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In the present study ten different Bacillus isolates were isolated from various soil samples and their
identification was performed on the basis of Gram staining, colony morphology and biochemical
tests. Gram positive rod shaped bacteria showing large, circular, opaque colonies having white or
greyish white appearance were preserved on Nutrient agar slants for further identification. All
isolates showed positive results for Catalase, Urease, Oxidase and motility biochemical tests. For
other biochemical tests such as Citrate utilization, Vogues Proskauer, Nitrate reduction, Triple sugar
iron Agar test, mixed results were obtained. Phosphate solubilisation and Potassium solubilisation
activities of different isolates was performed. Out of ten isolates, none of the isolates solubilised
phosphate on Pikovskaya’s agar medium at 30°C after 15 days of incubation. Potassium solubilising
activity was shown by two isolates (Sample code 3 and 9) out of ten. Among these two isolates,
Sample code 3 showed highest potassium solubilisation and the clear zone on Aleksandrov agar
medium was 9 mm and that of Sample Code 9 was 5 mm, after 10 days of incubation at 30°C.
Further, the isolates were screened for the production of amylase and its assay has been performed.
Seven isolates displayed zone of clearance in starch hydrolysis test except Sample code 5, 7 and 8.
Sample code 5, 7 and 8 isolates gave negative results for TSI test also. The isolates were subjected to
amylase activity test. Maximum amylase was produced by Sample code 9 at 3.90 mg/ml after 24
hours of incubation. Sample code 10 showed least amylase production at 0.86 mg/ml.

Introduction

The soil acts as a reservoir for millions of
microorganisms, of which approximately
more than 85% are beneficial for plant life.
Thus soil is a resilient eco system and soil
microorganisms provide precious life to soil
ecosystems catering to plant growth.

415

Soil microorganisms play a vital role in the
evolution of agriculturally useful soil
conditions and in stimulating plant growth
(Compant, 2005).

Soil bacteria having beneficial effect on plant
health are commonly referred to plant growth
promoting rhizobacteria (PGPR).
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PGPR promote plant growth directly and
indirectly but the specific mechanisms
involved have not all been well characterized
(Glick, 1995). The rhizospheric soil is
dominated by the diverse bacterial
communities (Buee et al., 2009; Farina et al.,
2012; Bouizgarne et al., 2014; Mirza et al.,
2014; Tahir et al., 2015). Bacillus species are
considered to be the safe microorganisms that
hold remarkable abilities for synthesizing a
vast array of beneficial substances (Stein,
2005). Bacillus species have potent plant
growth promoting traits such as I1AA
production, phosphate solubilisation, nitrogen
fixation and bio control attributes like
production of HCN, siderophore, hydrolytic
enzymes and antibiotics have been isolated
from soybean (Senthilkumar et al., 2009).
Bacillus species are Gram positive, endospore
— forming, chemo heterotrophic rod shaped
bacteria which are wusually motile with
peritrichous flagella; they are aerobic or
facultative anaerobic and catalase positive
(Waites et al., 2008). Among all
PGPBs, Bacillus spp. has been reported to
have tolerance towards the adverse conditions
and, therefore, the most potential candidate
used for enhancing the soil fertility and crop
health (Vivas et al., 2003). Bacillus spp. is
also known to enhance of macro-
and micronutrients in the soil and their uptake
by host plant (Stefan et al., 2013).

There are several minerals containing
essential elements in the soil, but most
important minerals are nitrogen (N),

