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Abstract. Pesticide contamination in soil presents significant
environmental and health risks due to toxic residues. Traditional physical
and chemical remediation methods are often expensive, ineffective at low
concentrations, and generate toxic by-products. Mycoremediation, utilizing
fungi for bioremediation, provides a cost-effective, eco-friendly, and
efficient solution. This review explores fungi for remediating pesticide and
herbicide pollutants. Indigenous fungi, especially Aspergillus and
Penicillium species, show substantial potential in bioremediating
xenobiotics like organochlorine and organophosphorus pesticides due to
their versatile enzymatic systems. These fungi degrade pesticides into less
toxic metabolites or entirely mineralize them within days, using the
compounds for carbon, sulfur, and phosphorus. Fungi possess specific gene
clusters for pesticide utilization, making them valuable for managing
contamination from pesticides such as glyphosate. Mycoremediation offers
a promising alternative, as fungi can degrade and detoxify pesticides through
biochemical mechanisms like oxidation and reduction reactions. Using
indigenous fungi in bioremediation reduces pesticide toxicity, supports
sustainable  agriculture, maintains soil fertility, and prevents
biomagnification. This review examines recent studies on fungi in degrading
pesticide-contaminated land and provides scientific evidence supporting
mycoremediation as a solution for soil contamination.
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1 Introduction

The agricultural sector holds great significance for the State, as it plays a vital role in the
economy [1], [2], [3]. The rapid growth of the population has a direct impact on enhancing
the quality of sustainable agriculture. To improve the quality of agricultural products, it is
essential to have adequate facilities and infrastructure, such as the use of fertilizers,
agricultural tools, and chemicals like pesticides and herbicides [4], [5].

The global usage of pesticides has increased to 3.5 million tons [6], primarily to increase
food production and protect against crop losses. However, excessive use of pesticides can
have detrimental effects on the environment. Pesticide residues can be found in the soil,
water, and air, causing pollution in surrounding areas [7], [8], [9]. Furthermore, exposure to
pesticide residues can have toxic effects on human health, leading to both acute and chronic
health issues [10], [11].

The development of processes to restore polluted environments is necessary to address
land pollution caused by a variety of chemicals and heavy metals used to combat soil and
water contamination [12]. While there are currently physical and chemical methods available
to remove pollutants, these methods are often costly, produce toxic by-products, and are
ineffective at low concentrations [13]. To overcome these limitations, an in-situ remediation
process of pollutants is required [14], [15]. Mycoremediation offers a cost-effective,
environmentally friendly, and effective solution to combat land pollution problems that
continue to rise due to the use of chemicals and water pollution [16]. In the remediation
process, the ideal mold features strong fungal growth, extensive hyphae network,
extracellular ligninolytic production, high surface area to volume ratio, resistance to heavy
metals, ability to adapt to pH and temperature fluctuations, and the presence of metal binding
proteins [17], [18].

Indigenous fungi are crucial for pesticide degradation, providing a sustainable solution to
environmental issues caused by these toxins. Fungi, particularly Aspergillus and Penicillium,
exhibit significant potential in bioremediating xenobiotics like organochlorine and
organophosphorus pesticides due to their versatile enzymatic systems. These fungi, prevalent
in pesticide-contaminated soils, degrade these compounds into less toxic metabolites or
completely mineralize them within days [19]. Their metabolic abilities position fungi as
prime degraders of persistent organic matter, with their mycoremediation role extensively
studied in terrestrial and aquatic ecosystems [20]. Research indicates fungi such as
Aspergillus niger, Penicillium, and Fusarium effectively degrade chlorinated pesticides,
utilizing these compounds for carbon, sulfur, and phosphorus, aiding in detoxification [21].
Fungi like Aspergillus fumigatus possess specific gene clusters for pesticide utilization,
making them valuable for managing contamination from pesticides like glyphosate [22].

Fungi in bioremediation, known as mycoremediation, offer a cost-effective and eco-
friendly alternative to traditional methods for cleaning pesticide-contaminated soils and
water. This method is promising due to its ability to degrade and detoxify pesticides through
biochemical mechanisms like oxidation and reduction reactions [23], [24]. A variety of
microbial species, including fungi, with diverse metabolic pathways, significantly contribute
to the natural degradation of hazardous substances [25]. Using indigenous fungi in
bioremediation reduces pesticide toxicity in the environment, enhances sustainable
agriculture, maintains soil fertility, and prevents biomagnification [26], [27]. Thus,
indigenous fungi in bioremediation provide an effective solution for reducing pesticide
pollution, promoting a healthier and more sustainable environment. The objective of this
review is to examine the investigation the latest studi of fungi in degrading land polluted with
pesticides and to present scientific evidence endorsing the application of mycoremediation
as a remedy for soil contamination issues.
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2 Material and Methods

