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Introduction
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Context

Introduction

© Lucile Wargniez

�‡ Preservationof biodiversity and ecosystemservicesis critical
for sustainabledevelopmentandhumanwell-being

�‡ Unprecedentederosionof biodiversityobservedfor manyyears

�‡ Chemicalpollution, includingplant protection products(PPPs),
isoneof the maincauseof biodiversitydecline(IPBES,2019)

https://www.inrae.fr/en/news/impacts-plant-protection-products-biodiversity-and-ecosystem-services-findings-inrae-ifremer-collective-scientific-expert-report

�¾ French collective scientific assessment(scientific literature
survey): Impactsof PPPson biodiversityandecosystemservices
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Collective scientific assessment on the impacts of PPPs on biodiversity and ecosystem services

Introduction

©Lucile Wargniez

MainlandFrench overseas
territories

Agricultural 
areas

Non-agricultural 
areas

Atmosphere

Marine aquatic
environment

Continental 
aquatic

environment

Terrestrial
environment

PPPs
conventional, 

biocontrol

�¾ Contamination
�¾ Landuseandtransfers
�¾ Effectson:

�‡ Primaryproducers
�‡ Microorganisms
�‡ Terrestrialinvertebrates
�‡ Aquaticinverterbrates
�‡ Terrestrialvertebrates
�‡ Aquaticvertebrates

�¾ Propagation
�¾ Ecosystemservices
�¾ Biocontrol
�¾ Modelling
�¾ Regulation

�¾ Biocontrol:Set of crop protection methods defined as agents and products using natural mechanisms in 
the context of integrated pest management
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Objective

�¾Todeterminethe sustainabilityof biocontrol solutions

Approach

�¾ Toreview:

�‡ Thecontaminationof the environmentby biocontrolsolutions

�‡ Thefate of biocontrolsolutionsin the environment

�‡ Theeffectsof biocontrolsolutionson the biodiversity

�‡ The effects of biocontrol solutions compared to those of
conventionalPPPs

Objective and approach

Introduction

© Xavier Remongin/ agriculture.gouv.fr 
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Biocontrolsolutions
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Predators

Biocontrolsolutions
Macroorganisms(examples)

Aphidoletes
aphidimyzaAdaliabipunctata

Chrysoperla
rufilabris

Macrolophus
pygmaeus

Cryptolaemus
montrouzieri

Forficulaauricularia

Parasitoids Nematodes

Heterorhabditis
indica

Steinernema
carpocapsae

Diachasmimorpha
tryoni

Lysiphlebus
testaceipes

Opius
arisanus

Trichogramma
brassicae

Trichopoda
pilipes Trissolcusbasalis
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Biocontrolsolutions
Microorganisms(examples)

�‡ Bacillus amyloliquefaciens
�‡ Bacillus firmus
�‡ Bacilluspumilus
�‡ Bacillus thuringiensis(Bt)
�‡ Bacillussubtilis
�‡ Pseudomonas

�‡ Beauveriabassiana
�‡ Clonostachysrosea
�‡ Metarhiziumanisopliae
�‡ Pythiumoligandrum
�‡ Saccharomyces cerevisiae
�‡ Trichodermaatroviride

Bacteria Fungi Virus

�‡ Cydiapomonellagranulosisvirus
�‡ Pepinomosaicvirus
�‡ Polyhedrosisnucleus virus

Bacillus thuringiensis Trichodermaatroviride
Polyhedrosis
nucleus virus
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Biocontrolsolutions
Natural substances (examples)

�‡ Abamectin
�‡ Aceticacid
�‡ Cerevisane
�‡ Diatomaceousearth
�‡ Spinosad

�‡ Blood meal
�‡ COS-OGA
�‡ Fish oil
�‡ Sheepfat

�‡ Disodiumphosphonate
�‡ Ferricphosphate
�‡ Iron sulfate
�‡ Kaolin
�‡ Paraffinoil
�‡ Potassium 

hydrogenocarbonate
�‡ Potassium phosphonate
�‡ Quartz sand
�‡ Sulfur

�‡ 6-benzyladenine
�‡ Caprylicacid
�‡ Eugenol
�‡ Fattyacids
�‡ Garlicextract
�‡ Geraniol
�‡ Gibberelins
�‡ Heptamaloxyloglucan
�‡ Maltodextrin
�‡ Orange oil
�‡ Pelargonicacid
�‡ Pyrethrins
�‡ Rapeoil
�‡ Terpenoidsmixture
�‡ Thymol

