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Polyethylene Terephthalate (PET) is among the most widespread microplastic (MP) polymers in agricultural soils. Pleurotus
ostreatus (oyster mushroom) produces Mn-peroxidase and laccase that oxidize and degrade PET. Our objective was to investigate
how P. ostreatus mycoremediates PET and the impact on crops .Although MP effects on soil and plant health are studied, no
study examines P. ostreatus remediation alongside soil and plant responses. The 15-week pot experiment tested three treatments
(control, PET, and P. ostreatus + PET) on Phaseolus vulgaris L., Capsicum annuum Linn., and Solanum lycopersicum L.
Soil health, plant growth, and yield were measured weekly. Microbial abundance and MP characteristics were determined
by microscopy at baseline and harvest. Two-way ANOVA showed a significant effect of treatment on total MP abundance
(p = 0.0039). Across all crop systems, the P. ostreatus + PET treatments exhibited the lowest increase in MP abundance,
with abundance reduced by approximately 48–57% compared to PET treatments. The P. ostreatus + PET treatment increased
estimated microbiota abundance, with values 1.5–2.1 times higher than PET treatments, and relative soil moisture and fertility
in pepper and bean systems (p < 0.05). Of 11 observed MP color changes, a possible sign of polymer-alteration, 10 occurred in
the pepper P. ostreatus + PET treatment. Plant height, yield, and chlorophyll varied across crops, suggesting PET did not impact
plant health at the concentrations and timescale tested. These findings highlight P. ostreatus as a scalable, nature-based approach
to mitigating PET in agricultural soils.
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Introduction

Microplastics (MP) have been identified in nearly every hu-
man organ and every ecosystem1. Rarely studied, terrestrial
environments are estimated to contain 4–23 times more MPs
than oceans2. Plants are the largest contributing source of nu-
trition to all species, including humans and livestock, making
soil health critical to the well-being of all populations glob-
ally3. As of 2019, agricultural value chains globally used
approximately 12.5 million metric tons of plastic products in
plant and animal production4,5. Polyethylene Terephthalate
(PET) is a major contributor to solid waste in landfills, with
an annual production of 50 million tons6,7. PET is selected in
this experiment because it is one of the most prevalent poly-
mers found in agricultural soils8,9.

Depending on both plant species and polymer type, the ef-
fects of microplastics on plant and soil systems vary widely,
including both beneficial and harmful outcomes8,10. PET
poses a significant threat to plant and soil health, primar-
ily through alteration of the soil habitat and the direct tox-
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icological effects of nanoplastics; its resistance to degrada-
tion worsens this threat by allowing PET to accumulate over
time7,11. Evidence shows MPs can modify physical and chem-
ical properties of soil, including pH, soil aggregation, bulk
density, and water holding capacity12,13. Microbiota play a
vital role in soil carbon and nitrogen nutrient cycling14. MPs
can disrupt microbial activity by interfering with communi-
cation, metabolism, and microbial abundance14,15. Addition-
ally, pollutants and MPs can alter chlorophyll content and pho-
tosynthesis efficiency16,17. Moreover, MPs are now identi-
fied as vectors for agrichemicals, heavy metals, and pathogens
within soil18,19. In specific crop species, including the com-
mon bean (Phaseolus vulgaris L.), sweet pepper (Capsicum
annuum Linn.), and tomato (Solanum lycopersicum L.), MPs
were found to negatively impact plant growth and yield, ox-
idative stress, and photo-pigment19–21. For this reason, we
selected these three crops for the experiment.

