
ORIGINAL ARTICLE

In vitro study of mycoremediation of cypermethrin-contaminated
soils in different regions of Punjab

Parminder Kaur & Ashish Sharma & Leena Parihar

Received: 22 May 2014 /Accepted: 7 January 2015 /Published online: 27 January 2015
# Springer-Verlag Berlin Heidelberg and the University of Milan 2015

Abstract Cypermethrin is extensively used in cotton, fruit,
and vegetable crops as well as in home and garden pest control
worldwide. Because of its non-degrading and persisting na-
ture, its extensive use is a great threat to the environment.
Therefore, this study was undertaken in order to isolate fungi
and evaluate their potential for mycoremediation of
cypermethrin. Twenty-eight fungal isolates were purified from
agricultural soil and then tested for cypermethrin degradation
under lab conditions. Two of the isolates, 2S3 and 4S4,
showed the potential to degrade cypermethrin at a concentra-
tion of 100 mg L−1 when incubated for 5 days. Strain 2S3
showed a degradation potential of about 66 % with
cypermethrin only mixed with water and almost 80 % when
media and a carbon source were available. On the other hand,,
strain 4S4 showed around 70 and 80 %, respectively, under
the same conditions. The strains were identified by 18S rRNA
sequencing and alignment. The results showed 97% sequence
similarity with Fusarium oxysporum strain 8-11P and
Fusarium sp. zzz1124. Both qualitative and quantitative in-
vestigations were conducted on the pesticide residues using
FTIR set-up and HPLC analysis to confirm bioremediation of
pyrethroid-contaminated environments.
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Introduction

Pesticides are chemical compounds which are not only used in
agricultural, but also in kitchen gardens and other public areas
to control pests (Damalas 2009). Cypermethrin [(+/)-a-cyano-
3-phenoxybenzyl(+/)-cis, trans-3(2, 2-dichlorovinyl)-2, 2-
dimethylcyclopropane carboxylate] is an important synthetic
pyrethroid insecticide, which is used worldwide primarily in
fruit and vegetable crops, animal health, and kitchen garden
pest control (Tallur et al. 2008; Lin et al. 2011). Crop produc-
tion alone comprises around 26 % of the world’s total pesti-
cide use (Dollacker 1991). The usage of pesticides is even
higher in developing countries and still continues to increase
rapidly. Although pesticides are necessary to protect crops,
they are very toxic to living organisms (Tomlin 1997). Use
of synthetic pyrethroid insecticides is safe as compared to
highly toxic organo-phosphate pesticides (Weston et al.
2009); however, many recent studies showed that continuous
and excessive use of synthetic pyrethroid insecticides causes a
lot of environmental and health problems (Cuthbertson and
Murchie 2010; Cuthbertson et al. 2010). Long-term exposure
to pyrethroid pesticides may lead to some chronic diseases
(Al-Qurainy and Megeed 2009; Aksakal et al. 2010). For in-
stance, they are regarded as a possible human carcinogen by
the US Environmental Protection Agency (EPA), and they
also possess genotoxicity, immunotoxicity, neurotoxicity, re-
productive toxicity, and endocrine disruption effects (Ansari
et al. 2011; Jin et al. 2011; Wang et al. 2011). Most of the
applied pesticide gets dispersed through the air, soil and
ground water in spite of reaching to its target organism. This
results in to the accumulation of their residues and metabolites
in soil at toxic levels (Gamon et al. 2003; Shalaby and Abdou
2010). Because of this, cypermethrin has been reported in
nearly all sediment samples tested from urban creeks
(Riederer et al. 2010; Weston et al. 2009, 2011). Moreover,
the waste generated by the pesticide industry has become a
serious disposal problem. This disposal problem will continue
to be an environmental concern unless proper treatment tech-
nology is developed and implemented by the industries
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(Fulekar 2005). Among the main consequences derived from
soil pollution, we find loss of fertility, which directly or indi-
rectly affects the survival of living beings. Therefore, it is
critically necessary to develop an effective and environmen-
tally friendly, rapid treatment method to prevent environmen-
tal pollution caused by pyrethroid waste.

