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Abstract

Background and Objective: The extensive use of chemical pesticides, despite
improving crop yields, has led to persistent contamination of water and soil,
biodiversity decline, and human health risks. Microalgae and cyanobacteria
offer a dual functionality—production of biopesticides and degradation of
pollutants—yet an integrated analytical comparison of these roles is lacking.
This review aimed to analyze the evidence to identify which strains and
metabolites possess the greatest potential to replace or reduce high-risk chemical
pesticides, and to highlight existing research gaps.

Materials and Methods: This narrative and integrative review searched
PubMed, Scopus, Web of Science, and Google Scholar for articles published
between 2020 and 2025 using the keywords "microalgae,” "cyanobacteria,”
"biodegradation,” "bioremediation," and "biopesticide." Studies were included if
they provided quantitative data on pesticidal efficacy or enzymatic degradation
rates and clearly identified the algal or cyanobacterial strain. From
approximately 100 retrieved records, 58 met the inclusion criteria. Extracted
evidence was organized and analyzed by pesticide class, mechanism of action,
and algal strain."

Results: The analysis revealed that Spirulina platensis and Sargassum
wightii exhibited the highest insecticidal and antibacterial activity in vitro,
respectively, whereas Nostoc muscorum and Coleofasciculus
chthonoplastes were most efficient in degrading organophosphate pesticides
(chlorpyrifos and malathion). Notably, field-condition degradation rates were,
on average, 45% lower than laboratory-based data. The predominant pesticidal
mechanism was photosynthetic inhibition via cyanobacterin, while enzymatic
degradation was primarily driven by phosphotriesterase-mediated hydrolysis. A
critical research gap identified was the lack of pilot-scale studies on combined
formulations and chronic toxicity assessments on non-target organisms. The
overall evidence weighting suggests that current research prioritizes
"biodegradation,” while "biopesticide development"” remains at an early stage.
Conclusion: This review confirms the proven dual potential of microalgae and
cyanobacteria in biopesticide production and pesticide bioremediation.
However, bridging the gap between laboratory success and field application
necessitates targeted research on formulation optimization, environmental
stability of metabolites, and long-term safety evaluations.
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