An article reviews titled " MYCOREMEDIATION of PESTICIDE-CONTAMINATED
SOIL " was conducted through a comprehensive literature review. In order to prepare for this
review, several research questions were developed based on the findings of previous studies
(Abdel-Latif et al., 2020; N. Akhtar & Mannan, 2020; Mani & Kumar, 2014; A. Patel et al.,
2021a). The literature search was conducted online using various sources, including
ScienceDirect, Springer, Google Scholar, and Researchgate. The primary goal of this review
is to provide a comprehensive overview of the literature on bioremediation of pesticide-
contaminated soils and to identify areas for future research. Additionally, the review aims to
provide guidance to researchers on selecting the most effective bioremediation techniques
for specific conditions of pesticide-contaminated soils.

3 Results and Discussion

Mycoremediation, the use of fungi to remediate contaminated environments, has
garnered attention for its eco-friendly and cost-effective nature. Studies highlight its efficacy
against pollutants such as heavy metals, organic contaminants, and pharmaceuticals (Figure
1). For example, Pleurotus spp. can enhance plant growth on metal-contaminated soils by
providing nutrients and reducing metal toxicity, tolerating metals like cobalt and copper
while showing inhibited growth with nickel. Fungal-bacterial co-cultures enhance the
mineralization of polycyclic aromatic hydrocarbons (PAHs) through complementary
enzymatic activities [1].
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Fig. 1. Bibliometric data about Pesticide Mycoremediation



BIO Web of Conferences 148, 02020 (2024)

ICoBEAF 2024

3.1 Pesticides and their impact

Pesticides, such as herbicides, insecticides, fungicides, and rodenticides, are a group of
chemicals used in agriculture and industry to control pests [2], [3]. Pesticides are classified
into different categories based on their chemical composition, mechanism of action, toxicity,
and application method [4], [5]. One way to classify pesticides is based on their chemical
composition, which can reveal synergistic interactions between activity, structure,
degradation potential, and toxicity. Pesticides are generally categorized into four groups
based on their chemical composition: organochlorines, organophosphates, carbamates, and
pyrethroids. Organochlorine pesticides, such as aldrin, endrin, chlordane, heptachlor,
dieldrin, The classification of pesticides has been studied extensively, and future researchers
can utilize this knowledge to conduct mold-mediated remediation by examining the
composition of the compounds present (Figure 2). This is because, during degradation tests,
only certain active compounds can be grouped based on factors such as toxicity, chemical
content, market use, structure, and degradation potential.

Insecticides <

Classification by Chemical Nature

Classification by Mode of Action

Pesticide Classification

Classification by Application Method

Fig. 2. Pesticide classification

Table 1. Pesticide Impacts

Pesticide Pesticide impact References
Malathion The exposure of malathion within granulosa cells can have [6], [7], [8]
toxic effects, leading to histological changes in animals and
causing damage to ecosystems.

https://doi.org/10.1051/bioconf/202414802020
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Organochlorine This substance poses significant risks to human health due to its
carcinogenic properties and toxic effects, as well as causing
severe ecological damage

Lead (Pb) Exposure to lead (Pb) can result in poisoning in humans [9]

Karbamat Harmful effects on human nerve tissue and lung damage can [10], [11]
result

Piretroid In humans, it can cause harmful effects and physiological and [12], [13]

histological changes in animals
Organophosphate It can have harmful effects on mammals, such as humans and [14]

birds
Benzo-o-pyrene  The toxicity of PAHs and PACs can lead to impairments in [15]
and endocrine function, microbial resistance, and disruptions in
phenanthrene aquatic ecosystems.
Hg The negative effects of mercury pollution have been widely [16]

documented, posing a serious threat to various living organisms
and ecosystems, making it a pressing environmental issue.

Cadmium Cadmium can have detrimental effects on soil [17]

Zn The presence of high levels of Zn content has been linked toa  [18]
decrease in high-density lipoprotein levels and immune
function.

