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Abstract 

 

This study focuses on the isolation and screening of phosphate solubilizing bacteria (PSB) in 

the rhizospheres of fenugreek plants from the agricultural lands of Saurashtra region of Gujarat. 

Plant Growth Promoting Rhizobacteria (PGPR) are the group of rhizobacteria which helps in 

maintaining soil fertility and plant development. The PGPR secretes acids, enzymes, and 

antibiotics, which helps in increasing population of the beneficial microorganism as well 

reducing the pathogenic group of population. This study involves screening of phosphate 

solubilizing bacteria qualitatively. A total of seven rhizospheric samples were collected from 

the agricultural land of Saurashtra region. A total forty-four bacterial colonies were isolated. 

Out of the forty-four isolates, eleven isolates were found to be phosphate solubilizing bacteria. 

The isolates were screened on Pikovskaya’s agar media by observing the formed halo-zone. In 

addition, pH indicator dyes such as Congo red and Bromothymol Blue (BTB) have been 

incorporated into the Pikovskaya’s media to observe more visually.  
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1. Introduction 

India is one of the largest producer, consumer and exporter of spices, with their 44 percent 

share in output and 36 percent in global trade. The International Organization for 

Standardization has listed 109 spices of which nearly 75 spices are grown in India. Being 

known for their aroma and taste, spices are also a part of industries such as cosmetics, medical, 

and pharmaceutical. The estimated market size of spices by 2030 is $ 59.5 billion with a growth 

rate of 5.45% during 2022 to 2030 (Size et al., 2022). India the spices market value has reached 

$ 195.5 million and is estimated to reach around $ 364 million with a growth rate (CAGR) of 

10.8% (IMARC Group, 2023). The most produced and exported spices are chilli, cardamom, 

turmeric, pepper, coriander, cumin, fenugreek, celery, fennel, garlic, nutmeg, and tamarind. 

According to the Spices Board India Ministry of Commerce & Industry, Government of India, 

total Indian spices to be produced in year 2021-2022 is estimated to be about 10875765 tonnes 

(Spices Board India, 2021). 
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All life forms directly or indirectly depend on soil. It is a resource category that requires 

continuous attention and upkeep in order to stay productive. Identifying issues like nutrient 

shortages is necessary for maintaining soil fertility. This promises the continuation of 
extremely beneficial fertile soils in the near future (Sipai et al., 2022). Mineral fertilisers have 

been used in agricultural fields and have demonstrated a balance in the output of nutrients, 

boosting the yield. According to studies, fertiliser use has resulted in a 50% rise in crop yield 
over the course of the 20th century the general soil heath and its ecosystem services may suffer 

from improper fertilisation practises. Errors made when applying chemical or mineral 

fertilisers to soils can change their pH, increase pest attacks, and reduce the community of 

beneficial microorganisms and carbon content. These kinds of issues result in stunted plant 

growth, which eventually reduces yield (Krasilnikov & Taboada, 2022).  

Plant growth-promoting rhizobacteria (PGPR) can colonize and multiply within the 

rhizosphere environment within the plant micro biome. Root exudates, which are of various 

types such as organic acids, amino acids, sugars, and other small molecules exuded by the plant 

roots and act as potent chemo-attractants of the soil microbiota (Olanrewaju et al., 2019). 

Rhizosphere is the immediate area surrounding the root. These PGPRs have several roles like 

antioxidant activities, biofilm production, phosphate solubilisation, antibiotic compound 

production (like lytic enzymes and antibiotics), siderophore production, and iron solubilisation. 

Among these, the main purpose of our research is to isolate and screen Phosphate Solubilizing 

Bacteria (PSB) (Santoyo, G.et al., 2021). 

Phosphorus is considered the second most important macronutrient by plants next to nitrogen. 

It is known to be a crucial factor for many crop production systems, because of its unavailability 

in soluble forms in the soil (Charana Walpola, 2012). Phosphorus/Phosphate (P) is a vital 

component of living, serving as the structural support for molecules like DNA 

(deoxyribonucleic acid), RNA (ribonucleic acid), and phospholipids in the cells of both plants 

and animals (Kishore et al., 2015). The nucleic acid pool usually contains 40–60% of the P 

found in the combined organic P pool, making it the largest organic P pool in a plant. At least 

85% of the nucleic acid mass is typically made up of RNA, and the remaining 15% is made up 

of DNA (Veneklaas et al., 2012). Soils have phosphorus in both organic and inorganic form. 

