.

Berries & Biocontrol:
Current status of biological
control prospects of important
berry pests.

Hillary Peterson, Ph.D.

Maine Department of Agriculture,
Conservation and Forestry

hillary.peterson@maine.gov
www.maine.gov/ipm .

Learn More: Photo credits
and references to studies and
articles are clickable links!
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mailto:Hillary.Peterson@maine.gov
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Highbush Blueberry Raspberries & Blackberries

Special Section:

Spotted Wing
Drosophila (SWD)

Candy-striped
Leafhopper Weeuvil

Blueberry Maggot Fly

Strawberries Lowbush Blueberries

UMaine Extension:

e Grasshoppers

* Flea beetles

* Blueberry Leaf Beetle
e Blueberry Sawfly

e Blueberry Tip Midge
Red Striped Fireworm
Winter Moth

Blueberry Blueberry
Spanworm Thrips

Tarnished Strawberry Strawberry
Plant Bug Bud Weeuvil Rootworm

Photos: Michigan State University; Hannah Burrack (NC State); UMaine Extension Tom Murray (bugquide.net); Matt Bertone; Charlie Armstrong; Jim Dill



https://www.canr.msu.edu/news/a-whole-new-world-opening-international-markets-through-pest-management-research
https://content.ces.ncsu.edu/tarnished-plant-bug-in-strawberries
https://extension.umaine.edu/blueberries/factsheets/insects/199-strawberry-rootworm/
https://bugguide.net/node/view/935172
https://entomology.ces.ncsu.edu/spotted-wing-drosophila-biology/
https://extension.umaine.edu/home-and-garden-ipm/fact-sheets/common-name-listing/graphocephala-coccinea/
https://extension.umaine.edu/home-and-garden-ipm/wp-content/uploads/sites/43/2010/10/BlackVineWeevil.jpg
https://extension.umaine.edu/blueberries/factsheets/insect/
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Gotpests.org > fruit

J\-I aime ,g(_)'\'-'" Agencies | Online Services | Help State Search: _

- o . ' TN Maine e

. ’ ’ . - / \ Integrated oy
- Got Pests : | A :
& e )i u : r _ L Management IR ' bl g AR .

Council

f iy ! ‘_

Home | Contact Us Site Index | Search Got Pests: _

GOTPESTS? Home > Pests of Fruit QUICK FIND

iJ About Got Pests? . Bed Bugs
Pests of Fruit )
J Is It Really a Pest? Bugs Invasive Pests
J Pest Solutions Diseases Late Blight of
— Other Critters Potatoes/Tomatoes
J A Word About Pesticides Weeds " N
osquitoes
J Want to Know More? i
Ticks
What's New?

Bugs LINKS

Maine Integrated Pest
Management Council

Maine Board of Pesticides
Control

Maine MNatural Areas Invasive
Plants

Maine Center for Disease
Control & Prevention

Maine Department of
Agriculture, Conservation and
Forestry
Plum Curculio Maine YardScaping
Partnership
University of Maine
Cooperative Extension IPM for
Maine Homeowners
= Have Your Pest Identified
{Diagnostic Lab)

USDA APHIS Wildlife Services



https://www.maine.gov/dacf/php/gotpests/found-in-fruit.htm

UMaine Extension > Home & Garden > Fruit Pests
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Photo Gallery: Fruit Pests

Home and Garden IPM from Cooperative Extension -

L AR e e o ve T st

Apple Maggot Fly (closer European Apple Sawfly Round-headed Apple Tree
view) (larvae plus damage) Baorer

Apple Maggot Fly Larval stage of a
longhorned beetle (such as
the Round-headed Apple

Tree Borer at left)

farval Ma‘mpw

Black Vine Weevil
(Otiorhynchus sulcatus)

Codling Moth (apple pest)  An apple with codling moth
larval feeding injury

Raspberry Weevil (also
known as the Clay-colored
(strawberry, raspberry and Weevil) (Otiarhynchus

cranberry pest; singularis) (very similar to

rhododendrons are alsoa  the Black Vine Weevil) (this

host) one was found feeding on

a rhododendron in central
Maine; 5/16/2021)

Blueberry Flea Beetle

& FORESTRY

W — Quicklinks

Additional Photos and
Information:

* Apple Maggot
¢ Apple Mealybug
* Black Vine Weevil
* Blueberry Insect Pests (specific to Maine low-
bush blueberry):
o Blueberry Flea Beetle
o Blueberry Maggot Fly

o

Blueberry Spanworm

o

Blueberry Thrips

o]

