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Abstract The current study was conducted to explore the

potential of a phosphate solubilizing soil bacterium,

Bacillus megaterium mj1212 for enhancing the growth of

mustard plants. The newly isolated bacterial strain mj1212

was identified as B. megaterium using phylogenetic ana-

lysis and, its phosphate solubilization ability was shown by

the clear zone formation on National Botanical Research

Institute’s Phosphate medium. Moreover, the phosphate

solubilization ability of B. megaterium mj1212 was

enhanced by optimal culture conditions at pH 7.0 and

35 �C which might be due to the presence of malic and

quinic acid in the culture medium. The beneficial effect of

B. megaterium mj1212 in mustard plants was determined

by an increasing shoot length, root length and fresh weight

of plants. In the biochemical analysis revealed that chlo-

rophyll, sucrose, glucose, fructose and amino acids (Asp,

Thr, Ser, Glu, Gly, Ala, Cys, Val, Met, Ilu, Leu, Tyr, Phe,

Lys, His, Arg and Pro) were higher in B. megaterium

mj1212 treated plants, when compared to their control. The

result of present study suggests that B. megaterium mj1212

treatment could be act as phosphate biofertilizer to improve

the plant growth.
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Introduction

Phosphorus is a component of nucleic acids, phospholipids

and ATP, involves in the regulation of various metabolic

pathways in plants [1]. Plants can directly absorb phos-

phate from soil through root transporters; it is limited at

low levels of available phosphate in rhizosphere [2]. Thus,

the phosphate is additionally added to soil as fertilizers, but

the frequent use of chemical fertilizers affects the soil

nature and living organisms, which there is a need for

alternative sources insert of chemical [3]. Some of the

rhizobacteria are recognized as biofertilizers and it may be

a potential alternative to chemical fertilizers [4]. The

application of nitrogen fixing and phosphate solubilizing

microorganisms promotes the uptake of plant nutrients and

reduces the need of chemical fertilizers [5]. Rhizospheric

bacteria are one of the promising agents of phosphate

solubilizing microorganisms and their efficiency to plant

growth promotion is well documented by several

researchers [6]. Phosphate solubilizing bacteria secrete acid

phosphatases and phytases, which are helpful to convert an

insoluble form of phosphate into a soluble form that can be

possibly taken up by the roots [7]. The production of

organic acid by soil microbes is one of the known mech-

anisms responsible for phosphate solubilization [8]. Some

of the bacteria belonging to Bacillus, Burkholderia,
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Enterobacter, Klebsiella, Kluyvera, Streptomyces, Pantoea

and Pseudomonas genera, have been identified as phos-

phate solubilizing bacteria and widely investigated on crop

plants to improve the crop yield [4].

In our previous study, we found Acinetobacter calco-

aceticus promoted the plant growth by secretion of gib-

berellin and phosphate solubilization [9]. The current study

was focused to elucidate the effect of Bacillus megaterium

in mustard plants growth. B. megaterium is a gram positive

and rod shaped bacterium, and produces endospores, plant

growth promoting substances and inhibitory molecules

[10]. Phosphate solubilization ability of B. megaterium was

reported by several researcher [11], but optimal conditions

for efficient phosphate solubilization of B. megaterium is

still lacking. The mustard plants are grown in tropical and

sub-tropical regions of the world and their seeds are used as

a spice and to extract oil. The reports of B. megaterium

induced growth promotion of mustard plants and their

effects on photosynthetic pigments, carbohydrate and

amino acid content are not available. The objectives of this

study were to investigate the culture conditions for opti-

mizing phosphate solubilizing capacity of B. megaterium

mj1212 isolated from the soil and to evaluate their role on

plant growth performance by determining chlorophyll,

sugars and amino acids contents in mustard plants.

