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Outline of talk
• Introduction to pheromones
• Types of insect pheromone lures in viticulture with examples
• Current research: Developing a Grape Mealybug pheromone lure for Canada; 

Updates and future plans

Credit: Bell, VA, et al 2022, Monitoring mealybugs in Central Otago vineyards, NZ 

Credit: M. Spodek

Credit: M. Spodek



Introduction to pheromones
• Based on the Greek φέρω phérō ('I carry') and ὁρμων hórmōn ('stimulating’)

• Definition: 
     Substances released externally by one individual that elicit specific responses in another individual of the            
same species“ (Peter Karlson & Martin Lüscher, 1959).

• They are neurotransmitters that serve the chemical communication between individuals of a species.

• Intraspecific communication via these substances takes place in a variety of ways and serves:

• for mating
• to mark territories 
• to find nest sites
• to find food sources

https://en.wikipedia.org/wiki/Pheromone

Ex: dogs communicate using pheromones and olfactory signals in urine



Introduction to insect pheromones
• Major breakthrough in 1961, German biochemist, Adolf Butenandt characterized the first chemical, bombykol, a 

pheromone released by the female silkworm to attract mates

notesonzoology.com/sericulture/differences/differences-between-female-and-male-moths-mulberry-silk-moths/269male silkworm

• Most male insects detect pheromones with sensilla, hairs on their antenna

• Several thousand sex pheromones have been identified in insects 

• Sex pheromones used as synthetic baits to trap pests or as behavioral modifiers in agriculture, forestry, horticulture etc.



Scanning electron microscopy (SEM) of the male antenna 
of P. solenopsis (Abd El-Ghany et al, 2022)

Mealybug morphology for pheromone emission and sensing

https://idtools.org/scales/ Credit: K. Daane, 2006
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Charcoal filter

Aeration chamber

Adsorbent

Pump

(1) Volatile extraction method
• Virgin female insects are placed on any host substrate 
       (e.g. potato, unripe grapes, leaf) in aeration chamber

• Charcoal filtered air is drawn with a small pump over the content in the 
aeration chamber

 
• The adsorbent capture the volatiles emitted by the leaf and the insects

• After 24-72 (any time period can be chosen) hours of aeration, the 
adsorbent is desorbed with solvent

     
• Aeration extract analyzed by Gas Chromatography-ElectroAntennal 

Detection (GC-EAD)

Credit: R. Gries

Development of a pheromone lure



(2) Gas Chromatography-ElectroAntennal Detection(GC-EAD)

Modified from Elizabeth Carefoot

detects compounds in 
the sample

Voltage changes in the 
insect’s antenna

GC-EAD:

inject volatile sample 
from female insects

GC

Amplifier

insect antenna

male’s antennal response 
to a specific volatile

Development of a pheromone lure

GC-FID 
(flame ionization detector): 

Figadere et al, 2007



(2) gas chromatography-electroantennal detection (GC-EAD) 
with antenna of live adult male insect

(3) identification of antennal 
response to aeration extraction (4) rubber septum (lure) 

with synthetic version of 
the pheromone identified 

Steps of pheromone lure development

(5) lab and field trials with 
lure on sticky traps to test 
the attractiveness of the 
pheromone and develop 
optimal dosage and trap 
interval rates

Figadere et al, 2007

(1) aeration extraction from live virgin 
adult female insects

Credit: M. Spodek

https://resolution-lab.com/gc-special-configurations



Introduction to insect pheromones

https://www.pestcontrolindia.com/pheromone-lures/

J.B. Harborne (1993), Introduction to Ecological Biochemistry (Fourth Edition)

• Species specific lures
• Commercially available

https://semios.com/our-hardware/pheromone-aerosol-dispensers/



Pheromone lure applications Purpose of lures:
• Mass trapping
• Attract and Kill
• Detection and population monitoring
• Mating Disruption (MD)

(Cruz-Esteban, S. et al. 2022)
Witzgall, Kirsch and Cork, 2010; Sex pheromones and their impact on pest management



Mass trapping with pheromones

Example:
Japanese beetle (Popillia japonica) 
• Pest of grapes, feeds mainly on foliage and rarely on berries
• Baited with floral lure for females and sex pheromone for males
• Very efficient at trapping beetles
• Attract beetles to the vineyard!
• Use them as a lure-and-kill strategy at a distance or for scouting to 

minimize overall population pressure

Japanese beetle pheromone traps in a vineyard in the USA
 

Credit: M. Spodek

• Large numbers of traps with pheromone lures can be used to 
physically remove large numbers of male pests from the population, 
directly reducing the number of mating pairs.

