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Abstract

Synergistic action between some synthetic pesticides has been known for several decades. In parallel to heightened awareness
of pesticides negative side effects, global interest in bioinsecticides (botanical, microbials, and arthropod venoms) has been
raised. Synergistic interactions between different bioinsecticides, bioinsecticides and synthetic insecticides, and among
specific components in botanicals have led to a significant reduction in pesticide use, environmental pollution and pesticides
resistance management. Findings demonstrate that biopesticides may influence non-target organisms, especially natural
enemies and pollinators. However, the potential negative consequences associated with synergistic action among synthetic
insecticides and bioinsecticides or mixtures of bioinsecticides on nontarget arthropod species remain debatable. Furthermore,
the wide range of taxonomic groups for which such synergistic interactions have been identified, suggests that this action
could also happen in nontarget organisms.
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Table 1: Examples of synergistic action between synthetic insecticides and bioinsecticides in insect pest species

Pest species Bioinsecticide/ Synergist Pesticide (synergized) Antagonism Reference

Musca domestica Terpenoids Permethrin/methomyl 4 Baker et al., 2023

Myzus persicae Essential oils/ Terpenoides Imidacloprid/spirotetramate 4 Faraone et al., 2015
Tribolium castaneum Essential oils Phosphine — Khaliq et al., 2020
Cimex lectularius Terpenoides deltamethrin — Gaire et al., 2021

Clothianidin/naled/natural pyrethrins/
Aedes aegypti Essential oil permethrin/pirimiphos 4 Norris & Bloomquist, 2023
methyl/sulfoxafluor
Aedes aegypti Essential oils Permethrin Chasang et al., 2018

Musca domestica and
blow flies
Blatella germanica

Culex quinquefasciatus

Essential oils
Essential oils

Abamectin

Permethrin/deltamethrin
b-cypermethrin

Fenproprathrin

Suwannayod et al., 2019

Zhu et al., 2024

Lucas et al., 2024; Unlu et al.,
2024
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Table 2: Examples of synergistic action between different groups of bioinsecticides in insect pest species

Pest species

Bioinsecticide /Synergist

Sitophilus zeamais
Spodoptera litura
Anopheles gambiae

Aedes aegypti

Drosophila melanogaster
Aedes aedes

Megalurothrips usitatus
Spodoptera litura

Plutella xylostella

Essential oil
Terpenoid/ Essential oils
Essential oils

Sodium channel-directed
alkaloids

Spider venom peptides
Essential oils

Matrine (alkaloid)
Matrine (alkaloid)

1,8-cineole (terpene)

Pesticide(s) synergized Antagonism Reference
Essential oils — Santana et al., 2022
Terpenoids/essential oils v Kim et al., 2021
Essential oils 4 Wangrawa et al., 2023
Natural pyrethrins — Norris et al., 2022
Nicotine/peptides v Bloomquist ef al., 2023
Natural pyrethrins 4 Norris et al., 2021
Akanthomyces attenuates v Wu et al., 2021

(entomopathogenic fungus)

Beauveria brongniaratii

(entomopathogenic fungus)

Matrine and oxymatrine
(quinolizidine alkaloids)

Wu et al., 2019

Xu et al., 2023

1,8-cineole (terpene)
p-cymene (terpene)

Trichoplusia ni
Musca domestica

Tak & Isman, 2015
Yoon & Tak, 2023

Camphor (terpene) —
thymol (terpene) —
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