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Evaluation of bio-based alternatives and natural biocides against azoles to
mitigate fungal resistance in crops
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(1) Introduction (iv) Biobased alternatives

@ Biopesticides: Use natural enemies like Bacillus thuringiensis or fungi;

Around 120,000 tons of azoles were marketed in the European countries

(2010-2021), with 99% used in agriculture. safer for non-target species and environment.
Overuse has led to azole-resistant Aspergillus spp., especially A. ® Biostimulants: Natural compounds that boost plant growth
fumigatus, with clinical resistance rates ranging from 0.7% to 63.6%, and and stress tolerance (e.g., drought or salinity).
mortality rates up to 100%. _ _ _ m Biofertilizers: Living microbes (e.g., rhizobacteria or
Environmental hotspots for resistance include agricultural waste and hi that i trient untake and soil health
biocide-treated wood. mycorr -|zae) ?1 improve nutrient uptake and soil health.
Substances like epoxiconazole, heavily used in crops, are now under ® Semiochemicals: Pheromones, allelopathy and other
regulatory scrutiny and may be banned. communication chemicals to disrupt pest behavior (e.g., mating).
This review explores biobased alternatives to reduce azole dependence m Plant-based products: Essential oils and bioactive extracts with
and support sustainable crop protection. antimicrobiall properties (e.g., lavender or Mentha piperita L.)
. - . - - ® Genetically modified crops: Plants modified for pest resistance using
(") EpldemIOIOglcal CyCIe Of Asperglllus Spp microbial genes (e.g., cry proteins from Bacillus thuringiensis).
A ®m Cultural practices: Crop rotation, intercropping, and mechanical
wvcoroxry g i md et Management strategies controls to reduce disease/pest pressure.
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(i) Mechanisms of azole resistance in B
phytopathogenic fungi

Limited; can disrupt IPM

Integrated Pest systems Highly compatible with TPM
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The way forward relies on the continued
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