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Outline of the 

presentation

• Integrated Pest Management (IPM)

• Systemic insecticides

• Steps to develop an IPM program for 
insecticide seed treatments

• Available tools for judicious choice of 
insecticide seed treatment

• When it is not enough…



IPM

1- Knowledge of the pest

2- Prevention of the infestation 
(indirect methods)

3- Monitoring 

4- Control method when
threshold is reached (mecanical, 
biological, chemical)

5- Evaluation of the evolution of 
the infestation and planification 

➢ In order to protect the environment, human
health, and optimize rentability of the farm Labrie et Voynaud 2012



Systemic insecticides
• Insecticide move from the grain to the xylem and phloem

• Can be found in pollen and nectar (in ppb)

• Inhibition of acetylcholinesterase in insect brain
(neonicotinoids) or overstimulation of muscles (new seed
treatment - diamide)  

• Bind strongly with water (to move into the plant)

• Efficient against many sucking and chewing pest species in 
almost all crops (vegetables, fruits, field crops, 
ornementals, golf, lice and fleas…)

˃ 500 000 ha treated with insecticide seed treatment during 2010’s
= insurance to risk strategy



Insecticide seed treatments characteristics

http://www.sagepesticides.qc.ca

250 to 1250 µg a.i./seed
* Commercial name presented as examples

Thiamethoxam Clothianidine C
CRUISER®* PONCHO®*

Acute toxicity Low Low Lo

Long term effects High High Lo

Fishes or Daphnies Low Low E

Birds Low Low Lo

Bees High (0,03 µg/bee) High (0,04 µg/bee) Lo

Persistence in soil High (101-353 days) High (495-990 days) H

Leaching High (33-177 ml/g) High (84-345 ml/g) H

IRS (health risk index) 62 66

IRE (environment risk index) 170 211
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Clothianidin : the only one insecticide ˃ threshold





Sources of contamination of the ecosystems by insecticide seed
treatments

(Girolami et al. 2012; Greatti et al. 2006; Schaasfma et al. 2015a, 2015b, 2016, 2018)

→3 way of pesticide drift: 
→Abrasion by talc added as seed lubricant
→ Seed-to-seed abrasion during handling, distribution and 

planting
→ Soil dust stirred up by planters that enter into the vaccuum air 

intake

→Neonicotinoids found in soil before planting; in snow during winter, in natural reserves…



➢Detection of 
neonicotinoids
integrated in 
monitoring network 
only since 2012 : 
why long-term
exposure water 
quality criterion
explode since 2012…

(Giroux et al.  2018)

Neonics detected in 89-100% rivers in Ontario (Schaafsma et al. 2015a), in United States 
(Hladik et al. 2014), in Europe (van Dijk et al. 2013; Kreuger et al. 2010), in Asia (Lamers et al. 2011)…

Long-term exposure water quality criterion among years
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➢ Study in St-Samuel (Qc) on surface runoff and tile drain losses of pesticides 
(Chrétien et al. 2017)

➢ 100% detection of thiamethoxam in 2014 and 

2015 (while used only in 2014)

➢ Until 2,20 µg/l at surface

➢ 53% exported by surface runoff

➢ 47% exported by drain losses

Sources of contamination of the ecosystems by insecticide seed
treatments

Corn

Soybean



1- Knowledge of the pest

Species ?

Life cycle ?

2- Prevention

Characteristics which explain
and prevent invasion by pests or 
build-up of the population

3- Monitoring method and 
threshold

How to develop IPM strategy

with the systematic use of an 

insecticide?



Monitoring of soil insect

pests in Quebec

• Bait trap (10/fields)

• Agronomists from MAPAQ and agri-
environmental group and data from
research projects

• 778 sites monitored between 2011-2017

• Agronomic, edaphic, climatic data 
collected for each sites

• > 32 000 seedlings observed (2012-2016)

https://cerom.qc.ca/vffqc/documents/Saguez_2017-Guide-d-
identification-VFF-ISBN_978-2-9813604-5-8.pdf
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Life cycle of Hypnoidus abbreviatus

• Jonathan Bernardo-
Santos, M. Sc. UQAM

Figure 1. Larval growth over time in laboratory condition of 24 isolated larvae of H. abbreviatus (from neonate larvae to pupation), a) length and b) width. Insects, submitted

- 96 larvae observed each day during 140 days…

- Very small species of wireworm (12 mm at last 

larval stage)

- Adults are mainly walking (don’t fly)

Saguez, 2017



Reproductive capacity of Hypnoidus abbreviatus

• Mean of 27 larvae/females (N = 80)

Figure 1. Moyenne d’œufs et de larves d’H. abbreviatus produits par femelle par semaine sur une population initiale de 80 femelles durant 49 jours. Le nombre de larves par 

femelle est cumulatif d’une semaine à l’autre.

Bernardo-Santos et al. In prep



Abundance - threshold

• Threshold between 1 
and 5/bait traps 
following the size of the 
wireworm (Furlan 2014)

• 10-30% damaged
seedlings for yield
losses (Chabert and Blot 1992)
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3,7 % of the sites 
reached the threshold
of 3/trap

• 3 wireworm/ bait
traps for H. 

abbreviatus = 5% of 
damaged seedlings



What about the other insect pests?

