
African Journal of Microbiology Research Vol. 6(37), pp. 6600-6605, 27 September, 2012 
Available online at http://www.academicjournals.org/AJMR 
DOI: 10.5897/AJMR12.889 
ISSN 1996-0808 ©2012 Academic Journals 

 
 
 
 

Review 
 

Prospectus of phosphate solubilizing microorganisms 
and phosphorus availability in agricultural soils:  

A review 
 

Buddhi Charana Walpola and Min-Ho Yoon* 
 

Department of Bio-Environmental Chemistry, College of Agriculture and Life Sciences,  
Chungnam National University, Daejeon, 305-764, Korea. 

 
Accepted 11 September, 2012 

 

Phosphate solubilizing microorganisms (PSMs) offer an ecologically acceptable mean for converting 
insoluble phosphate to soluble forms making them available for plants to absorb. Several bacterial 
strains (Pseudomonas, Bacillus, Rhizobium and Enterobacter) and fungal strains (Aspergillus and 
Penicillium) have so far been recognized as powerful phosphate solubilizers. Insoluble phosphates are 
converted into available forms by phosphate solubilizing microorganisms via the process of 
acidification, chelation, exchange reactions and production of organic acid. Though phosphorus is 
found to be a limiting factor in many soils, application of PSMs as biofertilizers or bioconverters for 
solubilizing fixed phosphorus has not yet been successfully practiced. In this context, isolation, 
identification and characterization of soil PSMs are considered to be effective in broadening the 
spectrum of phosphate solubilizers available for field application. 
 
Key words: Phosphate solubilization, insoluble phosphate, organic acid, Phosphate solubilizing 
microorganisms (PSMs). 

 
 
INTRODUCTION 
 
As the world population continues to increase at an 
alarming rate, the demands placed upon agriculture to 
supply future food will be one of the greatest challenges 
facing the agrarian communities. In order to meet this 
challenge, a great deal of effort focusing on the soil 
biological system and the agro-ecosystem as a whole is 
needed enabling better understand the complex 
processes and interactions governing the stability of 
agricultural lands. Phosphorus, the second most 
important macro-nutrient required by the plants, next to 
nitrogen, is reported to be a critical factor of many crop 
production systems, due to the fact that the limited 
availability in soluble forms in the soils (Xiao et al., 2011). 
Microbes present in the soil employ different strategies to 
make use of unavailable forms of phosphorus and in turn 
also  help in making phosphorus available for  plants to 
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absorb. When phosphatic fertilizers are applied to the soil, 
they often become insoluble (more than 70%) and are 
convert into complexes such as calcium phosphate, 
aluminum phosphate and iron phosphate in the soil 
(Mittal et al., 2008). Crop plants can therefore utilize only 
a fraction of applied phosphorus, which ultimately results 
in poor crop performance. To rectify this and to maintain 
soil fertility status, frequent application of chemical 
fertilizers is needed, though it is found to be a costly affair 
and also environmentally undesirable (Reddy et al., 2002).  

Microorganisms contribute directly and indirectly to the 
soil health through their beneficial or detrimental activities. 
Rhizospheric microorganisms mediate soil processes 
such as exudation of soluble compounds, storage and 
release of nutrients and water, nutrient mobilization and 
mineralization by roots and microorganisms, soil organic 
matter decomposition, phosphate solubilization and 
nitrogen fixation, nitrification, denitrification and sulfur 
reduction (Khan et al., 2007). The organisms possessing 
phosphate solubilizing ability called phosphate 
solubilizing organisms and they can convert the insoluble 



 
 
 
 
phosphatic compounds into soluble forms in soil and 
make them available for plants to absorb (Pradhan and 
Sukla, 2005). Given the negative environmental impacts 
of chemical fertilizers and increasing costs, it is urgently 
needed to imply eco-friendly and cost effective agro-
technologies to increase crop production. Therefore, 
utilization of phosphate solubilizing microorganisms is 
considered to be a sound strategy in improving the 
productivity of lands that are currently under crop 
production. The technique is also claimed to show the 
ability to restore the productivity of degraded, marginally 
productive and unproductive agricultural soils 
(Gyaneswar et al., 2002). However, utilization of 
phosphate solubilizing microorganisms is found to be 
limited, lack of knowledge among practitioners being the 
key reason (Prasanna et al., 2011). The present paper 
reviewed recent findings of phosphate solubilizing 
microorganisms in order to widen the understanding of 
different aspects of them. 
 
