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Abstract 

Soil bacteria, capable of converting insoluble phosphorus into soluble, plant-accessible forms, collectively known as 
phosphate-solubilizing bacteria (PSB), have emerged as an eco-friendly and cost-effective solution for supplying 
phosphorus to plants. This study presents preliminary insights into the rhizospheric bacterial population associated 
with the vigorously growing kans grass (Saccharum spontaneum L.) at different fly ash disposal sites of NTPC, Kaniha in 
Angul district, Odisha. In the quest for efficient plant growth promoting rhizobacteria (PGPR) strains with diverse 
beneficial activities, a total of sixteen bacterial isolates were collected from the rhizosphere of chosen plant species and 
identified, with only ten isolates underwent biochemical characterization. Among these, four isolates exhibiting a higher 
phosphate-solubilizing index were further characterized, serving as a foundation for future exploration of the bio-
prospective potential of rhizosphere bacteria in this unique ecological niche. Further assessment of these isolates, 
showcasing several plant growth-promoting (PGP) traits, is essential to determine their efficacy as potent PGPR agents. 

Keywords: Phosphate solubilizing bacteria; Kans grass; Fly ash; Rhizosphere; PGPR 

1. Introduction

The rhizosphere, a thoroughly studied ecological microenvironment, refers to the soil volume surrounding plant roots 
characterized by its abundant bacterial populations influenced by root exudates [8]. It is a common phenomenon to 
observe bacterial populations within the rhizosphere that are 100 to 1,000 times more abundant compared to the 
surrounding bulk soil. This disparity in population can be attributed to the metabolic adaptability of these bacteria, 
enabling them to efficiently utilize the diverse root exudates. The role of microorganisms of rhizosphere in exerting 
both direct and indirect impacts on soil characteristics through their advantageous or detrimental actions.  

Phosphorus (P) stands as one of the pivotal plant nutrients, significantly shaping overall plant growth by influencing on 
a range of critical metabolic processes, including cell division and development, macromolecular synthesis, 
photosynthesis, energy transfer, signal transmission, and plant respiration [24]. In contrast to other nutrients, the 
concentration of P in the soil solution is notably lower, typically falling within the range of 0.001 to 1 mg/l [2]. 
Phosphorus (P) serves as a primary nutrient that frequently restricts plant growth, and there is no significant 
atmospheric source that can be readily converted into a biologically accessible form [3]. Some species of bacteria have 
the potential to mineralize and solubilize organic and inorganic phosphorus in soil [9]. The predominant group of 
reputable PGPR mainly comprises genera such as Acinetobacter, Agrobacterium, Arthobacter, Azotobacter, 
Xanthomonas, Rhodococcus, Azospirillum, Burkholderia, Bradyrhizobium, Rhizobium, Frankia, Serratia, 
Chryseobacterium, Gordonia, Phyllobacterium, Thiobacillus, Pseudomonads, and Bacillus [15]. These genera are recognized 
for their substantial phosphorus (P) solubilization capabilities in addition to a range of activities that promote plant 
growth [4][5][23]. Many studies have focused on identifying highly efficient phosphate-solubilizing bacteria (PSB). The 
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majority of PSB fall into the category of Gram-negative bacteria, primarily Pseudomonas, Acinetobacter and Pantoea 
[10][11][18]. Additionally, some PSB are Gram-positive bacteria, such as Bacillus [7][25]. 

The finest particulate byproduct resulting from the coal combustion in various thermal power plants and industrial 
facilities is well known as fly ash. During combustion process, the alternation of mineral components within coal 
particles leads to the formation of fly ash. Consequently, the substantial production of fly ash, presents a multitude of 
challenges associated with disposal. It is worth noting that fly ash is still predominantly regarded as a waste byproduct. 
In India, accounting for 85% of the total fly ash generated, which is expected to surge to approximately 180 million 
metric tons per annum following the completion of proposed power plants, necessitating the allocation of 120,000 
hectares of area for dumping [1]. The state of Odisha stands out with its substantial coal reserves, accounting for over 24 
percent of the nation's total coal reserves. Notably, the largest individual coalfield in India, known as the Talcher 
coalfield, boasts approximately 39.64 billion metric tons of coal reserves [21]. 

