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Fly ash (FA), a by-product of coal combustion, can be used in improving the
soil’s physical, chemical and biological properties. It is helpful in the nutrient
enrichment in crops. Currently, the use of chemical fertilizers and pesticides is
being done at high levels to meet the growing demand for food according to the
growing population. The use of synthetic chemical fertilizer is responsible for the
pathological condition in human and animals. To overcome this problem,
nowadays biofertilizer is being used instead of chemical fertilizer. Biofertilizer is
supposed to be a safe alternative to chemical fertilizer to minimize the ecological
disturbance. This review explores the possibility of using fly ash as a supplement
to biofertilizer to improve the soil, environment and enhance the growth & yield
of plants.
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ash and fly ash. Being light the ash
that enters flue gas stream in combustion
set up is known as fly ash (FA). This fly
ash is produced as a by-product of
coal combustion in coal – fired power
plants. The fly ash production is
increasing every year. The current
production of fly ash is about 176 Million
tons1.

Introduction
There are about 125 thermal coal – fired
power plants in India for electricity
generation. the major. Pulverized coal is
used as a fuel source for generating power in
thermal power plants which can be
anthracite, bituminous or lignite type. Coal
contains high ash content. Residue of
coal combustion comprises of both bottom
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Fig. 1a Flyash Generation Report
production of ash that leads to 10-30% fly
ash formation2. The mineralogy and specific
properties of fly ash depends on the nature

Physico-chemical properties of fly ashFly ash production depends on the quality of
the coal, which contains a relatively high
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Fig. 1.b Graphic representation for flyash generation

Fig. 2. A Thermal Power Plant
of parental coal used for combustion and
conditions of combustion3. Physically, fly
ash is comprised of very fine glass-like
particles that are 0.01–100 mm in
size 4,5. These fly ash particles have specific

gravities of 2.1–2.6 gm3, low to medium
bulk density, a large surface area, very light
6,7
texture
and
50-60%
porosity
.
Chemically,90-99% of fly ash is composed
of silicon-Si, aluminium-Al, iron-Fe,
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calcium-Ca, magnessium-Mg, sodium-Na
and potassium-K with Si and Al forming the
major matrix3,7.

Fig. 3. Flyash sample

Fly ash contains both major and trace
elements. The fly ash also contains a high
concentration of toxic heavy metals such as
copper-Cu, zinc-Zn, cadmium-Cd, lead-Pb,
nickel-Ni, chromium-Cr etc.8,9,10 .The pH
ranged from 4.5 to12.0 depending on the
Sulphur content of parent coal11,12. Flyash
consists of SiO 2 (49–67%), Al 2 O 3 (16–
29%), Fe 2 O 3 (4–10%), CaO (1–4%), MgO
(0.2–2%), and SO 3 (0.1–2%). 13,14 FA
consists of all the elements similar to soil
except nitrogen-N and with negligible
organic carbon7 . Therefore, except
Nitrogen, all important metals essential for
plant growth and metabolism are present in
flyash. The reason FA lacks any or much N
is because it is volatilized from the coal15.
Uses of FA
Though the beneficial use of fly ash has
been recognized in various areas like in
concrete cement industry, construction of
road embankments and manufacture of
bricks and soil stabilization treatment16. Flyash, having both the soil amending and
nutrient-enriching properties, is helpful in
improving crop growth and yield in low
fertility acidic lateritic soil in agriculture. A
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gradual increase in fly ash concentration in
the normal field soil (0,10,20 up to
100%v/v) was reported to increase the
porosity and water holding capacity17.
Similar elements of soil are found in flyash
with lack of nitrogen. To meet the shortage
of nitrogen, biofertilizer is mixed with fly
ash in the soil.
Potential use of FA with Biofertilizer
Biofertilizers are preparations containing
efficient strains of micro organisms that help
uptake of nutrients by crop plants when
applied to soil. When biofertilizer is applied
to seeds, a plant surface, or soil, colonizes
the rhizosphere or the interior of the plant
and then biofertilizer promotes growth by
increasing the supply or availability of
primary nutrients to the host plant. Biofertilizers add nutrients through the natural
processes
of nitrogen
fixation,
solubilizing phosphorus and stimulating
plant growth. The microorganisms in biofertilizers restore the soil's natural nutrient
cycle and build soil organic matter.
Biofertilizers neither pollute the soil nor
disrupt the ecological balance, and hence are
environment-friendly. The micro-organisms
which act as bio-fertilizers are bacteria like
Rhizobium, Azotobacter, Azospirillium, and
Cyanobacteria such as Anabaena, Nostoc,
Plectonema etc.
Some researchers have used bacteria,
fungi, and Cyanobacteria as biofertilizer on
different plants which has a very good result
on the productivity of crops. Cyanobacteria
are more used as biofertilizer because it taps
the sun’s energy captured during
photosynthesis to fix nitrogen from the air
and turn it into a form which plants can use.
Cyanobacteria are ubiquitous, primitive and
photosynthetic micro-oraganisms which can
easily survive on bare minimum requirement
light, CO 2 and water18 .They are quite small
and usually unicellular, though they often
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grow in colonies. Cyanobacteria are also
known as blue-green algae. Blue-green
algae or Cyanobacteria are free-living
and
prokaryotic
organisms
which
can fix nitrogen asymbiotically but some

Cyanobacteria are known to form symbiotic
associations. The nitrogen fixation in
Cyanobacteria occurs in specialized
structures called heterocysts with the help of
nitrogenase.

