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LAST ____ , FIRST COMPANY ADDRESS CITY ST ZIP PHONE FAX E-MAIL 
i~AME- - NAME 

----- ------

ADAMs JOAN BOX29 ROYAL CITY WA 99357 
ALBY __ .. -- TED-·-·· AMERICAN CYANAMID 12817 SE ANGUS ST. VANCOUVER WA 98683 360-896-8964 360-896-8801 ALBYT-PT .CYANAMID.COM 

r\LiNIAZEE MT DEPT. OF ENT OREGON STATE UNIV. CORVALLIS OR 97331 
ALs'rON -- DlANE BIOLOGY DEPT. UT ST. UMC 55305 UT AH ST. UNIV. LOGAN UT 84322 801-797-2516 801-797-1575 DIANEAlfl>EXT.USU.EDU 
ALWAY ____ , 

TED WSU COOP EXT. 400WASHINGTONST. WENATCHEE WA 98801 509-664-5540 509•664-5561 ALWAY-COOPEXT.CAHE.WSU.EDU 
ARSHAD _____ 

MUHAMMAD 1211517AAVE SURREY BC V3W-1J7 604-594-7929 

ATTAWAY JOHN 2121 FERN CANYON UKIAH CA 95482 707-463-2169 

6ABC0cK JON DEPT. OF' ENT. WASH STATE UNIV PULLMAN WA 99164 

BAI BARRY 635 CAPITOL ST. NE SALEM OR 97310 503-986-4645 503-966-4786 BfSAlll'flnDA.ST ATE.OR.US 

13AIRD ~AIGR. PARMA R&E CNTR U of I 29603 U OF I LANE PARMA ID 83660 208-722-6701 2os-n2-e1oe CSAIRD=UIOAHO.l!OU 

BAKKE -- RICH CONSEPINC 11367 MELEA RD. WILTON CA 99693 916-687-8691 SAME BAKKER- ONSEP.COM 

BARNES MARTIN DEPT OF ENT. UNIV OF CALIF. RIVERSIDE CA 92502 

BiRNETT BILL 1405 NIX OR. HOOD RIVER OR 97031 541-387-5535 541-387-!835 1\Mlil.ARNETTniGORGE.NET 

BEERS ELIZABETH WSU-TFREC 1100 N. WESTERN AVE WENATCHEE WA 98801 509-e83-8181 509-662-8714 1:seeRSn-nMa1L.TFREc.wsu.eou 

isENNETT LARRY BASF 3156 BERMUDA ST, MALAGA WA 98828 509-e63-2446 509-663-4013 

i,El'lfLEY WALT UCKAC 9240 S. RIVERBEND AVE PARLIER CA 93648 209-e46-6527 209-646-6593 WAL rcmUCKAC..EDU 

BERGIN DAVE PEST MNGT. SYS. P.O. BOX549 PARKDALE OR 97041 5-41-386-7478 

i3ESTURCK DENISE CONSEF' INC 213 SW. COLUMBIA BENO OR 97702 541-317-2215 541-388-3705 BESTURCK"'CONSEP.COM 

BfSABRI BARAT DOW AGRIOSCIENCES 919 DRAKE DR, #163 DAVIS CA 9i516 916-753-9255 916-753-92- B!ISABRl@OOWAGRO.CCM 

1300TH STEVE WSUSWREC 1919 NE 78TH SG. VANCOUVER WA 98665 
BRET- BRL'\N DOW AGRO SCI. 3835 NO. FRE!EWAY BLVD. #240 SACRAMENTO CA 95834 916-921-4855 916-921-05111•' BLBRET@DOWAGRO.COM 

BRIDGES TOM NOVARTIS CROP PROT P.O. BOX 18300 GREENBORO NC 27419 910-632-7201 910-632-7837 

iSRINKMAN BART BASF 5130 2ND AVE SE SALEM OR 97306 503-363-1934 503-588-1469 
BRITT·- RON RON BRITT & ASSO.INC P.O. BOX 8336 YAKIMA WA 98908 509-966-9681 509-965-3211 RONBRITTtR,WQLFENET.COM 

BROWN KENNETH NOVARTIS CROP PROT. 511 S. PATIT DAYTON WA 99328 509-382-1044 509-382-2024 KENNETHBROWN CP.NOVARTIS.COM 

BROWN JOHN DEPT OF ENT. WASH STATE UNIV PULLMAN WA 99164 509-335-5505 509-335-1009 BROWNJJ L.WSU.EDU 

BRUNNER JAY WSU-TFREC 1100 N. WESTERN AVE WENATCHEE WA 98801 509-663-8181 509-662-8714 JFBIRlWSU.EDU 

BUCHOLZ CARL NOVARTIS 12413 WIDE HOLLOW YAKIMA WA 98908 509-966-5740 509-966-5740 

BULLA AA. CSU-OMRC 3168 B 1/2 RD. GRAND JUNCTION co 81503 
i5"ALKINS CARROL USDA•ARS 5230 KONNOWAC RD WAPATO WAI 98951 509-454-6570 509-454-5646 CCALKINS@YARL.GOV 

CAMERON RON DEPT. PLANT PATH OREGON STATE UNIV. CORVALLIS OR 97331 
CARRITHERS VANELLA WSU COOP. EXT. N222 HAVANA SPOKANE WA 99202 
CHANDLER DEWEY 1006 S. 32ND AVE YAKIMA WA 98902 509-453-3414 

COCKFIELD STEPHEN SCI. METHODS INC. BOX 1461 BREWSTER WA 98812 509-422-5427 STPHNS.,,JUNO.COM 
(:;ONE WYATT wsu 24104 N. BUNN RD PROSSER WA 99350 509-786-9280 509-786-9370 
COLLINS .. RON 35707 SE LUSTED RD BORING OR 97009 
i:;OLLMAN SHARON 13720 23RD. AVE. NE. SEATTLE WA 98125 206-384-6966 206-665-2692 CCLLMANSlfl>WSU.EDU 

c6Lr MICHAEL ID. DEPT. AGRIC. 29603 UI LANE PARMA ID 83715 
C6oK GIL DUPONT 303 S. BAKER RD. GREENACRES WA 99016 509-922-4433 509-922-3321 COOKGILE-WORLDNET .ATT .N5T 

COOPER MICHAEL ID. DEPT. AGRIC P.O. BOX 790 BOISE ID 83701 208-332-8620 208-334-2283 MCOOPER-.6 GRI.STATE.ID.US 

C-OSSENTINE JOAN AGRIC. CANADA RES. STA SUMMERLAND BC VOH 1ZO 
Co\/ieLLo" RtcHARD UC COOP EXT. 1720 S. MAPLE AVE FRESNO CA 93702 209-456-7549 209-456-7575 RLCOVIEJ.L0"'UCDAV1S.EDU 
co,r··- DAVID 7555 N. DEL MAR SUITE 204 FRESNO CA 93711 209-436-6971 
CRITES WILL 649TEAKCT. WALNUT CRE:EK CA 94598 
CURTIS DAN AGSOLUTIONS 244 NW GREEN CIRCLE CORVALLIS OR 97331 
DARNELL TOM CSU COOP. EXT. BOXE MILTON FREEWATEWI OR 97862 
DAVIS TROY WELLS & WADE FRUIT P. 0. BOX259 WENATCHEE WA 98807 509-884-7440 
fiEANGEllS JACK DEPT OF ENT. OREGON STATE UNIV. CORVALLIS OR 97331 
6EwiTT TOM VALENT USA 1170 W. SHAW AVE #103 FRESNO CA 93720 209-244-3964 209-228-2019 TDEWt-1ALENT.COM 

DIVIS JIM WILBUR ELLIS P.O. BOX919 BREWSTER WA 98812 509-689-3113 509-669-3574 

61XON DON 1PM SERVICES 3979 GRANDVIEW DR. HOOD RIVER OR 97031 541-490-194 7 541-386-2551 DONDIENTlfl>GORGE.NET 

DOERR .MIKE WSU-TFREC 628 CHINOOK DR WE:NATCHEE WA 98801 509-663-8181 MDOERRdl)WSU.EDU 

6RAPEK RAY DEPT OF ENT OREGON STATE UNIV CORVALLIS OR 97331 
b-RE~s-·--- AMYJ. 200 SW TUNISON CORVALLIS OR 97333 541-752-3917 
rnjNGY · DAVID BEEST SULFUR PROD. 5427 E. CENTRAL AVE FRESNO CA 93725 209-269-3808 209-264-1715 
DtjNLEY JOHN WSU-TFREC 1100 N. WESTERN AVE WENATCHEE WA 98801 509-863-8181 509-662-8714 DUNLEYJlfl>WSU.EDU 

IJURAND LUCIA AGRIC. CHEM. OREGON STATE UN1V CORVALLIS OR 97331 
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EDGECOMB DON ROHM&HAAS 1520 E. SHAW AVE #119 FRESNO CA 93710 209-224-0158 209-224-694!5 RHADWE ROHMHAAS.COM 
!:OSTROM JOHN UC COOP EXT. BOX 180 COLUSA CA 95932 530-458-0570 530-458--4625 JPE:OSTROM-UCDAVIS.EOU 
EHLHARDT MATT 363 PICHOLINE WAY CHICO CA 95928 916-891-0651 916·891-6833 EHLARDTM"'WILMDE.HCC.COM 
ELA STE!VE SILVER SPRUCE ORCH. 375 L RO HOTCHKJSS co 81419 970-872-3488 
EKBERG JOHN OR. DEPT. OF AGRI. 78 N.E. SALZMAN RO. CORBETT OR 97019 503-695-5547 
ELKINS 

.. 
RACHEL UCCES 883 LAKEPORT BLVO. LAKEPORT CA 95453 707-263-6838 707-263-3963 RBELKINS"'UCOAVIS.EOU 

l?Lifs-- ----- BRIAND. BOX3984 OMAK WA 98841 826-4682 
EPSTEIN_ .. __ OAVIO 425 CLEVELAND ST. PULLMAN WA 99163 509-334-0319 Ol!PSTEIN-u.lL,WSU.EOU 
FANBION. CANA wsu 122 W. 2ND ST. YAKJMA WA 98901 509-574-1600 509-574-1601 OFABIONBWSU.EDU 
FERGUSON HOLLY USDA-ARS 5230 KONNOWAC PASS RO. WAPATO WA 98951 509-454-4462 509-454-!5646 FERGIEtBIYARL.GOV 
f"ERNANDEZ DARIO WASH ST. UNIV 1630 NE VALLEY RO. #201 PULLMAN WA 99163 509-334-1140 F!RNANDE-~41L.WSU.EDU 
FIELDS- GARY J. GF PEST MNGT. SERV. 4600 WESTWOOD OR. HOOORIVER OR 97031 541-386-3055 THEP1ELDS®JUNO.COM 
FISCHER VERN 5601 BINNS HILL RD HOOD RIVER OR 97031 541-387-3052 541-387-4428 
F1SHeR GLE!NN DEPT OF ENT. OREGON STATE UNIV CORVALLIS OR 97331 
F1SHER JOAN SCENTURJON BOX585 CLINTON WA 98236 360-341-3989 360-341-3242 ONJFISHRBlWHIOBEY.NET 
FITZGERALD TONIE WSU COOP EXT. N 222 HAVANA SPOKANE WA 99202 
FUCK DAN WILBUR ELLIS BOX 720 WENATCHEE WA 98802 509-863-8753 
FLORA ERIC DOW AGROSCIENCES 13917 269TH AVE ZIMMERMAN MN 55397 612-856-4834 612-856-4836 EAFLORAo; innWAORO.COM 
fOUCHE BENNY UC COOP EXT 4220 S. WILSON WAY STOCKTON CA 25205 209-468-2085 209-492-5781 BFOUCHE, UCDAVIS.EDU 
GARVIN RICH CASCADE CROP CARE 4730 LONDON DR. PARKDALE OR 97041 541-352-7227 541-352-7121 PRCWCQT lo1MGORGE.NET 
GEBHARD ASTRID AGIPM 30402 ROTHROCK RD PROSSER WA 99350 509-973-7000 509-973-3585 ASTRIOGIII BIGFOOT .COM 
GEHRETT JAY SF'RAVTECH RT.3 BOX27 WALLA WALLA WA 99362 509-525-0146 509-527-3356 GEHRET J~WWICS.COM 
GLEASON DAVID SON LIGHT CONSULT. 483 N. GALLOWAY DR YAKIMA WA 98908 509-949-3420 OGLEA46401 OL 
GLEASON RUSS SON LIGHT CONSULT, 13203 MARBLE RD. YAKIMA WA 98908 509-966-2406 
GONZALVES PETE BOX 981 SHAOYCOVE OR 97539 541-878-3554 GONZO IND.NET 
GORDEN. JIM PEST MGNT ASSOC. P.O. BOX 712 EXETER CA 93221 20g..592-9461 209-592-3373 GORDENPMA CL.COM 
GRALi PHIL ABBOTT LABS 17683 AVE. 6 MADERA CA 93637 209-661-6300 209-681-6316 
GRIFFITH DAN 7 E. WASHINGTON AVE YAKIMA WA 98903 
GROVE GARY WSUTFREC 1100 N. WESTERN AVE WENATCHEE WA 98801 
GUT LARRY MSU DEPT. ENT 243 NAT. SCIENCE. BLDG. EAST LANSING Ml 48824 517-353-8648 GUTll9!P1LOT.MSU.E!DU 
HADDOCK STEPHEN CORNELL COOP EXT. EDUCATION CNTR, 479 RTE. 66 HUDSON NY 12534 
HALAJ JUFAJ 519W. 21ST CORVALLIS OR 97330 
HALEY SUE RR3 STE. 4 COMPARTMENT 5 KELOWNA BC V1Y7R2 
HAMM PHILIP OREGON STATE UNIV BOX 105 HERMISTON OR 97838 
HANSEN RANDY WEDDLE HANSEN ASS 200JUDYDR. PLACERVILLE CA 95667 530-626-9696 530-626-6801 RRHANSEN,.,J?S.NET 
HATHAWAY CARRELL USDA-ARS 5230 KONNOWAC PASS RD. WAPATO WA 98951 509-457-6558 509-454-5646 
HAWKINS LOYS BEAR CREEK ORCH. BOX 9000 2518 S. PACIFIC HWY. MEDFORD OR 97501 541-776-2121 541-776•2180 LHAWKINSeBCQ.COM 
HAYS NANCY PACIFIC BIOCONTROL 400 E. EVERGREEN BLVD. #205 VANCOUVER WA 98660 360-693-2866 360-593-3088 NHAYS,.PACBIO.COM 
JANET HAYWORT~ THERMO TRILOGY P.O. BOX866 BUCKEYE />Z 85326 602-393-0049 SAME CYCLESBI0-4 0L.COM 
HEATER JEFF BOX 1444 HOOD RIVER OR 97031 541-354-6197 609-493-3884 BALDHEAT"'LINKPORT.COM 
HENDRICKS BRIAN WILBUR ELLIS CO. 20 HIWAY 150 CHELAN WA 98816 509-882-5315 609-882-4717 BHENORIC-TELEVAR.COM 
HIGBEE BRAD USDA-ARS 5230 KONNOWAC PASS RD. WAPATO WA 98951 509-454-6564 509-454-5846 BHIGBEE®YARL.GOV 
HILL BRUCE WSUTFREC 1100 N. WESTERN AVE. WENATCHEE WA 98801 
-HILTON RICHARD osu 569 HANLEY RD. MEDFORD OR 97601 541-772-5165 541-772-5110 HILTONReacc.ORST.EDU 
HIMMEL PETER TFREC 1100 N.WESTERN AVE WENATCHEE WA 98801 509-B63-8181 PHIMMELeTFREC.WSU.EOU 
HOWELL FRANK 615 SO. 35TH AVE. YAKIMA WA 98902 509-452-5527 509-966-9681 
HUBBARD MICHAEL KOOTENAI VALLEY RES HCR 61 BOX 129AA BONNERS FERRY ID 83805 208-267-9049 208-267-2847 MKHUBBA®OMI.NET 
HUDSON WILLIAM W.B. HUDSON CONSLT 1724 SO. 68 TH AVE. YAKJMA WA 98908 509-966-4092 
IRV1N·E . JAY 1602 E. VINE CT. VISALIA CA 93292 209-635-8228 209-635-7145 
iSi-flDA CHRIS NOVARTIS BOX 158 SANGER CA 93657 209--875-6075 209-&75-5504 CHRIS.ISHIDA"11CP.NOVARTIS.COM 
,JACQUES DONALD EXXON CORP P.O. BOX 2180 HOUSTON TX 77252 713-656-6823 713-856-2898 
,JENKINS JACK 620 E. BIRD LANE LITCHFIELD PARK AZ 85340 602-935-0512 602-935-0513 
,JOHNSON KEN DEPT. BT & PLNT PATH OREGON STATE UNIV CORVALLIS OR 97331 
Joy DON 4205 BARGE YAKIMA WA 98908 509-966-54 72 509-965-1665 DONJOY-.11.0L.COM 
JUDD GARY AGIRC CAN, RE:S. STA SUMMERLAND BC VOH 1ZO 
KAHN ANDY NORTHWEST 1PM INC 1642 LOWER MONITOR RD. WENATCHEE WA 98801 509-652-4345 ANDYKS9-.11.0L.COM 
KARREN JAYB. DEPT. BIOLOGY UTAH STATE UNIV. LOGAN UT 84322 435-797-2514 435-797-1597 JAYK-XT .USU.EDU 
l<IJIMA STEVEN DUPONT 14006 E. 12TH AVE V!RAOALE WA 99037 509-927-8940 509-927-9959 KIJIMASH-..11.0L.COM 
KiRFMAN GARY ABBOTT LABS 912 LE:OWAY WOOOLANO CA 95776 916-B68·1495 916-881-9036 KIRfMAN-.a.OL.COM 
KIRSCH PHILIP FIPMTECH BOX509 WEST LINN OR 97068 
i<LAUs-··-· MIKE USDA 2015 S. FIRST ST. MS-7 YAKIMA WA 98903 509-454-4189 509-454-7858 MKLAUS1tt1.11.GR.WA.GOV 

( KLUGE H.A. CROP PROT. BRANCH 80800UGLAS VICTORIA BC VBW2Z7 
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IKLUNDT .. JEFF FMC CORP P.O. BOX 278 COLLEGE PLACE WA 99324 509.52g.. 7290 
KNlGHT ALAN USDA-ARS 5230 KONNOWAC PASS RD. WAPATO WA 98951 509-454-6566 509-454-5646 AKNIGHTIRIYARL.GOV 
K'6C:;"AN-- MARCOS IPPC OREGON STATE UNIV. CORVALLIS OR 97331 
!{UTCH - - JON WELLS & WADE FRUIT P.O. BOX 259 WENATCHEE WA 98807 509-886-0440 
kuTCH LORI WELLS & WADE FRUIT P.O. BOX259 WENATCHEE WA 98807 509-886-0440 
!<UHLMAN. BARBARA EXXON RES & DEV. LAB 4045 SCENIC HWY BATON ROUGE LA 70810 504-359-0514 504-359-7325 

LAGASA ERIC WSDA LAB SERV DIV BOX42560 OLYMPIA WA 98504 
LAMPSON LYLA IAMPSON rES. & CONS. 54738 DAY RD. MILTON-FREEWATER OR 97862 5◄1-938-4711 541-938-4711 LAMPSON®WWKS.COM 

LANDOLT PETER USDA-ARS 5230 KONNOWAC RD WAPATO W/lJ 98951 509-454-6551 509-454-5646 LANDOL T"'YARL.GOV 

LANGSKAMP SCOTT NOVARTIS CROP PROT P.O. BOX 18300 GREENBORO NC 27419 s10-e32.1e4s 
LARSEN HAROLD 3168 B 112 RD. GRAND JUNCTION co 81503 
LARSEN TOM CONSEPINC 213 SW COLUMBIA ST BEND OR 97701 5◄ 1-317-2242 541-388-3705 LARSENTACONSEP.COM 

LiNGREN BILL TRECE INC. 1143 MADISON LANE SALINAS CA 93907 408-758-0204 408-758-0204 BLINGRE:N""'TRECl!!.COM 

USK DOUGLAS RHOME&HAAS INDEPENDENCE MALL WEST PHIL/lJDELPHIA PA 19105 
LONG LYNN CSU WASCO CTY EXT. 400 SCENIC DR. STE 2.278 THE DALLES OR 97058 541-296-5494 541-2ee-3574 L YNN.LONG_,..,RST .EOU 

Li.JEPSCHEN NORMAN CSOA 2110 SANOLEWOOD GRANO JUNCTION co 81506 
LUNDEN. JEFF 50102 N. WHAN RD. BENTON CITY WA 99320 509-786-9380 
MACLEAN PRICILLA P.O. BOX467 EMIGSVILLE PA 17007 717-764-1191 717-767-1016 
MACR!S NICK P.O. BOX 511 KINGSBURG CA 93631 209-897-4216 209-897-7340 BUGMAN@LIGHTSPEED.NET 
MAIS··- KAREN BOX37 EPHRATA WA 98823 
MALONY ROBERT BEDOUKIAN RES. 21 FINANCE DR. DANBURY CT 6810 203-830-4000 203-630-4010 MALONEY""'BEOOUKIAN.COM 

MALOY OTIS DEPT PLANT PATH. WASH. STATE UNIV. PULLMAN WA 99164 
MA.THERON MIKE YUMA MESA CNTR UA 6425 W. 8TH ST. YUMA AZ 85364 
MAYBERRY TERRY 1113 NW HORN AVE PENDLETON OR 97801 
MAYER D/lJN 24106 N. BUNN RD. PROSSER WA 99350 S09-786-2226 
MCCLAIN BO~ CALIF PEAR ADV. BO. 1521 '1" ST. SACR/lJMENTO CA 95814 916-441-0432 916-446-1063 

MCCAFFREY JOSEPH DEPT. F'SES UNll/cRSITY OF IDAHO MOSCOW ID 83e44 
MCGHEE PETE 344NW. WINDUS ST. PULLMAN WA 99163 509-334-2371 PMCGHEE-A1L.WSU.EOU 

MCKINLEY JAMES 424 AERO VIEW YAKIMA WA 98908 
MCKINLEY NORM 4280 MONTAIGNE LANES. SALEM OR 97302 
MCKINLEY SHANE RON BRITT & ASSO. P.O. BOX 8336 YAKIMA WA 98908 509-966--9681 509-966-1132 RONBRtTT691WOLFENET.COM 

MCNEANEY JEFF 5015 GREEN RD. HOODRNER OR 97031 -
MELCHIOR GARY GOWAN CO. 1009 FRANCIS AVE. W/lJLLA WALLA WA 99362 509-529-0175 509.529.9443 MELCHIOR-BMI.N!T 
MILLER SUSAN L. UW CNTR URBAN HORT BOX 354115 SEATTLE WA 98195 
MILLER TIM RESEARCH WEST 13381 RD. 5 NE MOSES LAKE WA ses37 509-766-7589 509• 766-BJOe R!:SEARCHWEST-•T .NET 
MILLER ROSS TFREC 1100 N. WESTERN AVE. WENATCHEE WA 98801 509-663-08181 50iMS62-8714 ROSS•MILLER<8lTFREC.WSU.EDU 

MORATORIO MARIO UC COOP EXT 311 FAIR LANE PLACERVILLE CA 95667 530-621-5505 530-842-0803 MSMORATOR•--UCDAVIS.EDU 

MORGAN STEVE OSUCOOPEXT 18640 NW WALKER RD, #1400 B!Al/cRTON OR 97006 
MOYER RONALD 3M 3M CENTER BLDG 220-10W-11 ST PAUL MN 55144 612-733-8617 612-737-0627 
MUDGE ALAN OR. DEPT. AGRIC. 635 CAPITOL ST. NE. SALEM OR 97310 503-986-4665 AMUDGErnciOA.STATE.OR.US 
MURRAY TODD WSU VANCOUVER 1000 N. FOREST ST. #201 BELLINGHAM WA 98225 360-676-6736 TAMURRAYIRlCOOPEXT.CAHA.WSU.EDU 
MUSSER SEAN 2700HWY28 E. WENI\TCHEE WA 98802 509-499-2100 509-499-1015 
NEIDLINGER TOM ROHM & HAAS CO. 1501 NILE RD. NACHES WA 98937 509-658-1028 SAME RHAYTNmt<OHMHAAS.COM 
NELSON EUGENE COLORADO STATE U. 619 M/lJN GR/lJND JUNCTION co 81502 
NELSON RICHARD PLANT SCI. INC. 342 GREEN VALLEY RD. WATSONVILLE CA 95076 
NEVEN LISA USDA-ARS 5230 KONNOWAC PASS RD. WAPATO WA 98951 509-454-6565 509-454-564e NEVEN<8lYARL.GOV 
NIEDERHOLZER FRANZ OSUCOOPEXT 2990 EXPERIMENT ST A. DR. HOOD RIVER OR 97031 
NIELSEN " -- KENT 3M CANADA P.O, BOX 5757 LONDON OT NOL-1G3 519-451-2500 519-452-6763 KNIELSENlli>MMM.COM 
r~OBBs CHRIS WSUTFREC 1100 WESTERN AVEW WENATCHEE WA 98801 S09-863-8181 NOBBYRllMJ; JL.WSU.EDU 
i~-6GUCH1 HIRO 133 N. CALIFORNIA BLVD. #600 WALNUT CREEK CA 94596 510-256-2720 510-25e-211e 
i:J'KEEFE LARRY DEPT PSES UNIV. OF IDAHO MOSCOW ID 83844 
OAKEY GUNTHER CONSEP INC. 213 SW. COLUMISIA ST. BEND OR 97702 541-388-3688 541-388-3705 GUNTHErlONSEP.COM 
OLDHAM BILL 2195 GOWAN WAY REDWOOD VALLEY CA 95470 707-485-1023 SAMe BILLOLDH PCOM.NET 
OI.IVER GRANT 3M CANADA BOX5757 LONDON OT N6A-4T1 519-452-6592 519-452-462e GWOLIVER MM.COM 
OLSEN CHRIS RHOME POULENC 28908 NE 39TH ST. CAMAS WA 98607 380-834-1089 360-634-1089 
15LSEN JEFF OSU COOP EXT. 2050 LAFAYETTE AVE MCMINNVILLE OR 97128 503-434-8915 503-472-3054 OLSENJ"'ORST .eou 
OSGOOD CHARLES AGRI SERV INC 11134 CHICKADEE DR BOISE ID 83709 208-322-5616 208-322-7609 ceoSGOOD&llA.OL.COM 
PARKER STEVEN AMVAC 1231 MAGNOLIA DR. WALLA WALLA WA 99362 509-529-9696 509-529-9S9e SPUDWALK!Rll'DaQL.COM 
PARKER . ' CHAD 4582 FRESHWATER RD WILLIAMS CA 95987 916-473-5428 916-473-5645 CPAAKERS19.fbAOL.COM 
PARTRIDGE MARIAN PHERO TECH INC. 7572 PROGRESS WAY DELTA ec V4G-159 604-940-9944 604-940-9433 MP/lJRTlli>PHEROTECH.COM 
PEATMAN··· CHARLES 3M CANADA BOX5757 LONDON OT N6A-4T1 
PETERSEN DONNA TRECE INC P.O. BOX 6278 SALINAS CA 93912 408-758-0204 408-758-2625 FIRSTL""NETINS.NET 

F'age 3 



Sheet1 

PFANNENSTIEL BOB TFREC 1100 N. WESTERN AVE WENATCHEE WA 96601 509-863-8181 RPFANNENSTIE5LgTFREC.WSU.EDU ---- ---- - --
HUGH BC MIN AGRI FSH &FD. 1690 PO-WICK RD. KELOWNA BC V1X 7G5 250-861-7211 250-881-7490 HPHILIP@GALAXY.GOV.BC.CA PHILIP 

PICKEL ____ - CAROLYN UC COOP EXT 142 A GARDEN HWY. YUBA CITY CA 95991 530-622· 7515 530-673-!5368 CXPICKEL@UCDAVlS.eou PIPER- ----- DAVID . WILBUR ELLIS 7 E. WASHINGTON AVE. YAKIMA WA 96903 .. 
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discussion of your data Exclude common knowledge life history data from your discussion. If 
necessary include these data in the written research report . 
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1. Thresholds/Monitoring/Sampling 

FAUNISTIC SURVEY OF INSECTS ASSOCIATED WITH PRUNUS 
TREES IN WESTERN OREGON 

Richard A. Worth and Barry B. Bai 
Oregon Department of Agriculture 

Plant Division 
635 Capitol St NE 
Salem, OR 97301 

Surveys of fruit trees are helpful for detecting newly introduced pests, monitoring levels of 
established pests, and determining the general insect fauna associated with a given commodity. 

METHODS: A survey of insects associated with Prunus trees (cherry, plum, peach) was 
conducted from 1996 through 1998 in north western Oregon centered around the Willamette 
Valley. Sites were chosen from abandoned orchards, roadside groups of trees, parks, and 
experimental orchards. Selected sites were visited every 3 to 4 weeks. Insects from trees were 
sampled with a beating sheet and were also taken from sticky traps set in Prunus trees during the 
regular pest detection survey. Trap types included Cherry Ermine Moth (CEM), Cherry Bark 
Tortrix (CBT), Oriental Fruit Moth (OFM), and Pandemis heparana (PH). Adult specimens of 
most orders were collected from the sheet or removed from traps, while larval lepidoptera were 
reared to adults in the lab. Specimens in traps were removed only if in good condition. The 
survey focused on those orders likely to have species that are pests or predators including 
coleoptera, dermaptera, diptera, hemiptera, homoptera, hymenoptera, lepidoptera, neuroptera, 
odonata and orthoptera. An emphasis was placed on lepidoptera because this order contains high 
numbers of pests, and trapping efforts in fruit trees have recently focused on this important group. 

RESULTS AND DISCUSSION: Much of the data for the 1996 to 1998 seasons are still 
being processed and there are many more specimens to be identified. The initial results are 
presented here. Only the coleoptera, hemiptera and lepidoptera are discussed because most of the 
specimens that have been identified so far are in these three orders. Table l lists the number of 
identified species in a given family for each order. To date, the coleoptera consist of 34 species in 
9 families, the hemiptera have 55 species in 13 families and the lepidoptera consist of 38 species in 
12 families. Several of the identified hemipterans are predatory, some are introduced and a few are 
both. Nearly half of the most represented family, Miridae, are predatory. The family 
Curculionidae contained the greatest number of beetle species including one specific oak feeder, 
Curculio occidentalis. Known Prunus feeders include one curculionid, one scolytid and two 
buprestids. The noctuidae is the most represented lepidopteran family. A few are not Prunus 
feeders and one is specifically a grass feeder. 

