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of EOs were also inves�gated on plants and on two entomophagous insect species used in biological 
control applica�ons (i.e. Nesidiocoris tenuis and Aphidius colemani). Finally, we assessed the poten�al 
ac�va�on of plant defenses mediated by EOs and the cascading effects on the related food networks. 
Most of the assayed EOs caused significant mortality on insect pests and the es�mated lethal 
concentra�ons varied significantly. Fennel and anise EOs caused significant mortality on T. absoluta, 
while garlic was the most effec�ve  against A. gossypii. Although most EOs had negligible toxicity on 
tomato and sweet pepper plants, they showed a changing selec�vity towards tested predators and/or 
parasitoids. Foliar applica�ons of garlic and peppermint EOs ac�vated defense signalling pathways and 
triggered different behavioral responses on pests and natural enemies in olfactory trials. Our findings 
disclose new advances in the current understanding of EOs for plant protec�on strategies in the 
Integrated Pest Management framework of modern cropping systems. 
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Nega�ve impacts of chemical pes�cide, social demand (healthier food), organic farming organiza�on, 
rising costs of inputs linked to oil market and their importa�on (in Africa), and the circular economy 
approach are a few arguments/opportuni�es that underlie the roll-out of alterna�ve solu�ons, including 
botanicals. Technology readiness levels (TRLs) offer a means to rate relevance of these solu�ons in the 
process from plant iden�fica�on and local knowledge to large-scale use of plant extracts. Op�ons range 
from do-it-yourself (homemade prepara�ons) - o�en based on smallholders' tradi�onal know-how - to 
applica�on of commercial input formula�ons. The constraints to be overcome vary in scope: technical 
(biomass availability/sustainability, extrac�on, chemical analysis, standardiza�on, formula�on), societal 
(grower and consumer percep�on/acceptability, labour demand, gender issue), and regulatory 
(adapta�on, environmental/ecotoxicological aspects). The following are a few examples of TRL ra�ngs 
in terrestrial insect management: aqueous extracts of Tephrosia vogelii in Malawi and Tanzania (TRL 4-
5), organic extracts in Brazil (Annonaceae, TRL 3-4), essen�al oils of Piper borbodense in Réunion (TRL 
3-4) and of Piper aduncum in the western Amazon (TRL 5-6). In Brazil, the use of commercial 
formula�ons (Orobor, Orange Power, etc.) derived from agroindustrial residue processing (orange oil) is 
an example of a TRL 9 ra�ng. Poten�al solu�ons are presented to foster individual or collec�ve (e.g. in 
African villages) usage (blends, mixtures with chemical pes�cides, quality control) and the pathway 
towards cer�fica�on. In par�cular, the crea�on of specific regulatory categories (e.g. basic substance) 
within the framework of the European regula�on EC n°1107/2009 could help facilitate the adop�on/use 
of plant-based extracts.   
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