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Abstract 

The ability of PSB to solubilize phosphate is considered to be one of the most important traits in plant nutrition. 

These bacteria play an important role in providing plants with phosphorus. The aim of the present study is the 

isolation of phosphate solubilizing bacteria as well as the enhancement of phosphate solubilization of Bacillus 

subtilis using UV mutagenesis. 24 bacteria were isolated from the rhizosphere of different regions in a western of 

Algeria on the basis of their ability to solubilize tricalcium phosphate in on Pikovskaya’s agar plates. Using liquid 

medium significant amounts of phosphorus solubilized by the isolates were recorded, reaching a value of 

346.34μg/ml of free phosphorus by the isolate GC9. This later was subjected to UV mutagenesis for its high 

phosphate solubilizing ability and it was identified as Bacillus subtilis using 16S rRNA gene sequence analysis. 

Induction of mutation in strain was carried out at different exposure times: 0, 4, 8, 12 and 16 min at a distance of 

10 cm between UV source and treated bacteria. A high rate of improvement of phosphate solubilization in liquid 

medium was observed by the mutant GCM11 (109.78%). 
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Introduction 

Phosphorus is an indispensable nutrient for plant 

growth and development. However, it is usually 

present at low concentrations in soil, due to 

numerous geochemical processes constraining its 

mobility and availability (Plassard et al., 2015). In 

addition, the majority of soluble phosphorus added to 

the soil is either absorbed (immobilized) by calcium 

or precipitated by free forms of iron or aluminum, 

depending on the type of soil (Khan et al., 2014). In 

agriculture, the deficiency of phosphate is generally 

compensated by the addition of chemical phosphate 

fertilizers to the soil. However, it is quickly 

immobilized and therefore becomes useless for the 

plants (Gyaneshwar et al., 2002).  

 

Among the proposed alternatives, the use of 

phosphate solubilizing bacteria (PSB) which is one of 

the ecological options to avoid or minimize the 

excessive use of chemicals in agriculture and could be 

a promising source as a bio-fertilizer in agriculture 

(Khan et al., 2007). These bacteria are common in the 

rhizosphere and make phosphorus available to plants 

by solubilization of precipitated phosphates (Vessey 

et al., 2003). In fact, phosphate-solubilizing bacteria 

exhibit multifunctional properties and can also 

exhibit characters that promote plant growth like 

biological nitrogen fixation, phytohormone synthesis 

and the decrease of environmental stress (Cattelan et 

al., 1999). Soil bacteria belonging to genera 

Bacillus, Pseudomonas, Rhizobium, Enterobacter, 

and Burkholderia have been established to be 

powerful phosphate solubilizers (da Costa et al., 2015; 

Shintu and Jayaram, 2015). Hence the genus Bacillus 

is one of the most extensively distributed in nature 

and is frequently used for commercial productions. 

The Bacillus species have a fast growth rate, 

extremely adaptable metabolism, and excellent 

physiological characteristics (Saxena et al., 2020) 

 

The genetic improvement of microbial isolates plays a 

key role in the commercial development of the 

microbial fermentation process. Generally wild 

strains solubilize limited amounts of the desired 

phosphate to be useful for agricultural applications 

(Glazer and Nikaido, 2007). The use of ultraviolet 

radiation-mutagenesis is one of the best known and 

most commonly used techniques in this context 

(Javed et al., 2013). The main objective of this work 

consists in isolating phosphate-solubilizing bacteria 

from different plant rhizospheres and improving this 

solubilization capacity by using UV mutagenesis. 

 

Materials and methods 

Bacterial isolation 

Soil samples were randomly collected from the 

rhizosphere regions of lentils, artichokes, chickpeas, 

beans and wheat plants growing at different sites at 

Relizane (western Algeria). Isolation of PSB was carried 

out by serial dilution method up to 10-6. Subsequently 

0.5mL of the suspension diluted to 10-6 were spread on 

nutrient agar (NA) medium. After incubation for 3 days 

at 30°C, detected bacteria were purified then maintained 

at -20°C in 50% glycerol as a stock.  

