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In vivo and In vitro studies of Bacillus megaterium var. phosphaticum on nutrient
mobilization, antagonism and plant growth promoting traits
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Abstract

Nutrient solubilisation efficiency, plant growth promoting traits and antagonistic effects of Bacillus megaterium var.
phosphaticum were studied in the laboratory and screen house during 2010-11 at Hyderabad, India. Plate agar assay
indicated varied solubilisation level when the media was blended with zinc carbonate (35.6%), zinc oxide (31.1%), k-bentonite
(23%), rock phosphate (19.8%), tricalcium phosphate (3.1%) and zinc sulphide (0.0%). The release of available zinc is high
(17.4 ppm) on day-12 when the test organism was grown in liquid media blended with zinc carbonate. The media pH was
inversely proportional to the amount of nutrients solubilised on day-12. B. megaterium var. phosphaticum is found to produce
plant growth promoting substances like biofilm and chitinase enzymes (strong), giberrellic acids and siderophores (moderate)
and indole acetic acid (weak). Confrontation assay confirmed it's strong antagonistic activity against Rhizoctonia solani (41%),
Macrophomina phaseolina (42%), Sclerotium rolfsii (27%) and Fusarium oxysporum (40%). The production of siderophores
and chitinase enzymes justifies the strong antagonistic activity against these fungal pathogens. Potted plant assay using
sunflower, Helianthus annuus as the test crop indicated superior plant growth and photosynthetic activities in treatment with B.
megaterium var. phosphaticum + 75% of recommended chemical fertilizer dose as compared to treatment with 100%
chemical fertilizers. It also improved significantly the uptake of nitrogen (7.97mg/100g dry mass), phosphate (3.41mg/100g
dry mass), potash (38.12mg/100g dry mass), zinc (184mg/100g dry mass), iron (743mg/100g dry mass) and manganese
(138mg/100g dry mass) as compared to treatments with 100% B. megaterium var. phosphaticum, 100% chemical fertilizers
and untreated control. The findings of current study suggest reduction of 25% recommended dose of chemical fertilizers in

combination with B. megaterium var. phosphaticum as seed dresser and soil application.
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INTRODUCTION

Bacillus megaterium var. phosphaticum is a large rod shaped
Gram’s positive bacterium commonly called as phosphobacterium
[1,2]. Presence of Bacillus spp in agricultural fields reported to
enhance plant growth directly and/or indirectly [3]. Increase in crop
yield is reported on various crops including sugar beet [4], barley [5],
alfalfa [6], clover, wheatgrass, perennial ryegrass [7] and cicer [8].
Production of amino acids, vitamins, indole acetic acid (IAA),
gibberellic acids (GAs) [9, 10] antibiotics [11,12] induced systemic
resistance to plant pathogens, production of siderophore and
inhibition of plant ethylene synthesis [13-16] are reported to be the
possible reasons for crop yield increase in addition to nutrient
solubilisation.

The role of Bacillus megaterium var. phosphaticum for
enhancing mineral phosphorus (P) solubilisation is well documented
[17, 18]. Several mechanisms have been proposed to explain the P
solubilisation as they are associated with the release of organic and
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inorganic acids and the excretion of protons that accompanies to the
NH4* assimilation [19-24]. In addition, it could also be due to the
release of phosphatase enzymes that mineralize organic P
compounds [25]. Due to the P solubilisation capacity, Bacillus
megaterium var. phosphaticum could be used along with natural
phosphorus minerals.

Voluminous research is carried out on the role of B.
megaterium var. phosphaticum as phosphate solubilizer. Han et al.
[26] and Supanjani et al. [27] in addition have reported that pepper
and cucumber are capable of absorbing phosphate and potash rocks
when B. megaterium var. phosphaticum and B. mucilaginosus are
inoculated in nutrient limited soil. However, its role against other
nutrient solubilisation is not fully explored. Therefore, we have
investigated the role of B. megaterium var. phosphaticum on potash,
phosphate and zinc solubilisation, its antagonism against select
phytopathogens viz., Rhizoctonia solani, Macrophomina phaseolina,
Sclerotium rolfsii and Fusarium oxysporum and its capability of
producing various plant growth promoting substances in the
laboratory.

To substantiate the results obtained in the laboratory, we
have carried out the potted plant bioassay using Sunflower
(Helianthus annus L.) as a test crop treated with B. megaterium var.
phosphaticum alone and in combination with chemical fertilizers. We
have tabulated and discussed the results obtained in this article.

