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Formulation and Evaluation of a Salt and Temperature Tolerant Rhizobacterial Consortium for Tomato Cultivation under Abiotic Stress Conditions


ABSTRACT
The present study focused on preparation of consortia of salt and temperature tolerant rhizobacteria isolated from the rhizosphere soil of tomato. A total of 138 isolates were obtained from the rhizosphere of tomato plants grown in the laboratory of the Department of Agricultural Microbiology, MPKV, Rahuri, Maharashtra, between 2020 and 2023. Out of that twelve salt and temperature tolerant were identified, six most efficient strains were selected for consortia formulation. The liquid consortium containing Six (Pseudomonas furukawaii STT-A8, Achromobacter sp. STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT N28) extremely salt and temperature tolerant rhizobacteria isolates were formulated for their mass production as liquid consortium by compairing the respective selective media with different concentration for these isolates. Out of five test media (M1, M2, M3, M4 and M5), M3 medium contained Mannitol (5.0 g), Peptone (5.0 g), Glucose (15.0 g), Tricalcium phosphate (3.5 g), K2HPO4 (1.50 g), Potassium aluminium silicate (1.50 g), Calcium phosphate (1.50 g), Calcium carbonate (1.50 g), Yeast extract (1.50 g), Ammonium sulphate (0.2 g), MgSO4.7H2O (0.2 g), NaCl (0.2 g), K2SO4 (0.1 g) was found best. The M3 medium was further formulated by using different concentrations of cell protectants at pH 9.00 was devised as liquid medium L5M3. After preparation of consortium, the optimum population of all six salt temperature tolerant rhizobacteria were observed upto 12 months. The composition of L5M3 media was best that consists of Standard medium (M3), Fe. EDTA (0.30 g), Arabinose (0.60 g), Glycerol (3.0ml), PVP (16.00 g), Trehalose (1.0 g) and Distilled water (1lit). This consortia applied in tomato field under extreme saline and high temperature stress condition and showed very good results.
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1. INTRODUCTION 
Consortia is a biological agricultural product made up of beneficial microorganisms, including bacteria and fungi, that help make essential soil nutrients like nitrogen, phosphorus, and potassium (NPK) more available to plants. This enhances crop growth and reduces the need for chemical fertilizers." To develop the liquid formulation of salt and temperature tolerant rhizobacterial strain Beaker et al. (1984) showed that, PEG has also been reported decreasing the cell permeability during rehydration, avoiding intracellular losses and therefore increasing viability. So studies showed that the addition of PEG to media enhanced trehalose concentration in the cells. Chandra et al. (1995) used a small glass fermentor of 2-3 litter capacity to produce Frateuria aurentia broth culture to be applied as liquid inoculant in field experiments. Lorda and Balatti (1996) reported that, glycerol served the function of an osmolyte, balancing the external osmotic pressure and had a high water binding capacity and it protected cells from the effect of desiccation by slowing the rate of drying. Singleton et al. (2002) highlighted the significance of polymeric additives, particularly PVP, in stabilizing liquid inoculants. These additives provided water-binding capabilities, detoxification of the media and overall improved survival of the bacterial cultures. The developed liquid inoculant exhibited positive field performance characteristics and offered an accessible and cost-effective alternative to processing solid carriers, addressing various challenges associated with traditional inoculant production methods. Streeter (2003) revealed that, improving the tolerance to desiccation of B. japonicum by loading the cells with trehalose present in the culture medium. The accumulation of trehalose was a well-known response to different shocks, especially osmotic stress in microorganisms and rhizobia in particular (Deaker et al., 2004). Vendan and Thangaraju (2006) reported that, the liquid Azospirillum formulation having 10 months