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Modern civilization highly depends on electrical energy produced by coal-fired
thermal power plants and therefore fly ash is a worldwide pollution burden of
biosphere. Experimental studies have been carried out to isolate and identify some
bacterial strains from cow (Bos indicus) dung and their application as potential
biocatalyst for the conversion of insoluble fly ash into soluble form. Fly ash
contains huge amount of water-insoluble metallic oxides and silicates. Based on
different biochemical properties of those isolated strains, twelve of them were
selected here. A new Pseudomonas sp. strain GRTM (GenBank and rRNA
Accession Number KC169988), had been identified by 16s gene sequencing and
was found to be the best active strain among them. This biocatalyst catalyses the
release of most essential cations and anions from fly ash but not the heavy metal
ions.  These release ions are important micro- and macro-nutrients for the growth of
plants.
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INTRODUCTION
Fly ash, produced from thermal power plant, has now
becomes a great threat as an environment pollutant. The
environmentalists tried to utilize it for human welfare and also
got successes in few cases (Stevenson and Sagoe-Crentsil,
2005; Paul et al., 2007). This byproduct of thermal power
plants is light in weight and water insoluble in nature. For its
light weight, it flies with wind and settles on plants, soil and
water. Though fly ash is full of plant nutrients like; Al, Ca,
Cu, Cr, Ni, Si, V, Zn, etc. (Sadasivan and Negi, 1991) but due
to its water insolubility, it cannot mix with soil and changes
physiochemical nature of soil such as pH, conductivity,
porosity, water retaining capacity, etc. As a result fertile land
becomes infertile. At the same time surface water becomes
unfit for the aquatic ecosystem.

Cow dung is an undigested residue of consumed food
materials, passed through the gastrointestinal system of cow
(Bos indicus) and finally excreted as waste. In India, cowdung
is considered as a noble-substance and is used during worship
of Hindus from anecdotal era. In rural area, the villagers spray
‘fresh cowdung water mixture’ on the floor surrounding their
houses as anti-pathogenic agent in the morning. It is used as
‘Beejamrutha’, a good fertilizer (Sreenivasa et al., 2009), a
source of antifungal agents (Muhammad and Amusa et al.,
2003) and as an alternative fuel or biogas production (Rana et
al., 2014; Mandal and Mandal, 1997). Numerous types of
microbes like Bacillus, Pseudomonas, Lactobacillus,
Azotobacter, Aspergillus, Yeasts are present in cowdung
(Punitha et al., 2010; Teo and Teoh, 2011).

Today, biofertilizers get more preferences over chemical
fertilizers because of their different beneficial effects.

Biofertilizer contains a microbe which promotes plant growth.
They can produce different phyto-hormones, antimicrobial and
phosphate solubilizing compounds (Khan et al., 2009). Such
stimulation of different crop yield by plant growth-promoting
microorganisms (PGPMs) has been demonstrated in both
laboratory and field trials (Shahab et al., 2009). In this paper,
an attempt has been made to present the experimental results
of isolation of some bacteria from cow dung, the biofertilizer
used in India from the ancient time. For the experiments
twelve useful bacterial biofertilizer strains are used to study
the conversion of fly ash covering land into appropriate
agricultural field.

MATERIALS AND METHODS
Cow dung and fly ash sample collection
Fresh cow dung (FCD) samples were collected in sterile auto-
cleavable polythene bags from Panskura (Coordinates- 22.42
◦N to 87.7 ◦E), Purba Medinipur, West Bengal, India. A part of
these samples were kept for three months in open air and were
used as stored cowdung (SCD) samples. Similarly, fly ash
samples were collected from Kolaghat Thermal Power Plant
(Coordinates- 22.40499 ºN to 87.8525162 ºE), Mecheda,
Purba Medinipur, West Bengal, India.

Isolation and biochemical characterization of bacterial
isolates

Initially, 1gm of both FCD and SCD samples were dumped
separately in 100ml. Luria Bertani (LB) broths and incubated at
28±2 ◦C. After three days, 1ml of those screened medium were
serially diluted up to 10-9 times using sterile distilled water.
Each serially diluted fraction (100µl) was pour-plated with LB-
agar (1.5%, W/V) medium and incubated at 28±2 ◦C for 48hr
(Jayaprakashvel et al., 2010). Distinct single colonies were
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picked up and sub-cultured to purify on same sterile agar
medium by repeating the processes three times.