MATERIAL AND METHODS
Bacterial strain and period of study
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The strain of Bacillus megaterium var. phosphaticum used
throughout this study was obtained from the Regional Centre for
Organic Farming (RCOF), Nagpur, India. The study was carried out
at Hyderabad, Andhra Pradesh, India from March 2010 to August
2011.

Phosphate, potash and zinc (P, K & Zn) solubilisation-
Qualitative assay

Phosphate solubilization was evaluated using Pikovskaya's
agar media blended with 5.0 g of tricalcium or rock phosphate [28].
Potash solubilization was assessed by the modified Aleksandrov
medium amended with 2.0 g' of potassium bentonite
(montmorillonite) as sole K source [29]. The zinc solubilization was
assessed with 1.0 g'each of zinc oxide, zinc carbonate and zinc
sulphide in modified mineral salts agar medium [30]. The media were
autoclaved at 121°C for 20 minutes and poured into sterilized Petri
plates. Using drop plate method, 5ul of culture was inoculated and
the plates were incubated at 30 + 0.5 °C. The diameter of clear zone
surrounding the bacterial growth and the diameter of colony were
measured after 5, 10 and 15 days of incubation.

Phosphate (P), potash (K) and zinc (Zn) solubilisation-
Quantitative assay

Quantitative solubilisation assay was carried out using
Pikovskaya [28], Aleksandrov [29] and Bunt [30] mineral salt liquid
medium for P, K and Zn, respectively. About 100 ml of each media
containing (250 ug/ml) of complex substrate was prepared, sterilized,
cooled and inoculated with 1% B. megaterium var. phosphaticum
inoculum (107 cfu mI="). The flasks were incubated at 28 + 0.5°C for
12 days in a shaking incubator at 180 RPM. The amount of nutrient
released and media pH were assessed at every 4 day interval.
Soluble phosphates in culture supernatant was determined by
sulphomolybdic method [31] and expressed as equivalent P. The
available K and Zn were estimated using flame photometry and
atomic adsorption spectrophotometer (AAS), respectively.

Detection of siderophore and in vitro biofilm production

The production of siderophore and biofilm were detected by
the methods described by Schwyn and Neilands [32] and
Christensen et al. [33], respectively.

Detection of Indole acetic acid (IAA) and gibberlic acid (GAs) by
thin layer chromatography (TLC)

Bacterial strain was inoculated and incubated in medium
containing 0.1% tryptophan for 48 h at 28 + 0.5°C. After incubation,
the medium was centrifuged at 10000 RPM for 15 minutes. The
supernatant was tested for IAA [34] and GAs [35] production using
TLC plates.

Detection of chitinase production by dot blot assay

B. megaterium var. phosphaticum was grown in typtone soya
broth at 28 + 0.5°C, 180 RPM for 28 h. The culture was centrifuged
at 10,000 RPM for 10 minutes to remove the bacterial cells.
Supernatant was dried in liquid nitrogen and the samples were
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freeze dried under vacuum in a lyophilizer at -60°C and 0.08 MPa
pressure ill the samples turned into powder form. Polyacrylamide gel
(5 x 5 cm) was prepared with the composition viz., 30% Acrylamide-
bis acrylamide mix: 1.3ml; 1% glycol chitin: 0.1 ml; sodium acetate
buffer (50mM; pH 5.2): 2.6 ml; TEMED: 4 pl; 40% ammonium per
sulphate: 4 pl. Freeze dried sample was dissolved in 50 mM sodium
acetate buffer at a final concentration of 10mg.ml* and was spotted
@ 3 ul on the prepared gels. The gels were incubated at 37+ 0.5°C
overnight in a moist chamber. After incubation, the gels were stained
with calcoflour white for 5 min and washed with water for 20 min
twice and observed in a gel doc (Vilber Lourmat) under ultra violet
light for chitin solubilization.

Antagonistic activity against select phytopathogens

The in vitro bio-efficacy of B. megaterium var. phosphaticum
was evaluated by the method described by Kaur [36] against four
select phytopathogens viz., Sclerotium rolfsii, Rhizoctonia solani,
Fusarium oxysporum and Macrophomina phaseolina.