Plants Minerals Animals Microbial
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�‡ Straightchainlepidopteranpheromones

Biocontrolsolutions

FromEFSA (2021)

Semiochemicals(examples)

Tetradecylacetate

(E)-5-decen-1-yl acetate

(Z)-7-dodecen-1-yl acetate

(E)-8-dodecen-1-yl acetate
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�¾Biocontrolmarketbooming: 12%of PPPsmarketin 2020, 30%expectedin 2030(IBMA,2021)

Biocontrolsolutions
Exampleof the France case study

Use of biocontrolsolutions
(% marketshare2020) (IBMA, 2021)
NB : Sulfuris the mostusedsolution

Natural 
substances

Semio-
chemicals

Macroorg.

Microorg.
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Fongicide Insecticide HerbicideNumberof active substances, micro and 
macroorganismsspeciesper fungicide, insecticide 

or herbicide use (DGAL, 2021)
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Bibliographiccorpus
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Bibliographiccorpus
Definitionof queriesand keywords

Query2
Microorganisms, Natural substances,

Semiochemicals

Query3

Macroorganisms

ANSES: French Agency for Food, Environmental and Occupational Health and Safety

Query1

General

Unspecifickeywords /
Biocontrol

French list of biocontrol 
plant protection products 
of the Rural Code and 
Maritime Fishing

Macroorganismsnotices

Biocontrol macroorganismsin France, state of the art

French decree

Biologicalcontrol
Biocontrol

Semiochemical
Naturalextract
Plantextract

Naturalsubstance
Biopesticide, etc.

Bacillus thuringiensis
Beauveriabassiana

Trichodermaasperellum
Straight chainlepidopteranpheromone

Abamectin
Aceticacid
Eugenol

Heptamaloxyloglucan, etc.

Adaliabipunctata
Bombusterrestris

Chrysoperlacarnea
Harmoniaaxyridis

Leptomastideaabnormis
Oriuslaevigatus
Osmiabicornis

Trichogrammaachaeae, etc.
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Bibliographiccorpus
Selectionof papersin the Web of ScienceTM (WoS) from 2000 to 2020

Query1

General

Query2
Microorganisms, Natural substances,

Semiochemicals

Query3

Macroorganisms

46 701 papers

228 605 papers

6 914 papers

Query1

Query2

�u 3 678 papers

Query1

Query3

�u 1 885 papers

First screening + 
Manualaddition of relevant 
papers(not in WoS), reports,  

greyliterature + 
Update until February2022

5 563 papers
Final corpus:
4662 papers



p. 155th congressNatural products& Biocontrol2022, Perpignan
Mamy et al. �t 23 sept. 2022

Bibliographiccorpus
Distribution of papers according to the usage of biocontrol products

Insecticides
(2928)

Fungicides
(1292)

Acaricides (174)

Nematicides(123)

Bactericides(105)
Herbicides (20)

Molluscicides(20)

�¾ Hugenumberof papers/ insecticides, fungicides

�¾ Verylow numberof papers/ herbicides, molluscicides

�¾ Consistency between the number of papers and the sale 
volumes (France case study), except for molluscicides
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Contamination of the environmentby biocontrol
solutions
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�‡ Biocontrolcompoundsareveryrarelysearchedin the environment

�‡ Some of them are naturally present: fatty acids, potassium
hydrogencarbonate,aluminumsilicate,sulfur...

�¾Fractioncomingfrom products/ nativefraction?

�‡ Somecompoundshave a chemicalnature that is not compatible
with analyticalmonitoring: bloodmeal,fishoil, sheepfat...