phosphorus (P), and potassium (K) (McAfee,
2008; White and Karley, 2010). Phosphorus is
a major essential macro element required for
plants to growth and development (Singh et
al., 1994). Most of the essential plant
nutrients, including phosphorus, remain in
insoluble form in soil (Abd-Alla, 1994; Yadav
et al., 1997). Chemical phosphate fertilizers
are only meagrely soluble under the
conditions in which they are applied to the
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soil. However, under such conditions
microorganisms offer a biological rescue
capability of solubilising the insoluble
inorganic phosphorus of soil. Phosphate
solubilising microorganisms (PSM)
particularly those belonging to the genera
Bacillus sp. and Pseudomonas sp. and many
others possess the ability to bring insoluble
phosphates in soil into soluble forms by
secreting organic acids such as formic, acetic,
propionic lactic, glycolic, fumaric and
succinic acids (Rashid et al., 2004; Ivanova et
al., 2006). Phosphate solubilising bacteria
(PSB)  mobilize  insoluble  inorganic
phosphates from their surrounding soil
mineral matrix to the bulk soil where they can
be absorbed by plant roots for their growth
and development (Pe’rez et al., 2007).

Potassium is the third important plant
nutrient. Its plays a key role in the growth,
metabolism, and development of plants.
Without adequate supply of potassium, the
plants will have poorly developed roots, grow
slowly, produce small seeds and have lower
yields (McAfee, 2008; White and Karley,
2010) and the increased susceptibility to
diseases (Amtmann et al., 2008; Armengaud
et al., 2010) and pest (Amtmann et al., 2006;
Troufflard et al., 2010). A wide range of

KSMs namely Bacillus mucilaginosus,
Bacillus edaphicus, Bacillus circulans,
Paenibacillus spp., Acidothiobacillus

ferrooxidans, Pseudomonas, Burkholderia
(Sheng et al., 2008; Lian et al., 2002; Rajawat
et al,, 2012; Liu et al., 2012; Basak and
Biswas, 2012; Singh et al., 2010) have been
reported to release potassium in accessible
form from K-bearing minerals in soils.

Enzymes are protein molecules, which are
necessary for life. Amylases are enzymes that
break down complex carbohydrates. There are
different sources to produce amylases. Plants,
animals and microbes can produce amylases
(Aiyer, 2004).
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Amylases are used in various
biotechnological processes including
renewable energy, pharmaceuticals,

saccharification or liquefication of starch,
detergents industries, warp sizing of textiles,
fibers, paper industries, food staffs, baking,
classification of haze formed in beer or fruit
juices and for pre-treatment of animal feed to
improve digestibility (Behal et al., 2006).
Microorganisms produce different kinds of
industrial enzymes. Because of their
biochemical diversity and the ease with
environmental and genetic manipulation, they
have replaced enzymes, which traditionally
have been isolated from complex eukaryotes
(Pandey et al., 2000). Many microorganisms
are able to produce amylases including
Bacillus spp., Lactobacillus, Escherichia,
Proteus, Strepotmyces sp., Pseudomonas sp.
etc. For production of amylase for industrial
use, isolation and characterization of new
promising strains is a continuous process
(Vaidya et al., 2015).

Materials and Methods

The present investigation was carried out to
isolate native Bacillus isolates from different

soil samples to carry out phosphate,
potassium  solubilisation and amylase
production.

Collection of samples

Ten soil samples were collected from various
fields, gardens of Sardar Vallabhbhai Patel
University of Agriculture and Technology,
Meerut and Bafawat village of Meerut
district. Soil samples were collected in the
sterile plastic pouches and brought to the
laboratory under normal temperature for
microbiological analysis.

Isolation of Bacillus isolates

Fifty gram soil samples were transferred to
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150 ml sterile distilled water and heat treated
at (80°C) for 15 minutes. After that 0.1 ml of
soil suspension was spread over pre sterilized
nutrient agar plates. The inoculated plates
were incubated at 30°C for 24-48 hours. The
plates were examined after incubation period
for rough and abundant colonies with waxy
growth (1-4mm diameter) and irregular
spreading edge. Suspected colonies were
stained by Gram staining method. The Gram
positive bacilli were maintained on Nutrient
agar slants for additional identification tests
(Kumar et al., 2012; Amin et al., 2015).

Biochemical characterization

The isolates were subjected to different
biochemical parameters.