Pot culture assay

Short term pot culture assay was carried out to study the bio-
efficacy of B. megaterium var. phosphaticum using sunflower as test
crop. The soil was air-dried, sieved (<5 mm mesh), and sterilized
at 1210 C for 1 hour for 3 consecutive days. The soil was filled in the
plastic pots of 5 kg holding capacity. The following treatments were
made to study the bio-efficacy of the test organism:

T1- Untreated control with no chemical/ biological inputs, T2 -
Sunflower seeds treated with B. megaterium var. phosphaticum @
5ml/kg seed containing 2x10% cfu ml T3 - Seeds were soaked
overnight in 1% chemical fertilizers with diammonium phosphate,
murate of potash and zinc sulphate at 65: 25: 10 ratio, followed by
soil application (100%) @ 4.55:2.27:2.27:0.76 g/pot of N, P, K and
Zn, respectively.

T4 - Seeds were treated with bacterial inoculant @ 5ml/kg
and sown in the pots amended with chemical fertilizer @ 3.41: 1.70:
1.70: 0.57 g/pot of N, P, K and Zn, respectively (75% of
recommended dose). Six replications were maintained for each
treatment. The growth parameters like percent germination, shoot,
root length, dry biomass and photosynthetic activity were recorded at
30 and 60 days after sowing (DAS). The macro (NPK) and
micronutrient uptake by the plants were assessed by the method
specified by Tandon [37]. Photosynthetic activity was estimated by
infra red gas analyzer instrument.

Statistical Analysis

The values presented are the means of two experiments each
with six replicates performed at different occasions. Data obtained
from all the experiments were subjected to two-way analysis of
variance (ANOVA). Mean values between treatments were
compared with Fisher's Least Significant Difference (L.S.D) test
(P<0.05).

RESULTS AND DISCUSSION
Phosphate, potash and zinc solubilization

B. megaterium var. phosphaticum is so far known to solubilise
the phosphate [18]. In the present study, we have observed that it
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is capable of even solubilising zinc oxide, zinc carbonate and K
bentonite in addition to TCP and rock phosphate (Figure 2). In plate
assay, B. megaterium var. phosphaticum showed slender
solubilization zone (2.8 mm) on Pikovaskaya agar amended with
CasP20s (Table 1 & Figure 1). However, it exhibited distinct clearing
zone (17.8 mm) with 19.8% solubilisation where rock phosphate was
used as substrate. About 20.7 mm zone size and 23.0% area of
solubilisation was recorded in K-bentonite added media with 295.7
solubilisation efficiency (SE). Maximum zone size, solubilisation
percent and efficiency were observed in zinc carbonate amended
media (32.0 mm, 35.5% and 457 SE) followed by zinc oxide
incorporated media (28.0 mm, 31.11% & 400 SE) (Table 1).
Solubilisation zone was not observed where zinc sulphide was used
as substrate (Figure 1).
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Solubilisation of zinc and other test minerals can be
accomplished by a range of mechanisms, which include excretion of
metabolites such as organic acids, proton extrusion or production of
chelating agents [38, 39]. In addition, production of inorganic acids
such as sulphuric acid, nitric acid and carbonic acid could also
facilitate the solubilisation [40, 41]. This is the first report based on
literature survey that B. megaterium var. phosphaticum is capable of
solubilising zinc and potash besides phosphate. So far,
Pseudomonas fluorescens reported to solubilise zinc phosphate [42].
Mechanism behind the solubilisation is reported to be the production
of gluconic and 2- keto gluconic acids in the solubilization of the zinc
salts. Since culture broth of B. megaterium var. phosphaticum
showed a shift in pH towards acidic range (Figure 2), it gives a clue
that organic acid might be involved as reported by Nahas [39].

Table 1. Nutrient solubilisation by B. megaterium var. phosphaticum after 15 days of inoculation

Substrate Solubilisation zone (mm) Percent solubilisation Solubilisation efficiency (E)
Tricalcium phosphate 2.8 (+0.12) 31 35.0
Rock phosphate 17.8 (£0.81) 19.77 2542
Zinc oxide 28.0 (+1.27) 31N 400.0
Zinc carbonate 32.0 (£1.46) 35.55 457.0
Zinc sulphide ND* ND ND
K- bentonite 20.7 (+£0.94) 23.0 295.7

*ND: Not detectable. Solubilization efficiency was calculated based on the formula; Solubilization diameter x colony diameter/100 as described by Nguyen et al. [43].

Values within parenthesis are standard error (SE).

