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OBJECTIVESAND EXPERIMENTSCONDUCTEDBY LOCATION:

Objective 1: To determinethe mosteffectivecontrol of rice invertebrateestswvhile maintaining
environmentabuality compatiblewith the needsof society.

1.1) Ricewaterweevil chemicalcontrol- Comparisorof the efficacyof experimentamaterals
versugegisteredstandardg$or controllingrice waterweevilin ring plots.

1.2) Evaluationof techniquedo improvethe utility of registerecandexperimentaproductsfor
rice waterweevil managemenn ring plots- evaluationof the efficacyof pyrethroid
insecticidesappliedpre-flood for controllingrice waterweevil in ring plots.

1.3) Ricewaterweevil chemicalcontrol- Comparisorof the efficacyof anexperimental
biologicalinsecticidefor controllingrice waterweevil in ring plots.

1.4) Ricewaterweevil control- comparisorof registerecandexperimentaproductsn large
plots

1.5) Ricewaterweevil chemicalcontrol- Evaluationof a biorationalproductin the greenhouse
for Rice WaterWeevil control

1.6) Evaluatethe influenceof treatment®of registerecandexperientialinsecticideson
populationsof nontargetinvertebratesn rice.

Objective 2: To evaluatethe physicalandbiologicalfactorsthatresultin fluctuationand
movemenbf populationsof therice waterweevil soasto bettertime controloptionssuchas
insecticideapplications.
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2.1) Evaluationof the movemenbf RWW populationghatresultin economianjury to rice
plants. Monitor seasonalrends(timing andmagnitude)n theflight activity of the RWW.

2.2) Quantify therelativesusceptibilityof commonlygrownrice varietiesto RWW infestation
andtheyield respons®f thesevarietiesto RWW infestation.

2.3) Evaluatethe influenceof rice seedlingestablishmentmethodsof RWW andarmyworm
populations.

Objective 3: To investigateaspect®f armywormbiology asa meansof determiningthereasons
for anincreasan armywormpopulationsn rice in recentyears.

3.1) Investigatethebiology of armywormsn rice asa meango understandecentpopulation
increase.

3.1.1).Studytherole of weedpopulationson armywormpopulationsn rice.
3.1.2).Investigataghetiming of armywormmothflight in therice productionregionand
relationshipto armywormlarval populationsn rice fields.

3.1.3). Investigatehefactorsthatinfluencearmywormpopulationsn growerrice fields.
Objective 4: To determinethe mosteffectivecontrol of armywormsn rice.

4.1) Armyworm chemicalcontrol- Comparisorof the efficacyof experimentamaterialsversus
registerecstandads.

Objective 5: Conductappropriatenonitoring,exploratoryresearchandeducationahctivities
on emergingandnewexoticrice invertebratepests

SUMMARY OF 2006 RESEARCHBY OBJECTIVE:

Objective 1:
1.1& 1.2) ChemicalControlof Rice WaterWeevil - Ring Plots

1.1,1.2) Researclior subobjectived.1and1.2wasconductedvithin oneplot areaandthe
resultsanddiscussiorfor this studywill be consideredogether. Thedatawill bereportedn its
entirety for easeof comparisoracrosgreatmens andthe conclusionfrom eachsub-objective
will bereported. Eachtreatmentasreplicatedfour times. Twenty-two treatmentga total of
tendifferentactiveingredients)wereestablishedn ring plotsto accomplishthis research.Plots
werein areplicatedfield studyatthe Rice ExperimentStation(RES)nearBiggs, CA.
Treatmentetailsarelistedin Table1l.