Beggiatoa alba

Anabaena flos-aquae

Nostoc species

Phormidium uncinatum

Cylindrospermum muscicola

Microcystis

Fig. 3. Microphotographs of some genera of Cyanobacteria.
(Source19 : http://www-cyanosite.bio.purdue.edu/image html)
Researchers covered the valuable
role of fly ash as a supplement to
biofertilizer in development of sustainable
agriculture and environment. Soil amended
with fly ash increases the water holding
capacity of soil. Biofertilizers mixed with

flyash can be recommended for the sake of
achieving the higher quality production.
Cyanobacterial biofertilizer also helps in the
stabilization of soil, add organic matter,
release growth promoting substances and
improve the physiochemical properties of
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plants (Oryza sativa). Kumpiene et al.,26
soil by solubilizing the insoluble phosphate.
reported that Cu and Pb
There is considerable potential in agriculture
due to modification by the fly ash in soil
mobility and bioavailability in the soil can
health7. Flyash increases the height of
be lowered by the addition of coal fly ash
plants, metabolic rate and photosynthetic
and natural organic matter (peat), which
pigment in maize and soybean crops20.
may increase seed germination rate, reduce
Beneficial
effects
of
cyanobacterial
metal accumulation in plant shoots, and
inoculation were also reported on a number
decrease toxicity to plants.
of other crops such as barley, oats, tomato,
Pandey et al.,27 have reported
phytodiversity
on
flyash
Typha
radish, cotton, sugarcane, maize, chili and
21
lettuce . Fly ash with its amendments like
latifolia L., Cynodon
dactylon L.,
soil, wood mulch and leaf mulch have a
Saccharum spontaneum L., Saccharum
positive effect on a plant like Brassica
bengalense Retz.
(Syn. Saccharum
juncea and Zea mays. Both plants germinate
munja), Prosopis juliflora (Sw.), Ipomoea
well in wood mulch amended with fly ash,
carnea and Acacia nelotica L. are identified
but soil amended with 90% soil and 10% fly
as potential plant species for fly ash deposits
restoration. The addition of fly ash at
ash produce taller plants, greater mass, more
pods and more leaves and increased soil
lower doses also improves physical,
fertility22 .
chemical and biological properties of soil
and enhances the growth of a number of
The
different
physio-chemical
plants5.
properties silt-sized particles, low bulk
density (BD), higher water holding capacity
Conclusion
(WHC), favorable pH presence of plant
Besides being an industrial by-product and
nutrients in fly ash, make it a prospective
being used in cement industry, fly ash can
also be used as amended with soil along
amendment of soils. Fly Ash application
with fertilizers in different crops when used
improves the physical, chemical and
23
with some biological component. Fly ash
biological qualities . Fly ash-based biofertilizer and bio-pesticide formulation
cannot be used as a substitute to soil but FA
show slightly better result compared to a
when amended with soil, increases the pH
and water holding capacity of soil. To
routine lignite formulation because fly ash
improves the plant water and nutrient uptake
minimize the disposal of FA and maintain
protect the soil from borne disease and
the ecosystem, a combination of FA, soil
24
detoxifies contaminated soil . When fly
and biofertilizer can have positive effect on
ash is added in B, Mo and Se deficient soils,
the productivity of the soil & crops. In
it acts as an excellent source of these
addition to the crops as discussed above,
elements. Fly ash could be a source of a
the possibility of flyash to be used with
plant nutrient and it could be in use in any
some other mocots and dicots can also be
agricultural soil for production of crops. Fly
explored to meet the rising demands for
ash could be applied safely to tropical agro
food.
eco-systems for retaining productivity of the
References
acid laterite soil25. Lee et al.,9 have
1.
ENVIS
Centre
on
Flyash
reported that the application of fly ash
http://ismenvis.nic.in/Database/Fly_As
increased Si, P and K uptake in the rice
h_6525.aspx

2.
90

Singh LP and Siddiqui ZA 2003,
Effects
of
fly
ash
and
Verma et al.

Helminthosporium oryzae on growth

and yield of three cultivars of rice.
Bioresource Technology 86 73-78.

10.

Tiwari SB, Kumari B and Singh SN
2008,
Evaluation
of
metal
mobility/immobility in the fly ash
induced by bacterial strains isolated
from the rhizosphere zone of Typha
latipholia growing on fly ash dumps.
Bioesource Technology 99 1305-1310.

