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Abstract 

 
Sustainable agriculture is a way of raising food that is healthy for consumers and animals, does not harm the 

environment, is humane for workers, respects animals, provides a fair wage to the farmer, supports and enhances 
rural communities. One of new topics in sustainable agriculture for soil resource management is about soil 
microorganisms and beneficial symbiotic relations among ecosystem components in food chains. Today, soil 
biotechnology could produce biofertilizars in addition to beneficial soil microorganism for removing toxin and other 
soil pollutants, plant residual decomposition, improvement of physical soil structure and enhancement of plant 
protection. It is commonly proposed that microorganisms may, therefore, play an important role in the development 
of integrated and sustainable production systems to improve phosphorous (P) use efficiently through use of specific 
inoculants. Phosphorus solubilization is carried out by a large number of saprophytic bacteria and fungi acting on 
sparingly soluble soil phosphates, mainly by chelation-mediated mechanisms. According to high amount of P in soil, 
using of phosphate, solubiling microorganisms (PSM) for solobilizng of consolable forms of phosphate is necessary. 
The main  mechanism  of  PSM,  is  production  of  organic  acids  by  sugar  oxidation.  This process reduces pH 
and increase P solubilization. This paper aimed to review role of phosphate solobilaizer microorganism (PSM) in 
sustainable agriculture. 
 
Keywords: Sustainable agriculture; phosphate; PSM; biofertilizer 
 

To cite this article: Yazdani M and H Bagheri, 2011. Phosphate solobilaizer microorganism and sustainable 
agriculture. Res. Opin. Anim. Vet. Sci., 1(S), S122-S127. 

 
Introduction 
 

The prevailing agricultural system commonly 
called "conventional farming," "modern agriculture," or 
"industrial farming" has delivered tremendous gains in 
productivity and efficiency. Food production worldwide 
has risen in the past 50 years; the World Bank estimated 
that between 70 percent and 90 percent of the recent 
increases in food production is the results of 
conventional agriculture rather than greater acreage 
under cultivation (Filipovic et al., 2006). But, large 
quantities of chemical fertilizes are used to replenish 
soil phosphorus (P), resulting in high costs and severe 
environmental contamination (Dai et al., 2004). As a 
result, poor farmers have no easy access to chemical 
fertilizers. Additionally, a high mineral P input supports 
surface runoff, and P might be lost by soil erosion or 
leaching (Yomg et al., 2005), which is a waste of the 

limited P resources and results in eutrophication of 
rivers, lakes and natural habitats. As with many 
industrial practices, potential health hazards are often 
tied to farming practices (Clive et al., 1989; Mall et al., 
2006). Under research and investigation currently is the 
sub-therapeutic use of antibiotics in animal production, 
and pesticide and nitrate contamination of water and 
food. Farmer worker health is also a consideration in all 
farming practices (Wu et al., 2005). Environmental 
protection and the need to enhance agricultural output 
have made research in new sustainable technologies 
necessary. The term ''sustainable agriculture'' means an 
integrated system of plant and animal production 
practices having a site-specific application that will 
over the long-term: 1) Satisfy human food and fibre 
needs. 2) Enhance environmental quality and the 
natural resource base upon which the agriculture 
economy depends. 3) Make the most efficient use of 
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non-renewable resources and on-farm resources and 
integrate, where appropriate, natural biological cycles 
and controls. 4) Sustain the economic viability of farm 
operations. 5) Enhance the quality of life for farmers 
and society as a whole. Therefore, the goal of 
sustainable agriculture is to minimize adverse impacts 
to the immediate and off-farm environments while 
providing a sustained level of production and profit 
(Elizabeth et al., 1995; Devi et al., 2007). Utilization of 
microorganisms to increase the availability of P in soil, 
therefore, is an attractive proposition for developing a 
more sustainable agriculture. Numerous reasons have 
been suggested for this, but none of them have been 
conclusively investigated. Despite the variations in their 
performance, PSM are widely applied in agronomic 
practices in order to increase the productivity of crops 
while maintaining the health of soils (Khan et al., 
2007). 
 