Testingwasconductedvith >M-202= in 8 sq.ft aluminumrings. The plotswereflooded
on 27 May andsealedon 27 May. Theapplicationtimingswereasfollows:
23 May, early pre-flood treatmentgwe hadintendedfor theseto be madel weekbefore
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flooding but the difficult springfor plantingconfoundedhis
26 May, pre-flood (PF) applications
10 June 3-leaf stagetreatments

Granulartreatmantswereappliedwith a Asaltshake@granularapplicatorandliquid
treatmentsvereappliedwith a CO, pressurizedgprayerat 15 GPA. The naturalrice water
weevil infestationwassupplementevith 10 adultsplacedinto eachring on 8 Juneand6 adults
into eachring on 15 June. The standardgroductionpracticesvereused. Coppersulfatewas
appliedin mid Junefor algalmanagementerbicideson 7 June andnitrogenwastop-dressedn
July. Thefollowing sampledatesandmethodsvereusedfor this study:

SampleDates:
EmergenceleedlingVigor: 8 June
Adult LeafScarCounts 17 and23 June
Larval Counts 13 Juy and27 July
RiceYield: 5 October

SampleMethod:
EmergencefSeedlingVvigor:
standgatedon a 1-5 scalewith
5=verygoodstand(>150plarnts)
3=goodstand(~100plants)
1=verypoorstand(<20plants)
Adult Leaf ScarCounts percentag®f plantswith adultfeedingscarson eitherof thetwo
newesteaves50 plantsperring)
Larval Counts 44 in®soil corecontainingat leastonerice plantprocessedy washing/
flotation method(5 coresperring perdate)
RiceYield: entireplotswerehandcutandgrainrecoveredvith a AvVogel@mini-
threshemandyieldswerecorrectedo 14% moisture.
DataAnalysis ANOVA of transformediataandleastsignificantdifferencegest(?
0.05). Rawdatareportedherein.

Results:
Rice Emergence

Therewereno significantdifferencesamongtreatmentsn termsof seedlingvigor and
emergencéTable?). Therdore, no phytotoxicitywassesnfrom anyof thetreatments.

Adult Leaf Scar Counts

Adult leafscardamagenormallyis insignificantin termsof rice plantgrowthand
developmen{exceptunderextremelyhigh pressure).Feedingscarsareevaluatedn our studies
asameando classifytheinfestationseverty andto gainsomeinsighton how thetreatmentsare
providingRWW control,i.e., throughkilling adults killing larvae,etc. Theamountof feeding
variesyearlyeventhoughour methodsusedareidenticaleveryyear. Thefirst sampledate,17
June hadlow countsandgenerallywerelessthan10%scarredseedlinggonly onetreatment
wasgreaterthan10%). TheJune23 sampledatewasabouta weekafterall theinfestations.
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Couwuntswereagainfairly low with the highestbeing16.5%. Percentagem the Furadan,
Neemazal0.1lrate),andVvV101120.26rateappliedPFand3-leaf werenumericallythe highest
(Table2). Thepercentagén theuntreatedvas7.5%scarredplants. The pyrethroid3-leaf stage
treatmentswhich controlby killing the RWW adults,corsistentlyhadlow feedingincidence.
Forthe experimentamaterials the percentagscarredolantswaslow for Etofenprox(higher
ratesat the 3-leaftiming), fairly highfor Dinotefuron,low for V-10170,andlow for the 3-leaf
timing of Steward Overall leaf scarringwaslower thanexpected.

Larval Counts

RWW larval countsweremadetwice duringthe season.Populationsveremuchhigher
in thefirst samplethanthe second. Thelater samplewasapparentlyaftermanylarvaehad
pupatedandemerged.Thisis why we generallysampletwice; sothatonesamplewill beduring
the peakpopulation. | will discusgheresultsfor thefirst samplein termsof treatmenefficacy.
In the 13 July sampleg1* coringdate),the averagelensitiesangedrom 0 to 1.4 RWW per
core(Table3). Theaverageumbergor the 2" coringdate(27 July) rangedfrom 0 to 0.55
RWW percore.

