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Abstract. Waithaisong K. 2024. Detection of available phosphorus and diversity of culturable phosphate-solubilizing bacteria after 
organic farming conversion. Asian J Agric 8: 124-133. Organic Agriculture (OA) has increased in Thailand since 2000. Most studies on 
OA in Thailand focus on socio-economic sectors. Soil properties and microorganisms in OA soils have been little explored. This study 
aimed to investigate the soil nutrient status nitrogen (N), phosphorus (P), and biodiversity of Phosphate-Solubilizing Bacteria (PSB) in 
OA soils. Topsoil samples were collected from two organic paddy soils (OS1 and OS2). The soils were analyzed for particle 
distribution, cation exchange capacity, exchangeable elements, Organic Matter (OM), electrical conductivity, pH, N content, and P 
content. Soil bacteria were isolated on LB agar medium and screened for PSB on NBRIP agar. The sequences of the 16S rRNA gene 

were used to identify PSB. The results showed that in all the sites, soils were silty clay, and high accumulation of OM, high N 
availability, and ammonium was the main form of N. Phosphorus was present in low concentration indicating the limitation of P may 
reduce the nitrification process, while organic P was mostly found in soil. Analysis of microbial P revealed that P was mainly found in 
microbial cells of OS2. PSB identification showed that the main PSB genera found in OA soils were Enterobacter, Pantoea, Bacillus, 
and Pseudomonas. All results indicated that OS1 and OS2 soils had low P which affected N cycling. The reduction of P may result from 
the conversion of rice soil to organic agricultural practices. Further, PSB should be characterized and applied with rock phosphate in OA 
soils to maintain rice productivity.  
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INTRODUCTION 

Organic Agriculture (OA) has increased in Thailand 

since 2000 due to the export of Thai organic products and 

the modification of the national strategy of economic and 

social development (Kongsom and Panyakul 2016; 

Sitthisuntikul et al. 2018). In 2018, Thailand presented 

around 300,000 rai of organic agricultural land (1 rai = 0.16 

ha) as reported by Suwanmaneepong et al. (2020) and the 
exportation of rice presented 11.13 million tons (Seerasarn 

et al. 2020). The Thai government has launched a 4-year 

program to convert 160,000 ha of land for organic rice 

production with the certification to supply the demand of 

the Chinese market (Hérique and Faysse 2021). Thai 

farmers were encouraged to take part in the National 

Program for the Promotion of Organic Rice Production 

(PPORP) to promote organic rice production and obtain 

organic certification. The certification and the number of 

organic farmers progressed slowly due to the lack of 

human resources to support the transition of OA and 
promoted the sustainability of the sector (Hérique and 

Faysse 2021). Moreover, organic rice farmers need more 

support from the Thai government for water and nutrient 

management in soils (Sitthisuntikul et al. 2018).  

The research about the impact of OA on Thai farmers 

has increased. Several studies reported the impacts of 

socio-economic of OA. Among them, it was reported that 

small farmers in the North of Thailand produced organic 

products such as rice and vegetables for family 

consumption (Sitthisuntikul et al. 2018). The authors 

suggested the transformation of small production to 

commercial production to help household expenses by 

supporting their OA practices knowledge. The case studies 

of organic agricultural producers in Chachoengsao 

Province, the East of Thailand reported the need for 

innovative technology for OA production, promoting the 

new strategy for organic agricultural members and 

enhancing the quality of OA products for consumers and 

for reaching the criteria of organic certification. In the same 

area in Chachoengsao Province, the comparative study of 

the cost and return structure of organic and conventional 
rice farming systems showed that organic farming had a 

high benefit for farmers than conventional farming by 

increasing of rice price for selling with the difference value 

of 4.32 THB/kg (Suwanmaneepong et al. 2020). Moreover, 

in the Central Plains of Thailand, in Nakhon Pathom 

Province, the organic rice farmers transformed their 

Community Enterprise as an agro-tourism place for local 

visitors and supply the knowledge of organic agricultural 

practices as well as selling organic rice products 

(Poorahong et al. 2022). 

Besides nutrient management in OA, it was also 
reported that farmers applied green manure, plant residues 

and rice straw (Suwanmaneepong et al. 2020). Some 

farmers added organic fertilizer after converting the rice 

fields to OA. In addition, some farmers produce compost 

by themselves and use it in their farms (Sitthisuntikul et al. 

2018; Hérique and Faysse 2021; Poorahong et al. 2022). 
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Organic rice cultivation promoted carbon sequestration in 

the soils compared to conventional rice cultivation by 

increasing Soil Organic Carbon (SOC) (Arunrat et al. 

2022).  

