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Abstract. Pujiati, Hertanti, Kiswardianta RB, Fatimah, Ramadhan R, Ni'matuzahroh. 2025. Isolation and potential evaluation of
organophosphate-indigenous degrading fungi from Singolangu Farmland, Magetan, Indonesia. Biodiversitas 26: 166-177. Pesticide use
is prevalent in Indonesian agriculture, especially in vegetable farming regions like Singolangu Hamlet, Sarangan Village, Plaosan,
Magetan, East Java. While pesticides effectively control pests, their overuse and misuse have caused soil contamination, health disruptions,
and decreased agricultural productivity. This study examines the potential of indigenous fungi from Singolangu to remediate soil
polluted by organophosphate pesticides, specifically chlorpyrifos and profenofos. Twelve indigenous mold isolates were isolated and ex-
situ bioaugmentation was performed with six treatments. The levels of N, P, K, pH, and organophosphate pesticide residues were
analyzed. Aspergillus flavus was the most effective in bioremediation, achieving significant results within four weeks and displaying N,
P, K, pH values of 101 ppm, 99 ppm, 306 ppm, and 6, respectively. The KPSK Formula (a mixture of all Fungi KPS1 to KPS12 ) which
utilized a 12-isolate consortium, also showed significant results, with N, P, K, and pH values of 57 ppm, 59 ppm, 138 ppm, and 6,
respectively. The control soil had 150 ppm of chlorpyrifos and 29 ppm of profenofos left over from the pesticides, but the
bioremediation treatment KPS3 lowered these levels to 97 ppm of chlorpyrifos and 5.5 ppm of profenofos. This study indicates that

indigenous fungi can efficiently degrade profenofos and chlorpyrifos pesticides, either individually or in consortium.
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INTRODUCTION

Agriculture plays a crucial role in Indonesia,
underpinning the nation's food security. The Central
Bureau of Statistics (BPS) reported that food crop areas
covered 10,657,275 ha in 2020 and 10,515,323 ha in 2021.
This sector significantly impacts the economy, contributing
Rp1,354 trillion to the GDP, which accounts for 12.4% of
the national total, and provides essential services like food
security, employment, and poverty reduction (Mukhlis and
Gurgcam 2022). Despite its importance, various issues with
agricultural land continue to hinder productivity.

Farmers widely perceive pesticides to be an effective
and easy solution to eliminate Plant Pest Organisms quickly.
The use of pesticides has detrimental effects on the
agricultural environment. It poses a threat to human and
animal life due to the accumulation of pesticide residues in
agricultural products and water sources (Jasrotia et al.
2024). Previous studies have highlighted that only 20% of
pesticides are applied accurately, while the remaining 80-

90% are applied incorrectly, which often results in ineffective
pesticide use (Sun et al. 2018; Schreiber et al. 2018). The
impact of pesticides on the environment is exacerbated by
their persistence and tendency to penetrate soil layers,
thereby causing pollution in undesirable areas and aquatic
habitats (Jumaeva 2023). The excessive use of pesticides
can lead to decreased soil fertility, which is an indication of
polluted agricultural soil. The use of pesticides, disrupts
soil quality by reducing the microbial contributions to soil
fertility, such as soil formation and nutrient cycling
(Srinivasulu et al. 2024; Fernandez-Triana et al. 2024).
Pesticides significantly affect soil nutrient availability
and crop productivity, impeding the nitrogen-fixing process
essential for plant growth. The need for immediate action is
clear, as excessive pesticide contamination in soil poses
global environmental and health risks. Pesticides like
glyphosate, paraquat, chlorpyrifos, and profenofos often
exceed regulatory limits, impacting over 1.88 million km?
of treated land, with hotspots in South America and Asia,
particularly Brazil, Argentina, and China (Tang and Maggi
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2021). Continuous use of pesticides damages soil
biodiversity and results in the leaching of approximately
0.2 million metric tons of pesticides below the root zone
annually. Many vegetables and other horticultural plants
are planted in Singolangu Hamlet. Pesticides are sprayed
regularly, often as a preventive measure, to protect these
plants. Based on qualitative data gathered through interviews
with farmers in this region, the agricultural soil exhibits
significant compaction and is associated with frequent crop
failures. The interviewees attributed these issues to the
injudicious application of chemical fertilizers and pesticides
on their agricultural lands. The detrimental effects of
excessive agrochemical use in this locality are manifested
through the hardened soil structure and diminished vegetable
productivity.

Indigenous fungi have diverse ecological functions,
including tolerance to environmental stressors and
interactions with other soil organisms. These fungi present
in soil exhibit a wide range of ecological roles and
adaptations, which contribute to soil health and fertility.
They play a crucial part in enhancing soil biodiversity
through various mechanisms. Fungi exhibit unique traits
that make them more effective decomposers than bacteria
in various ecosystems. Their high moisture tolerance, rapid
growth rate, and dense hyphal structure enhance their
degradation capabilities compared to bacteria (Yu et al.
2023). These traits include bioactivity, distinct growth
forms, and resilience in polluted environments. Fungi also
form dormant structures like ascospores and rhizome
spores to survive unfavorable conditions (Ramirez 2022).
Under favorable conditions, fungi decompose pesticides
metabolically through their hyphae. Examples of such
fungi include Trichoderma, Fusarium, Penicillium, and
Aspergillus (Bisht et al. 2019). Fungi are vital in maintaining
material cycles and recycling organic contaminants in soil

ecosystems. They offer an alternative to conventional
bioremediation, particularly using indigenous fungi from
contaminated soils. This method provides eco-friendly
solutions to reduce pesticide residues, promote sustainable
agriculture, and minimize environmental impacts (Raffa
and Chiampo 2021).

This investigation examines the potential of indigenous
fungi to enhance soil quality by remediating pesticide-
polluted soil. Through the isolation, characterization, and
evaluation of mold formulations, the study aims to
demonstrate the significant role of indigenous fungi in
improving soil quality. The identification of fungi in soil
contaminated with organophosphate pesticide residues and
the evaluation of their impact on soil fertility, including N,
P, K, pH, and pesticide residue levels, will provide
valuable insights into the promising future of sustainable
agriculture.