storage shelf life was formulated by amendments of 24 trehalose (10 mM), PVP (2 %) and glycerol (10mM) in N2 free malic acid broth and also standardized doses of liquid formulation (10 ml/kg seed, 150 ml/ha seedlings and 300 (ml/ha) for seed treatment, seedling root dipping and soil application. Marcelo et al. (2006) demonstrated that, by using a fed-batch system and specific formulations, it was possible to produce liquid inoculants with improved salt tolerance and acceptable survival rates, making them more suitable for commercial use. Vora et al. (2008) revealed that desired microorganisms and their nutrients were not only important in liquid formulations, but also, special cell protectants or substances that encourage the longer shelf life and tolerance to adverse condition. Chandra (2009) studied the bacteria of NPK multiplied in fermentation. Liquid suspension concentrate was formulated from experiment or slurry of each organism. The base materials which contained 22 emulsifier, dispersant, cell protectant, moisturizer, humectants, etc. were used. Chandra et al. (2012) tested, several compounds viz., polyvinyl pyrrolidone, Fe-EDTA, glycerol, trehalose, glucose, mannitol etc. for their ability to promote survival of bacteria after inoculation. The bacteria NPK were multiplied in fermentor. Liquid suspension concentrate was formulated from ex- fermentor slurry of each organism. The base material which contained emulsifier, dispersant, cell protectant, moisturizer, humectants, etc. Kumari and Khanna (2015) reported that, out of 66 rhizobacterial strains, three most efficient salt-tolerant ACC deaminase and EPS containing isolates, B20b, B20d and B-I were investigated alone and in combination with chickpea nodulating, Mesorhizobium ciceris for their effects on the germination and growth of chickpea under various salinity levels (0, 30, 60, 90 and 120 mM NaCl). Ates and Kivanc (2020) isolated 21 ACC deaminase producing bacteria from wheat rhizosphere out of which 5 bacterial isolates (Bacillus cereus, Serratia odorifera, Lelliottia amnigena, Arthrobacter arilaitensis and Pseudomonas putida) and 4 different salt levels (0.95, 3.98, 7.80, 11.05 dSm-1). ACC deaminase producing bacteria increased shoot and root length under Petri and jar trial. Shete et al. (2020) developed a formulation of culture media for a consortium of non-symbiotic bacteria that fix nitrogen, mobilise phosphate and mobilise 25 potash. Among the several growth medium, BIO-MS VII media, which contains calcium carbonate, ammonium sulphate, yeast extract and tricalcium phosphate, has a concentration of 10 g/L of glucose. Azotobacter chroococcum, a phosphate- and potash mobilizing bacteria, exhibited maximal growth in the presence of calcium phosphate, potassium aluminium silicates, K and HPO4 1.75 g/L, respectively. Basu et al. (2021) highlighted that, the different types of plant growth promoting rhizobacteria-based bio fertilizers and their challenges faced in the widespread adoption of biofertilizers and deliberate the prospects of using bio fertilizers to promote sustainable agriculture. Shultana et al. (2022) highlighted that, salt-tolerant plant growth promoting rhizobacteria was considered an alternate way towards enhancing crop growth in saline ecosystems. It’s PGPR enabled to produce exopolysaccharides which lead to biofilm formation and generate osmoprotectants and antioxidant enzymes that can significantly stimulating plant growth in the saline ecosystem.
2. MATERIALS AND METHODS 
2.1 Selection of efficient Nintrogen fixing, Phosphate solubilizing and Potash mobilizing strain from salt and temperature tolerant rhizobacteria 
Nitrogen fxation (Pandey et al., 2015) : The nitrogen-fixing ability of the bacterial isolate was verified using a standard method based on the ability of bacteria to grow on nitrogen-free media. In brief, bacterial isolate was streaked on Jensen media (supplementary file) and incubated (at 28°C) for a week. The selected bacteria were grown in broth. After attaining sufficient bacterial count it is kept in water bath for 55oC to 60oC continuously still white crust powder left at bottom. Further this powder is analysed by Microjeldah’s method. The growth of bacteria with glistening colonies and/or streaks on the above media infers positive nitrogen fixation. The test was repeated thrice.
