
~ 181 ~ 

Journal of Advances in Microbiology Research 2024; 5(2): 181-184 

 
 

E-ISSN: 2709-944X 

P-ISSN: 2709-9431 

JRM 2024; 5(2): 181-184 

© 2024 JAMR 

www.microbiojournal.com 

Received: 13-07-2024 

Accepted: 13-08-2024 
 

Keerthana RS  

Ph.D. Scholar, Department of 

Agricultural Microbiology, 

N.M. College of Agriculture, 

Navsari Agricultural 

University, Navsari, Gujarat, 

India 

 

Patil CR  

Professor and Head, 

Department of Agricultural 

Microbiology, College of 

Agriculture, University of 

Agricultural Sciences 

Dharwad, Karnataka, India  

 

Vithal Navi 

Associate Professor, 

Department of Agricultural 

Microbiology, College of 

Agriculture, University of 

Agricultural Sciences 

Dharwad, Karnataka, India. 

 

SS Gundlur 

Professor and Head, 

Department of Soil Science 

and Agricultural Chemistry, 

College of Agriculture, 

University of Agricultural 

Sciences Dharwad, Karnataka, 

India. 

 

Bhavana M 

Ph.D. Scholar, Division of 

Agricultural Microbiology, 

ICAR-IARI New Delhi, Delhi, 

India 

 

 

 

 

 

 

 

 

 

 

 

Correspondence Author; 

Keerthana RS  

Ph.D. Scholar, Department of 

Agricultural Microbiology, 

N.M. College of Agriculture, 

Navsari Agricultural 

University, Navsari, Gujarat, 

India 

 

Formulating rhizosphere consortia: Harnessing plant 

growth-promoting rhizobacteria for enhanced 

agricultural sustainability 

 
Keerthana RS, Patil CR, Vithal Navi, SS Gundlur and Bhavana M 
 

DOI: https://doi.org/10.22271/micro.2024.v5.i2c.177  

 
Abstract 
The development of efficient rhizosphere consortia using Plant Growth Promoting Rhizobacteria 
(PGPR) plays a significant role in enhancing plant growth and agricultural sustainability. This study 
focuses on formulating a rhizosphere consortium by utilizing eight different PGPR strains, including 
Bradyrhizobium japonicum (SB-120), Pseudomonas striata (PSB), Bacillus sp. (KSB), Zinc 
solubilizing bacterium (ZnSB), Silica solubilizing bacterium (SiSB), Actinobacterium (JK-16), Pink 
pigmented facultative methylotroph (PPFM-33) and Lactic acid bacterium (LAB-75). These strains 
were characterized based on their plant growth-promoting traits such as nitrogen fixation, indole acetic 
acid production, and solubilization of essential nutrients like phosphorus and potassium. Various 
combinations were formulated using a common growth medium, Luria Bertani, amended with 
additives like polyethylene glycol and glycerol. The formulation demonstrated that six PGPR strains, 
when combined, maintained high efficacy and offered a viable alternative to single-strain inoculants. 
 
Keywords: PGPR, rhizosphere consortia, nitrogen fixation, indole acetic acid, phosphorus solubilization 

 
Introduction 
Microorganisms play a vіtal role іn varіous ecosystem processes, especіally іn enhancіng soіl 
fertіlіty. They facіlіtate bіogeochemіcal cyclіng, makіng essentіal soіl mіneral nutrіents lіke 
nіtrogen, phosphorus and potassіum avaіlable to plants, thus promotіng plant growth when 
inoculated Agrіculturally benefіcіal mіcroorganіsms such as bacterіa and fungі, establіsh 
mutualіstіc relatіonshіps wіth plants. They contrіbute to nutrіent avaіlabіlіty, actіvely 
partіcіpate іn organіc matter decomposіtіon, produce phytohormones, aіd іn 
phytoremedіatіon, and act as bіocontrol agents agaіnst plant pests and dіseases (Hussaіn et 
al., 2020) [1]. 
Co-inoculatіon of soybean plants wіth Bacillus amyloliquefaciens LL2012 and the natural 
symbіont Bradyrhizobium japonicum resulted іn іmproved plant growth, enhanced 
nodulatіon and іncreased colonіzatіon of plant roots by B. japonicum (Mascіarellі et al., 
2014) [2]. Improved nodulatіon іs favored by productіon of flavonoіd lіke compounds or by 
stіmulating the host legume to produce flavonoіd sіgnal molecule (Pankaj et al., 2009) [3]. 
Phosphate solubіlizіng mіcroorganіsms, solubіlіzatіon іs achіeved through the productіon of 
іnorganіc acіds (carbonіc and sulfurіc), as well as organіc acіds lіke cіtrіc, butyrіc, oxalіc, 
malonіc, lactіc, etc., and phosphatase enzymes (Whitelaw et al., 1997 and Sundara et al., 
2001) [4, 5]. Potassium solubilizing bacteria show hіgher mobіlіzation of potassіum from 
waste mіca, actіng as a source of potassіum for plant growth (Singh et al., 2010) [6]. 
Introduction of beneficial microorganisms such as actinobacteria, PPFM (pink pigmented 
facultative methylotrophs) and lactic acid bacteria (LAB) into soil as microbial inoculants is 
reported to enhance plant growth, health and yield by providing or mobilizing nutrients, 
production of growth promoting substances and reducing the population of harmful bacteria 
occurring on plant parts. Many produce HCN and siderophores that have potential 
application in control of diseases. A "microbial consortium" is a collection of several 
microorganisms, wherein various kinds of microorganisms are employed, acting as a 
community and interacting in a synergistic manner.  
Lіquіd bіoіnoculants are unіque formulatіons contaіnіng the desіred mіcroorganіsms, theіr 