Quantitative estimation of indole-3-acetic acid, hydrogen
cyanide

To check indole-3-aectic acid (IAA) production ability, all
selected isolates were grown separately in LB-broth and after
72hr all culture media were separately centrifuged at 7000rpm
for 20min. After centrifugation 1ml of each supernatant were
separately taken in 2ml micro-centrifuge tube and 0.5ml Indole
Kovac’s Reagent was added with each supernatant. After 5min
the appearance of cherry red colored ring confirms the
presence of IAA in the medium, which was then quantified by
using Salkowski reagent at 540nm by UV-VIS
spectrophotometer (Elico, India, Model No. 159) (Yamada,
1993). HCN and salicylic acid (SA) production by the isolates
were measured according to Reddy et al. (2008).

Screening of different water insoluble salt solubilizing
bacteria

Bacterial isolates were grown separately on different mineral-
agar medium [medium composition (in gm/100ml): dextrose-
1.0; salts- 0.5, (NH4)2SO4- 0.05; KCl- 0.02; MgSO4.7H2O- 0.1;
yeast extract- 0.5; agar- 1.5 and pH- 7.0] (Nautiyal et al., 2000;
Roychoudhury and Kaushik, 1989). Salts taken for
solubilization were aluminum trioxide [Al2O3], aluminum
phosphate [AlPO4], calcium silicate [CaSiO3] (Bennett et al.,
2001), calcium triphosphate [Ca3(PO4)2], chromium trioxide

[Cr2O3], magnesium phosphate [Mg3(PO4)2], ferric oxide
[Fe2O3], ferrous carbonate [FeCO3], ferric phosphate [FePO4]

and zinc phosphate [Zn3(PO4)2] at room temperature (28±2 ºC)
for 7 days.

LC/MS/MS method for identification of organic acids

All fly ash bacterial inoculation samples were analyzed by
LC/MS/MS for identification of different organic acids. A
Perkin Elmer HPLC (Series-200, USA) was coupled with a
Thermo Scientific MSQ Plus single quadrupole mass
spectrometer was used for the analyses. HPLC separation was
achieved with RP-C18 column (Agilent Tech., Germany; 1.00
mm × 250 mm) maintained at 30°C and 500μl/min flow rate
(Stephen and Jisha, 2011). Mobile phase (A) was composed of
0.1% phosphoric acid in water (v/v) and mobile phase (B) was
0.1% formic acid in 10mM acetonitrile (v/v).

Mobile phase (B) was ramped from 0% to 85% over 4min,
held constant at 85% until 25min, then ramped back down to
re-equilibrate the column. 20μl sample injection was used. The
experimental parameters were optimized in negative ion mode
(SIM) with a needle potential -1.5kV, ion transfer capillary
voltage of -26V and ion transfer capillary temperature 450°C.
The nitrogen gas at 85 psi was used for both sheath gas and
auxiliary gas. To maintain a sufficient number of data points
across chromatographic peaks, a mass resolution setting of
15,000 was used. Parent mass selection, collision induced
dissociation (CID), and fragment mass detection all these

Table 1 Biochemical characteristics of all selected bacterial isolates
Tests / Assay  name E57 B11 P43 P64 P76 PS

46 PS
71 PS

111 ZS
3 ZS

16 ZS
17 ZS

20

Green  pigment  production
on  King’s B  media + + - + + + + + - + - -

Fluorescence  production
on  UV-light  illuminator + + - + + + + + - + - -

Gram   staining - - + - - - - - - - + -
Endospore   staining - - + - - - - - - - + -

Capsule   staining - - - - - - - - - - - -
MR   test + - + - + - - - + - - +

IAA   production + - + + + + - - - - - +
HCN   production + + - + + + + + - + - -
H2S   production + + - + + + + + - + - -
KNO3 utilization + + - + + + + + - + - -

α- Amylase   production - - - - - - - - - - + -
Citrate  utilization + + - + + + + + - + - -
Catalase  production + + + + + + + + - + + +
Oxidase  production + + - + + + + + - + - -
Casinase  production + + - + - + + + - + - -
Gelatin  hydrolysis + + - + - + + + - + - -

Urease  activity + + + + + + + + + + + +
Lipase  activity + + - + - + + + - + - +

Table 2 Quantitative  amount  of  different  secondary  metabolites  production  by  all  selected  isolates  along  with
plant  growth  promotion  by  those.