In microbial population analysis, the study of 15 

organic rice soils showed that the grain yield of rice was 

related to soil quality indicators, such as microbial biomass, 

total phosphorus, total nitrogen (N), SOC, and soil Organic 

Matter (OM) (Thuithaisong et al. 2011). The analysis of 

Phosphate-Solubilizing Bacteria (PSB) from one hundred 
and fifty rice fields at various locations in Northern 

Thailand, including some organic rice fields, revealed that 

Acinetobacter strain CR 1.8 was the best PSB among 216 

isolates to solubilize tricalcium phosphate and produced 

acid phosphatase. The strain Klebsiella SN 1.1 was the best 

PSB in terms of indole acetic acid production (Chaiharn 

and Lumyong 2011). 

Organic agriculture is an agricultural system that uses a 

natural process to produce plant biomass and reduce inputs, 

such as synthetic fertilizers, pesticides, and herbicides 

(Meemken and Qaim 2018). In terms of nutrient 
availability, the systems used animal manures, 

biofertilizers, and green manures instead of synthetic 

fertilizers (Gomiero et al. 2011). It is often found that the 

systems present the limitation of nutrients such as N and P 

(Bedoussac et al. 2015; Meemken and Qaim 2018). In 

England, it was reported that organic farming reduced 

available P (labile Pi) after 15 years of land conversion 

(Gosling and Shepherd 2005). OA also promoted organic 

phosphorus (labile Po)  (Xavier et al. 2009) and microbial 

biomass (Crystal-Ornelas et al. 2021). Moreover, OA 

promoted Cation-Exchange Capacity (CEC), and potassium 
availability (Bulluck et al. 2002), and promoted the 

accumulation of OM in the soils (Reganold and Wachter 

2016). In terms of microbial biodiversity, OA increased 

soil biodiversity (Tuck et al. 2014) and promoted some 

phyla of soil bacteria, such as Acidobacteria, Firmicutes, 

and TM7 (Bonanomi et al. 2016) and increased carbon 

storage in soil (Gomiero et al. 2011).  

Despite the increase in organic rice cultivation, few 

studies examined soil nutrient status after the conversion of 

land and microbial population, especially microorganisms 

involved in the phosphorus (P) cycling in organic rice  

fields in Thailand such as PSB. PSB has been reported to 

increase labile Pi through the solubilization and 

mineralization processes which encapsulates the ability of 

bacteria to produce organic acid and phosphatase enzyme 

and can use as biofertilizer in organic farming (Alori et al. 

2017). The property of P solubilization and mineralization 

was naturally induced by labile Pi and labile carbon in soils 

(Huang et al. 2021). It has been reported that PSB belong 

to the genera; Pseudomonas spp., Agrobacterium spp., 

Azotobacter, Bacillus, Burkholderia, Enterobacter, 
Erwinia, Kushneria, Paenibacillus, Ralstonia, Rhizobium, 

Rhodococcus, Serratia, Bradyrhizobium, Salmonella, 

Sinomonas, and Thiobacillus (Alori et al. 2017). This study 

aimed to investigate the soil nutrient status (N, P) and 

biodiversity of PSB for further use as a biofertilizer in OA 

soils.  

MATERIALS AND METHODS  

Soil sampling  

Soil samples were collected from an organic paddy 

field at Ban Chanote, Klong Yong-Lantakfa Community 

Enterprise, located in Lantakfa, Nakhon Chaisri, Nakhon 
Pathom, Thailand (Figure 1). The area belongs to the 

Central plain region of Thailand. The soil in the 

undisturbed native land was classified according to the 

USDA soil taxonomy as Alfisols. The typical 

characteristics were dark-brown clay loam with low 

drainage, moderate organic matter content, and slight 

acidity (pH 5.0–6.5). The area was used as a traditional rice 

field in 1961 and converted to an organic rice field in 2011. 

Poultry and swine manure were added to the soils before 

rice planting at an unknown rate (Hunnark et al. 2017). Six 

composite samples of soil were collected from organic 
paddy soil1 (OS1), and same number of soil samples were 

collected from organic paddy soil2 (OS2) presented in 

Figure 1 by using the protocol as described by Waithaisong 

et al. (2022a). The soil samples were randomly collected 

from 10 Rai (16,000 m2). Five hundred grams of soil 

samples were collected at a depth of 0-17 cm using a 

shovel and stored in plastic bags at 4°C placed in a cooling 

tank for PSB isolation and soil analysis. 
 
 

 
 
Figure 1. Study area in Nakhon Pathom Province, Thailand. Two red spots represent Organic Paddy Soil1 (OS1) and Organic Paddy 
Soil2 (OS2) 
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Soil analysis 

The soils were sent to the soil plant and agricultural 

material testing and research units of Kasetsart University, 

Bangkok, Thailand, for analysis of soil particle distribution, 

CEC, exchangeable elements, OM, electrical conductivity 

(Ece), potential of hydrogen (pH), and N availability. In 

brief, the particle distribution of soil was analyzed by 

pipette method (Sheldrick and Wang 1993). The soil CEC 

and exchangeable elements were determined using the 

method of 1N ammonium acetate, pH 7 (FAO 2022). The 
exchangeable elements were then analyzed with atomic 

spectroscopy. The soil samples were digested using a 

mixture of H2SO4-Na2SO4-Se for analysis of soil OM. The 

soil Ece was measured in saturated soil paste extract by 

using an EC meter. The soil pH (in water) was measured 

using a pH meter. The available of ammonium and nitrate 

measured by the KCl extraction-distillation method 

(Wheatley et al. 1989). 