Rearing efforts of the survey produced not only good adult specimens but also had the following 
benefits. First, larvae feeding on a plant can be positively linked to that host. Second, 
photographing larvae can give a visual record to be paired with the adults after emergence. In 
contrast, adults collected from a tree may be incidental, having fed from a different host nearby. 
Trap collected specimens may be lured from surrounding areas, and lures can have cross­
attractance among species that feed on other hosts. Furthermore, specimens from traps are often 
too gooey to identify. 



Figure 1. Distribution of Prunus survey sites in northwest Oregon. 

Table 1. Number of identified species in the given families of each order. 

Leoidootera Coleoptera Herniotera 
No. of No. of No. of 

Family species Family species Family species 
Arctiidae 1 Buprestidae 3 Acanthosornatidae 1 
Geometridae 6 Cantharidae 5 Anthocoridae 3 
Hesperiidae 1 Cerambycidae 5 Berytidae 1 
Lasiocampidae 1 Chrysomelidae 1 Largidae 1 
Lymantriidae 2 Cleridae 2 Lygaeidae 5 
Noctuidae 15 Curculionidae 15 Miridae 18 
Notodontidae 1 Elateridae 1 Nabidae 3 
Pyralidae 1 Meloidae 1 Pentatornidae 15 
Satyridae 1 Scolytidae 1 Reduviidae 1 
Thyatiridae 3 Rhopalidae 1 
Tortricidae 6 Scutelleridae 1 ·-

Tingidae 3 
Totals 

No. of No. of No. of • 
No. families species No. families species No. families species 

11 38 9 34 12 53 

2 
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1. Thresholds/Monitoring/Sampling 

MONITORING CODLING MOTH AND LEAFROLLERS WITH PHEROMONE TRAPS 

Larry Gut, Peter McGhee & Chad Pastor 
Michigan State University 

205 Pesticide Research Center 
East Lansing, MI 48824 

Pheromone lures and traps used to monitor codling moth and obliquebanded leafroller were 
compared for efficacy and longevity. We directly compared the effectiveness of four trap 
designs for monitoring codling moth - triangular, wing, small diamond, and large diamond. The 
triangular and large diamond traps were significantly more effective than the other two traps. 
The small surface available for capturing moths in the small diamond trap appeared to be the 
major factor limiting the performance of this trap. 

Three kinds of standard-load codling moth lures were tested: a flex type (Pherotech, Inc.), a 
long-life septum (TRE L2, Trece, Inc.), and a red septum (Trece, Inc.). The TRE L2 lure 
engineered by Trece was the most effective lure. This long-life lure lived up to its name during 
the first and second generation comparisons, maintaining the highest level of attraction without 
replacement for the entire 56 days of codling moth adult activity. The experimental flex lure 
engineered by Pherotech also performed well, but a decline in efficacy was recorded prior to the 
end of the first and second generation codling moth flights. The performance of the red septa 
declined after only one to three weeks. 

Obliquebanded leafroller lures produced for commercial use by three companies, or lures 
manufactured by a single company but loaded with an eastern or western blend of obliquebanded 
leafroller pheromone were tested. The eastern blend lure engineered by Scenturion was 
significantly more attractive than eastern blend lure produced by Trece. The Scentry eastern 
blend lure used in the first generation comparison was essentially unattractive, but the problem 
was identified and corrected prior to the start of the second generation flight. The performance 
of the new Scentry lure was similar to that of the Scenturion lure. Obliquebanded leafroller 
males were more responsive to the western than the eastern blend lures. The Trece produced 
western lure was significantly more attractive than the Trece produced eastern lure. 
Furthermore, there was no significant difference in effectiveness of the Trece and Scenturion 
western blend lures. 

The utility of pheromone trapping systems may be improved by identifying the best lures and 
traps. Two lures, the Trece long-life lure and the Pherotech flex lure, were attractive for 
significantly longer periods compared to the industry standard, red septum lure. The 
performance of the long-life lure was especially impressive, with a field life of at least 8 weeks 
or one complete codling moth generation. The strong performance of the Pherotech bubble-cap 
lure was also very encouraging. This experimental high-load lure was as attractive as the 
industry standard, 10 mg red septa, and lasted substantially longer. It appears that a season-long 
trapping program in pheromone-treated orchards may only require 2 bubble cap lures. This 
would compare quite favorably with the 7 to 8 red septa lures that are currently required to 
accomplish the same task. Moth capture also can be significantly influenced by trap design. 
Knowing the relative effectiveness of various traps will become increasingly valuable as 
researchers develop treatment thresholds based on moth captures in pheromone traps. A good 
pheromone trap must be effective at capturing moths and user friendly. The triangular trap 
captured the most moths and was the easiest to use. 

5 
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Section I-Monitoring 

MONITORING CODLING MO1H IN MA TING DISRUPTION ORCHARDS WITH 
LONG LASTING LURES 

J. F. Brunner, M. D. Doerr and C. A. Nobbs 
WSU-Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

Pheromone lures used to monitor codling moth (CM) in pheromone and nonpheromone­
treated orchards were compared for efficacy and longevity. In pheromone-treated 
orchards, a high load lure referred to as a "bubble" lure engineered by Pherotech, Inc. 
was the most effective lure. It was as attractive as the co=ercial standard, a red septum 
loaded with 10 mg of codlemone (Trece, Inc.), and maintained its attractancy for a longer 
period of time. The bubble cap lure remained at least as attractive as a red septum 
replaced at regular intervals (9 days) throughout 54 days of testing during the first 
generation and 48 days during the second generation. Two experimental lures (Trece 
8395 and Trece 8450) engineered by Trece, Inc. were less effective than the red septum. 

The more stable release rate of the bubble lure across a whole generation as opposed to 
the rapidly degrading attractancy provided by the red septum should provide a more 
consistent and reliable monitoring system. In Washington state, a season-long trapping 
program would only require 2 bubble cap lures. This years test indicated that a red 
septum lost attractancy after only 9 days in the spring as well as the su=er. Thns, 7-8 
red septa lures would be required for a season-long trapping program. At a cost of $1 for 
a high load red septum lure plus the labor cost required to change lures in large scale 
monitoring programs (i.e. 1 trap/2.5 acres in the Codling moth Areawide Management 
Programs), use of a longer life lure could represent a substantial savings in monitoring 
costs. 
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Section I-Monitoring 

MONITORING LEAFROLLERS WITH LOW-LOAD LURES TO DETERMINE "IN­
ORCHARD" LARY AL POPULATIONS 

J. F. Brunner, M. D. Doerr and C. A. Nobbs 
WSU-Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

Standard and low-load pheromone lures used to monitor pandemis leafroller (PLR) and 
obliquebanded leafroller (OBLR) moth activity were compared for efficacy during the 
first generation and their ability to predict in-orchard larval densities of the following 
generation. Lure comparisons were conducted by crop consultants in 32 locations with 
PLR populations and 25 OBLR locales. Traps baited with low-load leafroller lures 
attract significantly fewer moths than those baited with standard lures in commercial 
orchards. In the case of PLR, use of the low-load lure allowed for a better correlation 
between moth catch of the first generation and larval density during the summer 
generation. The reduced attractancy of the PLR low-load lure appeared to be better at 
measuring only those male moths originating from with in the area of interest. 
Examining the ratio of moth capture in traps baited with standard PLR lures:low-load 
lures did not appear to aide in predicting whether the traps were monitoring an in-orchard 
population or not For the purpose of establishing treatment thresholds based on trap 
catch alone the O. lX PLR lure seemed to be in the right load range. 

Moth capture in traps baited with low-load OBLR lures was higher relative to the 
standard lure than with low-load PLR lures. The correlation patterns between trap catch 
and larval densities were similar with the standard and low-load OBLR lures. Both lures 
sufficiently measured populations originating from with in the orchard, but in many cases 
they both seemed to capture males from outside the area of interest. It did not appear that 
the 0.05X load OBLR lure reduced attractancy sufficiently enough to measure only in­
orchard leafroller density. However, it did appear that analysis of the ratio of moth 
capture in traps baited with standard lures:low-load lures provided useful information on 
whether the male moths were originating from with in the orchard. A low ratio (less than 
3:1) suggested that the trapping system was measuring an in-orchard population . 
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next generation in delta style traps baited with standard PLR lures (A) or low-load PLR 
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Section 1- Monitoring 

BORDER SPRAYING AND TRAPPING TECHNIQUES FOR STINK BUGS 

C. A. Nobbs, J. F. Brunner and M. D. Doerr 
WSU-Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

A series of species specific lures were prepared by Dr. Jocelyn Millar (UC-Riverside) and 
a standard stink bug attractant were evaluated for their ability to attract stink bugs to two 
different trap types. One trap design was the "tube" trap disigned by Dr. Dick Rice (UC­
Davis) and a ''jug" trap that is commonly used in northcentral Washington state. In both 
Ee tests traps baited with Ec-11 and Ec-12 caught more E. conspersus (Ee) than with the 
standard lure (Table 1). The Ec-21 lure appeared to be the most attractive to Ee, however 
there were not enough lures to complete both tests. It did not appear that the standard, 
Ec-11 or Ec-12 lures were more attractive to either sex based on the sex ratio analysis. 
The species complex of stink bug invading the orchard was tracked by separating by 
species individuals recovered in traps baited with a standard lure. During the early 
portion of the test the traps captured predominantly Ee. Through 21 Aug the traps 
captured 100% Ee. On 28 Aug the first C. ligata was captured. From that date onward 
different species were captured along with Ee on each date. On the 28 Sep and 5 Oct 
evaluations the little tan species was the predominant stink bug, and on 5 Oct zero Ee 
were captured for the first time during the entire test. The influx of different species into 
the orchard late in the year may account for the large amount of fruit damage observed 
during this time, especially on late maturing apple varieties. 

Various insecticides registered for rangeland use and thought to be effective against 
hemiptera were evaluated for their ability to control C. ligata and E. conspersus adults 
feeding on mullein plant near the border of apple. Treatments were applied to rangeland 
plots surrounding an apple orchard. Pretreatment evaluations indicated that the majority 
of stink bugs could be found 2nd year mullein plants. A 500 ft border was divided into 
smaller plots approximately 25 ft wide extending 20 ft into the rangeland. It was assured 
that this area contained at least 10 green mullein plants and 10 live stink bugs of both 
species combined. Post-treatment evaluations were a 4 minute timed search of each plot. 
The number and species of live stink bugs were recorded. It appeared that Pounce 3.2 EC, 
Orthene 75 S, and Penncap-M 2 Fpreventedrecolonization for at least 10 DAT. 
Malathion 50% EC and Diazinon 50 WP did not provide residual control of stink bug 
(Table 2). 
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Table 1: 1998 stink bug lure trial. 
E. cnnsner•usltran 

Lure Weekl Week2 Week3 Week4 Week5 TotalEc 
Tube trap 
Standard 0 1 0 0 0 1 
Ec-11 0 1 2 0 0 3 
Ec-12 0 1 0 0 1 2 
Ec-13 1 0 0 0 0 1 
Ec-14 0 0 0 0 0 0 
Ec-21 2 13 0 --- --- 15 
Jug trap 

' Standard 0 0 0 0 0 0 
Ec-11 1 3 1 0 3 8 
Ec-12 0 1 0 0 0 1 
Ec-13 0 0 0 0 0 0 
Ec-14 0 0 0 0 0 0 
--- Indicates trap was removed due to lack of lures. 

Table 2: 1998 stink bug chemical control trial. 
Rate Avg nQ stink !;iugs.!4 min 

Treatment (AI/acre) E. conspersus C. ligata total SB 
3DAT 
Pounce 3.2 EC 90.8 g 0.0 0.0 0.0 
Orthene 75 S 726.4 g 1.0 0.0 1.0 
Orthene 75 S 363.2g 3.0 0.0 3.0 
Sevin XLR Plus 4 454.0 g 10.0 0.5 10.5 
Diazinon 50 WP 908.0 g 3.0 1.0 4.0 
Penncap-M 2 F 454.0 g 1.0 0.0 1.0 
Malathion 50% EC 681.0 g 1.0 1.0 2.0 
Untreated 13.0 3.0 16.0 
lODAT 
Pounce 3.2 EC 90.8g 0.0 0.0 0.0 
Orthene 75 S 726.4g 0.0 0.0 0.0 
Orthene 75 S 363.2 g 0.5 0.0 0.5 ·-
Sevin XLR Plus 4 454.0 g 3.0 0.0 3.0 
Diazinon 50 WP 908.0 g 6.0 1.0 7.0 
Penncap-M 2 F 454.0 g 0.5 0.0 0.5 ' 
Malathion 50% EC 681.0 g 2.5 0.5 3.0 
Untreated 3.5 0.0 3.5 
Statistical analysis could not be provided due to the unreplicated nature of this test. 
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Section 1. Thresholds/Monitoring/Sampling 

TRAPS AND LURES: WHERE'S THE SCIENCE 

Alan Knight and Brad Christianson 
ARS, USDA, 5230 Konnowac Pass Rd., Wapato, WA 98951 

Traps baited with sex pheromone lures are used to establish action thresholds and to time sprays 
for both codling moth and leafi:ollers. A number of factors are known to affect moth catch and 
we have examined several of these over the past few years. Today's, talk will discuss the 
following factors: trap type, lure type, trap height in the canopy, trap position in the orchard, lure 
load rate, lure longevity, lure degradation, lure and trap proximity, trap density, and mixing lures 
of different species in the same trap. 

1) Trap size affects moth saturation: larger traps catch more moths and at low moth densities 
variable sized traps perform similarly. 
2) Trap position within the orchard is important and different results occurred in flat orchards 
with low population densities versus hilly orchards with high population densities. 
3) Traps placed higher catch more moths 
4) Trap density affects the number of moths caught per trap. 
5) Load rate and dispenser material affects its emission rate, longevity, and degradation oflures. 
The red septa is probably the worst choice for a codling moth lure. 
6) Isomate C+ dispensers placed within six inches of a trap can reduce moth catch and even 
dispensers from the previous year can impact traps. 
7) In orchards treated with sex pheromones for disruption of both codling moth and leafi:ollers 
traps can be baited with both lures without significantly reducing moth catch. 

In summary, here is what can happen with the two extremes. We can get a twenty-fold difference 
in moth catch over a three week period with these two case studies. 
Case 1: A Pherocon ICP trap with a 10 mg red septa placed 2 m in the canopy 50m from the edge 
of the orchard 6" from a dispenser at 1 trap per hectare. 
Case 2. A Pherocon VI trap with a long-life lure placed in the top of the canopy near the edge of 
the orchard > 1 yard from a dispenser at 1 trap per 5 acres . 
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I. Thresholds/Monitoring/Sampling 

IMPROVED PHEROMONE LURES FOR PHYTOCORIS RELATIVUS 
(HEMIPTERA: MIRIDAE) 

R. E. Rice 
University of California 
Parlier, CA 93648 

J. G. Millar 
University of California 
Riverside, CA 92521 

Due to the high volatility of Phytocoris pheromones their retention on rubber septa lures is 
unacceptably short for commercial field use in pheromone traps. Several new pheromone dispenser 
designs and types were evaluated in 1998 in an attempt to overcome this short residual and release 
activity of Phytocoris pheromones on rubber septa. 

Preliminary field trials with a variety of polyethylene microcentrifuge tubes loaded with P. relativus 
pheromones indicated that a small 0.5 ml polyethylene tube and a larger 1.5 ml conical 
microcentrifuge tube should be considered in further trials. Subsequently, a field trial comparing the 
two types of tubes, each loaded at two rates of P. relativus pheromone (100 and 200 mg/lure), was 
compared to a commercial lure comprised of a paraffin and wax matrix (Scenturion, Inc., Clinton, 
WA) impregnated with P. relativus pheromone. This lure was also provided with two load rates 
(190 and 380 mg per lure). The six experimental lures were then compared to U.C. standard rubber 
septa lures provided by Dr. Millar. This trial was established in a mature almond orchard near 
Caruthers, CA on July 21, 1998. The trial was comprised of five traps (replicates) for each lure type 
with the U.C. standard rubber septa lure being changed at two-week intervals and the six 
experimental lures not changed through the duration of the trial. Lures were placed in standard 
Pherocon® IC sticky traps (Trece, Inc.) spaced at 200 ft intervals. The traps were counted twice 
weekly and rotated to the next position in the trap array at each count date. 

The comparisons of the experimental lures to the standard rubber septa Phytocoris lure showed all of 
the experimental lures collecting significantly more P. relativus males than the U.C. standard lure at 
one and two weeks after lure placement (Table I). Initially the smaller thin-walled centrifuge tube 
lures (PR-98-13, 14) were more attractive than the larger, thicker-walled tube lures (PR-98-11, 12) 
and were comparable to the Scenturion paraffin/wax lures. As expected, the higher Scenturion lure 
load (380 mg) initially caught more relativus males than the lower 190 mg load. Between weeks 5 
and 8 the polymer centrifuge tube lures had lost much of their pheromone and began to fall behind 
collection rates of the two Scenturion lures. Following the I I-week count the four polymer tube 
lures were eliminated from further consideration in this trial. At week 11 the 190 mg Scenturion lure 
was also no better in Phytocoris attraction than a fresh U.C. standard septa lure while the 3 80 mg 
Scenturion load was still significantly better than the other two lures remaining in the test; this 
continued through week I 7. 

The results of this trial show quite clearly that high loads of Phytocoris pheromones blended into 
paraffin wax dispensers or plastic reservoir lures will provide considerably longer field life and 
attraction for Phytocoris males compared to the standard rubber septa lure that must be changed 
every two weeks in order to retain high attractancy for responding bugs. These results will 
undoubtedly point the way to improved monitoring lures for all pheromones of relatively high 
volatility, including pheromones for other Hemiptera and Lepidoptera such as peach twig borer. 
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Table I. Efficacy of standard rubber septa, paraffin/wax, and polyethylene tube lures for collection of Phytocoris relativus. 
Fresno County, Calif. 1998. 

Mean No. P. relativus per trap at week - 11 

Lure Type Load-mg 1 2 5 8 11 14 17 

U. C. standard septa 5 51.6 a 14.6 a 72.8 b 39.4 b 21.0 C 31.8 a 18.8 a 

Scenturion 1102 190 103.2 be 101.2 b 84.0 be 58.0 C 17.8 C 22.2 a 18.8 a 

Scenturion 1101 380 129.2 C 120.2 be 127.8 d 89.6 d 27.8 d 44.2 b 30.0 b -
0-, 

PR-98-11 100 23.6 a 115.0 be 103.0 cd 32.8 b 3.4 ab 

PR-98-12 200 18.6 a 138.8 C 225.2 f 54.4 C 4.2 b 

PR-98-13 100 148.0 C 172.4 d 11.2 a 1.8 a 0.0 a 

PR-98-14 200 117.2c 193.6 d 191.6 e 6.8 a 0.4 ab 

11 
Means in columns followed by the same letter are not significantly different at P. = 0.05, Fisher's Protected LSD test. 
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Thresholds/Monitoring Sampling 

SAMPLING AND CONTROL OF GRAPE MEALYBUG IN TABLE GRAPES 

Walt Bentley and Lee Martin 
University of California State Wide 1PM Project 

Kearney Agricultural Center 
9240 South Riverbend A venue 

Parlier, Ca 

In conjunction with insecticide trials aimed at managing grape mealybug in table grapes, 
a sampling procedure is being developed to determine both how effective dormant 
treatments are at controlling mealybug and predicting the severity of damage at harvest. 
The procedure involves searching the basal area of two spurs on each of two vines. Each 
spur is searched for two minutes during late May or June. The number of mealybugs or 
egg sacs are counted and this figure is then related to cluster infestation at harvest. 
Harvest evaluation of clusters is based on sampling 5 to 10 clusters per vine which are in 
contact with the wood. This procedure was followed in 1997 and 1998. The insecticide 
trial allowed for a range of mealybug populations on the vines. In 1997 six insecticide 
treatments were replicated four times in five vine plots. In May two spurs on each of the 
two end vines were counted for mealybugs. In August five bunches touching the wood 
on each of three vines were evaluated for infestation. Any sign of mealybugs present 
classed the bunch as being infested. In 1998 seven insecticide treatments were replicated 
five times in five vine plots. In June two spurs from each of two vines were examined for 
mealybugs. At harvest ten bunches from each of three vines were evaluated for 
infestation using the criteria established in 1997. 

A simple regression analysis was performed (Statview 5) using mealybugs per spur as the 
independent variable and number of infested bunches as the dependent variable. The 
1997 analysis resulted in an r value of .967 (P<0.01). The 1998 analysis resulted in and r 
value of .869 (P<0.01). This technique appears to be one that pest control advisors may 
use to predict the severity of mealybug infestation and to determine if further chemical 
control may be needed . 
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2. Implementation 

THE CODLING MOTH AREA WIDE MANAGEMENT PROGRAM (CAMP) FOR 
THE PEAR PEST COMPLEX IN SOUTHERN OREGON 

Philip VanBuskirk, and Richard Hilton 
OSU Southern Oregon Research & Extension Center 

Medford, Oregon 97502 

A program to control arthropod pests of pear in southern Oregon utilizing codling moth (CM) 
mating disruption and three horticultural spray oil applications during the foliar season was initiated 
in 1995 on 300 acres and was expanded to over 500 acres in 1997. During 1995, 1996, 1997 and 
1998, the program reduced foliar use of organophosphates by 72 % , 73 % , 70% and 59% 
respectively and overall synthetic pesticide use by 80%, 81 %, 78% and 69% respectively. Besides 
reducing pesticide use, the program has continued to achieve suppression of primary and secondary 
pear pests, maintaining damage between 1.5-3.2% fruit downgrading, while lowering the cost of 
arthropod control by about $179-$335 per acre. The weaknesses of the program which have yet to 
be resolved are: the prediction of CM and leafroller damage from pheromone trap catches, and 
management of true bugs; while concerns regarding gradual buildup in CM and other arthropod 
pest levels still exist. 

Basic Spray Program: 

Timing_ of Application Target Pest(~) Material and Rate 
Dormant Pear Psylla (PP) Oil, 4 gallons 

Delayed Dormant PP, San Jose Scale (SJS) Oil, 4 gallons 
Pear Rust Mite (PRM), Codling Lime Sulfur 12 gallons 
Moth (CM), Twospotted mite Or Sulforix 2.5 gallons 
(TSM) 

Just Prior to Codling Moth CM, PP, TSM, etc. Pheromone Dispensers 
Biofix (ca. 200 DD from 
January 1st)) 

200 DD post CM biofix CM,PP, TSM Horticultural Spray Oil I% 

400 DD post CM biofix CM,PP, TSM Horticultural Spray Oil I% 

600 DD post CM biofix CM,PP, TSM Horticultural Spray Oil I% 

1250 DD post CM biofix CM Guthion 50 WP 2.5 lbs. or 
Imidan 70W 4 lbs. 
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% Fruit Damage By Pest: 

Pest 1995 1996 1997 1998 
Codling Moth 0.26 0.04 0.09 0.16 
Leafroller 0.45 0.32 0.23 0.58 
Pear Psylla 0.06 0.04 0.01 0.06 
True Bugs 0.38 0.89 1.82 2.25 
Other 0.38 0.23 0.25 0.13 • 
Total 1.53 1.53 2.40 3.18 

Summary Of Foliar Treatments Conventional ~CAMP Blocks: Bose Cultivar Only 

Management #Of Total# # Other Total# 
Trl!e Orchards A[![!lications # OP's Srnthetics Srnthetics 

1995 
Conventional 15 5.4 3.2 2.8 6.0 
CAMP 7 4.3 0.9 0.4 1.3 

1996 
Conventional 10 4.2 3.7 3.0 6.7 
CAMP 7 4.9 1.0 0.3 1.3 

1997 
Conventional 4 3.8 3.3 2.5 5.8 
CAMP 4 3.8 1.0 0.3 1.3 

1998 
Conventional 4 4.75 4.25 3.75 8.00 
CAMP 4 4.25 1.75 0.75 2.50 
Note: pheromone dispenser installation not included 
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2. IMPLEMENTATION 

COMMERCIAL IMPLEMENTATION OF DELAYED HANGING OF MATING DISRUPTION 
PHEROMONES FOR CODLING MOTII CONTROL IN 450 ACRES OF PEARS 

B.G.ZOLLER 
The Pear Doctor, Inc. 
4825 Loasa Dr. 
POBox335 
Kelseyville, CA 9545 I 

IN CALIFORNIA 1998 

RACHEL B. ELKINS 
University of California Cooperative Extension 
883 Lakeport Blvd 
Lakeport, CA 95453 

Full season use of mating disruption has required intensive monitoring to assure that the system is 
working in cool spring conditions in areas whose codling moth pressure can be difficult to assess. Leafroller injury 
levels have been troubling in full season mating disruption blocks. Real world pest management must deal with 
some blocks whose size, shape and location may be less than optimal compared with a large, area-wide effort. 

For these reasons, a less intensively monitored, partial season mating disruption method is being explored 
Codling moth pheromone dispensers are hung later in the season in smaller contiguous acreages than in area-wide 
projects. Delayed pheromone use means that an assessment of overwintering codling moth populations with 
standard pheromone traps is possible. Standard organophosphate treatments are applied early in the season, but are 
omitted closer to harvest and in the next season, as during harvest and post harvest moth generations are controlled 
better than with preharvest applied chemicals. Early season use of organophosphates, usually through second 
cover, means that leafroller control is not substantially decreased In some cases of no codling moth activity past 
first cover, Bacillus thuringiensis is utilized as a second cover for leafroller control augmentation. 

Orchardists on 452 acres of pears consisting of35 blocks located principally in the north coastal mountain 
districts of California in 1998 utilized the delayed hanging technique summarized in the Tables. Each pheromone 
block was paired with a standard block to allow assessment using paired t tests. Since improvements in some 
products have resulted in 120 day effectiveness, pheromones were hung usually in the first half of June, which 
however, was earlier in the life cycle of the codling moth than usual, owing to the cool season. First cover had 
been applied earlier in all blocks, with a second cover applied after hanging if moth flights had returned prior to 
hanging. 

Frnit samples and prior codling moth histories were primarily relied upon thereafter to assess the 
technique's success. Additional treatments were applied in a few cases where puffer dispensers were used and egg 
infestation levels appeared to be higher. In one Sacramento Valley location utilizing !so mate C + dispensers, egg 
levels also suggested additional treatments were needed These were not applied, however, and this block proved 
to be the only failure among the 35 blocks studied Injury levels at second pick reached 5% compared to I% in the 
standard area. In the remaining blocks. control measured in post harvest samples was equal to or better than in the 
standard blocks (Table 2). 

Moth catches in standard 1mg pheromone traps in early 1999 will be used to verify these results and to 
suggest program changes, if necessary. Although this was a very short moth season with little post harvest activity 
in north coast district blocks, if populations appear to have diminished compared with historical levels, some 
additional organophosphate reduction may be possible in I 999. Reductions in organophosphate use this year are 
outlined (Table 3). 

Additional fruit monitoring and OBLR trap costs added $4.75/acre to the cost of pest management in the 
pheromone blocks. These and the costs of pheromones and their application brings extra costs to about $150 per 
acre. These are partially offset in the current year with OP and application reductions. There is also the hope of 
additional savings in the ne"-t season. There was also reduction in use of$ IO/acre in psyllacides and miticides in 
the pheromone blocks. However, there were additional costs for BT in some pheromone blocks. 
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AVERAGE I 
1 TOTAL CONTIGUOU! CONTIGUOUS 

AREA DISPENSER ACRES AREAS ACRES 

Big Valley Puffer 30 1 30.0 

Big Valley lsomate C+ 242 7 34.6 

Upper Lake lsomate C+ 33 2 16.5 

Mendocino lsomate C+ 127 3 42.3 

Sac Valley lsomate C+ 20 1 20.0 

TABLE 1 
1998 TEST AREAS 

LA TE HANGING PHEROMONE CONFUSION 
2 

DD 88/50 
DATES HANGING 

f BLOCKS l:IANGING (AUG 22) TRAPS 

3 6/10-6/12 354-386 3 
11,8591 

16 5/28-6/18 229-483 25 
11,8591 

2 6/5-6/20 292-515 4 
11,8591 

13 6/5-6/10 344-411 12 
/1,9541 

1 6/1-6/5 464-525 1 
12,5051 

1 Paramount Puffers 2/acre; 30 uVpuff every 15 minutes, on 3PM-3AM; ctr below 50F; perimeter placement 40'. 

400 lsomate C+/acre 
2 Biophenometer, TA 61, Omni Data Logan, Utah 84321 

TABLE 2 
1998 TEST RESULTS 

LA TE HANGING PHEROMONE CONFUSION 

BLOCKS 

Bia Vallev Puffers 
Bia Vallev lsomate C+ 
Unner Lakellsomate C+ 
Mendocino lsomate C+ 
Sac Valley lsomate C+ 

1 100 CLUSTERS 

2100 FRUIT 

3 DIFFERENCE AT P:0.08 

MOTH FLIGHT, POST HANGING 
P•0.05 

PHERO filQ DIEFERENCE 
0 6.0 YES 
0 6.8 YES 
0 2.5 YES 
0 5.4 YES 
1 15.0 . 

Big Valley Puffers 
Big Vallely lsomate c+ 
Upper Lake l5omate C+ 
Mendocino lsomate C+ 
Sac Valley lsomate C+ 

PREHARVESJ EGG INFESTATION 
# P•0.05 

SAMPLES 1 PHERO filQ DIFFERENCE 
12 0.30% 0.08% NO 3 

64 0.02% 0.02% NO 
6 0,00% 0.00% NO 
26 0.04% 0.04% NO 
3 0.70% 0.70% NO 

TABLE 3 
1998 ORGANOPHOSPHATE USE 

# ORGANOPHOSPHATE TREATMENTS 

et1ERQMONE STANDARQ 
2.5 2.7 
1.6 2.8 
1.3 2.3 
1.0 3.1 
2.0 4.0 

, 

MOTtJ POPULATION 
PER TRAP PRIOR TO HANGING 

P•0.05 

fl:lfillQ STD DIFEER!;;NCE 
21.0 10.0 NO 

23.0 16.1 NO 

4.5 2.5 NO 

7.8 4.6 YES 

8.0 18.0 . 