Red-striped Fireworm

o

Spotted-wing Drosophila (invasive) (see
Fruit Flies)
blackberries and raspberries)
¢ Codling Moth
* Cranberry Insect Pests:

o Blackheaded Fireworm

o Cranberry Fruitworm (cranberry and
highbush blueberry pest)

o Cranberry Weevil A
TOP
o Cranberry Tipworm


https://extension.umaine.edu/home-and-garden-ipm/critter-id/photo-gallery/fruit-pests/

Biological Control within the IPM Cycle

\

4 .
e Economic

Thresholds
e Crop results
e Disease/Vectors

Analyze

- Results &
Modify

Methods

&

Control
e Methods

— e Biological
* Prevention
e Cultural

¢ Pesticides
NG

, N\
( e Active

monitoring

e Passive
Monitoring

Monitoring J

Scouting

Record

Keeping A

e Notes
e Photos

t e Control Methods
J
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https://www.inaturalist.org/observations/80282998
https://www.cabi.org/news-article/cabi-scientists-reveal-evidence-that-a-natural-enemy-of-asian-fruit-fly-is-two-species-with-only-one-suitable-as-a-biocontrol-agent/
https://ucanr.edu/blogs/strawberries-vegetables/index.cfm?tagname=Can%20entomopathogenic%20fungus%20Beauveria%20bassiana%20be%20used%20with%20fungicides?
https://academic.oup.com/jee/article/113/2/1047/5704371
https://pixels.com/featured/8-bacillus-thuringiensis-bacteria-scimat.html

Conservation Biocontrol

0NN CONSERVATIC

Classical Biocontrol

T
it


https://xerces.org/pesticides/ecological-pest-management/conservation-biological-control
https://entomologytoday.org/2021/10/25/augmentative-biological-control-advancing-agriculture-developing-countries/
https://www.cabi.org/news-article/cabi-scientists-reveal-evidence-that-a-natural-enemy-of-asian-fruit-fly-is-two-species-with-only-one-suitable-as-a-biocontrol-agent/
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https://www.flickr.com/photos/allagashbrewing/28580767706/in/photolist-SZQX54-6QGgRz-7gcvqG-cCRRpJ-2zfcMt-YtpuUH-8jDc3a-8jDcbP-EpipJ-bnKh6s-7GX6rk-nD5tYF-7H1ZAj-UqqnTr-9gUQLh-Li3Lm-KtvWyg-8fYNLz-KtvVhP-KxzUv1-KtvV54-Kam2nG-KtvXEV-KakWLY-JE1WQF-KakYku-KamepN-Kam9wb-KamdDE-7F4o5z-sfoMAD-8jGjsN-hF6KJ7-ouX7S5-e9uCK-2kZXLKv-iYFzk-JE1Vt2-rXPwcE-iYGdF-iYG5r-iYFJb-2nor8a-iYFTo-2U8XZU-2U8XSh-j1Gz2-854839-a7G2kc-2AZADF
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Two-Spotited Spider Mite Biocontrol CONSERVATION
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Pest and Fruit Damage

* Two-Spotted Spider Mite

* Foliage injury to the fruiting spurs Table &3 Relative toxicity of

pesticides to beneficial mites.
Biocontrol option: Predatory Mites

Chemical Toxicity
 Naturally occurring and for-purchase Benlate (benomyl) medium
» Avoid pesticides with high toxicity to 2l Brigade (bifenthrin) high

predatory mites Spider mite damage to leaf | Captan low
—— Guthion (azinphosmethyl) low
Examples of where to purchase: Kelthane (dicofol) medium
Lorsban (chlorpyrifos) medium
* Association of Natural Biocontrol ,‘ - Morestan (oxythioquinox) low
Producers b | Ronilan (metalaxyl) low
Learn More » Sevin (carbaryl) high
Predatory mite Vendex (hexakis) low

e Raspberry & Blackberry Production
Guide for the Northeast, Midwest, and

Eastern Canada

Any organisms to be released in Maine must be on the IF&W unrestricted list.

Photos: Washington State University; Table: Raspberry & Blackberry Production Guide;



http://whatcom.wsu.edu/ipm/manual/rasp/spider_mites.html
https://www.canr.msu.edu/foodsystems/uploads/files/Raspberry-and-Blackberry-Production-Guide.pdf
http://anbp.org/index.php/members-products
https://www.canr.msu.edu/foodsystems/uploads/files/Raspberry-and-Blackberry-Production-Guide.pdf
https://www.maine.gov/ifw/docs/unrestrictedspecies.pdf
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Recent Studies from Around the World ASRICULILRE
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Western Siberia: Raspberry spur blight (Didymella applanata) controlled by two
bacterium strains (Bacillus velezensis) in raspberries led to higher yield.