MATERIALS AND METHODS

Study area

The study area is location at Singolangu Hamlet,
Sarangan Village, Plaosan Sub-district, Magetan, East Java,
Indonesia, and it is situated at an altitude of 1,338 meters
above sea level (masl) (Figure 1). This area is located at the
base of Mount Lawu in Magetan, which is additionally
renowned as the "village of milk", within the vicinity of the
Telega Sarangan Magetan tourist destination. The primary
commodity in this region is vegetables. The types of
vegetables grown here include cabbage, leeks, carrots,
celery, potatoes, shallots, mustard greens, chicory, broccoli,
cauliflower, and chickpeas (Figure 2).
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Figure 1. Location of Singolangu Hamlet, Plaosan, Magetan, 1,338 masl (7°39°51.7216" S, 111°13°28.3136" E) and the detected sites in

Sarangan Village, Plaosan Sub-district, Magetan, East Java, Indonesia
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Procedures
Soil sampling

Soil sampling was conducted using a simple random
sampling method at a vegetable farming site in Singolangu
Hamlet, Sarangan Village, Magetan, East Java, Indonesia
which had been exposed to pesticides. Samples were
collected at a depth of 5-30 cm below the surface (Efeoglu
et al. 2022) and stored in a dry ice box. The soil samples
were transported to the PGRI Madiun University laboratory
and then cleaned for debris and sieved to obtain a
homogeneous sample.

Soil sample pretreatment

The soil samples were treated with organophosphate
pesticides, including chlorpyrifos (brand name: Fostin 610
EC) and profenofos (brand name: Curacron 500 EC). These
pesticides were each dissolved in 1 L of water at a
concentration of 2 mL. The soil was soaked for 30 days,
dried, pulverized, and sieved. The soil samples containing
pesticide residues were divided into 24 groups, each
weighing 50 g, with four control groups and 20 treatment
groups. Different types of indigenous mold isolates were
used for each treatment group.

Mold isolation

Czapek Dox Agar (CDA) was used as the isolation
medium for the fungi. The ingredients were heated in a
glass beaker with 1000 mL of distilled water and sterilized
in an autoclave for 15 minutes at 121°C and 1-2 atm
pressure. The soil sample was weighed and suspended in 9
mL sterile distilled water (10 ¢/90 mL) to perform
multilevel tenfold serial dilution. Dilutions of 103, 107,
and 10 were used to isolate the mold. The mold grown on
the isolation media was then transferred to PDA media in
test tubes.

Preparation of fungal stock cultures

Indigenous fungi, initially grown on CDA media from
soil samples, were subsequently subcultured onto slant
media for stock culture preservation and observation. Four
replicates were prepared for each fungal isolate. The stock
culture preparation involved suspending the rejuvenated
fungi in 600 mL of physiological saline, followed by the
addition of 6 g of NaCl (10 g NaCl/L) and a pesticide
seditester. The cultures were then incubated at room
temperature on a shaker platform operating at 150 rpm for
a period of 4 days

Macroscopic and microscopic examination of fungal
cultures

Direct visual inspection of fungal cultures on agar plates
constituted the macroscopic examination. This process
involved characterizing the mold isolates by observing the
pigmentation of their conidia and mycelia. For microscopic
analysis, the morphological features of spores, conidia, and
hyphal structures were scrutinized

Bioremediation test
The bioremediation trial began with the preparation of
stock cultures using selected mold isolates. Six treatment
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groups were established, each containing 50 g of sterile soil
mixed with pesticide. To ensure homogeneity, the
contaminated soil samples were cleaned and sifted.
Observations were conducted weekly for four weeks, on
days 7, 14, 21, and 28. The degradation of chlorpyrifos and
profenofos was analyzed using a liquid chromatography-
mass spectrometry (LC-MS) system. The LC-MS was
equipped with a C18 column (1.7 to 5 pm mm, particle size
5 um). Separation of intermediates was performed using a
60:40 (v/v) mixture of acetonitrile and water as the mobile
phase, with a flow rate of 0.5 mL/min at room temperature
(Naik et al. 2022; Tabasum et al. 2022).

Data collection

Data were analyzed both descriptively and quantitatively.
Descriptive data focused on identifying the types of mold
isolated from pesticide-contaminated soil in Singolangu
Hamlet, Magetan, Indonesia. Quantitative data, N, P, K
levels, pH values, and residual levels of chlorpyrifos and
profenofos pesticides were determined. The measurements
for N, P, K, and pH levels were obtained using a digital soil
N, P, K tester, while the pesticide residue levels were
measured using LC-MS.

RESULTS AND DISCUSSION

The bioremediation of soil contaminated with pesticide
residues using indigenous fungi isolated via CDA media
resulted in several key achievement parameters, including
the chemical indicators in the treatment soil. These levels
include N, P, K, pH, and organophosphate pesticide
(chlorpyrifos and profenofos) reduction levels.

Figure 2. Sampling site condition
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Indigenous fungi

This study involved the meticulous isolation and
identification of 12 indigenous fungal isolates from soil
samples containing organophosphate pesticides. The
identification of these fungi was performed with utmost
care, both macroscopically and microscopically, with
results compared to supporting journals to ensure accuracy.
The reference indigenous fungi that were successfully
isolated were primarily spp. of Aspergillus (Table 1). The
samples analyzed revealed mould species from four genera
(i) Aspergillus; (ii) Phoma; (iii) Cladophialophora; and (iv)

Fusarium, with two species remaining unclassified.
Aspergillus was the most prevalent genus, represented by
seven isolates (i) Aspergillus fumigatus; (ii) Aspergillus sp.;
(iii) Aspergillus flavus; (iv) Aspergillus niger; (v) Aspergillus
tamarii; (vi) Aspergillus oryzae, and (vii) Aspergillus
sydowii. A single isolate of Phoma sp. was identified from
the Phoma genus. The analysis also yielded one isolate
each from the Cladophialophora and Fusarium genera,
specifically Cladophialophora sp. and Fusarium solani,
respectively.

Table 1. Indigenous Fungi from Singolangu Hamlet, Singolangu, Magetan, East Java, Indonesia

Isolate
code

Mold pictures

Conidia images

Spores images References

Aspergillus fumigatus
(Kumar et al. 2021)

Aspergillus sp.
(Gléssnerova et al.
2022)

Aspergillus flavus
(Bharose et al. 2017)

Aspergillus niger
(Mohapatra et al.
2021)

Phoma sp. (Devi et al.
2018)
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KPSs Cladophialophora sp.
(Levin et al. 2004)
KPS? Fusarium solani
(Wasti et al. 2020)
KPSg
Unidentified
KPSg Aspergillus tamarii
(Guchi et al. 2014)
KPS10 Unidentified
KPS11 Aspergillus oryzae
(Jagat et al. 2021)
KPS12 Aspergillus sydowii

(Jurjevic et al. 2012;
Wang et al. 2021)

Notes: KPS1: Aspergillus fumigatus; KPS2: Aspergillus sp; KPS3: Aspergillus flavus; KPS4: Aspergillus niger; KPS5: Phoma sp.;
KPS6: Cladophialophora sp.; KPS7: Fusarium solani; KPS8: Unidentified species; KPS9: Aspergillus tamarii; KPS10: Unidentified
species; KPS11: Aspergillus oryzae; KPS12: Aspergillus sydowii
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In sum, twelve potential fungal isolates were detected in  which consisted of a mixture of KPS1 to KPS12 (KPSK,
the study. Four of the twelve mold isolates were chosen for  Kapang Singolangu Konsorsium). The bioremediation process
further testing in the bioremediation process, namely involved assessing the quality of the soil, which included
KPS1, KPS2, KPS3, and KPS4 based on their dominant  evaluating its N, P, K, and pH levels, as shown in Table 2
presence in the isolation results. In the bioremediation test, and Figure 3. Additionally, the levels of degraded pesticides
these fungi were also compared with the entire consortium,  were also quantified, as depicted in Figure 4.

