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Rhizosphere is the soil around the plant roots where 

microbial processes are highly influenced by the plant root 

system. Plant growth promoting rhizobacteria (PGPR) are a 

heterogenous group of beneficial microbes which enhances the 

plant growth and yield. This plant growth promoting 

rhizobacteria protects the plants from the plant pathogens, 

biotic and abiotic stress conditions. These microbes promote the 

growth of the plant by supplying essential nutrients by fixing 

the atmospheric nitrogen and solubilization of phosphorous, 

potash and zinc [1]. 

Though there are several notified microbial inoculants 

viz. Azotobacter spp., Azospirillum spp., Pseudomonas spp., 

Rhizobium spp.  available in the market, several drawbacks of 

the existing microbial inoculants are observed. Most of the 

market available individual microbial inoculants are 

inconsistent, low performance in various agroclimatic 

conditions has brought the consortia-based plant growth 

promoting rhizobacteria into the spot light [2]. Among all the 

microbial inoculants, Bacillus spp. possess a remarkable 

protection ability by forming the endospores. These microbes 

can withstand and survive in harsh environmental conditions 

and can exhibit the plant growth [3]. 

Consortium of beneficial microbial inoculants show 

better efficacy as the bio inoculant formulation are stable in its 

performances by showing beneficial effects on plants as it 

broadens the action of its formulation. Various conventional 

carriers viz. vermiculite, aluminium silicate, talc and bentonite 

are used for the powder formulations of bio inoculants. These 

carriers possess various drawbacks i.e., contamination and low 

shelf life of the product. Similarly, several liquid formulations 

are available in the market with notified drawbacks like 

bloating and low shelf life of the product [4]. The present study 

focuses on developing a cost-effective novel formulation for the 

Bacillus spp. based microbial inoculant with better shelf life. 

 

Collection of plant growth promoting rhizobacteria 

The plant growth promoting rhizobacterial strains 

(Paenibacillus durus, Paenibacillus glucanolyticus and 

Bacillus megaterium) were collected from the R&D laboratory 

of Shivashakti Bio Planttec Ltd, Hyderabad. 

 

Development of inoculum 

Paenibacillus durus, Paenibacillus glucanolyticus and 

Bacillus megaterium were inoculated into the selective medium 

with composition (g/L) Sucrose 20, K2HPO4 0.2, KH2PO4 0.4, 

NaCl 0.3, MgSO4 0.5, MnSO4 0.1, FeCl3 0.01, Na2MoO4 0.002, 

Mica 1, yeast extract 1.5, Ca3(PO)4 5, CaCO3 0.01. The 

inoculated flasks were kept on the orbital shaker at 120 rpm for 

48 h. After 48 h, broth sample was collected and the microbial 

enumeration was carried out by using the standard spread plate 

technique [5]. Liquid broth samples were centrifuged (Remi R-

4C) at 10000 rpm, cell pellet was collected and also enumerated 

to assess the microbial count. 

 

Formulation of bioinoculant microbial consortium 

2 g of pre gelatinized starch was added to 100 ml of 

distilled water and boiled till dissolution. 4 g of sodium alginate 

and 1 g of inulin were added to the starch solution and sterilized. 

1 g of cell pellet was added to the above mixture and kept on 

orbital shaker for 15 min at 120 rpm. Sterilized 100 ml of flax 

seed oil along with 0.01% Tween 80 was added to the above 

formulated mixture and kept on orbital shaker for 15 min at 120 

rpm. To the formulated product, 1 g of sodium benzoate was 

added to avoid contamination. Formulated sample was 

collected and enumeration of microbes was carried out [2]. 

 

Shelf-life study of the formulated product 

The formulated product was kept in 3 different 

temperatures i.e., 4 oC, 37 oC and 45 oC to perform the shelf life 

studies. Samples were drawn from the formulated product every 

month and the enumeration of microbes were carried out as per 
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the standard spread plate technique. Shelf-life studies of the 

formulated product was carried out for 2 years and the data was 

recorded. 

Vigorous usage of chemical fertilizers and pesticides led 

to the exploitation of the agricultural lands, human health and 

environment. In the recent years biofertilizers and biopesticides 

became popular with their beneficial applications [4]. Usage of 

plant growth promoting rhizobacterial inoculants is centuries 

old and yet, further improvements are to be attributed. Though 

there are several notified benefits of the microbial inoculants, 

the product inconsistency, low microbial load and delayed 

results lead to the failure of these products in the market [6]. 

