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Abstract

Twenty three soil samples were characterized for the incidence of fungal strains from pesticides contaminated agricultural
soils. A total of 59 fungal strains were isolated and 33 fungi were characterized using various isolation and identification
methods. Soil samples were also characterized for physiochemical properties. The isolated fungal strains were successfully
identified belonging to the phylum ascomycota (7 genera), deuteromycota (2) and zygomycota (1). Alternaria, Aspergillus,
Drechslera and Fusarium were predominant genera. Curvularia, Exserohilum, Humicola, Rhizopus and Torula were the most
frequently isolated genera. Rests of the strains were not identified owing to the lack of sporulating structures under presently
used incubation conditions. Such strains were designated as Mpycelia sterilia. Further, these species will be used in

biodegradation of commonly used pesticides.
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Introduction

Increasing environmental awareness has resulted in regulatory
measures that aim to remedy past mistakes and protect the
environment from future contamination and exploitation. These
measures intend to preserve the environment and protect human
health. Some of the pollutants of concern are chemical from
pesticide, were banned when it was discovered that they are
hazardous to human health. India is the largest consumer of
pesticides among South Asian countries where maximum
(44.5%) consumption of the total pesticides is used for cotton
crop'. Pesticides get sorbed to soil and sediments owing to its
hydrophobic nature. This makes it persistent in soil and
sediments™ and water". This results in rapid increase in
aquatic and soil environments that lead to accumulation in crop
wastes®, macrophytes’, phyto- plankton®, fishes’, vegetables,
milk, and milk products'®. Pesticides and their degradation
products generally get accumulated in the top soil and influence
not only the population of various groups of soil microbes but
also their biochemical activities like nitrification,
ammonification, decomposition of organic matter and nitrogen
fixation''.

In our country, about 99 per cent of the pesticides are imported
in bulk and in concentrated form (based on 1996 statistic). They
are diluted and/or mixed with other chemicals by local
manufacturers to obtain the formulation desired for local
conditions. Unfortunately, in many cases, these compounds are
also persistent in nature. Long after their use has been
discontinued, these chemicals remain in soils and sediments
where they can enter the food chain directly or percolate down
to the water table. Once accumulated in the groundwater, these
pollutants can enter drinking water wells and cause health
problems.
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Indirect accumulation in higher tropic level organisms, such as
mammals, may cause health problems over time because of the
increasing levels of toxic compounds within the body. There are
two main reasons that these compounds persist in nature. First,
the conditions necessary for their biodegradation are not
present. The microorganisms that are capable of biodegrading
these toxic compounds may be absent at the contaminated site'”.
If the necessary microorganisms are present, some limiting
factor, such as a nutrient shortage, may create unfavorable
conditions for the biodegradation of the contaminant. The
second possibility is that the compound could be recalcitrant or
resistant to biodegradation'.

However, there are some microorganisms that can survive in
pesticide contaminated site. Pesticide may affect soil microbial
populations, stimulating growth of certain microorganisms and
exerting toxic effects and inhibiting growth of others. So,
identification and characterization of these microbial species is
important to study about its potential candidate used in
bioremediation. Metabolic processes of these organisms are
capable of using chemical contaminants as an energy source'®
'3 rendering the contaminants harmless or less toxic products in
most cases. Therefore, in present investigation an attempt has
made to isolate and characterize fungal strains from pesticides
polluted sites.

Material and Methods

Collection of soil samples: Twenty three soil samples collected
from different sites having history of repeated pesticides
application were used for the isolation of fungal organisms.
Samples were collected in sterile zipper polyethylene bags and
stored at 4°C before processing.
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Reagent and chemicals: All media components and chemicals
used in the studies were of analytical grade and purchased from
Hi-media laboratory Pvt. Ltd, Mumbai and Sigma-Aldrich,
USA.

