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Introduction 
 

The term bio-fertilizer means the product 

containing carrier based (solid or liquid) 

living microorganisms which are 

agriculturally useful in terms of nitrogen-

fixation, phosphorus solubilization or nutrient 

mobilization to increase the productivity of 

the soil and/or crop (Malusa and Vassilev, 

2014). Azospirillum and Azotobacter are used 

as Nitrogen-fixing microorganisms, 

Phosphobacteria plays a major role in 

phosphate solubilization and potash 

mobilizers converts non-exchangeable K into 

exchangeable K in the soil and supplies to the 

plants. The success of microbial inoculants 

depends on several factors, of which carrier 

material plays the most important role. The 

carrier refers to a solid, semisolid or liquid 

substance, which can sustain a given number 

of particular bacteria for a given period of 

time (Khavazi and Rejali, 2000). Liquid 
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Bio-fertilizers are cultured microorganisms with suitable carrier material used in broad-

spectrum for enhancing the plant growth and productivity. The critical input in Bio-

fertilizers is as such the microorganisms. In our study the bio-fertilizer samples of IFGTB 

(Non-commercial) and IIHR (Commercial) institutions were studied for their Viability, 

Cultural, Morphological and Biochemical characterization. Serial dilution technique was 

done to test the viability of Liquid formulation of N-fixers, Phosphobacteria and Potash 

Mobilizer microorganisms. The results showed that, viability of Azospirillum, 

Phosphobacteria and Potash mobilizer were recorded with highest number of cells in 

IFGTB developed bio-fertilizers, i.e., log105.43, log106.13 and log106.65 respectively when 

compared to commercially obtained samples at 10
-7

 dilution and these microorganisms 

(PGPRs) were studied for their cultural and morphological characters like, size, shape, 

motility etc. in addition to biochemical characterization. The results showed that, 

Azospirillum, Azotobacter, Phosphobacteria and potash mobilizer showed positive results 

for Amylase production, Catalase and Citrate production tests etc. and negative results for 

oxidation and fermentation of glucose and peptone utilization. 
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formulations facilitate long shelf life (up to 2 

years), minimum contamination, carrier free 

activity, handling comfort, storage and 

transport convenience, easy quality control, 

enhanced export potentials and are preferred 

by the farmer community as well as 

manufacturers (Pindi and Sathyanarayan, 

2012). 

 

Biochemical tests are the most important 

methods for microbial identification by 

differentiating them on the basis of 

biochemical activities. The differences in 

protein and fat metabolism, carbohydrate 

metabolism, enzyme production, compound 

utilization ability are some factors that aid in 

bacterial identification. In India most of the 

microbiological laboratories are depending on 

the conventional methods to identify and 

study the diversity of bacteria. The 

conventional method includes phenotypic 

characterization (colony morphologies, gram 

staining, etc.) biochemical characterization 

(nutrient requirements- sugars, enzymatic 

activities, and metabolic activities). 

 

The idea behind this study was to compare the 

characters of micro-organisms of Non-

commercial and Commercial PGPRs, which 

is necessary to experiment these PGPR’s for 

their efficacy in field and nurseries.  

 

Materials and Methods 

 

These experiments of Viability, Cultural and 

Biochemical tests were conducted in the 

division of Forest Protection, Institute of 

Wood Science and Technology, Bengaluru. 

 

Collection of liquid bio-fertilizer samples 

and their maintenance 

 

Liquid formulation of Azospirillum, 

Azotobacter, Phosphobacteria and Potash 

mobilizer were procured from the Institute of 

Forest Genetics and Tree Breeding (IFGTB), 

Coimbatore, Tamil Nadu, and from 

authorized dealer of product of Indian 

Institute of Horticulture Research (IIHR), 

Hesaragatta, Bengaluru. Pure cultures are 

prepared by using Hi-media of Azospirillum, 

Azotobacter mannitol agar (Subba Rao, 

1977), Pikovskaya’s agar and Aleksandrow’s 

medium (Prajapathi et al., 2012 and Bashan et 

al., 2013). These cultures were stored as agar 

slants at 4 °C in a refrigerator and used as 

mother culture for further work. 

