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Healthy soils as key contribution to challenges *

Healthy solls for achieving the Union’s overarching
objectives concerning climate change mitigation
and adaptation and biodiversity

Healthy soils for preventing and mitigating the
Impacts of natural disasters and increasing the
drought resilience

Healthy soils for increasing/ensuring the EU’s
long term capacity to produce sufficient, safe
and nutritious food

Healthy soils for protecting the health of EU
citizens
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Soil Monitoring Law — key features
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Soill
descriptors

Aspect of soil degradation

Soil descriptor (mandatory)

Soil descriptor (optional)

Salinisation

Electrical conductivity

Loss of Soil Organic Carbon

SOC concentration

soil organic carbon content

SOC stocks

Soil compaction

Bulk density in topsoil

saturated hydraulic conductivity (top-and sub-soil)

Bulkdensity in subsoil

air capacity (top-and sub-soil)

Excess nutrient content in soil

Extractable phosphorus

Total nitrogen content in soil

SOC to nitrogen ratio

Soil erosion

Soil erosion rate

Soil contamination

concentration of heavy metals

concentration of a selection of organic contaminants

Concentrations of selected PFAS

Concentrations or presence of a selection of other emerging
soil contaminants

Concentrations of selected active substances in pesticides
and their metabolites

Reduction of soil water
retention and infiltration

soil water holding capacity

saturated hydraulic conductivity

air capacity

Acidification

Soil acidity (pH)

base saturation /effective cation exchange capacity

Loss of soil biodiversity

DNA metabarcoding for fungi and bacteria

metabarcoding of archaea, protists and animals

phospholipid fatty acid analysis (PLFA)

abundance and diversity of nematodes

abundance and diversity of earthworms

abundance and diversity of springtails

abundance and diversity of native ants

soil biological quality based on arthropods (QBS-ar)

presence of invasive alien species and plant pests

soil basal respiration

Soil sealing and soil removal

Total sealed soils and areas that underwent soil removal
(km? and % of Member State surface)

soil artificialisation

Soil sealing and soil removal, de-sealing and net-sealing
(average per year— in km? and % of Member State surface)

land fragmentation

Total settlement area (km? and % of Member State surface)

land recycling rate

Land use change to and from settlement area (average per
year— in km? and % of Member State surface)

land taken for commercial activities, logistic hubs, renewable
energies, surfaces such as airports, roads, mines

consequences of soil sealing and soil removal, such as
quantification of loss of ecosystem services, change in the
intensity of floods
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		Aspect of soil degradation		Soil descriptor (mandatory)		Soil descriptor (optional)

		Salinisation		Electrical conductivity

		Loss of Soil Organic Carbon		SOC concentration		soil organic carbon content 

				SOC stocks

		Soil compaction		Bulk density in topsoil		saturated hydraulic conductivity (top-and sub-soil)

				Bulkdensity in subsoil		air capacity (top-and sub-soil)

		Excess nutrient content in soil		Extractable phosphorus 

				Total nitrogen content in soil

				SOC to nitrogen ratio

		Soil erosion		Soil erosion rate

		Soil contamination		concentration of heavy metals

				concentration of a selection of organic contaminants 

				Concentrations of selected PFAS		Concentrations or presence of a selection of other emerging soil contaminants

				Concentrations of selected active substances in pesticides and their metabolites

		Reduction of soil water retention and infiltration		soil water holding capacity 

				saturated hydraulic conductivity 

				air capacity 

		Acidification		Soil acidity (pH)		base saturation /effective cation exchange capacity 

		Loss of soil biodiversity		DNA metabarcoding for fungi and bacteria		metabarcoding of archaea, protists and animals

						phospholipid fatty acid analysis (PLFA)

						abundance and diversity of nematodes

						abundance and diversity of earthworms

						abundance and diversity of springtails

						abundance and diversity of native ants

						soil biological quality based on arthropods (QBS-ar)

						presence of invasive alien species and plant pests

						soil basal respiration

		Soil sealing and soil removal		Total sealed soils and areas that underwent soil removal (km² and % of Member State surface)		soil artificialisation

				Soil sealing and soil removal, de-sealing and net-sealing (average per year–- in km² and % of Member State surface)		land fragmentation