ExperimentaimaterialsversugegisteredstandardsT estingcontinuedon threeexperimental
insecticideactiveingredients Etofenpox, Dinotefuron,andindoxacarbwhich weretestedfor
thefirst timein Californiaricein 2004 Thelossof Iconin Southerrrice andthe developing
environmentatoncerngegardingpyrethroidusehavespurreda renewednterestfrom the
agrichemicakompaniesfor rice waterweevil active products Excellentactivity wasshown
from sometreatmentof all threeof theseactiveingredients. Etofenproxappliedat the 3-leaf
stageprovidedvery goodRWW control; therewasanindicationthatthe higherratesmay
provideslightly betterresidualcontrol but this needgo be examinedurther. Etofenproxapplied
prefloodwasineffective. Steward appliedatthe 3-leaf stage wasvery effectivefor RWW
controlalthoughthe higher(0.11)ratewasneeded Thelower rateaswell asa preflood
applicationwasineffective. Dinotefuronwasalsoeffectivealthoughsomewhatessthanthe
othertwo products. The prefloodapplicationof the higherratesurpassethe split preflood-3
leaf applicationfor RWW control. Neanazalat the two testedratesdid not provideRWW
control;this productwill bediscusseanoreunderl.3). V10112appliedasa split prefloodand
3-leaf stageapplicationwasvery effective. Etofenproxis usedfor RWW controlin Japarand
Steward is regigeredin the U.S.for control of arelatedspeciesalfalfaweevilin alfalfa.
Dinotefuronis in a chemicalclassof insecticideghatgenerallyhavegoodperformanceagainst
soil insectsandis registeredbn someU.S. crops. Fortheregisteredgstandardsthe pyrethroid
materials Warrior, Proaxis,andMustang all with 3-leaf stageapplication,werevery effective.
In addition,a newformulationof Mustang(F0570),wasequallyeffectiveto Mustangat %2 the
rate. Dimilin wasmoderatelyeffectivein thefirst sampledatebut not effectivein the second
date.

Soil applicationof pyrethroidproducts Studieswereconductedo evaluatepossiblechangego
Warrior usepatterngo improveefficacyandeaseof use. FO570(similar activeingredientas
Mustang) andProaxiswerealsoincludedin thesestudies. We havebeenworking with Warrior
for thelastseveralyearsto determinef it canbe usedasa soil application. This application
methodwould providesomeflexibility to growersandmay providea greaterbufferto nontarget
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effects. Oneimportantoperationaljuestionfor the useof preplantapplicationss howlongin
advanceof thewatercanthetreatmenbe made. We havegenerallyshowngoodresultswith
applicationasfar as10 daysbeforethe flood, butin onestudycontrolwasinexplicablypoor
with atreatmenimade5 daysbeforeflooding. Ourgoalin 2005wasto applythe materialsat 7
daysbeforeflooding but the wet soil conditionsanddelayedseedinchinderedthis andthe
applicationwasmade4 daysbeforeflooding. All threeproductsWarrior, ProaxisandF0570,
appliedprefloodprovidedexcellentRWW control

Rice Yield

Ricegrainyieldsrangedrom 3998to 5481Ibs./A. Theseyieldswerequitelow for M-
202in 2005;the productionseasonn 2005wasnot the bestfor rice in California. In addition,
the cool, wet springandcompresseglantingseasonesultedn our seedbedpreparatiorbeing
ratherpoor. Thismayhavereducedyield. Grainyieldswerehighestin theVV10170split
applicationtreatmeniTable4) andlowestin the Stewardprefloodtreatment. Theseyield
numberscorrespondvith thelarval data. Overalltheyield andlarval datawerein close
agreemenalthoughmanyof theyield numbersvereintermediatethe RWW larval population
wasnot high enoughto causestrongyield losses.Rice biomassat harvestrangedrom slightly
lessthan10475to 14,750lbs./A. Therewasgoodagreemenbetweenotal biomassandgrain
yield. Percentagenoisturedid notvary significanty amongtreatmentsanotherindicationthat
thelarval populationgdid not stronglyimpacttherice plants.

1.3) Ricewaterweevil chemicalcontrol- Comparisorof the efficacyof anexperimental
biologicalinsecticidefor controllingrice waterweevil in ring plots.

Ricewaterweevil controlwith a biologicalinsecticidewasstudiedin anothersetof ring
plots. Theproceduresvereidenticalto thosedetailedin 1.1.)with thesemodifications. RWW
adultswereintroducedat two differenttimessoas to betterassesshe activity of thebiological
insecticide. In sometreatmentadultswereintroducedon 8 Juneand15 Junewhich corresponds
to the2 and3 leaf stages.In otherrings,adultswereintroducedon 3 Juneand8 June(~1 and2
leaf stages) Thetreatment®valuatedarelistedin Tableb.

