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Introduction
Phosphorus (P) is one of the major nutrients limiting plant 

growth. Although P is quite abundant in many soils, it is add-
ed to soil-plant systems in the form of phosphate fertilizers. 
Although plants utilize a fraction (normally 12%) of soluble 
P, a great part of the added fertilizer forms Fe, Al, and Ca 
complexes [1]. This process determines the need of frequent 
application of soluble forms of inorganic P [2]. On the oth-
er hand, the capacity of soil to bind soluble P is limited, soils 
receive P in excess of crop requirements, and a great part of 
chemically produced P fertilizers contaminate the ground-
water causing eutrophication of natural water reservoirs [3]. 
On the other hand, there are serious concerns regarding the 
phosphate world reserves and the need of new agro- and 
bio-strategies to face the increasing world human popula-
tion. Therefore, P-plant nutrition sources of P and P fertilizer 
production are in the focus of many scientific groups trying to 
solve the above challenges.

Current P Fertilizer Production
Traditional P fertilizer production is based on chemi-

cal processing of insoluble mineral high-grade rock phos-
phate-what in fact is calcium phosphate combined with 
quartz, calcite, dolomite, clay, iron oxide, carbonates, and 
alkali compounds. In mined phosphate rocks, phosphate 
content can range from over 40% to below 5%. This inor-
ganic mineral is further treated to separate the impurities 
thus improving the quality of phosphate, which after en-
ergy intensive chemical treatments (with sulfuric acid at 
high temperature) ranges from 26% to about 34% [4]. This 
process generates contaminants into the main product, 

gas streams and by-products [5]. Therefore, during the last 
10-15 years, scientists working in this field focused their 
studies in two main directions:

A) Changing the traditional rock phosphate chemical dis-
solution scheme and finding alternative sources of P;

B) Preparation of formulated biofertilizers with P-solubi-
lizing activity.

Biotechnological Approach in Solving Exist-
ing P-Production Problems

One of the alternative technologies of rock phosphate 
dissolution is the application of biotechnological methods 
based on microorganisms [6]. Organic acid producing micro-
organisms are able to solubilize Al-, Fe-, and Ca-phosphates 
forming calcium salts of the organic acids and releasing plant 
available phosphate [7]. This process can be carried out in fer-
mentation and in soil-plant systems. In the first case, it can 
be carried out in conditions of submerged fermentation or in 
solid-state fermentation processes [8].

Submerged liquid fermentations can be performed with 
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formulated in liquid or solid forms. Recently, encapsulated 
cells or spores of P-solubilizing biofertilizers are gaining more 
interest because of the possibility of formulating more than 
one microorganism and additionally introduce in the formu-
lation matrix other plant beneficial substances [21].

Conclusion
In conclusion, we should note the great biotechnology 

progress in phosphate producing technologies developed 
to substitute for the chemical rock phosphate processing 
and, in the same time, serious success in formulation of 
P-solubilizing biofertilizers able to help P-plant nutrition in 
soil.
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Alternative P Sources
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bilizing biofertilizers like all other plant beneficial microbial 
inoculum products are produced by fermentation and further 

https://www.semanticscholar.org/paper/Modelling-long-term-phosphorus-leaching-and-changes-Campillo-Zee/024443f6c4723cafd3027d133fb204191395843b
https://www.semanticscholar.org/paper/Modelling-long-term-phosphorus-leaching-and-changes-Campillo-Zee/024443f6c4723cafd3027d133fb204191395843b
https://www.semanticscholar.org/paper/Modelling-long-term-phosphorus-leaching-and-changes-Campillo-Zee/024443f6c4723cafd3027d133fb204191395843b
https://www.semanticscholar.org/paper/Modelling-long-term-phosphorus-leaching-and-changes-Campillo-Zee/024443f6c4723cafd3027d133fb204191395843b
https://www.ncbi.nlm.nih.gov/pubmed/11598215
https://www.ncbi.nlm.nih.gov/pubmed/11598215
https://www.ncbi.nlm.nih.gov/pubmed/11598215
https://www.ncbi.nlm.nih.gov/pubmed/13483583
https://www.ncbi.nlm.nih.gov/pubmed/13483583
https://www.sciencedirect.com/science/article/abs/pii/0038071788900582
https://www.sciencedirect.com/science/article/abs/pii/0038071788900582
https://www.sciencedirect.com/science/article/abs/pii/0038071788900582
https://www.tandfonline.com/doi/abs/10.1080/01490451.2013.822615?journalCode=ugmb20
https://www.tandfonline.com/doi/abs/10.1080/01490451.2013.822615?journalCode=ugmb20
https://www.tandfonline.com/doi/abs/10.1080/01490451.2013.822615?journalCode=ugmb20
https://aem.asm.org/content/80/10/3081
https://aem.asm.org/content/80/10/3081
https://aem.asm.org/content/80/10/3081
https://aem.asm.org/content/80/10/3081
https://www.sciencedirect.com/science/article/abs/pii/S0953756209809817
https://www.sciencedirect.com/science/article/abs/pii/S0953756209809817
https://www.sciencedirect.com/science/article/pii/S0960852401000177
https://www.sciencedirect.com/science/article/pii/S0960852401000177
https://www.sciencedirect.com/science/article/pii/S0960852401000177
https://www.sciencedirect.com/science/article/pii/S0960852401000177
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5445041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5445041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5445041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5445041/


