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78™ CUMBERLAND-SHENANDOAH FRUIT WORKERS CONFERENCE
December 5-6, 2002
Winchester, VA

Thursday morning, December §, 2002 (Apple Blossom | and Ii)

8:30 Registration
9:00 Welcome and Call of the States
General Session
Moderator — Chris Bergh
(Apple Blossom 1 and 11)
9:30 The Pest Management Center concept: Structure and function of the Northeastern
Center-
John Ayers, Dept. of Plant Pathology, Penn State University, University Park, PA
The Southern Region Pest Management Center—
Russ Mizell and Norm Nesheim, University of Florida NFREC, Quincy, FL
10:15 Break
10:30 Kitchen incubators: Opportunities for economic development —
Julie Eimer, Rutgers NJAES Food Innovation Research and Extension Center, Bridgeton,
NJ
11:15 Fire blight management in the 21* century: Using new technologies that enhance
host resistance —
Jay Norelli, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV
12:00 The National Technology Roadmap For Tree Fruit Production—
Dariusz (Darek) Swietlik, USDA-ARS, Appalachian Fruit Research Station, Kearneysville,
Wwv
12:05 Buffet lunch (included in registration)
Thursday Afternoon, December 5, 2002
1:00 Breakout sessions for individual research disciplines
5:30 Social sponsored by DuPont and Syngenta (Baliroom)
7:30  Dinner (On your own)
Friday Morning, December 6, 2002
8:00 Continue breakout sessions
10:00 Break

10:30 Discipline Summary and Business Meeting
11:30 Adjourn
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Breakout Session — Entomology
Thursday Afternoon, December 5, 2002
Moderator — Tracy Leskey
(Apple Blossom II)

Host plant effects on the reproduction and population dynamics of Oriental fruit
moth-

Clayton Myers, Larry Hull, Penn State University, FREC, Biglerville, PA

Has the worm turned? Internal Lepidoptera problems in apples in western New
York in 2002~

Harvey Reissig, Art Agnello, NYS Agric. Expt. Sta., Geneva, NY

Examination of sublethal effects of methoxyfenozide on oriental fruit moth-
Daniel Borchert, Jim Walgenbach, North Carolina State University, Raleigh, NC
Control of internal Lepidopteran pests in Pennsylvania apples with non-
OP/Carbamate insecticides—

David Biddinger, Larry Hull, Greg Krawczyk, Penn State University, FREC, Biglerville, PA
Multi-species pheromone disruption in orchards under a selective pesticide
program-—
Art Agnello, Harvey Reissig, Jan Nyrop, Richard Straub, NYS Agric. Expt. Sta., Geneva,
NY

Comparing release technologies for pheromone-based mating disruption of
codling moth and oriental fruit moth in Virginia - 2002-

Doug Pfeiffer, Zhang Xing, Mary Rhoades, Virginia Tech, Blacksburg, VA; Chris Bergh,
Jean Engelman, Brent Short, Virginia Tech, AREC, Winchester, VA; Kenner Love, Brad
Jarvis, Virginia Cooperative Extension Service
Break
Novel approaches for mating disruption of CM/OFM-
Larry Hull, Nicolas Ellis, Penn State University, FREC, Biglerville, PA
Oriental fruit moth mating disruption: what rate is too low?-
Jim Walgenbach, Orkum Kovanci, North Carolina State University, Raleigh, NC
New Jersey peach entomology results-
Peter Shearer, Atanas Atanassov, Ann Rucker, Rutgers Cooperative Extension,
Bridgeton, NJ
Reduced risk arthropod management program in New Jersey peach orchards-
Atanas Atanassov, Peter Shearer, Rutgers Cooperative Extension, Bridgeton, NJ
Commercial use of reduced risk pesticides in New Jersey peach orchards-
Dean Polk, Rutgers Cooperative Extension, Bridgeton, NJ

Breakout Session - Plant Pathology
Thursday Afternoon, December 5, 2002
Moderator — Keith Yoder
(Apple Blossom I)

Summer disease management with new fungicides—

Turner Sutton, Osama Anas, Jean Harrison, North Carolina State University, Raleigh, NC
Evaluation of fungicides/bactericides for apple disease management-

Jim Travis, Ken Hickey, Noemi Halbrendt, Penn State University, FREC, Biglerville, PA
Evaluation of fungicides for control of peach scab and brown rot in the 2002
season-—

David Ritchie, North Carolina State University, Raleigh, NC

Comparison of bacterial spot incidence and severity on peach from 1999-2002-
David Ritchie, North Carolina State University, Raleigh, NC
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Peach rusty spot epidemics: Temporal analysis, optimizing management, and
effect on fruit growth-

Laura Furman, Norman Lalancette, James White, Rutgers University, Agricultural
Research and Extension Center, Bridgeton, NJ and Dept. of Plant Biology and Pathology,
New Brunswick, NJ

2002 stone fruit fungicide and bactericide efficacy studies-

Norman Lalancette, Kathleen Foster, Jody Veler, Rutgers University, Agricultural
Research and Extension Center, Bridgeton, NJ

Break

Rotation crops for control of nematodes pathogenic to tree and small fruit crops-
James LaMondia, Connecticut Agricultural Experiment Station, Windsor, CT: John
Halbrendt, Penn State University, FREC, Biglerville, PA

Overwintering sites of Colletotrichum acutatum in highbush blueberry-

Anne DeMarsay, Peter Oudemans, Rutgers University, Philip Jarucci Center for
Blueberry and Cranberry Research and Extension, Chatsworth, NJ

The hidden danger of fire blight: Apple trees with live cankers may harbor bacteria
in symptomless shoots-

Tom van der Zwet, USDA-ARS, Kearneysville, WV (retired); Steve Miller, USDA-ARS,
Appalachian Fruit Research Station, Keamneysville, WV; Ken Hickey, Penn State
University, FREC, Biglerville, PA

The role of epiphytic bacteria in the shoot blight phase of fire blight-

Jay Norelli, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV

Shoot blight management with Apogee in 2002: Experimental materials for
blossom blight control-

Keith Yoder, Virginia Tech, AHS-AREC, Winchester, VA; Jay Norelli, USDA-ARS,
Appalachian Fruit Research Station, Keamneysville, WV; Alan Biggs, WVU, Kearneysville,
wv

Breakout Session — Horticulture
Thursday Afternoon
Moderator — Steve Miller
(Apple blossom lii)

Food safety training in the tropics: Fruit production through a global lens-
Chris Walsh, University of Maryland, College Park, MD
Weed suppression in orchards with organic mulch-
Thomas Tworkoski, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV
Nondestructive fruit texture assessment—
Nate Reed, Penn State University, FREC, Biglerville, PA
Managing fruit quality and flavor following 1-MCP treatment—
Nate Reed, Penn State University, FREC, Biglerville, PA
Light pattern in apple trees treated with Surround Crop-
Michael Glenn, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV
Calcium, boron, and stink bugs: What is causing cork spot?-
Mark Brown, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV
Apple and peach thinning resuits in 2002-
Ross Byers, Virginia Tech, AHS-AREC, Winchester, VA
Other PGR research: Apogee adjuvants, pre-harvest drop, return bloom in 2002~
Ross Byers, Virginia Tech, AHS-AREC, Winchester, VA
Discussion

iv
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Breakout Session — Entomology
Friday Morning, December 6, 2002
Moderator - Tracy Leskey
(Apple Blossom Ii)

Monitoring weather data and peach twig borer activity helps time sprays in
southern Utah orchards-

Rick Heflebower, Diane Alston, Extension Agent and IPM Coordinator, Utah State
University, Logan UT

Comparison of two trap types for stink bug monitoring in apples and peaches-
Henry Hogmire, WVU, Kearneysville, WV; Tracy Leskey, USDA-ARS, Appalachian Fruit
Research Station, Kearneysville, WV

Refining the pheromone-based monitoring system for dogwood borer-

Chris Bergh, Virginia Tech, AHS-AREC, Winchester, VA; Tracy Leskey, USDA-ARS,
Appalachian Fruit Research Station, Kearneysville, WV

Monitoring plum curculio in apple and peach orchards in the mid-Atlantic-
Tracy Leskey, Starker Wright, USDA-ARS, Appalachian Fruit Research Station,
Kearneysville, WV

Are leafminers serious pests of apple?-

Jan Nyrop, A. Lakso, K. Li, NYS Agric. Expt. Sta., Geneva, NY

Phenology and management of the apple maggot in North Carolina-

Raul Villanueva, Jim Walgenbach, North Carolina State University, Raleigh, NC
Comparison of application technologies for apple maggot control-

David Combs, Harvey Reissig, Andrew Landers and Wendell Roelofs, NYS Agric. Expt.
Sta., Geneva, NY

Breakout Session - Plant Pathology
Friday morning, December 6, 2002
Moderator — Keith Yoder
(Apple Blossom )

Highlights of fungicide testing on apples and peaches, 2002~
Keith Yader, Virginia Tech, AHS-AREC, Winchester, VA
Discussion

Breakout Session - Horticulture
Friday Morning, December 6, 2002
Moderator — Ross Byers
(Apple Blossom lll)

Horticultural performance of apple cultivars in the NE-183 planting in West
Virginia~

Steve Miller, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV
Discussion
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2002 Attendees

Industry Representative 2002 Attendees
Program Highlights and Business Meeting
Call of the States

General Session

Julie Eimer

Larry A. Hull and Nicolas H. Ellis

Love and B. Jarvis

Program

Douglas G. Pfeiffer

Production 2002

and David Schmitt

IN THIS ISSUE
Page
1
5
6
8
Food Business Incubators-An Opportunity for Economic Development 16
Overview of the USDA-CSREES Regional Pest Management Centers 19
Russell F. Mizell , O. Norman Nesheim and James Van Kirk
ENTOMOLOGY TITLE/AUTHOR(S) PAGE
Novel Approaches for Mating Disruption of CM/OFM 22
Comparing Release Technologies for Pheromone-Based Mating Disruption 30
of Codling Moth and Oriental Fruit Moth in Virginia - 2002
D. G. Pfeiffer, X. Zhang, M. H. Rhoades, J. C. Bergh, J. Engleman, Brent Short,K.
Muiti-Species Pheromone Disruption in Orchards under a Selective Pesticide 36
Art Agnello, Jan Nyrop, Harvey Reissig, and Dick Straub
Has the Worm Turned?: Internal Lepidoptera Damage in New York Apples, 2002 41
Harvey Reissig, Arthur Agnello and Jan Nyrop
Mating Disruption of Grape Berry Moth - 2002 43
Commercial Use of Reduced Risk and Mating Disruption in New Jersey Peach 44
Dean Polk, Peter Shearer, Atanas Atanasov, George Hamilton, Robin Brumfield,
50

Reduced Risk Management Program for Key Pests in New Jersey Peach Orchards

Atanas Atanassov and Peter Shearer

vi



Monitoring Weather Data and Insect Activity to Build a Database and Assist in

Rick Heflebower
J. Christopher Bergh and Tracy C. Leskey

and Peaches

Mid-Atlantic
Tracy C. Leskey and Starker E. Wright

Raul T. Villanueva and James F. Walgenbach

Bactericides in 2002

Sprays in 2002

Summer Disease Management with New Fungicides

Bacteria in Symptomless Shoots

T. van der Zwet, K. D. Hickey, and S. S. Miller

2002

2002

Spray Recommendations for Washington County Orchards %
Refining the Pheromone-Based Monitoring System for Dogwood Borer €9
Response of Stink Bugs to Two Trap Types and Common Mullein in Apples 76
Henry W. Hogmire, Tracy C. Leskey, and Starker E. Wright
Monitoring Plum Curculio Populations in Apple and Peach Orchards in the 88
Phenology and Management of the Apple Maggot in North Carolina 99
PLANT PATHOLOGY TITLE/AUTHOR(S) PAGE
Fire Blight Blossom Blight Incidence on Rome Beauty Apple Treated with 108
J. W. Travis, K. D. Hickey, N. O. Halbrendt, E. S. Anderson, and S. B. Jarjour
Evaluation of Mana-131 for Disease Management on Apple in 2002 110
J. W. Travis, K. D. Hickey, N. O. Halbrendt, E. S. Anderson, and S. B. Jarjour
Apple Disease Incidence on Semi-Dwarf Trees Sprayed with Dilute Fungicide 112
J. W. Travis, K. D. Hickey, N. O. Halbrendt, E. S. Anderson and S. B. Jarjour

115
Turner B. Sutton, Osama Anas, Jean Harrison and Charles Thayer
Management of Fire Blight on Apple: Efficacy of GWN-9200 120
Norman Lalancette, Kathleen Foster, and Tom Frieberger
The Hidden Danger of Fire Blight—Apple Trees with Live Cankers May Harbor 124
Evaluation Of Experimental Fungicide Schedules and Mixtures for Broad 134
Spectrum Disease Management on Stayman, Idared, and Granny Smith Apples,
K. 8. Yoder, A. E. Cochran I, W. S. Royston, Jr., and S. W. Kilmer
Test of an Experimental Fungicide and Cuprofix on Three Apple Cultivars, 138
K. 8. Yoder, A. E. Cechran Il, W. S. Royston, Jr., and S. W. Kilmer
Disease Control by Experimental Fungicides on Idared Apple, 2002 142

K. 8. Yoder, A. E. Cochran Il, W. S. Royston, Jr., and S. W. Kilmer
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Concentrate Applications of Registered Fungicides on Golden Dedicious
Apple, 2002
K. 8. Yeder, A. E. Cochran I, W. S. Royston, Jr., and S. W. Kilmer

Comparison of Protectant Fungicides on Nittany Apple, 2002
K. S. Yoder, A. E. Cochran I, W. S. Royston, Jr., and S. W. Kilmer

Blossom Blight Treatments on Golden Delicious and Rome Beauty Apples,
2002

K. 8. Yoder, A. E. Cochran I, W. S. Royston, Jr., and S. W. Kilmer

Evaluation of Gentamycin for Blossom Blight Control on Golden Delicious,
2002
K. S. Yoder, A. E. Cochran I, W. S. Royston, Jr., and S. W. Kilmer

Commercial Demonstration/Test Blocks of Prohexadione-Ca (Apogee) for
Shoot Blight and Growth Suppression in Commercial Apple Orchards, 2001-2002
K. S. Yoder, J. L. Norelli, A. R. Biggs, and R. P. Marini

Management of Brown Rot, Scab, Rusty Spot, and Rhizopus Rot of Peach Using
Fungicide Mixtures
Norman Lalancette, Kathleen Foster, and Jody Veler

Comparison of Captan Formulations for Management of Peach Diseases
Norman Lalancette, Kathleen Foster, and Jody Veler

Efficacy of Plant Activator, Biocontrol, and Experimental Materials for
Management of Bacterial Spot of Peach
Norman Lalancette, Kathleen Foster, and Jody Veler

Peach Rusty Spot Epidemics: Temporal Analysis, Optimizing Management,
and Effect on Fruit Growth
Laura Furman, Norman Lalancette, and James F. White

Evaluation of Fungicides for Disease Control on Redhaven Peach, 2002
K. 8. Yoder, J. L. Norelli, A. R. Biggs, and R. P. Marini

Rotation Crops for Control of Nematodes Pathogenic to Tree and Small Fruits

(A Progress Report)
James A. LaMondia and John M. Halbrendt

Overwintering Sites of Colletotrichum Acutatum in Highbush Blueberry
Anne DeMarsay and Peter V. Oudemans

HORTICULTURE TITLE/AUTHORS
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Arthur Agnello

NYSAES

Dept. of Entomology
Geneva, NY 14456
315-787-2341
amad@nysaes.cormnell.edu

Atanas Atanassov

Rutgers Ag. Res. & Ext. Center
121 Northville Rd.

Bridgeton, NY 08302
856-455-3100
atanassov(@aesop.rutgers.edu

John Ayers

Penn State Dept. of Plant Pathology
211 Buckhout Lab

University Park, PA 16802
814-865-7776

jea@psu.edu

Silvia Bautista-Banos
USDA, ARS, AFRS

45 Wiltshire Rd.
Keameysville, WV 25430
304-725-3451 Ext. 220

sbautis@afrs.ars.usda.qov

Robert Belding

Rutgers Ag. Res. & Ext. Center
121 Northville Rd.

Bridgeton, NJ 08302
856-455-3100
belding@aesop.rutgers.edu

Chris Bergh

Virginia Tech AHS, AREC
585 Laurel Grove Rd.
Winchester, VA 22602
540-869-2560
cbergh@vt edu

David J. Biddinger

PSU Fruit Research & Extension Center

290 University Dr.
Biglerville, PA 17307
717-877-6116 Ext. 235
dib1 su.edu

2002 ATTENDEES

Deborah Breth
Cornell University
PO Box 150
Abion, NY
585-589-5561
dib1 mell.edu

Mark Brown

USDA, ARS, AFRS

45 Wiltshire Rd.
Kearneysville, WV 25430
304-725-3451

mbrown@afrs.ars.usda.qov
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Virginia Tech AHS, AREC
595 Laurel Grove Rd.
Winchester, VA 22602
540-869-2560

rossebye@vt edu

Juliet Carroll

NYS IPM Program

630 W. North St.

Geneva, NY 14456-0462
315-787-2430

jec3@comell.edu

Neil Carter

Ontario Ministry of Ag. & Food

PO Box 8000, 4890 Victoria Ave. N
Vineland, ON LOR 2EO
905-562-3833

neil.carter@omaf.qov.on.ca

David Combs
NYSAES

Barton Lab
Geneva, NY 14456
315-787-2465

deb10@cormnell.edu

Rob Crassweller

Penn State Unicersity

102 Tyson Building
University Park, PA 16802
814-863-6163

me7 @psuy.edu



V. Lamry Crim

USDA, ARS, AFRS
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Kearneysville, WV 25430
304-725-3451 Ext. 360
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Anne DeMarsay

Rutgers Blueberry-Cranbery Res. Ctr.
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Chatsworth, NY 08019
608-726-1580
demarsay@eden.rutgers.edu
Julie Elmer

Dean’s Office

88 Lipman Drive

New Brunswick, NJ 08801
856-459-1125

elmer@aesop.rutgers.edu

Jean Engelman

Virginia Tech AHS, AREC
595 Laurel Grove Rd.
Winchester, VA 22602
540-869-2560

jengelma@vt.edu

Kathleen Foster

Rutgers Ag. Res. & Ext. Center
121 Northville Rd.

Bridgeton, NJ 08302
856-455-3100

kfoster01@mindspring.com

Jerry Frecon

County Government Services Building
1200 N. Delsea Drive

Clayton, NJ 08312

856-307-6450

frecon@rce.rutgers.edu

Michael Glenn

USDA, ARS, AFRS

45 Wiltshire Rd.
Kearneysville, WV 25430
304-775-3491 Ext. 321

malenn@afrs.ars.usda.qov

George M. Green

Penn State University, FREC
PO Box 330

Biglerville, PA 17307
717-677-6116 Ext. 6
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Penn State University, FREC
PO Box 330

Biglerville, PA 17307
717-677-6116 Ext. 3
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Rick Heflebower

Utah State University
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Wilbur Hershberger
USDA, ARS, AFRS

45 Wiltshire Rd.
Kearneysville, WV 25430
304-725-3451 Ext. 304

whersbe@afrs.ars.usda.gov

Kenneth D. Hickey

Penn State University, FREC
PO Box 330

Biglerville, PA 17307-0330
717-677-6116

kdhd4@psu.edu

Erin Hitchner

Rutgers Agr. Res. & Ext. Center
121 Northville Rd.

Bridgestone, NJ 08302
856-455-3100
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Henry W. Hogmire

WVU KTRFEC

PO Box 609

Kearneysville, WV 25430-0609
304-876-6353

hhogmire .edu

Larry A. Hull

Penn State University, FREC
PO Box 330
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Norman Lalancette

Rutgers Ag. Res. & Ext. Center
121 Northville Rd.
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lalancette@aesop.rutgers.edu
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78" Cumberland-Shenandoah Fruit Workers Conference
Program Highlights and Business Meeting

The 78" annual meeting of the Cumberland-Shenandoah Fruit Workers Conference was
hosted by Virginia Tech and held at the Holiday Inn in Winchester, VA on December 5-6, 2002.
There were 87 registered participants for the meeting and 43 submitted papers, including 4
General Session presentations, but a'snow storm on December 5 reduced the number in
attendance to 59 and the number of delivered presentations to 33. Registration was $50.00 and
covered the costs of the Proceedings, breaks, and lunch on Thursday. Chris Bergh was general
chair and secretary and Steve Miller served as treasurer. Chris Bergh organized and chaired the
General and Entornology Sessions, Keith Yoder was the chair of the Plant Pathology Session and
Ross Byers chaired the Horticulture Session.

The meeting began at 9:00 a.m. on Thursday. Chris Bergh thanked Peter Shearer for
acting as general chair of the 2001 meeting and for organizing the 2001 Proceedings. This was
followed by the “Call of the States”, in which representatives provided a synopsis of the crop,
weather conditions and pest and disease pressure for their respective states during the 2002
season. Members of the Cumberiand-Shenandoah Fruit Workers Conference who had won
awards during the previous year were recognized and congratulated. The 2002 General Session
followed and included 4 invited speakers. Russ Mizell was unable to travel to Winchester to
intrcduce the Southern Region Pest Management Center, but John Ayers spoke about the Pest
Management Center concept and provided specifics about the Northeastern center. Julie Elmer
gave a presentation on kitchen incubators and their role in economic development and the
enhancement of agricultural business opportunities. Jay Norelli provided timely information on
new technologies for managing fire blight based on host resistance. Following lunch on Thursday,
the remaining presentations were delivered during concurrent sessions (Entomology, Plant
Pathology and Horticulture) that spanned Friday morning. A Social on Thursday evening,
sponsored by DuPont and Syngenta, provided an opportunity for the meeting participants to
mingle over refreshments and was extremely well received.

The business meeting was called to order by Chris Bergh on Friday at 10:30 a.m.
Summaries of the concurrent sessions were given by Chris Bergh, Keith Yoder and Steve Miller.
A motion to extend the deadline for submission of reports for the 2002 Proceedings to January 10
was made by Steve Miller, seconded by Anne DeMarsay and carried. Steve Miller gave the
treasurer’s report. Total income in 2001/2002 from the carryover balance, registrations, interest,
and sale of 2000 Proceedings was $5,159.13. Expenses attributed to the 2001 meeting, printing
and postage costs for the 77th Proceedings, and materials amounted to $4,150.87. The CSFWC
account balance prior to the 2002 meeting was $1,008.26, which included interest of $5.76.
Receipts for registration received by Dec. 5 for the 2002 meeting were $3,550.00. Sale of past
Proceedings represented income of $40.00. The CSFWC Account had a balance of $4,598.26 at
the conclusion of the 78th meeting. Several late registrations were anticipated, but not available
at the time of the treasurer’s report. The treasurer updated information on facilities and printing
costs beginning with the 1997 meeting through the 2001 meeting. Facilities costs in 2001 were
$2,453.93. Publication costs for 2001 were $1,481.17. Chris Bergh expressed appreciation on
behalf of the members to Steve Miller for continuing to act as treasurer.

Other business included a discussion about changing the meeting format to
accommodate the interests of members from all disciplines. Peter Shearer moved to eliminate the
Discipline Summary reports from the business meeting. The motion was seconded by Steve
Miller and carried. Peter Shearer moved to modify meeting format as follows:

1. To limit the General Session to one speaker

2. To end the General Session at the moming break on Thursday

3. To begin breakout sessions after the morning break on Thursday

4. To hold the business meeting from 8-9 on Friday moming

5. To continue breakout sessions after the business meeting on Friday.

The motion was seconded by Henry Hogmire and carried by the CSFWC members.

The members of the CSFWC wish to express their appreciation to Syngenta and Dupont
and their respective representatives, Rick Schmenk and Don Ganske, for their generous
sponsorship of the Social on Thursday evening.
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The 2003 meeting will be held on November 20-21 at the Holiday Inn in Winchester, VA.

Future Meetings and Host States:

2003 - Maryland/Delaware

2004 — North Carolina

2005 - USDA

2006 - Pennsylvania

2007 — West Virginia

2008 — New Jersey/South Carolina

Respectfully submitted,

J. Christopher Bergh, General Chair, Secretary

Stephen S. Miller, Treasurer



2002 CSFWC
NEW JERSEY STATE REPORT
Robert Belding

Redhaven peaches began blooming in southern New Jersey April 4™ with full bloom oceurring
about April Sth. There were 3 frost events between bloom and shuck split with temperatures
dropping to 17 degrees damaging low-lying orchards. Over all, the peach crop in New Jersey
was down 25% from 75 million pounds to about 55 million.

Apple bloom was short (~4 days) and was marked with record high temperatures with highs
ranging from 80 to 99 degrees. Red Delicious came into bloom about April 14th in southern New
Jersey resulting in a light crop. In Northern New Jersey, snow was recorded on the 14" of May
and there was crop loss in low orchards. Many wholesale apple operations have been pushed
out while New Jersey added 8 to 10 new wine grape plantings.

San Jose and White Peach Scale exploded this season. 63% of peach growers in southern New
Jersey received measurable levels of scale injury at harvest. Our top three insect problems on
peach remain: catfacing, thrips, and tufted apple budmoth with scales moving into the 4% position.
Fireblight was a major problem this spring. Infections occurred after bloom and were, for the
most part, uncontrollable. Peaches prices were good this year but irrigation costs were up due to
the drought. Water was a big issue and water certificates were difficult to get.

Weather. Temperatures during spring were mostly cool; only two brief warm periods occurred
during mid-April and early June when average daily temperatures exceeded 70F. In contrast,
summer temperature maximums exceeded SOF on 31 days, and average daily temperatures
were greater than 80F on 26 days (16 more days than in 2001).

Rainfall occurred frequently throughout spring and early summer; 26 days had > 0.10 in rain
accumulation during this period. However, 40-day drought began on 15 July, with little or no
significant rain occurring until 24 August. Monthly rainfall accumulations (inches) were 3.36 (Apr),
3.86 (May), 5.83 (Jun), 2.08 (Jul), 2.91 (Aug), and 2.53 (Sep).

Plant Pathology

Blossom blight infection was light to non-existent in stone fruit blocks. At RAREC (Bridgeton),
no blight was observed on non-sprayed trees. Sporulation on overwintering mummies was
minimal. Brown rot infection pressure was light to moderate, depending an time of harvest in
relation to the drought. Cultivars harvested from mid-July through mid-August experienced few
rains, making disease control easier. Although rainfall occurred during ripening of late-season
cultivars, rot incidence was lower than usual. Peach Rusty Spot incidence was very high,
particularly on highly susceptible cultivars such as ‘Jerseyqueen’ and ‘Autumnglo’. Disease levels
on non-sprayed trees exceeded 90% fruit infection. Bacterial Spot infection on fruit was
minimal, perhaps due to low temperatures during the susceptible period following shuck split.
However, a significant amount of foliar infection occurred on susceptible cuitivars prior to the
drought. Peach Scab disease pressure was particularly severe as a result of the frequent spring
rains. Non-sprayed fruit at RAREC had 100% incidence, with large areas of the fruit surface
covered by scab. Disease control was difficult in orchards harboring many overwintering twig
lesions. Rhizopus rot was only occasionally observed preharvest, and only on late-maturing
cultivars. However, rot incidence was higher than usual in postharvest studies.

Information sources: Robert Belding, David Schmitt, Dean Polk, Jerry Frecon, Bill Tietjen, and
Norman Lalancette
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2002 CALL OF THE STATES REPORT - NEW YORK
Reporting: Art Agnello, NYS Agric. Expt. Sta., Geneva

Similarly to what we saw last year, this season's weather pattems seemed to exhibit a tendency
to flirt with extreme conditions. Temperatures were hot-cold-hot, and precipitation was dry-wet-
dry (with a few apparently annual devastating hailstorms thrown in), so the insect and mite activity
this year seemed almost tame by comparison. Once again, early pest problems were relatively
moderate overall, generally occurring and progressing about as expected, so that once the
tumultuous spring-to-summer changeover was complete, things tended to settie down.

Unfortunately, we may be experiencing the beginnings of a major problem after a
number of years without one. Despite a redoubling of efforts to maintain late season fruit
protection, internal worm infestations showed up regularly in harvest inspections this
year, particularly in the state's western counties. There were quite high trap catches of
oriental fruit moth in western N'Y and of lesser appleworm in the eastern half, so this was
not entirely unexpected. A few of the blocks surveyed had remarkably high damage
levels, but more troubling was the large number of orchards that were affected just
enough to cause a load or two to be rejected, something that happened to some growers
this year for the first time in their long history of growing fruit.

The key pests initially offered few surprises. European red mite control seemed to be
good during the early season, with some predictable outbreaks (plus a few of twospotted
mites) provoked by the midsummer heat. Plum curculio probably entered the orchards
quite early, perhaps during the mid-April heat wave, and then was generally undetectable
for the next few weeks, but enjoyed another extended oviposition period amidst the
intermittent showers and finished up about the middle of June, so a full protectant
program of 2-3 sprays was needed in most orchards. Obliquebanded leafroller appeared
on schedule, but generally responded well to treatment in orchards with reliably heavy
populations. Once again, some growers may have been misled by an apparent absence of
July larval populations that ended up turning into fruit damage later on.

The dry weather also had an effect on foliar feeders such as aphids, leafhoppers and
leafminers, which were increasingly hard to find as the summer wore on. Apple maggot
normally would have been expected to show a similar effect, but some startlingly high
populations showed up in the eastern part of the state (Champlain Valley down to the
Capital District and into the Hudson Valley). Of particular note this year was a troubling
high incidence of woolly apple aphid throughout the state. Perhaps owing to the
changing pesticide profile in apples, this pest is becoming more problematic each year,
and there doesn't seem to be much in the toolbox that's capable of solving it.

In the category of running concerns that we hope don't become a crisis, dogwood
borers continue to be in evidence as more growers turn their attention to potential
infestation sites in dwarf and interstem plantings. This was another year that Comstock
mealybug showed up in processing pears, after taking it easy for the last 2 or 3 years. San
Jose scale was likewise an unpleasant late-season problem that has seemed to rebound in
recent years, probably in response to the elimination of some key OP materials from the
registered products list.



Pennsylvania State Report for CSFWC, 2002.

G. Krawczyk, R. Crassweller', N. Reed and L. A. Hull.
Penn State University

Fruit Research and Extension Center, Biglerville, PA

' Department of Horticulture, University Park, PA

Horticulture:

A week of very warm temperatures April 15 through18th pushed apple flower development. Full
bloom came early. Full bloom on York in the Cashtown area of Adams County occurred on April
22. In central PA however, a cold front pushed through on Friday April 1Sth bringing much cooler
temperatures and rain. The following Tuesday temperatures dropped to 29°F and over the next
few days we had a series of low temperatures in the upper 20's to low 30's. The cold weather
essentially stopped flower development outside of south central and eastern PA on apples and
led to a prolonged bloom of 14 days on some cultivars. This delay posed a serious problem later
in the season for application of chemical thinners due to the variable fruit size on the tree. Other
frost events associated with this weather pattemn occurred on 4/27 and 5/4.

The second serious frost pattem occurred the week of May 20 with 3 consecutive nights of
temperatures in the mid-20's. Damage was extensive with several fruit cracking due to the cold.
Unfortunately these "frost crevices" did not cause the fruit to drop and they persisted until harvest
making the fruit essentially useless. Hard hit were Ginger Gold, and Fuji. Gala was not affected
as much. Fruit that did remain on the tree tended to have a low seed count. Many growers in
applying their thinners also noted that a lot of the fruit had few seeds. Defying conventional
thought many of these low seeded fruit persisted to harvest. An examination of an old textbook
(Modem Fruit Science by Gourley & Howlett, 1941) made reference that the authors had seen
that after a severe frost event if any fruit does remain on the tree it may have very few seeds.

June was fairly wet, but the remainder of the season until September was very dry. A wet harvest
lead to excessive fruit cracking especially in Gala. Leaves remained on the tree for a relatively
long time until a sudden cold snap the end of October caused them to drop. In central & northem
PA § inches of snow fell October 30 resulting in a heavy buildup of snow & ice on trees that
caused some structural damage.

Even though it was very dry during the growing season apple fruit buds seem to look large and
abundant for this time of year. 1-MCP was registered in July and used commercially from
September to November. Data on exact amount of fruit treated is currently being gathered. Size
of rooms and filling rate is an important consideration for future MCP use. (Nate Reed & Rob
Crassweller)

Entomoloqy:

From entomological perspective the 2002 season was quite normal for Pennsylvania fruit
growers. In Biglerville the biofix for OFM was established on April 09, for CM on May 02, for
TABM on May 07, and for OBLR on May 31,

For the fifth year in a row the oriental fruit moth was the most destructive pest in orchards.
Over two hundreds loads were rejected due to the presence of this species in fruit delivered to
our local processors. Our other intemal fruit feeder codling moth surpassed tufted apple bud
moth and was the second most commonly found species in rejected loads (110 loads) during the
2002 season. Adult moth insecticide’s sensitivity bioassays revealed multiple fold resistance
level in some populations of this pest. Often, the CM problem areas were iocated close to large
bin piles, which may serve as a possible source of infestations. Also, for the first time a single
fruit load was rejected due to the presence of apple maggot larvae in the fruit.

Hot and dry summer contributed to the above threshold European red mite populations
observed in most grower’ orchards. While biological control with predatory mites and Stethorus
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beetle was observed in some locations late in the season, in most orchards summer acaricide
applications were necessary.

The obliquebanded leafroller outbreaks were again observed in some isolated orchards, mostly
when spray coverage was not adequate. The tufted apple bud moth fruit injuries were again at
low to average levels when compared to previous years. Many orchards, including west part of
the State (Pittsburgh area) experienced heavy infestation from European apple sawfly.
Extended bloom time and late timing for petal fall insecticide applications can be in part
responsible for this problem. (Greg Krawczyk and Larry Hull)
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Virginia report for Call of the States

Virginia’s 2002 crops were about average in volume. Three frosts over a six-week period:
April 7, May 4, and May 20-22 thinned fruit set and caused some russetting, frost rings and
severely distorted fruit in some lower elevations, but with minimal damage at better orchard
sites. Moisture was adequate throughout the growing season in the Winchester area but was
limited farther south and east of the Blue Ridge. Hail cccurred in some of the same orchards
that were hit in 2001.