RWW larval managemenwasunacceptabl&vith all treatments.The primaryeffort was
madeon the slow-releasegranularformulation(NeemazaD.1%G)becausehis productshowed
potentialin greenhousstudesin 2004,albeitwith averyhigh applicationrate. In these2005
ring studiesthis productwaslessefficaciousthanthe EC formulationAza-Direct. Foradult
feeding,therewereno trendsor noticeableactivity with anytreatmen{Table6). However it is
possiblethatlarval controlis achievedout adultfeedingis unaffected.Larval populations
(looking primarily at thefirst samplingdate),werereducedvy aboutYz with the Aza-Direct
productandlargelyunaffectedwith the Neemazaformulation(Table6). TheNeemazal20
Ibs./A prefloodtreatmentalsoshowedsomeactivity howeverthe 40 Ibs. treatmenbf this
productwassurprisinglyineffective. Total biomassyield rangedirom ~13,375to 18,300lbs./A
with theuntreatedlotsactuallyhavingthe highestyield (Table7). Grainyieldsrangedfrom
3170to 4470lbs./Awith the moreeffectivetreatmeniAza-Direct) tendingto havehighergrain
yields(Table7).
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1.4) Ricewaterweevil control- comparisorof registerecandexperimentaproductsn large
plots.

Ricewaterweevil controlwascomparedn unreplicated.06-acreplotsat RES. The
field wasfloodedon 25 May andseededvith >M-202'on 26 May. Thefollowing treatments
wereevaluated

1.) Warrior preflood,0.031bs. Al/A,

2.) AzaDirect, preflood,0.02Ibs. Al/A,

3.) Neemazal5, 3 leafapplication,0.021bs. Al/A,

4.) Neemazal5, preflood,0.021bs. Al/A, and

5.) untreated

The standardsamplingwasdonein theseplots. Ricedamagdrom RWW adultswas
evaluatedbn 17 Juneard 23 June RWW larval samplesverecollectedon 21 July and10 Aug.
Yield wasquantifiedby handharvestinghree10.8ft* areager plot on 7 Octoberandrecovering
the grainwith a AVogel@mini-thresher.

The RWW infestationin theseplotswasvirtually non-existent Dataon scarredplants
showedessthan10% scarringin the untreated.No RWW larvee weresampledn this plot area
Yield datashowedhe highestgrainyields with the Warrior PF(5768Ibs/A) andAza-Direct
(5379Ibs./A) treatmens and lowestin theuntreated4362Ibs./A). Yields wereintermediate
with the Neemazatreatmentat4511Ibs./A.

1.5) Ricewaterweevil chemicalcontrol- Evaluationof a biorationalproductin the greenhouse
for Rice WaterWeevil control

Azadirachtinis aninsectactiveextractfrom the seedsf the neemtree. It consistsf two
primarylimonoidsandseverabtherbioactivelimonoidspresenttlow levels.On insectsthis
materialhasexhibitedrepellency antifeedaneffects,directeffectson the digestivesystemand
insectgrowthregulatoryeffects,aswell assomedirecttoxicity. Theinsectspeciesnvolved,
type of applicationsgtc.influencethe exactactivity of this product. Neemproductsare
registeredn severakropsandaremainstayf organiccrop productionsn numeroussystems.
Giventhe environmentallysensitivenatureof therice agroecosystena productof thistype
would haveagoodfit. Greenhousstudiesconductedn 2004showedactivity of agranular
formulationof Azadirachtinon RWW. Thesestudiesconfirmedonly thata high rateof the
productwould reducenumbersof larvaeresultingfrom aninfestationof adults. Studiesin 2005
weredesignedo examinethe efficacyof two formulationsof Azadirachtineachwith several
rates. In addition,studiesweredesignedo investigatehe modeof actionof the active
ingredienton RWW.

