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I. INTRODUCTION 
 

Phosphorous is important nutrient element for the 

plant growth next to the Nitrogen(N) (Khan et al. 

2010).Root development, stalk and stem strength, 

flower and seed formation,crop maturity and produc 

tion,N-fixation in legumes,crop quality,and resistance 

to plant disease are the attributes assoc iated with 

phosphorus nutrition(Hao et al.2002). Organic matter 

is also an important reservoir of immobilized P that 

accounts for 20-80% of P in soils (Richardson 1994). 

Only 0.1% of the total P exists in a soluble form 

available for plant uptake (Zhou et al. 2011) because 

of its fixation into an unavailable form due to P 

fixation. 

 

Traditionally, to avoid the soil phosphorus deficiency 

phosphorus biofertilizers are used (Kang et al. 2011).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mainP solubilization employed by the phosphate 

solubilizing biofertilizers are as follow: (i) release of 

complexing or mineral dissolving compounds e.g. 

organic acid anions , siderophores, protons, hydroxyl 

ions, CO2 (ii) liberation of extracellular enzymes (bio 

chemical P mineralization) and(iii) the release of phos 

phorus  during the substrate degradation (biological 

p mineralization) (McGill and cole 1981). 

 

Inorganic P-solubilization by P-solubilizing micro 

organisms occurs mainly by organic acid production 

either by: [i] lowering the pH, [ii] by enhancing 

chelation of the cations bound to P [iii] by competing 

with P for adsorption sites on the soil [iv] by forming 

soluble complexes with metal ions associated with 

insoluble P(Ca,Al, Fe) and thus P is released(Whitelaw 

2000; Maliha et al. 2004).Acids produced by the P 
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solubilizing microbes are the product of the 

microbial metabolism,mostly by oxidative respiration 

or by fermentation of organic carbon sources e.g., 

glucose (Atlas and Bartha 1997; Trolove et al. 2003). 

The monovalent anion phosphate H2PO-4 is a major 

soluble form of inorganic phosphate(Goldstein 1994). 

 

Ca3(PO4)2 (Insoluble) 

[H+] 

Ca2(HPO4)2 

[H+] 

Ca(H2PO4)2 (Soluble) 

 

The prominent acids released by PSM in the solubili 

zation of insoluble P are gluconic acid (Di Simine et 

al. 1998; Bar-Yosef et al. 1999), oxalic acid, citric acid 

(Kim et al. 1997), lactic acid, tartaric acid, aspartic 

acid (Venkates warlu et al. 1984).Organic acids produ 

ced by P-solubilizing microorganisms can be dete 

cted by high performance liquid chromatography 

(HPLC) and enzymatic methods(Parks et al. 1990; 

Whitelaw 2000).Phosphorus solubilization is also 

done by inorganic acids like HCL but the efficiency of 

solubilization is less by inorganic acids than organic 

acids.Bacteria of the genera Nitrosomonas and 

Thiobacillus species can also dissolve phosphate 

compounds by producing nitric acid  andsulphuric 

acids(Azam and Memon 1996).  

 

According to sink theory, P-solubilizing organisms 

remove and assimilate P from the liquid and hence, 

activate the indirect dissolution of calcium phosphate 

compounds by consistent removal of P from liquid 

culture(Dighton and Boddy 1989). 

 

Krishnaraj et al. (1998) have proposed a model 

highlighting the importance of protons that are 

pumped out  of the cell to be the major factor 

responsible for P solubilization. For some micro 

organisms, NH+ driver, proton release seems to be 

the sole mechanism to promote P solubilization. The 

other mechanism is the production of H2S, which 

react with ferric phosphate to yield  ferrous sulphate 

with release of phosphate(Swaby and Sperber 1958). 

 

Organic P may constitute 4-90% of the total soil 

P(Khan et al. 2009).Organic P solubilization is also 

called mineralization of organic phosphorus.Such P 

can be released from the organic compounds in soil 

by enzymes like Non-specific acid phosphatase 

(NSAPs), Phytases, Phosphatases and C-P lyases. 

 

Halotolerant bacteria are able to grow in enviro 

nments with a wide ranges of salinities, from 1 to 

33% NaCl, as well as in the absence of NaCl 

(Larsen,1986; Khan et al. 2016).They are therefore 

well suited to grow in the rhizosphere of halophytes 

where there are often low water potentials due to 

salt stress in dry climates(Upadhyay et al,2009; 

Ruppel et al, 2013). 

