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ABSTRACT
Since time immemorial importance of fungi has been immense right from Irish Blight of
potatoes to Black rust disease of wheat which caused havoc once upon a time. Fungi
cause diseases in humans and animals as well. They not only cause diseases but also
have lot of benefits right from first antibiotic Penicillin and many more helpful enzymes
they secrete and their special role as decomposers in all ecosystems. These have been
found to degrade even pollutants, heavy metals, toxic metals, polyaromatic hydrocarbons
and other industrial chemicals (Saha et al., 2017). They pick up nutrients and other
materials from the surroundings and it is because of this they find a special place in
bioremediation and many more ecofriendly processes.

With this backdrop an attempt has been made in the present paper to study their
role in bioremediation. Besides new ways which can be thought about for their further
exploitation and use in the agriculture which is the backbone of our country’s economy
and sustenance.

Keywords: Bioremediation,
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INTRODUCTION

India is an agricultural country and it is
but natural that it is our backbone. There
is a serious problem of population,
pollution and poverty, the three P*! and
these are interrelated. There is a need for
more and more food  production.
Agriculturists are doing their best to keep
pace with the ever-increasing population.
New varieties, and techniques are being
researched and worked upon.

The greatest achievement of our
agricultural sector has been green, golden

and white revolution. At least now we can
be called self-sufficient to some extent.
Still, we have to find solution for the
ever-increasing population. Besides, we
have problem of pollution of our extremely
precious natural resources the air, water
and soil. It is quite obvious for agricultural
production pollution free soil is required
along with pollution free water and air.
Health of the people is dependent on the
food they consume, and in turn healthier
the people stronger the nation.
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With more and more awareness about

environment related issues people have
become conscious. people no more want to
compromise on health-related issues. As
such agriculturists are also compelled to
take steps accordingly.

Due to excessive mining, oil spills
and most probably indiscriminate use of
pesticides,  herbicides, insecticides and
fertilizers in conventional farming has
made pollution levels alarming. As such
there is need for remedy.

The soil which is polluted with
different types of pollutants is the place
where plants utilize nutrients and make
food (photosynthesis) hence are called
producers. It is these producers which pass
it on to other organisms up the trophic
levels. Thus, all food chains and food
webs rather ecosystems are dependent on
the producers (Mahmood & Malik, 2014,
Nica et al., 2012 & Matsubara et al.,
2006). Mostly plants take up these. Fungi
on the other hand being decomposers help
in all ecosystems by releasing nutrients
back to nutrient pool and help producers
to fix up these again. No ecosystem can
function without decomposers. Since they
secrete enzymes and can utilize different
substrates, they have been found to act on
pollutants also. By virtue of biodegradation
and biodeterioration these fungi help not
only removing these pollutants but also
help in reducing their toxic levels.
Different fungal species for different
locations and have been suggested by
earlier studies. (Larsson & Fick, 2009 &
Rangasamy et al., 2015).

Lot of literature is available on the
role of fungi on organic pollutants (Singh
et al., 2011) Even mushrooms have been
given title of “Saviours of World”
(Stamets,2005), Singh et al., 2013). Stamets
is of the opinion that remediation of
contaminated soil and water from oil spills
and chemical toxins can also be taken care
of by utilising fungi. Especially it is the
fine fungal hyphae which is quite versatile
in picking up these pollutants from the
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surroundings. As the process of uptake

goes on the concentration and quantity of
such pollutant from traces reaches toxic
levels which can be hazardous and cause
of concern. (Bioaccumulation &
biomagnification).

In order to clean the soil
environment along with phytoremediation
cleaning process by fungi also takes place.
The toxic material/pollutant so absorbed by
the fungi gets removed from the soil. This
process is called Mycoremediation. Thus,
the soil so cleaned after Mycoremediation
is no longer toxic and a cause of health
hazard. It can support healthy produce.

With this backdrop an attempt has
been made to study the role of fungi in
bioremediation. This study can help in
generating ideas to overcome problem of
pollution and devise means to have
maximum benefit for the agricultural
sector.