Cypermethrin can be removed from soil by a number of
methodswhich include adsorption, oxidation with ozone, hetero-
geneous oxidation, photolysis, Fenton degradation, and ultrason-
ic degradation (Rosenheimer and Dubowski 2007; Xie et al.
2011). However, these methods for controlling environmental
pollution were less effective, more cumbersome, and more ex-
pensive than biological methods of remediation (Yang et al.
2011). In the natural environment, cypermethrin can be degraded
through several possible processes, including hydrolysis, volatil-
ization, photolysis, and aerobic degradation by microorganisms
(Laskowski 2002). Microbial degradation is considered to be the
most significant process determining the fate and behavior of
cypermethrin (Fenlon et al. 2011). Much effort has been under-
taken to isolate cypermethrin-degrading microbes from soil and
pollutedwater, and a lot of pyrethroid-degradingmicroorganisms
have also been isolated, such as Pseudomonas sp. (Jilani and
Khan 2006), Micrococcus sp. (Tallur et al. 2008), Serratia sp.
(Zhang et al. 2010), Streptomyces sp. (Lin et al. 2011), and
Ochrobactrum sp. (Chen et al. 2011).

In this study, carried out at the Department of Biotechnology,
Lovely Professional University, was undertaken with the objec-
tive to isolate potential pyrethroid-degrading fungal species
from agricultural soils where the compound was being used,
and to test their potential under lab conditions by analyzing the
degradation products produced after the action of fungi.

Materials and methods

Chemicals and media Technical grade cypermethrin (94.8 %
purity) with pesticide reference standards of pyrethroid pesti-
cides was obtained from Jai Farm Chemicals Pvt. Ltd, India.
All other chemicals and reagents used were analytical grade
obtained from CDH, Himedia, Loba Chemie, Qualikeins &
Sigma, India. Cypermethrin was firstly dissolved in various
solvents (including water, normal hexane, and xylene) as
stock solutions (100 mg L−1) and rationed into medium to
get the desired concentrations.

Microorganisms and cultivation media The pyrethroid-
degrading strains 2S3 and 4S4, isolated using an enrichment
culture technique from agricultural soil affected by pyre-
throids, were maintained in pure cultures. The enrichment
medium (Czapek Dox) containing (per litre) 30 g of sucrose,
3 g of NaNO3, 0.5 g of KCl, 0.5 g of MgSO4, 1 g of K2HPO4,
0.01 g of Fe2(SO4)3, and 0.5 g peptone, and the Czapek Dox
medium without sucrose, were used for isolating fungal

strains. Enrichment and isolation of fungi were performed as
described by Lin et al. (2011). Strains KF387626 and
KF387627 were designated Fusarium sp. 2S3 and Fusarium
sp. 4S4, respectively, based on the morphology, physio-
biochemical characteristics, and 18S rRNA sequence analysis.
The partial 18S rRNA gene sequences of strains 2S3 and 4S4
have been deposited in the GenBank database under accession
numbers KF387626 and KF387627, respectively. Czapek
Dox medium (CDM) with sucrose and media without sucrose
using cypermethrin as the sole carbon source were used for the
characterization of degrading strains. Cypermethrin used was
at concentrations 25, 50, 70, and 100 mg L−1 and was added
just before inoculation.

Enrichment and isolation of pyrethroid-degrading
strains Agricultural soil samples were collected as the inocula
from various regions of Punjab, India. One gram of soil was
transferred into 250-mL Erlenmeyer flasks containing 100 mL
of sterilized Czapek Dox broth (CDB) with sucrose and en-
richment medium without added sucrose. One percent
cypermethrin (v/v, aqueous solution) at various concentrations
(25, 50, 75, 100 ppm) was added to the medium as a carbon
source and incubated at 28 °C for 8 days on a rotary shaker
(National Scientific Works Pvt. Ltd, India) at 100 rpm (Lin
et al. 2011).

The final cultures from each of the flasks were streaked on
CDM agar plates with and without sucrose, enriched with
cypermethrin. The plates were incubated at 28±2 °C for 5 to
7 days, colonies were picked and purified by restreaking three
times and were assigned code numbers. The pure isolate with
highest cypermethrin degradation efficiency was selected for
further study. The isolated strains were maintained at 4 °C.
The ability of isolates to degrade cypermethrin was deter-
mined by high performance liquid chromatography (HPLC)
of extracts as described by Chen et al. (2011).

Morphological and physiological characteristics Identification
of the isolates was performed on the basis of the nature of
mycelium and growth patterns as described in a fungi manual
(Gilman 1971). Fungal isolates were examined for cultural
characteristics, such as cell shape, margin, elevation, surface
appearance of the colonies, and colour change in the medium

Fig. 1 Pesticide Calibration Curve at 220 nm
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because of pigment formation (Molla et al. 2002). Morpho-
logical features of the cells and spores were also observedwith
microscope.