 

II. NEEDOF P-SOLUBILIZING 

MICROORGANISMSIN PLANT FOR 

PHOSPHATE NUTRITION 

 
Phosphate solubilizing microbes are the favorable 

alternatives of the chemical phosphatic fertilizers. 

Under diverse soil conditions and agro climatic 

conditions,organisms having the phosphate solubi 

lizing properties have proved to be an ecofriendly 

alternative to the more expensive super phosphates 

and have a great agronomic utility.  

 

Organisms with the P-solubilizing ability increase the 

availability of soluble phosphate and make them 

available to the plant, and can enhance plant growth 

by increasing the efficiency of biological nitrogen 

fixation or enhancing the availability of other trace 

elements such as iron, zink, etc. and by production of 

plant growth promoting regulators(Sattar and Gaur, 

1987; Kucey etal.,1989;Ponumurugan and Gopi,2006). 

 

III.PHOSPHATE SOLUBILIZING 

MICROORGANISMS 

 
Important genera of mineral phosphate solubilizers 

include: Bacillus, Pseudomonas, Aspergillus and Peni 

cillium.Recently,the nematofungus Arthrobotrys oli 

gospora was tested in vitro and in vivo for its ability 

to solubilize Kodjari rock phosphate, Togolese rock 

phosphate and Tilemsi rock phosphate.  

 

All three types of rock phosphates were solubilized 

by the fungus and demonstrated the ability to solu 

bilize additional phosphate from rock phos phates in 

vivo as well(Duponnois et al., 2006). 

 

Numbers of P solub ilizing microbes vary from soil to 

soil. Psolubilizing bacteria constitute1-50% and fungi 

0.5-0.1% of the total respective population.The salt, 

pH-and temper ature-tolerant phosphate-solubi 

lizing bacteria have been reported to be maximum in 
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the rhizoplane followed by the rhizosphere and root-

free soil in alkaline soils(Johri et al.. 1999). 

The PSM strains with these stressed properties 

should therefore serve as an excellent model for 

studying the physiological, biochemical and 

molecular mechanisms of phosphate solubilization 

under stressed ecosystem. In general, phosphate-

solubilizing fungi produce more acid and 

consequently exhibit greater phosphate-solubilizing 

activity than bacteria in both liquid and solid 

media(Venkateswarlu et al., 1984). The PSM activity 

depends on the nature of the nitrogen source used 

in the media, with greater solubilization in the 

presence of ammonium salts than when nitrate is 

used as nitrogen source. 

 

IV. POT EXPERIMENT OF CANOLA PLANT 

 
A pot experiment was done in the greenhouse of the 

microbiological unit of Desert Research Centre at 

Egypt and Canola (Brassica napus L.) is provided by 

the Agriculture Research Center(ARC), Giza, Egypt. 

Microbial inoculants of Azotobacter chrococcum, 

Alcaligenes faecalis, and a mixture of them were used 

for treating canola plants. Climate conditions were: 

average day/night temperature cycle of 23°C/12°C, 

light 10/14h, and air humidity 39-58%.Ten seeds of 

canola were planted into 10kg pots containing saline 

soil collected from SahlEl-Tina, Sinai, Egypt. For 

bacterial treatments, seeds were coatedwith bacterial 

inoculum using 1% carboxymethyl cellulose(CMC) 

solution as a adhesive in the ratio of 1kg seeds/ 

250ml of inoculum mixed with 50gm of CMC before 

application then seeds were dried.  

 

Untreated seeds were maintained as a control. Then 

pots were inoculated with10mi of microbial inoculum 

of an individual strain and mixture of them. Pots 

were arranged as follows: (a) saline soil control, (b) 

saline soil control+Azotobacter chrococcum,(c) saline 

soil control+Alcaligenes faecalis, and (d) saline soil 

control+co-inoculation of both of these organisms. 

Pots were irrigated twice in a week. After 66 days of 

planting, the plants were harvested to determine 

lengths of shoots and roots, fresh and dry weights of 

shoots and roots, and biochemical parameters. 