Isolates SE   of
Ca3(PO4)2

SE  of
CaSiO3

SE  of
Mg3(PO4)2

SE  of
Zn3(PO4)2

IAA
(ppm)

HCN  (OD
at 540nm)

SA  (ppm) VI

Control 000.00 000.00 000.00 000.00 0.000 0.00 0.000 885
E57 140.00 380.00 200.00 280.00 5.048 0.03 0.037 4770
B11 160.67 575.00 255.60 185.71 0.048 0.03 0.018 4410
P43 000.00 00.00 000.00 000.00 2.209 0.00 0.000 1405
P64 100.00 271.43 111.10 175.00 5.128 0.01 0.018 3710
P76 160.00 312.50 110.00 125.00 7.932 0.03 0.018 4440
PS

46 150.00 600.00 262.50 144.44 5.326 0.02 0.000 2830
PS

71 150.00 320.00 142.90 171.43 0.765 0.02 0.000 1680
PS

111 115.38 380.00 222.20 216.67 0.946 0.01 0.000 3680
ZS

3 000.00 140.00 212.50 233.33 0.309 0.00 0.000 2670
ZS

16 111.11 200.00 108.30 166.67 0.726 0.02 0.000 3930
ZS

17 000.00 000.00 000.00 000.00 0.567 0.00 0.000 3360
ZS

20 000.00 000.00 172.70 137.50 10.114 0.00 0.000 3115.6
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occurred in the ion trap. For organic acid, the collision energy
was set to 28%. Peak areas and compound identification were
obtained by the peak algorithm in the Xcalibur software
package.

Seed bacterization for growth promotion assay

All fly ash samples of thermal power plant was autoclaved at
15lb/inch2 pressure for 15min and bacterized separately in
sterilized 50ml culture tubes for 14days. 200ml of different
bacterial inoculums, containing 3×108cfu/ml, were separately
centrifuged at 7000rpm for 20min (Cooling Centrifuge, REMI
C-24 BL, India) and supernatant were discarded. Bacterial
pallets were washed three times with sterile distilled water and
finally suspended with carboxymethylcellulose solution (1mg
CMC in 100ml sterile distilled water). Then these bacterial
solutions of different selected bacteria were added separately
with the sterilized fly ash samples kept in culture tubes.
Surface-sterilized seeds of Cicer arietinum were then kept
separately on those treated thermal power-plant ash in culture
tubes keeping a non-treated sterilized fly ash sample as control.
A similar separate set was also made by taking soil instead of
fly ash. After 7days incubation, plant growth-promoting
activity by selected microbes, were assessed and the seedling
Vigour-Index (VI) values were calculated for both sets
(Ramamoorthy et al., 2002).

Identification of best isolate by 16s rRNA gene sequencing

Chromosomal DNA was extracted by taking 500mg wet
weight bacterial cells were resuspended in 100µl TE-buffer
(10mM Tris-HCl, 1mM EDTA, pH 8.0). Cells were lysed by
10% SDS and proteinaseK (20 mg/ml; HIMEDIA). After
isolated DNA was further purified by chloroform/isoamyl
alcohol (24:1, v/v), phenol/chloroform/isoamyl alcohol
(25:24:1, by vol.) and RNaseA (10mg/ml; HIMEDIA). DNA
concentration and purity of each DNA sample were determined
by measuring the optical density at A260 and A260/A280 ratio,
respectively.

The 16S rRNA gene was amplified using PCR with Taq-
polymerase (Merck, Bioscience) and the universal primer
pair of 27F (5'-AGAGTTTGATCCTGGTCAGAACGCT-3')
and 1459R
(5'TACGGCTACCTTGTTACGACTTCACCCC-3')
described by Weisburg et al. (1991). PCR amplifications
were performed in 50µl reaction mixture containing buffer,
1.5mM MgCl2, 0.5nmol each deoxynucleoside triphosphate,
10pmol each primer, 2.5 U Taq-polymerase and the
template DNA, by using the DNA thermal cycler
(Mastercycler personal, Eppendrof AG-22331, Germany)
with the following temperature profile: an initial
denaturation at 94 °C for 4min; 30 cycles of denaturation
(1min at 94 °C), annealing (1min at 55 °C) and extension
(2min at 72 °C); and a final extension at 72 °C for 10min.

The PCR products purified and sequenced directly using a
Taq DyeDeoxy Terminator Cycle Sequencing kit (Applied
Biosystems). Sequence reaction mixtures were
electrophoresed and analyzed with an Applied Biosystems
model 377A DNA sequencer. The 16S rRNA sequences
determined were then aligned with reference sequences
obtained from available standard sequences of bacterial
lineage in the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/) using BLASTn
search algorithm. A phylogenetic tree from distance
matrices was constructed by the neighbour-joining method
by using MEGA 5.2 software.

RESULTS
The following results were obtained after conducting the
experiments as described in the previous section

Figure 1 (a) Tri-calcium  phosphate  solubilization  by  E57 [top]  and
B11 [bottom];

(b)  calcium  silicate  solubilization  by  E57 [top]  and  B11

[bottom].