Contamination of the environment

�¾ Very few results for exogenous biocontrol substances 
that can be measured in the environment

©Lucile Wargniez
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©Lucile Wargniez

Contamination of the environment

No data
No data

Water
Soil

Air

Pyrethrins< LOQ
(French AASQA, 2011 & 2016)

Abamectin? Analytical
problems(ANSES, 2020)

Pheromonesdetectedsomehours
after dispensersremovalin USA

(Koch etal., 2009)

Bt: Bacillus thuringiensis
LOQ: Limitof quantification

LeaflitterBt + Cry4Aa and 
Cry4Ba toxinsafter
severalmonths
(Tetreauet al., 2012)

Bt + Cry toxins up 
to 28 months 
(Vettori et al., 2003)

Forest
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Fate of biocontrolsolutions in the environment
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Fate in the environment
Natural substances

�¾ Lackof persistenceand mobility data for severalsubstances

DT50: Degradationhalf-life in soil
Koc: Adsorption coefficient in soil

�‡ Manynaturalsubstanceshavea low persistence
in the environment

�L The degradation may produce transformation
products(abamectin, spinosad)

�‡ Somesubstancesare immobile contrary to
othershavinghighmobility

�¨ Riskof groundwatercontamination

Disodium
phosphonates

Potassium 
phosphonates

Spinosad
Paraffinoil

Rapeseedoil

Paraffinoil

Pyrethrins

AceticacidLo
w

pe
rs

is
te
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e

H
ig
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H
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T
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Boxplots of the distribution of DT50 
and Kocof natural substances
(FromMamy and Barriuso, 2022)
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Fate in the environment

�¾ Lackof data to characterizethe fate of microoorganims, macroorganismsand semiochemicalsin
the environment

Microorganisms, macroorganismsand semiochemicals

Macroorganisms

�‡ Persistencein the short term well known(efficacy)
�‡ Persistencein the longterm?

Microorganisms

�‡ Fungal-basedinsecticides are persistent in the environment(Meylingand Eilenberg, 2007)

�‡ Persistenceof Bt insecticide severalmonthsand years(Tetreauet al., 2012; Bruhl et al., 2020; Liu et al., 2021)

�‡ Fungal-basedand bacteria-basedfungicidesare not persistent (Kohl et al., 2019)

Semiochemicals

�‡ Nodata

Bt: Bacillus thuringiensis
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Ecotoxicologicaleffectsof biocontrolsolutions 
and impact on biodiversity
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Microorganisms
Summaryof observedeffects

Negativeeffect
No effect

Fungi

Interactions with
entomopathogenicfungi

Interactions with nematodes

Interactions with natural
substances

Bees
Earthworms

Soilarthropods
Spiders

Arbuscularmycorrhizalcolonization
Insectlarvae

Soilmicroorganisms
Arthropod food resources for birds

Interactions with
entomopathogenic
nematodes

Ants
Bees

Ladybirds

Soilarthropods

Rhizosphere and 
soil microbial 
communities

Bacteria

Interactions
with 

parasitoids

�¾ Most of resultsfor Bt bacteria,someresultsfor BeauveriaBassianaandMetarhiziumanisopliaefungi,no
result for virus

Bt: Bacillus thuringiensis
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Microorganisms
Exampleof Bacillus thuringiensis(Bt)

�¾ High complexity of interactions between Bt and biocontrol agents and between Bt and other (micro)organisms

Interactions with biocontrol agents

Entomopathogenicfungi 
(Mantzoukaset al., 2013)

Entomopathogenicnematodes 
(Lanzoniet al., 2014; Oestergaard et al., 2006) 

Parasitoids (Habrobraconhebetor)
(Oluwafemiet al., 2019) �ÂEmergence rate 

Parasitoids (Trichogrammachilonis)
(Amichot et al., 2016)

Natural substances (Abamectin)
(Zhu et al., 2006)

Ecotoxicologicaleffects

Soilmicroorganisms(Ferreira et al., 2003)
�ÂDevelopmentof drosophila(Babin et al., 2020)

Survival, longevity, pollen consumption and
physiologyof bees(Daiet al., 2012)

No transfer along the maize-slug-carabid food chain
Reproduction of carabids (Harwood et al., 2006)

�ÂArthropod food resources for birds
(Awkermanet al., 2011; Poulinand Lefebvre, 2018)

Batracianlarvae(Weeksand Paris, 2020)
Soil arthropods(Beck et al., 2004)
Spiders(Bajwaand Aliniazee, 2001)

Negativeeffect
No effect
Positive effect
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Microorganisms
Main conclusions