TRICALCIUM PHOSPHATE

ZINC OXIDE

ZINC SULPHIDE

Fig 1. Solubilisation of complex nutrients by B. megaterium var. phosphaticum

Nutrient released in liquid culture

The degree of solubilization of various complex nutrients
differed in solid and liquid media. The correlations between the size
of clear zones on the plates of precipitated phosphate agar and
quantitative data of P solubilization in the liquid media varies [44].
We have observed decrease in pH of the media over a period of 12
days when B. megaterium var. phosphaticum was grown in complex
nutrient substrate (Figure 2). The solubilization of TCP and rock
phosphate in the liquid medium was observed with a significant drop

in pH 3.35 and 5.6, respectively after 12 days from the set neutral pH.

The soluble-P concentration ranged from 13.3 ppm in TCP and 14.2
ppm in rock phosphate amended media. The mechanism of
solubilisation is inferred due to the production of organic acids such
as monocarboxylic acid (acetic, formic), monocarboxylic hydroxy
(lactic,  glucenic,  glycolic),  monocarboxylic,  ketoglucenic,
decarboxylic (oxalic, succinic), dicarboxylic hydroxy (malic, maleic)
and tricarboxylic hydroxy (citric) acids [45]. The pH of the broth was
acidic in all the media after 12 days of inoculation. The pH reduced
from 7.0-7.3 to 2.9-6.22 and lowest pH was recorded in ZnCO:

amended media (2.97). Increasing trend of solubilization was
observed in all the treatments except in zinc sulphide (ZnS)
incorporated media. The dissolution of ZnS (sphalerite) by the
bacteria was through their ability to oxidize ferrous ions [46]. Non-
oxidization of ferrous ions could be the possible reason for not
solubilising ZnS in both media.

Estimation of soluble zinc using AAS indicated increased zinc
release viz., 17.4 ppm and 13.5 ppm in ZnCO3 and ZnO amended
media, respectively. Results obtained indicated that available zinc
levels increased with the increase in incubation period. The findings
of Da Costa and Duta [47] pertaining to bioaccumulation of Cu, Zn
Cd and Pb in the cells of Bacillus sp, B. cereus, B. sphaericus and B.
subtilis substantiate the present results. The microbes absorb
required quantity of available zinc into the cells and leaves the
excess remain in the solution. The available K was recorded as
12.1ppm in the media amended with K-bentonite (Figure 2) with no
drastic decline in the pH as compared to other treatment on 12t day
after inoculation (Figure 2). However, pH of the nutrient amended
media on day 12 was observed to be inversely proportional to the
amount of nutrients solubilised.
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Pepper and cucumber are reported to absorb rock material (P
and K rocks) when B. megaterium var. phosphaticum and B.
mucilaginosus inoculated in nutrient limited soil [26,27]. The present
study proved that B. megaterium var. phosphaticum could also be
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used for solubilising phosphate, potash and zinc when the nutrients
are available in the form of TCP, rock phosphate, ZnCOs;, ZnO
and K-bentonite.
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Data are means of six replicates; error bars indicate standard deviations.
Fig 2. Nutrients released by B. megaterium var. phosphaticum in broth culture amended with the complex substrates

Plant growth promoting traits

B. megaterium var. phosphaticum was found to be strong
producer of biofilm and chitinase enzyme (Table 2). The
development of biofilms is a process that involves both a quorum of
cells and multicellular behaviour [48]. It helps in better colonization in
the rhizospheric area of the plants.  About 9 mm of clearing zone
was recorded in colloidal chitin amended media (data not shown)
observed under gel documentation system equipped with ultra violet
light. Previous reports have shown that species of Bacillus are
known to produce chitinolytic enzymes [49, 50].

Moderate siderophore activity was observed in chrome azurol S
(CAS) media (Figure 3). The role of siderophore production in plant
growth promotion is described by two mechanisms: one is direct
supply of iron to plants [51] and the other is indirectly depriving Fe for
fungal pathogens [52]. The TLC plates observed under UV light
revealed that B. megaterium var. phosphaticum was a moderate and
weak producer of GAs and IAA, respectively. IAA functions as an
important signal molecule in the regulation of plant development
including organogenesis, tropic and cellular responses such as cell
expansion, division, differentiation and gene regulation [53].

Table 2. Plant growth promoting traits of B. megaterium var. phosphaticum

PGP traits

Strain Siderophore

Biofilm IAA GA; Chitinase

B.  megaterium var. phosphaticum ++

+H+ + ++ +H+

+ weak, ++ moderate, +++ strong.

