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Exploring Multifunctional PGPR from Rhizosphere, Rhizoplane, and Root Nodules of Shankapushpi (Clitoria ternatea L.)
Abstract

Plant Growth-Promoting Rhizobacteria (PGPR) boost nutrient availability, root development, and plant health, rendering them environmentally suitable substitutes for chemical-based fertilizers. This study assessed the production of nitrogen fixation, phosphate and potassium solubilization, ammonia and indole-3-acetic acid (IAA) production, siderophore release, and hydrogen cyanide (HCN) production by bacterial isolates previously isolated from the rhizosphere, rhizoplane, and root nodules of Shankapushpi (Clitoria ternatea L.). With greater concentrations of ammonia (183.88 µg/mL), IAA (77.62 µg/mL), siderophore (96.62%), HCN (0.89 µg/mL), and potassium solubilization, RSB20 displayed the highest phosphate solubilization (280 mg/L) among the isolates. The most effective potassium solubilizer was RPB8 (38.23 mg/L; SI 4.07), which also had moderate IAA and high ammonia (175.72 µg/mL). In addition to forming efficient root nodules in Shankapushpi (Clitoria ternatea L.) under Leonard jar experiment, SNB11 showed multifunctionality with high IAA (50.03 µg/mL), robust siderophore production (67.16%), considerable HCN (0.44 µg/mL), and powerful phosphate (SI 4.6) and potassium (SI 2.9) solubilization. Following molecular characterization using 16S rRNA sequencing and phylogenetic analysis, these effective isolates were identified as Bradyrhizobium japonicum (SNB11), Bacillus subtilis (RPB8), and Stenotrophomonas rhizophila (RSB20), all of which are known PGPR strains with established functions in promoting plant growth and nutrient mobilisation. In general, RSB20, RPB8, and SNB11 are viable bioinoculant options for the sustainable cultivation of Shankapushpi (Clitoria ternatea L.).
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Introduction

Plant Growth-Promoting Rhizobacteria (PGPR) are a diverse group of beneficial microbes that enhance plant growth through multiple direct and indirect mechanisms. They colonize the rhizosphere, rhizoplane, and root nodules, where they contribute to nutrient cycling, phytohormone production, and biocontrol of pathogens (Bhattacharyya and Jha, 2012; Egamberdieva et al., 2017). With increasing concerns over the environmental impacts of chemical fertilizers and pesticides, PGPR-based bioinoculants are gaining importance as eco-friendly alternatives for sustainable agriculture.

Nitrogen, phosphorus, and potassium are the three major macronutrients limiting plant productivity. Biological nitrogen fixation (BNF), performed by free-living or symbiotic bacteria, converts atmospheric nitrogen into plant-available forms, reducing dependence on synthetic nitrogen fertilizers (Saharan and Nehra, 2011). Phosphate-solubilizing bacteria (PSB) mobilize insoluble phosphorus forms, such as tricalcium phosphate and rock phosphate, through the secretion of organic acids and phosphatases (Rodriguez and Fraga, 1999; Sharma et al., 2013). Similarly, potassium-solubilizing bacteria (KSB) release plant-available K from insoluble minerals like feldspar and mica, often through the production of gluconic, citric, or oxalic acids (Parmar and Sindhu, 2013; Meena et al., 2014).

In addition to nutrient mobilization, PGPR stimulate plant growth through the production of indole-3-acetic acid (IAA), a phytohormone regulating root elongation and lateral root formation (Spaepen and Vanderleyden, 2011). Siderophores secreted by bacteria chelate iron under limiting conditions, enhancing plant iron nutrition and suppressing phytopathogens by outcompeting them for iron (Ahmed and Holmstrom, 2014). Hydrogen cyanide (HCN), although produced by relatively fewer strains, contributes to biocontrol of root pathogens when secreted at low levels, thereby indirectly promoting plant growth (Rijavec and Lapanje, 2016).

Shankapushpi (Clitoria ternatea L.), a perennial legume widely recognized in Ayurvedic and ethnomedicinal practices, is valued for its neuropharmacological and therapeutic properties. However, its cultivation is often constrained by poor soil fertility and limited nutrient availability under low-input conditions. Developing efficient PGPR inoculants adapted to its rhizosphere and nodular environment could significantly enhance growth, nutrient acquisition, and symbiotic efficiency, thereby reducing reliance on chemical fertilizers. Recent studies have demonstrated that Bacillus, Pseudomonas, and Rhizobium strains not only improve nutrient availability but also promote biomass accumulation and stress tolerance in legumes (Jokkaew et al., 2022; Sharma et al., 2023).

In this context, the present study was undertaken to isolate and characterize bacterial strains associated with the rhizosphere, rhizoplane, and root nodules of Shankapushpi (Clitoria ternatea L.). Their plant growth-promoting (PGP) traits, including nitrogen fixation, phosphate and potassium solubilization, ammonia and IAA production, siderophore release, and HCN production, were systematically evaluated. Based on their cumulative performance, the most efficient isolates were identified for potential development as biofertilizers to support sustainable cultivation of Shankapushpi (Clitoria ternatea L.) and other legumes.