Biodegradation is recognized by the United Nations En-
vironmental Program as an important natural process for
sustainable waste management and ecosystem restoration22.
There is scientific evidence that certain organisms, such as
insects, bacteria, fungi, algae, and plants, can biodegrade,
immobilize, filter, and/or break down MPs23. These or-
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ganisms produce enzymes that can bind to MPs, alter their
shape, and induce erosion and discoloration23. Yoshida et
al. isolated Ideonella sakaiensis 201-F6, which produces two
enzymes that hydrolyze PET and its intermediate mono(2-
hydroxyethyl) terephthalic acid into terephthalic acid and
ethylene glycol24. Protein engineering has sped up the pro-
cess, with an engineering PET hydrolase that achieves at least
90% depolymerization into monomers in 10 hour25. Some
organisms, such as fungi, can even grow directly on the sur-
face of MPs26. We chose to investigate the ability of Pleuro-
tus ostreatus (oyster mushrooms) to degrade PET. P. ostrea-
tus is advantageous due to its high yield, low cost, medicinal
and nutritional properties, and ability to transform agricultural
waste into useful resources22,27. Importantly, P. ostreatus can
diversify microbial profiles, boost plant growth, and produce
enzymes that facilitate nutrient uptake in plants28. P. ostrea-
tus produces enzymes Mn-peroxidase and laccase that were
shown to favor oxidation and degradation of MPs27,29. In a
recent study, P. ostreatus demonstrated the highest degrada-
tion rate of polystyrene among five fungi species, with a mass
loss of 16.17±8.87% after 50 days26. Additionally, changes
in functional group intensity and the discoloration of PET
flakes, associated with an increase in carboxyl-terminated
species, indicate that enzymes secreted by P. ostreatus biode-
graded PET22. P. ostreatus has been shown to degrade oxo-
biodegradable plastic. Scanning electron microscopy revealed
cracks and holes in colonized plastic strips after 45 days,
and FTIR spectroscopy was used to characterize structural
changes in the polymer30.

Although there is research on how MPs affect soil and plant
health, no study has investigated the potential of P. ostreatus
to remediate MPs while simultaneously analyzing effects on
both soil and plant health. Evaluating effective solutions for
MP remediation in agricultural production systems is a crit-
ical evidence gap that must be filled. The objective of this
study is to investigate how P. ostreatus mycoremediates PET
and the impact on three common crops: Phaseolus vulgaris
L., Capsicum annuum Linn., and Solanum lycopersicum L.
This knowledge is currently missing and is necessary to as-
sess whether fungal treatment is a viable form of intervention
for farmers. Our primary hypothesis is that P. ostreatus will
oxidize and degrade PET in the soil, resulting in improved
microbial activity, soil moisture and fertility, and crop height
and yield, compared to the PET treatment in absence of P.
ostreatus. In this study, we conducted a 15-week pot experi-
ment testing three treatments (control, PET, and P. ostreatus
+ PET) in tomato, bean, and pepper systems. Soil health,
plant growth, and yield were measured weekly. Microbial
abundance and MP characteristics were determined by soil
microscopy at baseline and harvest. We had two main limita-
tions in this study. First, mushroom straw was used only in the
P. ostreatus + PET treatments as a growing medium, but this

may have influenced soil characteristic results independently
of fungal activity. Additionally, our analysis of microplastics
was limited to only microscopy and not spectroscopic tech-
niques such as µ-FTIR or Raman spectroscopy, due to con-
straints on resources.

Methods

Experimental Set Up and Design

Figure. 1a Diagram showing the spatial arrangement and labeling
of each pot in the experiment. The experiment was organized in three
blocks, each block containing all nine treatment x crop combinations.
Each pot code describes the treatment, crop type, and block number.

For treatments, C = control, P = PET, and PO = P. ostreatus
+ PET. For crops, B = Phaseolus vulgaris L (common bean),
P = Capsicum annuum Linn. (sweet pepper), and T = Solanum
lycopersicum L (tomato). The final digit represents the repli-
cate number (1-3). Each pot held two plants (54 plants total).

