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Abstract: A total of 47 Bacillus isolates were recovered during the year 2009 from the rhizosphere soils of six
different physiographic regions of Maharashtra. The cells of all Bacillus isolates were rod shaped, motile and
gram positive in reaction. On the basis of cell arrangement, three distinct groups of isolates were formed and
these were: 28 of the Bacillus isolates were single celled, 12 with cells in chain and 4 with cells in pairs. A wide
variation was observed in cell size varying from 1.0 to 2.5 x 2.8 to 10.0 µm among the Bacillus isolates. Out of
47 Bacillus isolates, colonies of 26 isolates were raised and 21 with convex elevation and later aged cultures
produced pink, yellow to brown pigmentation on nutrient agar medium. As regards biochemical characters, all
the 47 Bacillus isolates were positive for starch hydrolysis, gelatin liquefaction and catalase test, but were
negative for H S production, KOH and oxidase test. Regarding utilization of different carbon sources; fructose,2

glucose and maltose were used as a sole carbon source for growth by all the Bacillus isolates, while mannitol
and citrate showed negative result. Based on the morphological, cultural, biochemical and physiological
characterization, 47 isolates were identified as Bacillus megaterium.  All  the  47  isolates  were  positive  for
P solubilization on Pikovskaya’s agar. The diameter of the zone of P solubilization ranged from 5 mm (PSB-59)
to 14 mm (PSB-15). The studies on quantitative estimation of Pi released in Pikovskaya’s broth showed that the
isolates released 2.06 to 52.38 % Pi from TCP after 10 days of incubation. The isolate PSB-15 recorded
significantly highest P-solubilization (52.38%) followed by PSB-41, PSB-100, PSB-72, PSB-33 and PSB-119 with
39.74, 29.72, 26.14, 23.40 and 22.56 % Pi released, respectively and were significantly superior to MPKV strain
PSB-BNF (19.29%). At 10 days of incubation, PSB-15 recorded significant reduction in pH (pH 3.48) followed
by PSB-79, PSB-100 and PSB-11 isolates which reduced the pH of the medium to 4.09, 4.10 and 4.11,
respectively. The decrease in pH of the medium with the amount of Pi released had highly significant positive
correlation (r = +0.781**). The population of Bacillus isolates varied significantly with cropping system across
the regions. Based on the phosphate solubilizing ability, the highly efficient eight Bacillus isolates were further
studied for their genetic variability by employing RAPD-PCR technique. On the basis of UPGMA clustering
analysis, Bacillus isolates were classified into four broad clusters. The clustering formed among the Bacillus
isolates could be due to domestication of the isolates in different agro-ecological regions as well as their
phosphate solubilizing ability.
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INTRODUCTION in a range of processes that affect the transformation of

Phosphorus is one of the major plant nutrients, In particular, soil microorganisms are effective in releasing
second only to nitrogen in requirement and is applied to P from inorganic and organic pools of total soil P through
soil in the form of phosphatic fertilizers. However, a large solubilization and mineralization [2]. Recently, phosphate
portion of soluble inorganic phosphate applied to the soil solubilizing microorganisms have attracted the attention
as chemical fertilizer is immobilized rapidly and becomes of agriculturist as soil inoculums to improve the plant
unavailable to the plants [1]. Microorganisms are involved growth and yield [3, 4]. Several mechanisms like lowering

soil P and are thus an integral part  of  the  soil  P  cycle.



Average plate count x Dilution factorViable cell count (CFU/g soil) =
Dry weight of soil
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of pH by acid production, ion chelation and exchange Phosphate Solubilizing Ability of the Bacterial Isolates:
reactions in the growth environment have been reported The ability of the bacterial isolates to solubilize insoluble
to play a role in phosphate solubilization by phosphate inorganic phosphate was tested by spotting 10 µl
solubilizing bacteria [5]. In view of this, the present overnight cultures on Pikovskaya’s agar plates and
investigation was planned to isolate and characterize the incubating at 28-30°C for 2-3 days. The isolates which
phosphate solubilizing bacteria from rhizosphere soils of showed clear zone of solubilization of tricalcium
six different physiographic regions of Maharashtra and phosphate (TCP) around the colony were noted as
study their functional diversity with respect to their role phosphate solubilizers. The diameter of the zone of TCP
for soil functioning and also the molecular diversity of solubilization was measured and expressed in millimeters.
some selected isolates with beneficial traits.