Materials and Methods

Eighty bacterial isolates have been isolated from the rhizosphere, rhizoplane, and root nodules of Shankapushpi (Clitoria ternatea L.) previously by Haralakal and Nagaraju (2025) and the same isolates have been taken for screening in the present study.
Screening of bacterial isolates for PGP potential 
Nitrogen fixation

 
A Leonard jar assembly (Somasegam and Hoben, 1985) was used to evaluate the efficiency of symbiotic nitrogen fixation by rhizobial isolates. Each modified jar consisted of a 500 ml beer bottle (lower section removed, diameter 4.6 cm, height 15 cm) inverted over a 500 ml wide-mouthed base bottle, with the neck reaching halfway into the reservoir. The upper jar was filled with 300 g of sterilized vermiculite and perlite (1:1), plugged at the neck with cotton wool. A braided cotton wick extended from the medium into the nitrogen-free plant nutrient solution in the reservoir (200 ml) to maintain moisture. The assembly was wrapped in moisture-proof paper and aluminium foil, then autoclaved at 121°C, 15 psi for 2 hours. Surface-sterilised Shankapushpi seeds were sown in the jar. Each nitrogen-fixing rhizobial isolate (six-day-old, 0.5 ml per tube) was inoculated aseptically, and controls included uninoculated jars. The assemblies were kept in the greenhouse for 45 days, with the nutrient solution volume maintained at 100–150 ml. After incubation, plants were carefully removed to preserve the root nodules.
Phosphate solubilization 


Pure bacterial isolates were spot inoculated onto Pikovskaya’s agar plates as described by Arfarita et al. (2017). Plates were incubated at 30°C for 7–10 days. Colonies exhibiting a clear zone greater than 10 mm in diameter were selected for further quantification of phosphate solubilization. Soluble orthophosphates in the sample reacted with ammonium molybdate under acidic conditions to produce a phosphomolybdate complex. Following chemical reduction, a blue-colored soluble compound was formed, whose absorbance was measured spectrophotometrically. The intensity of the blue color correlated directly with the phosphate concentration present in the sample.
Potassium solubilization

Aleksandrov medium (per L: 5 g glucose, 0.005 g MgSO₄·7H₂O, 0.1 g FeCl₃, 2.0 g CaCO₃, 3.0 g potassium feldspar, 2.0 g Ca₃(PO₄)₂, 20 g agar) was used to screen potassium-solubilizing bacteria (Meena et al., 2014). After spot inoculation and incubation at 30 °C for 7 days, colonies with clear zones were considered positive. Selected isolates were further tested in liquid Aleksandrov medium (pH 7.2) with different insoluble K sources (mica or potassium aluminium silicate, 3 g/L). Flasks (50 mL broth in 250 mL Erlenmeyer) were inoculated with 10 µL bacterial suspension (10⁷ CFU/mL) and incubated at 37 °C for 48 h. Samples were collected at intervals (96–192 h) to record pH and quantify solubilized K using a flame photometer (Rajawat et al., 2013).
Ammonia production
Ammonia production was tested using peptone water (10 g peptone, 5 g NaCl, 1 L distilled water, pH 7.0) inoculated with 100 μL of 24 h bacterial culture and incubated at 28 ± 2 °C for 48–72 h (Dye, 1962). NH₃ production was confirmed by adding 0.5 mL Nessler’s reagent, with a brown to deep yellow colour indicating positivity.
Indole Acetic Acid (IAA) Production
IAA production was estimated using the method of Gordon and Weber (1951). Salkowski reagent (1 mL 0.4 M FeCl₃ in 50 mL 35% perchloric acid) and an IAA stock solution (100 µg/mL in 50% ethanol) were prepared. A standard curve (0–100 µg/mL) was generated by mixing standards with Salkowski reagent and measuring the absorbance at 530 nm after a 25-minute incubation. For estimation, bacterial cultures grown in nutrient broth (10 days) were centrifuged (10,000 rpm, 20 min), supernatants acidified with orthophosphoric acid, mixed with Salkowski reagent, incubated in the dark for 25 min, and absorbance measured at 530 nm.
Siderophore Production
Siderophore production was assessed qualitatively on CAS agar plates (Schwyn and Neilands, 1986), where formation of an orange halo indicated positive activity; absorbance of eluted colour was measured at 465 nm. Quantitative estimation was done using the CAS assay: 0.5 mL culture supernatant was mixed with 0.5 mL CAS solution and 10 µL shuttle solution, with uninoculated medium as reference. Absorbance was recorded at 630 nm, and siderophore units (%) were calculated as:
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                     Where Ar – Absorbance of reference, As- Absorbance of sample
Hydrogen Cyanide (HCN) Production
HCN production was tested in nutrient broth supplemented with 4.4 g/L glycine (Bakker and Schippers, 1987). Each isolate (100 mL broth in 250 mL flasks) was incubated at 28 ± 2 °C, 140 rpm for 4 days. Flask necks were sealed with picric acid–sodium carbonate–soaked filter paper strips (0.5% picric acid, 2% Na₂CO₃), covered with Parafilm. Color change of strips from yellow to light brown (+), brown (++), or brick red (+++) indicated HCN production; no change (−) was negative. The developed colour was eluted in distilled water, and the absorbance was measured at 465 nm. HCN was then quantified (Rahman and Shaheen, 2016).
Molecular Characterization of Efficient Plant Growth-Promoting Bacterial Isolates