Table 2. Bioremediation test results: N, P, K, and pH levels of remediated soil

Fermentation time

Treatments W1 W, W3 W,
N p K pH N p K pH N p K pH N P K pH

KPSo 4 5 8 5 4 3 9 5 4 4 11 5 3 2 7 5
KPS 22 39 112 5 33 63 209 5 54 85 254 6 65 90 284 6
KPS, 24 34 99 6 47 69 135 6 65 82 196 6 93 103 220 6
KPS3 37 24 148 6 48 33 181 6 68 60 207 6 101 99 306 6
KPS4 43 23 54 5 46 41 110 5 57 52 143 6 64 65 176 6
KPSk 33 42 92 5 44 45 109 5 50 47 123 5 57 59 138 5

Notes: KPS0: Control treatment; KPS1: Aspergillus fumigatus; KPS2: Aspergillus sp; KPS3: Aspergillus flavus; KPS4: Aspergillus
niger; KPSK: A mixture of all fungi KPS1to KPS12 ; W1: Week 1; W2: Week 2, W3: Week 3; W4: Week 4

N,P, K, pH results
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Figure 3. N, P, K, pH results. KPSO: Control treatment; KPS1: Aspergillus fumigatus; KPS2: Aspergillus sp; KPS3: Aspergillus flavus;
KPS4: Aspergillus niger; KPSK: A mixture of all Fungi KPS1 to KPS12; W1: Week 1; W2: Week 2, W3: Week 3; W4: Week 4
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Figure 4. The levels of A. Chlorpyrifos; B. Profenofos in different treatments. KPSO: Control treatment; KPS1: First type of Singolangu
potential mold; KPS2: Second type of Singolangu potential mold; KPS3: Third type of Singolangu potential mold; KPS4: Fourth type of
Singolangu potential mold; and KPSK: A mixture of all Fungi KPS1 to KPS12
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Based on comprehensive research and rigorous mold
characterization. This diverse assemblage of fungal species
encompasses multiple genera, with a predominance of
Aspergillus species. The presence of unidentified species
(KPS8 and KPS10) indicates the potential existence of
novel or less common fungal taxa within the studied
environment. KPS1 (first type of Singolangu potential
mold), KPS2 (second type of Singolangu potential mold),
KPS3 (third type of Singolangu potential mold), KPS4
(fourth type of Singolangu potential mold), and KPSK(A
mixture of all Fungi KPS1 to KPS12).

The levels of nitrogen (N), Phosphate (P), Potassium
(K), and pH levels in the soil were tested weekly on days 7,
14, 21, and 28. The data indicate that the control treatment,
designated as KPS0, consistently had the lowest average
nitrogen (N) value among all treatments. This observation
was confirmed by the NPK test, which revealed an average
N value of 3-4 ppm in the control soil every week. In
contrast, the treated soil had a significantly higher N value
compared to the control, but it was not significantly
different from the other treatments. The highest average N
value was observed in the KPS3 treatment, which reached
101 ppm at the end of the measurement in week 4. The N
values in formulas KPS1, KPS2, KPS4, and KPSK (A
mixture of all Fungi KPS1 to KPS12) also increased every
week, indicating that the duration of the bioremediation
process conducted by indigenous fungi is influenced by
time.

The highest N value recorded in the test was in week 4.
Phosphorus content in the control soil remained stable,
fluctuating between 2 and 5 ppm each week. On the other
hand, the values in the soil treatments with the mold
formula showed a consistent increase every week, as
illustrated in Table 2 and Figure 3. Soil using the KPS2
mold formula has proven to be the most advantageous,
offering an average of 33 ppm, 69 ppm, 82 ppm, and 103
ppm per week. According to the analysis of P levels in the
soil, the treatment soil has been found to possess elevated
levels of phosphorus, with a value of >33 ppm. Conversely,
the control soil exhibited exceptionally low phosphate
concentrations, consistently below 10 ppm. These
measurements were assessed against established criteria for
available phosphate in the soil, as detailed in Table 3.

According to the data collected by measuring potassium
levels in a control soil every week for a month, the average
potassium level in the soil was found to be less than 10
ppm, except for 11 ppm in week 3. Although the potassium
level increased in week 3, it was still within the low range.
The treatments applied were KPS0 (control treatment),
KPS1 (first type of Singolangu potential mold), KPS2
(second type of Singolangu potential mold), KPS3 (third
type of Singolangu potential mold), KPS4 (fourth type of
Singolangu potential mold), and KPSK (A mixture of all
Fungi KPS1 to KPS12). The treatment with the indigenous
mold formula resulted in potassium levels above 60 ppm,
indicating that the potassium content in the soil was very
high. The effect of time on the performance of indigenous
fungi in the formula was observed, but it did not affect the
control. The effect of the K value on time can be seen in
Figure 3.

The K value in the control soil was found to be in the
very low range, while the KPS1, KPS2, KPS3, KPS4, and
KPSK treatments resulted in values within the very high
range. These results were obtained by comparing the results
and criteria for K content in the soil presented in Table 4.

Bioremediation test results: Pesticide levels

A comparison of pesticide residue levels between the
control and KPS3 treatments showed that the control
treatment soil had high levels of chlorpyrifos residue at 150
ma/kg. In contrast, soil treated with KPS3 formula had
significantly lower levels at 97 mg/kg. These results suggest
that the KPS3 formula can degrade organophosphate
pesticides with the active ingredient chlorpyrifos. A similar
trend was observed with the organophosphate pesticides
and the active ingredient profenofos. The control soil had
29 mg/kg of profenofos residue, while the KPS3-treated
soil had much lower levels at 5.5 mg/kg. The results of the
LC-MS test results for pesticide residues are shown as
illustrated in Figure 4.

Discussion

The bioremediation of soil contaminated with pesticide
residues using indigenous fungi isolated via CDA media
has shown several achievements, including changes in the
physiochemical parameters in the treatment soil. These
levels include N, P, K, pH, and pesticide reduction levels.