Credit: S. J. Wold-Burkness, UMN

https://fruitedge.umn.edu/japanese-beetle/japanese-beetle-trapping University of Minnesota

Credit: J. Pinero, University of Massachusetts



Attract and kill

Credit: Christopher Bergh

• Combines a pheromone lure to attract pests with a toxic agent or a 
mechanism to kill them, such as a sticky trap or a pesticide-treated 
container, creating a targeted method for eliminating pests. 

Example:
• The Grape Root Borer (Vitacea polistiformis)
• Moth native to Eastern USA, not a pest in Canadian vineyards
• Larvae feed on roots, reducing vine vigor and cold tolerance 
• Pheromone traps are very efficient and sensitive for monitoring the onset, 

peak, and duration of its flight activity in vineyards

https://uthort.tennessee.edu/wp-content/uploads/sites/228/2024/01/W171-The-Grape-Root-Borer-in-Tennessee.pdf



Detection/Monitoring

Credit: R.J. GillCredit: A. Protasov/Shutterstock

Sullivan et al, 2021

https://www.ruralnewsgroup.co.nz/hort-news/hort-management/mealybug-warnings

Pheromone-filled lures are placed in sticky traps to attract and capture specific male insects
• Early Detection: Finds new infestations and hot spots early

• Timely Treatments: Helps decide when and where to apply insecticides, reducing broad-spectrum chemical use

• Population Mapping: Shows the pest's spread and density within the vineyard

 Example:
mealybugs; longtailed mealybug  (Pseudococcus longispinus) and Citrophilus mealybug (Pseudococcus calceolariae) are 

major pests, vectors of vine virus in New Zealand vineyards 

• Combining lures of both species provides viticultural industry with an efficient monitoring tool

   



Detection/Monitoring
Example:
Grape Berry Moth (GBM) (Paralobesia viteana)
• Major insect pest causing serious economic losses to commercial vineyards in Eastern NA

• Developed resistance to more frequently used insecticides

•  Decoy Grape Berry Moth Pheromone is first sex pheromone product registered under Pest Control 

Products Act for control of an insect pest in Canada (1992) 

• Helps to determine spray application timings in vineyards and effectiveness of Mating Disruption (MD) 

lures

Credit: K. Ker

Credit: Trimble et al, 1991

Credit: W. McFadden-Smithhttps://extension.okstate.edu/programs/digital-diagnostics/insects-and-arthropods/grape-berry-moth-endopiza-viteana/
https://pesticideguy.org/2014/12/18/new-insecticides-greatly-improve-grape-insect-management/

Adult moth



Mating Disruption (MD)

Artificial pheromone released in large amounts:
• Interferes with mate location; disorients the male
• Controls pest by preventing mating
• Unmated females lay non-fertilized eggs

https://treefruit.wsu.edu/crop-protection/opm/mating-disruption/

Passive dispensers developed for MD in viticulture:
Ampoules and tubes filled with pheromones

Thiery et al 2023

Active aerosol dispenser developed for MD in viticulture

https://lodigrowers.com/disruption-of-vine-mealybug-mating/

https://www.lodigrowers.com/wp-content/uploads/2013/10/Figure_1_combo.jpg


Mating Disruption (MD)
• An advanced technique where dispensers release a continuous, high concentration of synthetic pheromones throughout the 

vineyard. 
• This creates a "fog" that confuses male insects, making it impossible for them to locate females
• Disrupts the mating cycle and significantly lowering the number of offspring

Example:
Grape Berry Moth (GBM) (Paralobesia viteana)
• Introduced and trialed in Niagara vineyards in 2007 and used mainly by organic growers
• For low to moderate GBM pressure
• 500 dispensers/ha and correct application is critical
• Use sentinel traps for monitoring effectiveness

Credits: W. McFadden-Smith



MD for Grape Berry Moth

ADVANTAGES
  Application not restricted by 

weather conditions
  Does not rinse off
  Single application per 

generation
  No drift
  Unlimited re-entry

CHALLENGES
  Labor intensive and expensive
  Dispenser can accumulate on wires 

over time
 Preventative NOT corrective 

measure



Mating disruption (MD) with pheromones 
Example: 
Vine mealybug (Planococcus ficus)

https://www.suterra.com/products/vmb

Credit: K. Daane
https://www.trece.com/products/vine-mealybug-mating-disruption/

Types of MD dispensers

Credit: K. Daane, 2006

• 2001-sex pheromone identified and developed by Dr. J.G. Millar and team 
• 2002-commercial use of monitoring traps in Californian vineyards
• 2004-2006 MD programs developed and trialed by Dr. K. Daane and team
• MD is well-established and growing practice in California vineyards, with adoption 

varying by region and grower, often seen in large-scale efforts in prominent areas like 
Napa and Lodi, supported by research trials.