Materials and Methods

Isolation, Identification and Phylogenetic Analysis

of B. magaterium mj1212

The rhizospheric soil samples from lettuces were collected

from 10 cm depth of upper soil surface in a greenhouse

located at Geongbuk Province, Republic of Korea. About

10 g soil was transferred to 250 ml flasks containing

100 ml sterile 0.85 % saline solution. The soil suspensions

were serially diluted and 0.1 ml aliquots were inoculated

on tryptic soy/agar (TSA; Merck Co., Germany) medium

for bacterial culture and incubated for 48 h at 30 �C. The

bacterial colonies were differentiated by their morphology

and pigmentation and, the re-isolated colonies were sepa-

rately cultured on fresh TSA medium. For long-term

preservation, bacterial isolates were stored in 50 % glyc-

erol at -80 �C.

In this study, the plant growth promoting soil bacterium

mj1212 was isolated from rhizosphere soil and was iden-

tified by molecular phylogenetic analysis carried out on

mj1212 after DNA extraction and subsequent sequencing

of the 16S rDNA was performed as previously described by

Kang et al. [9]. The isolated bacterial strain was identified

on the basis of partial 16S ribosomal DNA (rDNA)

sequence. The genomic DNA of bacterial strain was

isolated and almost complete 16S rDNA was amplified

using the 27F primer (50-AGAGTTTGATC(AC)TGGCT

CAG-30) and 1492R primer (50-CGG (CT) TACCTTGT

TACGACTT-30), which were complementary to the 50 end

and 30 end of the prokaryotic 16S rDNA, respectively. The

BLAST search program (http://www.ncbi.nlm.nih.gov/

BLAST/) was used to compare the nucleotide sequence

homology of this bacterial isolate. The selected sequences

of various bacterial strains were analyzed by BLAST,

presenting the highest sequence homology proportion,

query coverage, and the lowest E values. The closely

related sequences were aligned by ClustalW using MEGA

version 5.0 software, and the neighbor-joining tree was

generated using same software. Bootstrap replication

(1,000 replications) was used for a statistical support for

the nodes in phylogenetic tree. The sequence of other

genera (Pseudomonas putida) was also used to determine

the actual relationship among participating candidates in

the group.

Phosphate Solubilization and Organic Acids Production

Capacity of B. megaterium mj1212

B. megaterium mj1212 was inoculated on 0.5 % National

Botanical Research Institute’s Phosphate media containing

plates and flasks, and incubated for 4 days at 30 �C. The

bacterial isolate formed the clarification halos on plates,

which indicated phosphate solubilization and it was con-

firmed by testing the changes of pH in broth culture

medium on daily basis [12]. To determine the organic acids

production in culture medium, B. megaterium mj1212 was

inoculated into tricalcium phosphate medium (pH 7.0) and

cultured at 35 �C, and filtreted through 0.22 lm Millipore

filter and 10 ll of filtrates were injected to High Perfor-

mance Liquid Chromatography (Model: Waters 600E)

equipped with a Refractive Index Detector (Model: Waters

410) and RSpak KC-811 column (8.0 9 300 mm) at

40 �C. The mobile phase was 0.1 % H3PO4 in H2O at

1.0 ml/min. The malic and quinic acid were quantified by

values of respective standard peaks.

Plant Growth Promoting Effect of B. megaterium

mj1212

Mustard seeds (Brassica juncea L.) were purchased from

the Kyoungshin Seed Company and surface sterilized with

NaOCl (5 %) and washed by autoclaved distilled water.

The sterilized seeds were sown in autoclaved plastic pots

containing soil in a green house at 30 ± 2 8C. The isolated

bacterial strain B. megaterium mj1212 was inoculated on

tryptic soy broth for bacterial culture and incubated for

48 h at 30 �C. Five milliliters of 3 days old B. megaterium

mj1212 culture (108 cfu/ml) was applied to pots containing
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2 weeks old mustard plants. The shoot length, root length,

and fresh weight were measured and, chlorophyll (by

Chlorophyll Meter, Minolta Co., Ltd, Japan), content was

analysed at 14 days (before bacterial inoculation), 21 days

and 27 days (after bacterial inoculation) old plants.