Citation: Vassilev N, Vassileva M, Martos V, et al. (2019) Phosphate Sources, Microorganisms, and P Plant Nutrition: Challenges and Future 
Trends. Arch Crop Sci 3(1):61-63

Vassilev et al. Arch Crop Sci 2019, 3(1):61-63 Open Access |  Page 63 |

17.	Vassilev N, Medina A, Azcon R, et al. (2006) Microbial solubili-
zation of rock phosphate on media containing agro-industrial 
wastes and effect of the resulting products on plant growth and 
P uptake. Plant and Soil 287: 77-84.

18.	Dai L, Li H, Tan F, et al. (2016) Biochar: A potential route for re-
cycling of phosphorus in agricultural residues. GCB Bioenergy 8: 
852-858.

19.	Vassilev N, Martos E, Mendes G, et al. (2013) Biochar of animal 
origin: A sustainable solution of the high-grade rock phosphate 
scarcity. J Sci Food Agricul 93: 1799-1804.

20.	Malusá E, Vassilev N (2014) A contribution to set a legal frame 
work for biofertilizers. Appl Microbiol Biotechnol 98: 6599-6607. 

21.	Vassilev N, Vassileva M, Lopez D, et al. (2015) Unexploited po-
tential of some biotechnological techniques for biofertilizer pro-
duction and formulation.

13.	Vassilev N, Vassileva M (2003) Biotechnological solubilization of 
mineral phosphates on media containing agro- industrial wastes. 
Appl Microbiol Biotechnol 61: 435-440. 

14.	Vassilev N, Mendes G (2017) Solid-state fermentation and 
plant-beneficial micro-organisms. In: Ashok Pandey, Christian 
Larroche, Carlos Ricardo Soccol, Current developments in bio-
technology and bioengineering: Current advances in solid-state 
fermentation. Elsevier.

15.	Mendes G, Silva NMRM, Anastacio TC, et al. (2015) Optimization 
of Aspergillus niger rock phosphate solubilization in solid-state 
fermentation and use of the resulting product as a P fertilizer. 
Microb Biotechnol 8: 930-939.

16.	Hölker U, Höfer M, Lenz J (2004) Biotechnological advantages of 
laboratory-scale solid-state fermentation with fungi. Appl Micro-
biol Biotechnol 64: 175-186.

Copyright: © 2019 Vassilev N, et al. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited.

SCHOLARS.DIRECT

DOI: 10.36959/718/603

https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcbb.12365
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcbb.12365
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcbb.12365
https://www.ncbi.nlm.nih.gov/pubmed/23504602
https://www.ncbi.nlm.nih.gov/pubmed/23504602
https://www.ncbi.nlm.nih.gov/pubmed/23504602
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4108841/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4108841/
https://www.ncbi.nlm.nih.gov/pubmed/25957155
https://www.ncbi.nlm.nih.gov/pubmed/25957155
https://www.ncbi.nlm.nih.gov/pubmed/25957155
https://www.ncbi.nlm.nih.gov/pubmed/12692692
https://www.ncbi.nlm.nih.gov/pubmed/12692692
https://www.ncbi.nlm.nih.gov/pubmed/12692692
https://www.sciencedirect.com/science/article/pii/B9780444639905000190
https://www.sciencedirect.com/science/article/pii/B9780444639905000190
https://www.sciencedirect.com/science/article/pii/B9780444639905000190
https://www.sciencedirect.com/science/article/pii/B9780444639905000190
https://www.sciencedirect.com/science/article/pii/B9780444639905000190
https://www.ncbi.nlm.nih.gov/pubmed/26112323
https://www.ncbi.nlm.nih.gov/pubmed/26112323
https://www.ncbi.nlm.nih.gov/pubmed/26112323
https://www.ncbi.nlm.nih.gov/pubmed/26112323
https://www.ncbi.nlm.nih.gov/pubmed/14963614
https://www.ncbi.nlm.nih.gov/pubmed/14963614
https://www.ncbi.nlm.nih.gov/pubmed/14963614

	Title
	Abstract
	Introduction
	Current P Fertilizer Production 
	Biotechnological Approach in Solving Existing P-Production Problems 
	Alternative P Sources 
	P-Solubilizing Biofertilizer Production 
	Conclusion
	Acknowledgements
	References