				Total settlement area (km² and % of Member State surface)		land recycling rate

				Land use change to and from settlement area (average per year–- in km² and % of Member State surface)		land taken for commercial activities, logistic hubs, renewable energies, surfaces such as airports, roads, mines

						consequences of soil sealing and soil removal, such as quantification of loss of ecosystem services, change in the intensity of floods






SML recital 52

 (52) Microplastics and nanoplastics are substances that can pose a risk to
soll health and also to essential activities such as agricultural production.
Their presence In soils can have implications for solil fertility, thereby
compromising the health and healthy development of crops. It is therefore
essential that this Directive allow the inclusion of microplastics and
nanoplastics in the monitoring of soil contaminants.
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Diffuse soil contamination in Annex |

Aspect of soil degradation

Soil descriptor ()

Criteria for healthy soil condition — non-binding sustainable target values (%)

Land areas exempted from meeting
the related criterion

Soil contamination

— concentration of heavy metals in

soil: As, Sb, Cd, Co, Cr (total), Cu,
Hg, Pb, Ni, T, V, Zn (mg per kg)

— concentration of a selection of

organic contaminants established
by Member States and taking into
account existing concentration
limits in Union law, e.g. for water
quality and air emissions

Reasonable assurance, obtained from soil point sampling, identification and
investigation of potentially contaminated sites and any other relevant
information, that an unacceptable risk to human health and the environment
from soil contamination does not exist

Natural and anthropogenic background levels shall be taken into account in the
risk assessment

If natural background is the only reason leading to unacceptable risks, then the
relevant soil shall be deemed to meet the healthy soil criteria provided that it is
managed in such a way that an unacceptable risk to human health does not exist

Habitats with a naturally high concentration of heavy metals that are included in
Annex I to Directive 92/43EEC shall remain protected

No exemption

Part C: soil descriptors without criteria

Soil contamination (¥)

Concentrations of PFAS-21 (°) or concentrations of PFAS-43 (%) or selected PFAS set by Member States in accordance with Article 7(4)

Concentrations of selected active substances in pesticides and their metabolites set by Member States in accordance with Article 7(4)

Optional:

— concentrations or presence of a selection of other emerging soil contaminants set by Member States in accordance with Article 7(4)

European
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Timeline

Entry into force (assumed 2025) +1 (+2 |+3 |+4 |+5 (+6 |+7 |+8 [+9 |+10 |+11 | +12 | +13
(2026) (2027) (2028) (2029) (2030) (2031) (2032) (2033) (2034) (2035) (2036) (2037) (2038)

Establishing soil districts and appoint
authorities

Establishing digital soil health data portal
(COM & EEA)

First soil measurements (including LUCAS)

First soll health assessment

First reporting to COM and EEA

Establishing a register (potentially)
contaminated sites

Establishing a risk-based approach

Identifying potentially contaminated sites
Investigating potentially contaminated sites

Managing contaminated sites
Defining SSM and regeneration practices
Evaluation of the Directive

Second soil measurements

pean
mission

Second soil health assessment

Second reporting to COM and EEA
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Agricultural plastics —

" 10.2 million tonnes used in crop and
livestock production;

= 2.1 million tonnes in fisheries and
aquaculture;

" (0.2 million tonnes in forestry.

" 40% of the total are films (Mulch,
greenhouse, covers)

\\ / Food and Agriculture
Q; ﬁ Organization of the
United Nations

Scan the QR code to
access the publication

[m] = [m] ASSESSMENT OF

AGRICULTURAL PLASTICS
AND THEIR SUSTAINABILITY

E A CALL FOR ACTION
=




Specific objectives

To review and summarize all
available scientific evidence on
the occurrence and impacts of
plastic pollution on soil and crop
health

/ neawal] JUadUuIA :0vY4d B

(in particular microplastics from
Agricultural Plastics)




TABLE Al. Boolean search strings used in the systematic review

Systematic  Boolean search strings Number ’
literature of

=~ Methodology

Inventories Topic: "ogriculiural plastic*” OR

of Agriplastic* OR "agricultural plastic
agricultural | waste® AND inventor® OR generation OR
plastic use Assessment OR survey OR map*