Taxonomic identification of the pyrethroid-degrading
strain Five-day-old cultures were studied under the micro-
scope for their morphology. Molecular identification of fungal
isolates was done by Samved Biotech Pvt. Ltd, Ahmedabad,
India. Genomic DNA was extracted from both cultures (2S3
and 4S4) using a microbial DNA isolation kit (Sambrook and
Russell 2001). Evaluation of the quality was done on 1.2 %
agarose gel. The 18S rRNA gene was amplified from the
genomic DNA by polymerase chain reaction (PCR). Forward
and reverse DNA sequencing reaction of PCR amplicon was car-
ried outwithDF andDRprimers usingBDTv3.1Cycle Sequenc-
ingKit on theABI 3730xl Genetic Analyzer. Consensus sequence
of 609 bp rRNA gene was generated from forward and reverse
sequence data using aligner software. The 18S rRNA gene se-
quence was used to carry out BLAST with the nr database of
NCBI genbank database. A distance matrix was generated using
the RDP database and phylogenetic analyses of the sequence data
was performed using softwareMega 4. An unrooted tree was built
using the neighbor-joining method (Tamura et al. 2007).

Biodegradation of cypermethrin Biodegradation studies were
performed using FTIR spectroscopy. Cypermethrin was extract-
ed in xylene and filtered. FTIR spectrum was obtained using

FTIR-8400S, SHIMADZU, Luzchem Solsim v1.2, intensity ap-
proximately AM1.5 solar spectrum, provided wavelengths of
280–800 nm for the study. IR solution software (Shimadzu’s
FTIR instrument control) was used for data analysis.

Spectral analysis of pyrethroid degradation Several microor-
ganisms were isolated and identified, but only the isolates with
high growth rates were used for the pyrethroid degradation
study. Spores harvested from the stock culture were added to
three different media: the first medium comprised CDB,
cypermethrin, and fungus (2S3 and 4S4); the second com-
prised CDB (without sucrose), cypermethrin, and fungus;
the and third contained distilled water along with
cypermethrin and fungus, incubated at 28±2 °C on shaking
incubator for 5 days. For efficient spectrophotometric detec-
tion of the tested pyrethroid, the optimumwavelength (λmax)
of cypermethrin was determined by recording its UV absorp-
tion using a spectrophotometer (Saeed 2012). Optical density
(OD) was obse rved a t 220 nm us ing a UV
spectrophotomer (SL-159, ELCO UV/Vis spectrophotome-
ter) (Fig. 1; ESM Table 1) to plot a pesticide calibration
curve for further comparison of cypermethrin degradation
in all the media. At regular intervals of 0, 1, 2, 3, 4, and
5 days, about 3 mL aliquots were aseptically removed
from all the experimental tubes and the OD was measured
at 280 nm to study the degradation of cypermethrin in all
the samples.
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Fig. 2 Phylogenetic tree
constructed by the neighbour-
joining method based on 18S
rRNA gene sequences of
strain 2S3 and the type strains of
related species
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Fig. 3 Phylogenetic tree
constructed by the neighbour-
joining method based on 18S
rRNA gene sequences of
strain 4S4 and the type strains of
related species
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Residual quantif ication analysis of cypermethrin
degradation Soil sub-samples were taken from three soil micro-
cosms, for subsequent pesticide extraction and HPLC analysis to
estimate the concentration of pesticide remaining in the soil. Pure
cypermethrin (as a control) was used for comparing the
results obtained after degradation of cypermethrin by
fungal isolates.

The HPLC analysis of cypermethrin was done at the Na-
tional Institute of Pharmaceutical Education & Research,
Mohali, Punjab. The residual analysis of cypermethrin for
the standard solutions and the sample (aliquots) was per-
formed using an HPLC chromatographic system (Shimadzu,
Japan) equipped with a UV/Vis detector, C18 column (4.6×
250 mm), and MeOH as the mobile phase at a flow rate of
1 mL min−1 with a total run time of 30 min. The temperature
was maintained at 32±2 °C. Quantification of the pesticides
was performed by comparing the area of the peaks of treated
pesticide samples to a calibration curve of the standard
(Frenich et al. 2005).