Citrate utilization test

Citrate Utilization test is used to detect the
ability of an organism to utilize sodium citrate
as a sole source of carbon and ammonium salt
as a sole source of nitrogen. Simmon’s citrate
medium was prepared, sterilized and the
slants were streaked back and forth with a
light inoculum picked from the centre of a
well-isolated colony. Test tubes were
incubated aerobically at 35 to 37°C for up to
4-7 days. A colour change was observed from
green to blue along the slant.
(https://microbiologyinfo.com/citrate-
utilization-test-principle-media-procedure-
and-result/) (Claus, 1989 and Jawetz, E., et
al., 1989)

Vogues- proskauer test

The test depends on the digestion of glucose
to acetyl methyl carbinol (acetoin)
MacFaddin, J.F.,(1980)
(https://en.wikipedia.org/wiki/\Voges%E2%80
%93Proskauer_test). MR/VP broth was
inoculated with a pure culture of the test
organism.
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Test tubes were incubated for 24 hours at
35°C. At the end of this time, 1 ml of broth
was transferred to clean test tube. Five
percent alpha naphthol (0.6 ml) followed by
0.2 mL of 40% KOH was added to each test
tube. Tubes were shaked gently to expose the
medium to atmospheric oxygen and were
allowed to remain undisturbed for 10 to 15
minutes. Change of colour was observed
(https://microbeonline.com/voges-proskauer-
test-principle-procedure-results/).

Motility test

SIM medium was prepared, sterilized and
poured in test tubes. Using an inoculating
needle, the centre of SIM medium was
stabbed to within the bottom half of the tube
from pure 18-24 hour culture. Tubes were
incubated at 33-37°C for 18-24 hours.

This media has a very soft consistency that
allows motile bacteria to migrate readily
through them causing cloudiness in the
stabbed area (Harley, 2005; MacFaddin 2000;
Baron, E., and S. Finegold, 1990)
(https://microbenotes.com/motility-test-
principle-procedure-and-results/).

Catalase test

Catalase is an enzyme, which is produced by
microorganisms that live in oxygenated
environments to neutralize toxic forms of
oxygen metabolites; H,0,. A small amount of
bacterial colony was transferred to a surface
of clean, dry glass slide using a loop.

A drop of 3% H,0; (as given in appendix B3)
was put on to the slide and mix. A positive
result is the rapid evolution of oxygen (within
5-10 sec.) as evidenced by bubbling (Facklam
and Elliott 1995)
(https://microbeonline.com/catalase-test-
principle-uses-procedure-results/).

418

Nitrate reduction test

Nitrate reduction testis used to detect the
ability  to produce nitrate reductase
enzyme that hydrolyze nitrate (NO3) to
nitrite (NO,). Nitrate broth was prepared,
sterilized and inoculated with a heavy growth
of test organism using aseptic technique.

Tubes were incubated at 37°C for 24 to 48
hours One ml of sulfanilic acid reagent and 4-
5 drops of a-naphthylamine was added to
each test tube. Change of colour was observed
(Conn and Breed, 1919).
(https://microbeonline.com/nitrate-reduction-
test-principle-procedure-results/).

Triple sugar iron test

Triple sugar iron agar test is used to
determine whether microorganisms utilize
glucose and lactose or sucrose fermentatively
and produce H,S. Triple sugar iron medium
was prepared, sterilized and slants were made.
A well isolated colony was touched with a
sterile stabbing loop.

TSI slants were inoculated by first stabbing
through the centre of the mediumto the
bottom of the tube and then streak was done
on the surface of the slant. Tubes were
incubated at 35°C in for 18 to 24 hours.
Reaction was observed
(http://microbesinfo.com/2013/05/triple-
sugar-iron-agar-tsi-test/).

(Tille, 2014)

Urease test

Urease test is used to determine the ability of
an organism to split urea, through the
production of the enzyme urease. Urea broth
was prepared, sterilized and poured into test

tubes. Broth was inoculated with the
inoculation loop containing loop full of
organism.
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Incubate for 24-48 hours at 37°C. Change in
colour was observed (Bailey, W. R., and E. G.
Scott, 1974 and Christensen.
1946)(http://vlab.amrita.edu/?sub=3&brch=76
&sim=214&cnt=2).