The availability of P was estimated by Olsen method 

(Olsen et al. 1954). The soil extraction was performed with 

the intact fresh soils to evaluate labile Pi and labile Po. The 
soil samples were mixed with 0.5M NaHCO3, pH 8.5 

(1/10, w/v) and then shaken end-over-end for 30 min at 

room temperature. The samples were centrifuged 6000 rpm 

for 15 min. The supernatant was divided into two fractions 

to measure the concentration of (i) labile Pi after humic 

acid precipitation by using 6N HCl (1/300, v/v) and (ii) 

total P after acid digestion with 12N HCl (1/1, v/v) (Ali et 

al. 2009). The labile Po was calculated from the subtraction 

of total P and labile Pi. The availability of P in soil 

microorganisms was evaluated in autoclaved soils 

(Waithaisong et al. 2022a). For this, fresh soil samples 
were autoclaved twice (110°C for 60 min) at 24h intervals 

then performed the Olsen extraction as previously 

described. The labile Pi of soil extract was labeled as 

microbial Pi and labile Po was labeled as microbial Po. 

Isolation of PSB 

Total bacteria were isolated from fresh soil samples on 

Luria-Bertani (LB) agar medium (10 g L-1 peptone, 5 g L-1 

yeast extract, 5 g L-1 NaCl, 15 L-1 agar). By selecting the 

different colony morphology on LB agar, PSB was 

screened on National Botanical Research Institute's 

Phosphate growth medium (NBRIP) agar medium (10 g L-1 

D-glucose, 5 g L-1 Ca3 (PO4)2, 5 g L-1 MgCl2 6H2O, 0.25 g 
L-1 MgSO4 7H2O, 0.2 g L-1 KCl, 0.1 g L-1 (NH4)2SO4, 15 g 

L-1 agar) (Jorquera et al. 2008). For each site, two hundred 

and eighty-eight colony were screened. The isolates that 

formed clear zones on NBRIP agar were considered as 

PSB. They were purified by streak plate method and stored 

at –80°C in 30% glycerol for identification. 

16S rRNA gene amplification, sequencing, and 

phylogenetic analysis 

The purified PSB were grown on LB broth and 

performed DNA extraction by using a Thermo Scientific 

GeneGET genomic DNA purification kit. The purified PSB 
were identified by amplifying and sequencing the 16S 

rRNA gene with the universal bacterial primers 27F (5'- 

GAGTTTGATCCTGGCTCAG-3') and 1492R 

(5'GGTTACCTTGTTACGACTT-3'). Polymerase Chain 

Reaction (PCR) was performed by using Thermo Scientific 

DreamTaq PCR Master Mix (2X). The PCR mixture 

consisted of a final volume of 50 µl; 0.25 µM of each 

primer, 2 mM MgCl2, 1X DreamTaq Master Mix buffer 

containing Taq DNA polymerase, and 1 µg DNA template. 

The following cycle conditions were: initial denaturation at 

95°C for 3 minutes, denaturation at 95°C for 30 seconds, 

annealing at 56°C for 30 seconds, extension at 72°C for 3 

minutes (35 cycles) and final extension at 72°C for 10 
minutes (Waithaisong et al. 2022b). PCR products were 

checked on 1% agarose gel electrophoresis at 100 voltages 

for 40 minutes and then purified by using Invitrogen PCR 

purification Kit. The PCR products were then sequenced. 

The nucleotide sequences of 16S rRNA genes were 

corrected using the HVDR online program (Bell and 

Kramvis 2013). The corrected sequences were compared 

with reference sequences in GenBank database 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to identify PSB 

genera. The phylogenetic trees were constructed with 

MEGA11 program. The trees were reconstructed using the 
Neighbor-joining method with the Kimura two-parameter 

method and uniform rates. Bootstrap values were 

determined from 1000 replications. 

Statistical analysis 

The statistical analysis was conducted with R software 

(version 2.11.1, The R Foundation for Statistical 

Computing). In the statistical analysis, the paired 

comparison was conducted by using Student's t-Test. The 

Analysis of Variance (ANOVA) was used when more than 

three groups were compared with Duncan's multiple range 

test for post hoc test. The principal component analysis was 
used to examine the interaction of soil properties. 

