Growth kinetics of microbial strains for formulating consortia


Abstract:
This study addresses the rising need for sustainable alternatives to chemical fertilizers by exploring the use of plant growth-promoting microorganisms (PGPMs). The experiment was conducted in 2022-23 in the Institute of Organic Farming, Dharwad. We standardized growth media for microbial isolates by incorporating various additives (polyethylene glycol, glycerol) and the antioxidant ascorbic acid. A total of 16 formulations were developed and evaluated. Formulations 3, 7, 10, and 16 showed significantly higher populations and were selected for further studies. The growth kinetics of the microbial strains PSA 7, PSA 5, PPFM 33, and LAB 75 were analysed to know the time taken to reach the maximum population by each microbial strain in specific media as well as a common medium (Luria broth- LB). It was also observed that all four microbial strains reached their respective highest population at 48, 48, 48 and 40 hrs respectively after incubation in their common broth medium. The population in terms of both CFU/ml and optical density values started to decline after 56th h for PSA 7, PSA 5, PPFM 33 while it was observed that 48h for LAB 75. Growth kinetics of these microbial strains suggested that higher growth could be achieved on a common (LB) media amended with protectants as compared to either respective selective media or LB without amendments. These findings underscore the potential for developing high-quality liquid biofertilizers, offering a promising pathway for sustainable agriculture and the reduction of harmful chemical fertilizers in crop production.
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1. Introduction: 
The employment of biological solutions for crop production and protection is required due to the rising costs and detrimental effects of pesticides and fertilizers in agriculture. Due to their eco-friendliness, the use of plant growth-promoting (PGP) bacteria to enhance soil and plant health has emerged as one of the most alluring methods for sustainable agricultural systems (Zhao et al., 2024).
A potential and modernized form of the traditional carrier-based production technique, liquid bio fertilizers which could be used as nutrient carrier for crop plants (Brahmaprakash et al., 2020). Adjuvants/ amendments can enhance the effectiveness of liquid biofertilizers by improving their stability, application, and nutrient delivery (Joshi et al., 2022). Adjuvants significantly enhance the shelf life of biofertilizers by stabilizing the viability of beneficial microorganisms during storage (Gopi et al., 2019). They help maintain a consistent pH, which is crucial for microbial survival and prevents the growth of harmful organisms. Additionally, adjuvants reduce nutrient degradation, ensuring that the bio fertilizer remains effective over time (Praveen Biradar and Santosh, 2018). They also protect the formulation from environmental stressors like temperature and moisture fluctuations. Some adjuvants allow for a controlled release of nutrients, further extending effectiveness. By inhibiting spoilage organisms, they contribute to a longer shelf life, ensuring that biofertilizers perform well when applied (Aman et al., 2023).
Aqueous, oil, or polymer-based solutions are the most common types of liquid formulations. Gums, carboxymethyl cellulose (CMC), and polyalcohol derivatives are the examples of polysaccharides that are widely employed to change the fluid characteristics of liquid formulations (Jaiswal et al., 2022). Polyethylene Glycol (PEG) had a sticky consistency and the adhesive quality that improved cells' adherence to seeds. Additionally, PEG's viscous nature assisted in slowing the drying process of bio-inoculants (Daniel et al., 2013). Glycerol serves as an effective adjuvant in biofertilizers by retaining moisture and stabilizing microbial viability during storage. It also enhances nutrient delivery through improved spread ability and adhesion on plant surfaces, making it a versatile choice for increasing performance and shelf life (Vassilev et al., 2016). By stabilizing the pH, ascorbic acid ensures that the bio fertilizer remains effective and that nutrients are more readily available for plant uptake (Edwards et.al, 2022).
Growth kinetics refers to the study of the rates and patterns of growth of microorganisms or cells under various conditions. It involves analysing how quickly these organisms reproduce and also how their growth phases vary over time. A growth curve is a graphical representation of the growth of microorganisms or cells over time, divided into four phases: lag, exponential, stationary, and death (Madsen, 1977). Understanding these phases helps optimize culture conditions and improve the effectiveness of biofertilizers (Biradar & Santhosh, 2018). Role of. Additionally, growth kinetics provides insights into the viability and stability of microorganisms over time, helping to determine the appropriate shelf life for bio fertilizer products (Santhosh, 2015). Additionally, they assess the stability and viability of consortia over time, ensuring that beneficial microbes remain active throughout the product's shelf life (Arriel-Elias et al., 2018). This information is crucial for developing effective biofertilizer formulations that combine the right microbial strains and nutrients. Overall, growth kinetics is essential for creating reliable and efficient bio fertilizer formulations in agriculture (Liu et al., 2025).
This study was focused mainly on optimization of concentrations of additives for liquid formulations and also on studying the growth kinetics of four isolates which can be further used for developing high-quality liquid consortia.  
2. Materials and Methods
The experiment was conducted in 2022-23 in the Institute of Organic Farming, Dharwad. The microbial strains used in this study included two strains of actinobacteria namely, PSA-5, PSA-7; one Pink pigmented facultative methylotrophs (PPFM-33) and one Lactic acid bacteria (LAB-75) strain available at the Institute of Organic Farming (IOF), University of Agricultural Sciences, Dharwad, Karnataka. 
Population of each microbial strain viz., PSA 7, PSA 5, PPFM 33, LAB 75 was enumerated at regular interval to know the time taken to reach the maximum population by each microbial strain in specific as well as a common medium. The growth media namely starch casein agar for PSA 7 and PSA 5, Glycerol peptone for PPFM 33, MRS for LAB 75 were used and Luria broth as common medium for all microbial strains. A 24 h grown culture of microbial strain (PSA 7, PSA 5, PPFM 33, LAB 75) was inoculated separately each @ 5 per cent (v/v). While one set of flasks with the selected medium without any inoculation served as control for respective microbial strains. The flasks were incubated under shaking condition at 28 ± 2 °C and growth was measured in terms of viable cell count and optical density at 660 nm for luria broth using UV-Visible spectrophotometer (Lab India make). 
The common growth media (LB) for growth of selected isolates was standardized for additives and antioxidant by using different combinations and concentrations of additives and antioxidant (Prakash, 2018). The combinations used are shown in table below. 