 

Screening for phosphate solubilization 

Isolates were tested by plate assay using Pikovskaya 

medium (Pikovskaya, 1948) supplemented with 0.5% 

Ca3 (PO4)2 to screen its efficiency to solubilize 

phosphate. Inoculated plates were incubated for 7 

days at 30°C. Appearance of clear halo zone on 

Pikovskaya’s agar plates indicates positive phosphate 

solubilization ability. 

 

Phosphate solubilization in liquid Medium 

Phosphate solubilizing capacity of each strain was 

determined on National Botanical Research 

Institute’s Phosphate growth medium (NBRIP) 

(Nautiyal, 1999) supplemented with 5g of TCP as sole 

phosphorus source. The flasks containing 50mL of 

NBRIP medium were inoculated with 1mL of bacterial 

suspension (2×109CFU/mL) and incubated at 30°C 

on a rotary shaker for 6 days. The cultures were 

harvested by centrifugation at 6000 rpm for 30 min. 

The phosphorus in supernatant was estimated by 

Vanado-molybdate-yellow color method (Jackson, 

1973). The values of soluble phosphate liberated were 

expressed asµg/ml over control. 

 
16S rRNA gene sequence analysis 

The PSB isolated from soil were identified on the base 

on morphological and biochemical tests as specified 
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in Bergey’s Manual of Determinative Bacteriology 

(Holt et al., 1994) (data not shown). The bacterial 

isolate GC9 was selected for its high phosphate 

solubilizing ability to be used in further experiments. 

Molecular identification of bacterial isolate (GC9) was 

carried out using 16S rRNA gene amplification using 

a universal primer pair 1390 (5’-

AACGGGCGGTGTGTRCAA-3’) and PA2 (5’- 

AGTTTGATCMTGGCTCAG-3’). The sequences of 16S 

rRNA gene were analyzed using the BLAST searching 

program at the National Center for Biotechnology 

Information (NCBI) website: http://www.ncbi.gov.  

 

Preparation of bacterial suspension 

Bacterial suspension was prepared by transferring 

colonies from Luria-Bertani medium to a 250mL flask 

containing 50mL of LB broth. The flask was placed in a 

shaker incubator at 30° C with stirring at 160 rpm for 18 

h. After incubation the optical density of the bacterial 

suspension was adjusted to reach 0.8 at 600 nm 

(corresponding to approximately 109 CFU/mL). This 

suspension was used as a cell source for irradiation. 

 

UV mutagenesis 

The UV mutagenesis of GC9 was carried out according 

to the method of Courcelle et al. (2001) using different 

exposure times. 5mL of previously prepared bacterial 

suspension were poured into 10-cm diameter-Petri 

dishes at a distance of 10 cm from the UV lamp (30-W 

germicidal lamp, 2540-2550Å) and exposed to UV rays 

for 0, 4 , 8, 12 and 16 mins. 0.1mL of suitable dilutions of 

each treatment was spread on nutrient agar plates and 

incubated at 30° C for 24 hours. After incubation the 

bacterial colonies were counted and transplanted onto 

NA dishes for further studies. Isolates from each 

treatment were selected on the basis of differential 

macroscopic characteristics. The ability of mutant 

isolates to solubilize phosphate was tested in NBRIP 

liquid medium. 

 

Statistical analysis  

The data obtained in this study was subjected to 

analysis of variance (ANOVA) and comparisons of 

means were performed by Newman and Keuls test at 

p ≤ 0.05 using statbox. 

Results and discussion  

Screening for Phosphate Solubilization 

Plant Growth Promoting Rhizobacteria (PGPR) are a 

group of beneficial rhizobacteria that can enhance 

yield and growth of agricultural crops. The ability of 

some rhizospheric bacteria to solubilize phosphate in 

soil and make it available for plants is an important 

activity in improving plant growth.  

