
2/11/2014

1

Spotted wing drosophila 
management
Timing, Tools, and Tactics

Hannah Joy Burrack
Department of Entomology

entomology.ces.ncsu.edu
facebook.com/NCSmallFruitIPM
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Spotted wing drosophila 
Topics

When should SWD management begin?

How can you determine if flies are present?

When does infestation start?

What non chemical tactics are available?

What organic insecticides are available & effective?

Spotted wing drosophila life cycle

+
Male Female

Generation time (adult to adult):
10-15 days
Adults can live 1+ month
No known diapause

Pupate on or near 
fruit or outside of 
fruit in the soil
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Spotted wing drosophila identification

(Hauser 2011, Pest Management Science)

Spotted wing drosophila invasion history

Impacted crops

 Blueberries 
impacted 
throughout the 
US

 Blackberries and 
raspberries are 
preferred hosts 
and have been 
significantly 
impacted 
throughout the US

 Fewer reports of 
infestation in spring 
fruiting 
strawberries than 
in day neutral 
strawberries

 Reports of 
infestation in 
some eastern 
US vineyards, 
but impact 
unclear

Doug Pfeiffer, Virginia TechUC Statewide IPM Program

 Significant 
impacts in 
cherries in the 
western US, 
impacts in 
eastern US 
cherries 
unclear
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Assessing the impacts of spotted 
wing drosophila

Impact assessments for the eastern US indicated that the 
damage potential for SWD is $207 million annually

Damage potential for the western US estimated at $511 
million annually 

What are the actual impacts of SWD?

We need your help!

http://swd.ces.ncsu.edu/2014/01/swd-impacts-2013/

Spotted wing drosophila 
Topics

When should SWD management begin?

How can you determine if flies are present?

When does infestation start?

What non chemical tactics are available?

What organic insecticides are available & effective?

Methods
10 states
Sites in blueberries, caneberries, or grapes
No SWD were captured in strawberry plots
6 treatments
Traps checked, lures changed weekly
Male and female SWD and non SWD drosophilids counted

Treatment 1
Apple cider 
vinegar + 

soap

Treatment 2
Yeast & 
sugar 

solution

Treatment 3 
Fermenting 

bait plus 
ACV

Treatment 4 
Droskidrink

Treatment 5 
Synthetic 
lures over 

ACV

Treatment 6 
Synthetic 
lures over 
drowning 
solution
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Treatment 1
Apple cider 
vinegar + 

soap

150 ml of ACV, 
4 ml soap/gal

Treatment 2
Yeast & 
sugar 

solution

2 Tbsp yeast, 8 
Tbsp sugar, 24 

fl oz water, 
0.76 ml 

unscented 
soap

Treatment 3 
Fermenting 
bait in ACV

69 g whole 
wheat flour, 8 
g sugar, 1.3 g 
yeast, 4 ml 

ACV, 100 ml 
water (4 fl oz

per trap) 
floating in
150 ml of a 
solution of 

600 ml, 67 ml 
95% ethanol, 
3.3 ml soap

Treatment 4 
Droskidrink

150 ml of a 
solution of 

450 ml ACV, 
150 ml red 
wine, 12 g 
muscavado

sugar

Treatment 5 
Synthetic 
lures over 

ACV

150 ml of ACV, 
4 ml soap/gal

Treatment 6 
Synthetic 
lures over 
drowning 
solution

150 ml of a 
solution of 

600 ml water, 
6 g borax, and 
0.24 ml soap

1. Fermenting bait and synthetic lures over ACV captured more 
flies when all states and crops were pooled 

F = 89.57; df = 5, 1937; p < 0.0001

d
b

a

b
a

c

2. None of the baits were highly selective for SWD, but ACV, YSL and synthetic lure over 
drowning solution generally caught a larger proportion of SWD. Treatments with 

high captures were generally less selective, and treatments with lower captures had 
higher proportions SWD. 

Proportion SWD, pooled sites: F = 71.96; df = 5, 1115; p < 
0.0001

b b

c

b
c

a
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3.  All baits/lures captured flies earlier than ACV.

F = 12.47; df = 5, 138; p < 0.0001

b

a

Bait/lure conclusions

Fermenting baits and synthetic lures over ACV were similar in total 
trap captures

Fermenting bait lures may suggest other possible volatile 
attractants

Differences in attraction between sexes may impact bait efficiency 
between crops 

Synthetic lures had higher trap captures in blueberries and 
generally had lower trap captures than caneberries

Baits or lures which captured large numbers of SWD may also 
capture larger numbers of non target insects

All baits captured flies 1 to 2 weeks earlier than ACV

Adult monitoring 
Identification tools

Because no trap/bait/lure 
combination is selective for 
SWD:
Be prepared to ID flies if you 
plan to trap!

