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Introduction
In Rhizosphere plant-microbe interaction can

be beneficial, neutral or deleterious. Free living bacteria

referred as Plant Growth Promoting Rhizobacteria

(PGPR), exhibit active root colonization in the rhizo-

spheric zone. PGPR strain enhances the plant growth

by direct or indirect mechanisms. PGPR improves

the plant growth and yield of agricultural and horti-

cultural crops. Strains like Pseudomonas, Klebisella,

Azotobacter, Azospirillum, Bacillus, Burkkolderia and

Serratia are considered as PGPR traits that enhance

the plant growth (Mishra et al., 2010). The direct

mechanism involved in enhancing the plant growth

is by producing plant hormones like Indole Acetic

Acid (IAA) and Gibberellic Acid (GA), and provides

nutrients to the host plant by producing siderophores,

phosphate solubilization and fixes atmospheric

nitrogen (Mahalakshmi and Reetha, 2009). The indirect

mechanism involves the production of antibiotics, lytic

enzymes, hydrogen cyanide and catalase which acts as a

biological control of plant pathogens and microbes.

Interaction of beneficial microbes and plant are

the primary determinants for plant health and soil

fertility. Mostly 2 - 5% of rhizospheric bacteria are

PGPR. Spore forming bacteria like Bacillus were more

efficient PGPR compared with non spore forming

bacteria like Pseudomonas because spores are most

resistant and robust compared with vegetative cells.

Bacillus is most efficient PGPR that enhances the plant

growth by producing a vast variety of substances (Ajay

Kumar et al., 2012).
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Bacillus and Pseudomonas sps are most pre-

dominant colonies in the rhizosphere, suppresses the

plant pathogens by producing antifungal compounds.

PGPR and their application to reduce the usage of

chemical fertilizers and pesticides and achieve

sustainable crop yield in agriculture and horticulture.

PGPR also induces the Induced systemic resistance

(ISR) in host plant and reduces the incidence of disease

severity in host plants against pathogens. It is called as

rhizobacteria mediated Induced Systemic Resistance

(ISR) (Kumar et al., 2011).

Materials and methods

Isolation and identification of rhizosperic bacteria

Soil samples were collected in and around

Bangalore, India. Samples were placed in plastic bags

and stored at -4C. Soil samples (10g) were taken into

250 ml conical flask, to that 90 ml of distilled water

was added and kept in a rotary shaker for 15min.

1ml of soil suspension was serially diluted up to

10 -8 dilutions. 0.1ml of sample was spread on nutrient

agar plates and incubated at 37C for 24hr. Experi-

ment was carried out thrice to get a pure culture.

The colonies were identified by performing Gram’s
staining and biochemical tests like indole, MR-VP,

Starch, Citrate, Gelatin. The colonies were identified on

the basis of Bergey’s manual of systematic Bacteriology

(Rani, 2012).

Characterization of rhizobacteria for PGPR trait

Detection of Phosphate solubilization

Phosphate solubilization by bacterial isolates was

detected in Pikovskaya’s broth (Pikovskaya, 1948).

Bacterial isolates were inoculated into Pikovskaya’s
broth and incubated in a rotary shaker for 5days at

37C and observed the solubilization.

Detection of organic acid production

Organic acid production was detected by ino-

culating test bacterial culture in minimal salt medium

(MM9 broth) for 2 to 3days at 37C. Appearance

of pink color in the medium indicates organic acid

formation using methyl red as an indicator (Trivedi

et al., 2013).

Detection of Ammonia production

Bacterial isolates were tested for ammonia

production in peptone water as described by Ajay

Kumar et al. (2012). Fresh bacterial culture was

inoculated in to peptone water and incubated for 2 to 3

days at 37C. After incubation 0.5 ml of Nessler’s
reagent was added and observed the development of

yellow color indicates the ammonia production.

Hydrogen cyanide production (HCN)

Bacterial culture was tested for HCN production

by the methodology described by Castric (1975). Test

culture was inoculated in nutrient broth embedded

with 4.4g of glycine and whattmann filter paper soaked

in 2% sodium carbonate and 0.5ml of picric acid

solution and kept at the top of the test tube. Tubes

were incubated for 2 to 3 days at 37C and observed the

formation of orange to red color indicating the HCN

production.

Catalase activity

48 hr old test bacterial culture was placed on a

clean glass slide and 3% of H2O2 was dropped and

mixed with tooth pick. Observation of bubble formation

indicates the positive test for catalase (Ajay Kumar

et al., 2012).

Heavy metal tolerance

Heavy metal tolerance by bacterial strains was

detected by agar dilution method. Freshly prepared

agar plates embedded with different heavy metals like

Co, Zn and lead of 100µg/ml were inoculated with

overnight grown cultures. Tolerance was observed by

the  appearance  of the bacterial growth on the plates

after the incubation at 37C for 24 to 48 hrs (Yogendra

et al., 2013).
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Detection of Siderophore production

Siderophore production by bacterial isolates

was detected by inoculating into succinate medium

embedded with 1% glucose (Trivedi et al., 2013).