Soil Pollution

Soil is the most important factor for
agriculture as it is the place where crops,
vegetables actually food is generated for
all. In India an estimate of land use
pattern is given. (Harms et al., 2011) Total
land is 328 million hectare, out of which
43.6% is agricultural land, waste land
12.2%barren and uncultivable land is 8.4%.
As per this study nonagricultural use has
increased by 11.73 million hectares from
1950-2000 and is still increasing due to
ever increasing population (Harms et al.,
2011). Excessive population has resulted in
industrialization and development and Iot
of waste generated has resulted in various
types of pollution (Zhao et al., 2014 &
Saha & Panwar, 2010).

There are many reasons for soil
degradation, = which  include  chemical
degradation (Chemical toxicity and salinity
etc) due to irrigation with contaminated
water. Industrialization and modernization
no doubt has helped improve economic
growth but at the cost of environment
(Harms et al., 2011). There are other
anthropogenic activities which have added
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to the pollution levels. (Mosa et al., 2016,

Rangasamy et al., 2015 & Rhodes, 2012).

Wastewaters, untreated effluents of the
various industries and their indiscriminate
disposal results in pollution not only of
water bodies but also of soils, because
water of these polluted water bodies
knowingly or unknowingly gets utilized for
irrigation of different types of crops
(Rawat et al., 2009, Rhodes, 2012, Zhao et
al., 2014 & Saha, 2005). As already
known that crops have a tendency to pick
up and accumulate these pollutants, their
tissues undergo further magnification and
thus transfer up the trophic levels and is a
cause of concern as it ultimately affects
the health of the people (Mahmood &
Malik, 2014 & Saha et al., 2010).

Heavy metal pollution
especially of agricultural soil has been on
rise (Sharma et al., 2008). Industrial
effluents have also been reported to be the
cause of oil pollution especially heavy
metals. Heavy metals are non-biodegradable
and tend to be magnified. They pose risk
to human health hence need to be
removed. Long time exposure to heavy
metals has toxic effect on plant, soil,
microorganisms and  ultimately = human
health. Not only this these heavy metals
get passed on to higher up trophic levels
in food chains and food webs.

Arsenic levels along with Zinc
and cadmium levels have also increased in
ground and surface waters, which is used
for irrigation purposes (Panwar et al,
2010). Ground water is polluted due to
pesticide, textile and other industrial
effluents

Which are dumped into water
bodies like rivers and lakes etc (Bhupal et
al., 2009, Nica et al., 2012, Govil et al.,
2001, Govil et al., 2008, Krishna & Govil,
2008, Larsson & Fick, 2009, Lenka et al.,
1992, Orisakwe et al., 2012, Panwar et al.,
2010, Raj et al., 2011, Singh, 2006 &
Singh, et al., 2020). This has resulted in
change in cropping pattern and a reduction
in crop yield (Bhupal et al., 2009, Kumar
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et al., 2018, Larsson et al., 2007, Larsson

& Fick, 2009, Lenka et al., 1992 &
Matsubara et al., 2006).

Cause of Concern

The cause of concern and burning problem
is that of Arsenic in the soils of Karnataka
and Maharashtra. Arsenicosis and arsenic
related cancers have been reported from
the areas (Bhagure & Mirgane, 2011 &
Chakraborti et al.,, 2013). Atmospheric
deposits of heavy metals in industrial areas
which ultimately lead to pollution of
agricultural lands has also been reported
(Rhodes, 2012 & Saha & Sharma, 2006).
Besides there has been contamination of
soils due to agricultural activities like
indiscriminate use of chemical pesticides,
herbicides, weedicides, rodenticides,
fungicides and chemical fertilizers
(Adhikari et al., 2012, Gupta et al., 2013,
Falandysz & Treu, 2017, Krishna & Govil,
2008 & Kumar & Maiti, 2015).

Due to industrialization, population
explosion and other factors from the above
explanation it is quite obvious that the
condition of soil, ground water and air is
quite polluted thus reason for biosorption,
bioaccumulation and biomagnification by
crops grown in such land. Biomagnification
being carried on up the trophic levels thus
a cause of concern as it reaches toxic and
harmful levels.