�‡ Limitedimpactof microorganismson soilmicro-biodiversity, exceptfor Bt

�‡ Someeffectsof fungion variousorganisms

�¾ Needof more data:

�‡ Impactsof microorganismson biodiversity

�‡ Impactsof virus

�‡ Invasionof microorganisms

�‡ � �̂��}���l�š���]�o�_effectson localbiodiversity

�‡ Effectson ecologicalfunctionsandecosystemservices

©Lucile Wargniez
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�¾ Affect the biodiversitythroughtheir modeof feeding,their ability to moveandtheir ability to reproduce

Macroorganisms
Summaryof observedeffects

Interactions with
predators

Interactions with
entomopathogenic

fungi

Parasitoids

Nematodes

Interactionswith
parasitoids Interactions with parasitoids

(super parasitism)

Hybridation with
indigeneousspecies

Negativeeffect
No effect
Positive effect

Predators

Interactions with
entomopathogenic
nematodes

Invasion

Interactions with
parasitoids

Hybridation with
indigeneousspecies

Intraguild
interactions

Canibalism
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�‡ Introductionto imposetop-down populationregulationof pests,in particularaphids

Macroorganisms
Exampleof Harmonia axyridispredatorescape

�¾ Illustration of what shouldnot be donein biocontrol

Invasion
(Lombaertet al., 2014)

Intraguild predation
(Gardiner and Landis, 2007)

Canibalism
(Rondoniet al., 2012;

Tayehet al., 2014)

Early reproduction and during a longer time
(Tayehet al., 2015)

Decreasein biodiversity of native species
(Liet al., 2021)

Negativeeffect
No effect
Positive effect
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�‡ Highcomplexityof modesof action

�‡ Interactionsamongthem or with localorganisms

�‡ Directinteractions: predation,parasitism,hybridation

�‡ Indirectinteractions: competitionfor resources

�‡ Changein hostor preys

Macroorganisms
Main conclusions

�¾ �^���}���l�š���]�o�_effectson localbiodiversity?

�¾ Effectson ecologicalfunctionsandecosystemservices?
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Abamectin

Paraffinoil

Pyrethrins

Spinosad

�8Negativeeffect �9 No effect

�‡ Aquaticorganisms, pollinators(EFSA, 2020)
�‡ Earthworms, enchytraeids(Kolaret al., 2008; EFSA, 2020)
�‡ Ladybirds(James, 2003)
�‡ Parasitoids, predators(Gradishet al., 2011)

�‡ Terrestrialvertebrates(EFSA, 2020)

�‡ Ants, aquaticorganisms, bees, earthworms(EFSA, 2013)
�‡ Frogs (Oliveira et al., 2019)
�‡ Spiders(Marliacet al., 2016)

�‡ Terrestrialvertebrates(EFSA, 2013)
�‡ Thrips(Nikolovaet al., 2015)

�‡ Aquaticinvertebrates(EFSA, 2009)
�‡ Ladybirds(Karagouniset al., 2006)
�‡ Soil microorganisms(Bundyet al., 2004) 

�‡ Earthworms (Erlacher et al., 2013)
�‡ Spiders(BajwaandAliniazee, 2001)

�‡ Ants(Pereira et al., 2010)
�‡ Daphnia(Duchetet al., 2010)
�‡ Drosophila(Martelli et al., 2022)
�‡ Earthworms(EFSA, 2018)
�‡ Forficulaauricularia (Malagnouxet al., 2015)

Sulfur �‡ Enchytraeids(Ohtonenet al., 1992)
�‡ Ladybirds(Sutherland et al., 2010)
�‡ Soil microorganisms(Czerwonkaet al., 2017)

�‡ Soilmicroorganisms(Telesinskiet al., 
2015)

�‡ Parasitoids�~���[���À�]�o�������š�����o�X�U���î�ì�í�ô�•
�‡ Spiders(Marliacet al., 2016)
�‡ Stinglessbees(Botinaet al., 2020)
�‡ Terrestrialvertebrates(Poulin et 

Lefebvre, 2018) 

�‡ Low ecotoxicity (EFSA, 2008)
�‡ Acarid (Tacoli et al., 2020)
�‡ Carabids (Carcamo et al., 1998)

Natural substances
Summaryof observedeffects

�L Similarmodes
of action as 

conventional
PPPs

�¾ Observedecotoxicityof natural substances,especiallyabamectinandspinosad

�¾ Most of resultsfor abamectin, spinosadandpyrethrins
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Natural substances
Main conclusions

�‡ In general, naturalsubstanceshavea low ecotoxicity

�‡ But,someof them havehighecotoxicity(abamectin, spinosad...)

