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Outsmarting wireworms 



Wireworms
(Agriotes sp., Coleoptera, Elateridae)





Microorganisms

Attractants

Development of an Attract-&-Kill formulation 

*Attractive
*Efficient
*Specific
*Biodegradable
*Easy to handle



Attractant

FungiNematodes

Development of an Attract-&-Kill formulation 



Development of an Attract-&-Kill formulation 

Alginate sodium

Starch
Calcium chloride



Optimising the attractant
- Kairomones
- Plant extracts
- Pheromones

Optimising the microbial killer
- Entomopathogenic nematodes
- Entomopathogenic fungi

Testing the formulation outside the laboratory
- Sugar beet fields

Side effects on non target species
- Ground beetles
- Ants
- Earthworms



1- Hexanal

2- (E)-hex-2-enal
3- (E)-non-2-enal

4- (E,Z)- nona-2,6-dienal

Barley roots volatiles



→Wireworms are attracted by the aldehydes produced by barley roots

aldehydes control



Additional plant volatile collection to identify more attractants …



Additional plant volatile collection to identify more attractants …

Diana La Forgia



Charlotte Spunta Monalisa

Field susceptibility

→ Hypothesis: different levels of attack are linked to different levels of attractiveness and volatile attractants

Andrea Chacon



Dual choice bioassays









Diana La Forgia



Wireworms attractant

Yeast 
as a CO2 source

(Undergoing)

Pheromones



Can we dry out our formulation ?
(and keeping it attractive for wireworms)  

Fanny Ruhland



24h 
after 

drying

20 days 
after 

drying

Responding



Optimising the attractant
- Kairomones
- Plant extracts
- Pheromones

Optimising the microbial killer
- Entomopathogenic nematodes
- Entomopathogenic fungi

Testing the formulation outside the laboratory
- Sugar beet fields

Side effects on non target species
- Ground beetles
- Ants
- Earthworms
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FungiNematodes

Development of an Attract-&-Kill formulation 

Fanny Ruhland
June 2nd

5.15 pm



Stock, 2019

Entomopathogenic nematodes
(S. carpocapsae ; H. bacteriophora) 



But wireworms are knights in plate armor … 









Length doesn’t matter! 
Thiner wireworms are the most virulent





Attractant

FungiNematodes

Development of an Attract-&-Kill formulation 

Heterorhabditis atacamensis

Plant extracts & root volatiles

Discover the 

selected species in 
Fanny’s talk



Optimising the attractant
- Kairomones
- Plant extracts
- Pheromones

Optimising the microbial killer
- Entomopathogenic nematodes
- Entomopathogenic fungi

Testing the formulation outside the laboratory
- Sugar beet fields

Side effects on non target species
- Ground beetles
- Ants
- Earthworms

Lethal & Sublethal effects



Behavioural tests
Prof Claire Detrain

Toxicity tests



No attraction
No mortality



Behavioural testsToxicity tests

Fanny Ruhland



No mortality

The fungi negatively 
impacts beetles’ weight



Attraction 
toward the 
formulation

No mortality

EPF

EPF



Optimising the attractant
- Kairomones
- Plant extracts
- Pheromones

Optimising the microbial killer
- Entomopathogenic nematodes
- Entomopathogenic fungi

Testing the formulation outside the laboratory
- Sugar beet fields

Side effects on non target species
- Ground beetles
- Ants
- Earthworms



Fungus + attractant

Fanny Ruhland



Mixed linear model

P-value = 0.0748

Mixed linear model

P-value = 0.0443

Field year 1

 The A&K formulation leads to higher leaf dry mass



Field year 2

Le
af

 d
ry

 m
as

s 
(g

)

R
o

o
t 

d
ry

 m
as

s 
(g

)

Control Control

 The A&K formulation leads to higher leaf dry mass



Field year 2

 The A&K formulation reduces the number of wireworm bites as efficiently as the insecticide 
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