 

V.DISCUSSION 

 
Nowadays,Salinization of the water and soil is the 

crucial problem and play a important role in limiting 

the growth of crops and productivity of crops (Abdel 

Latef et al. 2019, 2020). Soil salinity is a big problem 

that spreads in most areas over the world, so it is 

necessary to find solutions to have the ability to 

grow in the saline stressed areas (Deinlein,U. et al. 

2014).Soil salinity also harms the microbial processes, 

compositions and functions, so we need to develop a 

halotolerant organisms which can grow in the 

presence of salt. 

 

Bacterial treatment of Canola plants with plant 

growth promoting rhizobacteria has shown a remark 

able stimulation effect on the rhizosphere’s microbial 

population (Ashrafuzzaman M etal, 2009). Our study 

demonstrated the improvement in the plant growth 

due to inoculation with halotolerant plant growth-

promoting bacterium Alcaligenes faecalis. In the 

present study, the inoculation with the plant growth 

promoting strains Azotobacter chrococcum and 

Alcaligenes faecalis, especially the co-inoculation 

between them led to enhancement in soluble sugars’ 

content in canola plants cultivated in saline 

soils(Chen L, et al., 2016 ;Hamdia et al., 2004). 

 

VI. CONCLUSION 

 
This review has shown that phosphate-solubilizing 

microorganisms have remarkable potential as bio 

fertilizer. Solubilize the inorganic phosphate present 

in the soil and made them available to the plants, 

increase crop productivity.PSM has also play an 

important role to improve the soil fertility. And from 

the results obtained from the pot study of canola, it 

seems like to conclude that using of Azotobacter 

chrococcum and Alcaligenes faecalis brought enhan 

cement in different growth indices of canola plants 

grown in saline soil.The co-inoculation with both 

bacterial isolates brought about significant improve 

ment in many morphology parameters, soluble 

sugars and protein content. 

 

CONFLICT OF INTEREST 

 
The authors have no conflict of interest in preparing 

of this article. 

 

REFERENCES 

 
[1] Abdel Latef, A.A. H. Kordrostami, M.,Zakir, A., 

Zaki, H.,& Saleh, O.M. (2019). Eustress with H2O2 

facilitates plant growth by improving tolerance 



 Bhadaniya Nidhi.  International Journal of Science, Engineering and Technology, 2020, 9:1  

Page 4 of 5 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

to salt stress in two wheat cultivars. Plants, 8(9), 

303. 

[2] Abdel Latef, A.A.H., Omer, A.M., Badawy, A.A., 

Osman, M.S., &Ragaey, M.M. (2021). Strategy of 

Salt Tolerance and Interactive Impact of Azoto 

bacter chroococcum and/or Alcaligenes faecalis 

Inoculation on Canola (Brassica napus L.) Plants 

Grown in Saline Soil. Plants, 10(1), 110. 

[3] Ashrafuzzaman, M.,Hossen, F.A., Ismail, M.R., 

Hoque,A., Islam, M.Z., Shahidullah, S. M., &Meon, 

S. (2009). Efficiency of plant growth-promoting 

rhizobacteria (PGPR) for the enhancement of rice 

growth. African Journal of Biotechnology, 8(7). 

[4] Atlas, R. M., & Bartha, R. (1997). Biotechnological 

aspects of microbial ecology/n:Microbial Ecology 

-Fundamental and Applications. 

[5] Bar-Yosef, B.,Rogers, R.D., Wolfram, J.H.,& Rich 

man, E.(1999). Pseudomonas cepacia mediated 

rock phosphate solubilization in kaolinite and 

montmorillonite suspensions.Soil Science Society 

of America Journal, 63(6), 1703-1708. 

[6] Chen, L.,Liu, Y.,Wu,G., VeronicanNjeri, K., Shen, Q., 

Zhang, N., & Zhang, R. (2016). Induced maize salt 

tolerance by rhizosphere inoculation of Bacillus 

amyloliquefaciens SQR9. Physiologia plantarum, 

158(1), 34-44. 

[7] Deinlein, U., Stephan, A.B., Horie, T.,Luo, W.,Xu, 

G.,& Schroeder, J.I. (2014).Plant salt-tolerance 

mechanisms. Trends in plant science, 19(6), 371 

379. 

[8] Di Simine, C.D., Sayer, J. A., & Gadd, G. M. (1998). 

Solubilization of zinc phosphate by a strain of 

Pseudomonas fluorescens isolated from a forest 

soil. Biology and Fertility of Soils, 28(1), 87-94. 