Physiochemical characterization of soil samples:
Physiochemical parameters such as organic carbon / nitrogen,
pH, water content and temperature affect microbial population
density which generally decreases with depth as a function of
the availability of organic carbon and molecular oxygen,
parameters which typically decrease with depth. Temperature
and color of the soil samples was recorded on the spot. Moisture
content, pH and % organic carbon and % organic nitrogen was
measured according to standard procedure as given below:

Moisture content: Soil samples (10 g) collected from pesticides
contaminated fields were dried at 60 °C for 72 hrs. in an oven
and then the moisture content was calculated'®. Dry weight of
the sample was taken till it showed its constant weight. The
percent moisture was expressed as follows:
W, -W,
Moisture % = x 100
100
Where W, = Weight of soil before oven drying
W, = Weight of soil after oven drying

pH of soil sample: Soil samples were dried at 60 °C for 72 hrs.
grinded in pestle and mortar and filtered through 2 mm sieve
and the sieved soil was dissolved in distilled water (2.5w/v) and
vortexed for 5 minutes at 120 rpm and then pH was measured
by digital pH meter'.

Percent organic Carbon / Nitrogen: One gram soil sample
was mixed in 10 ml potassium dichromate (1 N) and 20 ml
concentrated H,SO,. Then 150 ml distilled water and 25 ml
FeSO, (0.5 M) were added and the solution was titrated against

potassium permanganate (0.1 N) solution to pink end point'" ',
A-B
% Organic catbon = —x 0.3 x 1.33
C

Where: A- Volume of K,Cr,0; X Normality of K,Cr,0; B -
Volume of KMnO, X Normality of KMnO,, C - Weight of
sample.

Soil organic nitrogen was calculated using following equation:
Organic nitrogen (%) = 0.862 x % organic carbon

Isolation and characterization of fungi: Serial dilution agar
plating'®, Warcups soil plate and Waksman Direct inoculation
methods were employed for the isolation of soil microbes;
suspension was diluted up to 10”. The aliquots were cultured
for isolation of fungal strains on Czapek Dox Agar (NaNO; 2.0
g/L, KC1 0.5 g/L, K,HPO, 1.0 g/L, MgSO,4. 7TH,O 0.5 g/L,
FeSO,. 7TH,O 0.01 g/L); and Potato Dextrose Agar (Peeled
potato200.0 g/L, Dextrose 20.0 g/L) media. For primary
isolation, Rose Bengal (30mg/L) was also added to the
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medium®. Three plates from each soil samples were incubated
for 24-96 hrs at 25+2°C, and each morphologically unique
fungal colony was sub-cultured and purified using standard
techniques.

The fungal species were identified and characterized based on
their morphological characters and microscopic analysis by
using taxonomic guides and standard procedures™ ** > **. The
morphological characteristics evaluated were: colony growth
(length and width), presence or absence of aerial mycelium,
colony colour, presence of wrinkles and furrows, pigment
production etc. The procedure of isolation and characterization
of fungal species is shown in flow chart.

Growth rate: Growth rate (kd) was determined with the
following equation: kd= D/T, where D is the experimentally
determined average diameter of the fungal colony in mm
exclusive of the diameter of the inoculum (8 mm) and T= time
period.

Results and Discussion

Characterization of physiochemical parameters of soil
samples: The physiochemical properties of soil samples used
for isolation of microbial species were analyzed in the present
study. The color of soil samples was brown to black, with
variation in pH (7.82 - 8.65). The temperature of the soil was
high (30.2 — 33.2°C) with great variation in percent moisture
content (0.35 — 0.95), percent organic carbon (0.2568 — 0.4125)
and percent organic nitrogen (0.2213 — 0.3555). Table-1 results
revealed that the soil samples from various sites shown
heterogeneity in physicochemical parameters.

Soil properties like organic matter, pH and moisture content
affect the density and diversity of microbes in the soil.
Therefore, it is important to study the relation between soil
physicochemical properties and abundance of indigenous
microorganisms. The moisture content in soil acts as solvent and
is essential for microbial functioning. A certain minimum level
of organic matter and moisture content is essential to ensure the
presence of an active microbial population in the soil”. Long
term storage and usage of pesticides can increases organic
carbon content, pH and heavy metals accumulation in soils®®**,
In the present study, the important physicochemical properties
of the soils used for the evaluation of natural fungal density,
were determined.

