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var. Longipinnatus) as influenced by liquid plant 

growth promoting Rhizomicrobial consortia 
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Abstract 
In an attempt to isolate, characterize, screen and evaluate the native liquid Plant Growth Promoting 

Rhizomicrobial (PGPR) consortia on growth and yield of Radish. As many as 11 weed rhizosphere 

samples were collected and used for isolating the beneficial plant growth promoting rhizomicroorganisms 

using standard serial dilution plate technique. Further based on in vitro studies results, the efficient 

nitrogen fixing, phosphate and potassium solubilizing isolates were selected and used for developing 

liquid formulation for evaluation on radish under greenhouse condition. Out of 11 different weed 

rhizosphere soils collected for the study, as many as 7 Azotobacter, 6 phosphate solubilizing and 8 

potassium solubilizing isolates were obtained. In the in vitro screening studies, the Azoto – 7, PSB – 2 

and KSB - 8 showed high efficiency in nitrogen fixation, phosphorus and potassium solubilizing ability, 

and all the efficient isolates were tentatively identified as Azotobacter, phosphate solubilizing Bacillus 

sp. and potassium solubilizing Bacillus sp.. Further, the efficient liquid plant growth formulation (Azoto - 

7, PSB - 2 and KSB - 8) was developed and evaluated on Radish under greenhouse condition using 

varied levels of Recommended Dose of Fertilizers (RDF). Out of 16 treatments imposed, the treatment 

receiving 75% of RDF + FYM + efficient liquid PGPR formulation showed statistically highest 

germination percentage (100%) and number of leaves (15.70, 18.60 and 20.20 numbers of leaves at 15, 

30 and 45 days after sowing). Similarly, the same treatment showed high chlorophyll content of 2.90 

mg/g of tissue, fresh and dry weight of 141.10 and 29.90 g respectively followed by the treatment 

receiving 100% of RDF + FYM + efficient liquid PGPR formulation. However, the same trend of 

observation was recorded with respect to tuber girth, tuber length and also showed the maximum 

accumulation of NPK content both in plant and soil at the time of harvest. 

 

Keywords: Isolation, characterization, screen, evaluation, liquid PGPR, radish 

 

Introduction 

Indiscriminate use of chemical fertilizer and pesticides over the last few decades has not one 

just resulted in the contamination of environment, but also reduced soil fertility and health. 

Due to the decreasing soil health, emphasis has been given to organic farming and the 

application of microbial formulations for increasing crop productivity with concomitant 

decrease in application of the chemical fertilizer.  

Now a days, biological means for production of agricultural commodities is gaining lot of 

importance, among biological means; microorganisms being an integral component of soil 

ecosystem play a prestigious role by making the soil truly living. These organisms have 

evolved many mechanisms such as antibiosis, competition, parasitism, resistance induction in 

plants etc., to provide effective disease suppression, nutrient availability and plant growth 

promotion. Plant Growth Promoting Rhizobacteria (PGPRs) are the bacteria that colonize in 

the rhizosphere region of plant root and enhance plant growth by different mechanisms 

(Schroth and Hancock, 1982) [32]. The significance of plant growth promotion, rhizosphere 

competence and the suppression of diseases and pests on the plants is much considered 

research theme in present days.  

The microbial consortium is a group of different species of microorganisms that acts together 

as a community. These consortia are mostly found in soil ecosystems, activated sludge basins, 

biofilms, etc., in a consortium, the organisms work together in a complex and synergistic way, 

where all benefit from the activities of others in the community. Microbial consortia are much 

more efficient than single strains of organisms with a diversity of metabolic capabilities. Plant 

growth promoting microorganisms are more commonly known as microbial 

inoculants/biofertilizers, which are artificially multiplied cultures of certain soil organisms that  
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can improve soil fertility and crop productivity. Although the 

beneficial effects of legumes in improving soil fertility was 

known since ancient times and their role in biological 

nitrogen fixation was discovered more than a century ago, 

commercial exploitation of such biological processes is of 

recent interest and practice in organic agriculture. 

The comparison between carrier based and liquid microbial 

inoculants is clearly illustrated by many researchers. In the 

carrier based (solid) PGPRs formulation, the microorganisms 

have a shelf life of only six months. They are not tolerant to 

UV rays and temperatures more than 300C. The population 

density of these microbes is only 106 cfu/ml at the time of 

production. This count reduces day by day. Hence, the carrier 

based microbial inoculants were not much effective and did 

not become popular among the farmers. These defects are 

rectified and fulfilled in the case of liquid microbial 

inoculants. The shelf life of the microbes in these liquid 

microbial inoculants is more as they are tolerant to high 

temperatures (550C) and ultra violet radiations and also the 

count is as high as 109cfu/ml, which is maintained constant 

without losing its efficiency.  

Although powder based and granular based formulations 

could be effective in improving growth and yield parameters 

of crops, they may not support high population density of 

PGPR under different environmental conditions. Further, they 

will get usually contaminated during preparation and bulky in 

nature resulting in high cost of transportation. On the 

contrary, liquid formulations support high population density 

of bacteria under varying environmental conditions in pure 

culture. Hence, the possibility of developing liquid 

formulations of microbial inoculants is being explored. 

Tittabutr et al., ( 2007) [39] determined the effectiveness of 

Bradyrhizobium liquid inoculant formulations with gum 

arabic, sodium alginate, polyvinyl pyrrolidone (PVP), 

polyethylene glycol (PEG), polyvinyl alcohol (PVA) and 

cassava starch under field conditions and found that the 

effectiveness of liquid inoculants was as good as peat based 

inoculant.  

Numerous microorganisms are especially those associated 

with roots have the ability to increase the plant growth by 

solubilizing or releasing the unavailable mineral nutrients and 

also increase soil fertility (Ledin et al., 1996) [25]. Now a days, 

the application of the liquid plant growth promoting microbial 

consortia in the radish production is gaining lot of importance 

because of their cost effectiveness and eco-friendliness. 

Different liquid microorganisms like Azospirillum, 

Azotobacter, Phosphorus and Potash solubilizing bacteria and 

other biocontrol agents like Trichoderma harzianum, 

Pseudomonas fluorescens are used in the radish production 

for increasing the yield and to reduce disease incidence.  

Adesemoye et al, (2008) [2] evaluated the efficiency of plant 

growth promoting Pseudomonas aeroginosa and Bacillus 

subtilis on growth and yield of 3 vegetables like tomato, okra 

and amaranthus. The results revealed that, at 60 days after 

planting dry biomass of plants treated with Bacillus subtilis 

and P. aeroginosa increased by 31% of tomato, 36 and 29% 

for okra and 83 and 40% for amaranthus respectively over the 

non bacteria control. Finally they concluded that, among 3 

vegetables the amaranthus will respond well to the microbial 

fertilizers.  