Previous studies showed that pesticide residues have lasting negative impacts on the
environment. To enhance the efficacy and consistency of the composition, several substances
are included. These include non-ionic surfactants like alkylphenols, ethoxylates (APEO),
alcohol ethoxylates (AEO), alkylamine ethoxylates (ANEO), organosilicone
polyethoxylates, fatty amine polyethoxylates, and cosolvents such as N-methyl-2-
pyrrolidone (NMP), which enhance the solubility of the active ingredient and provide
protection. Active chemicals in pesticides have several roles such as spreading, controlling
foam, adding colour, and preventing drift. These functions impact the physical and chemical
features of pesticide products [19], [20], [21], [22]. Active chemicals are crucial elements in
pesticide products that serve as dispersants, anti-foam agents, colourants, and drift inhibitors,
modifying the physicochemical characteristics of these products [20]. Pesticides' residues can
contribute to increased toxicity in addition to the toxicity of their active components. POEA,
surfactants used in glyphosate-based herbicides, have potential toxicity[23]. More harm can
come from commercial pesticide mixtures than from their individual active ingredients.
Studies on bifenthrin, fipronil, carbaryl, malathion, imidacloprid, azoxystrobin, and
tebuconazole show this[24], [25]. Herbicides like 2,4-D, aminopyralid, and dicamba are
known to hurt both plants and animals. These effects include cytotoxic, genotoxic,
mutagenic, and histopathological effects [26], [27].

3.2 The Role of Fungi in Pesticide Remediation

Environmental pollution by pesticides and herbicides is a major issue. Postharvest crops are
often improved with pesticides. These chemicals can cause neurological damage due to
excessive exposure [25], inhibited fruit development in plants [28], and histological and
physiological effects on animals. Herbicides can manage weeds and boost crop yields [23],
but their excessive usage can affect soil function and animal and environmental health. PPO
activity prevents weed dehydration and necrosis during chlorophyll production[19]. As
ecological decomposers, fungi are crucial to Earth. In recent decades, scientists have
investigated fungal biogeochemistry under environmental stress. Fungi cooperate with other
microorganisms, especially plants, to restore damaged soil, water, and air and can be utilized
in designing nanobiotechnology tools [29]. Biocatalytic activity makes these prospective
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bacteria the principal bioremediation mediators[30]. Mycoremediation uses fungus to
remove pesticide residues and heavy metals from water and soil [31]. Adding F. pinicola
degraded DDT insecticides by 61%. Synergistic DDT degradation produces DDE, DDD, and
DDMU. DDT degradation involves reductive dechlorination, dehydrogenation, and de-
chlorination [32]. Bioaugmentation by Aspergillus spp. degrades the pyrethroid pesticide
group, restoring soil faster [33], [34]. Another research found that Aspergillus sp. may
recover chlorpyrifos, methyl parathion, and profenofos residues in 24 h. Meanwhile,
Lentinula edodes species can improve biopurification systems for wastewater contaminated
with difenoconazole and pendimethalin pesticides [35], [36]. Fusarium sp., Aspergillus sp.,
Pleurotus ostreatus, and basidiomycetes can quickly degrade herbicide residues containing
glyphosphate, atrazine, desethylatrazine, and desisopropylatrazine. Since fungal strains can
remediate pesticide- and herbicide-contaminated land, several researchers have studied them.

Fungi are highly effective in remediating polluted environments due to their ability to
activate breakdown enzymes. These enzymatic systems enable them to clean pesticide-
contaminated soils (Figure 3). Filamentous fungi, such as Aspergillus and Penicillium, can
degrade endosulfan, lindane, chlorpyrifos, and methyl parathion within days. As a result, they
are ideal for soil remediation [37]. Fungi like Aspergillus niger, B. antennata, F.
graminearum, P. digitatum, R. stolonifer, and T. viride can degrade diazinon, with B.
antennata reducing its concentration by 83.88% in just 10 days [38]. Fungi use pesticides as
a source of carbon to bioremediate them into safer compounds. Fungal involvement in the
biogeochemical cycle and their ability to handle xenobiotics make them more effective in
degrading pesticides like cypermethrin and its dangerous metabolite 3-phenoxy benzoic acid
than bacteria. Indigenous bacteria and fungi can also break down carbaryl, monocrotophos,
and malathion, with Bacillus sp being the most active. Fungal bioremediation is a cost-
efficient and eco-friendly solution for remediating pesticide-contaminated soils, protecting
both human and environmental health [39].
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Table 3. Pesticide-Degrading Fungi

Species Pesticides Methods Results Referensi
Fomitopsis DDT Biodegradation and F. pinicola, a fungus, [40]
pinicola biotransformation of  biodegrades about 61% of

DDT into DDD, DDT
DDE, and DDMU

Aspergillus ~ Pyrethroid Bioaugmentasi Utilizing fungal [41],
sp augmentation can expedite [42]
the process of restoring soil /
contaminated with [43]
pyrethroids
Aspergillus ~ Chlorpyros  Biodegradation The  tested  conditions [44]
section demonstrated rapid
Flavi strains adaptation with the
emergence of significantly
reduced lag phase.
Aspergillus ~ Chlorpyros Biodegradation >  Aspergillus sydowii CBMAI ~ [15], [45]
sydowii metil chlorpyros dan 935 recovered from the sea,
CBMAI 935  parathion biotransformation can serve as a potential
and - metil parathion biocatalyst for
profenofos and profenofos bioremediation applications
in the future.
Shewanella  Klorpirifos Biodegradastion The rapid degradation of [46]
sp. BT05 CPs by Shewanella sp. BT05

is clearly exhibited, with a
significant ~ decrease  of
94.3% within just 24 hours.