Genomic DNA of saline-tolerant bacterial isolates was extracted using the alkaline lysis method (Sambrook et al., 1989) from cultures grown in LB broth (48 h, 30 °C). DNA was precipitated with isopropanol, washed with 70% ethanol, dissolved in TE buffer, and its quality and concentration assessed spectrophotometrically (260/280 nm). Integrity was confirmed on 0.4% agarose gel (1× TAE, ethidium bromide) at 100 V for 30 min. The 16S rRNA gene was amplified in 25 µL PCR mixtures containing master mix, universal primers (forward: 5′-GTTAGATCTTGGTCAGGACGAACGC-3′; reverse: 5′-GATCCAGCCACCTTCCGATACG-3′), and template DNA, using a Nexus Gradient thermocycler (Eppendorf, India). PCR products were resolved on 0.4% agarose gel, visualized under UV, and sequenced commercially (Barcode Bioscience Pvt. Ltd). Sequences were analyzed using BLAST (NCBI) for homology (Altschul et al., 1990), and phylogenetic trees were constructed with MEGA11 software, employing the neighbor-joining method using reference sequences from GenBank.
Results and Discussion

Nitrogen Fixation Potential
Biological nitrogen fixation (BNF) converts atmospheric N₂ into bioavailable forms, supporting plant growth. In this study, 12 of 35 rhizosphere (RSB), 10 of 25 rhizoplane (RPB), and 16 of 20 symbiotic (SNB) bacterial isolates demonstrated nitrogen fixation on nitrogen-free medium (Plate 1a). Quantitative results are presented in Table 1a-c. RSB isolates fixed 2.50–4.70 µg N/mg C, with RSB18 and RSB31 being the most efficient (4.70 µg/mg). Among RPB isolates, RPB2 fixed the maximum nitrogen (5.78 µg/mg), followed by RPB1 (3.92 µg/mg). Of the SNB isolates, only SNB11 formed nodules in Clitoria ternatea L. under Leonard jar assay (Plate 1b-c).

These findings are consistent with earlier reports of BNF in Bacillus, Azospirillum, Pseudomonas, and Rhizobium spp. (Bhattacharyya and Jha, 2012; Saharan and Nehra, 2011). The superior performance of RSB31, RPB2, and SNB11 highlights their potential as biofertilizer candidates for sustainable cultivation of legumes and medicinal plants.

Phosphate Solubilization

Phosphorus (P) is the second most limiting macronutrient after nitrogen, largely present in insoluble forms such as tricalcium phosphate and rock phosphate. Phosphate-solubilizing bacteria (PSB) enhance P availability through organic acid secretion and phosphatase activity. In this study (Table 1a-c), 12 isolates produced halo zones on Pikovskaya’s agar (Plate 1d), with solubilization indices (SI) ranging from 1.22 mm (RSB29) to 7.90 mm (RSB20, RSB31). Solubilization efficiency (SE) was highest in RSB9 (263.38%), while maximum soluble P release was observed in RSB20 (280 mg/L), followed by RSB29 (260 mg/L) and RSB1 (250 mg/L). Among non-rhizospheric isolates, RPB2 showed moderate solubilization (2.14 mm, 180 mg/L), while SNB13 (220 mg/L) and SNB10 (210 mg/L) were effective solubilizers. The variability observed may be linked to differences in organic acid profiles, pH reduction, or enzymatic activity (Rodriguez and Fraga, 1999). Isolates RSB20 and RSB31 emerge as promising PSB candidates for biofertilizer development, consistent with previous findings (Sharma et al., 2013; Jokkaew et al., 2022).
Potassium Solubilization Potential

Potassium (K) is essential for enzyme activation, photosynthesis, osmoregulation, and stress tolerance, yet much of soil K is locked in minerals such as feldspar and mica. Potassium-solubilizing bacteria (KSB) mobilize this K via organic acid secretion and chelation. In the present study, 11 of 35 rhizosphere isolates showed solubilization (Plate 1e), with solubilization index (K-SI) ranging from 1.97 mm (RSB30) to 5.29 mm (RSB31). RSB31 recorded the highest solubilization efficiency (428.57%) and K release (31.22 mg/L). Among RPB isolates, RPB8 (4.07 mm SI, 308.33% SE, 38.23 mg/L) and RPB13 (19.85 mm SI, 12.74 mg/L) were strong solubilizers, while SNB11 and SNB12 released ~19.5 mg/L (Table 2a–c).

These values align with previous reports of Bacillus, Pseudomonas, and Stenotrophomonas spp. releasing 15–40 mg/L from feldspar and mica (Parmar and Sindhu, 2013; Meena et al., 2014). Notably, RSB31 and RPB8 represent promising KSB candidates, supporting nutrient mobilization and reducing reliance on chemical fertilizers in Shankapushi (Clitoria ternatea L.) cultivation.
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Ammonia Production

Ammonia production is a crucial plant growth-promoting trait that enriches soil nitrogen and promotes plant growth under Nitrogen-Deficient conditions. In this study, 28 of 35 rhizosphere isolates (80%), 13 of 25 rhizoplane isolates (52%), and 13 of 20 symbiotic isolates (65%) tested positive for ammonia production (Table 2a-c). Quantitatively, RSB20 (183.88 µg/mL) and RPB2 (185.88 µg/mL) were the highest producers, followed by RSB23 (180.49 µg/mL), RPB8 (175.72 µg/mL), and SNB11 (89.59 µg/mL). Several isolates, including RSB3, RSB30, RPB4, RPB5, and SNB2, showed no production.