MATERIALS AND METHODS Phosphate for Bacterial Isolates: The bacterial isolates

Soil Sampling and Isolation of Phosphate Solubilizing were subjected to quantification of Pi released from TCP
Bacteria: A total of 150 rhizosphere soil samples (0-15 cm in broth medium. The Erlenmeyer flasks containing 50 ml
depth) were collected by using GPS technique as per the Pikovskaya’s broth [10] were inoculated with 500 µl
soil series [6] from six different physiographic regions of overnight culture of each isolate in two replicates and
Maharashtra viz., Western Konkan Coast, Western Ghats incubated for 10 days at 28±2°C. The amount of Pi
(Sahyadris), Western Maharashtra, North Maharashtra, released in the broth was estimated at 10 days of
Marathwada and Vidarbha. The isolation of phosphate incubation in comparison with the uninoculated control.
solubilizing bacteria was carried out on Pikovskaya’s agar The reduction in pH of the broth from the initially
medium by serial dilution of soil and agar plating method adjusted pH of 7.0 was also noted after 10 days of
[7]. incubation so as to monitor the amount of acidity

Population Dynamics Study: The population of The TCP broth cultures were spun at 10,000 rpm for 10
phosphate solubilizing bacteria was estimated by minutes to separate the cells and insoluble phosphate and
counting the number of colonies of the respective the available P content of the supernatant was estimated
organisms per plate by a colony counter and computing by using phosphomolybdic blue  colour  method  [11].
the average number of particular group of microorganisms The reduction in pH of TCP broth from initially adjusted
per gram of soil by using the following formula [8]: pH of 7.0 was also noted after 10 days of incubation so as

the Pi released.

Morphological Characterization: All the phosphate Genetic Diversity: Genetic diversity and polymorphism
solubilizing bacterial isolates were examined for their cell among the selected Bacillus megaterium isolates along
morphology (cell shape, cell size and cell arrangement) with the standard MPKV strain PSB-BNF was analyzed by
using the trinocular microscope along with  image employing RAPD-PCR technique. The genomic DNA of
analysis software DigiPro  4.0, colony morphology eight selected Bacillus megaterium isolates along withTM

(colony growth, form, margin, elevation, appearance and MPKV strain PSB-BNF was isolated [12].
pigmentation) and gram reaction as per the standard
procedure [9]. The cell motility test was performed using Genomic DNA Extraction: The bacterial isolates were
cavity slide by hanging drop technique. grown in LB broth for 24 hrs. 1.5 ml bacterial culture was

Biochemical  and    Physiological    Characterization: for 2 min. This procedure was repeated for six times. The
The isolates were subjected to biochemical supernatant was discarded and the cell pellets dissolved
characterization  by  employing  different biochemical in 500 µl of extraction buffer (2% sarcosyl in T E ). After
tests viz., starch hydrolysis, H S production, gelatin that 10 µl of RNase A and 5 µl of Protease K were added2

liquefaction, catalase test and oxidase test as per the per sample. The samples were incubated in water bath at
standard procedure [9]. Further the isolates were tested 50°C for 60 min. Each sample was vortex for 1-2 min. After
for utilization of different carbon sources viz., fructose, that equal volume of Tris-HCl saturated phenol (pH 8.0)
glucose, maltose, mannitol and citrate. was  added  and  centrifuged   at   12000   rpm  for  10  min.