Learn More: Asaturova et al. 2021

Photos: Ohio State Extension; Asaturova et al. 2021



https://ohioline.osu.edu/factsheet/plpath-fru-28
https://peerj.com/articles/11578/
https://peerj.com/articles/11578/
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Switzerland: Eriophyoid mite (Phyllocoptes gracilis) controlled by entomopathogenic
fungi Beauveria bassiana (strain BB 1.1) and Metarhizium anisopliae (strain MA 10.1)
= Control + Beauveria bassiana BB 1.1
+ Metarhizium anisopliae MA 10.1 = Beauveria bassiana BB 11.6
0.8 - | | - Th
: Tn : 1o
2 0.6 : It |
i i
§ 04 T i i
{cd : Tho :
0.2 R I
xre I I
| | | | |
3 5 7
Days after inoculation

Learn More: Minguely et al. 2021

Photos: Plant Parasites of Europe; Figure: Minguely et al. 2021



https://bladmineerders.nl/parasites/animalia/arthropoda/acari/actinotrichida/prostigmata/eleutherengona/eriophyoidea/eriophyidae/phyllocoptinae/phyllocoptini/phyllocoptes/phyllocoptes-gracilis/
https://www.mdpi.com/2311-7524/7/3/54/htm
https://www.mdpi.com/2311-7524/7/3/54/htm



https://www.flickr.com/photos/andrewmalone/2939840644/in/photolist-5tMscE-oeCT8B-o8DyaJ-ocTNeL-oeCYHK-nXryCB-nXsp5e-JRV7GB-8dtATB-8c7LUd-unSiXM-6Xn91j-7Qa7RN-6EuEhg-51dHhU-nXrw2z-ogGGbi-PUsUA6-2ky9QsW-6Chh4P-ogGEp2-oeSqR1-ogGFsV-JRVkJi-oeSqDh-RwThV-nXrrKY-oeSuw7-nXrwmx-oeVPFr-ogGHRH-ocTL2u-vamBo8-7jrnFD-ogGEF4-o95DZ9-nXsiQB-nXrvw6-nXrsnu-oeKYY3-VmMNhN-oeCZon-26hX94-6qHutW-oeVQSV-cQxZeG-ewYEkb-o8Lard-519y52-2HaUaL
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History: Classical Biocontrol in Maine Strawberries CONSERVATION
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Beneficial Organism

A

Tarnished Plant Bug
Strawberry Deformation

" Tarnished Plant Bug
Lygus lineolaris

* Peristenus digoneutis (European origin)

History of Release
e Released in Maine in 1984
* Aimed at tarnished plant bug in alfalfa

* Reduced populations in strawberries too

Current Status

Peristenus digoneutis
prepares to lay an eggina
tarnished plant bug nymph

e Tarnished plant bug populations are up
* May be worth investigating further

Learn More

e USDA Report (2003)

* Tarnished Plant Bug in Strawberries (NC R .
State) ¥ =
( . 1 ‘* "-‘ '-"‘:' { 3 b % -ﬁ:.._“'.ﬁh.r.al‘:: - T

Photos: Hannah Burrack (NC State); Scott Bauer, USDA Agricultural Research Service, Bugwood.org



https://content.ces.ncsu.edu/tarnished-plant-bug-in-strawberries
https://www.invasive.org/browse/detail.cfm?imgnum=1323074
https://www.ars.usda.gov/ARSUserFiles/80100000/WHDay/WHDay03.pdf
https://content.ces.ncsu.edu/tarnished-plant-bug-in-strawberries
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Strawberry Root Weevil Biocontrol

et By oy
&
=

R e

Pest and Fruit Damage

e Strawberry root weevil
* Weak and stunted plants

Biocontrol option: Nematodes

* Mid-late May optimal timing
* Heterorhabditis bacteriophora (Hb)

Examples of where to purchase:

* Association of Natural Biocontrol
Producers

Learn More

* UMaine Extension Newsletter (2021
Any organisms to be released in Maine must be on the IF&W unrestricted list.

Photo: David Handley (UMaine Extension)



https://extension.umaine.edu/highmoor/2021/05/24/strawberry-ipm-newsletter-no-1-may-21-2021/
http://anbp.org/index.php/members-products
https://extension.umaine.edu/highmoor/2021/05/24/strawberry-ipm-newsletter-no-1-may-21-2021/
https://www.maine.gov/ifw/docs/unrestrictedspecies.pdf
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Photo: Keith Carver (Flickr, CC BY-NC-ND 2.0)
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https://www.flickr.com/photos/kcarver/977519370/
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Conservation Biocontrol in Blueberries CONSERVATION
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Beneficial Organism

e Dung beetles

Summary of Ecosystem Services

Pathogen (E. coli) suppression
Wildlife pest suppression
Nutrient cycling in the soil
Increased soil permeability