Depressed processing and fresh apple prices and rising costs of production are causing a
major concem for the fruit industry. Apple prices world wide are approximately 30% below 5
years ago and approximately what they were in 1985.

Strong demand for land to support the housing sector is putting additional pressure on ideal
fruit sites due to superior views and septic requirements.

Fire blight was the most serious disease concem, the worst in more than 15 years. With hot
weather and showers at the peak of bloom, the major fruit areas of Virginia had four to six
infection periods during the week of April 15-20. Hail injury in mid to late May, as noted
above, aggravated secondary blight spread to shoots in some Shenandoah Valley areas.
Fruit rots and mummy carry-over are an ongoing disease problem.

Generally, oriental fruit moth continues to be the main pest management concem. As in
2001, OFM was responsible for the great majority of rejected loads at Virginia processors,
Codling moth problems are spotty but severe in some locations.

Campylomma verbasci, the common mullein bug caused considerable damage in some
locations in northem VA.

European apple sawfly appeared to have increased in abundance and distribution in 2002.
We continue to observe increasing problems with San Jose scale.

Virginia Tech'’s College of Agriculture and Life Sciences has been severely impacted by three
rounds of budget cuts in 2002. Horticulturists Ross Byers and John Barden chose to take ASO's
(Alternate Severance Options), which amount to early retirements. However, Dr. Byers intends to
continue on a part-time basis as Scientist- in-Charge and maintain a research program. In major
fruit counties, County Agricultural Extension agents Gary DeOms (Frederick county) and Lance
Kauf (Clarke county) have also taken ASO’s. So far, all reductions in State-funded personnel in
the College have been voluntary. It is not yet known when vacated positions will be filled but
some positions across the State will not likely be filled for several years, and maybe never in their
previous capacity.
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Call of States — West Virginia
Alan Biggs, Henry Hogmire, Steve Miller and Richard Zimmerman

Another mild winter and early spring resulted in early bloom. With one freeze event and
several light frosts, the area fruit crops were down slightly from the five-year norm. The WV apple
crop was estimated at 2.4 million boxes, nearly a 13% decline from the previous year. The
peach crop was estimated at about 282,000 bushels, which was the same as 2001. Peaches
seemed to escape the early freeze that affected sweet cherry and some apples. Peach
production has declined about 13% over the past 5 years. The spring was cool, which was
partially responsible for smaller fruit size. This made thinning a particularly challenging task and
some apple blocks were over cropped. Moisture received in the first 8 months of the year was
below normal, primarily due to a very dry January, February, and to some extent August.
Moisture received in March, July, and September thru November brought the yearly total to near
normal. The lack of moisture in August was also a contributing factor to the small fruit size. Fruit
sugar levels were up in 2002, while red color was down slightly. The overall crop quality was
good for apples and excellent for peaches. A severe hailstorm on May 26 with 30 minutes of pea
to golf-ball sized hail affected several crchards in the eastern most county (Jefferson). The
production at the WVU Tree Fruit Research and Education Center was totally destroyed by the
storm. Acreage devoted to tree fruit crops continues to decline in West Virginia and the
remaining orchards are fuming mere and more to local sales and diversified production. Prices for
processing apples were poor, which only contributes to the transition of orchards into housing
developments. There is increased interest in small fruit production and agri-tourism with new
plantings of raspberries, grapes and plasticulture strawberries being established.

Biofix of moth pests was earlier than in 2001 by 3 days for oriental fruit moth and codling
moth, and 6 days for tufted apple bud moth. Compared with last year, development of
these pests as a function of degree days was about 3-7 days earlier through early July and
7-12 days earlier for the remainder of the season.

Mullein plant bug injury was seen this year for the first time in a few orchards during the latter part
of May. Rosy apple aphids were more troublesome this year in a few orchards, continuing to
increase on apple trees through most of June. Potato leafhopper populations were quite
abundant, causing significant injury in some young orchards. Populations of European red mites
predictably increased to above threshold levels with increasing temperatures in July, however,
predators appeared to be more abundant than last year. Codling moth was more responsible for
internal worm injury than oriental fruit moth this year, with some orchards near bin storage areas
experiencing significant levels of fruit injury. Silvering injury, caused by western flower thrips, was
prevalent in some peach orchards, especially on early season varieties.

On apples, fire blight was the disease that received the most discussion during the 2002 growing
season; however, moderate levels of scab and cedar-apple rust were observed as well. The
weather during the week beginning on April 14 helped set the scene for a series of interesting
disease conditions that dominated the early part of the growing season. With many fruit varieties
at the tight cluster to pink stage, daily high temperatures moved into the high 70’s, 80’s and 80's
every day from the 14™ through the 20™. Rain occurred on 13", 14™ and 15", and again on the
19" 20" 21® and 22™. Conditions were favorable for apple scab and cedar-apple rust infections
and were ideal for fire blight infection beginning on the 13" in locations with open blossoms.
Blossom blight symptoms on non-sprayed Golden Delicious and York trees were observed on
May 3. In unprotected blocks, we observed Gala with 50% of trees infected, Romes with 35%,
Golden Delicious near 100%, Red Delicious at less than 5%, and Jonathan at about 40% of trees

13



with infections. Similar blocks that were treated with streptomycin according to Maryblyt forecasts
had little or no fire blight. Two trauma events occurred in May and included high winds on May 14
and severe hail on May 26. Both events led to increased fire blight in blocks where the disease
was already present. Sooty blotch, flyspeck and rot diseases were well managed in most
commercial orchards in West Virginia.
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FOOD BUSINESS INCUBATORS- AN OPPORTUNITY FOR ECONOMIC DEVELOMENT

Julie Elmer
Food Innovation Research and Extension Center
87 E. Commerce St.
Bridgeton, NJ 08302

Business incubation is a dynamic process of business enterprise development. Incubators
nurture young firms, helping them to survive and grow during the start-up period when they
are most vulnerable. Incubators provide hands-on management assistance, access to
financing and orchestrated exposure to critical business or technical support services (that
may otherwise be unaffordable, inaccessible, or unknown to the entrepreneur.) [© National
Business Incubation Association, 2002]

There have been major trends in industry that have contributed to this phenomena include
industry restructuring, downsizing, and our economy evolving from a base of natural
resources and industry to information and services. Technology creates choices and market
niches, while the internet and e-commerce has made a whole new way to do business.

According to the US Small Business Administration, 47% of jobs generated are by
companies of 20 or less. In 1980 there were 10-15 incubators in the US. This year there are
1,000 incubators in North America. Thirty are kitchen/food business incubators with an
equal number in the planning stages. Results indicate that the return to local tax revenue on
public investment in business incubation was greater than $16 for every $1 investment.(1997
Data) [© National Business Incubation Association, 2002 ]

Community Kitchens are more often implemented in rural settings where economies of
scale are limited or the kitchen incubator model is not financially viable. These kitchens are
small and do not have the staff or funding to develop business training and technical
assistance services.

Food business incubations have the following key features: They provide rental of
commercial kitchens, food manufacturing facilities and equipment on an hourly basis and
rental of storage space (dry, refrigerated and frozen) to clients on a monthly basis. They have
on site product development and technical assistance. They offer marketing assistance to
gain access to niche food markets in addition to business development and finance
information. There are a variety of structures, which include economic development
initiatives by government, non-profit organizations, universities and colleges, for profit and
collaborations.

The Food Innovation Research and Extension Center grew naturally out to an in-depth
study in 1997 of the NJ food processing industry by Dr. Soji Adelaja, which identified
obstacles to growth for people interested in entering the field. The mission of the center is to
stimulate and support sustainable economic growth and prosperity to the agricultural and
food industries in New Jersey by providing business development and technical services
through research, education and outreach. The companies that are targeted include farmers

16



desiring to create new businesses based on value-added agricultural products and/or
developing new markets for their existing commodities; startup companies coping with
challenges such as financing, technology, regulations, market development, and
infrastructure requirements; and food companies seeking to access new technologies,

upgrade quality assurance capabilities, enter new markets, and expand and improve their
operations.

The Food Innovation Research & Extension Center has 6 central capabilities. These
include business development, market development, product and process development,
quality assurance and food safety, regulations and compliance, and workforce development
and training. They have provided educational seminars, held a Food Business Incubation

Summit, and developed a network of food entrepreneurs to accelerate the learning curve
among industry startups.

The proposed foed business incubator is based on feasibility study results and visits and
discussions with other incubator facilities across the country. It will be a 32,000 sq.ft.
shared-use processing facility. It will include a test kitchen and sensory evaluation center,
analytical laboratory, training and education area and an administrative area. The processing
section will have a cold and vegetable processing area, a hot processing area, a dry process
and packaging area along with storage areas.

With a team of on-site specialists and linkage to the vast resources at Rutgers University,
the Food Innovation Center offers its client companies a full array of services. The Center is
built on public-private partnerships between higher education institutions, local governments
and industry to address critical agricultural and food industry development issues. The
Center is poised to be the catalyst that will promote a viable and prosperous food processing

and agriculture base in New Jersey, translating into considerable economic development
benefits for the region.

The Food Industry is projected to grow 1.6% per year and approach $800 billion by 2005.
Food Service is expected to capture 100% of the $100 billion in incremental sales from 1995-
2005. [McKinsey & Company, “Foodservice 2005”] Within the food industry, there has
been steady growth in the last several years in both specialty and functional food categories.
The National Association for the Specialty Food Trade defines gourmet and specialty foods
as food, beverage or confections that are of the highest grade, style or quality in their
category. Over the last decade, the specialty food market had benefited from growing
consumer interest in high quality food products. By 2002, sales of gourmet or specialty
foods are expected to exceed $54 billion. [MarketLooks) Currently, about 53% of all
specialty foods are sold through supermarkets, with another 35% sold in gourmet and
specialty food stores. Some of the product categories include baked goods, dressings,
vinegars, oils, meats, dairy products, beverages such as herbal teas, specialty juices or
nutritionally fortified drinks and Ethnic Foods. A growing new category growing is artisan
foods. These are described as foods made by skilled and often hand crafted labor, which is

usually not mass produced. Thus, cheese makers, bread bakers and beer brewers are artisans
and now their products are in high food fashion.
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Functional and nutritional foods are another growth area. In the United States, sales
figures for functional foods in 1999, reached $14.2 billion, and projected sales for 2002 are
expected to be $20 billion. [Sloan Report] This is a growing trend, fueled by an aging
population, who are interested in maintaining health and vitality through diet, exercise and
supplements. Functional foods are foods that exert a health benefit beyond the traditional
nutrients they contain. They contain biologically active, non-nutrient compounds that
provide health benefits, such as phytocompounds. Or they are specially formulated to have
higher levels of phytocompounds than would naturally occur in that food. Some of the more
popular health platforms targeted by functional foods are heart, bone and joint health, aging,
memory, energy, menopause and digestive health.

The history of a group of growers that joined with Rutgers University to develop both a
food and nutritional product began in 1998. Blueberry growers approached Rutgers
Agricultural Economics Department, wanting to find other opportunities outside of fresh
market or frozen berries. Dr. Soji Adelaja and Mr. Brian Schilling successfully submitted a
grant proposal to the USDA to develop new products around blueberries. A number of
prototypes were developed. These included several beverages and a solid extract. The
growers formed a company called Blueberry Health to launch two products, Jersey Blues, a
Blueberry Ice Tea and Solid Blueberry Extract, a functional food. In 2001, The Herbalist
and the Alchemist Company partnered with Rutgers and the growers. They had a quality
reputation and established channels of distribution which made them a perfect partner to
promote and sell the solid extract.

Solid Blueberry Extract carries the structure function claim: Supports healthy vision. The
concentration is 4.2:1 and is sweetened with apple juice concentrate. Two tablespoons are
equal to a half cup of berries. It is sold in two sizes, a 3 ounce and 6 ounce glass jar and
retails for $16.75 and $30.00, respectively. By 2002 the extract has become the Herbalist &
Alchemist’s top seller. The product has been featured in a number of newspapers and
magazines, such as Prevention. Blueberry Solid Extract sales have grown 100% every year
since its introduction.

Blueberries are a hot commodity at this time. Blueberry research is well reported in
consumer news and has become a media darling among the food press. Blueberry
consumption has never been higher. More fresh and frozen berries were consumed or
purchased this year than ever before, according to industry experts. Blueberries are among
the fruits and vegetables with the highest antioxidant capacity. Preliminary research in rats
show blueberries may improve cognitive function. Like cranberries, blueberries may help
prevent urinary tract infections. Research has indicated that blueberries improves night
vision and prevents tired eyes.

Could apples be the next super fruit? The reported number of phytonutrients in apples is
150. The skin of the apple is rich in flavonoids, including quercetin. Of all fruits, apples
contain the highest levels of quercetin. Quercetin is both a strong antioxidant and combined
with other flavonoids, fights inflammation. Apples may also reduce cancer risk since
quercetin inhibits the growth of malignant cells. Another large component with health
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benefits is the soluble fiber called pectin. Pectin lowers cholesterol and maintains blood
sugar. Also insoluble fiber is provided in the skin which aids digestion.

A product called Phytonutriance Apple Extract is being manufactured by a French
Ingredient Company called Diana Vegetal. The extract is made from fresh, mature apples. It
is standardized to high levels of Phloridzin, a phenolic compound believed to have the
following health benefits: balance blood sugar, cardio-protection and free radical scavenging
ability. Applications include functional foods, dietary supplements, and cosmetic products

Apples may also be used as an artisan food and supplement. Pierre Gingras Orchards in
Quebec, Canada is a 3rd generation apple grower. He produces natural apple juice which is
fermented to wine and then cultured to vinegar. The vinegar, which is un-pasteurized and
unfiltered, is aged in oak barrels for over 1 year. The orchard staff conducts tours and tasting
at their facility. There are many health remedies associated with cider vinegar, so the
product is also available in capsule form. Real handcrafted cider vinegar contains over 30
nutrients, a dozen minerals, and more than a half dozen essential vitamins and acids. It
contains a large number of enzymes as well as pectin. It is particularly rich in potassium and

other trace elements such as phosphorus, calcium, magnesium, sulfur, iron, fluorine, silicon
and boron.

In summary, business incubators are a growing phenomenon in our business world. Food
business incubators offer the marketing and business know-how which is essential for
success, particularly for new people entering or those transitioning, i.e. from farmer to food
manufacturer. Food business incubators are the ideal place to develop and bring your
product to market by allowing affordable access to technology and manufacturing. Research
dollars from private and government agencies can help fund the feasibility of your idea.
There are some trends to be aware of to help identify new food business ideas. Unique
offerings can provide a successful niche for small manufacturers.
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; Overview of the
USDA-CSREES Regional Pest Management Centers
Russell F. Mizell, II", O. Norman Nesheim' and
James Van Kirk?
University of Florida', Cornell University? -

" .. Parpose. In September 2000, the Congress through
USDA-CSREES created four Region Pest Management
T ~ Centers (PMCs) as part of a nationwide pest management
_ L A A ... information network The regional PMCs were established
Pﬁ ot t Arlﬂ FL L2 4o respond quickly to information nesds i fagh o public
—4&and private sectors. PMCs will also help USDA and its

partner -institutions identify, prioritize, and coordinate national pest management research,
extension, and education programs.

2000. Management of PMCs is a partnership between USDA-CSREES, the Office of Pest
Management Policy and the Land Grant Universities. Presently the four regional Centers are
“virtual” and are managed in the Northeastern region by the The Pennsylvania State University
and Comnell University; in the North Central region by Michigan State University and the
University of Illinois; in the Western region by the University of California-Davis; and in the
Southemn region by the University of Florida.

Organization. The Pest Management Centers are designed to maximize collaboration among
individuals and groups with diverse perspectives across the regions. Broad-based regional
participatory leadership assures stakeholder needs are being met. The Center’s Directors provide
leadership and management. The Steering Committee directs Center staff (Directors or
Coordinators, and support staff) in managing information flow. Advisory Councils/Committees
play a key role in gathering input from pest management stakeholders. Project leaders funded by
the competitive information network grants program not only develop new information as
needed but also extend the communications network to the local level.

Function. The PMCs primary function is to develop and maintain a pest management
information network that will contribute to environmentally and economically sound pest
management decisions. The network serves three major purposes: to collect current commodity-
related information on pest management practices that provide critical data to advise EPA and
other stakeholders on issues related to the FQPA, to facilitate two-way communication among
key groups of stakeholders, and to provide these groups with broad access to pest management
information. .

The PMCs are working to connect a diverse array of people who have an interest in pest
management policy and implementation throughout the U.S. These include pest management
users (farmers, nurserymen, park and turf managers, building superintendents, pest control
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operators, homeowners, gardeners, and others), consumer and environmental groups,
governmental regulatory agencies, researchers, and educators. PMCs are networking these
groups both through the Center’s own organization (Advisory Councils/Committees, Steering
Committee, Commodity Work Groups, Project Leaders) and through development of electronic
communications structures such as email lists, online bulletin boards, and web pages (see
WWW.pmcenters.org). '
Center Leadership and Information: Regional and National Implications. PMCs administer
USDA-CSREES grant funds to state cooperators who develop crop profiles, pest management
strategic plans and other forms of baseline data to Support pest management needs. PMCs are
part of a myriad of federally-funded programs that are directed to support the development and
implementation of pest management through research and extension by land grant and other
interested stakeholders. These programs award funds to pest management professionals by
formula funds (3d programs) to individual states or provide competitive funding in peer
reviewed competitions at the regional and national levels. The grant programs are targeted to
basic (NRI) and applied research (PMAP, CAR, RAMP, regional IPM) and to the needs of both
conventional and organic producers (SARE, Organic Transition).

The recent General Accounting Office (GAO) report on IPM strongly supported the concept and
implementation of [PM but criticized the USDA and its agencies for lack of federal coordination
and leadership of pest management programs. In response to the report USDA is currently
developing a new “roadmap” for pest management. In the meantime the grant programs will
continue. It is important that the role of the PMCs and the benefits from the data they collect are
understood by all stakeholders. The first key to this understanding is the realization that most
grants programs now require specific justification and documented support from stakeholder
groups for proposal objectives. Some programs require formal participation by stakeholders or
are open for direct stakeholder funding (SARE, PMAP). Data from crop profiles and pest
management strategic plans gathered through the PMCs are designed and collected using a
methodology that meets the stakeholder-input requirements of the grant programs.

Knowledge of the purpose and breadth of the current pest management grant programs is the
second key to understanding the interrelationships between PMCs and other programs. Full
program descriptions can be found on the USDA website at www.reeusda.gov. In brief all of the
programs are administered regionally except the NRI, PMAP, CAR, and RAMP programs which
are national competitions. NRI (National Research Initiative) mainly funds cutting-edge science
posing basic biological and ecological questions. PMAP (Pest Management Alternatives
Program) addresses narrow, critical needs occurring as a result of FQPA decisions made by EPA
that eliminate individual chemical pesticides in specific crops. The CAR (Crops At Risk) and the
RAMP ( Risk Avoidance and Mitigation Program) are designed to address commodity pest
management at a broader “systems” level. Both programs are multi-disciplinary and longer term
than the other programs with CAR targeting minor fruits and vegetables with near-term risks
from FQPA and RAMP targeting major crops. Because of the national nature of the
competitions, it is imperative that PMC-sponsored research that provides background data and
Justification for proposals be completed in a timely manner. One may also argue that a strategic
approach to development of PMC-sponsored state proposals as well as regional IPM and PMAP
proposals should be followed to insure that the research/extension personnel in each region are
positioned to compete favorably nationally for PMAP, CAR and RAMP funds. Regions that do
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NOVEL APPROACHES FOR MATING DISRUPTION OF CM/OFM

Larry A. Hull and Nicolas H. Ellis
Penn State University
Fruit Research and Extension Center
Biglerville, PA 17307

Introduction

Since 1998, researchers at the Penn State Fruit Research and Extension Center (FREC) have
evaluated the efficacy of a number of pheromone release technologies for implementing mating
disruption including the industry standard - hand-applied dispensers and more recently, new
novel technologies including - paraffin emulsions, puffers, and sprayable formulations against a
variety of lepidopteran orchard pests. Encouraging results from our initial studies on sprayable
pheromones for controlling the Oriental fruit moth (OFM), Grapholita molesta, on commercial
farms have paved the way for addressing questions of rate thresholds and application methods
for sprayable pheromone efficacy. Given the inevitable discontinuation of broad-spectrum
insecticide use in orchards, rapid characterization of sprayable pheromone efficacy in practical
use patterns is imperative. In 2002, we evaluated the efficacy of two formulations of OFM
sprayable pheromones (Phases 1 and 5) applied as alternate row middle (ARM) applications at
lower-than-recommended and recommended rates, at two commercial orchard operations with a
history of successful OFM control with reduced broad-spectrum insecticide input. We also
evaluated a sprayable pheromone formulation for the codling moth (CM), Cydia pomonella, and
a new hand-applied dispenser technology that releases both CM and OFM pheromone from a
single dispenser.

Materials and Methods

Oriental Fruit Moth: One apple orchard site (Grower 1) was approximately 2 miles west of
Biglerville, PA. One of two plots (ca. 5-6 acres each) was treated with sprayable Phase 5 OFM
pheromone at a rate of either 1.25 g a.i. per acre per side, or 2.5 g a.i. per acre per side. Each of
these 5-6 acre plots was a sub-plot within a larger orchard block. In addition, a single 10-acre
plot was treated with Phase I OFM pheromone at a rate of 5.0 g a.i. per acre per side and a single
15-acre plot was treated with insecticides only. At the Grower 2 apple site, approximately 2
miles north of Biglerville, each Phase 1 and 5 rates as described above were each applied to 10-
acre plots, and a single 10-acre block was treated with insecticides only. At both sites, all
applications were made as ARM applications, and pheromones were incorporated into the
respective growers’ normal insecticide schedules, every 7-12 days throughout the season (Figs.
1-2). All pheromone and insecticide applications at the Grower 1 and 2 sites were applied ata
water volume rate of 100 GPA, 50 GPA per side or 50 GPA, 25 GPA per site, respectively.
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Three Delta-style pheromone traps with 0.11 mg OFM lures (Scenturion, Inc., Clinton, WA)
were deployed in each plot designated for an individual rate treatment (with the exception of the
15-acre conventional orchard at the Grower 1 site, where four traps were used, to cover the larger
area). A single Delta-style codling moth (CM) trap was also hung in each treatment plot. All
traps were hung in early June and monitored weekly for the duration of the season; lures and
bottoms were replaced monthly until the end of August, unless the condition of the trap bottom
indicated the need for more frequent replacement.

Prior to normal harvest, in situ evaluations of apples showing evidence of internal
lepidopteran larvae were conducted in each plot. For Grower 1, 30 trees were randomly selected
within each plot and 100 apples were randomly evaluated for the presence of entries from
internal lepidopteran larvae. Any apples showing such injury were returned to the laboratory,
examined for live larvae; those found were identified to species. For Grower 2, 25 trees and 100
apples per tree were evaluated in each plot according to the above criteria.

Codling Moth: A large apple orchard block (ca. 40 acres in size) located near Peach Glen,
Pa. was selected for this study. This block had a history of problems with the codling moth. The
block was divided into three large plots, each plot receiving one of the following three
treatments: 1) 3M-CM Sprayable Pheromone Phase 4E formulation [12.4 acres), 2) Isomate
CM/OFM Combo [11.6 acres, and 3) a conventional insecticide program [8.0 acres]. The grower
removed a portion of the block (ca. 7-8 acres) between the CM Sprayable plot and the
Conventional plot at the start of the study. Applications of the Sprayable Phase 4E pheromones
were made using the alternate row middle (ARM) system of spraying with each application
delivering 7.5 g a.i./A of pheromone. The adjuvant LI-700 was added to the first two
applications and the adjuvant Nu-Film 17 was added to the last four ARM applications of
pheromone (Fig. 3). The Isomate CM/OFM Combo dispensers were hung in the top one-third of
the trees on 30 April. Since this block had a history of codling moth problems, the grower
continued to apply his normal schedule of insecticides to the entire block. The first two ARM
pheromone applications were applied in a water volume of 25 GPA per side with an airblast
sprayer. The last four ARM pheromone applications were applied in a water volume of 50 GPA
per side.

Two Delta-style pheromone traps with 1 mg CM lures (Scenturion, Inc., Clinton, WA) were
deployed in each of the Sprayable Pheromone Phase 4E and Isomate CM/OFM Combo blocks,
whereas, four traps with 1 mg lures were deployed in the conventional plot. In addition, two
Delta-style pheromone traps with 10 mg CM lures (Trece Inc., Salinas, CA) were deployed in the
each of the Sprayable Pheromone Phase 4E and Isomate CM/OFM Combo plots only. Also,
three Delta-style pheromone traps with 0.11 mg OFM lures were also hung in each treatment
plot. All traps were placed in late April and monitored twice weekly for the duration of the
season; lures and bottoms were replaced monthly until the end of August, unless the condition of
the trap bottom indicated the need for more frequent replacement.

On 16 Jul and just prior to normal harvest (6 Sep), in situ evaluations of apples showing

evidence of internal lepidopteran larvae were conducted in each plot. For the 16 Jul and 6 Sep
evaluations, 21 and 24 trees, respectively, were randomly selected within each plot and 200
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apples were randomly evaluated per tree. Any apples showing such injury were returned to the
laboratory, examined for live larvae; those found were identified to species.

Results and Discussion

Oriental Fruit Moth: Grower 1 made a total of seven ARM applications of both Phase 1 and
5 sprayable pheromones starting with the first application on 10 Jun and ending with the last
application on 20 Aug (Fig. 1). At the Grower 1 site, a seasonal total amount of 8.75 g a.i.
(Phase 5, 1.25 g a.i./A/side), 17.5 g a.i. (Phase 5, 2.5 g a.i./A/side), and 35.0 g a.i. (Phase 1,50 g
a.i./A/side) was applied in each of the three respective plots. Grower 2 made six ARM
applications of both Phase 1 and 5 sprayable pheromones beginning with the first application on
12 June and ending with the last application on 12 Aug (Fig. 2). At the Grower 2 site, a seasonal
total amount of 7.5 g a.i. (Phase 5, 1.25 ga.i/A/side), 15.0 g a.i. (Phase 5, 2.5 g a.i./A/side), and
30.0 g a.i. (Phase 1, 5.0 g a.i./A/side) was applied in each of the three respective plots. Both
growers continued to apply a reduced program of insecticides in all pheromone treated blocks.

The mean numbers of OFM adults captured per trap per week, and mean cumulative adult
captures were highest in the conventional orchards at both sites (Figs. 1-2). The Phase 1
formulation began to show signs of reduced efficacy in mid-September at both sites, and did not
suppress trap capture through the end of the sampling period (mid-October). This observation
suggests that the Phase 5 formulation, despite being applied at rates 50 and 75% lower than the
rate of the Phase I formulation, was much more residual and effective in preventing adult
capture. Nonetheless, suppression of trap capture was evident for 3-4 consecutive weeks
following the final sprayable pheromone applications, regardless of the formulations or rates
applied. There was a 94.6% and an 87.0% reduction in cumulative adult captures observed
between the Phase I and conventional plots at both the Grower 1 and 2 sites, respectively (Table
1). In addition and perhaps more interesting, there was an approximate 98.1% and 97.7%
reduction in cumulative adult captures between the lowest ARM rate (1.25 g a.i./A/side — Phase
5) and the conventional plots at both Grower 1 and 2 sites, respectively. These data thus indicate
that although Phase 1 apparently has a shorter residual time than Phase 5, it nonetheless exerts a
considerable effect on the ability of male OFM to locate pheromone traps while it is active.
These data also strongly suggest that the Phase 5 is more effective than the Phase 1 MEC even
when applied at either 50% and or 75% of the rate of Phase .

No fruit injury was found in any of the mating disruption plots at the Grower 1 site, while
0.3% of the fruit in the standard insecticide block had evidence of internal larval feeding (Table
1). At the Grower 2 site, there was no difference among the treatments in the percentage of
apples showing evidence (i.e., frass). All larvae found in injured fruit were OFM.

Based on these results, it can be concluded that the Phase 5 formulation is effective for
preventing OFM capture in pheromone traps, and has a longer residual time than the Phase 1
formulation-—-even at rates 50 and 75% lower than the Phase 1 rates. Also, the addition of
sprayable pheromones to a reduced program of insecticides can significantly contribute to the
prevention of fruit injury from OFM. More importantly though, these data show that the alternate

row middle technique of spraying can be used to successfully apply sprayable pheromones, and
still achieve reduced adult capture and prevention of fruit injury.
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This finding may have valuable utility during seasons of normal or above average rainfall.
In such seasonal situations, the pheromone deposit is renewed more often with the ARM method
than when full applications are made to both row middles. However, our study was conducted
during the 2002 season in Pennsylvania, which was characterized by drought-type conditions.
Additional work should be conducted to determine the effect of applying sprayable pheromones
at reduced rates via the alternate row middle method of spraying under periods of normal or
above-average rainfall. Further work should also investigate if these low rates and ARM
applications are effective against OFM population densities higher than those present in the
orchards we surveyed for this project.

Codling Moth: A total of six ARM applications of CM Sprayable pheromone were made
during the course of the season (Fig. 3), applying a total seasonal amount of 45 g. a.i./A. The
Isomate CM/OFM dispensers were placed in the orchard on 30 Apr. The total amount of
pheromone present in the dispensers at the start of the study was 56 and 16 ga.i./A for CM and

OFM, respectively (Table 2).

The mean numbers of CM adults captured per trap per week, and mean cumulative adult
captures were highest in the CM Sprayable plot through the end of first brood flight in late Jun
(Figs. 3 A, B). Beginning with the flight of second brood in mid-Jul, more CM adults were
found in the conventional plot than in either the CM Sprayable or Isomate CM/OFM Combo
plots (Figs. 3 A, B). At the end of the season, the mean seasonal trap capture of CM adults in the
conventional plot (32) exceeded the number captured in the both CM Sprayable (28) and Isomate
CM/OFM Combo (4) plots. The mean numbers of OFM adults captured per trap per week, and
mean cumulative adult captures were highest in the conventional plot followed by the CM
Sprayable plot (Fig. 4 A, B). Only one OFM adult was caught in the Isomate CM/OFM Combo
plot after the placement of dispensers in the end of April.

During the 16 Jul evaluation, the CM Sprayable plot had the highest percentage of apples
(0.45%) showing evidence of frass followed by the conventional plot (0.24%) and the Isomate
CM/OFM Combo plot (0.02%) (Table 2). From apples harboring live larvae, seven CM larvae
were found in the CM Sprayable plot and three CM larvae from the conventional plot. During
the 6 Sep evaluations, the conventional plot had the highest percentage of apples showing
evidence of frass (3.58%) followed by the CM Sprayable (2.50%) and Isomate CM/OFM Combo
(0.31%) plots (Table 2). Forty-nine live CM larvae were collected from apples in the
conventional plot;, whereas, 24 and 3 live CM larvae were collected from the CM Sprayable and
Isomate CM/OFM Combo plots (Table 2). In addition, nine live larvae from the conventional
plot were identified as OFM while three live OFM larvae were each recovered from the CM
Sprayable and Isomate CM/OFM Combo plots.

Based on these results and under these test conditions, it can be concluded that the
CM/OFM Combo is very effective in preventing mating of CM and OFM adults and subsequent
fruit injury from these two pests while the CM Sprayable 4E formulation is not yet effective in
preventing mating of CM adults and subsequent fruit injury from this pest. There did appear to
be some activity of the CM Sprayable on CM trap capture during the second brood. Part of this
may have been due to the addition of Nu-Film-17 to the last four ARM applications of the
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pheromone. It also appears that CM Sprayable plot did not have a high enough concentration of

codlemone present throughout the season since the 1X lures (75) captured more total male adults

and than the 10X lures (39). In the CM/OFM Combo plot, the opposite was found in that the10X
lures captured more total male adults (12) than the 1X lures (3).

Additional work for next year using the CM/OFM Combo is certainly warranted to
determine if this product can continue to be effective in preventing fruit injury from these two
pests, especially in blocks that do not receive a full supplemental insecticide program. Also,
more efficacy work should be done in blocks that have varying population levels of both pests.
As for the CM Sprayable formulation, additional work for next year is also certainly warranted to
determine if the formulation can be made more effective for preventing fruit injury from this
pest. Because of the diversity of pest problems in the eastern U.S. and the need to apply other
insecticides and fungicides, this technology is ideally suited to complement the other tactics
employed by eastern U.S. growers.

Table 1.  Evaluation of two formulations (P1 and P5) of OFM Sprayables (3M Canada) applied as alternate row
middle applications on the prevention of fruit injury and pheromone trap capture, Biglerville, PA., 2002.

g a.ifacre No. Seasonal % Apples- Cum. no. OFM

Grower  Treatment (eachapplic) ARMapplic.  ga.i/acre frass' moths caught?
1 OFM Sprayable - P5 1.25 7 8.8 0.00 2 7
1 OFM Sprayable - P5 2.50 7 17.5 0.00a 9
1 OFM Sprayable - P1 5.00 7 35.0 0.00a 20
1 Std. Insecticide -- -- -- 0.30b 372
2 OFM Sprayable - P5 1.25 6 75 0.08a 6
2 OFM Sprayable - PS5 2.50 6 15.0 0.00a 16
2 OFM Sprayable - P1 5.00 6 30.0 0.08a 34
2 Std. Insecticide -- -- -- 0042 261

Means followed by the same letter(s) are not significantly different, (Fisher's Protected LSD, P < 0.05).
Number of apples examined per treatment: 3000 (Grower 1, 12 Sep) and 2500 (Grower 2, 13 Sep).

Cumulative number of male adults caught in 3 pheromone traps per treatment from 13 Jun - 10 Oct (Grower 1)
and 6 Jun - 10 Oct (Grower 2)
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Table 2. Evaluation of two forms of mating disruption for coedling moth control, Peach Glen, PA, 2002.