General Procedures:

Rice(*M-202) wasgrownin plasticcups(4.5in. diameterx 6 in. high; ~1 liter) in the
greenhouseSoil collectedfrom arice field wassievedandplacedin the pots. Potswere
floodedandrice seedg~25)wereplacedin eachpot. Seedlingsverethinnedto 5 percup after
emergence Potswereconstantlyfloodedduringthe study. RWW adultswerecollectedfrom
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untreatedice fieldsin Butte Co. Adults wereheldin thelaboratoryin vials with rice leaftissue.
Adults canbeheldfor 7 daysin this manner. Adults wereplacedon the pottedrice plants(five
perpot) whentherice wasin the ~2 leaf stage. Adults wereconfinedontothe plantsusingclear
plasticcylindersplacedovertherice plants. Cylindershadmeshcoveredopeninggo allow air
movemenandto preventoverheatingof rice plantsandweevil adults. Weevil adultswere
allowedto ovipositin the plant for 3 daysafterwhich theywerehandremoved. Eggstypically
hatchabout5-7 daysafteroviposition. The percentagef plantswith feedingscarsffrom RWW
adultswasrecordedthesenumbersnvere 100%for everypotin eachstudy. The numberof
adults,periodof time confinedon the plants,andsmallsizeof plantsresultedin considerable
feeding. It is apparenthowever thatthe treatmentglid notkill adultsor reduceadultfeeding
significantly (at leastnotto the pointwhereplantswereundamaged At about4 weeksafter
beinginfestedwith RWW adults,the potsweredestructivelysampledandthe numberof RWW
immaturesdeterminedy a soil washing- flotation technique.

Study1 - Comparisorof formulationsandratesfor RWW control:
Methods:

Treatmentshownin Table8 wereused. In this study,formulationsandrateswere
comparedor efficacyon RWW. Theliquid treatmentsvereappliedwith a handsprayerandthe
granulartreatmentsvereappliedby weighingthe appropriateamountof materid andplacingit
in eachpot. Thepreflood applicationsvereappliedatthetime of rice planting,i.e., right
beforethewaterwasintroducedandthe 1 daybeforeinfestationtreatmentsvereapplied1lday
beforethe adultswereintroduced(12 daysafter seeding).Eachtreatmentvasreplicatedfour
times.

Results:

Adult mortality was0% and100%of the plantshadfeedingscars. Numbersof RWW
immaturesareshownin Table8. Therewasa definiterateresponseespeciallywith the AZA-
Direct product. The 0.005Ibs./Al/A ratewasineffectivebut the higherrates(0.015andgreater)
wereeffective. Resultsweregenerallyslightly betterwith the postflood thanthe preflood
treatment- probablybecausef the shortertime beforethe RWW werepresent. This wasclear
with the lower ratessuchas0.01Ibs. Al/A. The Neemazaproductwaslesseffective. There
wasnot arateresponsandactuallythelower rateswerenumericallyslightly moreeffective.
Consistentlythe postflood wasbetterthanthe preflood treatment.

Study? - Evaluationof RWW repellencypotential
Methods:

Forthe secondstudy,we wantedto investigatgpossiblerepellencyfor Azadirachtin The
sametreatmentsvereusedasin Studyl. Therice wasgrownin the potsandthetreatmers
wereappliedaspreviouslyreported. At thetime of RWW adultintroduction,all 24 pots
comprisingoneblock of the studywereplacedin alargeplasticbasinandfloodedsuchthatthe
watercoveredhe potsandaboutl” of therice abovethe pot. Pos wererandomlyplaced
aroundthe perimeterof the basin. Fifty RWW adultswereintroducednto the centerof the
basinandgivenfreeaccesgo anypot. This setup wasreplicatedfour times.

Results:
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All plantswerescarrecoy RWW adults. Numbersof RWW immaturesn eachtreatment
areshownin Table9. Resultsverenot clearcutandtherewerenotrendsin thedata. The study
designwasprobablyflawed. Thetreatedpotsneededo be submergedn orderto give the RWW
anopportunityto swimto the pot of their choice,butthis probablyresultedn theweak
concentratiorof Azadirachtinthroughouthe entirebasin. This objectiveneedgo bere-
examinedwith a differentapproach.