Ammonia-producing bacteria indirectly stimulate plant growth by modifying root architecture and fostering beneficial microbial interactions. Their ability to partially substitute chemical nitrogen fertilizers positions them as environmentally sustainable alternatives. The strong and consistent performance of isolates such as RSB20, RPB2, and SNB11 suggests their promise as bioinoculants. These results align with earlier findings highlighting ammonia producers’ dual role in nutrient mobilization and biocontrol (Egamberdieva et al., 2017).
Indole-3-Acetic Acid (IAA) Production

Indole-3-Acetic Acid (IAA) is a key phytohormone that regulates root elongation, cell division, and differentiation. In this study, IAA production was observed in 6 of 35 rhizosphere isolates (17%), 17 of 25 rhizoplane isolates (68%), and 9 of 20 symbiotic isolates (45%) (Table 2a–c). Quantitatively, RSB20 produced the highest IAA among rhizosphere isolates (77.62 µg/mL). In the rhizoplane group, RPB8 (148.60 µg/mL) and RPB5 (132.49 µg/mL) were prominent producers, while SNB11 (50.03 µg/mL) and SNB1 (33.56 µg/mL) led the symbiotic group.

Bacterial IAA enhances root morphology, promoting water and nutrient uptake, which is particularly beneficial for legumes like Shankapushpi (Clitoria ternatea L.) The higher frequency and levels of IAA production among rhizoplane isolates suggest adaptation to root-associated niches. The strong IAA production by RPB8 and SNB11, coupled with their other plant growth-promoting traits, underscores their potential as multi-functional biofertilizers to improve root architecture and nutrient efficiency in Shankapushpi (Clitoria ternatea L.) cultivation.

Siderophore Production

Siderophores are iron-chelating molecules that enhance plant iron uptake under iron-limited conditions and suppress phytopathogens by competitively sequestering iron. In this study, siderophore production was detected in 9 of 35 rhizosphere isolates (26%), 5 of 25 rhizoplane isolates (20%), and 4 of 20 symbiotic isolates (20%) (Table 2a–c). Quantitatively, RSB20 exhibited the highest production (96.62%), followed by RSB6 (84.25%) and RSB22 (82.58%). RPB13 (55.07%) and SNB11 (67.16%) were notable producers, while many isolates across groups showed no activity. Siderophore-producing bacteria enhance iron bioavailability, supporting chlorophyll synthesis, enzyme activity, and overall plant metabolism (Ahmed and Holmstrom, 2014). The combined production of siderophores and ammonia by isolates such as RSB20 and SNB11 indicates multifunctionality, offering both direct nutritional benefits and indirect pathogen suppression. The lower frequency of siderophore producers compared to ammonia and IAA producers suggests this trait is strain-specific and influenced by environmental conditions.
Hydrogen Cyanide (HCN) Production

Hydrogen cyanide (HCN) production was the least frequent plant growth-promoting trait in this study. Only 4 of 35 rhizosphere isolates (11%), 2 of 25 rhizoplane isolates (8%), and 3 of 20 symbiotic isolates (15%) tested positive (Table 2a–c). Among RSB isolates, RSB1 and RSB20 showed the highest production (0.89 µg/mL), while RPB8 led its group (1.01 µg/mL) and SNB11 (0.44 µg/mL) and SNB3 (0.40 µg/mL) were top producers in the symbiotic group. Although fewer isolates produced HCN, it contributes to nutrient regulation and indirect pathogen suppression, enhancing plant growth and systemic resistance (Rijavec and Lapanje, 2016). Low-level HCN producers like SNB11 and RPB2 provide biocontrol benefits while minimizing environmental risks. Isolates such as RSB20, RPB8, and SNB11, exhibiting consistent multi-trait performance across ammonia, IAA, siderophore, and HCN production, are promising candidates for biofertilizer or biopesticide development. Statistical analyses confirmed significant variability among isolates for all seven PGP traits.
Selection of Efficient Bacteria

Among all isolates, RSB20 emerged as the most efficient, showing the highest phosphate solubilization (280 mg/L) along with superior performance in ammonia (183.88 µg/mL), IAA (77.62 µg/mL), siderophore (96.62%), HCN (0.89 µg/mL), nitrogen fixation, and potassium solubilization, highlighting its multifunctional potential as a bioinoculant. Similarly, RPB8 was the most efficient potassium solubilizer, recording 38.23 mg/L with a solubilization index (SI) of 4.07. It also produced high ammonia (175.72 µg/mL) and moderate IAA (2.19 µg/mL), supporting root development and nutrient uptake. Among nodule-associated isolates, SNB11 was identified as the most promising, with high ammonia (89.59 µg/mL), substantial IAA (50.03 µg/mL), robust siderophore production (67.16%), moderate HCN (0.44 µg/mL), and notable phosphate (SI 4.6) and potassium (SI 2.9) solubilization. Importantly, SNB11 formed effective nodules in Shankapushpi (Clitoria ternatea L.) under Leonard jar assembly, confirming its potential as a symbiotic bioinoculant.
Molecular Identification of Efficient Isolates
 