Effect of different levels of nitrogen in combination with 

Azospirillum in growth and yield of lettuce was evaluated. Six 

nitrogen level (0, 80, 110 140, 70 & 200 kg/hecter) were 

applied along with the Azospirillum, the results revealed that 

nitrogen application at 140 kg/hecter + Azospirillum 

significantly improved the number of leaves, leaf width, plant 

spread, plant height and also yield of lettuce. The results also 

showed that level of 140 kg N+ Azospirillum significantly 

differed from other treatments increasing growth and yield of 

lettuce (Ishque et al., 2009) [22]. 

Nair and Anith, (2009) [30] evaluated the influence of 4 PGPR 

(P. fluorescens,  

P. putid, B. pumilus and B. subtilis) on Amaranthus has foliar 

bright suppression. The result of this study indicated PGPR 

induced resistance against Rhizoctania solani and susceptible 

to Amaranthus variety. A native isolate of P. fluorescens 

PN026R was particularly effective in suppressing the disease 

and promoting plant growth. Plant treated with PN026R 

showed lower disease incidence and disease severity of 67% 

and 35% respectively compared to 92 and 52% for plants 

inoculated with pathogen alone.  

Field experiment was conducted to evaluate the seed and 

drench treatments of PGPR microorganisms for the damping 

of disease in Brussels sprots. The results of the study 

indicated that, the consortia of PGPR consisting of B. subtilis. 

P. fluorescens, Trichoderma harzianum is superior in 

controlling disease compared to individual treatment. 

However, Conceptual design is important in developing new 

technologies and also utilization of different beneficial plant 

growth promoting rhizomicroorganisms for sustainable 

vegetable production. The basis of conceptual design is 

simply to first convince a model and then to devise a strategy 

and method for achieving the reality. However, it is necessary 

to carefully co-ordinate the materials, the environment and the 

technologies constituting the methods. Moreover one should 

adapt a philosophical attitude in applying microbial 

technology to radish production and also for soil health 

management. Based on the past work done by different 

researchers and in a view of greater need for developing Plant 

Growth Promoting Rhizomicrobial (PGPR) consortia for 

healthy radish production, the present investigation was 

undertaken to isolate, screen, and evaluate the different native 

liquid plant growth promoting rhizomicrobial consortia on 

radish in greenhouse condition.  

 

Materials and Methods 

The present investigation was conducted in the Department of 

Agricultural Microbiology, College of Agriculture, 

Shivamogga. The details of materials and methodology 

followed during the course of investigation are highlighted 

herein. 

 

Collections of soil samples 

As many as 11 different weed rhizosphere soils were 

collected for the study from the undisturbed soil area of 

Shivamogga district and the samples were brought in 

polythene bags and immediately transported to lab under cold 

condition for isolation of native free living N-fixing, 

phosphorus and potassium solubilizing bacteria. (Plate 1).  

 

Isolation of Plant Growth Promoting 

Rhizomicroorganisms (Azotobacter, Phosphate and 

Potassium solubilising bacterial isolates): The fresh weed 

rhizosphere soil samples collected were serially diluted and 

plated on the specific media viz., Walksman’s media for 

Azotobacter (Atlas, 1997) [7], Sperber’s and Alexandrov's 

media for isolation of Phosphate and Potassium solubilising 

bacteria (Sperber, 1958;Aleksandrov, et al., 1967) [32, 4]. 
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Identification and characterization of PGPR isolates 

The nitrogen fixing Azotobacter, phosphorus and potassium 

solubilizing bacteria were identified and characterized based 

on various morphological and biochemical characteristics. 

Bacterial strains isolated were examined for colony 

morphology, pigmentation, cell shape and Gram’s staining as 

per the standard procedure given by Anon (1957) [5] and 

Barthalomew and Mittewer (1950) [9]. 

 

In vitro screening of plant growth promoting 

rhizomicroorganisms for the plant growth promoting 

activity In vitro screening of Azotobacter isolates for their 

nitrogen fixing ability Qualitative Test for N2-fixing ability 

of Azotobacter isolates  

All the Azotobacter isolates were inoculated to the nitrogen 

free Walksman’s medium and incubated for 5 days and after 5 

days of incubation, 1 ml broth cultures of each tube was 

centrifuged at 8000 rpm for 5 min. The supernatant was 

discarded and the pellet was resuspended in sterile distilled 

water. The washing was repeated thrice to remove the traces 

of the medium and the pellet was suspended in one ml sterile 

distilled water. Five micro liters each of the suspension was 

spotted on N free medium. The plates were incubated at 28±20 

C for 5 days and good grown colonies were subjected for 

quantitative estimation of nitrogen.  

 

Quantitative estimation of nitrogen by Azotobacter 

To 250 ml conical flasks, 100 ml of the N free Walksman’s 

medium was dispensed for all flasks and autoclaved. One ml 

of culture was inoculated to each flask. The flasks were 

incubated at 28±20 C for seven days. After seven days of 

incubation the culture was homogenized and 10 ml was 

digested with 5 ml of concentrated H2SO4 along with 0.2 g 

digestion catalyst mixture K2SO4 : CuSO4 : Selenium 

(100:10:1). After cooling, volume was made up to 100 ml 

with distilled water. Later, 10 ml of aliquot was transferred to 

microkjeldhal distillation unit, for which 20 ml of 40 per cent 

NaOH was added and distilled. Ammonia evolved was 

trapped in 4 per cent boric acid mixed indicator (Bromocresal 

green 0.066 g and methyl red 0.033 g in 100 ml methanol) till 

the solution turned from pink to green and then titrated 

against 0.05 N H2SO4 till the green colour is turned to pink 

and total nitrogen content of the culture was determined and 

results were expressed as mg of N fixed per g of carbon 

source (Fuentes et al., 1993) [15]. 

 

 
 

 In vitro screening of phosphorus solubilizing bacteria  

Agar plate method  

All the phosphorus solubilizing bacterial isolates were spotted 

on Sperber’s media for analyzing the phosphate solubilizing 

potentiality of each isolates. Based on the zone of 

solubilization of phosphorus on the media the phosphate 

solubilizing potentiality was interpreted (Gaur, et al., 1990) [17]. 