ID and number of larvae
Seasonal Jotal fruit sampled % Apples - frass 16 Jul 6 Sep
Grower  Treatment g Al/acre 16Jul 6Sep 16Jul 6 Sep cM CM OFM

K 3M Canada

CM Spray - P4E CM (45)! 4200 4800 045) 2500 7 24 3
K Isomate CM (56)

CM/OFM Combo’ OFM(16) 4200 4800 002a 03la 0 3 3
K Conv. Insecticide -- 4200 4800 024ab 3.58b 3 49 9

Mean no. adult insects captured

Means followed by the same letter(s) are not significantly different, (Fisher's Protected LSD, P <0.05).
Six alternate row middie applications at 100 GPA, use Nu-Film-17 (1 pt/100) during last four ARM

applications.
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Fig. 1. Comparison of two formulations of 3M Canada OFM Sprayables (P1 and P5) applied

using the alternate row middle application technique on Oriental fruit moth trap capture
through time, Grower 1, Biglerville, PA - 2002
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Fig. 2. Comparison of two formulations of 3M Canada OFM Sprayables (P1 and P5) applied

using the alternate row middle application technique on Oriental fruit moth trap capture
through time, Grower 2, Biglerville, PA - 2002

25

- -~ - CM/OFM Combo

g ~—e——CM sprayable (Phase 4E)

8 20 — -o — -Conventional -
S A Dispensers placed (200/A)

g A CM Sprayable (7.5 gAVARM)
Q 15 3 -

-“-‘2_; 1 pt Nu-film17/100gal
] )
T 10 T

g AA /sk A A

g /|
=

28- 08- 18- 28- 07- 17- 27- 07- 17- 27- 06- 16- 26- 05- 15- 25-
Apr May May May Jun Jun Jun Jul Jul Jul Aug Aug Aug Sep Sep Sep

* Mean of 4 sex pheromone traps/block

Fig 3. Comparison of 3M Canada CM Sprayable (P4E) versus Isomate CM/OFM Combo
dispensers on codling moth trap capture through time, Peach Glen, PA - 2002.
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Fig. 4 Comparison of 3M Canada CM Sprayable (P4E) versus Isomate CM/OFM Combo
dispensers on Oriental fruit moth trap capture through time, Peach Glen, PA - 2002.
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Comparing Release Technologies for Pheromone-Based Mating Disruption of Codling Moth and
Oriental Fruit Moth in Virginia - 2002

D. G. Pfeiffer', X. Zhang', M. H. Rhoades, J. C. Ber§h2; J. Engleman®, Brent Short?,
K. Love® and B. Jarvis
'Department of Entomology, Virginia Tech, Blacksburg, VA 24061
*Alson H. Smith Agric. Research & Extension Center, Winchester VA 22602
*Virginia Coop. Extension, Rappahannock and Madison Counties, respectively

L Introduction:  Codling moth (CM), Cydia pomonella (L.), has been the subject of mating disruption
in Virginia since 1987; this work has become more intensive since 1989 (Pfeiffer et al. 1993). Results have
been promising to date. However, existing dispenser technology is expensive and further work is needed to
find a system that is both efficacious and economical for growers. Oriental fruit moth, Grapholita molesta
(Busck) (OFM) was the first target of mating disruption in Virginia orchards (Pfeiffer and Killian 1988). In
recent years OFM has been causing increased infestation in apple orchards. This tortricid complex was the
subject of this mating disruption trial.

A major impediment to the adoption of CM/OFM mating disruption has been the cost. Recently,
alternative pheromone dispensing systems have become available. It is desirable to compare the competing
technologies in order to better incorporate mating disruption into management programs. The main
technologies to be incorporated are Isomate rope-style dispensers, Hercon laminate dispensers, and 3M
Canada sprayable pheromones.

Mating disruption is known to be most effective at low to moderate pest densities, with control failures
more likely in high pressure situations. In 2002, we decided to employ mating disruption in a high pressure
orchard as an adjunct to a normal insecticide program to determine its potential as part of a multi-pronged
program to control high populations of internal feeders.

IL. Materials and Methods: Mating disruption research was carried out in four orchards in 2002, two in
northern and two in central Virginia. These orchards had the following characteristics:

*Frederick — in 2002, second year treated with MD; moderate internal feeder problems

*Albemarle — by 2002, had been in MD program for several years; low intensity of internal feeders

*Botetourt — 2002 first year of MD; light population of internal feeders

*Rappahannock ~ 2002 first year of MD; severe problems with internal feeders (for past two years have

worked with timing, pesticide chemistry, and calibration issues; have improved situation, but insufficient

progress). This year, we attempted to combine mating disruption with a normal insecticide program in
an effort to control this intractable population.

In general, normal sprays were applied through first cover. Except for the Rappahannock orchard, no
sprays were applied thereafter unless needed for leafrollers. Intrepid (methoxyfenozide) was the usual
material for this use. Three pheromone traps were placed in each plot for the target insects (CM and OFM,
plus three leafroller species: tufted apple bud moth (Platynota idaeusalis (Walker)), variegated leafroller
(Platynota flavedana Clemens) and redbanded leafroller (4rgyrotaenia velutinana Walker); pheromone
traps were monitored weekly. Damage was assessed in sifu every 3-4 weeks. AT harvest time, 300 fruit
per plot were collected for final damage evaluation.

Winchester: A study comparing hand-placed and sprayable mating disruption formulations for CM and
OFM control was conducted in a 17-acre block of 9- to 10-yr-old ‘York’ (M7), “‘Golden Delicious’ (M7),
‘Rome’ (M111) and ‘Ida Red’ (M111). Trees were 14 ft tall and 15 ft wide and planted at a spacing of
14x22 ft (140 trees/A). A second orchard located approx. 0.5 miles from the mating disruption orchard
served as a standard. The standard orchard consisted of 15 acres of 12-yr-old trees of the same
varieties/rootstocks as in the mating disruption orchard, planted at a spacing of 16 ft x 24 ft (110 trees/A).
Trees were 11.5 ft tall and 13 ft wide. A routine maintenance schedule of fungicides applied to both
orchards during the test included copper, Nova, Dithane, sulfur, Captan and Ziram. The same insecticide
program was used in the mating disruption and standard orchards through May 29 (Table 1). Thereafter, the
mating disruption orchard received no further insecticide. Insecticides were applied as ARM sprays with a
Durand-Wayland PTO-driven airblast sprayer calibrated to deliver 60 gpa at 2.3 mph. Sprayable pheromone
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was applied as complete sprays with a PTO-driven FMC model 2528 airblast sprayer calibrated to deliver
100 gpa at 3 mph. The Isomate C/OFM, Hercon Disrupt OFM and CM X-tra, and 3M OFM and MEC CM
sprayable formulation were applied to 5.8, 5.8 and 5.4 A, respectively. Two pheromone traps for CM and
two for OFM were placed in each block on May 3 and the number of male CM and OFM captured was
recorded weekly. In-season evaluations of damage by internal feeders included counts of OFM-infested
terminals and fruit with frass (OFM and CM) taken during 5-min examinations/3-tree plot.

Rappahannock County: A mixed block (Delicious!, 'Golden Delicious’, 'York’) in Washington,
Rappahannock County, was selected for the mating disruption trial as part of a multi-pronged attempt to
control intense internal feeder injury. Trees were about 20-22 feet tall, with thick canopies. The ShinEtsu
CM/OFM combination ropes were compared with Hercon laminate dispensers for each species. The
following insecticides were applied during the season: Asana (16, 24 Apr), Guthion (2 May),
Guthion/Intrepid (18 May, 8 Jun), Imidan/Intrepid (1 Jul), Guthion/Avaunt (15 Jul), Imidan/Sevin (30 Jul),
Asana/Avaunt (14 Aug), Guthion/Intrepid (28 Aug), Asana/Avaunt (8 Sep), Imidan (20 Sep). Sprays were
applied at 100 gal/A.

Albemarle County: Sections of an apple orchard composed primarily of ‘Delicious’ trees at Miller
School, Albemarle County, were treated with several types of pheromone dispensers for CM and OFM.
Trees were 2.4-3.0 m tall (8-10 ft), in a 10'x15' spacing (290 trees/A). In section A, a rope-style dispenser
combining pheromone of CM and OFM was used (500/ha (200/A) on 1 May) (ca 10 A (4 ha)). In section
B, Hercon Disrupt CM-Extra (200/A) and OFM (108/A) laminate pheromone dispensers (Hercon
Environmental Company) were applied (at petal fall). In section C, 3M Sprayable Pheromone was applied
for OFM (2 fl 0z/A; 12 g al/A) and CM (6 fl 0z/A; 18 g ai/A). Section D was a conventionally treated
control. Fruit were examined on the tree periodically during the season (21 June, 19 Jul, and 13 August); 10
fruit were examined on each of 20 trees. Harvest injury was assessed on 10 September. At that time, 300
fruit from the edge and center of each block were picked and returned to Blacksburg for examination.

Botetourt County: In a Rome' and 'Jonathan' orchard block in Troutville, Botetourt County, the same
pheromone treatments were established in 5-acre blocks. Trees were about 15' tall, in a 15'x25' spacing (120
trees/A). Pheromone dispensers were place on 28 May. In pheromone-treated blocks, a conventional
insecticide program was followed through first cover. Three pheromone traps each for CM, OFM, VLR,
TBM, and RBL were placed in each block and monitored weekly. Periodic counts 21 June, 19 Jul, 1 and
13 August, and 10 Sept. Leaftroller injury in early August necessitated an Intrepid spray. Harvest injury was
assessed on 24 September. At that time, 300 fruit from the edge and center of each block were picked and
returned to Blacksburg for examination.

ITL. Results and Discussion:

Flight data: Moth flight differed markedly among the orchards for both moth species. Codling moth
and oriental fruit moth captures are presented in Tables 2 and 3, respectively (numbers given are cumulative
moths per trap over the season). The two numbers given for the 3M treatments in each orchard reflects the
late receipt and application of the products; the first number shows captures before treatments began, the
second number reflects captures thereafter. This is especially critical in the Botetourt orchard, where CM
pressure was quite high (the cumulative per trap average of 65.8/trap includes two peak flights of 9/trap on
26 June, and 17.5/trap on 1 Aug). Once treatments began with the sprayable, trap shutdown was total, even
with this high population (higher in fact than the control). The Rappahannock orchard had the highest CM
capture, with 151moths collected in the standard block. The Albemarle orchard had the lowest pressure
from CM as indicated by trap captures, with only 1.6 per trap collected. The Winchester orchard had the
greatest OFM pressure, with a cumulative 722 moths collected per trap. The Botetourt orchard had the
lowest OFM pressure, with 13.7 collected per trap over the season. In the Winchester, Rappahannock, and
Albemarle orchards, OFM greatly outnumbered CM in the traps; in Botetourt numbers of the two species
were similar.
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Pheromone traps for CM and OFM were placed in the Isomate and Hercon blocks 1 day after the
deployment of the mating disruption treatments for OFM and CM in the Isomate block and for CM in the
Hercon block. Although traps in the 3M block were deployed prior to the application of sprayable
pheromone for both OFM and CM, the proximity of that block to the other blocks may have affected the
trap catch of both species. Consequently, we do not have information on the pressure of either species prior
to mating disruption. After the disruptants were deployed, no CM or OFM were captured in the Isomate
block, and only a single moth of each species was captured in the Hercon block (Tables 3 and 4). In the 3M
block, applications of the CM sprayable pheromone eliminated capture of CM males (Table 4) and a total of
3 OFM males were captured following applications of the OFM sprayable pheromone (Table 3). In the
Standard block, located approx. 0.5 miles away, CM pressure was relatively light, never exceeding threshold
(5 moths/trap/week), although OFM pressure was heavy and exceeded threshold levels (>11
moths/trap/week) on 15 of 18 weeks (Table 3). Harvest evaluations in October will determine the
percentage of ‘Golden Delicious’ and ‘York’ fruit, respectively, damaged by CM, OFM, the leafroller
complex and miscellaneous pests in samples of 100 apples/tree from 10 trees/block.

Damage data: Winchester: Although few infested terminals were found, the number recorded was not
significantly different between the Isomate, Hercon and Standard blocks (Table 4). Trees in the Isomate
block had significantly more twig attacks than in the Hercon or 3M blocks, but not more than the control:
numbers of twig strikes were low in all treatments. No apples showing infestation by internal feeders were
observed on June 20. In the harvest samples, all treatments gave acceptable control of internal feeders Table
5).

Rappahammock County: Internal feeder injury was higher in this orchard than in most of the other mating
disruption orchards (Table 6). However, the levels of damage were reduced from previous years, and the
chances of mating disruption to make a meaningful contribution in multi-tactic control of even high internal
feeder populations seem good.

Albemarle County: The periodic evaluations of 200 fruit per block showed good control during the
season. A single fruit injured by an internally feeding caterpillar (species unknown) was detected on 1
August. Harvest damage data are presented in Table 7. Pest pressure was low, and there were no
distinguishable differences in injury caused by internal feeders. The most common injury was caused by
tarnished plant bug.

Botetourt County: OFM captures were suppressed and control was good for the duration of the season
in all treatments. Harvest injury data are presented in Table 8. CM injury exceeded acceptable levels,
especially in the block edge, apparently because of the late initiation of pheromone sprays for that species.
Once treatments were applied, damage did not increase. Injury levels were highest in mid-August (about

5.5% on 13 Aug); the apparent decrease in injury is probably the result of injured fruits dropping from the
trees.

Summary: All three pheromone-dispensing technologies resulted in complete or nearly complete trap
shutdown, and provided control of internal feeders, once treatments were initiated. While mating disruption
is not appropriate as a stand-alone tactic for high populations, it appears to be useful in high-pressure
orchards as a component of a multi-pronged management program for such internal feeder populations.
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Table 1. Mating disruption formulation study: Materials and dates of application in Winchester (2002).

Program _ Treatment Amt/A Dates of application
Standard  Lorsban 4E + 2pt L April 3 and 7
Asana XL + 5.0floz ., April 28, May 8 and 29, June
0il 1pt 25, July 5 and 19, August §
Guthion 50WP 151b and 19
Intrepid 2F 160floz ... June 7 and 12
3M Lorsban 4E + 2pt L. April 3and 7
Asana XL + 50floz ... April 28, May 8 and 29
Oil Ipt
Guthion SOWP | 13 | May 29
OFM sprayable (Phase V) + 175810z  ...... July 17, Aug 19
Intrepid 2F 16.0floz ... July 8, Aug 19
OFM sprayable pheromone (Phase V) 1.75floz
CM MEC sprayable pheromone 5.0floz
Hercon Lorsban 4E + 2pt April 3and 7
Asana XI + 50floz April 28, May 8 and 29
oil 1pt May 2 - May 16
Guthion 50WP 1.5b June 4
Disrupt CM-Xtra 200 clips
Disrupt OFM 108 clips
Isomate Lorsban 4E + 2pr L April 3and 7
Asana XL + 50floz ... April 28, May 8 and 29
Oil 1pt ... May 2 - May 16
Guthion SOWP 15
Isomate-C/OFM 200 ropes

Table 2. Cumulative codling moths per trap in four mating disruption orchards using three pheromone

dispensing technologies (2002).

Orchard Control Hercon Isomate M’

Winchester 16.5 0.5 0 25
0

Rappahannock 151 3.0 35 na

Albemarle 1.6 0 0 1.5
0

Botetourt 10.6 1.3 0.3 65.8
0

'The two numbers in 3M treatments reflects late receipt of product. The first number reflects captures
before pheromone application, the second number captures after initiation of application.

33



Table 3. Cumulative oriental fruit moths per trap in four mating disruption orchards using three pheromone

dispensing technologies (2002).

Orchard Control Hercon Isomate 3M!

Winchester 721.5 0.5 0 5.0
0.5

Rappahannock 372 50.5 0.5 na

5.0 1.0

Albemarie 64.6 1.3 1.4 6.1
0

Botetourt 13.7 0 1.0 495
2.0

'The two numbers in 3M treatments reflects late receipt of product. The first number reflects captures

before pheromone application, the second number captures after initiation of application.

Table 4. Mating disruption formulation study: OFM infested shoots and damage to fruit (Winchester 2002).

Treatment Mean no. OFM infested shoots/3 min (June Mean no. infested apples/5 min
12) (June 20)

Standard 0.40 ab* 0.0a

3M sprayable 00b 00a

Hercon 0.0b 0.0a

Isomate 0.50a 0.0a

* Means within columns followed by the same letter(s) are not significantly different at the 5% probability
level according to Analysis of Variance and Fisher’s Protected LSD tests.

Table 5. Percent fruit injury in mating disruption plots compared with conventional standard in Winchester
orchard (2002) (mean of 10 trees, 100 fruit/tree)

Treatment | Stings Entries OFM CM larvae | TBM RBL TPB
larvae

Standard | 0.4 0 0.2 0 2.6 0 0.1

M 0 0 0 0 0.3 0 0.5

Isomate 0.1 0 0.2 0.1 3.3 1.3 0.5

Hercon 0.1 0 0 0 1.2 1.0 0.1
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Table 6. Percent fruit injury in mating disruption plots compared with conventional standard in
Rappahannock orchard (2002) (mean of 10 trees, 100 fruit/tree)

Treatment Stings Entries Larvae TBM RBL TPB
Standard 0.2 0.1 0.1 0.5 0 1.1
Hercon 0.1 0.6 04 0.9 0 0.3
Isomate 0 1.3 0.5 0.6 0.1 0.9

Table 7. Percent fruit injury in méting disruption plots compared with conventional standard in Albemarle
orchard (2002) (two sample of 75 fruit in each plot section; 300 fruit per pheromone treatment)

Treatment Internal Platynota RBL TPB
Control- Edge |0 8.7 0 1.3
Center | 1.3 6.0 1.3 0
Hercon- Edge |07 4.7 0 0
Center 1 0 4.7 0 0.7
Isomate- Edge |0 5.3 0 0
Center | 0 47 0 0
3M- Edge | O 4.0 0.7 20
Center | 0.7 0.7 0.7 0.7

Table 8. Percent fruit injury in mating disruption plots compared with conventional standard in Botetourt
orchard (2002) (two sample of 75 fruit in each plot section; 300 fruit per pheromone treatment)

Treatment Internal Platynota RBL TPB
Control- Edge |0 0 0.7 0.7
Center | 0.7 0.7 0.7 0
Hercon- Edge |27 2.7 0.7 0
Center (O 0.7 2.0 0
Isomate- Edge |0 0 0 1.3
Center |0 1.3 0 0.5
M- Edge |4.0 0.7 0 0
Center | 2.0 0 0 0.7
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MULTI-SPECIES PHEROMONE DISRUPTION IN ORCHARDS UNDER A
SELECTIVE PESTICIDE PROGRAM

Art Agnello, Jan Nyrop, Harvey Reissig, and Dick Straub, Entomology, NYSAES, Geneva

Research sites were set up in all major apple growing areas of New York: Western NY
(Russell, Appleton; Lamont, Oak Orchard; Oakes, Lyndonville; Brown, Waterport; Furber,
Burnap & Datthyn, Sodus; Trammel, Phelps); Central NY region (Apple Acres and Beak &
Skiff, Lafayette); Hudson Valley (Crist, Milton; Biltonen, Stone Ridge; Wright, Gardiner);
Capital District (Knight, Burnt Hills; Hicks, Granville); and Champlain Valley (Green, Chazy;
Forrence, Valcour). Each research site was a "split-plot design” in which the entire block
received a program of reduced risk insecticides, and a 5-A portion of the block was additionally
treated with pheromones for mating disruption of the later summer generations of codling moth
(CM), oriental fruit moth (OFM), and lesser appleworm (LAW). A comparison block, which
had the same varieties and tree training, was also monitored at each site. These blocks all
contained at least one fresh fruit variety such as Empire' that might be selected for marketing in
Europe or some other market outlet that may eventually demand IPM protocols for market
access.

Private crop consultants (J. Misiti, R. Paddock, J. Eve, P. Babcock) played a leading role in
the interactions with growers within a region, being responsible for general communication with
cooperating growers, and in ensuring that recommended insecticide sprays were applied to the
plots. In growing areas where there were insufficient numbers of private crop consultants, the
leading role for grower selection and appropriate seasonal interactions was taken by Cornell PI's
or field extension personnel (K. Iungerman). Materials used in the blocks receiving a soft
pesticide program included: Apollo or dormant oil plus Pyramite (as needed) for mites, Avaunt
for early season pests (including spotted tentiform leafminer, plum curculio and tamished plant
bug) and apple maggot plus internal Lepidoptera, and Confirm and SpinTor for leafrollers. All
sprays were applied by the grower.

From April 16-30, Trécé Pherocon IIB pheromone traps were hung in all three plots at each
commercial orchard site as follows: a CM , OFM, and an LAW trap group was placed at head
height and arranged around the canopy of each of three trees in a middle row (one at each end
and one in the center) of the Soft Pesticides, Pheromone+Soft Pesticides, and Comparison blocks
at each site. Also, additional CM and OFM trap groups were placed in two trees situated
halfway between each end tree and the center tree in the Pheromone+Soft Pesticides block, to
make a total of five trapping stations for this treatment, and three trapping stations in the
remaining two treatments. All traps were checked and cleaned weekly until mid-August, and
lures were changed during the first two weeks of July. From June 21-July 9, polyethylene
pheromone tie dispensers were hung in the Pheromone+Soft Pesticides blocks at each site, using
two products to disrupt two separate moth species: Isomate C+ at 400 ties/A for codling moth,
and Isomate M-100 at 100 ties/A for oriental fruit moth. Ties were hung in the upper 1/3 of the
tree canopy by hand for dwarf trees, and using a pole+hoop applicator for trees taller than 7 f.
Time requirements for deploying the pheromone ties (500 per acre) were as follows:
Hand-applied: 1.4 hr/A/person (or 0.8 A/hr/person); 422 ties/hr/person
Pole+hoop: 3.8 hr/A/person (or 0.3 A/hr/person); 136 ties/hr/person

36

3 3 __3

— 3

.



a4 "3 ~73 —3 773

~3

-4

— 3

—3 13

From July 22-26, fruit was examined for internal larval feeding damage in each block by
inspecting 20 random fruits on each of 30 trees along the edges and near hedgerows where
pressure from immigrating moths was expected to be most severe. Shortly before the respective
harvest date in each orchard, 20 fruits were picked from each of 35 trees in each plot: 6 trees
grouped in the center of the block, 12 trees from the mid-interior region (a few rows in from each
of the four edges) and 12 trees from the outside edges + 5 extra along one edge designated as
being at high risk for apple maggot injury. All fruits were inspected for damage caused by
diseases and insects, including the three internal Lepidoptera species.

Pheromone trap catches from around the state revealed unanticipated population patterns for
the different species. Catches from some representative orchards are shown in Figs. 1 and 2. As
seen in the numbers from all four orchards presented here, codling moth levels were fairly
moderate throughout the season in all the blocks, with catches rarely exceeding 10 moths per trap
per week, and in many cases considerably fewer than 5 per trap. Abundance of the remaining
two species, however, was highly variable, depending on location. In the most western sites
(e.g., Fig. 1), lesser appleworm levels tended to be modest, but oriental fruit moth pressure was
sometimes severe, with numbers exceeding 100 per trap per week in one instance. In the eastern
orchards (e.g., Fig. 2), the opposite trend was seen, with OFM scarcely present, particularly
during the latter half of the season, and LAW at reasonably high levels in most of these blocks,
particularly towards the end of the season and beyond harvest. In all cases, however, the
application of pheromone ties appeared to suppress trap catches of not only the two target
species (CM and OFM), but also LAW, at levels at or near zero for the remainder of the season.
The suppression of LAW is presumed to have occurred because of the similarity of its
pheromone blend (98:2 of Z:E-8 12-OAc) to that of OFM (92:8 of Z:E-8 12-OAc).

Fruit damage at harvest caused by internal Lepidoptera was uniformly low across all blocks
and treatments (Table 1), with no statistically significant differences between the soft pesticide
blocks, with or without pheromones, and the grower standards. Some distinct differences did
occur among the stratified samples taken within respective blocks, so that for instance, localized
damage of up to 8-13% was noted along a specific orchard edge in two cases. Subsequent
analyses will be conducted on these data to establish any correlations between location of
damage incidence and the treatment regimens. The orchards used in this trial were assumed to
be relatively clean at the initiation of this multi-year project. If the selective pesticide program
tested here does exhibit any shortcomings in the control of CM, OFM, or LAW, we would
expect to see evidence of this over time as local populations are given the chance to increase
beyond levels that are economically acceptable.
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and fruit agents participating in this trial, without whom this study could not have taken place.
We also thank our Technical Field Assistants, Emily Fitzgibbons, Laura Gillespie, Bruce
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Fig. 1. Pheromone trap catches of internal lepidopteran moth pests in Western N.Y. apple orchards receiving a program of
pheromones plus soft pesticides, soft pesticides only, or under the grower's standard management program. 2002
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Fig. 2. Pheromone trap catches of internal lepidopteran moth pests in Eastern N.Y. apple orchards receiving a program of pheromones
plus soft pesticides, soft pesticides only, or under the grower’s standard management program. 2002
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Table 1. RAMP plots 2002, summary of
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Internal Lep Fruit Damage
Mean % fruit damage Mean % fruit damage
I |
Orchard Treatment Internal Leps Orchard | Treatment Internal Leps
. July 22-26 | Harvest July 22-26 | Harvest
Apple Pher+Soft Pstc 0.8 0.19 Oakes Pher+Soft Pstc 0.0 0.00
Acres Soft Pstc 1.2 0.00 Soft Pstc - 0.19
0.5 0.00 _CGrowerStd | 0.2 0.56 _
0.7 0.00 Russell PheN-Soﬂ Pstc 0.0 0.56
Soft Pstc . 0.03 Soft Pstc - 0.37
Grower Std 1 __03 0.00 T Gmg‘ Std 024
e 05 T 507 Trammel | PhersSoftPsic | — 03 | 313
Soft Pstc - 0.19 Soft Pste - 3.68
Grower Std 0.5 0.28 Grower Std 0.3 3.09
Means| Pher+SoftPstc [ 0.17a 0.40 a
Soft Pstc 0.40 a 0.25a
Grower Std 0.16a 033a
Means followed by the same letter not signifcantly
different (P = O.05, Fisher's Protected LSD test).
Values transformed by arcsine-square root before
analysis.
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HAS THE WORM TURNED ?: INTERNAL LEPIDOPTERA
DAMAGE IN NEW YORK APPLES, 2002

Harvey Reissig, Arthur Agnello and Jan Nyrop
Department of Entomology, NYSAES, Geneva, NY 14456

Ever since the introduction of organophosphate insecticides in the late 1950's
control of the complex of lepidopteran larvae that are classified as internal feeders
in apple, codling moth,Cydia pomonella, oriental fruit moth Grapholita molesta,
and the lesser appleworm Grapholita prunivora, in NY apple orchards has been
excellent. In general, damage levels from this pest complex in commercial apple
orchards throughout NY State has been so low that it has been unusual to find
even a single damaged apple at harvest no matter how many fruits were sampled.
Although growers had observed excessive damage from oriental fruit moth larvae
in peaches in Niagara county in NY for the last 5 years, this type of extensive
damage from internal lepidoptera had not been widely observed in commercial
apple orchards until the 2001 growing season. At present, excessive infestations
of internal lepidopterous larvae have only been observed in orchards in the
western NY production area. No problems have yet been reported from othe
major production areas, the Champlain Valley, Hudson Valley, Lafayette area,
and the Saratoga region and Washington County orchards.

During the 2001 growing season, Cadbury Schweppes, the largest apple
processor in western NY, rejected approximately 20 loads of apples because of
excessive infestation levels of internal lepidopteran larvae. During the 2002
season the problem became more severe and pervasive and more than 80 loads of
apples from approximately 42 growers were rejected. Unacceptable damage was
observed in a wide range of processing apple cultivars including: Rhode Island
Greenings (12 loads), Monroe (12 loads), Cortland (7 loads), Idared (7 loads),
Johagold (6 loads), Rome (4 Loads) and Golden Delicious, Ben Davis, and
Empire (< 4 loads). In subsequent informal inspections of orchards on farms
from which apple loads had been rejected, lepidopteran larval damage in fruit on
trees was commonly observed in most cultivars of apples except McIntosh, which
appeared to be one of the least preferred varieties.

Fruit inspectors at apple processing plants cut a sample of apples from each
load received and the entire load is rejected as soon as at least one live worm is
found in sampled fruit. It is impossible to quantify infestation levels using this
type of monitoring system. Therefore, the authors sampled both harvested apples
from bins and also monitored fruit on trees from selected farms that had loads
rejected in order to estimate actual damage levels in problem orchards. Although
levels of fruit infestation varied widely among different bins sampled from
rejected truck loads, whenever multiple samples were taken from the same bin
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damage levels were remarkably similar. In general, infestation levels averaging
from 5-10 % were observed either in bins or in fruit sampled on trees in which
fruit was consistently rejected by the processor. Informal observations conducted
throughout the harvest season in Western apple orchards revealed that 3-4
orchards had very severe levels of damage (30-40%) from internal lepidoptera;
approximately 40-50 growers had from 1-10 % infestation levels. In addition, at
least a few infested apples were observed in several growers' orchards although
the average damage levels were less than 1% and apparently undetectable by
normal fruit inspections of fruit marketed for either fresh or processing
consumption.

Of the 677 worms that were dissected from infested apples collected from 20
problem orchards; 72% had anal combs and are presumed to be either lesser
appleworms or oriental fruit moths; 21 % did not have anal combs and are
presumed to be codling moths; and 7% could not be identified. Adequate samples
of larvae (25-50) were actually collected from 10 sites in commercial orchards.
All of the larvae from 5 of these orchards had anal combs. The majority of larvae
from 4 of the rest of the orchards had anal combs, but 3-15 % did not have anal
combs. In only one site, 95% of the larvae had no anal combs, and are therefore
presumed to be predominantly codling moth. Additional studies of larvae from
each site with anal combs will be conducted to determine if these populations
have a mixture of the two species (oriental fruit moths or lesser appleworm).

Future studies will be conducted during the 2003 growing season to continue

to identify internal worms infesting apples in NY in different orchards in Western
NY at various times throughout the growing season and at harvest.
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Mating Disruption of Grape Berry Moth - 2002

Douglas G. Pfeiffer
Department of Entomology, Virginia Tech, Blacksburg, VA 24061

L Introduction: Mating disruption has been performed for grape berry moth (GBM) in Virginia since 1950.
Most work done previously in this system has been performed in vipeyards in New York and other northern
areas (Dennehy et al. 1990; Trimble et al. 1991). The technique has worked fairly well in Virginia but with
some exceptions that confirm the need for regional testing. In 2000, high infestation rates by GBM in
mating disruption blocks (as well as most conventionally managed blocks) raised concern that perhaps the
first flight must be targeted by disruption, instead of waiting for the second (first post-bloom) flight. This
trial compares the two placement timings, as well as two disruption technologies.

IL Materials and Methods: Rope timing study: In a vineyard in Nelson County, Shin Etsu dispensers
were placed at 30 April (before the first flight) and on 5 Jun (just before the second flight). Each treated
block was about 1.6 ha. Several times during the season (21 Jun, 19 Jul, 13 Aug), injury in the pheromone-
treated blocks was evaluated by examining 200 clusters per treatment were examined on the vine,
quantifying percent injured clusters. Harvest injury was estimated by harvesting 4 clusters from each of S
vines per section (edge and middle of each treatment block). Clusters were returned to Blacksburg, where
berries were removed from the rachis and injured berries counted.

GBM Sprayable trial: A vineyard block in Fauquier County was treated with 3M sprayable grape berry
moth pheromone on 19 Jun and 3 Jul. A nearby conventionally managed block was treated with Confirm
(tebufenozide) on 11 and 21 Jul. At harvest time, 4 clusters per vine were collected from each of 5 vines per
section (edge and middle of each treatment block). Clusters were brought to Blacksburg for dissection.

IL Results and Discussion: Harvest fruit injury data from the placement timing trial revealed low GBM
injury in both blocks. The early placement resulted in 0.27 % injured berries in the edge and 0% injured
berries in the block center (22.2% and 0% injured clusters, respectively). The late placement resulted in
0.19% injured berrigs in the edge and 0.10% injured berries in the block center (17.6 and 10.0 % injured
clusters, respectively). The two placement timings of rope dispensers provided equivalent control.

The sprayable formulation of GBM pheromone appeared to give effective control in 2002. The sprayable
pheromone resulted in 0.05% injured berries in the edge and 0.12% injured berries in the block center (5%
and 10% injured clusters, respectively). The Confirm treatment resulted in 0.62% injured berries in the edge
(25% injured clusters) and 0% injured berries in the block center.

IV. References Cited:

Dennehy, T.J., W.L. Roelofs, E.F. Taschenberg & T.N. Taft. 1990. Mating disruption for control of grape
berry moth in New York vineyards, pp. 223-240. In R.L. Ridgeway, R. N. Silverstein & M.N. Inscoe
[eds.]. Behavior-Modifying Chemicals for Insect Management: Applications of Pheromones and Other
Attractants. Marcel Dekker, N.Y.

Trimble, RM,, D.J. Pree & P.M. Vickers. 1991. Potential of mating disruption using sex pheromone for
controlling the grape berry moth, Endopiza viteana (Clemens) (Lepidoptera: Tortricidae), in Niagara
Peninsula, Ontario vineyards. Can. Entomol. 123:451-460.



COMMERCIAL USE OF REDUCED RISK AND MATING DISRUPTION IN NEW
JERSEY PEACH PRODUCTION 2002

Dean Polk', Peter Shearer?, Atanas Atanasov?, G:tgrge Hamilton®, Robin Brumfield*, and David
Schmi
Rutgers Cooperative Extension, 'Rutgers Fruit R&E Center, 283, Rt 5639, Cream Ridge, NJ 08514,
2Rutgers Agricultural Research & Extension Center, 121 Northville Rd., Bridgeton, NJ 08302, 3Dept of
Entomology, 93 Lipman Dr., Rutgers University, New Brunswick, NJ 08801, “Dept. of Agricuftural
Economics, 55 Dudley Rd., Rutgers University, New Brunswick, NJ 08901 , 5Rutgers Cooperative
Extension of Gloucester County, 1200 N. Delsea Dr., Clayton, NJ 08312

Results from various mating disruption and ground cover projects have been
previously reported at earlier CSFW conferences. The use of a ‘Reduced Risk (RRY
approach that combines the use of turf ground cover to manage catfacing insects and
mating disruption for oriental fruit moth has also been discussed. These practices were

used together commercially, in a multiyear project. This report summarizes the second
year's results for 2002.