POST HARVEST WORM INFESTATION 
~ 

# 
SAMPLES 2 

3 
16 
3 

13 
1 

P• 0.05 
RIEEl;;R!;;NCE 

NO 
YES 
YES 
YES 

PHERO STD 
0 0.00% 
0 0.40% 
0 0.00% 
0 0.20% 

52% 11.00% 

P• 0.05 I 
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Section 2. Implementation 

B.-D.A.M. (BREWSTER-DUAL AREA WIDE MANAGEMENT): AN AREA WIDE 
PROGRAM FOR BOTH CODLING MOTH AND OBLIQUEBANDED LEAFROLLER 

Alan Knight, Steve Cockfield, Brad Christianson, and John Dunley 
ARS, USDA, 5230 Konnowac Pass Rd., Wapato, WA 98951 

Twelve growers farming 400 acres of apples and pears within the 4,000 acre Brewster Areawide 
Management Project used 200 Isomate CM/LR dispensers to manage both codling moth and 

, obliquebanded leafroller. Growers supplemented their control ofleafrollers with several 
applications of Bacillus thuringiensis. Orchards were monitored with traps ( one per 5 acre) 
baited with lures of both species. Fruit injury was assessed from bin samples at harvest. Moth 
catches and fruit injury of codling moth and obliquebanded leafroller for the B.-D.A.M. and 
B.A.M. sites for 1997 and 1998 are presented in Table 1. From 1997 to 1998 fruit injury from 
obliquebanded leafroller decreased 78% while injury from codling moth remained neglible in the 
B.D.A.M. orchards. In 1998, the B.D.A.M. orchards had 52% less injury from leafroller 
compared with the B.A. M. Orchards using only Isomate C+. From 1997 to 1998 growers in 
B.D.A.M. decreased their use of organophosphate insecticides and Bacillus thuringiensis while 
B.A.M. growers insecticide use increased for leafrollers and decreased for codling moth. In 1998 
the B.D.A.M. growers used less Bacillus thuringiensis and more Success insecticide than the 
B.A.M. growers, while organophosphate insecticide use was similar. 

., 

Table 1. Comparison of the B.-D.A.M. orchards with the B.A.M. orchards for 1997 and 
1998 

Study/Year Treatment Moth Catch Per Trap Percent Fruit Injury 
CM OBLR CM OBLR 

B.D.A.M., 1998 Isomate CM/LR 2.82 5.42 0.03 0.34 

B.D.A.M., 1997 Isomate C+ 1.38 21.13 0.07 1.24 

B.A.M., 1998 Isomate C+ 4.21 46.39 0.08 0.71 

B.A.M., 1997 Isomate C+ 3.00 46.03 0.09 1.15 
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Implementation, Section 2., A. Brooke Peterson 

WSHA PEAR 1PM PROJECT 

A. Brooke Peterson 
Project Coordinator 

105 South 18th Street, Suite 214D 
Yakima, WA 98801 

The goal of the Washington State Horticultural Association Pear 1PM Project is the widespread 
implementation of a more enviromnentally stable and economically viable pear pest management 
system in Washington state. As a result of cooperative work with the Program for Strategic Pest 
Management, Del Monte Foods, Snokist Growers, and the Washington State Horticultural 
Association, the Pear 1PM Project received $500,000 for three years to implement the project's 
pest management strategies. Funding comes from the Pew Charitable Trusts and the U.S. EPA' s 
Office of Pesticide Programs. The funders would like to see a 60% reduction in organo-phosphate 
use over participating acreage over the three years of the project. 

The program encourages the use of "softer" pest control techniques. The Pear 1PM Project is 
providing participating growers and pest control advisors with the information, tools, and training 
to use these "softer" tools to achieve economically and enviromnentally sound results. A 
cornerstone to managing pear psylla in many Pear 1PM Project orchards is the use of mating 
disruption for codling moth. This encourages biological control of pear psylla. Acreage goals for 
adoption are 500, 2,000, and 4,500 acres respectively in the first ('98), second and third years 
respectively. Acreage in the first year totaled 750 acres. In general, "IPM" (mating disrupted) 
orchards faired better in 1998 (in a difficult codling moth and pear psylla control year) than 
conventionally managed orchards. 

A major emphasis of the Pear 1PM Project in the second and third years will be the education and 
training of a number of field scouts to assist pest control advisors and growers in monitoring the 
more intensively managed 1PM orchards . 
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Section, 3 Biological Control 

BIOLOGICAL CONTROL OF THE CHERRY BARK TORTRIX, 
ENARMONIA FORMOSANA SCOP. (LEPIDOPTERA: TORTRICIDAE) 

T.A. Murray1, L.K. Tanigoshi1 & B. Bai2 
1Washington State University-Vancouver 

Vancouver, WA 98665 
2Oregon Department of Agriculture 

Salem, OR 97310 

The cherry bark tortrix (CBT), Enarmonia formosana Scop., is a recent pest of 
Rosaceous trees and shrubs. Although CBT has been found in apple and cherry orchards 
in Western Washington, CBT is mainly an urban landscape pest. In urban areas such as 
Bellingham, CBT infests 100% of the sweet cherries, Prunus avium. Additionally, CBT 
has moved into our native flora, such as Prunus emarginata, Malus oregonensis and 
Crataegus douglasii. Since CBT is ingrained into our landscapes, control of CBT and its 
expanding range is becoming more difficult to achieve. With new surges southward, 
CBT will pose a threat to western nurseries and eastern orchards. 

Although chemical control is now an option for controlling CB T populations, biological 
control is still the most practical and economical strategy. For the past two seasons, 
WSU-Vancouver has been surveying Western Washington for endemic natural enemies. 
This endemic survey is the first phase in the 'classical' biological control approach. CBT 
achieves pest status rarely and sporadically in its native range; we believe Europe houses 
a natural enemy complex that regulates CBT populations. 

Trichogramma egg parasitoid survey 
Three Mount Fuji oriental flowering cherries, P. serrulata, were tracked for egg 
parasitism. The same area of the tree, 2000 cm2, was sampled weekly. Counts of total 
egg deposition and total 'mummified' eggs were taken. When CBT eggs are parasitized 
with Trichogramma, the eggs tum a dark metallic blue as the wasp begins to pupate. 
Tentatively, the identification is Trichogramma cacoeciae, a native, solitary, lepidopteran 
egg parasitoid in the Northwest. Ifparasitoids arrive at the tree early in the season, 
parasitism rates can approach 100%. 

Sleeve cage survey 
During the seasons of 1997-98, fifteen sleeve cages were designed for determining areas 
of parasitoid activity. Cloth sleeve cages were placed into the field at different time 
intervals. The sleeves were sealed for duration of at least one and a half months to allow 
any parasitoids to emerge and die. After the duration, the sleeves were cut open along the 
seam to survey the contents. A good diversity of parasitoids was collected using this 
method for the 1997 season. In 1998, very few specimens of potential larval/pupal 
parasitoids have been collected. Up to five sleeve cages were placed in the field weekly. 
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Numbers of weekly set cages were used pending sites available in Whatcom County. 
Parasitoid occurrence on CBT has been much lower in the 1998 field season. 

Parasitism rate 
In 1997, two hundred individual cages, designed to cover and trap emerging moths and 
parasitoids, were placed in the field throughout the sununer months. These data will give 
us a better idea of parasitoid activity through time. This cage fit over an area to include 
the larval frass tube and any other organisms were removed prior to containment. Cages 
remained in the field for at least 45 days. Upon removal, the contents of the cages were 
collected and recorded. Total parasitism in the field was 1. 7% in 1997; three traps 
yielded parasitoids. 

In 1998, we set 20 cages weekly at various locations. As of October 26, 440 cages were 
set and collected since mid-April. Only 7 parasitoids have been captured in the boxed­
frame cages. Since this year's data included samples during and after CBT flight, 
parasitization rates were based on the total number of cages used. This gave a seasonal 
parasitization rate of 1.60%. As of yet, most parasitoid activity occurred in mid-July and 
early August. 

Destructive tree sampling for parasitoids 
Trees were removed bimonthly throughout the season and sectioned into logs. Trees 
removed were mainly of naturalized sweet cherry (P. avium) and wild cherry (P. 
emarginata). Logs were placed into 50-gallon plastic containers. Three wide mouthed 
jars were placed on the container lid to collect any emerging insects. This sampling 
method provided the most diversity and abundance of parasitoids in 1997 but yielded no 
parasitoids in 1998. 

Foreign Exploration 
Due to CBT's sporadic pest status in Europe, there is little information of natural 
enemies. Dr. Tanigoshi, in collaboration with Dr. Ulli Kuhlmann (CABI-Bioscience, 
Delemont, Switzerland), surveyed northern Switzerland and the Rhine River valley of 
Germany for CBT natural enemies. CBT larvae were collected and transshipped to 
WSU's Pacific Northwest Insectary and Quarantine Facility. 3 pairs ofichneumonid 
parasitoids were reared from the larvae. Additionally, many ichneumonid cocoons were 
collected inside CBT galleries and sent for identification. 

Currently no natural enemy is offering significant control in the Pacific Northwest. 
Observations and preliminary collections support the theory that Europe contains natural 
enemies that keep CBT populations regulated. This program emphasizes classical 
biological control as the most economic and rational means of gaining population 
suppression of CBT not only in our urban and orchard landscapes, but also in our 
widespread and inaccessible reservoir of native hosts. 
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3. Biological Control 

<JBLIQUEBANDEDTEAFROLLEKNATUKAL MORTALITYINMILTON°FREEWATER, OR 

( 

Lyla J. Lampson', Robert Pfannenstiel' & A. Dwight Smith' 

'Lampson Research & Consulting 
54738 Day Road 
Milt-On-Freewater, OR 97&i2 

'WSU Tree Fruit Research & Ext. Ctr. 
1100 N. Western Avenue 
WeFlatchee, WA 98801 

An obliquebanded leafroller (OBLR) population was artificially created on July 22, 1997 in a 
young unsprayed Red Delicious orchard in Milton-Freewater. Five OBLR larvae (second to 
fifth instars) obtained from a commercial orchard in Milton-Freewater were released on single 
branches of 27 adjacent trees. Infested trees were randomly assigned to one of 3 treatments: 
uncaged, coarse mesh cage (to exclude larger predators and parasitoids) and fine mesh cage (to 
exclude all predators and parasitoids). After 24 hours now-established OBLR were counted 
and appropriate. sleeve. cages applied to. Wested branches. Uncaged infested trees were. 
checked weekly and record taken of OBLR present as well as evidence of parasitism and 
predators. Sleeve cages were removed on August 20, after adult OBLRs had emerged. The 
results are summarized in Table 1. 

TABLE 1. Effect of exclusion cages on survival of established OBLR, Summer, 1997 
Fate of established leafroller larvae after four weeks 

Treatment # I >1eQ -Paras1 t1zed 1 11sanneared .hmeri;red artuJt 

ca.-es # % # % # % # % 
Uncaged 10 2a 2 3a Ii 42b DD la 2 
Coarse Net 10 2a 5 Sa 13 · 11 a 28 21b 54 
Fine Net 7 2a 8 Oa 0 4a 17 18b 75 

Numbers m the same column followed by the same letter ar<>not s,gnificantly different (p=0-.0-5, Chi-square 
anal'.ysis goodness of fi.t test\ 

A-§~ ~x~tjIIl~nt "'!'§ ,"nc!\lg~c! m fu~ ?!Im~ <>r,'1!'1"c! <>n §prmg !'Ile! §l1!1l!ll~r g~n~r!!ti<>~ g£ 
OBLR in 1998. In 1998 10 lab-reared larvae in three size classes (instars 1-2, instars 3-4, and 
Jnsta,s. 5-6.) were obtained from WSU-TFREC and released on individual branches of 21 trees for 
each size class and appropriate sleeve cages applied immediately (7 trees/ treatment). Sleeve 
cages were ·removed after two weeks, larvae collected for rearing out, and any predators 
observed recorded. Results of this experiment are illustrated in Figure 1. Only one leafroller 
was parasitized in the spring generation and no parasitism was found in the summer. 

In the exclusion cage experiments the fine net sleeve cages were apparently succ~ssful in 
excludlttg parasifoids sittce fiO evidefice of parasitism was roi.lfid lfi !he fine rief cages. Earwigs 
and small spiders were not uncommonly found in both fine and coarse net cages. Jumping spiders 
and small-wasps were·<llwpresent.in; C"'!J"Senet cages; Predawrsnoted·on:uncaged·treese·induded 
yellowjackets, vespid wasps, predaceous beetles and opilionids. Birds were also plentiful in 
the oi:ch~d (mduding s~~lings, magpies, quail, sp.arrows, robins and mourning doyes). 

In a final experiment 20 first and second instar WSU-TFREC lab-reared OBLR larvae were 
released on each of 56 trees in the spring and on 40 trees in the summer (trees uncaged}, 1998. 
Randomly selected trees were searched and larvae collected for lab rearing at weekly intervals 
until larvae· rea:ched pupation. Figure· 2 sllo:ws the rMults from the· spring counts fr0111: this 
experiment. Only one parasitoid was found (which died as a cocoon) in the 32 larvae recovered 
fro:in·the H20larvae release,Hn:the spring. Of 8001arvae release& in·the summer, two· 
leafrollers w"re- recovered, one. o{ which died, while. the. other emerged as an adult. 
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Figure 1. Effect of Exclusion Cages on Different Larval Stages of OBLR, 1998 
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3. Biological Control 

APPLE ERMINE MOTH AND ITS BIOLOGICAL CONTROL IN OREGON 

Barry Bai 

Plant Div., Oregon Dept. Agric., 635 Capitol St. NE, Salem, OR 97301 

Introduction The apple ermine moth (AEM), Yponomeuta malinellus Zeller (Lepidoptera: 
Yponomeutidae), was first detected in 1985 in British Columbia. The insect quickly spread 
southward throughout Washington and reached Oregon in 1991. Now 15 counties in Oregon are 
infested. A biological control agent - a parasitoid, was introduced in Oregon between 1992-95 to 
battle the ermine moth. This paper presents results of a study on AEM biology and the 
effectiveness of the biological control agent in Oregon. 

Materials and Methods The study was conducted in an apple orchard in Multnomah County, OR 
during 1997 and 1998. A polyembryonic parasitoid,Ageniaspisfuscicollis (AF) (Hymenoptera: 
Encyrtidae) was introduced and released in the orchard during 1992-95. To assess the AEM 
population and cluster size, the orchard was visited 3-4 times in the spring. Five trees were 
sampled to estimate the AEM populations. AEM cocoon clusters were also collected randomly 
and taken to the laboratory to count the number of individuals in each cluster. To evaluate the 
parasitism by AF, the field collected AEM cocoons were carefully examined. Parasitized AEM 
can be easily recognized by the mummified larvae inside cocoons. The no. of these parasitized 
AEM were counted. Mummies were put individually in vials before the parasitoid adults 
emerged. After emergence, the parasitoids in each vial were counted. 

Results AEM eggs were laid in a cluster. The larvae from the same egg cluster feed and pupate 
together as a group. The no. AEM contained in a cocoon cluster varied from 1 to 86. The 
majority of cocoon clusters contained 10-40 AEM individuals (mean = 25). This contrasts to the 
mean egg cluster size of 63 eggs per egg cluster. AEM adult population was lower in 1998 than 
in 1997, at least partially due to predation and parasitism (table 1). Field parasitism varied 
between two years. A mean of 2.5% AEM were parasitized in 1997 whereas about 10 times 
(23.2%) were parasitized in 1998 (fig. 1). Percent parasitism tends to decrease with the AEM 
cluster size. The polyembryonic parasitoid can produce 20 - 160 individuals in a single brood. 
Majority of the brood contained 60-120 offspring, with a mean of 81 progeny per brood. 

Discussion AEM is an exotic pest newly introduced in the Pacific Northwest. The pest poses a 
threat to fruit tree and nursery industries because of its direct damage and its significance in 
quarantine. Oregon is the frontier of AEM' s southward spread. Only parts of the state are now 
infested. AEM lay eggs in clusters. Larvae feed and pupate in clusters too. Although an egg 
cluster contains an average of 63 individuals, by cocoon stage, a cocoon cluster has only 25 
AEM on average. The polyembryonic parasitoid, Ageniaspis fuscicollis, has exerted some effect 
on AEM since the biocontrol agent was introduced and released in Oregon. Parasitism and 
predation contributed to the population fluctuations of AEM in the field. Field parasitism can be 
as high as 100% on some AEM clusters and average parasitism can reach 23%. However, 
variations between years are considerable. 
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Table I. Survey of ABM populations in the Bybee Howell Apple Orchard, Sauvie Island, OR. 
Five trees were surveyed in total. One cubic foliage was selected from each directional position 
of a tree and the number of ABM webbing and cocoon clusters was counted. 

1997 1998 
Tree Side Webbing Clusters Webbing Clusters 

North 0.8 0.4 2.2 0.8 
West 1.8 1.2 2.4 0.6 
South 3.4 2.2 2.8 1.2 
East 1.2 1.6 2.0 0.6 
Total 7.2 5.4 9.4 3.2 

1 • 
1997 1998 
N=87 N =94 

• ■ MEAN= .025 •MEAN= .232 0.8 • SE= .008 SE= .025 
~ • 
Cf) • 

• I- 0.6 • • • 
Cf) • • • • <( • • • • a: • • ■ • <( 0.4 • • •• • • 0.. • • • , .. 
~ • 0 .... • ■ • • ■ 

0.2 ■ • • • • ... ■ 

' • ■ • • • ■ • ■ 

- ■ ■ ■ 0 
0 10 20 30 40 50 60 70 80 90 

AEM CLUSTER SIZE (NO. AEM/CLUSTER) 

Figure I. Parasitism of ABM as influenced by the cocoon cluster size. 
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Seasonal phenology of leafroller parasitoids and the role of 
alternate hosts in biological control of leafrollers in apples 

R. S. Pfannenstiel and J. F. Brunner 
Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

In 1992, Colpoclypeus florus Walker was discovered parasitizing >80% of the leafroller, P. 
pyrusana Kearfott (Lepidoptera: Tortricidae) in unsprayed apple orchards in a small area of central 
Washington. P. pyrusana and the obliquebanded leafroller Choristoneura rosaceana (OBLR) 
(Both Lepidoptera: Tortricidae) are the two major leafroller pests of apples in Washington. C . 
florus is a gregarious ectoparasitic eulophid which is widely distributed in Europe where it is the 
most common parasitoid oftortricidleafrollers in orchards. C.florus was isolated to a small area 
in the mid Columbia and Wenatchee valleys until 1997-98, when most likely as the result of 
releases conducted from 1994-96, it was documented to have established in several regions in 
Eastern Washington. 

Parasitoid Phenology in Apple Orchards 

The observed phenology of C.florus parasitizing P. pyrusana in Washington is similar to that 
observed in Europe, where parasitism of the overwintering leafroller generation in late spring is 
extremely low or undetectable and parasitism of the summer generation ranges from 60-95% . In 
Washington, C.florus may go through 6-8 generations per year depending on temperature and 
host availability. However, suitable leafrollers are only available within orchards from late April to 
late May and again from mid July through early August During the periods between leafroller 
generations and for the 2 months after leafrollers pupate in August there have been no suitable 
hosts discovered within orchard systems. Although parasitism ofleafrollers in the spring is low or 
undetectable C. florus enters orchards near the end of the spring generation. After entering the 
orchard, C. florus appears to be active there through the fall. Parasitism of sentinel leafrollers in 
1998 was high at all locations where P. pyrusana is the dominant leafroller although parasitism did 
decline dramatically for a shon time during late July and early August when there was a record 
heatwave with temperatures as high as 41 °C (Fig 1). Parasitism of sentinel leafrollers in orchards 
during the fall when no suitable hosts are available may remain high (approaching 100%) into early 
October and active females have been observed as late as 10/20. 

l<igure 1. Parasitism or sentinel learrollers In apple orchards 
and OBLR at two C.florus overwintering slte. 
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The Role of Non-orchard Habitats 

It is probable that C.florus may survive the period between the spring and summer generations, 
however, C.florus diapauses as mature larvae adjacent to a leafroller host therefore they must find 
suitable hosts during the early fall when no suitable leafrollers are available within orchard 
systems. Surveys were begun in 1996 to identify alternate hosts of C.florus in orchard and native 
habitats. When the search for alternate hosts began, there were no leafrollers known to occur in a 
suitable stage in the mid-September to early October period when C.florus enters diapause. In 
1997, the first larvae supporting diapausing C.florus was discovered in the Squilchuck er. valley 
near Wenatchee, WA, feeding on red-osier dogwood in riparian areas and has tentatively identified 
as Clepsis sp. (possibly viriscana) (Lepidoptera: Tortricidae). In 1998, another tortricid (Ancylis 
sp., possibly comptana) which supports overwintering C.florus was discovered feeding on rose 
in the Squilchuck valley and adjacent to orchards at Orondo. While the Clepsis sp. is apparently 
rare, the Ancylis sp. is extremely abundant in the few locations where it has been found. In 
intensive sampling for alternate hosts in many habitats throughout the apple producing region of 
central Washington only 2 locations have been located where there has been relatively high 
parasitism ofleafrollers during the spring. In both cases, C.florus was attacking OBLR in rose at 
one of the locations where it has been documented entering diapause. 

Due to the absence of hosts in and near the orchards in the fall, it appears that C. florus 
populations may go locally extinct each year and must recolonize each spring from overwintering 
sites outside the orchard. C.florus emerging in the spring parasitize !eafrollers in non-orchard 
habitats near their overwintering sites and appear to move into orchards heavily during their 2nd 
generation. Proximity of the orchard to an overwintering site does appear to be important as the 
Orondo orchard has had the highest parasitism by C.florus during the spring. Unfortunately, 
most orchards are not adjacent to these few sites and it is likely that C.florus must immigrate a 
significant distance from outside the orchard each spring. Some C.florus probably do survive in 
the orchard until the summer leafroller generation without access to hosts although parasitism of 
Ancylis sp. in rose has been observed during this period of host paucity within the orchard. In the 
fall both Clepsis sp. andAncylis sp. diapause as large larvae. However, Clepsis sp. appears to be 
rare and is unlikely to contribute significantly to overwintering C.florus populations. Ancylis sp. 
is a smaller leafroller and is too small to support C.florus until mid to late September, well after 
adult C. florus would have emerged from su=er leafrollers. At this time, C.florus populations 
in non-orchard habitats may be small as parasitism of Ancylis sp. has averaged 6% (although 
Ancy/is density in infested patches of rose is high; much higher than leafrollers in apple orchards). 

Potential for Improved Leafroller Biological Control 

Leafrollers parasitized from mid September into October will result in diapausing C.florus. Continued 
activity of C.florus in orchards in the fall suggests that C.florus females remain in orchards in spite of the 
lack of suitable hosts to overwinter on. It is possible that C.florus must immigrate relatively long 
distances from overwintering sites into orchards each year. separation of overwintering C florus and 
orchards may be the critical factor preventing C.florus from having an impact on the overwintering 
leafroller generation within the orchard in the spring. Because C.florus must emigrate into orchards from 
possibly distant overwintering sites, manipulation of populations of leafrollers providing overwintering 
hosts for C. florus may improve biological control of leafrollers in orchards by improving levels of spring 
parasitism. 
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Summary 

Isolation and identification of a new virus 
infecting Pandemis pyrusana in apples 

R. S. Pfannenstiel and J. F. Brunner 
Tree Fruit Research and Extension Center 

Washington State University 
Wenatchee, WA 98801 

M. Szymanski and K. D. Spence 
Dept of Microbiology 

Washington State University 
Pullman, WA 

A laboratory culture of the virus killing Pandemis pyrusana (PLR)at the TFREC was succesfully 
established and used for further studies. Preliminary evaluation of symptomology and 
morphological exaruination of Transmission Electron-Microscopy of thin-sections of vims 
capsules in PLR tissues confirm that this vims is a granulosis virus. Surveys in orchards at the 
1FREC have indicated that this virus caused from 10.4-72.2% mortality of field collected, non­
parasitized PLR during the last 4 generations (spring and summer 1997&1998). Purification 
techniques have been devised and a large amount of purified material is being stockpiled for further 
testing. Preliminary evaluations have strongly indicated that this virus has no effect on 
obliquebanded leafroller (OBLR) or Xenotemna pallorana and is specific to PLR. These results 
suggest that this vims holds a great deal of promise as specific control tactic for PLR 

RESULTS: 
Field infection of P. pyrusana: Populations of (PLR)were surveyed in 1997 and 1998 at the 
TFREC to determine levels of infection and associated mortality in field leafroller populations. 
Larvae were collected from unsprayed blocks at the TFREC during the spring and summer 
generations of PLR. These larvae were returned to the laboratory and placed artificial diet to allow 
them to develop to adulthood or die of viral infection. Mortality due to viral infection is easy to 
identify by the larvae turning an-opaque milky white/yellow and becoming bloated before death. 
Mortality of non-parasitized PLR due to infection was 10.4 and 62.5 % for the spring and summer 
of 1997 and 72.2 and 25% for the spring and summer generations in 1998, respectively. 

Initiation of virus culture: Infected PLR were isolated from field collections in August 1997. 
Infected PLR were placed in 15 ml of distilled water and macerated with metal forceps. The 
resulting suspension was evenly distributed on the inside surface of ca. 25 diet cups (90 ml) in 
which a 1 cm thick layer of leafroller diet had been placed. Six 4th-5th instars were placed in each 
cup and allowed to feed on the virus coated diet. PLR were then reared at room temperature and 
checked for expression of viral infection. Initial observations of symptoms of infection occur 
about 6 days after exposure, and mortality occurs from 10-15 days after exposure. Culturing of 
the vims has continued using this technique. 

TEM Visualization of Purified Viral Capsules: Purified viral capsules were examined 
using TEM and a negative staining procedure. Purified viral capsules were mixed 1: 1 with 1 % 
phosphotungstic acid, pH 8.5. A small droplet of this mixture was placed on a carbon-coated grid 
and excess solution drawn off with a piece of filter paper leaving a thin film behind. The film was 
allowed to dry and then viewed with a JEOL transmission electron microscope. Visualization of 
purified virus capsules showed typical morphology associated with granulosis vimses. The 
capsules viewed were of characteristic ovocylindrical shape produced by the protein occluding the 
viral particle. Average size of capsules seen were approximately 327 nm± 31.5 nm long by 185 
nm± 28.2 nm wide (n=50), well within the reported range of granuloses (300-500 nm in length 
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by 120-300 nm in width) though on the small side. This initial morphological examination 
therefore indicated that the virus infecting P. pyrusana was a granulosis virus as speculated. 

Thin-Sectioning of Virus Capsules: Infected insects 9 days post-infection were examined in 
this portion of the project. Insects were dissected in a bath of2% glutaraldehyde/0.lM Cacodylate 
buffer and midguts were removed. Midguts were then fixed in 2% glutaraldehyde/0. lM 

Cacodylate buffer overnight at 4°C. Samples were post-fixed in 2% osmium tetroxide, run 
through an alcohol dehydration series and embedded in Spurr' s resin. Thin sections were obtained 
using a diamond knife and sections were viewed on a TEM. Thin sections revealed extensive , 
amounts of virus within P. pyrusana tissues. Longitudinal and transverse sections of viral 

Pandemis pyrusana Granulosis Virus in infected tissues as 
viewed by Transmission Electron Microscopy 

capsules were also observed and were characteristic of previously recorded images from other 
granuloses. The crystalline lattice of the occlusion protein of the capsule, typically seen in 
granuloses, was observed in thin sections at high magnification. Also readily observable was the 
nucleoprotein of the virus itself, seen as a slightly curved rod in the center of the capsule in 
longitudinal sections. Around the viral rod could be seen, in both longitudinal and transverse 
sections, the viral envelope associated with the nucleocapsid of the virus. TEM confirms 
morphologically that the virus infecting P. pyrusana is a granulosis virus (PpGV). 

Preliminary screening of PpGV infectivity against PLR, OBLR and Xenotemna 
pallorana:: Five infected PLR were macerated in 20 ml water and 0.5 ml of the virus suspension 
placed in each of 10 diet cups containing a 1cm layer of artificial leafroller diet. To each treated cup 
5 PLR were added. As a control, 10 cups had only water added before addition of larvae. Larvae 
were evaluated after 3 weeks to determine how many larvae had survived to pupate vs. those 

• 

which had died or were near death. This process was repicated three times for PLR, OBLR and , . 
X. pallorana for a total of 150 larvae of each species exposed to each treatment. 

Leafroller 
Species 
P.pyrusana 
C. rosaceana 
X. pallorana 

% larval mortality 
Virus Control 

100 0 
2.0 3.3 
1.3 0 

This dose of PpGV caused 100% mortality of the PLR larvae and no detectable mortality to either 
OBLR or X. pallorana. The few OBLR andX. pallorana individuals which died did not exhibit 
any of the symptoms associated with PpGV infection. 
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4. Chemical Control/New Products 

EFFECT OF ORCHEX 796 HORTICULTURAL MINERAL OIL ON THE 
OVIPOSITION INHIBITION OF WHITE APPLE LEAFHOPPER TYPHLOCYBA 

POMARIA MCATEE 

D. Fernandez, E. Beers and J. Dunley 
WSU-Tree Fruit Research & Extension Center, 1100 N. Western Ave., Wenatchee, WA 98801 

Materials and Methods: A series of laboratory bioassays (testing rates, types, and 
residue ages of oil) were performed during 1997 and 1998 in order to observe possible 
effects of horticultural mineral oil on white apple leafhopper (Typhlocyba pomaria 
McAtee) oviposition. Dormant apple trees (EMLA 111 liners) from Treco Co.- Oregon, 
were held in a glasshouse until the peak of 1st field generation adult flight. The trees 
were grown in individual 6 inch pots with peat-vermiculite-perlite mix, and watered 
twice weekly or as needed. Insect cages to contain the adult leafhoppers on the tree were 
constructed. The cages were made using rigid wooden rings on the top, covered with 
black cardboard and a piece of 0.9 m x 0.35 m of organdi cloth to provide the body of 
the cage. A 0.80 m strip of hook and loop fastener (Velcro") was sewed to the long sides 
of the fabric, and the whole piece was attached to the wood ring forming a tube. A 3 mm 
aluminum wire was attached to the pot to hold the cage up and minimize contact with the 
tree.. The bottom of the cage was secured with a rubber band around the pot over the 
organdy. On the day the tests began, the trees were sprayed as follows: 

Six trees per treatment were sprayed with mineral oil (Orchex 796 in distilled 
water) and six trees per bioassay were treated with distilled water as a check. All the 
treatments were sprayed to runoff with a hand-sprayer (Optimum®, model 1401 - RL 
Flo-Master®). The spray residues were allowed to dry for several hours, then were 
moved from the greenhouse into a growth room (25.6 °C; 16:8 [light:dark]), and covered 
with the cages. 

