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ABSTRACT 

Plant Growth Promoting Rhizobacteria (PGPR) associated with plant roots play a major role in the growth of the plants 
by providing them with growth promoting hormones, solubilizing phosphates, producing siderophores, secreting various 
hydrolysing enzymes etc. Though a single bacterium may not be multifarious in terms of its growth promoting activities, 
it can still be made available to the plants by a bacterial consortia with multiple activities as they could exhibit a 
synergistic effect on plant growth. The present study aims at testing the efficacy of a bacterial consortia on the growth 
parameters of Cauliflower plants and their biocontrol potentials. Three compatible bacterial isolates Bacillus subtilis 
J20A, Bacillus subtilis J20B and Pseudomonas aeruginosa J22P were tested for their biocontrol activity against six 
different phytopathogens. Isolate J20A was more potent followed by J22P and J20B. All the isolates showed promising 
plant growth promoting traits. Seed germination potential in consortium treated plants were found to be 21% more 
than the untreated control plants. There was a threefold increase in vigour index in a consortium treated plants (1361) 
than the control plants (441). Similarly consortium treated plants showed two fold (7cm) and three fold (6cm) increase 
in terms of shoot and root length compared with the control plants (3cm and 2 cm respectively). Fresh and dry weight of 
shoot and root also showed a significant increase in consortium treated plants than the control plants. This is a clear 
indicative of using bacterial consortia as an efficient biofertilizer which can exhibit plant growth promoting and 
biocontrol activities. 
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INTRODICTION 
Sustainable Agriculture has become more popular in recent years as an excellent alternative measure to 
Industrial Agriculture since there is a considerable reduction in the use of harmful chemicals, soil erosion, 
nutrient depletion etc., of the fertile land [1]. In the development of sustainable crop production system. 
Plant Growth Promoting Rhizobacteria play a vital role [2]. PGPR show a direct or indirect effect on plant 
growth. It increases the growth of the plant by providing hormones, hydrolysing enzymes, chelating 
agents, etc., [3,4]. Application of PGPR increases crop productivity and improves soil fertility [5]. It can 
also improve disease resistance in plants by synthesising antimicrobial compounds against pathogens 
[6,7]. Cauliflower (Brassica oleracea) belongs to the family Cruciferaceae.  The edible portion is known as 
‘curd’. In India two seasonal varieties are cultivated and they are early season and late season crop. 
Cauliflower is well known for reducing cholesterol and improving immune system. It is also rich in 
calcium and minerals. Many diseases like damping off, downy mildew, leaf spot, powdery mildew, etc., 
affects cauliflower and cause huge economic loss. Many bacteria are used as  potential biocontrol agents 
which can inhibit the growth of the phytopathogens. The present study aims at testing the efficacy of 
bacterial consortium in improving the growth characteristics of cauliflower and their biocontrol potency. 
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MATERIALS AND METHODS  
Three compatible bacterial isolates Bacillus subtilis J20A (GenBank Accession Number: MG601747.1), 
Bacillus subtilis J20B (GenBank Accession Number: MG602478.1) and Pseudomonas aeruginosa J22P 
(GenBank Accession Number: MG738317.1) were used for this study and were maintained in nutrient 
agar slants. Antagonistic potentials of these isolates were tested using dual-culture plate assay [8] against 
six fungal phytopathogens (Cylindrocladium camelliae MTCC2097, Fusarium moniliforme MTCC2088, 
Sclerotinia  sclerotiarum MTCC8785, Fusarium oxysporum MTCC2087, Rhizoctonia solani MTCC4634, 
Thielaviopsis basicola MTCC1467) obtained from Microbial Type Culture Collection, IMTECH, Chandigarh 
which were maintained in PDA slants. The percentage of fungal growth inhibition was calculated with the 
formula, 