 Potassium solubilisation (Prajapati et al., 2012). Potassium solubilization of the bacterial isolate was studied on Aleksandrow agar media by a standard spot Plate assay inoculated with a loop-full overnight grown culture and incubated at 28°C. Clear zones around the colonies confrm positive potassium solubilization. The diameter of clear zones deduced the Khandeparkar’s selection ratio as below: Khandeparkar’s selection ratio = Diameter of zone of clearance(D) /Diameter of growth (d) 
Phosphate solubilisation (Pikovskaya, R.I. 1948): Phosphate solubilization of the bacterial isolate was studied on Pikovskaya agar media by a standard spot Plate assay inoculated with a loop-full overnight grown culture and incubated at 28°C. Clear zones around the colonies confirm positive Phosphate solubilization.
2.2 Compatibility test 
The compatibility test experiment between six salt and temperature tolerant rhizobacteria for nitrogen fixing, phosphate solubilizing and potash mobilizing bacterial isolates were grown on standard media (M3L5) with 20 g agar/ litre of water, each isolate did not show any inhibitory effect. There were no inhibition zones between the tested isolates, thus the tested isolates showed synergistic interactions. Pseudomonas furukawaii STT-A8, Achromobacter sp. STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT-N28 isolates were compatible to each other and there was no zone of inhibition was observed. 
2.3  Development of liquid formulation for salt and temperature tolerant Rhizobacteria 
Six most efficient salt and temperature tolerant rhizobacterial isolates were grown on five test media for finding out the most suitable medium for the mass multiplication of salt and temperature tolerant Rhizobacterial consortium. To increase the shelf life of bacterial isolates, the base material which contains emulsifier, dispersant, cell protectant, moisturizer and humectants etc. were used in different concentrations (Chandra, 2009). Sterilized standard media was inoculated with loopful of six efficient isolates of salt and temperature tolerant rhizobacteria which was able to grow on media. Rhizobacterial cultures were kept for incubation at 28 ± 2ºC for 48 hrs. in shaken BOD at 130 rpm/min. After attaining the full growth (108 cfu/ml), the bio inoculant was transferred separately into each of the sterilized test media at 1:3 ratio and kept for incubation at 28 ± 20C for 72 hr in shaker BOD at 130 rpm/min. The formulations were stored in sterile plastic bottles after taking initial count.
2.4 Shelf life studies/longevity of consortium 
The liquid salt and temperature tolerant rhizobacterial inoculum was further tested for its shelf life by recording cfu count at monthly interval for twelve months by serial dilution technique (Warcup, 1950). The liquid bio-formulations form was assessed timely to check population dynamics of salt and temperature tolerant Rhizobacterial isolates. The viable populations of salt and temperature tolerant Rhizobacteria was periodically monitored at 30 days interval up to 180-360 days. The bio- formulation @ 10 ml was suspended in 10 ml sterile distilled water in 250 ml flask by thorough shaking and serially diluted 10 times. One ml each from 108 dilutions was spread with sterilized L shaped glass spreader on standard media plates. Experiment for each bio- formulation was carried out in triplicates. The colonies were counted with the help of the colony counter after 48 and 72 hr of incubation and expressed in terms of cfu/ml of bio-formulation.
3. RESULTS AND DISCUSSION
3.1 Selection of most efficient salt and temperature tolerant rhizobacteria for consortium prepration.
Table 1:  Selection of efficient strain.
	Sr. No.
	Rhizobacteria
	Jensen’s medium
	Nitrogen Fixation
	Halo zone diameter( mm) in Pikovskay as media
	P solubilizat ion
	Halo zone diameter( mm) in Aleksandr ow media
	K solubilization