RESULTS AND DISCUSSION 

Characteristics of soils 

The two organic paddy soils did not different for the 

soil type. The soils were silty clay. In terms of particle 

distribution, soils were significantly different in silt and 

clay contents. The amount of silt (44.14%) in OS1 was 

lower than the amount (50.45%) of silt in OS2. However, 

the amount of clay in OS1 was higher (53.66%) than in 

OS2 (48.14%). The analysis of exchangeable elements 

exhibited the same quantity of Ca and of Mg in the two 

sites. Contrary, the quantity of K and CEC was 
significantly different. The quantity of these soil properties 

was lower in OS1 than in OS2. The quantity of K was 0.66 

cmol kg-1 and 0.76 cmol kg-1, respectively. The CEC 

content was 28.17 cmol kg-1 and 30.79 cmol kg-1 in OS1 

and OS2, respectively. In addition, 4.10% and 5.18% OM 

was recorded from the two study sites which were 

significantly different. The Ece and pH in water did not 

different in the two sites (Table 1). 

Nitrogen content 

The quantity of available N (NH4
+-N, NO3

--N) was 

125.53 mg kg-1 and 84.08 mg kg-1 in OS1 and OS2, 
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respectively. Comparing the quantity of N species inside 

the site, soil accumulated more ammonium than nitrate 

(Table 2). In different organic paddy sites, the amount of 

ammonium was indifferent in two soils (Figure 2.A). In 

contrast, the quantity of nitrate was significantly different. 

It was higher in OS1 than OS2 with the value of 29.61 mg 

kg-1 and 7.11 mg kg-1, respectively (Figure 2.B). 

Phosphorus content 

In general, Po was accumulated in two organic paddy 

soils. Comparing inside the sites, the quantity of labile Pi 
and labile Po (bicarbonate-extractable P in intact soils) 

showed significantly different in all sites. However, the 

values were wider in OS2 compared to OS1. The quantity 

of P was 11.15 mg kg-1 for labile Pi and 14.98 mg kg-1 for 

labile Po in OS1. In OS2, the quantity of P was 3.41 mg kg-

1 for labile Pi and 11.58 mg kg-1 for labile Po. In autoclaved 

soils, the quantity of microbial Pi and microbial Po 

(bicarbonate-extractable P in autoclaved soils) showed the 

same trend as labile P. The quantity of microbial P was 

7.56 mg kg-1 for microbial Pi and 21.64 mg kg-1 for 

microbial Po in OS1. In OS2, microbial P was 4.29 mg kg-1 
for microbial Pi and 19.11 mg kg-1 for microbial Po (Table 

3). 

In different organic paddy sites, the quantity of labile Pi 

was significantly different. It was higher in OS1 than in 

OS2. The quantity of microbial Pi showed the same trend 

as that of labile Pi. It was also found higher in OS1 than in 

OS2 (Figure 3.A). The quantity of labile Po and microbial 

Po did not different in OS1 and OS2 (Figure 3.B).  

Considering the effect of autoclaving, in OS1 site, the 

quantity of microbial Pi was decreased in autoclaved soils 

compared to the quantity of labile Pi in intact soil. In OS2 
site, the quantity of microbial Pi was not different in 

autoclaved soils compared to the quantity of labile Pi in 

intact soil (Figure 3.A). In addition, the quantity of 

microbial Po was slightly increased but not significantly 

different in autoclaved soils compared to the quantity of 

labile Po in intact soil for two study sites (Figure 3.B).  
 
 
Table 1. Characteristics of organic paddy soils (OS1) and (OS2)  
 

Characteristics of soils OS1 OS2 
p-

value 

Soil types (USDA) Silty clay Silty clay  
Particle distribution (%)    

Sand 2.20±0.62 1.41±0.58 NS 
Silt 44.14±1.33 50.45±2.60 <0.01 

Clay 53.66±1.88 48.14±2.48 <0.01 

Exchangeable elements 
(cmol kg-1) 

   

K 0.66±0.06 0.76±0.07 0.03 

Ca 15.51±0.67 16.35±0.54 NS 

Mg 1.59±0.05 1.68±0.11 NS 

CEC 28.17±1.33 30.79±0.74 <0.01 

Other soil properties    
Organic matter (%) 4.10±0.46 5.18±0.37 <0.01 

Electrical conductivity 4.31±0.30 4.77±0.47 NS 
pH 5.76±0.19 5.86±0.15 NS 

Note: Values are mean ± SD (n=6 replication). The p-values 
indicate significant differences according to the Student’s t-Test 
(P≤0.05). NS: not significant 
 
 

Table 2. Comparison of nitrogen forms in OS1 and OS2 
 

Nitrogen forms 

(mg kg-1) 
OS1 OS2 Total 

NH4
+-N 95.92±14.50 76.97±42.46 125.53±17.36 

NO3
--N 29.61±15.02 7.11±0.00 84.08±42.46 

p-value <0.01 0.01 NS 

Note: Values are mean ± SD (n=6 replication). The p-values 
indicate significant differences according to the Student’s t-Test 
(P≤0.05). NS: not significant 