Figure. 1b Experimental setup at the beginning of the study.
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As seen in Figures 1a and 1b, this experiment included three
treatments: (1) control, (2) PET, and (3) P. ostreatus + PET,
across three plant species, with three replicates and two plants
per pot, totaling 27 pots and 54 plants. The treatments dif-
fered in growing medium composition: the control contained
1116 g of soil, the PET treatment included 1051 g of soil uni-
formly mixed with 55 g of PET, and the P. ostreatus + PET
treatment consisted of 110 g of mushroom straw evenly dis-
tributed at the base, 55 g of P. ostreatus spawn scattered over
the straw, 886 g of soil layered above, and 55 g of PET mixed
into the soil layer only. All treatments used Recipe 420 Pot-
ting Soil (E.B. Stone Organics), a commercially available or-
ganic potting mix. Soil texture and organic matter content
were not specified by the manufacturer and were not inde-
pendently characterized. Because the same soil mix was used
across all 27 pots, initial soil properties were uniform across
treatments. The PET used was Goodfellow PET Powder, a
semi-crystalline polyester copolymer with a maximum parti-
cle size of 300 µm, crystallinity 50%, and an inherent viscosity
of 0.80 dl/g. The material was supplied in its natural (uncol-
ored) form with a specified maximum residual acetaldehyde
content of 1 ppm. The PET concentration (55 g PET per 1̃ kg
soil substrate; 5̃% w/w) was selected as an elevated exposure
treatment to assess PET–P. ostreatus interactions within the
experimental timeframe. This controlled stress condition was
used to evaluate preliminary remediation potential and does
not represent typical agricultural contamination levels. Mush-
room straw was added exclusively to the P. ostreatus + PET
treatment to provide a substrate for mycelial establishment.
Although this may have influenced soil characteristics inde-
pendently of fungal activity, it was required for fungal growth
and is considered a limitation of the study.

Figure. 2 The inoculation of Pleurotus ostreatus.

Figure 2 depicts the inoculation of Pleurotus ostreatus,
showing P. ostreatus spawn scattered over a base layer of straw
substrate.

6-gram soil samples were collected from each pot at base-
line and harvest for the microscopy analysis. Plant height
and root depth were measured to establish a baseline assess-
ment of plant health. The experimental setup was completed
within 36 hours, and the pots were arranged as shown in Fig-
ures 1a-b. Plastic usage was intentionally minimized by se-
lecting equipment such as glass sample jars, rubber gloves,
and terracotta pots. However, procedural and airborne blanks
were not included; therefore, reported MP abundances rep-
resent observed counts that may include environmental back-
ground contamination. Macroplastic packaging from shipping
was the only unavoidable source of contamination. The inde-
pendent variables were treatment type (Control, PET, and P.
ostreatus + PET) and crop species (Phaseolus vulgaris, Cap-
sicum annuum, and Solanum lycopersicum). The dependent
variables included plant growth (height, root depth, and yield),
soil physicochemical properties (moisture, pH, fertility), and
biological activity (chlorophyll, nitrogen content, foliar hu-
midity, leaf temperature, and microbial abundance). The study
followed a structured sequence beginning with pot preparation
and collection of baseline soil samples, followed by a 15-week
growth period with weekly standardized measurements of soil
and plant parameters and periodic harvesting, after which fi-
nal soil samples were collected for microscopy. Microscopy
was processed through slurry and density separation methods,
with all data subsequently compiled for comparative analysis
across treatments and crop species.

Plant Maintenance

Plants were maintained for a 15-week period, from July to
November, with weekly measurements and a consistent wa-
tering schedule to ensure all plants of the same type received
equal amounts of water. The watering schedule varied depend-
ing on temperature, season, and precipitation, but watering
time remained consistent at 7–9 p.m. Plants were grown out-
doors in a fenced enclosure with an unwalled structure and a
roof, exposing plants to outdoor temperature and airflow. Air
temperature was recorded twice daily: mean morning tem-
perature was 15.9°C, and mean afternoon temperature was
25.4°C. Because the experiment ran from July to November,
temperature, day length, and light exposure declined over the
study period. All 27 pots were exposed to these conditions
simultaneously, so seasonal variation applied equally across
treatments. The common bean (Phaseolus vulgaris L.), sweet
pepper (Capsicum annuum Linn.), and tomato (Solanum ly-
copersicum L.) were selected because they are common agri-
cultural crops and were used in prior microplastics research,
enabling comparison with existing findings. Seedlings were
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obtained from a commercial nursery and transplanted before
the flowering stage. Every Sunday, all pots were weeded, and
bamboo sticks were used to prop up all plants requiring ad-
ditional support. Weekly harvest was also conducted on Sun-
days, during which fruits and vegetables were collected, and
their mass and count were recorded. A final harvest was per-
formed at the end of the 15-week experiment, during which
all remaining vegetables/fruits were collected.

