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Plants and microplastics:
Growing impacts in the
terrestrial environment
Amanda E. Wong1 and Gail Taylor1,2*

1Department of Plant Sciences, University of California, Davis, Davis, CA, United States, 2Department
of Genetics, Evolution and Environment, University College London, London, United Kingdom
Microplastic pollution is a largely unexplored yet pervasive environmental
problem, in terrestrial environments, including impacts on plants and food
crops. Plant growth and function are most often negatively impacted by plastic
exposure, but these pollutants can also stimulate plant processes such as root
growth and there is a tentative suggestion that monocotyledonous may be less
sensitive to microplastics than dicotyledonous plants. Toxic effects include
reduced plant biomass, chlorophyll content, photosynthesis, and changes to
antioxidants, metabolites, and nutrients, with stimulatory effects often found at
lower concentrations of exposure. There is strong evidence that roots can
directly uptake and translocate plastic particles at 1 µm and under in size.
Indirect effects include interactions of microplastics with other pollutants, soil
properties, and soil organisms. These �ndings have potentially wide-ranging
implications for terrestrial ecosystem function and human health. Future
research should further elucidate the mechanisms of plant microplastic toxicity
at realistic concentrations. This short review highlights the signi�cance of
microplastics in the terrestrial environment, where they can occur at higher
concentrations than in the aquatic environment, with likely impacts on important
food crop plants. The signi�cance of these �ndings for human and ecosystem
health remains to be elucidated and we make four recommendations to the
scienti�c community for improved future experimentation.
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Introduction

Studies on the occurrence and effects of microplastics and smaller nanoplastics have
been increasing, with a major focus on aquatic ecosystems, but recent plastic pollution
research on terrestrial plants and ecosystems is emerging (Rillig, 2012; de Souza Machado
et al., 2018a; Zhou et al., 2021). Since the 1950s, approximately 8,300 million metric tons of
plastic was produced (Geyer et al., 2017), and rising global plastic consumption has resulted
in increased plastic waste and widespread presence and persistence in the environment
(Thompson et al., 2004; Jambeck et al., 2015). Plastics are polymers [e.g. low-density
polyethylene (LDPE), high-density polyethylene (HDPE), polystyrene (PS)] that also
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contain a variety of chemical additives, such as plasticizers,
pigments, and �ame retardants (Geyer et al., 2017), making them
a diverse pollutant group, with respect to chemical composition,
size, shape, concentration, and source (Supplementary Figure S1).
Plastic pollution originates from the direct release of plastics and
secondarily from the fragmentation of larger plastics (Horton and
Dixon, 2017). In the environment, plastics degrade into smaller
plastic fragments from exposure to ultraviolet radiation, heat, and
water. As plastics fragment, the surface area to volume ratio
increases along with the bioavailability of these particles, potential
to leach chemical additives, and ability to accumulate other
pollutants in the environment (de Souza Machado et al., 2018a).

On land, plastic pollution is released from urban, industrial, and
agricultural settings (Horton and Dixon, 2017). Microplastics enter
agricultural soils directly from horticultural and agronomic usage
and fragmentation of plastic mulching, greenhouse materials,
irrigation pipes, and packaging and indirectly from contaminated
compost, treated wastewater and sewage sludge, surface runoff, and
atmospheric deposition (Scarascia-Mugnozza et al., 2012; Horton
et al., 2017; Ng et al., 2018). Horton et al. (2017) estimated that
plastics are released to the terrestrial environment at 4–23 times
more than that in the marine environment, highlighting the threat
to terrestrial ecosystems and plants, but despite this, there is limited
research on plastic pollution impacts on plants (Rillig et al., 2019).
Here we discuss the direct impacts of diverse microplastics on
terrestrial plants at different development stages and the interaction
between microplastics and the broader terrestrial ecosystem that
indirectly affects plants (Figure 1). We propose a conceptual model
for how microplastics impact plants and highlight the need to
elucidate the mechanisms of action of microplastics on plants to
understand how realistic microplastic exposure conditions impact
terrestrial plants.
Uptake and translocation of plastics