	1.
	Pseudomonas furukawaii STT-A8
	+++
	+++
	4.2
	+++
	3.9
	+++

	2.
	Achromobacter sp. STT-A12
	+++
	+++
	4.0
	+++
	4.2
	+++


	3.
	Agrobacterium pusense STT-A39
	+++
	+++
	4.1
	+++
	---
	---

	4.
	Priestia flexa STT-K13
	---
	---
	3.7
	+++
	3.8
	+++

	5.
	Bacillus sp. STT-K24
	---
	---
	---
	---
	3.1
	+++

	6.
	Brevibacterium epidermidis STT-N28
	+++
	+++
	3.8
	+++
	---
	---



--- No nitrogen fixation, no P solubilization and no K solubilization +++ Nitrogen fixation, P solubilization and K solubilization
Out of twelve (Table 1) salt and temperature tolerant rhizobacteria most efficient six isolates (Pseudomonas furukawaii STT-A8, Achromobacter sp. STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT-N28) selected for consortium making. Pseudomonas furukawaii STT-A8 worked as a nitrogen fixer, potassium mobilizer with halo zone 3.9 mm on Aleksandrow media and phosphate solubilizer with halo zone 4.2 mm on Pikovskaya’s media. Similar results were reported in investigation of Wang et al. (2017), isolate N8 demonstrated 97.88 % similarity with Pseudomonas furukawaii KF707 and produced IAA, which activated nutrients and facilitated wheat growth in the presence of reduced fertiliser treatment. According to Rafique et al. (2022), Pseudomonas furukawaii Cq-40 reported the largest phosphate-solubilization zone diameter of 24.00 ± 0.66 mm. Pontibacter lucknowensis Cq-48, Pseudomonas furukawaii Cq-40 and Pseudomonas flexibilis Cq-32 also demonstrated promising results and significantly aided quinoa physiology. Achromobacter sp. STT-A12 worked as a nitrogen fixer, potassium mobilizer with halo zone 4.2 mm on Aleksandrow media and phosphate solubilizer with halo zone 4.0 mm on Pikovskaya’s media. These results were in agreement with the finding of Ma et al. (2008) reported that A. xylosoxidans Ax10 has capability of producing indole acetic acid (6.4 mg mL-1) and solubilizing inorganic phosphate (89.6 mg mL-1) in specific culture media. Furthermore in pot experiments, inoculation of A. xylosoxidans Ax10 significantly increased the root length, shoot length, fresh weight and dry weight of B. juncea plants compared to the control. Similarly results were found by Ngoma et al.,(2013), isolated the endophytic bacteria Achromobacter xylosoxidans KC010530, A. xylosoxidans KC010531 and Achromobacter sp. KC010532 from Solanum lycopersicum. All bacterial isolates shown phosphate solubilization capacity, indole acetic acid (IAA), hydrogen cyanide (HCN) and ammonia gas production. Similarly according to Rahman et al. (2017) tomato inoculation with the acquired Achromobacter sp. EMCC1936 significantly increased vegetative growth, yield parameters and endogenous phytohormone content. The result was similar to Rashad et al.,(2022) who reported that Achromobacter sp F23KW produced IAA (353.9 ± 5.6 (µg/g) and antifungal compound that reduced disease (Rhizoctonia solani) by 43.75 per cent in fenugreek. Present finding is in agreement with Jha and Kumar (2009) that, Achromobacter xylosoxidans WM234C-3 shown nitrogenase activity, IAA generation and P solubilization ability and it was further characterised in order to take use of its plant growth promoting properties. Agrobacterium pusense STT-A39 worked as a nitrogen fixer and phosphate solubilizer with halo zone 4.1 mm on Pikovskaya’s media. Similar results were reported by Kaur et al. (2022) that Agrobacterium pusense JAS1 fix Nitrogen, produce Ammonia (42.66 µg ml-1) solubilize inorganic phosphate(17.6 µg ml-1), produce siderophore, indole acetic acid and also increase chlorophyll content