T o Topi ickolass OR ‘ol A systematic review of the scientific literature
OciTencs debris”; agricult* OR agriplastic* OR

mulch OF mulching film* OR film* OR 02.04.2024 529 &7 - 1

in solls greenhouse OR encaopsuloted OR (January 201 4 Aprll 2024)
slow-release OR waste; monitor® OR
occurence OR source™

o5 o oAt et OR ‘ot * Use of main-stream scientific literature search engines (WoS)

01.04.2024 73 22

M;c;;;:us:;m debris®; ogricull‘f OR c:g:iplcs_lic‘*OR . . . .
oo | 1R R SN O Ena | ’ * Only primary research paper included (excluded review
slow-release OR waste; generation OR
source® OR fragment* pa pe rS)
Fate fesiver o plastc nor OR ‘ot * Focus on effect of plastic on soil health and not on the
processesin | debiis”; fale OR transport* OR transfer* 08.04.2024 A0B 27

soils OR moebilis* OR retain® OF retention OR agricu ltu ral. perfo rma nce Of pl.a StiCU lture

export OR runoff OR accumul*

Tifle: soil; Topic: microplastic* OR "plastic
residue” or "plastic litter" OR “plastic
Effects dabris*; agricull* OR agriplastic* OR

on soil mulch OF mulching filon* OR film* OR 13.03.2024 19 23
properties greenhouse OF encapsuloted OR
slow-release OR waste; effect* AND soil
properfies OR microbio® OR bacteria

e e 2,283 documents retrieved

OR agriplastic* OR mulch OR mulching

Effects on - : . . . . .
film* O film* > OR 13.03.2024 26 !
Mook |SmORETORgeaiasodh [Rem) : 505 matching inclusion criteria
effect* AND soil properties OR microbio* . .
OR badleria >80% of available studies were produced after 2022
Long-term Topic: Mulch* AND plastic* AND effect AND
effect of AP | crop AND yield AND *long-term”; Residue* | 28.04.2024 20 4
use in soil OR microplastic* OR pollui*
Topic: microplast* uplake OR microplast®
fransfer OR nanoplast* uptake;
vegetables OR maize OR comn OR pea*
Plant uptake OR carrot OR soybean OR bean* OR

wheat OR rice OR polato* OR fult* OR 13.03.2024 74 32
peanut OR crop OR cabbage OF letiuce
OR tomato; plastic related chemical

OR additive* OR plaslicizer OR flame
retardant OR phihalate*

and transfer




1. Is the use of Agricultural Plastics an important source of soil pollution?

= Several studies indicate agricultural plastics as a N ;
o . 0.1% of plastic in soil |
significant pollution sources 1o*-
" Plastic residues (microplastics) concentrations in | |
- 0
agricultural soils: 0.0001%—0.3% “
- ,0.001%

- 0.0001%

10~

SOIL PLASTIC CONCENTRATION (%)

|O-S .

Control Encapsulated Greenhouse Mulching
fertilizer systems film

CATEGORY OF PLASTIC EXPOSURE




Atmospheric depositions

Agricultural Q

plastics ¢ a5 > __ Sewage sludge

Contaminated
compost or
digestates

Irrigation with
wastewater




2. Is plastic pollution a real concern for soil health?

Summary of main outcomes on effects of plastic
on soil properties from controlled experiment studies

5

Number of studies reporting
no significant effect on soil
properties

Number of studies reporting
at least one significant effect
on soil properties

. Number of studies for which

149

Number of studies that only
tested concentrations above
0.05% of plastic in soil

Number of studies that also
tested concentrations below
0.05% of plastic in soil

the exposure levels could not
be quantified

Altera physical, chemical, and biological soil

properties

Effects occur at <0.05% plastic
concentration (within environmental range)

Independent of plastic type, size, or origin



3. What changes can plastic cause in soil chemical and physical properties?

" Most studies focus on plastic residues from mulching films.
©Bayreuth University Py : ARV

" Changes soil structure, pH, microbial activity

= Affects water retention,

Nutrient speciation and cycle (especially N)

