
The Agricultural Cocktail Effect: How 
Microplastics Alter Pesticide Behavior in Soil

D. Voccia1, L. Lamastra1

1Università Cattolica del Sacro Cuore (Italy)
Corresponding authors: diego.Voccia@unicatt.it, Lucrezia.Lamastra@unicatt.it

References

[1] Tang, K.H.D. Effects of Microplastics on Bioavailability, Persistence and Toxicity of Plant Pesticides: An Agricultural Perspective. Agriculture 2025, 15, 356. https://doi.org/10.3390/agriculture15040356
[2] Demirci, O. (2025). Interactions Between Various Classes of Pesticides and Microplastics. International Journal of Agriculture, Environment and Food Sciences, 9 (Special): 321–327. https://doi.org/10.31015/2025.si.31
[3] Qian Pang, Nuohan Xu, Bingfeng Chen, Qi Zhang, Guoyan Qin, Ziyao Zhang, Mengwei Zhang, Rongshe Zhang, Liwei Sun, Tao Lu, Ziang Yao, Haifeng Qian; Assessment of the Effects of Biodegradable and Nonbiodegradable Microplastics Combined with Pesticides on the Soil Microbiota. J. Agric. Food Chem. 12 November 2025; 
73 (45): 28678–28688. https://doi.org/10.1021/acs.jafc.5c07598
[4] Peña A, Rodríguez-Liébana JA, Delgado-Moreno L. Interactions of Microplastics with Pesticides in Soils and Their Ecotoxicological Implications. Agronomy. 2023; 13(3):701. https://doi.org/10.3390/agronomy13030701
[5] I. Boughattas, F. Vaccari, L. Zhang, F. Bandini, B. Miras-Moreno, O. Missawi, S. Hattab, M. Mkhinini, L. Lucini, E. Puglisi, M. Banni, Co-exposure to environmental microplastic and the pesticide 2,4-dichlorophenoxyacetic acid (2,4-D) induce distinctive alterations in the metabolome and microbial community structure in the gut 
of the earthworm Eisenia andrei
Environ Pollut, 344 (2024), Article 123213
[6] Stathis Lagos, Eleni Lamprou, Hongfei Liu, Clemence Thiour-Mauprivez, Joana MacLean, Myriel Cooper, Ayme Spor, Fabrice Martin-Laurent, Matthias C Rillig, Dimitrios G Karpouzas, Interactions of microplastics with pesticides and anthelminthics mediate undesirable effects on microbial nitrogen cycling in 
agricultural soils, FEMS Microbiology Ecology, Volume 101, Issue 11, November 2025, fiaf104, https://doi.org/10.1093/femsec/fiaf104

ECOLOGICAL IMPACT

Earthworm Ingestion:
Magnified desorption of 

concentrated pesticide doses 
directly into gut, driving cellular 

inflammation.

Crop Stunting:
Joint contamination drastically 

reduces crop germination rates.

Farmer Over-Application Loop:
Trapped chemicals mimic low 

efficacy, driving farmers to apply 
hazardous, higher doses.

Microbiome Alterations:
Abrupt disruption of nitrogen-

cycling microbes, threatening long 
term fertility.

THE CORE PROBLEM

THE THESIS: Microplastics (MPs) and pesticides create a dangerous 
“cocktail effect” in agricultural soils, completely altering chemical 
behavior.
THE MECHANISM: Higly hydrophobic, large-surface-area MPs act 
as chemical sponges that tightly bind, transport, and modify 
pesticide toxicity.

THE FLAW: Traditional environmental risk models treat these 
contaminant streams independently. We must map their synergistic 
impact.

STRATEGIC CONCLUSIONS

NO MONOLITHIC RISK: Regulatory 
frameworks must stop treating microplastics 
as a single variable. Outcomes depend strictly 
on polymer-chemical pairings.

ACTIONABLE STEP: Transition immediately to 
thoroughly validated, non-persistent mulch 
alternatives.

CALL TO ACTION: Adapt future pesticide risk 
assessment models to explicitly include 
pastic-chemicals synergies.
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