Carbohydrate and Amino Acid Content in Mustard

Plants

The sugar content such as fructose, glucose and sucrose

were detected and quantified according to the method fol-

lowed by Hinesley et al. [13]. Leaf samples were homog-

enized with liquid nitrogen and soluble sugars were

extracted with 80 % (v/v) aqueous ethanol for three times.

The supernatants were combined, and the ethanol was

evaporated under vacuum. The residues were dissolved in

water and the filtrate (10 ml) was injected to HPLC Waters

system (Millipore Corp., Waters Chromatography, Milford,

MA, USA) comprising sugar-pak column (300 mm, a

model 600 controller) and, the sugar signals were detected

by Waters 410 refractive index detector. The de-ionized

water (50 mg Ca-EDTA/1L water) was used as mobile

phase and flow rate was 0.5 ml/min at 90 �C. Fructose,

glucose, and sucrose were quantified on the basis of peak

areas and comparison with a calibration curve obtained

with the corresponding standards. The amino acid com-

position of mustard plants was determined with an amino

acid analyzer (L-8900, Hitachi, Japan) after hydrolysis of

50 mg sample with 0.02 N HCl at 110 �C for 24 h. The

Asp, Thr, Ser, Glu, Gly, Ala, Cys, Val, Met, Ile, Leu, Tyr,

Phe, Lys, His, Arg and Pro content were quantified by

standard peak values.

Statistical Analysis

The experiment was arranged in a randomized block design

and statistical analysis was performed using sigma plot

software. The mean values were compared by Duncan’s

multiple range test at p B 0.05.

Results and Discussion

Phosphate Solubilizing Ability of Bacterial Isolate

mj1212

Rhizospheric soil microorganisms influence crop produc-

tivity in agricultural field by enhancing root growth and

improving the nutrient availability in soil [14]. Numerous

soil living rhizobacteria were identified their role on plant

growth [4, 6]. In current study, the plant growth promoting

bacterial isolate mj1212 sequence is accurately matched

with B. megaterium (Fig. 1). The sequence of mj1212 was

submitted to NCBI GenBank and was assigned Accession

No. KJ451626. The result of phylogenetic analysis

revealed that bacterial isolate mj1212 was identified as B.

megaterium on the basis of sequence similarity.

The characteristics of plant growth promoting bacteria

are analysed by phosphate solubilization and secretion of

plant growth promoting substances. The phosphate solu-

bilizing ability of B. megaterium mj1212 was tested on

plates containing phosphate (NBRIP) medium (Fig. 2). The

bacterial medium pH was gradually declined and the clear

zone (which indicated phosphate solubilization in the

medium) was significantly increased by B. megaterium

Fig. 1 Identification of bacterial isolate mj1212 by phylogenetic analysis. The analysis was carried out by using MEGA5 software
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mj1212 during culture up to 96 days. Sandeep et al. [15]

also found the several B. megaterium strains isolated from

the various agroclimatic soils of Karnataka were effec-

tively solubilized the insoluble phosphate in the culture

medium. The presence of greater quantity of malic acid

(*400 ng/ml) and quinic acid (*1,000 ng/ml) in the

culture medium might be a supporting evidence of phos-

phate solubilization potential of B. megaterium mj1212

(Fig. 3). The organic acids have chelating properties [16]

and additional supplementation of organic acids to soil

enhances the plant phosphorus uptake [17]. Phosphate

solubilizing B. megaterium mj1212 treatment could be

support the plant growth promotion by their potential of

production of organic acids.
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Beneficial Effect of B. megaterium mj1212 on Plant

Growth

The mustard plants were grown in a greenhouse for

evaluating the plant growth promoting effect of B.

megaterium mj1212. The bacteria uninoculated plants

showed low rate of plant growth, while B. megaterium

mj1212 inoculation significantly increased the shoot

length, root length and fresh weight of mustard plants

(Table 1). Ortiz-Castro et al. [18] reported that the ben-

eficial effect of B. megaterium on plant growth of

Arabidopsis thaliana and Phaseolus vulgaris and showed

the bacteria induced root growth enhancement. The pho-

tosynthetic pigment, chlorophyll content was also

enhanced in plants treated with B. megaterium mj1212.