11.

Plank CO and Martens DC 1974, Boron
availability as influenced by application of
flyash to soil. Soil Science Society of
America Proceedings 38(6) 974-977.
Page AL, Elseewi AA and Straughan IR
1979, Physical and chemical properties of
flyash from coal-fired power plants with
reference to environmental impacts.
Residue Reviews 7 83-120.

3.

Adriano DC, Page AL, Elseewi AA,
Chang AC and Straughan I 1980,
Utilization of Fly Ash and Other Coal
residues on Terrestrial Ecosystems: a
review. Journal of Environmental Quality
9 333-344.

4.

Davison RL, Natusch DFS, Wallace
JR and Evans CA 1974, Trace
elements in fly ash: dependence of
concentration
on
particle size.
Environmental Science Technology 8
1107–1113.
Jala S and Goyal D 2006, Fly ash as a
soil ameliorant for improving crop
production—a review. Bioresource
Technology 97(9) 1136–1147.
Bern J 1976, Residues from power
generation: processing, recycling and
disposal, In: Land Application of
waste materials. Soil Conservation
Society of American Ankeny, Iowa,
226–248.
Basu M, Pande M, Bhadoria PB and
Mahapatra SC 2009, Potential fly-ash
utilization in agriculture: A Global
Review. Progress in Natural Science
19 1173-1186.
Rautary SK, Ghosh BC, and Mittra BN
2003, Effect of fly ash, organic wastes
and chemical fertilizers on yield,
nutrient uptake, heavy metal content
and residual fertility in a rice-mustard
cropping sequence under acid lateritic
soils. Bioresource Technology 90 275283.
Lee H, Ha HS, Lee CH, Lee YB and
Kim PJ 2006, Fly ash effect on
improving soil properties and rice
productivity in Korean paddy soils.
Bioresource Technology 97(13) 14901497.

5.

6.

7.

8.

9.

12.

13.

14.

15.

16.

17.

18.

Anon 2006, State of the environment,
Orissa. Fly ash Management, Centre
for Environmental Studies, Forest and
Environment Department, Government
of Orissa. Envis News Letter 3(1).
Singh RP, Gupta AK, Ibrahim MH and
Mittal AK 2010, Coal fly ash
utilization in agriculture: its potential
benefits and risks. Rev Environ
Science. Biotechnology 9 345-358.
Singh N and Yunus M 2000,
Environmental impacts of fly-ash. In:
Iqbal M, Srivastava PS, Siddiqui TO
(eds) Environmental hazards: plant and
people. CBS, New Delhi, 60–79.
Bhattacharjee U and Kandpal TC
2002, Potential of fly ash utilization in
India. Energy 27 151-166.
Khan MW and Khan MR 1996, The
effect of fly ash on plant growth and
yield of tomato. Environ. Pollution 92
105-111.
Castenholz RW 2006, Phylum BX.
Cyanobacteria: The Archaea and the
deeply branching bacteria. Springer Verlag 1 473-599.

19.

Cyanosite,
Cyanobacterial
image
20. Shukla NK and
Mishra LC
gallery.
http://www1986, Effects of fly ash deposition on
cyanosite.bio.purdue.edu/index.html
J. Phytol. Res. 29 (1 & 2) : 85-91, 2016
91

growth, metabolism and dry matter
production of maize and soybean.
Environmental Pollution Series A:
Ecological and Biological 42 1-13.
21. Thajuddin N and Subramanian G
2005, Cyanobacterial biodiversity and
potential
applications
in
Biotechnology. Current Science 89 (1)
47– 57.
22. Cailie C, Nadiger S and Burken J
2013, Effect of fly ash on the growth
of Mustard and Corn. Biosciences
Biotechnology Research Asia 2 55155.
23. Das BK, Choudhary BH and Das KN
2013, Effect of integration of fly ash
with fertilizers and FYM on nutrient
availability, yield and nutrient uptake
of rice in inceptisols of Assam, India.
Journal of Advancements in Research
& Technology 2 190-208.
24. Shreya N and Paul B 2014, Utilization
of fly ash as carrier in biofertilizer and

pesticide formulation of Chandrapura
Thermal Power Station, India.
Conference: Proceedings of the
Twenty
Seventh
International
Conference
on
Solid
Waste
Technology & Management (ISCW2012), PA, USA.
25. Mitra BN, Karmakar S, Swain DK and
Ghosh BC 2005, Fly ash – A potential
source of soil amendment and
component of integrated plant nutrient
supply system. Fuel 84(11) 14471451.
26. Kumpiene J, Ore S, Lagerkvist A, and
Maurice C 2007, Stabilization of Pb
and Cu contaminated soil using coal
fly ash and peat, Environ Pollution
145(1) 365-373.
27. Pandey VC and Singh N 2010,
Impact of fly ash incorporation
in
soil
systems.
Agriculture
Ecosystems and Environment 136(1–2)
16–27.