Heavily infested 'Delicious' apple blocks at WSU Columbia View and WSU 
TFREC were used as collection sites for the W ALH adults. The collection was made 
with a hand-held vacuum (Black & Decker Dust Buster® modified by Bioquip, Gardena, 
CA), powered by a 12 -volt NiCd battery. During 1997 bioassays, the adults were 
separated into batches in a cold lab kept at 3.3°C, and by using carbon dioxide to stun 
them. There were aspirated into individual plastic vials. The vials containing adults were 
brought out into room temperature (22.2°C) and placed on the floor of the cages. After 
bringing the adults to the lab, they were sexed and checked for parasitoids using carbon 
dioxide (CO2) and a binocular microscope (1998 only). Only nonparasitized females 
were placed in vials (10 females/vial) and stored in a cold room at 3 .3 °C. The vials with 
the leafhoppers were taken from the cold room and opened inside the cages, and turned 
down on small Petri dishes attached to one side of the cages to allow all females to exit 
the vials. Those that were not able to fly dropped in the open Petri dish. The cages were 
closed and watered by a tube with water and a moist cotton plug inserted in the side of 
the cage. 

In all the bioassays, the W ALH females were allowed to oviposit for 3 days. 
After that time, the cages were opened, the insects collected, and placed in individual 
vials with 70%, alcohol, recording the number of dead, alive, and those that were not able 
to leave the vials or the Petri dishes, depending on the technique. 

The cages were partially opened and checked weekly, in order to observe the 
presence of newly hatched W ALH nymphs. Nymphs were counted and removed from 
the cages. This procedure was followed until no new nymphs were found for 2 
consecutive weeks. The variable analyzed was total number of nymphs and total number 
of nymphs per viable adult (that is, those that could have contributed to oviposition. In 
the latter category are either individuals found alive or individuals found dead, but able to 
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leave the vials or the Petri dishes (presumed alive at time of release). The data from 
nymphs per adult and viable adults was transformed by ln(y+0.5) due to non­
homogeneity of variances. The data were analyzed using PROC GLM of SAS, using a 
completely randomized model. 

Results and discussion 
Bioassay A: No significant differences were found among the treatment. 
Bioassay B: There were no differences in either the mean of total nymphs, however, 
when the nymph figures were corrected for the number of adults, the check had 
significantly higher number of nymphs/ adult than the 4% rate Orchex, with the 1 % and 
2% rate treatments intermediate. 
Bioassay C: Similar to the other two bioassays, the number of live, dead and dead-in-vial 
adults varied considerably among the various treatments. There appears to be a trend to 
have a higher number of nymphs/adult in the check, and in general to have greater 
nymphal survival with older residues; however, these differences were not statistically 
significant. Certainly, the unknown age and sex of the adults presents a problem in the 
results of these 3 tests. Also the life span of the adults found dead was unknown and 
although the greatest care was taken in handling the adults, there was still considerable 
mortality. 
Bioassay D: Oil treatment provided a significant reduction in nymphs when compared 
with the check. After the modifications made to the technique used in previous tests, the 
difference in number of viable adults in both treatments was not significant. Although 
there is still room for improvement in technique, the results observed in the last test are 
very promising. The statistically significant differences found between the Check and 
Orchex 796 (2% v/v) encourage us to look forward to testing more doses, in order to find 
a dose-response curve. 
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Section IV. 
Chemical Control/New Products 

AN OVERVIEW OF NEW NOV ARTIS CROP PROTECTION INSECT CONTROL 
PRODUCTS 
C.A. Ishida 

Western Research Station 
Novartis Crop Protection, Inc. 

Sanger, CA 93657 
559/875-6075 

chris.ishida@cp.novartis.com 

Before proceeding into the new product overview, a brief update will be delivered on current US 
insect control products of Novartis Crop Protection, Inc. (US). The agricultural product line 
includes: 

Agri-Mek® (abamectin), Armor® (cyromazine), Clinch™ (abamectin), Curacron® 
(profenofos), D• Z•N® (diazinon), Logic® (fenoxycarb), Trigard® (cyromazine), 
Zephyr® (abamectin) 

The specialty (T &O) product line includes: 
Avid (abamectin), Award (fenoxycarb), Citation (cyromazine), Evict (diazinon), 
Precision (fenoxycarb) 

In the past year, several products were divested including: all Bt products (Agree, CoStar, 
Javelin), now supported and marketed by Thermo Trio logy; and Supracide, supported and 
marketed by Gowan. EPA is currently reviewing the registration package for fenoxycarb and all 
supporting data; this has affected the registration status of Comply®. 

Several novel Ais are currently under development. These include emamectin-benzoate (MK.-
0244; Proclaim®), pymetrozine (CGA-215944; Fulfill®) and thiamethoxam (CGA-293343; 
Actara™, Platinum™, Adage™). These Ais are not only being developed for agricultural, but 
also specialty markets. Each of these will be described in greater detail; technical bulletins are 
available (limited copies at this meeting). 

For further details regarding all current Novartis Crop Protection products, please contact our 
website@ http://www.cp.novartis.com/. Complete product information, labels and MSDSs are 
available for downloading . 
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Section 4 

A comparison of the responses of peach twig borer, San Jose scale and the 
scale parasitoid, Encarsia perniciosi to dormant sprays in almond 

Lonnie C. Hendricks, Farm Advisor, Merced County, California 
Walt Bentley, Area 1PM Advisor, Kearney Research Center, Parlier, California 
Simon Bautista, Field Assistant, Merced County, California 

Introduction: 

Dormant sprays of oil plus insecticide can be applied to almonds for control of peach twig 
borer (PTB) and San Jose scale (SJS). Organophosphate insecticides, possibly from dormant 
spray applications are being found in local rivers. Dormant sprays possibly can harm 
beneficials, resulting in increased problems with San Jose scale and web-spinning summer 
mites. This experiment was conducted to test the control of PTB and SJS with several 
dormant sprays and to monitor the response of the scale parasitoid, Encarsia perniciosi. 

Procedures and Results: 

The following applications were made to mature almonds in late January 1998 with an air­
carrier sprayer at 100 gpa. No other insecticides were applied during 1998. 

1) diazinon 4EC @2 qt/ac + supreme oil@ 5 gpa + 8 # Kocide 101 
2) Success®* 2SC@6 oz/ac + supreme oil@5 gpa + 8 # Kocide 101 
3) Asana® XL@ 10 oz/ac + supreme oil@5 gpa + 8 # Kocide 101 
4) Untreated check 
* Success® is spinosad derived from the bacterium Saccharopolyspora spinosa 

All treatments reduced PTB catches in pheromone traps by nearly 2/3 in the first flight, but 
did not affect the second flight catches. PTB damage in the harvest samples from windrowed 
nuts was 0.9% in the untreated check, 0.6% for diazinon, 0.5% for Success®, and 0.3% for 
Asana®. 

All insecticide treatments reduced SJS male counts in pheromone traps by 80% or more in 
the 1st flight in late March, and had no apparent effect on the very small August flight. 
However, San Jose scale is not a problem in this orchard even in the unsprayed check. 

Trap counts of Encarsia perniciosi were very sharply reduced by the Asana® spray 
throughout the trapping period from March to September. Success® and diazinon showed 
moderate reductions of Encarsia perniciosi as compared to the catches in the unsprayed 
check. 
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Conclusions: 

Dormant treatments reduced PTB catches in the pheromone traps in the first flight, because 
overwintering larvae were killed and the total population was reduced. Dormant treatments 
did not reduce PTB catches in later flights. PTB damage in the harvest samples was reduced 
significantly by Success® and Asana®. Diazinon was not statistically better than check. 

All insecticide treatments reduced SJS male catches in the I st flight, but had no apparent 
effect on the August flight. Encarsia seems to be controlling the San Jose scale in the 
unsprayed Check. 

Trap counts of the SJS parasitoid Encarsia perniciosi were very sharply reduced by the 
Asana® spray throughout the trapping period from March to September. This indicates a 
possible problem with disruption of biological control of SJS in an orchard in which SJS has 
become a major pest. Growers and PCAs should carefully consider this possible problem 
when choosing a pesticide for dormant application. Success® and diazinon showed almost 
identical, moderate reductions of Encarsia perniciosi as compared to the catches in the 
unsprayed Check. 

Nave! orangeworm is only a minor pest in this orchard at this time and harvest samples 
showed no significant differences between treatments. Dormant sprays did not seem to be a 
factor with the web spinning mite populations in 1998. Two-spotted mite populations 
became high in all treatments including the unsprayed check and required treatment. 

DORMANT SPRAY EFFECTS TO SJS AND ENCARSIA 1998 
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4. Chemical Control/ New Products 

CON1ROL OF CODLING MOTII BY COMBINATION PROGRAMS OF IGR AND 
ORGANOPHOSPHATE INSECTICIDES IN PEARS 

R. A. Van Steenwyk & R. M. Nomoto 
Department ofEnvironmental Science, 

Policy and Management 
University of California, Berkeley, CA 94720 

Methods and Materials - A study was conducted in a commercial 'Bartlett' pear orchard 
planted on a 25 ft. x 25 ft. spacing (70 tree/acre) in Fairfield, California. Sixteen treatments were 
replicated four times in a randomized, complete block design. Each replicate was an individual 
tree. Foliar sprays were applied with a handgun operating at 200 psi with a finished spray 
volume of200 gal/acre (2.87 gal/tree). Applications were scheduled based on degree days (DD). 
DD were calculated with a biofix of 20 April for the first generation and with a biofix of 11 July 
from the second generation. Flight activity of male codling moth (CM) was monitored with a 
pheromone trap placed high in the tree canopy. Control of the first CM generation 
(overwintering flight) was evaluated on 8 July and the second generation (summer flight) was 
evaluated at commercial harvest on 11 August by inspecting a maximum of250 fruit per replicate 
for CM infestation. Control of pear psylla nymphs, motile twospotted spider mites and 
European red mites was evaluated by sampling 10 exterior and 10 interior leaves per replicate 
weekly from 26 May through 27 July. Pear psylla nymphs and motile twospotted spider mites 
and European red mites were brushed from the sampled leaves and counted under magnification 
(20X). 

Results and Discussion: 
First Generation Evaluation All insecticide treatments had significantly lower CM 

infestation compared to the untreated control. At the time of the first generation evaluation, only 
the first two insecticide applications had been applied to the trial. The only insecticide treatment 
that had significantly higher CM infestation compared to the grower standard was the high rate of 
DPX-062. 

Harvest Evaluation The CM infestation in the untreated control was extremely high 
(50.2%) and was significantly higherthan all the other treatments. Both rates of application of 
DPX-062 had elevated rates of CM infestation. However, only the high rate of DPX-062 had a 
significantly higher CM infestation than the other insecticide treatments which did not differ 
from one another. It appears that excellent CM control can be achieved with two applications of 
Guthion followed by one application of Confirm or Success combined with Volek oil and 
acceptable CM control can be achieved with one application of Guthion followed by two 
applications of Confirm or Success combined with Volek oil. 

Secondary Pest - Twospotted spider mites and European red mites were increased with 
two or more applications of Guthion. However, there was no difference in mite populations 
between the untreated control and one application of Guthion followed by two applications of 
Confirm or Success combined with Volek oil. 

Pear psylla populations were increased with two or more applications of Guthion. There 
was no difference in psylla populations between the untreated control and DPX-062 or one 
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application of Guthion followed by two applications of Confirm or Success combined with 
Volek oil. However, psylla populations were suppressed when Esteem was applied early in the 
season and followed by three applications of Confirm or Success combined with Volek oil or two 
applications of Confirm, Dimilin combined with Volek oil. 

Mean Percent Codling Moth Infested Fruit from the First Generation and Harvest Evaluation and 
Twospotted Spider Mite, European Red Mite and Pear Psylla in Fairfield, Calif. - 1998 

Mean*% CM 
\ 

Rate No. Infested Fruit Season Mean* 
Treatment lb (AI)/ac Appl. 1st Gen. Harvest TSSM ERM Psylla , 

1) Guthion 50WP 1.5 3 0.2ab 0.7ab 17.0c 24.Sc 164.Se 
(Grower Standard) 

2) DPX-MP062 30WG 0.09 3 0.5abc 6.2cd l.5ab 0.8a 101.Scd 
3) DPX-MP062 30WG 0.11 3 I.Sc 12.7d 2.3ab 4.0ab 96.3bcd 
4) Guthion 50WP 1.5 2 O.Oa l.4abc 2.3ab 12.0abc 151.de 

Success2SC** 0.141 I 
5) Guthion 50WP 1.5 2 O.Oa 0.3a 13.3bc 17.Sbc 231.0f 

Confirm 2F** 0.28 I 
6) Guthion 50WP 1.5 I O.Oa 2.8abc 1.0ab 3.3ab 82.0abc 

Confirm 2F** 0.28 2 
+ Dimilin 25W 0.5 

7) Guthion 50WP 1.5 I O.la 2.7abc 0.8ab I.Sa 72.Sabc 
Success2SC** 0.094 2 

8) Guthion 50 WP 1.5 I O.Oa l.9abc 1.8ab I.Sa 89.0abc 
Success2SC** 0.141 2 

9) Guthion 50WP 1.5 I 0.6abc 2.7abc 1.3ab l.Oa 102.Scd 
NAF-443 37.6 WP** 0.094 2 

10) Guthion 50WP 1.5 I 0.4ab 3.5bc 1.5ab 2.0a 89.3bc 
NAF-443 37.6 WP** 0.141 2 

11) Guthion 50WP 1.5 I O.Oa 3.7c 1.0ab 1.3a 75.0abc 
Confirm 2F** 0.28 2 

12) Esteem 2.9EC** 0.113 I O.Oa 2.labc O.Oa 0.5a 38.3ab 
Confirm 2F** 0.28 3 

13) Esteem 2.9EC** 0.113 I O.Oa 2.5abc 0.5ab 0.5a 38.0ab 
Success2SC** 0.094 3 

14) Esteem 2.9EC** 0.113 I O.la 4.2c 0.3ab 0.3a 31.0a 
Success2SC** 0.141 3 

15) Esteem 2.9EC** 0.113 I 0.9ab 3.5bc O.Oa 0.3a 4labc 
Confirm 2F** 0.28 2 
+ Dimilin 25W 0.5 

16} Untreated 0 12.6d 50.2e l.8ab l.Oa 75.Sabc 
• Means followed by the same letter within a column are not significantly different (Fisher's 
protected LSD, P _::: 0.05). Data analyzed using an arcsin transformation. 
** All treatments contained 1.0% Volek oil by volume. 
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4. Chemical Control/ New Products 

CONTROL OF CODLING MOTH BY COMBINATION PROGRAMS OF IGR AND 
ORGANOPHOSPHATE INSECTICIDES IN WALNUTS 

R. A. Van Steenwyk & R. M. Nomoto 
Department of Environmental Science, 

Policy and Management 
University of California, Berkeley, CA 94720 

Methods and Materials - A study was conducted in a commercial 'Payne' walnut orchard 
planted on a 24 ft. x 24 ft. spacing (75 tree/acre) in Hollister, California. Fourteen treatments 
were replicated three times in a randomized, complete block design. Each replicate was an 
individual tree. Foliar sprays were applied with a handgun operating at 200 psi with a finished 
spray volume of250 gal/acre (3.33 gal/tree). Applications were scheduled based on degree days 
(DD). DD were calculated with a biofix of 20 April for the first generation and with a biofix of 
22 July from the second generation. Flight activity of codling moth (CM) was monitored with a 
pheromone trap placed high in the tree canopy. Control of the first CM generation 
( overwintering flight) was evaluated by inspecting all dropped nuts weekly from 10 July through 
14 August for CM infestation. Control of the second generation ( summer flight) was evaluated at 
commercial harvest on 14 September by inspecting a maximum of 250 nuts per tree for CM and 
navel orangeworm (NOW) infestation. 

Results and Discussion: 
First Generation Evaluation - The study was conducted in a semi-abandoned orchard that had 

experienced very high CM damage in previous years. One edge ( along a road) of the orchard 
harbored a large population of ground squirrels which removed most of the nuts from the adjacent 
replicate. Due to the low number of nuts in this replicate, it was deleted from the study. 
Because of a lack of proper maintenance, the number of nuts per tree was generally low and there 
was considerable variation in the number of nuts among experimental trees. Since it was possible 
to count all the nuts per tree at harvest, we calculated the percent CM infested dropped nuts by 
dividing the total CM infested dropped nuts by the total nuts at harvest plus the total CM 
infested dropped nuts. This removed the effect of a variable crop load on the number of CM 
infested dropped nuts by transforming the data to a percent infested dropped nuts. 

All experimental treatments had significantly lower percent CM infested dropped nuts 
than the untreated control. There was no significant difference in the percent CM infested 
dropped nuts between the experimental treatments and the grower standard treatment. 

Harvest Evaluation - All experimental treatments had significantly lower percent CM and 
NOW infested nuts at harvest than the untreated control. When considering CM and NOW 
infestation separately, there was no significant difference between the experimental treatments 
and the grower standard. However, when CM and NOW infestations were combined, two 
applications of Esteem with Volek oil followed by one application of Confirm with Volek oil and 
three applications of the low rate of Success with Volek oil had significantly higher percent 
infestations than the grower standard. 
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Conclusions: 
This study was conducted against an extremely high CM population with over 45% of 

the nuts infested. Since walnuts are not a preferred host of CM, it is uncommon to observe 
infestation greater than about 25% in walnuts. Considering the size of the CM population, the 
control achieved by most experimental treatments was acceptable, if not outstanding. 
Particularly impressive were: three applications of Brigade, Confirm with Volek oil followed by 
two applications of Confirm, Dimilin and Volek oil and Esteem with Volek oil followed by two 
applications of Confirm, Dimilin and Volek oil. 

Mean Percent CM Infested Dropped Nuts for First Generation and CM and NOW Infestation at 
Harvest at Hollister, Calif. - 1998. 

Treatment* 
1) Lorsban4E 

Imidan 70W** 
Lorsban4E 

2) Lorsban 75WG 
Imidan 70W** 
Lorsban4WG 

3) Brigade lOWP 
4) Comply 40WP*** 

Success2SC*** 
5) Esteem 2.9EC*** 

Success 2SC* * * 
6) Esteem 2.9EC*** 

Confirm 2F*** 
7) Esteem2.9EC*** 

Confirm2F 

Rate 
lb(AI)/ac 

2.0 
4.0 
2.0 
2.0 
4.0 
2.0 
0.08 
0.1 
0.141 
0.113 
0.141 
0.113 
0.25 
0.113 
0.25 

+ Latron CS-7 by vol. 0.125% 

No. 
Appl. 

1 
1 
1 
1 
1 
1 
3 
2 
1 
2 
I 
2 
1 
2 
1 

Dropped 
Nuts 

1.8 abc 

1.8 abc 

0.8 ab 
1.2 abc 

3.9be 

3.2 be 

3.3 be 

Mean* Percent Infested 

NOW 
0.3 ab 

0.0 a 

0.5 ab 
0.0a 

0.0a 

1.0ab 

0.9 ab 

Nuts at harvest 
CM Total 

3.7 abed 4.0 abed 

4.8abcd 

1.9 ab 
4.1 abed 

5.8 bed 

11.4 d 

11.0 d 

4.8 abed 

2.4 abe 
4.1 abed 

5.8 bede 

12.4 e 

11.9 de 

8) Confirm 2F*** 0.25 I 0.4 a 0.0 a 1.0 a 1.0 a 
Confirm 2F*** 0.25 2 
+Dimilin25W 0.5 

9) Esteem 2.9EC*** 0.113 1 2.4 abc 0.0 a 2.0 abc 2.0 ab 
Confirm 2F*** 0.25 2 
+Dimilin25W 0.5 

10) Success2SC*** 0.094 3 4.6 e 1.0 ab 11.8 d 12.8 e 
11) Success2SC*** 0.141 3 3.5 be 1.0 ab 8.2 bed 9.2 cde 
12) NAF-443 37.6WP*** 0.094 3 1.4 abc 1.6 b 8.9 cd 10.5 de 
13) NAF-443 37.6WP*** 0.141 3 2.7 abc 0.3 ab 4.7 abed 5.0 abed 
14) Untreated O 14.1 d 5.4 c 45.7 e 51.1 f 
* Means followed by the same Jetter within a column are not significantly different (Fisher's 
protected LSD, P.::: 0.05). Data analyzed using an arcsin transformation. 
**pH oflmidan applications was adjused to about 6 pH by Bu-pH-er. 
***Treatment contained 1.0% Volek oil by volume. 
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4. Chemical Control/New Products 

DEVELOPMENT OF A NEW INSECT GROWTH REGULATOR (IGR) BIOASSA Y TO 
MONITOR FOR RESISTANCE IN PEAR PSYLLA CACOPSYLLA PYRICOLA. 

G. T.Hannig 
J.E. Dunley 

Department of Entomology 
Washington State University 

Pullman, WA 99164 
(509) 335-5818 

ghannig@wsu.edu 

This research project was designed as a laboratory study of the susceptibility of pear 
psylla Cacopsylla pyricola. It consisted of two major objectives. The first was to develop a 
bioassay to assess the susceptibility of pear psylla to various insect growth regulators (IGRs). 
The other was to implement this bioassay on pear psylla using various IGRs under laboratory 
conditions to establish baseline levels of susceptibility of pear psylla. 

The bioassay was developed using pyriproxyfen (Knack) a juvenile hormone (JH) analog. 
Once developed, the bioassay was used to discover the baseline levels of susceptibility of pear 
psylla in the laboratory. These levels can be used as a reference point to application levels and 
their affect. They can also be used in comparison experiments to determine the rates and 
quantity of resistance to these particular pesticides. The other products that were examined using 
the newly developed IGR bioassay were two additional JH analogs, fenoxycarb (Comply) and 
CGA59205 (Diofenalon), and three chitin inhibitors, diflubenzuron (Dirnilin), buprofezin 
(Applaud) and novaluron (Rimon). 

Unexposed adult psylla were collected from an untreated orchard at the WSU Tree Fruit 
Research and Extension Center. These adults were sexed into a one to one sex ratio. Fifty adults 
were placed into each cage along with untreated pear shoots. This was done with 4 to 5 separate 
cages for each bioassay. After 24 hours, additional shoots were treated by dipping them into 
different concentrations (ppm) of the IGRs. The treated shoots were then placed into the cages. 
The psylla naturally migrated from the untreated to the treated shoots as the leaves on the 
untreated shoots wilted. After 72 hours of oviposition, the adult psylla were removed and an 
initial egg count was performed. Ten days later, the final egg count was taken. Mortality was 
assessed by counting the unhatched eggs and dead psylla nymphs. The results of these counts 
were examined using pro bit analysis. 

There were from three to six different replicates run for each IGR that was examined. 
Within each bioassay there were three or four different concentrations, in parts per million, used 
as treatments. There was also a control used that was treated with tap water. 
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The goals of the IGR bioassay development were to achieve a probit slope> 1, maintain 
a low level of variability between the replicates, minimize control mortality and obtain 
acceptable repeatability amongst the bioassays. Mean slopes of the bioassays for each insecticide 
were greater then 1. The level of variability among the bioassay replicates was found to be 
acceptable among the chitin inhibitors. However, with JH analogs a definite pattern emerged. 
The slopes of the response curve analyzed by the pro bit analyses were discovered to decrease 
over time, indicating an increase in the variation of response over time (Fig. 1 ). Control 
mortality for all bioassays was at acceptable levels of< 20%. The IGR bioassays were proven to 
be repeatable from one bioassay to the next, as demonstrated by the LC values (Fig. 2). 

The achievement of the overall goals ofthis study will be increasingly important as IGRs 
are used more in the future. The bioassay developed will be used to establish baseline levels of 
susceptibility for other IGRs that have the potential for psylla control. These baseline levels of 
susceptibility along with those established for the IGRs looked at in this study will be important 
in resistance risk assessments run in the future. By comparing levels of susceptibility in natural 
populations to these baseline levels pear system pest managers will be able to make better 
resistance management decisions. 

Future studies will include looking at the effects of both leaf age and female adult psylla 
age on the effectiveness of the IGRs examined in this study. These are both suspected to have 
potential effects since they were not as controlled as ideally they could have been in this 
particular study. 

Figure 1: Decreasing Slopes 
■ (JH analogs) Diofenolan 

25.73 
8 
7 • Fenox:ycarb 
6 

"' 5 • Pyriproxifen 
§' 4 -Cl). 3 

2 
1 
0 

1 2 3 4 5 6 
Trial Number 

48 



Fie:ure 2 Pooled LC's Mean LC's 
, LCl0 LC50 LC90 LCl0 LC50 LC90 

( c.i.) ( c.i.) (c.i.) ( c.i.) ( c.i.) ( c.i.) 

Pyriproxyfen 0.66 9.28 130.34 1.04 24.64 185.13 

(.089-1.54) (5.65-16.72) (50.29-1290.61) (0.5) (15.9) (I 19.4) 

' Fenoxycarb 12.50 46.76 174.89 12.99 91.71 323.19 

(1.8-45.6) (14.72-103.20) (30.21-1421.95) (6.6) (36.4) (161.1) 

Diofenolan 2.01 22.95 262.27 3.41 24.94 395.65 

(0.64-8.32) (6.39-83.74) (84.69-963.42) (1.6) (I 1.1) (341.5) 

Diflubenzuron 4.43 123.60 3444.97 37.60 69.58 135.10 

(0.99-10.13) (19.99-716.88) (1019.3-10065.8) (28.5) (42.6) (55.4) 

Buprofezin 4.25 78.48 1449.11 7.92 66.21 837.66 

(.04-10.84) (41.52-949.87) (275.2-1.4x10') (3.2) (18.7) (385.2) 

Novaluron 4.58 27.98 170.79 5.09 37.46 492.59 

(1.03-14.27) (9.60-68.33) (11.9-1679.3) (1.5) (10.2) (315.9) 

•' 
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Section 4. Chemical Control/New Products 

EFFICACY OF SIRENE-CM AGAINST CODLING MOTH IN UTAH 

Michael E. Reding & Diane G. Alston 
Utah State University Extension, 5305 Old Main Hill, Logan, Utah 84322-5305 

Phone: 435-797-0776, E-mail: miker@ext.usu.edu 

The attract & kill technique may be an effective strategy for insect pest management in 
tree fruits. This technique combines a pheromone and an insecticide in a viscous, tar-like 
material, that can be applied by hand. The target pest is attracted by the pheromone, comes in 
contact with the material and receives a lethal dose of insecticide. Because the attract & kill 
material is applied to branches and not the fruit, insecticide residues on the fruit should be 
substantially reduced. The Attract and kill product SireneCM was tested against codling moth in 
northern Utah. Pressure from codling moth is generally high in Utah and apple producers 
typically apply 4-5 insecticide treatments per season to control it. 

The Test Site. The study site was a 1.7 acre (0.69 ha, 390 trees) block of 10-12 foot tall, 
9-year-old apple trees at the Kaysville research farm, Kaysville, UT. This block contained eight 
apple varieties dispersed randomly throughout the block. 

Application. The material, SireneCM® is produced by Novartis Agro, Basie, 
Switzerland, and was provided by IPM Technologies, Portland, OR. The active ingredients were 
Permethrin (6%) and codling moth pheromone, ES, El0-dodecadien-1-ol (0.16%). Six droplets 
of Sirene were applied to each tree for a rate of 1400 droplets per acre (2030/ha). Application 
time required about 2 worker hours per acre. Three treatments of Sirene were applied (29 May, 6 
July, and 13 August 1998) at about 5.5 week intervals. Because the first Sirene treatment was 
applied 4 weeks after biofix, one treatment of guthion was applied (8 June: 290 DD after biofix). 

Sampling. Codling moth populations were monitored by 1 trap in the Sirene treated 
block and 1 trap in a standard (guthion, 4 treatments) treated block at the Kaysville station. 
These traps were baited with rubber septa loaded with lX pheromone. Fruit were evaluated for 
codling moth damage at ca. commercial harvest timing for each cultivar. All fruit on 5 trees of 
each cultivar were evaluated. In addition, 8 border trees (Jonathan, 2 on each side of the block) 
were sampled. 

RESULTS 

Sirene was easy to apply, but application was time consuming (2 worker hrs/acre). Two 
moths were captured in the Sirene block during the 1st three days following the 29 May 
application. Only 1 moth was captured thereafter. Codling moth pressure was high at the 
Kaysville station, with peak captures of>3 moths/day in the Sirene block during May and in the 
standard block during August. In the Sirene block infested fruit were first detected 7 Aug. Fruit 
damage at harvest varied among cultivars (0.9-7. 7%), was at commercially unacceptable levels 
(>1%) in 6 of the 8 cultivars, and for all cultivars combined (2.6%, n= 9491) (Table!). No 
codling moth infested fruit were detected in any of the standard treated blocks at the station (Thor 
Lindstrom personal communication). 
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Table 1. Percentage of fruit infested with codling moth at harvest 

Date evaluated Cultivar n %infested Range 

15 Sept. Gala 1075 7.0 2.8-14.2 
Prime Gold 2012 1.4 1.0-1.8 

22 Sept. Jonathan 906 7.7 0.8-10.5 ' Mutzu 300 5.7 0.0-13.3 

29 Sept Jonathan (border)* 1576 9.1 1.3-21.5 , 

6Oct. Ultrastripe** 1308 1.4 0.0-3.6 
Dixiered** 1581 0.9 0.0-3.0 

13 Oct Supreme** 1285 1.1 0.0-2.3 
!dared** 1024 0.9 0.0-2.4 

TOTALS 9491 2.6 
* 8 trees evaluated. 
** Varieties of 'Red Delicious'. 

' 
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Section 4-Chemical control 

CONTROL OF LACANOBIA SUBJUNCTA WITH INSECTICIDES: FIELD AND 
LABORATORY TESTS 

Mike D. Doerr, C. A. Nobbs and J. F. Brunner 
WSU-Tree Fruit Research & Extension Center 

llOO N. Western Ave 
Wenatchee, WA 98801 

Several chemicals were evaluated in replicated field plots at two locations and in leaf­
disk bioassays for their effect on L. subjuncta larvae. Field plot testing was done on 
mature Delicious apples at two locations in the columbia basin. Treatments were applied 
with a air blast sprayer to 1/3 acre plots replicated 3 times. Application timing was 
targeted for 100% egg hatch (mid-June). Pre- and post-treatment larval evaluation were 
conducted with beating tray samples. Fruit damage evaluations were also conducted at 
each site. The leaf-disk bioassay was a screening of insecticides believed to be effective 
against lepidopteran larvae. The insecticides were evaluated at the equivalent 
concentration of a dilute field application. Mortality was recorded at 48 hr. 

