
Cesar Rodriguez-Saona
Entomology

NOVEL BEHAVIOR-BASED STRATEGIES 
FOR SWD

New England Veg & Fruit Conference
Dec. 2024

crodriguez@njaes.rutgers.edu



pre-bloom bloom mid-season pre-harvest harvest post-harvest

Bars show period when scouting and management of the pest is most important. 

Growth stage

BLUEBERRY INSECT/MITE PESTS



Blueberry
Maggot

 IPM

Monitoring Reduced-risk
Chemical Control

Site-specific 
Applications

Treatment 
Thresholds

BLUEBERRY MAGGOT IPM



pre-bloom bloom mid-season pre-harvest harvest post-harvest

Bars show period when scouting and management of the pest is most important. 

Growth stage

BLUEBERRY INSECT/MITE PESTS



BLUEBERRY MAGGOT FLY
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Emergence of blueberry 
maggot fly later and 
later each year.

Possibly due to biotic 
(competition with SWD) 
factors.

A possible case of 
Competitive Exclusion.

Shope, Rodriguez-Saona et al. 
2023



SPOTTED-WING DROSOPHILA
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Emergence of SWD 
earlier and earlier each 
year.

Possibly due to abiotic 
(climate change) factors 
(number of winter 
freezing days).

Shope, Rodriguez-Saona et al. 
2023



Behavioral 
Control

ON-GOING RESEARCH

Monitoring

Attractants:
• Fermentation
• Yeast
• Fruit
• Leaves

Cultural Control

• Sanitation
• Pruning
• Irrigation
• Weed mat/mulches
• Netting
• Surrounding habitats

Chemical 
Control

New insecticides:
• Exirel
• Delegate
• Danitol
• Organic Options 

Post-Harvest 
Management

32ºF for 3-5 d

Biological Control
Ganaspis 
kimorum

SWD IPM
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ATTRACT-AND-KILL

• Attractive cues: 
– Visual 
– Chemical

• Insecticide kills pest

• Reduce injury 

• Reduce non-target affects

CAN IT WORK FOR SWD?



ATTRACT-AND-KILL SWD

Attractants + Phagostimulant +
Insecticide

SPLAT SWD A&K 
(HOOK SWD/
ACTTRA SWD)

Combi-Protec



• ISCA Technologies Inc.

a

abb

SPLAT SWD A&K

• One conventional insecticide: 
Danitol 

• Four organic insecticides: 
Grandevo, Venerate, Azera, Entrust

• SWD mortality after 24 h 

Lab Trial



• 2-3 SPLAT SWD A&K applications during 
fruit ripening. Plots  = 0.04 ha.

• Fruit samples (~150 berries/plot) taken 
1 or 2 weeks after.

• Checked SWD emergence in the 
laboratory.

SPLAT SWD A&K

Small Plot Field Trial



Klick, Rodriguez-Saona et al. 2019

SPLAT SWD A&K



• Commercial blueberry farms.

• Treatments: SPLAT SWD A&K vs 
Control.

• Applications every week or every 
other week.

HOOK 
Control

SPLAT SWD A&K

Large Plot Field Trial



Urbaneja-Bernat, Rodriguez-Saona et al. 
2022

SPLAT SWD A&K REDUCES FRUIT INFESTATION 

SPLAT SWD A&K



• Five SWD densities: 0, 20, 40, 60, and 80.

• Treatments

No = No SPLAT SWD A&K

Foliage = SPLAT SWD A&K applied to a leaf

Bark = SPLAT SWD A&K applied to the bark

Urbaneja-Bernat, Rodriguez-Saona et al. 
2022

SPLAT SWD A&K

Cage Field Trial



• Three fruit densities: 25, 50, and 100.
• Treatments

No = No SPLAT SWD A&K
Foliage = SPLAT SWD A&K applied to a 

leaf
Bark = SPLAT SWD A&K applied to the 

bark

Urbaneja-Bernat, Rodriguez-Saona et al. 
2022

SPLAT SWD A&K

Cage Field Trial



ATTRACT-AND-KILL SWD

Attractants + Phagostimulant +
Insecticide

SPLAT SWD A&K 
(HOOK SWD/
ACTTRA SWD)

Combi-Protec



• Insect bait (Andermatt USA Corporation).

• Feeding stimulant.

• Adjuvant – tank mix with any insecticide.