�‡ Lackof datafor numeroussubstances

�¾ Needof more data:

�‡ Impactsof natural substanceson biodiversity

�‡ Chroniceffectsat low doses

�‡ � �̂��}���l�š���]�o�_effectson localbiodiversity

�‡ Effectson ecologicalfunctionsandecosystemservices

PNEC: PredictedNo EffectConcentration

Boxplots of the distribution of PNEC 
of natural substances

(FromMamy and Barriuso, 2022)
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Semiochemicals

�¾ No data!
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Comparisonof the effectsof biocontrolsolutions 
with thoseof conventionalPPPs
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Effectsof biocontrolsolutions / conventionalPPPs

Biocontrolsolution ConventionalPPPs Non-target organism EffectBiocontrol
/ PPPs

Reference

B. amyloliquefaciens Thiram, carbendazime Rhizospheremicrobialcommunity < Correaet al. (2009)

B. subtilis Dazomet Soilactivity < Chen et al.(2018)

B. thuringiensis Metaflumizone, indoxacarb Oriuslaevigatuspredator < Biondiet al. (2012)

B. subtilis, Burkholderiaambifaria,
Trichodermaharzianum

Thiophanate-methyl+ mancozeb+ cymoxanil Microbialactivity < Larkin(2016)

Trichodermaharzianumand 
Pythiumoligandrum

Metalaxyl+ copper+ mancozeb Oribatidmits < Al-Assiutyet al. (2014)

Clonostachysrosea Fosetyl-alumininium+ propamocarb Microbialpopulations = Fournier et al. (2020)

Paraffinoil Metamitron Soilmicroorganisms < Engelenet al. (1998)

Paraffinoil Bifenthrin Chrysoperlarufilabris < Quesada and Sadof(2020)

Spinosad Lambda-cyhalothrin Abundanceand diversityof spiders < Liuet al. (2013)

Abamectin, spinosad Metaflumizone, indoxacarb Oriuslaevigatuspredator > Biondiet al. (2012)

Spinosad Imidacloprid, lambda-cyhalothrin Aphidius colemaniparasitoid > D'Avila et al. (2018)

Spinosad Imidacloprid Drosophila > Martelli et al. (2022)

�‡ Biocontrolsolutions seemto have lower ecotoxicitythan conventionalPPPs, but there are someexceptions

�¾ Needof more data
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Conclusion
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Conclusion (1/2)

�¾ Veryfew resultsin the literature

Microorganisms

�‡ High persistenceof some insecticides(Bt),
low persistenceof fungicides

�‡ Someobservedeffects
�‡ Changein soilbiodiversity?
�‡ Invasionof non nativespecies?

Semiochemicals

�‡ ?

Bt : Bacillus Thuringiensis

Natural substances

�‡ Lowpersistencein the environment
�‡ Lowecotoxicity/ conventionalPPPs
�‡ �L Abamectin, spinosad, pyrethrins
�‡ Contamination?

©Lucile Wargniez

Macroorganisms

�‡ Directeffects: predation, hybridation
�‡ Indirecteffects: competition/ resources
�‡ Decreasein local biodiversity(H. axyridis)
�‡ Persistence in the long term?
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Conclusion (2/2)

�‡ Contamination?

�‡ Chroniceffects?

�‡ � Ĉocktail�_effects?

�‡ Effectson ecologicalfunctionsandecosystemservices?

�‡ Nanoparticules?

�‡ Riskassessmentandregulation?

�‡ Managementof potential invasion?

�‡ Biocontrol/ conventionalPPPs?

�¾ Biocontrol is a promisingalternative to conventionalPPPs,but it dependson the type of solution
(andlackof herbicidesolutions)

�¾ Numerousresearchstill remainsto be done

© Lucile Wargniez
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