Oxidase test

The oxidase test is used to identify bacteria
that produce cytochrome c oxidase, an
enzyme of the bacterial electron transport
chain (https://microbeonline.com/oxidase-
test-principle-procedure-and-oxidase-
positive-organisms/).

A strip of Whatman’s No. 1 filter paper was
soaked in a freshly prepared 1% solution of
tertramethyl-p-phenylene-diamine
dihydrochloride. A strip was laid in a petri
dish and moistened with distilled water. The
colony to be tested was picked up and
smeared over the moist area. A positive
reaction was indicated by an intense deep-
purple hue, appearing within 5-10 seconds
(Isenberg, 2004; MacFaddin, 2000; Cowan
and Steel, 1993)

Analysis of phosphorus solubilising activity

For Qualitative analysis isolates were spot
inoculated at the centre of Pikovskaya’s agar
(Pikovskaya, 1948) plates aseptically. Plates
were incubated at 37°C for 5-7 days.
Diameter of clearance zone was measured.

Analysis of potassium solubilising activity

For Qualitative analysis isolates were spot
inoculated at the centre of Aleksandrov agar
(Hu et al., 2006) plates aseptically. Plates
were incubated at 30°C for 7 days. Diameter
of clearance zone was measured.

Screening for amylase activity (starch
hydrolysis test)
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Starch agar medium was prepared and poured
into the Petri-plates (Shaw et al., 1995). After
solidification of plates, bacterial colonies
were streaked in straight lines on the plates
with the help of sterilized inoculating loop.

Inoculated plates were incubated in inverted
position at 30°C for 24-48 hours. After
incubation, bacterial colonies were visible on
the plates and a clear zone was visible near
the bacterial growth. The plates were flooded
with Gram’s iodine solution. No dark blue
colour was seen around the bacterial colonies
showing zone of degradation (Gupta et al.,
2003).

Amylase production

Enzyme production medium (g/l) Starch
10.0g, Peptone 5.0g, Ammonium sulphate
2.0g, Potassium di hydrogen phosphate 1.0g,
Di potassium hydrogen phosphate 2.0g,
Magnesium sulphate 0.5g, Potassium chloride
0.5g was prepared and sterilized. Twenty
millilitre of medium was taken in a 100mi
conical flask.

These flasks were inoculated with bacterial
culture. Inoculated medium was incubated at
37°C in shaker incubator for 24 hr at 120rpm.
At the end of fermentation period, the culture
medium was centrifuged at 10,000 rpm for 15
min to obtain crude extract as supernatant,
which served as enzyme source (Vaidya et al.,
2015; Singh et al., 2016).

Amylase assay

One percent starch (Iml), 2 ml of 0.1 M
phosphate buffer (pH 6.5) and 0.5 ml of
enzyme were incubated for 15 min at room
temperature. One ml of DNS reagent was
added and the solution was kept in boiling
water bath for 10 min. Solution was diluted
by adding 8 ml of distilled water (Bernfeld,
1955).
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The absorbance was measured at 540 nm
against blank prepared as above without
enzyme and incubation. One unit of a-
amylase activity was defined as the amount of
enzyme that liberates 1 pmole of reducing
sugars (maltose equivalents) per minute under
the assay conditions (Miller, 1959).

Standard graph for maltose

Standard maltose solution (10mg/ml) solution
was prepared. Five separate test tubes were
taken and 0.2, 0.4, 0.6, 0.8 and 1 ml standard
maltose solution was pipette out. A test tube
containing blank solution was also prepared.
The volume was maintained up to 2 ml in
each test tube including blank with distilled
water. One ml DNS reagent was added to
each test tube and test tubes were covered
with aluminium foil. The test tubes were kept
on boiling water bath for 5 minutes at 37°C.
The test tubes were allowed to cool and 9 ml
distilled water was added to each test tube and
mixed well. Intensity of dark yellowish
orange colour was measured as absorbance or
OD in a spectrophotometer at 540 nm. A
graph was plotted with the concentration of
maltose on X axis Vs OD at 540 nm on Y axis
(http://vlab.amrita.edu/?sub=3&brch=64&sim
=163&cnt=2).

