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Abstract
Background and Objectives

Periphyton is a biological layer that plays an important role in nutrient cycle in aquatic ecosystems,
especially paddy fields.
This biofilm is widly formed on the surface of soil, plants and rocks in paddy fields. To date,
no research has been done onthe plant growth promoting (PGP) role of this biofilm in paddy fields,
especially on phosphate solubilizing ability of bacteria and fungi isolated from the biofilm. The aim of this
study was to investigate the phosphate solubilizing ability and some other PGP traits of bacteria and fungi
isolated from the periphyton sampled from 20 paddy fields in Guilan province.
Methodology

Samplings were carried out from periphytic biofilm formed in paddy fields of Gilan province. Isolation
and purification of bacteria and fungi from Periphyton samples were performed on nutrient agar medium after
preparation of dilution series and spread culture. Counting and screening of phosphate-solubilizing bacteria
and fungi was performed using a source of tri-calcium phosphate based on the ratio of halo diameter to colony
diameter. For a detailed study of the ability of phosphate solubilization by selected isolates, quantitative
measurements were performed in the Sperber liquid medium. The production of indole acetic acid (IAA) by
isolates was also measured in the Luria-bertani medium supplemented with L-tryptophan (1mg/mL of broth).
Fresh cultures of isolates were inoculated on chrome azurol sulfone (CAS) plate agar, for detection of
siderophore production following the modified protocol of Schwyn and Neiland (1987). Organic acids
produced by bacterial and fungal isolates were analyzed as a phosphate dissolving mechanism using a High-
Performance Liquid Chromatography apparatus. Initially, the two bacterial and two fungal strains were
selected based on plant growth promoting properties. These isolates were identified based on the sequence of
16S rRNA gene for bacteria and ITS-rDNA gene sequence for fungi and were registered in GenBank and the
access number for each of them was reported. All data were subjected to analysis of variance (ANOVA), after
testing the variables for normality and for homogeneity of variance. Means were compared by the Duncan's
Multiple Range test at 1% probability level.
Findings

The results showed that the population of phosphate solubilizing bacteria in Siahkal region with
(5.5x10°CFU/L) and Fashtam region with (0.5x10%CFU/L) had the highest and lowest population,
respectively. Regarding fungi, Siahkal region had the highest (1.4x10%) and Fashtam region had the lowest
(2x10%) population of phosphate solubilizing fungi. Among the microbial isolates, 10 bacterial isolates and 5
fungal isolates were selected for additional tests based on their phosphate solubilization potential. The results
showed that bacterial isolates 13B25 and 6B11, with the highest phosphate solubilization, which solubilized
354 and 327.3 mg P/I, respectively. The trend of pH changes in Sperber's medium was correlated with the
amount of soluble phosphorus, so that with decreasing pH, the amount of soluble phosphorus increased (R? =
-0.78). The highest pH was observed in Sperber medium inoculated with 15B28 isolate (4.2) and the lowest
pH was observed by 6B11 isolate (3.8). The decrease in Sperber's medium pH is due to the production of
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organic acids, which has been reported by various researchers. The ability to produce siderophore (based on
HD / CD index) by isolates 13B25 and 6B11 was equal to 3.2 and 3.4, respectively, with a significant increase
(p<0.001) compared to other isolates. The production of indole-3-acetic acid by the isolates 13B25 and 6B11
was 175.3 and 205.7 pug ml?, respectively. Among the fungal isolates, two isolates, 6F9 and 8F12, were the
best in PGP traits. The solubilization content of phosphorus by these two fungal isolates was 742 and 818 mg
I1, respectively. Changes in Sperber's medium pH were proportional to the amount of dissolved phosphorus,
and concentration of soluble phosphorus increased by reducing the pH (R? = -0.99). The lowest and highest
pH value were observed in 8F12 isolate (1/2) and 7F20 isolates with (3.9), respectively. The highest amount
of total organic acid was measured by isolate 8F12 (1151 mg /I). Isolate 6F9 with halo to colony diameter
ratio of 6.2 had the highest ability to produce siderophore among fungal isolates. The highest and lowest levels
of IAA production in fungal isolates were measured in isolates 7F20 and 11F15 with 285.7 and 26.3 pg / ml,
respectively. The results of molecular identification of effective superior bacterial isolates showed that 13B25
and 6B11 were most similar to Bacillus cereus and Acinetobacter calcoaceticus, respectively. In addition,
fungal isolates 6F9 and 8F12 were most similar to Talaromyces minioluteu and Talaromyces stipitatus,
respectively. Microorganisms isolated from periphyton solubilized insoluble phosphate by producing various
organic acids such as mainly gluconic acid, 2-ketogluconic acid, malic acid and oxalic acid. In general,
periphytons formed in paddy fields can be considered as a useful source for isolating fungi and bacteria with
PGP traits.
Conclusion

Based on the findings of this study, bacterial and fungal strains isolated from periphytic biofilm of paddy
fileds in Gilan province have a high ability to dissolve phosphate. These isolates also have plant growth-
promoting properties such as high production capacity of siderophore and indole acetic acid. Microorganisms
solubilized insoluble phosphate in the soil by producing various organic acids such as gluconic acid, 2-
ketogluconic acid, and malic and oxalic acid. According to the results of this study, periphyton components,
especially bacteria and fungi, it is suggested that these strains will be used in future research (greenhouse and
field experiments) and is hoped that it will be a new and important step towards the production of biofertilizers
to achieve sustainable agriculture by managing the nutrient cycle in paddy fields.

Keywords: Auxin, Bacteria, Fungi, Paddy filed, Periphyton, Phosphate Solubilization, Siderophore.
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