- e -

Conservation Biocontrol Practices

NOPE - ANG.L GUESS WE'LL PAE TO REpV
* Reduction in pesticide inputs WA TRE INSTRUCTIONS AFTER ALL/

Learn More = _ > " \\\\

e UMaine Factsheet — " i \¢o< -: \\%

Photos: UMaine Factsheet; Swamp Cartoons



https://extension.umaine.edu/blueberries/factsheets/insects/194-beneficial-insect-series-3-dung-beetles/
https://swamp.com.au/comic/dung-beetle-instructions-comic/
https://extension.umaine.edu/blueberries/factsheets/insects/194-beneficial-insect-series-3-dung-beetles/
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Conservation Biocontrol in Blueberries

Beneficial Organism

Allegheny mound structure
in wild blueberry field

- - r
- " =

En d
T ] =
. : »

e ¥
r s
:

* Allegheny Mound Ant

Summary of Ecosystem Services

e Voracious predators:
red striped fire worm
blueberry flea beetle larvae/pupae
blueberry leaf beetle
grasshoppers

Conservation Biocontrol Practices

* Weed control of tall vegetation
* Reduction in pesticide inputs

Learn More

e UMaine Factsheet

Photos: wycraigl (iNaturalist, Maine); Alex Wild; UMaine Factsheet;



https://www.inaturalist.org/observations/54154309
https://www.alexanderwild.com/Ants/Taxonomic-List-of-Ant-Genera/Formica/i-KLWcRc8/A
https://extension.umaine.edu/blueberries/factsheets/insects/195-allegheny-mound-ant/
https://extension.umaine.edu/blueberries/factsheets/insects/195-allegheny-mound-ant/
https://inaturalist-open-data.s3.amazonaws.com/photos/86154113/original.jpg
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Conservation Biocontrol in Blueberries CONSERVATION
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Beneficial Organism

Particularly good predators of blueberry spanworm and blueberry flea beetle:
* Ground Beetles

Summary of Ecosystem Services

* Voracious predators of many pests
 Weed management (feeds on seeds)

Conservation Biocontrol Practices

* Unmanaged refuge areas & beetle banks
e Reduction in pesticide inputs

Learn More

e UMaine Factsheet

-

- Poec:lus lucubland/s

_..;\- T T e eee—

Pterostlchus melanarlus iy

.'v TRE AT AL BT e RS e

=

Photos: alainhogue (iNaturalist); Jesus Tizon (flickr.com; (CC BY-NC-ND 2.0)); stephenluk (iNaturalist)



https://www.inaturalist.org/observations/69630685
https://www.flickr.com/photos/125745492@N02/22923026570/
https://www.inaturalist.org/observations/96424620
https://extension.umaine.edu/blueberries/factsheets/insects/insects-196-beneficial-insect-series-2-carabidae-ground-beetles-on-maine-farms/
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Entomopathogens of Blueberries in Maine

Researchers: Frank Drummond (Umaine) and Eleanor Groden (UMaine)

A r g
S S A RN ,
Key pests of lowbush blueberry, their current and potential =
microbial control agents (those field tested), application

rates, and selected references.

Pest and Fruit Damage

* Key pests of lowbush blueberry

Report contains: Key Pests Microbial Agent Application Rate References §
) e blueberry Btk (Javelin, Dipel 1133.9 g/ha Yarborough and |
* Key native parasitoids and predators spanworm  Agree, Biobit) (16 oz/acre), but Collins 1997
* Options for entomopathogen control depends upon g4
formulation and
product.
Learn More \
blueberry
_ _ _ spanworm  Mycotrol ES 2.4 1/ha Collins and
 UMaine Technical Bulletin (2000) . (B. bassiana) (32 fl oz/acre) Drummond 1998
| blueberry

flea beetle ~ Mycotrol ES 2.4 l/ha Collins and
(32 fl oz/acre) Drummond 1998 &=

A . . : T TR TR T

This does not constitute an endorsement or a recommendation by the State of Maine or the Board of
Pesticides Control to use these products in the production of blueberries. Any products without an EPA
registration number have not been reviewed or registered by the EPA. The label must be strictly followed.