nutrіents and specіal cell protectants which promote extended shelf lіfe and tolerance to 

adverse condіtіons (Vora et al., 2008) [7]. Compared to peat-based іnoculants, lіquіd 

bіoіnoculants are reported to have a longer survіval perіod, wіth 10 to 100 tіmes 
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hіgher vіable cell numbers (Susewee, 1994) [8]. Therefore 

efforts were made to develop seventeen consortia 

comprising of eight PGPR strains in liquid formulations, 

with an aim of reducing costs on mass production and 

turnaround times without compromising their effectiveness. 

 

Materials and Methods 

The experiment was conducted in 2022-23 in the Institute of 

Organic Farming, Dharwad. The PGPR strains consisted of 

Bradyrhizobium japonicum (SB-120), Pseudomonas striata 

(PSB), Bacillus sp. (KSB), Zinc solubilizing bacterium 

(ZnSB), Silica solubilizing bacterium (SiSB), 

Actinobacterium (JK-16), Pink pigmented facultative 

methylotroph (PPFM-33) and Lactic acid bacterium (LAB-

75) were collected from the Institute of Organic Farming 

(IOF), University of Agricultural Sciences, Dharwad. 

Morphological characterization, Biochemical 

characterization and functional characterization were carried 

out. Compatibility between the strains was tested. A single 

common culture medium was standardized. A total of 32 

Liquid formulations of 17 consortia were on a common 

medium (LB- luria bertani agar) was amended with 

standardised concentrations of additives such as 

Polyethylene Glycol (PEG), Glycerol and Ascorbic acid 

(Table-1).  

 

Results and Discussion 

All the PGPR strains were grown on luria bertani broth. 

This study focuses on formulating a rhizosphere consortium 

by utilizing eight different PGPR strains, including 

Bradyrhizobium japonicum (SB-120), Pseudomonas striata 

(PSB), Bacillus sp. (KSB), Zinc solubilizing bacterium 

(ZnSB), Silica solubilizing bacterium (SiSB), 

Actinobacterium (JK-16), Pink pigmented facultative 

methylotroph (PPFM-33) and Lactic acid bacterium (LAB-

75).  

These eight PGPR strains were mixed to obtain seventeen 

different consortia. The method adopted and the ratio set 

clearly helped to achieve formulations each with equal 

populations and to avoid any differences that could have 

arisen due to variation in their populations and differential 

growth rates. To accomplish this, all the eight strains were 

inoculated in a staggered system so as to get their maximum 

populations coinciding with the mass production schedule. 

 
Table 1: Different additives, adjuvant and antioxidant and their concentrations found optimal and used in developing liquid formulation of 

PGPR strains 
 

Amendments Concentrations of amendments 

 

SB-120 

(Bradyrhizobium 

japonicum) 

PSB 

(Pseudomonas 

striata) 

KSB 

(Bacillus 

sp.) 

ZnSB (Zinc 

solubilizing 

bacterium) 

SiSB (Silica 

solubilizing 

bacterium) 

JK-16 

(Actinobacterium) 

PPFM-33 (Pink 

pigmented 

methylotrophs) 

LAB-75 

(Lactic acid 

bacterium) 

Additives 
Poly Ethylene Glycol (%) 0.5 0.5 0.5 0.4 0.4 0.4 0.3 0.5 

Glycerol (%) 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.5 

Adjuvant Gum arabica (%) 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 

Antioxidant Ascorbic acid (Molar) - - - - - - 0.02 0.02 

 

Table 2: Composition of different PGPR consortia formulated based on equal population of PGPR strains 
 