Indigenous fungi

Twelve isolates of indigenous fungi were obtained from
soil samples containing organophosphate pesticides. These
fungi  were identified both macroscopically and
microscopically, and the results were compared to
supporting journals. The reference indigenous fungi that
were successfully isolated were primarily Aspergillus spp.
Aspergillus species exhibit a high prevalence in soils
contaminated with pesticides due to their remarkable
capacity to degrade these compounds, utilizing them as
nutrient sources. This capability is attributed to their
diverse enzymatic machinery, which enables them to
decompose complex pesticide molecules into simpler, less
toxic substances. Aspergillus species, such as Aspergillus
niger and Aspergillus flavus, have demonstrated efficacy in
degrading organophosphorus and organochlorine pesticides,
resulting in their abundance in contaminated soils.

This biodegradation process not only contributes to the
reduction of pesticide toxicity but also facilitates the growth
and proliferation of these fungi in such environments
(Matas et al. 2023). As decomposers, they break down
organic matter, which is crucial for maintaining soil health
and fertility. Indigenous fungi, including various fungi,
play a vital role in nutrient cycling by facilitating the
decomposition of organic matter and the mineralization of
essential nutrients such as nitrogen and phosphorus. Hence,
indigenous fungi are integral to maintaining ecosystem
functionality through their multifaceted roles in nutrient
cycling. They are vital in the biodegradation of organic
waste materials, acting on cellulose, lignin, gums, and other
organic compounds, which contribute to nutrient cycling
and soil health. For instance, A. niger and A. candidus have
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been shown to effectively decompose wheat crop residues,
enhancing soil organic matter and fertility (Awasthi et al.
2017; Singh et al. 2020).

Table 3. Criteria for available phosphorus in soil

Element Units  — Vot High
Phosphate ?;%’r';? 10-15  16-25 26-33
Note: Source: Annappa et al. (2024)
Table 4. Criteria for potassium elements in soil
Indicators
Element Unit \I_/g\rvy Low Medium High \I—/|E|!g%
Potassium EE%/FI:S <10 12% 2410 4210 >60

Note: Source: Bahadur et al. (2016)
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Figure 4. The levels of A. Chlorpyrifos; B. Profenofos in
different treatments. KPSO: Control treatment; KPS1: First type of
Singolangu potential mold; KPS2: Second type of Singolangu
potential mold; KPS3: Third type of Singolangu potential mold;
KPS4: Fourth type of Singolangu potential mold; KPSK: A
mixture of all fungi KPS1 to KPS12

N, P, K, and pH results

The N levels in the control treatment showed minimal
variation, likely due to the presence of indigenous fungi in
the soil, which are in line with natural conditions without
additional fungi provided. The soil contaminated with
pesticide residues and treated with a mixture of all fungi
KPS1 to KPS12 (KPSK) recorded the lowest N content.
This is due to the presence of fungi with antagonistic
properties, which disrupt the growth and development of
other fungi (Ismail et al. 2019). The increase in N content
in the soil treated with the indigenous mold formula is
attributed to the fungi’s nitrogen-fixing activity, enhancing
soil nitrification. Nitrogen fixation is a crucial function of
fungi. Fungi might be able to increase soil nitrification by
releasing compounds called brachial acetone from the roots
of plants that grow with fungi (Odokonyero et al. 2017).
These compounds stop the process of nitrification from
happening. A different study found that fungi can improve
the movement of nitrogen through hyphae (Caravaca et al.
2005) and the activity of aquaporins, which move Meena et
al. (2017a)

Phosphorus (P) is a crucial element for plants, as it
facilitates the transportation of energy and carbohydrate
components. Moreover, phosphorus accelerates the
development of flowers, fruit and seed ripening, and root
growth (Ahmed et al. 2024). The increase in phosphate
levels within the research soil indicates that the application
of indigenous fungi in the treatment also affects the
duration of bioremediation. Nevertheless, the control
treatment did not show any impact on the duration of
bioremediation. Phosphate in soil is often in an insoluble
form, limiting plant growth (Tian et al. 2021). Consequently,
farmers continue to apply phosphate fertilizers even when
the soil contains high to very high total phosphate (Etesami
2020). Phosphate-solubilizing microbes are capable of
dissolving insoluble phosphate, allowing plants to acquire
the necessary nutrients for growth (Timofeeva et al. 2022).
To date, microbial-enriched organic fertilizer has been
formulated using a consortium of several superior microbial
species. However, this method could be more efficient as it
requires various types of superior microbe (Ptaszek et al.
2023).

Therefore, there is a need for multifunctional microbes
that can serve two or more functions. Phosphorus can be
converted into a form usable by plants through the action of
phosphate-solubilizing microorganisms (Yadav et al. 2019).
These microorganisms are commonly used to enhance
plant growth and development by increasing phosphorus
uptake. Among the fungi, phosphate-solubilizing properties
are significant in making soil phosphate available for plants
(Meena et al. 2017b). Several fungi possess phosphate-
solubilizing properties, including Saccharomycopsis schoenii,
Cryptococcus luteolus, Trichosporon beigelii, Rhodotorula
aurantiaca, Kluyveromyces walti, Neosartorya fischeri var.
fischeri, Candida montana, Penicillium purpurogenum var.
rubrisclerotium, and Zygoascus hellenicus (Birhanu et al.
2017). In bioremediation, a mold formula containing the
genera Aspergillus and Fusarium is used, both of which are
phosphate-solubilizing genera. Research indicates that
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phosphate-solubilizing fungi belong to the genera Fusarium
sp., Aspergillus sp., and Penicillium sp. (Meena et al. 2017b).

Phosphate-solubilizing fungi possess the potential to
serve as biofertilizers. These fungi can convert insoluble
soil phosphate into soluble phosphate due to the secretion
of various organic acids. Under optimal conditions, they
can mobilize or solubilize approximately 40-50 kg of
phosphorus, resulting in a 20-30% increase in crop Yyield
(Khan et al. 2013). The relationship between plants and
fungi plays a significant role in plant function and the ecology
of plant communities (Vimal et al. 2017). Mycorrhizae,
along with plant root hairs, increase the surface area of the
soil-root interface as they are crucial components at the
soil-root interface through their extraradical hyphae.
Therefore, fungi enhance plant nutrient uptake, particularly
phosphate. Additionally, the fungi produce substantial
amounts of phosphatase, which helps the plant access
insoluble, condensed, and complex phosphate in the soil so
that it can be utilized (Jyothi and Basaiah 2023).

