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Abstract: Phosphorus storage in soil is large, but about 95% of them cannot be directly absorbed by plants.
Insufficient supply of phosphorus in soil is often one of the important reasons that restrict crop growth and
development. It is always an important issue to activate the insoluble phosphorus and enhance the supply of
available phosphorus in the soil, which is of great significance for the sustainable development of agriculture.
Phosphate solubilizing microorganisms (PSMs) are important members of the soil phosphorus cycle. They can
convert the ineffective phosphorus into an effective form for plant absorption through acid and enzymatic hy—
drolysis, and promote plant growth and development. Improving soil phosphorus nutrition through PSMs is an
important agricultural measure and has a broad application prospect in resource conservation and environ—
mental protection. An in—depth understanding of the phosphorus solubilization and dissolution mechanisms
of PSMs would improve the efficiency of soil phosphorus utilization and increase crop yield. Herein, the
types of PSMs in soil, the dissolution pathways of inorganic phosphorus, and the mineralization of organic
phosphorus by enzymatic hydrolysis were reviewed, and the research prospect in this field was also dis—
cussed.
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Table 1 Phosphorus solubilization and dissolution indicators of PSMs

PSMs Strains Organic acid produces Changes Source of Enzyme type Amount of P
of pH insoluble solubilized/(mg-L™)
PSB Enterobacter sp. Acetic, citric, gluconic ND TCP Acid phosphatase 258.6
Enterobacter ludwigii; Gluconic, oxalic, citric 7.0—4.0 TCP ND 600
Pantoea agglomerans  Gluconic, oxalic, citric 7.0—-32 TCP ND 575.16
Azospirillum sp. Acetic, citric, gluconic ND TCP ND 218.1
Pseudomonas Gluconic, oxalic, 7.0—4.0 TCP, MRP, Acid phosphatase, 1312
Sfluorescens 2-ketogluconic, lactic, URP, NCRP phosphonoacetate
succinic, formic, hydrolase
citric, malic
Pseudomonas sp. Lactic, isocitric, 7.0—4.9 TCP, MRP, Acid phosphatase, 19.5
tartaric, pyruvic URP, NCRP phytase
Bacillus sp. Acetic, citric, 7.0—4.0 TCP Phytase, D-a— 298.3
gluconic, malic, quinic glycerophosphatase
Burkholderia sp. Acetic, citric, gluconic, lactic, 7.0—3.5 TCP Acid phosphatase 384.28, 433.81,
succinie, propionic, oxalic 6.6—4.9 499.85
6.6—4.0
Acinetobacter sp. Gluconic, oxalic, 2—keto— 7.0—4.2 TCP, URP, MRP ND 414
gluconic, lactic, malic, formic and NCRP
PSF Aspergillus niger Citric, gluconic, oxalic, lactic ~ 7.0—3.2 Rock P ND 392
Penicillium sp. Citrie, gluconic, oxalic, 7.0—3.3 Tilemsi RP, TCP, RP, ND 381,
succinic, glycolic, malic 6.3—3.2 aluminum P 39.2~86.1
Trichoderma sp. Citric, lactic, succinic, tartaric 5.4—4.3 Rock P ND 9.31
PSA Streptomyces sp. Oxalic, citrie, succinic 7.0—5.0 TCP, aluminum P ND 87.5~148.1

Z: TCP, B8 =45, MRP, % 7 £ % A8t 3k, URP, LK 5 A8 3k, NCRP, b ¥ R 4h £ 858 3, ND, KA E
Notes: TCP, tricalcium phosphate; MRP, Mussoorie rock phosphate; URP, Udaipur rock phosphate; NCRP, North Carolina rock

phosphate; ND, not determined.
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Fig.1 Potential mechanisms for the solubilization of insoluble phosphorus by PSMs

PSF: Phosphate solubilizing fungi; PSB: Phosphate solubilizing bacteria; PSA: Phosphate solubilizing actinomycete.
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