The efficient isolates RSB20, RPB8, and SNB11 were identified through 16S rRNA gene sequencing. PCR-amplified sequences were analyzed using BLAST (NCBI) and phylogenetic trees were constructed with MEGA 11 (Fig. 1). The Neighbor-Joining tree revealed three distinct clades: RSB20 as Stenotrophomonas rhizophila, RPB8 as Bacillus subtilis, and SNB11 as Bradyrhizobium japonicum. RSB20 (SRSBK-1) clustered with S. rhizophila strains (bootstrap 84–92%). Known for HCN production, stress tolerance, and antagonism against pathogens, its properties align with documented biocontrol traits. RPB8 (SRPBK1) grouped with B. subtilis strains (bootstrap 63%), supporting its role in IAA production, ammonia release, siderophore secretion, and root-associated plant growth promotion. SNB11 (SNBK1) clustered with B. japonicum strains (bootstrap 71%), confirming its role as a symbiotic nitrogen fixer in root nodules of Clitoria ternatea (Shankapushpi).

These results confirm the taxonomic diversity of isolates associated with C. ternatea, ranging from symbiotic nitrogen fixers to free-living plant growth promoters and biocontrol agents. Their strong PGP trait profiles support their potential use as bioinoculants to enhance soil fertility, plant growth, and stress resistance in C. ternatea and other legumes.
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Table 1a: Functional characterization of rhizosphere bacterial isolates based on Nitrogen fixation, Phosphate and Potassium Solubilization  
                 efficiency
	Isolates
	Nitrogen fixation
	Phosphate solubilization
	Potassium solubilization

	
	Qualitative test
	Nitrogen fixing ability (µg of nitrogen/mg of carbon)
	Qualitative test
	Solubilization index (P-SI) in mm
	Solubilization efficiency (P-SE) in percent
	Concentration in mg/L
	Qualitative test
	Solubilization index (P-SI) in mm
	Solubilization efficiency (P-SE) in percent
	Release of K in mg/L

	RSB 1
	-
	0.00 (1.00)
	+
	3.00 (2.00)
	90.67 (9.57)
	250.00(15.84)
	+
	2.07 (2.25)
	108.33(10.49)
	18.23 (4.26)

	RSB 2
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	3.14 (2.03)
	213.21(14.63)
	26.22 (5.22)

	RSB 3
	+
	2.50 (1.87)
	+
	2.00 (1.73)
	170 (13.08)
	210.00 (14.53)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 4
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	3.18 (1.05)
	0.00 (1.00)
	26.29 (5.22)

	RSB 5
	-
	0.00 (1.00)
	+
	2.03 (1.74)
	0.00 (1.00)
	110.00 (10.54)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 6
	-
	0.00 (1.00)
	+
	1.40 (1.55)
	0.00 (1.00)
	30.00 (5.57)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 7
	+
	2.60 (1.90)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	2.09 (1.76)
	109.09 (10.49)
	19.00 (4.47)

	RSB 8
	+
	2.80 (1.95)
	+
	2.18 (1.78)
	157 (12.57)
	190.00 (13.82)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 9
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	3.64 (2.15)
	263.38 (16.26)
	28.23 (5.41)

	RSB 10
	+
	3.10 (2.03)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 11
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 12
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 13
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 14
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 15
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 16
	+
	2.90 (1.98)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 17
	+
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 18
	+
	4.70 (2.39)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 19
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 20
	-
	0.00 (1.00)
	+
	7.90 (2.65)
	200.0 (14.35)
	280.00 (16.77)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 21
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 22
	+
	3.40 (2.10)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 23
	-
	0.00 (1.00)
	+
	1.25 (1.50)
	25.00 (5.10)
	170.00 (13.07)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 24
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB 25
	+
	4.10 (2.26)
	+
	1.33 (1.53)
	33.33 (5.90)
	70.00 (8.43)
	+
	3.36 (2.09)
	233.83 (15.32)
	26.61 (5.26)

	RSB 26
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	4.86 (2.42)
	385.71 (19.66)
	13.90(3.86)

	RSB 27
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00(1.00)

	RSB 28
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	3.56 (2.13)
	255.56 (16.02)
	12.50(3.67)

	RSB 29
	+
	3.90 (2.21)
	+
	1.22 (1.49)
	20.00 (4.58)
	260.00 (16.15)
	+
	3.44 (2.11)
	244.44 (15.67)
	12.62 (3.69)

	RSB 30
	+
	2.80 (1.95)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	1.97 (1.72)
	98.33 (9.97)
	11.95 (3.60)

	RSB 31
	+
	4.70 (2.39)
	+
	7.90 (2.65)
	90.67 (9.57)
	140.00 (11.87)
	+
	5.29 (2.51)
	428.57 (20.72)
	31.22 (5.68)

	RSB32
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	2.27 (1.81)

	RSB33
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	27.03 (5.29)

	RSB34
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RSB35
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	F test
	        NA
	**
	NA
	**
	**
	**
	NA
	**
	**
	**

	Sem (±)
	
	0.008
	
	0.164
	0.029
	0.015
	
	0.01
	0.094
	0.002

	C.D.
	