 

Viability studies 

 

Enumeration of viable cells was done through 

a standard plate count method. One gram 

sample was aseptically transferred from each 

formulation into 9 ml water blank and serially 

diluted to a dilution of 10
-5

, 10
-6

 and 10
-7

. The 

dilutions were further plated in respective 

agar media of constituent microorganisms 

along with replication and incubated at ±30 

°C. After 36-48 hours of incubation plates 

were observed for the growth of colonies and 

number of colonies was counted (Chao and 

Alexander, 1984). 

 

Morphological characterization 

 

Microorganisms were identified based on 

cultural, morphological and biochemical 

characteristics as per Bergey’s Manual of 

Systematic Bacteriology (Second edition, 

2009). Motility, cell shape, color, texture and 

Gram stain were described for morphological 

characterization of microorganisms.  

 

Biochemical tests 

 

Media used for biochemical tests 
 

Nutrient agar, Skim milk agar, Trypticase soy 

agar, SIM agar, OF glucose agar and Urea 

agar, Simmon’s citrate agar, Nitrate agar 

media were prepared and autoclaved at 121°C 

for 30 minutes at 15 psi. Broth cultures of 
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Azospirillum, Azotobacter, Phosphobacteria 

and Potash Mobilizer were inoculated into the 

agar slants by using sterilized inoculation 

loop. Inoculated agar slants were kept for 

incubation at 35
 

°C for 24-48 hours. 

Observations were recorded as positive or 

negative for the particular organism reaction 

by seeing visible changes in the media color 

and enzymatic reactions. 

 

Amylase production test 
 

The ability of isolates to hydrolyse was 

examined by the procedure of Eckfod (1927). 

Test tubes containing two per cent starch agar 

were inoculated with test cultures and 

incubated at 30 °C for three days. After 

incubation the plates were flooded with 

Lugol’s idione solution and allowed for 15-20 

minutes. 

 

Casein hydrolysis 

 

Skim milk agar slants were inoculated with 

the bacterial cultures and incubated the slants 

for 24-48 hours at 37 °C. After that slants 

were observed for any clearing around the 

line of growth. 

 

Catalase test (Blezevic and Ederer, 1975) 

 

Nutrient agar slants were inoculated with test 

culture and were incubated at 30 °C for 24 

hours. After incubation, the tubes were 

flooded with one ml of 3 per cent hydrogen 

peroxide and observed for the production of 

gas bubbles. The occurrence of the gas bubble 

was taken as positive for catalase activity. 

 

Hydrogen sulfide production test (Cowan 

and Steel, 1970) 

 

Tubes containing SIM agar were sterilized. 

The sterilized tubes were stabbed with the test 

cultures. The tubes were incubated for 48 

hours at 28±2°C. after incubation the 

development of black color along with the 

line of the stab was noted and considered as 

positive for the test. 

 

Oxidation and fermentation of glucose 

 

Oxidation and fermentation glucose agar 

medium slants were inoculated with test 

cultures and were incubated at 35 °C for 24-

48 hours.  

 

Urease test (James and Natalie, 1992) 

 

The urease activities of the bacterial isolates 

were determined by inoculating the cultures 

of five ml of pre-sterilized urea broth 

containing phenol red as pH indicator. The 

tubes were incubated for 24-48 hours at 30
 

°C. The formation of the dark pink color was 

taken as positive for urease activity. 

 

Citrate utilization test (James and Natalie, 

1992) 

 

Bacterial isolates were streaked on citrate 

agar slants containing bromothymol blue as 

an indicator and incubated overnight at room 

temperature. After incubation slants were 

observed for the formation of blue color in the 

medium and it was taken as positive for the 

citrate utilization test 

 

Nitrate reduction 

 

Nitrate agar slants were inoculated with 

bacterial cultures and incubate the tubes at the 

optimal temperature 37 °C for 24 hours. Then 

observe for the reaction (color development). 

