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Microplastics are a new type of environmental pollutant, and pose a serious threat to soil ecosystems. It
is important to study microplastics effects on soil microorganisms to better understand their effects on
terrestrial ecosystems. Therefore, we collected soil and microplastic samples from corn, pepper, peanut
and cucumber fields in Shunyi District, Beijing, China, and used Illumina MiSeq high-throughput
sequencing technology to analyze bacterial and fungal community composition and diversity. We
focused on microplastic surface and its surrounding “rhizosphere-like” soil in the 0e10 cm (humus) and
10e20 cm (eluvial) deep horizons. Microbial richness and diversity on microplastic surface were
significantly lower than those in surrounding “rhizosphere-like” soil, and microbial richness and di-
versity were reduced to a greater extent in the humus horizon than in the eluvial horizon. Microplastics
likely enriched the microbes involved in their biodegradation. The relative abundance levels of Cyano-
bacteria and Basidiomycota on microplastic surfaces were significantly higher than those in surrounding
“rhizosphere-like” soil, while the relative abundance levels of Acidobacteria, Chloreflexi, and Mortier-
ellomycota were higher in “rhizosphere-like” soil. Furthermore, the relative abundance levels of path-
ways related to human diseases, animal pathogen, and fungal parasites were significantly higher on
microplastic surfaces than in “rhizosphere-like” soil. These results show that the microbial diversity,
richness, community structure and function between microplastic surfaces and surrounding “rhizo-
sphere-like” soil are significantly different, leading to a “rhizosphere-like neighbor avoidance effect”
between microplastic surfaces and the surrounding soil.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of Chinese Society for Environmental Sciences,
Harbin Institute of Technology, Chinese Research Academy of Environmental Sciences. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Microplastics (<5 mm) are a new type of pollutant that have
been raising concerns worldwide in recent years [1]. Human ac-
tivities (such as using plastics for agricultural mulching, the
application of soil amendments, sewage irrigation, littering.) and
environmental transmission (such as flooding and atmospheric
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deposition) [2e4] have made the soil the largest storage reservoir
for microplastics; their levels in soil may be 4e23 times that in the
ocean [4]. China is the largest producer and consumer of plastics in
the world. Its consumption of plastic film increased from 1.259
million tons in 1999 to 2.465 million tons in 2018, accounting for
more than 90% of the global plastic film consumption [5]. The
recycling rate of plastic film in China is less than 60%, resulting in a
higher level of soil microplastic pollution in China than in other
countries [6]. Microplastics have been detected in soils in places
such as Zhejiang, Heilongjiang, Xinjiang, Guangxi, Shaanxi, and
Hubei Province in China [7e11]. The contents of microplastics in
woodland, vegetable land, and vacant land in the central suburbs of
China vary from 300 to 67,500 items kg�1 [12]. The abundance of
microplastics in soil with mulched crops is more than twice that of
non-mulched cropped soil [7], and the amount of plastic film res-
idues gradually increases over time, reaching a level of 502 kg hm�2
iety for Environmental Sciences, Harbin Institute of Technology, Chinese Research
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yuhong1018@126.com
mailto:zhying010@126.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ese.2021.100121&domain=pdf
www.sciencedirect.com/science/journal/26664984
www.journals.elsevier.com/environmental-science-and-ecotechnology/
www.journals.elsevier.com/environmental-science-and-ecotechnology/
https://doi.org/10.1016/j.ese.2021.100121
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ese.2021.100121


H. Yu, Y. Zhang and W. Tan Environmental Science and Ecotechnology 8 (2021) 100121
in Xinjiang, China [8].
After entering the soil, microplastics can increase soil porosity