The effect of B. megaterium on chlorophyll content was

documented by Marulanda-Aguirre et al. [19], who

observed an increased level of chlorophyll content in

Lactuca sativa inoculated with B. megaterium. The higher

level of chlorophyll content in B. megaterium treated

plants when compared to their control could be indicating

the positive interaction of B. megaterium. The bacterial

interaction might trigger the chlorophyll related enzymes

for chlorophyll synthesis and leads to increase the pho-

tosynthesis. Moreover, plant-bacterial interaction alters

the carbohydrate metabolisms of plants. Sugars such as

sucrose, glucose and fructose content were elevated in B.

megaterium mj1212 applied plants (Fig. 4). The mono

and disaccharides are major source of energy for all living

organisms. The soil living bacteria help to plants in var-

ious ways including nutrient and water uptake from the

soil. It activates various metabolic pathways to sucrose,

glucose and fructose synthesis. In this study confirmed

that the phosphate solubilizing B. megaterium mj1212

enhanced the photosynthetic pigments and subsequent

process such as carbohydrate synthesis would be a reason

for plant growth improvement.

In addition, the amino acids were analyzed to determine

the beneficial effects of phosphate solubilizing B. mega-

terium mj1212 and the results of this analysis revealed that

B. megaterium mj1212 significantly influenced the amino

acids by enhancing Asp, Thr, Ser, Glu, Ala, Val, Met, Ilu,

Leu, Tyr, Phe, Lys, His, Arg and Pro content in mustard

plants (Fig. 5). The uptake of nitrogen by plants in the form

of amino acids has been determined as a widespread eco-

logical phenomenon [20]. The microbial colonization in

plants strongly influences amino acid uptake [21]. The

rhizobacteria help to fix the atmospheric nitrogen in soil.

The number of amino acid transporters have been identified

in plants, which confirms that plants have require

machinery for amino acids transport from soil into their

roots [22]. However, soil bacteria induced amino acid

changes were reported as scare. The B. megaterium mj1212

might produce the amino acids or fixes nitrogen to improve

the mustard plant growth. In our previous experiment, we

found A. calcoaceticus inoculation implicated on amino

acids enhancement in cucumber plants [23]. In this study,

Glu content was abundantly increased due to the B.

megaterium mj1212 interaction. The plant growth benefi-

cial bacterium B. megaterium mj1212 positively interacted

with mustard plants and regulated the amino acid metab-

olism to promote the plant growth.

Sucrose

So
lu

bl
e 

su
ga

r 
co

nt
en

t (
µg

/g
 D

.W
.)

0

200

400

600

800

1000

Control
MJ1212

Glucose Fructose

a

a
a

b b
b

Fig. 4 Influence of B.

megaterium mj1212 on soluble

sugar content in mustard leaves

Indian J Microbiol (Oct–Dec 2014) 54(4):427–433 431

123



Conclusion

The results of current study have shown that B. megaterium

mj1212 isolated from the rhizosphere soil have potential as

a plant growth promoter to enhance the growth of mustard

plant. Increase in growth was associated with organic acid

production and phosphate solubilization capacity of B.

megaterium mj1212. The bacterial interaction alters the

biochemical pathways in plants by enhancing chlorophyll,

glucose, fructose, sucrose and amino acids. The application

of plant growth promoting rhizobacterium, B. megaterium

mj1212 to soil could act as a bio-fertilizer for increasing

plant growth and yield.
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