• Parasitoid wasps are significant natural enemies of mealybugs, and their effectiveness can be enhanced by the strategic use 
of mealybug sex pheromones. 

• Mealybug sex pheromones play a dual role in vineyard management

•Attraction (Kairomonal Response): female parasitoid wasps are naturally attracted to sex pheromone released by female 
mealybugs to locate their hosts. 

Bonus to mealybug pheromone lures: 
attracting parasitoid wasps, natural enemies

•Integrated Strategy: pheromone dispensers are used to concentrate parasitoid activity in specific areas of the vineyard, 
increasing the rate of mealybug parasitism. 

various parasitoid wasps of mealybugs
Heppner et al. 2008



Vemulapati et al, 2025

In Canada: Grapevine cultivation in four provinces
• Ontario (ON): 7168 ha, 58% of total, 500 growers
• British Columbia (BC): 4848 ha, 36% of total, 900 growers
• Québec (QC): 848 ha, 6% of total, 107 growers
• Nova Scotia (NS):  391 ha, 3% of total, 100 growers

Statistics Canada. 2023

Credit: M. Spodek



Grapevine leafroll on cv. Chardonnay

Credits: Poojari, 2020

Grapevine leafroll on cv. Merlot 

Long-term productivity losses of up to 

CAD $298,784 per hectare (ha)

Grapevine Leafroll Virus 3 
(GLRaV-3) symptoms:

• Red or purple coloration on mature leaves 
with green veins in red-fruited cultivars

• Yellowing on the mature leaves in white-
fruited cultivars

• Backward rolling of mature leaf margins 
commonly found in both white and red fruited 
cultivars

• Uneven ripening of berries and thin clusters

• Reduced yield and poor quality of grapes 
would result in significant economic losses



Tsai et al 2010

Mealybugs that vector 
Grapevine Leafroll Virus 3 (GLRaV-3)

in CANADA 

Credit: Protasov AN / Shutterstock



Background on Grape Mealybug
• Soft bodied insects

• Sexual dimorphism: different appearance of males and females

• Females are neotenic and almost immotile with no wings and 
retrogressed legs

• Adult males are winged, don’t have mouthparts and live a few 
days

• Feed on vine sap (phloem) not on grapes

• Live most of life under the bark of vines

Credits: M. Spodek

3 month lifecycle



Pheromone traps for Grape mealybug (Pseudococcus maritimus)
• In 2007-2010, sex pheromone identified and synthesized from virgin female grape mealybug by team at University of 

California (Figadere et al. 2007; Zou and Daane 2010)

 

Structure of trans-a-necrodyl isobutyrate 1

Figadere et al. 2007

Couple gas chromatography electroantennogram analysis of virgin grape mealybugs

Figadere et al. 2007; Zou et al. 2010

Photos: R. Isaacs, MSU & S. Onayemi WSU

Onayemi and Walsh, 2022Walton et al, 2013

• Used to determine seasonal phenology in 3 wine grape growing regions of Oregon (Walton et al, 2013)

• Pheromone-based Monitoring in Washington State (Bahder et al, 2013)

• Mating Disruption for Grape Mealybugs in Washington Vineyards (Onayemi and Walsh, 2022)

• Optimizing insecticide timings based on pheromone trap capture data (Onayemi et al, 2025)



Grape mealybug in Canadian vineyards
• Identified as vector of grapevine leafroll associated virus-3 (Bahdar et al. 2013)

• Currently controlled by Movento (spirotetramat), systemic insecticide

• Scouting by removing bark from vine trunks in early spring, visual inspections

• Pheromone lures from USA trialed 2017-2023, not successful at trapping males 

https://www.instagram.com/p/DJ2T3DwTJp-/

Credits: W. McFadden-SmithCredits: M. Spodek

WHY ARE TRAPS 
NOT WORKING??

male mealybug on sticky trap



Why Grape mealybug pheromone traps not working in Canada?
• Perhaps not the same species as US Grape mealybug or maybe a subspecies??