and water holding capacity while reducing soil bulk density and
permeability [13e15], resulting in the loss of soil structural integ-
rity and stability [16,17]. Microplastics can also change soil pH,
electrical conductivity, and organic matter and nutrient contents
[18e21], thus affecting soil microbial diversity and community
composition [13,14,22]. Furthermore, microplastic-induced alter-
ations in soil physicochemical properties can affect plant physio-
logical status, root traits, and nutrient availability, all of which
indirectly affect soil microbial activities [13,14,22]. Studies have
shown that microplastics can reduce the abundance of soil micro-
organisms, as well as affect the diversity and richness of the mi-
crobial community [1,23,24], which may also undergo an increase
in its turnover rate [25]. Miao et al. [26] found that the microbial
community indices for alpha diversity (richness, evenness, and
diversity) are lower on microplastics than on natural substrates.
Polyethylene microplastics select for Actinobacteria over Proteo-
bacteria as the dominant phylum [27,28], and 5% (w/w) polyvinyl
chloride and 1% (w/w) polyethylene microplastics significantly
reduce the relative abundance levels of Sphingomonadaceae and
Xanthobacteraceae, while increasing relative abundance levels of
Burkholderiaceaee [22]. Soil microorganisms not only cycle soil
materials, they also impact the structure and function of soil [29].
The abundance, distribution, and activity of microbial communities
in soil reflect the level of soil fertility. Therefore, studying the effects
of microplastics on soil microorganisms will provide important
insights into the impact of microplastics on soil ecosystems.

The rhizosphere is one of themost important microbial hotspots
determining the processes, dynamics and cycling of nutrients and
water in terrestrial ecosystems [30]. Similar to plant-soil in-
teractions in rhizosphere, the main processes affected by micro-
plastic input may occur at the soil-microplastic interface (here
defined as “rhizosphere-like”). Microplastics can provide new
substrates for microorganisms, and microorganisms can live on
microplastic surfaces for a long time and form biofilms, leading to
the formation of microbial hotspots on microplastic surfaces [23].
Thus, microplastics provide a unique microenvironment of “rhizo-
sphere-like” soil whose microbial diversity, community composi-
tion and function may differ greatly from those on the
microplastics. The microbial change between microplastic surfaces
and the surrounding “rhizosphere” soil is significant. This result is a
“rhizosphere-like neighbor avoidance effect” between the micro-
plastic surface and soil surrounding microplastics. However, this
hasn't been reported yet. We aimed to investigate “rhizosphere-like
neighbor avoidance effect” and its mechanisms to better under-
stand the impact of microplastics on material cycling in the soil
ecosystem.

In this study, microplastics and soil samples were collected from
four typical farmlands (corn, pepper, peanut, and cucumber fields)
in Shunyi District, Beijing, China. High-throughput sequencing
technology was used to analyze the diversity and composition of
microbial communities on microplastic surfaces and in surround-
ing “rhizosphere-like” soil. The main objectives of this study were
to determine (1) the effects of microplastics on soil microbial
community diversity and composition in humus and eluvial hori-
zons, (2) the effects of microplastics on soil microbial functions in
humus and eluvial horizons.

2. Materials and methods

2.1. Study site

Samples were collected in December 2019 from Shunyi District,
Beijing, China. This region has a warm temperate semi-humid
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monsoon climate, with a mean annual temperature of 11.5 �C,
mean annual relative humidity of 50%, and mean annual precipi-
tation of 622mm.We selected four typical farmlands, namely, corn,
pepper, peanut, and cucumber fields, to collect soil and micro-
plastic samples. The soil types of the four farmlands were fluvo-
aquic. The location and soil properties of the study sites are
shown in Table 1. These fields have practiced plastic mulching for
>5 years. These sampled areas have no known direct sources of
microplastics except for plastic mulching. Therefore, we speculate
that the main source of microplastics in these fields is plastic
mulching, and microplastic pollution has lasted for over 5 years.

2.2. Soil samples collection

Three sampling plots were established randomly in each of the
fields, and five samples (10� 10 cm)were collected randomly using
an auger from each of the sampling plots. In this study, the sam-
pling depth was determined to be 20 cm based on the tillage depth
and the distribution of microplastics [2]. Each sampling plot con-
sisted of five soil cores with a diameter of 5 cm and depths of
0e10 cm (humus horizon) and 10e20 cm (eluvial horizon).We thus
collected a total of 30 soil samples from each field. After removing
all plant roots and stones, soil samples of the same depth were
pooled together to generate a soil sample representing the field.
The samples were sealed in a sterilized sampling bag, then placed
on ice for transport to the laboratory. Then, samples for microbial
community analysis were placed on ice, and microplastics that
were visible to the naked eye ormicroscopewere directly picked up
using sterilized forceps. Then soil attached to microplastics
(0e2mm from the surface) was collected by brushing. This soil was
designated the “rhizosphere-like” soil. Microplastic samples were
placed inside a sterile 5-mL centrifuge tube, and all microplastic
samples and “rhizosphere-like” soil samples were stored at �80 �C
until DNA extractions were performed within one week. The
remaining soil samples were stored at 4 �C for analysis of soil
physical and chemical properties.