Table: Drummond and Groden 2000,



https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.527.8676&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.527.8676&rep=rep1&type=pdf

Upcoming Research: Blueberry Gall Midge (BGM) Parasitoids

Researchers: Istvan Mikoé (UNH), Jeff Garnas (UNH), Elijah Talamas (Florida Dept. Ag), Philip Fanning (UMaine),
Monique Raymond (UNH)

Pest and Fruit Damage

Blueberry gall midge complex
2004: First identified in ME
Blueberry flower bud loss
Difficult to control with pesticides

Objectives of Study

Provide information about parasitoids
of blueberry gall midge for IPM
Create user-friendly identification

tools
Determine biocontrol options

Learn More

BGM Factsheet (UMaine)
BGM Factsheet (Oregon State)

MAINE DEPARTMENT OF

AGRICULTURE
CONSERVATION
& FORESTRY

Puparia

N Prepupae

Maggots mature,
cease feeding,

shorten, swell, and
drop to the ground

Puparia
overwinter
in soil

Shoot tip damage

By,

| &

Adult midges emerge
in spring and lay eggs

Maggots or
larvae

Maggots hatch from eggs, and their
teeding causes buds to deform

Figure: Oregon State University Factsheet



https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em8889.pdf
https://extension.umaine.edu/blueberries/factsheets/insects/208-blueberry-tip-midge/
https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em8889.pdf
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Upcoming Research: Blueberry Gall Midge (BGM) Parasitoids gﬁ&%ﬁ%ﬁgﬁ

Researchers: Istvan Mikoé (UNH), Jeff Garnas (UNH), Elijah Talamas (Florida Dept. Ag), Philip Fanning (UMaine),
Monique Raymond (UNH)

Pest and Fruit Damage
Blueberry gall midge complex
2004: First identified in ME

Blueberry flower bud loss
Difficult to control with pesticides

Objectives of Study

Provide information about parasitoids

of blueberry gall midge for IPM
Create user-friendly identification

tools
Determine biocontrol options
Parasitoids reared from blueberry gall midge in Maine June/July 2021

Learn More

e BGM Factsheet (UMaine)
« BGM Factsheet (Oregon State)

Photos: Miko et al. grant proposal



https://extension.umaine.edu/blueberries/factsheets/insects/208-blueberry-tip-midge/
https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em8889.pdf

Special Section:

Spotted Wing
Drosophila (SWD)

maine

Photo: Matt Bertone (CC by 2.0)


https://www.flickr.com/photos/76790273@N07/50102232187/in/photolist-2jkn36r-dU5a95-2kgcuUh-HPBKjL-pTaY7H-2eP53vV-gmaLxe-fvpwK4-tvgwrV-9qWCKi-244xmMA-oFhBfw-oFez7X-2dH8oVJ-QtKKiJ-Kao7D8-PtiJJt-9qZBZo-9qWCPK-2gKrwny-2jw2idR-2gFdPZn-2gKqKZp-RjzAEh-2gKrwgG-RpmL8z-g64QZn-g657AS-g659kW-RpmLmv-vLf7bb-g6516s-fvpwEp-Z42LHX-eFTLRb-g64Nec-i2Wd9T-2gKryVQ-2gKqMqR-2gKrxeo-2gKqMZX-2gKrwFV-Qgvwe9-2gKrwcd-2gKqKn7-VAieAC-2mkHJDQ-2gKrvZp-2gKrvRo-2mUcnFB
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Native to Southeastern China, North and South Korea, and Major concern to Maine agriculture: wild blueberries,
Southern Japan highbush blueberries, day-neutral strawberries, and fall
raspberries.

Photos: Matt Bertone; NYS IPM Program; UMaine Factsheet



https://entomology.ces.ncsu.edu/spotted-wing-drosophila-biology/
https://blogs.cornell.edu/swd1/2014/05/21/where-is-swd-found/
https://extension.umaine.edu/blueberries/factsheets/insects/210-spotted-wing-drosophila/

Spotted Wing Drosophila (SWD) Biocontrol
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Recent Review Paper: Summarizes many studies since spotted wing drosophila was first detected

Journal of Economic Entomology, 114(5), 2021, 19501974

https://doi.org/10.1093/jee/toab158 = ' ENTOMOLOGICAL
Advance Access Publication Date: 13 September 2021 Q A SOC|ETY_ OF AMERICA
Review “' SHARING INSECT SCIENCE GLOBALLY
Review

Drosophila suzukii (Diptera: Drosophilidae): A Decade
of Research Towards a Sustainable Integrated Pest
Management Program

Gabriella Tait,' Serhan Mermer,' Dara Stockton,*” Jana Lee,*” Sabina Avosani,*®
Antoine Abrieux,® Gianfranco Anfora,’’ Elizabeth Beers,® Antonio Biondi,?

Hannah Burrack,” Dong Cha,? Joanna C. Chiu,*" Man-Yeon Choi,* Kevin Cloonan,"
Cristina M. Crava,' Kent M. Daane,"*'" Daniel T. Dalton,"" Lauren Diepenbrock,'
Phillip Fanning,"” Fatemeh Ganjisaffar,® Miguel |. Gomez," Larry Gut," Alberto Grassi,*
Kelly Hamby,?' Kim A. Hoelmer,?? Claudio loriatti,?® Rufus Isaacs," Jimmy Klick,*
Laura Kraft," Gregory Loeb,?* Marco Valerio Rossi-Stacconi,® Rachele Nieri,**
Ferdinand Pfab,? Simone Puppato,?® Dalila Rendon," Justin Renkema,?