The objectives of this project are to: 1) Demonstrate the Reduced Risk Arthropod
Management Program on commercial peach farms using side by side comparisons, 2)
Determine the reductions in insecticide use and food residues for the Reduced Risk
Program compared to conventional programs, and 3) Determine true costs of the
Reduced Risk Program while developing budget enterprise sheets for early, mid and
late season varieties. This is a progress report that covers highlights from commercial
experiences during the second season of data collection.

Methods

We selected 4 varieties that represented early, mid, and late season picking
dates. These were Redhaven (averages July 27-August 3), John Boy (August 4-10),
Bounty (August 11-18), and Encore (September 3-10). Varieties tended to ripen 1 to 2
weeks earlier in 2002 than they did in 2001. Nine growers provided plantings such that
a RR block could be compared to a separate block under conventional (conv.)
insecticide use, or a large planting that was split between RR and conv. practices. One
grower set was dropped in 2002, leaving eight participants with two John Boy replicates.
RR block size ranged from 3 to 15 acres (avg. 6.7 acres), with similar acreage in
conventional practices. Data was collected from 24 blocks, with RR practices on just
over 66 acres. Hard fescue ground cover was established in RR blocks during the fall of
2000 on 3 farms, and had already been established on 2 other farms. The 3 other
growers used K-31 tall fescue, 2 of whom had fescue established in both RR and conv.

blocks. Herbicides were used to maintain pure fescue stands in all established RR
plantings.

Our objective in controlling OFM with mating disruption dispensers was to disrupt
generations 2 through 4, while allowing for normal pruning activities between March and
late May. This also permitted insecticide treatments to be applied for early season
management of tarmnished plant bugs and stink bugs, as well as coverage for 1%
generation OFM. In 2002 pheromone dispensers were placed in RR plantings between
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May 6 to May 12, or just after the first flight peak, but prior to any 2™ flight emergence.
One grower with John Boy delayed placement until May 21 to May 27. Isomate-M 100
(Shin Etsu) (243.8 mg a.i. per dispenser) were placed at the rate of 100 ties per acre in
Redhaven and John Boy plantings. Isomate-M Rosso (264.3 mg a.i. per dispenser)
were placed at the rate of 200 ties per acre in Bounty and Encore plantings. In 2002 two
of the Encore sets were split such that the RR treatments were divided into two
treatments - a 200 dispenser per acre and a 150 dispenser per acre treatment. All
Encore RR plots had been under mating disruption for the previous 3 years. All other
plots had not previously been under mating disruption programs until 2001.

All plantings were scouted every 7 days for arthropods and disease incidence.
OFM pheromone traps were placed to monitor male emergence (conv.) and trap shut
down (RR). OFM larval populations were monitored by examining the number of flags
present per tree, as well as any damage present (from all insects and disease) on
developing fruit. Tarnished plant bug and stink bugs were monitored with sweep net
sampling, as well as beating trays. Random at-harvest fruit samples were taken in all
plantings for the presence of all insect and disease damage. At harvest samples
consisted of 3 - 100 fruit samples taken from each plot for a total of 7,200 fruit sampled.
Grower pesticide use records were collected at the end of the season and analyzed for
comparative pesticide use. Actual use was analyzed and compared to suggested retail
prices for various insecticides. Growers were also asked to maintain records for all labor
time and other production expenses associated with establishing and maintaining turf
ground cover and dispenser placement (but not examined here).

Results

Catfacing insects and other in-season measurements —

Total mean catfacing insects per 50 sweeps - Mean maximum OFM flags per tree -all
ail varieties. varieties.

Conv

B rr

Flags por tico

TowCH
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At harvest mean % TABM damage, all
s var. - 2002.
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Pesticide Use —

At harvest % damage from OFM, TABM and

Catfacing Insects in Encore - both RR treatments.

EEII'II
339

At harvest mean % clean frult, all var. - 2002.

At harvest % clean frult in Encore, showing both

RR treatments.

Insecticide use compared between treatments and varieties.

Variety Tt No. Appl.

Total Form. Amt

Full Cov. Eq. Per Ac (b, pt)

RH Conv 5.50
RH RR 3.50
JB* Conv 6.25
JB RR 4.50
Bo Conv 6.17
Bo RR 4.00
Enc Conv 10.17
Enc RR 5.50
*= 2 farms

Total AlAmt Al

per Ac (Ib, pt) Difference
14.26 479
8.75 278 2.01
17.79 4.85
13.29 3.33 1.51
17.03 4.58
10.25 287 1.71
22.16 6.09
9.86 246 363
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insecticide costs between treatments
and varieties.

Variety Trt Total Cost
Avg Cost/Ac Difference

RH Conv $62.49

RH RR $31.59 $30.90

JB* Conv $86.75

JB RR $58.31 $28.44

Bo Conv $75.35

Bo RR $41.64 $33.71

Enc Conv $152.10

Enc RR $90.75 $61.35

* =2 farms Avg. Savings = $38.60

Both conventional and reduced risk treated blocks had populations of
tamished plant bugs and other catfacing insects. Populations as measured by
sweep sanples were slightly higher in concentionally managed blocks than in the
reduced risk sections, although the difference was not significant at P=.05. There

was a low level of OFM flagging in all plots with no differences between
~ treatments. Conventional and RR blocks never averaged more than just under 1
fiag per tree. OFM trap captures were virtually shut down after dispenser

placement, with total trap captures averaging just over 300 moths compared to 2
moths in the RR treatments.

Evaluations of mature fruit showed that both Conv. and RR blocks
experienced problems with catfacing and tufted apple budmoth feeding injury.
While these insects were problematic on several farms, there were no
differences between treatments. The percent clean fruit was virtually the same
between treatments, although numerically higher values were associated with the
RR blocks, possibly corresponding to the reduced number of sprays used and
possible reduced spray injury. Fruit quality as influenced by major insect pests
and % clean fruit was the same among Conv., RR and RR 150 dispenser blocks.
These two blocks had very low OFM pressure. After several years of mating
disruption and reduced pressure, a reduced rate of 150 dispensers per acre of
Isomate M Rosso may be sufficient.
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Overall a.i. insecticide use in RR plots was about 43% less than that used
in conventional blocks. Savings varied by grower and the variety grown. Some
growers reduced a.i. use by 80% while others reduced use only by about 20%
compared to their conventional blocks. Insecticide costs were reduced by an
average of aimost $39 per acre, but varied between $21 to $83 per acre.
Growers with Encore blocks tended to use more in conventional blocks and
therefore realize greater reductions in insecticide costs.
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REDUCED RISK MANAGEMENT PROGRAM FOR KEY PESTS IN NEW JERSEY PEACH
ORCHARDS

Atanas Atanassov and Peter Shearer
Rutgers, The State University of New Jersey, Rutgers Agricultural Research & Extension Center
121 Northville Road, Bridgeton, NJ 08302-5919

Introduction

In 2002, we implemented a psach Reduced Risk (non-organophosphate, non-carbamate)
program to control Grapholita molesta (Busck), Oriental fruit moth (OFM); Platynota idaeusalis (Walker),
tufted apple bud moth (TABM); Lygus lineolaris (Palisot de Beauvois), tamished plant bug and various
stink bugs, collectively called catfacing insects (CF); and Conotrachelus nenuphar (Herbs), plum curculio
(PC). Evaluation of the Reduced Risk program was based on pheromone trap captures of male OFM,
abundance of CF and beneficial insects, and shoot and fruit injury compared with adjacent conventionally
farmed peach orchards.

The objectives of this study were to determine the effectiveness of reduced-risk tactics for

managing key peach pests and to measure changes in biological systems resulting from use of reduced-
risk tactics.

Materials and Methods

This study was conducted in eight commercial orchards on two farms in Cumberiand County
(Grower 1 and 2) and one farm in Camden County (Grower 3), New Jersey in 2002 (Table 1). Male OFM
moths were monitored weekly with delta traps baited with standard G. molesta pheromone lures (0.11 mg
/ lure) (Scenturion, Clinton, WA). Two traps per block were used. Lures were changed every 5 weeks;
trap bottoms were replaced when needed. Levels of shoot infestations were determined for 1% 2™ and
4" OFM generation by checking 10 interior and 10 border trees in each block. Two or more observations
per generation were made. Seasonal fiuit damage was evaluated weekly until harvest for each variety by
checking 200 fruit per block (10 fruit / 10 interior and 10 border trees). Only damaged fruit were brought to
the laboratory for further analysis. Harvest fruit damage was evaluated by checking 600 fruit per block (20
fruit / 10 interior and 20 border trees). Catfacing numbers were assessed weekly until harvest by 4 x 25
sweeps per block. Beneficial insects were monitored in intervals of 7-15 days until harvest by three-
minute-observations of peach canopies (10 trees per block).

Results

The arthropod management programs applied during this study are presented in Tables 2,3 4.
Organophosphate use was strongly diminished in Reduced Risk blocks when compared with
conventional programs. Reduced Risk orchards used esfenvalerate for PC, CF, and 1% generation OFM
contrel. Mating disruption (OFM 3M Sprayable pheromone) was then applied against the 2@-4™ OFM
flights. The program used spinosad against TABM. Azinphosmethyl was applied to PC after insufficient
control of esfenvalerate was recorded. Then, in Grower 3 orchards, OPs were applied to both Reduced
Risk and conventional blocks until harvest due to high plum curculio pressure. Conventional orchards
used esfenvalerate, azynphosmethyl, phosmet, and methomyi for control of target pests. As an exception,
spinosad was applied to orchards with a history of TABM infestations (“*Cresthaven”, Flaming Raymond”,
and “Encore” varieties). Both programs used imidacloprid against aphids when needed.

The mating disruption treatments suppressed trap capture of male OFM for most of the season
(Figs. 1,2, 3, 4, 5, 6, 7, 8). Few OFM damaged shoots were observed in both Reduced Risk and
conventional program orchards (Table 5). Shaot injury was recorded in both border and interior trees only
in Flaming Raymond orchard (Grower 2) and as well in Grower 3 orchards with a history of high
population pressure (mostly “PF 17* variety) but the percentage of injury was low.

Early season PC fruit injury was observed in all the orchards (Fig. 9, 10, 11). It was obvious that
four alternate row middle sprays of esfenvalerate did not adequately control PC. This was the first time
PC damage observed in Grower 1 and 2 orchards. “Encore” orchards of Grower 3 were more heavily
infected and this Grower had already history of PC larvae in fruit at harvest. At harvest, PC damaged fruit
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Atanassov and Shearer

were recorded in all the farms (Table 7). There was more fruit injury in border trees of both programs,
particularly in those orchards close to woods.

Catfacing insects were the most damaging pests in the study. Levels of CF insects were variable
and present in both program orchards with highest abundance recorded in Flaming Raymond orchard
(Fig. 12). Tamished plant bug was the predominant species in all the orchards throughout the season.
For a short time, approximately ten days at the end of August that cover ripping pericd of late varieties
this particular year, we recorded a sudden increase of dusky stink bug in the Flaming Raymond orchard.
Ground cover in this orchard was not maintained properly. Most frequently, broadleaf weeds were
predominant vegetation throughout the season. Very high percentage fresh stink bug fruit damage was
recorded at harvest samples of this particular variety (Fig. 13). This finding was unexpected because the
last seasonal fruit observation of this variety, a week before harvest samples, showed few catfacing fruit
injury (Fig. 13). As a whole, catfacing damaged fruit were observed through the season in all varieties but
they increased at harvest almost (Figs. 13, 14).

During the season, Oriental fruit moth and TABM fruit damage was recorded sporadically (Table
6). Practically no OFM damaged fruit were observed at harvest in both management program archards
(Table 7). Trace amount of TABM damage was detected in the border trees of six orchards. TABM was
not a problem in orchard interiors.

Neuroptera eggs, larvae, and adults, Coccinellidae larvae, pupae, and adults, Anthocoridae
nymphs and adults, Hymenoptera adults, Syrphidae adults, and Araneae (spiders) were monitored in
both programs orchards. Neuroptera eggs, adult coccinelids and syrphids were the most frequently
observed beneficial insects. Neuroptera eggs (mostly green lacewing eggs) were the most abundant in
both RR and conventicnal orchards at the second half of the growing season (Fig. 15). As a whole, low
numbers of natural enemies were observed in all the orchards (Fig. 18).

Conclusions

The Reduced Risk program provided excellent control of OFM and TABM. In general, CF control
was not satisfactory in both RR and conventional orchards. We attributed CF damage to the weedy
ground cover. Growers will be urged to maintain broadleaf weed-free orchards to minimize CF abundance
and damage. Early season control of PC with esfenvalerate was not satisfactory. Applications of
azinphosmethyl prevented further damage. We will recommend to our growers to use organophosphate
early in the season to control PC to maintain populations at low levels through the season until new PC
insecticides are registered. Numbers of beneficial insects were low in both program orchards and was
mostly due to intensive use of pyrethroids.

Ackonowledgement

This study was supported by a grant received by the USDA CSREES Risk Avoidance and
Mitigation Pregram (RAMP).

Table 1. Experiment design: 2002

Approximate Acreage
Grower Orchard / Variety Conventional Reduced Risk
1 Cresthaven 1.0 9.0
2 Sentry 94 94
Harcrest 7.4 7.4
Flaming Raymond 16.7 15.7
3 PF 17 55 5.5
PF 23 6.5 6.5
Buddy’s Pride 7.5 7.5
Encore 9.5 9.5
51



Table 2. Dates and rates of various pest control products applied to Reduced Risk (RR) and Conventional
(Conv.) °Cresthaven’ peach crchard, Grower 1: 2002

Atanassov and Shearer

Date of

Trade Name Common Name Rate/A' Unit Applicaton RR Conv
Diazinon 50 WP Diazinon 3.0 o] 15-Mar + +
Guthion 50 WP Azinphosmethyl 075 b 16-Apr + +
Asana .66 XL Esfenvalerate 20 floz 27-Apr + +
Guthion 50 WP Azinphosmethyi 0.5 o] 27-Apr + +
Asana .66 XL Esfenvalerate 25 floz 1-May + +
OFM 3M Sprayable 0.9 0z 2-May +
Guthion 50 WP Azinphosmethyl 0.5 Ib 11-May +
Provado 1.6 FL Imidacloprid 30 floz 11-May + +
Asana .66 XL Esfenvalerate 5.0 floz 11-May +
Guthion 50 WP Azinphosmethyl 0.5 ib 19-May +
Provado 1.6 FL Imidacloprid 2.0 floz 19-May +
Provado 1.6 FL Imidacloprid 3.0 floz 19-May +
Asana .66 XL Esfenvalerate 5.0 floz 19-May +
Guthion 50 WP Azinphosmethyl 0.5 ib 27-May +
Spintor 2 SC Spinosad 4.0 floz 29-May +
Iimidan 70 WP Phosmet 1.0 b 8-Jun +
Imidan 70 WP Phosmet 1.0 b 19-Jun +
OFM 3M Sprayable 105 oz 8-Jun +
Spintor 2 SC Spinosad 40 floz 8-Jun +
Imidan 70 WP Phosmet 1.0 o] 24-Jun +
OFM 3M Sprayable 105 oz 25-Jun +
Spintor 2 SC Spinosad 40 floz 25-Jun +
Guthion 50W Azinphosmethyl 0.5 ib 10-Jul +
OFM 3M Sprayable 105 oz 12-Jul +
Spintor 2 SC Spinosad 40 floz 12-Jul +
Guthion 50 WP Azinphosmethyl 0.5 b 19-Jul +
OFM 3M Sprayable 0.5 (¢74 26-Jul +
Imidan 70 WP Phosmet 1.0 b 30-Jul +
Spintor 2 SC Spinosad 32 fioz 30-Jul +
OFM 3M Sprayable 05 oz 3-Aug +
Provado 1.6 FL Imidacloprid 30 floz 3-Aug +

"All sprays altemnate row middle, with an exception of the complete first date spray
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Table 3. Dates and rates of various pest control products applied to Reduced Risk (RR) and conventional

Atanassov and Shearer

{Conv.) peach orchards, Grower 2: 2002

Orchard/ Date of

Variety  Trade Name Common Name Rate/A' Unit Applicaton RR Conv

Sentry Asana .66 XL Esfenvalerate 40 floz 16-Apr + +
Provado 1.6 FL Imidacloprid 25 floz 22-Apr + +
Asana .66 XL Esfenvalerate 40 floz 22-Apr + +
Asana .66 XL Esfenvalerate 4.0 floz 30-Apr + +
Asana .66 XL Esfenvalerate 40 floz 4-May + +
Asana .66 XL Esfenvalerate 40 floz 6-May + +
Guthion 50 WP Azinphosmethyl 0.5 b 17-May + +
Guthion 50 WP Azinphosmethyl 0.5 b 21-May + +
Guthion 50 WP Azinphosmethyl 05 b 23-May + +
OFM 3M Sprayable 125 oz 1-dun +
Asana .66 XL Esfenvalerate 4.0 floz 2-Jun +
Asana .66 XL Esfenvalerate 40 floz 9-Jun +
OFM 3M Sprayable 126 oz 10-Jun +
OFM 3M Sprayable 126 oz 18-Jun +

Harcrest Asana .66 XL Esfenvalerate 4.0 floz 16-Apr + +
Provado 1.6 FL Imidacloprid 25 floz 22-Apr + +
Asana .66 XL Esfenvalerate 40 floz 22-Apr + +
Asana .66 XL Esfenvalerate 40 floz 30-Apr + +
Asana .66 XL Esfenvalerate 40 floz 4-May + +
Asana .66 XL Esfenvalerate 40 floz 6-May + +
Guthion 50 WP Azinphosmethyl 0.5 Ib 17-May + +
Guthion 50 WP Azinphosmethyl 05 b 21-May + +
Guthion 50 WP Azinphosmethyl 05 b 23-May + +
OFM 3M Sprayable 125 oz 1-Jun +
Asana .66 XL Esfenvalerate 40 floz 2-Jun +
Asana .66 XL Esfenvalerate 40 floz 9-Jun +
OFM 3M Sprayable 125 oz 10-Jun +
Asana .66 XL Esfenvalerate 40 floz 17-Jun +
OFM 3M Sprayable 125 oz 18-Jun +
Asana .66 XL Esfenvalerate 40 floz 21-Jun +
Guthion 50 WP Azinphosmethyl 0.5 Ib 2-4ul +
OFM 3M Sprayable 125 oz 3-Jul +
Asana .66 XL Esfenvalerate 40 floz 11-Jul +
Guthion 50 WP Azinphosmethyl 0.5 b 21-Jul +
OFM 3M Sprayable 125 oz 24-Jul +
Spintor 2 SC Spinosad 35 floz 5-Aug +
OFM 3M Sprayable 125 oz 9-Aug +



Table 3. Dates and rates of various pest control products applied to Reduced Risk (RR) and

Atanassov and Shearer

conventional (Conv.) peach orchards, Grower 2: 2002 (Cont.)

Orchard/ Date of

Variety Trade Name Common Name Rate/A!  Unit Application RR Conv

Flaming Asana.66 XL Esfenvalerate 40 floz 19-Apr + +

Raymond Provado 1.6 FL Imidacloprid 25 floz 26-Apr + +
Asana .66 XL Esfenvalerate 40 floz 26-Apr + +
Asana .66 XL Esfenvalerate 4.0 floz 1-May + +
Asana .66 XL Esfenvalerate 40 floz 5-May + +
Asana .66 XL Esfenvalerate 4.0 filoz 8-May + +
Guthion 50 WP Azinphosmethyl 0.5 b 17-May + +
Guthion 50 WP Azinphosmethyl 0.5 b 22-May + +
Guthion 50 WP Azinphosmethyl 0.5 Ib 27-May + +
OFM 3M Sprayable 126 oz 1-dun +
Asana .66 XL Esfenvalerate 40 floz 2-Jun +
Asana .66 XL Esfenvalerate 40 floz 8-Jun +
OFM 3M Sprayable 125 oz 10-Jun +
Asana .66 XL Esfenvalerate 4.0 floz 16-Jun +
OFM 3M Sprayable 126 oz 18-Jun +
Asana .66 XL Esfenvalerate 4.0 floz 21-Jun +
Guthion 50 WP Azinphosmethyl 05 b 30-Jun +
OFM 3M Sprayable 126 o0z  3-Jul +
Asana .66 XL Esfenvalerate 40 floz 10-Jul +
Guthion 50 WP Azinphosmethyl 0.5 b 20-Jul +
OFM 3M Sprayable 1256 o0z  24-Jul +
Asana .66 XL Esfenvalerate 4.0 floz 3-Aug +
OFM 3M Sprayable 125 oz 4-Aug +
Lannate 80 SP Methomyl 0375 b 13-Aug +
Spintor 2 SC Spinosad 35 floz 18-Aug + +

'All sprays altemate row middle
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Table 4. Dates and rates of various pest control products applied to Reduced Risk (RR) and conventional

Atanassov and Shearer

{Conv.) peach orchards, Grower 3: 2002

Rate/A Date of
Variety Trade Name Common Name ! Unit Application RR Conv
PF 17 Asana .66 XL Esfenvalerate 40 floz 15-Apr + +
Asana .66 XL Esfenvalerate 40 floz 21-Apr + +
Asana .66 XL Esfenvalerate 40 floz 29-Apr + +
Asana .66 XL Esfenvalerate 40 floz 6-May + +
Guthion 50 WP Azinphosmethyl 05 Ib 12-May + +
Guthion 50 WP Azinphosmethyl 05 b 20-May + +
OFM 3M Sprayable 125 oz  3-Jun +
Spintor 2 SC Spinosad 356 floz 3-Jun +
Spintor 2 SC Spinosad 35 floz 10-Jun +
Guthion 50 WP Azinphosmethyl 05 b 1-dul +
OFM 3M Sprayable 125 oz 1-dul +
Guthion 50 WP Azinphosmethyl 10 b S-Jul + +
Guthicn 50 WP Azinphosmethyl 10 b 16-Jul + +
PF23  Asana.66 XL Imidacloprid 40 floz 14-Apr + +
Asana .66 XL Esfenvalerate 40 floz 24-Apr + +
Asana .66 XL Esfenvalerate 40 floz 29-Apr + +
Asana .66 XL Esfenvalerate 40 floz 6-May + +
Provado 1.6 FL Imidacloprid 25 floz 6-May + +
Guthion 50 WP Azinphosmethyl 05 Ib 11-May + +
Provado 1.6 FL imidacloprid 25 floz 11-May + +
Guthion 50 WP Azinphosmethyl 05 b 21-May + +
OFM 3M Sprayable 1.25 oz 3-Jun +
Spintor 2 SC Spinosad 35 floz 3-Jun +
Spintor 2 SC Spinosad 35 floz 10-Jun +
Guthion 50 WP Azinphosmethyl 05 b 1-Jul +
OFM 3M Sprayable 1.25 oz 1-dul +
Guthion 50 WP Azinphosmethyl 1.0 b 9-Jul + +
Guthion 50 WP Azinphosmethy! 10 b 16-Jul + +
Imidan 70 WP Phosmet 12 b 24-Jul +
Buddy's Asana .66 XL Esfenvalerate 40 floz 15-Apr + +
Pride Asana .66 XL Esfenvalerate 40 floz 23-Apr + +
Asana .66 XL Esfenvalerate 40 floz 29-Apr + +
Asana .66 XL Esfenvalerate 40 floz 6-May + +
Provado 1.6 FL Imidacloprid 25 floz 6-May + +
Guthion 50 WP Azinphosmethyl 05 b 11-May + +
Provado 1.6 FL Imidacloprid 25 floz 11-May + +
Guthion 50 WP Azinphosmethyl 05 b 20-May + +
OFM 3M Sprayable 125 oz 3-Jun +

Table 4. Dates and rates of various pest control products applied to Reduced Risk (RR) and

conventional (Conv.) peach orchards, Grower 3: 2002 (Cont.)
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Atanassov and Shearer
Date of
Variety Trade Name Common Name Rate/A' Unit Application RR Conv
Spintor 2 SC Spinosad 35 floz 3-Jun +
Spintor 2 SC Spinosad 35 floz 10-Jun +
Guthion 50 WP Azinphosmethy! 0.5 b 1-Jul +
OFM 3M Sprayable 125 oz 1-Jul +
Guthion 50 WP Azinphosmethyl 1.0 ib 9-Jul + +
Guthion 50 WP Azinphosmethyl 10 b 16-Jul + +
Guthion 50 WP Azinphosmethyl 1.0 Ib 23-Jul + +
Imidan 70 WP Phosmet 12 b 5-Aug +
Encore Asana .66 XL Esfenvalerate 40 floz 14-Apr + +
Asana .66 XL Esfenvalerate 40 floz 21-Apr + +
Asana .66 XL Esfenvalerate 40 floz 29-Apr + +
Asana .66 XL Esfenvalerate 40 floz 7-May + +
Guthion 50 WP Azinphosmethyl 0.5 Ib 11-May + +
Provado 1.6 FL Imidacloprid 25 floz 11-May + +
Guthion 50 WP Azinphosmethy! 0.5 b 20-May + +
OFM 3M Sprayable 125 oz  3-Jun +
Spintor 2 SC Spinosad 35 floz 3-Jun +
Spintor 2 SC Spinosad 35 floz 10-Jun +
Guthion 50 WP Azinphosmethyl 0.5 b 1-Jul +
OFM 3M Sprayable 125 oz 1-Jul +
Guthion 50 WP Azinphosmethyl 1.0 Ib 9-Jul + +
Guthion 50 WP Azinphosmethyl 10 b 16-Jul + +
Guthion 50 WP Azinphosmethyl 1.0 b 23-Jul + +
Guthion 50 WP Azinphosmethyl 1.0 Ib 5-Aug +
Pyramite 60 WSP Pyridaben 22 oz 8-Aug + +
Imidan 70 WP Phosmet 1.2 b 8-Aug + +
Spinter 2 SC Spinosad 20 floz 8-Aug + +
'All sprays alternate row middle
Table. 5. Average seasonal number of OFM damaged shoots from the interior and
border trees: 2002
Mean no. £ SEM per tree
Reduced Risk Conventional
Grower Orchard / Variety Interior Border Interior Border
-1 Cresthaven 0.0£0.0 0.0+0.0 0.0+00 0.0+0.0
2 Sentry 0.0+0.0 00+0.0 0.0+0.0 0.0+0.0
Harcrest 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Flaming Raymond 00+£0.0 0.1+0.0 0.1+£00 0.0+0.0
3 PF 17 02+0.2 02101 0.1+0.1 02+0.2
PF 23 0.0x0.0 0.1+0.1 0.0+0.0 00+0.0
Buddy’s Pride 0.0£0.0 0.1+0.1 0.0+0.0 0.0+0.0
Encore 0.1%£0.1 0.1+0.1 0.1%0.0 03+0.2
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Table 6. Seasonal percent (mean + sem) damaged fruit: 2002

Atanassov and Shearer

Number of Reduced Risk Conventional
Variety sample dates Pest Interior Border Interior Border
Sentry 7 OFM 00+£00 00%0.0 00£00 0000
TABM 00+£00 0.0£00 00+£00 0000
PF17 9 OFM 00+00 00£0.0 0.1£0.1 0.0+0.0
TABM 0000 00%0.0 03+£02 0000
PF23 10 OFM 0000 0101 00+£00 00+00
TABM 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1
Buddy’s 10 OFM 00£00 0000 0.0+00 0000
Pride TABM 0.0+00 03+03 0.1+£0.1 0.0+£0.0
Encore 12 OFM 00+£00 0000 00+00 00100
TABM 03+03 0303 02102 0210.1
Cresthaven 12 OFM 00+00 00+£00 00+00 00+00
TABM 0.1+0.1 02+01 0.1+0.1 0.0+0.0
Harcrest 14 OFM 00+£00 00100 00+00 00100
TABM 00+00 0.0x00 00+00 00100
Flaming 18 OFM 00+00 00100 02+02 0000
Raymond TABM 0.1+0.1 0.0+0.0 0.1+0.1 0.1+0.1

Table 7. Percent (mean £ sem) damaged fruit at harvest: 2002

Harvest Reduced Risk Conventional
Variety Date Pest Interior Border Interior  Border
Sentry 1-Jul OFM 0.0 0.0 0.0 0.0
TABM 0.0 0.0 0.0 0.0
PC 0.5 1.0 0.0 1.0
PF17 24-Ju  OFM 0.0+£00 03103 00200 00x00
TABM 00+00 05+03 05+05 03x03
PC 05+05 20+08 15+08 10x05
PF23 5-Aug OFM 00+£00 00+00 00£00 0.0x00
TABM 0000 0000 00+00 00x00
PC 00+£00 05+03 20+11 20108
Cresthaven 7-Aug OFM 0.0+£00 00+00 00100 0.0£00
TABM 0000 03%03 00+£00 00100
PC 05+05 05+03 05105 18x07
Harcrest 9-Aug OFM 00+£00 0.0+£0.0 00+£00 0.0x00
TABM 00£00 03+03 00+£00 0.0x00
PC 0000 0000 05105 08+04
Buddy's 12-Aug OFM 0.0+£00 03+03 0000 00+00
Pride TABM 00100 0.5+03 00+00 00£0.0
PC 1.0+£0.7 1.5+05 1.0£07 20+06
57



Atanassov and Shearer
Encore 20-Aug OFM 0.0+£00 00+£00 00x0.0
TABM 0.01£0.0 00+00 0.0%0.0
PC 0.0£0.0 38+15 20x1.1
Flaming 4-Sep OFM 00+£00 00+£00 00zx0.0
Raymond TABM 0.0£0.0 03+03 0.0%x0.0
PC 0.0£0.0 10+£03 1507

00100
05%0.5
28108

0.0x0.0
0.0+0.0
0.3%0.3

40
¥ —@— Conventional "Cresthaven"
a 3532 sssepyeee Reduced Risk "Cresthaven”
o ]
“ -
- 30 = l .
-3 T 3M OFM sprayable pheromone application:
=3 + 1- 02 May
n 25 2 - 08 June
S F 3
© 20 %
E % 23 August
5 5%
S . ¥
€ 10F 2 3 4 56
m -
> 3
< °% Y1
0
15-Mar 7-May 30~Jun 22-Aug 15-Oct
Sampling date
Fig. 1. Pheromone trap catches of Oriental fruit moth in the “Cresthaven” orchard, Grower 1: 2002.
35 -
T ~—e— Conventional “Sentry”
& 30t ~—n=- Reduced Risk “Sentry"
5% l
B 254 3M OFM sprayable pheromone application:
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& 204 3- 18 June
4 -
g p o
154 $
& & 1
5 % i
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Fig. 2. Pheromone trap catches of Oriental fruit moth in the “Sentry” orchard, Grower 2: 2002.
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Fig. 3. Pheromone trap catches of Oriental fruit moth in the “Harcrest” orchard, Grower 2: 2002,
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Fig. 4. Pheromone trap catches of Oriental fruit moth in the “Flaming Raymond” orchard, Grower

2: 2002
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Atanassov and Shearer
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Fig. 5. Pheromone trap catches of Oriental fruit moth in the “PF 17” orchard, Grower 3: 2002.
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Fig. 6. Pheromone trap catches of Oriental fruit moth in the “PF 23" orchard, Grower 3: 2002.
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Fig. 7. Pheromone trap catches of Oriental fruit moth in the “Buddy’s Pride” orchard, Grower 3:

2002.
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Fig. 8. Pheromone trap catches of Oriental fruit moth in the “Encore” orchard, Grower 3: 2002.
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Atanassov and Shearer
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Fig. 9. Mean (:SEM) percent of early season plum curculio fruit injury in Grower 1 orchard: 2002.
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Fig. 11. Mean (+SEM) percent of early season pium curculio fruit injury in Grower 3 orchards:
2002.
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Fig. 12. Seasonal numbers of catfacing insects in Flaming Raymond orchard: 2002.
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Monitoring Weather Data and Insect Activity to Build a Database
and Assist in Spray Recommendations for Washington County Orchards

A Research Report Compiled by
Rick Heflebower, Extension Agent, Horticulture
Utah State University

In Cooperation with
Diane Alston, IPM Coordinator and Professor, Utah State University
Bud Scow, Scow Orchards, Hurricane Utah

Introduction

Washington County is located in the southwest corner of Utah. It is characterized by
mild winters and hot summers. High temperatures in the summer average 100+
degrees. Winter lows are around 10 degrees above. The growing season lasts for
approximately six months. Peaches are well suited to this climate as long as irrigation
is available. The most serious pest has been the Peach Twig Borer, Anarsia lineatella.
Larvae of this insect emerge during bioom and burrow into developing shoots. This can
result in substantial damage to young trees. Larvae of later generations emerge during
the summer and attack the fruit. Three generations have been documented in northern
Utah. Until now, little has been done to document Peach Twig Borer activity in southemn
Utah.

Purpose

The purpose of this study was: 1) to determine how many generations of Peach Tree
Borer there are in Washington County; 2) when they occur; 3) if we could match degree
day calculations to the flights; and 4) if this modeling could be used to time sprays for
control.

Methods

in the spring of 2002, a “Watch Dog" weather station was purchased from Spectrum
Technologies. The station was set up at Bud Scow’s orchard in Hurricane, Utah,
located about 15 miles east of St. George. The elevation there is approximately 3,287
feet. Scow Orchards has successfully grown peaches at this location for many years.

Wing-style pheromone traps were placed in the orchard in early May. Daily catches
were recorded and pheromone lures were replaced every 3-4 weeks. The Watchdog
station was programmed to record temperature readings every hour. Degree Day

accumulations were calculated from the daily high and low readings using a 50-degree
threshold.

Results

Adult moths caught in pheromone traps were used to determine biofix (first consistent
flight). To predict the recommended time to apply pesticides for control, 400 degree
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days above 50 degrees Fahrenheit were used. This was consistent with a control
program developed in California (University of California IPM of Stone Fruits).

We were able to determine five separate flights (generations) using the trapping
information (see Table 1). The flights appeared at fairly regular intervals with the
shortest time between flights being 24 days and the longest time being 36 days.
Recommended spray dates were projected by calculating 400 degree days after biofix
for each generation. Protective sprays were applied within four days or less of the
predicted spray timing. (See table below.) Timing was based on the California Model
referred to earlier. Excellent control was reported the entire season. Fruit damage due
to twig borer was less than 1%.