in snake plant. Priestia flexa STT-K13 worked as a potassium mobilizer with halo zone of 3.8 mm on Aleksandrow media and phosphate solubilizer with halo zone 3.7 mm on Pikovskaya’s media. Similar results were found by Ortega-Urquieta et al. (2022) who showed Priestia TSO9 was Gram positive rod shape bacteria solubilize phosphate (54±1 %), produced IAA and siderophore in wheat crop. Similarly Lin et al. (2022) reported that Priestia sp. showed IAA-production ability of 24.3 ± 1.37 mg·L−1, siderophore production ability of 0.23 ± 0.04 and phosphate-solubilizing ability of 87.5 ± 0.21 mg·L−1. Further investigations demonstrated that the inoculation of strain Priestia sp LWS1 resulted in up to 19 per cent higher biomass in rice (Oryza sativa L.) than uninoculated treatments. Similar results reported by Wang et al. (2017) that Bacillus flexus KLBMP 4941 was a halotolerant endophyte isolated from the halophyte Limonium sinense. This strain could improve host seedling growth under salt stress conditions. Bacillus sp. STT-K24 worked as a Potassium mobilizer with halo zone 3.1 mm on Aleksandrow media. Similar results highlighted by Kaur et al. (2022) that Bacillus sp. Solubilize phosphate, mobilize potassium and produce indole acetic acid. Brevibacterium epidermidis STT-N28 worked as a nitrogen fixer and phosphate solubilizer with halo zone 3.8 mm on Pikovskaya’s media. The results were similar with Siddikee et al. (2010) who reported that Brevibacterium epidermidis RS15 fixed nitrogen, IAA and Ammonia production in canola seedlings. Similar results showed by Kaur et al. (2022) that highlighted Brevibacterium sediminis solubilize Phosphate and IAA. Bacillus badius also able to mobilize potassium and promotes plant growth and nutrient uptake. Similar results were reported by Zhu et al., (2021) provided the genome sequence of B. badius NBPM-293 for understanding the mechanism of plant growth promoting rhizobacteria. 
3.2 Compatibility test
The compatibility test experiment between six salt and temperature tolerant rhizobacteria for nitrogen fixing, phosphate solubilizing and potash mobilizing bacterial isolates were grown on standard media (M3L5) with 20 g agar/ litre of water, each isolate did not show any inhibitory effect. There were no inhibition zones between the tested isolates, thus the tested isolates showed synergistic interactions. Pseudomonas furukawaii STT-A8, Achromobacter sp. STT A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT K24 and Brevibacterium epidermidis STT-N28 isolates were compatible to each other and there was no zone of inhibion was observed.
 3. 3 Development of liquid formulation for salt and temperature tolerant rhizobacteria 
3. 3. 1 Standardization of medium. 
The Six (Pseudomonas furukawaii STT-A8, Achromobacter sp.STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT-N28) selected most extremely salt and temperature tolerant rhizobacteria isolates were formulated for their mass production as liquid consortium by comparing the respective selective media of these isolates (Table 2, Plate 1) it was confirmed that selected isolates were simultaneously fix nitrogen, solubilize phosphorus and potash. The appropriate medium was designed by preparing various combinations, considering the common ingredients, concentration of ingredients and pH level (9.00) were adjusted. The medium no. (M3) was found to be the most suitable medium.   
Table 2. Standardization of liquid formulation for salt and temperature tolerant rhizobacteria
	Sr. No.
	Chemical (g/lit)
	Composition of five test media