" |mpacts occur at as low as 0.001% plastic



4. Can soil plastic pollution affect plant health and crop production?

It can I n h I b |t5 grOWth; n Ut rie nt b u dgets in FIGURE7. Proportion of studies on plant effects conducted in realistic exposure scenarios
plant tissues

Reduce chlorophyll concentrations

8%

Alter nutritional balance

. Significant effect observed

Increase concentration of stress metabolites

No effect observed

Increases bioavailability of toxins

Effects on growth mainly observed in pot and
mesocosm studies W s e

. Studies that tested concentrations equal

Physiological responses observed also in field o cnd below 0.08% of pasic nsol B oot ctsoro

No effect observed

Impacts occur at as low as 0.001% plastic



5. Are current level of plastic in soil safely below effect thresholds?

0.1% of plastic in soil
10 4

= NO! Concentrations measured in soil overlaps with

I
levels that can affect soil properties and plants and L .0.01%

Risk zone

crop health
3 iu'o'

0.0001%

Overlap occurs in the range:
0.001%-0.1% of plastic in soil

CATEGORY OF PLASTIC EXPOSURE



6. Can plastic debris and their associated chemicals be transferred to crop?

FIGURE 10. Prevalence of plastic chemical additives in studies on uptake in edible plants

" Up to April 2024 - 33 studies investigated
uptake of nano- and microplastics and of N N
plastic-related chemicals by crops. \'\ <

" Nearly all of them produced evidence
that both plastic-related chemicals.

" Plastics & additives can move from soil to  gserenoia
crops

\‘ Brominated flame
\\
& retardants

" Plants absorb micro/nanoplastics & Phenanthrene
chemicals via roots Nonyiphenol S —

PFAS S/ D — . retardants

= Some evidence of transfer to edible parts



7. Are biodegradable plastics safer alternatives?

In 2024 — 33 studies

Can still impact soil health & plant growth, similar
to conventional plastic

Effects at as low as 0.02% plastic in soil
Risks: incomplete degradation, microplastics,

addltlveS AccV SpotMagn Det WD F——— 50pum
200kV 3.0 400x SE 82

Microfragment of a PBAT mulching film observed at
scansion electron mictrosope (image: University of nsubria)

Need precautionary approach & long-term studies
They are not readily degradable in Nordic Conditions



In conclusion

* Strong evidence of potential harm at current environmental
exposure

* Global problem and data gaps
* Important Nordic specificities
» Slow degradation of biodegradable plastics,

» Circularity in farming adding plastic pollution (sewage
sludge, compost digestates)

» Expanding use of plastics (self-sufficiency in greens
production)

* Food safety concerns from plastic transfer to crops
e Call for precautionary principle and policy action

Plastic pollutionis a concern for soil health and for
agricultural sustainability
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Soil microplastics monitoring
methods and results from the
pilot monitoring study in
Europe

Rachel Hurley

Norwegian Institute for Water Research
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lastic in Agricultural Production: Impacts, Lifecycles, and LT
g-term Sustainability

Horizon 2020 Research and Innovation Action project
Funded under the topic: SFS-21-2020 Emerging challenges for soil -
management [B] Use of plastic in agriculture

June 2021 - May 2025 (48 months)
20 partners from 12 countries

Total budget: €7.27 million

Coordinated by Norwegian Institute for Water Research (NIVA)
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Approach for
monitoring
microplastics in

Summary of results
for soil
microplastics




Sampling of 73 agricultural fields
in 7 European countries

Sampling along gradients of agricultural plastic use, soil
management, and biogeography

Selection of fields based on
4 source categories related to potential
microplastic inputs

Application of

Application of ~ compost/digestate products

Compost/digestate products
sewage SIUdge suspected to be contaminated by
microplastic based on waste streams
relevant to the country or region

No history of

plastic exposure
No documented use of
agricultural plastics or
sludge/compost application,
representing inputs from
atmospheric deposition

Use of agricultural
plastics

Thin films; conventional,
non-degradable polymers

Fieldwork sampling design
Delineation of a study area within each field and
collection of a composite soil samples, as well as
spatially representative macroplastic and
earthworm sampling