 
PHOSPHORUS PROBLEM IN SOIL  
 
Phosphorus (P) is considered to be one of the most 
essential macro-elements required for growth and 
development of plants (Saber et al., 2005) and it is 
second only to nitrogen (N). Phosphorus nutrition is 
associated with several key functions of the plants, which 
include development of roots, strengthening the stalks 
and stems, formation of flowers and seeds, crop maturity 
and quality of the production, nitrogen fixation in legumes 
and strengthening the plant against diseases.  

Phosphorus can naturally be found in diverse forms in 
the soil solution. They can broadly be categorized as 
insoluble inorganic phosphorus and insoluble organic 
phosphorus. However, due to low solubility and fixation in 
soils, only a small fraction of phosphorus exists in soil 
solution (1 ppm or 0.1%), is readily available to plants. 
The roots take up several forms of phosphorus, out of 
which the greatest part is absorbed in the forms of H2PO4

-
 

and HPO4
2-

 depending upon soil pH (Mahidi et al., 2011). 
As a consequence of continuous applications of 
phosphatic fertilizers at high doses, most of the 
agricultural soils generally contain large reserves of 
accumulated phosphorus (Richardson, 2004). Soon after 
application, a large portion of soluble inorganic 
phosphate applied to soil as chemical fertilizer is rapidly 
immobilized and becomes unavailable to plants. When 
the fertilizer or manure phosphate comes in contact with 
the soil, a series of reactions begins which make the 
phosphate less soluble and less available. However, the 
degree of fixation and precipitation of phosphorus in soil 
is highly dependent upon the soil conditions such as pH, 
moisture content, temperature and the minerals already 
present in the soil. In the case of acidic soils, free oxides 
and hydroxides of aluminium and iron play a key role in 
fixing phosphorus, while in alkaline  soils  it is  fixed by 
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calcium (Toro, 2007). Therefore, phosphorus is often 
regarded as a limiting nutrient in agricultural soils 
(Guiñazú et al., 2010). 

By contrast, the total phosphorus level of soils is low, 
which is usually no more than one-tenth to one-fourth of 
nitrogen, and one twentieth of potassium (Jones and Eva, 
2011). The content of phosphorus in soil varies from 200 
to 2000 kg phosphorus/ha of the upper 15 cm of soil, with 
an average of about 1000 kg. Worldwide, 5.7 billion 
hectares contain very little available phosphorus for 
sustaining optimal crop production (Hinsinger, 2001). 
Unlike nitrogen, there is no large atmospheric P source 
that can be made biologically available phosphorus. 
Therefore, deficiency of phosphorus severely restricts the 
growth and yield of crops.  

The conditions in many tropical and subtropical soils 
are more critical due to the fact that the acidic nature of 
these soils which increases the rate of sorption (fixation) 
and immobilization (Fankem et al., 2006). Before being 
absorbed by roots, a considerable amount of applied 
phosphorus is rapidly transformed into less available 
forms by forming a complex with aluminum (Al) or iron 
(Fe) in acid soils or with calcium (Ca) in calcareous soils 
(Toro, 2007). Therefore, in order to sustain the production, 
problems of phosphorus deficiency are needed to be 
arrested through the application of phosphorus fertilizers 
(Khan et al., 2010). The repeated and injudicious 
applications of these phosphorus containing fertilizers, 
however, lead to (1) the loss of soil fertility (Gyaneshwar 
et al., 2002) (2) disturbance to microbial diversity and 
their associated metabolic activities, and (3) reduced 
yield of agronomic crops (Khan et al., 2009). This has led 
to the search for environment-friendly and economically 
feasible alternative strategies for improving crop 
production in low or phosphorus deficient soils.  

In fact, most agricultural soils are obviously having 
large reserves of phosphorus. However, as the greater 
part of them, approximately 95 to 99% is present in the 
form of insoluble phosphates, utilization of them by plants 
is virtually restricted (Pradhan and Sukla, 2005). It has 
been suggested that this accumulated phosphates in 
agricultural soils is sufficient to sustain maximum crop 
yields worldwide for about 100 years. Instead of making 
attempts to utilize these reserves, chemical fertilizers are 
widely used in meeting the phosphorous need of crops. 
However, as the fertilizer production is dependent upon 
fossil energy sources, continuous use of chemical 
fertilizers has become a matter of great concern, not only 
because of the diminishing availability of costly inputs but 
environmental concerns also. Under this background, it 
has obviously brought the subject of mineral phosphate 
solubilization in the forefront (Khan et al., 2007). 
 