Lentinula Difenocona  Biodegradation in The efficiency of [47]
edodes zole dan  liquid medium biopurification systems
pendimethal containing contaminated
in. wastewater can be improved

by the use of Lentinula
edodes strain.

3.3 Metabolic Pathway Pesticide Biodegradation

Fungi detoxify and convert pesticides through various metabolic pathways. For example,
Cunninghamella elegans uses cytochrome P450 and flavin monooxygenase enzymes to
oxidize and hydrolyze diazinon into diazoxon and pyrimidinol[48]. Trichoderma lixii and
Talaromyces pinophilus degrade fluoranthene by upregulating ligninolytic enzymes and
initiating degradation at specific ring locations via the 3-Ketoadipate pathway[49]. Fusarium
oxysporum, Paecilomyces variotii, and Trichoderma viride can biodegrade pesticides like
terbuthylazine, difenoconazole, and pendimethalin up to 100%, utilizing diverse metabolic
routes in different media [50]. Fungi also assist bacteria in nutrient dispersion and
mobilization, enhancing biotransformation of substances like hexachlorocyclohexane (HCH)
by co-metabolizing bacteria[51]. Genomic, proteomic, and metabolomics studies have
illuminated the population dynamics and metabolic pathways involved in pesticide
degradation, facilitating better strategies for microbial degradation[52]. Trichoderma viridae
and Aspergillus niger break C-P and C-N bonds to release inorganic phosphate and other
metabolites for further breakdown[53]. Fungi's complex metabolic pathways and enzymatic
interactions with other microorganisms make them effective bioremediators[54]. Their
enzymatic machinery facilitates pesticide biodegradation, with enzymes breaking down
harmful compounds like organochlorine and organophosphate insecticides. Fusarium
equiseti and Trichoderma atroviride transfer nutrients and produce enzymes such as
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haloalkane dehalogenase and TaPonl-like hydrolase to enhance HCH and DDVP
biotransformation, crucial for pesticide degradation[55]. Fungi like Aspergillus and
Penicillium, due to their high tolerance and enzymatic activity, can degrade organochlorine
and organophosphorus insecticides into less harmful metabolites or achieve total
mineralization [37]

Hydrolysis, oxidation, and reduction reactions disintegrate pesticides into intermediate
chemicals. Mucor racemosus and Mortierella sp. digest pesticides such as dieldrin and
endosulfan, resulting in the production of intermediate metabolites like aldrin trans-diol and
endosulfan diol. These metabolites are then converted into safer compounds[56]. Fusarium
oxysporum and Paecilomyces variotii biodegrade herbicides like terbuthylazine and
pendimethalin in biopurification systems[50]. The use of advanced omics techniques has
elucidated the genetic and proteomic basis of these metabolic pathways, enabling the
production of genetically modified fungus with improved degradation capabilities [52], [54].
Fungi are valuable bioremediation agents due to their diverse metabolic pathways and
enzymatic activities, which facilitate the biodegradation of contaminants [38].

3.4 Mycoremediation Strategies

Several approaches are utilized in the detoxification process of land contaminated with
pesticide  residues, including biosorption, biomineralization, bioaccumulation,
biointracellular and extracellular precipitation, and biotransformation, which involve various
signaling pathways [57].

Biosorption, a common mechanism observed in microorganisms, occurs through ionic
interactions between adsorbing materials, such as cell wall components or extracellular
polymeric substances (EPS), and dead microbial biomass, which is a non-metabolic process.
In this process, pollutants are bound to the cell walls of fungi, yeast, algae, and bacteria, with
the charge originating from the cell walls. The binding process is facilitated by metal ions,
and environmental factors, such as the availability of metal species, pH, and temperature,
play significant roles[58]. Pollutants, such as benzo-a-pyrene, phenanthrene, lead, cadmium,
tin, nickel, and uranium, can be degraded through a biosorption process involving Rhodotula
mucilaginosa, Aspergillus sp., Pleurotus ostreatus 1SS-1, and Cladosporium sp. strain
F1[59], [60], [61], [62], [63].

