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Pesticides use and restrictions in crop production (1930s to present day situation)

«Wireworm: the 
most damaging pest 
of field crops »
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Balachowsky (1935) 

First wireworms Labs/field 
trials by INRAe-FN3PT 

(1947 – 1952)

Lindane 
(Gamaline: Ⴤ-HCH)

1998

DDT

2004

Ethoprophos 
(MOCAP)

2019

1930s

1939 - 46: Dr Paul Müller 
=> the Nobel Price for 
the discovery of 
pesticides (DDT…) 1948

1960 - 62 
Awareness

Sept. 1987 : The 
Montréal Protocol

May 2001: The 
Stockholm 
Convention

Ecological
Transition
2030 target

©inov3PT
©inov3PT

2020 … => ???

How can we sustainably deal with potato 
wireworm problems in a pesticide free future? 
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Know your enemy
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Life cycle of potato pests wireworms species of the genus Agriotes

Mating and fertilisation: March to May

Oviposition : Mid-april to June

Pupation : June/ July 

Neonate adults: July / August => overwintering 
under soil surface

Adults: => overwintering and emergence in spring

Duration: 12 months to 5 years
➢ Depending on species and 
➢ Climatic conditions 
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Eclosion of larvae: May to June (followed by 
several larval stages ) 



✓ 974 field sampled: 2005 to 2014

✓ 4 species with long lifecycle ( 2,5 à 5 
years)

✓ 1 species with short LC (12 to 24 
months)

Five main  potato pest species on mainland France – 2005 à 2014
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All crops : 80% maize fields

Thibord et al. 2017)
(3 larves min /soil sample) 11 351 larvea of Agriotes sp. (5 principal species)

Agriotes sordidus

Wireworm pest species

Agriotes lineatus

Agriotes sputator

Agriotes obscurus

Agriotes gallicus
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Monitoring flight activity for Agriotes sputator (Achicourt, France 62)
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➢ 2023 : third year into the study of adult flights
activity

➢ Same positioning of forage (refuge) traps

➢ Data for 2023 (Weeks 10 to 26)

➢ The kinetics indicate an outbreak of adult flight
in 2023 (+867 compared with previous years)

➢ Early flight activity in 2023
➢ Early March 2023

➢ A warning sign for growers ??

• 10,842 (9 traps) adult Agriotes sputator captured till date 

• An average of 1120 per forage trap (thus an increase of +867)



EAPR Pathology & Pest 
Session 03 - 06 Sept. 2023

7
RECHERCHE – DEVELOPPEMENT – INNOVATION DES PRODUCTEURS DE PLANTS DE POMME DE 

TERRE

Adapt your strategy
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Research work on alternative solutions to wireworm prblems in potato production
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Cultures for wireworms Cover crop and feeding studies

Varietal susceptibility Wireworms biology and life cycle 

Screening biocontrol products

Better understand the pest,

Target the period/ and life stage most adapted to 
employed control options… 

Implement adapted IPM approaches 

Objectives :

Species identification
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Varietal assessments for wireworms damage
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Set up :

➢ Varietal selection based on farmers info.

➢ 15 varieties assessed in field and glasshouse

➢ Source: Bretagne Plant Innovation

➢ Wireworm species: Agriotes lineatus

➢ Origin: field plots post-potato harvest (Brittany, Fr)

➢ VAR-1

➢ VAR-2 

➢ VAR-3

➢ VAR-4

➢ VAR-5

➢ VAR-6 

➢ VAR-7

➢ VAR-8 

➢ VAR-9
➢ VAR-10

➢ VAR-11

➢ Charlotte

➢ Spunta

➢ Cara

➢ Monalisa

Potato variety List

Aim: select for tuber susceptibility to wireworms pest species

Var. Y had no 
ww damage… 



Varietal assessment: field experiments
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✓ 2021 & 2022: 4 experiments (N) in
Brittany, Fr

✓ 15 potato varieties studied

✓ Randomised blocks with 6 reps (n)

✓ Assessments: 100 tubers/rep. per var.
at harvest

✓ Average N° of wireworms holes per
tuber Charlotte: Var-7 and Spunta suffered less wireworms damage 

Monalisa: Var-1, 3, 6, 8, 11 & suffered more damaged by wireworms



Varietal preference assessments : Glasshouse experiments
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Tow Experiments in 2021: choice test