Figure 2 (A) Sprout growth on treated fly ash and (B) sprout growth
on treated,non-treated fly ash and on soil by E57 (left to right).

Figure 3 LC screening of E57 bacterium inoculated fly
ash containing culture medium for organic acids identification.
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was set to 28%. Peak areas and compound identification were
obtained by the peak algorithm in the Xcalibur software
package.
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search algorithm. A phylogenetic tree from distance
matrices was constructed by the neighbour-joining method
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The following results were obtained after conducting the
experiments as described in the previous section

Figure 1 (a) Tri-calcium  phosphate  solubilization  by  E57 [top]  and
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(b)  calcium  silicate  solubilization  by  E57 [top]  and  B11

[bottom].

Figure 2 (A) Sprout growth on treated fly ash and (B) sprout growth
on treated,non-treated fly ash and on soil by E57 (left to right).

Figure 3 LC screening of E57 bacterium inoculated fly
ash containing culture medium for organic acids identification.
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occurred in the ion trap. For organic acid, the collision energy
was set to 28%. Peak areas and compound identification were
obtained by the peak algorithm in the Xcalibur software
package.

Seed bacterization for growth promotion assay
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15lb/inch2 pressure for 15min and bacterized separately in
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bacterial inoculums, containing 3×108cfu/ml, were separately
centrifuged at 7000rpm for 20min (Cooling Centrifuge, REMI
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and 1459R
(5'TACGGCTACCTTGTTACGACTTCACCCC-3')
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1.5mM MgCl2, 0.5nmol each deoxynucleoside triphosphate,
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matrices was constructed by the neighbour-joining method
by using MEGA 5.2 software.

RESULTS
The following results were obtained after conducting the
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Figure 1 (a) Tri-calcium  phosphate  solubilization  by  E57 [top]  and
B11 [bottom];

(b)  calcium  silicate  solubilization  by  E57 [top]  and  B11
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Figure 2 (A) Sprout growth on treated fly ash and (B) sprout growth
on treated,non-treated fly ash and on soil by E57 (left to right).

Figure 3 LC screening of E57 bacterium inoculated fly
ash containing culture medium for organic acids identification.
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Isolation and preliminarily biochemical characterization
of all isolates

Total 750 isolates were randomly collected from fourteen
(seven for FCD and seven for SCD) LB-plates. Twelve
different isolates were selected on the basis of their
phenotypic and biochemical characteristics. Among twelve
isolates P43 and ZS

17 are Gram-positive, endospore positive,
capsule negative bacillus bacteria, while rest E57, B11, P64,
P76, P

S
46, P

S
71, P

S
111, Z

S
3, Z

S
16, Z

S
20 [superscript ‘S’ denotes

bacteria isolated from SCD] were Gram-negative,
endospore negative, capsule negative small-bacillus
bacteria. Their different biochemical tests were showed in
the Table 1.

Evaluation of salt solubilizing activities

All isolates showed good growth on every mineral
containing plates but no one could produce halo-zones on
aluminum trioxide [Al2O3], aluminum phosphate [AlPO4],
chromium trioxide [Cr2O3], ferric oxide [Fe2O3], ferrous
carbonate [FeCO3], ferric phosphate [FePO4] salts
containing plates. While on tri-calcium phosphate
[Ca3(PO4)2], calcium silicate [CaSiO3], magnesium
phosphate [Mg3(PO4)2] and zinc phosphate [Zn3(PO4)2]
minerals containing plates, different isolates produced clear
halo-zones with different solubilizing efficiency (SE)
values (Fig 1). Data are shown in Table 2.

Response to seed germination and plant growth

It is found that, among twelve isolates E57 can influence the
plant growth with highest Vigour Index value than others in
all the cases (Fig 2). In all cases, two seeds were germinated
(germination energy 100% with nil percent disease index)
and sprouts gave highest average growth. Mean Vigour
Index values of sprouts after a week influenced by different
selected bacteria are shown in Table 2.

Identification of organic acids

In this case we studied only the result obtained for the best
bacterial isolate E57. During LC separation we got four major
peaks (Fig 3) out of those only the compounds showing first (at
5.07min) and second (at 7.97min) peaks gave ionization in
MS/MS analysis. No ionization obtained from the last two
peaks (at 9.41 and 10.99min). Xcalibur software package
indicates the mass-to-charge ratio (m/z) at 193.3 (on 5.07min)
is the deprotonated glucuronic acid and m/z at 203.7 (on
7.97min) is the deprotonated indole-3-butyric acid. After
getting those results standard indole-3-butyric acid and
glucuronic acids (Merck, Germany) were run through
LC/MS/MS all at similar conditions and same results were
found.