Cesar Rodriguez-Saona,?”” Mary Rogers,”" Fabiana Sassu,”*° Torsten Schoneberg,*'
Maxwell J. Scott,”” Michael Seagraves,” Ashfaq Sial,*'" Steven Van Timmeren,"
Anna Wallingford,*? Xingeng Wang,?? D. Adeline Yeh,"" Frank G. Zalom,® and
Vaughn M. Walton'3*

'Department of Horticulture, Oregon State University, Corvallis, OR, USA, *USDA-ARS Daniel K. Inouye U.S. Pacific Basin
Agricultural Research Center, Hilo, HI, USA, *USDA-ARS Horticultural Crops Research Unit, Corvallis, OR, USA, ‘Department of
Civil, Environmental and Mechanical Engineering, University of Trento, Trento, Italy, "Research and Innovation Centre, Fondazione
Edmund Mach, San Michele all'Adige, Italy, “Department of Entomology and Nematology, University of California, Davis, CA,
USA, 'Center Agriculture Food Environment, University of Trento, San Michele all'Adige, Trentino, Italy, "Tree Fruit Research &
Extension Center, Washington State University, Wenatchee, WA, USA, *Department of Agriculture, Food and Environment,
University of Catania, Catania, Italy, “Department of Entomology and Plant Pathology, North Carolina State University, Raleigh, NC,
USA, "Trécé Inc., Adair, 0K, USA, “Institute of Biotechnology and Biomedicine (BIOTECMED), University of Valencia, Valencia,
Spain, "Kearney Agricultural Research and Education Center, Parlier, CA, USA, "Department of Environmental Science, Policy &
Management, University of California Berkeley, Berkeley, CA, USA, "Faculty of Engineering & IT, Carinthia University of Applied
Sciences, 9524, Villach, Austria, "Citrus Research and Education Center, Er logy and Nematology Department, University of
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Paper & Figure: Tait et al. 2021 (Open Access Review Paper)



https://academic.oup.com/jee/article/114/5/1950/6369578
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Recent Review Paper: Summarizes many studies since spotted wing drosophila was first detected

Ganaspis
brasiliensis

Minute Rove A promising parasitoid of SWD larva Oscheius onirici

Lac‘ewing

Pirate Bugs Beetle from China and Japan (nematode) {
* Challenge in control of larvae * Native parasitoids struggle * Field conditions = challenge
 SWD pupae attacked in soil * Parasitoids from Asia show e Lure-and-infect devices
promise
e Conservation biocontrol * Promising new nematode
* Field cages for rearing discovered

Photos: Raupach et al 2014; Udo Schmidt (CC BY-SA 2.0); Buffington et al. 2016; Foye and Steffan 2019; Paper: Tait et al. 2021 (Open Access Review Paper)



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0106940
https://www.flickr.com/photos/coleoptera-us/49437551563
http://dx.doi.org/10.4289/0013-8797.118.1.1
https://watermark.silverchair.com/toz365.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAsEwggK9BgkqhkiG9w0BBwagggKuMIICqgIBADCCAqMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMR6mbuzJg8KWH3Zi_AgEQgIICdHZwBZHI-p2Ayb1N3GtPIkq70husp5V-VGWS3PbgwbygXhyMIIWvKdX1tlFFTjSDGlFkI7SLegM08Mu2nu4897vr62Judiy83myn-dGTSA3LRI7EufC75xTT4f6gQvrQ6I8iKH6APB9W9RBNZh4otwKSPhBdiJobxqJkw7dq55D8DR8B0N7f6STje4amvVXtAUXyGsbZGsh1vFtYFi6pmyR74n5bC5irM9uRpfOueFFMuAlUZxjAiZNy2QQMD9_XiKwdIbSVJ-yHpAh8mAxOYocYOcadg-aqtZJG3xUwV94sH7roujdcLGukxBlvjDludpyeX86hF6C0oZB8SqpxK5wkr0c_1S-gJN7BUg9Xdx9kxzHlauMsUb3f-1g_fr1HjOTnYMU5nWtN5BKQHHOnRJgmAL_8mwDiWnHM3-ghzuVnTV2mnRcGx2oYZawjtYLAYeT9_iPkfPOxkV94qXONuSGPIhvyFw2-ba7lFHQHyehIOJOqxBPP4yf0wLdwlsc7jds5FwAgknZ9-d_-QIM3pbDVqMS4x0RG1jbihXE152K5nhQN8OYVDOwROBPdr4L_GDeWaSAQXxZMoaDDlhEHyUx_p8PhsLm0lXES93d78Mb6VwCyPKfrrphoEoaZDrkeSb-Vd60keIX4IRAwZDLSWEC8eBvtZy7CMwygt4BS7g5cLD-oA7WExgCON9CcURfEDoMwPO3NSSQ7BC_QD3IBpbsFyLGHUWrh-p4SiVMtsZ75BCQRp8KZAvIOAuQ7zh1aucg8wcH1NLHbehP865q1wssWIViw3oYIkef1nQSXUdBT7s52OnmljkxDHfNSojBaTbnH-EY
https://academic.oup.com/jee/article/114/5/1950/6369578
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Spotted Wing Drosophila (SWD) Parasitoid Update for Maine
Collaborators: Philip Fanning (UMaine), Phillip Demaynadier (ME Dept. Inland Fisheries and Wildlife)