The present research was conducted on the fly ash landfill that has been spontaneously revegetated with Saccharum 
spontaneum L. grass, which are great soil binders, minimize erosion, and improve slope stabilisation of fly ash dumps. 
S. spontaneum L. is a potential grass known to be an effective coloniser of wastelands and marginal regions, due to its 
high biomass yield and robust root structure [16][17]. The choice of resilient plant species, alongside microorganisms that 
serve a key role in initiating early ecosystem development, is influenced by their functional capabilities, which 
encompass nitrogen fixation and organic matter recycling, and their potential to facilitate the establishment of plants. 
With a focus on addressing the environmental considerations mentioned above, this research was conducted to 
investigate the ability of rhizobacteria in the rhizosphere of prolifically growing S. spontaneum within a heavily metal-
contaminated fly ash dump sites to solubilize phosphate and exhibit diverse plant growth-promoting traits. 

2. Materials and methods 

2.1. Sample collection 

Plant samples, collectively with their attached rhizosphere fly ash samples (aggregates adhering to the roots), collected 
in from different fly ash dump sites of Thermal Power Station of Kaniha (NTPC) is in Angul district of Odisha, India. 
Geographical co-ordinates of NTPC, Kaniha is 21.09300 north, 85.08180 east. After collection of Soil samples, the further 
procedure follows immediate storage at 4 ℃ in plastic bags. These bags were loosely knotted to enable proper aeration 
and moisture retention until the bacterial colony was isolated. 

2.2. Isolation of phosphate solubilizing bacterial strain 

1 g dry weight of samples of the rhizosphere zone was suspended in 9.0 ml of sterile distilled water used to provide a 
dilution series from 10-1 up to 10-7. The bacterium was isolated, then preliminary screening continued with serial 
dilution using a standard spread plate technique on Pikovskaya's agar (PKA) medium consisting of constituents: glucose 
10 g; tri-calcium phosphate (TCP) 5 g; yeast extract 0.5 g; ammonium sulphate 0.5 g; potassium chloride 0.2 g; sodium 
chloride 0.2 g; magnesium sulphate 0.1 g; ferrous sulphate trace; manganese sulphate trace; agar agar 15 g; distilled 
water 1 L [19]. pH 7.0±0.2 was maintained. Incubation period of 48 hours with maintained temperature at 28± 2 ℃, leads 
to the formation of halo zone around the culture. The distinct colony with halo zones was collected. The bacterial 
colonies showing clear zones form around them, were considered as phosphate solubilizing bacteria (PSB). Pure 
cultures of the isolates were made by repeated subculturing for 2–3 times on fresh PKA plates and were maintained on 
PKA slants at 4 °C. PSB were expressed as colony forming unit (CFU) per gram of dry soil weight. These isolated colonies 
were maintained on Pikovskaya's agar medium with 30% glycerol on cryopreservation tubes at -20 ℃ for further study. 

2.3. Qualitative and quantitative estimation of phosphate solubilization 

The Phosphate solubilizing index (PSI) was used to provide a qualitative estimate of phosphate solubility. Each isolate's 
10 μl inoculum was spotted on Pikovskaya's agar solid medium with 5.0 g/L TCP as a sole source of P and cultured at 
30 °C for 7 days. The sterile media served as a control. 

PSI was calculated according to formula by Purnomo et al., (2021) 

PSI = (C+H)/C, (C = Colony diameter; H = Halo zone diameter). 