[9] Dighton, J.,& Boddy, L.(1989). Role of fungi in 

nitrogen,phosphorus and sulphur cycling in tem 

perate forest ecosystems. 

[10] Duponnois, R.,Kisa, M., &Plenchette, C. (2006). 

Phosphate‐solubilizing potential of the nemato 

phagous fungus Arthrobotrysoligospora. Journal 

of Plant Nutrition and Soil Science, 169(2), 280-

282. 

[11] Goldstein, A.H. (1994). Involvement of the quino 

protein glucose dehydrogenase in the solubili 

zation of exogenous phosphates by gram-

negative bacteria. Phosphate in microorganisms: 

cellular and molecular biology. ASM Press, 

Washington, DC, 197-203. 

[12] Hamdia, M. A. E. S., Shaddad, M. A. K., &Doaa, M. 

M. (2004). Mechanisms of salt tolerance and 

interactive effects of Azospirillumbrasilense inocu 

lation on maize cultivars grown under salt stress 

conditions. Plant Growth Regulation, 44(2), 165-

174. 

[13] Hao, X.,Cho, C. M., Racz, G. J., & Chang, C. (2002). 

Chemical retardation of phosphate diffusion in 

an acid soil as affected by liming. Nutrient 

Cycling in Agroecosystems, 64(3), 213-224. 

[14] Johri, J. K., Surange, S., &Nautiyal, C. S. (1999). 

Occurrence of salt, pH, and temperature-tolerant, 

phosphate-solubilizing bacteria in alkaline soils. 

Current Microbiology, 39(2), 89-93. 

[15] Kang, J.,Amoozegar, A.,Hesterberg,D.,& Osmond, 

D. L. (2011). Phosphorus leaching in a sandy soil 

as affected by organic and inorganic fertilizer 

sources. Geoderma, 161(3-4), 194-201. 

[16] Khan, A. A., Jilani, G., Akhtar, M. S., Naqvi, S. M. S., 

& Rasheed, M. (2009). Phosphorus solubilizing 

bacteria: occurrence, mechanisms and their role 

in crop production. J. agric. biol. sci, 1(1), 48-58. 

[17] Khan, M. A., Boër, B., Ȫzturk, M., Clüsener-Godt, 

M., Gul, B., &Breckle, S. W. (Eds.). (2016). Sabkha 

Ecosystems: Volume V: The Americas (Vol. 48). 

Springer. 

[18] Khan, M.S., Zaidi, A.,Ahemad, M.,Oves,M., &Wani, 

P.A.(2010).Plant growth promotion by phosphate 

solubilizing fungi–current perspective. Archives 

of Agronomy and Soil Science, 56(1), 73-98. 

[19] Kim, K. Y., McDonald, G. A., & Jordan, D. (1997). 

Solubilization of hydroxyapatite by Enterobacter 

agglomerans and cloned Escherichia coli in 

culture medium. Biology and Fertility of Soils, 

24(4), 347-352. 

[20] Krishnaraj, P. U., Khanuja, S. P. S., &Sadashivam, 

K. V. (1998). Mineral phosphate solubilization 

(MPS) and mps genes-components in eco-

friendly P fertilization. In Indo US Workshop 

onApplication of Biotechnology for Clean 

Environment and Energy, National Institute of 

Advanced Studies, Bangalore (Vol. 27). 

[21] Kucey, R.M.N., Janzen, H.H., & Leggett, M.E. 

(1989). Microbially mediated increases in plant-

available phosphorus. Advances in agronomy, 42, 

199-228. 

[22] Larsen, H. (1986). Halophilic and halotolerant 

microorganisms—an overview and historical 

perspective. 

[23] Latef, A. A. H.A., Alhmad, M.F.A., Kordrostami, M., 

Abo–Baker, A.B.A.E., &Zakir, A.(2020). Inoculation 

with Azospirillumlipoferum or Azotobacter chroo 

coccum reinforces maize growth by improving 

physiological activities under saline conditions. 

Journal of Plant Growth Regulation, 39(3), 1293-

1306. 