 

Media used for biochemical tests 
 

Nutrient agar, Skim milk agar, Trypticase soy 

agar, SIM agar, OF glucose agar and Urea 

agar, Simmon’s citrate agar, Nitrate agar 

media were prepared and autoclaved at 121 

°C for 30 minutes at 15 psi. Broth cultures of 
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Azospirillum, Azotobacter, Phosphobacteria 

and Potash Mobilizer were inoculated into the 

agar slants by using sterilized inoculation 

loop. Inoculated agar slants were kept for 

incubation at 35
 

°C for 24-48 hours. 

Observations were recorded as positive or 

negative for the particular organism reaction 

by seeing visible changes in the media color 

and enzymatic reactions. 

 

Results and Discussion 

 

Viability test 

 

Observation recorded for the viability of 

liquid formulation of Azospirillum, 

Azotobacter, Phosphobacteria and Potash 

mobilizer microorganisms are presented in the 

Table 1. 

 

Azospirillum obtained from IFGTB recorded 

more number of viable cells (log105.43 at 10
-7

 

dilution) compared to the commercially 

obtained formulation (log105.00) and more 

number of Azotobacter viable cells 

(log105.24) were found in commercially 

obtained bio-fertilizers when compared to that 

of log105.02 for IFGTB samples at 10
-7

 

dilution. 

 

Highest number of Phosphobacteria was 

recorded in IFGTB bio-fertilizer at 10
-7

 

dilution i.e., log106.13 when compared to 

commercially obtained formulation 

(log106.11). Potash mobilizer liquid 

formulation was recorded highest number of 

cells in IFGTB developed bio-fertilizers 

(log106.65) when compared to that of 

log105.12 in commercially obtained samples 

at 10
-7

 dilution. 

 

Results are in conformity with the Gupta and 

Sahu, 2017 where viable cell count of 

Azospirillum ranges 5×10
7
 CFU/g of carrier 

material or 1×10
8
 cell /ml of liquid. Similar 

results were obtained from Rama et al., 2015; 

Sridhar et al., 2004; Dayamani, 2010; 

Velineni and Brahmaprakash, 2011 that the 

liquid formulation also provides longer shelf 

life and higher number of CFU per ml. 

Findings shows that approximately 10
8
 cells 

per ml by the end of one year. 

 

Table.1 Viability of microbial population in IFGTB and Commercially procured liquid bio-

fertilizer formulation under ambient room temperature 

 

Microorganisms Population density (log10 CFU) 

10-5 10-6 10-7 

Ӏ. IFGTB Products  

Azospirillum 8.12 6.69 5.43 

Azotobacter 7.98 6.10 5.02 

Phosphobacteria 8.23 6.91 6.13 

Potash mobilizer 8.11 7.14 6.65 

IӀ. Commercial Products  

Lipoterum 7.89 6.17 5.00 

Tropicalis 8.21 6.33 5.24 

Aryabhattai 7.80 7.03 6.11 

Taiwanensis 8.41 7.70 5.12 
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Table.2 Morphological characteristics of bio-fertilizer samples 

 

Microorganism Size 

(diameter) 

Shape Color Texture Elevation Edge Motility Gram 

staining 

reaction 

Azospirillum ≤ 2.0 mm Straight 

rods 

Pink with 

congo red 

rigid flat undulating Motile Gram 

negative 

Azotobacter ≤ 5.0 mm Flat to 

circular 

Dark 

brown/green 

slimy convex undulating Motile Gram 

negative 

Phosphobacteria ≤ 2.0 mm Rod-

like 

Fluorescent 

greenish-

yellow 

Paste-

like 

flat undulating Motile Gram 

positive 

Potash 

mobilizer 

≤ 2.0 mm Short 

rods 

white mucous convex undulating Motile Gram 

negative 

 

Table.3 Biochemical characterization of bio-fertilizer samples 

 

Biochemical tests Microorganisms 

Azospirillum Azotobacter Phosphobacteria Potash 

mobilizer 

Amylase production + + + + 

Casein hydrolysis ‒ ‒ + ‒ 

Catalase test + + + + 

Hydrogen sulfide production 

test 

+ + ‒ + 

Oxidation and fermentation of 

glucose 

‒ ‒ ‒ ‒ 

Urease test + + + ‒ 

Citrate test + + + + 

Nitrate reduction + +               + ‒ 

Microorganisms confirmed Azospirillum sp. Azotobacter sp. Pseudomonas sp. Bacillus sp. 