There are two stages of phosphate reduction by
phosphate-solubilizing fungi: chemical and biological
(Kumari and Nanayakkara 2017; Yang et al. 2022). The
chemical mechanism begins when mold secretes low-
molecular-weight organic acids into the soil. These acids
form stable complexes with P-binding cations like Al and
Fe in acidic soils. Each phosphate-solubilizing mold has a
genetically distinct capacity to excrete various types and
quantities of organic acids, with the nature of the acids
being more crucial than their quantity. The efficiency of
these acids varies based on soil microenvironmental
conditions. Biological phosphate reduction occurs through
the production of enzymes such as phosphatase, which is
secreted by roots and soil microorganisms. Phosphatase is
produced when phosphate availability is low and becomes
less effective when phosphate levels are high. During the
mineralization of organic matter, phosphatase enzymes
convert organic phosphate compounds into inorganic forms
accessible to plants, breaking down bound phosphate into
available forms (Verma et al. 2017; Rawat et al. 2021).

These stages involve two processes, Chemical and
biological Mechanism. The chemical mechanism commences
when the mold secretes several low-molecular-weight
organic acids from its metabolism into the soil. These
organic acids can form stable complexes with P-binding
cations in the soil, such as Al and Fe, which are P binders
in acidic soils. Each phosphate-solubilizing mold has a
genetically distinct ability to excrete different types and
amounts of organic acids. The nature of the organic acids is
more critical than the amount produced. This can be seen
from the differences in the capacity of each phosphate-
solubilizing mold to dissolve P. The efficacy of the organic
acids produced is contingent upon the microenvironmental
conditions of the soil. Biological phosphate reduction
occurs because these microorganisms produce enzymes,
including phosphatase enzymes. Phosphatase is an enzyme
that is produced when phosphate availability is low; if
phosphate availability is high, the phosphatase enzyme is
less useful, or microbial production of phosphate is
ineffective. Phosphatase is secreted by roots and
microorganisms in the soil. In the mineralization process of
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organic matter, organic phosphate compounds are
decomposed into inorganic phosphate forms that are
accessible to plants with the aid of phosphatase enzymes.
Phosphatase enzymes can break bound phosphate into its
available forms.

Potassium is vital for enzymatic processes related to N
metabolism and the formation of plant materials (Du et al.
2017). It is the third most important nutrient after nitrogen
and phosphorus and is absorbed by plants in the form of
K+ ions (Zou et al. 2024). The positive charge of potassium
helps neutralize the electrical charge caused by the negative
charge of nitrate, phosphate, or other elements (Rizwan et
al. 2021; Novair et al. 2023). The availability of potassium
is interchangeable and can be absorbed by plants depending
on the addition from outside, fixation by the soil itself, and
the addition of potassium (Aguilar-Rosero et al. 2022).
Mold formula KPS 1 is believed to be Aspergillus
fumigatus, while KPS 4 is thought to be A. niger, which is
known to be a potassium solvent. Potential fungi as
potassium-soluble biofertilizers, including Aspergillus sp.
(Aspergillus terreus, A. fumigatus, and A. niger), and
ectomycorrhizal fungi (Suleman et al. 2022; Olaniyan et al.
2022).

Soil pH measurements revealed that the control treatment
remained acidic, indicating a less fertile soil for plant
growth. This finding is in line with research that suggests
the application of potassium fertilizer, such as the potassium
solubilizing mold isolates in this study, can increase soil
pH. The significance of this finding is that higher doses
may be more effective than lower doses (Olaniyan et al.
2022). The pH value measurement chart showed a shift in
the soil's pH from acidic to neutral with the original mold
formulation. By week 4, the pH value of the soil treated
with all formulations had reached 6, indicating a significant
change in pH and underscoring the importance of this
research in soil management.

Pesticide residue levels in soil

The degradation rate of chlorpyrifos after four weeks
was approximately 53 mg/kg, while profenofos showed a
degradation rate of around 23.5 mg/kg. In terms of
environmental remediation, indigenous fungi obtained from
soils treated with organophosphate pesticides exhibit a high
tolerance for polluted environments. They can break down
insecticides, herbicides, polychlorinated organics, and other
hydrophobic aromatic compounds. The degradation process
begins with the removal of active groups through hydrolysis,
dealkylation, and dehalogenation, resulting in the formation
of aliphatic or aromatic compounds. The induction of
several enzymes follows this to complete the degradation
(Mohapatra et al. 2018). Most of the indigenous fungi
successfully isolated from soil contaminated with pesticide
residues belong to the genera Aspergillus and Fusarium.
Some mold strains used in pesticide biodegradation/
bioremediation include Fusarium sp., Aspergillus sp., and
Microsphaeropsis sp. (Birolli et al. 2018; Kumar et al.
2021). Mold possesses the ability to biodegrade diazinon
via distinct biochemical pathways involving specific enzymes
and metabolic processes. Among these organisms, Aspergillus
sp. has shown remarkable efficiency in degrading diazinon.
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This process is facilitated by enzymes such as hydrolase,
acid phosphatase, laccase, cytochrome P450, and flavin
monooxygenase, which play critical roles in breaking down
diazinon into less harmful metabolites (Wu et al. 2021)

Researchers frequently identify Aspergillus species due
to its distinctive macroscopic structure and ubiquitous
presence in soil. According to previous studies (Barberis et
al. 2019), A. oryzae, a mold species found in the KPS 3
formula, could reduce 76% of the initial concentration of
organophosphate pesticides in synthetic media after a 30-
day incubation period. Another study also indicated that A.
niger mold is utilized as a biofertilizer or microbial
fertilizer due to its capacity to break down cellulose into
simple C compounds and dissolve phosphate rock into
organic phosphate compounds that plants can readily absorb
(David et al. 2023). A. niger mold is also present in the
KPS 4 formula with N, P, and K values that are comparable
to other mold formulas. Furthermore, A. sydowii mold with
isolate code KPS 12 was studied, and the results
demonstrated the mold's potential for biocatalytic processes
in reactions that typically employ toxic compounds, as well
as its primary potential as a degrader of chlorpyrifos,
methyl parathion, and profenofos (Soares et al. 2021).

In conclusion, this study has demonstrated the success
of the bioremediation process using indigenous mold
species in pesticide-contaminated soil. We identified 12
such species, with the genus Aspergillus being the most
prevalent, followed by other species such as Phoma sp.,
Cladophialophora sp., Alternaria sp., and Streptomyces sp.,
as well as one unidentified species. The use of indigenous
fungi for the bioremediation of pesticide-contaminated soil
and the duration of incubation time has a significant impact
on the levels of N, P, K, and pH in the soil. The best results
for N, P, and K levels were observed at week 4, while the
worst results were at week 1. The highest levels of N and K
were achieved with the KPS3 formula associated with
Aspergillus sp. At the same time, the best P values were
recorded with the KPS2 formula, another species of
Aspergillus but a different species. The application of
indigenous mold formulas and the duration of bioremediation
significantly reduced the levels of pesticide residues in the
soil. In the soil containing the KPS3 formula, 53 mg/kg of
chlorpyrifos active ingredient, was successfully degraded,
while 23.5 mg/kg of profenofos was successfully degraded.