2.3. Analyses of microbial community structure and diversity

Microbial communities were analyzed by Illumina high-
throughput sequencing. Total genomic DNA was extracted from
microplastic and soil samples using the FastDNA SPIN kits (MP
Biomedicals, CA, USA) according to themanufacturer's instructions.
The extracted DNAwas evaluated by 1% agarose gel electrophoresis,
and the quality and concentration of the extracts were determined
with a spectrophotometer (NanoDrop, ND2000, Thermo Scientific,
Wilmington, DE, USA). The 16S rRNA gene in bacteria was amplified
using forward and reverse primers 338F (50-ACTCCTACGGGAGG-
CAGCA-30) and 806R (50-GGACTACHVGGGTWTCTAAT-30), respec-
tively. The ITS1 gene in fungi was amplified using forward and
reverse primers ITS5F (50-GGAAGTAAAAGTCGTAACAAGG-30) and
ITS1R (50-GCTGCGTTCTTCATCGATGC-30), respectively. The PCRs
were performed using the following protocol: denaturation at 95 �C
for 3 min, followed by 27 cycles of 95 �C for 30 s, 55 �C for 30 s, and
72 �C for 45 s, then a final extension at 72 �C for 10 min. The PCR
products were purified using 2% agarose gel and the AxyPrep DNA
Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA). Puri-
fied amplicons were sequenced in a paired end format using the
Illumina MiSeq platform by Majorbio BioPharm Technology Co. Ltd
(Shanghai, China).

2.4. Bioinformatic analysis

Raw sequences yielded from Illumina sequencing were pro-
cessed using Quantitative Insights Into Microbial Ecology (QIIME,



Table 1
Location of sampling sites and soil properties.

Fields Location Soil properties

Soil organic matter
/(g kg�1)

Available phosphorus
/(mg kg�1)

Total nitrogen
/(g kg�1)

pH Cation exchange capacity
/(cmol kg�1)

Corn 40�1102700N
116�3503600E

Humus horizon 11.5 10.0 1.0 7.89 13.4
Eluvial horizon 10.2 20.0 1.1 7.76 11.5

Pepper 40�1102200N
116�3502300E

Humus horizon 12.0 10.3 1.1 7.96 10.4
Eluvial horizon 12.0 11.0 1.1 7.86 13.2

Peanut 40�1102400N
116�3403300E

Humus horizon 11.7 15.3 1.1 7.06 12.5
Eluvial horizon 11.3 12.9 1.0 7.82 13.5

Cucumber 40�110100N
116�3503700E

Humus horizon 13.4 9.2 1.1 7.86 12.8
Eluvial horizon 12.6 14.8 1.1 7.84 13.1
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version 1.9.1) [31]. Briefly, paired reads were assembled and
demultiplexed, and any sequences with a quality score < 20 or with
truncated reads shorter than 50 bpwere removed from the data set.
Operational taxonomic units (OTUs) were clustered with a 97%
similarity cutoff using Uparse 7.0, and chimeric sequences were
identified and removed using Uchime [32]. The obtained OTUs
were aligned to the SILVA and UNITE reference databases to
determine their taxonomic classification level (Threshold: 0.8 ~ 1)
(kingdom, phylum, class, order, family, genus, species); the non-
bacterial and non-fungal reads were further removed [33]. OTU
abundance information was normalized via a standard of the
sample with the least sequences number. We used the output
normalized data for subsequent analyses of alpha diversity and
community structure of microorganisms. The functional contents
of the microbiota were predicted by Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States (PICRUSt) for
16S rRNA in bacteria, and FunGuild for ITS1 in fungi.
2.5. Statistical analysis