Refer to Tables 1 and 2 for summaries of field trial results. Site #1: Only the Lannate 
1.8 L treatment significantly reduced larval densities relative to the untreated control at 
the 29 Jun evaluation. The Lannate 1.8 L treatment also significantly reduced fruit injury 
from L. subjuncta at the 16 Jul evaluation. Although the Provado 1.6 F treatment did not 
reduce larval densities, there was significantly less fruit injury than in the untreated 
control. It should be noted that Lannate 1. 8 L is not recommended for summer use and 
should be used with caution due to its disruptive effects on integrated mite control. 

Site #2: At the 29 Jun post-treatment evaluation the 8 fl oz rate of Success 2 SC and the 
Lorsban 50 WP treatments significantly reduced larval densities relative to the untreated 
control. The Lorsban 50 WP treatment had the lowest mean number of larvae of all the 
treatments. There appeared to be a slight rate response noted with the Success 2 SC 
treatments although there were no statistically significant difference among the Success 2 
SC treatments. All treatments significantly reduced fruit injury relative to the untreated 
control. There were no significant differences in fruit injury among the treatments. It is 
likely that Success will have to be targeted for younger larvae and two applications may 
be necessary in high pressure areas. 

Refer to Table 3 for bioassay results. The chemicals that were observed to be effective in 
the field were also very effective in the bioassay. These included Success 2 SC and 
Lorsban 50 WP. Insecticides that also caused a high level of mortality in the bioassay 
were Thiodan 50 WP, Penncap-M 2 F and Malathion 50% EC. The organophosphate 
insecticides Guthion 50 WP and Imidan 70 WP that are commonly used in conventional 
orchards had little effect on larval survival. 
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Table 1: Lacanobia subjuncta field trial 1, Royal Slope, WA, 1998. 
Avg no. Ls larvas:L 2Q trais 

Rate pretreatment post-treatment1 Avg% 
Chemical (AI/100 gal) lOJun 29Jun Fr. inj. 
Sevin50WP 454.0 g 11.0a 3.0b 0.39b 
Provado 1.6 F 45.4 g 10.7a 3.0b 0.06a 
Lannate 1.8 L 612.9 g 8.7a 0.0a 0.00a 
Untreated 5.0a 2.7b 0.50b 
Means in the same column followed by the same letter not significantly different (p=0.05, Fisher's 

Protected LSD). 
1 Statistics run on transformed data (log (y+l)). 

Table 2: Lacanobia subjuncta field trial 2, Othello, WA, 1998. 
Avg no. I,s larvae[ 2Q trai~ 

Rate pretreatment post-treatment Avg% 
Chemical (AI/100 gal) lOJun 29Jun Fr. inj. 
Success2 SC 28.4g 16.0a 3.0bc 0.22a 
Success 2 SC 42.6g 5.7a 2.3a-c 0.33a 
Success 2SC 56.8 g 6.7a l.7ab 0.33a 
Lorsban 50 WP 681.0g 11.3a 0.0a 0.12a 
Untreated 16.0a 4.7c 0.83b 
Means in the same column followed by the same letter not significantly different (p-----0.05, Fisher's 

Protected LSD). 

Table 3: Lacanobia subjuncta leafdisk bioassayresults, 1998. 

Chemical 
Success 2 SC 
Lorsban 50 WP 
Penncap-M 2 F 
Thiodan 50 WP 
Malathion 50% EC 
Imidan 70 WP 
Guthion 50 WP 
Sevin50WP 
Pyrellin EC 

Rate 
( forrn./acre) 

8 fl oz 
3 lbs 
8 pts 
3 lbs 
3 pts 
4lbs 
2 lbs 
2 lbs 
4 pts 

% Monality 
100 
100 
100 
100 
100 
33 
20 
17 
13 
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Section 4- Chemical control 

RESIDUAL EFFECT OF SIRENE® AGAINST CODLING MOTH, 
OBLIQUEBANDED LEAFROLLER, AND PANDEMIS LEAFROLLER 

Tomislav M. Curkovic and J. F. Brunner 
WSU-Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

INTRODUCTION. Attract and Kill (A+K) is a relatively new technique that control 
pests using a mix of synthetic sex pheromones and insecticides. There are A+K 
formulations (as Sirene®) for Pectinqphora gossy_piella, Cydia pomonella (CM), 
Heliothis spp, Spodo_ptera litto_ralis, and other species. Sirene-CM is applied as drops on 
the branches, avoiding contamination of the fruits and damage to benefitial arthropods. It 
is also economically competitive with Mating Disruption technique, becoming in an 
interesting alternative for control of moths. Sirene-CM attracts adults due to the 
pheromone present in the formulation. Once it occurs the physical contact between the 
mix and the males, they die due to the insecticide activity. The grease formulation of 
Sirene it allows the chemicals to persist for long periods. Therefore, the objectives of this 
research were: 1) to develop a bioassay for the insecticide activity of Sirene against adult 
males; 2) to evaluate residual effect of Sirene-CM against codling moth, oblique banded 
leafroller (OBLR), and pandemis leafroller (PLR), under conditions in central 
Washington. 
BIOASSAY METHODS FOR ADULT MOTHS. The responses from adult moths to 
insecticide have not been well studied in many species. Some methods described in the 
literature are: the residual film-method; topical application; flight tunnel test. Some 
limitations of these methods are: no control/accuracy of insecticide exposure or 
individual dosage; use of chilling treatment or anesthesia (CO2); difficulty to handle 
insects; difficulty to use with small species. Another method is the vacuum method 
described for small insects as flies. This latter method avoids the potentially negative 
physiological effects anesthesia could have on test organisms and provides an easy 
handling method, even with relatively small species. In addition, it can be modified to 
mimic the real action of Sireue in the field, allowing control of the time and number of 
contacts with the pesticide, even when the individual dosage is unknown. 
METHODOLOGY. Sirene-CM drops were applied on apple tree branches, protected 
with a wire mesh screen, and left under field conditions 0, 10, 20, 30, 40, 50, and 60 days. 
Pieces of branches were cut, put into a styrofoam piece, and stored at less than -14 ° C. 
Immediately before the bioassay, samples were held at 25° C for 20 minutes and then 
fanned for 5 minutes. Pupae were obtained from the Wapato-USDA (CM) and TFREC­
WSU (OBLR and PLR) colonies, sexed, and kept under 16:8=L:D; 60-68% HR, and 
25°C (chamber conditions), until adults emergence which were supplied with honey 
water solution. Only 1-3 days old male adults were used for the bioassay, taking at least 
25 moths per replication/Sirene field aged sample. Immediately before the bioassay, the 
cups with moths were kept in a ice bath (10-15°C), allowing an easier capture of moths 
by their pronotum with the vaccum device. Every sample was brought close to the moth 
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until contact with at least one leg was observed. Then, they were left individually in a 
plastic cup under chamber conditions and supplied with honey water solution until 
assesments. Knock down, mortality, and leg autotomy (lh,24h) were recorded. 
Preliminary Results. The check treatment (handled, but no Sirene) demonstrated that the 
bioassay was non harmful for CM, OBLR, and PLR males as no mortality (evaluated at 
24h) was observed. Recent observations of Sirene control (handled and contact with 
Sirene -no pheromone and insecticide-) also demonstrated non harmful for CM. Using 
aged-Sirene samples, mortality between species was greater than 94% and 68%, for 
Sirene 0-day and 20-day aged-Sirene sample, respectively. Knock down was greater than 
97% with the 0-day aged-Sirene but declined to 77% (for PLR exposed to 20-day aged­
Sirene). Evaluations of the full range of aged-Sirene samples are yet to be completed. 
Following completion of all samples, data will be subjected to statystical analysis. These 
preliminary results appear to be unique as similar reports were not found during an 
extensive literature search. Leg autotomy, an external stimulus induced self-amputation 
of legs, was observed for males of CM, OBLR, and PLR. Between 37% and 70% of the 
individuals dropped one or more legs by the 24h evaluation. The values for the respective 
checks averaged less than 9.5% at the same evaluation period. This phenomenon has 
been thought to be a behavioral response to escape from predators; to stop hemorrhage, 
or to reduce the spread of a toxicant in some arthropods. It has been observed using the 
residual film method for adult of Diamondback moth. Since Sirene depends on the 
contact between the moth and product, leg autotomy might become in a reducing factor 
for its activity. 
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Section 4-Chemical control 

SUMMARY OF FIVE YEARS OF RESEARCH ON CONFIRM® 

Jay F. Brunner, Mike D. Doerr, and Larry Gut 
WSU-Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

CONFIRM® (tebufenozide, Rohm and Haas) is a new insecticide with growth regulator 
activity that when consumed causes an insect to initiate a premature and lethal molt. It is 
active against Lepidoptera and essentially non-toxic to other insects including predators 
and parasites. We have worked with Confirm and a related insecticide, Intrepid 
(methoxyfenozide, RH-2485, Rhom and Haas) since 1994. This report summarizes some 
of the key information on these insecticides for codling moth and leafroller control. 

Baseline susceptibility: Initial studies were conducted to determine a dose-response for 
both Confirm and Intrepid against two species of leafroller, the pandemis leafroller, 
Pandemis pyrusana Kearfott, and obliquebanded leafroller, Choristoneura rosaceana 
(Harris). A leaf-dip bioassay was used and results are shown in Table 1. The LC50 and 
LC9Jevels were similar for both species. Intrepid was about 3 to 10 times more toxic to 
leafroller larvae compared to Confirm. 

Table 1. Dose-mortality relationship determined by exposing leafroller larvae to Confirm 
or Intrepid using a leaf-dip bioassay method, 7 days after treatment, 1994. 

Concentration (ppm) Confidence 
Treatment LCso (limits)1 LC90 (limits)1 interval 
PLR 
Intrepid 0.33 1.54 0.95 

(0.21 to 0.46) (1.07 to 2.86) 
Confirm 1.33 16.69 0.90 

(0.22 to 2.17) (8.68 to 219.14) 
OLER 
Intrepid 0.32 1.08 0.95 

(0.28 to 0.40) (0.84 to 1.55) 
Confirm 2.19 5.47 0.95 

(1.12 to 2.86) (3.98 to 16.08) 
I Probit analysis performed by POLO-PC 

These data formed the basis for evaluating the relative susceptibility of field populations 
of leafrollers. In 1996 we tested two populations of OBLR larvae in the same leaf-dip 
bioassay and compared results with our susceptible laboratory colony on which we 
developed the based-line data. Results showed higher LC-values for field populations, 
especially the LC50 and LC90 values (Table 2). The LC50 and LC90 values for the colony 
were similar as observed previously so the differences in field susceptibility suggest 
tolerance to both Confirm and Intrepid. The OBLR populations from Mattawa and 
Milton-Freewater have a history of control problems associated with organophosphates. 
Whether what is observed in these data indicates a cross-tolerance or resistance between 
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organophosphates and these new IGR products is troubling but certainly not proven by 
these results. 

Table 2. Lethal concentration values for OBLR larvae (Fl) from different sources, 1996. 
Chemical Lethal cone. Colony Mattawa Milton-Freewater 
Confirm LC10 3.8a 8.4b 12.9b 

LC50 7.la 12.2b 71.5c 
LC90 13.3a 17 .6a 396.5a 

Intrepid LC10 0.1 a 0.2 ab 1.1 b 
LC50 0.5 a 11.8 b 5.7 b 
LC90 1.9 a 686.2 b 29.6 b 

Means in the same column followed by the same letter not significantly different (p=0.05, Fisher's 
Protected LSD). Lethal concentrations calculated using Polo-PC probit analysis. Means in the same ROW 
followed by the same letter not significantly different (P=0.05, Lethal Ratio Significance Test, Robertson 
and Priesler, 1991). 

Field Trials - Ieafrollers: Confirm must be consumed to be effective and the best timing 
for use of Confirm appears to be from bloom through petal fall for the overwintering 
generation and at egg hatch for the summer generations. Leafroller larvae do not always 
cease feeding when exposed to Confirm and in some trials survival of larvae seemed 
unusually high. However, upon examination of these orchards in the following 
generation there were consistently very few larvae present. One explanation is the 
sublethal effects on Confirm on larvae or adult leafrollers that is expressed in the 
following generation. These same patterns were observed in a Sustainable Agriculture 
Research and Extension (SARE) study where orchards treated with Confirm in 1996 and 
1997 had low levels of leafrollers and no fruit injury. 

Field Trials - codling moth: Confirm timing against codling moth in our trials has been 
about the beginning of the egg hatch period, 200-250 degree days after Biofix. Two 
applications at 2 I day intervals against each codling moth generation has provided as 
good of control as more frequent intervals. Confirm is rated as only a fair codling moth 
control material but should be very valuable as a supplement in mating disrupted 
orchards where Ieafroller suppression can also be obtained. Coverage of fruit and foliage 
is critical with Confirm like it is with Et products. It is the requirement of excellent 
coverage that is in part the weakness against codling moth. 

Orchard Ecology Study: In this study treatments were applied to one-half acre replicated 
(3 times) plots in a Delicious apple orchard. The conventional program consisted of a 
delayed dormant oil+Lorsban and four summer sprays of Guthion (Penncap-M 2nd cover) 
plus Sevin as a thinning spray. The Confirm program consisted of an oil-only delayed 
dormant, a pink or petal fall Confirm and four summer cover sprays of Confirm. 
Confirm provided good control of both codling moth and leafrollers under heavy pressure 
from both pests but was typically not numerically as good as the conventional program in 
controlling these pests (Table 3). 
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Table 3. Codling moth and leafroller injury during threes years (1995-97) of an orchard ecology study with 
Confirm. 

Codling moth Codling moth Codling moth 
Treatment 1" 2"' LR 1" 2'' LR 1" 2'' 
CONFIRM 3.7b 4.3b 2.6b 0.4a I.Sa 1.0a 1.0a 13.la 
Conventional 0.8a 1.0a 0.3a 0.la 0.3a 0.la 0.8a 5.6a 
Untreated 22.3c 74.6c 8.8c 22.8b 58.6b 13.2b 58.Sb 87.8b 
Means in the same column followed by the same letter not significantly different (p=0.05, Fisher's 
Protected LSD). 

LR 
1.4a 
0.2a 
6.lb 

Natural Enemy Effects: Confirm (and Intrepid) is non-toxic to the leafroller parasite 
Colpoclypeus florus and the egg parasite Trichogramma platneri, and to the leafminer 
parasite Pnigalio flavipes. It also has not had any negative effects on predatory mites or 
other generalist predators in the orchard ecology study . 
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Section, 4. Chemical Control/New Products 

CHEMICAL CONTROL OF THE CHERRY BARK TORTRIX, 
ENARMONIA FORMOSANA SCOP. (LEPIDOPTERA: TORTRICIDAE) 

T.A. Murray & L.K. Tanigoshi 
Washington State University-Vancouver 

Vancouver, WA 98665 

Due to the asynchronous phenology of CBT, adult chemical control is not a viable option. 
Larvae also pose a problem when considering pesticides since they are protected inside 
the bark. Eggs appear to be the only exposed life stage but are also staggered throughout 
the season. Old World literature concerning the chemical control ofCBT is vague and 
sparse. Little empirical evidence of efficacy of pesticides against CBT has been 
documented. The following data is an attempt to record pesticide efficacy against CBT 
eggs, larvae and adult oviposition. 

-Egg Treaments 
Cages have been constructed to house 4 one-foot long cherry logs. There is one cage per 
treatment. Three mated females were allowed to oviposit in each cage until the entire egg 
load was laid. This was accomplished by setting female pupae into each cage and 
releasing field-collected males as they emerged. Logs were then treated with various 
pesticides, oils and mixes at the highest recommended rates. Chemical efficacy at 14 
days post-treatment was evaluated. Efficacy was determined by counting the number of 
unhatched eggs, unsuccessfully hatched eggs and successfully hatched eggs. 
Pretreatment counts showed equal rates of oviposition between treatments. All 
treatments gave adequate to excellent control of CBT eggs. The mortality associated 
with unhatched eggs appeared to be a result of affixation by emulsifiable concentrates 
and oil formulations. Unsuccessfully hatched eggs were observed in treatments with 
wettable powder formulations; the larvae receive exposure to the pesticides as they chew 
through the corion of the egg. 

-Ovipositional deterrency treatments 
For ovipositional deterrence studies, previously treated logs were exposed to mated CBT 
females to determine ovipositional deterrence. The same cages and same methods were 
used as in the egg studies mentioned above. Logs were then treated with various 
pesticides, oils and mixes at the highest recommended rates. 24 hours after treatment, 
adults were caged with the sprayed logs. No significant ovipositional deterrency effects 
were noted in the data. 

-Larval treatments 
Heavily CBT-infested trees were field collected and sectioned into one-foot logs. Logs 
were randomly selected for pesticide treatment. Each treatment was replicated 5 times. 
After 10 days post-treatment, logs were dissected and larvae were recorded as dead or 
alive. Figure 4 illustrates the percent mortality for each pesticide treatment. Topcide®, 
Dursban® and DuaGuard® all offered excellent control of CBT larvae. Spinosad® and 
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Asana® both gave adequate control while oil applications offered very little control. It is 
important to note that the timing of the applications was made during the stages that are 
the deepest in the bark. Late instars of CBT are found grazing on the inner cambium 
layer at this time of year. Exposure to the treatments occurred during the larvae's visits 
to the frass tube. These later stages prepare the frass tube for pupation and maintain it 
diligently. 

-Pesticide persistence 
Recent studies have found that many pyrethroids and other chemical classes persist at 
great lengths of treated wood. We want to determine how Jong a treatment will be 
effective for controlling CBT. CBT-free logs were treated with pesticides and allowed to 
sit in the environment elements. Logs selected were four feet Jong and one Jog was used 
for each repetition for each time interval, this was replicated four times. At 1,3 and 5 
week intervals, the logs were infested with 25 field collected larvae. Larval mortality 
was determined 10-14 days after infestation for each time interval. The Jogs were 
dissected and live, dead an sub-lethally exposed larvae were recorded. The results reveal 
a significant amount of residual efficacy from Topcide®, Dursban® and its wettable 
powder formulation, Duraguard®. At 1, 3 and 5-week intervals, there is some larval 
mortality. However, most larvae appear to receive a sub-lethal dose and cause them to 
cease feeding and fat body mass is reduced. Eventually, these larvae will Jose critical 
biomass and expire. Over-all affects of the pesticides prove to control CBT well in some 
of the treatments. 
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4. Chemical Control 

Timothy J. Smith 
WSU Extension, 
400 Washington, 
Wenatchee, WA 98801 

Overview: 

CHERRY FRUIT FLY CONTROL TRIAL 

The advent of the Food Quality Protection Act has brought special concern to sweet cherry 
growers, as the two products most commonly used to control Cherry Fruit Fly, azinphos-methyl 
and carbaryl, are receiving special regulatory attention during the evaluation process, due to their 
very common usage on high-profile crops. It is likely that even adjustments in pre-harvest 
interval would greatly restrict the usefulness of these products for pest control in sweet cherries, 
as the target pest develops during the 4 weeks leading up to harvest, and the number of 
emerged adults peaks during the harvest period. It is vital that alternative, effective, and 
environmentally acceptable Cherry Fruit Fly control materials and methods be developed soon. 

Cherry Fruit Fly research has been difficult over the years, as pest numbers are so low that few, 
if any, flies can be found in commercial blocks. The few trials that occur are usually carried out 
on single, highly infested "backyard" sweet cherry trees. Properly replicated efficacy trials have 
not been done in the region for many years. 

Trial Overview· Previous reports ( by Dr. Robert van Steenwick, U. of Cal.) of the effective 
control of Walnut Husk Fly by spinosad (Success) encouraged us to run a preliminary spinosad 
efficacy trial on Cherry Fruit Fly in Wenatchee in 1997; A previously highly infested cherry tree 
was maintained completely free of infestation by weekly applications of 2 ounces Success 2L per 
100 gallons of water, applied to "drip" on tree fruit and foliage. This led to this greatly expanded 
cooperative trial in the Wenatchee area in 1998. 

Site: The 1998 trial was carried out in a block of 16 mature highly infested sweet cherry trees 
that had been documented by the Chelan/Douglas County Agricultural Pest Board to be highly 
infested by CFF over the past several seasons. 

Application: All products were applied with a high-pressure hand-gun, in a volume of water 
sufficient to fully wet the test tree foliage. Sprays were initiated four days after the first CFF was 
trapped, and continued weekly until the cherries were sampled for larval infestation. The 
sampling took place about a week later than the usual harvest stage to assure maximum 
potential for infestation and larval development. Due to this, six weekly sprays were applied, 
rather than the more usual five. After sampling, the entire block was treated with dimethoate to 
reduce the potential for 1999 CFF infestation. 

Treatments: Treatment 1: The industry "standard" control materials. The first and third weekly 
sprays were azinphos-methyl at½ lb./100 gal. of 50% WP, the second, fourth, fifth and sixth 
weekly sprays were carbaryl (Sevin XLR) at 16 ounces per 100 gallons. 

Treatment 2: JMS Stylet Oil, 1 % suspension, applied weekly. 
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Treatment 3: 2 ounces per 100 gallon rate of spinosad (Success), as provided by Dow 
Agrosciences, applied on 10 day intervals (a total of four applications prior to sampling). 

Treatment 4: 2 ounces per 100 gallon rate of spinosad (Success), as provided by Dow 
Agrosciences, applied on 7 day intervals (a total of five applications prior to sampling). 

Treatment 5: Unsprayed control. 

Potential for Fruit Infestation: Local Pest Board records indicate the test block has been 
infested due to inadequate control efforts for the past several seasons. A trap placed in the block 
in 1997 caught over 100 adults, which is considered an indicator of serious infestation. 

Red sphere CFF traps baited with ammonium carbonate were placed throughout the test block to 
assure that the pest was present during the testing period. It is expected that effective spray 
applications greatly reduce mature, egg laying adult presence within the control area, but may 
not prevent the presence and capture of immature, recently emerged adults. A total of 114 adult 
Cherry Fruit Fly were captured within the plot area during the seven week test period, 81 of which 
were caught on the untreated trees. 

Results: 

Will be presented at the Western Orchard Pest and Disease Management Conference. 
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4. Chemical Control/New Products 

ESTEEM AND LORSBAN FOR 
CONTROL OF OBLIQUEBANDED LEAFROLLER ON CHERRIES 

D. F. Mayer and J.D. Lunden 
Washington State University, IAREC, Prosser, WA 99350 

Esteem 2.9EC (Valent) and Lorsban 4EC (DowElanco) were evaluated for control of 
Obliquebanded leafroller (Choristoneura rosaceana) (OBLR) when applied to cherries 
(Prunus). 

The test was conducted in a 3-year-old commercial orchard of Bing cherry planted on a 6.5 
x 15 foot spacing located near Milton-Freewater, OR. Plot size was 0.15 acre (4 rows by 
15 trees). One plot was not treated and served as the untreated check. One plot was 
treated with Esteem ( 4 oz/acre) at delayed dormant on 16 March with a second application 
14 days later on 30 March, one plot was treated with Esteem (5 oz/acre) at delayed 
dormant on 16 March with a second application 14 days later on 30 March and one plot 
was treated with Lorsban (4 pt/acre) at delayed dormant on 16 March. Spray applications 
were done with a Rears (Eugene, OR) Pak-Blast air-blast sprayer using 50 gallons of water 
per acre. 

On April 16 the number of obliquebanded leafroller larvae were recorded on ten shoot tips 
on 20 randomly selected trees in each plot. Most of the larvae were in the 3rd instar. 

Results: 

No phytotoxicity was observed. The results are given in Table 1. 

Conclusion: 

.Esteem (4 oz/acre) gave fair control of obliquebanded leafroller. Esteem (5 oz/acre) gave 
good control of obliquebanded leafroller. The higher rate of Esteem gave better control 
than the lower rate. Lorsban (4 pt/acre) gave good control of obliquebanded leafroller. 

Table 1. The number of obliquebanded leafroller larvae found in 20 trees on 16 
April and the percent control. Milton-Freewater, OR 1998. 

No. obliquebanded Percent 
Treatment Rate/acre larvae/20 trees Control 

Esteem 2.9EC 4 oz 18b 40 
Esteem 2.9EC 5 oz 7a 77 
Lorsban 4EC 4 pt 1a 97 
Untreated check 30c 
Means within a column followed by the same letter are not significantly different at the P = 0.05 level, LSD 
(Least Significant Differences by Student's t). 
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Section 4. Chemical Control/New Products 

1998 PERFORMANCE SUMMARY OF SUCCESS* NATURALYTE* INSECT CONTROL 

B.L. Bret, J.M. Babcock, M.D. Lees, and J.P. Zahand. 
Dow AgroSciences 

3835 North Freeway Blvd. Suite 240. 
Sacramento, CA. 95834 

Success* Naturalyte* insect control is a reduced risk product for control of multiple 
insect pests across a wide variety of crops. In apples, it has shown high levels of efficacy 
against leafrollers, leafminers, western flower thrips, and Lacanobia fruitworm. 
Promising results are also being found against codling moth, although more work is 
needed in the Pacific Northwest against this pest. 

Spinosad, the active ingredient in Success, is derived from a naturally-occurring soil 
bacterium, Saccharopolyspora spinosa. It is a member of a new class, Naturalyte (natural 
metabolite) that combines the high efficacy of synthetic pesticides with the low 
mammalian and environmental risk of traditional biologicals. Success received a federal 
registration for apples, almonds, citrus, cole crops, and leafy and fruiting vegetables in 
spring of 1998. This allowed large scale evaluations under commercial conditions with 
out the need of a crop destruct EUP. The following is a report of some of the large scale 
commercial trials. Also included are some of the more recent research results. 

Commercial Trials. 
Commercial applications were made with the cooperation of numerous field advisors and 
apples growers. Twenty shoots per tree, 5 trees per orchard were sampled, and numbers 
of live and dead leafrollers were counted. Percent control was calculated by comparing 
post counts to pretreatment counts. In those orchards where no pretreatments were made, 
percent control was calculated by dividing the number of dead larvae by the total number 
of dead plus live. In some of the orchards, leaves were collected and numbers oflive and 
dead leafrniner mines per leaf were recorded. 

Petal fall timing - Leafrollers. Petal fall applications are the best timing for controlling 
spring generations ofleafrollers with Success. Success was applied at 6 fl.oz./ A at petal 
fall and data collected from 15 orchards. Avg. number of leafrollers per 100 terminals 
before and after treatment was 18 and 1, respectively, for an average of 94% control. 

Petal fall timing - Leafminers Applications for leafrollers at petal fall also have a 
significant impact on leafrniners. In three orchards, percent control ofleafminers was 
compared in blocks treated with or without Success. Percent leafminer control was 42, 
51, and 75% (avg. 56%) in the three Success treated blocks, and 6, 19, and 20% (avg. 
15%) in the three untreated blocks. No adjuvants were used in these applications. 
Addition of adjuvants is recommended where control of leafininers is paramount. 
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Leafrollers - Summer timing. Thirteen orchards were evaluated following commercial 
applications of Success to summer generation of leafrollers. Application rate averaged 
6.4 fl.oz./ A. In each orchard, 5 shoots from each of 5 trees were evaluated. Percent 
mortality was calculated by dividing number of dead by total number of live plus dead. 
Percent mortality ranged from a low of78% (2 orchards) to a high of 100% (7 orchards) 
with average percent mortality 93.23±8.94%. Three of the orchards were compared to 
standards and one against an untreated check. Percent mortality of leafrollers in the 
Success, standard, and untreated check orchards was 92.6± 9.2, 70.6± 42.2, and 0 
respectively. Leafroller and leafminer control was also compared in four orchards 
participating in codling moth mating disruption where growers wanted to maintain a 
"soft" program. Number oflarvae per 1000 shoots were counted in each orchard on two 
sample dates. Total number from all orchards at both dates was 7 and 23 in the Success 
and Bt treated blocks, respectively. Total cumulative number of leafrniners per 500 
leaves from all orchards at both dates was 388 and 1,144 in the Success and Bt treated 
blocks, respectively. 

Laboratory trials with adjuvants. 
Activity of spinosad against many pests has been shown to improve with the addition of 
adjuvants. This is particularly true of leafminer control. Laboratory trials were 
conducted to evaluate effects of adjuvants against cabbage looper on cabbage, tobacco 
budworm on cotton, and codling moth on apples. ECS0's were calculated for spinosad 
and spinosad plus adjuvants. Data are presented as "Activity Ratios" of adjuvants vs. 
spinosad alone. Mineral oils significantly improved efficacy of spinosad 3-5.5 fold in the 
laboratory. Silicon adjuvants also significantly improved spinosad performance 1.8-4 
fold. Vegetable oils improved spinosad 1-1.7 fold, which was not statistically 
significant. In some instances, efficacy decreased with vegetable oils. Acidifying buffers 
significantly decreased performance of spinosad. Laboratory studies are very sensitive 
and may or may not translate to significant effects in the field. 

Summary 
Petal fall applications of Success provided excellent control of leafrollers and 
significantly reduced leafminer populations. Summer applications also provided 
excellent control ofleafrollers. Previous research has shown importance of using 
adjuvants for leafminer control. Adjuvants may also significantly improve efficacy 
against other pests such as codling moths. Acidifying buffers are not recommended. 
Success proved to be a valuable IPM tool in codling moth mating disruption programs for 
both leafrollers and leafrniners. 
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Chemical Control 

Particle Film Technology: Applications in Pear Pest Management 

Richard J. Hilton and Philip V anBuskirk 
Southern Oregon Research & Extension Center 

569 Hanley Road 
Medford OR 97502 

Two particle film formulations were compared in 1998. A replicated test using handgun 
application to single trees was conducted at the Research Center in a block of Bartlett 
pears that has high codling moth pressure. Tests using speedsprayer application were 
conducted at the Research Center and in a commercial orchard. The results from the 
handgun trial are presented in the tables below. Repeated applications of the particle 
films in the foliar period resulted in control of pear psylla and pear rust mite. An increase 
in the level of twospotted spider mite was observed while predator mites were almost 
totally absent from the particle film treated trees. The particle film treatments resulted in 
a significant reduction of first generation codling moth entries ( over 90% reduction 
relative to the check). However, a high level of codling moth injury occurred prior to 
harvest, in part due to a twenty-five day gap between the last particle film application and 
harvest. The particle film treatments reduced both sunburn and overall russet on the fruit. 

The speedsprayer trials were supplemented by the use of mating disruption for control of 
codling moth, and in the grower plot organophosphate applications were made at third 
and fourth cover timings. When high mite levels were observed in the grower plot, an 
acaricide was applied to the groundcover. The results from the speedsprayer trials 
generally agreed with the results seen in the replicated handgun trial: reduced numbers of 
pear psylla, increased numbers oftwospotted spider mite, improved fruit finish, and 
adequate (though not complete) control of codling moth. The two particle film 
formulations yielded very similar results. 

