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Insecticide Resistance and Management Strategies in
Urban Ecosystems

Famg Fhu * 25 Ly Lawiree 1, Sally ©F%deal ¥, Mlark Lavine &, Carrle Foss  and Dlouglas Walsh '

Table 1. Top 20 resistant arthropods in agricultural and urban ecosystems [7] (permitted kindly by Drs.
Mark Whalon and David Mota-Sanchez).

MNo. arthropod species

No. arthropod species |
No. cases |

Rank

Common Name

Scientific Name

Number *

Ecosystem

MNo. cases (species x compound combinations)

1

MO0 N U1 U e N

Two-spotted spider mite
Diamondback moth
Green peach aphid
House fly
Colorado potato beetle
Sweetpotato whitefly
Southern cattle tick
Cotton aphid
Corn bollworm
European red mite
German cockroach
Southern house mosquito
Beet armyworm
Oriental leafworm moth|
House mosquito
Yellow fever mosquito
Tobacco budworm
Hop aphid
Red flour beetle
African cotton leafworm

Tetranychus urticae
Plutella xylostelln
Myzus persicae
Musca domestica
Leptinotarsa decemlineata
Bemisin tabaci
Rhipicephalus microplus
Aphis gossypii
Helicoverpa armigera
Panonychus ulmi
Blattella germanica
Culex quinquefasciatus
Spodoptera exigua
Spodoptera litura
Culex pipiens pipiens
Aedes aegypti
Heliothis virescens
Phorodon humuli
Tribolium castaneum
Spodopotera littoralis

94
92
76
62
55
55
50
49
48
48
42
40
38
38
36
35
35
34
33
30

Agricultural
Agricultural
Agricultural
Urban
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural
Urban
Urban
Agricultural
Agricultural
Urban
Urban
Agricultural
Agricultural
Urban
Agricultural

* Number of active ingredients to which the pest has exhibited documented resistance.
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Neonicotinoids — the particular case of sugar beets
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Neonicotinoids — a (very) brief history

In 2012, science came with strong evidence...

Science e o (_son il Gajanop
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Neonicotinoid Pesticide Reduces Bumble Bee Colony 8 A Common Pesticide Decreases Foraging Success and
Growth and Queen Production Survival in Honey Bees
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Neonicotinoids — a (very) brief history

Science

@ LETTER

EU Court to rule on banned pesticide use

SCIENCE -

e Nionde January 237, 2023

Néonicotinoides : la France n’autorisera plus
I'usage du pesticide dans les champs de
betteraves sucrieres

La Cour de justice de I'Union européenne avait jugé illégales les dérogations octroyées pour
'usage des pesticides interdits. Une décision « suffisamment puissante pour ne pas
instabiliser encore plus le systéme », a reconnu le ministre de I'agriculture.

LE SOIR

La Belgique ne peut plus permettre les
dérogations aux pesticides

Le Conseil d’Etat a suivi I’arrét de la Cour européenne de justice et annule les
dérogations qui permettaient aux betteraviers d’utiliser des semences enrobées
de ce pesticide interdit au niveau européen depuis 2018.
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Neonicotinoids — what alternatives ?

Agricultural practises Varietal selection

. Microorganisms
Macroorganisms

Physical means

Semiochemicals

Plant elicitors Other biocides
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Evaluation of the alternative in terms of :
- Efficacy
- Applicability
- Durability
- Practicability

Contents lists available at

Environment International

journal homepage: ww

Alternatives to neonicotinoids 2 O 1 9

Hervé Jactel is ggen”’, Denis Thiéry“, Abraham J. Escobar-Gutiérrez®,
Emmanuel Gachet®, Nicolas Desneux’, the Neonicotinoids Working Group

is, Vol. 42 (2022), Issue 4, 491-498 Open Access
22 Review Article

Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

2022

Frangois Verheggen'*, Benoit Barrés?, Romain Bonafos?, Nicolas Desneux?,
Abraham J. Escobar-Gutiérrez®, Emmanuel Gachet®, Jérome Laville?,
Myriam Siegwart8, Denis Thiéry®?, and Hervé Jactel'®