	
	
	M1
	M2
	M3
	M4
	M5

	1
	Mannitol (g)
	15.0
	20.0
	5.0
	10.0
	25.0

	2
	Peptone(g)
	25.0
	15.0
	5.0
	20.0
	10.0

	3
	Glucose (g)
	10.0
	5.0
	15.0
	20.0
	25.0

	4
	K2HPO4 (g)
	1.0
	0.75
	1.50
	0.50
	0.25

	5
	Potassium aluminium silicate(g)
	1.25
	1.75
	1.50
	2.0
	2.25

	6
	Calcium phosphate (g)
	0.10
	0.30
	1.50
	0.40
	0.20

	7
	Calcium carbonate(g)
	4.0
	6.0
	1.50
	5.0
	3.0

	8
	Ammonium sulphate(g)
	0.6
	0.3
	0.2
	0.4
	0.5

	9
	Yeast extract(g)
	0.5
	0.75
	1.50
	1.25
	2.0

	10
	Tricalcium phosphate(g)
	1.0
	2.0
	3.5
	3.0
	5.0

	11
	MgSO4.7H2O (g)
	0.50
	0.10
	0.20
	0.30
	0.40

	12
	NaCl (g)
	0.40 
	0.30 
	0.20 
	0.60 
	0.70 

	13
	K2SO4
	0.20 
	0.40 
	0.10 
	0.30 
	0.50 



[image: ]
Plate 1. Selection of efficient liquid based media.
3. 4 Liquid formulation
 The liquid consortium formulated using Six (Pseudomonas furukawaii STT-A8, Achromobacter sp.STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT-N28) extremely salt and temperature tolerant rhizobacteria isolates were tested for their mass production on appropriate standardized medium. Out of five test media (M1, M2, M3, M4 and M5), M3 medium (Table 2, Plate 1). contained Mannitol (5.0 g), Peptone (5.0 g), Glucose (15.0 g), Tricalcium phosphate (3.5 g), K2HPO4 (1.50 g), Potassium aluminium silicate (1.50 g), Calcium phosphate (1.50 g), Calcium carbonate (1.50g), Yeast extract (1.50 g), Ammonium sulphate (0.2 g), MgSO4.7H2O (0.2 g), NaCl (0.2 g), K2SO4 (0.1 g) was found the best. The M3 medium was further formulated by using different concentrations of cell protectants at pH 9.00 was devised as liquid medium L5M3. After prepration of consortium, the optimum population of all six salt temperature tolerant rhizobacteria  were observed upto 12 months. The composition of L5M3 media was best that consisted of Standard medium (M3), Fe. EDTA (0.30 g), Arabinose (0.60 g), Glycerol (3.0 ml), PVP (16.00 g), Trehalose (1.0 g) and Distilled water (1 lit.). The media were tested and compared for growth by transferring 1 per cent inocula of each extremely salt and temperature tolerant rhizobacteria and the flasks were incubated on rotary shaker at 110 rpm for 72 hrs. After incubation, a loopful culture was streaked on sterilized standard medium (M3). The plates were incubated at 28 ± 20C and observed for growth by comparing cfu count on each devised medium, where the maximum cfu of all salt and temperature tolerant rhizobacteria observed, was selected as standard appropriate salt and temperature tolerant rhizobacteria consortium medium. The luxuriant cell count (cfu) of all salt and temperature tolerant rhizobacteria was observed on the L5M3 medium (Table 3 and plate 2) and devised as a consortium medium that contained standard medium M3, Fe. EDTA 0.30 g, Arabinose 0.6 g, Glycerol 3.0 g, PVP 16.0 g, Trehalose 1.0 g Distilled water 1 lit and pH 9 maintained. According to Beaker et al. (1984), PEG has also been shown to reduce cell permeability during rehydration, preventing intracellular losses and hence boosting viability. The research demonstrated that trehalose concentration in the cells was increased when PEG was added to the media (Harman et al. 1991). Due to its strong capacity to bind water, glycerol may shield cells from the effects of desiccation by reducing the rate at which they dry up (Lorda and Balatti, 1996). In many cases, it performed the role of an osmolyte, regulating the osmotic pressure outside the body (Brown, 1978; Blomberg and Adler, 1992). According to Singleton et al. (2002), PVP is thought to detoxify the medium by forming complexes with the phenolic-type, self-limiting toxins present. PVP also has a strong ability to bind water, which might help keep cells environment hydrated for metabolism (Singleton et al., 2002; Vendan and Thangaraju, 2006). Additionally, some polymeric additions, like starch, PVP and PVA, had stabilising qualities.
3.5 Standardization of Liquid formulation
Table 3 standardization of liquid formulation
	Sr. No.
	Ingredients
	L1M3 
	L2M3 
	L3M3 
	L4M3 
	L5M3 