 

Chemical method  

10 ml of phosphate solubilizing bacterial isolates were 

inoculated to 100 ml of Sperber’s broth in 250 ml flask with 

equal number of uninoculated controls. The flasks were 

incubated on a mechanical shaker at 280 C for 10 days. The 

amount of pi released in the broth in flasks was estimated at 

10 days after inoculation. The broth cultures of bacteria were 

centrifuged at 9000 rpm for 20 minutes in a centrifuge to 

separate the supernatant from the cell growth and insoluble 

phosphate. The available pi content in the supernatant/filtrate 

was estimated by phosphomolybdic blue colour method 

(Jackson, 1973) [23]. 

 

In vitro screening of potassium solubilizing bacteria for K 

released from insoluble K bearing mineral Agar plate 

method  

All the potassium solubilizing bacterial isolates were spotted 

on Alexandrov’s media containing mica for analyzing the 

potassium solubilizing potentiality of each isolates. Based on 

the zone of solubilization of potassium (mica) on the media, 

potassium solubilizing potentiality of potassium solubilizing 

bacteria was interpreted (Hu et al., 2006) [21]. 

 

Chemical method  

The isolates showing zone of solubilization on Alexandrov’s 

agar were further examined for their ability to release K from 

broth media (supplemented with 1 per cent muscovite mica). 

One ml of overnight culture of efficient isolate was inoculated 

to 25 ml of Alexandrov’s broth (Hu et al., 2006) [21] in 

replicates. All the inoculated flasks were incubated for two 

weeks at 28±2°C. The amount of K released in the broth was 

estimated after 10th day of incubation with a set of 

uninoculated controls. The available K content in the 

supernatant was determined by flame photometry (Sugumaran 

and Janarthanam, 2007) [37]. 

 

Development and evaluation of PGPR microbial consortia 

on performance of Radish Compatibility analysis of 

efficient PGPR isolates 

The interaction study amongst efficient nitrogen fixing, P and 

K solubilizing isolates were purified and streaked on the 

nutrient agar medium for testing their compatibility following 

dual culture techniques. Based on the compatibility results the 

liquid PGPR formulation was prepared for green house 

evaluation (Aspiras and Cruz, 1985) [6]. 

 

Preparation of liquid formulation of PGPR consortia  

After screening, the pure cultures of efficient Azotobacter, 

PSB and KSB strains were transformed to the 3 litres of 

specific liquid broth supplemented with 0.5% of Glycerol and 

polyvinyl pyrrolidone (PVP) separately and allowed to grow 

for seven days with continuous agitation and further, the flask 

were checked for time to time for the growth of the cell mass 

and contaminations. After one week, when the cell population 

increased up to 109 cfu/ml load in the large conical flask the 

liquid formulation were used for green house evaluation on 

Radish. 
 

Evaluation of PGPR consortia on Radish 
Based on the amount of nitrogen fixed by Azotobacter, 

inorganic phosphorous and potassium released by the PSB 

and KSB isolates and also based on the compatibility analysis 

the PGPR microbial consortia were developed and evaluated 

for its influence on Radish under green house condition and 

the inoculation were made as single, dual and triple 

combination to the radish pots. Attempts were also made to 

know the influence of the liquid PGPR consortia on plant and 

soil nutrient status after the harvest (Plate - 2). 
 

Treatment details of the field experiment 

T1 = 100% RDF + FYM (Control)  

T2 = 100% RDF + FYM + Azotobacter - 7 
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T3 = 100% RDF + FYM + PSB - 2 

T4 = 100% RDF + FYM + KSB - 8 

T5 = 100% RDF + FYM + Azotobacter -7 + PSB - 2 

T6 = 100% RDF + FYM + Azotobacter - 7 + KSB - 8 

T7 = 100% RDF + FYM + PSB - 7+ KSB - 8  

T8 = 100% RDF +FYM + Azotobacter - 7+ PSB -2 + KSB - 8 

T9 = 75% RDF + FYM 

T10 = 75% RDF + FYM +Azotobacter - 7 

T11 = 75% RDF + FYM +PSB - 2 

T12 = 75% RDF + FYM + KSB - 3 

T13 = 75% RDF + FYM + Azotobacter - 7 + PSB - 2  

T14 = 75% RDF + FYM+ Azotobacter - 7 + KSB - 8 

T15 = 75% RDF + FYM + PSB - 2 + KSB - 8 

T16 = 75% RDF + FYM + Azotobacter - 7+ PSB - 2 + KSB - 8 

The following observations were recorded  

 

a) Germination Percentage 

The germination per cent of the seeds was examined when the 

seedling were 2 mm in length. 

 

b) Number of leaves 
Number of leaves were recorded was recorded at 15, 30 and 

45 days after sowing. 

 

c) Fresh weight  

Both shoots and root was separated for each treatment and the 

fresh weight was expressed was gram/plant. 

 

d) Dry weight  
The shoot and root portion was separated and air dried and 

weight were recorded and expressed as gram/plant.  

 

e) Estimation of chlorophyll 

The total chlorophyll content in leaf was estimated by using 

Dimethyl Sulfoxide (DMS0) method for Shoe and Lium 

(1976) [33]. Fresh leaf samples (10 mg) were incubated in 7.0 

ml of DMSO at 65
0
C for 15 min at the end of the incubation 

period decanted the supernatant and discarded the leaf tissue 

made up the volume to 10 ml with DMSO. Read the 

absorbance of extract at 645 and 663 nm using DMSO as 

blank.  

 

 
 

Were  
A – Absorbance of specific wave length (645& 633nm) 

V – Final volume of chlorophyll extracts (ml) 

W = Fresh weight of sample (g) 

a = plant length height (cm)  

 

f) Nutrient uptake studies  

The oven dried plant samples were ground to fine powder and 

used for estimation of nitrogen, phosphorus and potassium. 

 

g) Plant Chemical analysis  

i) N-Uptake 

The plant sample (leaves) collected at harvest were dried and 

ground in a Wiley mill and used for the estimation of nitrogen 

by the standard procedure. The total nitrogen content in leaf 

sample was estimated by following the microkjeladahl 

method (Jackson, 1973) [23]. The analysis was done using 500 

mg of oven dried finally ground (100 mesh). The samples 

were digested with 10 ml concentrated sulphuric acid in the 

presence of 200 mg catalyst mixture containing potassium 

sulphate, copper and selenium in the ratio of 100:10:1. The 

samples were digested at 100 0C overnight and again at 400 
0C for 90 minutes or till the samples became clear in digestion 

tubes. 