 

A total of 37 phosphate solubilizing bacteria were 

obtained from different rhizosphere soil samples at 

Relizane region (western Algeria). The ability of the 

studied isolates to solubilize the inorganic phosphate 

was tested using solid Pikovskaya medium 

supplemented with tricalcium phosphate by the 

formation of transparent halo around bacterial colony 

(Fig. 1). Out of the 37 isolates 24 (64.86%) were 

marked as phosphate solubilizing bacteria with 

reference to their ability of transparent halo 

production with different diameters around their 

colonies. Phosphate solubilizing capacity of each 

isolate was also determined on NBRIP liquid 

medium. The results showed that the phosphate 

solubilizing ability of tested bacteria varied from 

31.76 to 346.34µg/mL using TCP as a source of 

insoluble P. The isolate GC9 that showed the best 

capability in phosphate solubilization (346.34µg/mL) 

was selected to be used in further tests (Table 1).  

 

Molecular identification of GC9 using 16S rRNA gene 

showed that it belonged to the genus Bacillus 

identified as Bacillus subtilis. The result was 

expressed as a percentage of similarity of the bacteria 

to be identified with the closest strains.  

 

It has been reported that higher concentrations of 

phosphate-solubilizing bacteria are commonly found 

in rhizospheric soil compared to non-rhizospheric soil 

(Reyes et al., 2007).  

 
It has also been reported that Bacillus, Pseudomonas, 

Rhizobium and Enterobacter are the most efficient P 

solubilizers (Whitelaw, 1999). In another study, 

Bacillus subtilis has emerged as the best phosphate 

solubilizer compared to Pseudomonas fluorescens 

(Sivasakthi et al., 2013) 
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Table 1. Phosphate solubilization by bacterial isolates. 

Isolate 
Concentration of phosphate 
(μg/ml) 

GA5 130.04± 5.19 n 

PA8 283.73±7.78c 

GA9 179.44± 5.61k 

LA11 326.1± 8.92b 

LB2 324.62± 10.67b 

GB3 295.22± 4.48d 
GB12 84.65± 2.81o 

PB16 31.76 ± 1.14s 

LB17 44.32± 1.30r 

GC1 284.82± 9.92e 

PC4 47.27± 2.08r  

PC8 296.08± 7.91d  

GC9 346.34 ± 8.82a 

LD3 268.58± 7.37f 

GD5 138.35± 6.48m 

GD10 146.33± 6.31l 

PD11 197.76± 7.04j 

GD13 244.88± 8.52h 

LE6 259.52± 8.73g 

GE7 76.63± 3.54p 

PE9 57.41± 3.78q 

PE11 148.83± 5.92l 

LE13 233.69± 7.18i 

GE15 305.47± 8.53c 
Values: Mean ± standard deviation, abc: homogeneous 

groups indicating statistically different values according 

to the Newman-Keuls test at p ≤0.05. 

 

 

Fig. 1. Phosphate solubilization by GC9. 

 

The mechanism of phosphate solubilization by 

Bacillus species is through the release of organic 

acids, chelation, and ion exchange while the action of 

organic acids is recognized as a major mechanism 

responsible for phosphorus release (Cheng et al., 

2017). Several studies showed almost similar amount 

of phosphate solubilized by Bacillus (Mahdi et al., 

2020; Bhatt and Maheshwari, 2020). Patil (2014), 

has stated that B. subtilis is a powerful phosphate 

solubilizer that tolerates soil salinity.  

It has been known that inoculation of different 

plant with Bacillus species can increase the 

concentration of phosphorus in the host plant 

(Abdelmoteleb and Gonzalez-Mendoza, 2020; 

Mahdi et al., 2020; Zhao et al., 2022).  

 

UV mutagenesis 

UV radiation is a standard mutagen, and its 

mutagenicity has been studied extensively due to its 

ubiquity in nature and convenience of handling. In 

addition, UV is also applied in many fields such as 

UV disinfection technology in clinical 

microbiology and evolution engineering in the 

biotechnology. The bacterial suspension of GC9 was 

exposed to UV rays for different time intervals (4, 8, 

12, 16 and 20 min). After incubation, a bacterial 

count was performed and the CFU for each time 

interval was calculated. The CFU decreased sharply 

over the exposure time as well as the survival rate of 

the bacterial isolates, it showed a reduction ranging 

from 100% to 22.39% after 4 min of exposure.  