Data Collection

Every Sunday, multiple soil and plant health measurements
were taken: soil moisture, fertility and pH, chlorophyll
(SPAD), nitrogen content (mg/g), foliar humidity (%), leaf
temperature (°C), and plant yield (g). In this study, soil health
is defined as the combined status of four indicators we mea-
sured: soil moisture, soil fertility, pH, and soil microbiota
abundance. Soil moisture is an indication of water retention.
Soil fertility and pH are representative of nutrient levels and
chemical suitability for root and microbial function. Abun-
dance of fungi, protozoa, and organic matter indicate biolog-
ical activity in the soil. The measurements for soil moisture,
fertility, and pH were recorded by inserting the probe of the
RYJNM Soil Moisture Meter halfway into the soil and wait-
ing 30 seconds for a stabilized reading.

To ensure accurate measurements, the probe was sterilized
with isopropyl alcohol in between readings. Soil moisture and
fertility were measured on the meter’s 1–9 scale rather than
as absolute values, so these readings are relative comparisons
across treatments. Chlorophyll, nitrogen content, foliar hu-
midity, and leaf temperature measurements were recorded by
calibrating the GOYOJO Chlorophyll Meter and applying it
to the center of the healthiest leaf on the plant. Plant yield
was recorded weekly by harvesting all ripened fruit, while im-
mature fruit was left intact to continue developing. At each
weekly harvest, the count of ripe produce was recorded, and
the mass of yield was measured using an OHAUS Compass
CX Scale. Plant height (cm) was measured every three weeks
from the base to the highest point of the plant. Root depth
(cm) was recorded at baseline and harvest from the base to the
bottom of the roots.

Microscopy

For microscopic analysis, 6g soil samples were retrieved from
each pot at baseline and harvest. Samples were stored in the
freezer at -18°C, then transferred to a refrigerator 12 hours be-
fore being brought to room temperature. The samples were
distributed evenly into 2 separate vials, one for the soil slurry
and one for the NaCl solution. The soil slurry was prepared
by adding 8 drops of distilled water to the soil sample. 8 drops
of NaCl solution were added to each soil sample to facilitate

density separation of MPs from organic matter. For each sam-
ple, three slide replicates were prepared by placing a drop of
the slurry onto a glass slide. Methylene blue stain was added
to enhance the visibility of microbial activity and organic ma-
terial. Slides were examined under a Herwicm 40X-2500X
Laboratory Microscope at magnifications up to 400×. Mi-
crobial abundance was quantified using a microscope grid-
counting method, in which microorganisms observed within
standardized grid fields were systematically counted across
each slide. Microbiota and microplastic counts were recorded
at both baseline and harvest, and reported values (in Results)
represent the difference between the two. Three slide repli-
cates were prepared from each of the soil slurry and NaCl frac-
tions for every soil sample, resulting in six slide replicates per
pot (three NaCl and three biotic). Observations and quantifica-
tion of MP characteristics, organic matter; and microbial pres-
ence, including bacteria, fungi, and protozoa, were recorded
through observations and photographs. Suspected microplas-
tics were visually identified and classified as fibers or frag-
ments based on morphology, color, and absence of visible cel-
lular or organic structures, with particle counts and character-
istics recorded systematically across each slide replicate

Statistical analysis

Statistical significance set at p < 0.05 in a two-way ANOVA
(Crop × Treatment) was used to test for differences in total
microplastic amount across crop types (tomato, bean, and pep-
per) and treatments (control, PET, and P. ostreatus + PET).
One-way ANOVAs were performed to assess treatment ef-
fects on soil fertility, soil moisture, and microbiota abundance
within individual crop groups. The experimental unit was the
pot (n = 3 pots per treatment × crop combination). Analy-
ses were performed on pot-level data. Block and repeated-
measures effects were not explicitly modeled.