Peach Twiqg Borer Spray Schedule

Five different peach varieties were included in the study:

Red Globe Early
Canadian Harmony Early
Lemon Elberta Mid
Elberta Mid
Fairtime Late

All varieties were sprayed in March with Thiodan, Bravo, and Oil. The Early varieties
received three additional sprays, one with Guthion and two with Success. The Mid
varieties received four additional sprays, one with Success and two with Guthion, and
one with Acrimite. The Late varieties received seven additional sprays, one with
Success, three with Guthion, one with Vendex and two with Dipel. (See Table 2)
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Table 1

Peach Twig Borer Trap Catch
Scow Orchards, Hurricane - 2002
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REFINING THE PHEROMONE-BASED MONITORING
SYSTEM FOR DOGWOOD BORER

J. Christopher Bergh' and Tracy C. Leskey?

! Virginia Tech, Alson H. Smith, Jr. Agricultural Research
and Extension Center, Winchester, VA, 22602
2 USDA-ARS Appalachian Fruit Research Station, Kearneysville, WV, 25430

Introduction

The dogwood borer (DWB), Synanthedon scitula Harris has been recognized as
an economically important pest of ornamental and nut trees for many years. Since the
1980°s, DWB has become an increasingly important pest of apple grown on size-
controlling rootstocks in eastern North America. Many apple producers monitor
populations of the key pests of apple using sex pheromone traps, and may base their
management decisions on pheromone trap data. Pheromone lures for capturing DWB are
marketed by several companies, although they appear to have been used more as research
tools than by commercial growers, especially in tree fruit. Research studies using
pheromone lures to monitor DWB populations in both apple and in managed, urban
landscapes have produced discrepant results in terms of the relative effectiveness or
attractiveness of different commercial lures. Furthermore, since many clearwing moth
species use similar compounds in their pheromone blends, lures marketed for capturing a
particular species of Sesiid tend to be rather generic and catch males from several species
and/or genera. Given the increased importance of DWB in apple and the increasing use of
size-controlling rootstocks in high-density apple plantings, the availability of a refined,
reliable and standardized pheromone-based monitoring system for DWB is becoming
critical. In this study, we compared the capture of DWB and other clearwing moths
among traps baited with several commercial pheromone lures and evaluated the effect of
pheromone concentration on DWB trap catch.

Materials and Methods

Lure comparison. These tests were conducted in commercial orchards in VA (Cedar
Creek Grade 1 and 2 and Buffalo Marsh Road) and WV (Arden and Kearneysville).
Pheromone lures obtained from commercial suppliers included the Scenturion DWB lure,
the Trécé lilac borer and DWB lures, and the Scentry DWB lure. Lures were deployed in
Pherocon 1C traps, including blank control traps, placed in trees at about 4 ft above the
ground and replicated 3 times per orchard. At the orchards in VA, lures were randomized
within each of 3 rows separated by 3 buffer rows, and traps were spaced at 70 ft intervals
within a row. Traps remained in their original locations for the duration of each trial. At
the WV orchards, lures were also randomized within each of three rows separated by 1
buffer row, and traps were spaced at about 80 ft intervals within a row. Traps were
rotated among positions within each row at weekly intervals for the duration of each test.
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The number of male DWB, lilac borer (LB), peachtree borer (PTB) and lesser peachtree
borers (LPTB) captured were recorded weekly for periods ranging from 3 — 6 wk among
orchards. The number of PTB and LPTB captured were pooled, and the total number of
each species captured per trap during the trial was compared among lures for each
orchard using ANOVA and Tukey’s multiple range tests at the 5% probability level.

Dose-response. Red rubber septa lures containing different loadings of the attractant
used to manufacture the Scenturion DWB lures were obtained from Scenturion Inc. The
1X lures contained the commercial loading, In the first repetition of this trial, lures with
0.01X, 0.10X, 0.5X and 1X and blank controls were tested. In the second repetition, a 2X
loading (2 x 1X lures) was added to the array. All lure loadings were replicated 3 times
per orchard using Pherocon 1C traps, with the exception of the Cedar Creek Grade 1
orchard, in which Pherocon IIID traps were used. Trap/lure deployment at the different
orchards was the same as described previously and all traps were checked weekly (3 — 6
wk) for the capture of DWB and other clearwing moths. The same analyses described

previously were used to compare the capture of each species among lure loadings for
each orchard.

Results

Lure comparison. Numerically, the Scenturion DWB lure was most effective for
trapping male DWB at all 5 orchards (Table 1) and captured significantly more DWB
than the other lures at three locations; Cedar Creek Grade 2 (Fos,4,10= 7.17, P> 0.005),
Arden (Fo_os,4.1o= 64.27, P< 00001) and Keameysville (Fo,os' 4,105 7.49, P> 00047)
The Scentry DWB lure captured the most PTB/LPTB at all 5 sites and significantly more
than all other lures at 4 orchards; Cedar Creek Grade 1 (Fo s, 4,10=41.60, P < 0.0001),
Cedar Creek Grade 2 (Fo_os, 4,10= 12.51, P> 0.0007), Buffalo Marsh Road (Fo,os' 4,10=
51.18, P <0.0001) and Kearneysville (Fogs,4,10= 12.32, P > 0.0007) (Table 1). The
Scentry DWB lure also captured the greatest number of LB at 4 orchards (only a single
male LB was captured at the Kearneysville orchard), although differences among the
lures were not significant (Table 1). Both the DWB and LB lures from Trécé LB captured
numerically more PTB/LPTB than did the Scenturion DWB lure at 4 orchards. A
qualitative evaluation of the effectiveness of the lures, based on pooled data among the 5
locations, shows the following rank orders for each of the clearwing moths (lures
indicated as being equal had pooled totals of 010 moths):

DWB Scenturion DWB > Scentry DWB > Trécé DWB = Trécé LB
PTB/LPTB Scentry DWB > Trécé LB > Trécé DWB > Scenturion DWB
LB Scentry DWB > Scenturion DWB > Trécé DWB = Trécé LB

Dose-response. When a series of lures containing from 0 — 1.0X loadings of DWB
pheromone from Scenturion, Inc. were tested, the numerical capture of DWB males was
dose-dependent at the Cedar Creek Grade 1 and Arden orchards, although statistical
comparisons did not show significant differences among all loadings (Table 2). There
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was also an indication of a dose-dependent capture of both PTB/LPTB and LB at the
Arden site. Addition of the 2X loading to the series showed a numerical, but not
statistically significant, increase in the number of DWB, PTB/LPTB captured at the
Cedar Creek Grade 2 and Kearneysville locations, and of LB at Keameysville (Table 2).
Interestingly, the Pherocon IIID traps at the Cedar Creek Grade 1 orchard captured
numerous DWB, but only a single individual of the other species, at a time when
PTB/LPTB and LB were obviously present (see Cedar Creek Grade 1 in Table 1).

Discussion

The Scenturion DWB lure (now manufactured by Suterra) was the most effective lure for
capturing male DWB, concurring with our earlier, albeit less extensive, comparison
conducted in 2001. Furthermore, the Scenturion lure was the most selective for DWB,
being least attractive to the peachtree borer complex and less attractive to LB than the
Scentry lure. Compared with the Scenturion and Scentry products, the Trécé DWB and
LB lures were least effective for capturing both DWB and LB. We have shown a dose-
dependent response of male DWB, and to a lesser degree, of male PTB/LPTB and LB, to
lures containing a series of loadings of the Scenturion attractant.

The differences among the lures tested may be due to factors associated with the
compounds used, their isomeric purity and/or pheromone loading. Pure Z,Z-3,13
octadecadien-1-ol acetate (Z,Z-ODDA) has been shown to be attractive to male DWB
and other Sesiids in numerous field-trapping and electrophysiological studies and is
considered a sex atiractant for this and other species. However, male DWB have also
been reported in traps baited with grape root borer sex pheromone, which contains a 99:1
blend of E,Z-2,13 ODDA and Z,Z-3,13 ODDA. Other studies have reported that binary
combinations containing small amounts of the E,Z —3,13 isomer appear to inhibit the
response of DWB to the Z,Z isomer, but enhances the response of PTB males.

Different pheromone loading among lures from different manufacturers would translate
into different release rates. Furthemore, release rates from microfiber tapes, like those
manufactured by Scentry, may also be quite different from those from the rubber septa
sold by Scenturion and Trécé. Given the response of male DWB to different pheromone
source concentrations that we have shown, the aforementioned factors could also
influence the outcome of comparisons among lures from different sources.

The main impediment to determining the factor(s) responsible for the differences in
attractiveness and selectivity we have shown is that the sex pheromone of the DWB has
not been identified specifically. Elucidation of these factors awaits such identification in
concert with a comparison of the compounds collected from virgin female DWB and
those eluted from the different lures.

In the meantime, while our lure comparison data suggest that the Scenturion (now
Suterra) lure is the most effective for monitoring DWB, other data suggest that they do
not fully reflect emergence patterns or population density of DWB in the orchard. In
2002, we monitored the emergence of DWB in commercial apple orchards using both
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weekly collections of fresh pupal exuvia from burr knot tissue (30 trees/orchard) and
pheromone traps baited with Scenturion lures. Gender determinations of the pupal
exuviae collected were based on anatomical differences between males and females
(Leskey and Bergh, unpublished data). Figure 1 shows the cumulative number of male
and female pupal exuviae collected and the cumulative number of male moths captured at
two orchards in Virginia during the early flight peak of DWB in 2002. Gender
determinations of pupal exuviae suggested that the emergence of DWB adults from the
overwintering population shows protandry. Despite the fact that traps with Scenturion
lures were deployed prior to finding the first male or female pupal exuvia, the cumulative
capture of male moths in traps was less than the cumulative number of pupal exuviae
collected from only 30 trees within each orchard block from 6 May until 10 June at Cedar
Creek Grade, and from 6 May through June 17 at Buffalo Marsh Road. The difference
between the cumulative counts of male exuviae and trap catch was most pronounced at
the Buffalo Marsh Road location, which was very heavily infested with DWB and had
the highest larval density. This evidence for more DWB flying within the orchard than
were found in traps suggests that the pheromone lures may not be competing effectively
with calling virgin females and further highlights the need for correct identification of the
DWB sex pheromone. Such information will enable significant advances in our ability to
use pheromone traps as monitoring and management decision tools and in the
development of behaviorally-based management strategies, including mating disruption
and attract-and-kill technology.
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Table 1. The capture of male dogwood borer and other clearwing moths in traps baited with different commercial pheromone lures.

Lure

Scenturion DWB
Scentry DWB
Trécé DWB
Trécé LB

Blank

Scenturion DWB
Scentry DWB
Trécé DWB
Trécé LB

Blank

Scenturion DWB
Scentry DWB
Trécé¢ DWB
Trécé LB

Blank

Mean + SD no. moths captured per trap (3 traps/lure)

DWB PTB/LPTB LB

DWB PTB/LPTB LB

Cedar Creek Grade 1, VA (28 May - 9 Jul, 2002)

30+26a 47+3.1a 6.7+23ab

07+06a 393x21¢ 120+ 80a
00a 173+ 840 40+4.4ab

0.7+06a 93+15ab 2.0+ 0.0ab
00a 00a 00b

Buffalo Marsh Road, VA (7 Aug - 18 Sept, 2002)

163+147a 20+1.7a 0.7+06a
123+10.1a 13.7+23c 1.0+£10a
17+15a 10+10a 0.7+12a
20+10a 90+£10b 00a
00a 00a 00a

Kearneysville, WV (21 August - 25 Sept, 2002)

16.7+10.1a 37+£25a 00a
1.7+£0.6b 72.0+£275b 00a
07060 140+ 151a 00a
03+06b 177+ 6.7 a 03+06a
0.0b 00a 00a

Cedar Creek Grade 2, VA (18 June - 9 July, 2002)

18.7+10.1a 37+3.1a 03+06a

33+£35b 340+1220b 30x26a

13£1.5b 123+25a 07x12a
20+26bH 90+69a 00a
00b 00a 00a

Arden ,WV (29 May - 9 July, 2002)

52.7+£72a 43+06ab 40+36a
123+42b 253x81¢ 70+5.6a
87+5.1bc 10.0+ 4.4 abc 23x12a
7.7+23bc 180+ 114bc 20+£10a
00c 00a 00a

3
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Table 2. The capture of male dogwood borer and other clearwing moths in traps baited with different loadings of pheromone from
Scenturion, Inc:

Mean = SD no. moths captured per trap (3 traps/lure)

DWB PTB/LPTB LB DWB PTB/LPTB LB
Lure Cedar Creek Grade 1, VA (18 June ~ 9 July, 2002) Arden, WV ( 28 May — 9 July, 2002)
1.0X 167+ 11.0a 00a 00a 79.7+12.7a  100+30a 1.3+23a
0.5X 123+38ab 03+0.6a 00a 643+9.1a 63+32ab 07+12a
0.10X 6.3+6.8ab 00a 00a 9.7+ 6.8b 33+2.1bc 00a
0.01X 23+23ab 00a 0.0a 33+23b 00c 00a
Blank 0.0b 00a 0.0a 0.0b 0.0¢c 002
Cedar Creek Grade 2, VA (14 Aug — 18 Sept, 2002) Keameysville, WV (21 August — 1 October, 2002)
2.0X 183+102a  200+95a 0.0a 243+13.7a 17.7+136a 20+20a
1.0X 9.0+ 4.6ab 10.3+32ab 03+0.6a 153+ 7.5ab 13.0+30a 03+06a
0.5X 6.3+ 7.6ab 11.3+7.6ab 00a 17.7+ 6.8 ab 127+72a 03+06a
0.10X 1.7415b 1.7£06b 0.0a 1.0£00b 10+1.0a 00a
0.01X 1.3+£12b 03+06b 0.0a 1.0+ 1.7b 10+17a 00a
Blank 00b 00b 00a 00b 00a 00a
.3 .1 _ 13 i 3 _3 3 i 3 _.3 .3 _3 -3 1 1 _.3
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RESPONSE OF STINK BUGS TO TWO TRAP TYPES AND COMMON MULLEIN
IN APPLES AND PEACHES
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Introduction

Various species of stink bugs have historically been major pests of peach,
inflicting catfacing, scarring, dimpling, water-soaked and gummosis type injuries
(Hogmire 1995). Although injury to apple has been reported (Phillips and Howell 1980),
stink bugs have not traditionally been thought of as important pests of this pome fruit.
Injury to apple may be more common than realized due to the similarity and potential for
misdiagnosis as the physiological disorder known as cork spot (Brown 2001). The
potential for stink bugs to become more important pests of apple could be influenced by
further cancellations or restrictions of current pest management tools as the resuit of
FQPA.

Monitoring and management of stink bugs is especially challenging because of
their high mobility and use of numerous weed hosts. Population monitoring by beating
tray and sweep net sampling has typically not been well correlated with fruit injury. The
ability to monitor stink bugs was significantly enhanced by the discovery of a Euschistus
spp. aggregation pheromone (Aldrich et al. 1991). Plastic jar traps have been
commercially available since 1996 for use with the pheromone to monitor stink bugs.
The use of the pheromone in combination with a pyramidal type (modified Tedders) trap
was shown to be an effective monitoring tool for determining the seasonal occurrence
and canopy distribution of Euschistus servus (Say) and E. tristigmus (Say) in pecan
orchards (Cottrell et al. 2000).

Stink bugs reproduce on numerous weed species throughout the season
(McPherson and McPherson 2000), and it is from these hosts that movement to fruit
trees occurs resulting in fruit injury. Common mullein, Verbascum thapsus (L.), was
found to be a favored weed host of Euschistus spp in May and June (Woodside 1947,
1950). Munyaneza and McPherson (1994) reported that E. servus (Say) was frequently
found on mullein upon emergence in the spring, which would indicate that this weed
probably serves as an overwintering host.
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The first objective of this research was to determine stink bug response to jar and
pyramidal type traps in apple and peach orchards. A second objective was to
determine if Euschistus spp. response to common mullein, a favored weed host, could
be enhanced when combined with commercially available pheromone lure.

Materials and Methods

Trapping experiment. Four study sites were used to evaluate stink bug response
to traps in 2002. Commercial orchards of 1.2 ha Rome apples on M7 rootstock planted
in 1989, and 3.2 ha Newhaven peaches on Lovell rootstock planted in 1988 were
located in Hampshire County, WV. Two additional sites planted in 1997 consisting of
adjoining apple (Granny Smith on EMLA 26 and Empire on EMLA 9/EMLA 111
rootstocks) and peach (Loring on Lovell rootstock) orchards of 1 ha each were located
at the USDA-ARS Appalachian Fruit Research Station (USDA-AFRS) in Jefferson
County, WV. Crop protection chemicals were applied for pest management in the
commercial orchards, but not in the USDA orchards.

Two trap types were used. Jar traps commercially
availabie from Scenturion, Inc. (Clinton, WA) were modified as
follows. Traps were constructed from 3.8-liter clear plastic
Rubbermaid® jars with screw-cap lids (Fig. 1). Two off-setting
10 cm diameter holes were cut in opposite sides of the jars, and
a PVC gasket (2 mm thick, 7 mm wide, and outside diameter of
11.4 cm) was cut from 10.2 cm diameter PVC pipe and attached
around the perimeter of each hole with four bolts and nuts.
Plastic pet screening (New York Wire Co., Mt. Wolf, PA) was
formed into a cone and fastened with hot glue, with each cone
positioned flush with the hole opening and secured with hot glue  SUERPEER
to the PVC gasket. Cones projected to the center of the jar trap Fig. 1. Jar trap.
with an intemal opening of 15 x 30 cm.

Pyramid traps (Mizell and Tedders 1995, Mulder et al.
1997) were constructed of two panels of 1.3 cm thick exterior
grade plywood that were painted with two coats of exterior latex
gloss enamel paint, color-matched to professional industrial
safety yellow (R. Mizell, personal communication) (Fig. 2). Each
panel was 1.22 m high, 52 cm wide at the base and 7 cm wide at
the top. A slit extending from the base of one panel and from the
top of another was cut 61 cm long x 1.5 cm wide, which
permitted the panels to interlock perpendicularly to form the
pyramid. A 5 mm hole was bored into each corner of the panel
with the slit at the top, to which was attached a piece of wire and
25 cm long galvanized nail for anchoring the traps to the ground.
A 1.9-liter clear plastic Rubbermaid® jar with screw-cap lid was S
prepared for placement on the top of each pyramid base. The Fig. 2. Pyramid trap.
base of each jar was cut away and a PVC gasket (7 mm thick,
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11 mm wide, and outside diameter of 11.4 cm) was cut from 10.2 cm diameter PVC
pipe and secured around the perimeter with hot glue. A wire screen funnel was inserted
into the jar opening and attached at the wide end to the jar with hot glue. The jar was
vented around the perimeter with four equidistant 5.5 cm diameter openings, and in the
lid with two 3 cm diameter openings, which were covered with pieces of plastic pet
screening attached with hot glue. The jar was placed on top of the pyramid so that the
support braces of the funnel were positioned against the inserted top baffles of the
pyramid trap. The jar was secured to the panels of the pyramid with spring clips
attached to wires extending from four holes in the base of the jar.

Three replications of four treatments were established at each orchard site:
baited and unbaited jar and pyramid traps. Traps were baited with wax puck lures
containing 100 mg of the Euschistus spp aggregation pheromone (Scenturion, Inc.,
Clinton, WA) that were suspended inside the jars from the lids. All traps contained %
piece of a Atroban® Extra insecticide ear tag (Schering-Plough Animal Health
Corporation, Union, NJ) (Cottrell 2001) impregnated with 10% permethrin and 13% PBO
that was attached with wire under the jar lid above the lure. Traps were installed on 30
May in the commercial orchards and on 6 June at the USDA-AFRS. Pyramid traps
were installed between trees and jar traps suspended within the tree canopy in the
border row of the orchard adjacent to 2 woods, rock break or hedgerow. Traps were
inspected weekly through the end of August or September in peach and apple orchards,
respectively, with lures and ear tags replaced every 3 weeks. Stink bugs were collected
in labeled vials of 70% ethanol and identified with taxonomic keys found in McPherson
and McPherson (2000). Data were subjected to ANOVA with mean separation by
Tukey’s Studentized Range Test at P = 0.05 level.

Common mullein plant experiment.
This experiment was conducted in 2002 in
a Gala and two Empire apple orchards at
the USDA-AFRS, and consisted of four
freatments: baited and unbaited muliein
plants and mullein mimics. Common
mullein plants approximately 1.5 m tall and
2.5 cm diameter at the flower stalk were
dug from the field and placed into 26.6 liter
pots containing potting soil (Fig. 3). Two
yellow unbaited Pherocon® AM traps
(Trece, Inc., Salinas, CA) were stapled to a
wooden stake adjacent to the potted plant.
Traps were centered at 0.5 and 1 m above
ground with the sticky side facing away : .
from the orchard. Mullein mimics consisted Fig. 3. Baited mullein. Fig. 4. Baited
of 1.5 m tall by 2.5 cm diameter CPVC that mullein mimic.
were painted with yellow #20109 and hunter green #8-20111
(Yenkin-Majestic Paint Corporation, Columbus, OH) to achieve a mottled appearance
(Fig. 4). Mullein mimics were potted and provisioned with yellow panel traps identical to
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those deployed with mullein plants. Mullein plants and mullein mimics were baited with
wax puck lures containing 100 mg of the Euschistus spp aggregation pheromone with
the lure attached to the flower head or CPVC above the upper panel trap.

Three replications (one per orchard) of each treatment were centered between
border-row trees on 10 August and checked daily through 16 August. Tangle-trap
(Tanglefoot Co., Grand Rapids, Ml) was added to yeliow panel traps as needed to
maintain a uniform thickness of 4 mm. The experiment was repeated by installing new
treatments on 18 August, with daily inspection through 21 August. Stink bug numbers
were totaled for the entire 11-day sampling period for each replication. Data were
subjected to ANOVA with mean separation by Tukey's Studentized Range Testat P =
0.05 level.

Results and Discussion

Trapping experiment. In the commercial apple orchard, the highest number of
stink bugs was captured in baited pyramid traps (Fig. 5A). Significantly lower, but
similar levels were captured in unbaited pyramid and baited jar traps. The fewest
number of stink bugs was captured in unbaited jar traps, which was significantly less
than captures in baited jar traps. A similar pattern of stink bug capture was observed in
apples at the USDA-AFRS, but there were no significant differences among the trap
types (Fig. 5A). Stink bug capture in the commercial peach orchard was also highest
for the baited pyramid trap, but levels were not significantly greater than those in
unbaited pyramid or baited jar traps (Fig. 5B). No stink bugs were captured in unbaited
jar traps in the commercial peach orchard. In peaches at the USDA-AFRS there were
no significant differences in stink bug capture among the trap types, with similar
numbers captured in baited pyramid and jar traps (Fig. 5B). A total of 186 stink bugs
were captured in apples and peaches at both locations, with baited pyramid, unbaited
pyramid, baited jar and unbaited jar traps accounting for 57, 18, 23 and 2 percent of the
total capture, respectively.

The yellow color of the pyramid trap base likely serves as an attractive visual cue
for foraging stink bugs. The potential influence of this particular visual cue in pyramid
trap captures can be illuminated by comparing the number of trap captures in unbaited
and baited traps. Here we assume that all captures in baited traps greater than those
numbers recorded for unbaited traps are due to the presence of the pheromone lure. In
other words, visual and olfactory cues provided by baited pyramid traps are merely
additive in terms of stink bug responses. Thus, if the influence of the pheromone lure is
removed, 34 and 39 percent of captures in baited pyramid traps in commercial apple
and peach orchards, respectively, could be due to trap color (Fig. 5A & 5B). In apples
at the USDA-AFRS, only 25 percent of captures in baited pyramid traps was likely due
to color using this same comparison, and only baited pyramid traps captured stink bugs
in peaches at USDA-AFRS so no such comparison could be made. However, we
cannot discount the possibility that stink bug responses to baited pyramid traps are
synergistic between visual and olfactory cues, and not just additive as we assume here.
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More stink bugs were captured in the commercial orchards than at the USDA—
AFRS (Fig. 5A & 5B), even though the commercial orchards received insecticide
applications and the USDA-AFRS did not. Lower levels of capture at the USDA-AFRS
was attributable to a lighter crop load due to spring frost and less suitable adjacent
habitats for stink bug populations. In the commercial orchards, more stink bugs were
captured in apples than in peaches (Fig. 5A & 5B). The apple orchard was used in a
RAMP (Reduced-risk and Mitigation Program) project in which only soft, selective
insecticides (no organophosphates) were applied for insect control. A harvest
evaluation of fruit revealed 1.9 percent injury that was believed to be due to stink bug
feeding. The lower level of stink bugs in the commercial peach orchard is most likely
due to a more rigorous control program during the past three seasons, in an effort to
reduce mid to late season stink bug feeding that has resulted in increased incidence of
brown rot during and after harvest.

In the commercial apple orchard, brown stink bug, Euschistus servus (Say), was
the predominant species captured by baited pyramid and jar traps (Fig. 6A). Dusky
stink bug, E. tristigmus, green stink bug, Acrosternum hilare (Say), and other stink bugs
(primarily Brochymena spp. and unidentified nymphs) were also captured by these traps
at similar but significantly lower levels. There were no significant differences among
stink bug species captured in unbaited pyramid and jar traps. All species were
represented at low levels in unbaited pyramid traps, but only brown and dusky stink
bugs were captured at very low levels in unbaited jar traps. In the commercial peach
orchard there were no significant differences among stink bug species in any of the trap
types (Fig. 6B). All species were represented in both baited and unbaited pyramid
traps, but only dusky stink bug was captured in jar traps that were baited.

At the USDA-AFRS orchards, capture of brown stink bugs was numerically but
generally not significantly higher than other species in baited pyramid and jar traps in
both apples and peaches (Fig. 7A & 7B). Brown stink bugs were captured at
significantly higher levels than green stink bugs only in baited pyramid traps in apples
(Fig. 7A). No significant differences among stink bug species captured were found with

unbaited pyramid and jar traps in apples, and there was no capture in these trap types
in peaches. '

Brown stink bug represented 55 percent of all stink bugs captured on apples and
peaches in both locations, with dusky, green and other representing 20, 16 and 9
percent, respectively. Brown stink bug was determined (McPherson and McPherson
2000) to be almost entirely (98%) E. servus euschistoides (Vollenhoven), with the
remainder E. s. servus (Say). Dusky stink bugs were identified as E. tristigmus
tristigmus (Say), except for one specimen which was E. t. Juridus Dallas.

Stink bugs were found to respond to baited pyramid traps throughout the season
in both apples and peaches (Fig. 8A & 8B). Response to baited jar traps did not occur
until mid-July in apples (Fig. 8A) and early August in peaches (Fig. 8B), but did coincide
with peaks in capture as recorded with baited pyramid traps. Considering that pyramid
traps were placed between trees and jar traps within the canopy, capture in jar traps
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may better represent stink bug movement into trees. The lack of capture until early
August in baited jar traps in peach is probably at least partly due to the grower's
rigorous insecticide program to minimize stink bug injury to fruit. In this situation stink
bugs would more likely be detected in the canopy during the spray-to-harvest interval,
when no further insecticide applications would be made and minimal insecticide
residues would be present.

Stink bug lures were replaced every 3 weeks. Capture of stink bugs increased
during the first week following three of five lure installations in apple and then declined
(Fig. 8A). This same pattern was seen following all three lure installations in peach (Fig.
8B). These data indicate that lures need to be replaced more frequently, or more
longer-lasting lures should be used to maintain stink bug response to traps.

Common mullein plant experiment. Significantly more stink bugs (over four fold)
were found on baited mullein than on unbaited mullein piants, with none found on
mullein mimics (Fig. 9), indicating that the presence of pheromone lure increased
Euschistus spp. responses to mullein plants under field conditions. All stink bugs (six
brown, two dusky, and five nymphs) were found on mullein plants, not on traps, with
tangle-trap found on one specimen as evidence of trap contact. The mullein plants
began to wilt soon after transplanting to pots, which may explain the lack of significant
difference in number of stink bugs found on unbaited mullein versus mullein mimics.
Results of this experiment highlight the possibility that response of Euschistus spp. to
olfactory cues can be enhanced when the pheromone is combined with host plant
odors.
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MONITORING PLUM CURCULIO POPULATIONS IN APPLE AND PEACH
ORCHARDS IN THE MID-ATLANTIC

Tracy C. Leskey and Starker E. Wright
USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV

Introduction

The plum curculio (PC), Conotrachelus nenuphar is a major pest of both apples
and peaches in the mid-Atlantic region (Hogmire 1995). Currently, the
organophosphate insecticides (OPs) azinphosmethyl and phosmet, and to a lesser
degree the synthetic pyrethroids (SPs) permethrin and esfenvalerate, are the only
labeled materials that provide a commercially acceptable level of PC control, although
several new materials, notably thiamethoxam and indoxacarb (on apples) and kaolin
clay (on apples and peaches) have recently been labeled for use against PC. in the
mid-Atlantic region, plum curculio is generally managed by OP or SP sprays directed at
the lepidopteran pest complex on apple or the lepidopteran/hemipteran complex on
peach. However, limited-spectrum strategies and chemistries have begun to supplant
seamless applications of OPs and SPs for control of key insect pests in both crops. As
reliance on OPs and SPs is alleviated, it is likely that secondary pests (such as PC in
the mid-Atlantic) will emerge as an increasing annual threat. In order to effectively
manage PC in a narrow-spectrum, reduced-spray environment, it is imperative that
treatments for PC be triggered by detection of increases in PC abundance or activity.
Aside from inspecting fruit for evidence of fresh oviposition scars, which is particularly

difficult on peaches, there exists no effective means for monitoring levels of PC activity
in orchards.

Development of monitoring systems for PC has been based on the behavioral
understanding that most adults overwinter outside of commercial orchards and
immigrate into orchards at or near petal fall. Several trap types have been tested for
plum curculio. The pyramid trap is believed to provide an attractive visual stimulus by
mimicking a tree trunk (Tedders and Wood 1994, Mulder et al. 1997) and has been
reported to capture more crawling than flying individuals (Prokopy and Wright 1998).
Panel traps, clear Plexiglas panels covered with Tangletrap and attached to wooden
posts, do not have a specific visual cue associated with them, and are designed to
capture flying adult plum curculios (Prokopy et al 2000). The Circle trap is made of
folded screen attached to a boll weevil trap top; it is wrapped around an orchard tree
and is designed to intercept crawling individuals on the tree trunk (Mulder et al. 1997) or
within the canopy. The black cylinder trap, constructed of ABS pipe and topped with a
boll weevil trap top, provides the visual stimulus of an upright vertical tree branch and is

designed to capture crawling adults in the orchard tree canopy (Leskey and Prokopy
2002).
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In studies in which these traps have been evaluated for their ability to be used as
monitoring tools in Massachusetts, amount or timing of trap captures have failed to
reflect amount or timing of oviposition injury observed in fruit trees (Prokopy et al. 1999,
Prokopy et al. 2000, Prokopy et al. 2002) and hence, have thus far, failed to serve as a
reliable tool to determine need for and timing of insecticide application. The intent of
our study was to advance development of an effective trap-based monitoring system for
mid-Atlantic PCs by evaluating monitoring technology tested in other regions such as
Massachusetts and Michigan in order to learn how mid-Atlantic PC populations respond
to these particular trap styles and bait combinations and to identify potential
shortcomings associated with these monitoring strategies.

Materials and Methods

Traps were deployed to capture immigrating PCs in plots located in three
commercial apple and three commercial peach orchards, as well as one unmanaged
apple and one unmanaged peach orchard. Each orchard plot consisted of at least 32
border-row apple trees (four plots of four to eight trees and buffer trees between plots).
To intercept PCs prior to orchard entry, we placed two trap types at least 2 meters from
the border row. They included (1) sticky-coated Plexiglas squares, each mounted five
feet above the ground on wooden posts and designed to capture flying PCs and (2) 48-
inch tall trunk-mimicking black pyramid traps. Within the border row of the orchard, we
affixed (1) “Circle” traps consisting of folded vinyl screen and attached at the base of
tree trunks and (2) 12 inch by 2.5 inch black plastic branch-mimicking cylinder traps on
horizontal limbs within tree canopies. We evaluated four bait treatments: (1) the
synthetic fruit volatile benzaldehyde (Aldrich Chemical Co., Milwaukee, WI), (2)
aggregation pheromone, grandisoic acid, (ChemTica International, S.A., San Jose,
Costa Rica), (3) benzaldehyde in combination with pheromone; and (4) an unbaited
control treatment. Release rate of benzaldehyde and pheromone dispensers were ~10
mg/day and ~1 mg/day, respectively. For pyramid, cylinder and circle trap, baits were
placed within trap top collection device located at the top of each trap. For panel traps,
a single benzaldehyde dispenser was attached to the edge of each panel using a
locking plastic cable tie and/or a single pheromone was attached to the upper right-hand
corner of the panel with a small binder clip. Benzaldehyde dispensers were replaced
weekly and pheromone dispensers were replaced every 5 weeks.

In commercial apple and peach orchards, each orchard plot was divided into four
blocks in which each bait combination (benzaldehyde, pheromone, both in combination,
unbaited) was evaluated by deploying a baited trap paired directly with an identical
unbaited trap for each of the four trap types (8 traps per block and 32 traps per
orchard). Within the unmanaged apple and peach orchards, each orchard plot was
again divided into four block in which each bait combination was evaluated by deploying
each of the four trap types baited with the identical treatment (4 traps per block and 16
traps for entire orchard).
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Beginning on 1 April at half inch green in apple and pink bud in peach and
weekly for 16 weeks thereafter until 22 July , we sampled each trap for captures of PCs
and removed all detritus from traps. After 22 July, we ceased sampling all orchards
except the unmanaged apple orchard that we continued to sample until 6 August. At
each trap sampling date from petal fall through the close of the study, we also sampled
20 fruit per trapped tree (a total of 480 fruit per orchard plot) for presence of PC
oviposition scars. All PCs were brought back to the laboratory, identified to sex
(Thomson 1932), and for all females, the stage of ovarian maturity based on
descriptions of Smith and Salkeld (1964).