29 602 seedlings observed in 2016

Seeder 
problem, 
Cold stress…

Soil insect
pests

Foliar
insects

Animals Pathogens Unidentified

• 218 damaged seedlings
by soil insect pests: 
• 165 wireworms

• 24 seedcorn maggot

• 29 whitegrubs

Black cutworms

whitegrubs

seedcorn maggot



Soybean aphid

• Reduction of the population since it’s arrival in Quebec
• Arrive in the field beginning of July = insecticide seed treatment not 

efficient (efficiency of 45 days after planting)



Why using those pesticides even in absence of pests?

➢ Laboratory and greenhouses studies = ↑ germination and growth of 

seedlings treated with neonics in presence of stress (water, weeds) 

(Afifi et al. 2015; Cataneo et al. 2011; Ford et al. 2010; Macedo and Castro 2011; Szczepaniec et al. 2013)

➢ Not easy to monitor all fields of a farm



Yield study in corn and soybean in Québec
• 68 sites

• 1.5 ha each trial

• 3 replicates of 
untreated and treated
corn 

• 4 years (2012-2015)
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Plos One, accepted

• 0,5% differences (NS)

• 4/68 with > 3 
wireworms/trap
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• 16 sites

• 2 ha each trial

• 3 replicates of untreated and 
treated corn 

• 2 years (2015-2016)

• No yield differences

Yield study in corn and soybean in Québec

Plos One, accepted



How to monitor soil 

insect pest in all 

fields?

• Building a predictive tool

• Data from 616 sites analyzed
(agronomic, edaphic, climatic, 
abundance and species of insects)

• Boosted regression tree analysis (BRT) 
(De’ath and Fabricius, 2000; Elith et al. 2006, 2008, 
Leathwick et al. 2006, 2008)

• 8 factors explaining the presence of 
wireworms

• Analysis validated by Legendre and 
Borcard (U. de Montréal)

• Predictions validated on 162 sites in 
2016

Pseudo R2 = 0.92 

85% well predicted

10% overestimated

5% underestimated



Tools for judicious choice of insecticide seed treatment

http://cerom.qc.ca/vffqc/



http://cerom.qc.ca/vffqc/

Tools for judicious choice of insecticide seed treatment
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Tools for judicious choice of insecticide seed treatment



http://cerom.qc.ca/vffqc/

Tools for judicious choice of insecticide seed treatment



Tools for judicious choice of insecticide seed treatment



When it is not enough…



Insecticide seed treatments characteristics

Chlorantraniliprole and Cyantraniliprole

➢ Low toxicity for fishes

➢ Highly toxic for aquatic invertebrates (CH = 8.59 µg/l; CY = 20.4 µg/l)  

http://www.sagepesticides.qc.ca

250 to 1250 µg a.i./seed 250 to 750 µg a.i./seed
* Commercial name presented as examples

Thiamethoxam Clothianidine Chlorantraniliprole Cyantraniliprole
CRUISER®* PONCHO®* LUMIVIA®* FORTENZA®, LUMIDERM®*

Acute toxicity Low Low Low Low

Long term effects High High Low Low

Fishes or Daphnies Low Low Extremely high Extremely high

Birds Low Low Low Low

Bees High (0,03 µg/bee) High (0,04 µg/bee) Low (104 µg/bee) High (0,09 µg/bee)

Persistence in soil High (101-353 days) High (495-990 days) High (228-924 days) Moderate (30-212 days)

Leaching High (33-177 ml/g) High (84-345 ml/g) High (153-526 ml/g) High (133 ml/g)

IRS (health risk index) 62 66 3 3

IRE (environment risk index) 170 211 91 73



Summary of the results of pesticides in water

http://www.environnement.gouv.qc.ca/pesticides/mais_soya/portrait2015-2017/rapport-2015-2017.pdf

CVAC

0,0083
0,0083
0,22
0,0083
ND

• Clothianidin and Thiamethoxam
detected ~ 100% in 2017

• But Chlorantraniliprole is increasing
and reached the threshold for 
aquatic life in some rivers



The next steps in IPM against soil insect pest
• Alternatives methods : 
• Brown mustard and buckwheat: reduce population of wireworms (Noronha, 

2017, 2019)

• Insecticide on the soil against seedcorn maggot (tefluthrin)
• Emergence model for seedcorn maggot (to adapt seeding date) (in course)
• Bio-insecticides (Metarhizium anisopliae, not registered yet; Kabaluk et Ericsson 2007; 

Kabaluk et al. 2007; Reddy et al. 2014)
• Insurance (Furlan et al. 2018)

• Research in other crops: Sweet corn
• 2019: 50 sweet corn fields in 8 regions of Quebec

• 2020 – 2021: yield evaluation on 24 fields

Aeolus sp.
0%

Agriotes sp.
5%

Corymbitodes 
pygmaeus

0%

Hemicrepidus sp.
5%

Hypnoidus 
abbreviatus

67%

Limonius sp.
1%

Melanotus sp.
22%

VFF pièges appât

Aeolus sp. Agriotes sp. Corymbitodes pygmaeus

Hemicrepidus sp. Hypnoidus abbreviatus Limonius sp.

Melanotus sp.
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