Quantitative Estimation of Pi Released from Tricalcium

positive for P solubilization on Pikovskaya’s agar medium

produced and study its correlation with the Pi released.

to monitor the change in pH and study its correlation with

taken in micro centrifuge tube, centrifuged at 12000 rpm

50 20



Total number of polymorphic bandsPer cent polymorphism =  x 100 
Total number of bands
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The upper face was collected in new micro centrifuge RESULTS AND DISCUSSION
tube. To that tube equal volume of chloroform was added
and centrifuged at 12000 rpm for 10 min. and the upper Isolation: A total of 47 Bacillus isolates were obtained
face was collected. To the upper face 0.7 volume of chilled from 150 rhizospheric soil samples collected from six
isopropanol was added and mix thoroughly and kept in different physiographic regions of Maharashtra viz.,
deep freezer at -20°C for overnight and centrifuged at Western Konkan Coast, Western Ghats (Sahyadris),
12000 rpm for 15 min. at 4°C. The supernatant was Western Maharashtra, North Maharashtra, Marathwada
discarded and 250 µl 70% chilled ethanol was added and and Vidarbha.
centrifuged at 12000 rpm for 5 min. The supernatant was
discarded. The DNA pellet was dried and resuspended in Morphological Characterization: The data on variation in
100 µl of TE buffer. colony and cell morphology of Bacillus isolates is

RAPD Amplification: Twenty five RAPD primers (RBA-1 of 26 isolates were raised and 21 with convex elevation
to RBA-25) were used in this study. RAPD-PCR reaction and later aged cultures produced pink, yellow to brown
mixture (20 µl) contained 2.0 µl Taq Buffer B (1X without pigmentation on nutrient agar medium. The cells of all
MgCl ), 1.6 µl MgCl  (2.0 mM), 1.6 µl dNTP mix (0.2 mM), Bacillus isolates were rod shaped, motile and gram2 2

0.33  µl   Taq   DNA  polymerase  (1  Unit), 1.0  µl  primer positive in reaction. On the basis of cell arrangement,
(1 picomoles/µl), 1.0 µl template DNA (20 ng/µl) and 12.47 three distinct groups of isolates were formed and these
µl of sterilized milli Q water. PCR reactions  were were: 28 of the Bacillus isolates were single celled, 12 with
performed in PCR thermal cycler (Eppendorf Mastercycler, cells in chain and 4 with cells in pairs. A wide variation
Germany) with the programme as: initial denaturation of was observed in cell size varying from 1.0 to 2.5 x 2.8 to
94°C for 5 min. followed by 40 cycles of denaturation at 10.0 µm among the Bacillus isolates. These results are in
94°C for 1 min; annealing at 36°C for 1 min; extension at agreement with the results of [17] who reported that on
72°C for 2 min. and final extension at 72°C for 10 min. PCR nutrient agar, the strains of Bacillus megaterium showed
products were resolved in 1.2% agarose gel, stained with growth heaped and nonspreading, glossy or moderately
0.1% ethidium bromide and photographed in gel dull, sometimes slightly rugose; on aging some shade of
documentation system using AlphaEaseFC (FluorChem) yellow to pink; on long incubation, growth and medium
4.0 software. may become brown or black. Moreover, [17] also reported

Data Analysis: The amplification profiles for all the squared ends measuring 0.5 to 2.5 x 10 to 12 µm, motile by
primers were compared with each other and the bands of peritrichous flagella.
DNA fragments were scored as present (1) or absent (0)
generating the binary (0/1) matrices in MS Excel 1997-2003 Biochemical and Physiological Characterization: All the
format. The binary data were analyzed under the 47 Bacillus isolates were tested for their biochemical
SIMQUAL module of NTSYS PC-2.0 [13] using Dice characters viz., starch hydrolysis, H S production, gelatin
Coefficient [14]. SAHN module based on UPGMA liquefaction, catalase test, oxidase test and physiological
clustering method [15] was used to generate a tree characters like utilization  of  different  carbon  sources.
(dendrogram). All the 47 Bacillus isolates were positive for starch

The per cent polymorphism was computed as, hydrolysis, gelatin liquefaction and catalase test, but were

Regarding utilization of different carbon sources;