The organic phosphorus makes up more than 50% of total phosphorus in soil and they include 

phytic acid, phospholipids nucleic acids etc. The remaining portion, i.e., inorganic form, 

include rock phosphates, orthophosphate ions, phosphoric acid and phosphate minerals that 

contain P, such as Iron, Calcium and Aluminium phosphates. Even if phosphorus is present in 

soils in high amount, these aren’t available for plant uptake due to the mechanism of adsorption 

and precipitation. The phosphates which solubilised readily in water or 25% citric acid solution 

can be readily utilized by plants such as (HPO4)
2-, (H2PO4)

2- (Kishore et al., 2015). 

Phosphate Solubilizing Bacteria (PSB) present in the soil make these unavailable phosphates 

available for utilization by plants via phosphate solubilisation and mineralisation (Raj et al., 

2014). The mechanism for phosphate solubilisation mainly includes production of acids and 

acid phosphatases (Charana Walpola, 2012). Acids like gluconic acid and 2-ketogluconic acid 

seems to be most common acids produced by these microorganisms for phosphate 

solubilization, but apart from those, citric acid, malonic acid, lactic acid fumaric acid are also 

some of the known solubilizers of phosphates (Ahmed & Shahab, 2012; Charana Walpola, 

2012; Song et al., 2008).  To screen these PSBs, Pikovskaya’s agar plating seems to be an 
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efficient method. In the Pikovskaya’s agar (PVK) it can be an clearly observe microorganisms 

producing a halo zone which in turn depicts the production of acid for phosphate solubilization 

in the medium (Katznelson et al., 1962; Mehta & Nautiyal, 2001). But the PVK agar plating 

method is said to be unreliable since not all PSBs produce acid that give a clear halo zone 

(LOUW & WEBLEY, 1959; Mehta & Nautiyal, 2001; Singal et al., 1994; Sipai et al., 

2022). Some of the studies reported that Pikovskaya agar (PVK) incorporated with colour 

changing indicator dyes such as Congo red and Bromothymol blue (BTB) are an effective 

method for screening of PSB (Joe et al., 2018). 

2. Materials and Methods  

 

2.1  Sample collection and Isolation 

Soil samples were collected aseptically from the rhizospheric zones of Trigonella foenum-

graecum (fenugreek) from seven different locations of agricultural lands of Saurashtra region; 

Jetpur, Metoda, Haripar, Bhichri, Jamnagar, Khodapipar, and Junagadh.  

2.2 Isolation of rhizobacteria  

The samples were serially diluted with 0.85% NaCl solution and 0.1 millilitre of the solution 

with dilution of 10-2 to 10-7 pipetted out and spreaded on nutrient agar plates and incubated for 

24 hours at 37°C. The Isolated bacterial colonies were purified by streaking them on a sterile 

nutrient agar plate. The isolates were identified by performing Gram staining and Potassium 

Hydroxide (KOH) test. 

2.3 Screening of rhizobacteria for their phosphate solubilizing activity  

The isolates were screened for their phosphate solubilizing activity by using Pikovskaya’s 

(PVK) medium. The isolates were spot inoculated on PVK agar media which were incorporated 

with indicator dyes such as Congo red and Bromothymol blue (BTB) of 0.4% and 0.5% 

respectively and incubated at 28±2°C for 7-14 days (Joe et al., 2018). 

3. Result and Discussion  

 

3.1 Isolation of Rhizobacteria  

A total of forty-four isolates were with different morphology were isolated from the 

rhizospheric soil of fenugreek plants. The isolates were named according to the location they 

were collected from such as SRJ1-8 (Jetpur), SRM9-15 (Metoda), SRH16-22 (Haripar), 

SRB23-28 (Bhichri), SRJG29-32 (Jamnagar), SRKH33-38 (Khodapipar), SRJU39-44 

(Junagadh). Further, these isolates were selected for screening for Phosphate Solubilizing 

Bacteria. 

3.1 Screening for Phosphate Solubilizing Activity 

The isolated rhizobacteria as mentioned in the Table 1, were screened for phosphate 

solubilizing activity by using Congo red and Bromothymol blue incorporated plates as 

mentioned in the methodology. Out of forty-four isolates eleven (11) isolates showed zone of 

solubilization on Pikovskaya’s plate with indicator dyes. The 8 isolates named SRB25, SRH22, 
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SRJN31, SRJ1, SRKH36, SRJG42, SRJ4, SRB28 showed zone in PVK media along with BTB 

dye. In which SRB25 and SRH22 showed clearer zone of solubilization. Where other 6 isolates 

showed moderate zone. In Figure.1, the Pikovskaya’s plates incorporated with bromothymol 

blue have changed their colour from light blue to yellow, which infers to the fact that acid was 

produced in order to solubilize the insoluble phosphate. Similarly, in Figure.2 the Pikovskaya’s 

plates incorporated Congo red also showed zone of hydrolysis but there was no significant 

change in the colour of the plates. The colour change in the Congo red plates were less than 

moderate.    