ACKNOWLEDGEMENTS

We extend our sincere appreciation to the UNIPMA
pesticide bioremediation research team, particularly Promoter
Prof. Dr. Ni'matuzahroh, Dr. Fatimah M. Si, and Rico
Ramadhan, PhD, for their invaluable guidance and support,
as well as to all the partners in Singolangu Hamlet,
Sarangan, Magetan for their cooperation.

REFERENCES

Aguilar-Rosero J, Urbina-Lopez ME, Rodriguez-Gonzalez BE, Leon-
Villegas SX, Luna-Cruz IE, Céardenas-Chavez DL. 2022. Development
and characterization of bioadsorbents derived from different

agricultural wastes for water reclamation: A review. Appl Sci 12 (5):
2740. DOI: 10.3390/app12052740.

Ahmed N, Zhang B, Chachar Z, Li J, Xiao G, Wang Q, Hayat F, Deng L,
Narejo MN, Bozdar B, Tu P. 2024. Micronutrients and their effects
on horticultural crop quality, productivity and sustainability. Sci
Hortic 23 (1): 112512. DOI: 10.1016/j.scienta.2023.112512.

Annappa NN, Murthy RK, Bhavya N, Govinda K, Uday KSN. 2024. Soil
phosphorus distribution across diverse land use systems: A
comprehensive review. J Sci Res Rep 30 (6): 352-364. DOI:
10.9734/jsrr/2024/v30i62050.

Awasthi AK, Pandey AK, Khan J. 2017. A preliminary report of
indigenous fungal isolates from contaminated municipal solid waste
site in India. Environ Sci Pollut Res 24: 8880-8888. DOI:
10.1007/s11356-017-8472-0.

Novair SB, Cheraghi M, Faramarzi F, Lajayer BA, Senapathi V, Astatkie
T, Price GW. 2023. Reviewing the role of biochar in paddy soils: An
agricultural and environmental perspective. Ecotoxicol Environ Saf
263: 115228. DOI: 10.1016/j.ecoenv.2023.115228.

Bahadur I, Maurya BR Kumar A, Meena VS, Raghuwanshi R. 2016.
Towards the soil sustainability and potassium-solubilizing
microorganisms. In: Meena V, Maurya B, Verma J, Meena R (eds).
Potassium Solubilizing Microorganisms for Sustainable Agriculture.
Springer India, New Delhi. DOI: 10.1007/978-81-322-2776-2_18.

Barberis CL, Carranza CS, Magnoli K, Benito N, Magnoli C. 2019.
Development and removal ability of non-toxigenic Aspergillus
section Flavi in presence of atrazine, chlorpyrifos and endosulfan.
Rev Argent Microbiol 51 (1): 3-11. DOI: 10.1016/j.ram.2018.03.002.

Birhanu G, Zerihun T, Genene TGT, Endegena AEA, Misganaw WMW,
Endeshaw AEA. 2017. Phosphate solubilizing fungi isolated and
characterized from Teff rhizosphere soil collected from North Showa
zone, Ethiopia. Afr J Microbiol Res 11: 687-696. DOI:
10.5897/ajmr2017.8525.

Birolli WG, Vacondio B, Alvarenga N, Seleghim MH, Porto AL. 2018.
Enantioselective biodegradation of the pyrethroid (z)-lambda-
cyhalothrin by marine-derived fungi. Chemosphere 197: 651-660.
DOI: 10.1016/j.chemosphere.2018.01.054.

Bisht J, Harsh NSK, Palni LMS, Agnihotri V, Kumar A. 2019.
Biodegradation of chlorinated organic pesticides endosulfan and
chlorpyrifos in soil extract broth using fungi. Remediation J 29 (3):
63-77. DOI: 10.1002/rem.21599.

Caravaca F, Alguacil MM, Hernandez JA, Roldan A. 2005. Involvement
of antioxidant enzyme and nitrate reductase activities during water
stress and recovery of mycorrhizal Myrtus communis and Phillyrea
angustifolia  plants. Plant  Sci  169: 191-197. DOI:
10.1016/j.plantsci.2005.03.013.

Odokonyero K, Acufia TB, Cardoso JA, Jimenéz JC, Rao IM, Nufiez J,
Arango J. 2017. Potential role of fungal endophytes in biological
nitrification inhibition in Brachiaria grass species. J Plant Biochem
Physiol 5 (2): 2329-9029. DOI: 10.4172/2329-9029.1000191.

David OM, Olawusi AC, Oluwole OA, AAdeola PO, Odeyemi AT. 2023.
Isolation, molecular characterization and application of Aspergillus
niger and Penicillium chrysogenum with biofertilizer potentials to
enhance rice growth. Trop Nat Prod Res 7 (4): 2790-2795. DOI:
10.26538/tjnpr/v7i4.20.

Devi KS, Misra DK, Saha J, Devi PS, Sinha B. 2018. Screening of
suitable culture media for growth, cultural and morphological
characters of pycnidia forming fungi. Intl J Curr Microbiol Appl Sci 7
(08): 4207-4214. DOI: 10.20546/ijcmas.2018.708.440.

Du Q, Zhao X, Jiang C, Wang X, Han Y, Wang J, Yu H. 2017. Effect of
potassium deficiency on root growth and nutrient uptake in maize
(Zea mays L.). Agric Sci 8: 1263-1277. DOI: 10.4236/as.2017.811091.

Efeoglu FG, Cakan H, Kara U, Das T. 2022. Forensic microbiological
analysis of soil and the physical evidence buried in soil obtained from
several towns in Istanbul. Cureus 14 (2): €22329. DOI:
10.7759/cureus.22329.

Etesami H. 2020. Enhanced phosphorus fertilizer use efficiency with
microorganisms. In: Meena RS (eds). Nutrient Dynamics for
Sustainable Crop Production. Springer Singapore, Singapore. DOI:
10.1007/978-981-13-8660-2_8.

Fernadndez-Triana I, Rubilar O, Parada J, Fincheira P, Benavides-Menoza
A, Durén P, Ferndndez-Baldo M, Seabra AB, Tortella GR. 2024.
Metal nanoparticles and pesticides under global climate change:
Assessing the combined effects of multiple abiotic stressors on soil
microbial ecosystems. Sci Tot Environ 942: 173494. DOI:
10.1016/j.scitotenv.2024.173494.



