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Natural products for biocontrol: Fate in the environment and impact on biodiversity
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Biocontrol solutions

Microorganisms (examples)

• Bacillus amyloliquefaciens 

Biocontrol solutions

Natural substances (examples) Acaricides ( 174)

• Abamectin • Acetic acid • Cerevisane • Diatomaceous earth • Spinosad • Blood meal • COS-OGA • Fish oil • Sheep fat • Disodium phosphonate • Ferric phosphate • Iron sulfate • Kaolin • Paraffin oil • Potassium hydrogenocarbonate • Potassium phosphonate • Quartz sand • Sulfur • 6-benzyladenine • Caprylic acid • Eugenol • Fatty acids • Garlic extract • Geraniol • Gibberelins • Heptamaloxyloglucan • Maltodextrin • Orange oil • Pelargonic acid • Pyrethrins • Rape oil • Terpenoids mixture • Thymol

Plants

Nematicides ( 123)

Bactericides ( 105) Herbicides ( 20) Molluscicides ( 20)

 Huge number of papers / insecticides, fungicides  Very low number of papers / herbicides, molluscicides  Consistency between the number of papers and the sale volumes (France case study), except for molluscicides

Contamination of the environment by biocontrol solutions

p. 17

• Biocontrol compounds are very rarely searched in the environment

• Some of them are naturally present: fatty acids, potassium hydrogen carbonate, aluminum silicate, sulfur...

 Fraction coming from products / native fraction?

• Some compounds have a chemical nature that is not compatible with analytical monitoring: blood meal, fish oil, sheep fat... • Chronic effects?

Contamination of the environment

• "Cocktail" effects?

• Effects on ecological functions and ecosystem services?

• Nanoparticules?

• Risk assessment and regulation?

• Management of potential invasion?

• Biocontrol / conventional PPPs?

 Biocontrol is a promising alternative to conventional PPPs, but it depends on the type of solution (and lack of herbicide solutions)

 Numerous research still remains to be done © Lucile Wargniez p. 37
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 11 -7-dodecen-1-yl acetate (E)-8-dodecen-1-yl acetate p. Biocontrol market booming : 12% of PPPs market in 2020, 30% expected in 2030 (IBMA, 2021) Agency for Food, Environmental and Occupational Health and Safety

(••••••••

  Very few results for exogenous biocontrol substances that can be measured in the environment ©Lucile Wargniez p. 18 5 th congress Natural products & Biocontrol 2022, Perpignan Mamy et al. -23 sept. 2022 Vettori et al., 2003) Forest Fate of biocontrol solutions in the environment p. 20 Fate in the environment Natural substances  Lack of persistence and mobility data for several substances DT50: Degradation half-life in soil Koc: Adsorption coefficient in soil • Many natural substances have a low persistence in the environment  The degradation may produce transformation products (abamectin, spinosad) • Some substances are immobile contrary to others having high mobility  Risk of groundwater contamination Persistence in the short term well known (efficacy) • Persistence in the long term? Microorganisms • Fungal-based insecticides are persistent in the environment (Meyling and Eilenberg, 2007)• Persistence of Bt insecticide several months and years(Tetreau et al., 2012; Bruhl et al., 2020; Liu et al., 2021) • Fungal-based and bacteria-based fungicides are not persistent(Kohl et al., 2019) microorganisms(Ferreira et al., 2003)  Development of drosophila(Babin et al., 2020) Survival, longevity, pollen consumption and physiology of bees(Dai et al., 2012) No transfer along the maize-slug-carabid food chain Reproduction of carabids(Harwood et al., 2006)  Arthropod food resources for birds (Awkerman et al., 2011; Poulin and Lefebvre, 2018) Batracian larvae (Weeks and Paris, 2020) Soil arthropods (Beck et al., 2004) Spiders (Bajwa and Aliniazee, 2001) Limited impact of microorganisms on soil micro-biodiversity, except for Bt • Some effects of fungi on various organisms  Need of more data: Affect the biodiversity through their mode of feeding, their ability to move and their ability to reproduce Macroorganisms Introduction to impose top-down population regulation of pests, in particular aphids Macroorganisms Example of Harmonia axyridis predator escape  Illustration of what should not be done in biocontrol Invasion (Lombaert et al., 2014) High complexity of modes of action • Interactions among them or with local organisms • Direct interactions: predation, parasitism, hybridation • Indirect interactions: competition for resources • Change in host or preys Macroorganisms Main conclusions  "Cocktail" effects on local biodiversity?  Effects on ecological functions and ecosystem services? In general, natural substances have a low ecotoxicity • But, some of them have high ecotoxicity (abamectin, spinosad...) • Lack of data for numerous substances  Need of more data: Biocontrol solutions seem to have lower ecotoxicity than conventional PPPs, but there are some exceptions  Need of more data High persistence of some insecticides (Bt), low persistence of fungicides • Some observed effects • Change in soil biodiversity? • Invasion of non native species? Low persistence in the environment • Low ecotoxicity / conventional PPPs •  Abamectin, spinosad, pyrethrins • Contamination? ©Lucile Wargniez Macroorganisms • Direct effects: predation, hybridation • Indirect effects: competition / resources • Decrease in local biodiversity (H. axyridis) • Persistence in the long term? p. 36 5 th congress Natural products & Biocontrol 2022, Perpignan Mamy et al. -23 sept. 2022 Conclusion (2/2)• Contamination?

  

  

  

  

  

  

  

  

  

  

  

  

  

Query 1 General

  

	Unspecific keywords / Biocontrol	French list of biocontrol of the Rural Code and plant protection products	French decree	Macroorganisms notices
		Maritime Fishing		
			Biocontrol macroorganisms in France, state of the art
	Biological control	Bacillus thuringiensis	Adalia bipunctata
	Biocontrol	Beauveria bassiana	Bombus terrestris
	Semiochemical	Trichoderma asperellum	Chrysoperla carnea
	Natural extract	Straight chain lepidopteran pheromone	Harmonia axyridis
	Plant extract	Abamectin	Leptomastidea abnormis
	Natural substance	Acetic acid	Orius laevigatus
	Biopesticide, etc.	Eugenol	Osmia bicornis
		Heptamaloxyloglucan, etc.	Trichogramma achaeae, etc.
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Microorganisms

• Earthworms, enchytraeids (Kolar et al., 2008;EFSA, 2020) • Ladybirds (James, 2003) • Parasitoids, predators (Gradish et al., 2011) • Terrestrial vertebrates (EFSA, 2020)

• Ants, aquatic organisms, bees, earthworms (EFSA, 2013) • Frogs (Oliveira et al., 2019) • Spiders (Marliac et al., 2016) • Terrestrial vertebrates (EFSA, 2013) • Thrips (Nikolova et al., 2015) • Aquatic invertebrates (EFSA, 2009) • Ladybirds (Karagounis et al., 2006) • Soil microorganisms (Bundy et al., 2004) • Earthworms (Erlacher et al., 2013) • Spiders (Bajwa and Aliniazee, 2001) • Ants (Pereira et al., 2010) • Daphnia (Duchet et al., 2010) • Drosophila (Martelli et al., 2022) • Earthworms (EFSA, 2018) • Forficula auricularia (Malagnoux et al., 2015) 

Sulfur

• Enchytraeids (Ohtonen et al., 1992) • Ladybirds (Sutherland et al., 2010) • Soil microorganisms (Czerwonka et al., 2017) • Soil microorganisms (Telesinski et al., 2015) •