Role of Phosphorous in Plants  

Phosphorus is second only to nitrogen in mineral 
nutrients most commonly limiting the growth of 
terrestrial plants. Phosphorus is classified as a major 
nutrient, meaning that it is frequently deficient for crop 
production and is required by crops in relatively large 
amounts. Plants absorb P as orthophosphate ions 
(H2PO4 and HPO4²-) (Han et al., 2004; Shaharoona et 
al., 2006; Delvasto et al., 2008). Phosphorus plays a 
vital role in virtually every plant process that involves 
energy transfer. High-energy phosphate, held as a part 
of the chemical structures of adenosine diphosphate 
(ADP) and ATP, is the source of energy that drives the 
multitude of chemical reactions within the plant (Hayat 
et al., 2010). When ADP and ATP transfer the high-
energy phosphate to other molecules (phosphorylation), 
the stage is set for many essential processes to occur. 
Phosphorus deficiency is more difficult to diagnose than 
a deficiency of nitrogen or potassium. Crops usually 
display no obvious symptoms of phosphorus deficiency, 
other than a general stunting of the plant during early 
growth, and by the time a visual deficiency is recognized 
it may be too late to correct in annual crops. 

P is mobile in the plant, so P absorbed during early 
growth is later redirected for use in seed formation 
(Richardson et al., 2009). A good supply of P has been 
associated with increased root growth, which means the 
plant can explore more soil for nutrients and moisture 
(Han et al., 2004; Delvasto et al., 2008). Cereals, for 
example, rely heavily on the P taken up in the first 4 
weeks of growth for crop establishment, tilling and 
final yield.  
 
Phosphorous in Soil 

Although phosphorus is abundant in soils in both 
organic and inorganic forms, it is frequently a major or 
even the prime limiting factor for plant growth (Rodr 

guez and Fraga, 1999; Khan et al., 2009). The 
bioavailability of soil inorganic P in the rhizosphere 
varies considerably with plant species, nutritional status 
of soil and ambient soil conditions. Phosphorous is 
relatively immobile (moves very little) in the soil. Thus, 
it will not leach like nitrogen and sulphur or be carried 
to plant roots by soil water. Furthermore, P from 
phosphate fertilizer will readily react with soil minerals 
making it less plant available (Khan et al., 2007; 
Karnataka, 2007). When granular phosphate fertilizer is 
added to moist soil, it quickly dissolves releasing 
orthophosphate ions to the soil solution. Most liquid P 
fertilizer is ammonium polyphosphate, which when 
added to soil reacts with water to form orthophosphate. 
Over time these ions react with calcium and other ions 
forming less plant available P compounds (Khan et al., 
2009). 
Soils may have large reserves of total P, but the 
amounts available to plants is usually a tiny proportion 
of this total (Stevenson and Cole, 1999; Karnataka, 
2007; Stajkovic et al., 2010). The low availability of P 
to plants is because the vast majority of soil P is found 
in insoluble forms, and plants can only absorb P in two 
soluble forms, the monobasic (H2PO4−) and the dibasic 
(HPO42−) ions (Glass, 1989). However phosphorus 
after application, a considerable amount of P is rapidly 
transformed into less available forms (up to 80%) by 
forming a complex with Al or Fe in acid soils or Ca in 
calcareous soils before plant roots have had a chance to 
absorb it (Mkhabela and Warman, 2005; Zaidi et al., 
2009).  P availability is dependent on several factors. 1) 
Soil texture: soils high in clay content fix more P than 
those with less clay. 2) Calcium carbonate content: 
more P is converted to the 'less available P compounds' 
in soils containing more calcium carbonate. 3) Soil 
temperature: low soil temperature will reduce P 
availability by slowing the movement of P from the soil 
to the root and by reducing the mineralization of 
organic matter to plant available P. 4) Soil moisture: P 
is more plant available with 'good' soil moisture. 5) Soil 
pH: P is most plant available between pH 6.5 and 7.0. 
6) Plant root type: plants with fibrous roots explore 
more soil volume in the 0 to 6 inch depth than tap roots 
and thus are better able to recover P. 7) Microorganisms 
soil micro-organisms can immobilize P while breaking 
down organic matter, making it temporarily 
unavailable. To circumvent P deficiency, phosphate-
solubilizing microorganisms (PSM) could play an 
important role in supplying phosphate to plants in a 
more environmentally-friendly and sustainable manner. 
  