Particle films applied on six dates (5/22, 6/1, 6/11, 6/26, 7/13, and 7/30) 
Guthion applied four times (5/22, 6/1 I, 7/13, and 8/13) 
Applications made with handgun sprayer (200 gpa) 
Data shown are averages from five single tree replicates 

Treatment Rate form. Pear gsylla ger leaf 
per acre 5/19 5/28 6/19 7/7 7/21 8/13 

M-96-018 50 lbs 1.31 0.54 ab 0.0 a 0.1 a 0.0 a 0.0 a 

M-97-009 50 lbs 0.60 0.10 a 0.1 a 0.1 a 0.0 a 0.0 a 

Guthion SOW 2.5 lbs 0.84 0.72 ab 3.5 C 5.3 b 1.6 b 2.3 C 

Check 1.22 0.96 b I.lb 0.3 a 0.1 a 0.4 b 



Treatment Rate form. Twos12otted s12ider mites 12er leaf 
per acre 5/19 5/28 6/19 7/7 7/21 8/13 

M-96-018 50 lbs 0.0 0.0 0.0 0.04 0.58 1.24 b 

M-97-009 50 lbs 0.0 0.0 0.08 0.04 0.30 3.70 C 

Guthion SOW 2.5 lbs 0.0 0.0 0.0 0.04 0.08 0.12 ab 

Check 0.0 0.0 0.06 0.0 0.02 0.04a 

Treatment Rate form. Pear rust mites 12er leaf 
per acre 5/19 5/28 6/19 7/7 7/21 8/13 

M-96-018 50 lbs 2.4 0.4 0.2 a 2.3 a 4.6 0.0 a 

M-97-009 50 lbs 1.3 0.0 1.3 ab 4.4 a 9.2 0.0 a 

Guthion SOW 2.5 lbs 3.6 0.1 8.3 C 20.4 b 0.6 4.5 b 

Check 0.5 0.5 4.0 be 23.2 b 34.4 13.9 C 

Treatment Rate form. Percent codling moth entries Ratio % First 
per acre 7/7 8/24 larvae : exit instar 

M-96-018 50 lbs 2.0b 41.6 b 8.9: 1 49 

M-97-009 50 lbs 2.4 b 40.6b 6.5 : 1 50 

Guthion SOW 2.5 lbs 0.0 a 0.4 a 2:0 0 

Check 35.6 C 72.1 C 0.88: I 8.3 

Means within a column followed by the same letter are not significantly different (P-0.05 Fisher's 
protected LSD). Leaf count data were subjected to the log(x + !) transformation and percent infestation 
data were subjected to the arcsine transformation prior to statistical analysis. 
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Section 4. Chemical Control/New Products 

CONTROL OF LEAFROLLERS IN APPLE USING PARTICLE FILMS 

Alan Knight, Tom Unruh, Gary Puterka, and Mike Glenn 
ARS, USDA, 5230 Konnowac pass Rd., Wapato, WA 98951 

• A range of studies were conducted to evaluate the effect of the particle film M96-018 on the 
obliquebanded leafroller, Choristoneura rosaceana (Harris). We wanted to examine its impact on 
each life stage of C. rosaceana at a number of key management time periods during the season. 
We found that M96 has potential when applied at delayed dormant in the spring to prevent the 
overwintering larvae from establishing feeding sites in the new green foliage. We found that M96 
has little effect on larvae already feeding inside leaf shelters. M96 has little effect on egg hatch. 
Moths will, however, avoid ovipositing on residues. M96 affects neonate survivorship and retards 
larval growth. M96 caused outbreaks and reduced parasitism of gracillarid leafrniners. M96 was 
effective in controlling codling moth. Coverage of fruit and leaves is critical in achieving control 
of codling moth. M96 carmot be completely removed from the stem-end of apples through 
washing with water and brushing. However, waxing or dipping apples in> 0.25% horticultural oil 
removes the appearance of the white residue. 

, 
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Chemical Controls/New Products 

EFFICACY OF ECOZIN (AZADIRACHTIN) + OIL AGAINST 
OBLIQUEBANDED LEAFROLLER 

Lyla J. Lampson1 and Steven P. Parker2 

'AMVAC 'Lampson Research & Consulting 
54738 Day Road 
Milton-Freewater, OR 97862 

1231 Magnolia Drive 
Walla Walla, WA 99362 

Six combinations of leafroller /leafminer products with or without Ecozin 
(3% EC) + 0.5% JMS Sty let-oil were applied by airblast sprayer on two year old 
Red Delicious apples for control of obliquebanded leafroller (Choristoneura 
rosaceana). (OBLR) •. Treatments and application dates.are shown. below:. 

Table 1. Treatment rates and application dates. 
Treatment Rate per acre 

Dipel2X 2lb/A 

Agri-mek + JM8 Stylet-oil 
Comply40WP 

Ecozin 3% EC+ 
JMS Stylet-oil 
Dipel2X + 
Ecozm3%EC+ 
JMS Stylet-oll 
Ecozin 3% EC+ 
JMS Stylet-oil 

Neenrix 4.5 + 
JMS Stylet-oil 

Success + JMS Stylet-oi! 
Success 
Ecozin 3% EC + 
JMS Stylet-oil 
Untreated check 

10 fl oz/ A-0.5% 
4oz/A 

10 fl oz/A 
0.5% oil 
2lb/A 
lOfloz/A 
0.5% 
l0floz/A 
0.5% 

6.67 fl oz/ A 
0.5% 

6 fl oz/0.5% 

Date(s) Applied 
26 Apr, 20 May, 
24Jun, 12 Jul, 
17 Aug, 31 Aug 
26Apr 
26Apr1998 
10May 1998 
24 Jun, 12 Jul, 
17 Aug, 31 Aug 
26 Apr, 20 May, 
24 Jun, 12 Jul, 
17 Aug, 31 Aug 
26 Apr, 20 May, 
24 Jun, 12 Jul, 
17 Au 31Au 
26 Apr, 20 May, 
24 Jun, 12 Jul, 
17 Au 31Au 
26Apr 
20May 
24Jun, 12Jul, 
17 Aug, 31 Aug 

Overwintering leafrolleF numbers-were low-but by the summer generation 
larval numbers averaged over 12 larvae per tree in the four untreated check 
replicates. As shown in Table 2, over the course of the season the Dipel + 
Ecozin + oil combination performed the best overall against OBLR, with 
Success + Ecozin + oil close behind. Dipel by itself, Comply /Ecozin + oil and 
Ecozin + oil were intermediate in performance, and Neemix + oil the poorest 
performer against.OBLR .. 
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_la~:..2E)!_gu~~nde~~~~~~~!.~~es, M~~e~~R.t.l22L..., __ 
·--- :'IJumber of Leafrollers / 6 trees eer reelicate . . 

# # # #Egg # # # # 
Larvae Larvae Larvae masses Larvae Larvae Larvae Larvae 

TREATMENTS 26Aer llMay 24Mal; 23!un 12 !ul 26lul 30Aug 15 See 
Dipel 2X (6x) + 2.0 a 2.5 a 1.5 a 0.2ab 1.5 ab 28.8 ab 5.5 b 3.8 ab 

Agri-mek + oil (lx) 
Comply 40 WP (2x) 

+ Ecozin + oil (4x) 
2.5 a 6.0 a 4.5 a 0.2ab 2.0ab 17.0 a 10.2 be 12.0 abc 

Dipel 2X + Ecozin 
+ oil (6x) 

1.8 a 0.8 a 0.0 a 0.0 a 
--

0.5 a 4.0 a 1.8 a 2.8 a 

Ecozin + oil ( 6x) 2.8 a 3.0 a 5.5 a 0.2ab 5.0 ab 20.2 a 19.2 cd 17.2 be 

Neemix + oif(6x) 2.2 a 3.0 a 3.5 a 1.8 C 11.2 be 76.0!:i 24.0 cd 21.2 C 

Success (2xr + oil 2.0 a 0.2 a 0.0 a 0.2 ab 0.2 a 2.2 a 5.8 b 6.8 a.b 
(lx) 

+ Ecozin + oil ii_x)_ 
Untreated 2.0 a 2.0 a 2.5 a 1.2 be 16.8 c 73.7 b 34.5 d 40.~ 
Means in the same column followed by the same letter not significantly different (p=0.05, Fisher's Protected 
LSD). -----------... -----------~------... ----
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EFFICACY OF ECOZIN (AZADIAACHTIN) + OIL AGAINST 
OBLIQUEBANDED LEAFROLLER 

Lyla J. Lampson' and Steven P. Parker 

Pesticides Used in Trial: 

TRADE NAME COMMON NAME 

Agri--mek (Novartis-) Abamectin 

Comply (Novartis) Fenoxycarb 

Dipel 2X (Abbott) Bacillus thuringiensis 

Ecozin (AMVAC) Azadirachtin 

Neemix (W. R. Grace) Azadirachtin 

Success (Dow) Spinosad 
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Section 4. Chemical Control/New Products 

THE IMPACT OF SEASONAL PROGRAMS WITH PARTICLE FILMS ON 
APPLE PESTS AND THEIR NATURAL ENEMIES 

Alan Knight, Brad Christianson, Tom Unruh, Gary Puterka, and Mike Glenn 
ARS, USDA, 5230 Konnowac pass Rd., Wapato, WA 98951 

We evaluated the hydrophobic particle film (M96-018) in two apple orchards during 1998. 
Applications were made to replicated four-tree plots in both Methow and Moxee. The material 
was applied every two weeks ( 50 lbs per acre) and we compared a half-season program (7 
applications through mid June) with a full season program (10 applications through mid August). 
Pests and their natural enemies were sampled throughout the season. Particle film applications 
reduced populations of generalist predators such as spiders, ants, and earwigs from 40 - 100% 
during the season compared with the untreated control. Leafminer populations were much higher 
in particle film-treated plots. Green aphids and Rosy Apple Aphid were higher in particle film­
treated plots. San Jose Scale outbreaks occurred in particle film treatments. On the positive side 
white apple leafhopper populations were much lower in particle film-treated plots. Overwintering 
leafroller populations were reduced nearly 70% and spring populations of cutworms and other 
lepidopteran species were lower. Stink bugs were lower in particle film treatments and 
Campylomma populations were nearly unaffected by the treatments. At mid-season insect injury 
was 30% lower in the particle film treatments, however, scale was higher . At harvest, no 
difference in insect injury was seen between the untreated check and the half or full season particle 
film treatments, primarily due to the much higher incidence of scale in the treatments. In the 
Methow orchard no difference was found in fruit quality though trees treated with the particle film 
had fewer though larger fruits. The apples in the particle film treatments were definitely redder. 
Based on these results several questions are raised. Can it be used with oil at delayed dormant for 
both overwintering leafrollers and scale? Is it positive, neutral, or negative for management of 
sucking bugs? How can it be used to supplement control of codling moth, leafrollers, and 
cutworms? How can it be used to minimize its impact against scale, leafminers, and generalist 
predators? And, how can it be used to maximize its potential for positive horticultural benefits. 
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Chemical Control 

Twospotted Spider Mite and Pear Psylla: Chemical Evaluations 

Richard J. Hilton and Philip V anBuskirk 
Southern Oregon Research & Extension Center 

569 Hanley Road 
Medford OR 97502 

This trial was conducted in a block of Cornice pear trees to evaluate the efficacy of a 
number of psyllicides and/or acaricides. The initial numbers of pear psylla were fairly 
high when the first application was made on May 21st. Mite levels were very low early in 
the season, no spider mites were observed prior to July. All materials were reapplied on 
July 20th

. The seasonal means following the initial application for pear psylla, two spotted 
spider mite, and pear rust mite are shown below. The entire block was treated with 
Penncap-M on July 8th and azinphos-methyl on August 19th

. Mite levels in the check 
increased rapidly late in the season and treatment with the nicotenoid compounds, 
Provado or CGA 293343, appeared to accelerate this increase. All the materials tested 
reduced the level of pear psylla for at least three weeks after the mid-season application 
as compared to the check. However, with regards to the seasonal mean, the lower rates of 
Gowan-1701 and the sugar ester did not result in a significantly lower number of pear 
psylla when compared to the check. 

Two applications (May 21 and July 20, 1998) of psyllicides and/or acaricides to Cornice pear 
Applications made with handgun sprayer (200 gpa) 
Data shown are averages from four single tree replicates 

Post treatment averages (6/4-9/15), number per leaf 

Material Rate (form.) Twospotted spider Pear psylla Pear 
per acre mite (all stages) (eggs and nymphs) rust mite 

Gowan-I 701 I pt 2.91 a 0.82 cde 0.90 a 
Gowan-1701 2 pt 2.01 a 1.05 de 2.03 a 
Gowan-1701 3 pt 0.81 a 0.43 abed 0.30 a 
Pyramite 60W 8.8 oz 2.73 ab 0.60 abed 1.53 ab 
Pyramite 60W 13.2 oz 1.78 a 0.31 a 2.60 ab 
Pyramite 60W 8.8 oz 0.63 a 0.23 a 0.51 a 
and Savey SOW 4 oz 
Sugar ester 80 oz 2.39 a 0.67 bcde 22.05 be 
CGA 293343 25W 8lgm 16.09 C 0.45 abc 26.20 C 

Provado 1.6 F 20 fl oz 23.88 C 0.39 ab 35.05 C 

Agrimek 0.15 EC 20 fl oz 0.38 a 0.48 abed 0.20 a 
and oil 0.5 gal 
Check ---- 16.99 be 1.08 e 6.98 ab 

Means within a column followed by the same letter are not significantly different (P~0.05 Fisher's 
protected LSD). Data were subjected to the log(x + 1) transformation prior to analysis. 
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4. Chemical Control/New Products 

THRIPS SPECIES AFFECTING TREE FRIDTS, AND THE EFFECT OF 
SPINOSAD ON THRIPS 

E. Beers, J. Dunley and R. Zack 
WSU-TreeFruitResearch&ExtensionCenter, 1100N. WestemAve., Wenatchee, WA 

98801 

Thrips were a significant problem in a number of ochards in the Wenachee area in 
1998, in blocks not normally prone to this pest problem. We collected specimens with a 
beating tray from several orchards where fieldmen reported problems, and had them 
identified by the Systematic Entomology Laboratory (S. Nakahara). Many of the 
specimens were larvae, and could not be identified to species; these were placed in the 
genus Frankliniella. Several adult specimens were submitted from a block in Blewett 
pass, and were identified to species: 

Mycterothrips a/bus Moulton 2 
Neohydatothrips sp. 1 
Thrips tabaci Lindeman 1 

In addition, we sampled 2 cherry orchards in the Wenatchee Heights area: 

Goodman 
Wiggs 

Frankliniel/a occidenta/is Pergande 
Frankliniel/a occidentalis Pergande 

8 
8 

In addition, we took specimens from a 'Granny Smith/M27' block in the WSU-TFREC 
Smith Tract orchard (10-east) which is traditionally prone to thrips damage. The 
surrounding habitat is sagebrush, grass, and weeds on 2 sides (apple and cherry on the 
remaining two sides). While these specimens have not yet been identified, we noted dark 
and light colored thrips in our samples. 

An insecticide efficacy test was performed in the latter block. Trees were planted 1.25 x 
4.5 m on a single wire trellis ca. 2.5 m high, with interplanted crab pollenizers. Plots 
were three rows wide by ca. 14 trees long. The experimental design was a randomized 
complete block, with blocks based on geography. The center trees of the center row of 
the plot were sampled for thrips and fruit damage. Treatments were applied on 30 April 
1998 with a Rears Pak-Blast sprayer calibrated to deliver 100 gpa. The timing of the 
application was targeted at full bloom, however, some petal fall was occurring at the time 
of the spray. Trees were sprayed in the evening to avoid contact with bees. 

Despite the numerical difference between the 3 treatments and the untreated 
check on 5 may (5 days after treatment), no statistical differences were found among 
treatment means (Table 9814.1, Figure 9814.1). This is probably due to the considerable 
underlying spatial variability in thrips populations in the block. Populations in all 
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treatments were low by 14 May, since blossoms were no longer on the tree to attract 
them. 

Although all the thrips encountered were counted, there appeared to be either 2 
different color morphs or 2 species present in the block, one dark grey-brown, one light 
colored (yellowish white). The western flower thrips, Frankliniella occidentalis, is a 
light color, so the dark individuals are presumably some other species. This information 
presents some avenues for further research on species composition of thrips infesting 
orchards. 

Fruit injury was classed into two types of possible thrips injury: pansy spot, 
which is the traditional type of injury associated with this species, and dimpling, which is 
normally associated with stinging heteroptera ( e.g., Campylomma verbasci). Reports 
from fieldmen earlier in the year brought to my attention the possibility that the dimpling 
damage was caused by thrips. This may be related to the possible second species found 
in this block, or alternatively may be damage that was always caused by thrips, and 
mistakenly attributed to lygus or C. verbasci. Since C. verbasci were also present in this 
block, it is not possible to eliminate either possibility. 

Total fruit injury ranged from ca. 3-8%), with the higher levels found during the 
preharvest evaluation. At this time, the check had the numerically highest level of 
damage, although no statistical differences were found among the treatments. There were 
substantial levels of damage in all treatments, which was comprised mostly of pansy spot. 
The increase in the percentage pansy spot between the 19 May and the 14 September 
evaluation may indicate that this condition become more apparent as the fruit mature. If 
indeed the dimpling damage was caused by C. verbasci, then Carzol should have been 
more effective in suppressing damage (this is currently the standard treatment for this 
pest). However, the later timing (past full bloom) may have been prejudicial to the 
efficacy against both pests. 

Fig. 1. Trt~ips populations 
posttreatment, ST-10, 1998 
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19-May 

Fig. 2. Fruit damage by thrips post­
bloom and preharvest, ST-10, 1998. 
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4. Chemical Control/New Products 

EFFECT OF TIMING AND ADJUV ANTS ON LEAFMINER CONTROL 
WITH SUCCESS™ 

E. Beers, L. Lampson and B. Bret 
WSU-Tree Fruit Research & Extension Center, 1100 N. Western Ave., Wenatchee, WA 98801 

Tests against western tentiform leafminer were performed from 1995-1998 in an effort to 
determine optimum rates, timing, and adjuvant with spinosad (Success). This material was 
registerd for the first time in apples in early 1998. Tests included the current standard, Agri­
Mek, and often the previous standard, Vydate. 

Initial tests performed with an earlier formulation (NAF-144) indicated that rate had little 
effect on performance, but timing was critical (Fig. 3). Applications made when most of the 
larvae were in the tissue feeding stage, and had begun to pupate, were the least successful. The 2 
applications timed for primarily sap-feeding stages provided good control. Tests in 1997 
explored both rate and the use of an adjuvant (Figs. 1, 4, 2nd generation). In both cases, the 
addition of an adjuvant to an intermediate rate provided greatly superior control to spinosad 
alone. During the 3rd generation, this approach was explored further using different rates of 2 
adjuvants, oil and Sylgard (Fig. 2). Again the addition of an adjuvant provided superior control, 
and there appeared to be a (nonsignificant) rate effect when Sylgard or oil was added (Fig. 4). 

Although 2nd generation is the most typical target for leafminer sprays, a trial against the 
1st generation was performed in 1998, to check efficacy during approximately the timing for 
leafrollers ( ca. petal fall) (Fig. 5). Performance of all materials tested (including the standard, 
Agri-Mek) was poor, perhaps due to slightly later than optimum timing. This prompted us to 
revisit the timing issue for the 2nd generation test (Fig. 6), and try a timing earlier than our 
standard one ( ca. 90% sap feeders, 10% tissuefeeders ). The positive effect of an adjuvant was 
again apparent, and the earlier timing appeared to have a slight (nonsignificant) advantage over 
the standard timing. A double application at the early and standard timing did not improve 
control. 

Our conclusions to date are that the addition of an adjuvant will enhance the activity of 
Success, and that either oil or Sylgard will suffice. In addition, the timing may be more critical 
than with previous materials, and that even a few days later than optimum may mean the 
difference between "Success and failure". Growers are well advised to err on the early side of 
applications, rather than the late side. 
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NAF-315 0.06 lb 

NAF-315 0.09 lb 

NAF-315 0.14 lb 

NAF-315 0.09+Sylgard 0.25% 

NAF-315 0.09+0ll 0.25% 

Vydate 2 pt 

Agrl-Mek 10 11oz +Orchex 0.25% 

Check 

0 2 3 4 6 

WTLM Live Mines/leaf{26 Jun) 

Fig. 1 .. WTLM 2nd' generation, Milton-Freewater, OR, 
L. Lampson (appl. 19 June 1997. 

NAF-144 25 
ppm 

NAF-144 50 
ppm 

20 Jun (98-2-0) 

26 Jun (85-15-0) 

4 July (21-75-4) 

0 2 3 4 5 

WTLM Live Mines/Leaf 

Fig. 3 .. WTLM 2nd' generation, Milton-Freewater, OR, 
E. Beers, (1995); timing in O refer to% sap, tissue, 
pupae at time of application. 

Success 6 fl oz 

Success+ 
Orchex 0.25% 

Agri-M ek + 
Orchex 0.25% 

Comply 40W 5 
0, 

Check 

0 

. , 
b 

b 

• 

•b 

2 3 

WTLM Live Mines/leaf (15 May) 

Fig. 5 .. WTLM I st generation, Brewster, WA E. Beers 
(applied 7 May 1998). 
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NAF-315 0.09 lb 

NAF-315 + 
Sylgard 4 floz 

NAF-315 + 
Sylgard 8 floz 

NAF-315 + 
Orchex 0.25% 

NAF-315 + 
0 re hex 1.00% 

Agri-Mek 10 f!oz 
+ Orchex 1% 

Vydate 2 pt 

Check 

2 3 4 

b 

0 

od 

od 

d 

d 

0 

d 

WTLM Live Min es/leaf (13 Aug) 

6 

Fig. 2. WTLM 3'' generation, Milton-Freewater, OR, L. 
Lampson (applied 6 August 1997) 

NAF-315 0.06 lb 

NAF-315 0.09 lb 

NAF-315 0.14 lb 

NAF-315 0.09 + 
Orchex 

Agri-Mek + 
Orchex 

Check 

0 

• 

• 

b 

• 

2 3 4 5 6 

WTLM Live M ines/Jeaf (15 July) 

Fig. 4. WTLM 2nd generation, Brewster, WA E. Beers, 
applied 9 July 1997. 

Success alone 
(S) • 

Success+ bo 
Orchex (S) 

Success+ 
' Orchex (E) 

Succes + ' Orchex (E+S) 

Agri-Mek + bo 
Orchex (S) 

,b, 
Check 

0 2 3 

WTLM Live Mines/leaf(1 July) 

Fig. 6. WTLM 2nd generation, Brewster, WA, E. Beers 
(application date is E=l8 June; S=25 June, 1998). 
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4. Chemical Control/New Products 

WESTERN TENTIFORM LEAFMINER CONTROL: IS AGRI-MEK 
TRANSLOCATED IN APPLE FOLIAGE? 

Introduction 

Carl Buchholz 
Novartis Crop Protection, Inc. 

12413 Wide Hollow Road 
Yakima, WA 98908 

Agri-Mek has provided excellent control of Western tentiform leafi.niners 
since 1996, when it was registered on apples. Usually a single application 
applied during the six week period following petal fall will provide season 
long connnercial control. Because of its length of control, it has been 
speculated that Agri-Mek is translocated within the apple foliage. A test was 
conducted with apples to find out if Agri-Mek moves from treated to 
untreated foliage. 

Materials and Methods 
Foliage was treated with a suspension of Agri-Mek and horticultural spray oil 
at 5 fl oz/100 gal+ 0.25% volume/volume, which is the highest registered 
concentration. The application was made on May 21, 1998, when the first 
generation of leafi.niner population was 46 percent sap feeders and 54 percent 
tissue feeders. Treatments were made by dipping leaves into the above 
suspension and removing them innnediately. The treatments were: 1) 
untreated terminal, 2) treated the entire terminal, 3) treated only one leaf (the 
fourth youngest) on a terminal, and 4) treated the youngest three leaves and 
growing point on a terminal. A hole was made with a paper punch on the 
next oldest leaf in treatments 3 and 4, so the treated leaf or leaves could be 
referenced later. There were 11 replications on an Elstar tree, and eight 
replications on a Gravanstein tree for a total of 19 replications. 

The next generation was evaluated 76 days after treatment, and each mine 
was examined. However, in this paper only the tissue feeding mines will be 
reported because the miners would have been killed before they developed 
into a tissue feeder if Agri-Mek were present in the leaf being examined. 
Consequently, the presence of tissue feeding mines indicate that Agri-Mek 
was not present or that the level of Agri-Mek was too low to provide control. 
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Results 
There was excellent control of leafminers in the foliage that was treated. 
When the entire terminal was treated, there were 0.48 tissue feeding mines 
per leaf (tfi.n/1). On the single treated leaf there were 0.31 tfi.n/1, and when 
the three youngest leaves were treated, there were 0.00 tfi.n/1 in these leaves. 
In the leaves that developed from the growing point, there were 1.12 tfi.n/1 
when all reps were evaluated. When one rep that averaged 4.13 tfm/1 (no 
control) was deleted from the average, there was 0.65 tfi.n/1 in the leaves that 
developed from the growing point. I speculate that an air bubble developed 
around the growing point when it was treated and maybe none of the 
suspension contacted the plant tissue. 

There was no control in the older and younger leaves, when only one leaf was 
treated. There was no control in the older leaves when the three youngest and 
the growing point was treated. 

Conclusions 
Agri-Mek provided excellent control ofleafrniners in treated leaves and good 
control in leaves that developed from the treated growing point. Agri-Mek is 
not translocated out of treated leaves into untreated younger or older leaves. 

Western tentiform leafminer counts 76 days after treatment 
Average tissue feeder mines/leaf 

Treatment 
1. Check 
2. Entire 
3. One leaf 
4. Youngest 3 leaves 

entire 
terminal 
4.19 
0.48 
2.98 

in the older in the younger 
inthe leavesthan leavesthan 
treated the treated the treated 
leaves 

0.48 
0.31 

one or ones one or ones 

3.46 2.95 

& growing point 2.23 0.00 3.65 0.65* 
Both first and second generation tissue feeding mines were counted, so the older leaves 
could have mines from both generations and the younger leaves only from the second 
generation count. 
* 0.65 is the average if the one rep with no control (4.13 tfin/1) is deleted. 
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4. Chemical Control 

SPINOSAD EFFECT ON DIPTEROUS PESTS OF FRUIT AND POTENTIAL 
AS A FRUIT PROTECTANT. 

E. A. Flora1
, B. D. Olson2

, and B. Bisabri3 

1Dow AgroSciences 
13917 269"' Ave. 

Zimmerman, MN 55398 

2Dow AgroSciences 
22 Delancey Dr. 

Geneva, NY 14456 

3Dow AgroSciences 
109 Canon Dr., 

Orinda, CA 94563 

Spinosad registrations approved, under review, and soon to be submitted to EPA and IR-4 for both Success 
2SC and Spin Tor 2SC will encompass most key fiuit crops in North America, some damaged by Diptera 
species. Until recently, only limited research with spinosad had been conducted against these pests. 
Uptake of spinosad includes both ingestion and contact. Spinosad controls larval and adult stages of many 
Lepidoptera species. Knockdown and residual control of important economic Diptera pest species, 
(primarily Tephritids) is critical for production offiuit, though less important for some processing uses, 
fresh market has low or no tolerance for maggots as contaminants or their damage. 

Comparative efficacy trials conducted in Sodus, New York, in 1998 demonstrated some fiuit protection 
from spinosad against apple maggot, Rhagoletis pomonella, when applied on a biweekly schedule. 
However, when applied weekly, spinosad treatments provided commercial levels of fiuit protection at all 
rates tested (Figure I). 

Percent 
fruit 

infested 

Fig. 1 Percent of apple fruit infested with apple maggot at Sodus, NY 1998 

30 

25 

20 

15 

10 

5 

0 

Applied by handgun @ 193 gpa 

All treatments applied on a biweekly 
spray schedule except where noted. 

Olb .751b 1.51b Olb .751b 1.51b 
OP Gul Lors. OP Guth. Lors. 

SpinTorOoz SpinTor8oz 

4oz 6oz 8oz 
- - SpinTor- • 

Wee~ly Sprays 

1.51b 31b 
Guth. Lors. 

Treatment Name, Product Rate/Acre and Spray Interval 

Under this shorter spray interval it appears that it will be possible to at least cut spinosad rates to one-half and 
prevent unacceptable apple maggot damage. This approach may be examined in characterization of spinosad 
efficacy against other key Diptera damaging fiuit. Effect of spinosad on all life stages ofDiptera has not been 
explored adequately to understand what contribution ovicidal, larvicidal and adulticidal activity determines 
crop protection over time in the field. 
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In 1998 studies were conducted to assess spinosad crop protection against cherry fruit flies, Rhagoletis 
indifferens, R. cingulata, and R. fausta, in the PNW, Midwest and Northeast cherry growing regions. Field 
response data from all regions were similar and indicated spinosad can reduce fruit damage and adult 
activity in the area of spinosad-treated trees. Spinosad provided commercial levels of fruit protection 
against cherry fruit fly in Sodus, NY (Figure 2). 

Fig. 2 SpinTor 2SC Full-Season Treatment Effect on Cherry Fruit Fly 
Damage to Tart Cherry - Sodus, NY 1998 

40 

30 

20 

1 0 

0 

Handgun application@ 200gpa 

No. Dam aged 
/1000 Fruit 
(20DAAH) 

ab 

0 

Tukey' s, 0.1 

b 

b D 

a 

• 

7 

Spray Interval 7-d 14-d 14-d Check 

SpinTor 2SC@ 8.6 fl oz/a Guth ion sow 1 .5 lb/a 

In a California trial, the number of walnut husk fly, Rhagoletis comp/eta, infested nuts were significantly 
reduced by two applications of spinosad applied by mistblower in I 00 gpa of water (Table I). Given 
female adults lay eggs below the surface of the husk, questions about adulticidal activity and importance of 
timing and coverage should be examined in future research to ensure consistent commercial results. 

Table 1. Spinosad effect on number of walnuts infested with walnut husk fly at Yuba City, CA 1998. 

Treatment 
Success 2SC 
Success 2SC 
Success 2SC 
Lorsban 4E 
Untreated 

Rate (fl oz pr/a) 
2.9 
5.8 
8.6 
64 

Nuts/Tree Infested Walnut Husk Fly Larvae 
29Aug98, 8DAA2 5Sep98, 15DAA2 

2.3a 5.8a 
1.8a 5.5a 
2.0a 4.3a 
2.3a 2.0a 
IS.Ob 28.Sb 

Means followed by the same letter within the same row are not significantly different, Tukey's, 0.1, 
X(Log10+ !). 

