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Abstract: The present communication deals with a comparison of the Mycobiota of garden soil with the soil contaminated
by effluents of paper industry. A lesser number of fungal isolates were obtained from soils under the impact of pulp and
paper mill effluents as compared to that from normal garden soil. The Shannon’s diversity index of polluted soil was also
lowest than that of garden soils. Aspergillus terreus, Aspergillus flavus and Aspergillus niger dominated the Mycobiota of
polluted soils. These species can be utilized for in situ bioremediation of pulp and paper mill effluents. Alternatively, their
biomass may be tried for developing —biosorption- based treatment plant for the effluents. Such under the impact of these

effluents had higher pH than of garden soils.
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INTRODUCTION

Unprecedented urbanization as well as
indiscriminate industrialization especially in the
preceding century has resulted in negative impact on
our environment which has become highly
discernible in the past few decades. Pulp and paper
industries are amongst the major industries
contributing to this pollution. The consumption of
the paper products has increased fourfold during last
fifty years. The global market for paper and pulp
stood at USD 518.82 billion in 2019, and is expected
to reach at USD 679.72 billion by 2027 (Anon,
2020). In India also, paper industry occupies an
important position in the economy by contributing
500 billion to GDP. Paper and pulp production in
India is expected to reach 39.18 million tonnes by
2030 (Anon, 2018). Paper industry utilize enormous
amount of water as different steps of processing.
Generally, these generate huge amount of effluents
which are highly coloured and contain lignins,
xylans, resin acids, phenols, furans and halogens
(Chaudhary and Paliwal, 2018). The application of
waste water to land has been advocated as one of the
options for its disposal because soil is considered to
possess substantial potential for accommodating and
degrading the pollutants (Martin, 1998; Comberato,
2006). Adoption of such practices must be preceded
by a thorough evaluation of the impact of these
effluents on physicochemical and biological
properties of the soils. A limited number of studies
have been carried out in this direction including that
by Kannan and Oblisami (1990), Singh (2007),
Dhevagi and Oblisami (2008), Reddy et al, (2013),
Singh et al, (2013), Kumar et al, (2016). However,
most of the studies deal with physicochemical
characters and at the most bacterial and fungal
populations. A little attention has been given to the
analysis of Mycobiota by Rameshvara Reddy et al,
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(2018). Considering the role of fungi in maintenance
of soil composition and fertility, the impact of the
effluent on soil Mycobiota needs to be investigated.

MATERIALS AND METHODS

Three sets (A1, A, and Ajz) were marked in home
garden — the distance between any two sets being 10
meters. Similarly, three sets (B, B, and Bg) were
marked in the land exposed to effluent from Paper
Mill (Saharanpur, U.P.). About 100 gm of soil was
collected aseptically in sterile polythene bags with
the help of sterilized trowel. Care was taken to
remove upper layer of litter before taking the
samples. Samples from the sets A, A, and Az were
mixed to obtain a composite sample ‘A’ from garden
soil. Similarly, a composite sample ‘B’ was obtained
for soil polluted with paper mill effluents. The
temperature of soil at each set was measured in situ
using soil thermometer. Both the composite samples
were analyzed for mycobiota, following dilution
plate method (Waksman, 1927). 20 gm of soil
sample from a given composite sample were
transferred to 200 ml of distilled water followed by
stirring for half an hour to facilitate the detachment
of fungal propagules from the soil. 10 ml of this
suspension were transferred to an Erlenmeyer flask
containing 90 ml of sterilized distilled water to
obtain a suspension of 1:100 dilution. From this
suspension, further dilutions (1:1000 and 1:10000)
were obtained. From the suspension of each dilution
(1:100, 1:1000 and 1:10000), one ml dilution was
transferred to each of a set of three petri dished
followed by the addition of 20 ml of sterilized and
cooled Potato Dextrose Agar medium (Raper and
Thom, 1949) with 30 ppm of Rose bengal and 30
ppm of streptomycin. The petri plates containing the
medium and inocula were incubated at 25+ 1° C for
6-8 days. Fungal species growing in the petri dishes
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were identified with the standard keys (Gilman,
1957; Nagmani et al., 2006). Total numbers of
colonies of each fungal species were also counted.
The pH of the composite samples was determined
using standard electric pH meter.

RESULTS AND DISCUSSION

In all, 3a species of fungi were obtained fromthe soil
samples under study table only two or three i.e.
Mucor heimalis and Rhizopus oryzae belong to
Zygomycetes. This is in agreement with earlier
observations (Galloway, 1935; Singh and Charaya,
1975; Charaya, 2006) that there is paucity of
Mucorales in India. The remaining 29 species were
anamorphic fungi (Deuteromycetes). A number of
earlier workers have also observed the dominance of
Duteromycetes (Hudorn, 1968; Dubey et al., 1980;
Kumar and Charaya, 2012). Amongst the
anamorphic fungi, the Hyphomycetes comprised the
major fraction. The aspergilli were represented by 13
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species while the penicillia were represented by 6
species only. Many workers in the past including
Waksman (1927), Sing and Charaya (1975) have
suggested aspergilla are more abundant in the
warmer regions of the world. The results of the
present study are in agreement with the above
observations.