PGPR 

consortia 
Treatments 

Volume of PGPR inoculants in 100 ml consortia 
Final volume 

(ml) 
SB-

120 
PSB KSB ZnSB SiSB 

JK-

16 

PPFM-

33 

LAB-

75 

MC 1 SB-120 + PSB + KSB 20.00 16.87 62.50 - - - - - 99.37 

MC 2 SB-120 + PSB + KSB + ZnSB 15.84 13.36 49.5 21.28 - - - - 99.98 

MC 3 SB-120 + PSB + KSB + SiSB 13.11 11.06 40.96 - 35.24 - - - 100.39 

MC 4 SB-120 + PSB + KSB + PPFM-33 16.75 14.13 52.35 - - - 16.75 - 99.98 

MC 5 SB-120 + PSB + KSB + LAB-75 17.58 14.80 54.64 - - - - 12.63 99.65 

MC 6 SB-120 + PSB + KSB + JK-16 12.74 10.75 39.84 - - - 36.65 - 99.98 

MC 7 SB120 + PSB + KSB + ZnSB + SiSB 11.14 9.40 34.84 14.98 29.96 - - - 100.32 

MC 8 SB-120 + PSB + KSB + ZnSB + PPFM-33 13.67 11.53 42.73 18.37 - - 13.67 - 99.97 

MC 9 SB-120 + PSB + KSB + ZnSB + LAB-75 14.22 12.00 44.44 19.11 - - - 10.22 99.99 

MC 10 SB-120 + PSB + KSB + ZnSB + JK-16 10.88 9.18 34.01 14.62 - 31.29 - - 99.98 

MC 11 SB-120 + PSB + KSB + SiSB + PPFM-33 11.59 9.78 36.23 31.15 - - 11.59 - 100.34 

MC 12 SB-120 + PSB + KSB + SiSB + LAB 75 11.98 10.11 37.45 - 32.20 - - 8.61 100.35 

MC 13 SB-120 + PSB + KSB + SiSB + JK-16 9.52 8.03 29.76 - 25.59 27.38 - - 100.28 

MC 14 SB-120 + PSB + KSB + ZnSB + SiSB + PPFM-33 10.03 8.46 31.34 13.47 26.95 - 10.03 - 100.28 

MC 15 SB-120 + PSB + KSB + ZnSB + SiSB + LAB-75 10.32 8.70 32.25 13.87 27.74 - - 7.41 100.29 

MC 16 SB-120 + PSB + KSB + ZnSB + SiSB + JK-16 8.44 7.12 26.38 11.34 22.69 24.27 - - 100.24 

MC 17 
SB-120 + PSB + KSB + ZnSB + SiSB + PPFM-33 + 

LAB-75 + JK-16 
7.37 6.22 23.04 9.90 19.81 7.37 21.19 5.29 100.19 

 

The results were in accordance with the findings of Parvati 

and Patil (2018) [9] conducted a comprehensive study on the 

growth of Pseudomonas striata in liquid formulations with 

different concentrations of additives, adjuvants, and 

surfactants. Their research revealed that formulation-18 

(Pikovskaya’s broth with 10 mM glycerol, 0.5% PEG, 

0.05% CMC, 0.15% gum arabica, and 250 ppm polysorbate-

20), containing Pikovskaya's broth with specific additives, 

significantly enhanced the population of Pseudomonas 

striata, reaching 203.33 × 1010 at 72 hours after inoculation. 

The formulated liquid was then applied to maize and 

sorghum seeds at varying concentrations, resulting in higher 

viable populations in treated seeds compared to the lignite-

based formulation. This study showed the potential of 

formulation-18 as an effective bioinoculant for enhancing 

plant growth and offered valuable insights for the 

development of cost-effective and efficient liquid 

formulations for agricultural applications. 

Suman et al. (2016) [10] investigated the bioefficacy effect of 

three formulations of hydrogel based bioinoculant 
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consortium of Azotobacter chroococcum, Pseudomonas 

fluorescence and Trichoderma viride on growth of wheat. 

The results showed that the consortium positively enhanced 

plant growth with a multiple synergistic mechanisms of 

consortium of inoculants over liquid and lignite based 

microbial consortia. 

Vijaykumar and Brahmaprakash (2018) [11] evaluated the 

effect of Agriculturally Important Microorganisms (AIMs) 

viz., Rhizobium sp., Bacillus megaterium and Pseudomonas 

fluorescens in four different formulations viz., alginate 

based, fluid bed dryer based, lignite and liquid based 

formulations on growth and nutrient uptake of green gram 

(Vigna radiata L.). They observed that plants treated with 

triple inoculants in liquid formulation recorded higher plant 

height of 38.93 cm, the maximum number of leaves of 9.67, 

total chlorophyll content of 2.54 mg/g of leaf, total nitrogen 

uptake of 103.56 mg/ plant, total phosphorus uptake of 

63.11 mg/plant and total biomass content of 12.87 g/plant as 

compared to the other test formulations. 