The digested samples were distilled in microkjeldhal 

assembly, made alkaline by adding 20 ml of 40 per cent 

NaOH and the ammonia liberated during distillation was 

collected in 4 per cent boric acid with mixed indicator and 

titrated against 0.05 N H2SO4. The per cent of nitrogen was 

calculated by recording the volume of acid run down. The 

uptake was worked out by multiplying the N per cent with the 

corresponding dry matter yield and expressed as kg per 

hectare. 

 

 
 

ii) Estimation of phosphorus 

500 mg of leaf sample was taken in a 250 ml capacity conical 

flask and was added with  

2.5 ml concentrated HNO3. The flasks were swirled to 

moisten the entire sample and then placed on a hot plate at 

180 0 C to 200 0 C. The suspension was boiled until taken 

nearly to dryness.  
 

Wet Oxidation  
5 ml of tri acid mixture (Conc. HNO3,Conc. H2SO2 and 60% 

HClO4 in the ratio of 10:1:4) was added to pre-digested 

sample and further digestion was carried out at 180 0 C to 200
0 C on a digestion mantle until the content in the flask became 

clear white. The contents of the flasks were cooled and 10 to 

15 ml of 6 N HCl was added and stirred well. The acid digest 

was transferred to 50 ml volumetric flask and the volume was 

made up to 50 ml with distilled water. From this wet oxidized 

digested sample, P was estimated by Vanado molybdate 

phosphoric yellow colour methods (Jackson, 1973) [23]. 10 ml 

of wet oxidized digested sample was taken in a 50 ml 

volumetric flask and 10 ml of vanado molybdate reagent was 

added. The volume was made up to 50 ml with distilled water 

and flowed to react for 30 minutes. The intensity of yellow 

colour developed was read at 490 nm using 

spectrophotometer. The P content was obtained by the 

standard curve.  

For obtaining the standard curve, 0.439 g of KH2PO4 was 

dissolved in distilled water and made up the volume to 100 ml 

in a volumetric flask (100 ppm P solution). Aliquots of 1 to 

10 ml were transferred to 50 ml volumetric flask and 10 ml 

Vanado molybdate reagent was added to each flask including 

blank. The volume was made to 50 ml with distilled water. 

The yellow colour developed was read after 10 minute in a 

spectrophotometer at 490 nm. The standard curve was 

obtained by plotting a graph as concentration along X axis 

and corresponding absorbance along Y axis.  
 

iii) ‘K’ content in the plants  

The oven dried plant samples were ground to fine powder and 

used for estimation of potassium content. 
 

Digestion of plant samples (wet oxidation) 
One gram of powdered plant samples were pre-digested with 

concentrated nitric acid for overnight. Pre-digested samples 

were treated with diacid mixture (HNO3:HClO4 in 10:4 ratio) 

and kept on sand bath for digestion. After complete digestion, 
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the precipitate was dissolved in 6 N HCl and transferred to the 

100 ml volumetric flask and filtered through Whatman No. 42 

filter paper, washed thoroughly with double distilled water 

and finally made the volume to 100 ml with double distilled 

water and preserved for further analysis. 

 

Potassium uptake studies (mg/plant) 
Potassium content of shoot and root was estimated (Stanford 

and English, 1949) after harvest. Potassium uptake was 

calculated and expressed as mg per plant. 

 

Statistical analysis  

Duncan’s multiple range (DMRT) tests were adopted for 

analysis and interpretation of the experimental data (Steel and 

Torrie, 1960) [36].  

 

Results and Discussion 

Collection of Soil samples and Isolation of PGPRs 

In the attempt of soil sampling, 11 different weed rhizosphere 

soils were collected from the undisturbed area of Shivamogga 

district and the samples were brought in polythene bags and 

immediately transported to lab under cold condition for 

isolation of native free living nitrogen fixing, P and K - 

solubilizing bacteria. Out of 11 rhizosphere soils, as many as 

7 Azotobacter bacterial isolates were isolated and for further 

studies they were named as Azoto – 1, Azoto – 2, Azoto – 3, 

Azoto – 4, Azoto – 5, Azoto – 6 and Azoto – 7. Based on the 

zone of solubilization of phosphorus on Sperber’s media, 6 

phosphate solubilizing bacteria were obtained and all the 

phosphate solubilizing isolates were named as PSB-1, PSB-2, 

PSB-3, PSB-4, PSB-5 and PSB-6. Similarly, the 8 potassium 

solubilizing isolates capable of solubilizing mica on 

Alexandrove’s media (KSB-1, KSB-2, KSB-3, KSB-4, KSB-

5, KSB-6, KSB-7 and KSB-8) were isolated and used for 

further studies (Table 1 and Plate 3).  

The chances of isolating plant growth promoting 

rhizomicroorganisms are more in the rhizosphere soil of many 

crops (Duff et al., 1963) [13]. The results are in agreement with 

the findings of Gaur et al., (1976) [18] who isolated three 

strains of Bacillus species from the soil samples of mussoriee 

rock phosphate capable of solubilizing tri-calcium phosphate. 

In support of Gaur et al., (1976) [32], Abdel Hamid et al., 

(2010) [1] isolated and characterized the Azotobacter 

chroococcum from soils of Egypt and also reported the 

production of some plant growth promoting substances such 

as Indol acetic acid (IAA), Hydrogen cyanide (HCN) and 

Siderophore from the native isolates. Similarly, Hu et al., 

(2006) [21] also isolated potassium solubilizing microorganism 

from the different soils using Alexandrove’s media. 

 

In vitro screening of plant growth promoting 

microorganisms for their nutrient mineralization ability 

Statistically, highest nitrogen fixing ability was observed in 

Azoto - 7 isolate (5.97 mg of nitrogen/g of carbon source) 

followed by Azoto - 4 (4.97 mg of nitrogen/g of carbon 

source) respectively. However, the Azoto - 1, Azoto - 2, 

Azoto - 3, Azoto - 5 and Azoto – 6 also showed the nitrogen 

fixing ability but comparatively low to with Azoto – 7. 

Similarly, the phosphorus solubilizing ability of phosphate 

solubilizing bacterial isolates were also tested. The highest 

zone of phosphorus solubilization was observed on Sperber’s 

media where PSB-2 was spotted (0.87 cm), however the PSB - 

3 and PSB - 5 also performed zone of solubilization of 

phosphorus but less than the PSB - 2. On the other hand, with 

respect to inorganic phosphorus release in the broth media by 

the PSB isolates. Out of 6 PSB isolates, the PSB - 2 released 

maximum of inorganic phosphorus (Pi = 8.40%) after 10 days 

of inoculation in the Sperber’s broth media followed by PSB-

3 and PSB-5 respectively (7.40 and 7.60%).  