C−T 
—— × 100 
  C 

Where, C=growth in control and T= growth in test. The plant growth promoting attributes of the above 
three isolates were analysed. The parameters analysed were siderophore production [9], PO4 
solubilization [10,11], Biosurfactant production [12], HCN production [13], ammonia production [14], 
Indole Acetic Acid production [15]. Analysis of hydrolytic enzymes like Protease [16], β-1,3-Glucanase 
[17], Chitinase [18], Lipase [19],  Cellulase [20] were also carried out. The bacterial isolates were grown 
in nutrient broth overnight and the cell number was adjusted to 3X108 CFU ml-1 with spectrophotometer. 
Equal volume of all the three isolates were mixed together to make a bacterial consortia. The cauliflower 
seeds were procured from Indian Institute of Horticultural Research (IIHR) Bangalore, Karnataka, India. 
Seeds were surface sterilized with 0.1% HgCl2 and washed twice in sterile distilled water. Seeds were 
then dried and seed bacterization was carried out. Sterile seeds were soaked in the bacterial consortium 
with 1% Carboxymethyl Cellulose (CMC) and left undisturbed overnight for seed coating. CMC acts as a 
binding agent. After seed coating, the bacterial suspension was drained out and the seeds were dried 
under sterile air. In a protray sterile soil was taken and 5 seeds per pots were planted and the entire 
experiment was carried out in triplicates. The trays were kept in a greenhouse with a temperature of 
22±2°C. and with a photoperiod of 16 h light and 8 h dark. The growth parameters were analysed after 15 
days of planting. Irrigation was done periodically to avoid drying of the soil and plants. Seed germination 
potential, vigour index, shoot and root length, fresh and dry weight of the shoots and roots were analysed. 
All the data were subjected to one way Analysis Of Variance (ANNOVA) and the means were compared 
with Duncan’s Multiple Range Test (DMRT) (P<0.05) using IBM SPSS software version 20.  
 
RESULT AND DISCUSSION 
Antagonistic assay of the bacterial isolates showed varied percentage of inhibition of phytopathogens. 
Isolate J20A showed highest percentage of inhibition against four of the five phytopathogens tested. 
F.oxysporum was highly sensitive (80%) to isolate J20A. S. sclerotiarum showed 57% of inhibition to 
isolate J20A but isolate J22P was very effective in inhibiting S. sclerotiarum which was 65% which shows 
that the isolates J20A and J22P together could show a cumulative inhibitory effect on S. sclerotiarum. 
Research done by Ruiz et al., showed 60% inhibition of pathogen using Bacillus subtilis [21]. Sid et al., also 
showed a similar result with Bacillus subtilis in inhibiting Phytophthora and Rhizoctonia [22]. Cazorla 
proved the antagonistic activity of Bacillus though the secretion of hydrolysing enzymes [23]. Study 
carried out by Killani et al., proved the antagonistic ability of Bacillus subtilis against fungal phyto 
pathogens  Fusarium verticilloides, F. equiseti, F. solani, F. oxysporum, and Rhizoctonia solani  [24]. Isolate 
J22P was the next potent antagonist which inhibited three pathogens more effectively. It also showed 
significant inhibition of the other remaining pathogens too indicating its effectiveness as a potential 
biocontrol agent. (Table 1).   

 
Table 1: Antagonistic potentials of the bacterial isolates against phytopathogens 

Isolate No. 
% Inhibition 

C.camelliae F. moniliforme S. sclerotiorum F. oxysporum R. solani T. basicola 

J20A 68.3±1.5a 65.3±1.5a  57±2.6ab  80±2a  77.6±2.5a 67.6±2.5a 
J20B 54±3.6c  46.0±5.5b  55±4.5b  55±1c  67.3±2.5b 58.3±2.8b 
J22P 60±2.0b  68.3±1.5a  65±5.0a  76±1.7b  75.3±0.5a 55±5b 

*values are mean of three replicates ± standard deviation. Means within a column with the same letter(s) are not 
significantly different according to Duncan’s Multiple Range Test (p<0.05). 
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Table 2: Plant growth promoting characteristics of the bacterial isolates 
PGPR traits / Isolates J20A J20B J22P 

Siderophore production - + +++ 
PO4 solubilisation - - +++ 

Biosurfactant production - - +++ 
HCN production - - +++ 

Ammonia production ++ - +++ 
IAA +++ ++ + 

Protease +++ +++ + 
β-1,3-Glucanase ++ +++ - 

Chitinase +++ +++ - 
Lipase +++ +++ + 

Cellulase +++ +++ - 
-, Negative, +, Positive, +, small halos < 0.7cm, ++, medium halos >0.7cm, +++, large halos >1.3cm 
 
       Table 3: Effect of PGPR on the growth parameters of cauliflower plants 

Treatments 
Seed 

germination 
 (%) 

Vigour 
Index 

Mean 
shoot 
length 
 (cm) 

Mean 
root 

length 
(cm) 

Fresh weight 
(gplant-1) 

Dry weight 
(gplant-1) 

Shoot Root Shoot Root 

J20A 68.0±2.6 d 478.3±21 f 3±0.05 e 3±0.11 g 0.7±0.15 f 0.03±0.00 g 0.008±0.002 d 0.0002±0.0001 d 

J22P 76.6±2.0 bc 605±16 e 4±0.15 d 3±0.15 f 1.4±0.05 e 0.06±0.00 fg 0.02±0.01 d 0.0006±0.0002 d 

J20B 78.6±0.5 bc 710±21 d 4±0.05 c 4±0.20 e 1.8±0.05 d 0.1±0.01 f 0.10±0.01 c 0.002±0.001 d 