Statistical analysis The data on various parameters were
analysed by analysis of variance in accordance with the com-
plete randomized design (three replications) using SPSS-16
statistical software to quantify and evaluate the sources of
variation. The treatment means were compared at a signifi-
cance level of 0.05 using Duncan’s multiple range test
(Cyprein and Kumar 2012).

Results

Isolation and characterization of the pyrethroid-degrading
strains By screening isolates that were able to grow with
cypermethrin in the medium, we identified two fungal strains,
designated 2S3 and 4S4, which were able to completely de-
grade 100 mg L−1 of cypermethrin within 5 days. These
strains showed an aerobic growth habit when grown on
CDM plates, with pale yellow colonies of 2S3 and olive green
colonies of 4S4. Colonies showed septate hyphae/hyaline sep-
tate hyphae bearing conidiophores, phialides, and single
celled microconidia, macroconidia (single/multicelled), boat-
shaped with septation. Sequences of the18S rRNA genes from
2S3 and 4S4 showed 97 % similarity to the Fusarium
oxysporum strain 8-11P (GenBank accession number
KC143070.1) and Fusarium sp. zzz1124 18S ribosomal
RNA gene (GenBank accession number HQ696103.1) based
on nucleotide homology and phylogenetic analysis respective-
ly. The sequence of the 18S rRNA gene (GenBank acces-
sion numbers KF387626 and KF387627) places strains
2S3 and 4S4 into the Fusarium group. Based on the re-
sults of morphological, physiological, and molecular anal-
yses, the isolates were designated Fusarium sp. 2S3 and
Fusarium sp. 4S4. Phylogenetic trees constructed by the
neighbour-joining method based on 18S rRNA gene se-
quences of both the fungal strains (2S3 and 4S4) are
shown in Figs. 2 and 3.

Fig. 4 Degradation of
cypermethrin treated with fungal
isolate (2S3) in water (without any
carbon source) in five successive
days. Each point represents the
mean of three
replicates. Means followed by
common letter in the columns are
not significantly different

Fig. 5 Degradation kinetics of
cypermethrin treated with fungal
isolate (2S3) in CDB medium.
Means followed by common
letter in the columns are not
significantly different
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Optimization of culture conditions for cypermethrin degrada-
tion by strains 2S3 and 4S4 Spectrophotometric analysis was
performed to study the degradation of cypermethrin, for both
sets of Czapek Dox medium (with and without sucrose), and
for water also, inoculated with spore suspensions of the two
isolated fungal strains (2S3 and 4S4) containing cypermethrin
at different concentrations (Figs. 4, 5, 6, 7, 8, and 9). Uninoc-
ulated Czapek Dox medium served as control. Cypermethrin
exhibited higher UV absorption at 220 nm (Saeed 2012),
while the degradation of cypermethrin through fungal isolates
showed maximum absorption at 280 nm. The absorbance of
standard cypermethrin indicated that absorption increases lin-
early with increase in concentration (Fig. 1). The overall effect
of the different media on the degradation response of
cypermethrin was further analyzed where fungal strain 2S3
showed higher degradation than 4S4. The profile of the deg-
radation response was plotted with the fixed value of inocula
amount (the non-significant variable) at different concentra-
tions of cypermethrin (25, 50, 75, 100 ppm).

Degradation of cypermethrin in water Degradation of
cypermethrin in water without any carbon source differed
from other media. On the very 1st day, degradation was almost
negligible for both the strains (2S3 and 4S4). From the 2nd
day onwards, rapid changes occurred in the degradation rate.
Complete degradation was observed at a concentration of
25 ppm. At higher concentrations degradation was compara-
tively less than the media supplemented with and without

carbon source. At higher concentrations, inhibition by
cypermethrin became prominent (Fig. 4 and 7).

Effect of sucrose on the degradation of cypermethrin in CD
medium Strain 2S3 efficiently used cypermethrin at almost all
the tested concentrations. Degradation started rapidly within
1 day. Cypermethrin was completely degraded by both the
strains after 5 days up to the level of 75 ppm with the presence
of sucrose in CD medium (Figs. 5 and 8). On the other hand,
degradation of cypermethrin in CDB media without sucrose
differed from the medium containing sucrose (Figs. 6 and 9).
In the absence of sucrose, degradation was less than the
sucrose-containing medium during the first 2 days. Degrada-
tion was almost equal after 5 days of incubation. The results
showed that the method exhibited linearity in the tested range
of concentrations. The experiment clearly indicated that the
degradation proceeded comparatively faster in the presence of
sucrose than in sucrose-free medium. Similarly, enhanced
degradation in the presence of added carbon sources was ob-
served by Anwar et al. (2009) and Cycon et al. (2009).

