell division (growth and development), 
photosynthesis, and nutrient transport[8] 

(Figure 1). Its low availability in soil restricts 
its use by plants for their growth and 
development.P is one of the vital components 
of nucleotides for the formation of phosphate 
diester linkage necessary for the formation of 
the phosphate backbone of DNA; hence it is 
essential for the transfer of genetic 
information and vital metabolic pathways [9]. 
Phosphate minerals are present in a soil 
solution in unavailable forms in combination 
with various cations such as Ca2+, Al3+, Fe2+ or 
Mn2+. As it is generally found in anionic forms, 
it can easily combine with metallic cations. 
The external environmental factors of soil 
solutions for the formation of combinations 
with these cations are the type of microbes 
involved, soil pH, and organic matter contents 
[10, 11]. The more common form of 
combination is inorganic phosphate produced 
by the wear and tear and weathering of rocks 
derived from dead decaying organic matter of 
plants, animals, and microbes. Unlike other 
macronutrients, it is the least mobile element 
and precipitates in the soil by forming 
orthophosphates of Fe and Al oxides [12]. 

 

Fig. 1. Significance of Phosphorus in Plant system 

3. Screening of ecological sources for 
suitable application 

The main application of PSB is as a Bio-
inoculant. Several trials are reported to isolate 
and find the best-suited PSB for agriculture by 
using Pikovaskaya’s medium (PVK). During 
isolations, authors reported that PSB floras 
are densely concentrated in the rhizospheric 
soil of the plants. Screening and spot selection 
for the isolation of PSB were chosen based on 
the most probable occurrence of PSB. With the 
aid of tricalcium phosphate within the PVK 
medium, it is being used to isolate the PSB [5, 
13]. 
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3.1. Phosphate solubilizing microbes in the 
rhizosphere of crop plants 

Numerous phosphate soluble bacteria can 
be easily isolated from several crop plants, 
such as Arthrobacter and Bacillus from 
tomato; Aspergillus, Bacillus, Streptomyces, 
Nocardia, and Actinomycetes from Betel vine; 
Paenibacillus sp. B1 strain, Pseudomonas, 
Sphingobium sp. SX14 from Maize; 
Pseudomonas from Chinese cabbage [5, 
14](Table 1). These microbes are sustainable 
in varied temperature ranges, and pH and salt 
stress and are even able to solubilize 
phosphate salts of Fe and Al. These PSB 
bacteria produce plant growth-promoting 
substances such as organic acids, 
phytohormones, siderophores secretions, and 
many more[15]. 

The phosphate-solubilizing microbes are 
broadly categorized into two groups, viz., 
phosphate-solubilizing bacteria (PSB) and 
phosphate-solubilizing fungi (PSF). PSF also 
has an essential role in improving soil 
productivity and the plants’ health through 
soil agglomeration. PSB is the primary group 
of microbes in the rhizosphere of plants, 
beneficial for plant health, quality 
improvement, and productivity. Henceforth, 
the application of PSB as a biofertilizer is the 
primary focus area of most researchers. The 
plant growth-promoting rhizobacteria include 
several genera such as Azospirillum, Bacillus, 
Rhizobium, Pseudomonas, Burkholderia, 
Erwinia, Enterobacter, Serratia, Alcaligens, 
Acinetobacter, Arthrobacter, Flavobacterium, 
and many more. These genera are directly 
involved in nitrogen fixations and phosphorus 
solubilization[16, 17]. 

3.2. Occurrence of phosphate solubilizing 
bacteria 

The active group of PSB has concentrated 
in the rhizosphere and rhizoplane soils of the 
plants are metabolically more active. PSB in 
the rhizospheric soil flora occurs in several 
shapes, commonly ascocci and bacilli, whereas 
spiralPSBs are rarely observed. The presence 
of active PSB flora also depends on the soil 
characteristics such as organic matter and P 
content of the soil matrix’s physical and 
chemical properties. Physical and chemical 
characteristics of the soil matrix are also 

essential factors for mobilizing nutrient 
contents from the soil [5, 24]. 

Table 1. Phosphate solubilizing Microbes isolated 
from the rhizosphere 

Ro
w 

Organism 
isolated 

Refere
nce 

Ro
w 

Organism 
isolated 

Refere
nce 

1 
Aspergillus 
fumigatus 

[18] 15 Erwinia [19] 

2 A. flavus [18] 16 
Psuedomonas 

sp 
[20] 

3 Yeast [18] 17 
Psuedomonas 

striata 
[21] 

4 A. niger [18] 18 
Burkholderia 

cepacia 
[19] 

5 A.clavatus [18] 19 Rhizobium sp. [22] 

6 
Pseudomon

as 
[19] 20 

Rhizobium 
meliloti 

[22] 

7 Bacillus [19] 21 
Rhizobium 

legumonosar
um 

[22] 

8 Rhizobium [19] 22 
Rhizobium 

loti 
[22] 

9 
Burkholderi

a 
[19] 23 

Bacillus 
amyloliquefa

ciens 
[23] 

10 
Achromoba

cter 
[19] 24 

Bacillus 
polymyxa 

[21] 

11 
Agrobacteri

um 
[19] 25 

Bacillus 
megaterium 

[21] 

12 
Microccocu

s 
[19] 26 

Bacillus 
pulvifaciens 

[21] 

13 
Aereobacte

r 
[19] 27 

Bacillus 
circulans 

[21] 

14 
Flavobacter

ium 
[19] 28 

Citrobacter 
freundi 

[21] 

 

4. Phosphate Solubilization 

Most of the P contents are present in the 
unavailable forms in the earth crust and their 
recovery does not exceed 20 % of the total 
contents of P. With the application of PSB, 
phyto-availability of P is increased and plants 
can quickly assimilate it. Phyto-available P 
through microbial solubilization is getting 
more attention [5, 24]. 

4.1. Mechanism of Phosphate 
Solubilization  

The secretions of enzyme phosphatases 
responsible for the mineralization and 
subsequent secretion of organic acids lower 
the soil pH leading to the solubilization in the 
soil solutions [6](Figure 2). P is the major 
growth-limiting factor, and unlike nitrogen, 
there is no easy source of Phosphorus. 
Phosphorus nutrition is related to many 
mechanisms of plant growth and development 
such as the development of roots, formation of 
stalk, stem, and seed, maturity of the crop, and 
fixation of N in leguminous plants. The P is 
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also a significant factor related to disease 
resistance and crop quality. Fewer reports are 
available on the applications of bio-inoculants 
for improving soil productivity, unlike 
nitrogen fixation [25]. 

 

Fig. 2. Phosphate solubilization by Phosphate 
solubilizing bacteria by the secretion of organic 
acid. 

The presence of phyto-available P is 
characterized by physicochemical and 
biological processes such as sorption-
desorption immobilization, and 
mineralization with the soil.. The 
unavailability of P in the soil because of high 
affinity with Ca, Fe, and Al. The reactive Al3+, 
Fe3+ in acidic soils, and Ca2+ in normal soils 
react with P allowing it to precipitate in 
immobilized pools when the P is applied as 
biofertilizers[26, 27].  