Pest and Fruit Damage

e Spotted wing drosophila (SWD)

Objectives of Study

Work on releases of a specialist
parasitoid of SWD

Permit has been approved for the
state of Maine

Difficult to rear & release

Learn More

Ganaspis brasiliensis
A parasitoid approved for release for control of SWD in Maine

e USDA APHIS Release Permit News
e Biocontrol Factsheet (Oregon State)

Photos: Matt Bertone; Buffington et al. 2016; Tim Haye



https://entomology.ces.ncsu.edu/spotted-wing-drosophila-biology/
http://dx.doi.org/10.4289/0013-8797.118.1.1
https://www.cabi.org/news-article/cabi-scientists-reveal-evidence-that-a-natural-enemy-of-asian-fruit-fly-is-two-species-with-only-one-suitable-as-a-biocontrol-agent/
https://www.aphis.usda.gov/aphis/newsroom/federal-register-posts/sa_by_date/sa_2021/ea-drosophila-control
https://catalog.extension.oregonstate.edu/em9269/html

° ° ° ° ° - MAINE DEPARTMENT OF
Spotted Wing Drosophila (SWD) Parasitoid Update for Maine -~ AGRICULTURE
Collaborators: Philip Fanning (UMaine), Phillip deMaynadier (ME Dept. Inland Fisheries and Wildlife) a & FORESTRY

Pest and Fruit Damage

Rearing these parasitoids is challenging — research will take place to figure it out for Maine Growers!

* Spotted wing drosophila (SWD) Fine mesh side

1 @

Objectives of Study Loading

Work on releases of a specialist \'/o% / ﬂ
,/ ‘

parasitoid of SWD

Permit has been approved for the Mg e \

state of Maine
Difficult to rear & release

Dropped fruit

Learn More

» USDA APHIS Release Permit News 4 VIl o

* Biocontrol Factsheet (Oregon State) /N S =
\ # F'E ‘

Adult flies emerge

Tiny parasitoids
(trapped) can come and go!

Photo: Matt Bertone; Figure: Rossi-Stacconi et al. 2019



https://entomology.ces.ncsu.edu/spotted-wing-drosophila-biology/
https://catalog.extension.oregonstate.edu/em9269/html
https://www.aphis.usda.gov/aphis/newsroom/federal-register-posts/sa_by_date/sa_2021/ea-drosophila-control
https://catalog.extension.oregonstate.edu/em9269/html

Spotted Wing Drosophila (SWD) Biocontrol

CHEMICAL PRACTICES

NON-NUTRITIVE SUGARS
(Roubos et al. 2019)

ADJUVANTS
(Ruobos et al. 2019)

CULTURAL PRACTICES
: MANAGEMENT of
SURROUNDING VEGETATION
FOLIAR CALCIUM FERTILIZERS (Urbaneja-Bemat et al. 2020)
(Lee et al. 2016)
PROTECTIVE COVERINGS
(Stockton et al, 2020)
MASS TRAPPING

(Grassi et al. 2014)

(Rendon et al. 2020)

PRUNING and MULCHING

MAINE DEPARTMENT OF
AGRICULTURE
CONSERVATION
& FORESTRY
BIOLOGICAL DEVELOPMENTAL DISRUPTION
: PRACTICES
* SIT (Kruger et al. 2018)
* RNA interference (Murphy et al. 2016)
= CRISPR/Cas9 (Yan et al. 2020)
NATURAL ENEMIES:
parasitoids and predators

(Biondi et al. 2020; Woltz
and Lee 2017)

ORGANIC: pyrethrin and

spinosyn classes
(Sarkar et al. 2020)