Spec t ra l ana lys i s o f the cyperme thr in through
FTIR Cypermethrin IR spectra recorded before and after deg-
radation of cypermethrin through fungal isolates are shown in
Figs. 10, 11, and 12. Untreated cypermethrin solution was
analyzed to check for the presence of organic bonds. It was
observed that in sample 2S3, the absorbance at the bands
associated with ether-cyanate, the ester group (1,125 and 1,

Fig. 6 Degradation kinetics of
cypermethrin treated with fungal
isolate (2S3) in sucrose-free
medium. Means followed by
common letter in the columns are
not significantly different

Fig. 7 Cypermethrin treated with
fungal isolate (4S4) in water.
Means followed by common
letter in the columns are not
significantly different
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076 cm−1, respectively), decreases. A decrease of the
cypermethrin carbonyl band (1,740 cm−1) was also observed,
in parallel to a slight increase of carbonyl signals adjacent to it
(around 1,650–1,700 cm−1 and 1,760–1,780 cm−1) due to car-
bonyl stretching, C=C stretching in chloroalkenes, ring vibra-
tion of benzene, CH2 deformation in R–CH2–CN structure,
and (C=O)–O–stretching. As seen in Figs. 10, 11, and 12, a
shift is observed in the 750 cm−1 absorbance band (associated
with the cyclopropane ring) (Lin-Vien et al. 1991). Figure 12
is the observed spectra of superposition of all the samples
(parent cypermethrin and cypermethrin treated with both fun-
gal isolates). In the present study, the spectra showed major
changes in the range 1,210–1,160 cm−1; and also in the region
of 3,018–2,731 cm−1, indicating degradation of pesticide
(Rosenheimer et al. 2011). Similarly, Rosenheimer and
Dubowski (2008) performed photolysis of thin films of
cypermethrin using in situ FTIR monitoring; the identified
photoproducts include 3-phenoxybenzaldehyde, 3-
phenoxybenzoic acid, acetonitrile, and cypermethrin isomers
on the surface and formic acid, CO2, and CO in the gas phase.

Residual quantification analysis of cypermethrin by HPLC
with UV/VIS detector After a 15-day interval, the residual
concentration of cypermethrin was determined by HPLC.
The pesticide solution mixture was extracted in xylene. Per-
centages of recovery were given in the respective data with
technical standards. Figure 13a, b, c shows the HPLC chro-
matograms of untreated cypermethrin (2S0) and cypermethrin
treated with both fungal isolates (2S3 and 4S4). Similarly,

efficient diastereomeric separation and quantification of
cypermethrin, resmethrin, and permethrin through RP-HPLC
were performed by Saeed (2012).

Discussion

In the present investigation, where two fungal isolates were
evaluated for their efficiency in degrading the pesticide
cypermethrin, the observed results showed that the fungal iso-
lates were able to use cypermethrin as a carbon source and
were able to grow on it. 18S rRNA analysis showed that the
fungal isolates belonged to the genera Fusarium. This degra-
dation of pesticide is mainly due to the production of extra-
cellular enzymes which break the complex structure of pesti-
cide and convert it into small, usable components. Also, at present,
more than 30 isolates of pyrethroid-degrading strains have been
reported. Most of them are bacteria including Pseudomonas sp.,
Serratia plymuthica, Acidomonas sp., Micrococcus sp., Bacillus
sp., and Ochrobactrum lupini (Grant et al. 2002; Mandar et al.
2005; Tallur et al. 2008; Chen et al. 2011), while few are fungi,
including Aspergillus niger(Liang et al. 2005), and only one be-
longs to actinomycetes (Streptomyces sp.) (Lin et al. 2011). To our
knowledge, 2S3 and 4S4 are the first reported strains in the genus
Fusarium capable of degrading cypermethrin. In a similar type of
study, both bacteria and fungi were compared for their efficiency
of survival and degrading pesticides in contaminated soil. In the
non-contaminated soil bacterial population was higher than the
fungal population. In contrast, in pesticide-contaminated soil the

Fig. 8 Degradation kinetics
cypermethrin treated with fungal
isolate (4S4) in CDB medium.
Means followed by common
letter in the columns are not
significantly different

Fig. 9 Degradation kinetics of
cypermethrin treated with fungal
isolate (4S4) in sucrose-free
medium. Means followed by
common letter in the columns are
not significantly different
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bacterial populations were greatly suppressed, and the fungal pop-
ulation increased and became dominant. These results show that
fungal strains were more resistant and possibly had the capacity to
degrade into harmless metabolites (Moon et al. 2011; Chen et al.
2011).