 
 

 

 

 
A B 

 

Figure 2. The concentration of nitrogen forms (mg kg-1) of OS1 and OS2. A. Ammonium concentration (NH4
+-N), B. Nitrate 

concentration (NO3
--N). Values are mean ± SD (n=6 replication). Distinct letters indicate significant differences according to ANOVA 

(P≤0.05) 
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Figure 3. The concentration of bicarbonate extractable P forms (mg kg-1) of OS1 and OS2. A. Inorganic P extracted from intact soil 

(grey, labile Pi) and autoclaved soil (black, microbial Pi), B. Organic P extracted from intact soil (grey, labile Po) and autoclaved soil 
(black, microbial Po). Values are mean ± SD (n=6 replication). Distinct letters indicate significant differences according to ANOVA 
(P≤0.05) 
 
 
 
Table 3. Comparison of Pi and Po concentration of intact and 
autoclaved soils of OS1 and OS2 

 

Phosphorus forms (mg kg-1) OS1 OS2 

Intact soil   
Pi 11.15±1.18 3.41±0.85 
Po 14.98±2.13 11.58±1.05 
p-value 0.01 <0.01 

Autoclaved soil   

Pi 7.56±0.62 4.29±0.39 
Po 21.64±8.70 19.11±5.66 
p-value 0.02 <0.01 

Values are mean ± SD (n=6 replication). The p-values indicate 
significant differences according to the Student's t-Test (P≤0.05) 
 
 

 
 

Figure 4. Principal component analysis of soil properties of two 
organic paddy soils. Pi1: Labile Pi, pi2: Microbial Pi, po1: Labile 
P0, po2: Microbial Po, Ece: Electrical conductivity 

Table 4. Identities of the PSB strains isolated from OS1 site 
 

Strains Identification % Gene identity 

OSN8 Enterobacter sp. 99.90 
OSN9 Enterobacter sp. 99.65 
OSN10 Enterobacter sp. 99.62 
OSN15 Enterobacter sp. 100.00 
OSN21 Enterobacter sp. 98.84 
OSN24 Enterobacter sp. 100.00 

OSN27 Enterobacter sp. 99.62 
OSN28 Enterobacter sp. 99.42 
OSN29 Enterobacter sp. 99.12 
OSN35 Enterobacter sp. 99.34 
OSN40 Enterobacter sp. 99.90 
OSN45 Enterobacter sp. 99.42 
OSN1 Pantoea sp. 98.33 
OSN3 Pantoea sp. 99.72 

OSN4 Pantoea sp. 99.42 
OSN47 Pantoea sp. 99.90 
OSN83 Pantoea sp. 99.19 
OSN87 Pantoea sp. 99.80 
OSN89 Pantoea sp. 99.71 
OSN19 Bacillus sp. 99.80 
OSN22 Bacillus sp. 99.69 
0SN38 Bacillus sp. 99.79 

OSN60 Bacillus sp. 99.13 
OSN66 Bacillus sp. 99.82 
OSN82 Bacillus sp. 99.15 
OSN91 Bacillus sp. 98.46 
OSN5 Pseudomonas sp. 99.90 
OSN11 Pseudomonas sp. 99.07 
OSN12 Pseudomonas sp. 99.89 
OSN16 Pseudomonas sp. 99.90 

OSN71 Pseudomonas sp. 98.91 
OSN18 Acinetobacter sp. 99.91 
OSN54 Burkholderia sp. 99.38 
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Figure 5. Phylogenetic tree of phosphate-solubilizing bacteria 

isolated from organic paddy soil 1 (OS1) based on 16S rRNA 
gene. The tree was reconstructed using the Neighbor-joining 
method with the Kimura two-parameter method and uniform 
rates. Bootstrap values were determined from 1000 replications. 
Bar, 0.05 substitutions per site 
 

 

PCA analysis of soil properties 

In PCA analysis, 47.82% of the vectors representing 

soil properties were separated into two groups along the 

horizontal axis. This percentage explained more 

relationship between the soil properties than the vertical 

axis that represented the vectors of soil properties only 

13.38%. The relationship of the soil properties on the 

horizontal axis revealed that the quantity of phosphorus 

(labile P, labile Po, and microbial P), nitrate, clay particles, 

and sand were found to increase in the OS1 site, whereas 

only OM, CEC, silt particle, Ece, and exchangeable 

elements were found increased at the OS2 site (Figure 4).  