All statistical analyses were carried out in the program R soft-
ware (Ver. 3.3.1). The alpha diversity, including the OTUs, Simpson,
Shannon, Sobs, Chao1 and Ace indices of microbial communities
were calculated with QIIME. The alpha diversity was significant
differenceswere calculated using one-way analysis of variancewith
Tukey's honest significant difference test (p < 0.05). Linear
discriminant analysis (LDA) coupled with effect size measurements
(LEfSe) analysis was conducted to search for different species of
microbial communities between soil and microplastic samples
[21,34]. In this study, LDA scores >4 was considered to be different
species. Venn diagramwas created using R software (Ver. 3.3.1), the
other figures were created using Origin 2016 (OriginLab, USA).
3. Results and discussion

3.1. Effects of microplastics on microbial diversity

Bacterial communities of soil and microplastic samples from
four typical fields consisted of 33 phyla, 93 classes, 229 orders, 396
families, 754 genera, and 1574 species; and fungal communities
consisted of 11 phyla, 76 classes, 175 orders, 325 families, 504
genera, and 1198 species. The similarities and overlaps between
operational taxonomic units (OTUs) in soil and microplastic sam-
ples in different soil layers were compared with a Venn diagram
(Fig. 1). The numbers of bacterial OTUs in soil and microplastic
samples in the humus horizon were 3982 and 2804, respectively,
and those in the eluvial horizon were 4249 and 3659, respectively.
The numbers of fungal OTUs in soil and microplastic samples in the
humus horizon were 786 and 613, respectively, and those in the
eluvial horizon were 823 and 641, respectively. Therefore, there
3

were fewer bacterial and fungal OTUs on themicroplastic surface in
both humus and eluvial horizons than in surrounding “rhizo-
sphere-like” soil; and there were more soil and microplastic OTUs
in the eluvial horizon than in the humus horizon. Overall, micro-
plastics were associated with lower numbers of bacterial and
fungal OTUs compared to those in soil, which indicated that
microplastics altered the diversity of soil microbial communities. In
addition, the OTU ratios of bacteria and fungi in the “rhizosphere-
like” soil (mean¼5.12) were higher than that on microplastic sur-
faces (mean¼4.57).

Sobs, Chao1, and Ace indices were used to evaluate microbial
richness, while the Shannon and Simpson indices were used to
evaluatemicrobial diversity. The larger Sobs, Chao1, and Ace indices
are, the higher the microbial richness will be. The larger the
Shannon index is, the higher the microbial diversity will be. The
larger the Simpson index is, the lower the community richness will
be [27,35]. The levels of coverage of bacterial and fungal diversities
based on high-throughput sequencing reached over 0.96, indi-
cating sufficient depth of sample sequencing. Fig. 2a shows that the
bacterial Sobs, Chao1, Ace, and Shannon indices on the microplastic
surface in the humus horizon were reduced by 39.7%, 36.4%, 30.5%,
and 17.9%, respectively, compared to those in “rhizosphere-like”
soil; and these indices were similarly reduced by 38.0%, 28.4%,
16.0%, and 15.6%, respectively, in the eluvial horizon. Simpson in-
dexes of the bacterial communities on microplastic surfaces in
humus and eluvial horizons were higher by 195.9% and 66.7%,
respectively, compared to those of the “rhizosphere-like” soil.
These results indicated that microbial diversity and richness on
microplastic surfaces were lower than those in “rhizosphere-like”
soil. The overall diversity and richness of bacteria in different soil
horizons decreased in the following order: soil in the eluvial
horizon > soil in the humus horizon > microplastics in the eluvial
horizon > microplastics in the humus horizon.

Fig. 2b shows that the fungal Sobs, Chao1, and Ace indices on
microplastic surfaces in the humus horizon were lower by 22.7%,
30.9%, and 31.1%, respectively, compared to those in the “rhizo-
sphere-like” soil; and these indices were lower by 21.3%, 19.2%, and
17.8%, respectively, in the eluvial horizon. These results indicated
that fungal diversity and richness were lower on microplastic sur-
faces than in “rhizosphere-like” soil. The Shannon and Simpson
indices for fungi in microplastics and soil samples did not differ
significantly. Overall, the indices for fungal richness in different soil
horizons decreased in the following order: soil in the eluvial
horizon > soil in the humus horizon > microplastics in the eluvial
horizon > microplastics in the humus horizon. These results show
that fungal richness was lower on microplastic surfaces than in
“rhizosphere-like” soil, and there was no significant difference in
fungal diversity betweenmicroplastic surfaces and the surrounding
soil.