Table 1: Different liquid formulations of selected isolates showing different levels of additives and antioxidant

	Selected Strains
	Treatments
	Concentration of different amendments applied in liquid formulation

	
	
	Additives
	Antioxidant

	PSA 7
	
	Polyethylene glycol (%)
	Glycerol (%)
	L- ascorbic acid(%)

	
	F1: LB +A1+B1+C
	0.2
	0.8
	0.02

	
	F2: LB+ A2+B2+C
	0.3
	0.7
	0.02

	
	F3: LB+ A3+B3+C
	0.4
	0.6
	0.02

	
	F4: LB+ A4+B4+C
	0.5
	0.5
	0.02

	PSA 5
	F5: LB+A1+B1+C
	0.2
	0.8
	0.02

	
	F6: LB+ A2+B2+C
	0.3
	0.7
	0.02

	
	F7: LB+ A3+B3+C
	0.4
	0.6
	0.02

	
	F8: LB+ A4+B4+C
	0.5
	0.5
	0.02

	PPFM 33
	F9: LB+A1+B1+C
	0.2
	0.8
	0.02

	
	F10: LB+ A2+B2+C
	0.3
	0.7
	0.02

	
	F11: LB+ A3+B3+C
	0.4
	0.6
	0.02

	
	F12: LB+ A4+B4+C
	0.5
	0.5
	0.02

	LAB 75
	F13: LB+A1+B1+C
	0.2
	0.8
	0.02

	
	F14: LB+ A2+B2+C
	0.3
	0.7
	0.02

	
	F15: LB+ A3+B3+C
	0.4
	0.6
	0.02

	
	F16: LB+ A4+B4+C
	0.5
	0.5
	0.02



A1=0.2% PEG, A2= 0.3% PEG, A3= 0.4% PEG, A4= 0.5% PEG, B1=0.8% Glycerol, B2=0.7% Glycerol, B3= 0.6% Glycerol, B4= O.5% Glycerol, C=0.02% L- ascorbic acid



