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C
oncern about microplastics (plastic 

particles <5 mm) polluting differ-

ent environmental compartments is 

mounting. Research has recently be-

gun to embrace terrestrial systems, 

having initially focused at least a 

decade earlier on marine and aquatic eco-

systems (1–3). The early research agenda on 

microplastics in both aquatic and terrestrial 

systems was mainly ecotoxicological. It in-

cluded laboratory tests on individual orga-

nisms, often well-established test species 

(4), and also targeted selected soil proper-

ties and processes. Such research is nec-

essary to establish baseline mechanisms, 

which is important because microplastics 

differ from other pollutants. Many of their 

effects appear to be mediated by physical 

parameters, such as particle shape and size, 

rather than overt chemically mediated tox-

icity. Moreover, their effects are mostly sub-

lethal or even nominally positive. Although 

the study of other global change factors has 

tended to focus at the level of the ecosys-

tem, research on microplastic is only now 

on the verge of this wider view.

The first step in this direction has been 

the conceptualization of the “plastic cycle” 

(5, 6), acknowledging that microplastics 

can move between different large-scale 

compartments, including the air, terrestrial 

habitats, rivers and other freshwater bodies, 

and the ocean, including its sediments (7) 

(see the figure). The cycle framework places 

these movements in the context of the pools 

and fluxes that are inherent to ecosystem 

ecology.  The current challenge is to under-

stand how microplastic flows affect such 

pools and fluxes in terrestrial ecosystems. 

Microplastics are mostly composed of 

carbon, among other elements. Microplastic 

addition to ecosystems thus represents a 

source of carbon independent of photosyn-

thesis and net primary production. This 

polymer carbon likely has a slow turnover, 

because the material is mostly inert; how-

ever, the behavior and residence time of mi-

croplastics in soil are currently unknown. 

We also do not know the input rate of mi-

croplastic-carbon into ecosystems itself, be-

cause research hitherto has largely focused 

on quantifying particle numbers and types, 

rather than on the microplastic-derived car-

bon itself. Originally, most of this carbon is 

of fossil origin, rather than having recently 

been fixed from the atmosphere. Because of 

the resistance of microplastic to decompo-

sition, it would be expected to accumulate 

in soils, where it needs to be accounted for 

in assessments of soil carbon storage (8), a 

major ecosystem function.

Other effects of microplastics will be in-

direct and likely depend on particle shape 

and size. For microplastic fibers, effects on 

soil aggregation, a key process governing 

soil structure, are quite well established 

(9). Soil aggregates are the crumbs contrib-

uting to soil structure and have a central 

role in shaping the habitat of soil orga-
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A soil aggregate interacts with 

microplastic (polyester) fibers.
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nisms.  Additionally, carbon compounds are 

stored within aggregates, where they are 

physically protected from being rapidly de-

composed. Soil aggregates also determine 

the pore space in the soil overall, in turn 

influencing movement of gases and water, 

and the activity of associated microbial 

communities. A completely different indi-

rect effect occurs because of lower soil bulk 

density in the presence of fibers. This can 

lead to enhanced plant growth, probably 

because roots experience less resistance 

when growing (10). However, negative ef-

fects on plants, likely related to plastic ad-

ditives, are also possible (11). Which types 

of microplastics could promote or inhibit 

plant biomass production is an important 

area for future research.

Consequences for other element cycles 

are more uncertain. Direct effects will likely 

be minimal, because microplastics contain 

mostly negligible amounts of nitrogen and 

phosphorus (even though there are excep-

tions, such as polyamide). However, altera-

tions to soil structure would be expected 

to change the rates of many microbial pro-

cesses, including those in the nitrogen cy-

cle. An example is denitrification, a process 

that occurs anaerobically, within the center 

of soil aggregates, which reduces nitrate 

and nitrite to gaseous forms of nitrogen, in-

cluding nitrous oxide and nitrogen. Effects 

on emissions of nitrous oxide and other im-

portant greenhouse gases are only now be-

ing examined (12). One study (10) found an 

increase in arbuscular mycorrhizal fungi, 

a key symbiont group that associates with 

plant roots. If generally true, this could af-

fect phosphorus cycling, because these sym-

bionts transport nutrients, including phos-

phorus, to their plant hosts. 

Plastic films, and likely fibers, may alter 

the flow of water in soils, including evap-

oration (13). Thus, effects on ecosystem 

water dynamics and energy balance, medi-

ated by direct effects in soils or indirectly 

through plants, are also likely. Other possi-

ble ecosystem-level effects include altered 

rates of erosion owing to changes in soil 

aggregate stability.

There are some critical unknowns that 

need to be addressed before the impacts of 

microplastic pollution on terrestrial eco-

systems and the subsequent feedbacks can 

be understood. Accurate, sensitive, low-

cost, and harmonized detection methods 

and high-throughput sample processing 

are needed (14), to better understand the 

effects on turnover and transformation 

processes in the soil. Beyond this, research 

needs to cover more ecosystem types. Most 

research has so far focused on agricultural 

systems, which are expected to contain the 

largest amount of microplastics (15) be-

cause of input pathways (including sewage 

sludge, compost, and plastic mulching). 

We know much less about microplastics 

in other ecosystems, such as drylands or 

forests, where the microplastic dynamics 

might be quite different because of the dif-

ferent ecosystem structures. 

Feedbacks to the Earth system can be ex-

pected. Microplastic itself represents fossil 

carbon, which might indirectly affect rates 

of net primary production and carbon stor-

age in soils and alter the fluxes of green-

house gases. The direction, magnitude, and 

balance of these effects should be a focus 

of future research. Empirical work will need 

to adopt tools such as mesocosm studies 

(outdoor experimental systems that examine 

the natural environment under controlled 

conditions) and carefully designed field 

experiments to address these problems. 

Microplastic pollution is an international 

problem, and international cooperation in 

research will be key. j
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Microplastic fluxes and associated ecosystem feedbacks
Deposition and accumulation of microplastics can affect soil properties, with consequences for process rates 

and net primary production (NPP), causing feedbacks to the atmosphere, including greenhouse gases (GHGs). 

So far, nanoplastic has unknown consequences for this system.

26 JUNE 2020 • VOL 368 ISSUE 6498    1431

Published by AAAS

on A
ugust 27, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://science.sciencemag.org/


Microplastic in terrestrial ecosystems
Matthias C. Rillig and Anika Lehmann

DOI: 10.1126/science.abb5979
 (6498), 1430-1431.368Science 

ARTICLE TOOLS http://science.sciencemag.org/content/368/6498/1430

REFERENCES

http://science.sciencemag.org/content/368/6498/1430#BIBL
This article cites 15 articles, 4 of which you can access for free

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Terms of ServiceUse of this article is subject to the 

 is a registered trademark of AAAS.ScienceScience, 1200 New York Avenue NW, Washington, DC 20005. The title 
(print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement ofScience 

Copyright © 2020, American Association for the Advancement of Science

on A
ugust 27, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://science.sciencemag.org/content/368/6498/1430
http://science.sciencemag.org/content/368/6498/1430#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