176

Gléssnerova K, Sklenat F, Jurjevié 7, Houbraken J, Yaguchi T, Visagie
CM, Gene J, Siqueira JPZ, Kubatova A, Kolarik M, Hubka V. 2022.
A monograph of Aspergillus section Candidi. Stud Mycol 102: 1-51.
DOI: 10.3114/sim.2022.102.01.

Guchi E, Ayalew A, Dejene M, Ketema M, Asalf B, Fininsa C. 2014.
Occurrence of Aspergillus species in groundnut (Arachis hypogaea
L.) along the value chain in different agro-ecological zones of Eastern
Ethiopia. J Appl Environ Microbiol 2 (6): 309-317. DOI:
10.12691/jaem-2-6-7.

Bharose AA, Gajera HP, Hirpara DG, Kachhadia VVH, Golakiya BA. 2017.
Morphological credentials of afla-toxigenic and non-toxigenic
Aspergillus using polyphasic taxonomy. Intl J Curr Microbiol Appl
Sci 6 (3): 2450-2465. DOI: 10.20546/ijcmas.2017.603.279.

Ismail AS, El-Sheshtawy HS, Khalil NM. 2019. Bioremediation process
of oil spill using fatty-lignocellulose sawdust and its enhancement
effect. Egypt J Petroleum 28: 205-211. DOI: 10.1016/j.ejpe.2019.03.002.

Jagat LMSS, Darmayasa IBG, Wijana IMS. 2021. Potential Rhizopus spp.
in control the growth of Aspergillus flavus FNCC6109 in broiler
chicken concentrate feed. Jurnal Biologi Udayana 2: 147-156. DOI:
10.24843/IBIOUNUD.2021.v25.i02.p06.

Jasrotia R, Langer S, Dhar M. 2024. Chapter 9-Pesticide impacts on
humans. In: Sharma A, Kumar V, Zheng B (eds). Pesticides in the
Environment. Elsevier, Amsterdam. DOI: 10.1016/B978-0-323-
99427-9.00008-2.

Jumaeva A. 2023. Hygienic aspects of the possibility of using the new
insecticide seller in agriculture. E3S Web Conf 460: 11003.

Jurjevic Z, Peterson SW, Horn BW. 2012. Aspergillus section Versicolores:
Nine new species and multilocus DNA sequence based phylogeny.
IMA Fungus 3 (1): 59-79. DOI: 10.5598/imafungus.2012.03.01.07.

Jyothi V, Basaiah T. 2023. Phosphatase activity of phosphate solubilizing
fungi isolation from rhizosphere soil of medicinal plants of
Shivamogga District. Res J Biotechnol 18 (5): 56-62. DOI:
10.25303/1805rjbt056062.

Khan MS, Ahmad E, Zaidi A, Oves M. 2013. Functional aspect of
phosphate-solubilizing bacteria: Importance in crop production. In:
Maheshwari DK, Saraf M, Aeron A (eds). Bacteria in Agrobiology:
Crop Productivity. Springer Berlin Heidelberg, Berlin, Heidelberg.
DOI: 10.1007/978-3-642-37241-4_10.

Kumar A, Sharma A, Chaudhary P, Gangola S. 2021. Chlorpyrifos
degradation using binary fungal strains isolated from industrial waste
soil. Biologia 76: 3071-3080. DOI: 10.1007/s11756-021-00816-8.

Kumari PDSU, Nanayakkara CM. 2017. Phosphate-solubilizing fungi for
efficient soil phosphorus management. Sri Lanka J Food Agric 3: 1-9.
DOI: 10.4038/sljfa.v3i2.46.

Levin TP, Baty DE, Fekete T, Truant AL, Suh B. 2004. Cladophialophora
bantiana brain abscess in a solid-organ transplant recipient: Case
report and review of the literature. J Clin Microbiol 42 (9): 4374-
4378. DOI: 10.1128/JCM.42.9.4374-4378.2004.

Matus P, Littera P, Farkas B, Urik M. 2023. Review on performance of
Aspergillus and Penicillium species in biodegradation of organochlorine
and organophosphorus pesticides. Microorganisms 11 (6): 2-20. DOI:
10.3390/microorganisms11061485.

Meena KK, Sorty AM, Bitla UM et al. 2017a. Abiotic stress responses
and microbe-mediated mitigation in plants: The omics strategies.
Front Plant Sci 8: 172. DOI: 10.3389/fpls.2017.00172.

Meena PD, Yadav GS, Yadav SS. 2017b. Phosphate solubilizing
microorganisms, principles and application of microphos technology.
J Clean Prod 145: 157-158. DOI: 10.1016/j.jclepro.2017.01.024.

Mohapatra D, Rath SK, Mohapatra PK. 2021. Evaluating a preparation of
malathion-tolerant Aspergillus niger MRUO1 for accelerated removal
of four organophosphorus insecticides. J Chem Technol Biotechnol
96 (6): 1603-1610. DOI: 10.1002/jcth.6679.

Mohapatra D, Rath SK, Mohapatra PK. 2018. Bioremediation of
Insecticides by White-Rot Fungi and Its Environmental Relevance. In:
Prasad R. (eds). Mycoremediation and Environmental Sustainability.
Fungal Biology. Springer, Cham. DOI: 10.1007/978-3-319-77386-
5.7.

Mukhlis 1, Giirgam OS. 2022. The role of agricultural sector in food
security and poverty alleviation in Indonesia and Turkey. Asian J
Agric  Extension Econ Sociol 40 (11): 430-436. DOI:
10.9734/ajaees/2022/v40i111728.

Naik RH, Chawan R, Pallavi MS, Bheemanna M, Rachappa V, Pramesh
D, Naik A, Nidoni U. 2022. Determination of profenofos residues
using LC-MS/MS and its dissipation kinetics in pigeonpea pods.
Legume Res 45 (11): 1372-1380. DOI: 10.18805/LR-4330.

BIODIVERSITAS 26 (1): 166-177, January 2025

Olaniyan FT, Alori ET, Adekiya AO, Ayorinde BB, Daramola FY,
Osemwegie OO, Babalola OO. 2022. The use of soil microbial
potassium solubilizers in potassium nutrient availability in soil and its
dynamics. Ann Microbiol 72 (1): 45. DOI: 10.1186/s13213-022-
01701-8.

Ptaszek M, Canfora L, Pugliese M, Pinzari F, Gilardi G, Trzcinski P,
Malusa, E. 2023. Microbial-based products to control soil-borne
pathogens: Methods to improve efficacy and to assess impacts on
microbiome. Microorganisms 11 1): 224. DOI:
10.3390/microorganisms11010224.