 

 
(a)                                  (b)                               (c)                                (d)            

 
                       (e)                            (f)                                 (g)                                 (h)             

Figure.1: Zone of solubilization of Tri Calcium Phosphate by Phosphate solubilizing bacteria on PVK plate along with 

Bromothymol blue dye: (a) SRB25, (b) SRH22, (c) SRJN31, (d) SRJ1, (e) SRKH36, (f) SRJG42, (g) SRJ4, (h) SRB28. 

 

 
                              (a)                                       (b)                                       (c)      

Figure.2: Solubilization of Tri Calcium Phosphate by Phosphate solubilizing bacteria on PVK plate along with Congo red 

dye: (a) SRJ7, (b) SRB24, (c) SRKH37. 

SRH22
  

SRJN31 
SRJ1 
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It can be observed from Figure.2 that there is very light decolouration in the plates. Phosphate 

solubilizing activity by the rhizobacteria enables the plants to avail the insoluble part of 

phosphate in soil. Phosphate solubilization could be due to production of either acid phosphates 

or acids like gluconic acid, 2-ketogluconic acid, citric acid, malonic acid, lactic acid, fumaric 

acid etc. The zone of hydrolysis formed due to phosphate solubilization. 

Table 1: Various Rhizospheric isolates along with their phosphate solubilizing activity  

Isolate Gram’s Staining KOH test Zone of Clearance 
SRJ1 -ve -ve ++ 

SRJ2 +ve +ve - 

SRJ3 +ve +ve - 

SRJ4 +ve +ve + 

SRJ5 +ve +ve - 

SRJ6 +ve +ve - 

SRJ7 +ve +ve ++ 

SRJ8 +ve +ve - 

SRM9 +ve +ve - 

SRM10 +ve +ve - 

SRM11 -ve -ve - 

SRM12 +ve +ve - 

SRM13 +ve +ve - 

SRM14 +ve +ve - 

SRM15 +ve +ve - 

SRH16 +ve +ve - 

SRH17 -ve -ve - 

SRH18 -ve -ve - 

SRH19 +ve +ve - 

SRH20 -ve -ve - 

SRH21 +ve +ve - 

SRH22 +ve +ve +++ 

SRB23 +ve +ve - 

SRB24 -ve -ve + 

SRB25 +ve +ve +++ 

SRB26 -ve -ve - 

SRB27 +ve +ve - 

SRB28 +ve +ve + 

SRJN29 +ve +ve - 

SRJN30 +ve +ve - 

SRJN31 +ve +ve ++ 

SRJN32 +ve +ve - 

SRKH33 +ve +ve - 

SRKH34 -ve -ve - 

SRKH35 +ve +ve - 

SRKH36 +ve +ve ++ 

SRKH37 -ve -ve +++ 

SRKH38 +ve +ve - 

SRJG39 +ve +ve - 

SRJG40 +ve +ve - 

SRJG41 +ve +ve - 

SRJG42 +ve +ve ++ 

SRJG43 +ve +ve - 

SRJG44 +ve +ve - 

+: Mild zone, ++: Moderate zone, +++: Significant zone 

 

4. Conclusion 

Plants require phosphates for various metabolic pathways and ATP generation, they are also a 

vital component of their genetic material. Phosphate Solubilizing Bacteria (PSB), make the 

unavailable phosphates available to plants. Based on the findings, it can be concluded that 

bromothymol blue in Pikovskaya’s agar media is an effective method for qualitative screening 

of phosphate-solubilizing bacteria. This study involves isolation and screening of phosphate 
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solubilizing bacteria (PSB) from fenugreek crop. Out of forty-four isolates 11 isolates showed 

positive results for PSBs. Since there was no colour shift with Congo red, it seems that this 

method of identifying phosphate-solubilizing bacteria may not be very successful. 

5. References 

 

1. Ahmed, N., & Shahab, S. (2012). Phosphate Solubilization: Their Mechanism 

Genetics And Application. The Internet Journal of Microbiology, 9(1), 1–19. 

https://doi.org/10.5580/2327 

 
2. Charana Walpola, B. (2012). Prospectus of phosphate solubilizing microorganisms 

and phosphorus availability in agricultural soils: A review. African Journal of 

Microbiology Research, 6(37), 6600–6605. https://doi.org/10.5897/ajmr12.889 

 

3. IMARC Group. (2023). E-Commerce Market: Global Industry Trends, Share, Size, 

Growth, Opportunity and Forecast 2023-2028. IMARC Group. 

https://www.imarcgroup.com/e-commerce-market 

 

4. Joe, M. M., Deivaraj, S., Benson, A., Henry, A. J., & Narendrakumar, G. (2018). Soil 

extract calcium phosphate media for screening of phosphate-solubilizing bacteria. 