The unavailable P which is not taken up by 
the plants is present in the combined form in 
inorganic and organic forms such as appetite 
and its derivatives and inositol 
phosphotriester respectively. The microbial 
secretions of organic acids which cause a 
reduction in the surrounding pH and Fe and Al 
chelating activity by anion exchange lead to 
the mineralization of Phosphates. The simple 
and effective mechanism against phosphate 
solubilization is the acidification of soil by the 
production of the organic acid, secretions of 
acid phosphatases and phytase, and proton 

extrusion which are involved with the 
ammonium assimilations. There is a need to 
isolate PSB from the rhizosphere of several 
plants to have diverse applications in crop 
fields to maintain pH and salt balance, and 
solubilization of insoluble phosphate. Some 
authors reported that Pantoea agglomeransis 
a well-suited bacterium isolated from the 
rhizosphere of soybean beans for phosphate 
solubilization [24, 27]. 

4.2. Molecular biology of mineralization of 
phosphorus 

There are genes responsible for the 
phosphatases which are responsible for the 
mineralization of phosphates and increasing 
the availability in the soil solutions. The 
genetic make-up of Erwiniaherbicola has 
genes responsible for mineral phosphate 
solubilization[28]. Isolation and cloning of this 
gene in E. coli HB101 involves expression of 
mineral phosphate solubilization and 
production of gluconic acid, through the 
synthesis of pyrroloquinoline quinone (PQQ) 
synthase responsible for the synthesis of PQQ 
[29]. In a direct oxidation pathway, PQQ acts 
as an essential co-factor for the formation of 
holoenzyme glucose dehydrogenase (GDH)-
PQQ, necessary for converting glucose into 
gluconic acid. Similar genetic make-up having 
a gene (gabY) observed in the case of 
Pseudomonas cepacia, involves expression of 
mineral phosphate solubilization through 
gluconic acid production in E. coli JM109 [30]. 

5. Role of enzymes in phosphate 
solubilization 

The insoluble complex of phosphate is 
made available to the plants by the phosphate 
solubilizers. The PSM brings about 
solubilization of organic phosphorus or 
mineralization through the secretion of 
membrane-bound or extracellular enzymes 
such as phosphatases, phytase, 
phosphonatase, and C-P lyase[31]. Sequential 
processes involved in the dissolution of P in 
bacteria include; the secretion of 
siderophores, CO2, and organic acids which 
dissolve complex forms of phosphate, 
extracellular enzyme secretion, and substrate 
degradation[32]. 

Efflux of the proton, secretion of organic 
acid, and synthesis of phosphatases enzymes 
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are the critical steps in phosphate 
solubilization in biological systems of plants 
and microbes. These phosphate solubilizing 
enzymes are abundant in the microbial 
system which causes increased phosphatases 
activity in the rhizosphere with pH variations. 
Enzymes in the cytoplasmic and periplasmic 
space of Gram-negative bacteria are involved 
in the production of organic acids that helps in 
the solubilization of phosphate by reducing 
rhizospheric soil pH [33]. 

The simple mechanism present in these 
bacteria for the production of organic acids 
involves direct glucose oxidative pathway 
with the production of gluconic (by 
pyrroloquinolinequinone-dependent glucose 
dehydrogenase) and 2-ketogluconic acids 
(through FAD-linked gluconate 
dehydrogenase. Other than glucose another 
substrate present in the soil as an 
amendmentisalso acted by the bacteria to 
release inorganic P. Mycorrhiza (e.g. 
Piriformospora indica) known for the plant 
growth promotional activity also serves as the 
source of acid phosphatases and is present in 
hyphal tips[34].  

5.1. Phosphatases 

Phosphatases, hydrolases, or phosphoric 
monoester hydrolases are assembled in acidic, 
neutral, or basic conditions (EC 3.1.3). Based 
on pH variations, these enzymes are 
categorized into three types viz. acid, neutral, 
and alkaline phosphatases. With the substrate 
specificity, these acid phosphatases are also 
categorized into specific or non-specific 
phosphatases. Phosphatases enzymes by the 
hydrolysis of esterphosphate bonds convert 
complex forms of combined phosphate (i.e. 
orthophosphoric acid) except rock phosphate 
into simpler molecules leading to the release 
of phosphate ions [35]. Phosphatases are key 
enzymes that make phosphorus’s 
phytoavailability and its assimilation in 
bacteria and plants [35]. The major 
contribution of phosphatases activity is of 
microbial origin[36]. 

Coincidental mechanism of phosphatase 
activity and amount of usable phosphate 
found in the bacterial system as low 
phosphate concentrations enhance the 
phosphatases activity[31]. Along with the 

deficiency of phosphorus, pH variations also 
signal secretions of phosphatases in microbes, 
leading to the consumption of phosphorus-
containing compounds. The enzyme activity of 
phosphatases also depends on temperature, 
enzyme concentrations, substrate, and 
products. Phosphatase activity for the release 
of phyto-available phosphorus was also 
recorded in several synthetic sources of 
phosphorus. Several microbes isolated from 
soil reported phosphatases activity such as 
Bacillus subtilis, Aspergillus niger, Penicillium 
sp. Psuedomonas, etc[3, 15, 17]. 

Non-specific acid phosphatases (NSAPs) 
are inducible ectoenzymes that occur in the 
aquatic environment, known for 
dephosphorylation of phosphor-ester or 
phosphor-hydride bonds of organic content. 
Phosphatases are often known by phosphor-
monoesterase abundant in soil on pH optima 
grouped into acid and alkaline 
phosphatases[31]. Both are adaptive 
enzymes[37] produced by microbes and 
plants. In the marine environment, alkaline 
phosphatases are present on the cell surface 
of bacteria responsible for the liberation of 
inorganic phosphate from organic phosphorus 
compounds. Phosphatase activity variations 
also depend on their form such as particulate 
or dissolved one. The dissolved form of 
phosphatases (phytases) was recorded with 
around 70 % of alkaline phosphatases activity 
and release of usable phosphorus.12 Further, 
these phosphatases are also categorized into 
phosphomonoesterase, phosphodiesterases, 
phosphatases, and phytases [38]. 

 5.2. Phytase 

The phosphatases involved in the lysis of 
phytic acid (phytate) or myo-inosito 
phosphate compounds are supposed to be 
phytases[39], specifically responsible for the 
release of P. The stored form of phytate is 
seeds and pollens an essential source of 
inositol and a significant contributor of P in 
the soil around 50%. The application of 
phytate as a source of phosphorus in plants is 
very limited unless it is transformed with the 
phytase gene (phyA) of Aspergillus niger [27, 
30]. 
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5.3. Phosphatase and C-P lyases 

These sorts of phosphatases help in the 
assimilation of phosphorus and hydrocarbons 
by the lysis of ester bonds of phosphonates 
such as phosphoenolpyruvate and 
phosphonoacetate.   Specifically, it is the 
cleaving of C-P bonds of organophosphates. In 
soil, actinobacteria can sustain in unfavorable 
conditions by forming spores that are the 
primary source of these hydrolytic enzymes 
[40, 41]. 

6. Significance of phosphorus in plant 
growth 

Applying chemical fertilizers directly 
impacts the environment in the form of 
eutrophication and depletion of soil 
productivity. In this scenario, phosphate 
solubilizing microbes are the best candidates 
to increase P availability and fulfill nutritional 
requirements. The purpose of P management 
through PSM instead of chemical fertilizer is 
to maintain P content in the soil to avoid loss 
and to increase the crop yield. P is the major 
growth-limiting factor involved in the 
development of numerous metabolic 
pathways, including photosynthesis, and 
respiration. The major role involved in cell 
enlargement, cell division, and energy storage 
in the plants[42]. 