 

Morphological characterization 

 

Morphological characters viz. size, shape, 

color, texture, elevation, edge, motility and 

Gram staining reactions were done for all the 

procured plant growth promoting 

microorganisms. 

 

Azospirillum cells were found be ≤ 2.0 mm in 

diameter, straight rods and motile in nature. 

These are the gram negative bacteria and pink 

with Congo red in color. Microscopic 

examination of Azotobacter revealed that they 

were dark brown/green colour, ≤ 5.0 mm 

diameter in size, gram negative and motile in 

nature. Phosphobacteria cells size found to be 

≤ 2.0 mm in diameter, rod-like structures, 

motile in nature and they were gram positive, 

looks like fluorescent greenish-yellow color 

under microscope. And potash mobilizers 

observed to be short rods with ≤ 2.0 mm 

diameter in size. These are the gram negative 

cells and white in color and motile in nature 

(Table 2). 

 

These characteristics of microorganisms were 

comparable with the studies of Hegazi et al., 

1998 where they stated that rigid deep red 
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colour colonies of Azospirillum clearly 

appeared on agar plates supplemented with 

Congo red. Azotobater sp. easily 

distinguished by deep brown pigmented and 

rather confined colonies. Bacillus sp. grew 

well and the colonies were tear-like, slimy 

and transparent. Bacterial colonies appeared 

on the culture medium showed similar 

morphological characters as that of 

Azotobacter sp. such as cream colored 

colonies, Gram negative bacilli, large and 

short, in pairs or in chains (Rueda et al., 

2016). 

 

The results were similar to the results of 

Andriani et al., 2017, they stated that Bacillus 

megaterium are concave, smooth and milk 

white. Our results were parallel with the 

studies of Bhattacharyya et al., 2016 they 

stated that Potash mobilizing isolates were 

gram negative, rod-shaped, motile and 

creamish in appearance. 

 

Biochemical tests 

 

Biochemical tests viz., Amylase production, 

Casein hydrolysis, Catalyst test, Hydrogen 

sulfide production, Oxidation and 

fermentation of glucose, Urease test, Citrate 

test and Nitrate reduction test were carried out 

to all the PGPRs to identify the 

microorganisms (Table 3). 

 

Azospirillum and Azotobacter showed 

positive results for Amylase production, 

catalase, hydrogen sulphide, citrate and 

Nitrate reduction test. And negative results for 

Casein hydrolysis and Oxidation and 

fermentation of glucose tests. These results 

are comparable with the studies of Sulaiman 

et al., 2019 and Shubha et al., 2014. 
 

Citrate was utilized as a sole carbon source by 

Azotobacter microorganism and showed 

positive results for Nitrate reduction test. 

These studies were parallel with the studies of 

Apte and Shende, 1981. 

Phosphobacteria hydrolyses the casein, 

utilizes citrate and reduces the nitrate and 

shows negative result for Hydrogen sulfide 

and OF glucose tests. The results obtained 

were parallel with the studies of Patel et al., 

2016. 

 

Biochemical characterization of Potash 

mobilizing bacteria shows positive results for 

Amylase production, catalase, and citrate 

utilization test. And negative results for casein 

hydrolysis, Oxidation and fermentation of 

glucose, urease and nitrate reduction tests. 

The same outcomes were observed from the 

research findings of Kammar et al., 2016.  

 

In conclusion according to the morphological, 

cultural and biochemical characteristics it is 

confirmed that the bio-inoculants obtained 

from IFGTB and of Commercial ones were 

Azospirillum sp., Azotobacter sp., 

Pseudomonas sp. (Phosphobacteria) and 

Bacillus sp. (Potash mobilizer). This selected 

Non-commercial PGPRs are found to be 

reliable for its application or use to enhance 

plant growth. 
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