 

It also became almost zero after an exposure time of 

16 and 20 minutes (Table 2). Mutant isolates were 

selected according to their differentiation in 

macroscopic appearance to test their ability to 

solubilize phosphate in NBRIP liquid medium. The 

amount of phosphate solubilized by the mutants 

varies from 159.41to 726.76μg/ml. In parallel, the 

percentage of improvement was calculated and it 

varies from -53.98% to 109.78%. Among all the 

mutant isolates 44.44% showed a positive 

improvement compared to the wild type isolate. A 

maximum improvement was observed in the GCM11 

mutant with a percentage of 109.78% (Table 3). 

 

Table 2. Survival data for GC9 after UV treatment at 

different exposure times. 

Exposure time (min) CFU/ml  Survival % 

0 1.67x 109 100 

4 3.74 x 108 22.39 

8 8.35 x 107 5 

12  1.4 x 107 0.84 

16 1.82 x 106 0.01  

20 5.46 x 104 0.003  
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Table 3. Phosphate solubilization of mutants after 

UV treatment. 

Isolate 
Concentration of 
phosphate (μg/ml) 

Improvement 
% 

GC9 346.44 ± 9.05g 0 
GCM1 254.61 ± 8.34l -26.50 
GCM2 334.39 ± 9.67i -3.48 
GCM3 256.55 ± 8.27l -25.94 
GCM4 343.55 ± 8.93h -0.83 
GCM5 580.44 ± 14.73e 67.54 
GCM6 658.63 ± 18.43c 90.11 
GCM7 321.42 ± 9.27j -7.22 
GCM8 268.65 ± 7.75k -22.45 
GCM9 239.78 ± 6.97m -30.78 
GCM10 181.64 ± 5.32p -47.57 
GCM11 689.00 ± 19.01b 98.88 
GCM12 726.76 ± 19.80a 109.78 
GCM13 159.41 ± 3.91r -53.98 
GCM14 192.46 ± 4.61o -44.44 
GCM15 234.64 ± 6.12n 32.27 
GCM16 578.31 ± 18.38e 66.92 
GCM17 486.13 ± 15.49f 40.32 
GCM18 176.38 ± 6.32q -49.08 
GCM19 649.29 ± 19.14d 87.41 

Values: Mean ± standard deviation, abc: homogeneous 

groups indicating statistically different values 

according to the Newman-Keuls test at p ≤0.05. 

 

The results of several studies illustrated that the 

mutant Bacillus subtilis species obtained by ultraviolet 

irradiation is a promising biosorbent for the 

remediation of many heavy metals (Wang, et al., 2014, 

2018). It has been also reported that a UV mutant 

strain of Bacillus subtilis enhanced acetoin production 

compared to the wild strain (Xu et al., 2011).  

 

The salt tolerance of Bacillus subtilis isolates was 

improved from 10 to 14% using UV mutagenesis and 

PGP traits were also improved by mutant strains 

(Hingole and Pathak, 2016). Moreover, treatment of 

the mung bean seeds with UV mutant strain of 

Bacillus subtilis M-1 had a significant stimulation 

effect on plant growth compared to parent strain 

(Olga et al., 2019). 

 

In our study the survival rate decreased from 100% to 

20% after 4 min of exposure. Those results are similar 

with the work reported by El-Hamshary et al. (2018). 

The decrease in survivability of bacillus strain with an 

increase in exposure time has been reported by 

Nadeem et al. (2010). UV Mutant strains of E. 

cloacae isolated from Purslane rhizosphere improved 

the solubilization of soil phosphorus (El-Hamshary et 

al., 2018). It has been reported by Sivasakthi et al. 

(2015) that the UV mutated Bacillus subtilis that were 

efficient in phosphate solubilization improved in 

antagonistic activity against Pyricularia oryzae 

compared to the wild type. 

 

Conclusion  

The results of the present investigation revealed that 

among different rhizospheric isolates GC9 was the 

best phosphate solubilizer. UV mutagenesis treatment 

of Bacillus subtilis (GCM11) was able to enhance 

phosphate solubilization in liquid medium with an 

improvement rate of 109.78%. This UV mutant 

bacterial isolates can be used as inoculants to enhance 

the phosphorus uptake by plants and reduce the 

utilization of phosphorus fertilizers and increase yield 

of crop production. 
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