Results and Discussion

Bacillus isolated from ten different soil
samples, were opaque, moist, white or greyish
white in colour. The colony elevation
appeared to be flat. The colony morphology
study showed that the colony on nutrient agar
medium formed circular or irregular edges.
The colonies were of different sizes, some
small, some medium and some large colonies
were found. The results for various isolates
have been summarized in Table I. After Gram
staining and microscopy, it was observed that
all Bacillus isolates were Gram positive as
purple colour rods were observed at 40X.
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The rods were of different sizes. Sample code
2, 3, 4, 6 appeared to be small rods, Sample
code 1 and 10 were medium rods and Sample
code 5, 7, 8, 9 were large rods. Kannahi et al.,
(2015) used serial dilution and plating method
for the isolation of bacterial colonies. These
colonies were identified by gram staining and
biochemical test. Bacteria belonging to the
genera Bacillus, Pseudomonas, Serratia,
Enterobacter, etc., are reported to solubilise
the insoluble phosphatic compounds and aid
in plant growth.

Biochemical analysis revealed that the all ten
isolates showed positives results for Catalase,
Motility, Urease and Oxidase tests. For other
biochemical tests, mixed results were found,
some being positive and some negative (Table

).

Out of 10 isolates, none of the isolates
solubilised phosphate on Pikovskaya’s agar
medium, hence showed negative results.
However, Kumar et al., (2012) found that a
spore forming Bacillus sp. BPR7 strain was
the best solubilizer of inorganic phosphates
due to the production of organic acids.
Similar results were obtained by Tripti et al.,
(2012) that an isolated bacterial strain S;
(Bacillus sp.) was significant phosphate
solubilizer. Karpagam et al., (2014) observed
that isolate psm2 (Bacillus sp.) (0.786 U/ml)
showed highest percent P solubilisation when
compared to other isolates.

Two isolates namely 3 and 9 solubilised
potassium on Aleksandrov agar medium.
Potassium solubilising activities of these 2
isolates is shown in Table Ill. Rest of the
isolates showed negative result. Similar study
was carried out by Anjanadevi et al., (2015)
in which 36 different bacteria were isolated
from rocks of a major hill station at Ponmudi
in Thiruvananthapuram, Kerala, India. A
comprehensive  characterization of K
solubilisation from feldspar was achieved
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with these isolates which indicated that the K
solubilising efficiency increases with decrease
in pH and increase in viscosity and viable cell
count. Based on the level of K solubilisation,
two potent isolates were selected and
identified as Bacillus subtilis ANctcri3 and
Bacillus megaterium ANctcri7. The Bacillus
isolates were also screened for amylase
activity on Starch hydrolysis test. Out of ten
isolates, seven bacteria showed the zone of
clearance on starch agar media except 5, 7
and 8. After amylase production it was
observed that Sample code 9 produced 3.90
mg/ml of amylase.  Similar study was
performed by Singh et al., (2016) in which

Out of ten isolates, five bacteria showed zone
of clearance on starch agar media and among
five, Bacillus sp. B3 showed the maximum
zone of clearance on the starch agar medium
i.e. 8mm. So, B3 isolate was selected for the
further study of amylase activity.

Isolated Bacillus sp. B3 was found to be
effective in releasing high amount of reducing
sugars. The amylase activity decreases from
0.981 to 0.215 U/ml as the incubation time
increase from 24 to 72 hours at 35 +2°C.
Vaidya et al., (2015) isolated a-amylase
producing bacterial strains from the soil of
potato dump sites.