Grape Mealybug; Adult female
Miller, D., et al, 2014 <https://idtools.org/scales/>

Tree credit: Dr. V. Cezar Pacheco da Silva, Universidad de la República, Uruguay
unpublished data

Molecular analysis with CO1 (barcode gene) 
segment of ON+BC+US grape mealybug specimens

Grape mealybug Obscure mealybug

Pseudococcus _Niagara vineyard 3

Pseudococcus _Niagara vineyard 1

Pseudococcus _Niagara vineyard 2CLUSTAL O(1.2.4) multiple sequence alignment

P. Liang unpublished data 

• Need more robust 
genomic tools to clarify 
the identity of 
Canada’s Grape mealybug



Professor G. Gries & R. Gries
semiochemical ecologists, Simon Fraser University, BC

Mealybug pheromone development

Credit: A. Brauner

Credits: M. Spodek



Establishing a mealybug rearing for pheromone identification

male mealybug 
development, 
complete metamorphosis

Credits: M. Spodek

prepupa pupa adult male

cocoon



Shipping Grape mealybugs for pheromone extraction

• unmated females, egg masses, 
male cocoons and 1 live adult male shipped 
overnight to Gries lab, Burnaby, BC several times 
last summer and early fall for establishing a rearing 
and pheromone extractions

Grape mealybug cocoon

unmated Grape mealybug females

Grape mealybug
egg sacs

adult male Grape mealybug
Credits: M. Spodek



Results of 1st aeration extraction trial with Canadian Grape mealybugs

FID

Retention  time (min)

~0.25 m V

            
        

EAD

5 6 7 8

~0.5 mV

• There is only a blip in the FID (Flame Ionization Detector) 
trace 

 
• All other peaks are volatiles most likely emitted from the 

substrate the mealybugs were feeding on and have nothing to 
do with the pheromone

Response of Ontario male Grape mealybug antenna to aeration extract 
of 12 Grape mealybug females from BC

BC female grape mealybugs

Credit: Gries, unpublished 

ON male grape mealybug

GC-EAD
aeration extraction 



Field testing new lures in ON+BC

• Trapping field tests with synthetic 
lures

• Compare the number of males 
trapped to control lures

• Determine lure dosage and trap 
interval in vineyard

Lifecycle of grape mealybug

Source:  W McFadden-Smith, OMAFA
unpublished data

male 
cocoons 

start
adult 

males fly 
(mating)

adult 
males fly 
(mating)

male 
cocoons 

start



Future research plans

• Genomics of both ON and BC mealybugs
• Collect more adult female and male mealybugs from ON and BC vineyards in the spring 2026
• Repeat aeration extraction with more live virgin females from ON+BC 
• Compare aeration extraction to existing grape mealybug pheromone 
compound
• Test lures in lab and ON +BC vineyards trials with different pheromone 
dosages and trap intervals



Benefits of using pheromone lures in vineyards
• Species-specific: they target only the pest species and don’t harm non-target organisms like beneficial insects 

or pollinators.

• Environmentally safe: they are naturally occurring or easily degradable synthetic substances that leave no 
harmful residues on the fruit, soil, or water. 

• Effective for management: prevent or reduce pest populations to a manageable level, which is crucial for 
vineyard sustainability and productivity.

• Supports integrated pest management (IPM): provide data for monitoring and can reduce the need for 
broadcast chemical applications.

• Resistance Management: the development of pest resistance is highly unlikely, because they disrupt behavior 
rather than biochemistry.

• Long-lasting effectiveness: a single lure can remain effective for weeks or even months, depending on the 
product, making them a cost-effective solution.

• Supports Worker Safety: because pheromones are naturally occurring and species-specific, they are non-
toxic and safe for workers.

 



Higher Cost: The initial cost of pheromone products and dispensers can be higher than conventional 
insecticides, which has been a barrier to wider adoption in the past.

Labour Intensive: To deploy dispensers in vineyards and dispensers can accumulate on wires over time 
(would need to be removed). Newer technologies like aerosols, flowable sprays, and drone applications are 
addressing this.

Pest Density: Mating disruption is less effective when pest populations are already very high, requiring a 
combination with other methods as part of an IPM strategy.

Challenges of using pheromone lures in vineyards

Credit: M. Spodek



Global use of pheromone practices in vineyards
•Europe: Pheromone mating disruption is a standard practice in many European vineyards 

•France: used to protect over 100,000 hectares of vines (12% of the total, 2019)

•Switzerland and Germany: used on approximately 60-65% of vineyards 

•Italy: largely replacing insecticides in some regions mainly for moths and mealybugs

•North America: USA: California, Washington State and Oregon, vine mealybug and codling moth

                            Canada: Grape Berry Moth pheromone for monitoring and MD

•South America: Argentina (Mendoza) + Chile: successful programs have been implemented  
  controlling the European grapevine moth

                            Argentina+Chile+Peru: various mealybug species

•Australia+New Zealand: monitoring and MD under R&D for mealybugs; longtailed mealybug, vine 
  mealybugs, Citrophilus mealybugs

Compes, 2019



Courtesy Rachele Nieri/University of Trento, Italy

Integrated Pest 
Management (IPM)
using different tools to 
reduce chemical inputs 
for sustainable grape 
growing in vineyards

IoT-integrated "smart traps" with real-time 
monitoring sensors +
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