Agriculture and Natural Resources, 52(3), 305–308. 
https://doi.org/10.1016/j.anres.2018.09.014 

 

5. Katznelson, H., Peterson, E. A., & Rouatt, J. W. (1962). PHOSPHATE-

DISSOLVING MICROORGANISMS ON SEED AND IN THE ROOT ZONE OF 
PLANTS. Canadian Journal of Botany, 40(9), 1181–1186. 

https://doi.org/10.1139/b62-108 

 

6. Kishore, N., Pindi, P. K., & Ram Reddy, S. (2015). Phosphate-Solubilizing 
Microorganisms: A Critical Review BT  - Plant Biology and Biotechnology: Volume 

I: Plant Diversity, Organization, Function and Improvement (B. Bahadur, M. Venkat 

Rajam, L. Sahijram, & K. V Krishnamurthy (eds.); pp. 307–333). Springer India. 
https://doi.org/10.1007/978-81-322-2286-6_12 

 

7. Krasilnikov, P., & Taboada, M. A. (2022). Fertilizer Use , Soil Health and 

Agricultural Sustainability. 16–20. 

 

8. LOUW, H. A., & WEBLEY, D. M. (1959). A STUDY OF SOIL BACTERIA 

DISSOLVING CERTAIN MINERAL PHOSPHATE FERTILIZERS AND 

RELATED COMPOUNDS. Journal of Applied Bacteriology, 22(2), 227–233. 
https://doi.org/10.1111/j.1365-2672.1959.tb00155.x 

 

9. Mehta, S., & Nautiyal, C. S. (2001). An efficient method for qualitative screening of 

phosphate-solubilizing bacteria. Current Microbiology, 43(1), 51–56. 
https://doi.org/10.1007/s002840010259 

 

 



 

| 7 
 

10. Olanrewaju, O. S., Ayangbenro, A. S., Glick, B. R., & Babalola, O. O. (2019). Plant 

health: feedback effect of root exudates-rhizobiome interactions. Applied 
Microbiology and Biotechnology, 103(3), 1155–1166. 

https://doi.org/10.1007/s00253-018-9556-6 

 

11. Pgpr, G. R., Santoyo, G., Urtis-flores, C. A., Dami, P., Orozco-mosqueda, M. C., & 
Glick, B. R. (2021). Rhizosphere Colonization Determinants by Plant Growth-

Promoting Rhizobacteria (PGPR). 1–18. 

 

12. Raj, D. P., Linda, R., & Babyson, R. S. (2014). Molecular characterization of 
Phosphate Solubilizing Bacteria ( PSB ) and Plant Growth Promoting Rhizobacteria ( 

PGPR ) from pristine soils. International Journaal of Innovative Sience, Enginering 

and Technology, 1(7), 317–324. 

 

13. Singal, R., Shankar, A., Kuhad, R. C., Saxena, R. K., & Gupta, R. (1994). A 

modified plate assay for screening phosphate solubilizing microorganisms. Journal of 

General and Applied Microbiology, 40(3), 255–260. 
https://doi.org/10.2323/jgam.40.255 

 

14. Sipai, A. H., Chaudhary, J. P., Damor, N. N., Bhavik, R., & Chauhan, V. A. (2022). 

Major Nutrients Status in Soil and Assessment of Quality of Irrigation Water of 
Kachchh District of Gujarat, India. Plant Archives, 22(2), 250–255. 

https://doi.org/10.51470/plantarchives.2022.v22.no2.042 

 

15. Size, S. M., Channel, B. D., Region, B., & Forecasts, S. (2022). Report Overview. 
July 2020. 

 

16. Song, O. R., Lee, S. J., Lee, Y. S., Lee, S. C., Kim, K. K., & Choi, Y. L. (2008). 

Solubilization of insoluble inorganic phosphate by Burkholderia cepacia DA23 
isolated from cultivated soil. Brazilian Journal of Microbiology, 39(1), 151–156. 

https://doi.org/10.1590/S1517-83822008000100030 

 

17. Spices Board of India, Ministry of commerce & industry, Govt. of India(2021) Major 
Spice/state wise area and production of spices. www.indianspices.com 

 

18. Veneklaas, E. J., Lambers, H., Bragg, J., Finnegan, P. M., Lovelock, C. E., Plaxton, 

W. C., Price, C. A., Scheible, W. R., Shane, M. W., White, P. J., & Raven, J. A. 
(2012). Opportunities for improving phosphorus-use efficiency in crop plants. New 

Phytologist, 195(2), 306–320. https://doi.org/10.1111/j.1469-8137.2012.04190.x 

 

 

 