The development of root and reproductive 
parts is very effective when optimum 
concentrations of P are supplied during the 
early stages of metabolic and growth 
development and also improves the quality of 
fruits in later stages and increases disease 
resistance in some of the plants. Along with 
the development of reproductive parts,  it is 
also essential for seed formations, single 
transductions, respirations and biosynthesis 
of macromolecules, energy transfer, and 
photosynthesis. A higher amount of P is 
present in the seeds than in any other part of 
the plant and it contributes to around 0.2 % 
dry weight of the plants. P is a significant and 
vital component of various necessary 
metabolites such as phytin, nucleic acids, and 
phospholipids. Also, presence of P is directly 
related to microbial nitrogen fixations. Fossils 
and traces under the rocks formed during the 
geological ages are the sources of inorganic P 
[32, 33, 40].  

Even if the significant amount of P present 
in the earth’s crust are useless as it is not 
readily soluble, and whatever soluble P is 
applied to the agriculture field in the form of 
chemical fertilizer readily reacts with the 
reactive metals and is immobilized and also it 
forms precipitation of tricalcium phosphate 
[Ca3(PO4)2], FePO4, AlPO4, and only 25 % of 
total P content are in available form. The 
primary focus is given to the PSM to utilize an 
unavailable form of P. Often the application of 
P as the chemical fertilizer and its chelations 
with the reactive metals makes the fertile 
agriculture soil non-productive and also 
chemical fertilizers are costly. The scarcity of 
Phosphate nutrients limits biomass 
accumulation in the agro-system, and 
excessive application of P as the bio-fertilizer 
is eco-friendly[43]. Chemical fertilizers are 
responsible for forming algal blooms and 
agro-systems eutrophication and affecting soil 
productivity. PSB has a significant role in the 
conversion and biochemical cycling of 
unavailable phosphate into readily available 
form[28, 29, 39]. 

7. Application of Phosphate solubilizing 
bacteria (PSB) 

PSB helps in plant growth enhancement, 
leading to an increase in crop yield. Several 
side effects of synthetic fertilizer can be 
minimized by using PSB as a biofertilizer. 
Some of the applications of PSB are mentioned 
below[2, 27, 44].. 

7.1. Nitrogen fixation  

PSB also can fix environmental nitrogen to 
make it available for crop plants. PSB belongs 
to the Rhizobiaceae family and acts as 
symbiotic a non-symbiotic nitrogen fixers. The 
ability to fix nitrogen varies from species to 
species and is done by the complex enzymes 
of nitrogenase and hydrogenase. PSB like 
plant growth-promoting rhizobacteria (PGPR) 
secretes siderophores used to chelate and 
uptake iron from the environment. Iron 
uptake is necessary for the enzymes such as 
Nitrogenase and hydrogenase [45, 46]. 

7.2. PSB as a potential biofertilizer 

PSB can be a potent biofertilizer as it 
provides phyto-available P which increases 
the growth of plants in several aspects. With 
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phosphate solubilization, PSB synthesizes 
siderophores, plant hormones such as auxins, 
and gibberellic acid. Some PSB can also 
synthesize antibiotics and help in disease 
management. PSB can synthesize ACC 
deaminase (1-aminocyclopropane-1-
carboxylate) which converts ACC to ammonia 
and prevents the inhibitory effect of ethylene 
as ACC is an immediate precursor of ethylene 
[47-49]. 

7.3. Phosphate Solubilizing Microbes And 
Phosphatase on Human And Food Health 

Phosphorus is one of the most vital 
nutrients required by plants and humans. It 
comprises the structural part of human and 
plant genetic material playing a key role in cell 
division and growth[44].This nutrient 
deficiency causes poor appetite, anemia, 
muscle weakness, bone diseases like 
osteomalacia and rickets, bone pain, and more 
susceptibility to infections in humans and the 
same deficiency in plants leads to stunted 
growth in them. The leaves of the affected 
plants turn dull, dark blue-green, or 
sometimes reddish violet in color. Though 
Phosphorus is present in plenty on earth but 
mostly unavailable and hence the deficit was 
fulfilled chemically [50]. But due to the 
undesirable effects of chemicals on humans 
and our food (as plant products) PSBs were 
introduced to restore the dependence on 
chemical fertilizers. They promote sustainable 
agriculture, and soil fertility and further 
increases crop productivity. PSBs also aid 
plant growth by enhancing biological nitrogen 
fixation, phytohormones synthesis, and 
increased availability of trace elements such 
as zinc and iron [51, 52]. 

The modernizations and increasing 
populations expect cultivations of more and 
more food quantity. While meeting large 
quantities of food, nutritional quality and 
vigor of food and products are might be lost. 
Applications of biopesticides and biofertilizers 
are having a significant impact on the quality 
of food in comparison to synthetic pesticides 
and fertilizers. Synthetic fertilizers remain on 
farm fields for long periods, and gradually, 
make the field infertile. The Phosphate 
solubilizing Bacteria (PSB) act as biofertilizers 
and secrete phosphatases in rhizospheric soil 
and enhancing the solubility of phosphorus 

and making it available for plants and 
enhancing nutrition. The phosphate 
solubilizations by PSB also help in the 
production of organic acids that act as the 
chelators for the displacement of metals[30]. 

A significant increase in the growth of 
various crops such as wheat, chickpea, maize, 
and tomato has been reported globally by the 
use of biofertilizers. Also, the biocontrol of 
diseases among crops is reported by the usage 
of PSBs as biofertilizers. To meet increasing 
food demand, the conventional methods of 
farming using an excess of phosphorus lead to 
soil pollution, eutrophication, and several 
other side effects. The microbes having the 
capacity to solubilize and mineralize P can 
enhance the nutritional quality of food and 
food products that are ultimately good for 
human health. Such microbes can increase the 
yield of a variety of foods and applications of 
such microbes to seeds/crops/soil can 
improve world food production. This 
knowledge transfer from the scientists to the 
farmers for the utilization of PSBs is of major 
significance[30, 53]. 

8. Effect of phosphorus on human body 
cells and tissues 

Teeth and bones have 85% of the body's 
phosphorus [54]. Among the essential 
elements, Phosphorus is one of them and it is 
a vital component of all sorts of tissue in 
organic and inorganic form and helps in the 
maintenance of the normal functioning of 
cells. Inorganic phosphates are an important 
component of the energy currency of living 
organisms e.g. Adenosine tri-phosphates 
(ATP). Inorganic phosphates are the 
important substrate donor for various 
biosynthesis like DNA and RNA synthesis and 
have a major role in cell signaling, 
maintenance of membrane integrity and 
regulation of cellular metabolism. Organic 
phosphate can be metabolized into inorganic 
phosphate by conversion into mono and di-
hydrogen phosphate [55]. Phosphorus has a 
major role in the composition of the skeleton 
and membranes of cell organelles[56]. The 
imbalance concentrations of phosphate in 
plasma are also an indication of disorders of 
calcium metabolism. The concentrations of 
these phosphates become the marker element 
to find out disorders during the biochemical 
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profiles as an imbalance of phosphate can lead 
to serious and fatal complications [4].  