A total of 232 CFU were obtained from garden soil
while the polluted soil yielded only 176 isolates.
Thus an adverse effect of paper mill effluent on
fungal population was observed. This is in contrast
with the earlier observation of Reddy et al., (2013)
who recorded higher fungal population in soils
affected by industrial effluents. Earlier, Dhevagi et
al., (2008) had reported that irrigation with treated
paper mill effluent was not harmful to soil microbial
population. As far as the number of species is
concerned, 26 species were isolated from garden soil
as well as from polluted soils. The Shannon diversity
of polluted soil was also lower (H=2.45) as compared
to that of garden soil (H=2.62).
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Graph 1: The Percentage Contribution of Different Fungal Classes in Garden Soil and Contaminated Soil.

Table 1. Mycobiota isolated from Garden soil and from the soil contaminated with the effluent of Star Paper
Mil Saharanpur (T1= Total Isolates; Pl= Percentage Isolates)

Fungal Species Garden Soil Soil contaminated with Star Paper Mil Effluent
TI Pl TI Pl
Alternaria alternata - - 08 454
Alternariabrassicicola - - 06 3.40
Alternariasp. - - 04 2.27
Aspergillus candidus 02 .86 - -
Aspergillusfischeri 01 43 - -
Aspergillusflavipes 02 1.13
Aspergillusflavus 32 13.79 33 18.75
Aspergillus fumigatus 02 .86 02 1.13
Aspergillushumicola 05 2.15 03 1.70
Aspergillusnidulans 01 .56
Aspergillusniger 39 16.81 26 14.77
Aspergillusochraceous 19 8.18 - -
Aspergillusterrus 05 2.15 44 25
Aspergillus sydowi 01 43 - -
Aspergillus tamari - - 01 .56
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Aspergillusversicolor - - 04 2.27
Cladosporiumherbarum 01 43 - -
Curvulariaclavata 01 43 - -
Curvularialunata 01 43 01 56
Fusarium chlamydosporum 03 1.29 - -
Fusarium equisetii 01 43 - -
Fusarium moniliforme 06 2.58 01 .56
Fusarium oxysporum 08 3.44 01 .56
Fusarium sp. - - 01 .56
Geotrichum candidum 27 11.63 04 2.27
Mucor heimalis 23 9.91 05 2.84
Penicilliumchrysogenum 19 8.18 10 5.68
Penicilliumdigitatum 02 .86 - -
Penicilliumitalicum - - 03 1.70
Penicilliumlignorum 05 2.15 - -
Penicilliumglabrum 11 474 04 2.27
Penicilliumsp. 10 4.31 - -
Phoema glomerata - - 03 1.70
Rhizopusoryzae - - 03 1.70
Trichoderma atrinoviride - - 01 .56
Trichoderma lignorum 02 .86 - -
Trichoderma ressei 03 1.29 04 2.27
Trichoderma sp, 03 1.29 - -
Verticilliumsp. 01 .56
No. of Species 26 26 -
Total Isolates 232 176 -
Shannon Diversity Index(H) 2.623 2451

The fungal composition of polluted soil differed
markedly from garden soils. The mycobiota of
garden soil was dominated by Aspergillus niger
followed by Aspergillus flavus, Geotrichum
candidum, Mucor heimalis, Aspergillus ochraceous
and Penicillium chrysogenum. The mycobiota of
polluted soil were dominated by Aspergillus terreus,
Aspergillus flavus, Aspergillus niger and Penicillium
chrysogenum. The percentage of by Aspergillus
terreus and Aspergillus flavus were much higher in
polluted soils. Rameshwara Reddy et al, (2018) also
found Aspergillus niger and Aspergillus flavus to be
amongst its a dominated fungi in pulp and paper
industrial effluents. Madan et al., (2018) have
suggested that the application of native fungal
isolates might be utilized for the treatment of
effluents emanating paper and pulp industries. A.
niger has been reported to be capable of
biodegrading pulp and paper mill effluents (Emtiazi
et al, 2001; Saritha et al., 2010; Kamali and
Khodaprast, 2015). Lokeshwari et al., (2013) found
A. flavus to most effective in biodegradation of lignin
of pulp industry. These three fungal species -singly
or in combinations- may be tried as bioinoculants for
in situ bioremediation of paper mill effluents.
Alternatively, the biomass of these fungal species
may be tried for biosorptive removal of pollutants
from the effluents. Aspergillus niger and Emericella
nidulans have already been recommended for the
purpose (Grainger et al., 2011; Singhal et al., 2016).

As far as the effect of effluents on soil pH is
concerned, studies by different worked have yielded
variable results. Reddy et al., (2013) and Harshini et
al., (2014) did not observe any observable effect.
Kannan and Oblisami (1990), Singh et al, (2013)
have recorded an increase in the pH of soils under
the impact of paper mill waste water. In the present
study also, pH of polluted soil was much greater
(8.35) than that of garden soil (7.22).
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