 
PHOSPHATE SOLUBILIZATION 
 
Under  diverse  soil  and  agro-climatic conditions, the 
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organisms with phosphate solubilizing abilities have 
proved to be an economically sound alternative to the 
more expensive superphosphates and posses a greater 
agronomic utility (Khan et al., 2007; Xiao et al., 2009). 
Emphasis is therefore, being placed onto the possibility of 
greater utilization of unavailable phosphorus forms 
wherein the phosphate solubilizing microbes could play a 
pivotal role in making soluble phosphorus available to 
plants (Khan et al., 2010). Inorganic forms of phosphorus 
are solubilized by a group of heterotrophic 
microorganisms excreting organic acids that dissolve 
phosphatic materials and/or chelate cationic partners of 
the phosphorus ions that is, PO4

3-
 directly, releasing 

phosphorus into solution (He et al., 2002). 
Microorganisms involved in the solubilization of insoluble 
phosphorus include bacteria, fungi, actinomycetes and 
arbuscular mycorrhizal (AM) fungi (Khan et al., 2007; 
Wani et al., 2007a; Xiao et al., 2009).  

Not only proving phosphorus to the plants, the 
phosphate solubilizing microorganisms also facilitate the 
growth of plants by stimulating the efficiency of nitrogen 
fixation, accelerating the accessibility of other trace 
elements and by synthesizing important growth promoting 
substances (Mittal et al., 2008), including siderophores 
(Wani et al., 2007a) and antibiotics (Lipping et al., 2008), 
and providing protection to plants against soil borne 
pathogens (Hamdali et al., 2008). Accordingly, these 
microbial communities when used singly (Chen et al., 
2008) or in combination with other rhizosphere microbes 
(Wani et al., 2007b) have shown substantial measurable 
effects on plants in conventional agronomic soils.    

As revealed by several investigations, phosphate 
solubilizing bacteria could increase growth and yield in 
several crops including walnut (Xuan et al., 2011), apple 
(Aslantas et al., 2007), maize (Hameeda et al., 2008), 
soybean (Fernandez et al., 2007), sugar beet (Sahin et 
al., 2004), chickpea (Akhtar and siddiqui, 2009), and 
peanut (Taurian et al., 2010). 
 
 
PHOSPHATE SOLUBILIZING MICROORGANISMS 
(PSMS) 
 
A diverse group of soil microflora was reported to be 
involved in solubilizing insoluble phosphorous complexes 
enabling plants to easily absorb phosphorous (Tripura et 
al., 2005). Several fungal and bacterial species, popularly 
called as PSMs assist plants in mobilization of insoluble 
forms of phosphate. PSMs are ubiquitous whose 
numbers vary from soil to soil. Phosphate solubilizing 
bacteria constitute 1 to 50 % and fungi 0.1 to 0.5 % of the 
total respective population in soil (Chen et al., 2006). 
PSMs are predominately concentrated in the rhizosphere, 
where they are known to be metabolically more active 
than those isolated from other sources (Vazquez et al., 
2000). Evidence of naturally occurring rhizospheric PSMs 
dates  back  to  1903  (Khan et al., 2007). Numerous  

 
 
 
 
rhizosphere microorganisms possessing phosphate 
solubilizing activity are reported (Mittal et al., 2008). 
Among the soil bacterial communities ectorhizospheric 
strains from Bacillus and Pseudomonas (Wani et al., 
2007b) and endosymbiotic rhizobia have been described 
as effective phosphate solubilizers (Igual et al., 2001). 
Strains from bacterial genera Pseudomonas, Bacillus, 
Rhizobium and Enterobacter and Aspergillus and 
Penicillium from fungal genera (Wakelin et al., 2004; Xiao 
et al., 20011) are the most powerful phosphate 
solubilizers (Whitelaw, 2000). A nematofungus 
Arthrobotrys oligospora also has the ability to solubilize 
the phosphate rocks (Duponnois et al., 2006).  