Fig 3. Siderophore production by B. megaterium var. phosphaticum

In vitro antagonistic activity against selected pathogens

B. megaterium var. phosphaticum showed better antagonistic

activity ranging from 27 to 43% against select phytopathogens
(Figure. 4). It's in vitro antagonistic activities were recorded as 41, 42,
27 & 40% against Rhizoctonia solani, Macrophomina phaseolina,
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Sclerotium rolfsii and Fusarium oxysporum, respectively. There was
a distinct clearing zone between the bacterial and pathogenic fungal
colony (Figure. 5), that indicates the inhibition was due to the
production of diffusible antifungal compounds. Production of
antibiotics, siderphores, HCN, and hydrolytic enzymes like chitinases,
proteases, lipases etc., are reported as few diffusible antifungal
compounds. Bacillus subtilis AF1 has antifungal properties through
the secretion of b-1, 4-N-acetyl glucosaminidase and a b-1,3-

50 -

45 A

% inhibition over control
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glucanase [54]. It also exhibited moderate production of siderophore
and chitinase enzyme (Table 2). As chitinase production is reported
to act as good antagonistic agent in the case of Streptomyces
griseus, B. chitinolyticus and B. ehimensis [55], we infer that
siderophore and chitinase production by B. megaterium var.
phosphaticum could also be responsible for its antagonistic activity
against select pathogens under in vitro condition. Further studies are
also required to identify other diffusible antifungal compounds.

R. solani

40 -
35
30
25 A
20 -
15
10 ~
5 |
0

M. phaseolina

S. rolfsii F. oxysporum

Phytopathogens
Data are means of four replicates; error bars indicate standard deviations.

Fig 4. In vitro antagonistic of activity of B. megaterium var.phosphaticum against select phytopathogens.

Fig 5. In vitro bio-efficacy of B. megaterium var. phosphaticum against Macrophomina phaseolina

Role of B. megaterium var. phosphaticum in plant growth
promotion and nutrient mobilization

The physiochemical properties of the alfisol soil used in this
study were pH 7.75; EC: 0.156; organic carbon (C): 0.9%; nitrogen
(N) 92.8 kg/ha; phosphorous (P): 23.1 kg/ha; potassium (K): 175.72
kg/ha. It is evident from the table 5 that among all the treatments, T4
(chemical fertilizer 75% + bioinoculant) significantly (P< 0.05)
improved the plant growth. The T4 treatment showed significant
shoot length (32.0 cm), root length (31.66 cm), total dry biomass
(0.82 g) and photosynthetic activity (0.64) at 60 DAS when compared
with the untreated check. It also improved the macronutrient uptake
in plants (Table 4) where N, P and K were recorded as 7.97, 3.41
and 38.12 mg/100 mg of the plant material, respectively. The uptake
of micronutrient such as Zn (184ppm), Fe (743 ppm), and Mn
(138ppm) were significant in T4 treatment as compared to T3, T2
and T1.

T3 treatment (100% RDF) initially showed significant impact

on the growth and development at 30 DAS with 15.0 cm shoot length,
9.16 cm root length and 0.27 g total dry biomass as compared to T4
(chmical fertilizer 75% RDF + Bioinoculant). However, over the
period of next 30 days, the plants growth, macro (N 6.57, P 1.88 and
K 18.68 mg/100mg) and micro (Zn 149 ppm, Fe 448 ppm and Mn 84
ppm) nutrient uptake was statistically declined as compared to T4. It
is evident that the application of bacterial inoculant in combination
with chemical fertilizer (75% RDF) resulted better nutritional values in
sunflower tissues as compared to sunflower that met its entire
nutrient requirement chemical fertilizers (100% RDF).

Zinc plays an important role in many biochemical reactions
within the plants. Plants show reduced photosynthetic carbon
metabolism due to zinc deficiency. It helps in the formation of
chlorophyll and carbohydrates and biosynthesis of cytochrome and
synthesis of leaf cuticle. In this study, the zinc solubilising potential of
B. megaterium var. phosphaticum also correlated with the significant
increase in photosynthetic activity (0.64) in T4, T3 (0.68) and T2
(0.59) as compared to T1 (0.55) (Table 3).



