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Abstract

Agricultural soil is very rich in insoluble phosphate salt from Ca, Fe, Al, and other elements

which plants cannot use for their vegetative process. Phosphorus is essential for plant

growth and crop production and is required at an early stage in their growth. Phosphorus

mostly accumulates in the young growing parts of the plant where an intensive synthesis of

organic matter occurs. The lack of phosphorus in plants results in a decrease in growth rate,

productivity, and yield quality. Nowadays, compound fertilizers composted with suitable

microbes, organic matter, and low quantities of mineral fertilizers have become the most

commonly used method [1]. Biotechnology methods provide an opportunity to apply

agronomic biofertilizer microorganisms to the surface of mineral fertilizer granules. A

mixture of microorganisms and mineral fertilizers perform several functions

simultaneously: protection, fertilizing, and stimulating. The use of these fertilizers in

agricultural technologies is an additional method to increase plant productivity, and

improve soil quality and biological activity. The use of biological mineral fertilizers can

reduce the fertilizer dose by 20–30% without losing biological efficiency. This is a new

biotechnology which has had great success in ecology, agriculture, regulation of soil

functions, and conservation of biodiversity [2].

Materials and Methods

In this study, a phosphate solubilizing microorganism was isolated from the soil of an

agricultural field in Lithuania. Based on 16S rRNA gene sequence analysis, the strain was

identified as Bacillus sp. and submitted to the NCBI database, Sector of Applied Bio-

catalysis, University Institute of Biotechnology, Vilnius, Lithuania and allocated the

accession number KY882273. The Bacillus sp. was assigned with the number MVY-004.

The culture nutrient medium and growth conditions were optimized: molasses was used as a

carbon source; yeast extract powder was used as an organic source; NH4H2PO4 was used as

a nitrogen source; the culture growth temperature was 30 ± 0.5 °C; the initial value of pH

was 7.0 ± 0.5; the partial pressure of oxygen (pO2) was 60 ± 2.0; the mixer revolutions per

minute (RPM) were 25–850, and the incubation and the fermentation time was 48–50 h. In

the climate chamber, the experiment was performed using mineral fertilizer (NPS-12:40:10

80 Kg ha−1) and mineral fertilizers in combination with Bacillus sp. MVY-004 cells (NPS-

12:40:10 80 Kg ha−1 + Bacillus sp. MVY-004) in loamy soil. Analysis was performed in

three climate conditions: normal (T = 20 °C; relative humidity 60%); hot and dry (T = 30

°C; relative humidity 30%); hot and humid (T = 30 °C; relative humidity 80%).

Results

Conclusions

In this study, the effective phosphate solubilizing isolate Bacillus sp. MVY-004

demonstrated its potential as biomineral fertilizer. This is a very important technology that

enhances agroecological practices, more especially phosphorus solubilization, and approved

the ability to produce various organic acids and phytohormones as plant growth regulators.

The optimization of the processes of selection, storage of PSM, microorganism cells’

fermentation, and their interactions in the rhizosphere are steps in mastering the

development of efficient microbial inoculants with high phosphorus solubilization capacity.
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Fig. 1. The most suitable source of carbon in the culture medium was molasses (A); the organic source in the culture medium was yeast extract

(B); the nitrogen-containing material selected was ammonium dihydrogen phosphate (C). Of the growth parameters, the best temperature value

was found to be 30 °C (D) and the pH value was maintained at 7.0 ± 0.5 (E). Error bar, mean (n = 4) ± standard deviation. Different letters

above bars indicate significant differences (p < 0.05) in one-way ANOVA.

Fig. 2. The relationship between phosphorus (P2O5) concentration (mg Kg−1) variations in loam soil in the incubation test with normal (T = 20 °C;

relative humidity 60%) conditions (A), hot and dry (T = 30 °C; relative humidity 30%) conditions (B), hot and humid (T = 30 °C; relative humidity

80%) conditions (C).
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