Results and Discussion

We captured 340 PCs through 22 July across all orchards, 183 in apple orchard
blocks and 157 in peach orchard blocks. Greatest number of PCs was captured in
circle traps (2.61 PCs per trap), followed by cylinder (1.79 PCs per trap), panel (0.91
PCs per trap) and pyramid (0.77 PCs per trap) traps across all orchard blocks and bait
treatments. The greatest number of PCs was captured by trap baited with
benzaldehyde in combination with pheromone (3.75 PCs per trap), followed by
benzaldehyde (2.06 PCs per trap), pheromone (1.97 PCs per trap) and unbaited traps
(0.71 PCs per trap) across all orchard blocks and trap treatments. Thus, the
combination of a synthetic fruit volatile in combination with the aggregation pheromone
increased trap captures over either bait alone by nearly 2-fold, and unbaited traps at

greater than 5-fold. These results are similar to those reported by Pinero et al. (2001)
for similar bait combinations.

Similar patterns were observed between phenology of trap captures for pyramid,
panel and cylinder traps baited with both benzaldehyde and pheromone across
commercial orchard blocks and phenology of trap captures for identically baited trap
types in unmanaged orchard blocks, but not for circle traps in both apple (Figure 1) and
peach (Figure 2) orchards. In this case, our unmanaged orchard blocks, provide a
biological baseline of PC activity in the absence of insecticide treatment. Theoretically,
then, one should observe similar patterns within a commercial orchard, but to a lesser
degree in terms of number of adults captured. Thus, though pyramid, panel and
cylinder traps captured fewer adults than circle traps, they provided a better indicator of
PC activity in commercial orchards early in the season than did circle traps.

Graphical comparisons of amount and timing of trap captures with amount and
timing of fruit injury for each trap type baited with benzaldehyde and pheromone in each
apple and peach block are extremely revealing. In general we see a peak in trap
captures between bloom and 6 mm fruit in apple blocks (Figure 3) and bloom and shuck
fall in peach (Figure 4). The correlation coefficient for each (amount and timing of trap
captures with amount and timing of fruit injury) was no greater than 0.621; that is, none
of the baited traps tested here provided any strong correlation with oviposition injury and
thus, provided little predictive value (Table 1). This is in agreement with work reported

by Prokopy et al. (1999, 2000, 2002) in which trap captures do not reflect timing or
amount of fruit injury.
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Throughout the entire study (including trap captures in the unmanaged apple
orchard through 6 August), we captured more males than females, 195 compared to
154, respectively. Of those females that were captured and able to be dissected for
mating status and sexual maturity, nearly all females had mature ovaries, and thus
could be actively ovipositing eggs in fruit, by 6 May indicating that the overwintering
population had become damaging (Figure 5). By mid-June, we observed female
specimens with immature ovaries (Figure 5), but fairly close to becoming sexually
mature based on descriptions provided by Smith and Salkeld (1964), providing evidence
for bivoitine populations in the mid-Atlantic. However, one cannot discount the
possibility of univoltine populations as well based on the fact that we had some
individuals with no ovarian development (Figure 5) indicating that they may have to
undergo an obligatory reproductive diapause or perhaps, they were bivoltine, but had
not yet begun development of mature ovaries.

Deploying baited monitoring traps some distance away from the orchard itself
(Prokopy et al. 2000, Pifiero et al. 2001) may be one method for increasing effective
detection of plum curculio immigration into orchards, but our inability to predict potential
injury to fruit based on trap captures remains a serious shortcoming. Our traps lost
nearly all ability to capture PCs after petal fall. Thus, we were unable to detect
increases in PC abundance or activity during or near the time period when PCs began
oviposition activity. This is in agreement with other studies (Prokopy et al. 1999,
Prokopy et al. 2000, Prokopy et al. 2002) and highlights the need for more competitive
baits and traps (Leskey 2002) that will enable us to capture the damaging population of
PCs, i.e., ovipositing females and males after fruit set, and thus allow us to develop an
effective monitoring tools for use by growers.
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Table 1. Correlation coefficient (r) for timing and amount of adult plum curculio trap
captures and oviposition injury and total trap captures for each trap type in both apple
and peach orchards. All traps baited with benzaldehyde and grandisoic acid and
monitored from 2 April to 22 July.

Apple Orchards Peach Orchards
Total Total
Trap Trap
Orchard  Trap Type Captures Orchard  Trap T Captures

Orr Pyramid  0.499 4 Orr Pyramid 0.000 0
Panel -0.120 1 Panel -0.143 1

Cylinder 0.302 2 Cylinder 0.000 0

Circle 0.621 2 Circle 0.000 0

Jefferson Pyramid  0.000 0 Jefferson Pyramid 0.000 0
Panel -0.143 1 Panel 0.000 0

Cylinder  0.000 0 Cylinder 0.000 0

Circle  -0.143 2 Circle 0.000 0

Twin Ridge Pyramid  0.000 0 Nob Hill Pyramid 0.039 1
Panel -0.162 3 Panel 0.000 0

Cylinder  0.000 0 Cylinder 0.039 1

Circle 0.173 3 Circle 0.000 0
Parrott Pyramid -0.157 12 Parrott Pyramid 0.057 10
Panel -0.003 12 Panel -0.111 7

Cylinder -0.149 14 Cylinder -0.021 21
Circle -0.125 13 Circle -0.034 10
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Figure 1. Comparison of phenology of plum curculio activity based on captures in
commercial and unmanaged apple orchards from pyramid, panel, cylinder and circle
traps baited with a combination of benzaldehyde and grandisoic acid.
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Figure 2. Comparison of phenology of plum curculio activity based on captures in
commercial and unmanaged peach orchards from pyramid, panel, cylinder and circle
traps baited with a combination of benzaldehyde and grandisoic acid.
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Figure 3. Comparison of phenology of plum curculio trap captures and fruit injury

in

each apple orchard for all trap types baited with a combination of benzaldehyde and

grandisoic acid.
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Figure 4. Comparison of phenology of plum curculio trap captures and fruit injury in
each peach orchard for all trap types baited with a combination of benzaldehyde and
grandisoic acid.
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Figure 5. Total number of trapped females with mature ovaries, immature ovaries, and
no ovarian development based on laboratory dissections and descriptions by Smith and
Salkeld (1964). Arrows indicate when oviposition damage was first detected (and
hence, development of a second generation occurring) and when a second generation
that may soon become reproductively active, perhaps indicative of bivoltine populations,
is detected.
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PHENOLOGY AND MANAGEMENT OF THE APPLE MAGGOT
IN NORTH CAROLINA

Raul T. Villanueva and James F. Walgenbach

Mountain Horticultural Crops Research and Extension Center — Fletcher
North Carolina State University

The apple maggot (AM), Rhagoletis pomonella (Walsh), is a native insect of North
America whose original hosts were in the genus Crataegus spp. (hawthorns). However, ~ 150
years ago AM switched to introduced plants of the genus Malus (i.e. M. domestica - domestic
apple) (Filchack et al. 2002), and now occurs throughout most apple producing regions of North
America (Prokopy 1984, Bush et al. 2000). Adults oviposit eggs into fruit, and damage to apple is
the result of tunnels produced by larval feeding in the fruit. The AM has been considered a minor
pest in North Carolina, but during the 2001 apple-growing season high percentages of AM-infested
fruit were found in western North Carolina. Chen et al. (20002) in Pennsylvania suggested that the
increased importance of AM in Pennsylvania may be due to reduced use of broad spectrum
organophosphate insecticides in favor of those with a narrow spectrum of pest activity, and/or as to
the presence of abandoned orchards that act as reservoirs of AM.

Historically AM has been controlled by broad-spectrum organophosphate insecticides.
The uncertain future regulatory statutes of organophosphates has increased the need for alternative
insecticides for AM control. In addition, little is known about the life history and phenology of
AM in North Carolina, as it has previously not been an important pest in this region. Hence, in
2002 studies were conducted to learn more about the phenology and management of AM in NC.
Reported here are the results of studies to 1) monitor the emergence and flight pattern of AM flies,
2) compare the efficiency of the kaolin product Surround and, 3) to compare the efficacy of a
diversity of new insectides for control of AM.

Material and Methods
Phenology of Adult Emergence and Flight

Emergence cages and red spheres were used to monitor AM flies in commercial orchards in
Henderson County, North Carolina. Emergence cages were placed under the tree canopy in seven
apple orchards and monitored from 13 May to 25 October. Orchards selected for these studies
were heavily infested by AM in 2001, and 2 — 6 emergence cages per orchard were placed over the
soil under trees. Cages were checked twice per week between 27 May to 9 August, and once per
week after 9 August. Cages were made of a fine-wire mesh and shaped and folded conically with
a piece of wood for support and a clear glass jar on top to collect emerging AM flies. Red spheres
were hung on trees in 15 orchards, with 2 to 3 traps hung on the periphery of each orchard.
Spheres were coated with tanglefoot (Great Lakes IPM, MI). Non-baited spheres and spheres
baited with an apple essence lure consisting of butyl-butanoate, propyl-hexanoate, hexyl-
butanoate, butyl-hexanoate and pentyl-hexanoate were placed in each orchard. Traps were
checked weekly from 31 May to 1 November.



Evaluation of Surround for Control of Apple ot

A ‘Golden Delicious’ apple orchard in Henderson County, NC, was used to evaluate the
kaolin product Surround, Spintor and Guthion for control of the AM. Treatments consisted of one
rate of Surround (25 1b) sprayed at two volumes (100 and 200 gpa) and applied at 7- and 14-d
intervals, Spintor (5 oz per acre at100) applied at 7- and 14-d intervals, Guthion (2 Ib per acre at
100) applied at 14-d intervals, and a non-treated control. All plots were sprayed using an air blast
sprayer. Plots consisted of 3 trees each, and each treatment was replicated 3 times in a RCBD.
Spray dates were 8, 15,22, 29 July and 5, 12, 19 and 26 August; 7-d interval applications were
made on all dates, and 14-d interval applications made on 8 and 22 July, and 5 and 19 August.
Efficacy was evaluated by cutting fruit from the middle tree of each treatment and recording the
number of fruit with larval tunnels. Fruit were evaluated on 16 and 30 July and on 16 September;
35 fruit each from the top, lower and inside tree canopy were evaluated. Percentage of fruit
infested with AM was transformed using arcsine 0(x/100), and then subjected to a two-way
ANOVA and means separated by LSD (P < 0.05). Results are presented as back transformation
(percent damage + SEM).

Field observations of leaves and fruit after Surround sprays showed that material did not
distribute uniformly in the tree canopy. Inner leaves and fruit appeared to have smaller amounts of
Surround deposited on their surfaces compared with outer leaves and fruit. To quantify these
observations, five apples were collected from the inner and outer portion of trees from three of the
following three treatments; Surround at 100 gpa and applied at 7- and 14-d intervals and the non-
treated control. Five fruit were also collected from three ‘Delicious Golden’ trees located
approximately 20 miles from the experimental site on the Mountain Horticultural Crops Research
and Extension Center (MHCREC) at Fletcher, NC. These latter samples were collected to gauge
the amount drift onto non-treated trees at the study site. For non-treated fruit, only outer fruit were
sampled on all sample dates, except 19 July when no fruit were sampled at the MHCREC. Fruit
were collected 3 h before and 3 h after application on the dates of application, and 4 days after
treatment. All fruit were placed in labeled paper bags, placed in a cooler and immediately
transported to the laboratory. The area of apples was calculated by assuming that an apple was a
sphere. Hence, the height and width of fruit were measured with a caliber to obtain the average
radius (), and the surface (4) of apples was calculating by the formula 4 =40, Each fruit was
then brushed and rinsed with methanol into 250 ml plastic containers that were previously weight.
The residual methanol was allowed to evaporate overnight and the amount of surround was
calculated as the difference between the final and initial weight of the container. Sampling dates
were 19, 22, 26, 29 July, and 2, 5, 9,12, 16, 19 August. Data were subjected to a two-way
ANOVA, and treatment means were separated by LSD test (P < 0.05).

Large Plot Evaluation of Surround for Control of Apple Maggot

To evaluate the utility of Surround in commercial settings, large plot trials were conducted
with four growers in Henderson County, NC. At each location a 4-to-5 acre block of ‘Golden
Delicious’ apple was sprayed with Surround and compared with an adjacent block of similar size
sprayed with organophosphates (Guthion and/or Imidan). All growers made three applications of
Surround (25 Ibs per acre) at 14- to 17-d intervals between early July and mid August. Percentage
of fruit infested with AM was assessed at various intervals between July and harvest in mid
September. To assess efficacy, 5, 10 or 15 apples per tree on 5 to 10 trees per block (number
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varied with sample date) were removed, cut and examined for presence of larval tunnels. Two
orchards consisted of a diversity of tree sizes, and both large (=20 feet height) and small trees (6-8
feet) were sampled at these locations. Tree height did not vary at the two remaining locations
(Marlowe and Coston), and averaged about 15 ft.

Insecticide Efficacy Trials

A trial was conducted in a ‘Golden Delicious’ orchard to compare the insecticides Avaunt,
Spintor, Provado, Actara, Calypso, and Guthion for control of apple maggot. Spray dates were 24,
June, 8 and 22 July, and 5 and 19 August. Plots consisted of three trees, and each treatment was
replicated three times. The only other insecticide applied in these plants was Actara (4.5 oz/acre)
at petal fall (early May) to all treatments. Percentage of AM infested fruit (100 fruit per plot) was
assessed on 3 and 20 July, and 9 September. Data were collected from the middle tree of each
plot, and transformed using arcsine (0(x/100), subjected to a two-way ANOVA, and means were
separated by LSD (P < 0.05). Data are presented as back transformations.

Results

Phenology of Adult Emergence and Flight

Apple maggot flies in emergence cages and those caught on baited red spheres exhibited a
similar phenological pattern (Fig. 1); i.e., high numbers of flies between by mid July to early
August. On non-baited red spheres, a single large peak was observed on 7 June; however, 45 out
of 54 flies (= 83.3 %) were found in one orchard (Bamwell) and 41 of the flies were males.

Evaluation of Surround for Control of Apple ot

Shown in Fig. 2 is the percentage of damage in the small plot Surround study. Control
plots had the highest percentage of infested fruit, ranging between 15 to 20 % on all sample dates.
All treatments significantly reduce damage below the control on 16 July (df =7,14; F =2.81 and P
< 0.05), 30 July (df = 7,14; F = 3.14 and P < 0.05) and 16 September (df =7,14; F=7.43 and P <
0.01). The lowest percentage of infested fruits was found in the Surround 200 gpa and Guthion
treatments, with < 4% infested fruit. Also on 16 September there was a within canopy difference
in the percentage of infested fruit, with fruit from the upper canopy having a higher infestation
level than fruit from the inner and outer canopy of the lower portion (Fig.3). However, only the
non-treated and 14-d Spintor treatments showed differences in the percentage of damage between
fruit position. Both treatments showed that the upper and inner fruit had significantly higher
damage compared with outer fruit. Mean (+ SEM) percentage damage in the control was 7.0 +
0.7, 1.8 + 1.3 and 9.8 + 0.7 for inner, outer and upper fruit, respectively (df = 2,6; F = 19.47 and P
<0.01). For the 14-d Spintor treatment, damage was 2.8 £ 0.7, 0.4 + 0.4 and 2.1 = 0.0 for inner,
outer and upper fruit, respectively (df = 2,6; F = 7.8 and P < 0.05). Although this trend was also
observed in the other treatments (i.¢., highest damage was observed on either the upper or inner
fruits), differences were not significant (P > 0.05).

For all dates there were no significant differences (P > 0.05) in the amount of Surround on
fruits from the control and fruits from the MHCREC, indicating that spray drift to control trees
was negligible. However, it was apparent from field observations in the 7- and 14-d Surround
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(100 gpa) treatments, outer-canopy fruit had higher amounts of Surround than inner fruit;
indicating that Surround coverage was heterogeneous. This observation is confirmed by the
significantly higher amounts of Surround found on outer fruit compared with inner fruit on 22 July
(df=7,14; F=7.72, P <0.01), 26 July (5, 10; F = 18.60, P < 0.01), 29 July (9, 18; F=5.93,P <
0.01), 2 August (5, 10; F =6.99, P <0.01), 5 August (df =7, 14; F=5.18, P < 0.01), 9 August (df
=35, 10; F=29.21,P <0.01), 12 August (df =9, 18, F =6.84, P <0.01), 16 August (df=5, 10; F =
17.01,P <0.01) and 19 August (df =5, 10; F = 6.64, P <0.01) (Fig.4).

Large Plot Evaluation of Surround for Control of Apple Maggot

High numbers of trees without infested fruit were found in the Surround and Conventional
plots in all locations, but more damage was observed on the Surround compare with Conventional
plots (Table 1). It was also noted that in Surround plots, small trees had a lower percentage of
infested fruit compared with larger trees. The Staton orchard had the highest percentage of
infested fruit, and this damage was most abundant in upper canopy fruit, suggesting that Surround
was not uniformly sprayed on trees. It was apparent from observations that the upper canopy of
large trees received smaller amounts of Surround than the lower canopy, and this may explain the
lower AM infestations on small trees that were uniformly covered by the spray. At all locations,
damage was generally lower during the final assessment in September compared with assessments
in July and August, suggesting that most of the damage occurred early in the season.

Insecticide Efficacy Trials

Apple maggot pressure was very high in this insecticide trial, with >60 % of non-treated
fruit infested with AM (Table 2). Among the insecticide treatments, Avaunt and Spintor had the
largest percentage of AM infested fruit, while Provado, Guthion and Calypso provided excellent
control (J 10% damage). At this study site (Lancaster orchard), AM flies appeared to emerge later
in the season based on the fact that virtually no damage was detected on samples in 3 and 20 July,
but on 16 September damage was very high. There were no differences in the level of AM
damage from fruit in the upper vs. lower canopy (P >0.05).

Discussion

The unbaited red spheres had peak numbers of AM flies during the first week of June,
whereas the baited red spheres and emergence cages peaked between mid-July and early August
(Fig. 1). These two different peaks may suggest two distinct emergence patterns of AM flies, one
emerging in June and other in July and August. This bimodal emergence is also supported by the
timing of fruit damage in the small plot Surround and insecticide trial; there was very little damage
in the Surround study after July, whereas in the insecticide study there was virtually no damage
until August and September. A bimodal emergence pattern has been reported in other Dipteran
pests. Walgenbach et al. (1993) and Biron et al. (1998) studied the cabbage maggot, Delia
radicum (L.) (Diptera: Anthomyiidae) and reported that the F1 progeny from crosses between
early- and later- emerging flies were genetically controlled and that the phenomenon was
independent of the diapause period. These apparent differences in the emergence of AM from
different orchards warrants further studies on the phenology of AM in North Carolina orchards.

In both small and large plot trials, Surround appeared to be effective in preventing AM
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infestations. In the small plot Surround trial, none of the Surround treatments significantly
differed (P > 0.05) from Guthion at harvest, but they were significantly better than the non-treated
control (Figs. 2 and 3). Similarly, in large plot studies Surround generally provided comparable
control to organophosphate insecticides (Table 1). In the Surround trials, most of the AM damage
appeared in upper canopy fruit (Table 1 and Fig 3) where there was poor coverage of Surround.
This heterogeneous coverage was noticed on regular visits to study sites, and was corroborated
with higher residual amounts of Surround on fruit in the outer compared with inner canopy (Fig.
4). The loss of Surround on the fruit surface between spray intervals was minimal, probably due to
the few rainfall events that occurred during this trial in North Carolina. Rain is probably the most
important factor in the loss of residual Surround from fruit surfaces.

The neonicotinoids Calypso and Provado provided excellent control of AM in small plot
studies (0 10%). Actara, also a neonicotinoid, along with Avaunt and Spintor all had > 30%
infested fruit. These studies have demonstrated that there are a number of alternatives to
organophosphate insecticides for managing AM in North Carolina apples, including the use of the
kaolin product Surround and a number of reduced-risk neonicotinoids. To develop a cost-effective
AM management program, additional studies are needed on the phenology of AM in North
Carolina and the efficacy of different rates of products.
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Table 1. Mean (x SEM) percentage of apples infested with apple maggot in Surround and
conventionally sprayed plots. Henderson County, NC. 2002

% Damage
Inner Outer Upper
Location Date Treatment Tree Size Canopy Canopy Canopy Total
Staton 15-Jul  Surround Large 0 2020 - 0.7+0.7
Conventional Large 0 0 - 0
31-Jul  Surround Large 40+4.0 0 4040 27x13
Small - - - 0
Conventional Large 0 0 - 0
120+ 280+ 146+
14-Aug  Surround Large 49 40+£4.0 14.5 7.1
Small - - - 40+4.0
Conventional Large 0 0 40+40 1313
240 % 10.7+
21-Aug  Surround Large 40+40 80x49 11.7 6.7
Small - - 0
12-Sep  Surround Large 1.7+1.0 0 1.7+13 1106
Small - - 0
Conventional Large - 0 20£20 1010
Mr Ed 15-Jul  Surround Large 40+40 40£40 - 40=0
Conventional Large 0 0 0 0
14-Aug  Surround Large 0 0 0 0
Small - - - 0
Conventional Large 0 0 120+ 80 4.0x40
21-Aug  Surround Large 0 0 0 0
Small - - - 0
Conventional Large 0 0 0 0
12-Sep  Surround Large 2013 4016 3.0%21 1106
Small - - 0
Conventional Large 0 1.0+1.0 0 03x03
Marlowe 14-Aug  Surround Large 0 0 0 0
Conventional Large 0 0 4040 13%13
21-Aug  Surround Large 0 0 0 0
Conventional Large 0 0 0 0
Coston 31-Jul  Surround Large 0 0 0 0
Conventional Large 0 0 0 0
12-Sep  Surround Large 0 0 2013 07+07
Conventional Large 0 0 0 0
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Table 2. Insecticide rates and mean (= SEM) percentage of infested fruit with AM.

Insecticide Rate 3 July 3 July 16 September
Avaunt 6.0 oz/acre 0 Oa 43.0 = 13.0ab
SpinTor 6.0 oz/acre 0 Oa 57.0 £ 14.0ab
Provado 6.0 oz/acre 0 0a 10.0 = 3.5¢d
Actara 4.5 oz/acre 0 2.7+ 1.33a 33.7+ 5.0bc
Calypso 4.0 oz/acre 0 0a 53+2.8d
Guthion 2.0 Ib/acre 0 Oa 8.0%3.7d
Control - 0 Oa 63.3+9.0a

Means within columns followed by the same letter are not significantly different by LSD (P =

0.05).
4 0.26
351 m
oY Cages . Loz
34 % —&— Without Bait
g —o—With Bait
i ®
g
261 ; 0155
¥ 2
al =
2+ i =
i <
AM % {04
16+
-',i.
§
5 4 0.0
B
0.6 1 -
3
4]
] -0

10-May

31 21-Jun 123Ju

Figure 1. Mean numbers of apple maggot flies on red spheres with and without bait and on

cages on 2002.
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Not for Citation or Publication
Apple (Malus domestica ‘Rome Beauty’) J. W. Travis, K. D. Hickey,
Fire blight blossom blight; Erwinia amylovora N. O. Halbrendt, E. S. Anderson,
and S. B. Jarjour
PSU Fruit Research and Extension Center
290 University Drive, POB 330

Biglerville, PA 17307-0330

FIRE BLIGHT BLOSSOM BLIGHT INCIDENCE ON ‘ROME BEAUTY’ APPLE TREATED
WITH BACTERICIDES IN 2002: Efficacy of bacterial treatments for blossom protection were evaluated
in a mature block of ‘Rome Beauty’/seedling trees planted 25 X 30 ft and pruned to a height of 12 ft.
Treatment plots were single trees arranged in a randomized complete block design with four replicates.
Dilute sprays were applied to the point of run-off with a high pressure sprayer equipped with a nine-
nozzle boom and operated at 400 psi. All treatment plots, except the nontreated-1, were sprayed with
fixed-copper (COCS 75 WDG 3.0 1b/100 gal) at green-tip and half-inch green growth stages. Treatment
applications were made on 23 Apr (90-100% bloom) and 27 Apr (one-day post-inoculation as shown in
the table). Following the spray treatments ten blossom clusters per replicate were marked and all
blossoms on each inoculated with a suspension of a one-day-old culture of E. amylovora (1 x 10° cfu/ml).
Blossoms were inoculated by swabbing flower parts with a cotton swab after being dipped in the
inoculum suspension. Temperature at the time of inoculation (3:00-4:00 PM) was 59° F. The mean and
maximum temperatures for the three days after inoculation were 46° F and 63° F, respectively.
Observations for necrosis on flower parts (usually 5 blossoms per cluster) and shoots were made on 20

May. Data obtained were analyzed by analysis of variance using appropriate transformations and the
Fisher Protected LSD Test (P<0.05) for significance among treatments.

Low temperatures at the time of inoculation and for three days following were unfavorable for rapid
development of the fire blight pathogen. Necrosis of the floral parts (anthers and pistils) developed on 90
percent of the nontreated and inoculated blossoms, but shoot blight developed only on a few inoculated
blossom clusters (Table 3). The mean maximum temperature of 61° F for the three days following
inoculation was high enough for infection of floral parts, but too low for shoot blight development on this
moderately susceptible cultivar. The GWN 9200 10W and Agrimycin 17W treatments provided blossom
protection significantly better than the nontreated. Serenade WPO (QRD 137) used alone was not
significantly different from the nontreated. The combinations with Agrimycin provided significant control
which may have been due to the antibiotic. COCS 75WDG 4.0 0z/100 gal did not provide significant
protection in this test.
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Table3 . Percent ‘Rome Beauty’ Blossoms Infected After Treatment With Bactericides and Inoculated with

Erwinia amylovora in 2002,
Application ire Blight o [;
Treatment and Rate/100 gal Timing Avg. no/cluster  Percent inf. Blossoms

1. Nontreated - 1 - 45.cd 89.0d
2. GWN 9200 10W 2.09 Ib (250 ppm) 70-90%B  .......... 34ab 67.4 ab
3. GWN 9200 10W 3.10 Ib (375 ppm) 70-90%B  .......... 4.2 bed 83.0 bed
4. GWN 9200 10W 4.17 Ib (500 ppm) 70-90%B  .......... 33ab 65.8 ab
5. Agrimycin 17W 7.9 oz (100ppm) 70-90% B 3.6 abc 72.5 abc
6. COCS 7SWDG 4.0 0z 70-90%B  .......... 46d 91.8d
7. Serenade WPO (QRD 137)2.01b 70-90%B  .......... 43cd 86.9 cd
8. Serenade WPO (QRD 137)2.01b 70-90% B

Agrimycin 17W 7.9 oz (100 ppm) 100% B (1daPI) ...... 348 68.5 ab
9. Agrimycin 17W 7.9 oz (100 ppm) 70-90% B

Serenade WPO (QRD 137)2.01b 100% B (1daPl) ...... 32a 64.0a

10. Nontreated - 2 . e 46d 90.0d

Means marked with the same letter(s) are not significantly different according to the Fisher Protected

LSD Test (P < 0.05).

Not for Publication
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Not for Citation or Publication
Apple: Malus x domestica (‘Delicious’,) J.W. Tﬁvis, K. D. Hickey,
‘Golden Delicious’, ‘Rome Beauty”) N. O. Halbrendt, E. S. Anderson,
Apple scab; Venturia inaequalis and S. B. Jarjour
Cedar-Apple rust; Gymnosporangium juniperi-virginianae PSU Fruit Res. and Extension Ctr.
Powdery mildew; Podosphaera leucotricia 290 University Dr., POB 330
Flyspeck; Zygophiala jamaicensis Biglerville, PA 17307

Sooty blotch; disease complex
White rot; Botryosphaeria dothidea

EVALUATION OF MANA-131 FOR DISEASE MANAGEMENT ON APPLE IN 2002: The test
was conducted in a 27 year-old semi-dwarf experimental orchard planted 15 x 35 ft and pruned to a height
of 12 ft. Apple scab inoculum was low due to previous drought conditions and powdery mildew and
cedar-apple rust levels were moderate. Inoculum for the summer disease complex (sooty blotch,
flyspeck, and fruit rot) was moderately low. Experimental plots consisted of one tree each of three
cultivars planted sequentially along the row. The experimental design was a randomized complete block
with four replicates. One plot (three trees) on each side of the treated plots was left untreated.
Fungicides were applied as dilute sprays to the point of run-off at 3.75 gal /tree (300 gal/A) with a high
pressure sprayer equipped with a 9-nozzle boom and operated at 400 psi. Spray applications were made
as follows: 18 Apr (tight-cluster), 30 Apr (petal-fall), first through the seventh cover sprays on 16, 28
May, 12, 25 Jun, 12, 23 Jul, and 12 Aug, respectively. Environmental parameters near the test block were
recorded hourly with a Campbell Scientific and Meteos Weather Stations. Disease incidence for apple
scab, powdery mildew, and apple rust on ‘Rome Beauty’ leaves was recorded on 19 Jun by observing all
leaves on each of 10 non-fruiting vegetative terminals per replicate. Disease incidence on fruit at harvest
(2-3 Oct) was obtained by examining 100-fruit per replicate from ‘Delicious’ and ‘G. Delicious’ trees.
Data obtained were analyzed by analysis of variance using appropriate transformations and significance
among treatment means determined by the Fisher Protected LSD Test (P<0.05).

Apple scab incidence in this test was less than 1.0 percent on leaves and fruit of nontreated trees,
Mana-131 830WDG treatments provided poor control of powdery mildew, as expected, but the level was
significantly different from the nontreated and similar to the Ziram standard (Table 2). Similarly, these
treatments significantly reduced the level of apple rust on ‘Rome Beauty’ leaves, but the level of control
was significantly lower than the Ziram standard. The incidence of sooty blotch, flyspeck, and white rot
on nontreated fruit of ‘Golden Delicious’ was 23.5, 65.0, and 8.5 percent, respectively. All treatments
provided significant control of these diseases and produced ro phytotoxicity to leaves or fruit.
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Table 2 .  Disease Incidence on Apple Treated with Captan Formulations Applied Dilute in 2002.

Percent Leaves Infected Percent Fruit Infected
——Rome Beauty’ ‘Golden Delicious®

rh—? = 3 I g

—a T3 T3

l_“—g Fj

:—'——3 r—q

Fungicide and Rate/100 gal P. Mildew A Rust S. blotch Flyspeck White rot
L. Nontreated 59.7d" 29.0d 2350 65.0b 85b
2. Mana-131 80WDG 20.0 oz 50.1ab 23.0¢ 05a 10a 20a
3. Mana-131 80WDG 10.0 0z 53.6bc 2220 07a 5.la 21a
4. Captan 50W2.01b 484 a 22.3bc 00a 03a 15a
5. Captan50W 1.01b 564cd 24.1c 00a 0.4a 1.7a
6.  Ziram Granuflo 7SWDG20Ib  ........... 33.7bc 109a 05a 19a 24a

Means marked with the same letter (s) are not significantly different according to the Fisher Protected LSD Test

(P <0.05).

Not for Publication
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Not for Citation or Publication
Apple: Malus x domestica (‘Cortland’, ‘Delicious’, J. W. Travis, K. D. Hickey,
‘Golden Delicious’, ‘Rome Beauty’ N. O. Halbrendt, E. S. Anderson,
Apple scab; Venturia inaequalis and S. B. Jarjour
Cedar-Apple rust; Gymnosporangium juniperi-virginianae PSU Fruit Research and Extension Citr.
Powdery mildew; Podosphaera leucotricia 290 University Dr., POB 330
Frog-eye leaf spot; Botryosphaeria obtusa Biglerville, PA 17307-0330
Sooty blotch; disease complex
White rot; Botryosphaeria dothidea

Fruit finish on ‘Golden Delicious’

APPLE DISEASE INCIDENCE ON SEMI-DWARF TREES SPRAYED WITH DILUTE
FUNGICIDE SPRAYS IN 2002: Seasonal fungicide spray programs were evaluated for efficacy against
early- and late-season diseases. In the test orchard inoculum levels for powdery mildew and the summer
disease complex were moderate while apple scab was very low due to drought conditions during the past
two years. Dilute sprays were applied seasonally in a 17-year-old semi-dwarf experimental orchard
planted 10’ X 35°. Experimental plots consisted of one tree each of five cultivars and were separated by a
50 ft space between plots. The experimental plots were arranged in a randomized complete design with
four replicates. Adjacent rows to the sprayed trees were nontreated and served as buffers against spray
drift. Sprays were applied dilute to complete wetness at 3.75 gal/tree (300 gal/A.) with a high pressure
sprayer equipped with a nine-nozzle spray boom and operated at a manifold pressure of 400 psi.
Application dates and growth stages were: 17 Apr (tight-cluster), 24 Apr (bloom), 6 May (petal-fall), first
through the seventh cover sprays on 16, 29 May,13, 27 Jun, 12, 29 Jul, and 13 Aug, respectively.
Orchard environmental conditions were measured hourly with Campbell Scientific and Meteos Weather
Stations. Incidence of apple scab, apple rust, and powdery mildew on leaves of ‘Rome Beauty’ were
recorded on 19 Jun by observing all leaves on 10 non-fruiting vegetative shoots per replicate. Incidence
of frog-eye leaf spot was recorded similarly on ‘Cortland’ on 3 Jul. Disease incidence on fruit was
recorded at harvest (25 Sep, G. Del. and 4 Oct, Del.) on 100 fruit per replicate. Fruit russeting on ‘G.
Del’. was determined for the treatment sprayed with copper by the Barratt-Horsfall rating scale on 20
fruit/replicate. Data obtained were analyzed by analysis of variance using appropriate transformations
and significance between treatment means determined by the Fisher Protected LSD Test (P<0.05).