J20A + J22P 79.3±5.1 bc 816±39 c 5±0.15 b 5±0.05 c 2.2±0.15 c 0.4±0.01 c 0.12±0.01 c 0.033±0.025 b 

J22P + J20B 82.3±2.0 b 889±36 b 5±0.11 b 5±0.05 b 2.6±0.20 b 0.5±0.02 b 0.18±0.01 b 0.066±0.020 a 

J20A + J20B 77.3±3.7 bc 732±46 d 4±0.05 c 4±0.11 d 2.1±0.11 c 0.2±0.03 e 0.11±0.03 c 0.007±0.0006 cd 

J20A + J22P + 
J20B 

95.0±3.0 a 1361±39 a 7±0.20 a 6±0.20 a 4.4±0.25 a 0.9±0.03 a 0.23±0.02 a 0.026±0.015 bc 

Control 74.0±5.2 c 441±33 f 3±0.20 f 2±0.05 h 1.7±0.11 d 0.2±0.03 d 0.01±0.00 d 0.0002±0.0001 d 

Data represent the mean ± standard deviation of triplicates. Means were compared with DMRT. Means 
within the column in each parameter with the same letters are not significantly different by ONE WAY 
ANOVA (p<0.05) 

 
There are many evidences [18] which showed the presence of many PGPR traits in Pseudomonas with an 
excellent antagonistic activity against many phytopathogens. Though isolate J20B was not an effective 
antagonistic strain, it is still used in this study because it possesses good PGPR properties. It showed the 
presence of not only the siderophores but also different types of highly effective hydrolysing enzymes. 
Isolate J22P exhibited a significant level of biosurfactant production, HCN production and phosphate 
solubilisation while these properties were not found in isolates J20A and J20B. Presence of best 
antagonistic properties, chelating agents like siderophores, defence mechanism through HCN production, 
hydrolysing enzymes and PO4 solubilisation to make the nutrients available to the plants, presence of 
chitinase to hydrolyse the fungal cell wall and increased level of growth hormones makes the above 
bacterial isolates the best consortia with all the beneficial characteristics which can be made available for 
the growth of the plants (Table 2). Similar results were obtained by earlier researches done by Sasirekha 
et al.,[18],  Glick [25] and Dey [26]. When this consortia was applied to cauliflower seeds and growth 
parameters were analysed, the seed germination percentage showed 21% increase in consortium treated 
plants than the control plants. Plants treated with J22P + J20B showed 82.3% of seed germination while 
the consortium with all the three isolates showed 95% of seed germination proving the synergistic effect 
of these microbes. Vigour Index was found to be increased twofold (1361) than the control plants (441) 
indicating the increased potency of the microbial consortia on the growth of the plants. Shoot length and 
root length of the consortium treated plants were measured to be 7 cm and 6 cm, respectively, which was 
twofold and threefold more than the control plants which showed only 3 cm and 2 , respectively. 
Consortium treated plants showed a drastic increase in fresh and dry weight of shoots and roots. Fresh 
and dry weight of shoot of the consortia treated plants was found to be 90 % and 7.3 % more than the 
control plants. Similar result was observed in terms of dry weight of shoots and roots (Table 3). Evidence 
of plant growth enhancement was also proved by many other studies. Research done by Sasirekha et 
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al.,[18] showed the presence of many PGPR trait in Pseudomonas and their effect on plant growth was 
well recorded.  The are many other supporting evidences as well. Findings of the research done by Ertan 
[27] showed the positive effect of PGPR on the growth parameters of cucumber. Similar study was also 
done by Melek [28] on cauliflower and it is promising result in the field of sustainable agriculture. 
Influence of varying levels of P and N fertilizers on the efficacy of PGPR was analysed by Manoj et al., 
using cauliflower plant as the host system and the results were more favourable on the growth of the 
plant [29]. Results of Vibha et al., [30]; Adesemoye et al., [31]; Cakmakci et al.,[32] and Garcia et al., [33] 
also supports the use of plant growth promoting rhizobacteria in green house as well as on the growth of 
transplants.   

 
CONCLUSION 
The present research work focussed on developing a bacterial consortia with efficient plant growth 
promoting characteristics and wide range of biocontrol activities. It was proved that the PGPR traits 
though were present in different isolates, showed a cumulative growth enhancement when applied on 
cauliflower seeds proving their efficacy as a microbial consortia. Further the isolates inhibited more than 
one phytopathogens which is indicative of their wide spectrum activity. This findings paves a way to use 
bacterial consortia as a potential plant growth promoting biofertilizer with broad spectrum biocontrol 
activity without affecting the environment and a milestone in the field of sustainable agriculture. 
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