Santhosh et al. (2015) [12] formulated liquid biofertilizer for 

efficient biofertilizer strains of the HK region using various 

cell protectants and nutrients in liquid broth. The cell 

protectants tested included glycerol (0.5%), polyvinyl 

pyrrolidone (PVP, 0.5%), polyethylene glycol (PEG, 0.5%), 

gum arabic (GA, 0.5%), and sodium alginate (SA, 0.1%). 

Additionally, treatments without cell protectants (only 

broth) and a carrier (lignite) based formulation were 

included as controls. These formulated liquid biofertilizers 

of Rhizobium, Azotobacter, Azospirillum, and Bacillus 

megaterium were then stored at 28±2 °C in a BOD 

incubator for 180 days, with the viable cell count 

determined monthly. Among the tested cell protectants, the 

combination of PVP and glycerol at 0.5% each showed the 

highest retention of viable cells in all strains, followed by 

PEG, GA, and SA. 

Suman et al. (2016) [10] investigated the effectiveness of 

three formulations of a microbial consortium consisting of 

Azotobacter chroococcum, Pseudomonas fluorescence, and 

Trichoderma viride in maintaining growth and shelf-life 

stability. The shelf-life studies of lignite, liquid, and 

hydrogel based bioinoculant formulations were conducted 

for up to 90 days at room temperature. The results indicated 

that the formulations showed varying population counts 

over the storage period. The nitrogen fixer Azotobacter 

chroococcum had population counts of 1.2×107, 1.4×108, 

and 3.5×109 CFU mL-1 in lignite, liquid, and hydrogel 

formulations, respectively. For Pseudomonas fluorescence, 

the population counts were 2.2×107, 2.4×108, and 4.5×109 

CFU mL-1 in lignite, liquid, and hydrogel formulations, 

respectively. The phyto-stimulator Trichoderma viride had 

population counts of 1.4×106, 2.8×107, and 2.5×108 CFU 

mL-1 in lignite, liquid, and hydrogel formulations, 

respectively. 

 Miljakovic et al. (2022) [13] evaluated the effectiveness of 

Bradyrhizobium japonicum and newly isolated Bacillus 

megaterium strains as single inoculants and co-inoculant 

during seed bio-priming for two soybean cultivars. Bacillus 

megaterium significantly improved seed germination, shoot 

and root growth, and seedling vigor in various tests 

compared to the control. Co-inoculation further showed 

significant improvements in several parameters.  

Fatharani et al. (2018) [14] conducted a survey to isolate and 

characterize rhizobacteria from the paddy rhizosphere that 

have the potential to dissolve mineral feldspar as a 

potassium source. Seven bacterial isolates, namely LJK 1, 

LJK 2, LJK 4, LBK 4, LBK 5, PSUK 4, and PSIK 6, were 

identified for their ability to solubilize potassium. The 

potassium-solubilizing index indicated that all seven isolates 

exhibited the capacity to solubilize feldspar in Alexandrov 

solid medium, with LJK 2 being the most effective isolate in 

this regard. These isolates were further subjected to 

morphological and physiological-biochemical tests, 

involving a total of 39 characteristics. 

Hussain et al. (2019) [1] investigated the production and 

implications of bio-activated organic fertilizers (BOZ) 

enriched with zinc-solubilizing bacteria (ZSB) to enhance 

maize (Zea mays L.) production and biofortification. They 

tested various formulations of BOZ with ZnO and ZnSO4 in 

field conditions over two cropping seasons. The results 

showed that BOZ4 (with a composition of 6:4 ZnO to 

orange peel waste) had the most significant positive impact 

on plant growth, yield, physiology, and zinc content in 

maize. BOZ4 also improved grain quality by increasing fat, 

crude protein, and mineral contents. Overall, bio-activation 

of ZnO with ZSB proved to be an efficient and economical 

approach to enhance maize growth and nutritional quality. 

 

Conclusion 

This study successfully formulated a rhizosphere 

consortium utilizing eight distinct PGPR strains, 

highlighting the synergistic potential of these 

microorganisms to enhance plant growth and promote 

agricultural sustainability. The formulation of liquid 

bioinoculants with three strains inoculants, four, five, six 

and eight strain inoculants were effective in comparison to 

uninoculated control. It demonstrated that six PGPR strains 

could effectively maintain high efficacy levels, offering a 

viable alternative to traditional single-strain inoculants. This 

approach not only addresses the limitations associated with 

single-strain applications but also enhances nutrient 

solubilization and overall plant health. The findings indicate 

that the combination of diverse PGPR strains can lead to 

improved plant growth parameters through enhanced 

nitrogen fixation, phosphorus and potassium solubilization, 

and phytohormone production. Moreover, the study shows 

the importance of optimizing their formulations for effective 

field application. By reducing production costs and 

turnaround times without compromising efficacy, this 

research paves the way for the development of sustainable 

agricultural practices. 
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