The influence of PSM on Crop Growth in 
Sustainable Agriculture PSM as a Biofertilizars 

Several studies have conclusively shown that PSM 
solubilizes the fixed soil P and applied phosphates, 
resulting in higher crop yields (Zaidi et al., 1999; Gull 
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et al., 2004; Roesti et al., 2006; Steenhoudt and 
Vanderleyden, 2000; Esitken et al., 2006; Violante and 
Portugal, 2007). Use of biofertilizers containing 
beneficial microorganism instead of synthetic chemical 
are known to improve plant growth through supply of 
plant nutrients and may help to sustain environmental 
health and soil productivity (Han et al., 2004; Orhan et 
al., 2006; Wilhelm et al., 2007). Studied have 
conclusively shown that biofertilizer as PSM solubilizes 
the fixed soil P and applied phosphates (Wu et al., 
2005). In addition, significant amounts of P can be 
released from the microbial biomass in response to 
seasonal conditions when either C becomes limiting, 
soils undergo cycles of wetting and drying, or during 
processes of higher tropic-level predation (Zaied et al., 
2003; Zahir et al., 2004; Zaidi et al., 2006; Anjum et al., 
2007). Yazdani et al. (2011) reported that application of 
PSM and PGPR together and reducing P application by 
50% (N50PK+PGPR+PSM), increased nitrogen and 
potassium of grain and nitrogen, P and potassium 
uptake of corn leaf. In these experimental, grain yield, 
biological yield and harvest index increased compared 
to control significantly (Fig. 1).  

PSM have high potential as bio-fertilizers 
especially in P-deficient soils to enhance the growth 
and yield performance of crops (Miller et al., 2010; 
Awasth et al., 2011). Among the heterogeneous and 
naturally abundant microbes inhabiting the rhizosphere, 
the phosphate solubilising microorganisms including 
bacteria have provided an alternative biotechnological 
solution in sustainable agriculture to meet the P 
demands of plants. Other microorganisms form 
associations with plant roots which increase the surface 
area of roots and their access to P. These organisms in 
addition to providing P to plants also facilitate plant 
growth by other mechanisms. Inoculation of plants with 
this bacterium causes morphological changes (Kapulnik 
et al., 2007), such as an increase in root surface area 
through the production of more root hairs, which in turn 
enhance mineral uptake (Zaidi and Mohammad, 2006; 
Yazdani et al., 2012). 

 
PSM and Enhance Plant Growth 

Microorganisms play an integral and often unique 
role in the functioning of ecosystems and in 
maintaining a sustainable biosphere. There is evidence 
that certain bacteria are able to colonize the root-soil 
environments where they carry out a variety of 
interactive activities known to benefit plant growth and 
health, and also soil quality (Luz, 2003; Barea et al., 
2005). The use of phosphate solubilizing 
microorganism as inoculants in soil increases the P 
uptake by the plants and also the crop yield (Richardson 
et al., 2009; Hayat et al., 2010). They can affect plant 
growth either directly or indirectly through various 
mechanisms 

 
 

 
 

 
 
Fig. 1: Effects of phosphate, solubiling microorganisms 

(PSM) and plant growth promoting rhizohactoria 
(PGPR) on root growth of corn (Yazdani et al, 
2012). Figure 1 shows interaction of phosphate, 
solubiling microorganisms (PSM) with other soil 
microorganisms such as PGPR 