Statistical Analysis: The statistical analysis of the data mannitol and citrate showed negative result. Taking into
was carried out by employing completely randomized account the morphological, cultural and biochemical
design (CRD). The critical differences were calculated at characteristics, ability of the isolates to utilize various
P=0.01 level of significance for the in-vitro experiments carbon sources for their growth [17], 47 isolates were
wherever F tests were significant [16]. tentatively identified as Bacillus megaterium.

presented in Table 1. Out of 47 Bacillus isolates, colonies

that cells of Bacillus were rods shaped with round or

2

negative for H S production, KOH and oxidase test.2

fructose, glucose and maltose were used as a sole carbon
source for growth by all the Bacillus isolates, while
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Fig. 1: Bacillus isolates showing hallo zone of solubilization of tricalcium phosphate on Pikovskaya’s agar medium

Phosphate Solubilizing Ability of the Bacillus Isolates: 52.38 per cent (Table 2). The isolate PSB-15 recorded
All the 47 Bacillus isolates were tested for their ability to significantly highest P-solubilization (52.38%) followed by
solubilize inorganic phosphate both qualitatively and PSB-41, PSB-100, PSB-72, PSB-33 and PSB-119 with 39.74,
quantitatively and their results are presented in Table 2. 29.72, 26.14, 23.40 and 22.56 % Pi released, respectively
Quick analysis of P-solubilization was carried out on and were significantly superior to MPKV strain PSB-BNF
Pikovskaya’s agar medium. All  the  47  isolates  along (19.29%).  The  isolate   PSB-39  and   PSB-140   had  the
with  MPKV strain  PSB-BNF were able to form zone  of P-solubilizing ability of 22.03% and 20.24% and was
P-solubilization on the medium (Figure 1). The diameter of statistically at par with MPKV strain. Similar results were
the zone of P-solubilization ranged from 5 mm (PSB-59) to reported by [18] who determined phosphate solubilizing
14 mm (PSB-15). efficiency of 45 strains isolated from rhizosphere soil of

Quantitative  Estimation  of Pi  Released  from  TCP: medium containing TCP. Strains B17 and B5, identified as
The amount of Pi released from tri-calcium phosphate by Bacillus sp. and Burkholderia sp., respectively, were the
the Bacillus isolates in Pikovskaya’s broth was estimated most effective, solubilizing 67% and 58.5% of the total P
at 10 days after inoculation. The amount of Pi released (Ca (PO ) ) after 10 days. The present results are
from TCP by the isolates at 10 DAI ranged from 2.06 to comparable to those of earlier workers [19-23].

maize grown in Brazil in a modified Pikovskaya’s liquid

3 4 2
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Table 1. Variation in colony and cell morphology of Bacillus isolates
Sr. No. Colony elevation Colony pigmentation Cell arrangement Isolate No. Average cell size (µm)
1. Raised Pink Single cells PSB-17, PSB-48, PSB-61, PSB-73, 1.2-1.5 x 3.7-7.0

PSB-125, PSB-130, PSB-142
Cells in chain PSB-15, PSB-102 1.3-1.7 x 4.3-8.5

Yellow Single cells PSB-20, PSB-46, PSB-59, PSB-93, 1.1-1.4 x 2.8-6.1
PSB-95, PSB-113, PSB-140

Cells in chain PSB-111, PSB-129 1.7-2.2 x 4.2-8.3
Cells in pairs PSB-33, PSB-79, PSB-144 1.4-1.7 x 5.0-9.4

Brown Single cells PSB-10, PSB-56 1.3-1.6 x 4.7-9.2
Cells in pairs PSB-64, PSB-72, PSB-143 1.0-1.4 x 3.6-7.3

2. Convex Pink Single cells PSB-42, PSB-60 1.3-1.5 x 4.7-9.5
Cells in pairs PSB-119 1.9-2.5 x 7.1-10.0

Yellow Single cells PSB-6, PSB-11, PSB-69, 1.5-1.7 x 4.6-8.4
PSB-81, PSB-148

Cells in chain PSB-50, PSB-68, PSB-83 1.6-1.9 x 5.5-8.9
Brown Single cells PSB-41, PSB-75, PSB-107, 1.1-1.5 x 4.7-8.2