40 E.L.D.Amalraj et al.,
Table 3. Plant growth promotion by Bacillus megaterium var. phosphaticum in sunflower
Shoot length (cm) Root length (cm) Total dry biomass (g) Photosynthetic

Treatments 304 DAS 60" DAS 30" DAS 60" DAS 304 DAS 6ompas 2ty on €0
Control (T1) 10.41¢(+1.22) 26.41% (£2.29) 7.58°(+0.82) 18.58¢ (+3.02) 0.230(+0.01) 0.53¢(+0.01) 0.55¢(+0.01)
Bioinoculant (T2) 12.83> (+0.60) 24 5% (+1.89) 7.580(+1.01) 24.16% (£2.88)  0.24°(+0.01) 0.54¢(+0.01) 0.590(+0.02)
100% Inorganic fertilizer (T3) 15.02 (+0.88) 28.332(%3.33) 9.162(+0.40) 22.55(+1.96) 0.272(+0.01) 0.70°(+0.01) 0.632(+0.02)
75% Inorganic fertilizer +
Bioi;oculgnt (T4) 15.412 (1.06) 32.02(£3.89) 11.08(1.76) 31.662 (£3.45) 0.272(+0.01) 0.822(+0.01) 0.642(+0.01)
LSD 212 452 223 6.48 0.02 0.02 0.04
CV% 18.7 21.07 29.72 30.58 15.38 1842 7.84

Values superscripted by the same alphabet are not significantly different according to Fisher’s least significance difference test (P< 0.05)

Parameters were recorded as 60 days after sowing

Table 4. Macro and micronutrient uptake pattern in plant at 60 DAS

Macronutrients (mg)/ 100 mg of dry plant material

Micronutrients in PPM

Treatment Nitrogen Phosphorus Potash Zn Fe Mn
Control 5.71¢£0.103)  1.68¢(+0.083) 15.10¢(£0.108)  1380(+13.4)  443¢(+12.97) 31¢(3.32)
Bioinoculant 6.720(x0.083)  2.130(£0.082)  18.82°(+0.092)  1600(x12.8)  6220(+19.02) 910(8.6)
Inorganic 6.570(x0.071)  1.88¢(£0.071)  18.68°(+0.087)  1490(x12.1)  448¢(+13.2) 840(+5.4)
Inorganic + Bioinoculant  7.972(+0.092)  3.412(0.097) 38.122(+0.116)  1842(+13.9)  743%(+26.4) 1382(+11.75)
LSD 0.82 0.40 6.8 23.67 52.65 35.23
CV% 21.2 30.3 32.6 236 253 28.2

Values superscripted by the same alphabet are not significantly different according to Fisher’s least significance difference test (P< 0.05)

It is evident that the enhancement in plant growth attributes to
the application of NPK and Zn @ 75 % RDF along with bioinoculant,
B. megaterium var. phosphaticum. Similar kind of growth and
development was recorded on array of crops [56-58]. Dhale et al
[59] also reported that Azospirillum, phosphate solubilising bacteria
and pink coloured facultative methylotrops along with chemical
fertilizers resulted significant increase in shoot length of cotton.
Growth enhancement by Bacillus may be associated to its ability to
produce hormone, especially IAA [60] and siderophore [61, 62]. It is
also known that P availability in soils is important for the uptake of N
from soils and its utilization in plant [63]. Hence, higher available P
due to the solubilization with inoculated B. megaterium var.
phosphaticum might cause an enhancement of N uptake (Table 4).

Combinations of effective microbes like B. megaterium var.
phosphaticum with 25% reduction in chemical fertilizers give
immense benefit to the test crop, H. annus. These results shall
attract the policy makers across the globe for the integration of
effective microbes with reduced fertilizer dose as the chemical
fertilizers are made from non-renewable energy sources.

CONCLUSIONS

The in vitro and in vivo studies indicated that B. megaterium
var. phosphaticum is capable of reducing 25% of chemical fertilizer
input in Helianthus annus by improving phosphate, potash, Zn, Fe,
Mn and nitrogen uptakes. The study concludes that B. megaterium
var. phosphaticum is not only a phosphate solubilizer as it was
reported by various researchers, but also proved to solubilise K, Zn,
Fe and Mn and found to have antagonistic activity against select
phytopathogens viz., Sclerotium rolfsii, Rhizoctonia solani, Fusarium
oxysporum and Macrophomina phaseolina. These findings are
unique and first of their kinds reported in this research article.
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