The drawback lies in the formulation of the products. Though 

there are various powder and liquid formulations available in 

the market, many of them failed in protecting the microbes and 

giving the best shelf life [7]. The present study aims in 

developing a cost-effective formulation of bio-inoculants and 

investigating its shelf life. 

Potent plant growth promoting microbial strains viz. 

Paenibacillus durus (Nitrogen fixing bacteria), Paenibacillus 

glucanolyticus (Potash solubilizing bacteria) and Bacillus 

megaterium (Phosphate solubilizing bacteria) were collected 

from R&D laboratory of Shivashakti Bio Planttec Ltd. All the 

three-plant growth promoting microbial strains were inoculated 

in the selective media. Final liquid broth and cell pellet 

collected after 48 h were enumerated by using spread plate 

technique which showed 1.5x109/ml (final broth) and 

2.45x1011/g (cell pellet). 

1 g of cell pellet having 2.45x1011/g was encapsulated by 

using the sodium alginate and flax seed oil. Sodium alginate is 

a natural biopolymer encapsulates the microbial cells and 

protects them from the harsh environmental conditions. These 

encapsulated microbial cells will be released by natural 

depolymerisation mechanism. Inulin present in the formulation 

acts as a prebiotic and supplies immediate essential nutrients to 

the microbes in the field condition [2], [8]. The formulated 

product was tested for its shelf life in three different storage 

temperatures i.e., 37 oC (room temperature), 4 oC (cold 

temperature) and 45 oC (elevated temperature). Shelf-life 

studies at 37 oC, showed 2.6 × 108/ml after 24 months from 1.2 

× 109/ml (Fig 1). 

 

   

Fig 1 Shelf-life studies of the bio-inoculants at 37 oC  Fig 2 Shelf-life studies of the bio-inoculants at 45 oC 

Shelf-life studies were carried out at 45 oC, a drop in the 

microbial count from 1.2 × 109/ml to 9.1 × 107/ml was noticed. 

This is due to the loss of vegetative cells in the elevated 

temperatures (Fig 2). 

Product shelf-life studies conducted at 4oC showed slight 

drop in the microbial counts from 1.2 × 109/ml to 6.7 × 108/ml 

(Fig 3). When compared to room temperature and elevated 

temperatures, very less microbial loss was recorded at 4 oC. In 

cold conditions, metabolic activities rate of the microbes will 

be very less because of which the microbes will remain under 

static conditions without losing its viability. 

 

   

Fig 3 Shelf-life studies of the bio-inoculants at 4 oC  Fig 4 Comparative shelf-life studies at 37 oC 
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Comparative shelf-life studies were carried out by taking 

the market proven plant growth promoting consortium-based 

product, unformulated microbial cells and developed 

encapsulated formulation. Results showed high stability in the 

developed product formulation when compared to the 

unformulated and market product. The microbial loss in the 

developed formulation is 1.3 × 108/ml from 1.4 × 109/ml (Fig 

4). 
 

SUMMARY 
 

From the last decade, awareness on usage of plant 

growth promoting rhizobacteria (PGPR) is increasing on a rapid 

scale. Though several advantages of PGPR were noticed, 

several disadvantage of individual microbial inoculants viz. 

inconsistency, poor performance in various geographical 

locations were noticed. The present research aims in developing 

a cost effective PGPR consortia-based formulation with high 

stability. The formulation developed showed high stability at 37 
oC (2.6 × 108/ml), 45 oC (9.1 × 107/ml) and 4 oC (6.7 × 108/ml). 

Shelf-life comparison study with the market product and 

unformulated microbial cells showed high stability in the 

developed encapsulated liquid formulation (1.3 × 108/ml). 

Based on the results, it can be concluded that the developed 

formulation can be effectively used for the formulation of 

PGPR consortium. The present research work targets, cost 

effective plant growth promoting consortium-based 

formulation with better shelf life. Based on the above results, it 

can be concluded that the developed encapsulated liquid 

formulation showed high stability when compared to the market 

product and the unformulated microbial cells. So, the developed 

formulation can be effectively used for the formulation of plant 

growth promoting microbial consortium. 
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