PSB-109, PSB-132,
Cells in chain PSB-39, PSB-78, PSB-100, 1.3-1.6 x 5.7-8.8

PSB-106, PSB-136

Table 2: Zone of P solubilization on Pikovskaya’s agar and per cent Pi released from TCP broth by the Bacillus isolates
Sr. No. Isolate Zone of P solubilization % Pi released from Decrease in pH of medium

on TCP (mm) TCP after 10 days (from initial pH 7.0) after 10 days
1 PSB-6 7.0 7.64 5.09
2 PSB-10 9.0 13.23 4.42
3 PSB-11 8.0 9.43 4.11
4 PSB-15 14.0 52.38 3.48
5 PSB-17 10.0 16.81 4.66
6 PSB-20 7.0 6.43 5.07
7 PSB-33 9.0 23.40 4.47
8 PSB-39 11.0 22.03 4.41
9 PSB-41 10.0 39.74 4.14
10 PSB-42 7.0 4.43 5.05
11 PSB-46 9.0 17.60 4.61
12 PSB-48 7.0 6.75 5.08
13 PSB-50 6.0 2.79 5.02
14 PSB-56 8.0 3.85 5.04
15 PSB-59 5.0 2.06 5.01
16 PSB-60 9.0 4.22 5.05
17 PSB-61 7.0 5.59 5.07
18 PSB-64 8.0 6.17 5.08
19 PSB-68 6.0 8.54 5.09
20 PSB-69 6.0 6.53 5.06
21 PSB-72 10.0 26.14 4.66
22 PSB-73 9.0 18.23 4.94
23 PSB-75 9.0 10.96 4.54
24 PSB-78 8.0 12.23 4.12
25 PSB-79 7.0 12.60 4.09
26 PSB-81 6.0 8.96 5.17
27 PSB-83 7.0 15.44 4.70
28 PSB-93 5.0 11.01 4.88
29 PSB-95 8.0 3.58 5.20
30 PSB-100 12.0 29.72 4.10
31 PSB-102 9.0 16.13 4.65
32 PSB-106 7.0 11.07 4.51
33 PSB-107 6.0 5.32 5.11
34 PSB-109 10.0 13.02 4.88
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Table 2: Continue
Sr. No. Isolate Zone of P solubilization % Pi released from Decrease in pH of medium

on TCP (mm) TCP after 10 days (from initial pH 7.0) after 10 days
35 PSB-111 11.0 16.55 4.61
36 PSB-113 10.0 16.86 4.77
37 PSB-119 9.0 22.56 4.38
38 PSB-125 8.0 13.91 4.66
39 PSB-129 9.0 11.38 4.58
40 PSB-130 6.0 7.80 5.01
41 PSB-132 11.0 13.60 4.52
42 PSB-136 7.0 6.85 5.09
43 PSB-140 9.0 20.24 4.11
44 PSB-142 9.0 10.12 4.79
45 PSB-143 6.0 4.80 5.11
46 PSB-144 10.0 12.86 4.67
47 PSB-148 9.0 10.17 4.71
48 PSB-BNF 9.0 19.29 4.26

S.E.+ 0.84 0.20
C.D. at 1% 3.19 0.75
C.V.% 8.90 5.93

Correlation (r) of Pi released with decrease in pH 0.781**
Whereas
PSB = Phosphate solubilizing bacteria, PSB-BNF = MPKV strain (Bacillus megaterium)

Table 3: Impact analysis of weather parameters and cropping system on distribution of efficient P-solubilizers (Bacillus megaterium isolates) across the
physiographic regions of Maharashtra

Temperature Cropping system
range (°C)

Sr. Rain-fall --------------- -------------------------------------------------------- Distribution of
No. Physiographic region District Soil type (mm) Max. Min. Kharif Rabi Summer/ Annual efficient N  fixer2