Test culture was inoculated into succinate medium

containing K2HPO4 6g, KH2PO4 3g, MgSO4 0.2g and

Ammonium sulphate 1g, succinic acid 4g (per liter),

pH was adjusted to 7.0 and incubated in a rotary shaker

for 2 - 3 days at 37C. After incubation the broth was

centrifuged at 10000 rpm for 10min. Supernatant

was collected and tested for siderophore production

by using chemical assay as per Schwyn and Neilands

(1987).

Quantitative estimation of siderophore was

detected by Payne (1994). 0.5ml of supernatant was

collected and 0.5ml CAS dye reagent was added and

absorbance was read at 630nm. Uninoculated medium

was taken as reference. Percentage of decolorization

was calculated by the formula :

% of decolorization = Ar - As ÷ Ar x 100

Ar - Absorbance of reference

As - Absorbance of sample

Detection of IAA production

IAA produced by bacteria was detected by a

method described by Loper and Scroth (1986). Loop

full of bacterial culture was inoculated in the nutrient

broth embedded with 0.1% of tryptophan and

incubated in a rotary shaker at 37C for 2 to 3 days.

After incubation nutrient medium was centrifuged at

10000 rpm for 10min. Supernatant was collected and

IAA was detected colorimetrically.

Colorimetric assay of IAA

1 ml of filtrate was taken and to that a few drops

of orthophosphoric acid and 4ml of Salwaski’s reagent
was added and kept it for 30min. Appearance of

pink color indicated the presence of IAA and

absorbance was read at 530nm (Gordon and Weber,

1951). Estimation of IAA was calculated by using a

standard curve and expressed in mg/ml over control.

Extraction of IAA

After 72 hr of incubation of bacterial isolates in

nutrient medium having tryptophan was centrifuged

at 10000 rpm for 10mins. The supernatant was collected

and acidified with 1N HCl to bring the pH to 2.0 - 3.0.

Ethyl acetate was added to the broth in 3:1 ratio for the

extraction of sample. The organic phase was collected

and the extraction was repeated thrice. The organic

layer was allowed to dry and diluted with 0.5ml

methanol or ethanol (Monita et al., 2014).

Purification and detection of IAA

The diluted solution was allowed to run TLC

plate coated with silica gel by using mobile phase

isopropanol : ammonia : water (V/V) in the ratio 16: 3:

1 (Monita et al., 2014). Standard IAA was taken in

the concentration 1mg/ml. The spots were developed

and observed under 256 and 360nm UV light and the

Rf value was calculated. IAA in the sample was

detected by using high performance liquid chromate-

graphy (HPLC) with standard IAA. Amount of IAA

present in the sample was calculated by using the

formula :Sample areaStandard area × dilutionSample amount × Standard amountdilution
Extraction and detection of Gibberellic acid (GA)

Bacterial cultures were inoculated in peptone

water and incubated at 37C for 72 hr. Culture was

centrifuged at 10000 rpm for 10 min. After centri-

fugation supernatant was collected and acidified with

1N HCl to bring the pH to 2.0 to 3.0. Ethyl acetate

was added to the broth (V/V) in the ratio of 2 : 1. The

organic layer was collected and repeated thrice for

the extraction of sample and allowed it for drying. It

was diluted with 0.5ml of methanol or ethanol (Bilkay

et al., 2010). GA was detected by Spectrophotometrically
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and HPLC using the standard GA. The estimation of

GA was carried out by using the formula :Sample areaStandard area × dilutionSample amount × Standard amountdilution
Salinity tolerance

To observe the salinity tolerance bacterial culture

was inoculated in nutrient agar plates supplemented

with different concentrations of NaCl ranging from

0.25 to 5% and incubated at 37C for 24 to 48hr.

Salinity tolerance was observed by the growth of the

test culture (Damodaran et al., 2013).

Results and discussion

Out of 28 colonies the most predominant single

colony was selected and further biochemical and

morphological characterization was carried out.

Morphological characters like Gram’s nature, colony
characteristics and biochemical tests like indole,

MR-VP, Cimmon’s citrate, starch, gelatin are recorded

in Table 1 and identified as Bacillus sp. using Bergey’s
manual. The Bacillus was further screened for PGPR

traits like IAA, phosphate solubilization, siderophore,

Ammonia, HCN, organic acid, catalase production

and salinity and heavy metal tolerance.

Bacillus sp. showed clear solubilization in the

Pikovskaya’s broth. It has the ability to solubilize tri-
calcium phosphate in the medium. Han et al. (2011)

also reported that Bacillus megaterium exposed to

nutrient limited soils (rock P) increases the nutrient

availability and uptake and increases the plant growth

in pepper and cucumber. Phosphorus (P) is the second

most nutrient available in the soil as inorganic form.

The plant absorbs inorganic form. Phosphate solubilizing

bacteria (PSB) solubilize organic form into inorganic

form by synthesizing phosphatases (Ahemad and

Kibret, 2014).

Bacillus Sp. produce organic acids and confirmed

by observing the pink color in the MM9 medium after

addition of the methyl red indicator. The same results

were found by Bharucha et al. (2013) by screening

PGPR traits from rhizospheric soils of Alfa Alfa.