16S rRNA gene sequencing for E57 isolate identification

The identification of best water-insoluble salts solubilizing as
well as plant growth-promoting strain E57 based on 16S rRNA
sequence analysis and its phylogeny has been presented in Fig
4. It was found that E57 was a new γ-proteobacteria strain
named as Pseudomonas sp. strain GRTM (NCBI accession no.
KC169988) closely similar to Pseudomonas aeruginosa strain
DSM 50071 (97%) and Pseudomonas otitidis strain
MCC10330 (96%).

DISCUSSION
Energy is one of the most essential ingredients in this modern
civilization. In a thermal power plant coal is burned to produce
electrical energy through some intermediate states. Fly ash, is a
byproduct of these thermal power plants, causing not only
environmental pollution, but also raises the temperature of that
region because of high specific heat of components present in
it compared to soil. But fly ash is a huge source of silica,
aluminum, iron, magnesium and calcium salts/minerals which
are essential micro and macronutrients for plant growth. These

Figure 4 Phylogenetic analysis based on 16S rDNA sequence available from NCBI data library was constructed. Clustering with the bootstrap neighbor-
joining method was performed by using the software packages MEGA (Molecular Evolutionary Genetics Analysis) version 5.
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essential nutrients also help in making the soil fertile. Microbes
not only play vital role in physical weathering of parental rocks
for generation of fertile land or soil but also help in plant
nutrition by microbes-plant symbiosis phenomena. So, by
mixing some useful ecofriendly microbes with fly-ash, we can
make fly-ash covering unfertile land into fertile. This fertile
land can help in the green revolution and also control the
temperature of the region.

It has been found that 750 isolates were collected from both
FCD and SCD. Thus, cowdung is a huge source of both Gram
positive and Gram negative bacteria, having antimicrobial
substances secretion along with good biofertilizable ability.
From Table 2, it can be seen that bacteria gave good growth
i.e., they can consume Al2O3, AlPO4, CaO, Cr2O3, Fe2O3,
FeCO3 and FePO4 for their growth and they further can
solubilize water-insoluble salts like Ca3(PO4)2, CaSiO3,
Mg3(PO4)2 and Zn3(PO4)2 for plants growth promotion.
Bacterial metabolic products break down the covalent structure
and form the ions. Ions (cations and anions) have high water
retaining capacity. So it changes the fly ash into the source of
plant nutrients. Thus, the microbes present in FCD and SCD
have potential ability in soil formation from parental rocks.
That’s why farmers use cowdung as a good biofertilizer from
the anecdotal era in India.

Fly ash is non-fertilizable in nature. Only some grasses and
few plants which don’t have deeply rooted rhizospheric area
can grow on it. But any angiosperm and gymnosperm type of
plant cannot grow on it. In our experimental study, we have
seen that in treated fly ash, roots of plants enter into fly ash
more deeply than non-treated fly ash with higher Vigour Index
values for every case as similar with soil. This indicates that it
is possible to directly apply bacterial culture into fly ash as bio-
fertilizer. Table 2, also reflects a good variation of phosphate
solubilization data along with IAA, HCN, salicylic acid
production among different selected bacteria.

Table 1 shows different biochemical and extra-cellular
enzymatic properties of different bacterial isolates. Based on
these data, bacterial isolates were selected for solubilization of
fly-ash. This may be due to the fact that bacterium secreted
acidic substances to solubilize these insoluble materials into
their respective soluble forms, which was proved by
LC/MS/MS analysis. From the Table 2, it has been found that
using the selected microbes, seedling vigor-index values of the
Cicer arietinum sprouts have increased with respect to the
control [non-treated fly ash]. Paul, K.T., Satpathy, S.K.,
Manna, I., Chakroborty, K.K., and Nando, G.B. (2007).
Preparation and characterization of nano structured materials
from fly ash: A waste from thermal power stations, by high
energy ball milling. Nanoscale Res Lett, 2(8): 397-404.

CONCLUSION
In our experimental studies, an important eco-friendly
bacterium has been isolated from the cow dung which is cheap
and easily available in the rural areas. This biocatalyst can
extract plant nutrients, from the fly ash, an environment
pollutant and unfertile for plant growth. Thus this biocatalyst
can be used to extract nutrients from the ash, obtained by
burning woods, charcoal and agricultural wastes. Moreover,
this study can help to find the more powerful biocatalysts from
the cattle dungs other than cow dung and at the same time to

control environmental pollution. For this, further experimental
studies are required.
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