When all the potassium solubilizing isolates tested for their in 

vitro potassium release and their ability to solubilizing Mica 

(fixed source of potassium) in the media, the isolate KSB - 8 

was proved as the potential potassium solubilizer as it 

recorded highest zone of solubilization of mica on 

Alexandrove’s media and also released maximum of 

inorganic potassium in to the Alexandrove’s media after 10 

days of inoculation (1.40 cm and 54.49%). Hence, Azoto-7, 

PSB-2 and KSB-8 isolates were selected for further 

characterization studies (Table 2).  

Many researchers positively proved the above in vitro 

screening study in their research which strongly supported our 

findings. Gupta et al., (1992) [19] showed that Azotobacter can 

fix atmospheric nitrogen @ 1.47 to 1.50 (Average, 1.49) mg 

N per g of carbon source.  

Gaind and Gaur (1991) [16] isolated and screened Bacillus 

megatherium, Bacillus brevis, Bacillus subtilis capable of 

solubilizing phosphorus from the rhizosphere of Oat and 

Arhar. In support of Gaind and Gaur, (1991) [16], Loaw and 

Webley, (1959) [27] also isolated acid producing bacteria from 

rhizoplane, rhizosphere soils of oat plant for solubilization of 

phosphate mineral fertilizers and other related compounds. 

The findings of screening of potassium solubilizing bacterial 

isolates are in line with the findings of Alexandrove et al., 

(1967) [4] who isolated and screened different bacterial species 

capable of solubilizing potassium in the in vitro condition. 

Similarly, Murulikannan (1986) [28] isolated and screened 

silicate solubilizing bacteria from rice rhizosphere and 

reported the mineral solubilizing ability of the silicate 

solubilizing bacterial isolates. Similarly, Kannan and Raj 

(1998) [24] also screened 17 Bacillus species for their 

potassium solubilizing ability.  

 

Identification of efficient plant growth promoting 

rhizomicroorganisms 

Since, Azoto – 7, PSB – 2 and KSB - 8 were found to be the 

efficient plant growth promoting rhizomicrobial isolates. All 

the three isolates were selected for further studies and was 

tentatively identified and confirmed as Azotobacter, 

phosphate solubilizing Bacillus sp. and potassium solubilizing 

Bacillus sp. based on morphological and biochemical tests 

(Table- 3). In a study by Yusminah Hala and Alimuddin Ali 

(2019) [43] who isolated and identified Azotobacter from the 

rhizosphere of neem plants from Bali Island. The isolates 

were characterized by various biochemical methods namely 

nitrate, reductase, citrate utilization, methyl red, VP test, 

catalase (method of slip-cover), and oxidase tests. The results 

revealed that, the nitrogen fixing bacteria isolated in the five 

soil samples were Azotobacter paspali and Azotobacter 

vinelandii groups. The same process protocol was fallowed in 

the present study where we characterised Azotobacter isolates 

from weed rhizosphere.  

Similarly, with reference to phosphate and potassium 

solubilizing bacterial  

identification, Thirty-four PSB strains were isolated and 

identified under the 

genera Pseudomonas, Stenotrophomonas, Bacillus, Cupriavid

us, Agrobacterium, Acinetobacter, Arthrobacter, Pantoea, 

and Rhodococcus through a comparison of the 16S ribosomal 
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DNA sequences. All isolated PSB strains could solubilize 

tricalcium phosphate (TCP) in solid and liquid media (Xuan 

et al., 2011) [42]. However, Suma et al., (2016) [38] isolated 75 

potassium solubilizing bacterial isolates were isolated, based 

on the results obtained from in vitro studies 28 efficient 

isolates were selected and based on the morphological 

characterization it was reported that out of 28 isolates 25 were 

Bacillus and five were Pseudomonas. Similar results were 

also obtained by Avakyan et al. (1986) [8] and Webley et al. 

(1960) [41] wherein they observed morphological 

characterization revealing that all potassium solubilizing 

bacteria were gram positive short to long rods with spore 

production, but differed in their physiology and nutrition.  

 

Development and evaluation of efficient liquid Plant 

Growth Promoting Rhizomicrobial consortia on Radish  

Compatibility evaluation 

The development of any plant growth promoting 

rhizomicrobial formulation mainly depends on the 

compatibility of the microorganisms used in the formulation. 

If the microbial isolates are synergistic in the formulation the 

efficacy of the formulation will be very high with good 

populations in the formulation. It was observed from plate - 4 

that all the efficient PGPRs, (Azotobacter sp. - 7, Phosphate 

Solubilizing Bacillus sp. – 2 and Potassium Solubilizing 

Bacillus sp.- 8) are compatible to each other when they are 

grown in common media. Based on the compatibility 

evaluation, the liquid consortial formulation was developed 

and further used for pot experiment studies.  

Earlier, Deuri (2013) [12], reported positive compatibility 

among Pseudomonas fluorescens, Trichoderma viride and 

Metarhizium anisopliae. The results of Deuri (2013) [12] are 

strongly in line with the findings of Bora (2012) [11] who 

showed the compatibility of the Pseudomonas fluorescens, 

Trichoderma harzianum, Metarhizium anisopliae and 

Beauveria bassiana. Similar, results were obtained by 

Fitriatin and Nurmala, (2019) [14] who proved the synergistic 

effect of both phosphate solubilizing and nitrogen fixing 

bacteria in carrier based formulation under in vitro condition.  

 

Influence of efficient Plant Growth Promoting 

Rhizomicrobial consortia on Radish 

Germination percentage and Number of Leaves  

When the efficient Azotobacter sp. - 7, Phosphate Solubilizing 

Bacillus sp. - 2 and Potassium Solubilizing Bacillus sp. - 8 in 

single, double and triple inoculation were applied in 

combination with varied concentration of recommended dose 

of fertilizer (100% and 75%) keeping FYM as common for all 

the treatments to know their influence on germination 

percentage and number of leaves of radish. Out 16 different 

treatment combinations, all the treatments showed 100% 

germination and better seedling vigour which may be due to 

soil factors (Both nutrient and Biological factors).  

On the other hand with respect to number of leave upon days 

(15, 30, 45 days). The maximum number of leaves (15.70, 

18.60 and 20.20 numbers) was recorded in the treatment 

receiving 75% RDF + FYM+ Azotobacter sp.- 7, Phosphate 

Solubilizing Bacillus sp. - 2 and Potassium Solubilizing 

Bacillus sp.- 8). Whereas least number of leaves (9.00, 12.00 

and 15.00 numbers) was observed in the control treatment this 

clearly indicate the effect of triple inoculant liquid 

formulation of PGPRs in having role on number of leaves of 

radish (Table – 4). 