Metadata about each field and information on
plastic exposure, practices, behaviours, and
perceptions will be obtained from a
questionnaire given to the farmers

20m

Soil sampling point

Macroplastic sampling quadrat

Earthworm sampling point for community analysis
Earthworm sampling point for MP analysis
Measure GPS coordinates

~EpElC e



Sampling of 73 a

in 7 European cc¢

Sampling along gradients of
management, and biogeogr

y

Protocol for European
spatial survey (ESS)
sampling in Finland,
Germany, Spain, Greece,
Italy, Norway, and the
Czech Republic

HORIZON 2020 of European Union

The project has received funding from the European Union's
Horizon 2020 research and innovation programme under
grant agreament No. 101000210
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Sampling of 73 agricultural fields
in 7 European countries

Sampling along gradients of agricultural plastic use, soil
management, and biogeography

Selection of fields based on
4 source categories related to potential
microplastic inputs

Application of

Application of ~ compost/digestate products

Compost/digestate products
sewage SIUdge suspected to be contaminated by
microplastic based on waste streams
relevant to the country or region

No history of

plastic exposure
No documented use of
agricultural plastics or
sludge/compost application,
representing inputs from
atmospheric deposition

Use of agricultural
plastics

Thin films; conventional,
non-degradable polymers

Fieldwork sampling design
Delineation of a study area within each field and
collection of a composite soil samples, as well as
spatially representative macroplastic and
earthworm sampling

Metadata about each field and information on
plastic exposure, practices, behaviours, and
perceptions will be obtained from a
questionnaire given to the farmers

20m

Soil sampling point

Macroplastic sampling quadrat

Earthworm sampling point for community analysis
Earthworm sampling point for MP analysis
Measure GPS coordinates

~EpElC e



Well-developed protocol for harmonised sampling across different
countries and sampling teams

20m

Maximising sampling effort to obtain corresponding information
about several parameters

Delineated plot within fields, avoiding field margins. Guidelines for
selecting the plot. 20 x 20 m size selected within the field.

=5m

20m

15 soil sampling points to create a composite that aims to account
for spatial heterogeneity in the field

Sampling depth of 10 cm — within the ploughing depth for all fields

Metal tools: soil auger with same diameter used for all sampling ® Soil sampling point

™ Macroplastic sampling quadrat

I Earthworm sampling point for community analysis
"P/L Lo“ NII/'

71 Earthworm sampling point for MP analysis
X Measure GPS coordinates




Contamination control

Extra glass jar kept
open for duration of
subsampling to track
background
contamination: field
blanks

Natural fibre clothing Precleaned glass Metal equipment for
where possible, and containers for all soil homogenising and
.aov 2, cotton overalls samples subsampling

)
o a
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Soil sample

Homopenisation
h 4
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MP extraction
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QOxidation of organic matter, degradation of soil sggregates
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No clear dominant input from the 3 source categories

Agricultural plastics contributed between 18-40% of MP in
the corresponding fields, and levels from all source
categories overlapped with control fields

Atmospheric deposition, amongst other potential inputs,
may represent an important contribution to soil MP levels.

Examining levels observed in control fields revealed a
North-South gradient in concentrations.

O N
ot eoe
o Q

> 2




Effect threshold, % (w/w)
0.000001 0.00001  0.0001 0.001 0.01 0.1

Plants

Invertebrates

Microorganisms

Soil properties

Agricultural plastics
Sewage sludge
Compost

Reference field

0.000001 0.00001  0.0001 0.007 0.01 0.1
MP pollution in European soil, % (w/w)
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Effect threshold values for at least plants have already
been reached in most fields in all management categories.

The highest concentration observed in this European
survey exceeds the effect threshold value for all four
endpoints.

This emphasises the urgent need for immediate action to
safeguard agricultural soils in Europe, and beyond.