4% of non-substitutable
neonicotinoid uses

71% of neonicotinoids uses
substitutable by chemical or
non-chemical solutions

Jactel, Verheggen et al. 2019
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity

Synthetic insecticides Flonicamid 3 2 3

Synthetic insecticides
Synthetic insecticides
Synthetic insecticides
Synthetic insecticides
Natural insecticides
Natural msecticides
Natural mnsecticides
Microorganisms
Microorganisms
Macroorganisms
Macroorganisms
Physical methods
Physical methods
Plant elicitors

Plant elicitors

Plant varieties
Farming practices
Farming practices

Farming practices

Spirotetramat 2

Abamectin
Emamectine benzoate
Cyantraniliprole
Orange essential oil
Neem o1l / azadirachtin
Spinosad

Beauveria bassiana
Lecanicillium muscarium
Aphidius sp.
Chrysoperla carnea
Mineral o1l

Organic o1l
Acibenzolar-S-methyl
Mineral o1l
Virus-resistant varieties
Mulching

Organic fertilization

Intercropping & service plants
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity
Synthetic msecticides Flonican

Synthetic insecticides Spirotetramat

Synthetic insecticides Abamectin

Synthetic insecticides Emamectine benzoate

Synthetic insecticides Cyantraniliprole

PHYTOWEB

Rechercher

m Produits phytopharmaceutiques Phytolicence Fertilisants  Plan de réduction  Contact

Phytoprotection: consulter Phytoprotection pour les
autorisations utilisateurs

Consultez les données des produits Informations sur des produits Informations sur l'usage des
pharmaceutiques autorisés. phytopharmaceutiques, la produits phytopharmaceutiques
Cherchez sur le nom, le numéro procédure d'autorisation et les pour les utilisateurs professionnels
d'autorisation, I'usage, I'ennemi, ... exigences de données et jardiniers

Plan de réduction

Certificat obligatoire pour les Informations sur l'usage et Un plan fédéral pour la réduction de
utilisateurs professionnels, l'autorisation l'usage de produits

distributeurs et conseillers de d'engrais, amendements du sol phytopharmaceutique et

produits phytopharmaceutiques et boues d'épuration de biocides
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Producing sugar beets without neonicotinoids:

An evaluation of alternatives for the management of

viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity

2 3

Synthetic insecticides Flonicamid 3
Synthetic insecticides Spirotetramat 2 3
Synthetic insecticides Abamectin

Synthetic insecticides Emamectine benzoate

Svnthetic insecticides Cvantraniliprole

Natural msecticides Orange essential o1l

Natural insecticides Neem oil / azadirachtin

Natural mnsecticides Spinosad

Spinosad

(Saccharopolyspora spinosa)




spinosyne Aet D

* Extracted from Saccharopolyspora spinosa
* Llarvicide, ‘natural’ neurotoxin

e Authorized since 2008

e Approved for use in organic farming Spinosad

* Acts by contact and ingestion (Saccharopolyspora spinosa)

BUT
Spinosad iS eXtremE|y tOXiC tO bees (Agroscope, Switzerland)
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity

Synthetic insecticides Flonicamid 3 2 3
Synthetic insecticides Spirotetramat 3
Synthetic insecticides Abamectin

Synthetic insecticides Emamectine benzoate

Synthetic insecticides Cyantraniliprole

Natural insecticides Orange essential oil

Natural msecticides Neem o1l / azadirachtin

Natural mnsecticides Spinosad

Microorganisims Beauveria bassiana

Microorganisms Lecanicillium muscarium

on

ervice plants
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of

ears) alternative methods/products to neonicotinoid-coated beet seeds,
licability and practicability (1=low, 2=average, 3=good).