The diseases like renal failure, diabetes, 
atherosclerosis and aging are more often 
associated with vascular calcifications. 
Vascular calcifications is leads to 
atherosclerosis which is finally responsible for 
myocardial infarction. Some of the authors 
also reported calcifications related to plaque 
rupture and some finds no effect on it [57]. It 
was thought that the calcified fibrous cap can 
protect plaque from rupturing which acts as 
the barrier[58]. The small and diffuse spotty 
or speckled deposits of calcium can make 
plaque stress and instability in 
atherosclerosis[59], unlike larger plate-like 
calcium deposits that results in stable plaques 
in atherosclerosis. The complex of calcium 
responsible for calcifications is hydroxypatite 
[Ca10(PO4)6(OH)2] and it can deposit into 
arteries and result in diseases like 
atheroscleris, diabetes and chronic kidney 
diseases, etc.  There are three sorts of vascular 
calcification and it is categorized based on 
their locations such as intimal, medial and 
valvular[60]. 

The lesions of atherosclerosis along with 
lipid deposition and inflammations are 
involved in intimal calcifications. The 
calcification without inflammations observed 

in the middle layer of vessels on the edges of 
elastic lamellae is supposed to be medial 
calcification or arterial medial calcification or 
Mönckeberg’s sclerosis[61]. The intimal and 
medial calcifications are more commonly 
involved in the cardiovascular events related 
to end-stage renal diseases leading to 
cardiovascular mortality[62]. Arterial wall 
distensibility can be changed by calcium 
deposits in large blood vessels involved which 
increase pulse wave velocity by increasing 
stiffness of blood vessels[63]. Calcifications 
can lead to fatal complications like 
hypertension, left ventricular hypertrophy, 
compromised coronary perfusion and heart 
failure by unregulated vascular stiffness[64]. 

The phosphate homeostasis system is well 
developed in mammals as phosphate 
maintenance and balance are important with 
respect to a normal healthy life. The 
elimination of phosphate from the metabolism 
by the kidney is positive regulation of 
phosphate balance while an excess of 
phosphate is responsible for pathogenesis like 
bone disorder related to chronic kidney 
disease (Figure 3). Recent reports suggest that 
the concentration of phosphate has no role in 
toxic effects on the cardiovascular system and 
aging process[65].  

 

 

Figure 3.  Hormonal regulation of phosphorus in chronic kidney disease; (fibroblast growth factor 23 
(FGF23), parathyroid hormone (PTH), and 1,25-dihyxdroxyvitamin D (1,25D), chronic kidney disease 
(CKD), and CKD-Mineral Bone Disorder (CKD-MBD)) [66].  
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9. Future Perspectives  

Along with modernization and 
urbanization, some factors such as decreasing 
soil productivity, global warming, energy 
crisis, and environmental hazards threaten 
sustainable agriculture practices, hence the 
PSB as the bio-fertilizer best sought-after 
environmentally friendly approach to mitigate 
these problems. PSM has a significant role in 
the solubilization of phosphate and the 
maintenance of mineral requirements of 
plants. Among PSM, PSB has a significant role 
in the mineralization and solubilization of P 
making it available to the plants in 
comparison with phosphate solubilizing 
fungi[67]. 

PSB has an essential contribution towards 
agriculture with the maintenance of nutrition 
requirements of the plants as the PGPR. 
Further research is needed for a better 
understanding and to find out better PSB 
which can be readily available as bio-
inoculants for improved quality plant 
productivity. Extensive investigations are 
needed to find out better species of the PSB as 
biofertilizers to increase plant productivity 
under field conditions. With modernization 
and urbanization, there is increased demand 
for food with increasing populations. Hence 
the development of PSB is a promising option 
to meet agriculture challenges. Researchers 
also have scope to find an excellent alternative 
to chemical fertilizers as the environment-
friendly approach with PSB as a 
biofertilizer[68]. 

Acknowledgments 

The authors are thankful to the School of 
Life Sciences, Swami Ramanand Teerth 
Marathwada University, Nanded 431606 

Consent for publications 

All authors read and approved the final 
manuscript for publication. 

Availability of data and material  

All the data are embedded in the 
manuscript. 

Informed Consent 

The authors declare not to use any patients 
in this research.  

Funding/Support 

There was not any financial support for 
this study. 

Conflict of interest 

The authors declare that they have no 
conflict of interest. 

Ethics approval and consent to participate 

No actual animal studies were performed 
in the present investigations. 

References 

1. Lopes CM, Silva AMM, Estrada-Bonilla GA, 
Ferraz-Almeida R, Vieira JLV, Otto R, Vitti 
GC, Cardoso EJBN (2021) Improving the 
fertilizer value of sugarcane wastes 
through phosphate rock amendment and 
phosphate-solubilizing bacteria 
inoculation. Journal of cleaner production 
298:126821. 
doi:https://doi.org/10.1016/j.jclepro.2021
.126821 

2. Mei C, Chretien RL, Amaradasa BS, He Y, 
Turner A, Lowman S (2021) 
Characterization of phosphate solubilizing 
bacterial endophytes and plant growth 
promotion in vitro and in greenhouse. 
Microorganisms 9(9):1935. 
doi:https://doi.org/10.3390/microorganis
ms9091935 

3. Billah M, Khan M, Bano A, Hassan TU, Munir 
A, Gurmani AR (2019) Phosphorus and 
phosphate solubilizing bacteria: Keys for 
sustainable agriculture. Geomicrobiology 
Journal 36(10):904-916. 
doi:https://doi.org/10.1080/01490451.20
19.1654043 

4. Crook M, Swaminathan R (1996) Disorders 
of plasma phosphate and indications for its 
measurement. Annals of clinical 
biochemistry 33(5):376-396. 
doi:https://doi.org/10.1177%2F00045632
9603300502 

5. Kour D, Rana KL, Yadav AN, Yadav N, Kumar 
V, Kumar A, Sayyed RZ, Hesham AE-L, 
Dhaliwal HS, Saxena AK (2019) Drought-
Tolerant Phosphorus-Solubilizing 
Microbes: Biodiversity and 
Biotechnological Applications for 
Alleviation of Drought Stress in Plants. In: 
Sayyed RZ, Arora NK, Reddy MS (eds) Plant 
Growth Promoting Rhizobacteria for 

https://doi.org/10.1016/j.jclepro.2021.126821
https://doi.org/10.1016/j.jclepro.2021.126821
https://doi.org/10.3390/microorganisms9091935
https://doi.org/10.3390/microorganisms9091935
https://doi.org/10.1080/01490451.2019.1654043
https://doi.org/10.1080/01490451.2019.1654043
https://doi.org/10.1177%2F000456329603300502
https://doi.org/10.1177%2F000456329603300502


2022, 2(3): 173-186                                                                                                                               Cell. Mol. Biomed. Rep. 