Thank you for listening!
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Effects of soil microplastics on plants
and soil microbial communities

Nordic AGRIFOODPLAST Network webinar on soil plastic pollution
and policy in the Nordics

December 8th, 2025
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Systematic literature review: Nano- and microplastics commonly cause adverse
impacts on plants at environmentally relevant levels

Exposure to NMPs

° Various effects on terrestrial plants Germination - Early growth Plant growth Enzymes and biomarkers General pattern for most
tested plants -
» species specific effects on germination and growth .o | corn, lettuce, rice and wheat
o Shoot Shoot Stress indicators[:0-0:]
* frequently up-regulated stress levels within plants toogth 1 | > e T - Biomass
. . Stress respondents {7
» trigger plant stress responses, even at environmentally giomass 1 | duep ' poncents & t 'l' _—
relevant levels U|c;”
Seedling
Germination tength 1 l — e~
> Highlights the need for realistic studies to better o - ] [ o
understand real-world impacts of NMPs on plant health = 4 S f t ,‘ —
Y Chlorophyll
i

Root/Leaf
characteristics

¥
Publication:

Zantis L. J., Borchi C., Vijver M. G., Peijnenburg W. J. G. M., Di Lonardo S. & Bosker T. (2023). Nano- and microplastics commonly cause

adverse impacts on plants at environmentally relevant levels: A systematic review. Science of the Total Environment, 867: 161211. DOI:
10.1016/j.scitotenv.2022.161211




Pot-plant experiment: Comparing the impact of microplastics derived from a
biodegradable and a conventional plastic mulch on plant performance

Study design A. Seed germination and early development Main findings

Conventional and biodegradable MPs
* impact on early development of lettuce and carrot
* only limited chronic effects recorded on plant growth of
barley and lettuce
* chronic exposure resulted in increased chlorophyll
content in lettuce

~
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- Bud blomass More noticeable impacts

» both conventional and biodegradable MPs can affect early L o effect e Yotieatle ngs
. . . . f_,. LJ Ap ok
plant development, with biodegradable plastics causing e
experiments chronic exposure
Stronger adverse effects S B. Plant growth and chlorophyll analysis
wheat lettuce /_\ /\
lasti Shoot wet weight
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Publication

Zantis L. )., Adamczyk S., Velmala Sannakajsa M., Adamczyk B., Vijver M.G., Peijnenburg W. J. G. M. & Bosker T. (2024).
Comparing the impact of microplastics derived from a biodegradable and a conventional plastic mulch on plant
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performance. Science of the Total Environment, 935: 173265. DOI: 10.1016/j.scitotenv.2024.173265




Mesocosm: Biodegradable microplastics induce profound changes in lettuce (Lactuca
sativa) defense mechanisms and to some extent deteriorate growth traits

PBAT biodegradable microplastics in CLIMECS near-field Tow =15

condition experiment S g o

 BD-MPs affect biochemical traits and to a lesser extent ﬁmeﬁ‘oﬂs i?; -
growth of lettuce L f;’; _

11
Negative effect on_biochemical traits

chlorophyll

lipid peroxidation

stress signalling hormone

total phenolic content

reactive oxygen species-scavenging
enzymes

e proteins

* We highlight potentially negative effect of BD-MPs on
lettuce health

Negative effect on plant's growth traits
¢ shoot weight

» specific leaf area

* necrotic tissue

« Cand N content

Reference material
* Polybutylene adipate terephthalate (PBAT) film fragments

Treatments:
* control no microplastic

e 0.025% biomicroplastics

e 0.05%  bilomicroplastics

e 0.2% bromicroplastics

. 7 ON > * 0.8% biomicroplastics
0" <
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Publication
Adamczyk S., Zantis L. J., Loon S. van, Gestel C. A. M. van, Bosker T., Hurley R., Nizzetto L., Adamczyk B., & Velmala S. (2024).
Biodegradable microplastics induce profound changes in lettuce (Lactuca sativa) defense mechanisms and to some extent

deteriorate growth traits. Environmental Pollution, 363, 125307. DOI:10.1016/j.envpol.2024.125307
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Mesocosm: Exposure to PBAT-BD-MPs alter microbiome composition and function