	0.022
	
	0.463
	0.081
	0.041
	
	0.029
	0.265
	0.006


Rhizosphere soil bacteria, Transformed values are given in parenthesis, ** = Significance at 1 % CD.
Table 1b: Functional characterization of rhizoplane bacterial isolates based on nitrogen fixation, phosphate, and potassium solubilization efficiency

	Isolates
	Nitrogen fixation
	Phosphate solubilization
	Potassium solubilization



	
	Qualitative test
	Nitrogen fixing ability (µg of nitrogen/mg of carbon)
	Qualitative test
	Solubilization index (P-SI) in mm
	Solubilization efficiency (P-SE) in percent
	Concentration in mg/L
	Qualitative test
	Solubilization index (P-SI) in mm
	Solubilization efficiency (P-SE) in percent
	Concentration in mg/L

	RPB1
	+
	3.92 (2.22)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB2
	+
	5.78 (2.60)
	+
	2.14 (1.77)
	114.28(10.75)
	180 (13.45)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB3
	+
	2.19 (1.79)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB4
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB5
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB6
	+
	1.86 (1.69)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB7
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB8
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	  0.00 (1.00)
	+
	4.07 (2.25)
	308.33(17.59)
	38.23 (6.26)

	RPB9
	+
	2.76 (1.94)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB10
	+
	3.01 (2.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB11
	+
	     2.81 (1.95)
	-
	0.00 (1.00)
	0.00 (1.00)
	  0.00 (1.00)
	+
	19.19 (2.77)
	111.76(10.62)
	 11.85 (3.59)

	RPB12
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	210.00(14.53)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB13
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	19.85(2.95)
	180.00(13.45)
	12.74 (3.71)

	RPB14
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB15
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB16
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB17
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB18
	-
	0.00 (1.00)
	+
	1.90 (1.70)
	90.90 (9.59)
	40.00 (6.40)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB19
	+
	1.92 (1.71)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB20
	+
	2.70 (1.92)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB21
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB22
	+
	2.70 (1.92)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB23
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB24
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	RPB25
	-
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	F test
	NA
	**
	NA
	**
	**
	**
	NA
	**
	**
	**

	Sem (±)
	
	0.001
	
	0.003
	0.003
	0.011
	
	0.004
	0.037
	0.001

	C.D. @1 %
	
	0.003
	
	0.010
	0.009
	0.031
	
	0.0012
	0.107
	0.004


Note: RPB = Rhizoplane Bacteria, Transformed values are given in parenthesis, ** = Significance at 1 % CD.
Table 1c: Functional characterization of root nodule bacterial isolates based on nitrogen fixation, phosphate, and potassium solubilization  

                  efficiencies

	Isolates
	Nitrogen fixation
	Phosphate solubilization
	Potassium solubilization

	
	Qualitative test
	Root nodule formation
	Qualitative test
	Solubilization index (P-SI) in mm
	Solubilization efficiency (P-SE) in percent
	In vitro P solubilization (mg/L)
	Qualitative test
	Solubilization index (P-SI) in mm
	Solubilization efficiency (P-SE) in percent
	In vitro K solubilization (mg/L)

	SNB 1
	+
	-
	+
	1.64 (1.63)
	5.71 (2.59)
	40.00 (6.40)
	+
	1.63 (1.62)
	62.50 (7.97)
	10.86 (1.36)

	SNB 2
	+
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 3 
	-
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 4
	+
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 5
	+
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 6
	+
	-
	+
	  3.71 (2.17)
	170.00(13.0)
	190.00(13.82)
	+
	2.30 (1.82)
	130.00 (11.44)
	19.91 (3.71)

	SNB 7
	+
	-
	+
	1.73 (1.65)
	2.56 (1.89)
	0.00 (1.00)
	+
	2.20 (1.79)
	120.00(11.00)
	12.49 (3.67)

	SNB 8
	+
	-
	+
	1.57 (1.60)
	5.82 (2.61)
	40.00 (6.40)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 9
	-
	-
	+
	2.20 (1.79)
	190.99 (4.58)
	200.00 (14.17)
	+
	2.09 (1.76)
	109.09 (10.49)
	19.05 (3.56)

	SNB 10
	+
	-
	+
	3.37 (2.09)
	137.50(11.7)
	210.00 (14.53)
	+
	2.67 (1.92)
	166.67 (12.95)
	19.46 (3.63)

	SNB 11
	+
	+
	+
	2.41 (1.85)
	40.03 (6.41)
	90.00 (9.54)
	+
	2.73 (1.93)
	172.73 (13.18)
	19.52 (3.63)

	SNB 12
	+
	-
	+
	3.02 (2.00)
	100.00(10.0)
	100.00(10.05)
	+
	2.67 (1.91)
	166.67 (12.95)
	19.50 (3.64)

	SNB 13
	+
	-
	+
	3.45 (2.11)
	90.61 (9.57)
	220.00 (14.87)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 14
	+
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 15
	-
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 16
	+
	-
	+
	3.03 (2.01)
	100.04(10.0)
	40.00 (6.40)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 17
	-
	-
	+
	2.08 (1.76)
	7.14 (2.85)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 18
	+
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	+
	1.86 (1.69)
	85.71 (9.31)
	11.02(1.43)

	SNB 19 
	+
	-
	+
	2.43 (1.85)
	41.67 (6.53)
	230.00 (15.20)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	SNB 20
	+
	-
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)
	-
	0.00 (1.00)
	0.00 (1.00)
	0.00 (1.00)

	F test
	NA
	NA
	NA
	**
	**
	**
	NA
	**
	**
	**

	Sem(±)
	
	
	
	0.005
	0.012
	0.022
	
	0.009
	0.082
	0.004

	C.D.@1%
	
	
	
	0.015
	0.036
	0.064
	
	0.026
	0.236
	0.013


Note: SNB = Shankapushpi Nodule Bacteria, Transformed values are given in parenthesis, ** = Significance at 1 % CD.