182 | P a g e  
 

Sustainable Stress Management : Volume 1: 
Rhizobacteria in Abiotic Stress 
Management. Springer Singapore, 
Singapore, pp 255-308. 
doi:https://doi.org/10.1007/978-981-13-
6536-2_13 

6. Shrivastava M, Srivastava PC, D’Souza SF 
(2018) Phosphate-Solubilizing Microbes: 
Diversity and Phosphates Solubilization 
Mechanism. In: Meena VS (ed) Role of 
Rhizospheric Microbes in Soil: Volume 2: 
Nutrient Management and Crop 
Improvement. Springer Singapore, 
Singapore, pp 137-165. 
doi:https://doi.org/10.1007/978-981-13-
0044-8_5 

7. Kirui CK, Njeru EM, Runo S (2022) Diversity 
and Phosphate Solubilization Efficiency of 
Phosphate Solubilizing Bacteria Isolated 
from Semi-Arid Agroecosystems of Eastern 
Kenya. Microbiology Insights 
15:11786361221088991. 
doi:https://doi.org/10.1177%2F11786361
221088991 

8. Li Q, Fu L, Wang Y, Zhou D, Rittmann BE 
(2018) Excessive phosphorus caused 
inhibition and cell damage during 
heterotrophic growth of Chlorella regularis. 
Bioresource Technology 268:266-270. 
doi:https://doi.org/10.1016/j.biortech.201
8.07.148 

9. Shen LQ, Amatulli G, Sethi T, Raymond P, 
Domisch S (2020) Estimating nitrogen and 
phosphorus concentrations in streams and 
rivers, within a machine learning 
framework. Scientific data 7(1):1-11. 
doi:https://doi.org/10.1038/s41597-020-
0478-7 

10. Li Z, Zhang R, Liu C, Zhang R, Chen F, Liu Y 
(2020) Phosphorus spatial distribution and 
pollution risk assessment in agricultural 
soil around the Danjiangkou reservoir, 
China. Science of the Total Environment 
699:134417. 
doi:https://doi.org/10.1016/j.scitotenv.20
19.134417 

11. Duhamel S, Diaz JM, Adams JC, Djaoudi K, 
Steck V, Waggoner EM (2021) Phosphorus 
as an integral component of global marine 
biogeochemistry. Nature Geoscience 
14(6):359-368. 
doi:https://doi.org/10.1038/s41561-021-
00755-8 

12. Daneshgar S, Callegari A, Capodaglio AG, 
Vaccari D (2018) The potential phosphorus 
crisis: resource conservation and possible 
escape technologies: a review. Resources 
7(2):37. 
doi:https://doi.org/10.3390/resources702
0037 

13. Grant CA, Flaten DN (2019) 4R 
management of phosphorus fertilizer in the 
northern Great Plains. Journal of 
environmental quality 48(5):1356-1369. 
doi:https://doi.org/10.2134/jeq2019.02.0
061 

14. Hussain F, Shah SZ, Ahmad H, Abubshait 
SA, Abubshait HA, Laref A, Manikandan A, 
Kusuma HS, Iqbal M (2021) Microalgae an 
ecofriendly and sustainable wastewater 
treatment option: Biomass application in 
biofuel and bio-fertilizer production. A 
review. Renewable and Sustainable Energy 
Reviews 137:110603. 
doi:https://doi.org/10.1016/j.rser.2020.11
0603 

15. BhattacharyyaPN J (2012) Plantgrowth-
promotingrhizobacteria (PGPR): 
Emergencein agriculture. World J Microbiol 
Biotechnol 28:1327-1350. 
doi:https://doi.org/10.1007/s11274-011-
0979-9 

16. Duncan EG, O’Sullivan CA, Roper MM, 
Biggs JS, Peoples MB (2018) Influence of 
co-application of nitrogen with 
phosphorus, potassium and sulphur on the 
apparent efficiency of nitrogen fertiliser 
use, grain yield and protein content of 
wheat. Field Crops Research 226:56-65. 
doi:https://doi.org/10.1016/j.fcr.2018.07.
010 

17. Bergfeldt B, Tomasi Morgano M, Leibold H, 
Richter F, Stapf D (2018) Recovery of 
phosphorus and other nutrients during 
pyrolysis of chicken manure. Agriculture 
8(12):187. 
doi:https://doi.org/10.3390/agriculture81
20187 

18. Kang E-x, Wu J-y, Wang G-y, Wang F-s, Gao 
D, Xia X-j, Yao X-p (2008) Cutaneous and 
eyes Aspergillus fumigatus infection. 
Chinese medical journal 121(22):2366-
2368 

19. Rodrı́guez H, Fraga R (1999) Phosphate 
solubilizing bacteria and their role in plant 
growth promotion. Biotechnology 
advances 17(4-5):319-339. 

https://doi.org/10.1007/978-981-13-6536-2_13
https://doi.org/10.1007/978-981-13-6536-2_13
https://doi.org/10.1007/978-981-13-0044-8_5
https://doi.org/10.1007/978-981-13-0044-8_5
https://doi.org/10.1177%2F11786361221088991
https://doi.org/10.1177%2F11786361221088991
https://doi.org/10.1016/j.biortech.2018.07.148
https://doi.org/10.1016/j.biortech.2018.07.148
https://doi.org/10.1038/s41597-020-0478-7
https://doi.org/10.1038/s41597-020-0478-7
https://doi.org/10.1016/j.scitotenv.2019.134417
https://doi.org/10.1016/j.scitotenv.2019.134417
https://doi.org/10.1038/s41561-021-00755-8
https://doi.org/10.1038/s41561-021-00755-8
https://doi.org/10.3390/resources7020037
https://doi.org/10.3390/resources7020037
https://doi.org/10.2134/jeq2019.02.0061
https://doi.org/10.2134/jeq2019.02.0061
https://doi.org/10.1016/j.rser.2020.110603
https://doi.org/10.1016/j.rser.2020.110603
https://doi.org/10.1007/s11274-011-0979-9
https://doi.org/10.1007/s11274-011-0979-9
https://doi.org/10.1016/j.fcr.2018.07.010
https://doi.org/10.1016/j.fcr.2018.07.010
https://doi.org/10.3390/agriculture8120187
https://doi.org/10.3390/agriculture8120187


Cell. Mol. Biomed. Rep.                                                                                                                               2022, 2(3): 173-186 

183 | P a g e  
 

doi:https://doi.org/10.1016/S0734-
9750(99)00014-2 

20. Illmer P, Schinner F (1992) Solubilization 
of inorganic phosphates by 
microorganisms isolated from forest soils. 
Soil Biology and Biochemistry 24(4):389-
395. doi:https://doi.org/10.1016/0038-
0717(92)90199-8 

21. Gaur A, Arora D, Prakash N (1979) 
Electron microscopy of some rock 
phosphate dissolving bacteria and fungi. 
Folia microbiologica 24(4):314-317. 
doi:https://doi.org/10.1007/BF02926650 

22. Halder A, Chakrabartty P (1993) 
Solubilization of inorganic phosphate 
byRhizobium. Folia microbiologica 
38(4):325-330. 
doi:https://doi.org/10.1007/BF02898602 

23. Vazquez P, Holguin G, Puente M, Lopez-
Cortes A, Bashan Y (2000) Phosphate-
solubilizing microorganisms associated 
with the rhizosphere of mangroves in a 
semiarid coastal lagoon. Biology and 
Fertility of Soils 30(5):460-468. 
doi:https://doi.org/10.1007/s003740050
024 

24. Rezakhani L, Motesharezadeh B, Tehrani 
MM, Etesami H, Hosseini HM (2019) 
Phosphate–solubilizing bacteria and silicon 
synergistically augment phosphorus (P) 
uptake by wheat (Triticum aestivum L.) 
plant fertilized with soluble or insoluble P 
source. Ecotoxicology and Environmental 
Safety 173:504-513. 
doi:https://doi.org/10.1016/j.ecoenv.2019
.02.060 