1. Western Konkan Coast Ratnagiri Shallow 3188 30.5 23.0 Paddy/ Nachni - - III (0.25)
2. Western Ghats Kolhapur Moderate deep 1904 31.8 18.8 Paddy/ Nachni - - I (0.50)
3. Western Maharashtra Solapur Shallow to very deep 580 34.1 21.7 Green gram Sorghum/ Sugar-cane I (2.25)

Safflower II (0.92)
III (0.83)

4. North Maharashtra Jalgaon Deep 710 32.3 18.8 Banana/Cotton - - I (1.17)
5. Marathwada Latur Shallow to deep 880 32.0 18.8 Pigeaon-pea Wheat Sugar-cane I (2.83)

III (0.83)
6. Vidarbha Wardha Shallow to deep 1090 33.3 21.5 Cotton - - II (0.13)

III (1.00)
Figures in parentheses represent the population dynamics values (x10  CFU g  soil) of Bacillus isolates4 1

Categories of efficiency of Bacillus megaterium isolates:
I – Highly efficient (19.29 to 52.38 % Pi released from TCP at 10 DAI)
II – Moderately efficient (10.1 to 19.28 % Pi released from TCP at 10 DAI)
III – Less efficient (<10 % Pi released from TCP at 10 DAI)

Decrease in pH of Medium During Phosphate amount of Pi released had highly significant positive
Solubilization: The decrease in pH of TCP broth from correlation (r = +0.781**) indicating the production of
initially adjusted pH of 7.0 was also noted at 10 days after acidity by the isolates favoured the process of P
inoculation. At 10 DAS, PSB-15 recorded significant solubilization. The research worker [24] also reported
reduction in pH (pH 3.48) followed by PSB-79, PSB-100 decrease in pH of the medium ranged from 7 to 3.2 during
and PSB-11 isolates which reduced the pH of the medium TCP solubilization by 10 phosphate solubilizing bacterial
to 4.09, 4.10 and 4.11, respectively. The  correlation of isolates due to the production of organic acids. Several
decrease  in   pH   of   the  medium  with  the   amount   of other research workers [5, 25] also reported positive
Pi released was also worked out. At 10 days after correlation between considerable amount of P solubilized
incubation, the decrease in pH of the medium with the with decrease in pH of the medium.
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Distribution of Efficient P-Solubilizers Across the megaterium alongwith MPKV strain PSB-BNF were
Regions: Impact analysis of weather parameters and subjected to PCR amplification using twenty five random
cropping system on distribution  of  efficient phosphate oligonucleotide primers. The amplification profiles of 8
solubilizing bacteria (Bacillus megaterium isolates) different isolates + 1 MPKV strain with 25 random
across  the physiographic regions of Maharashtra is bacterial primers are summarized in Table 4. It was
given in Table 3. The results showed that weather observed that 798 fragments were generated in all the 8
parameters and cropping system had no singnificant different isolates + 1 MPKV strain with 25 RAPD primers,
influence on distribution of efficient Bacillus megaterium out of which 600 fragments were polymorphic. Amongst
isolates. However, the population of  B. megaterium all the primers the maximum amplification was observed
isolates varied significantly with cropping system across with RBA-20, RBA-13 and RBA-25 (38, 34 and 33
the regions. The maximum  population of  B.  megaterium polymorphic bands, respectively) primers whereas least
(2.83x10  CFU g  soil) was recorded in the pigeonpea- banding pattern was generated by RBA-7 and RBA-4 (134 1

wheat cropping system in Latur district of Marathwada and 15 polymorphic bands respectively). The primer RBA-
followed by green gram-sorghum/green gram-safflower 1 showed maximum per cent polymorphism of 100%.
cropping system of Solapur district (2.25x10  CFU g  soil) These 25 primers produced isolate specific 198 unique4 1

of Western Maharashtra. The least population was bands.
recorded in cotton grown in Wardha district of Vidarbha. All the 25 primers used generated scorable
These results are in conformity with the results of [26] polymorphic bands and showed genetic polymorphism
who reported that native rhizobial populations among the Bacillus megaterium isolates (Figure 2).
(Bradyrhizobium sp.) in 88 soil samples from 13 important Though all the isolates were genetically variable, they
legume growing locations increased significantly share some common bands indicating phylogenetic
following crop cultivation and the increase was more with relationship among  them.  The  primer  RBA-21  was
pigeonpea and sorghum than with sunflower. found  to be the best primer for determination of