Table 2a: Evaluation of Ammonia, IAA, Siderophore, and HCN production by Rhizobacteria associated with Shankapushpi (Clitoria 

                        ternatea L.)
	  Isolates
	Ammonia production
	IAA production
	Siderophore production
	HCN production

	
	Qualitative   

       test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (%)
	Qualitative test
	Quantitative test (µg/ml)

	RSB1
	+
	71.79 (8.53)
	-
	0.00(1.00)
	-
	0.00(1.00)
	+
	0.89 (1.38)

	RSB2
	+
	12.93 (11.13)
	+
	23.51(5.56)
	+
	34.48(5.97)
	-
	0.00 (1.00)

	RSB3
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB4
	+
	69.83(8.42)
	-
	0.00(1.00)
	-
	0.00(1.00)
	+
	0.40 (1.18)

	RSB5
	+
	51.83(7.27)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB6
	+
	69.76 (8.41)
	-
	0.00(1.00)
	+
	84.25(9.31)
	+
	0.36 (1.17)

	RSB7
	+
	81.84 (9.10)
	-
	0.00(1.00)
	-
	0.00(1.00)
	+
	0.04 (1.02)

	RSB8
	+
	68.38(8.33)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB9
	+
	70.18(8.44)
	-
	0.00(1.00)
	+
	18.55(4.42)
	-
	0.00 (1.00)

	RSB10
	+
	73.32 (8.18)
	-
	0.00(1.00)
	+
	11.35(3.49)
	-
	0.00 (1.00)

	RSB11
	 -
	0.00(1.00)
	-
	0.00(1.00)
	+
	12.58(3.69)
	-
	0.00 (1.00)

	RSB12
	+
	97.35(9.92)
	-
	0.00(1.00)
	+
	49.10(7.08)
	-
	0.00 (1.00)

	RSB13
	+
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB14
	+
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	+
	0.10 (1.05)

	RSB15
	+
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB16
	+
	82.88(9.16)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB17
	+
	77.26(8.85)
	-
	0.00(1.00)
	+
	22.42(4.84)
	-
	0.00 (1.00)

	RSB18
	+
	66.87(8.24)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB19
	+
	58.18(7.69)
	-
	0.00(1.00)
	+
	10.71(3.42)
	-
	0.00 (1.00)

	RSB20
	+
	183.88(13.65)
	+
	77.62(8.83)
	+
	96.62(9.88)
	+
	0.89 (1.38)

	RSB21
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB22
	+
	63.74 (8.05)
	+
	0.94 (1.35)
	+
	82.58(9.14)
	-
	0.00 (1.00)

	RSB23
	+
	180.49(13.47)
	-
	0.00(1.00)
	+
	15.61(4.07)
	-
	0.00 (1.00)

	RSB24
	  -
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB25
	+
	79.38 (8.96)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB26
	+
	64.52 (8.09)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB27
	+
	60.51 (7.84)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB28
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB29
	+
	89.15(9.49)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB30
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB31
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB32
	+
	86.68(9.36)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB33
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RSB34
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	+
	0.56 (1.25)

	RSB35
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	F test
	NA
	**
	NA
	**
	NA
	**
	NA
	**

	SEm(±)
	
	0.003
	
	0.001
	
	0.030
	
	0.008

	C.D.@1%
	
	0.007
	
	0.003
	
	0.085
	
	0.022


            Note: RSB = Rhizosphere bacteria, Transformed values are given in parenthesis, ** = Significance at 1 % CD.

Table 2b: Evaluation of Ammonia, IAA, Siderophore, and HCN production by Rhizoplane bacteria associated with Shankapushpi 

                 (Clitoria ternatea L.)
	Treatments (isolates)
	Ammonia production
	IAA
	Siderophore
	HCN

	
	Qualitative test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (µg/ml)

	RPB1
	+
	142.11 (11.96)
	+
	0.76(1.32)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB2
	+
	185.88 (13.67)
	+
	44.25(6.74)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB3
	+
	124.96 (11.22)
	+
	13.69(3.83)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB4
	-
	0.00 (1.00)
	+
	32.72(5.80)
	+
	31.12(5.63)
	-
	0.00 (1.00)

	RPB5
	-
	0.00 (1.00)
	+
	132.49(11.57)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB6
	+
	107.97 (10.44)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB7
	+
	106.63 (10.37)
	+
	2.19(1.78)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB8
	+
	175.72 (13.29)
	+
	148.60(12.22)
	-
	0.00(1.00)
	+
	1.01 (1.42)

	RPB9
	-
	0.00 (1.00)
	+
	0.76(1.33)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB10
	-
	0.00 (1.00)
	+
	3.39(2.08)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB11
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB12
	+
	86.74 (9.37)
	+
	43.02(6.63)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB13
	+
	131.58 (11.51)
	+
	8.74(3.12)
	+
	55.07 (7.44)
	-
	0.00 (1.00)