3. Results and Discussion
To develop liquid formulation of different consortia containing four microbial strains, Luria bertani media was amended with additives (polyethylene glycol, glycerol) and antioxidant (ascorbic acid) in different concentrations. All 16 formulations were screened based on their ability to support growth and support higher populations of microbial strain. It was observed from table 2 that formulation 3, 7, 10, 16 had recorded higher populations. Hence, these four formulations namely formulation 3 (LB+0.4% Polyethylene glycol + 0.6% glycerol+ 0.02% ascorbic acid- for PSA 7), formulation 7 (LB+0.4% Polyethylene glycol + 0.6% glycerol+ 0.02% ascorbic acid- for PSA 5), formulation 10 (LB+0.3% Polyethylene glycol + 0.7% glycerol+ 0.02% ascorbic acid- for PPFM 33), formulation 16 (LB+0.5% Polyethylene glycol + 0.5% glycerol+ 0.02% ascorbic acid- for LAB 75) were selected for further to formulate consortia. 
Similarly, Prakash (2018) studied 32 different liquid formulations with combinations of different cell protectants and their effect on Gluconacetobacter and top six formulations which supported maximum growth of isolate were selected and observed that the population of this organism increased due to amendments. Daniel et al. (2013) examined the impact of polymeric adjuvants, surfactants, and additives on the growth, shelf life, and bio-efficacy of three liquid bioinoculants: B. megaterium var. phosphaticum, Azospirillum brasilense, and Azotobacter chroococcum. These inoculants promoted the long-term survival of B. megaterium, Azospirillum, and Azotobacter with 5.6 x 107, 1.9 x 108, and 3.5 x 107 CFU/ml respectively, after 480 days of formulation when stored at 30oC. They were made with 2 percent PVP, 0.1 percent carboxy methylcellulose (CMC), and 0.025 percent Polysorbate-20. This also gives idea that different microbial strains require different concentrations of cell protectants for their growth and also different types of amendments will have different roles. Jaiswal et al. (2022) has also studied effect of protective polymers and storage temperatures on shelf life of cyanobacterial liquid formulation and shown similar results. Similar results were obtained by Patil et al. (2025). 
The results obtained showed that specific formulations containing polyethylene glycol, glycerol, and ascorbic acid significantly enhanced the population of different microbial strains, indicating the importance of optimized additive concentrations for each strain. The study confirms that different microbial strains (PSA 7, PSA 5, PPFM 33, LAB 75) respond uniquely to varying concentrations of protectants, reinforcing the need for strain-specific liquid formulations.
All the four microbial strains were assessed for their growth in their respective specific medium (viz., starch casein agar for actinobacterial strains, glycerol peptone for PPFM 33, MRS for LAB 75) as well as in luria bertani (LB) broth. Growth of each microbial strain was measured in terms of CFU/ml and optical density and is presented in Fig.1, Fig.2, Fig.3, Fig.4, Fig.5. It was evident (Fig.1, Fig.2, Fig.3, Fig.4, Fig.5) that growth of each microbial strain was different in common media (Luria bertani) media with and without protectants as compared to respective selective medium. Each of the strain appeared to reach the maximum growth at different period of time after incubation and this growth pattern was useful to bring synchrony while developing microbial consortia. It was observed that LAB 75 was fast growing microbial strain, as it reached the maximum growth in 40 h after incubation with 33×109 and 23×109 CFU/ml and OD value of 1.8317 and 1.8292 in LB broth with and without protectants respectively. Also 10×109 CFU/ml was more in media with protectants as compared to without amended medium, while on specific media (MRS) it reached the maximum population at 56th h with 18×109 CFU/ml, followed by PPFM 33 which attained the maximum growth at 48th h with 24.2×109 and 15.5×109 and OD value of 1.8135 and 1.8029 in LB broth with and without protectants respectively. About 8.7×109 CFU/ml were more in media with protectants and on specific media (Glycerol peptone) reached the maximum population at 56th h with 20×109 CFU/ml.                          
Similarly, PSA 7 strain attained the maximum growth at 48th h with population of 18×109 and 14×109 CFU/ml and OD value of 1.8528 and 1.8286 in LB broth with and without protectants respectively. 4×109 CFU/ml of higher population was observed in media with protectants and on specific media (SCA) reached the maximum population at 64th h with 15×109 CFU/ml. The strain PSA 5 attained the maximum growth at 48th h with 82×108 and 76×108 CFU/ml and OD value of 1.6735 and 1.6698 in LB broth with and without protectants respectively (6×108 CFU/ml were more in media with protectants) and on specific media (SCA) population reached the maximum population at 64th h with 78×108 CFU/ml which showed that PSA 5 and PSA 7 were slow growing ones, as they reached their maximum growth at 64th h after incubation. Overall growth of microbial strains was higher in LB medium with cell protectants, where additives and antioxidant had increased growth and population of microbial strains when compared to growth either on specific media (where strains were slow growing) or LB without protectants. 
Similar results were obtained by Ashwini (2020) with N2 fixing, P solubilising and K mobilizing bacteria while developing a NPK consortium. In this she studied growth of N2 fixing, P solubilising and K mobilizing bacteria with different adjuvants concentrations at different time interval in order to see exponential phase and maximum growth point and used it for developing NPK consortium and also for shelf-life studies. Similarly, Aman et al. (2023) developed liquid formulations with different combinations and concentrations of adjuvants and did shelf-life analysis to use them as potential biofertilizer. Similarly, Blanco-Vargas et al. (2020), isolated bacteria from Allium cepa grown soils and taken two isolates namely, Phosphate-solubilizing Pseudomonas sp., and Serratia sp. They have checked growth on MT11B media using growth curves and used this growth pattern for co-culturing with maximum population and used it for enhancing germination. Similarly, Vrushab (2019) also studied growth of different actinobacteria at different time intervals and utilized it for developing bioformulation of actinobacteria against plant pathogens and insect pest. Similarly, Prakash (2018) studied 32 different liquid formulations with combinations of different cell protectants and their effect on Gluconacetobacter and studied growth curve of Gluconacetobacter and used for the purpose of standardizing carbon and nitrogen sources. 
This clearly demonstrated the significance of studying population dynamics of each strain which can be further used for developing a consortium, shelf-life studies, antibacterial activity, co-culturing etc., The combination of polyols (glycerol, PEG) with antioxidants (ascorbic acid) likely provides synergistic protection to microbial cells, enhancing their viability in formulations. Therefore, it can be inferred that protectants had influenced survival and growth of strains and also selecting formulations based on their support for high microbial populations allows for the successful development of multi-strain microbial consortia with improved shelf life and efficacy.