Diversity of culturable phosphate- solubilizing bacteria 

In the OS1 site, molecular characterization of PSB 

strains, based on 16S rRNA sequences, is presented in 

Figure 5 and Table 4. The percentage of similarity of query 

sequences and subject sequences in the NCBI database 

were more than 98% for all samples. Thirty-three strains 

from 288 colonies were capable of producing a halo zone 
on NBRIP agar supplemented with Ca3(PO4)2. Six genera 

were identified: Enterobacter, Pantoea, Bacillus, 

Pseudomonas, Burkhodelria, and Acinetobacter. Among 

them, twelve strains (OSN8, OSN 9, OSN10, OSN15, 

OSN21, OSN24, OSN27, OSN28, OSN29, OSN35, 

OSN40, OSN45) were identified as Enterobacter. Seven 

strains (OSN1, OSN3, OSN4, OSN47, OSN83, OSN87, 

OSN89) were identified as Pantoea. Seven strains (OSN19, 

OSN22, OSN38, OSN60, OSN66, OSN82, OSN91) were 

identified as Bacillus. Five strains (OSN5, OSN11, OSN12, 

OSN16, OSN71) were identified as Pseudomonas. One 
strain (OSN 18) was identified as Burkhodelria and one 

other strain (OSN 54) was identified as Acinetobacter.  

In OS2, the percentage of similarity of query sequences 

and subject sequences in the NCBI database were more 

than 98% for all samples. Nineteen strains from 288 

colonies were capable of producing a halo zone on NBRIP 

agar supplemented with Ca3(PO4)2. Six genera were 

identified: Enterobacter, Pantoea, Bacillus, Pseudomonas, 

Shigella, and Aeromonas. There were ten strains (OSP52, 

OSP57, OSP58, OSP59, OSP62, OSP78, OSP81, OSP85, 

OSP90, OSP93) belonged to the genus Bacillus. Three 
strains (OSP7, OSP41, OSP53) were identified as 

Pseudomonas. Two trains (OSP48, OSP79) and (OSP76, 

OSP86) were identified as Enterobacter and Pantoea, 

respectively. One strain (OSP68) was identified as Shigella 

and one other strain (OSP51) was identified as Aeromonas 

(Figure 6 and Table 5). 
 
Table 5. Identities of the PSB strains isolated from OS2 site 
 

Strains Identification % Gene identity 

OSP52 Bacillus sp.  99.50 
OSP57 Bacillus sp. 99.59 
OSP58 Bacillus sp.  99.53 
OSP59 Bacillus sp. 99.89 
OSP62 Bacillus sp.  99.90 
OSP78 Bacillus sp.  99.91 
OSP81 Bacillus sp.  99.79 

OSP85 Bacillus sp.  99.11 
OSP90 Bacillus sp.  98.92 
OSP93 Bacillus sp.  98.55 
OSP7 Pseudomonas sp. 100.00 
OSP41 Pseudomonas sp. 99.89 
OSP53 Pseudomonas sp. 98.86 
OSP48 Enterobacter sp. 99.91 
OSP79 Enterobacter sp. 99.13 

OSP76 Pantoea sp. 99.41 
OSP86 Pantoea sp. 99.25 
OSP68 Shigella sp. 99.90 
OSP51 Aeromonas sp. 99.57 
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Figure 6. Phylogenetic tree of phosphate-solubilizing bacteria 

isolated from organic paddy soil 2 (OS2) based on 16S rRNA 
gene. The tree was reconstructed using the Neighbor-joining 
method with the Kimura two-parameter method and uniform 
rates. Bootstrap values were determined from 1000 replications. 
Bar, 0.05 substitutions per site 
 

Discussion 

The soils in the present study were collected from the 

Central Plain region of Thailand. It was reported that, in 

this area, agricultural practices are mainly paddy fields 

(Jindaluang et al. 2013). In this study, the amount of sand, 

silt and clay were 1.41-2.20%, 44.14-50.45%, and 48.14-

53.66%, respectively. These results were the same range as 

the previous report of the Central Plain area by Jindaluang 

et al. (2013). They reported that the amount of sand ranged 
from 3.60% to 49.00%, silt ranged from 8.30% to 46.10%, 

and the clay ranged from 31.60% to 88.00%. In addition, in 

OS1 and OS2 sites, the CEC values ranged from 28.17-

30.79 cmol kg-1. The exchangeable cations in soils were 

0.66-0.76 cmol kg-1 for K, 15.51-16.35 cmol kg-1 for Ca, 

and 1.59-1.68 cmol kg-1 for Mg. The values of CEC and 

exchangeable cations were close to the report of Intorpetch 

et al. (2014), who collected soil samples from the Central 

Plain area. He reported that the CEC value was 16.20-42.50 

cmol kg-1, and the exchangeable cations were 0.14-0.98 

cmol kg-1 for K, 5.80-20.20 cmol kg-1 for Ca, and 2.40-

10.20 cmol kg-1 for Mg. The quantity of OM was 4.10-

5.18% and the pH was 5.76-5.86 in the present study soils. 