Research conducted by Sridhar Polavarapu, Rutgers Blueberry and Cranberry Research Center, demonstrated 
spinosad efficacy against blueberry maggot, Rhagoletis mendax, on blueberry in 1997 (pers. comm.). In addition to 
Tephritids, spinosad activity against a Cecidomyiid, cranberry tipworm, Dasineura oxycoccana, was observed in an 
artificially-infested lab bioassay conducted Dr. Dan Mahr, University of Wisconsin-Madison. Spinosad at 
concentrations of 45.6 ppm with a surfactant at 0.25% v/v resulted in 24h and 48 h mortality of 89 and 97 percent, a 
concentration similar to a labeled dilute rate for apple. Additional work in the field with airblast equipment is 
planned for 1999 (1998 Cranberry Institute Report). In contrast, a similar bioassay, naturally infested, conducted by 
Anne Averill, University of Massachusetts-Wareham, saw no response to spinosad but also observed no activity 
from any compound tested. 

Spinosad has demonstrated it can be used as a commercial treatment against Diptera pest species. However 
insect behavioral and life stage responses, in addition to application timing and coverage influence will 
need greater scrutiny to ensure consistent crop protection at economical use rates. 
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Section 4. Chemical Control/New Products 

CONTROLLING CODLING MOTH WITH WATER 

Alan Knight and Brad Christianson 
ARS, USDA, 5230 Konnowac pass Rd., Wapato, WA 98951 

Studies were conducted to examine two aspects of using overhead watering to control codling 
moth. A season-long program using particle films for the first generation followed by overhead 
watering with a fog system was evaluated in replicated 0.7 acre plots treated with Isomate C+. 
Second, the use of microsprinklers run for 4, 8, and 12 h per day for the second generation was 
examined in both Golden Delicious and Fuji plots. Fruit injury from codling moth at harvest 
averaged 1.1 % in the particle film/water treatment versus 6.8% in the untreated check. Injury in 
the plots treated with a half season of the particle film alone averaged 2.1 % and injury in plots 
treated only with water during the second generation averaged 3.6%. Fruit injury in plots treated 
with overhead sprinklers were lowest in the 4 hour timing (6 - 10PM daily) when averaged across 
both cultivars (4.9%) compared with 35.0% injury in the untreated check. Deposits of minerals 
occurred in all water-treated plots even though a sulphur burner was installed. Unfortunately, the 
sulfur burner was not turned on until two weeks after the study began. Studies for next year will 
evaluate the use of two hour applications and the use of cycling . 
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4. Chemical Control/New Products 

EFFECTS OF DIFFERENT CHEMICALS ON HONEY BEE 
FORAGING OF DANDELION 

D. F. Mayer and J.D. Lunden 
Washington State University, IAREC, Prosser, WA 99350 

Thirty-three chemicals in 19 different tests were evaluated for their effects on honey bee 
(Apis mellifera) foraging when applied to blooming dandelions. 

Plots were established in 3 different apple orchards with high populations of blooming 
dandelions on the orchard floors. Plot size 0.01 acre arranged in a randomized complete 
block (4 replications). Applications were done with a R&D CO2 pressurized sprayer at a 
rate of 26 gallons of water per acre. Evaluations were made by slowly walking through the 
plots and recording the number of honey bees per plot at 2 and 4 hours after application. 

There was a significant reduction of foraging honey bees in the plots sprayed with 0-cresol 
(100 ml/I) at one hour as compared to the untreated check. However, it was phytotoxic and 
in a second test where 50 ml of 0-cresol was left in the plastic spray bottle overnight it ate 
through the plastic. There was a significant reduction of honey bees in the plots sprayed 
with Nu Film (100 ml/I) at 4 hours as compared to the untreated check. 

Conclusion: 

Some treatments reduced the number of bees foraging dandelions at one hour or 4 hours 
after application although the differences were not significant. Also, any repellent would 
have to repel bees for at least one day to reduce bee poisoning. None of the chemicals 
tested showed great promise as a honey bee repellent. 
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4. Chemical Control/New Products 

CONTROL OF SOUTHERN FIRE ANTS, SO LENO PSIS XYLONI AND PA VEl.VIENT ANTS, 
TETRAMORIUM CAESPJTUM IN ALMOND ORCHARDS USING BAlTS 

C.F. Fouche, D. Brunmeier, W. Rogers, D. Colbert 
University of California-Cooperative Extension 

Stockton, Ca 95205 
209-468-2085 

bfouche@ucdavis.edu 

This trial was conducted to evaluate baits for control of pest ants in almond orchards. The site 
was a two-year old, non-bearing almond orchard in Ripon, California. Plot size was 6 x 5 trees 
with 24' row x 24' tree spacing. Irrigation was scheduled once every two weeks with solid set 
sprinklers. 

Product Active ingredient Formulation lb prod/ac ai/ac 
Knack Pyriproxyfen 0.5% bait 2.0 .0100 
Logic Fenoxycarb 1.0% " 1.5 .0150 
Clinch Abamectin 0.011%" 1.0 .0011 
Amdro Hydramethylnon 0.9% " 2.0 .0180 
Lorsban Chlorpyrifos 4EC 8.0 4.0000 
Untreated control 

On May 20, 1998, all materials were applied. Knack and Logic were reapplied over the same 
plots on July 21. Clinch, Amdro and Lorsban were applied for the second time on August 31. 
Bait treatments were applied by placing measured amounts or "piles" of bait in approximately 84 
locations toward the center of each 30-tree plot. Lorsban was applied in 50 gallons of water per 
acre using an orchard type handgun for the first application and a 1 O' boom for the second. 
Two passes down each row were made using 6, 11004 vs nozzles on 20" centers at 3 5 psi. 

For the June 2 through August 25 samples, eight 14 dram vials were placed in the center of each 
3 0 tree plot for 24 hours. In each vial, a section of hot dog, approximately 1 cm long, was used 
as bait. The vials were capped as they were collected, taken to the lab and frozen. Ants in the 
vials were identified, counted and the percent of surface damage to bait was recorded. 

Results on Pavement Ants showed that eight weeks after the first treatment, Knack and Logic 
provided effective control that continued to the last sample on August 25. Clinch, Amdro and 
Lorsban were effective almost immediately after the application and provided suppression for 
the 14 weeks following. 
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Damage Rating-Doug George Orchard 
FirstTreated May 20, Knack & Logic Retreated Jul 21 

Clinch, Amdro & Lorsban Retreated Aug 31 
Sep 25 Harvest Sample-No Ant Damage-Competition with Spurge 
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Fire Ants-Doug George Orchard-1998 
All Plots Treated May 20, Knack & Logic Retreated Jul 21 

Clinch, Amdro & Lorsban Retreated Aug 31 
Harvest Sample-No Ant Damage-Competition with Spurge 
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June 2, 1998 

Treatment FA PA 
Knack 

11ab 57b 
2.0 lb/acre 
Logic 21b 91b 
1.5 lb/ acre 
Clinch 7a 3a 
1.0 lb/acre 
Amdro Oa Sa 
2.0 lb/acre 
Lorsban Oa Oa 
16ot 
Untreated Sa 7Sb 
Control 

95% Confidence Level 

FA = Mean# Fire Ants/vial 

Doug George Orchard 

June 16, 1998 June 30, 1998 Julv 14, 1998 Julv 28, 1998 

FA PA FA PA DR FA PA DR FA PA DR 

4a 3Sb Oa 44b 19b Oa Sa JSa Sa 9a 16ab 

Sa sob 10a 46b 34c 3a 16a 32b 11a 24a 41c 

4a Oa la 10a 6a 12ab 2a 14a 66b 4a 28bc 

Oa Oa 10a Oa Sa 26b 3a 30b 63b 4a 34c 

Oa 4a Oa 17ab Sa 7ab 2a 11a 3a 6a 11a 

la 39b 6a 103c 42c 19ab 41b 63c 26a 101b 70c 

PA = Mean# Pavement Ants/vial DR - % Damae-e to hot dol! surface 

Au ust 11, 1998 Au ust 25, 1998 

FA PA DR FA PA DR 

9a 2a 24a 24a 3Sa 36a 

13a 3a 5Sb 55ab 13a 58bc 

44b Oa S7b 106c 7a 71c 

54b la 69b 82bc 21a 6Sc 

Sa 3a 30a 47ab 41ab 46ab 

37b 2Sb S6c 53ab 77b 74c 
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Section 5. Pesticide Resistance 

BASELINE SURVEY OF CODLING MOTH'S RESPONSE TO TEBUFENOZIDE 

Alan Knight and Rick Jantzen 
ARS, USDA, 5230 Konnowac pass Rd., Wapato, WA 98951 

• Studies were conducted from June to September, 1998 to develop a bioassay protocol to measure 
the response of codling moth to the insect growth regulators, tebufenozide and RH2485. Both 

,. 

six and fourteen day tests were conducted with a laboratory population and with twelve field­
collected populations. Assays were conducted with neonates and with third and fourth instars. 
Assays with laboratory insects tested neonates and three size classes of older larvae. Results from 
these studies have suggested several improvements in the standard bioassay. 

I) Bioassays should be extended from 6 to 14 days to reduce the variability in different replicates 
due to differences in larval size and the occurrence of moribund larvae in the shorter timed assay. 
2) Surviving larvae in the 14-day assay conducted at 25°C may eat their way out of the plastic 
cup. This can be avoided by assaying neonates or second instars. Other procedures may help: a 
piece of corrugated cardboard can be hot-glued to the inside lid of the cup for pupation; the top 
of the cup can be wrapped with Al foil. 
3) Only one larva should be placed in each cup due to cannibalism and the difficulty in finding 
larvae in the diet. I used ten larvae per replicate. 
4) Bioassay results of Fl neonates are correlated with similar tests with older larvae. Thus 
neonate assays may be preferable in some instances. 
5) Reasonable estimates ofLC50's can be generated if at least ten replicates are run per population 
plus untreated checks. 
6) Field-collected populations from Washington apple orchards expressed a broad range of 
responses to both chemicals. 
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5. Pesticide Resistance 

CONTROL OF SAN JOSE SCALE WITH IGR INSECTICIDES 

R. E. Rice and R. A. Jones 
University of California 
Kearney Agricultural Center 
Parlier, CA 93648 

Dormant and first crawler (May) sprays using buprofezin (Applaud) and pyriproxyfen 
(Esteem, Knack) for control of San Jose scale were applied to several cultivars of plums at 
the Kearney Agricultural Center. All dormant applications were applied in late January at 
400 gal/acre using an Air-O-Fan GB-34 sprayer driven at 1.5 mph. The application timed to 
crawler emergence was applied on May 4, 1998 without oil. Efficacy of the various 
treatments was measured by examining a total of 900-1000 fruit/treatment with 4-5 
replicates in each treatment. Statistical analyses in each trial were carried out using Fisher's 
Protected LSD analysis. 

The results of these trials with insect growth regulators (IGRs) showed control superior to 
organophosphate applications with diazinon or Lorsban (Table 1 ). The two 
organophosphate insecticides showed control statistically better than the untreated check on 
Black Amber and Queen Rosa plums. Diazinon was also better than the untreated check on 
Royal Diamond and Rosemary plums. Esteem and Applaud provided control statistically 
better than either of the two organophosphate insecticides on three of the four plum 
cultivars. On the Queen Rosa cultivar harvested in early July, these two IGRs were not 
statistically better than diazinon or Lorsban. However, the percent infested fruit with both 
materials was numerically superior to the organophosphates. 

The comparison of diazinon to Applaud applied as a dormant spray on January 27 and to 
Applaud applied without oil on May 4 (Table 2) showed no significant difference on Black 
Amber plums between the dormant diazinon and May spray timing with Applaud. The 
dormant application of Applaud, however, was significantly better than the diazinon or May 
Applaud treatment. On the Queen Rosa cultivar harvested in early July, the May spray of 
Applaud was not statistically different than the untreated check or the dormant diazinon 
treatment. The dormant Applaud treatment was numerically superior to the other treatments 
but was not statistically better than the dormant diazinon application. 

These field trials at the Kearney Agricultural Center showed considerable promise for 
control of San Jose scale that may be resistant to organophosphate insecticides. The efficacy 
data from 1998 trials is consistent with the results of the 1997 trials. In addition, earlier 
trials with Applaud had confirmed that dormant sprays would be the better timing for using 
these materials for control of scale and that high volume ( 400 gal or more) applications are 
more efficacious than concentrate applications at 100 gal/acre. 
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Table 1. Efficacy of dormant sprays1 using diazinon, Lorsban, buprofezin 
(Applaud) and pyriproxyfen (Esteem) for control of San Jose scale. 

Percent Infested Fruit2 

Royal 
Rate Black Amber Queen Rosa Diamond Rosemary 

Treatment . I 3 a.1. acre 6/28/98 7/6/98 7/29/98 8/10/98 

Check 31.5 a 26.8 a 42.6 a 45.7 a 

Diazinon 50WP 2.0 lbs. 12.8 b 6.2 b 23.6 b 38.8 b 

Lorsban4EC 2.0 lbs. 10.8 b 8.5 b 

Esteem 2.9EC 0.1 lbs. 3.0 C 1.9 b 6.9 C 13.1 

Applaud 70WP 1.5 lbs. 0.8 C 0.8 b 1.7 C 1.9 

1 
Applaud applied 1/22/98; all other treatments on 1/27/98 at 400 gpa; Air-O-Fan GB-
34 sprayer. 

2 
Four-six replicates; 900-1000 fruit per treatment; Fisher Protected LSD. 

3 6.0 gal Volek oil per acre in all treatments. 

Table 2. Efficacy of dormant vs. frrst crawler sprays using buprofezin (Applaud) 
for control of San Jose scale on plums.l 

Total Percent Infested Fruit2 

Treatment 

Check 

Diazinon 50WP 

Applaud 70WP 

Applaud 70WP 

Rate 
. I 3 a.1. acre 

2.0 lbs. 

1.5 lbs. 

1.5 lbs. 

Application 
Date 

1/27/98 3 

5/4/98 

1/27/98 3 

6/28/98 
Black Amber 

31.5 a 

12.8 b 

13.9 b 

0.8 C 

400 gpa applied with Air-O-Fan GB-34 sprayer. 
2 

Four replicates; total 1000 fruit per treatment; Fisher Protected LSD. 
3 Dormant treatments with 6.0 gal Volek oil per acre. 

100 

7/6/98 
Queen Rosa 

26.8 a 

6.2 be 

13.2 a b 

0.8 C 

C 

C 

1 
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Section, 6. Biology/Phenology 

HOST SUSCEPTIBILITY OF THE CHERRY BARK TORTRIX, 
ENARMONIA FORMOSANA SCOP. (LEPIDOPTERA: TORTRICIDAE) 

T.A. Murray1
, L.K. Tanigoshi1 & B. Bai2 

1Washington State University-Vancouver 
Vancouver, WA 98665 

2Oregon Department of Agriculture 
Salem, OR 97310 

Host range and preference 
All known Rosaceous tree species were investigated for CBT in Whatcom County. 
Crataegus species are new to the literature for known CBT hosts. Host preference was 
determined by sampling 30 representative trees of each species or genera. CBT densities 
were determined by measuring 1000 cm2 of tree surface area and counting the number of 
frass tubes found in that area. Species found in Prunus are still the most preferred host. 
Malus is much more infested than what was previously thought, while Pyrus is currently 
an unsuitable host. With in P. serrulata, a variety preference was found. 'Mount Fuji' 
Oriental flowering cherries (average CBT density per 2000 cm2 = 28.86) are much more 
susceptible to attack relative to 'Kwanzan' cherry trees (average CBT density per 
2000cm2 = 17.51). 
Host age, size and condition survey 
From data we obtained in 1996, there is a rough correlation between CBT density and 
tree size, which is indirectly related to tree age. CBT has always been associated with 
older trees. From field observations, it was noticed that CBT exploits trees with open 
wounds or many natural openings (grafts, !entice ls and infections) to the underlying 
cambium tissue. We believed that age might not be sole preference factor for CBT 
infestations but opportunities for entrance to the tree is more pertinent. Tree age will be 
indirectly related to the number of opportunities; the older the tree, the more chance that 
it has been affected by the environment. 243 trees (64 Mount Fuji and 179 Kwanzan)of 
different ages, sizes and conditions of the oriental flowering cherry (P. serrulata) were 
surveyed and correlated to CBT densities. The number of opportunities for CBT to infest 
a tree was scored qualitatively by measuring the opportune sites. An opening in the bark 
of 5 cm warranted a score of 1. The score and CBT densities were evaluated for each 
tree in a 2000 cm2 area. Tree circumference was measured at breast height and tree age 
was estimated by core sampling techniques. Tree age estimates were made by counting 
individual growth rings along the core plug until the center of the tree was reached. 
There is a good correlation between tree age and size (r2=0.8875). There is little 
correlation between tree size, age and CBT densities, as was observed in 1996. However, 
the correlation between opportunity scores and CBT density is much higher (r2=0.574). 
This trend is consistent with in P. serrulata for both varieties. The cause for the greater 
susceptibility of Mount Fuji is found in the number of opportunities available for CBT 
infestation. Bark thickness was correlated with tree size and age but had little correlation 
with CBT densities (r2=0.263927); thus, bark thickness is not a factor in CBT 
susceptibility. 
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STUDIES OF OVERWINTERING CODLING MOTH INFESTATION 
OF HARVEST BINS 

Bradley S. Higbee and Carrol 0. Calkins 
Yakima Agricultural Research Laboratory, USDA-ARS, 

5230 Konnowac Pass Rd., Wapato, WA 98951 

Abstract Codling moth (Cydia pomonella) have long been suspected of emerging from 
stacks of harvest bins in the Spring and causing damage to nearby apple and pear 
orchards. With increased use of mating disruption for codling moth control, outside 
sources of infestation have become more of a concern for growers using pheromone 
confusion systems. Studies were designed to provide information on the source of codling 
moth larvae infesting bins (what proportion from infested fruit placed in bins vs. larvae 
entering bins before fruit is picked) and the pattern of codling moth emergence from bin 
piles. In these studies, codling moth (CM) larvae colonized wood harvest bins at a much 
higher frequency than harvest bins made of injection molded plastic (189 moths emerged 
from wood vs. 5 from plastic). There was no statistical difference in the number of moths 
infesting bins that had been filled with infested fruit compared to bins left empty at 
harvest. This suggests that CM enter the bins during the time spent in the orchard before 
harvest. Emergence of adult CM from wood bins placed in stacks of 216 ( 6 wide by 6 
deep by 6 high) was found to be prolonged over time compared to field populations. 
Temperature differences within the bin stacks were found to account for this attenuated 
emergence pattern. This information could be important in developing a technique for 
neutralizing codling moth infested bins, and in understanding how infested bins may be 
influencing pest management in fruit orchards that receive bins for harvest from large bin 
piles or are located near bin piles. 

Implications for control of CM in conventional orchards and those using mating 
disruption as the principal component of an IPM system are discussed . 
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Section 7. Mating Disruption/SIR 

BEHAVIOR OF MICROENCAPSULATED CODDLING MOTH AND ORIENTAL 
FRUIT MOTH PHEROMONE FORMULATIONS IN CALIFORNIA FILED TESTS 

R. Gerber, H. Shorey, Dept. Entomology, University of California, Riverside, 
Riverside, CA and C. Thies, Thies Technology, St. Louis, MO 

This report summarizes results of field studies carried out in California designed to 
evaluate the behavior of two microencapsulated coddling moth (CM) and two 
microencapsulated oriental fruit moth (OFM) pheromone formulations. The OFM 
formulations (Formulations A and B) were applied at 20 gms. actives per acre to 10 acre 
blocks of almonds in Kem County, CA, with a tractor drawn sprayer on July 6, 1998. The 
CM formulations (Formulations C and D) were applied at 20 gms. actives per acre by 
helicopter to 10 acre blocks of Serr walnuts in Tulare County, CA, on July 24, 1998. Four 
lure baited winged sticky traps placed in each treated block were checked periodically for 
moth capture. Control traps (four for OFM-treated blocks and two for CM-treated blocks) 
were placed approximately one mile upwind from the treated blocks. Reported trap 
counts are mean values recorded at the time periods specified. 

Table 1 contains trap count data for OFM-treated almond blocks. For the first 51 days 
post-spray, both formulations reduced the trap count to zero. At days 63 through 93 post­
spray, trap counts in both treated blocks remained low. During the first 93 days post­
spray, a total of four moths were caught in traps in the block treated with Formulation A 
while three moths were captured in the block treated with Formulation B during the same 
period. The trap count increased significantly at 98 days post-spray. Thus, a single 
application of the two OFM-loaded microcapsule formulations reduced moth capture in 
the treated almond blocks to a very low level throughout this period. This is attributed to 
their ability to release OFM at a finite rate throughout the test. 

Table 1 
Mean number of oriental fruit moths captured at various times after application of 
microencapsulated OFM pheromone formulations as a spray on almond trees at a 
rate of 20 gm. actives/acre . 

Mean number of moths captured 
Days after spraying L ~ 28 38 .M 60 72 81 93 98 
Microcapsule formulation A 0 0 0 0 0 0.25 0 0.75 0 6.5 
Microcapsule formulation B 0 0 0 0 0 0 0.25 0.25 0.25 2.5 
Control 10 4.8 10.8 9.0 26.3 18.0 12.3 38.8 16.8 10.8 
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Table 2 contains trap count data for CM-treated Serr walnut blocks. Formulation C 
reduced the coddling moth trap count to zero for 18 days post-spray. The mean trap count 
increased to 1.25 moths at 32 days post-spray, but this still represented a 93.9% reduction 
in trap count relative to control. Formulation D gave zero trap count for 11 days post­
spray, but the trap count at days 18, 32 and 47 post-spray was reduced by 95-97 % 
relative to control. Both microencapsulated CM pheromone formulations at days 53 and 
62 post-spray gave trap counts significantly higher than control. The reduction in trap 
count caused by the microencapsulated CM formulations is taken as evidence that the 
capsules released CM pheromone at a finite rate throughout the test. 

Table 2 
Mean number of coddling moths captured at various times after application of 
microencapsulated CM pheromone formulations as a spray on Serr walnut trees at 
a rate of 20 gm. actives/acre. 

Mean number of moths captured 
Days after spraying lL M_ 32 47 53 62 
Microcapsule formulation C 0 0 1.25 3.0 9.0 24.0 
Microcapsule formulation D 0 0.25 0.75 0.5 12.75 27.25 
Control 17.5 9.5 20.5 11.0 8.5 13.0 

The data in Tables 1 and 2 indicate that the microcapsule formulations evaluated cause a 
significant reduction in the number of coddling or oriental fruit moths captured in traps 
over a prolonged period, but it must be stressed that this is not necessarily an indication 
they can minimize fruit damage by these pests for the same length of time. This remains 
to be defined in further studies. The effect of the encapsulated CM pheromone 
formulations on female CM virginity is another factor that could be evaluated. 

The observations reported here may be unique to the conditions that existed in California 
during the test. No rain fell on any of the test blocks throughout the test period. 
Furthermore, temperatures in the region of the test blocks were high throughout much of 
the test period. Daily high temperatures were primarily 35-40°C and daily low 
temperatures were primarily 17-22°C until day 72 post-spray of the OFM test and day 53 
post-spray of the CM test. In spite of these elevated temperature conditions, the 
microencapsulated CM formulations remained highly effective in causing trap count 
reduction for periods of32-47 days. This is significant, because CM pheromone is 
susceptible to degradation. Scanning electron micrographs of leaf surfaces showed that 
the CM capsules were in various stages of deterioration at approximately 42 days post­
spray. 

In summary, the results reported here provide encouragement that microencapsulated 
pheromone formulations capable of multi-month field life can be produced and 
microcapsules loaded with pheromones susceptible to degradation can remain active in 
the field for a multi-week period. 
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DEVELOPMENT & TESTING OF THE PHEROMONE MICROSPRA YER FOR ORCHARD 
PEST MANAGEMENT 

Peter McGhee, Rufus Isaacs, Larry Gut, 
James Miller & Michael Ulczynski* 

Department of Entomology and Pesticide Research Center 
Michigan State University, East Lansing, MI 48824 

'Ford Motor Company, Dearborn, MI 48121 

Insect pest control can be achieved by using sex pheromones to disrupt the intra-specific 
communication between males and females. Commercial application of synthetic pheromones is 
made using various technologies, including hand-applied plastic ropes, microencapsulated 
sprays, and mechanical release devices. These delivery methods vary in the degree of control of 
release rate and protection of the active compounds. 

A team of entomologist and engineers at Michigan State University has designed an automated, 
electronically controlled Microsprayer. The Microsprayer was engineered to provide reliable, 
precise, season-long release of insect pheromones without the need for maintenance, refilling, or 
component replacement. The operational performance of this device was determined both under 
laboratory conditions and throughout summer 1998 in Michigan apple orchards. 

The pheromone Microsprayer was developed based on the following design principles: 1) the 
pheromone must be protected from oxygen and ultraviolet light; 2) the device must release 
pheromone at the desired rate throughout a six month growing season, without maintenance; 3) 
the cost averaged over 10 years must be competitive with other mating disruption technologies. 

The Microsprayer consists of a pheromone canister, the opening of which is sealed with a Ford 
fuel injector that acts as a solenoid valve, connected to a reservoir of propellant. An electronic 
circuit powered by a 9V battery, controls the frequency and duration of the solenoid opening the 
release valve. The circuit is designed to be extremely efficient, and to draw minimal current at 
each firing of the solenoid, thus enabling season-long operation. 

Microsprayers were deployed in 2-acre apple orchards at the Trevor Nichols Research Complex, 
Fennville, Michigan in May 1998. Each was filled with 550 ml of an ethanolic solution of major 
pheromone components for disruption of mating by the codling moth (Cydia pomonella), 
obliquebanded leafroller ( Choristoneura rosaceana), and redbanded leafroller (Argyrotaenia 
velutinana). The units were placed in apple trees at the top of the canopy foliage, and set to 
release pheromone every 170 s. Eight apple blocks were treated with Microsprayers; 4 of which 
were treated with a pyrethroid on the border rows each week to investigate the effectiveness at 
reducing pest immigration. Two untreated blocks were also included for comparison. Male 
moth capture in pheromone traps and percent fruit injury was used to evaluated these three 
treatments. 

The number of male codling moths captured in pheromone traps was not significantly different 
in untreated or pheromone treated blocks. However, male captures for the two-leafroller species 
were significantly different with fewer moths captured in the pheromone treated blocks. 

107 



Evaluation of fruit for insect damage at the time of harvest show that border sprays used in 
conjunction with the pheromone Microsprayer reduce the amount of injury sustained from 
leafrollers compared to blocks treated with pheromone only or the untreated check. Leafroller 
injury in the pheromone block without border sprays was also lower than the untreated check. 
Injury sustained from codling moth was not reduced by border sprays or use of the pheromone 
Microsprayer. This finding is consistent with results showing the failure of the pheromone to 
inhibit captures in pheromone traps. 

Laboratory and field testing of the Microsprayer have shown that this device provides a reliable 
method for dispensing defined quantities of pheromone under field conditions. Pheromone 
release rates are predictable and can be set in advance to provide the optimal combination of 
release frequency and duration. This novel technology provided season-long mating disruption 
of insect pests without the need for maintenance or refilling. The ability to use multiple­
component formulations will allow control of more than one species. Used in conjunction with 
Microsprayers, chemically treated borders help to further reduce the level of fruit injury caused 
by leafrollers, while providing an alternative to the use of organophosphate insecticides. 
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PHEROMONE-BASED CONTROL OF TREE FRUIT PESTS IN MICHIGAN, 1998 

Larry Gut, John Wise, Peter McGhee & Rufus Isaacs 
Michigan State University 

205 Pesticide Research Center 
East Lansing, MI 48824 

Several hand-applied and sprayable mating disruption products were evaluated for their ability to 
control codling moth, oriental fruit moth, leafrollers or peachtree borers in apple, peach or 
cherry. All hand-applied products were polyethylene tube dispensers, generically called Isomate 
(Pacific Biocontrol, Inc.). Isomate-C Plus was applied for codling moth control at rates of 200.to 
400 dispensers per acre (cl/a). Isomate MlOO was applied for oriental fruit moth control at the 
labeled rate of 100 cl/a. Isomate CM/LR, a product that is loaded with both codling moth and 
leafroller pheromone, was applied for control of this pest complex at the recommended rate of 
400 cl/a. Isomate LPB and PB were applied for lesser and/or greater peachtree borer control at 
rates of 100 cl/a. Isomate C Plus and CM/LR dispensers were placed in the upper-third of the 
canopy, while all other dispensers was placed at mid-canopy. All sprayable products were 
experimental microencapsulated (MEC) formulations manufactured by 3M corporation. MEC 
sprayable pheromone was applied at rates of 10 or 20 gm AI per acre for leafrollers, 7 .5 or 15 gm 
AI per acre for oriental fruit moth, 10 or 5 gm AI per acre for greater peachtree borer, and 10 gm 
AI per acre for lesser peachtree borer. 

Direct comparisons of various combinations of mating disruption products, selective insecticides, 
and broad-spectrum insecticides for control of apple pests were conducted on twelve farms. A 
total of 37 orchards comprising 239 acres of apple were included in the project. Capture of 
males in pheromone traps, larval densities and levels of fruit injury were used to evaluate the 
effectiveness of pest control in test orchards. Isomate C Plus or CM/LR , either used alone or in 
combination with. a reduced OP program, provided excellent codling moth control. A mean 
capture of 1.0 moth per trap was recorded in the 13 pheromone-treated blocks. This was 
substantially lower than the mean catch of 11.9 moths per trap recorded in the 17 blocks located 
on the same farms that were not treated with codling moth pheromone. Codling moth damage at 
harvest was only recorded in two of the thirteen orchards relying on mating disruption and a few 
organophosphate insecticide sprays. In contrast, fruit injury was recorded in half of the, 
insecticide-only, comparison orchards. 

All orchards treated with leafroller disruption products also received at least one application of a 
selective insecticide (tebufenozide, spinosad, or Bt) to assist in controlling this pest complex. 
The combination of pheromone plus insecticide proved to be a relatively effective leafroller 
management program. Fruit injury at harvest was consistently lower in pheromone-based, 
selectively-managed, orchards that in comparison orchards not treated with pheromone and 
relying on conventional insecticides for leafroller control. A mean fruit injury level of 1.1 % was 
recorded in the 11 leafroller disruption blocks. This was substantially lower than the mean fruit 
injury level of 2.9% recorded in the 6 blocks located on the same farms that relied entirely on 
conventional insecticides for leafroller control. 