Biomineralization is a mycoremediation mechanism that converts dissolved pollutants
into a solid, environmentally safe form. It occurs intracellularly and involves the re-
absorption of pollutants into the environment in solid and extracellular form via extracellular
polymers (EPS) produced by cells. Biomineralization operates through supramolecular
mechanisms based on multi-ionic and kinetic regulation through stress control [64], [65].

Microbial strains can also be used to reduce pollutants without damaging the environment
through biological mechanisms. This process involves the conversion of toxic pollutants into
metabolites that are safe for the environment. Biostimulation, which involves providing
nutrients in gas, solid, or liquid form to polluted land, and bioaugmentation, which involves
adding microbes to the environment to degrade pollutants, are two techniques used in this
process. Intrinsic remediation, which involves the collection of microbes on polluted land
and the availability of nutrients to support the activity of microorganisms in reducing
pollutants, is another technique that can be employed.

3.5 The Prospect of Mycoremediation in Cleansing Contaminated Land

Soil contamination has become an international issue due to extensive use of chemicals in
agriculture[5], [25], [66]. The primary pollutants stem from pesticides and herbicides, which
are toxic to organisms and harmful to the environment[67]. These chemicals not only dry out
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land but also adversely affect air quality, as droplets may evaporate before reaching targets
and soil particles can be windborne[68] (Hassan et al., 2020b). Pesticide residue
contamination from agricultural sources poses significant environmental risks and leaves
behind harmful metabolites. Numerous pesticides and herbicides are hydrophobic
contaminants that, by adsorbing soil particles, can migrate to aquatic environments,
threatening these ecosystems[69].

Owing to the pervasive and extensive use of pesticides in agriculture, soil pesticide
residues can serve as useful indicators of the spatial distribution of soil properties. In a study
that spanned approximately four years, 96 soil samples were collected from 71 adjacent fields
after the last application of atrazine. The results showed a significant influence of soil texture
and a decline in soil quality[21], [29], [35], [70].

Biological remediation technologies encompass a range of techniques, such as
bioremediation, phytoremediation, bioventing, bioleaching of agricultural land, use of
bioreactors, composting, bioaugmentation, and biostimulation [31], [68], [71], [72]. Among
these, bioremediation technology is the most widely used due to its advantages over physico-
chemical methods. Bioremediation takes place naturally through processes such as
siderophores, organic acids, biosurfactant production, biomethylation, and redox processes
[13], [95].

In Mycoremediation process, fungal mycelia play a significant role in the bioremediation
process. The fungal decomposition process is carried out by mycelium, which secretes
extracellular enzymes and acids that break down lignin and cellulose (i.e., the building blocks
of plant fiber) and help in dissolving and complexing metal cations [75], [76], [77]. Studies
on mycoremediation have expanded the use of different fungi to extract pesticides and
herbicides from soil. Fungi can be unicellular or multicellular, have thalloid or filamentous
structures, and reproduce asexually and sexually by the production of spores and gametes,
respectively[78]. The effectiveness of mycoremediation depends on the ability of fungal
species to target specific trace metals in the substrate. Most fungi produce extracellular
enzymes and organic acids that break down complex substances into solutes for fungal
nutrition and are considered efficient recyclers in nature [79]. Mycoremediation is a valuable
technique for the remediation of land contaminated with pollutants resulting from the use of
pesticide and herbicide residues. This is due to its numerous advantages over physico-
chemical processes that utilize biological methods, including its environmental friendliness
and the ability to be applied continuously.

4 Conclusion

This article review presents data on the use of fungi in the remediation of pesticide and
herbicide pollutants. Excessive use of pesticides in agriculture can have detrimental effects
on the environment and human health. Mycoremediation offers a cost-effective, eco-friendly,
and effective solution to combat land pollution caused by chemicals. Indigenous fungi,
particularly Aspergillus and Penicillium, exhibit significant potential in bioremediating
xenobiotics like organochlorine and organophosphorus pesticides. Fungi degrade these
compounds into less toxic metabolites or completely mineralize them within days. Studies
highlight the efficacy of mycoremediation against pollutants such as heavy metals, organic
contaminants, and pharmaceuticals. Pesticides are classified based on their chemical
composition, which can reveal synergistic interactions between activity, structure,
degradation potential, and toxicity. The objective of this review is to examine the latest
studies of fungi in degrading land polluted with pesticides and to present scientific evidence
endorsing the application of mycoremediation as a remedy for soil contamination issues.
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