Microbial diversity and richness were lower on microplastic



Fig. 1. Venn diagram of bacterial (a) and fungal (b) OTU distributions in soil surrounding microplastics and on microplastic surfaces at different soil layers. S-A and MP-A represent,
respectively, soil and microplastic samples in the humus horizon; S-B and MP-B represent, respectively, soil and microplastic samples in eluvial horizon.
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surfaces than in surrounding “rhizosphere-like” soil, indicating that
microplastics reduce the levels of microbial diversity and richness
in soil. These results are consistent with those of Miao et al. [26],
who observed that the richness, evenness, and diversity of micro-
bial communities on microplastics are significantly lower than
those on natural substrates. This may be because microplastics can
compete with soil microorganisms for niches in which microor-
ganisms can grow and move [36], thus resulting in a decrease in
microbial activity, which in turn reduced microbial diversity and
richness [21]. Moreover, microbial diversity and richness were
reduced to greater degrees in the humus horizon, which may be
caused by environmental factors (such as temperature, humidity,
and ultraviolet rays) that affect the mechanism of microplastics.
3.2. Effects of microplastics on microbial community composition

Fig. 3a shows the bacterial community composition of each
sample at the phylum level. The dominant bacterial phyla were
Proteobacteria (24.7%e30.3% in relative abundance, mean¼27.4%),
Actinobacteria (18.5%e27.4%, mean¼21.0%), Cyanobacteria (2.66%e
21.1%, mean¼11.8%), Acidobacteria (2.66%e21.1%, mean¼11.1%),
Bacteroidetes (7.68%e14.6%, mean¼9.87%), Chloreflexi (4.24%e
9.01%, mean¼6.31%), Patescibacteria (2.41%e5.40%, mean¼4.43%),
Gemmatimonadetes (1.29%e4.39%, mean¼2.50%), and Firmicutes
(0.75%e3.87%, mean¼1.57%). These seven phyla accounted formore
than 92% of the total bacterial community. The relative abundance
levels of Cyanobacteria on microplastic surfaces in humus and
eluvial horizons were higher by 497.0% and 1553.2%, respectively,
compared to those in “rhizosphere-like” soil; and similarly, the
abundance levels of Acidobacteria, Chloroflexi, and Gemmatimo-
nadetes were lower by 77.1% and 57.4%, 35.8% and 53.0%, and by
55.2% and 67.6%, respectively.

The dominant fungal phyla were Ascomycota (67.59%e72.78%),
Basidiomycota (17.04%e28.75%), and Mortierellomycota (1.42%e
10.32%), and the relative abundance levels of these three phyla
accounted for more than 98% of the total fungal community. The
relative abundance levels of Basidiomycota onmicroplastic surfaces
in humus and eluvial horizons were higher by 12.9% and 68.7%,
respectively, compared to those in surrounding “rhizosphere-like”
soil; while the those of Mortierellomycota were lower by 58.3% and
67.5%, respectively. Therefore, microplastics significantly decreased
and increased the relative abundance levels in the soil of Mortier-
ellomycota and Basidiomycota, respectively. This finding can be
attributed to the fact that Basidiomycota is an important decom-
poser in soil and implicated in the decomposition of complex
organic matters. Therefore, the relative abundance level of Basi-
diomycota on microplastic surfaces was higher than that in the
surrounding soil. In addition, Mortierellomycota prefer to exist in a
4

soil environment with high nutrient content, and microplastics
may reduce soil nutrient level [21], which in turn leads to a
decrease in the relative abundance of Mortierellomycota.