Intorpetch et al. (2014) reported that OM was 0.61-5.94% 

and the pH values ranged from 3.7-6.8. 

Comparing two study sites, the CEC values and some 

cations such as K increased in OS2 site. In addition, the 

PCA analysis showed that OS2 soil was characterized by 

the accumulation of Ca and Mg. Results exhibited that OS2 

site accumulated more OM than OS1 site, while clay 
content was lower than OS1 site. These results showed that 

the quantity of OM had a greater impact on soil cation 

retention than the amount of clay. The same result was also 

reported in Swiss top soils. It was reported that the 

effective Cation Exchange Capacity (CEC eff.) or the 

available soil surfaces that are available for cation fixation, 

was related strongly to the quantity of OM in Swiss forest 

top soils (<30 cm depth). The concentration of OM 

contributed between 35 and 50% to the total CEC eff., 

indicating that OM plays a significant role in cation 

retention in topsoil reducing the loss of cation by erosion 
and leaching processes (Solly et al. 2020).  

The quantity of total N was 84.08-125.53 mg kg-1 in the 

present study soils. These values are considered to be 

moderated as reported by Carson and Phillips (2024) 

suggesting that the application of poultry and swine 

manures is N sufficient to grow rice in these OA soils. 

Analysis of N species in the soils had shown that all two 

sites accumulated more ammonium than nitrate. The result 

can be attributed to several factors. The first one is the low 

concentration of labile Pi in the OA soils. It was 11.15 mg 

kg-1 for OS1 and 3.41 mg kg-1 for OS2. In OA soils, it is 
often found that there is a limitation of nutrients such as N 

and P (Bedoussac et al. 2015; Meemken and Qaim 2018). It 

is possible that P was a limiting factor for the growing of 

nitrifiers, that was in turn inhibited the nitrification process 

which converts ammonium (NH₄⁺-N) to nitrate (NO₃⁻-N), 

resulting in the accumulation of ammoniums in the soils. In 

P-limiting soil, the activities of nitrifiers were reduced 

(O’Neill et al. 2022) and it was generally observed the 

reduction of nitrate concentration in the soil (Wang et al. 

2022). Moreover, the application of poultry and swine 

manures, as organic fertilizers in the paddy soils, can take 

part in the accumulation of ammonium. It was reported that 
poultry and swine manures contain a lot of urea that will 

convert to ammonium through the enzymatic action of 

urease (López-Bellido et al. 2014). In addition, the quantity 

of nitrate in OS2 site was lower than OS1 site but the 

concentration of ammonium ion was indifferent. The 

limitation of nitrifiers activities was higher on OS2 than 

OS1 because this site was lowest in term of labile Pi, that 

explain why the quantity of nitrate was low in this site.  

In intact soils, the bicarbonate-extractable Pi was 11.15 

mg kg-1 for OS1 site and 3.41 mg kg-1 for OS2 site. The 

same results were also found in the Central Plain region of 
Thailand. It was reported that labile Pi in the area ranged 

from 2.8 mg kg-1 to 23.00 mg kg-1 (Intorpetch et al. 2014). 

The bicarbonate-extractable Po was 14.98 mg kg-1 for OS1 

site and 11.58 mg kg-1 for OS2 site. These values were 

significantly different compared to labile Pi indicating that 
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the soils accumulated phosphorus in organic fraction more 

than inorganic fraction. This study showed similar results 

as reported by Xavier et al (2009) that the conversion of 

land to organic agriculture promoted the accumulation of 

labile Po. The low concentration of labile Pi was also 

observed in other studies after the conversion of 

agricultural practices to organic farming (Bedoussac et al. 

2015; Meemken and Qaim 2018). However, it can not be 

certain that the reduction of labile Pi is due to the 

conversion of the paddy soils to organic agricultural 
practices because the data on soil nutrient status was not 

monitored before the conversion. Moreover, the soils in 

this study were silty clay which presented a high 

concentration of clay. The amount of labile Pi in the area 

was low due to high clay content. Clay minerals play a 

crucial role in labile Pi adsorption (Xiong et al. 2022). 

The technique of autoclaved soils used to extract P 

contained in microbial cells (Waithaisong et al. 2022a). 

The results revealed that microbial Pi released from the soil 

after autoclaving was reduced compared to labile Pi using 

intact soil in OS1 site. In OS2 site, the quantity of 
microbial Pi and labile Pi was indifferent. It was reported 

that if the adsorption of P did not occur or the effect was 

minor, the quantity of inorganic P and organic P after 

autoclaving was increased due to the release of P from 

microbial cells in sandy soils (Waithaisong et al. 2022a). 