Efficacy Durability  Applicability Practicity

3 2 3

-
]

Aacroorganisms Aphidius sp.
Macroorganisms Chrysoperla carnea

metnoas

Physical methods Organic oil

Plant elicitors Acibenzolar-S-methyl
Plant elicitors Mineral o1l

Plant varieties Virus-resistant varieties
Farming practices Mulching

Farming practices Organic fertilization

Farming practices Intercropping & service plants
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VIRIDAXIS PROTECT NOS ESPECES DE PARASITOIDES PBI CONTACT VIRIDAXIS

BASILPROTECT - contre les pucerons des herbes aromatiques

Pour les producteurs d’herbes dans les cultures protégées, BasilProtect est la solution optimale pour contréler les pucerons
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Tetranychus urticae

Phytoseiulus persimilis
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity

2 3

3

Physical methods Mineral o1l

Physical methods Organic o1l

Plant elicitors Mineral o1l

Plant varieties Virus-resistant varieties
Farming practices Mulching

Farming practices Organic fertilization

Farming practices Intercropping & service plants
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity

Synthetic insecticides Flonicanud 3 2 3 3
Synthetic insecticides Spirotetramat 2 3

Synthetic insecticides Abamectin

3
3
2

W

Plant elicitors Mineral o1l
Plant varieties Virus-resistant varieties
Farming practices Mulching

Farming practices Organic fertilization

(5] (] (U8} ) (5} ) W (5] W (5] (V8]

Farming practices Intercropping & service plants




Acibenzolar-S-méthyl
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First stimulator of plant natural defenses
(Syngenta-USA)

Induction of natural defenses
. VOCs
. Phytotoxins
. Antifeedants
. Phytodefenses
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Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of

viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives

Alternative methods Efficacy

Durability  Applicability Practicity

Synthetic insecticides
Synthetic insecticides
Synthetic insecticides
Synthetic insecticides
Synthetic insecticides
Natural insecticides

Natural insecticides

Plant varieties
arming practices
Farming practices

Farming practices

Flonicamid 3
Spirotetramat 2
Abamectin

Emamectine benzoate

Cyantraniliprole

Orange essential oil

Neem oil / azadirachtin

tNissiana

|

v‘ I muscarium

carnea

Organic fertilization

Intercropping & service plants

2 3
3




= Entomologia Generalis, Vol. 42 (2022), Issue 4, 451-498 Open Access
i)l Published online 8 July 2022 Review Article

Producing sugar beets without neonicotinoids:
An evaluation of alternatives for the management of
viruses-transmitting aphids

Table 1. The twenty short-term (immediate or next few years) alternative methods/products to neonicotinoid-coated beet seeds,
along with their respective scores of efficacy, durability, applicability and practicability (1=low, 2=average, 3=good).

Categories of alternatives Alternative methods Efficacy Durability  Applicability Practicity
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TRANS-PEST

Biocontrol

Today’s target

Wireworms

(Agriotes sp., Coleoptera, Elateridae)
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Development of an Attract-&-Kill formulation to control insect pests

&5
Killer agent = entomopathogenic nematodes and fungi *:’:))
Attractants = plant extracts and pheromones Wa"onie

Formulation = biodegradable and protective matrix

Partnership with S. Declerck (UCLouvain)
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Attract & Kill
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ntomologia Generalis, Volume 43 (2023), Issue 6, 1193-1201 Article

iblished online N 2023

Potato cultivar susceptibility to wireworms: feeding
behaviour, fitness and semiochemical-based host selection

Andrea Chacon Hurtado', Fanny Ruhland', Antoine Boullis!, Francois J. Verheggen'*
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Arthropod-Plant Interactions
https://doi.org/10.1007/511829-023-09958-9
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2-Pentylfuran: an aggregation attractant for wireworms
Diana la Forgia'*@ . Clément Martin' - Ted C. J. Turlings? - Frangois Verheggen'
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Sclerotized and rigid integument
Thick intersegmental membranes

Dense brush of branched hairs

Rectal muscles
that close completely the anus
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Journal of Invertebrate Pathology 207 (2024) 108231

To be a good killer: Evaluation of morphometry and nematodes-bacteria
complex effect on entomopathogenic nematodes virulence
against wireworms

Andrea Chacon-Hurtado ", Fanny Ruhland ", Salimata Drabo , Thibaut Smeets”,
Brice Checconi”, Raquel Campos-Herrera ", Frangois J. Verheggen ™
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Formulation Control

Mixed linear model
P-value = 0.0748

Root dry mass

Formulation Control
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Alternatives to neonicotinoids exist !

But they are arguably :

- Insufficient, when used alone
- Sometimes not sustainable

- More expensive

- Not completely ready
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