Ethical Considerations

The primary ethical consideration of this experiment was pre-
venting environmental release of microplastics. Throughout
the experiment, microplastics and contaminated soil were han-
dled carefully to avoid spillover into the surrounding envi-
ronment. At the end of the experiment, all the microplastic-
contaminated soil was put into trash bags and disposed of as
solid waste.

Results

Soil Health

Figure 3 shows that, across all three plant treatments (tomato,
bean, and pepper), average soil moisture and fertility were
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Figure. 3 This bar graph with standard error bars presents average
soil fertility and soil moisture for the nine treatment groups, with dark
green bars representing soil fertility and light green bars representing
soil moisture.

both highest in the P. ostreatus + PET treatment compared to
the control and PET treatments. Values reflect the soil health
meter’s relative 1–9 scale, so they indicate differences be-
tween treatments rather than absolute moisture content or nu-
trient concentrations. One-way ANOVA demonstrated a sig-
nificant effect of treatment type on soil fertility and moisture
in both pepper and bean systems (p < 0.05).

Microbial Abundance

Figure. 4 This bar graph with standard error bars presents the
changes in microbiota quantitative abundance from baseline to har-
vest for the nine treatment groups. Dark orange represents fungi,
orange represents protozoa, and light orange represents organic mat-
ter.

Figure 4 illustrates that, across all three plant treatments,

the total increase in microbiota amount over time was high-
est in the P. ostreatus + PET treatment compared to the con-
trol and PET treatments. Significant differences in total bi-
otic matter were observed among treatments using a one-way
ANOVA (p = 0.0381). Higher values consistently occurred
in the P. ostreatus + PET treatment relative to the PET and
control groups, a trend most prominent in the pepper system.

Microplastic Characteristics

Figure. 5 This bar graph with standard error bars presents the
changes in MP abundance (fibers, fragments) from baseline to har-
vest for the nine treatment groups. Dark blue represents fibers, and
light blue represents fragments.

Figure 5 shows that, across all three plant treatments
(tomato, bean, and pepper), the increase in total MP amount
over time was lowest in the P. ostreatus + PET treatment,
compared to the control and PET treatments. In the tomato,
bean, and pepper systems, the P. ostreatus + PET treatment
exhibited a smaller increase in MP abundance over time. A
two-way ANOVA (Crop × Treatment) showed a significant
treatment effect (p = 0.0039), while crop species had no sig-
nificant effect. MPs in the control treatments are attributed
to background microplastic contamination, which was present
across all treatments. This means that the P. ostreatus + PET
treatment is linked to fewer total microplastics overall, not just
PET.

Baseline MP and organic matter observations were col-
lected from every pot prior to treatment application. Values
reported in Figures 4 and 5 represent the change in abundance
from baseline to harvest, calculated by subtracting each pot’s
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baseline count from its harvest count, so that reported values
reflect change within each pot.

Figure. 6 A photograph of blue MP fiber at harvest, from the P.
ostreatus + PET + pepper treatment, under the microscope

Figure. 7 A photograph of a black MP fragment at harvest, from the
P. ostreatus + PET + pepper treatment, under the microscope.

Figures 6 and 7 show MPs from the P. ostreatus + PET +
pepper treatment at harvest, under the microscope. The added
PET was a white powder, whereas the particles observed at
harvest included a blue fiber (Figure 6) and a black fragment
(Figure 7). Because Figures 6 and 7 differ in shape and color
from the added PET, they more likely represent the back-
ground microplastic contamination rather than the added PET.
Since polymer identity was not confirmed through spectro-
scopic techniques, individual MP particles could not be defini-
tively attributed to the added PET or background sources.
There were 11 color changes in the MPs from baseline to har-
vest, with 91% occurring in the P. ostreatus + PET + pepper
treatment. Color change in MPs has been reported as a pos-
sible indicator of polymer alteration in plastics, but it is not
diagnostic of degradation on its own31. Color change can also

result from environmental exposure, such as light, from back-
ground contamination, or from the methylene blue stain ap-
plied during slide preparation. Because all treatments were
maintained under the same condition, these factors would be
expected to affect all treatments similarly, but we still cannot
rule out this color change explanation. The higher frequency
of color change observed in the P. ostreatus + PET treatment
suggests a treatment-associated effect and a possible sign of
transformation; further chemical analysis and spectroscopy
would be required to confirm degradation.