Isolation and characterization of fungal strains: A total of 59
fungal isolates were obtained from the analysis of 23 soil
samples taken from pesticide contaminated soils by soil dilution
agar plating, Warcups soil plate and Waksman Direct
inoculation methods. All fungal isolates were obtained in pure
cultures by using standard techniques. The photomicrographs of
all the fungal isolates were taken that helped in identification of
the fungal isolates. The cultural characteristics and the
sporulating structures of these isolates are shown in figure-1.
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Thirty three fungal isolates were identified as, Aspergillus
allhabadii, A. aultaceus, A. candidus, A. flavus, A. fumigatus,
A. nidulans, A. niger, A. ochraceus, A. oryzae, A. sclerotiorum,
Aspergillus sp, A. sulphureus, A. sydowii, A. terrus, Alternaria
brassicola, A. citri, Alternaria sp., Alternaria sp., Alternaria sp.,

A. vitis, Curvularia brachyspora, Exserohilum turcicum,
Drechslera australiensis, D. halodes, D. hawaiiensis,
Drechslera sp., Humicola insolens, H. brevis, Fusarium

acuminatum, Fusarium sp, Rhizopus sp, Torula herbarum and
Ulocladium sp.

The isolates from agricultural soils were identified as
filamentous fungi belonging to the phyla Ascomycota (7
genera), Deuteromycota (2) and Zygomycota (1). Most of the
fungal isolates were identified to the species level. Alternaria,
Aspergillus, Drechslera and Fusarium were predominant
genera. Curvularia, Exserohilum, Humicola, Rhizopus and
Torula were the most frequently isolated genera. Rests of the
strains were not identified owing to the lack of sporulating
structures under presently used culture conditions. Such strains
were designated as Mycelia sterilia. In such soil fungi may
occur either as resting propagules or as active mycelia
depending on the availability of nutrients and favorable
environmental conditions®. Some of the species have been
reported as common isolates from pesticides polluted soil and
used for biodegradation of xenobiotics’ . The fast growing
and concurrent appearance of these species revealed that these
fungal strains are much adapted to the pesticide contaminated
soil sites and utilize the pesticides/xenobiotic compounds as
novel growth and energy substrate. The fungal species which
concurrently appeared will be used further for the degradation
of the commonly used pesticides.

Conclusion

From the present investigation it is concluded that a total of fifty
nine fungal strains were recovered from pesticide contaminated
agricultural soil. Thirty three fungal species of ten genera
belonging to the phyla ascomycota, deuteromycota and
zygomycota were successfully identified after staining with
lactophenol cotton blue based on their morphological characters
and microscopic analysis. Most of the fungal species were able
to grow efficiently and appear concurrently which means these
indigenous fungi have the capacity to adapt to xenobiotic
compounds as novel growth and energy substrate. Therefore,
these fungi have a potential to degrade xenobiotic compounds
which will be tested in further study for degradation of
commonly used pesticides.

References

1. Agnihotri N.P., Pesticide: Safety Evaluation and
Monitoring, All India coordinated Project (AICRP) on
Pesticide Residues, Indian Agricultural Research Institute,
New Delhi, India, 132-142 (1999)

International Science Congress Association

10.

11.

12.

Res. J. Recent Sci.

Rao D.M.R. and Murty A.S., Persistence of endosulfan in
soils, J. Agri. Food Chem., 28, 1099-1101 (1980)

Sethunathan N., Megharaj M., Chen Z., Singh N,
Kookana R.S. and Naidu R., Persistence of endosulfan and
endosulfan sulfate in soil as affected by moisture regime

and organic matter addition, Bull. Environ. Conta.
Toxicol., 68, 725-731 (2002)

Witter J.V., Robinson D.E., Mansingh A. and Dalip K.M.,
Insecticide contamination of Jamaican environment .V.
Island-wide Rapid survey of residues in surface and
ground water, Environ. Monitor. Assess., 56, 257-267
(1999)

Chusaksri S., Sutthivaiyakit S. and Sutthivaiyakit P.,
Confirmatory Determination of organochlorine pesticides
in surface waters using LC/ APCI/ tandem mass
spectrometry, Anal. Bioanal. Chem., 384, 1236-1245
(2006)

Hernandez-Rodriguez D., Sanchez J.E., Nieto M.G. and
Marquez-Rocha F.J., Degradation of endosulfan during
substrate preparation and cultivation of Pleurotus
pulmonarius, World J. Microbiol. Biotechnol., (2006)