Via: http://www.instructables.com/id/10-
Smartphone-to-digital-microscope-conversion/

http://www.instructables.com/id/10-Smartphone-to-digital-microscope-conversion/
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Adult monitoring 
Identification tools

Via: http://www.instructables.com/id/10-
Smartphone-to-digital-microscope-conversion/

(Hauser 2011, Pest Management Science)

Determining when flies are present
Adult monitoring summary

No trap & bait combination has been demonstrated to 
consistantly capture flies before infestation occurs or has been 

tested for tracking treatment efficacy
But some new baits/lures are promising

Trap captures indicate presence or absence

When SWD is active, preventative treatments should be applied if 
susceptible fruit is present

What are other ways growers can monitor SWD?

Monitoring tools – Fruit sampling

Fruit samples should be collected from each field/variety block 
at each harvest

A “salt test” is a quick way to assess larval presence
¼ cup salt dissolved 1 gal water
Poured over a thin layer of fruit

Larvae should be visible within 15 minutes

Salt tests may miss small larvae
Drosophila larvae cannot be distinguished by species – do not 

sample rotting fruit!

http://www.instructables.com/id/10-Smartphone-to-digital-microscope-conversion/
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Monitoring tools – Fruit sampling

Distinguishing SWD from other larvae present in strawberries

Pointed on both ends
Black mouth hooks visible 

on front
No legs

Distinct head
Three legs, many prolegs

Large when mature

SWD

Distinct head
Three legs

~0.5 inch when mature

Corn earworm Sap beetle

Monitoring tools – Fruit sampling

Distinguishing SWD from other larvae present in caneberries

Pointed on both ends
Black mouth hooks visible 

on front
No legs

SWD

Distinct head
Three legs

Varying sizes

Raspberry fruitworm beetle

Fruitworm images via: http://www.berriesnw.com/ 
And http://www.fruit.cornell.edu/

Distinct head
Three legs

~0.5 inch when mature

Sap beetle

Monitoring tools – Fruit sampling

Distinguishing SWD from other larvae present in blueberries

Pointed on both ends
Black mouth hooks visible 

on front
No legs

SWD Blueberry maggot

Pointed on one end
Larger when mature

No legs
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Spotted wing drosophila 
Topics

When should SWD management begin?

How can you determine if flies are present?

When does infestation start?

What non chemical tactics are available?

What organic insecticides are available & effective?

When can infestation develop in 
blackberries & raspberries?

Katie Swoboda, PhD student

Green-pink

Ripe
Purple

Blackberry ripeness stages

Green-pink

Ripe
Pink

Raspberry ripeness stages

When can infestation develop in 
blackberries & raspberries?

Katie Swoboda, PhD student

Foam strip

5 x 7“ mesh bag

Fruit caged at target ripeness 
stage and removed when ripe

Held individually until all flies 
emerged

Held at 20 °C
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When can infestation develop in 
blackberries & raspberries?

Katie Swoboda, PhD student

Infestation in blackberries by ripeness stage Infestation in raspberries by ripeness stage

d

c

b

a a

b

c

Infestation was highest in fully ripe fruit
But flies were able to infest and survive in fruit that was just beginning to change color

How does an infestation develop?

Transects ≥ 20 m apart

Traps 

Yeast sugar water bait in 32 fl oz
cups; ~20 m apart

Fruit collection

~40 ripe fruit around each trap

Sites

2 commercial blackberry fields

101

201

301

307

209

111

Katie Swoboda, PhD student

• Date

– 2 July- no 
infestation

101

201

301

307

209

111

Fruit Infestation

How does an infestation develop?

Katie Swoboda, PhD student
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Fruit Infestation

How does an infestation develop?

201

301

307

209

111

• Date

– 2 July- no 
infestation

– 9 July- 1-2 
pupae/40 fruit

Katie Swoboda, PhD student

Fruit Infestation

How does an infestation develop?

201

301

307

209

111

• Date

– 2 July- no 
infestation

– 9 July- 1-2 
pupae/40 fruit

– 16 July- ≤ 44 
pupae/40 fruit

Katie Swoboda, PhD student

Fruit Infestation

How does an infestation develop?

101

201

301

307

209

111

• Date

– 2 July- no 
infestation

– 9 July- 1-2 
pupae/40 fruit

– 16 July- ≤ 44 
pupae/40 fruit

– 23 July- fewer 
pupae than 16 July
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Spotted wing drosophila 
Topics

When should SWD management begin?

How can you determine if flies are present?

When does infestation start?

What non chemical tactics are available?

What organic insecticides are available & effective?