Ramirez AC. 2022. A Step Closer to Unveiling The Environmental
Diversity of Spores and Lysis-Resistant Cells in Bacteria, Archaea
and Fungi. [Dissertation]. Université de Neuchatel, Neuchatel, Swiss.

Rawat P, Das S, Shankhdhar D, Shankhdhar SC. 2021. Phosphate-
solubilizing microorganisms: Mechanism and their role in phosphate
solubilization and uptake. J Soil Sci Plant Nutr 21 (1): 49-68. DOI:
10.1007/s42729-020-00342-7.

Rizwan M, Gilani SR, Durani Al, Naseem S. 2021. Materials diversity of
hydrogel: Synthesis, polymerization process and soil conditioning
properties in agricultural field. J Adv Res 33: 15-40. DOI:
10.1016/j.jare.2021.03.007.

Schreiber F, Scherner A, Andres A, ConcenA§o G, Ceolin WC, Martins
MB. 2018. Experimental methods to evaluate herbicides behavior in
soil. Revista Brasileira de Herbicidas 17 (1): 71-85. DOI:
10.7824/rbh.v17i1.540.

Singh R, Upadhyay SK, Sharma I, Kamboj P, Ranai A, Kumar P. 2020.
Assessment of enzymatic potential of soil fungi to improve soil
quality and fertility. Asian J Biol Life Sci 9 (2): 163-168. DOI:
10.5530/ajbls.2020.9.25.

Soares PRS, Birolli WG, Ferreira IM, Porto ALM. 2021. Biodegradation
pathway of the organophosphate pesticides chlorpyrifos, methyl
parathion and profenofos by the marine-derived fungus Aspergillus
sydowii CBMAI 935 and its potential for methylation reactions of
phenolic compounds. Mar Pollut Bull 166: 112185. DOI:
10.1016/j.marpolbul.2021.112185.

Srinivasulu M, Maddela NR, Chandra MS, Shankar PC, Rangaswamy V,
Prasad R. 2024. Microbe-pesticide interactions: Soil enzyme analysis
and bacterial degradation of chlorpyrifos. Environ Chem Ecotoxicol
6: 180-191. DOI: 10.1016/j.enceco0.2024.05.004.

Suleman D, Sani A, Suaib S, Ambardin S, Yanti NA, Boer D, Yusuf DN,
Faad H. 2022. Isolation and identification of potential bio-inoculants
based on phosphate solubilizing molds from different plant rhizospheres.
Knowledge E Life Sci 2022: 99-109. DOI: 10.18502/kls.v7i3.11111.

Sun S, Sidhu V, Rong Y, Zheng Y. 2018. Pesticide pollution in
agricultural soils and sustainable remediation methods: A review.
Curr Pollut Rep 4: 240-250. DOI: 10.1007/s40726-018-0092-x.

Tabasum H, Neelagund SE, Kotresh KR, Gowtham MD, Sulochana N.
2022. Estimation of chlorpyrifos distribution in forensic visceral
samples and body fluids using LCMS method. J Forensic Leg Med
91: 102423. DOI: 10.1016/j.jflm.2022.102423.

Tang FHM, Maggi F. 2021. Pesticide mixtures in soil: A global outlook.
Environ Res Lett 16 (4): 044051. DOI: 10.1088/1748-9326/abe5d6.

Tian J, Ge F, Zhang D, Deng S, Liu X. 2021. Roles of phosphate solubilizing
microorganisms from managing soil phosphorus deficiency to
mediating biogeochemical P cycle. Biology 10 (2): 158. DOI:
10.3390/biology10020158.

Timofeeva A, Galyamova M, Sedykh S. 2022. Prospects for using
phosphate-solubilizing microorganisms as natural fertilizers in
agriculture. Plants 11 (16): 2119. DOI: 10.3390/plants11162119.

Verma J, Jaiswal D, Singh S, Pandey A, Prakash S, Cura J. 2017.
Consequence of phosphate solubilising microbes in sustainable
agriculture as efficient microbial consortium: A review. Clim Chang
Environ Sustain 5 (1): 1-19. DOI: 10.5958/2320-642X.2017.00001.1.

Vimal SR, Singh JS, Arora NK, Singh S. 2017. Soil-plant-microbe
interactions in stressed agriculture management: A review.
Pedosphere 27 (2): 177-192. DOI: 10.1016/S1002-0160(17)60309-6.

Wang D, Xue B, Wang L, Zhang Y, Liu L, Zhou Y. 2021. Fungus-
mediated green synthesis of nano-silver using Aspergillus sydowii and
its antifungal/antiproliferative activities. Sci Rep 11 (1): 10356. DOI:
10.1038/541598-021-89854-5.

Wasti IG, Fui FS, Zhi TQ, Mun CW, Kassim MHS, Dawood MM, Hasan
NH, Subbiah VK, Khan FAA, Seelan JSS. 2020. Fungi from dead
arthropods and bats of Gomantong Cave, Northern Borneo, Sabah
(Malaysia). J Cave Karst Stud 82 (4): 261-275. DOI:
10.4311/2019MB0146.



PUJIATI et al. — Potentiality of organophosphate-degrading fungi 177

Wu X, LiJ, Zhou Z, Lin Z, Pang S, Bhatt P, Mishra S, Chen S. 2021.
Environmental occurrence, toxicity concerns, and degradation of
diazinon using a microbial system. Front Microbiol 12: 717286. DOI:
10.3389/fmich.2021.717286.

Yadav AN, Kour D, Rana KLYadav N, Singh B, Chauhan VS, Rastegari
AA, Hesham AE, Gupta VK. 2019. Metabolic engineering to
synthetic biology of secondary metabolites production. In: Gupta VK,
Pandey A. New and Future Developments in Microbial Biotechnology
and Bioengineering: Microbial Secondary Metabolites Biochemistry
and Applications. Elsevier, Amsterdam.

Yang T, Li L, Wang B, Tian J, Shi F, Zhang S, Wu Z. 2022. Isolation,
mutagenesis, and organic acid secretion of a highly efficient

phosphate-solubilizing fungus. Front Microbiol 13: 793122. DOI:
10.3389/fmich.2022.793122.

Yu J, Lai J, Neal BM, White BJ, Banaik MT, Dai SY. 2023. Genomic
diversity and phenotypic variation in fungal decomposers involved in
bioremediation of persistent organic pollutants. J Fungi 9 (4): 418.
DOI: 10.3390/jof9040418.

Zou L, Xu J, Liu H, Zhou Z, Chen Y, Wang X, Wang H, Zou Y. 2024.
The efficiency of enhanced nitrogen and phosphorus removal in a
vertical flow constructed wetland using alkaline modified corn cobs
as a carbon source. Environ Technol Innov 35: 103690. DOI:
10.1016/j.eti.2024.103690.



	INTRODUCTION

