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Abstract

In this paper, the ability of 12 strains of wheat rhizosphere bacteria genus Enterobacter, Rahnella,
Pantoea, Pseudomonas and Bacillus to mobilize phosphate was investigated. The strains were
found to efficiently release P205 from tricalcium phosphate. The maximum release of P205 from
Ca3(P04)2 in the nutrient medium was observed on the 4th day of the experiment, ranging from
11.0 to 22.5 mg P205/100 ml. Phosphate-mobilizing activity was accompanied by a decrease in
pH of the medium. The pH varied from the initial 7.1+0.01 to the final 4.1+0.02 during 4 days of
incubation.

Keywords:  Phosphorus, mobilization, rhizosphere  bacteria, phosphate-mobilizing
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Introduction

Phosphorus is the second most important macronutrient after nitrogen for proper functioning of
plants [1, 2]. Phosphorus plays a vital role in all aspects of plant growth and development, and its
deficiency can significantly retard plant development. Although soils contain phosphorus in the
form of organic and inorganic compounds, most of this element remains in an inactive form and
is therefore unavailable to plants. Due to the fact that many farmers are unable to use expensive
phosphorus fertilizers to eliminate phosphorus deficiency, alternative methods of solving this
problem are relevant. Phosphate-solubilizing microorganisms are a group of beneficial
microorganisms capable of hydrolyzing organic and inorganic insoluble phosphorus compounds,
transforming them into a soluble form easily assimilated by plants. These microorganisms provide
an environmentally friendly and cost-effective approach to eliminate phosphorus deficiency in soil
and optimize its uptake by plants [3]. However, the availability of soluble forms of phosphorus to
plants in soil is limited because it is present in the form of insoluble calcium, iron and aluminum
phosphates [4-6]. Most soils contain significant amounts of phosphorus, but most of it is bound to
the mineral components of the soil and is unavailable to plants. In soils with low content of total
phosphorus, its amount can be increased by phosphorus fertilizers, but such soils do not retain the
added phosphorus. About 75-90% of chemical phosphorus applied to the soil is bound in the form
of metallocation complexes and firmly fixed in the soil layer, resulting in long-term environmental
impact [2].

Phosphorus in soil solution is represented in the form of insoluble inorganic and organic
phosphorus. Its circulation in the biosphere can be characterized as "sedimentary™ because it is not
exchanged with the atmosphere and, unlike nitrogen, has no available atmospheric sources.
Therefore, phosphorus deficiency significantly limits the growth and yield of agricultural crops
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[4]. The phosphorus content of soil is about 0.05% [2]. Although soil test values are usually higher,
most of the phosphorus (about 95-99%) is in the insoluble form of phosphate [7].
Plant cell can assimilate phosphorus in several forms, but the main part is absorbed in the form of
phosphate ions, mainly HPO.?- or H.PO.-, depending on soil pH [4, 8-10]. The main source of
inorganic phosphorus in agricultural soils is phosphorus fertilizers. About 70-90% of phosphorus
applied to the soil with fertilizers is bound to cations and transferred to insoluble forms [4].
Phosphorus is immobilized by cations such as Ca2* in calcareous or neutral soils to form calcium
phosphate (Cas(POa4)2), and Al¥* and Fe3* in acidic soils to form aluminum phosphate (AIPO.) and
iron phosphate (FePO.) [8, 9]. These insoluble forms of phosphorus are not available to plants.
However, the accumulated phosphate in agricultural soils is sufficient to provide maximum crop
yields worldwide for about 100 years [4] if it could be mobilized and converted into soluble forms
by phosphate-mobilizing microorganisms. This raises the need for an alternative but economically
accessible technology capable of providing plants with the required amount of phosphorus [3].
Microorganisms play a key role in the natural phosphorus cycle. For many years, the possibility
of using phosphate-mobilizing microorganisms as biofertilizers to improve the efficiency of
agriculture has been studied [3]. Phosphate-mobilizing microorganisms are a group of useful
microorganisms capable of hydrolyzing organic and inorganic phosphorus compounds from
insoluble forms. These phosphate-mobilizing microorganisms include bacterial strains of the
genera Pseudomonas, Bacillus, Rhizobium, Enterobacter, Achromobacter, Agrobacterium,
Microccocus and others. The use of phosphate-mobilizing bacteria can significantly increase the
availability of phosphate to plants. These bacteria play a key role in breaking down difficult-to-
solubilize forms of phosphate, converting them into plant-available compounds. The use of soil
and rhizosphere microorganisms capable of converting difficult to soluble forms of phosphate into
plant-available compounds can effectively address this problem.
Therefore, the aim of the study was to investigate the ability of wheat rhizobacteria to mobilize
phosphorus from mineral compounds difficult to access for plant nutrition (tricalcium phosphate).

Materials and methods of research

Active cultures of rhizobacteria, previously isolated from the rhizosphere of wheat growing in
Kashkadarya, Syrdarya, Andijan regions and Karakalpak Republic [11], served as objects of the
study.