Close to 600 acres of peaches on over 20 farms in westcentral Michigan were treated with 
Isomate MlOO or MEC-OFM for control of oriental fruit moth. Approximately half of the 
acreage was also treated with pheromone for control of peachtree borers. All pheromone 
application greatly inhibited moth capture in pheromone traps and provided good control of 
oriental fruit moth and peachtree borers. 
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PUFFING PHEROMONES: THE I. H.E.L.P. 
(INTEGRATED illGH EMISSION LOW POINT) STRATEGY 

Alan Knight and Tom Pitts 
ARS, USDA, 5230 Konnowac pass Rd., Wapato, WA 98951 

New technology is needed to reduce the cost of mating disruption, increase grower's flexibility in 
integrating this approach with other tactics, and improving its effectiveness. Various studies are 

t in progress to develop the use of paraffinic emulsions, sprayable formulations, attract and kill 
formulations, and aerosol puffers. These products will allow growers to better manage their use 
of pheromones both spatially and temporally. The puffer technology appears particularly 
attractive due to its ease of application and high level of flexibility. Puffers can be programmed 
to release pheromone at preselected rates, frequency, and time periods. The initial development 
of this technology was conducted by Dr. Harry Shorey in California using 1 - 2 puffers per acre 
arranged around the perimeter of the treated orchard. However, his results in various walnuts, 
apple, and pear orcahrds have been mixed during the past three years. My studies conducted in 
Washington during 1998 used a different approach that is much more cost effective and may 
avoid the difficulty of distributing pheromone around the orchard's perimeter. A 50 acre apple 
orchard in Malott was treated with a 10 m-band of Isomate-C+ dispensers at the full rate around 
its perimeter and then one puffer per hectare(2.5 acres) was deployed internally. My hypothesis 
is that a high density of point sources are needed to treat the orchard's edge due to the extreme 
variability in wind patterns that can occur in this area and its potentially higher moth density. 
Codling moth pressure surrounding the Malott orchard was high to moderate (32 moths were 
caught in an adjoining, upwind orchard treated with Isomate-C+ ). Within the puffer-treated 
orchard a low level of injury (0.1 - 0.2%) occurred only on the upwind edge. This edge (6 rows) 
was sprayed with two organophosphate applications and the remainder of the orchard was free of 
injury and was left unsprayed. In addition, aerosol puffers were evaluated in four 40 acre 
orchards for OBLR. Orchards were treated with 16 puffers placed one per hectare and the 
perimeter of the orchards were treated with thae hand-applied Hamaki-con dispenser. Orchards 
were also treated with Isomate-C+ for codling moth. Moth catches and fruit injury varied widely 
among these four blocks and were similar to surrounding orchards treated with Isomate CM/LR. 
Moth catches in traps placed either on the orchard's borders, 50 m from a puffer within the same 
row, or 50 m away from the puffer row showed that disruption is not consistent within the 
orchard. An idea to supplement the use of puff es with sprayable leafroller pheromones will be 
presented. 
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IN1EGRA TING SPRAY ABLE PHEROMONES IN APPLE ORCHARDS FOR 
MANAGEMENT OF LEAFROLLER POPULATIONS. 

C. A. Nobbs, J. F. Brunner and M. D. Doerr 
WSU-Tree Fruit Research & Extension Center 

1100 N. Western Ave 
Wenatchee, WA 98801 

3M Canada microencapsulated leafroller pheromone (Z-11 tetradencyl 
acetate) was tested at two rates and two timing intervals (same rate), during the 
spring and summer flight period at pandemis (PLR) and obliquebanded (OBLR) 
leafroller locations in Washington and Oregon. At four locations the sprayable 
pheromone was also compared to a hand-applied dispenser containing only 
leafroller pheromone during first flight. Evaluation of effect was based upon the 
capture of moths in pheromone traps baited with standard lures ( 1 mg) or lures 
with IO-times the standard pheromone load (10 mg). The size of treatment plots 
within an orchard ranged from 2.5-5.0 acres per treatment. Four pheromone traps 
baited with both lures were placed in each treatment, checked weekly (2 standard 
and 2 high-load lure-baited traps). In rate experiments the low rate of pheromone 
was 10 grams AI/acre and the high rate was 20 grams AI/acre. Treatments were 
applied twice during the flight at intervals of 21 days. The application interval for 
timing experiments was fourteen and twenty-one days using a constant rate of 20 
grams AI/acre. The applications at all locations were applied after some moth 
activity had already been detected possibly reducing the full impact of the 
treatments. It was difficult to son out the true impact of the pheromone treatments 
on larval populations since growers at all sites were allowed to apply control 
treatments according to their standard practice and these could have had the effect 
of reducing populations of leafroller larvae in all plots. 

Leafroller sprayable pheromone showed a consistant reduction in overall 
trap catch for the obliquebanded leafroller in both tests, while there was less 
consitant results for the pandemis leafroller. Results indicate that for OBLR the 
higher rate of product delivered at 20 g AI/acre is preffered over that of the lower 
rate of 10 g AI/acre (Figure 1). It also indicates that spraying at 2-week intervals 
for the duration of the flight is more effective than 3-week intervals (Figure 2). 
Although there was consistant reduction in trap catch in many of the trials, there 
is no evidence of a reduction in larval populations using sprayable pheromone at 
20 g AI/acre and/or at 2-week intervals (Figure 1 & 2). There did however, seem 
to be a reduction in OBLR mating in treated blocks (Figure 3). This alone may 
allow sprayable pheromone, in combination with other techniques, to play a vital 
role in leafroller management during first flight. 
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FIGURE 1: 
Rate Effect MQthsltra11 

wvcc Maverick Mattawa 
Treatment Lure PLR OBLR OBLR 

1st Flight 
Sprayable.High 1mg 8.5 0.5 5.5 
Sprayable.Low 1 mg 41.0 4.0 68.5 
Hand Applied 1mg 0.5 0.0 , 
Untreated 1 mg 21.0 42.5 145.5 

Sprayable.High 10mg 17.0 1.0 16.0 
. , 

Sprayable.Low 10mg 170.5 7.0 157.5 
Hand Applied 10mg 5.5 0.5 
Untreated 10mg 30.5 128.0 220.5 

FIGURE 2: 
Timing Effect MQthsLtra11 

Stemilt Lanphere Davis Chapman 
Treatment Lure PLR PLR OBLR OBLR 

1st Flight 
Sprayable 2 week 1 mg 40.5 34.5 0.0 2.5 
Sprayable 3 week 1 mg 30.5 4.0 0.5 1.0 
Hand Applied 1 mg 11.5 0.0 
Untreated 1 mg 18.5 9.5 2.0 14.5 

Sprayable 2 week 10mg 120.0 55.5 9.5 3.0 
Sprayable 3 week 10mg 131.0 40.5 26.5 0.0 
Hand Applied 10mg 20.5 0.0 
Untreated 10mg 21.5 58.0 54.5 7.5 

FIGURE 3: 
Mating Success Average 

• 
Stemilt Stemilt Mattawa Mattawa 

Treatment %mated % Reduction %mated %Reduction 

1st Flight 
Sprayable 2 week /low rate 33.12 -353.13 2.60 60.00 

' Sprayable 3 week/low rate 28.76 -12.30 0.00 100.00 
Hand Applied 4.94 82.61 
Untreated 21.62 12.49 
2nd Flight 
Sprayable 2 week 16.90 41.11 5.87 68.22 
Sprayable 3 week 15.01 54.94 10.51 64.63 
Untreated 35.01 23.46 
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3M TM Sprnyable Pheromones 

3M Canada Company 
P.O. Box 5757 

London, Ontario 
N6A 4Tl 

David M1dr, Charlie Peatman, Mick Sawka 

Allhough 3M markets a highly diversified range of products, fow people would associate 
the 3M Company name with agricultural producrs. In fact, 3M manufactures over 50,000 

- · • ~ Tt,..1 · TM products, mcludmg such well-known brands as Post-it® Notes. Scotch Magic Tape, 
O-Cel-0 1

M Sponges, Scotchgartf''M Fabric Protectors and JM1
M Sandpaper. 

In creating cost-effective. practical and reliable product,, 3M invests heavily in research 
and development, drawing on nearly 30 technology platforms, ranging from adhesives and 
lluorochemicals to coated abrasives and phannaceuticnls. 

One ofJM's most diverse technology platforms is that ofmicroencapsulation. a technique 
whereby chemically active compounds are encapsulated within microscopic polymeric 
spheres such that the active ingredients can be released in a controlled fashio11. 

During the past three decades, 3M has pursued various applications of this technology, 
one of the most successful of which has been !he encapsulation ofinsccticides. 

3M
1
M Sprayable l'heromones are water-based C<mcentrates containing microencapsulated 

insect pheromones that can be sprayed on crtips to disrupt the mating oflcpidoptenm 
pests. thereby reducing the amount of crop damage associated with subsequent larval 
populations. 

We propose to provide a more in-depth discussion of the 3MrM Sprayablc Pheromone 
products, and their application in Integrated Pest Management (1PM) programs fur both 
agricultural and forestry markets. 
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Section 7: Mating Disruption/SIR 

Aerosol Dispensers for Codling Moth Mating Disruption 

Thomas E. Larsen 
Consep, Inc. Bend, Oregon 

Bradley S. Higbee 
USDA/ARS Wapato, Washington 

Codling moth mating disruption trials using aerosol dispensors for dispersion of the 
pheromone were conducted for the second year in Washington State during 1998. 
The trials were located at a 36 acres site in Wapato, a 12 acre site near Pateros 
(Pateros Site 1) that was treated for the second year, and on a 5 acre site within the 
city limits of Pateros (Pateros Site 2). All three sites had a previous history of 
mating disruption and codling moth pressure was considered moderate to low. 
Some codling moth damage (ca. 0.5%) had been observed at the Wapato site the 
previous year. 

The dispensers used in these trials were obtained from Technical Concepts (Elk 
Grove, IL). The individual cans in the dispensers were loaded with a mixture of 
codlemone, ethanol, lauryl alcohol and propellant (24 grams of codlemone + 127.5 
grams of ethanol+ 2.5 grams of lauryl alcohol+ 102.4 grams of propellant). The 
dispensers were placed approximately 140 feet apart around the perimeter of the 
orchards. The dispensers were operated on battery powered timers set to puff 
every 25 minutes, 24 hours each day. Each 80 µI puff emitted approximately 7.5 
mg of codlemone or 432 mg per day (7.5 mg x 57.6 = 432 mg). The Wapato site 
was treated at a rate of 1.11 dispensers per acre or 480 mg/acre/day of codlemone. 
The Pateros Site 1 was treated at a rate of 1.9 dispensers per acre or 827 
mg/acre/day of codlemone. The Pateros Site 2 was treated with 1.2 dispensers per 
acre or 518 mg/acre/day of codlemone. Each dispenser required replacement of 
the cans twice during the season in order to achieve season-long control. 

The Wapato site (pears and Red Delicious apples) was monitored with 23 wing 
traps baited with 1 Ox codlemone lures. During the overwintering flight (April 11 
through July 6) a total of 6 moths were captured in 23 traps. The highest number 
of moths caught in a single trap was three (1 trap). A cover spray of Guthion (2 lb. 
a.i./acre) was applied during the overwintering flight. During the second flight a 
total of 14 moths were captured in 23 traps. The highest number of moths caught in 
a single trap was seven in one trap located next to a prop pile. No cover sprays for 
codling moth were made for the second generation. Tree samples taken at the end 
of the overwintering flight found one codling moth entry in apples and zero in the 
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pears. Pack out records from the warehouse indicated zero codling moth damage 
found in pears. 

A total of six moths were captured in six 1 Ox traps during the overwintering flight at 
Pateros Site 1 (Two moths in one trap and four moths in another). All moths were 
captured in border traps. A cover spray of Guthion (2 pounds of 50 WP) was 
applied during the overwintering flight. No moths were capturing during the second 
flight and no chemical treatments for codling moth control were made during the 
second flight. Bin samples taken at harvest found one codling moth entry (0.05%). 
No moths were captured in the six 1 Ox traps a Pateros Site 2 during the first or 
second flight. A spray of Guthion (2 pounds 50 WP) was made during the first 
generation and no chemical treatments for codling moth control were made during 
the second flight. Bin samples at harvest found zero codling moth damage in 1,000 
fruit sampled. 

All dispensers operated properly during the season and none required replacement 
after a second season of use. Phytotoxity observed in 1997 trails was dramatically 
reduced by paying careful attention to the placement of the dispensers in trees to 
avoid contact of the spray with fruit. 

This second season of experience with aerosol dispensers indicates good potential 
for use of this technique to apply codlemone for mating disruption of codling moth in 
orchards with moderate to low populations of this pest. 
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Section . Mating Disruption/SIR 

OBLR AND CODLING MOTH AREAWIDE MATING DISRUPTION 
IN BREWSTER, WA 

S.D. Cockfield 
Okanogan ValleyIPM, LLC, POBox 1461, Brewster, WA. 98812 

and AL . .Knight 
USDA-ARS, Wapato, WA 

The history of Areawide JPM programs in Brewster has included impetus from 
industry, growers, and recently, the public sector. Areawide mating disruption of codling 
moth has been used since 1993 in Brewster by the initiative of growers. Although the 
acreage under mating disruption was large(> 1,000 Acres), only a small percentage of 
growers used the technology. Mating disruption continued to be adopted by individuals, 
and acreage under the technology continued to grow. In 1997, the Brewster Areawide 
Management project (BAM) was formed and funded for one year under the USDA 
regional Areawide ™ Project. BAM is a nonprofit organizatin., operated by volunteer 
growers and fieldmen, to organize the growers on Brewster Flat and provide standardized 
trap information for all those participating. The organization continued in 1998 supported 
by a per-Acre fee. Including BAM and a few large, privately-managed projects sharing 
information, Brewster has about 3,000 Acres under codling moth mating disruption, most 
using half rate. This year saw another pioneering development. B-DAM (Brewster Dual 
Areawide Management Project) was initiated by 0... John Dullley (WSU) and Dr. Allen 
Knight (USDA-A.RS). This project is about 500 Acres, and uses both codling moth and 
obliquebanded leafroller pheromone to manage pests. Similar privately-funded projects 
cover an additional 1, 700 Acres. This paper will report general infonnation on combined 
results of the various properties using different mating disruption products. 

The Brewster area has not had a widespread high population of codling moth. 
Most growers have applied one or two covers and had low fruit injury. However, since 
1991, OBLR has continued to increase and growers still apply more insecticides for 
OBLR than for CM Growers in Brewster applied products for codling moth at half rate 
(200 ties/ Acre) in most blocks in both 1997 and 1998. OBLR mating disruption products 
were applied at half rate to full rate (200-400 ties/ Acre). Codling moth was monitored 
with traps placed every 5-10 Acres. OBLR:tlight was monitored with traps every 10-100 
Acres in areas with no OBLR mating disruption. In mating disruption areas, standard 
lures were used in traps placed every 5-10 Acres. At harvest, bins were checked for the 
presence of codling moth or OBLR damaged fruit. Sampling covered about 70% of the 
blocks in 1997 and >95% of the blocks in 1998. In 1998 l-2 bins per acre were sampled 
for each variety in each block. lliowers shared information on the products used and 
number of sprays applied for codling moth and OBLR in 1997 and 1998. 

In the 1998 season, cover sprays were reduced to less than one per block while 
"hot" blocks, those with greater than O. 1 % codling moth fruit injury, were reduced to 
fewer than 10%. Chlorpyrifos applied for OBLR, not Azinphos-methyl, accounted for the 
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majority of OP sprays used in 1998. Growers using OBLR mating disruption reduced 
insecticide sprays while greatly reducing OBLR iajury to fruit. Those not using OBLR 
mating disruption increased non-OP sprays and also achieved a reduction in fruit injury. 
Based on estimated cost of pesticides and pheromone products, growers who did not try 
OBLR MD in 1998 shifted more of their budget to OBLR insecticides. Those who used 
OBLR MD reduced their insecticide budget but not enough to offset the cost of 
pheromone products. This is typical in the first year of adopting MD technology. 
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7. Mating Disruption/SIR 

CONTROL OF OBLIQUE-BANDED LEAFROLLER IN CODLING MOTH 
MATING DISRUPTION ORCHARDS 

Rachel B. Elkins, Farm Advisor 
University of California Cooperative Extension 
883 Lakeport Blvd. 
Lakeport, CA 95453 

Oblique-bandedleafroller (OBLR) (Choristoneura rosaceana (Harris)) has been the main 
secondary pest problem in three years of utilizing the Shorey "puffer" for codling moth 
mating disruption in Lake County. In 1996, the first year of the program, OBLR damage 
averaged 12% in puffer-only plots (range 2.5 - 21 % ). In 1997, in the same plots, pre-bloom 
chlorpyrifos (Lorsban ®, DowElanco) was applied to half of each puffer-only plot, and OBLR 
pheromone added to the puffer dispenser. Harvest damage in the puffer-only plots again 
averaged 11 % (range 0.1 - 28%), while damage in the chlorpyrifos-treated puffer plots was 
reduced about 50% (range O - 9%). It was concluded that 1) pre-bloom chlorpyrifos could 
reduce final harvest damage by about half in high pressure blocks, and 2) the OBLR 
pheromone available that year was ineffective. 

In 1998, all but one of the original puffer-only plots were doubled in size and all were treated 
with pre-bloom chlorpyrifos. During the growing season, one-third of each plot received one 
9 oz. application oftebufenozide (Confirm®, Rohm and Haas Co.) at 400 OBLR0 D (June 22-
26). One third of each plot received a second tebufenozide application two weeks later at 700 
OBLR 0 D (July 6-10) (Figure 1). OBLR damage at harvest averaged 3.6% in pre-bloom 
chlorpyrifos-only plots (range 1.4 - 9%), 4.4% in chlorpyrifos + 400° D tebufenozide plots 
(range 0.7 - 10.4%) and 1.5% in chlorpyrifos + 400° D + 700° D tebufenozide plots. Damage 
in puffer plus organophosphate areas averaged 1.0% (Tables 1 and 2). Although plot 
variability precluded statistical significance, it appears that for 1998, 1) the 400° D timing 
appeared ineffective over pre-bloom chlorpyrifos alone, and 2) the 700° D tebufenozide 
application was critical in reducing OBLR damage at harvest. In 1999, testing will be 
repeated to learn whether one application at the later timing can achieve adequate control. 
This is also necessary because the late unusually season may have resulted in atypical results 
compared to a "normal" phenological year. 
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2ND GENERATION OBLR DAMAGE 
Bartlett pears, Lake County, September 1998 
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LORSBAN CONFIRM 400 °D 

1st 2nd Total 1st 2nd Total 

0.5 0.9 l.4 

0.0 1.4 1.4 0.0 07 0.7 

2.6 6.4 9.0 5.0 5.4 l0.4 

0.0 2.4 2.4 0.0 2.1 21 

0.8 2.8 3.6 1.7 2.7 4.4 

2nd Generation OBLR Damage 
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7. Mating Disruption/SIR 

MATING DISRUPTION PARAFFIN EMULSION EFFICACY IN 
COMMERCIAL CLING PEACHES AND WALNUTS 

C. Pickel, R. Buchner, J. Rasey, and N. Darby 
UCCE, Sacramento Valley 

142-A Garden Hwy, Yuba City, CA 95991 

A commercially prepared paraffin emulsion based slow release pheromone product sponsored by 

Agrium was evaluated for the control of oriental fruit moth and peach twig borer in commercial cling 

peaches and for codling moth in commercial walnuts. The paraffin emulsion is formulated with a 5 % 

active-ingredient and is typically applied at 30 grams per acre. The paraffin was sprayed twice in the cling 

peach orchard during the growing season and monitored regularly. The orchard was monitored using 

OFM and PTB traps and shoot strike counts. The cling peach test site was a 4 -acre site of 18-20 year old 

trees with 3 0% rep la cement trees of varying ages in the Hallwood District of Yuba County. The cling 

peach variety was Starns, a late variety typically harvested in.late August. The tree spacing was 

approximately 117 trees per acre. There was also a nearby 7 acre grower standard in the Loadel variety, a 

mid season variety, for comparison. The grower followed a standard spray program using synthetic 

pyrethroids based on monitoring and degree-days. The data indicate that the product may have lasted 90 

days in the field. 1bis product shows excellent potential for controlling oriental fruit moth. The paraffin 

emulsion was sprayed once in the walnut but in two concentrations and was monitored regularly 

throughout the growing season. Codling moth damage was monitored in three ways, nut drop, to 

determine first or over-wintering generation, canopy counts, and tree bands to determine subsequent 

generations. The walnut test site was a 10-acre site of Vina variety in Tehama County. Vina's harvested 

in September typically has problems with codling moth damage. The tree spacing is approximately 24 

trees per acre. The 10-acre plot was divided into two 5-acre blocks. The paraffin was sprayed in 30 gram 

per acre concentration and 15 gram per acre concentration. These blocks were farther broken down into 3 

replicates per block. The treatments include paraffin emulsion alone and paraffin emulsion coupled with 

the parasitic wasp Trichogramma for a total of 4 treatments. There was no significant difference in 

treatments in the nut drop counts, harvest counts, or tree band counts. There was significant difference in 

the canopy counts. The 15 gram pheromone treatment alone had significantly more damage than the 

other treatments. The 30 gram pheromone rate with and without Trichogramma had the least amount of 

damage. There appears to be a positive trend at reducing damage in using a higher concentration of 

pheromone coupled with the use ofTrichogramma in walnuts. 
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Section Mating Disruption 

SECONDARY PEST AND NATURAL ENEMY SAMPLING PROGRAM, 1998 

P. D. Himmel and E. H. Beers 
TFREC-WSU 

1100 N. Western Avenue, Wenatchee, WA 98801 

Objective: The objective of this project was to document changes in secondary pest and natural 
enemy populations in blocks managed under large-scale mating disruption (MD) when compared with 
conventional ( organophosphate-based) management regimes. Our hypothesis is that conditions will 
be more favorable in blocks under MD for integrated control of secondary pests, and that the reduced 
need for insecticide applications for secondary pests will offset the higher cost of MD technology. 

Materials and Methods: Standardized sampling protocols were developed for the principal 
secondary pests of apple and pear and their associated natural enemies. Seven apple sites and 3 pear 
sites were sampled during the 1998 growing season, for a total of9 sites (one site contained both 
apple and pear orchards). A subsample of the blocks within the boundary of the MD area was chosen 
for intensive sampling. Orchard blocks under conventional management representative of the region 
were chosen as comparison blocks. Five of the sites were the primary MD projects (CAMP) 
established during the 1995 growing season (with the exception of Randall Island, begun in 1993). 
The remaining 4 sites (GRABs subproject) were apple acreage in central Washington, and differed 
from the CAMP sites in that they were managed by a single grower or corporation as opposed to a 
group of cooperating independent fruit growers. 

Results: Apple: As in 1996 and 1997, the% parasitism of overwintering white apple leafhopper eggs 
was significantly higher in MD blocks. However, again this difference was not reflected in lower 
populations of nymphs during the growing season. Aphid populations were low in all sites and no 
difference was documented between the treatment types. Total motile predators were slightly more 
numerous in CONV blocks, a difference almost totally due to higher numbers oflacewings in these 
sites. Leafminer parasitism tended to be higher, and mine density lower, in MD blocks. Predatory 
mites were more abundant in MD blocks. Pest mite populations were higher in CONY blocks using 
both binomial and leaf brushing sampling techniques. However, in all block types phytophagous mite 
populations were generally subeconomic. Leafroller larvae were more numerous in CONV blocks at 
both first and second generation. Fruit damage by codling moth and leafroller was lower in MD 
blocks. Stinkbug and cutworm damage, tabulated for the first time in 1998, was significant in many 
sites, though no difference was seen between management types . 

Pear: In pear sites, a consistent and season long trend toward higher psylla populations was observed 
in CONV blocks. Fruit damage caused by psylla continued to be higher, and economically significant, 
in CONV blocks. While more predatory mites were found in MD blocks, no difference in pest mite 
populations were seen regardless of management type. Fruit damage by codling moth and leafroller 
was the same in the 2 management regimes. 

Conclusion: Data gathered during the 1998 growing season as part of the Secondary Pest and 
Natural Enemy Sampling program indicates that for many of the pest insects and natural enemies 
sampled, no differences occurred between the 2 management regimes. However, in most cases where 
differences occurred, the trend was for lower pest and/or higher natural enemy populations in blocks 
under mating disruption. 
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8. Tree Fruit Diseases 

THE EFFECT OF SEVERAL BACTERICIDES AND FUNGICIDES ON THE 
VIABILITY OF Pseudomonasjluorescens A506 

Rachel B Elkins 
U.C. Cooperative Extension 
883 Lakeport Blvd. 
Lakeport, CA 95453 

Dr. Steve Lindow 
Plant and Microbial Biology 
CNR, University of California 
111 Koshland Hall 
Berkeley, CA 94720 

One of the main hindrances to widespread adoption of the biological fire blight control tactic 
P. jluorescens A506 (BlightBan A506®, Plant Health Technologies) is its perceived 
sensitivity to certain commonly used fungicides and bactericides. This may necessitate 
separate applications, which is undesirable during years when numerous and frequent 
treatments must be made for fireblight and pear scab. Through 1997, only copper was 
precluded as a tank mix on the label; however, in 1998, data from previous years resulted in a 
new label statement prohibiting Terramycin use within five days of a BlightBan A506® 
application. In addition, concerns have been expressed about compatibility with mancozeb 
(Dithane M45®, Rohm and Haas Co.) and aluminum tris (Aliette®, Rhone-Poulenc). 

In 1998, large- and small-scale tests were carried out to measure the severity of suppression of 
A506 by tank mixing with Terramycin, aluminum tris and mancozeb versus waiting at least 
five days before applying these materials. Two large-scale trials were conducted in Lake and 
one in Mendocino County to test compatibility with Terramycin and aluminum tris. Each of 
four to six treatments was applied to one 2-acre block at each site (Figures 1, 2 and 3). 
Compatibility with mancozeb was tested in a replicated single-tree trial in Scotts Valley, Lake 
County. Mancozeb was both tank-mixed and applied as an overspray seven days after A506 
(Figures 4, 5 and 6). 

Overall results confirm past experience that populations of BlightBan A506® are reduced 
about 50% when tank-mixed with Terramycin. Reduction apparently occurs when the 
solution dries on leaves, leaving A506 exposed to highly concentrated levels of Terramycin, 
rather than in the spray tank. The fungicide mancozeb also reduced populations when tank­
mixed, even more so than Terramycin. Terramycin and mancozeb had no detrimental effect 
on A506 when applied at least five days before or after A506. Tank mixing with Aluminum 
tris also appeared to reduce A506 populations in these tests; however, others have shown less 
detrimental effects, necessitating further trials . 

In the large-scale plots, a rapid blossom rub assay method developed in 1995 was utilized to 
determine post-application populations of A506. The populations of strain A506 were 
relatively high and uniform on flowers of all treatments except those in which mancozeb or 
Terramycin were tank mixed with strain A506. The estimates of the incidence of colonization 
of flowers by A506 made from the flower rub assay closely matched that from quantified 
populations made from flower washings in Berkeley. 
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BlightBanA506® I Antibiotic Compatibility Spray Trial 
Henderson Orchard, Kelseyville 1998 
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Figure 7 

Lake Count\· Srnall Plot 1998 
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8. TREE FRUIT DISEASES 

COMPARISON OF CAPTURE OF ASCOSPORES OF 
VENTURIA PIRINA WITH THE TEMPERATURE OF WETNESS 

OF RAINS IN MENDOCINO COUNTY, CALIFORNIA 1998 

B.G.ZOLLER 
The Pear Doctor, Inc. 
4825 Loasa Dr. 
P.O. Box335 
Keleyville, CA 95451 

S. THOMAS 
Thomas Brothers Orchards 
P.O. Box748 
Ukiah, CA 95482 

J. THOMAS 
Thomas Brothers Orchards 
P.O.Box748 
Ukiah, CA 95482 

Ascospores of Venturia pirina were trapped during rain periods using roto rod samplers (Model 
20, Sampling Technologies, Inc. Minnetonka, Minnesota 55305) as part of a disease management 
program in Mendocino County pear orchards in 1998. The 3-5 samplers were located 45cm above ground 
level in commercial orchards and were baited with a I meter diameter pile of random leaf litter I 0cm deep 
beneath the samplers in late winter. 

Accumulated degree day readings were maintained at Hopland, CA, using a recording 
biophenometer (model TA 51, Omnidata International. Logan, Utah 84321) which made temperature 
readings at ten minute intervals and converted the data to a degree day readout. Data of% spores trapped 
for the season vs degree days above 0C for each year were compared with similar plots for % mature asci 
vs degree days above 0C in Figure IB, p. 261 of Spotts, R.A. and Cervantes, L.A. 1994, Factors affecting 
maturation and release ofascospores of Venturia pirina in Oregon, Phytophathology 84: 260-264. 

Temperature of the initial 6 hours of wetness during precipitation was determined using remote 
sensing equipment (Adcon Telemetry, Inc., Boca Raton, Florida 33451) in pear orchards in Hopland, CA 
and Ukiah, CA. Linear and polynomial regression analyses of rainfall temperature vs the fraction of the 
seasonal total of spores trapped were performed using Sigmastat statistical software (Jandel Scientific, San 
Rafael, CA 94912). 

Results and Discussion 

With the many rains occurring in 1998, it was possible to judge the effect of temperature of 
wetness on apparent pseudothecial productivity as measured by ascospore capture. There were increases 
with rain periods whose first 6 hours were at least 45F. This productivity rose with wet periods whose 
outset temperatures averaged 50F and above, and declined with temperatures in the low 40's. 

In order to see this relationship, rains beginning at night or early AM were judged to have spore 
discharge started at 7 AM the next morning for the beginning of the 6 hours. Rains occurring after 96% of 
the seasonal spore total had been captured were ignored, since a shortage of ascospores in the 
pseudothecia would lower productivity as measured by spore capture data (Figure 1 ) . 

Linear and polynomial regression analyses of rainfall temperature vs the square root of the 
fraction of the seasonal spore total captured during the precipitation yielded R square values of0.294 and 
0.34, respectfully. Thus, approximately 30% of the variation in the data may be attributable to the rainfall 
temperature differences. This and the absence of capture data for dew periods may help explain lags and 
deviations in discharge from the Spotts and Cervantes maturation curve (Figure 2). 
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