The phospho-molybdate blue colorimetric technique, developed by Murphy and Riley in 1962, was used to 
quantitatively test tricalcium phosphate (TCP) solubilization. Pikovskaya's broth (100 ml) was adjusted to pH 7 and 
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made with sucrose and TCP (0.3 g/100 ml) and distributed into 250-ml flasks. Following sterilisation, the flasks were 
inoculated with exponentially growing bacterial cells and put on a rotary shaker for 120 hours. At certain time (24hrs) 
interval, 5 ml of culture broth was taken and centrifuged (10,000 rpm/15 minutes). The resultant supernatant was 
collected and analysed. The available phosphorus (P) concentration in the supernatant was quantified using a 
spectrophotometer (882 nm), and the results were calibrated using standard KH2PO4 curves. The pH of the supernatant 
was recorded as well at each time point [13]. 

2.4. Preliminary screening of bacterial strains 

Morphological and biochemical tests were performed on the chosen phosphate solubilizing bacterial isolate to identify 
it using the procedures described in Bergey's Manual of Determinative Bacteriology.  

3. Results and discussion 

Following screening for p-solubilizing activity, the top ten PSB were chosen from a total of sixteen PSB for biochemical 
assays and future research. The isolates were tested for phosphate solubilization activity using tricalcium phosphate as 
the only source of phosphorus. The abundance of numerous plant growth-promoting bacteria (PSB) in the soil serves 
as a crucial indicator of their ability to effectively enhance crop growth and support sustainable agricultural 
development [26]. Clear halo zones formed surrounding the colony, indicating its ability to solubilize tricalcium 
phosphate. This might be caused by the formation of organic acids or polysaccharides, or the action of phosphatase 
enzymes [5]. The average solubilization index of the most effective isolate of each species is presented in Table1. The 
findings were established based on the zone of clearing, computing the solubilization index in mm. The SI of the isolates 
ranges from 6mm to 18mm. Isolate PSB5 showed highest PSI and PSB10 showed lowest PSI (table 1). From the results 
it is concluded that PSB5 was efficient phosphate solubilizer and PSB10 was less efficient phosphate solubilizer as 
compared to rest other nine PSB isolates of the region. The colonies showing maximum diameter of halo zone were 
further selected, sub-cultured, purified and maintained in agar plates. 

Rhizodeposition promotes the growth of gram-negative bacteria, making them more mobile, whereas it inhibits the 
activity of gram-positive bacteria. The rhizosphere of various crop species demonstrates a stronger association with 
gram-negative rhizobacteria compared to gram-positive rhizobacteria [14]. Morphological and biochemical 
characterization of PSRB strains revealed that the eight isolates, out of the below mentioned 10 bacteria strains, were 
gram-negative rods, while PSB4 and PSB6 was identified as gram-positive rods (table1). These findings are comparable 
with those reported by Mujahid et al. (2014), who found that gram-negative PSRB strains outnumber gram-positive 
ones. 

Table 1 Phosphate solubilizing index (PSI) at 5th day of incubation 

Isolates Gram staining colony diameter 

(mm) 

Halozone diameter 

(mm) 

Phosphate Solubulizing Index 

(PSI) 

PSB1 -ve 5 11.5 3.3 

PSB2 -ve 5 13 3.6 

PSB3 -ve 4 9 3.25 

PSB4 +ve 5 14 3.8 

PSB5 -ve 4 15 4.75 

PSB6 +ve 6 10 2.66 

PSB7 -ve 7 9 2.28 

PSB9 -ve 5 10 3 

PSB10 -ve 6 9 2.5 

PSB11 -ve 4 7 2.75 
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Figure 1 Phosphate solubilizing activity of different isolates 

 

    

Figure 2 Pure culture of selected bacteria strains (PSB2, PSB7, PSB3, PSB1 respectively) showing growth with halo 
zone on selective media 

Most colonies had a clear opacity, resulting in milky, white, or yellow tint on the agar plates. The bacterial colonies had 
round to irregular forms with elevated elevations. Of the ten PSB isolates, eight were gram-
negative and two were gram positive. The results of different biochemical tests for four PSB isolates with comparatively 
higher phosphate solubilizing index were summarized in figure 1. 