Organic acids like citric acid, formic acid and oxalic

acid are the elements which are involved in metabolic

pathways and enhance plant growth.

A
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e

Retention time

Table – 1. Biochemical tests for Bacillus sp.

Characteristics Bacillus
Gram staining +
Spore +
Shape Rods
Indole -
MR -
VP +
Citrate +
Starch +
Gelatinase +

Retention time (RT)
Fig.-2. HPLC Spectrum for IAA produced

by Bacillus
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e

Retention time (RT)
Fig.-1. HPLC Spectrum for Standard IAA
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Bacillus sp. produced ammonia was confirmed

by yellow colouration by addition of Nessler’s reagent.
Similar results were reported by Ajay Kumar et al.

(2012). Ammonia indirectly promotes plant growth by

alleviating soil pH and inhibits growth of certain fungi

(Geeta et al., 2014).

Bacillus sp. produces HCN, the orange to red

color in the medium confirms the presence of HCN.

Kumar and Shruthi (2013) reported that Bacillus

produces HCN from rhizospheric soils of Lycopersicum

esculentum. HCN is a secondary volatile compound

produced by bacteria which acts like a biological weed

control agent (Sahran and Neha, 2011). Bacillus

produces catalase enzyme after addition of 3% H2O2

the bubble formation was observed. Rhizobacteria

produce catalase, which removes hydrogen peroxide

(H2O2) from the cells.

Bacillus sp. showed heavy metal tolerance by

observing the growth on the plates. Tolerance

against heavy metals like Pb and Zn at 100µg/ml was

observed. Yogendra singh et al. (2013) also reported

that Pseudomonas exhibited heavy metal resistance

and promoted plant growth.

In CAS medium Bacillus sp. produced orange

color indicating siderophore production (Fig.-1).

Bacillus showed 50% of decolorization. Goswami et al.

(2015) reported that Paenibacillus mucilaginous plant

growth rhizobacteria produces siderophores. Iron is a

vital nutrient for both plants and microbes.

Siderophores are the low molecular and water soluble

compound which is produced by bacteria chelates Fe3+

into Fe2+ and makes available to plants.

Bacillus sp. showed positive for IAA production

using tryptophan as a precursor and the development

of pink color after addition of Salwaski reagent.

IAA was extracted and purified on TLC plate and

observed the spot under UV. Rf value for sample

Fig.- 3. Gibberellic acid Spectrum of Bacillus
and Standard

Retention time (RT)
Fig.- 4. HPLC Spectrum of Gibberellic acid

standard
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Fig.- 5. HPLC Spectrum of Gibberellic acid

produced by Bacillus
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IAA was 1.04 compared with the standard IAA Rf

value of 1.04. IAA was detected by HPLC by taking

standard IAA at absorption 254nm. The peak obtained

for Standard IAA was 1.987 and sample IAA was

2.050 (Fig.-1 and 2). The concentration of IAA in the

sample was 6.57µg/mL. IAA is a Phyto hormone and

is considered as native auxin. It is a signal molecule for

plant development, stimulates root growth, and modifies

root architecture, increases water absorption and water

holding capacity (Martinez et al., 2010). IAA increases

the lateral and adventitious roots and loosens the plant

cell wall and releases the plant exudates that provide

nutrition for rhizosperic microbes (Ahemad and Kibret,

2014). The results were supported by Swain et al.

(2007) who reported that a positive effect of IAA

produced by B. subtillis on edible tubercle Dioscorea

rotundata L increases the length of root and stem,

fresh weight of root and stem. Chakraborty et al.

(2006) also reported that B. megaterium isolated from

tea plant rhizospheric soils produces IAA and increases

the plant growth. Bacillus produced the gibberillic

acid (GA) and it was detected through spectrophoto

metrically shown in Figure 3 and further confirmed

with HPLC at absorption of 254 nm when compared

with the standard. Through HPLC Bacillus produced

14.03 mg/ml of GA and the spectrum was shown in

Fig.- 4 and 5. Calvo et al. (2014) also reported that

Bacillus and Pseudomonas produce GA and helps in

plant development. GA is a phytohormone which

involved in cell division and cell elongation. It is

essential for all plant developmental stages like stem

and root initiation, seed germination and floral

development.

Bacillus sp. showed salinity tolerance was

observed by growth on the plates having NaCl

concentration of 0.25, 2.5 and 3.75mg/L respectively.

Rezaei et al. (2015) also reported that the effect of

PGPR on Nigella leaves under salinity stress increases

the leaf area, biomass and chlorophyll content.

Conclusion

Bacillus sp. produce phyto hormones like IAA

and GA, increases uptake of nutrients like phosphate

and iron by siderophore production and produces

ammonia. It protects cell from oxidative damage

by producing catalase enzyme. It acts as a biocontrol

agent by producing HCN. The Bacillus sp exhibited

tolerance against heavy metal and salinity. Thus,

Bacillus was considered as a potential PGPR trait

which enhances the plant growth. Bacillus can be

recommended as  one of the potential bio fertilizers to

the farmers instead of chemical fertilizers.
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