25. Wei Y, Zhao Y, Shi M, Cao Z, Lu Q, Yang T, 
Fan Y, Wei Z (2018) Effect of organic acids 
production and bacterial community on the 
possible mechanism of phosphorus 
solubilization during composting with 
enriched phosphate-solubilizing bacteria 
inoculation. Bioresource Technology 
247:190-199. 
doi:https://doi.org/10.1016/j.biortech.201
7.09.092 

26. Pande A, Kaushik S, Pandey P, Negi A 
(2020) Isolation, characterization, and 
identification of phosphate-solubilizing 
Burkholderia cepacia from the sweet corn 
cv. Golden Bantam rhizosphere soil and 
effect on growth-promoting activities. 
International Journal of Vegetable Science 
26(6):591-607. 

doi:https://doi.org/10.1080/19315260.20
19.1692121 

27. Rawat P, Das S, Shankhdhar D, 
Shankhdhar S (2021) Phosphate-
solubilizing microorganisms: mechanism 
and their role in phosphate solubilization 
and uptake. Journal of soil science and 
plant nutrition 21(1):49-68. 
doi:https://doi.org/10.1007/s42729-020-
00342-7 

28. Bargaz A, Elhaissoufi W, Khourchi S, 
Benmrid B, Borden KA, Rchiad Z (2021) 
Benefits of phosphate solubilizing bacteria 
on belowground crop performance for 
improved crop acquisition of phosphorus. 
Microbiological Research 252:126842. 
doi:https://doi.org/10.1016/j.micres.2021
.126842 

29. Adnan M, Fahad S, Khan IA, Saeed M, Ihsan 
MZ, Saud S, Riaz M, Wang D, Wu C (2019) 
Integration of poultry manure and 
phosphate solubilizing bacteria improved 
availability of Ca bound P in calcareous 
soils. 3 Biotech 9(10):1-10. 
doi:https://doi.org/10.1007/s13205-019-
1894-2 

30. Tian J, Ge F, Zhang D, Deng S, Liu X (2021) 
Roles of phosphate solubilizing 
microorganisms from managing soil 
phosphorus deficiency to mediating 
biogeochemical P cycle. Biology 10(2):158. 
doi:https://doi.org/10.3390/biology10020
158 

31. Nannipieri P, Giagnoni L, Landi L, Renella 
G (2011) Role of Phosphatase Enzymes in 
Soil. In: Bünemann E, Oberson A, Frossard 
E (eds) Phosphorus in Action: Biological 
Processes in Soil Phosphorus Cycling. 
Springer Berlin Heidelberg, Berlin, 
Heidelberg, pp 215-243. 
doi:https://doi.org/10.1007/978-3-642-
15271-9_9 

32. Cao N, Zhi M, Zhao W, Pang J, Hu W, Zhou 
Z, Meng Y (2022) Straw retention 
combined with phosphorus fertilizer 
promotes soil phosphorus availability by 
enhancing soil P-related enzymes and the 
abundance of phoC and phoD genes. Soil 
and Tillage Research 220:105390. 
doi:https://doi.org/10.1016/j.still.2022.10
5390 

33. Tian J, Tang M, Xu X, Luo S, Condron LM, 
Lambers H, Cai K, Wang J (2020) Soybean 
(Glycine max (L.) Merrill) intercropping 

https://doi.org/10.1016/S0734-9750(99)00014-2
https://doi.org/10.1016/S0734-9750(99)00014-2
https://doi.org/10.1016/0038-0717(92)90199-8
https://doi.org/10.1016/0038-0717(92)90199-8
https://doi.org/10.1007/BF02926650
https://doi.org/10.1007/BF02898602
https://doi.org/10.1007/s003740050024
https://doi.org/10.1007/s003740050024
https://doi.org/10.1016/j.ecoenv.2019.02.060
https://doi.org/10.1016/j.ecoenv.2019.02.060
https://doi.org/10.1016/j.biortech.2017.09.092
https://doi.org/10.1016/j.biortech.2017.09.092
https://doi.org/10.1080/19315260.2019.1692121
https://doi.org/10.1080/19315260.2019.1692121
https://doi.org/10.1007/s42729-020-00342-7
https://doi.org/10.1007/s42729-020-00342-7
https://doi.org/10.1016/j.micres.2021.126842
https://doi.org/10.1016/j.micres.2021.126842
https://doi.org/10.1007/s13205-019-1894-2
https://doi.org/10.1007/s13205-019-1894-2
https://doi.org/10.3390/biology10020158
https://doi.org/10.3390/biology10020158
https://doi.org/10.1007/978-3-642-15271-9_9
https://doi.org/10.1007/978-3-642-15271-9_9
https://doi.org/10.1016/j.still.2022.105390
https://doi.org/10.1016/j.still.2022.105390


2022, 2(3): 173-186                                                                                                                               Cell. Mol. Biomed. Rep. 

184 | P a g e  
 

with reduced nitrogen input influences 
rhizosphere phosphorus dynamics and 
phosphorus acquisition of sugarcane 
(Saccharum officinarum). Biology and 
Fertility of Soils 56(7):1063-1075. 
doi:https://doi.org/10.1007/s00374-020-
01484-7 

34. Swetha S, Padmavathi T (2016) Study of 
acid phosphatase in solubilization of 
inorganic phosphates by Piriformospora 
indica. Polish Journal of Microbiology 
65(4):7. 
doi:https://doi.org/10.5604/17331331.12
27666. 

35. Park JH, Bolan N, Megharaj M, Naidu R 
(2011) Isolation of phosphate solubilizing 
bacteria and their potential for lead 
immobilization in soil. Journal of 
Hazardous Materials 185(2-3):829-836. 
doi:https://doi.org/10.1016/j.jhazmat.201
0.09.095 

36. Sharma S, Kumar V, Tripathi RB (2011) 
Isolation of phosphate solubilizing 
microorganism (PSMs) from soil. Journal of 
microbiology and Biotechnology Research 
1(2):90-95. 
doi:https://doi.org/10.1186/2193-1801-
2-587  

37. Jorquera MA, Hernández MT, Rengel Z, 
Marschner P, de la Luz Mora M (2008) 
Isolation of culturable phosphobacteria 
with both phytate-mineralization and 
phosphate-solubilization activity from the 
rhizosphere of plants grown in a volcanic 
soil. Biology and Fertility of Soils 
44(8):1025-1034. 
doi:https://doi.org/10.1007/s00374-008-
0288-0 

38. El Maaloum S, Elabed A, Alaoui-Talibi ZE, 
Meddich A, Filali-Maltouf A, Douira A, 
Ibnsouda-Koraichi S, Amir S, El Modafar C 
(2020) Effect of arbuscular mycorrhizal 
fungi and phosphate-solubilizing bacteria 
consortia associated with phospho-
compost on phosphorus solubilization and 
growth of tomato seedlings (Solanum 
lycopersicum L.). Communications in Soil 
Science and Plant Analysis 51(5):622-634. 
doi:https://doi.org/10.1080/00103624.20
20.1729376 

39. Azeem M, Riaz A, Chaudhary AN, Hayat R, 
Hussain Q, Tahir MI, Imran M (2015) 
Microbial phytase activity and their role in 
organic P mineralization. Archives of 

Agronomy and Soil Science 61(6):751-766. 
doi:https://doi.org/10.1080/03650340.20
14.963796 