Table 2: Viable population of selected microbial strains in sixteen different formulations 

	Selected Strains
	Treatments
	Population in log 10 number of viable cells

	
	
	0
	8
	16
	24
	32
	40
	48
	56
	64

	PSA 7
	F1: LB +A1+B1+C
	5.36
	6.77
	7.89
	8.60
	9.69
	9.93
	10.13
	10.04
	9.99

	
	F2: LB+ A2+B2+C
	5.28
	6.74
	7.84
	8.41
	9.49
	9.96
	9.92
	9.93
	9.90

	
	F3: LB+ A3+B3+C
	5.38
	6.84
	7.93
	8.63
	9.74
	10.02
	10.26
	10.18
	10.06

	[bookmark: _GoBack]
	F4: LB+ A3+B3+C
	5.15
	6.70
	7.82
	8.33
	9.20
	9.97
	10.00
	9.96
	9.91

	PSA 5
	F5: LB+A1+B1+C
	5.15
	6.42
	7.49
	8.04
	8.97
	9.66
	9.88
	9.86
	9.85

	
	F6: LB+ A2+B2+C
	5.01
	6.36
	7.41
	8.15
	9.04
	9.59
	9.83
	9.81
	9.79

	
	F7: LB+ A3+B3+C
	5.26
	6.59
	7.57
	8.23
	9.18
	9.71
	9.91
	9.90
	9.87

	
	F8: LB+ A3+B3+C
	5.08
	6.38
	7.45
	8.01
	8.85
	9.62
	9.86
	9.85
	9.83

	PPFM 33
	F9: LB+A1+B1+C
	5.20
	6.40
	7.76
	8.89
	9.33
	9.96
	10.35
	10.27
	10.18

	
	F10: LB+ A2+B2+C
	5.27
	6.50
	7.79
	8.91
	9.42
	9.99
	10.38
	10.32
	10.24

	
	F11: LB+ A3+B3+C
	5.04
	6.28
	7.71
	8.85
	9.21
	9.93
	10.26
	10.11
	10.00

	
	F12: LB+ A3+B3+C
	5.18
	6.33
	7.73
	8.86
	9.26
	9.95
	10.30
	10.21
	10.12

	LAB 75
	F13: LB+A1+B1+C
	5.11
	6.54
	7.67
	8.43
	9.60
	10.48
	10.44
	10.38
	10.33

	
	F14: LB+ A2+B2+C
	4.94
	6.50
	7.62
	8.32
	9.52
	10.40
	10.38
	10.26
	10.24

	
	F15: LB+ A3+B3+C
	5.04
	6.51
	7.64
	8.38
	9.56
	10.45
	10.40
	10.32
	10.31

	
	F16: LB+ A3+B3+C
	5.16
	6.61
	7.68
	8.48
	9.62
	10.52
	10.48
	10.42
	10.39






Fig.1. LB without protectants (OD)

Fig.2. LB with protectants (OD)




Fig.3. LB without protectants

Fig.4. LB with protectants

 
Fig.5. Growth of four selected strains on th eir specific media without protectants










4. Conclusion
From the studies on growth kinetics of microbial strains, it could be concluded that the growth of microbial strains (viz., PSA 7, PSA 5, PPFM 33, LAB 75) were influenced by the type of growth medium and also the cell protectants used. The liquid formulations were developed by amending common growth media with cell protectants i.e., standardized concentration of these amendments for each of the selected strains. Growth kinetics of these microbial strains suggested that overall growth of microbial strains was more in LB with cell protectants because additives and antioxidant had increased the growth and population of microbial strains as compared to either respective selective medium or LB without amendments. This study is very important from industrial and commercial production point of view. In future it holds good scope for developing different microbial consortia, biofertilizers, fermentation, etc.,
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