Marzio W.D., Saenz E., Alberdi J., Tortorelli M., Nannini
P. and Ambrini G., Bioaccumulation of endosulfan from
contaminated sediment by Vallisneria spiralis, Bull.
Environ. Conta. Toxicol., 74, 637-644 (2005)

DeLorenzo M.E., Taylor L.A., Lund S.A., Pennington
P.L., Strozier E.D. and Fulton M.H., Toxicity and
bioconcentration potential of the agricultural pesticide
endosulfan in phytoplankton and zooplankton, Archives
Environ. Conta. Toxicol., 42, 173-181 (2002)

Ramaneswari K. and Rao L.M., Bioconcentration of
endosulfan and monocrotophos by Labeo rohita and
Channa punctate, Bull. Environ. Conta. Toxicol., 65, 618—
622 (2000)

Kumari B., Singh J., Singh S. and Kathpal T.S,
Monitoring of butter and ghee (Clarified Butter Fat) for
pesticidal contamination from Cotton belt of Haryana,
India, Environ. Monitor. Assess., 105, 111-120 (2005)

Agnihotri B.P., Sinha A.P. and Kishan S., Influence of
insecticides on soil micro-organisms and their bio-
chemical activity, Pesticides. 15(9), 16-24 (1981)

Frazar C., The bioremediation and phytoremediation of
pesticide contaminated sites, National Network of
Environmental Studies (NNEMS) fellow, Washington DC
(2000)



Research Journal of Recent Sciences

ISSN 2277-2502

Vol. 1(6), 1-6, June (2012)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Field J.A., De Jong E., Feijoo-Costa G. and De Bont
J.AM., Screening for ligninolytic fungi applicable to the
biodegradation of xenobiotics, Trends Biotechnol., 11, 44—
48 (1993)

Kirk T.K. and Farrell R.L., Enzymatic “combustion”: the
microbial degradation of lignin, Ann. Rev. Microbiol., 41,
465-505 (1987)

Hatakka A., Biodegradation of lignin. In: Steinbiichel A.
(ed.) Biopolymers. Vol 1: Hofrichter M., Steinbiichel A.
(eds.) Lignin, Humic Substances and Coal. Wiley-VCH,
Germany, 129-180 (2001)

Jackson M.L., Soil Chemical analysis, Prentice Hall of
India, Pvt. Ltd., New Delhi, 498 (1967)

Walkley A. and Black 1.A., An examination of the
Degtjareff method for determining organic carbon in soils:
Effect of variations in digestion conditions and of
inorganic soil constituents, Soil Sci., 63, 251-263 (1934)

Moodie C.D., Smith H.-W. and McCreery R.A., Laboratory
Manual for Soil Fertility, Washington State College,
Mimeograph, USA, (1959)

Apinis A.E., Occurrence of thermophilous micro fungi in
certain allvial soils near Nottingham Nova Hedwigia,
Zeitschr, Kryptogamenk, 5,57-78 (1963)

Ottow J.C.G., Rose Bengal as a selective aid in the
isolation of fungi and actinomycetes from rational sources,
Mycologia, 64(2), 304-315 (1972)

Gilman J.C., A manual of soil fungi, Revised ond edition,
Oxford and IBH publishing Co. (1944)

Barnett H.L. and Hunter B.B., Illustrated genera of
Imperfect Fungi, Burgress Publishing Company,
Minneapolis, Minnesota, (1972)

Ellis M.B., Dermatacious Hyphomycetes, Commonwealth
Mycological Institute, Kew, Surrey, UK, (1976)

International Science Congress Association

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Res. J. Recent Sci.

Domsch K.H., Gams W. and Anderson T.H., Compendium
of soil fungi, Academic press, A subsidiary of Harcourt
Brace Jovanovich, publisher (1980)

Kumar S., Physicochemical properties of cultivated soils
and their effect on native endosulfan tolerant bacteria,
Electronic Journal of Environmental Sciences, 3, 33-38

(2010)

Narwal R.P., Gupta A.P., Singh A. and Karwasra S.P.S.,
Composition of some city waste waters and their effect on
soil characteristics, Annuals of Biology, 9, 239-245 (1993)

Brar M.S. and Arora C.L., Concentration of microelements
and pollutant elements in cauliflower (Brassica oleracea

var. Botrytis), Indian Journal of Agricultural Sciences, 67,
141-143 (1997)