40. Goswami SP, Maurya B, Dubey AN, Singh 
NK (2019) Role of phosphorus solubilizing 
microorganisms and dissolution of 
insoluble phosphorus in soil. International 
Journal of Chemical Studies 7(3):3905-
3913 

41. Parastesh F, Alikhani H, Etesami H, 
Hasandokht MR (2019) The effect of 
vermicompost enriched with phosphate 
solubilizing bacteria on phosphorus 
availability, pH and biological indices in a 
calcareous soil. Journal of Soil Management 
and Sustainable Production 9(3):25-46. 
doi:https://dx.doi.org/10.22069/ejsms.20
20.15728.1844 

42. Malhotra H, Vandana, Sharma S, Pandey R 
(2018) Phosphorus Nutrition: Plant 
Growth in Response to Deficiency and 
Excess. In: Hasanuzzaman M, Fujita M, Oku 
H, Nahar K, Hawrylak-Nowak B (eds) Plant 
Nutrients and Abiotic Stress Tolerance. 
Springer Singapore, Singapore, pp 171-
190. doi:https://doi.org/10.1007/978-
981-10-9044-8_7 

43. Sahoo RK, Bhardwaj D, Tuteja N (2013) 
Biofertilizers: A Sustainable Eco-Friendly 
Agricultural Approach to Crop 
Improvement. In: Tuteja N, Singh Gill S 
(eds) Plant Acclimation to Environmental 
Stress. Springer New York, New York, NY, 
pp 403-432. 
doi:https://doi.org/10.1007/978-1-4614-
5001-6_15 

44. Saeed Q, Xiukang W, Haider FU, Kučerik J, 
Mumtaz MZ, Holatko J, Naseem M, Kintl A, 
Ejaz M, Naveed M, Brtnicky M, Mustafa A 
(2021) Rhizosphere Bacteria in Plant 
Growth Promotion, Biocontrol, and 
Bioremediation of Contaminated Sites: A 
Comprehensive Review of Effects and 
Mechanisms. International Journal of 
Molecular Sciences 22(19):10529. 
doi:https://doi.org/10.3390/ijms2219105
29 

45. Fazeli-Nasab B, Rahmani AF (2021) 
Microbial Genes, Enzymes, and 
Metabolites: To Improve Rhizosphere and 
Plant Health Management. In: Soni R, Suyal 
DC, Bhargava P, Goel R (eds) 
Microbiological Activity for Soil and Plant 
Health Management. Springer Singapore, 

https://doi.org/10.1007/s00374-020-01484-7
https://doi.org/10.1007/s00374-020-01484-7
https://doi.org/10.5604/17331331.1227666
https://doi.org/10.5604/17331331.1227666
https://doi.org/10.1016/j.jhazmat.2010.09.095
https://doi.org/10.1016/j.jhazmat.2010.09.095
https://doi.org/10.1186/2193-1801-2-587
https://doi.org/10.1186/2193-1801-2-587
https://doi.org/10.1007/s00374-008-0288-0
https://doi.org/10.1007/s00374-008-0288-0
https://doi.org/10.1080/00103624.2020.1729376
https://doi.org/10.1080/00103624.2020.1729376
https://doi.org/10.1080/03650340.2014.963796
https://doi.org/10.1080/03650340.2014.963796
https://dx.doi.org/10.22069/ejsms.2020.15728.1844
https://dx.doi.org/10.22069/ejsms.2020.15728.1844
https://doi.org/10.1007/978-981-10-9044-8_7
https://doi.org/10.1007/978-981-10-9044-8_7
https://doi.org/10.1007/978-1-4614-5001-6_15
https://doi.org/10.1007/978-1-4614-5001-6_15
https://doi.org/10.3390/ijms221910529
https://doi.org/10.3390/ijms221910529


Cell. Mol. Biomed. Rep.                                                                                                                               2022, 2(3): 173-186 

185 | P a g e  
 

Singapore, pp 459-506. 
doi:https://dx.doi.org/10.1007/978-981-
16-2922-8_19 

46. Fazeli-Nasab B, Sayyed RZ (2019) Plant 
Growth-Promoting Rhizobacteria and 
Salinity Stress: A Journey into the Soil. In: 
Sayyed RZ, Arora NK, Reddy MS (eds) Plant 
Growth Promoting Rhizobacteria for 
Sustainable Stress Management : Volume 1: 
Rhizobacteria in Abiotic Stress 
Management. Springer Singapore, 
Singapore, pp 21-34. 
doi:https://doi.org/10.1007/978-981-13-
6536-2_2 

47. Viruel E, Lucca ME, Siñeriz F (2011) Plant 
growth promotion traits of 
phosphobacteria isolated from Puna, 
Argentina. Archives of microbiology 
193(7):489-496. 
doi:https://doi.org/10.1007/s00203-011-
0692-y 

48. Taurian T, Anzuay MS, Angelini JG, Tonelli 
ML, Ludueña L, Pena D, Ibáñez F, Fabra A 
(2010) Phosphate-solubilizing peanut 
associated bacteria: screening for plant 
growth-promoting activities. Plant and soil 
329(1):421-431. 
doi:https://doi.org/10.1007/s11104-009-
0168-x 

49. Singh N, Kumar S, Bajpai VK, Dubey R, 
Maheshwari D, Kang SC (2010) Biological 
control of Macrophomina phaseolina by 
chemotactic fluorescent Pseudomonas 
aeruginosa PN1 and its plant growth 
promotory activity in chir-pine. Crop 
protection 29(10):1142-1147. 
doi:https://doi.org/10.1016/j.cropro.2010
.04.008 

50. Sayantan D, Das SS (2020) Phosphorus: A 
boon or curse for the environment? 
Contemporary Topics about Phosphorus in 
Biology and Materials. Intechopen. 
doi:https://doi.org/10.5772/intechopen.9
1250. 

51. Egamberdieva D, Wirth SJ, Alqarawi AA, 
Abd_Allah EF, Hashem A (2017) 
Phytohormones and beneficial microbes: 
essential components for plants to balance 
stress and fitness. Frontiers in 
Microbiology 8:2104. 
doi:https://doi.org/10.3389/fmicb.2017.0
2104 

52. Ganjali S, Khajeh H, Gholami Z, Jomeh-
ghasemabadi Z, Fazeli-Nasab B (2022) 

Evaluation of Dormancy Failure Datura 
stramonium Plant Seeds under the 
Influence of Different Treatments. 
Agrotechniques in Industrial Crops 
2(1):32-41. 
doi:10.22126/atic.2022.7656.1049 

53. Tian J, Ge F, Zhang D, Deng S, Liu X (2021) 
Roles of Phosphate Solubilizing 
Microorganisms from managing soil 
phosphorus deficiency to mediating 
biogeochemical P cycle. Biology 
2021(10):158. 
doi:https://doi.org/10.3390/biology10020
158 

54. Beck L (2019) Expression and function of 
Slc34 sodium–phosphate co-transporters 
in skeleton and teeth. Pflügers Archiv-
European Journal of Physiology 
471(1):175-184 

55. Michigami T, Kawai M, Yamazaki M, Ozono 
K (2018) Phosphate as a signaling 
molecule and its sensing mechanism. 
Physiological reviews 98(4):2317-2348. 
doi:https://doi.org/10.1152/physrev.0002
2.2017 