Scab incidence on leaves of nontreated ‘Rome’, ‘G. Del.’, and ‘Del’ was 2.6, 2.6, and 7.0 percent,
respectively. No scab was found on fruit treated with any of the fungicide treatments. Long intervals
between rains and high relative humidity between bloom and second cover were favorable for mildew
development with 57 and 68 percent incidence on the two non-treated checks, respectively (Table 1). All
fungicide treatments provided significant control as compared to the nontreated. Treatments containing
Sovran 50W , Flint 50W or BASF 516UD F provided excellent control of mildew and were equal to or
better than the Nova standard. Control was significantly improved in treatments where Sovran 50W was
used in the tight-cluster and first cover sprays and Procure 4SC/ Dithane used in the bloom and petal fall
sprays. Cuprofix Dispess 20DF gave only fair mildew control and produced necrotic spotting on 84 and
54 percent of leaves on ‘G. Del.” and ‘Del’, respectively. Fruit russeting on ‘G. Del’ was 83 percent at
harvest. Incidence of cedar-apple rust on most treatments was similar to the standard. Leaf infections of
Frog-eye leaf spot on ‘Cortland’ leaves occurred between pink and third cover and all fungicide
treatments provided significant control compared to the non-treated. BASF 516UD F gave excellent
control compared to the Nova 40W / Dithane DF standard. All fungicide treatments, except Ziram

Granuflo 75WDG 1.7 1b/100 gal, used alone in the 3rd through 7th cover sprays, provided significant
control of the summer disease complex.
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Table | .  Disease Incidences on Leaves or Fruit of Apple Trees Treated With Fungicide Programs Applied Dilute in 2002.

Percent Leaves Infected

. ‘Rome Beauty’ ‘Cortland® Percent ‘G, Del.’ Fruit Infected
Fungicide and Rate/100 Gal Applic. Timing P.Mildew A.Rust Leaf Spot S. blotch Flyspeck  White rot
I.  Nontreated - I 68.2h" 246e 329¢€ 290b 368bc  4.8de
2.  Scalad40SC34floz TC
Scala40SC23floz+
Nova 40W 0.8 0z B,PF, 1C
Captan 50W2.01b 2C-7C 433 ¢ef 0.2ab 146d 03a 13a 38cde
3.  Rubigan lIE2.7floz +
Dithane DF 7SWDG 1.0 Ib TC,B, PF, IC, 2
Ziram Granuflo 75WDG 1.7 1b 3C.7C 4521 0.2 ab 11.7cd 1.5a 5.0ab 25ad
4. Novad0W 1.70z+
Dithane DF 7SWDG 1.0 1b TC,B, IC
Flint S0OW 0.50z +
Ziram Granuflo 75WDG 1.0 1b PF, 2C, 3C
Ziram Granuflo 7SWDG 1.5 Ib 4C, 5C
Ziram Granuflo 7SWDG 1.0 1b +
Topsin-M 70W 4.0 oz 6C,7C .., 25.6ab 0.1la 10.6 cd 00a 20a 23ad
5.  Sovran 50W .00z +
Ziram Granuflo 7SWDG 1.0 1b TC,B, 2C, 3C
Nova 40W 1.7 0z +
Dithane DF 75WDG 1.0 1b PF, 1C
Ziram Granuflo 7SWDG 1.5 1b 4C, 5C
Ziram Granuflo 7SWDG 1.01b +
Topsin-M 70W 4.0 oz 6C,7C 210a 00a 5.7ab 1.0a 1.3a 1.0ab
6. BASFS5I6UDF38W6.30z TC,B, PF, 1C, 2C
Ziram Granuflo 75WDG L5 Ib 3C,4C, 5C
Ziram Granuflo 7SWDG 1.0 1b +

Topsin-M 70W 4.0 oz 6C,7C 204a 0.8ab 30a 00a 08a 05a



Table I (cont.) .  Disease Incidences on Leaves or Fruit of Apple Trees Treated With Fungicide Programs Applied Dilute in 2002.

P Leaves Infe
‘Rome Beauty’ ,‘Cortland’

Percent ‘G, Del.’ Fruit Infected

Fungicide and Rate/100 Gal Applic. Timing P.Mildew  A.Rust Leaf Spot S. blotch Flyspeck wirot
7. Sovran 50W 1.33 0z TC, IC
Procure SOWS 3.33 oz +
Dithane DF 75WDG 1.5 1b B,PF
Ziram Granufto 7SWDG 1.51b 2C,3C,4C, 5C
Ziram Granuflo 7SWDG 1.0 1b +
Topsin-M 70W 4.0 0z 6C,7C eveerrerinean, 37.2cd 46¢ 108 cd 05a 33a 1.5ab
8.  Sovran 50W 1.33 0z TC, IC
Procurc 4SC3.33 floz +
Dithane DF 75WDG 1.0 Ib B, PF
Ziram Granuflo 75WDG 1.5 b 2C, 3C, 4C, 5C
Ziram Granuflo 75WDG 1.0 Ib +
Topsin-M 70W 4.0 oz 6C,7C  ................ 42.3 def 56¢ 15.1d 03a 18a 1.3 abc
9.~ Cuprofix Disperss 20DF 3.33 lb TC
& Cuprofix MZ30 42DF 2.0 Ib +
Microthiol Disperss 80DF 1.01b B,PF, 1C, 2C
Cuprofix Disperss 20DF 1.67 Ib 3C,4C, 5C, 6C, 7C 379de 20b 20.1¢ 00a 08a 60¢
10. Novad40W 1.330z+
Dithane DF 75WG 1.0 Ib TC,B,PF, I1C, 2C
Sovran 50W 1.0 0z 3C,4C,5C
Ziram Granuflo 7SWDG 1.0 b +
Topsin-M 70W 4.0 0z 6C,7C 239a 00a 86bc 05a 20a 23ad
Il Syllit 65W 10.0 0z TC
Nova 40W 1.33 0z +
Dithane DF 7SWDG 1.01b B, PF, IC, 2C
Ziram Granuflo 7WDG 1.67 Ib 3C,4C,5C
Ziram Granuflo 7SWDG 1.0 b +
Topsin-M 70W 4.0 0z 6C,7C et reetres 31.6be 02ab 59ab 03a 08a 25ad
12. Nontreated - 2 574¢g 2224 36.0f 31.0b 335¢ 33be
*  Means marked with the same letter(s) are not significantly different according to the Fisher Protected LSD Test (P < 0.05).
Not for Publication
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SUMMER DISEASE MANAGEMENT WITH NEW FUNGICIDES

Turner B. Sutton, Osama Anas, Jean Harrison, Charles Thayer
Department of Plant Pathology
North Carolina State University
Raleigh, NC 27695

For the past 30 years the control of summer diseases of apples has relied on captan,
benzimidazole fungicides, and dithiocarbamate fungicides, often applied in combination with
one another. Restrictions on the use of the ethylenebisdithiocarbamtes, withdrawal of products
from he marketplace (Benlate, Dikar), and concerns over the use of some fungicides
(benzimidazoles, dithiocarbamates, captan) by buyers has provided the opportunity for new
chemistries to be developed and used in the summer disease control program. Of the new
fungicides that have been evaluated over the past 5 years, the strobilurin or Qol fungicides have
the broadest spectrum of activity. Their use is however limited to four applications/year, a
limitation that was imposed as a resistance management strategy, primarily for apple scab. They
have especially been useful for the control of Alternaria blotch on Delicious, for which there is
no alternative, and late season control of sooty blotch and flyspeck. This report focuses on trials
established to evaluate the efficacy of two new strobilurin fungicides which are being tested as a
prepack combination: BAS516 (pyraclostrobin + boscalid) and KQ667 (fomoxate + mancozeb).
Additionally the report summarizes trials with growers who used Cuprofix Disperss for summer
disease control on Rome apples destined for processing.

Fungicide trials on Delicious and Golden Delicious, 2002. Fungicide treatments were
applied to 12-yr-old Delicious and Golden Delicious trees at the Central Crops Research Station
with an airblast sprayer at 225 gpa. Each treatment was applied to two five-tree groups of each
cultivar and data were taken from the second and fourth trees within each group. Treatments
were applied on 5 (pink), 12, 19, and 26 Apr, 7, 16, and 28 May, 7, 17, and 27 Jun, 8, 18, and 29
Jul and 8 Aug. Only BAS516 and KQ 667 were evaluated for cedar apple rust control. The
incidence and severity of cedar apple rust was determined on 30 May by visually examining all
leaves on 10 terminals selected arbitrarily from each Golden Delicious record tree. Bitter rot
incidence was determined at harvest on 21 Aug by examining all drops and counting the number
of fruit with bitter rot symptoms in the tree.

The early part of the growing season was extremely dry with 0.53, 1.16, and 1.03 in. rain in
Apr, May, and Jun, respectively. Rainfall was slightly above normal in Jul (6.75 in.) with 3.46
in. occurring from 24 to 26 Jul. Although there was very little rain in Apr and early May, cedar
apple rust developed extensively in the orchard. The Nova 40W standard provided excellent
control (Table 1). BAS 516 and KQ 667 significantly reduced the amount of cedar apple rust
compared to the check, but were significantly less effective than Nova. Extensive bitter rot
developed following rains in the latter part of Jul. BAS 516 and KQ 667 showed very good
bitter rot activity and were numerically, though not statistically, better than the captan-based
standard. Flint, when applied in the last three sprays, provided better bitter rot control on Golden
Delicious than Sovran, applied according to the same schedule.
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Table 1. Results of fungicide trials on Delicious and Golden Delicious at the Central Crops
Research Station, 2002.

Cedar apple rust” Bitter rot (fruit affected %)
Leaves affected Golden
Treatment and rate/acre (%) Severity’ Delicious  Red Delicious

BAS 516 UDF 142 0z gt-9C ................... 33.2v° 2.02b 2.7d 11.2¢
KQ 667 68.75 WG 32,0 0z gt-9C.............. 27.2b 1.98b 3.4cd 13.8de
Nova 40W 5.0 oz gt-pf; Captan
S0W 6.0 Ib + Benlate 50 W 8 0z
TC-9C ..ttt eeneens S5.4c 1.15¢ 6.1cd 20.9cde
Nova 40W 5.0 oz gt-pf,
Captan 50W 6.0 1b 1C-9C..............ccocn....... - - 13.2bc 28.7bc
Nova 40W 5.0 oz gt-pf; Captan
50W 6.0 Ib 1C-6C; Flint SOW 3 oz
TCGC .ttt re s - - 6.8cd 26.4bcd
Nova 40W 5.0 oz gt-pf;, Captan
50W 6.0 Ib 1C-6C; + Sovran 50 W
6.40ZTCOC.......eeeeeerectecreeeererreeenne - - 20.9b 39.3b
Mana 131 80W 3.75Ib.....ccoeeenercverennnne - - 6.6cd 16.7cde
ChECK.....ceitirereeeeeeeeereccaesrenanes 75.3a 2.34a 58.5a 82.7a

* Golden Delicious only.

¥ Severity of cedar apple rust: 0 = 0 lesions/leaf; 2 = 6-20 lesions/leaf: 3 => 20 lesions/leaf,
# Means within the same column followed by the same letter are not significantly different at P
= (.05 as determined by the Waller-Duncan k-ratio t-test.

Disease control on Delicious and Golden Delicious in the mountains, 2002. Fungicide
treatments were applied with a an airblast sprayer at 225 gpa to 24-yr-old Delicious and Golden
Delicious trees located at the Mountain Horticultural Crops Research Station, Fletcher, NC.
Each treatment was applied to two groups of five trees and data were taken from the second and
fourth trees within each group. Treatments were applied on 27 Mar (green-tip, gt), 2, 11, 18 and
24 (petal fall, pf) Apr, 6 and 20 May, 3 and 17 Jun, 1, 15, and Jul, and 13 and 28 Aug. Data on
the incidence of powdery mildew were taken on 24 May by examining the eight youngest
expanded leaves on 10 terminals selected arbitrarily from each record tree of Golden Delicious.
The incidence and severity of Alternaria blotch was determined by examining all leaves on four
terminals, selected arbitrarily, from each Delicious tree on 13 Aug. The percent defoliation
associated with necrotic leaf blotch of Golden Delicious was determined on 18 Sept by visually
estimating the percent defoliation on each record tree. Data on the incidence and severity of

fruit diseases were taken at harvest on 10 Sept by examining 25 fruit selected arbitrarily from
each tree.

Although Apr was very dry, conditions were favorable for powdery mildew and 32% of the
leaves were infected in the check. BAS 516 and the early-season Nova + mancozeb program

provided very good control of powdery mildew (Table 3). KQ 667 did not demonstrate much
mildew activity. The summer growing season in general was very dry with only 3.7 in. of rain
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occurring from 1 Jul-10 Sep. However wet weather in Jun (5.76 in.) was conducive for Brooks
spot and black pox and dews in Aug and early Sep were favorable for sooty blotch and flyspeck
(Table 2). As a result of the dry weather, Alternaria blotch was light and only 61% of the leaves
were affected at harvest (Table 3). BAS 516 and KQ 667 provided very good control. BAS516,
KQ 667, and the captan and captan + Benlate standards provided good control of Brooks spot
and black pox under high disease pressure. These same treatments, except for the captan alone,
provided good sooty blotch and flyspeck control. BAS 516 and KQ 667 provided good
suppression of necrotic leaf blotch on Golden Delicious (Table 3). Surprisingly little necrotic
leaf blotch developed in the captan-sprayed plots. Captan typically doesn’t provide any
suppression of the disorder. It is also unusual that a non heavy metal containing fungicide such
as BAS516 provided any suppression of necrotic leaf blotch.

Table 2. Results of fungicide trials on Golden Delicious in the mountains, 2002.

Percent fruit affected (Golden Delicious)

Brooks
Treatment and rate/acre Black pox spot Sooty blotch  Flyspeck  Severity*
BAS 516 UDF 189 0z gt-8C ................. 0.0b** 0.0b 23.0d 12.0d 4.5bc
KQ 667 68.75 WG 32.0 oz gt-5C;
Captan 50W 6.0 b + JE 874 WG
60Z6-8C ...ttt 2.0b 1.0b 36.0cd 27.0cd 3.1bc
KQ 667 68.75 WG 40.0 oz gt-5C;
Captan 50W 6.0 1b + JE 874 WG
6 0Z6-8C....eee e, 4.0b 1.0b 58.0bc 45.0c 5.0bc
KQ 667 68.75 WG 48.0 oz gt-5C;
Captan S0W 6.0 1b + JE 874 WG6
0Z6-8C ......ooeereeererectrenetrenererenrenennns 0.0b 0.0b 34.0b 12.0d 2.7bc
Dithane Rainshield 3.0 1b gt-5C;
Captan SOW 6-8C........cccecemevrnerrrraerenns 0.0b 0.0b 63.0d 51.0b 6.1b
Nova 40W 5.0 oz + Dithane
Rainshield 3.0 Ib gt-pf: Captan
50W 6.0 1b + Benlate 50W 8 oz
TC-8C ...t rre e neaesensases 4.0b 0.0b 13.0d 8.0d 2.5¢
Check.......ooeeeereeiree e 70.0a 81.0a 100.0a 100.0a 54.4a

* Percent fruit surface area covered with sooty blotch and flyspeck
** Means within the same column followed by the same letter are not significantly different at P
=0.05 as determined by the Waller-Duncan k-ratio t-test
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Table 3. Results of fungicide trials on Delicious and Golden Delicious in the mountains, 2002.

Golden Delicious Delicious
Powdery Alternaria blotch
mildew Necrotic leaf
leaves affected blotch Leaves affected
Treatment and rate/acre (%) ‘defoliation (%)] (%) Severity*
BAS516 UDF 1890z gt-8C................. 3.1d** 0.0b 5.0b 0.5ab
KQ 667 68.75 WG 32.0 oz oz gt-
5C; Captan S0W 6.0 1b + JE 874
WG 60z6-8C......oeeeeeveeeereeereennnn 22.2bc 2.5b 4.9b 0.43b
KQ 667 68.75 WG 40.0 oz gt-5C;
Captan S0W 6.0 Ib + JE 874 WG
6 0Z6-8C....eeeeeeeeeeeeeeeeee e 55.9a 7.5b 16.0b 0.81ab
KQ667 68.75 WG 48.0 oz gt-5C;
Captan SOW 6.0 Ib + JE874 WG 6
0Z6-8C ...t e e 27.5¢d 3.8b 8.7b 0.76ab
Dithane Rainshield 3.0 Ib gt-5C;
Captan SOW 6-8C.......ccooovevueeeeerrecrenennn. 9.1d 6.25b 58.3a 1.19a
Nova 40W 5.0 oz + Dithane
Rainshield 3.0 Ib gt-pf; Captan
S50W 6.0 1b + Benlate 50W 8 oz
LC8C ...t ee e 444 11.3b 50.2a 0.99ab
ChECK........coevveeerireeeeeerereeeeereeeenns 32.0b 37.5a 61.0a 1.05ab

* Severity of Alternaria blotch: 0 = 0 lesions/leaf: 1 = 1-3% surface area covered with lesions;
2=4-6%; 3 ="7-12%; 4 = 13-25%.

** Means within the same column followed by the same letter are not significantly different at P
= 0.05 as determined by the Waller-Duncan k-ratio t-test.

Evaluation of Cuprofix Disperss within the context of a reduced risk IPM program —
2002. In August of 2001 Cuprofix Disperss was registered for use on apples for summer disease
control at 4 — 10 Ib/acre. If Curofix Disperss could be used safely and provided acceptable
disease control, then it would be a low cost alternative for processing growers and would provide
the opportunity to reduce residues of some conventional fungicides which are concerns to
processors. In 2001 Cuprofix Disperss was evaluated in four blocks of Rome, using either one
or two sprays at 6.0 Ib/acre beginning in late Jul to early Aug, followed by two sprays of Sovran
or Flint. It provided good disease control but, in most blocks there was some speckling of fruit
(especially on Law Romes) and there was some leaf spotting and defoliation. The defoliation

was most pronounced on weak trees and one block of older weak Romes experienced
approximately 25% defoliation.

In 2002 the protocol was revised to lower the rate of Cuprofix Disperss to 2 lb/acre and
combine it with Microthiol Disperss at 3.0 Ib/acre in either one or two sprays (Table 4).
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Table 4. Application schedule for Cuprofix Disperss + Microthiol Disperss, 2002.

Approximate | one spray | two sprays | grower standard
date (conventional)
July 1 captan captan captan

July 15 captan Cuprofix captan

Aug 1 Cuprofix | Cuprofix captan

Aug 15 Flint Flint Flint

Sept 1 Flint Flint Flint

Cuprofix Disperss treatments were applied to blocks identified as: Henderson, Marlowe,
and Staton/Horse. Because of an application error, only one Cuprofix Disperss treatment was
applied in the Staton/Horse block. Very little injury was observed in either the Marlowe or the
Staton/Horse block. This injury appeared as a slight leaf purpling and specking and the lenticels
on some fruit were prominent. In the Henderson orchard there was pronounced fruit specking
and some purple spotting and some marginal necrosis on many leaves. However there wasn’t
any defoliation. It is not clear why the injury occurred in this block and closer inspection of

weather and application records is warranted.

Harvest data were taken on 22-29 Sep by examining 600 fruit/orchard in the Henderson
and Staton/Horse blocks and 500 in the Malowe block. Approximately 30 fruit were selected
arbitrarily from each of 20 trees/block. Data are reported from blocks receiving either one or
two Cuprofix Disperss treatments collectively. Disease control achieved in the
Cuprofix/Microthiol Disperss plots was as good as or better than that achieved in the
conventionally sprayed plots. One-half percent bot rot was observed in the Henderson Cuprofix
Disperss plot and 0.8% was observed in the conventionally sprayed block. Only one fruit with
black rot was observed in any blocks and no bitter rot was observed. Similarly no black pox or
Brooks spot was observed. Sooty blotch and flyspeck did develop in the blocks with over 60%
of the fruit affected in the Staton/Horse conventionally sprayed plot (Table 5)

Table 5. Severity of sooty blotch and flyspeck in blocks of Rome sprayed with Cuprofix

Disperss + Microthiol Sulfur or with captan in the 6™ and 7™ cover sprays.

Block SB/FS 1* SB/FS 2 SB/FS 3
(%fruit affected) (% fruit affected) (% fruit affected)

Henderson Cuprofix 0.7 0 0

Henderson Standard 0 0 0

Marlowe Cuprofix 9.4 0.4 0

Marlowe Standard 34.8 0.4 0

Staton Cuprofix 0.7 0 0

Staton Standard 50.3 10.1 1.8

* Sooty blotch and flyspeck severity. SB/FS1=1-5% surface area affected; SB/FS2 = 6-10%
surface area affected; SB/FS3=11-20% surface area affected.
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MANAGEMENT OF FIRE BLIGHT ON APPLE: EFFICACY OF GWN-9200

Norman Lalancette', Kathieen Foster', and Tom Frieberger?
Rutgers Agricultural Research and Extension Center', Bridgeton, NJ
Rutgers Fruit Research and Extension Center?, Cream Ridge, NJ

Successful management of fire blight on susceptible apple cultivars is dependent on
the proper integration of three factors: (i) sound orchard management practices; (ii)
reduction of inoculum; and (iii) prevention of infection by timely application of
bactericides. Available bactericides are the antibiotic streptomycin and copper-based
materials. The copper bactericides, however, are phytotoxic to apple, limiting their use
to very early season (silver-green tip).

When used properly, streptomycin (Agri-mycin 17) is a very effective disease control
agent. Unfortunately, selection for resistant strains of the pathogen, Erwinia amylovora,
is a major concem and has already occurred in some apple-growing regions. Therefore,
the objective of this experiment is to test the efficacy of another antibiotic, gentamycin
(GWN-9200), for control of fire blight. If successful, then an integrated program
employing both antibiotics should provide both disease control and act as a strategy for
resistance management to either material.

MATERIALS AND METHODS

Treatments. The test block, located at the Rutgers Fruit Research and Extension
Center in Cream Ridge, NJ, consisted of 4-year old ‘Rome Beauty’ trees grafted on
M7A rootstock. Trees were planted in a rectangular block at 14 ft x 18 ft row spacing.
Treatments were replicated four times in a randomized complete block design, each
treatment plot consisting of six consecutive trees. A single non-sprayed buffer tree
separated plots within the rows; non-sprayed buffer rows separated treatment rows.

An FMC DP 10/3 PT/50F airblast sprayer with 24" fan and pump agitation was used
to apply the bactericides. The sprayer was calibrated to deliver 100 gal/A at 100 psi
traveling at 2.1 mph. Treatment applications began at first bloom and continued on a 3-
to 4-day schedule until bloom ended. Due to cold weather and an extended bloom, a
total of 13 sprays were applied on the following dates: 19 Apr, 22 Apr, 25 Apr, 30 Apr,
03 May, 07 May, 10 May, 14 May, 17 May, 21 May, 24 May, 29 May, and 31 May.
Insecticides and miticides were applied as needed to the entire block.

Inoculation. Erwinia amylovora isolates were streaked on NYDA plates and grown
at 25C. After 48 hr incubation, the bacteria were harvested by pouring sterile phosphate
buffer in the plates and scraping the plates with a sterile spatula. The suspension was
then shaken to disperse any cell clumps. The concentration of bacteria in the
suspension was adjusted by adding buffer until its transmittance was 25% at 525 nm
using a Bausch and Lomb Spectronic 21; phosphate buffer was the standard. This
procedure produced an approximate concentration of 1 x 108 cfu / ml.
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On 23 April, treatment trees in replicates 1 and 2 were inoculated with a bacterial
suspension at 1 x 10% cfu / ml. On 26 April, treatment trees in replicates 3 and 4 were
inoculated with a bacterial suspension at 1 x 107 cfu / ml. At both times, only one tree
per plot (the third tree) was incculated.

All flowers on designated trees were individually sprayed with the suspension using
hand atomizers, applying three “shots” per flower cluster. The total number of inoculated
flower clusters on each tree was recorded. Any flower clusters not open at the time of
incculation were removed by pruning so that only inoculated flowers remained. Both
inoculations were performed during the evening to allow slow drying.

Environment. Rainfall occurred on 16 days during the extended bloom period from
19 Apr to 31 May (Fig. 1). Eight of these rainfall periods had accumulations of more
than 0.50 cm (0.20 in), and the total accumulation for the entire bloom period was 14.35
cm (5.65 in). Thus, in general, rainfall was not limiting to development of fire blight.

Air temperature during blcom, however, was only 14.2C or 57.6F (Fig. 1). Average
air temperature only exceeded 18.3C (65F) on nine of the 50 days of blocom. Given that
temperatures need to be above 18.3C to favor increase in epiphytic populations of E.
amylovora, temperature was limiting to [natural] infection. Mean air temperatures on 23
and 26 Apr, the dates of inoculation, were 7.2C (45F) and 7.8C (46F), respectively.

Assessment. The incidence of blighted flower clusters was assessed on 05 June.
Assessments were performed on inoculated tree no. 3 in each plot as well as non-
inoculated tree no. 5.

On inoculated trees, the total number of diseased clusters was recorded for each
tree by examining all flowers. On non-inoculated trees, disease incidence was assessed
by performing a 1-minute count of blighted clusters using two people. In both cases,
blighted clusters were tagged to avoid counting them more than one time. A cluster was
considered infected if one or more flowers were blighted.

Disease incidence was expressed for both inoculated and non-inoculated trees as #
infected clusters / tree. In addition, since the total number of flower clusters treated with
bacteria was known on the inoculated trees, disease incidence on these trees was also
expressed as percent infected clusters per tree.

RESULTS AND DISCUSSION

Relative to other cultivars, Rome Beauty tends to bloom over a fairly long period of
time. During 2002, cool weather during bloom further extended the time during which
fiower blossoms were opening. Consequently, an inordinately large number of treatment
applications, totaling 13, were required to maintain coverage at a 3-4 day interval. First
and last bloom occurred on 19 Apr and 31 May, respectively.

Although weather conditions were cold during bloom, 100% of the flower clusters on
the non-sprayed inoculated trees became blighted (Table 1). This success may have
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been due to the use of fairly high concentrations of bacteria in the inoculum as a means
to compensate for the cold weather. Note that although all of these flower clusters
became blighted, not very many of these infections advance further into the wood.
Perhaps the cold weather following incculation prevented successful colonization.

The standard for comparison, Agri-mycin 17WP, significantly reduced percent infected
flower clusters on inoculated trees, achieving approximately 46% control (Table 1). This
treatment was also significantly better than any of the GWN-9200 treatments. In
comparison, none of the GWN-9200 treatments were significantly different from the

non-sprayed control or each other. Their level of control was extremely poor, ranging
from about 6 to 8 %.

When disease was assessed as # infected clusters / tree, none of the GWN-9200
treatments were significantly different from each other or the non-sprayed control (Table

1). This pattern was evident on both inoculated and non-inoculated trees. Although the
streptomycin treatment had considerably less disease, it too was not significantly
different from all others. This lack of separation was most likely due to a greater degree
of variability expected in this variable (as opposed to percent infected clusters).

Although statistical separation of the GWN-9200 treatments was not observed, these
treatments provided on average about 47% control when inoculum was from natural
sources. Similarly, control with the streptomycin treatment increased from 48%
(inoculated) to 64% (non-inoculated). This suggests that the high concentration of
bacteria applied to the inoculated trees provided an extremely severe test of the
materials. Also, it shows that some gentamycin activity was present.

A gradient in disease levels was not observed among the three different concentrations
of GWN-9200. Also, no phytotoxicity or effect on fruit finish was evident.

TABLE 1 Fire Blight Blossom Infection (5 June 02)*
Inoculated Non-Inoculated

Treatment Rate/A [Conc. (a.i.) | % Infected Clusters | # Inf Clusters / Tree | # Inf Clusters / Tree

Nonsprayed 100.0 A 340A 70A

Agri-mycin 17WP [8 oz 100 ppm 539B 175A 25A

|+ Regulaid +4floz ’

GWN-9200 10WP [33.40z [250 ppm 935A 328A 35A

|+ Regulaid +4floz '

GWN-9200 10WP [50.00z [375 ppm NI1A 300A 38A

+ Regulaid +4floz

GWN-9200 10WP |66.80z |500 ppm 942 A 313A 38A

+ aid +4floz

[*Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (P<0.05, X=100).
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Figure 1. Daily rainfall accumulations and air temperture means during bloom for a
‘Rome Beauty’ apple orchard during the 2002 growing season, Rutgers Fruit Research
and Extension Center, Cream Ridge, NJ
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The Hidden Danger of Fire Blight — Apple trees with live cankers may harbor

bacteria in symptomless shoots,

T. van der Zwet, USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV
25430, (retired), K.D. Hickey, Pennsylvania State University, Fruit Research and

Extension Center, Biglerville, PA 17307 (retired), and S.S. Miller, USDA-ARS, AFRS,
Kearneysville, WV 25430

External and internal bacteria of Erwinia amylovora (Burr.) Winsl. et al, have
both been associated with cankers as part of the fire blight (FB) disease cycle for many

years. In 1929, Dr. Harry Rosen at the University of Arkansas, first reported the presence
of FB bacteria inside the tree vessels of symptomless shoots of ‘Kieffer’ pear. His work
only examined cross sections and did not provide any detailsas to distance along the stem
or any other unusual symptomatology of the shoot tip. He also described a second type
of primary infection as internal extensions of the previous year’s lesions, usually
appearing shortly after the first Symptoms of blossom blight. This latter symptom
description appears similar to the Symptoms we have observed for several years in West
Virginia and Pennsylvania, as wel] as to the canker blight symptoms described by the late
Dr. Paul Steiner, University of Maryland, for his Maryblyt prediction system.
In 1972, Drs. Keil and van der Zwet, working at the USDA Beltsville Research

Laboratory, reported the first isolation of numerous FB bacteria from symptomless shoots
that developed near cankers on previously inoculated greenhouse-grown apple and pear

trees. Although the systemic nature of the FB bacterium has been reported by numerous
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investigators since then, van der Zwet and his coworkers in West Virginia were unai:le to
isolate internal bacteria from major scaffold limbs of 17-year-old ‘RomeBeauty’/MM.111
apple trees in 1995-1996 (GoodFruit Grower, June 2000). In their study, the trees were
severely pruned, usmg heading cuts into 6-year-old wood, and all cankers were removed.
Two of the four experimental trees were enclosed in clear plastic arborspheres. After five
months of tree enclosure, no FB Symptoms appeared and the bacteria were not isolated
from newly developed shoots on the enclosed trees, whereas both unprotected trees had
numerous blighted shoots.

In 1997 and 1998, two experiments were performed in Pennsylvania and West
Virginia on mature apple trees. Numerous symptomless shoots and branches were
collected to attempt isolation of FB bacteria from internal parts of these trees. In
Pennsylvania, isolations were made from four moderately infected, 23-year-old ‘Rome
Beauty’/M7 apple trees, located at the Pennsylvania State University Fruit Research and
Extension Center in Biglerville. The trees in this orchard had moderate to vigorous shoot
growth and many had 50 to 100 blighted shoots in each of the previous three years. Each
of the four trees selected for isolations contained five to 12 active, indeterminate (alive
with smooth margins) FB cankers and had from 20 to 50 blighted shoots present 7-10
days before isolation attempts on 18 June, 1997. Many of the infected shoots showed
characteristic orange-colored tips (Fig. 1A), previously reported by Dr. Steiner to be
associated with canker blight. Two symptomless, current-season shoots were selected

from each of five locations on each of the four trees including (see Tabel 1): shoots
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12 - 18 inches below blighted shoots; shoots 12 — 18 inches above blighted shoots; ,
shoots on branches having no blight; shoots near the top of the tree (without any blight);
and shoots (water sprouts) on large scaffold limbs or the central leader. Two shoots
showing characteristic shoot blight were selected from each tree to serve as the infected
control. Additional isolation attempts were made from approximately the same locations
on the same four trees on 11 July, and 15 Oct., 1997, and the following spnng on 26
May, 1998.

Mean recovery of FB bacteria from the one inch stem segments from the various
locations in the tree (64-113 per location) ranged from 15.7 to 37.5% (Table 1).
Considerable variation in recovery occurred among the replicated trees, but mean
differences among sample locations were not statistically significant. Symptomless
shoots sampled below blighted shoots showed the highest recovery of FB bacteria. At
this sampling location, percent recovery varied from 0.0 to 76.9% among the four
replicated trees. The second highest recovery was obtained from water sprouts on the
scaffold limbs or central leader (trunk) with a range of 7.7 to 64.7% and a mean of
28.7%. The lowest recovery was from shoots above the blighted shoots, with a variation
from 0.0 to 30.4% recovery among the replicates. Isolation attempts in July and Oct.
1997, and May 1998, failed to yield additional bacteria. Recovery from infected shoots

with FB symptoms ranged from 45.5 to 100% among the replicates, with a mean of
67.7%.
Upon close examination of the otherwise green, actively growing, symptomless

‘Rome Beauty’ shoots, a unique symptom, not characteristic of shoot or canker blight,
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was observed on several shoots: a brownish discoloration of the center portion of the
stem surface, accompanied by small coze droplets on it and nearby lower portions ‘of
leaf petioles (Fig. 1B). One of the shoots also showed early necrosis along the back
midrib of one leaf near the middle of the shoot (Fig.1C). Following plating of the latter
shoot, 95% of the 22 shoot pieces contained FB bacteria.

In West Virginia, four 18-year-old ‘Paulared’’MM.111 apple trees, located at the
Appalachian Fruit Research Station in Kearneysville, showed numerous blighted shoots
in early June 1998. Upon examination of the trees, the majority of blighted shoots also
showed bright orange shoot tips (Fig. 2A). Twenty symptomless shoots, located among
mumerous blighted shoots, were collected along the tree periphery, about 36-72 inches
above the ground. During the next 60 days, additional samples (see Table 2) of
symptomless shoots were collected in the top of each tree, as well as from woody
branches (1.6 inches diameter), root suckers beneath the trees (Fig 2B), and roots from
which the suckers emerged. Also, 20 symptomless shoots (without orange tips) on each
of the four trees were tagged on June 15, to determine developmental rate of the orange-
colored tips. In addition, 10 shoots (with orange tips) from each of the four trees were
plated as positive controls. Because the ‘Paulared’ trees were scheduled for removal
from the orchard, the major scaffold limbs were cut in half with a chain saw, allowing
easier sampling at ground level of the shoots in the upper part of the trees. When all
major branches were on the orchard floor, numerous live, indeterminate cankers were

observed and recorded on these large scaffold limbs (Fig. 2C). At each of the sampling
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dates, 20 symptomless shoots were also collected from four ‘Golden Delicious’’MM.111
apple trees without FB, located in the same orchard row, south and adjacent to the'
‘Paulared’ trees. In total, more than 5400 plant tissue pieces were plated, and all summer
sampling was completed by early August. Additional sampling on the ‘Paulared’ trees of
10 newly developed symptomless shoots and four symptomless rootsuckers were
collected in late November 1998, and again in early June 1999,

The FB bacterium was recovered and plated on a culture medium from all the
locations where plant tissues were sampled (Table 2). The initial sampling of 80
randomly selected, symptomless shoots along the periphery of the four trees revealed
that 36.8% contained internal blight bacteria. A higher percentage recovery from the
plated shoot pieces was obtained from the rootsuckers (45.2%) and sections from the
roots (45.3%) from which they originated. Sections from the scaffold limbs resulted in
33.8% recovery. Because of a high degree of variability in recovery rates among
sampled shoots, differences in the percent recovery among sample locations in the trees
were not statistically significant. However, two of the four replicated trees had 67% of
the 43 FB cankers and 92% of the blighted shoots. These heavily infected trees also had
43.3% recovery of bacteria from all 140 symptomless shoots, compared to only 1.7% for
the other two less blighted trees. Recovery from underground stems of root suckers was
20.4%, while the recovery rate for the water sprouts on the central leaders was 11.7%. Of
the 80 symptomless shoots tagged on 15 June, 65% developed orange shoot tips by the

time scaffold limbs were removed (one week later). All 40 positive check shoots (with
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orange tips) tested positive for FB bacteria. All samplings from the four experimental
trees in August and November 1998, and in June 1999, as well as from the shoots t;n
the adjacent ‘Golden Delicious’ check trees, were negative for the bacterium.