Booegaoatle 0 e | Investigation of microplastic effects
m'm:p as.'cs iy in mesocosm scale
@
PBAT biodegradable microplastics (BD-MPs) in CLIMECS near-field condition experiment _
* slightincrease in soil pH Microbiel Microbal Micobil
. i i i . i i i i composifion/structure diversity activity
» diversity of soil bacterial and fungal communities increased with increasing PBAT- Mesocosm experiment
BD-MP concentrations w0
* bacterial and fungal community composition differed between the control and 200
0.8 % PBAT-BD-MP treatment 100 g
* Notable changes included a significant rise in L
* The bacterial phylum Planctomycetes 60
* The fungal phyla Ascomycota and Mortierellomycota “f5:
0
* Carbon mineralization and SIR showed a significant increase at the 0.8 % PBAT-BD- as|C N kc %
150 | D _. H *z
Q31ON <o 1o SO BN - a - ﬂ _”“ = "J =h
L Publication w| T: @EEE T
Kim, Smidova, van Loon, van Gestel, Rillig, Fritze, Velmala, Effects of o

0 0.025 005 0.2 0.8 1] 0025 005 0.2 0.8
biodegradable microplastics on soil microbial communities and activities: PBAT-BD-MP concentration (%)

Insight from an ecological mesocosm experiment, Science of The Total
Environment, 2025, https://doi.org/10.1016/j.scitotenv.2025.179288.



FIELD: Conventional and biodegradable agricultural microplastics: effects on soil
properties and microbial functions across a European pedoclimatic gradient

- [oPE(PE)] | 8, PBAT-BD (Bio) }

Basal respiration Spain 2023 ::::: popddttade
F 1 Hn.

MP effecst on Soil Microbial Communities L . ¢ ‘- .
. . . . . .. . . L."‘-.:‘._ . “‘
* Microbial activity is a more sensitive indicator of MP effects than E i SR H S e
. . . <ot T "-.u e b. ‘ '.'. ‘_ }
diversity metrics Parvm——
- ontro

* 0.005% (PEL, BioL)
« 0. 05%(PEH BioH)

* Microbial activity (BR, SIR) decreased systematically with MP, even
without major diversity changes
* Cand N mineralization suppressed, especially in Spain
» Likely toxic effects on fungi, not bacterial promotion
* linked to reduced soil aggregation
* Germany: Reduced fungal diversity in high PE and PBAT-BD

1 3
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Substrate-induced r P ——— o ——

Spain 2023

..; 3

Microbial activity

Soil properties

Soil aggregation
Microbial community
Fungal biomass
Litter decomposition
Greenhouse Gases

treatments (2022) ol \ N to—r——
* Spain: Significant fungal biomass decline in 2022 for PE and B
PBAT_BD_ treatment _ _ _ 2 Seasons (year 2022 and 2023)
* MPscreate mlcrohaF)!tats for plastic-degrading mlclrobes 5 treatments an 25 plots:
» Effects are 5|te—'speC|f|c and may accumul-ate over time - . Control {without microplastic)
* PBAT-BD impacts stronger due to higher degradability +  PE low 0.005%, PE high 0.05%
20 N o * PBAT low 0.005%, PBAT high 0.05%
o °

© _ i Publication
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<3 ~ Adamczyk B., Nikama J., Kaseva J., Saartama V., Amelung W., Hurley R., Hofman J., Nizzetto L., Selonen S., Velmala S.
& Conventional and biodegradable agricultural microplastics: effects on soil properties and microbial functions across a
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Conclusions

Even at environmentally relevant levels, MNP trigger plant stress responses
Both conventional and PBAT-BD-MPs can affect early plant development
o biodegradable plastics causing stronger adverse effects
o potentially negative effect of PBAT-BD-MP on lettuce health
» decreased chlorophyll levels (nitrogen deficiency)
» increased oxidative stress and changes in plant defense mechanisms

In the field we observed up-regulated stress levels within plants, and only slight
effect on plant physiology
o effects on plants are context-dependent and vary due to soil and
atmospheric conditions
o effects depends on plastic concentration and type

The increase in soil respiration correlated with
increasing PBAT-BD-MP concentration

Alpha diversity of the bacteria and fungi increased
with increasing PBAT-BD-MP concentration

In the field C and N mineralization is suppressed
under MP, especially in Spain

Microbial activity is a more sensitive indicator of MP
effects than diversity metrics

Microbial activity (BR, SIR) decreased systematically
with MP, even without major diversity changes

sannakajsa.velmala@Iuke.fi
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