	1.
	Standard medium
	M 3 
	M 3 
	M 3 
	M 3 
	M 3 

	2.
	Fe. EDTA (g)
	1.0
	1.2
	0.80
	0.40
	0.30

	3.
	Arabinose (g)
	0.25
	0.75
	1.25
	1.0
	0.60

	4.
	Glycerol (ml)
	12.0
	6.0
	9.0
	15.0
	3.0

	5.
	PVP (g)
	20.00
	24.00
	22.00
	18.00
	16.00

	6.
	Trehalose (g)
	1.25
	0.50
	1.5
	0.25
	1.0

	7.
	Distilled water (lit.)
	1 
	1 
	1 
	1 
	1 

	8.
	pH
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 


 
 (
M3L5
) (
M3L4
) (
M3L3
) (
M3L2
) (
M3L1
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Plate 2 Standardization of Liquid formulation
These results were in agreement with the finding of Deaker et al. (2004) reported, rhizobactria strains might survive desiccation stress better due to the buildup of the desiccant protectant trehalose. Exopolysaccharide (EPS) buildup might function similarly as a barrier to prevent excessive water loss. Gum arabic, methyl cellulose and polyvinyl pyrollidone (PVP) are examples of polymeric adhesives that have enhanced longevity. Similar results were also reported by many workers viz., the liquid Azospirillum formulated by amendments of trehalose (10 mM), PVP (2 %) and glycerol (10 mM) in N2 free malic acid broth and also standardised doses of liquid formulation (10 ml/kg seed, 150 ml/ha seedlings and 300 ml/ha) for seed treatment, seedling root dipping and soil application respectively (Paul et al., 2002; Kumar, 2004; Vendan and Thangaraju, 2006). Several substances, including polyvinylpyrrolidone, Fe EDTA, glycerol, trehalose, glucose, mannitol and others, were investigated by Chandra et al. (2012) to see if they might help bacteria survive after being inoculated. In the fermentor, the NPK bacteria growed. Ex-fermenter slurry of each organism was used to create a liquid suspension concentration. Emulsifiers, dispersants, cell protectors, moisturisers, humectants, etc. were present in the base material. These results were in agreement with the finding of Shete et al. (2020) created a formulation of culture media for a consortium of non-symbiotic bacteria that fix nitrogen, mobilize phosphate and mobilize potash. Among the several growth media, BIO-MS VII medium, which contained calcium carbonate, ammonium sulphate, yeast extract and tricalcium phosphate, had a concentration of 10 g/L of glucose. Azotobacter chroococcum, a phosphate- and potash-mobilizing bacteria, exhibited maximal growth in the presence of calcium phosphate, potassium aluminium silicate, K and HPO4 1.75 g/L, respectively. 
3.6 Shelf life of consortium
The survivability of six (Pseudomonas furukawaii STT-A8, Achromobacter sp.STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT-N28) were studied in five test media (liquid bio-formulations). The shelf life of liquid bio-formulations was tested for 30-360 days (Table 4). At 180 days, the cell count of individual salt and temperature tolerant rhizobacteria was found to be maximum and gradually decreased upto 360 days.
Table 4. Shelf life studies/longevity of liquid consortium of salt and temperature tolerant rhizobacteria (isolate) in liquid formulation.
	Sr. No.
	Number of days
	Standard medium(M3) (×108 cfu/ml population of formulation)