Methods for cold temperature experiments

Artificial diet

Used to determine what temperature and duration most 
negatively impacted immature  SWD

Fruit

Fruit infested over the course of 7 days and held at 68F until 
desired life stage reached

At least 24 treatment replicated and 8 control replicates 
were conducted for each life stage

Exposed in commercial scale cold room at 35F for 72 hrs

Non chemical tactics
Post harvest storage temperature

Post harvest storage temperature
Survival to pupa in raspberries

First instar larvae in 
raspberries were not 
impacted by storage at 
35F for 72 hrs, but other 
life stages were impacted

* *
*



2/11/2014

12

Post harvest storage temperature
Survival to pupa in blueberries

No eggs survived to 
pupation in blueberries 
held at 35F for 72 hrs, but 
some of all other life 
stages did

No significant difference 
in survival for first and 
second instar

*
*

Post harvest storage temperature
Development time

Development took 3 days 
longer in cold treated 
fruit, meaning larvae did 
not develop at 35F

Similar development time 
increases for temps in 
artificial diet

Development was faster 
in raspberries than in 
blueberries

Post harvest storage temperature
Summary

First instar larvae were the most sensitive to cold temperatures 
in artificial diet and much less sensitive in fruit

Eggs were the most significantly impacted in fruit
Of the 434 eggs exposed to 35F for 3 days in blueberries, none 

survived
For a treatment to be quarantine acceptable, 93,613 individuals 

must be tested with no suviviors

Larval development was essentially stopped at potential post 
harvest temperatures, at least for 3 days
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Non chemical tactics
Exclusion

Larval counts of D. suzukii emerged from 
overripe blueberries from Kisarazu City 
submerged in water for one hour (Kawase, 
et al. 2005; Masanori Seto, Cornell 
University)

Spotted wing drosophila 
Topics

When should SWD management begin?

How can you determine if flies are present?

When does infestation start?

What non chemical tactics are available?

What organic insecticides are available & effective?

Effective organic chemical controls are very limited

Most effective = Entrust. A spinosyn insecticide

But, limited amounts allowed per acre per season

For resistance concerns, label requires rotation to a different 
chemical class after 2 sprays.
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Lab tests on efficacy of organic insecticides

• SWD flies placed in 
treated Petri dishes.

• Survival over time was 
recorded.

Top = many organic treatments

Bottom = Entrust vs Delegate

• Entrust at 2 oz/acre 
was the only effective 
organic treatment.

Field bioassay trials, 2012 and 2013

Treatments applied to small plots 

using a backpack sprayer.

Shoots with 20 leaves and 10 

fruit picked at 1, 3, 5, 7, 10 DAT.

Add 5 male, 5 female SWD for 7 d.

Measure % fly mortality at 48 h, 

number of larvae after 9 days.

Compare control of SWD across 

treatments and DAT.

0
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1 DAT 3 DAT 5 DAT 7 DAT 10 DAT

Insecticide comparison: residual control
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Effective insecticides for SWD control

0

1

2

3

4Excellent

Good

Fair 

Weak

No activity

2013 U.S. review of 

insecticide efficacy 

against SWD, across all 

crops.

New Entrust formulation, seasonal limits

Entrust 80WP

1.25-2 oz per acre

9 oz seasonal maximum

6 applications maximum

3 day pre-harvest interval

4 hour re-entry interval

Entrust 2SC

4-6 oz per acre

29 oz seasonal maximum

6 applications maximum

3 day pre-harvest interval

4 hour re-entry interval

Check 24c labels for different crops and states at www.cdms.net

Example from blueberry and caneberry labels

Ongoing exploration for organic insecticides

• Fly-active strains of B.t. (Cowles)

• Fungus (metarhizium) formulations tested

• Botanical insecticides

• Low levels of activity, but may contribute 
to population reduction

http://www.cdms.net/
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Read us @ entomology.ces.ncsu.edu
Like us @ facebook.com/NCSmallFruitIPM

Follow us @NCSmallFruitIPM

Biologically based Spotted Wing Drosophila management  

Hannah Burrack, Rufus Isaacs, Vaughn Walton

Nik Wiman, Samantha Tochen, Daniel Dalton, Betsey Miller, Jimmy Klick, Wei 
Yang, Denny Bruck, Jana Lee, Hannah Burrack, Claudio Ioriatti, Gianfranco 

Anfora, Alberto Grassi, Peter Shearer, Kent Daane, Xingeng Wang

Current Blueberry Production in Oregon
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Oregon’s blueberry IPM cost estimation 2013

Input cost/loss (7 
applications, 7, 800 
acres)