Genetic Diversity of Bacillus Isolates: Based on the This primer generated 41 bands of different molecular
phosphate solubilizing ability, eight highly efficient weight of which 10 were unique and isolate  specific in
Bacillus isolates compared to MPKV strain PSB-BNF the present study. This primer can be used for
were  further   analyzed   for   their   genetic   diversity. fingerprinting of Bacillus megaterium isolates for use as
The genomic DNA of eight selected isolates of Bacillus passport data.

variability among  the  Bacillus  megaterium  isolates.

Fig. 2: Amplification profiles of different isolates of Bacillus megaterium by RBA-21 primer 
Lane M: Marker 100 bp (GeNei  Low Range DNA Ruler Plus)TM

Bacillus megaterium isolates:
1 – PSB-15 2 – PSB-33 3 – PSB-39 4 – PSB-41 5 – PSB-72 6 – PSB-100
7 – PSB-119 8 – PSB-140 9 – PSB-BNF (MPKV strain)
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Fig. 3: Dendrogram representing the clustering among different isolates of Bacillus megaterium

Table 4: Total number of RAPD markers and polymorphic bands produced by random primers in eight selected isolates of Bacillus megaterium
Sr. No. Random primers No. of bands generated Polymorphic bands Monomorphic bands Unique bands % Polymorphic bands
1 RBA-1 18 18 - - 100.00
2 RBA-2 21 18 - 03 85.71
3 RBA-3 20 17 - 03 85.00
4 RBA-4 19 15 - 04 78.94
5 RBA-5 27 23 - 04 85.18
6 RBA-6 28 23 - 05 82.14
7 RBA-7 23 13 - 10 56.52
8 RBA-8 32 28 - 04 87.50
9 RBA-9 40 32 - 08 80.00
10 RBA-10 26 23 - 03 88.46
11 RBA-11 29 22 - 07 75.86
12 RBA-12 24 16 - 08 66.66
13 RBA-13 44 34 - 10 77.27
14 RBA-14 40 26 - 14 65.00
15 RBA-15 33 23 - 10 69.69
16 RBA-16 36 27 - 09 75.00
17 RBA-17 32 23 - 09 71.87
18 RBA-18 37 25 - 12 67.56
19 RBA-19 46 30 - 16 65.21
20 RBA-20 52 38 - 14 73.07
21 RBA-21 41 31 - 10 75.60
22 RBA-22 19 17 - 02 89.47
23 RBA-23 33 25 - 08 75.75
24 RBA-24 34 20 - 14 58.82
25 RBA-25 44 33 - 11 75.00

Total 798 600 - 198 75.19

On the basis of UPGMA clustering analysis, Bacillus The sub-cluster Ia consisted of single PSB-15 isolate
megaterium isolates were classified into four clusters having the genetic similarity coefficient 0.82. The isolate,
(Figure 3). The first cluster consisted of three isolates viz., PSB-15 exhibited significantly highest P-solubilization
PSB-15, PSB-33 and PSB-39 which were recovered  from than the other isolates tested. The sub-cluster Ib
Western Ghat region of Nasik, Kolhapur and Pune district. consisted two isolates i.e. PSB-33 and PSB-39 having
The cluster I further classified  into  two  sub-clusters. genetic similarity coefficient 0.87. The cluster II consisted
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of single PSB-140 isolate obtained from Nagpur district of 3. Illmer, P. and F. Schinner, 1992. Solubilization of
Vidarbha region having distinct genetic similarity inorganic phosphates by microorganisms isolated
coefficient 0.29. Likewise cluster III was further classified from forest soil. Soil Biol. Biochem., 24: 389-395.
into two sub-clusters on the basis of genetic similarity 4. Vazquez, P., G. Holguin, M.E. Puente, A. Lopez-
coefficient. The sub-cluster IIIa consisted of PSB-100 and Cortes and Y. Bashan, 2000. Phosphate-solubilizing
PSB-119 isolates recovered from Solapur and Jalgaon microorganisms associated with the rhizosphere of
district having genetic similarity coefficient 0.76. The sub- mangroves in a semiarid coastal lagoon. Biol. Fertility
cluster IIIb consisted of single PSB-BNF strain having the Soils, 30: 460-468.
dice coefficient 0.65. The cluster IV consisted of PSB-41 5. Chen, Y.P., P.D.  Rekha,  A.B.  Arun,  F.T.  Shen,
and PSB-72 isolates recovered from Thane and Latur W.A. Lai and C.C. Young, 2006. Phosphate
district having equal genetic similarity coefficient 0.59. solubilizing bacteria from subtropical soil and their