Apart from those species, the other bacteria reported 
as phosphate solubilizers include Rhodococcus, 
Arthrobacter, Serratia, Chryseobacterium, Gordonia, 
Phyllobacterium, Delftia sp. (Chen et al., 2006), 
Azotobacter, Pantoea and Klebsiella (Chung et al., 2005). 
Furthermore, symbiotic nitrogenous rhizobia, which fix 
atmospheric nitrogen into ammonia and export the fixed 
nitrogen to the host plants, have also shown phosphate 
solubilization activity. For instance, Rhizobium 
leguminosarum bv. trifolii (Abril et al., 2007), R. 
leguminosarum bv. Viciae (Alikhani et al., 2007) and 
Rhizobium species nodulating Crotalaria species (Sridevi 
et al., 2007) improved solubilize phosphates by 
mobilizing inorganic and organic phosphorus. 
 
 
MECHANISM OF PHOSPHATE SOLUBILIZATION 
 
A diverse group of bacteria and fungi is recognized to be 
involved in microbial phosphate solubilization mechan-
isms through which insoluble forms of phosphates 
convert into soluble forms (HPO4

-2
 or H2PO4

-
). Acidifica-

tion of the medium, chelation, exchange reactions and 
production of various acids has been discussed as the 
key processes attributed to the conversion (Chung et al., 
2005; Gulati et al., 2010).  

The major microbiological means by which insoluble 
phosphate compounds are mobilized is the production of 
organic acids, accompanied by acidification of the 
medium. The organic and inorganic acids convert 
tricalcium phosphate to di and mono basic phosphates 
with the net result of an enhanced availability of the 
element to the plant. The type of organic acid produced 
and their amounts differ with different organisms. Among 
them, gluconic acid and 2-ketogluconic acid seems to be 
the most frequent agent of mineral phosphate 
solubilization (Song et al., 2008). Other organic acids, 
such as acetic, citric, lactic, propionic, glycolic, oxalic, 
malonic, succinic acid, fumaric, tartaric etc. have also 
been identified among phosphate solubilizers (Ahmed 
and Shahab, 2011). Organic acids produced by PSMs 
can be detected by high performance liquid chroma-
tography and enzymatic methods (Whitelaw, 2000). 

 The organic acids released in the culture filtrates react 



 
 
 
 
with the insoluble phosphate. Organic acids contribute to 
the lowering of solution pH as they dissociate in a pH 
dependent equilibrium, into their respective anion(s) and 
proton(s). Organic acids buffer solution pH and continue 
to dissociate as protons, which are consumed by the 
dissolution reaction (Welch et al., 2002). Efficiency of 
solubilization is dependent upon the strength and nature 
of acids. Tri and di-carboxylic acids are more effective as 
compared to mono basic and aromatic acids. Aliphatic 
acids are also found to more effective in phosphate 
solubilization compared to phenolic, citric and fumaric 
acids (Mahidi et al., 2011). Besides organic acids, 
inorganic acids such as nitric and sulphuric acids are also 
produced by the nitrifying bacteria and thiobacillus during 
the oxidation of nitrogenous or inorganic compounds of 
sulphur which react with calcium phosphate and convert 
them into soluble forms (Khan et al., 2007). PSMs are 
also known to create acidity by CO2 evolution (carbonic 
acid); this type of acidification was observed in 
solubilization of calcium phosphates. Some PSMs, under 
anaerobic conditions release H2S which reacts with 
insoluble ferric phosphate to yield solubilized ferrous 
sulphate. 
 These acids may also complete for fixation sites of Al 
and Fe insoluble oxides, on reacting with them, stabilize 
them and are called ‘chelates’ Chelation process is also 
one of the important phosphate solubilization processes 
(Whitelaw, 2000). Many aerobic PSMs excrete 2-
ketogluconic acid which is powerful chelator of calcium 
and such PSMs are versatile in solubilization of various 
forms of hydroxyapatites, fluorapatites and aluminium 
phosphates. Humic and fulvic acids released during 
microbial degradation of plant debris are also good 
chelators of calcium, iron and aluminium present in 
insoluble phosphates (Stevenson, 2005).  

Organic form of phosphatic compounds is transformed 
into utilizable form by PSM via process of mineralization 
and it occurs in soil at the expense of plant and animal 
remains, which contain a large amount of organic 
phosphorus compounds. Soil Bacillus and Streptomyces 
spp. are able to mineralize very complex organic 
phosphates by production of extracellular enzymes like 
phosphoesterases, phosphodiesterases, phytases and 
phospholipases. Immobilization of phosphorus is 
sometimes practiced by soil PSMs. They compete with 
other bacteria and even plants for the assimilation of 
available phosphate and in result accumulate more 
phosphorus than plant. This stored phosphate is released 
into the environment under stress conditions or after 
death of PSMs. Such released phosphorus is then taken 
up by plants or other microbes to fulfill their phosphorus 
requirement. 