Figure. 8 This image shows microplastic accumulation in the roots
of a tomato plant with the P. ostreatus + PET treatment.

Figure 8 shows a higher concentration of MP in the roots,
which could suggest the immobilization of PET. This is obser-
vational, however, as it was not confirmed by polymer identi-
fication.

Total MP & Microbiota Abundance

Table 1 Estimated total microplastic abundance, microbiota abun-
dance, and crop yield per pot across all nine treatments. Microplastic
and microbiota values were calculated from subsample microscopy
measurements and scaled to the total soil mass per pot.

Treatment Type Estimated Total
Microplastic
Abundance
(particles pot−1)

Estimated To-
tal Microbiota
Abundance
(particles pot−1)

Total Average
Yield (g pot−1)

Control Tomato 3,100 6,944 7.67
PET Tomato 6,789 11,284 7.00
P. ostreatus +
PET Tomato

2,325 11,222 6.33

Control Bean 2,542 9,734 10.33
PET Bean 4,433 7,719 12.33
P. ostreatus +
PET Bean

1,891 12,803 12.33

Control Pepper 2,325 7,750 8.00
PET Pepper 6,138 7,130 7.67
P. ostreatus +
PET Pepper

2,666 15,128 10.00

MP and microbiota values in Table 1 represent estimated
total abundance per pot (particles pot−1 and microbial units
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pot−1, respectively). These values were calculated using sub-
sample microscopy data from 6 g soil samples per pot, with
densities first calculated per gram of soil and then scaled to
the total soil mass per pot (1116 g for control treatments, with
adjustments made for PET and P. ostreatus + PET treatments)
using the equation below.

Estimated total per pot =
Mean count per subsample

mass of subsample (g)
× total pot substrate mass (g)

This calculation assumes a spatially homogeneous distribu-
tion of MPs and microbiota within each pot, which introduces
uncertainty due to potential heterogeneity in soil composition.
Table 1 values represent estimated MP and microbiota abun-
dance scaled from 6 g soil subsamples to total pot mass. These
estimates may be influenced by spatial variability within pots
and should be interpreted as approximate values. These esti-
mates provide a reference point for potential MP abundance
and microbiota distribution in potted crop systems with vary-
ing PET and P. ostreatus amendments. Crop-specific yield,
plant height, root depth, and chlorophyll were analyzed across
treatments. No significant treatment effects were detected
(p > 0.05), indicating that PET and P. ostreatus + PET did not
measurably affect crop performance within the 15-week study
period. Specifically, at harvest, root depth (21.83 ± 1.03 cm),
chlorophyll (42.57 ± 1.76 SPAD), soil pH (7.00 ± 0.00), ni-
trogen content (16.12 ± 0.56 mg/g), foliar humidity (64.49 ±
2.23%), and leaf temperature (17.83 ± 0.07°C), along with cu-
mulative yield (24.64 ± 2.72 g plant−1), showed no consistent
treatment-related trends.

Discussion

This study’s research objective was met through analyzing
the effects of three treatments (control, PET, and P. ostrea-
tus + PET) on microplastic amount, soil health, and plant
growth in tomato, bean, and pepper systems. Our hypothe-
sis was supported in regard to soil health, microbiota abun-
dance, and microplastic abundance, but not in regard to plant
health, as plant height, yield, and chlorophyll varied across
crops with no consistent treatment effect. P. ostreatus + PET
treatments were associated with lower MP abundance over
time compared to the PET treatment. Overall, P. ostreatus +
PET treatments enhanced soil health, resulting in higher soil
microbiota abundance, increased moisture retention, and im-
proved fertility based on the 0–9 range on the soil health me-
ter. Specifically, the P. ostreatus + PET + pepper treatment
outperformed all treatments in microbiota amount, soil fer-
tility, and moisture. One limitation is that the inclusion of
straw may have contributed to the observed effects in addi-
tion to the presence of P. ostreatus. The P. ostreatus + PET

