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Table 1- General primers for amplification of bacterial 16S rRNA
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Figure 1- Screening of phosphate solubilizing bacteria which produced halo zone in solid Sperber medium
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Table 2- Analysis of variance of insoluble phosphate dissolution capacity by bacteria used in microbial fertilizers
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Figure 2- Formation of halo by bacterial isolates in solid Sperber medium
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Figure 3- Insoluble phosphate dissolution capacity by bacterial isolates in solid Sperber medium
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Table 3- Analysis of variance of insoluble phosphate dissolution capacity by bacteria used in microbial fertilizers
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Figure 4- Mean comparisons of insoluble inorganic phosphate dissolution capacity of isolates in liquid Sperber medium
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Table 4- Analysis of variance of active microbial populations and bacterial survival at zero, two, 4 and 6 months after

inoculation
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Figure 5- Counting of microbial population in microbial fertilizers
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Figure 6 - Viability and population counting of bacteria in microbial fertilizers (stored at room temperature, without
temperature treatment) at different times
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Figure 7 - Viability and population counting of bacteria in microbial fertilizers (by applying temperature treatment) at
different times
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Table 6- Results of biochemical identification of microbial isolates used in microbial fertilizers
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Table 7 - Final results of identification of microbial isolates used in microbial fertilizers
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Introduction: Application of chemical and organic carrier and its integration with useful microorganisms
including phosphate solubilizing bacteria (PSB) has facilitatedproduction of phosphate microbial fertilizers
(PMFs), which are used in granular or powder form. One of the major limitation of thesebiofertilizers is decline
or loss of PSB viable cell in the granule preparation process. Accordingly, in this study, isolation of temperature
resistant phosphate solubilizing bacteria was performed and temperature tolerance and ability to dissolve

phosphate from rock phosphate (RP) and tricalcium phosphate (TCP) sources were evaluated.

Materials and Methods: Firstly, each soil samples incubated for 16 hours at 55 °C, then dilution series were
prepared and 100 pl of four final dilutions (10-6, 10-7, 10-8, and 10-9) were used to spread on Sperber solid
medium. After spreading the microbial suspensions from the dilutions in the Sperber solid culture medium and
the appearance of colonies, screening based on the resistance to soil temperature treatment and, subsequently, the
ability to grow in a solid Sperber solid medium and dissolution of low solubility phosphate (formation of
transparent halo), was done to isolate PSB. In order toprepare PMF, each of screened PSB were cultured in NB,
andthen 1 ml of overnight culture wasmixed with 9 ml sterile distilled water and added to the basal formulation
of rock phosphate (45 g), bagasse (30 g) and sulfur (15 g) with initial temperature of20°C.Temperature
treatments (55 °C for 16 hours) of bacteria were performed in three steps: a) on sampled soils, b) pure-culture of
bacteria and c) bacteria added to the carrier. Microbial population in provided microbial fertilizer was countedin
two ways a) half of the microbial fertilizer was kept at normal temperature by maintaining the initial conditions,
b) another half after the temperature applied (55 © C for 16 hours). The semi-quantitative and quantitative test of
insoluble inorganic phosphate solubility was performed by isolates in solid and liquid Sperber medium. The 16S

rRNA molecular method was used to identify the isolated bacteria by general primers 27F and 1492R.

Results and Discussion: Five bacteria (RPS4, RPS6, RPS7, RPS8, RPS9) out of nine isolated bacteria were
able to solubilize mineral phosphate (TCP and RP) but only two isolates (RPS7 and RPS9) were resistant to
temperature (55 °C for 16 h). In tricalcium phosphate medium, the RPS9 and RPS7 bacteria had a high ability to
solubilize insoluble inorganic phosphate with average of 2.60 and 2.27 for a ratio of (HD / CD) after 12 days,
respectively. There was no halo in Sperber medium containing rock phosphate. The amount of solution in the
quantitative methods was also obtained to be 563.8 and 324.1 mg / 1 for RPS9 and RPS7 bacteria, respectively.
The prepared microbial fertilizer was counted in two ways (a): half of the sample fertilizer was kept at normal
temperature by maintaining the initial conditions; (b):after the maintaining temperature at 55 °C for 16 hours, the
population of other half was determined. During counting the initial microbial population (zero time) at normal
temperature, all bacteria used in microbial carrier had an acceptable population. During examining the
populationsof microbial in the initial carrier, RPS4, RPS6, RPS7, RPS8 and RPS9 bacteria were 3.6, 3.5, 3.6,
3.5, 3.6 and 3.5 (x106 CFU/g), respectively. After 4 months the populations were 4.6, 6.3, 9.6, 7.4 and 8.6
(%x105) and in the 6th month, the populations were 3.9, 3.8, 12.3, 4. 7 and 9.2 (x104) seeming to be favorable for
the tested bacteria. It seems that this survival time for the tested bacteria is desirable. During countingactive
population of temperature treated microbial fertilizers, the initial population of the microbial carrier (at zero
time) decreased 10 times with respect to the non-treated carrier. Active population ofRPS9 and RPS7
(temperature-resistant treatments) in the zero time was 4.5 and 4.3 (x105), respectively. Although the RPS9 and
RPS7 microbial populations were able to survive in non- temperature treatments for 6 months, it was observed
that in the treatment, this viability practically reduced to 4 months. Molecular identification of the isolates RPS7

and RPS9 revealed that they belonged to Pantoeaagglomerans .
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Conclusions: According to the findings of this research, using phosphate solubilizing bacteria and
temperature resistant Pantoea agglomerans RPS9, recently isolated and identified, can be considered to
industrially produce granular microbial fertilizers. It is worth mentioning that further studies are required to be

carried out on the effectiveness of this formulation with these bacteria in farms.
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