Normally, the autoclaving method uses a moist heat 

environment to kill the microorganisms contained in the 

soil and release Pi and Po from microbial cells. The 

autoclaving technique gives equivalent results to the 

chloroform fumigation method, that is used to estimate 

microbial P in soils (Sinegani and Hosseinpur 2010). 
However, this method cannot be used for silty clay soil in 

these sites. It was reported that autoclaving soil reduced 

soil aggregates leading to an increase in clay fractions and 

change a chemical structure of OM (Berns et al. 2008). 

This may increase the soil adsorption capacity of P. The 

quantity of P in the organic fraction was indifferent after 

autoclaving compared to intact soils. This also due to the 

effect of P adsorption after autoclaving. However, the 

results of autoclaved soils showed that P in the study sites 

was mainly in organic fraction, especially in OS2 soil. 

These results were similar to the results obtained from 

intact soils. It was reported that in P-limiting soil, the P 
fraction was mainly held in microbial cells (Waithaisong et 

al. 2022a). The P-limiting soils promoted P immobilization 

by soil microorganisms that were revealed by a high P 

incorporation into microbial cells and used as the 

composition of biomolecules (Pistocchi et al. 2018). The 

conversion of land to organic farming increased microbial 

biomass (Crystal-Ornelas et al. 2021). This may be 

attributed to the accumulation of P in organic fraction that 

observed in this study. 

PCA analysis of all soil properties revealed that, at the 

OS1 site, the concentration of P fractions (labile Pi, labile 
Po, microbial P) and nitrate increased with the 

concentration of clay content. It seems that clay may play 

an important role in anions retention such as N and P in this 

site. It was reported that clay can adsorb P in the form of 

orthophosphate ions and N in the form of nitrate on the 

surface, and inside the mineral contributing to nutrient 

retention (Xiong et al. 2022). At OS2 site, OM 

concentration increased with CEC and cation value, 

indicating the role of OM which plays a major role in the 

retention of cations, such as K, Ca and Mg. This situation 

was also observed in forest soils in Switzerland, where OM 

in topsoil was the main soil component that adsorbed 

cation and reduced the loss of cation by erosion and 

leaching processes (Solly et al. 2020). 

PSB is the group of soil microorganisms that solubilize 
rock phosphate and/or mineralization of organic 

phosphorus. Their ability can increase labile Pi for plant 

growth in organic farming as microbial inoculants (Alori et 

al. 2017). In the OS1 and OS2 sites, molecular 

characterization of PSB strains revealed that PSB belonged 

to six genera: Enterobacter, Pantoea, Bacillus, 

Pseudomonas, Burkholderia, and Acinetobacter. The PSBs 

isolated in this study were similar to other studies that 

isolated PSBs from soils and rhizosphere soils. They 

belonged to the genera: Pseudomonas, Agrobacterium, 

Azotobacter, Bacillus, Burkholderia, Enterobacter, 
Erwinia, Kushneria, Paenibacillus, Ralstonia, Rhizobium, 

Rhodococcus, Serratia, Bradyrhizobium, Salmonella, 

Sinomonas, and Thiobacillus (Alori et al. 2017). PSB was 

isolated from the rhizosphere of perennial ryegrass, white 

clover, wheat, oat, and yellow lupin. Isolated PSB’s 

belonged to the genera Pseudomonas, Enterobacter, and 

Pantoea (Jorquera et al. 2008). In addition, results showed 

that the genus Acinetobacter was isolated only from the 

OS1 site. This bacteria was reported to be PSB and isolated 

from bulk soil (Wan et al. 2020). Shigella and Aeromonas 

were found only in OS2. These bacteria were found as PSB 
that can solubilize Ca3(PO4)2, and isolated from 

vermicompost (Raimi et al. 2022). PSBs, isolated in this 

study, have the potential to be used as microbial inoculants 

in rice organic agricultural production after their 

characterization. 

In this study, the analysis of soil properties, collected 

from two organic paddy soils, that were converted to 

organic agriculture more than 7 years ago detected the 

reduction of nutrient availability for P but not N in soils. 

All study sites were P-limited. The P limitation influences 

the quantity of N species accumulated from the soils as the 

accumulation of ammoniums in all study sites. Phosphorus 
was present mostly in organic fractions. The analysis of 

microbial P indicated that the OS2 site accumulated P in 

microbial cells which was unavailable for rice growth. Soil 

properties indicated that these organic paddy soils decrease 

labile Pi and affect N cycling, resulting in a decrease in rice 

yield in the future. The application of manure was 

insufficient to provide labile Pi for rice growth. In addition, 

the isolation of PSBs showed that PSBs belonged mainly to 

the genera; Enterobacter, Pantoea, Bacillus, and 

Pseudomonas. Further, the PSB strains must be 

characterized for their phosphate solubilization to be 
applied as biofertilizers. The data of this study may be 

valuable to the farmers and suggestions should be made to 

increase the organic fertilization rate or use the 

combination of rock phosphate and microbial inoculants 

such as PSB to increase labile Pi for rice growth. 
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