treatment was also associated with changes in MP charac-
teristics, including observed color variation. We report this
as a possible sign of fungal-mediated transformation rather
than evidence of degradation, since weathering, light expo-
sure, background contamination, or staining artifacts from the
methylene blue used during slide preparation are also viable
explanations32. Approximately 91% of this color change oc-
curred in the P. ostreatus + PET + pepper treatment. Our find-
ings suggest that P. ostreatus may contribute to PET trans-
formation or immobilization; however, PET degradation can-
not be confirmed without polymer-specific analyses such as
µ-FTIR or Raman spectroscopy33. There were some limita-
tions in this study, including that detailed MP analysis was
conducted solely through microscopy, limiting the identifica-
tion of specific polymer types that could otherwise be char-
acterized using spectroscopic techniques such as µ-FTIR or
Raman spectroscopy34. Consequently, the ability to explain
observed color changes was constrained. Additionally, the
lower MP abundance observed in the P. ostreatus + PET treat-
ment cannot be attributed to biodegradation alone, as particles
may have been trapped in roots, bound to soil aggregates bro-
ken into pieces below the visual detection limit of light mi-
croscopy, or distributed unevenly within the pot such that our
6 g samples did not capture them. The small sample size
(three replicates per crop-treatment combination) may have
limited statistical power to detect subtle effects, particularly
for variable outcomes such as plant growth and yield. A lim-
itation of this study is that PET recovery efficiency was not
validated. The NaCl-based separation method may have un-
derestimated PET abundance due to incomplete recovery of
high-density particles; therefore, microscopy counts represent
recovered rather than total PET abundance35. Future studies
should incorporate higher-density separation methods, poly-
mer identification, and recovery validation. The mushroom
straw may have contributed to the observed improvements in
soil properties independently of P. ostreatus. Therefore, fun-
gal and substrate effects cannot be fully separated. Future
studies should include substrate-only controls to distinguish
these effects. Additionally, this study did not include an anal-
ysis of vegetables/fruit and fungal fruiting bodies for MP up-
take, which limits conclusions about MP contamination and
transfer. Finally, contamination from MPs could not be fully
eliminated, as MPs are pervasive in the environment and were
present in our control treatments. Decline in temperature and
light across the July to November study period may have also
influenced absolute rates of plant growth, microbial activity,
and MP weathering. However, it applied equally across treat-
ments since all pots were exposed to the same seasonal condi-
tions throughout.

In future studies, plastic bottles could be used as a source of
contamination to simulate real-world plastic pollution. Exper-
iments could also focus on a single crop type, such as peppers,
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which demonstrated the most evident results, while utilizing
varying amounts of PET and P. ostreatus. Additionally, sim-
ilar studies could be conducted on different plant species to
expand the applicability of these findings. Fungal viability,
enzyme activity, and PET chemical changes were not directly
measured; therefore, enzyme-mediated PET degradation can-
not be confirmed and should be investigated in future studies.

This pot experiment suggests that P. ostreatus can con-
tribute to reducing total microplastic abundance and support-
ing soil health across a variety of crop types. These findings
highlight the potential of P. ostreatus to be developed into a
field-applicable solution in agricultural systems. This is early
evidence that fungal treatment is associated with healthier soil
and fewer total microplastics. This is relevant for farmers,
who could one day use oyster mushrooms in their fields to
improve soil quality and reduce microplastic buildup without
costly equipment or non-natural alternatives. Field implemen-
tation may be low-cost but requires consideration of scalabil-
ity, labor, variable environmental conditions, and consistent
remediation efficacy. Overall, these findings support further
investigation of P. ostreatus as a nature-based approach for
microplastic management and soil health in agricultural sys-
tems.
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