Table.1 Bacillus isolates with different Characteristics on Nutrient agar medium

Characterist 1 2 3 4
ics
Form Circular | Circular | Irregular | Irregular
Elevation Flat Flat Flat Flat
Size Medium Large Large Large

Opacity Opaque  Opaque  Opaque Opaque
Colour White White White White

Surface Moist Moist Moist Moist

Sample code

Circular | Circular ' Circular | Circular | Circular Circular

5 6 7 8 9

Flat Flat Flat Flat Flat
Large | Medium | Medium | Medium | Medium Small

10

Flat

Opaque Opaque Opague Opaque  Opaque Opaque

Greyish | Greyish | White Greyish White Greyish
White White White white
Moist Moist Moist Moist Moist Moist

Table.2 Biochemical characteristics of different Bacillus isolates studied in the present study

Biochemical Tests 1 2 3 4
Citrate utilization + = + +
Vogues Proskauer + + - -
Motility + + + +
Catalase + + 4 +
Nitrate reduction - - - -
TSI + + + +
Urease + + + +
Oxidase + + + +
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Isolates

5 6 7 8 9 10
+ + + - + +
+ + - + - +
+ + + + + +
+ + + + + +
+ + + + + +
- + - - + +
+ + + + + +

+ + + + +
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Table.3 Potassium solubilising activities of different Bacillus isolates

Sample code After 7 days After 10 days
Colony Zone (D -d) Colony Zone (D -d)
measurement measurement measurement measurement
(d) (in mm) (D) (in mm) (d) (in mm) (D) (in mm)
3 11 19 8 11 20 9
9 7 11 4 7 12 5

Table.4 Concentration of Amylase produced by different Bacillus isolates

Sample Code Concentration (mg/ml)
1 3.49
2 2.68
3 0.95
4 2.44
5 2.65
6 1.62
7 2.16
8 1.90
9 3.90
10 0.86
Comparative analysis of amylase produced by different
isolates of Bacillus.
4.5
4
35 -
3 .
2.5 -
7 - B Conc. (mg/ml)
1.5 -
1 .
0.5 -
0 .
1 2 3 4 5 6 7 8 9 10

Figure.1 Comparison of amylase produced by different isolates of Bacillus on Enzyme
production medium
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A total of 18 bacterial strains were isolated.
Among which 5 strains gave zone of
clearance with iodine solution on starch
hydrolysis test. These were further selected
and quantified. Amongst these, the isolate
showing maximum absorbance was further
optimized and characterized and found to
belong to the genus Bacillus.

In this study, Comparative analysis of
amylase produced by different isolates of
Bacillus is shown in Figure I. Concentration
of amylase produced by Bacillus isolates is
given in Table IV.

This research was undertaken to isolate ten
Bacillus isolates from different soil samples
to test their ability to solubilise phosphate and
potassium. Screening for the production of
amylase and its assay has also been
performed. Colonies of the Bacillus isolates
appeared to be circular, flat, round and large
on Nutrient agar plates. Few medium and
small sized colonies were also observed. The
length of the colonies varied from 1mm to
12mm. Gram staining revealed that all
isolates were Gram positive rods. However,
the difference in the length of the rods was
visible when microscopy was performed.
After Biochemical analysis, it can be
summarized that all Bacillus isolates showed
positive results for Catalase, Urease, Oxidase
and motility tests. For other biochemical tests
differential results were obtained.

This also indicates that these were different
isolates. Out of ten isolates none of the
isolates were able to solubilise phosphate on
Pikovskaya’s agar medium even after 15 days
of incubation at 37°C. Two isolates (Sample
code 3 & 9) out of ten solubilised Potassium
on Aleksandrov agar medium. After 10 days
of incubation, the difference between zone of
clearance and colony diameter was found to
be 9 mm and that of Sample code 9 was found
to be 5 mm.

423

Out of ten, seven isolates showed visible clear
zone when streaked on starch agar plates after
24-48 hours of incubation except sample code
5, 7 & 8. Sample code 5, 7 & 8 were the only
isolates which gave negative results for TSI
Test. The isolates were further analyzed for
amylase production and its assay. The
concentration of amylase produced was
between 0.86 mg/ml - 3.90 mg/ml for the
various Bacillus isolates.
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