Olaniya M.S., Heavy metal pollution of agricultural soil
and vegetation due to application of municipal solid waste-
A case study, International Journal of Environmental

Health, 40(2), 160-168 (1998)

Kushaldas M.B.,  Eco-physiological studies on
thermophilic fungi from diverse habitats in vidarbha
region, Ph.D. Thesis, Nagpur University (2009)

Seth P.K. and Singh A.K., Degradation of Malathion by
microorganisms isolated from industrial effluents, Bull.
Environ. Conta. Toxicol., 43, 28-35 (1989)

Hussain S., Arshad M., Saleem M. and Zahir Z.A.,
Screening of soil fungi for in vitro degradation of
endosulfan, World J. Microbiol. Biotechnol., 23, 939-945
2007)

Romero M.C., Urrutia M.I., Reinoso E.H. and Kiernan
AJ., Wild soil fungi able to degrade the herbicide
isoproturon, Revista Maxicana De Micologia. 29, 1-7
(2009)

Das S.SM. and Anitha S., Mpycoremediation of
monocrotophos, International J. Pharma Bio Sci., 2(1),
337-342 (2011)



Research Journal of Recent Sciences ISSN 2277-2502
Vol. 1(6), 1-6, June (2012) Res. J. Recent Sci.

Soil sample

l Dilution plate method employed

Culture on CDA / PDA media with Rose Bengal

'

Observation of growth

Streaking on

CDA/PDA with Rose Bengal CDA/PDA without Rose Bengal

Incubated at 25+2°C for 3-5 days

Culture identification

.
A 4 A 4
Microscopy Culture characteristics
Lacto-phenol cotton blue staining
Flow sheet:
Protocol for isolation and characterization of fungal strains
Table-1
Physiochemical parameters of soil samples
Sample | Color Temperature (°C) pH % Moisture | % Carbon | % Organic Nitrogen
Al Black 30.2 8.26 0.62 0.2568 0.2213
A2 Gray 30.5 8.56 0.37 0.2615 0.2254
A3 Gray 31.0 8.56 0.52 0.2687 0.2316
A4 Black 324 8.55 0.51 0.2589 0.2231
A5 Dark Gray 30.3 8.43 0.62 0.261 0.2249
Bl Brown 30.5 7.96 0.42 0.3125 0.2693
B2 Brown 32.6 8.57 0.7 0.3528 0.3041
B3 Gray 31.2 8.55 0.59 0.3687 0.3178
Cl1 Black 30.5 8.65 0.38 0.3921 0.3379
Cc2 Dark Gray 30.6 8.57 0.61 0.3872 0.3337
C3 Gray 32.3 8.63 0.51 0.3625 0.3124
C4 Black 30.7 8.44 0.36 0.3569 0.3076
D1 Brown 31.3 8.35 0.58 0.3458 0.298
D2 Brown 30.4 8.26 0.95 0.3631 0.3129
D3 Gray 33.2 8.4 0.9 0.4125 0.3555
D4 Gray 30.6 8.26 0.78 0.3267 0.2816
El Black 31.1 8.41 0.35 0.2891 0.2492
E2 Brown 30.5 7.82 0.69 0.3128 0.2696
E3 Gray 30.2 8.61 0.8 0.2938 0.2532
F1 Dark Gray 31.2 8.3 0.46 0.3426 0.2953
F2 Dark Gray 33.1 7.86 0.73 0.3524 0.3037
F3 Gray 30.7 8.18 0.43 0.3618 0.3118
F4 Gray 31.1 8.43 0.7 0.3705 0.3193
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Figure-1
A: Aspergillus allhabadii; B: A. alutaceus; C: A. flavus; D: A. niger; E: A. ochraceous; F: A. sclerotiorum; G: Aspergillus sp.;
H: A. sydowii; 1: A. terrus;. J: Alternaria sp.; K: Alternaria sp.; L: Alternaria sp.; M: Curvularia brachyspora; N: Drechslera
halodes; O: Drechslera sp.; P: Excerohilum turcicum; Q: Fusarium acuminatum; R: Fusarium sp.; S: Ulocladium sp.; T:
Rhizopus sp.
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