The degradation abilities of both the fungal isolates
were compared in three different conditions viz. CD
medium (with and without sucrose) and water (with
cypermethrin as the sole carbon source). In the case of
water with cypermethrin used as medium, the rate of

Fig. 10 IR spectra of untreated cypermethrin (as control) between 430 and 3,800 cm−1 cypermethrin molecular structure is shown below the plot

Fig. 11 IR spectra of cypermethrin treated with fungal isolate 2S3 in the range of 450 and 4,000 cm−1
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degradation was slower for both strains on initial days,
but later on showed complete degradation at a concen-
tration of 25 ppm. At higher concentrations, inhibition
by cypermethrin became prominent. At higher concen-
trations, degradation was comparatively less than the
media supplemented with and without carbon source.
On the other hand, cypermethrin (at almost all the test-
ed ranges of concentrations) in CD medium was effi-
ciently used by both the strains. Degradation proceeds
at a comparatively faster rate from the very beginning.
Cypermethrin was almost completely metabolized by
both strains after 5 days up to the level of 75 ppm with
the presence of sucrose in CD medium. In the absence
of sucrose, degradation was slightly less than the
sucrose-containing medium. The results showed that
the method exhibited linearity in the tested range of
concentrations. Similar experiments were performed by
Anwar et al. (2009) and Cycon et al. (2009), in which
they showed an enhanced rate of degradation in the
presence of added carbon sources.

The results of the spectral analysis of the cypermethrin
through FTIR were recorded for both untreated and treat-
ed samples of cypermethrin. The study of the spectra
showed major changes in the range 1,210–1,160 cm−1,
and also in the region of 3,018–2,731 cm−1, indicating
degradation of pesticide. A decrease in the absorbance
at the bands associated with the ether-cyanate, the ester
group (1,125 and 1,076 cm−1, respectively), was also

observed in the sample of cypermethrin treated with
fungal isolate 2S3; similar results were obtained by
Lin-Vien et al. (1991) and Rosenheimer et al. (2011).
In another experiment, Rosenheimer and Dubowski
(2008) per formed photolys i s of th in f i lms of
cypermethrin using in situ FTIR monitoring; the identi-
fied photoproducts include 3-phenoxybenzaldehyde, 3-
phenoxybenzoic acid, acetonitrile, and cypermethrin iso-
mers on the surface, and formic acid, CO2 , and CO in
the gas phase.

To verify the results of cypermethrin degradation ob-
tained through both the spectral analysis and FTIR
spectroscopy, HPLC analysis was done for the residual
quantification of cypermethrin. After comparing the peak
areas occupied and retention indices for both the treated
and untreated samples of cypermethrin, it confirmed that
the results were in compliance. Similarly Frenich et al.
(2005) did the same experiment for the residual quantifi-
cation analysis. In the same way, efficient diastereomeric
separation and quantification of cypermethrin, resmethrin,
and permethrin through RP-HPLC were performed by
Saeed (2012).

Fig. 12 Spectra of superimposition of all the samples (parent
cypermethrin and cypermethrin treated with fungal isolate 2S3 and 4S4,
respectively). Blue lines represent parent cypermethrin before treatment,

dark pink showing cypermethrin + xylene, while black and red represents
cypermethrin treated with fungal isolates (4S4 and 2S3), respectively

�Fig. 13 HPLC chromatograms of cypermethrin extracts obtained after
15 days of incubation with both fungal strains (2S3 & 4S4). a Parent
cypermethrin (control), (b) incubation with strain Fusarium 2S3, (c)
incubation with strain Fusarium 4S4
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Conclusion

Cypermethrin is a potent pyrethroid pesticide which shows
persistence in the environment owing to its complex structure.
Therefore, the aim of the present study was to identify the
fungal isolates that can degrade this pyrethroid compound
form the agricultural micro-environments. The isolated fungi
were able to degrade cypermethrin in water and media effi-
ciently and convert it into less harmful compounds. The deg-
radation was confirmed by fungal culture bioassays, with fur-
ther confirmation from FTIR and HPLC studies. Therefore,
we can conclude that fungal isolates can be used efficiently for
the degradation of pyrethroid-containing compounds.
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