• Treatments:

1) UTC

2) Spinetoram (Delegate) or Spinosad 
(Entrust) 6 oz

3) Delegate/Entrust (6 oz) + Combi-protec 

4) Delegate/Entrust (3 oz) + Combi-protec

COMBI-PROTEC



• Highbush and lowbush blueberries 
and raspberries.

• OR, NJ, ME, NY.

• SWD flies (100) were released in each 
cage.

• Fruit were sampled and evaluated for 
number of eggs laid, larvae, and adult 
emergence.

Cage Field Trial

COMBI-PROTEC
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Unpublished data

COMBI-PROTEC
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• Small-plot field studies.

• Highbush and lowbush blueberries.

• GA, ME, MI. 

• Applications once a week.

• Collected ripe fruit samples from 
bushes, assessed for SWD larvae and 
adult emergence.

COMBI-PROTEC

Small-Plot Field Trial
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Unpublished data

COMBI-PROTEC
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• Treatments:

UTC = untreated control

Insecticide program half rate

Insecticide program half rate + combi-protec

Insecticide program full rate

Insecticide program full rate + combi-protec

• Weekly rotation of insecticides (e.g., Imidan, 
Mustang Maxx, Malathion, Delegate)

• Collected fruit and foliage from bushes.

• Assessed adult mortality, egg count, and adult 
progeny emergence. 

Semi-Field Trial

COMBI-PROTEC



Week 4 – Delegate (Spinetoram)
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Week 2 – Mustang Maxx (Zeta-Cypermethrin)
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Week 1 – Imidan (Phosmet)

Adult Mortality
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Week 3 – Malathion 
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Week 4 – Delegate 
(Spinetoram)
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ATTRACT-AND-KILL SWD

• Effective 

• Lower insecticide use

• Lower insecticide residues

• Compatible with IPM

ARE MULTIPLE STRATEGIES BETTER THAN ONE?

• Not 100% control – Low tolerance

• Density dependent (SWD + fruit)

• $$$



BEHAVIORAL CONTROL



• Alternative, behavioral control strategy

• Combines a repellent/oviposition deterrent and 
attractant

PUSH-PULL



Challenges to Developing Repellents

•Discovery/Sources of repellents

-Botanicals

-Microbes

-Serendipity

•Safety (Human and Environment)

•Deployment 

•Costs

Rosemary Oil

1-octen-3-ol

PUSH-PULL



SWD Repellents Previously Tested

1-Octen-3-ol

Geosmin

2-Pentylfuran

PUSH-PULL



Novel Sources of Repellents

1. Repellents from pathogenic fungi odors 

2.   Repellents from fermented apple juice

PUSH-PULL



• SWD adults repelled B. cinerea 
infected raspberries. 

• SWD oviposited fewer eggs on 
infected raspberry fruit. 

• Larval survival was reduced when 
reared on infected raspberry. 

Grey mold
Botrytis cinerea

Cha et al. 
Insect Science 2019

FUNGAL-INDUCED ODORS

Anthracnose fruit rot
Colletotrichum fioriniae

DOES 
ANTHRACNOSE-IN
FECTED FRUIT 
ODORS REPEL 
SWD?



With spores

No spores

FUNGAL-INDUCED ODORS

Urbaneja-Bernat, Rodriguez-Saona et al. 2020



Urbaneja-Bernat, Rodriguez-Saona et al. 2020

FUNGAL-INDUCED ODORS



5 Colletotrichum fioriniae strains

n = 3 replicates per treatment
~10 g blueberry sample 

Khodadadi et al. 2020 Scientific Reports

FUNGAL-INDUCED ODORS

Objective: Identify volatiles emitted from 
anthracnose-infected fruit



FUNGAL-INDUCED ODORS



63 
compounds

Time (min) by acquisition counts 

––––– Infected
––––– Uninfected

FUNGAL-INDUCED ODORS

Rering, Rodriguez-Saona et al. 2023



FUNGAL-INDUCED ODORS

Rering, Rodriguez-Saona et al. 2023



ethyl crotonate

ethyl butyrate

ethyl propanoate 

ethyl 
isobutyrate

diethyl carbonate 

ethyl 
3-hydroxy-3-methylbutanoate

esters

2-methylpropanal

aldehyde

isobutanol

2-methyl-1-butanol

3-methyl-1-butanol

3-methyl-3-butenol

trans-2-hexenol

alcohols

3-hydroxy-2-butanone

ketone

styrene

benzenoid

FUNGAL-INDUCED ODORS



control

H2O

300 flies/rep (1:1 ♂/♀)
 x 4 reps

Objective: Test volatiles emitted from 
anthracnose-infected fruit on SWD

FUNGAL-INDUCED ODORS



Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS



Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS



Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS



Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS



Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS



test chemical control

H2O

20 flies/replicate (1:1 ♂/♀)
 x 5 assays/volatile

FUNGAL-INDUCED ODORS

Objective: Test individual volatiles emitted from 
anthracnose-infected fruit on SWD