56. Camalier CE, Yi M, Yu LR, Hood BL, 
Conrads KA, Lee YJ, Lin Y, Garneys LM, 
Bouloux GF, Young MR (2013) An 
integrated understanding of the 
physiological response to elevated 
extracellular phosphate. Journal of cellular 
physiology 228(7):1536-1550. 
doi:https://doi.org/10.1002/jcp.24312 

57. Huang H, Virmani R, Younis H, Burke AP, 
Kamm RD, Lee RT (2001) The impact of 
calcification on the biomechanical stability 
of atherosclerotic plaques. Circulation 
103(8):1051-1056. 
doi:https://doi.org/10.1161/01.CIR.103.8.
1051 

58. Doherty T, Detrano R (1994) Coronary 
arterial calcification as an active process: a 
new perspective on an old problem. 
Calcified tissue international 54(3):224-
230. 
doi:https://doi.org/10.1007/BF00301683 

59. Vengrenyuk Y, Carlier S, Xanthos S, 
Cardoso L, Ganatos P, Virmani R, Einav S, 
Gilchrist L, Weinbaum S (2006) A 
hypothesis for vulnerable plaque rupture 
due to stress-induced debonding around 
cellular microcalcifications in thin fibrous 
caps. Proceedings of the National Academy 
of Sciences 103(40):14678-14683. 

https://dx.doi.org/10.1007/978-981-16-2922-8_19
https://dx.doi.org/10.1007/978-981-16-2922-8_19
https://doi.org/10.1007/978-981-13-6536-2_2
https://doi.org/10.1007/978-981-13-6536-2_2
https://doi.org/10.1007/s00203-011-0692-y
https://doi.org/10.1007/s00203-011-0692-y
https://doi.org/10.1007/s11104-009-0168-x
https://doi.org/10.1007/s11104-009-0168-x
https://doi.org/10.1016/j.cropro.2010.04.008
https://doi.org/10.1016/j.cropro.2010.04.008
https://doi.org/10.5772/intechopen.91250
https://doi.org/10.5772/intechopen.91250
https://doi.org/10.3389/fmicb.2017.02104
https://doi.org/10.3389/fmicb.2017.02104
https://doi.org/10.3390/biology10020158
https://doi.org/10.3390/biology10020158
https://doi.org/10.1152/physrev.00022.2017
https://doi.org/10.1152/physrev.00022.2017
https://doi.org/10.1002/jcp.24312
https://doi.org/10.1161/01.CIR.103.8.1051
https://doi.org/10.1161/01.CIR.103.8.1051
https://doi.org/10.1007/BF00301683


2022, 2(3): 173-186                                                                                                                               Cell. Mol. Biomed. Rep. 

186 | P a g e  
 

doi:https://doi.org/10.1073/pnas.060631
0103 

60. Ehara S, Kobayashi Y, Yoshiyama M, 
Shimada K, Shimada Y, Fukuda D, 
Nakamura Y, Yamashita H, Yamagishi H, 
Takeuchi K (2004) Spotty calcification 
typifies the culprit plaque in patients with 
acute myocardial infarction: an 
intravascular ultrasound study. Circulation 
110(22):3424-3429. 
doi:https://doi.org/10.1161/01.CIR.00001
48131.41425.E9 

61. Giachelli CM (2009) The emerging role of 
phosphate in vascular calcification. Kidney 
international 75(9):890-897. 
doi:https://doi.org/10.1038/ki.2008.644 

62. Ganesh SK, Stack AG, Levin NW, Hulbert-
Shearon T, Port FK (2001) Association of 
elevated serum PO4, Ca× PO4 product, and 
parathyroid hormone with cardiac 
mortality risk in chronic hemodialysis 
patients. Journal of the American Society of 
Nephrology 12(10):2131-2138. 
doi:https://doi.org/10.1681/ASN.V121021
31  

63. Guerin AP, Blacher J, Pannier B, Marchais 
SJ, Safar ME, London GM (2001) Impact of 
aortic stiffness attenuation on survival of 
patients in end-stage renal failure. 
Circulation 103(7):987-992. 
doi:https://doi.org/10.1161/01.CIR.103.7.
987 

64. Vanholder R, Massy Z, Argiles A, Spasovski 
G, Verbeke F, Lameire N (2005) Chronic 
kidney disease as cause of cardiovascular 
morbidity and mortality. Nephrology 
dialysis transplantation 20(6):1048-1056. 
doi:https://doi.org/10.1093/ndt/gfh813 

65. Komaba H, Fukagawa M (2016) 
Phosphate—a poison for humans? Kidney 
international 90(4):753-763. 
doi:https://doi.org/10.1016/j.kint.2016.03
.039 

66. Stremke ER, Hill Gallant KM (2018) 
Intestinal Phosphorus Absorption in 
Chronic Kidney Disease. Nutrients 
10(10):1364 

67. Khan MS, Zaidi A, Ahemad M, Oves M, 
Wani PA (2010) Plant growth promotion 
by phosphate solubilizing fungi–current 
perspective. Archives of Agronomy and Soil 
Science 56(1):73-98. 
doi:https://doi.org/10.1080/0365034090
2806469 

68. Fazeli-Nasab B, Sayyed RZ, Piri R, Rahmani 
AF (2021) Biopriming and Nanopriming: 
Green Revolution Wings to Increase Plant 
Yield, Growth, and Development Under 
Stress Condition and Forward Dimensions. 
In: Singh HB, Vaishnav A, Sayyed RZ (eds) 
Antioxidants in Plant-Microbe Interaction. 
Springer Singapore, Singapore, pp 623-
655. doi:https://doi.org/10.1007/978-
981-16-1350-0_29 

 

 

How to Cite This Article:   

 

Download citation:   

 

 

 Copyright © 2022 by Cell. Mol. Biomed. Rep., This is an original open-access 

article distributed under the terms of the Creative Commons Attribution 4.0 International 

License. 

Dhuldhaj UP, Malik N (2022) Global perspective of phosphate solubilizing microbes and 

phosphatase for improvement of soil, food and human health. Cellular, Molecular and 

Biomedical Reports 2(3):173-186. doi:10.55705/cmbr.2022.347523.1048 

RIS; EndNote; Mendeley; BibTeX; APA; MLA; HARVARD; VANCOUVER 

 

https://doi.org/10.1073/pnas.0606310103
https://doi.org/10.1073/pnas.0606310103
https://doi.org/10.1161/01.CIR.0000148131.41425.E9
https://doi.org/10.1161/01.CIR.0000148131.41425.E9
https://doi.org/10.1038/ki.2008.644
https://doi.org/10.1681/ASN.V12102131
https://doi.org/10.1681/ASN.V12102131
https://doi.org/10.1161/01.CIR.103.7.987
https://doi.org/10.1161/01.CIR.103.7.987
https://doi.org/10.1093/ndt/gfh813
https://doi.org/10.1016/j.kint.2016.03.039
https://doi.org/10.1016/j.kint.2016.03.039
https://doi.org/10.1080/03650340902806469
https://doi.org/10.1080/03650340902806469
https://doi.org/10.1007/978-981-16-1350-0_29
https://doi.org/10.1007/978-981-16-1350-0_29
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.cmbr-journal.com/?_action=export&rf=ris&rc=154312
https://www.cmbr-journal.com/?_action=export&rf=enw&rc=154312
https://www.cmbr-journal.com/?_action=export&rf=ris&rc=154312
https://www.cmbr-journal.com/?_action=export&rf=bibtex&rc=154312
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