The findings are in line with the findings of Adesemoye et al., 

(2008) [2] who evaluated different plant growth promoting 

Pseudomonas and Bacillus sp. on growth and yield of three 

vegetables like tomato, okra and amaranths where the number 

of leaves increased after 60 days of planting where the 

consortial application of Pseudomonas and Bacillus imposed. 

The results do supported by Muthaura, et al., (2010) [29] who 

evaluated consortia of effective microorganisms and growth 

and yield of pigweed which showed increase leaf number, leaf 

area and even chlorophyll content of the pigweed leaves, due 

to effective microorganisms. In the same context, Sugumaran 

and Janarthanam, (2007) [37] reported the effect of potassium 

and phosphorus solubilizing bacteria on germination of sweet 

corn seeds. Leyval and Berthelin (1991) [26] also conducted the 

influence of potassium solubilizing microorganism and 

ectomycorrhizal fungus in dual inoculation will increase in 

leaf number of pine. Ramamoorthy et al., (2011) [31] opined 

that PGPR increase germination percentage, seedling vigor, 

root and shoot growth, total biomass of plants, seed weight, 

early flowering grains, fodder and fruit yields in many crop 

plants. However, Basavaraju et al. (2002) [10] reported that 

inoculation of Azotobacter strain C2 significantly increased 

the germination in radish. Although the above mentioned 

studies about the effect of bacteria strains on germination and 

number of leaves of different vegetable species were 

conducted under optimum conditions. In conclusion, our 

study showed that the PGPR was more consistent in 

improving germination percentage and number of leaves of 

radish seeds under greenhouse conditions. 

 

Total Chlorophyll content, Plant fresh and Dry weight 
Chlorophyll content of Radish leaves was statistically 

significant at harvest due to various inoculation treatments. At 

harvest, treatment where 75% RDF + FYM + Azotobacter sp. 

- 7, Phosphate Solubilizing Bacillus sp. – 2 and Potassium 

Solubilizing Bacillus sp.- 8 imposed recorded the highest 

chlorophyll content of 2.90 mg/g of tissue. Whereas, the 

absolute control treatment was having less chlorophyll 

content (0.97 mg/g of tissue).  

Similarly, significant variations among the treatment where 

observed in the fresh and dry weight. Among all single, dual 

and triple inoculations the treatment 16 has found to be 

statistically superior over the rest of all treatments ie., 141.10 

g/plant of fresh weight and 29.90 g/plant of dry weight 

followed by treatment number 8 (108.18 and 28.31 g/plant 

respectively). Whereas the control treatment was having 

comparatively less fresh and dry weight which indicated the 

effect of microbial inoculants on the fresh and dry weight of 

Radish (Table 5). The results of the present study was 

strongly supported by the findings of Adesemoye et al., 

(2008) [2] who evaluated effective PGPR microorganisms on 

amaranths and concluded that the leaf area, leaf fresh weight, 

leaf dry weight, root fresh weight, root dry weight and 

chlorophyll content is a more due to combined inoculations. 

Similarly, Ishque et al., (2009) [22] evaluated six different 

levels of nitrogen and phosphorus along with Azospirillium 

and phosphate solubilizing microbial isolates on growth, 

number of leaves, plant height and also nutrient status of the 

lettuce plant after harvest and concluded the effect of different 

PGPRs on lettuce. 

 

Tuber girth and tuber length of radish 

Contrary to the use of single inoculants, combined inoculation 

of two or more beneficial and compatible organisms have 

been shown to perform which indicates that the mixed 
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cultures or combined inoculation will have better interaction 

with the introduced organisms (Alagawadi and Gaur, 1988) 
[3]. With reference to tuber girth and tuber length of radish 

after harvest. Statistically, highest tuber length and tuber girth 

was recorded in treatment 75% RDF + FYM+ Azotobacter sp. 

- 7, Phosphate Solubilizing Bacillus sp. – 2 and Potassium 

Solubilizing Bacillus sp.- 8 (18.83 and 9.33 cm) respectively 

was recorded. Similarly, the treatment receiving 100% RDF + 

FYM+ Azotobacter sp. - 7, Phosphate Solubilizing Bacillus 

sp. – 2 and Potassium Solubilizing Bacillus sp.- 8 recorded 

18.50 and 8.33 cm of tuber length and tuber girth (Table 6 and 

Plate 5). The perusal of table 6 clearly indicates 75% RDF + 

FYM + Liquid PGPRs formulation is comparatively best then 

the treatment 100% RDF + FYM + Liquid PGPRs 

formulation. The results are in agreement with the findings of 

Han et al., (2006) [20] who reported the effect of co-

inoculation of phosphorus and potassium solubilizing bacteria 

have direct influence on stem girth and growth of pepper and 

cucumber along with the RDF. 

 

Influence of liquid plant growth promoting 

rhizomicroorganisms on plant nutrient uptake and soil 

nutrient status 

The microorganisms being soil engineers play a diverse role 

in converting unavailable nutrients to available form which in 

turn the plants uptake the available form of nutrients released 

by the microbes and also results in the good soil nutrient 

status. Numerous microorganisms are especially those 

associated with roots have the ability to increase the plant 

growth by solubilizing or releasing the unavailable mineral 

nutrients and also increase soil fertility (Ledin et al., 1996) 
[25]. It was observed from the Table 7 that, out of 16 

treatments imposed on radish, the treatment where, 75% of 

RDF + FYM + Azotobacter – 7 + PSB - 2 + KSB - 8 showed 

maximum plant nutrient uptake of 310.33, 290.00, and 251.00 

mg/plant of NPK whereas, the treatment number 8 recorded 

NPK content of 300.33, 285.33, and 243.00 mg/plant.  

However, with respect to the nutrient status of experimental 

soil after harvest. The same treatment ie., 75% of RDF + 

FYM + Azotobacter – 7 + PSB - 2 + KSB - 8 showed highest 

residual NPK content (360.45, 38.00 and 158.33 kg/ha) 

followed by treatment number 8. Where as in control the least 

NPK status was observed both in plant and soil. The findings 

are in line with the findings Ishque et al., (2009) [22] who 

evaluated six different levels of nitrogen and phosphorus 

along with Azospirillum and phosphate solubilizing microbial 

isolates on nutrient status of the lettuce plant after harvest. 

Which was strongly supported by the results of 

Vasanthkumar, (2003) [40] who concluded the maximum 

accumulation of residual soil nitrogen and phosphorous is 

more when the nitrogen fixers and phosphorus solubilizers are 

used in the treatments. 