Cost/acre/applicati
on

Seasonal 
value/acre

Industry-wide input

Sprayer $37 $259 $2,020,200

Chemicals $50 $350 $2,730,000

Fruit drop/appl. $38 $266 $2,074,800

Unharvested fruit (2%) - $150 $1,170,000

Total $169 $1,025 $7,995,000 (6.6% of total 
value)

Input cost figures from Oregon Blueberry Enterprise budgets, Strik et al. 2011

Current Drosophila suzukii management challenges

• Application difficulties

– PHI and REI’s

– Aerial sprays costly

– Fruit knockdown

• Increased production costs

• Disruption of IPM 

Efficacy of alternate row sprays in raspberries

Alternate row (A) sprays 

Every row (E) sprays

• A-sprays did not result in yield 
loss in low pressure years

• A-sprays reduced application 
time, chemical costs and area 
sprayed by 50%
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Efficacy of border sprays in Liberty blueberries

Border sprays

Cover sprays

• Border (B) vs cover (C) spray at 24-

ha (60 A) for 2 years

• B-sprays had 15 m (50 ft) swath 

into field and untreated center

• C-sprayed 2 of 3 B-plots after high 

adult, larvae in 2013

2012 (low SWD pressure)

• B-sprays did not result in 
yield loss

• B-sprays reduced costs by 
$320/ha ($128/A)

2013 (high SWD pressure)

• C-spray after high adult, larvae in 
B-plots

• Economic benefits of B-sprays 
reduced

kg
/h

a 
(m

e
an

 ±
S.

E.
) 

fr
u

it
 

kn
o

ck
d

o
w

n

Border Spray Cover Spray

Border spray Cover spray

Improved Sprayer Technology
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Using Bio-based management strategies

The primary funding for this collaborative Spotted Wing Drosophila project is 
provided by: USDA-NIFA SCRI Competitive Research Grant Number 2010-51181-
21167

Tochen et al unpublished

Blueberries

Cherries

Blossoming of cherries and blueberries in the Willamette Valley, OR

Late dormant survival – alternate food sources

Tochen et al unpublished
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Tukey’s HSD, F = 4.479276, p = 0.043

Control = 92.4± 6.64
Blossoms = 73.8±5.7
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Obj. 2 – Distribution

Spatial Analysis with Distance IndicEs
of total SWD captures

Perry et al. 1995 J. Anim. Ecol., 1999 Pest. Mgt. Sci. 

Clusters in 
patches 

Clusters in 
gaps

Random
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Mid season2011 2012

+
+

+

-
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-

+

+

+
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Late season2011 2012

+
+

+

-

-

-

Effect of humidity on egg maturation
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Tochen et al unpublished
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Effect of Humidity on:  oviposition

(1-way ANOVA: F=66.78, p=.001, R2=.093019)

y = 0.026x2 - 1.8796x + 28.033
R² = 0.9302
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Tochen et al unpublished
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Effect of Humidity: SWD longevity

Tochen et al unpublished

Warm Dry
Cooler Wetter

Impact of climate on Spotted Wing Drosophila

Tochen et al unpublished

Simulation for blueberry microclimates

Jul 15 Jul 22 Jul 29 Aug 05 Aug 12 Aug 19
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Inner berries

Outer berries

Dropped (row)

Dropped (weed mat)

Air temp only

SWD population levels 
determined based on 
thermocouple temperature 
readings.

SWD population model – Microclimates

Data generated from Tochen et al Env Ent Accepted (2014) model
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SWD population model – Regional differences, California

Wiman et al in prep 2014
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Photo: V. Walton

Parasitoids - P. vindemmiae in the field

69

Asobara sp.
(Braconidae)

Trichopria sp.
(Diapriidae)

Ganaspis sp.
(Figitidae)

Larval Parasitoids

Pachycrepoideus sp.
(Pteromalidae)

Pupal Parasitoids
10%

20%

J. Miller, Shearer, B. Miller, Walton, Daane, Wang in prep.

33%

Photo: Xingeng Wang Photo: Xingeng Wang

Photo: Xingeng Wang Photo: Xingeng Wang

<1%

6%
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Importance of biological control

May 15 Jun 01 Jun 15 Jul 01
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Thank you

The primary funding for this collaborative Spotted Wing 
Drosophila project is provided by: USDA-NIFA SCRI 
Competitive Research Grant Number 2010-51181-21167

• Find all upcoming and archived webinars at 
http://www.extension.org/pages/25242. This webinar is 
being recorded and will be available from that link soon.

• Have an organic farming question? Use the eXtension Ask an 
Expert service at https://ask.extension.org/groups/1668/ask

• We need your feedback! Please respond to an email survey 
about this webinar which you’ll receive later.

• Thank you for coming!

http://www.extension.org/pages/25242
https://ask.extension.org/groups/1668/ask