The RAPD-PCR based molecular diversity analysis tricalcium phosphate solubilizing abilities. Appl. Soil
revealed that genetic variations observed among the Ecol., 34: 33-41.
Bacillus megaterium isolates could be due to 6. Challa, O., K.S. Gajbhiye and M. Velayutham, 1999.
domestication of the isolates in different agro-ecological Soil Series of Maharashtra. NBSS Publ. No. 79, NBSS
niches as well as their phosphate solubilizing ability. & LUP, Nagpur, pp: 1-428.
Similar results were reported by [5] who used the RAPD 7. Aneja, K.R., 2003. Experiments in Microbiology, Plant
technique to elucidate the polymorphism among the 36 Pathology and Biotechnology. New Age
strains of phosphate solubilizing bacteria (PSB) isolated International Publishers, New Delhi, India, pp: 1-607.
from Central Taiwan and formed four distinct clusters. 8. James, G.C., 1978. Native Sherman Rockland
Further, molecular characterization of ten PSB strains of Community College, State University of New York.
Bacillus megaterium isolated from soils of different The  Benjamin/Cummins    Publishing    Co.,   Inc.,
physiographic zones of Karnataka was carried by the pp: 75-80.
RAPD-PCR technique [12] and the dendrogram has clearly 9. Cappuccino, J.G. and N. Sherman, 1987. Microbiology
depicted that all the ten B. megaterium isolates formed A Laboratory Manual. The Benjamin/Cummins
two major clusters. Publishing Co., USA, pp: 1-458.

On the basis of morphological, cultural, biochemical 10. Pikovskaya, R.I., 1948. Mobilization of phosphorous
and physiological characterization as well as functional in soil in connection with vital activity of some
and molecular diversity studies it is concluded that the microbial species. Mikrobiologiya, 17: 302-370.
distinct variability existed among the Bacillus megaterium 11. Jackson, M.L., 1973. Soil Chemical Analysis. Prentice
isolates recovered from the rhizosphere soils of various Hall of India, New Delhi, India, pp: 134-139.
physiographic regions of Maharashtra ranging from 12. Shiva Reddy,   D.M.,   B.K.   Mohan,   S.   Nataraja,
Western Konkan Coast, Western Ghats (Sahyadris), M. Krishnappa and M. Abhilash, 2010. Isolation and
Western Maharashtra, North Maharashtra, Marathwada molecular characterization of Bacillus megaterium
to Vidarbha regions. The population dynamics study isolated from different agro climatic zones of
revealed that crop related factors have more critical Karnataka and its effect on seed germination and
influence on the abundance of native microbial plant growth of Sesamum indicum. Res. J. Pharm.
populations than soil or climatic factors. Based on Biol. Chem. Sci., 1: 614-625.
phosphate solubilizing ability, the highly efficient 13. Rohlf, F.J., 1998. Numerical taxonomy and multivariate
Bacillus megaterium isolates compared to standard analysis system, Version 2.0 (Exeter Software, New
MPKV may be further exploited in biofertilizer production. York).
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