 
Table 1: Plant growth promoting rhizomicrobial isolates from weed 

rhizosphere soils. 
 

Sl. No. 
PGPRs Isolates 

Azotobacter PSB KSB 

1. Azoto - 1 PSB - 1 KSB - 1 

2. Azoto - 2 PSB - 2 KSB - 2 

3. Azoto - 3 PSB - 3 KSB - 3 

4. Azoto - 4 PSB - 4 KSB - 4 

5. Azoto - 5 PSB - 5 KSB - 5 

6. Azoto - 6 PSB - 6 KSB - 6 

7. Azoto - 7 - KSB - 7 

8. - - KSB - 8 

 

Table 2: In vitro screening of plant growth promoting microorganisms for their plant growth promotional activity. 
 

Sl. 

No. 

Azotobacter 

isolates 

Nitrogen 

(mg/g of 

carbon 

source) 

PSB 

Isolates 

Zone of 

solubilization 

on Sperber’s 

media (cm) 

Inorganic phosphorus 

released(%) at 10th day 

after inoculation 

KSB 

isolates 

Zone of 

solubilization on 

Alexandrove’s 

media 

Amount of potassium 

released (mg/ml)at 

10th day after 

inoculation 

1 Control 0.60(g) Control 0.00 4.30(e) Control 0.00 0.06(h) 

2 Azoto – 01 3.93(d) PSB-1 0.65 5.90(d) KSB-1 1.25 20.14(c) 

3 Azoto – 02 3.60(e) PSB-2 0.87 8.40(a) KSB-2 0.97 9.16(f) 

4 Azoto – 03 4.20(c) PSB-3 0.85 7.40(b) KSB-3 0.92 8.97(g) 

5 Azoto – 04 4.97(b) PSB-4 0.75 6.40(c) KSB-4 1.25 20.10(e) 

6 Azoto – 05 3.70(de) PSB-5 0.82 7.60(b) KSB-5 1.27 21.25(b) 

7 Azoto – 06 3.10(f) PSB-6 0.75 6.20(c) KSB-6 1.05 19.97(d) 

8 Azoto – 07 5.97(a) 

 

SEM ± 

CD @ 1% 

0.16 

0.46 

KSB-7 1.22 19.47(d) 

SEM ± 

CD @ 1% 

0.32 

0.91 

KSB-8 1.40 54.49(a) 

 
SEM ± CD @ 1% 

0.17 

0.44 

Note: Means followed by the same letters do not differ significantly 

 
Table 3: Morphological and biochemical characterization of efficient microbial isolates. 

 

Sl. No. Isolates 
Morphological tests 

Biochemical tests 

CH CT H2S IP KOH MR VP CU UA SH GL A G PG 

Colony morphology Gram’s reaction and cell shape 
              

1 Azoto-7 
White color 

Smooth colony 

Gram negative 

Small rods 
+ 

_ 

 
_ + _ _ + + _ _ _ + + Azotobacter sp. 

2 PSB-2 
Creamy white 

Smooth colony 

Gram positive 

Rods 
_ + + + + + + + + _ _ + + Bacillus sp. 

3 KSB-8 
Creamy white 

Smooth colony 

Gram positive 

Rods 
_ + + + + + + + + + _ + + Bacillus sp. 

Note: -CH – Casein Hydrolysis   CT – Catalase Test 

H2S – Hydrogen Sulphide production  IP – Indole Production 

KOH – Potassium hydroxide test   MR – Methyl Red 
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VP – Voger Proskauer’s   CU – Citrate utilization 

UA – Urease Activity   SH – Starch Hydrolysis 

GL – Gelatin Liquefaction   A – Acid Production 

G – Gas Production    PG – Probable Genera 

 
Table 4: Effect of liquid PGPR on germination percentage and number of leaves of radish. 

 

Sl. No. Treatments Germination (%) 
Number of leaves 

15 days 30 days 45 days 

1. 100% + RDF + FYM (Control ) 100 9.00 12.00 15.00 

2. 100%RDF +FYM + Azotobacter (Azoto-7) 100 13.10 15.00 18.00 

3. 100%+RDF +FYM+ PSB-2 100 10.00 13.20 15.20 

4. 100%RDF + FYM + KSB-8 100 12.00 14.00 17.10 

5. 100%RDF + FYM + Azotobacter (Azoto-7) + PSB-2 100 12.30 14.30 16.90 

6. 100%RDF + FYM + Azoto-7+ KSB-8 100 13.00 16.20 18.20 

7. 100%RDF +FYM + PSB-2 + KSB-8 100 10.00 15.30 17.20 

8. 100%RDF + FYM +Azotobacter (Azoto-7) + PSB-2 + KSB-8 100 11.20 16.60 19.90 

9. 75%RDF + FYM 100 11.00 16.60 18.90 

10. 75% RDF + FYM + Azotobacter (Azoto-7) 100 15.40 17.60 19.20 

11. 75% RDF + FYM + PSB-2 100 10.00 18.50 18.90 

12. 75% RDF + FYM + KSB-8 100 15.00 17.00 18.20 

13. 75%RDF + FYM + Azotobacter (Azoto-7) + PSB-2 100 14.00 17.30 18.10 

14. 75% RDF + FYM + Azotobacter (Azoto-7) + KSB-8 100 14.30 17.60 19.50 

15. 75%RDF + FYM + PSB-2 + KSB-8 100 12.00 15.60 17.20 

16. 75% RDF + FYM + Azotobacter (Azoto-7) + PSB-2 + KSB-8 100 15.70 18.60 20.20 

SEM ± 0.04 0.31 0.44 

CD @ (0.05) 0.11 0.97 1.26 

 
Table 5: Influence of microbial inoculants on fresh weight, dry weight and chlorophyll content at harvest 

 

Sl. No. Treatments 
Chlorophyll content (mg/g of 

tissue) 

Fresh weight 

(g) 
Dry weight (g) 