	1.
	30
	125

	2.
	60
	106

	3.
	90
	99

	4.
	120
	81

	5.
	150
	69

	6.
	180
	63

	7.
	210
	54

	8.
	240
	47

	9.
	270
	38

	10.
	300
	27

	11.
	330
	16

	12
	360
	05



The shelf life of liquid formulation (Pseudomonas furukawaii STT-A8, Achromobacter sp. STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT-N28) were studied in M3 liquid bioformulations for 30-360 days. The cfu count of salt and temperature tolerant rhizobacteria after one month of inoculation was in the range of 125.14 × 108, cfu/ml of formulation. The viable count of six extremely salt and temperature tolerant rhizobacteria isolates decreased slowly upto the 180 days. The population in M3 medium up to 360 days was carried out. At 210 days to 360 days, the population of extremely salt and temperature tolerant rhizobacteria strains decreased from 54.00 × 108, cfu/ml to 5 × 108 cfu/ml in standard media. So, the medium M3 was selected as the excellent liquid bio-formulation for salt and temperature tolerant rhizobacteria for storage for longer period. In this study, the survival of (Pseudomonas furukawaii STT-A8, Achromobacter sp.STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT N28) different liquid bio-formulations shelf life was investigated for 30-360 days. Individual salt- and temperature-tolerant rhizobacteria were discovered to have a maximum cell count at 180 days and this number subsequently decreased until 360 days. The current findings are consistent with those of Paczkowsi and Berryhill (1979) and Khavazi et al. (2007), who sustained 106-107 and 109 Rhizobia per gram for 7 and 12 months in coal-based carriers, respectively. These results were in accordance with Chandra and Greep (2005) who studied on the shelf life of liquid inoculum verses carrier based inoculum. The survivability of liquid bio-formulation found up to 2 years and the population maintained up to 108 per ml. KMB solid medium maintained the shelf life up to 6 months but in case of liquid formulations, the KMB survived up to 2 years. This showed the superiority of liquid formulation over carrier based formulations. The results were in the line with Vendan and Thangaraju (2006) who reported that, the liquid Azospirillum formulation having 10 months storage shelf life was formulated by amendments of trehalose (10 mM), PVP (2 %) and glycerol (10 mM) in N2 free malic acid broth and also standardized doses of liquid formulation (10 ml/kg seed, 150 ml/ha seedlings and 300 (ml/ha) for seed treatment, seedling root dipping and soil application. These results were in agreement with the finding of Rao et al. (2007) reported the formulation of liquid inoculants with media supporting the growth of three biofertilizer organisms, viz. Rhizobium, Azospirillum and P-solubilizing Bacillus megaterium (PSB), using varying concentrations of cell protectants such as arabinose, trehalose, glycerol and polyvinylpyrolidone (PVP). Similarly Mahdi et al. (2010) reported that, the shelf-life of common solid carrier based biofertilizers was around six months, however, it could be as high as two years for a liquid formulation. In addition, as concentrations of salts increased in cell environment with the drying liquid inoculants, stabilizing polymers such as PVP might be useful in reducing the extent of protein precipitation or coagulation of cells. Liquid formulation could tolerate the temperature as high as 550C. Hence, improved shelf-life could be achieved by the application of liquid biofertilizers formulation. Under these stress conditions, maintenance of high number of viable cells in liquid inoculants could be attributed to the presence of PVP. The pH of liquid formulation of PSB ranged from 7.0 to 6.46, Azospirillum (7.01 to 6.71) and Azotocbacter (7.1 to 6.6) between 30 and 480 days, respectively. Similar results reported by Amalraj et al. (2013) who concluded that, in all the cases, the initial set population 5 x 1010 cfu ml-1 significantly dropped with lapse of time. However, the degree of decline varied with the type of bacterial inoculant. The survival of three LIF was recorded upto 480 days under room temperature. The liquid formulation of PSB, Azospirillum and Azotobacter showed 5.6 x 107, 1.9 x 108 and 3.5 x 107 cfu ml-1 at 480 days.
4. CONCLUSION
The composition of L5M3 media was best that consists of Standard medium (M3), Fe. EDTA (0.30 g), Arabinose (0.60 g), Glycerol (3.0ml), PVP (16.00 g), Trehalose (1.0 g) and Distilled water (1lit) were good for survival and multiplication of all six plant growth promoting rhizobacteria. This consortia contains L5M3 media with all six isolates Pseudomonas furukawaii STT-A8, Achromobacter sp. STT-A12, Agrobacterium pusense STT-A39, Priestia flexa STT-K13, Bacillus sp. STT-K24 and Brevibacterium epidermidis STT N28 applied in tomato field under extreme saline and high temperature stress condition and showed very good results.
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