The degradability of organic phosphorus compounds 
depends mainly on the physico-chemical and biochemical 
properties of their molecules for example, nucleic acids, 
phosphorlipids, and sugar phosphates are easily broken 
down,   but   phytic   acid,   polyphosphates,   and 
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phosphonates are decomposed more slowly. However  
microbial action is influenced by moisture content and pH 
of soil, weather conditions, chemical nature, particle size 
and degree of solubility of phosphate form in water. 
 
 
EFFECT OF PSMS ON GROWTH, YIELD AND 
PHOSPHORUS ECONOMY 
 
Inoculation of plants with PSMs generally results in 
improved plant growth and yield, in particular, under 
glasshouse conditions (Khan et al., 2010; Zaidi et al., 
2009). More importantly, investigations conducted under 
field level using wheat and maize plants have revealed 
that PSMs could drastically reduce the usage of chemical 
or organic fertilizers (Singh and Reddy, 2011). As 
reported by Vessey and Heisinger (2001), enhancement 
of plant phosphorus nutrition might be due to stimulation 
of root growth or elongation of root hairs by specific 
microorganisms, thus no direct increase in the availability 
of soil phosphorus is always expected. PSMs have been 
isolated from soil of various plants such as walnut (Xuan 
Yu, 2011), rice (Chaiharn and Lumyong, 2009), mustard 
(Chandra et al., 2007), oil palm (Fankem et al., 2006), 
soybean (Son et al., 2006), aubergine and chili 
(Ponmurugan and Gopi, 2006), and maize (Alam et al., 
2002). Better crop performance was reported to be 
achieved from several horticultural plants and vegetables, 
which were successfully inoculated with PSB (Young et 
al., 2003). Phosphorus use efficiency in agricultural lands 
could effectively be improved through the inoculation of 
relevant PSMs, which is in fact, an integrated and 
sustainable mean of nutrient management of crop 
production systems.  

Enhancement of plant growth by improving biological 
nitrogen fixation is another beneficial effect of 
microorganisms with phosphate solubilizing potential 
(Ponmurugan and Gopi, 2006). Son et al. (2006) have 
reported that number of nodules, dry weight of nodules, 
yield components, grain yield, nutrient availability and 
uptake in soybean were found to be enhanced by 
Pseudomonas spp.  

According to Afzal et al. (2005), inoculation of 
phosphate solubilizing Pseudomonas and Bacillus 
species has resulted in increased phosphorus uptake 
followed by increased grain yield of wheat (Triticum 
aestivum L.). Single and dual inoculation along with 
phosphorus fertilizer resulted in 30 to 40% times 
increased in grain yield of wheat compared to 
phosphorus fertilizer alone and dual inoculation without 
phosphorus fertilizer improved grain yield up to 20% 
against sole phosphorus fertilization (Afzal and Bano, 
2008). Pseudomonas inoculation had favorable effect on 
slat tolerance of Zea mays L. under NaCl stress (Bano 
and Fatima, 2009). PSB enhanced the seedling length of 
Cicer arietinum (Sharma et al., 2007), and increased 
sugarcane yield by 12.6% (Sundara et al., 2002). 
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CONCLUSION 
 
Approximately 70 to 90% of phosphorus fertilizer applied 
to the soil is precipitated by Ca, Fe and Al metal cations 
making insoluble forms which are not efficiently taken up 
by plants. Inoculation of phosphate solubilizing 
microorganisms in soil has been shown to improve 
solubilization of insoluble phosphates resulting in higher 
crop performances. A diverse group of microorganisms 
has been reported to show mineral P-solubilizing ability. 
Mechanisms such as acidification by producing low 
molecular organic acids like gluconic acids, chelation and 
iron exchange reactions in growth environment are 
attributed to the phosphate solubilization by PSMs. Apart 
from phosphate solubilizing abilities, some of these 
microorganisms can benefit plant growth by several 
different mechanisms such as enhancing nitrogen fixation, 
plant hormone production etc. Although phosphorus 
PSMs are abundant in many of the soils, isolation, 
identification and selection of PSMs have not as yet been 
successfully commercialized, thus application is still 
found to be limited. Investigations on the subject are often 
designed to confirm a specific response of PSMs to a 
particular environment, thus large scale application in 
field level is still limited.  
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