Remedy

Removal of pollutants from the soil by the
agency of plants is called
phytoremediation, by the agency of
microorganisms is called micro remediation
and by the agency of fungi is called
Mycoremediation. All these if utilized for
cleaning soils it is called bioremediation
and the organisms are called bioremediaters
(Zhao et al, 2014). Bioremediation 1is
preferred over chemical remediation as it
can result in addition of other pollutants.
Bioremediation is environment friendly. It
not only helps in picking up pollutants
from the polluted areas but also include
breakdown of toxic organic pollutants into
nontoxic rather harmless materials. (Rhodes,
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2014, Gowd et al, 2010, Gupta et al.,

2014, Gupta & Diwan, 2016 & Gupta et
al., 2015) Heavy metals and radioactive
substances cannot be decomposed but can
be converted into harmless entities. In
short bioremediation actually is cleaning of
soil by the agency of living organisms
(Barkat, 2011 & Rhodes, 2013).
Mycoremediation has been studied
in detail many fungi especially white rot
fungi (Pleurotus sps) edible mushrooms
(Gupta, 2020, Ali et al.,, 2019, Sharma et
al., 2008 & Singh et al, 2013).
Mycoremediation has been found to be
advantageous over Dbacterial remediation
(Zhao et al., 2014). Bacteria require pre-
exposure to contaminant and their enzymes
cannot work at certain levels which is not
the case with fungi (Adenipekun & Lawal,
2012).
Many White rot fungi found useful
chrysosporium,
Pleurotus

include Phanerochaete
Pleurotus tuberregium,
pulmonarius, Agaricus bisporus, Trametes
versicolor etc  (Adenipekun & Lawal,
2012), Orisakwe et al., 2012 & Sharma et
al., 2008). White rot fungi have been
found to biodegrade polyaromatic
hydrocarbons, polychlorinated  biphenyls,
dioxins, chemical  pesticide  residues,
effluents from paper and pulp mills, dye
stuffs and heavy metals (Sharma et al.,
2008). Microfiltration can also be carried
out utilizing fungal mycelia to remove
toxic substances and microorganisms from
the soil (Rangasamy et al, 2015 & Singh
et al., 2013). Sequestration of heavy metals
and pollutants by white rot fungi is a safer
way and has been  attributed to
characteristic ~ fungal  metabolism  and
tolerance to heavy metals (Dunbar, 2017).
Since these are edible fungi are a source
of  proteins and many nutrients.
Mycoremediation with white rot fungi will
be like killing two birds with one stone,
cleaning of soil including microfiltration
and taking care of malnutrition, but safety
of  utilizing these  harvesting  after

bioremediation is still to be verified (Saha
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et al., 2017, Kulshrestha, 2013 &

Mahimairaja et al., 2000).

CONCLUSION AND FUTURE
PERSPECTIVE

There is no doubt about this fact that
fungi especially white rot fungi can be
utilized  for  bioremediation of  the
contaminated soil (Akcil et al., 2015).
They have been found to be more
effective as compared to bacteria. Most of
these species are edible and source of
proteins and nutrients, can be utilized for
remediation, filtration and malnutrition or
protein deficiency. Although safety of
utilizing these harvesting after
bioremediation requires detailed study.
Since they can pick up heavy metals from
the soil a detailed study is required for
finding bio extracting methods of these
metals, as there is a demand for these
metals. Work on this aspect is going on
(Diep Mahadevan, & Yakunin, 2018). At
present heavy metal removal is carried out
by means of rapid chemical methods like
precipitation, coagulation, flocculation,
membrane filtration (Barkat, 2011 & Singh
et al.,, 2011), but it can lead to addition of
more chemical pollutants to soil. Thus,
there is a need for green technology as
designed on the basis of green engineering
principles (Anastasi et al., 2013). There is
a need for cost effective, ecofriendly and
safe simple biologically driven heavy metal
cleansing technology (Dhal et al., 2011 &
Fawzy et al., 2017). The method should be
such that there should be direct extraction
and utilization of the metals without
generating any waste product (Fu et al,
2012, Gillespie & Philip, 2013 & Goswami
et al., 2010b). Further detailed study is
required to find a solution in a sustainable
and economical way. Mycoremediation
should be followed by immediate bio
extraction of the pollutants especially
metals and without wasting or further
getting them dumped in the soil.
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