	RPB14
	+
	73.24 (8.62)
	-
	0.00(1.00)
	+
	29.22(5.51)
	-
	0.00 (1.00)

	RPB15
	-
	0.00 (1.00)
	+
	12.79(3.71)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB16
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB17
	+
	68.73 (8.35)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB18
	+
	122.33 (11.11)
	+
	23.19(4.92)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB19
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB20
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	+
	0.31 (1.14)

	RPB21
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB22
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB23
	+
	97.54 (9.93)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	RPB24
	-
	0.00 (1.00)
	-
	0.00(1.00)
	+
	0.43(1.19)
	-
	0.00 (1.00)

	RPB25
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)

	F test
	NA
	**
	NA
	**
	NA
	**
	NA
	**

	SEm(±)
	
	0.000
	
	0.053
	
	0.029
	
	0.009

	C.D.@1%
	
	0.001
	
	0.151
	
	0.083
	
	0.025


Note: RPB = Rhizoplane bacteria, Transformed values are given in parenthesis, ** = Significance at 1 % CD.

Table 2c: Evaluation of Ammonia, IAA, Siderophore, and HCN production by root nodule bacteria associated with Shankapushpi (Clitoria ternatea L.)  

	 Isolates
	Ammonia production
	IAA
	Siderophore
	HCN

	
	Qualitative test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (µg/ml)
	Qualitative test
	Quantitative test (%)
	Qualitative test
	Quantitative test

(µg/ml)

	SNB1
	+
	72.89 (8.60)
	+
	33.56 (5.84)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB2
	-
	0.000 (1.00)
	+
	32.23(5.77)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB3
	-
	0.000 (1.00)
	+
	25.08(5.11)
	-
	0.00 (1.00)
	+
	0.40 (1.19)

	SNB4
	-
	0.000 (1.00)
	+
	9.80(3.29)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB5
	+
	85.51 (9.30)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB6
	+
	41.57 (6.52)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	+
	0.15 (1.07)

	SNB7
	-
	0.000 (1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	+
	0.36 (1.17)

	SNB8
	+
	59.15 (7.14)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB9
	+
	53.84 (7.88)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB10
	+
	77.17 (8.26)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB11
	+
	89.59 (9.85)
	+
	50.03(7.15)
	+
	67.16 (8.18)
	+
	0.44 (1.16)

	SNB12
	+
	85.94 (9.55)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB13
	-
	0.000 (1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB14
	+
	82.01 (8.90)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB15
	+
	70.92 (8.60)
	-
	0.00(1.00)
	+
	13.79 (3.82)
	-
	0.00 (1.00)

	SNB16
	+
	77.27 (6.23)
	-
	0.00(1.00)
	+
	58.12 (7.70)
	+
	0.17 (1.08)

	SNB17
	-
	0.00 (1.00)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB18
	-
	0.00 (1.00)
	+
	33.52(5.88)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB19
	+
	58.19 (6.86)
	+
	25.05(5.10)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	SNB20
	+
	79.11 (8.93)
	-
	0.00(1.00)
	-
	0.00 (1.00)
	-
	0.00 (1.00)

	F test
	NA
	**
	NA
	**
	NA
	**
	NA
	**

	SEm(±)
	
	1.53
	
	0.04
	
	0.034
	
	0.009

	C.D.@1%
	
	4.40
	
	0.114
	
	0.099
	
	0.025


Note: SNB = Shankapushpi Nodule Bacteria, Transformed values are given in parenthesis, ** = Significance at 1 % CD.

Conclusion


This study revealed that bacterial isolates from the rhizosphere, rhizoplane, and nodules of Shankapushpi (Clitoria ternatea L.) possess diverse PGP traits. Among them, RSB20 (Stenotrophomonas rhizophila), RPB8 (Bacillus subtilis), and SNB11 (Bradyrhizobium japonicum) showed superior multifunctionality. RSB20 excelled in phosphate solubilization, RPB8 in potassium solubilization, and SNB11 in symbiotic efficiency. Their cumulative performance highlights potential as bioinoculants for sustainable Shankapushpi (Clitoria ternatea L.) cultivation. These isolates could reduce reliance on chemical fertilizers and improve soil fertility.

Future Perspectives


Future work should validate the performance of RSB20, RPB8, and SNB11 through greenhouse and field trials. Stable formulations, either individually or as consortia, need to be developed for practical application. Genomic and metabolomic studies could uncover mechanisms underlying their PGP traits. Integration into organic and low-input systems will support eco-friendly agriculture. These steps are essential to realize their full potential as biofertilizers.
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Plate 1b: Growth of Shankapushpi (Clitoria ternatea L.)  plants at 30 DAS in Leonard jar assembly





Plate 1a: Bacterial growth on Norris N free medium indicates positive for N fixation








Plate 1e: Bacterial isolates showing halo zone for K solubilization








Plate 1d: Bacterial isolates showing halo zone for PO4 solubilization











Plate 1c: Nodule formation by the Bacterial isolate SNB11 in the plant Shankapushpi (Clitoria ternatea L.)








Fig.1: Phylogenetic tree based on 16S rRNA gene sequences showing the evolutionary relationship of efficient bacterial isolates RSB20 (Stenotrophomonas rhizophila), RPB8 (Bacillus subtilis), and SNB11 (Bradyrhizobium japonicum) with closely related strains
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