1. 100% + RDF + FYM (Control ) 0.97(m) 78.50 18.00 

2. 100%RDF +FYM +Azotobacter (Azoto-7) 1.91(h) 98.41 25.11 

3. 100%+RDF +FYM+ PSB-2 1.81(k) 91.50 23.18 

4. 100%RDF + FYM + KSB-8 1.90(i) 97.30 23.30 

5. 100%RDF + FYM + Azotobacter (Azoto-7) + PSB-2 2.34(c) 105.10 27.18 

6. 100%RDF + FYM + Azoto-7+KSB-8 2.25(e) 103.81 26.80 

7. 100%RDF +FYM + PSB-2 + KSB-8 2.19(f) 102.00 26.60 

8. 100%RDF + FYM +Azotobacter (Azoto-7) +PSB-2 + KSB-8 2.48(b) 108.18 28.31 

9. 75%RDF + FYM 1.84(j) 97.80 21.18 

10. 75% RDF + FYM + Azotobacter (Azoto-7) 1.78(l) 93.00 20.30 

11. 75% RDF + FYM + PSB-2 1.98(g) 1098.18 22.50 

12. 75% RDF + FYM + KSB-8 2.10(fg) 101.19 25.18 

13. 75%RDF + FYM + Azotobacter (Azoto-7) + PSB-2 2.14(fg) 101.50 25.21 

14. 75% RDF + FYM + Azotobacter (Azoto-7) + KSB-8 2.45(b) 103.00 26.35 

15. 75%RDF + FYM + PSB-2 + KSB-8 2.30(d) 106.50 26.81 

16. 75% RDF + FYM + Azotobacter (Azoto-7) + PSB-2 + KSB-8 2.90(a) 141.10 29.90 

SEM ± 0.03 0.22 0.16 

CD @ (0.05) 0.01 0.68 0.41 

 
Table 6: Influence of liquid PGPRs on tuber girth and length of radish. 

 

Sl. No. Treatments Tuber length (cm) Tuber girth (cm) 

1. 100% + RDF + FYM (Control ) 12.83 6.43 

2. 100%RDF +FYM +Azotobacter (Azoto-7) 14.00 6.33 

3. 100%+RDF +FYM+ PSB-2 13.60 5.90 

4. 100%RDF + FYM + KSB-8 9.33 5.50 

5. 100%RDF + FYM + Azotobacter (Azoto-7) + PSB-2 13.50 8.83 

6. 100%RDF + FYM + Azoto-7+KSB-8 14.60 8.50 

7. 100%RDF +FYM + PSB-2 + KSB-8 7.50 6.33 

8. 100%RDF + FYM +Azotobacter (Azoto-7) +PSB-2 + KSB-8 18.50 8.33 

9. 75%RDF + FYM 14.00 7.73 

10. 75% RDF + FYM + Azotobacter (Azoto-7) 11.83 8.00 

11. 75% RDF + FYM + PSB-2 15.5 8.16 

12. 75% RDF + FYM + KSB-8 16.83 8.83 

13. 75%RDF + FYM + Azotobacter (Azoto-7) + PSB-2 17.3 8.60 

14. 75% RDF + FYM + Azotobacter (Azoto-7) + KSB-8 17.66 8.60 

15. 75%RDF + FYM + PSB-2 + KSB-8 11.16 8.33 
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16. 75% RDF + FYM + Azotobacter (Azoto-7) + PSB-2 + KSB-8 18.83 9.33 

SEM ± 1 0.03 0.02 

CD @ (0.05) 0.90 0.08 

 
Table 7: Effect of liquid PGPR consortia on plant and soil NPK status after harvest. 

 

Sl. 

No. 
Treatments 

Nutrient (mg/plant) Nutrient (kg/hectare) 

N P K N P K 

1. 100% + RDF + FYM (Control ) 151.33 18.23 138.67 221.33 180.33 156.33 

2. 100%RDF +FYM +Azotobacter - 7 335.33 29.33 110.22 235.33 191.33 165.33 

3. 100%+RDF +FYM+ PSB-2 250.32 30.33 118.33 239.33 198.33 169.33 

4. 100%RDF + FYM + KSB-8 284.33 25.33 138.33 231.33 193.33 168.33 

5. 100%RDF + FYM + Azotobacter - 7 + PSB-2 340.33 32.33 134.43 228.33 199.33 161.33 

6. 100%RDF + FYM + Azotobacter - 7+KSB-8 329.33 29.45 130.33 229.33 218.33 171.33 

7. 100%RDF +FYM + PSB - 2 + KSB - 8 251.33 33.33 139.33 231.33 228.33 189.33 

8. 100%RDF + FYM +Azotobacter -7 +PSB - 2 + KSB-8 355.00 34.00 148.00 300.33 285.33 243.00 

9. 75%RDF + FYM 298.33 25.33 123.45 278.33 255.33 219.33 

10. 75% RDF + FYM + Azotobacter -7 350.33 27.33 125.33 256.33 241.33 216.33 

11. 75% RDF + FYM + PSB-2 291.33 37.33 129.33 261.33 256.33 221.33 

12. 75% RDF + FYM + KSB-8 298.33 29.98 148.33 278.33 261.33 228.33 

13. 75%RDF + FYM + Azotobacter -7 + PSB-2 335.33 33.35 130.33 293.33 271.33 231.33 

14. 75% RDF + FYM + Azotobacter -7 + KSB-8 340.35 30.21 147.33 291.33 281.33 249.33 

15. 75%RDF + FYM + PSB-2 + KSB-8 300.33 35.12 150.23 285.33 278.33 245.33 

16. 75% RDF + FYM + Azotobacter - 7+ PSB-2 + KSB-8 360.45 38.00 158.33 310.33 290.00 251.00 

SEM ± 12.46 10.05 16.05 12.10 0.41 16.00 

CD @ (0.05) 3.60 2.14 3.12 2.41 1.83 2.84 

 

  
 

Plate 1: Soil sampling from the undisturbed area of Shivamogga district 

 

 
 

Plate 2: General view of the experiment. 
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Azotobacter Phosphate solubilizing bacteria 

 

Plate 3: Different native plant growth promoting isolates isolated from different soil samples. 

 

 
Potassium solubilizing bacteria 

 

Plate 4: Growth of efficient Azotobacter – 7, PSB – 2 and KSB – 8 on nutrient agar 

 

 
 

Plate 5: Influence of liquid PGPRs and tuber girth and length of radish 

 

Conclusion 

With increasing concerns regarding the impact of 

conventional fertilizers and pesticides, use of efficient liquid 

PGPR formulations appear praised for a greater role in 

vegetable production, because these open up a world 

opportunity and create living spaces which ultimately bring 
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about harmony in nature without affecting the ecosystem. 

Within the scope of this study, Scale up studies is required to 

commercialize the formulation of Azotobacter sp. - 7, 

Phosphate Solubilizing Bacillus sp.- 2 and Potassium 

Solubilizing Bacillus sp.- 8 for large scale application and 

also standard procedure for the quality control of developed 

liquid formulations is necessary for effective usage in the 

organic farming practices. 
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