➢ Parent tuber exposure to wireworms

➢ 15 tubers / box arranged in circles

➢ 1 tuber per Variety, 5 Replicates

➢ 20 wireworms per box

➢ 14 days incubation in compost at 20°C in the dark

14 days

Inoculation of larvae (20/pot) at 

incubation of 15 potato Varieties
Assessments for 

tuber damage

Surface bites or no holes on:
Charlotte, Cara
Var-2, 4 & 5

Badly damaged: 
Monalisa,
Var-1 & 9



Varietal palatability assessments : Glasshouse experiments

Results: wireworms holes per parent tuber
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Designs N°1:

1) Parent tuber exposure to wireworms

➢ Off-spring tubers exposure to wireworms

Very little damage on:
Charlotte, Spunta,
Cara, VAR-2 & 8

Badly damaged: 
Monalisa,
VAR-1, 6 & 9

30 days

Inoculation of larvae (5/pot) 

at planting Assessments: tuber damage



88 days 18 days

Planting Inoculation of wireworms Canopy topping

18 days

Assessments: offspring 

tuber damage

Varietal palatability test : Glasshouse experiments

Results: wireworms holes per offspring tuber
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Designs N°2:

➢ Parent tuber exposure to wireworms

2) Off-spring tubers exposure to wireworms

Very little damage on:
Charlotte, Spunta
Belami, VAR-5

Badly damaged: 
Monalisa,
VAR-6 & 9
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Sugars
1) Glucose 
2) Fructose

3) Sucrose

What attributes favours susceptibility to wireworms pest species

Total sugar and glycoalkaloid levels in tubbers

Glycoalkaloids
1) α-chaconine
2) α-Solanine

SOP-498: 2016-09SOP-No. 569:2021-08 

(HPAEC-PAD)



Total sugar and glycoalkaloid levels in tubbers
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Extraction and Analysis:

Crushing of 

skin + pulp 

(500 g / variety)

Analyses for 

sugars & 

glycoalkaloids

Entire Tuber

Charlotte, Spunta with low sugar contents suffered less wireworms damage 

Monalisa, VAR-1 & 11 with high sugar levels seemed prefered by wireworms

Combined high sugar with low glycoalkaloids seems to favour wireworm damage

Aim: understand the tuber attribute that favours wireworms damage 



Results: Corelations between tuber damage and sugar contents

EAPR Pathology & Pest Session 03 - 06 Sept. 2023 16RECHERCHE – DEVELOPPEMENT – INNOVATION DES PRODUCTEURS DE PLANTS DE POMME DE TERRE

Crushing of 

skin + pulp 

(500 g / variety)

Analyses for 

sugars & 

glycoalkaloids

Entire Tuber

Positive relationship between tuber damage and  sugar contents (R² = 0.824)

A very weak negative relationship observed between glycoalkaloid contents 

and tuber damage (R² = 0.086) in line with (Johnson et al., 2008) 
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Take home message

• None of the 15 varieties was resistant to wireworms Agriotes spp. 

• Sugar levels in tubers correlates positively with wireworms damage

• High sugar levels / low glycoalkaloids linked to wireworms damage

• Other important attributes / compounds may be involved ?
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Future directions 

• Understanding the genetic basis of palatability to wireworms Agriotes spp. 

• Damage intensity of different ww pest species on less palatable varieties 

• Integration of palatability into IPM for wireworms pest species 

• Targeted breeding programs for potatoes with low sugars? 
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• Colorado potato beetle feeding 
causes yield reduction

CPB: biggest defoliator of potato 

Nieuwe oogst; 26 June 2023



Egg cluster PupaLarvae

Colorado potato beetle life cycle



• Colorado potato beetle feeding 
causes yield reduction

• Control with pesticides
• Alternative: host plant resistance

CPB: biggest defoliator of potato 

Resistance of CPB to chemicals (source: APRD)



Wild relatives of potato are a source of 
insect resistance

• Some wild species have been reported to 
be insect resistant

• Two main resistance mechanisms 
known:

• Glycoalkaloids
• Glandular trichomes



Resistance mechanism: Glycoalkaloids

• All Solanum species contain 
glycoalkaloids

• Many have insecticidal and 
antimicrobial activity



Resistance mechanism: Glycoalkaloids

• All Solanum species contain 
glycoalkaloids

• Many have insecticidal and 
antimicrobial activity

• High total levels do not confer 
resistance

• Resistance associated with 
dehydrocommersonine from   
S. oplocense and leptines from 
S. chacoense Munir et al 2013



Acyl sugars: trapping insects
Repelling pheromones

Ruptures upon contact
Exudate is polymerized (PPO)

Resistance mechanism: 
glandular trichomes

Known from: 
S. berthaultii, S. tarijense, S. neocardenasii