Recent studies have identi�ed plastic particle uptake,
translocation, and accumulation in terrestrial plants, while plants
were assumed to be unable to uptake larger plastics since particles
bigger than approximately 5–20 nm are unable to enter cell walls
(Schwab et al., 2016). However, even 50 nm plastics were found in
the vacuoles and cytoplasm of onion (Allium cepa) root cells
(Giorgetti et al., 2020), while 1,000 nm plastics can accumulate in
the intercellular space of rice (Oryza sativa L.) and carrot (Daucus
carota) roots and shoots (Dong et al., 2021b; Liu et al., 2022). In
lettuce (Lactuca sativa L.) and wheat (Triticum aestivum L.), 200
nm particles were found in the roots, shoots, and leaves, such that
the particles were translocated from the roots to the shoots through
transpiration that pulled strings of plastic particles throughout the
vascular system (Li et al., 2020). Both 200 nm and 2,000 nm
particles entered the root stele at discontinuous and developing
areas of the Casparian strip where lateral roots emerge, while more
plastics accumulated in hydroponic plants compared to sandy soil
as a result of weaker root apoplastic barrier and higher transpiration
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(Li et al., 2020). Interestingly, only negatively charged plastic
particles were detected in the apoplast and xylem in Arabidopsis
thaliana, while positively charged particles stimulated exudate
production that trapped the plastics and reduced uptake (Sun
et al., 2020). However, one study found no evidence of plastic
uptake in wheat and A. thaliana (Taylor et al., 2020). Another
recently discovered pathway for microplastic uptake is leaf
adsorption via accumulation on trichomes, stomatal uptake, and
apoplastic transport (Li et al., 2025), which highlights the ubiquity
of microplastics in the environment and the persistent exposure of
terrestrial plants to these pollutants.

The results of these studies demonstrated that plants can
directly take up microplastics with major implications for
terrestrial plants and crop quality and potential human ingestion
and health impacts. However, it is important to consider the
relevance of the concentration of microplastics and type of media
used in such uptake experiments and how they relate to
microplastic concentrations and terrestrial plant exposure in the
wider environment (Fuller and Gautam, 2016; Zhang et al., 2018;
Corradini et al., 2019; Dierkes et al., 2019; Radford et al., 2023).
Overall, concentrations in microplastic uptake experiments are
reasonable but tend to be at the higher end of the spectrum of
environmental exposure, especially for soil-based experiments, and
this could bias the results observed (Figure 2A). Future research
focused on microplastic uptake by terrestrial plants exposed to
lower microplastic concentrations in soil would be of value,
especially for food crops.
Germination and seedling development

Our conceptual model shows that multiple studies investigated
the effect of microplastic exposure on germination and seedling
development, with the majority demonstrating a negative effect of
microplastics on the early stages of plant development (Table 1A).
Seed germination rate generally decreased signi�cantly following
exposure to microplastics as the concentration and size increased,
where the microplastics accumulated on the seed pores, blocked
water, and delayed germination (Bosker et al., 2019; Guo et al.,
2022). However, several studies found negligible differences in
germination after 24 hours, which may be attributed to the nano-
priming effect of small microplastics that promoted seed
germination (Lian et al., 2020; Zhang et al., 2021, 2022; Shorobi
et al., 2023). During seedling development, exposure to
microplastics frequently inhibited root growth and decreased root
length, but not in wheat (Bosker et al., 2019; Jiang et al., 2019; Lian
et al., 2020; Bao et al., 2022; Iswahyudi et al., 2024). Microplastic
exposure induced cytotoxicity and genotoxicity in seedling roots
through a decrease in mitotic index and an increase in chromosome
aberrations as microplastic concentration and time increased
(Gopinath et al., 2019; Jiang et al., 2019; Giorgetti et al., 2020;
Maity et al., 2020). Although not conclusive, we propose a tentative
hypothesis from the data available, that monocotyledonous species
may be less sensitive to microplastics than dicotyledonous species,
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given impacts on seed germination. As a working hypothesis this is
useful but requires further research to con�rm or reject
this proposal.
Plant growth, morphology, and yield

Recent experiments have investigated the effect of microplastic
exposure on plant growth, morphology, and yield through soil-
based and hydroponic experiments (Table 1B). Microplastic
exposure decreased total plant biomass in Chinese cabbage
(Brassica chinensis L.) (Yang et al., 2021), maize (Zea mays L.)
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(Urbina et al., 2020), and wheat (Qi et al., 2020). Similar to the
negative effect of microplastics on seedling root development,
microplastic exposure decreased root and shoot growth, especially
in high microplastic concentrations (Urbina et al., 2020; Li et al.,
2021; Colzi et al., 2022; Zhang et al., 2024; Riaz et al., 2025).
Hydroponic maize in the high microplastic concentration (100 mg/
L) had approximately half the root length of maize in the control,
with irregular root development and architecture (Urbina et al.,
2020). In contrast, several studies found that microplastic exposure
increased root and shoot biomass and length (Lian et al., 2020;
Lozano et al., 2021b). Exposure to different microplastics stimulated
longer and �ner spring onion (Allium �stulosum) roots but had
FIGURE 1