 
of action. The ability of phosphate solubilizing bacteria 
to convert insoluble form of P into soluble one is an 
important trait in sustainable farming for increasing 
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crops yield (Awasthi et al., 2011). PSM plays an 
important role in enhancing P availability to plants by 
lowering soil pH and by microbial production of 
organic acids and mineralization of organic P by acid 
phosphatases. These organisms besides providing P 
also facilitate the growth of plants by improving the 
uptake of nutrients and stimulating the production of 
some phytohormones. There are various mechanisms 
by which microorganisms solubilize inorganic 
phosphate. It can be by secretion of organic acids or by 
production of siderophores (Vassilev et al., 2006). The 
secretion of phenolic compounds and humic substances 
is also reported (Patel et al., 2008). PSM solubilizes 
phosphate by production of organic acids. There are 
various heterotrophic microorganisms, which help in 
excretion of organic acids, they dissolve phosphatic 
minerals or chelate cationic partners of the phosphate 
ions i.e. PO4-3 and directly release P into the soil (Khan 
et al., 2009). In soil, these organic acids reduce the pH 
of their surroundings (Goldstein, 1994). These acids 
can either dissolve the P directly by lowering the pH of 
soil, which can help in ion exchange of PO42- by acid 
ions or they can chelate heavy metal ions such as Ca, Al 
and Fe and release associated P with them (Bardiya and 
Gaur, 1972; Moghimi et al., 1978). Use of biofertilizers 
containing beneficial microorganism instead of 
synthetic chemical are known to improve plant growth 
through supply of plant nutrients and may help to 
sustain environmental health and soil productivity 
(Orhan et al., 2006). PSM culture contains millions of 
soil phosphate solubilising microorganism per gram. 
These soil phosphate solubilising microorganisms stay 
near the roots and make the phosphorus available to 
plants from soil as well as fertilizers and increase the 
production significantly. Some rhizospheric bacteria 
also produce siderophores and there is evidence that a 
number of plant species can absorb bacterial Fe3+ 

siderophore complexes (Wang et al., 1990; Zahir et al., 
2004, 2006). However, there is a controversy as the 
significance of bacterial Fe3+siderophore uptake to the 
iron nutrition of plants (Vessey, 2003). P-solubilizing 
bacteria can supply plants with P from sources that are 
otherwise poorly available (Han et al., 2004; Wu et al., 
2005). Application of biological fertilizers such as 
biological phosphate fertilizers improves soil fertility. 
Several studies have conclusively shown that PSM 
solubilizes the fixed soil P and applied phosphates, 
resulting in higher crop growths (Roesti et al., 2006; 
Esitken et al., 2006; Violante and Portugal, 2007). 
Studied have conclusively shown that biofertilizer as 
PSM solubilizes the fixed soil P and applied phosphates 
(Wu et al., 2005; Turan et al., 2006; Saharan et al., 
2011). 

Direct application of phosphate rock is often 
ineffective in the short time period of most annual crops 
(Goenadi et al., 2000). Acid producing microorganisms 

are able to enhance the solubilization of phosphatic 
rock (Gyaneshwar et al., 2002). To circumvent P 
deficiency, phosphate-solubilizing micro organisms 
could play an important role in supplying phosphate to 
plants in a more environment-friendly and sustainable 
manner. The solubilization of phosphatic compounds 
by naturally abundant PSM is very common under in 
vitro conditions; the performance of PSM in situ has 
been contradictory. Although, high buffering capacity 
of soil reduces the effectiveness of PSM in releasing P 
from bound phosphates; however, enhancing microbial 
activity through P solubilizing inoculants may 
contribute considerably in plant P uptake. Research 
found that the main reason for the soil losing its fertility 
with slash and burn farming was that the rain was 
washing out P. A key requirement for successful 
deployment of inoculants is the development of 
appropriate formulation and delivery systems to ensure 
survival and effective establishment of target 
microorganisms within the rhizosphere. Poor competitive 
ability and lack of persistence of inoculants in soils is 
commonly considered to be an important factor that 
may restrict their effectiveness. High proportion of 
PSM is concentrated in the rhizosphere, and they are 
metabolically more active than other sources.  
 
Conclusions 

PSM have the various beneficial effects on the 
plants. These bacteria exert the direct or indirect effects 
on the plants. Direct effects include the increased 
solubilisation and uptake of nutrients or production of 
plant growth regulators while the indirect effects 
include suppression of pathogens and producing metal 
binding molecules, known as siderophores. We offer 
phosphate solubilizing microorganisms that are used 
and widely recommended for all crops. There are many 
types of micro-organisms present in soil out of which 
some microbes and fungi can solubilize the complex 
insoluble form of phosphorus into simple soluble forms 
that can be taken up by plants. Generally these micro-
organisms are very few in soil. Current developments in 
our understanding of the functional diversity, 
rhizosphere colonizing ability, mode of actions and 
judicious application are likely to facilitate their use as 
reliable components in the management of sustainable 
agricultural systems. There is a need to explore PSM 
with greater efficiency and synergy with other microbes 
interacting with plants. 
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