 Bhadaniya Nidhi.  International Journal of Science, Engineering and Technology, 2020, 9:1  

Page 5 of 5 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

[24] Latef, A. A. H. A., Mostofa, M. G., Rahman, M. M., 

Abdel-Farid, I. B., & Tran, L. S. P. (2019). Extracts 

from yeast and carrot roots enhance maize 

performance under seawater-induced salt stress 

by altering physio-biochemical characteristics of 

stressed plants. Journal of Plant Growth Regu 

lation, 38(3), 966-979. 

[25] McGill, W. B., & Cole, C. V. (1981). Comparative 

aspects of cycling of organic C, N, S and P 

through soil organic matter. Geoderma, 26(4), 

267-286. 

[26] Osorio Vega, N. W. (2007). A review on beneficial 

effects of rhizosphere bacteria on soil nutrient 

availability and plant nutrient uptake. Revista 

Facultad Nacional de Agronomía Medellín, 60(1), 

3621-3643. 

[27] Park, K.H., Lee, C.Y.,& Son, H.J.(2009). Mechanism 

of insoluble phosphate solubilization by Pseudo 

monas fluorescens RAF15 isolated from ginseng 

rhizosphere and its plant growth‐ promoting 

activities.Letters in applied micro biology, 49(2), 

222-228. 

[28] Ponmurugan,P., & Gopi, C.(2006).In vitro 

production of growth regulators and phos 

phatase activity by phosphate solubilizing bac 

teria. African Journal of biotechnology, 5(4), 348-

350. 

[29] Rashid, M., Khalil, S., Ayub, N., Alam, S., & Latif, F. 

(2004). Organic acids production and phosphate 

solubilization by phosphate solubilizing micro 

organisms (PSM) under in vitro conditions. Pakis 

an Journal of Biological Sciences, 7(2), 187-196. 

[30] Richardson, A. E. (1994). Soil microorganisms and 

phosphorus availability. Soil biota: management 

in sustainable farming systems., 50-62. 

[31] Ruppel,S.,Franken,P.,&Witzel, K.(2013). Properties 

of the halophyte microbiome and their implic 

ations for plant salt tolerance. Functional Plant 

Biology, 40(9), 940-951. 

[32] Sattar, M. A., & Gaur, A. C. (1987). Production of 

auxins and gibberellins by phosphate-dissolving 

micro organisms. Zentralblattfür Mikrobiologie, 

142(5), 393-395. 

[33] Sudhir, K.,Upadhyay, D.P., & Singh, R.S.(2009). 

Genetic diversity of plant growth promoting 

Rhizobacteria isolated from rhizospheric soil of 

wheat under saline conditions. Curr Microbiol, 

59, 489-496. 

[34] Swaby, R.J., & Sperber, J. I. (1958). Phosphate 

dissolving microorganisms in the rhizosphere of 

legumes. Nutrition of the legumes. Academic 

Press. New York, USA, 289-294. 

[35] Trolove, S. N., Hedley, M. J., Kirk, G. J. D., Bolan, 

N.S., &Loganathan, P.(2003). Progress in selected 

areas of rhizosphere research on P acquisition. 

Soil Research, 41(3), 471-499. 

[36] Venkateswarlu, B.,Rao, A. V., & Raina, P. (1984). 

Evaluation of phosphorus solubilisation by micro 

organisms isolated from Aridisols. Journal of the 

Indian Society of Soil Science, 32(2), 273-277. 

[37] Venkateswarlu,B., Rao, A.V., & Raina, P.(1984). 

Evaluation of phosphorus solubilisation by micro 

organisms isolated from Aridisols. Journal of the 

Indian Society of Soil Science, 32(2), 273-277. 

[38] Whitelaw, M.A., Harden, T.J., &Helyar, K.R. (1999). 

Phosphate solubilisation in solution culture by 

the soil fungus Penicillium radicum. Soil biology 

and biochemistry, 31(5), 655-665. 

[39] Whitelaw, M.A., Harden, T.J., &Helyar, K.R. (1999). 

Phosphate solubilisation in solution culture by 

the soil fungus Penicillium radicum. Soil biology 

and biochemistry, 31(5), 655-665. 

[40] Zhu, F., Qu, L.,Hong, X., & Sun, X. (2011). Isolation 

and characterization of a phosphate-solubilizing 

halophilic bacterium Kushneria sp. YCWA18 from 

Daqiao Saltern on the coast of Yellow Sea of 

China. Evidence-Based Complementary and 

Alternative Medicine, 2011. 