The biochemical test conducted for all the ten isolates and the result of only four isolates with higher phosphate 
solubilizing index are represented in table 2. Except PSB4, rest three isolates (PSB1, PSB2, PSB3) are gram negative. 
gram-negative bacteria are attracted to root exudates, which increases their population around the roots and results in 
the release of substances beneficial for plant growth. In contrast, gram-positive bacteria, being aerobic, experience a 
decrease in their population around the roots due to the limited oxygen availability [6]. Plants constantly face 
environmental stress due to their stationary nature. To combat these challenges and counteract the impact of hydrogen 
peroxide, PGPR strains generate an enzyme known as catalase [6]. Among the selected four isolates, three isolates (PSB1, 
PSB2, PSB5) were found to be catalase positive and PSB4 was found to be catalase negative. 

Table 2 A-shape, B- nitrate reduction, C- citrate utilization, D- IAA production, E- hydrogen sulphide test, F- starch 
hydrolysis test, G- catalase activity, H- Voges Proskauer test 

Strain A B C D E F G H 

PSB1 Rod +ve +ve -ve -ve +ve +ve +ve 

PSB2 Rod -ve +ve -ve +ve +ve +ve -ve 

PSB4 Rod +ve +ve -ve -ve +ve -ve -ve 

PSB5 Rod -ve +ve -ve +ve +ve +ve -ve 
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Figure 3 The phosphate solubilization efficiency (shown as concentration of free phosphate), and the concomitant 
decrease of pH in the PKV medium 

The selected strains exhibited TCP solubilization in the liquid medium, leading to a decrease in pH from initial neutral 
value of 7.0 to different acidic levels ranging between 4.15 and 4.85 after 4 days of incubation. In the control treatment, 
no soluble phosphorus (P) was detected, and there was no observable change in pH. Conversely, the test cultures 
showed a notable decrease in pH. On the fourth day of incubation, strain PSB4 exhibited the highest phosphorus (P) 
solubilization, recording 64 mg/100ml with a corresponding pH decrease to 4.15. This was followed by strain PSB5, 
which recorded 56 mg/100ml of solubilized P and a pH drop to 4.27. In contrast, strain PSB1 showed the lowest 
concentration of soluble P at 43.5 mg/100ml, accompanied by a minimal pH drop to 4.61 on the same day of incubation. 
The observed decrease in the pH of the culture medium could serve as indirect evidence suggesting the presence of 
organic acids. Phosphorus solubilization is an important trait implicated in plant growth-promoting rhizobacteria that 
boost the nutrient availability to the host plant [22]. P is a significant constraint on agricultural productivity. The addition 
of a large quantity of phosphorus (P) fertilizer to soil not only raises the cost of agriculture but also leads to 
environmental issues [7][27], which is damaging to agriculture's sustainable growth. PSB possesses a remarkable capacity 
to convert insoluble phosphorus in the soil into a soluble form, making it readily available. This feature makes PSB very 
promising for implementation in eco-agriculture.  

4. Conclusion 

As we have isolated and characterized different bacteria capable of plant growth promoting traits, considering more 
efficient phosphate solubilizing activity, we go by the fact that all the four strains PSB1, PSB2, PSB4 and PSB5 are 
potential candidate for further investigation. These bacterial strains can give useful insights on their modes of action, 
effectiveness in varied soil conditions, and possible uses in sustainable agriculture. It would be beneficial to conduct 
experiments to understand the interactions between these bacterial strains and S. spontaneum in more detail. This could 
involve research on their colonization patterns, their effect on plant growth under different environmental conditions, 
and their ability to remediate specific contaminants in soil. Overall, these findings open exciting possibilities for using 
S. spontaneum of fly ash dump sites and its associated phosphate-solubilizing bacteria in eco-friendly agricultural 
practices and soil remediation strategies. 