Lack of knowledge of the precise location of the bacterial inoculum before,
during, and after bloom continues to limit a clear understanding of the infection process
for FB on pome fruit trees. The presence of external bacteria in the spring on
various apple and pear tissues has been well documented. The exact point of
entry of the pathogen directly into the shoots and the role of overwintering of internal
bacteria, however, remains unclear. The recovery of the FB bacterium from numerous
isolations of symptomless tissues of eight mature apple trees in Pennsylvania and West
Virginia supports the contention that the bacterium resides in the stem of apple trees in a
latent form, during part of its life cycle, without the production of blight symptoms.

The presence of internal FB bacteria in apple stem, rootsucker, and root tissues of
mature apple trees was common in these investigations. The two replicated experiments
were performed independently of each other, but produced similar results. Even though

the preliminary arborsphere test was performed on only two trees, we believe that the
detailed experimental procedure was sufficient to conclude that internal bacteria, as a
source of infection, can be eliminated through severe pruning, and removal of all the
previous FB cankers.

In the Pennsylvania experiment, the distribution of internal FB bacteria in

symptomless shoots in five locations on each ‘Rome Beauty’ apple tree was variable but
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present in all four trees. The observation of 0oze drops and leaf vein necrosis on the
central portion of an otherwise symptomless shoot (no necrotic tip), suggested that‘ FB
symptoms were initiated by internal bacteria. In the West Virginia experiment, the
recovery of bacteria from within shoots around the periphery of the ‘Paulared’ trees, as
well as from rootsuckers near the trees and the connecting roots between the suckers and
the tree trunk, suggests that the bacterium moves through the vascular system throughout
the tree, more extensively than previously reported.

This is the first time that live cankers in large limbs of 20-year-old apple trees
have been investigated to serve as the source of internal bacteria to the rest of the tree.
The observations and measurements from the present experiments, combined with the
isolations from the preliminary ‘Rome Beauty’ trees contained in the arborsphere,
provide good evidence for an internal inoculum source and may explain the appearance
of FB symptoms on apple trees in the early part of the growing season in the
absence of blossom blight. The orange shoot tip symptoms, as observed in this study,
had been noted three years earlier in West Virginia on mature ‘Jonathan’’MM 111 apple
trees in the same orchard block with the ‘Paulared” trees, as well as on mature ‘Empire’
apple trees on several rootstocks in a nearby orchard (unpublished data). In all of the
above instances, shoot blight developed in June in the absence of blossom blight, and

with a recommended streptémycin preventive program. These observations suggest that
the bacterial cells produced at the margins of active, live FB cankers move in the stems to

distant developing shoots, producing the orange tip symptom.
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The characteristic orange shoot tips (origin of color unknown), which loose their
brightest color after four to ten days, will later resemble regular shoot blight symptoms.
On some apple cultivars, new canker blight symptoms continue appearing as long as the
shoots remain succulent. Many growers, who have followed recommended spray
schedules completely, often observe and complain about shoot blight occurring without
any indication of an infection period. If the FB bacterium is a resident in the tree and
moves internally, as we suggest, this might explain the sudden appearance of
unexpected shoot blight in June, Since early (soon after petal fall) canker blight
symptoms in the upper portion of the tree may go undetected, the Maryblyt prediction
system may fail to provide an adequate predictive model for this orange tip shoot
blight in June. The result is a sudden outbreak of shoot blight, predominately at the
periphery of the tree’s canopy. In addition, orange shoot tips can often be observed on
succulent bourse shoots that develop from blossom ch;sters, which became infected

during bloom. Under these conditions, the sudden appearance of numerous orange tips
are extremely difficult if not impossible to control using preventive chemical sprays.
Based on our observations and studies, we recommend that the most effective control
method for this shoot blight is to eliminate the presence of overwintering cankers and
prevent the annual development of new ones. Growers should be aware that live,
indeterminate cankers (Fig. 2C) with smooth margins are often difficult to observe

during the dormant season, so diligence is required in the pruning operation.
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Table1. Isolation incidence ol Envinia amylovora from two symptomless current-season shoots collected fiom each of five locations on
four 23-year old 'Rome Beauly'/M.7 appla frees. Penn State Unlversity FREC, Biglarviile, PA. June 1897.
No. isolation recovaries/attempla Total isolation
Tissue sample —_ (subsamplesjonfrees recoverles/  Mean recovery
lacation in tree 1 2 3 4 attempts percent®
Shoots basal to blighted shoots ane 0/10 1/22 20/28 24/84 375a
Shoots apical to blighted shools /24 415 0/27 7/23 14/89 157 a
N Sheots at end of scalfold branch
83 without blight 0/24 ° 17/27 4/23 1/24 22/98 224a
Water sprouts on scaffold branch
or ceniral [eader 1117 /25 16/40 2/26 31/108 28.7a
Shoots in upper portion of tres 14/24 2/24 4/33 1/32 211113 178a
Blighted shoots (infected controf) 21/24 18/19 21/24 15/32 67/89 67.7a

*  Means foliowed by the same letier(s) are not significanily ditfarent, Bonferroni and Tukey-Kramer HSD Test (P < 0.05)
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Fig. 1. Symptomatology of fire blight on ‘Rome Beauty’/M.7 orchard trees
in Pennsylvania: (A) characteristic orange shoot tip with advancing blight;
(B) carly necrosis and ooze drops (arrows) in center portion of shoot
without orange tip; and (C) early necrosis on basal side of leaf mid- vein
on otherwise symptomless shoot.

Fig. 2. Symptomology of latent canker blight and methodology to obtain
symptomless shoots from ‘Paulared’/MM. 111 orchard trees in West
Virginia: (A) close up of characteristic bright orange shoot tip; (B) blighted
and symptomless rootsuckers beneath a tree; and (C) characteristic
indeterminate canker on large scaffold limb serving as source for
endophytic bacteria.
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Table 2.  Isolatlon incldence of Erwinla amylovora lrom symptomless stem and root tissue al different locations on four 1 8-year old
Paulared/MM.111 apple trees. USDA, ARS, Appalachlan Frull Research Slalion, Kearnaysville, WV. June 1998.
No. isolafion recoveries/aftempls “ofal Isolation.  Mean
Tissue sample Tolal ——{subsamples)ontrees recoverles/  racovery
locatlion In tree samplas 1 2 3 4 altempls percent®
Periphery of tree (1-2 m high) 20 213/258  153/246 7/267 12/265 3862/1039 a6.a
Scalffold limbs (4) and canlral (eader 50 120/716 B8/698 1/849 6/780 2156/3053 7.0
Waler sprouts on central leadar 6 144 7/72 9/81 1377 36/307 11.7
Sections from scaffold limbs (4 cm diam.) 20 12/20 6/20 4/20 5/20 27/80 338
Root suckers near tree lrunk 12 47129 104/129  53/143 55/172 259/573 45.2
Underground stems of rool suckers 5-12 17121 3/28 33/92 3/34 §6/275 204
Sectlans of roots (3-4 cm diam.) 1-3 24/34 512 10/30 0H2 39/86 453
No e 6 w77 .
No. blighted shoots 161 178 21 6

¢ & le-Moans foliowed by the same letter(s) are nobsignificanily different, Bonferron] and Tukey-Kramar HSD Test (P < 0.05)



APPLE (Malus domestica ‘Stayman Winesap', K. S. Yoder, A. E. Cochran ll, W. S. Royston, Jr.,
‘Idared’, 'Ginger Gold') and S. W. Kilmer
Scab; Venturia inaequalis Virginia Tech Agr. Research & Extension Center
Powdery mildew; Podosphaera leucotricha 585 Laurel Grove Road
Brooks fruit spot; Mycosphaerella pomi Winchester, VA 22602

Sooty blotch; disease complex
Fly speck; Zygophiala jamaicensis
Rots (unidentified)

Fruit finish

EVALUATION OF EXPERIMENTAL FUNGICIDE SCHEDULES AND MIXTURES FOR BROAD
SPECTRUM DISEASE MANAGEMENT ON STAYMAN, IDARED, AND GRANNY SMITH APPLES,
2002: Ten treatments involving recently experimental fungicides and mixtures were tested for season-
long disease management on 16-yr-old trees. The test was conducted in a randomized block design with
four three-cultivar replicate tree sets separated by untreated border rows. Treatment rows had been used
as non-treated border rows in 2001 to stabilize mildew inoculum pressure for 2002. Tree-row-volume was
determined to require a 400 gal/A dilute base for adequate coverage. Treatments were applied to both
sides of the trees on each indicated application date with a Swanson Medel DA-400 airblast sprayer at
100 gal/A as follows: 12 Apr (all treatments, Granny Smith- TC, tight cluster; Stayman- TC; Idared- TC-
0C);18 Apr (75% bloom, 7-day treatments #2 & 6 only); 22 Apr (petal fall, 10-day treatments, #1, 3-5, &
7-10, only); 25 Apr (7-day treatments only); 1 May (1st cover, all treatments); 8 May (7-day treatments
only), 10 May (10-day treatments only); 15 May (7-day treatments only); 7 June, 21 June, 8 July (3rd —
Sth covers, all treatments); 31 July (all treatments except #2 and #6). Insecticides, applied separately to
the entire test block with the same equipment, included Asana, Lannate LV, Intrepid, Provado, and
Imidan 70WSB. Cedar rust galls, quince rust cankers, and bitter rot mummies were placed over each
Idared test tree 9 Apr, and wild blackberry canes with the sooty blotch and flyspeck fungi were placed
over each Idared test tree 3 May. Other diseases developed from inoculum naturally present in the test
area. Foliar data represent averages of counts of all leaves on 10 terminal shoots from each of four
replicates 17 June (Idared), 27 June (Granny Smith) or 17 July (Stayman). Idared trees were sampled 16
Sep, Stayman 2 Oct, and Granny Smith 3 Oct, and the 25-fruit samples were rated after storage at 1C 35
days (ldared), 22 days (Stayman) and 20 days (Granny Smith). Percentage data were converted by the
square root arcsin transformation for statistical analysis.

Under heavy mildew pressure, Nova and Bayleton were typically effective as S| fungicide standards. BAS
516 gave mildew control comparable to Nova and Bayleton at the higher rate but significantly less control
at the lower rate (Table 1). There was a significant suppression of % leaves and % area infected with
mildew by some treatments involving KQ667 on Stayman, but generally less effect on Idared and Granny
Smith. However, the 2 Ib rate, 10-day interval of KQ667 (treatment #3), gave significant suppression on
all three cultivars suggesting an inconsistent result on mildew for rate and interval. Scab pressure was
light with infection appearing late in the season on 14% of non-treated Stayman foliage late in the season,
and all treatments gave adequate commercial control. All treatments gave significant contro! of sooty
blotch and flyspeck under moderately heavy pressure; BAS 516 was outstanding at the higher rate and
commercially acceptable at the lower rate. Late season DPX~JE874 treatments with Captan 3 Ib /A were
all numerically better than captan 6 Ib/A (treatments #1 & 8) for scoty blotch and significantly better for
flyspeck suggesting that JE874, 4 oz could replace 3 Ib of Captan 50W. All treatments gave gocd control
of Brooks spot. Rot incidence was light. BAS 516 was consistently strong but DPX-JE874 was quite
variable. Finish may have been impacted by frosts 4 May, and 20 and 22 May. BAS 516 generally gave
the best fruit finish, although not significantly better than several other treatments.
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Table 1. Evaluation of experimental fungicide schedules and mixtures on Stayman, Idared and Granny Smith apples

Mildew, % leaves, % leaf area, or % fruit infected Scab, % lvs or fruit
Stayman idared Granny Smith Stayman _ Granny
' Treatment and rate/A Timing % Ivs area fruit % Ivs area fruit % Ivs area fruit %Ivs fruit  fruit
0 No fungicide — 69f 78e 17c 69f 85e¢ 42e¢ 70d 86d 21c  14c  4b 8c
1 Nova 40W 5 oz + Manzate 200 75DF 3 |b, 10 day TC~2C23ab 3a 4ab 29a 4a B8ac 34a 6a 9ac 0Oa OQOa Oa
Captan 50W 6 Ib, 14 day 3C-6C
2 KQ667 68.75WG 2 Ib, 7 day TC-2C 58¢ 50cd 3ab 65f 72de 11bc 70d 84d 8ab <1ab Oa Oa
DPX-JE874 50WG 4 oz + Captan 50W 3 1b, 14day  3C-5C
3 KQ667 68.75WG 2 Ib, 10 day TC-2C 46d 19b 6ab 56de 33c 12b-d 57c¢ 54c 12bc <1b 1a 1ab
DPX-JE874 SOWG 4 oz + Captan S0W 31b, 14day 3C-6C
4 KQ667 68.75WG 2.5 Ib, 10 day TC-2C 61ef 49cd 3ab 65f 79de 2Bde 72d 85d 12bc <1ab. 1a 3b
DPX-JEB74 S50WG 5 oz + Captan 50W 31b, 14day 3C-6C
5 KQ667 68.75WG 3 ib, 10 day TC-2C 57e 50bc 6b 63ef 68d 20cd 70d 84d 7ab 0Oa Oa Oa
DPX-JE874 50WG 6 0z + Captan SOW 3 Ib, 14day 3C-6C
6 Manzate 200 75DF 3 Ib, 7 day TC-2C 65ef 64d 4b 62ef 75de 16cd 69d 83d 10ac O0a Oa Oa
Captan S0W 6 Ib, 14 day 3C-5C
7 Sovran 50WG 4 oz + Manzate 200 750F 3 1b, 10day TC-2C 32¢  5a 4ab 47bc 13ab 4ab 51bc 14b 6ab 0Oa Oa 1ab
Captan 50W 6 |b, 14 day 3C-6C
8 Bayleton 50DF 2 oz + Manzate 200 75DF 3 Ib, 10day TC-2C 28bc 5a 1ab 30a 5a 4ab 3%a 12ab 5ab <1ab 0a Oa
Captan 50W 6 Ib, 14 day 3C-6C
9 BAS 516 UD F 38WG 18.9 oz, 10 day . TC-2C 18a 3a 0O0a 41b 7ab 1a 34a 10ab 4a 0Oa 0a Oa
BAS 516 UD F 38WG 18.9 oz, 14 day 3C-6C
1OBAS 516 UD F 38WG 8.4 oz, 10 day TC-2C 34c 8a Oa 52cd 17b 5ab 48b 15b 5Sab 0Oa 1a Oa
BAS 516 UD F 38WG 8.4 oz, 14 day 3ac-6C

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
Counts based on ten terminal shoots from each of four single-tree reps 17 June (Idared); 27 June (Granny Smith); 17 July (Stayman).

Fruit data based on 25-fruit samples; Idared trees sampled 16 Sep, Stayman 2 Oct, and Granny Smith 3 Oct, and the samples were rated after
storage at 1C 35 days (ldared), 22 days (Stayman) and 20 days (Granny Smith).

Fungicide application dates: Fungicide treatments were applied to both sides of the tree on each indicated application date with a
Swanson Model DA-400 airblast sprayer at 100 gal/A. as follows: 12 Apr (all treatments, Granny Smith- TC, tight cluster; Stayman- TC;
Idared- TC-OC);18 Apr (75% bloom, 7-day treatments #2 & 6 only); 22 Apr (petal fall, 10-day trts, #1, 3-5, & 7-10, only); 25 Apr (7-day
treatments only); 1 May (1st cover, all treatments), 8 May (7-day treatments only); 10 May (10-day treatments only); 15 May (7-day
treatments only); 7 June, 21 June, 8 July (3rd — 5th covers, all treatments); 31 July (all treatments except #2 and #6).

Maintenance sprays: 4 Apr (Asana XL 14 02/A); 1 May (Provado 4 fl oz + Imidan WSB 2 Ib/A); 7 May NAA 10 ppm + Sevin XLR 3 gt +

Regulaid 11 fl oz/A); 16 May (Imidan WSB 2 ib + Provado 4 ] oz + /A), 6 June (Provado 4 fl oz + Intrepid 2F 1 pt/A). 20 June
(Imidan WSB 2 Ib + Lannate LV 1.5 pt. /A); 3 July, 19 July, 1 Aug, 18 Aug (Imidan WSB 2 Ib + Lannate LV 1 gt. JA).
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Table 2. Evaluation of sooty blotch and fly spack control on Stayman, Idared and Granny Smith apples, 2002,
Sooty blotch, % fruit or % fruit area infected _Flyspeck, % fruit or fruit area infected

Stayman Idared Granny _ _ Stayman _ ldared Granny
Treatmeant and rate/A Timing _fruit area fruit area fruit area fruit area fruit area fruit area
0_No fungicide — 100e 24f 100d 24d 97f 17f 97g 8g 88d 5d 90d 7d
1 Nova 40W 5 oz + Manzate 200 75DF 3 Ib, 10 day TC-2C
Captan 50W 6 |b, 14 day 3C-6C 59cd 6de 54c 5¢ 54e 66 30ce 2cd 40c 2¢ 73cd Scd
2 KQ667 68.75WG 2 Ib, 7 day TC-2C
DPX-JEB74 50WG 4 0z + Captan 50W 3 b, 14day 3C-5C 45¢ 4c-e 32bc 3bc 18b-d 1b-e 22bd 1c 8ab<iab 11a_ 1a
3 KQ667 68.75WG 2 Ib, 10 day TC-2C
DPX-JES874 50WG 4 0z + Captan 50W 3 1b, 14day 3C-6C 15ab 1ab 22ab 1ab 12bc 1a-d 16bc ibc 9a <1ab 15ab 1ab
4 KQ667 68.75WG 2.5 Ib, 10 day TC-2C
DPX-JE874 50WG 5 oz + Captan 50W 31b, 14day 3C-6C 33bc_3b-d 21bc 2bc 16bc 1b-d 13bc ibc 6a <1iab B8a <la
5 KQ667 68.75WG 3 Ib, 10 day TC-2C
DPX-JE874 50WG 6 oz + Captan 50W 3|b, 14day 3C-6C 41bc _4ce 22bc 1a-c 13bc 1a-c _18bc 1bc 5a <la 3a <la
6 Manzate 200 75DF 3 Ib, 7 day TC-2C
Captan 50W 6 Ib, 14 day 3C-5C 52cd 4ce 38bc 4c 46de 4e 43de 3de 38c 2a 63cd 4cd
7 Sovran S50WG 4 oz + Manzate 200 75DF 3 Ib, 10 day TC-2C
Captan 50W 6 Ib, 14 day 3C-6C 39bc 4b-d 30bc 2a-c 30c-e 2c-e 49e¢f 3e 36bc 1 bc 54bc 3bc
8 Baylston 50DF 2 oz + Manzate 200 75DF 3 Ib, 10 day TC-2C
Captan S50W 6 ib, 14 day 3C-6C 76d 7e 52c¢ 5¢ 37ce 4de 72f S5f 48c 2c 65cd Scd
9 BAS 516 UD F 38WG 18.9 oz, 10 day TC-2C
BAS 516 UD F 38WG 18.9 02, 14 day 3C-6C 3a <1a 2a <la Qa Oa 1a <1a 0Oa 0Oa Oa Oa
10 BAS 516 UD F 38WG 8.4 oz, 10 day TC-2C
BAS 516 UD F 38WG 8.4 oz, 14 day 3C-6C 29bc 2bc 21ac 1ac 6ab <iab 7ab <1ab 2a <ia 9a <ia

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
Data based on 25-fruit samples; Idared trees sampled 16 Sep, Stayman 2 Oct, and Granny Smith 3 Oct, and the samples were rated after storage

at 1C 35 days (ldared), 22 days (Stayman) and 20 days (Granny Smith).

Fungicide application dates: Fungicide treatments were applied to both sides of the tree on each indicated application date witha
Swanson Model DA-400 airblast sprayer at 100 gal/A. as follows: 12 Apr (all treatments, Granny Smith- TC, tight cluster; Stayman- TC;
Idared- TC-OC); 18 Apr (75% bloom, 7-day treatments #2 & 6 only); 22 Apr (petal fall, 10-day trts, #1, 3-5, & 7-10, only); 25 Apr (7-day
treatments only); 1 May (1st cover, all treatments); 8 May (7-day treatments only); 10 May (10-day treatments only); 15 May (7-day
treatments only); 7 June, 21 June, 8 July (3rd — 5th covers, all treatments); 31 July (all reatments except #2 and #6).
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Table 3. Evaluation of exparimental fungicide schedules and mixtures on Stayman, ldared and Granny Smith apple fruit
Brooks spot (% inf.) % rot __ Russet ratings (0-5) Opalescence ratings _
Stay- spots, Stay- Stay-

Treatment ,rate/A, and interval, days Timing _man_Idared Granny Idared man_ Idared Granny man Idared Granny

0 No fungicide — 17b 20c  6b 10c 24bc 17b 13b 21a 18e 13g _

4 Nova 40W 5 oz + Manzate 200 75DF 31b, 10day TC-2C Oa 1ab 2a Oa 23ac 1.0a 1.1ab 22a 09ab 1.0de
Captan 50W 6 Ib, 14 day 3C-6C

2 KQ667 68.75WG 2 Ib, 7 day TC-2C 1a 2ab Oa 3b 20ac 14ab 09a 18a 1.4cd 0.8b-d
DPX-JEB74 50WG 4 oz + Captan 50W 3 Ib, 14 day 3C-6C

3 KQ667 68.75WG 2 Ib, 10 day TC-2C 0Oa 3b 0a Oa 20ac 14ab 09a 18a 1.0bc 0.7a-c
DPX-JE874 50WG 4 oz + Captan 50W 3 Ib, 14 day 3C-6C

4 KQ667 68.75WG 2.5 Ib, 10 day TC-2C Oa 2ab Oa 7bc 24c 17b 1.0ab 23a 13c 1.3fg
DPX-JE874 50WG 5 oz + Captan 50W 3 Ib, 14 day 3C-6C

5 KQ667 68.75WG 3 |b, 10 day TC-2C 1a 3b 1a 4b 21a< 1.7b 1.1ab 19a 1.7de 0.9c-e
DPX-JE874 50WG 6 oz + Captan 50W 3 Ib, 14 day 3C-6C

6 Manzate 200 75DF 3 Ib, 7 day TC-2C Oa Oa Oa 4b 23a-c 1.3ab 13b 24a 14cd 1.1ef
Captan SOW 6 |b, 14 day 3C-5C

7 Sovran SOWG 4 oz + Manzate 200 75DF 3 1b, 10day TC-2C Oa 2ab Oa Oa 22ac 1.3ab 10ab 2.0a 1.0bc 09ce
Captan 50W 6 Ib, 14 day 3C-6C

8 ‘Bayleton 50DF 2 oz +Manzate 200 75DF 3 ib, 10day TC-2C Oa 3ab Oa 0Oa 21ac 11a 10ab 20a 06a 08b-e
Captan 50W 6 Ib, 14 day 3C-6C

9 BAS 516 UD F 38WG 18.9 oz, 10 day TC-2C 0Oa Oa QOa ODa 2.0ab 13ab 08a 18a 0.7a 05a
BAS 516 UD F 38WG 18.9 oz, 14 day 3C-6C

10 BAS 516 UD F 38WG 8.4 oz, 10 day TC-2C 0a Oa Oa Oa 20a 12a 09a 21a 08ab 0.7ab
BAS 516 UD F 38WG 8.4 oz, 14 day 3C-6C

Mean separation by Waller-Duncan K-atio t-test (p=0.05).
Data based on 25-fruit samples; Idared trees sampled 16 Sep, Stayman 2 Oct, and Granny Smith 3 Oct, and the samples were rated after storage

at 1C 35 days (ldared), 22 days (Stayman) and 20 days (Granny Smith).

*Russet and opalescence rated on a scale of 0-5 (O=perfect finish; 5=severe russet or opalescence).

Fungicide application dates: Fungicide treatments were applied to both sides of the tree on each indicated application date with a Swanson
Model DA-400 airblast sprayer at 100 gal/A. as follows: 12 Apr (all treatments, Granny Smith- TC, tight cluster; Stayman- TC; Idared- TC-OC);18
Apr (75% bloom, 7-day treatments #2 & 6 only), 22 Apr (petal fall, 10-day tris, #1, 3-5, & 7-10, only), 25 Apr (7-day treatments only); 1 May (1st
cover, &ll treatments); 8 May (7-day treatments only); 10 May (10-day treatments only); 15 May (7-day treatments only); 7 June, 21 June, 8 July
(3rd — 5th covers, all treatments); 31 July (all treatments except #2 and #6).
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APPLE (Malus domestica ‘Golden Delicious') K. S. Yoder, A. E. Cochran Ii,
‘Red Delicious', and ‘Rome Beauty’) W. §. Royston, Jr., and S. W. Kilmer
Scab; Venturia inaequalis Virginia Tech Agr. Res. & Ext. Center
Powdery mildew; Podosphaera leucotricha 595 Laurel Grove Road

Cedar-apple rust, Gymnosporangium juniperi- virginianae ~ Winchester, VA 22602
Quince rust, Gymnosporangium clavipes

Brooks fruit spot; Mycosphaerella pomi

Sooty blotch; disease complex

Fly speck; Zygophiala jamaicensis

Rot spots (unidentified)

Fruit finish

TEST OF AN EXPERIMENTAL FUNGICIDE AND CUPROFIX ON THREE APPLE CULTIVARS, 2002:
An experimental fungicide and a recently registered copper formulation (Cuprofix) were tested for fungal
disease and fruit finish effects on three apple cultivars. Nine treatments were evaluated on 13-yr-old,
three-cultivar tree sets in a fourreplicate randomized block design. The Rome trees used in the test had
not been treated in 2001 to allow buildup of powdery mildew inoculum. Treatments were appliied dilute to
the point of runoff with a single nozzle handgun at 350 psi as follows: 5 Apr (Rome greentip; Red
Delicious tight cluster-open cluster; Golden Del. tight cluster); 16 Apr (Rome - pink; Red Delicious full
blcom to petal fall; Golden Del. 60% bloom); 26 Apr (Rome pink- petal fall; Red and Golden petal fall; 1st
to 6th covers (1C-6C): 8 May, 20 May, 7 June, 21 June, 8 July, and 31 July. Maintenance sprays applied
separately with a commercial airblast sprayer included Agri-Mycin 17 (bloom only, 18 Apr), Asana XL,
Imidan 70 WSB, intrepid 2F, Lannate LV, Provado, Pyramite and a dilute application of NAA or Ethrel
+Sevin XLR + Regulaid (as thinners). Border Rome trees were treated with Bayleton 1 0z / 100 gal, to
reduce 2003 mildew inoculum potential, 7 June, 21 June, 8 July, 31 July, and 23 Aug. Cedar rust galls,
quince rust cankers and bitter rot mummies were placed over each Golden Delicious test tree 12 Apr and
wild blackberry canes with the sooty blotch and flyspeck fungi were placed over each Golden Delicious
test tree 10 May. Other diseases developed from inoculum naturally present in the test area. Foliar
counts are based on ten terminal shoots from each of four single-tree reps 4 June (Golden) and 11 June
(Rome). Fruit counts are means of 25-fruit samples picked from each of four single-tree reps 16 Sep
(Red Delicious), or 24 Sep (Rome) and placed in cold storage at 1C. Golden Delicious was sampled and
rated twice to follow progression of summer diseases (16 Sep and 1 Oct). Red Delicicus was rated after
51 days’ cold storage; and Rome after 41 days’ cold storage at 1C. Percentage data were converted by
the square root arcsin transformation for statistical analysis.

Under heavy mildew pressure on Rome, no treatment significantly reduced incidence on foliage. The
highest rate of TD 2448-1 reduced percent area affected with mildew, and treatments involving
CuprofixVangard CuprofixMicrothiol Disperss reduced percent leaf area affected and percent fruit
infected. Under more moderate mildew pressure on Golden Delicious, nearty all treatments significantly
suppressed incidence and percent area affected. Microthiol gave the best control of mildew. Scab
pressure was light with less than 10% on non-treated fruit. Vangard and treatments involving Cuprofix
gave good control; the higher rates of TD 2448-1 gave significant scab suppression but the lower rates
were weak. No treatment adequately controlled cedar-apple rust on foliage, although fruit were
apparently protected from light incidence of quince and cedar rusts. Cuprofix treatments gave good
control of Brooks spot, sooty blotch, fly speck and rots, even with the second sampling of Golden
Delicious. TD-2448-1 showed significant activity on sooty blotch, fly speck and rots, but was less active
than Cuprofix, with poor activity on Brooks spot, inconsistent rate response on other summer diseases
and less residual activity as indicated by disease incidence in the second sampling of Golden Delicious.
Cuprofix deleteriously affected fruit finish, as expected, increasing russetting of all cultivars and
opalescence on Red Delicious and Rome. Treatments which were switched to Vangard during the pink —
2nd cover were significantly less affected than those which received Cuprofix in each application. The
highest rate of TD-2448-1 significantly reduced russetting of Rome.
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Table 4. Control of early season diseases on Red Deliclous, Golden Delicious and Rome Beauty.

Mildew infection (%) : % infection
Rome Golden Del.  Scab, fruit  C-apple rust Quince _Brooks spot,
Rate per 100 gal dliute Timing % Ivs _If. area % fruit % lvs If. area R. Del. Rome %lvs fruit rust G. Del. Rome
0 No fungicide — 62ac 80e 18c 54e 45e 9d 8d 7a 4b 2b 7ab 17d

1 TD 2448-01 3.36SC 1.11floz TC-6C 60a-c 67ce 13bc 44bd 12bd 7cd 5cd 7a Oa Oa 2ab  5ab
2 TD 2448-01 3.368C1.67floz TC6C 64bc 79¢ Bac 48de 14cd 6cd 2ac B8a 0Oa Oa 4ab 17cd
3 TD 2448-01 3.36SC 2.22floz  TC6C 66¢c  74de 6a-c 47cd 14d 3bc 4bc S5a 3b Oa 2ab 7bc
4 TD 244801 3.36SC 3.34floz TC-6C 64bc 73de 6ab 44bd 13bd 28b 1ab 9a 1a 0Oa 10b 10bd
5 TD 2448-01 3.36SC 4.45floz TC6C 60ac 46bc 5ab 41bc 8ab 3bc 2ac 7a Oa Oa 2ab 6ab
6 Vangard 75WG 1.33 0z TC-6C 61ac 55b<d 4a 40b 12bd 1sb Oab 9a Oa 1ab 8b 10bd

Vangard 75WG 1.33 0z +

7 3:,’1’;%'5,’%96”1’32; 25 TC. s9ac 42ab 2a b 8sb O0a Oa Ba Oa Oa Oa Oa
Cuprofix Disperss 20DF 2ib_ 3C-6C
_. Cuprofix Disperss 20DF 2.51b TC
& 8 Vangard 75WG 1.33 oz Pk-2C 58ab 49bc 2a 42bd 8bc 1ab 1a 8a Oa Oa 0Oa Oa
Cuprofix Disperss 20DF 21b _ 3C-6C
Cuprofix Disperss 20DF 2.51b  TC
Cuprofix MZ30 42DF 1.51b +
9 Microthiol Disperss 80DF 11b Pk-2C 57a 25a 3a 2Ba 4a Oa Oa 9a 0Oa Oa Oa Oa
Cuprofix Disperss 20DF 2ib  3C-6C
Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
Treatments applied dilute to the point of runoff with a single nozzle handgun as follows:
5 Apr (Rome greentip; Red Delicious tight cluster-open cluster; Golden Del. tight cluster); 16 Apr (Rome — pink, Pk; Red Delicious full
bloom to petal fall; Golden Del. 60 % bloom); 26 Apr (Rome pink- petal fafl; Red and Golden petal fall; 1st to 6th covers (1C-6C): 8 May,

20 May, 7 June, 21 Juns, 8 July, and 31 July.

Foliar counts based on ten terminal shoots from each of four single-tree reps 4 June (Golden) and 11 Juns (Rome).

Fruit counts are means of 25-fruit samples picked from each of four single-tree reps 16 Sep (Red Delicious), or 24 Sep (Rome) and
placed in cold storage at 1C. Red Delicious was rated after 51 days cold storage; and Rome after 41 days’ cold storage. Golden
Delicious was sampled twice (16 Sep and 1 Oct) and rated before cold storage.



Table 5. Control of sooty blotch and flyspeck on Red Delicious, Golden Delicious and Rome Beauty. ‘
Sooty blotch, % fruit and fruit area Flyspeck, % fruit and fruit area

G. Del. 17 Sep G. Del. 2 Oct G. Del. 17 Sep G. Del. 2 Oct % fruit
Rate per 100 gal dilute fruit area frut area R.Del. Rome frut area fruit area R.Del. Rome
0 No furigicide — 94d 8e o9f 140 40e 85d 74d 4d 77cd 51 35d 48c

. 1 TD 2448-013.36SC 1.11floz  TC-6C 8ic 6de 8icd 8cd 24ce 43b 50c 3¢ 50b 3cd 16a-c 26D
2 TD 2448-01 3.36SC 1.67floz  TC-6C 63b 5¢d 79cd 10cd 36de 62c 47bc 3¢  61bc Sef 24cd 48c
3 TD 2448-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>