We used the LEfSe tool to perform statistical analysis from the
phylum to the genus level. The results of LEfSe (Fig. 4a) show that
bacterial communities in “rhizosphere-like” soil and microplastics
differ significantly by six groups (LDA scores >4). Acidobacteria
(phylum), Subgroup_6 (class), Chloreflexi (phylum), Gemmatimo-
nadetes (phylum), Pyrinomonadales (order) were significantly
abundant in surrounding “rhizosphere-like” soil, while Chloroplast
(order) was significantly abundant on microplastic surface. Simi-
larly, fungal communities in “rhizosphere-like” soil and on micro-
plastic surface differed significantly by seven groups (Fig. 4b).
Nectriaceae (family), Pezizomycetes (class), and Mortierellomycota
(phylum) were significantly abundant in surrounding “rhizo-
sphere-like” soil, while Cladosporiaceae (family), Tremellales (or-
der), Didymellaceae (family), and Filobasidiaceae (family) were
significantly abundant on microplastic surfaces. Four groups of
fungi and one group of bacteria were detected to be significantly
enriched on microplastic surfaces, indicating that microplastics
have a greater impact on fungal community composition than
bacteria. This may be because fungi are better adapted at degrading
soil organic polymers with high chemical resistance (such as lignin
or cellulose) [37].

The microbial community composition on microplastic surfaces
differed from those in surrounding “rhizosphere-like” soil. These
results are consistent with those of Zhang et al. [38], who observed
that unique microbial communities that differed significantly from
those in the surrounding soil formed on microplastic surfaces. In
this study, the relative abundance levels of Cyanobacteria and
Basidiomycota were significantly higher on microplastic surfaces
than in the surrounding soil, and the relative abundance levels of
Acidobacteria, Chloreflexi, Gemmatimonadetes, and Mortier-
ellomycota showed an opposite trend. This may be explained by the
hydrophobic surface of microplastics that provided a new substrate
for heterotrophic microbial activities, thereby enriching for mi-
crobial groups involved in their biodegradation, thus affecting the
overall microbial community composition [26]. These results may
indicate changing the ecological functions and biogeochemical
processes in the soil ecosystem.

We performed non-metric multidimensional scaling (NMDS) of
weighted UniFrac distances to analyze the patterns of separation
between microbial communities (Fig. 5). The NMDS stress co-
efficients of bacterial and fungal communities were 0.062 and
0.136, respectively. The result based on NMDS analysis better re-
veals the differences in community structures of bacteria and fungi
onmicroplastic surfaces and in surrounding “rhizosphere-like” soil.
NMDS ordination clearly distinguished between communities on



Fig. 2. Histogram of difference between the alpha diversity indices of groups in soil surrounding microplastics and on microplastic surfaces at different soil layers. (a)bacteria, (b)
fungi. S-A and MP-A represent soil and microplastic samples, respectively, in the humus horizon; S-B and MP-B represent soil and microplastic samples, respectively, in the eluvial
horizon. ***p < 0.001, **p < 0.01, *p < 0.05.
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microplastics and soil samples (Fig. 5). The bacterial communities
on microplastic surfaces and in “rhizosphere-like” soil were
significantly different (Fig. 5a), showing that microplastics signifi-
cantly impact the bacterial community structure. The fungal com-
munities on microplastic surfaces and in “rhizosphere-like” soil
5

were more clearly separated compared to the bacterial commu-
nities (Fig. 5b), indicating that fungal communities may respond
more strongly to microplastics. This result supported the results of
LefSe. However, the fungal community structures in the different
soil horizons did not differ significantly.



Fig. 3. Phylum level community compositions of soil bacteria (a) and fungi (b). S-A and MP-A represent soil and microplastic samples, respectively, in the humus horizon; S-B and
MP-B represent soil and microplastic samples, respectively, in eluvial horizon.

Fig. 4. Linear discriminant analysis Effect Size (LEfSe) results of bacterial (a) and fungal (b) taxa (LDA score >4) in soil surrounding microplastics and on microplastic surfaces. S and
MP represent soil and microplastic samples, respectively.