Treatment Control
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ethyl crotonate
ethyl butyrate

ethyl isobutyrate
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0.38

Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS
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Rering, Rodriguez-Saona et al. 2023

FUNGAL-INDUCED ODORS



- 1.8 x 1.8 x 1.8 m (10 m apart)

- Replicated 10 times for each 
treatment

Within each cage:
- 2 potted blueberry bushes 

(3-4 years old)

FUNGAL-INDUCED ODORS

Cage Field Trial

Objective: Test 2 most repellent volatiles on SWD



Blank 
sachet

Treated
 sachet

- 5 clusters of ~10 berries hung 
randomly around each cage

- One bush contained a treated 
sachet (2.5 mL pipetted onto felt), 
the other contained a blank sachet

- 50 SWD (1:1 M:F)
 
-        24 hours

- Berries inspected for number 
of eggs laid and incubated for 
adult emergence

FUNGAL-INDUCED ODORS



Results
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FUNGAL-INDUCED ODORS
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Repellency Index = (ncontrol – nvolatile)/ ntotal

b

a
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FUNGAL-INDUCED ODORS

Unpublished data



Novel Sources of Repellents

1. Repellents from pathogenic fungi odors
 
2.   Repellents from fermented apple juice

PUSH-PULL



• Demonstrated repellent/toxicity effects in laboratory 
setting (Feng and Zhang 2017).

• Floral volatile found in many plants.

• Low toxicity towards non-target insects (Zhu et al. 2019, 
Mostafiz et al. 2019, 2020). 

Objective
Assess the potential of Methyl Benzoate as an SWD 

repellent/oviposition deterrent in highbush blueberry

METHYL BENZOATE



Experimental Design
Conducted on U-pick farms in Maryland and New Jersey

Push Rows

Pull Rows

Pull Rows

Blank Rows

Blank Rows

METHYL BENZOATE



Experimental Design: Control

METHYL BENZOATE



Experimental Design: Push

METHYL BENZOATE



Experimental Design: Pull

METHYL BENZOATE



Experimental Design: Push-Pull

METHYL BENZOATE



• Sachet made with polyethylene tubing 

– Push: Methyl Benzoate (8ml, n=3/bush)

– Pull: Quinary blend (13ml total volume, 

n=1/trap) 

– Control: Blank sachet

• Onset of sampling after sachets were placed for a 

week, then once weekly

– Empty and count SWD in traps

– 2 berries sampled per bush (n=20/plot) and 

eggs counted within 24hrs

METHYL BENZOATE



Trap Catch

METHYL BENZOATE

Gale, Ferguson, Rodriguez-Saona et al. 2024



Berry Infestation

METHYL BENZOATE

Gale, Ferguson, Rodriguez-Saona et al. 2024



Frequency of Infestation

a
a

b
b

MD 2022 Χ2=3.96, df=3, p=0.27
MD 2023 Χ2=4.92, df=3, p=0.18
NJ 2023 Χ2=61.33, df=3, p<0.001

METHYL BENZOATE

Gale, Ferguson, Rodriguez-Saona et al. 2024



Extent of Infestation
MD 2022 Χ2=6.34, df=3, p=0.09
MD 2023 Χ2=3.38, df=3, p=0.34
NJ 2023 Χ2=38.71, df=3, p<0.001

METHYL BENZOATE

Gale, Ferguson, Rodriguez-Saona et al. 2024



CONCLUSIONS

• Attract-and-kill approaches show promise in reducing SWD 
infestation

• But could be enhanced with the use of repellents/oviposition 
deterrent compounds (PUSH-PULL)

• A volatile from fermented apple juice reduces SWD 
oviposition and repels flies.

• Anthracnose-infected fruit also reduces SWD oviposition and 
repels flies.



FUTURE DIRECTIONS
• Incorporation into existing IPM programs.

• Further work on deployment and field-scale effectiveness needed.

• Testing new behavior-based products (BioMagnet Ruby, Decoy, etc.).



Thank you