CONVENTIONAL:
organophosphates,
pyrethroids and spinosyn
classes (Disi et al. 2020)

DRIP IRRIGATION
(Follet et al. 2014) -

FRUIT REMOVAL and SANITATION
(Bal et al. 2017)

MICROORGANISMS: funa. bacteria, viruses, microsporidia
(Yousef et al. 2018; Fanning et al. 2017; Carrau et al. 2018;
Biganski et al. 2020; Hamby & Becher 2016)

Post-harvest
treatments

NEMATODES
(Foye & Steffan 2020)

REFRIGERATION / IRRADIATION (Kraft et al. 2020)

Figure: Tait et al. 2021 (Open Access Review Paper)



https://academic.oup.com/jee/article/114/5/1950/6369578

Modeling: Understanding biology for more effective biocontrol releases
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Researchers are working on building complex mathematical models that have
the potential to become useful tools

SEE? MATH DAD, WILL | EVER
ISN'T SO BAD! USE THIS STUFF
IN REAL LIFE?
> By | % K“’
u ' J
Z Ll &
ABSOLUTELY! ONE DAY, YOU'LL HAVE TO

HELP YOUR OWN CHILD
WITH MATH HOMEWORK!

THEGENTLE MANSARMCHAIR.COM

D. suzukii

T. drosophilae (pupal parasitoid)

Seasonal
environment

Temperature Fruits or suitable
medium
Eggs E Tﬂ}*h Larvae L mﬁ- Pupae U delay' Adults A

Juveniles J

’/-)\attack

delay

1 Adults P

Photo: bioplanet; Figure: Pfab et al. 2018



https://bioplanet.eu/en/2152-2/
https://www.researchgate.net/publication/325692743_Optimized_timing_of_parasitoid_release_a_mathematical_model_for_biological_control_of_Drosophila_suzukii/figures

MAINE DEPARTMENT OF

Modeling: Understanding biology for more effective biocontrol releases AGRICULTURE

CONSERVATION
& FORESTRY
1200
(b)
" "No release No release Environment D. suzukii T. drosophilae
" — Adults (scale: 1)
Temperature - Eggs (scale: 0.1) = = = Adults (scale: 1)
— Fruit - Larvae (scale: 0.1) = = = Juveniles (scale: 1)
= Pupae (scale: 1)

Predicted if released on April 15

Predicted if released on June 15t

0 ' : -5°C
Jan FebMar Aor May Jun Jul AU S6p Oct Nov Dec  Jan FebMar Apr May Jun Jul Aug Sep Oct Nov Dec Photo: bioplanet; Figure: Pfab et al, 2018



https://bioplanet.eu/en/2152-2/
https://www.researchgate.net/publication/325692743_Optimized_timing_of_parasitoid_release_a_mathematical_model_for_biological_control_of_Drosophila_suzukii/figures
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Recent Study: Spotted Wing Drosophila (SWD) Parasitoid ID

Researchers: Abram et al. 2022

A

Rubus spectabilis

Pest and Fruit Damage

Rubus parviflorus

e SWD across cultivated and wild fruit R

Vaccinium corymbosum

Outcomes of Study

Rubus idaeus

Demonstrated importance of various
sampling methods

Created parasitoid sampling protocols
Provided new identification tools B

Prunus avium

Rubus armeniacus

Learn More

* (QOpen-access (free) journal article

Parasitism of D.

| o \ suzukii by pupal ;
‘f parasitoids, )
Oviposition by Parasitism of ﬁ. colonization of “‘
D. suzukii D. suzukii by = rotting fruit by
specialized @™ %W  other Drosophilids
larval VARAN and their larval e
parasitoids parasitoids

Fruit ripeness

Figures: Abram et al. 2022



https://academic.oup.com/jee/advance-article/doi/10.1093/jee/toab237/6497338
https://academic.oup.com/jee/advance-article/doi/10.1093/jee/toab237/6497338
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Ways you can use biological control this upcoming season AV ATON
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Conservation Biocontrol

In most scenarios for Maine berry
growers, conservation biocontrol is the
most practical recommendation.

Practicing IPM is the way to go!

Photos: Sarah Foltz (Xerces.org); Victor Fursov; Tim Haye



https://xerces.org/pesticides/ecological-pest-management/conservation-biological-control
https://entomologytoday.org/2021/10/25/augmentative-biological-control-advancing-agriculture-developing-countries/
https://www.cabi.org/news-article/cabi-scientists-reveal-evidence-that-a-natural-enemy-of-asian-fruit-fly-is-two-species-with-only-one-suitable-as-a-biocontrol-agent/

" Questions?
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Photo:
SR TR

Keith Carver (Flickr, CC BY-NC-ND 2.0)
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