Fig. 5. NMDS analysis of bacterial (a) and fungal (b) communities in soil surrounding microplastics and on microplastic surfaces. S-A and MP-A represent soil and microplastic
samples, respectively, in the humus horizon; S-B and MP-B represent soil and microplastic samples, respectively, in eluvial horizon.
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3.3. Effects of microplastics on microbial function

Changes in microbial communities may potentially impact
metabolic functional diversity [39]. Therefore, PICRUSt was used to
predict bacterial functional content based on the 16S rRNA gene.
The gene profiles of microplastics and soil samples were annotated
using the KEGG database to evaluate the effect of microplastics on
bacterial functions (Fig. 6). Pathways related to human diseases
were present in significantly higher levels on microplastic surfaces
than in “rhizosphere-like” soil. For example, the relative abundance
of pathways related to bacterial and parasitic infectious diseases
and substance dependence was higher by more than 20% on
6

microplastic surfaces. This finding may have implications for hu-
man health. This finding may be attributed to microplastics can not
only adsorb chemical pollutants, including heavy metals, dioxins,
and persistent organic pollutants [40,41], but also release flame
retardants, plasticizers, heat stabilizers, and antioxidants [42], and
these pollutants have great biological toxicity. In addition, micro-
plastic surfaces can also carry pathogens, which further threatens
human health [43]. However, PICRUSt analysis provides only give
predictive functional profiles of bacterial communities. Therefore, a
metagenomic analysis will be required to evaluate the effects of
microplastics on soil bacterial function.

To study the effects of microplastics on fungal functions, we



Fig. 6. Relative abundance of bacterial functions in soil surrounding microplastics and on microplastic surfaces.
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used FunGuild to assign fungal taxa to three ecologically relevant
trophic modese saprotrophy, symbiotrophy, and pathotrophy
(Fig. 7). Pathotrophs and saprotrophs accounted for approximately
90% of all fungal OTUs, with symbiotrophs accounting for less than
0.5% of OTUs. In the pathotroph group, the relative abundance
levels of animal pathogen and fungal parasites on microplastic
surfaces were significantly higher than those in “rhizosphere-like”
soil, while the relative abundance of plant pathogen in “rhizo-
sphere-like” soil was higher. In the saprotroph group, the relative
abundance levels of dung saprotrophs and endophytes on micro-
plastic surfaces were significantly lower than those in “rhizo-
sphere-like” soil. The relative abundance levels of leaf saprotrophs
and undefined saprotrophs on microplastic surfaces in the humus
horizon were lower than those in “rhizosphere-like” soil, while in
the eluvial horizon, these saprotrophs were more abundant in
“rhizosphere-like” soil. Microplastics alter soil microbial commu-
nities and function, and thus shift plant mycorrhizal symbiosis as
well as causing an alteration in C, N and P-related enzymes, as a
consequence, is likely to affect the cycling of key nutrients and
greenhouse gases emissions.

4. Conclusions

In this study, we proved for the first time that there is a
“rhizosphere-like neighboring effect” between microplastics and
the surrounding soil. The Sobs, Chao1, Ace, and Shannon index
values of microbial communities on microplastic surfaces were
lower than in surrounding “rhizosphere-like” soil, indicating that
microplastics reduced soil microbial richness and diversity. In
addition, the values for these indexes were reduced to a greater
degree in the humus horizon. Microplastics changed the compo-
sitions of the bacterial and fungal communities, enriching for
community members involved in microplastic biodegradation. The
relative abundance levels of Cyanobacteria and Basidiomycota on
microplastic surfaces were significantly higher than those in sur-
rounding “rhizosphere-like” soil. Furthermore, microplastics
changed the metabolic functional diversity of microorganisms. The
relative abundance levels of pathways related to human diseases,
animal pathogen, and fungal parasites were significantly higher on
microplastic surfaces than in “rhizosphere-like” soil. These results
show that the microbial diversity, richness, community structure
and function between microplastic surfaces and surrounding
“rhizosphere-like” soil are significantly different, leading to a
“rhizosphere-like neighbor avoidance effect” between microplastic
Fig. 7. Relative abundance of fungal functional guilds in soil surrounding microplastics
and on microplastic surfaces.
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surfaces and soil surrounding microplastics. Future research needs
to implement a comprehensive sampling within cropping systems
to better clarify the effect of microplastics on microorganisms in
agricultural settings, which is more meaningful for the assessment
of the ecological consequences of microplastics in soil.
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