The study of growth intensity and Cas(POa). mobilization by rhizobacteria was carried out in liquid
medium - peptone water with glucose. The medium was inoculated with a suspension of each
culture with an initial titer of 106 CFU/mL. Rhizobacteria were cultured under batch conditions at
29° C for 4 days on rocker (240 rpm). Tricalcium phosphate (2 g per 1 L) was added to the medium
as a source of phosphorus. The activity of cultures to mobilize Caz(PO4)> was judged by the
number of viable cells and accumulation of P>Os in the culture fluid. Their concentration in the
medium was determined according to the method of N.B. Sergeeva [12]. The number of viable
cells was estimated by the optical density (ODsqo) of the cultures. In parallel, changes in pH of the
nutrient medium were studied. The amount of P2Os was determined on a spectrophotometer V-
5100 China. All experiments were carried out in 3-fold repetition.

Statistical processing of experimental data was carried out by standard methods of calculating
errors, averages, confidence intervals, standard deviations. All calculations and mathematical
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analyses were performed using Microsoft Excel 2007 [13].

Results and their discussion

It was found that the studied rhizobacterial cultures differed significantly in their ability to
mobilize P20s from Caz(PO4).. Pantoea agglomerans 20 showed active mobilization of P2Os from
Cas(POs)20n the second day of the experiment. Thus, for 2 days of cultivation strain P.
agglomerans 20 mobilized up to 5.7+0.12 mg P.0s/100 ml, pH value of nutrient medium
decreased from 7.1+0.01 to 5.5+0.02, optical density (ODso0o) of the culture was 1.27+0.02. The
cultures genus of Rahnella released P20s from Caz(PO4)2 to 1.1-2.5 mg P20s/100 ml, genus of
Pseudomonas to 2.1-2.6 mg P20s/100 ml, genus of Enterobacter to 1.8-2.2 mg P20s/100 ml, genus
of Bacillus to 1.2-3.7 mg P.Os/100 ml on the second day of the experiment.

With increasing time of rhizobacteria cultivation in liquid medium the amount of P>Os increased,
and on the fourth day of the experiment active mobilization of P.Os from Caz(PO4)2 was shown by
strains Pseudomonas chlororaphis 21, P. agglomerans 20 and Bacillus sp. 34. Thus, during 4 days
of cultivation, the strains released up to 22.5-21-20.7 mg P20s/100 ml, respectively, and the pH
values of the nutrient medium decreased from 7.1+0.01 to 4.1-4.2-4.4, the optical density (ODsoo)
of the cultures was 1.93-1.54-1.84 optic units. In Rahnella aquatilis strain 3, the amount of P20s
released from Cas(PO4)2 was up to 17.0+0.21 mg P.Os/100 ml, and the pH values of the nutrient
medium decreased from 7.1+0.01 to 4.6+0.02, the optical density (ODsno) of the culture was 1.63
optic units. Enterobacter cloacae 9 strain mobilized up to 16.5+0.19 mg P>Os/100 ml, the pH
values of the nutrient medium decreased from 7.1+0.01 to 4.8+0.02, the optical density (ODeoo) of
the culture was 1.86 optic units (Fig. 1.).

The main mechanism of soil phosphorus solubilization is a decrease in soil pH due to microbial
production of organic acids or proton release [8, 14-15]. The production of organic acids in
combination with pH lowering by microbial action contributes to phosphorus solubilization [16].
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Figure 1. Mobilization of P20Os from Cas(POa4)2 by wheat Rhizobacteria
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When soil pH increases, divalent and trivalent forms of inorganic phosphorus such as HPO4 and
HPO.3occur. Organic and inorganic acids produced by phosphate-mobilizing microorganisms
dissolve insoluble soil phosphate by chelating cations and competing with phosphate for
adsorption sites in the soil [7, 17].

Mobilizing activity of phosphorus correlated well with the change in pH of the medium. The pH
value of nutrient medium decreased from 7.1+0.01 to 5.6+0.02 by the second day of the
experiment, and to 4.1+0.02 by the fourth day (Fig. 2).

Figure 2. Variation of pH value of nutrient medium by rhizobacteria

Conclusion

One of the promising directions for improving phosphorus nutrition of plants is the use of
indigenous phosphate-mobilizing microorganisms that provide biological mobilization of hard-to-
access soil phosphates, as well as activation of low-grade phosphate rock. These microorganisms
can efficiently release phosphorus, facilitating its uptake by plants and thus increasing yields and
quality of agricultural products. In addition, the use of such microorganisms contributes to the
environmental sustainability of agroecosystems, reducing the need for chemical fertilizers and
minimizing the negative impact on the environment.

Thus, the isolated strains of wheat rhizosphere bacteria actively mobilized P-Os from Cas(PO4)-.
High mobilization was shown by P. chlororaphis 21, P. agglomerans 20, Bacillus sp. 34 and
Rahnella aquatilis 3, and the amount of P-Os released from Cas(PO4). was 22.5, 21, 20.7 and 17.0
mg P-Os/100 ml, respectively. These results offer potential prospects for the use of rhizobacterial
strains as biofertilizers that can mobilize P.Os from hard-to-reach soil mineral phosphates into
plant-available forms. In addition, the use of these strains may help reduce agriculture's
dependence on chemical fertilizers, which is an important step towards more sustainable
agricultural practices. The study also highlights the need to further investigate the interaction of
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these microorganisms with plants to optimize their use in agronomy and increase agricultural

productivity.
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