Pathways of microplastic transport in terrestrial environments and direct and indirect effects of microplastics on terrestrial plants. Plastics enter
terrestrial ecosystems through the direct application of plastic products, such as plastic mulch �lm in agriculture and horticulture. In the
environment, ultraviolet radiation exposure degrades and fragments plastics to form microplastics, while microplastics also enter terrestrial
ecosystems through other pathways, such as atmospheric deposition (Horton et al., 2017). In the soil, microplastics are transported throughout the
soil pro�le by soil organisms, such as earthworms (Huerta Lwanga et al., 2017a; Rillig et al., 2017). Experiments have demonstrated microplastic
uptake, translocation, and accumulation by terrestrial plants (Li et al., 2020; Dong et al., 2021b; Liu et al., 2022), while food chain studies provided
evidence of microplastic trophic transfer (Huerta Lwanga et al., 2017b; Abdolahpur Monikh et al., 2022), which suggests potential microplastic
ingestion by humans. Microplastics interact with soil properties (de Souza Machado et al., 2019), microorganisms (Fan et al., 2022), plastic additives
(P�ugmacher et al., 2021), other chemical pollutants (Zong et al., 2021), and one another to indirectly affect terrestrial plants. Microplastics negatively
impact terrestrial plants across multiple developmental stages, from germination to growth to reproduction and, ultimately, crop yield (Wu et al.,
2020). (BPA), bisphenol A; (UV), ultraviolet; (Zn), zinc; (Cu), copper; (Fe), iron; (As), arsenic ;(Cd), cadmium. Created with BioRender.com.
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FIGURE 2

Plant exposure to microplastics & a conceptual model of the impacts of microplastics on plants. Figure (A) represents microplastic concentrations in
the soil environment vs. experiments. Microplastic concentrations in plant exposure experiments with test solution (blue) or soil matrix (yellow)
compared to microplastic concentrations found in agricultural soil (green) or roadside/industrial soil (red), where the microplastic concentration
(mg/kg) is reported, followed by the corresponding reference in brackets within each colored square. The microplastic concentrations in plant
exposure experiments in blue and yellow boxes are the studies discussed in the microplastic uptake section: [2] (Li et al., 2020), [4] (Dong et al.,
2021b), [5] (Taylor et al., 2020), [6] (Liu et al., 2022), [8] (Sun et al., 2020), which depicts the lowest microplastic concentrations that the plants were
exposed to in the microplastic uptake studies. The microplastic concentrations found in the terrestrial environment in green and red boxes are mean
or median microplastic concentrations in soil from agricultural �elds: [1] (Zhang et al., 2018), [3] (Corradini et al., 2019), [7] (Radford et al., 2023),
roadsides [9] (Dierkes et al., 2019), and industrial settings [10] (Fuller and Gautam, 2016). Created with BioRender.com. Figure (B) represents a
conceptual model of the impacts and mechanisms of action of microplastics on plants, from the current literature. In the soil, microplastics
physically change the soil but also leach plastic additives and absorb other pollutants that impacts soil chemical properties, the soil microbial
community, and plant-soil interactions (de Souza Machado et al., 2018b, 2019), with implications for plant water and nutrient uptake. Plants,
including food crops uptake, translocate, and accumulate microplastics through the vascular system and into plant cells (Li et al., 2020). Microplastic
exposure induced physiological changes, cytotoxicity, genotoxicity, and decreased nutrient content in plants and food crops (Giorgetti et al., 2020;
Urbina et al., 2020; Colzi et al., 2022). Ultimately, microplastic exposure and uptake resulted in decreased function, growth, and yield in plants,
including food crops (Wu et al., 2020). Seed germination is also sensitive to microplastics with both stimulation and inhibition observed with a
tendency for positive effects to be seen in grasses. Abbreviations: zinc (Zn); copper (Cu); iron (Fe); calcium (Ca); magnesium (Mg); manganese (Mn).
Created with BioRender.com.
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