Compliance with ethical standards 

Acknowledgments  

The author would like to express her earnest gratitude to University Grant Commission for the financial support during 
her research work, as JRF and SRF. All authors would like to express their sincere gratitude to the Department of Botany, 
Ravenshaw University, Odisha for giving the properly maintained laboratory space and other instrumental facilities to 
carry out this investigation. Authors would also like to extend their sincere thanks to their supervisor, Prof. (Dr.) Sanhita 
Padhi, for her invaluable support and timely guidance. 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 



International Journal of Science and Research Archive, 2024, 12(02), 060–066 

65 

References 

[1] Behera A, Mohapatra S. Challenges in Recovery of Valuable and Hazardous Elements from Bulk Fly Ash and 
Options for Increasing Fly Ash Utilization. 2018. 10.5772/intechopen.69469.  

[2] Brady NC, Weil RR. The nature and properties of soils. 2002. 13th edition. Prentice Hall of India, New Delhi, 960 

[3] Ezawa T, Smith SE, Smith FA. P metabolism and transport in AM fungi. Plant and Soil 2002; 244:221–230. 
https://doi.org/10.1023/A:1020258325010 

[4] Glick BR. The enhancement of plant growth by free living bacteria. Canadian Journal of Microbiology. 1995; 
41:109–117. doi:10.1139/m95-015 

[5] Goswami D, Thakker JN, Dhandhukia PC. Portraying mechanics of plant growth promoting rhizobacteria (PGPR): 
a review. Cogent Food and Agriculture. 2016; 2:1127500. doi: 10.1080/23311932.2015.1127500 

[6] Gupta R, Kumari A, Sharma S, Alzahrani OM, Noureldeen A, Darwish H. Identification, characterization, and 
optimization of phosphate solubilizing rhizobacteria (PSRB) from rice rhizosphere. Saudi Journal of Biological 
Sciences, 2022;29(1):35–42. https://doi.org/10.1016/j.sjbs.2021.09.075 

[7] Hanif MK, Hameed S, Imran A, Naqqash T, Shahid M, Van Elsas JD. Isolation and characterization of a β-propeller 
gene containing phosphobacterium Bacillus subtilis strain KPS-11 for growth promotion of potato (Solanum 
tuberosum L.). Frontier in Microbiology. 2015; 6:583. doi:10.3389/fmicb.2015.00583 

[8] Hiltner L. About recent experiences and problem the field of soil bacteriology with special Consideration of green 
manure and fallow. Arbeiten der Deutschen Landwirtschaftlichen Gesellschaft. 1904; 98:59–78. 

[9] Khiari L, Parent LE. Phosphorus transformations in acid light-textured soils treated with dry swine manure. 
Canadian Journal of Soil Science. 2005; 85:75–87. doi:10.4141/S03-049. 

[10] Liu FP, Liu HQ, Zhou HL, Dong ZG, Bai XH., Bai P et al. Isolation and characterization of phosphate-solubilizing 
bacteria from betel nut (Areca catechu) and their effects on plant growth and phosphorus mobilization in tropical 
soils. Biology and Fertility of Soils. 2014; 50:927–937. doi: 10.1007/s00374-014-0913-z 

[11] Misra N, Gupta G, Jha PN. Assessment of mineral phosphate solubilizing properties and molecular 
characterization of zinc-tolerant bacteria. Journal of Basic Microbiology. 2012; 52:549–558. doi: 
10.1002/jobm.201100257 

[12] Mujahid TY, Siddiqui K, Ahmed R, Kazmi SU & Ahmed N. Isolation and partial characterization of phosphate 
solubilizing bacteria isolated from soil and marine samples. Pakistan journal of pharmaceutical sciences. 
2014;27(5):1483–1490. 

[13] Mukherjee P, Roychowdhury R, Roy M. Phytoremediation potential of rhizobacterial isolates from Kans grass 
(Saccharum spontaneum) of fly ash ponds. Clean technologies and environmental policy 2017;19(5):1373-1385. 
10.1007/s10098-017-1336-y 

[14] Muleta, D. Phosphate solubilizing microbes: potentials and success in greeenhouse and field applications. Nova 
Science Publishers Inc., New York, USA, 2009, 281-308. 

[15] Nadeem SM, Ahmad M, Zahir ZA, Javaid A, Ashraf M. The role of mycorrhizae and plant growth promoting 
rhizobacteria (PGPR) in improving crop productivity under stressful environments. Biotechnology Advances. 
2014;32(2):429-448. doi: 10.1016/j.biotechadv.2013.12.005 

[16] Pandey V, Bajpai O, Pandey D, Singh N. Saccharum spontaneum: an underutilized tall grass for revegetation and 
restoration programs. Genetic Resources and Crop Evolution. 2015; 62. 10.1007/s10722-014-0208-0 

[17] Pandey VC, Prakash P, Bajpai O, Kumar A, Singh N. Phytodiversity on fly ash deposits: evaluation of naturally 
colonized species for sustainable phytorestoration. Environmental Science and Pollution Research. 2014; 
22:2776-2287. 

[18] Park JH, Bolan N, Megharaj M, Naidu R. Isolation of phosphate solubilizing bacteria and their potential for lead 
immobilization in soil. Journal of Hazardous Material 2011; 185: 829–836. doi: 10.1016/j.jhazmat.2010.09.095 

[19] Pikovskaya RI. Mobilization of phosphorus in soil in connection with the vital activity of some microbial species. 
Microbiology 1948; 17:362–370. 



International Journal of Science and Research Archive, 2024, 12(02), 060–066 

66 

[20] Purnomo B, Sutopo NR, Nuraini Y. Utilization of indigenous phosphate-solubilizing bacteria to optimize the use 
of coal fly ash for increasing available-P in an Ultisol. Journal of Degraded and Mining Lands Management. 2021; 
8(4):2937. 

[21] Ranjan AK, Sahoo D, Gorai AK. Quantitative assessment of landscape transformation due to coal mining activity 
using earth observation satellite data in Jharsuguda coal mining region, Odisha, India. Environment, Development 
and Sustainability. 2020; 23: 4484–4499.  

[22] Richardson AE. Prospects for using soil microorganisms to improve the acquisition of phosphorus by plants. 
Australian Journal of Plant Physiology. 2001; 28:897–906. 

[23] Vessey JK. Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil. 2003; 255: 571–586. 
doi:10.1023 /A:1026037216893 

[24] Wang X, Wang Y, Tian J, Lim BL, Yan X, Liao H. Overexpressing AtPAP15 enhances phosphorus efficiency in 
soybean. Plant Physiology. 2009; 151:233–240. 

[25] Wang Z, Xu G, Ma P, Lin Y, Yang X, Cao C. Isolation and characterization of a phosphorus-solubilizing bacterium 
from rhizosphere soils and its colonization of Chinese Cabbage (Brassica campestris ssp. chinensis). Frontiers in 
Microbiology. 2017; 8:1270. doi: 10.3389/fmicb.2017. 01270 

[26] Fernández L, Agaras B, Zalba P, Wall LG, Valverde C. Pseudomonas spp. isolates with high phosphate-mobilizing 
potential and root colonization properties from agricultural bulk soils under no-till management. Biology and 
fertility of soils. 2012; 48:763-73. 

[27] Majeed A, Abbasi MK, Hameed S, Imran A, Rahim N. Isolation and characterization of plant growth-promoting 
rhizobacteria from wheat rhizosphere and their effect on plant growth promotion. Frontiers in microbiology. 
2015; 6:132438. 