Study3 - Potentialof Azadirachtinformulationsfor sterilizationof RWW:
Methods:

Theobjectivesof study3 wereto examinethe sterility effectsof Azadirachtinon RWW.
All RWW adultsarefemaleg(in California— thisis notthe casein the southernJS with the
samespeciespndtheyreproduceparthenogenetally. Forthis study,only onerateof AZA-
DirectandNeemazalvasused(52 oz./A and40Ibs/A., respectively. Thepostflood timing was
used. TenRWW adultswereplacedon the original plantsfor 2 daysandallowedto feedand
oviposit. Theywerethenmovedto anothersetof plants(all untreatedfor 2 daysto look for
carry-overeffectsof theinitial treatmentandthento athird setof untreatecplantsfor 2 more
days. Fourreplicationswereused.

Results:

Ontheoriginal plant,bothformulationsreducedhe numberof RWW comparedvith the
untreatedplants(Table10). Onthethird plant,the numberswverealsosignificantlyreduced
comparedvith theuntreatedmoresofor AZA-DirectthanNeemazal).Onthe secondblantthe
numbersvere“low” in all treatmens soit wasdifficult to seeanydifferences.We haveseen
this previouslyin untreatedlantsthatthe RWW initially lay severalkeggsgothrougha lull
periodastheypresumablynaturemoreeggsfollowed by ovipositinga massof eggs. It does
seenclea thatAzadirachtinsterilizesthe RWW andthatthis effectlaststo someextentfor at
least6 days.

Overall,Azadirachtinseemdo havesomesignificantactivity onrice waterweevil. The
liquid formulationwassuperiorto the granular. The promiseshown by the slow-releasegranular
formulationin 2004 studieswasnot supportedy the 2005work. The greenhousstudiesdid
usea fairly highweevil populationwhich “stresses’productperformancebut environmental
conditionsaremoremoderaten the greenhouseomparedvith thefield.

1.6) Evaluatetheinfluenceof treatmentof registeredandexperientiainsecticideon
populationsof nontargetinvertebratesn rice.

Thetreatmentdistedin Table11 wereevaluatedn this study. Therationalefor this
studyis thatmanagingnosquitopopulationsgn rice fieldsis of utmostimportancewith the
increasegrevalencef WestNile Virus in northernCalifornia. Thediversefaunain rice fields
helpsto keepmosquitoesindercontrol by feedinguponaquaic stagesf mosquitoes.Theuse
of insecticidedor rice pestmanagementannegativelyimpactpopulationsof thesenontarget
organismshowever therearelikely differencesamongproductsin termsof theseeffects. As
partof a BestManagemenPracti@sprogramtheimpactsof thesevariousproductson non
targetsandthe resultingeffectson mosquitopopulationsshouldbe considered.
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Methods:

Eachplot was~0.04A andeachtreatmentwasreplicatedthreetimes. To acquirethis
muchspacethe study wassplit betweentwo fields with two replicationsbeingin onefield and
thefinal onebeingin anotheffield about¥a mile away. Unfortunately the seedingdatesand
rice growthanddevelopmentliffered betweerthesetwo sitesaswell asthetiming of our
treatments.Datesfor Field 1 wereprefloodtreatments- 31 May, flooded- 3 June seeded- 3
Juneand3-leaf stagetreatments- 27 June. Datesfor Field 2 wereprefloodtreatments- 26
May, flooded— 1 June seeded- 1 Juneand3-leaf stagetreatments— 15 June. Thearmyworm
applicationtiming was20 July in bothfields. Populationf nontargetorganismsvere
evaluatedveely from 10 Juneto 2 September Floatingbarriertrapswereusedto collect
swimmingorganisms Mosquitodip sampleg25 dipsin eachof 5 locationsperplot) wereused
to estimatepopulationsof mosquitolarvae. Finally, four quadransamplegerplot (0.55ft
each) wereusedandthesesamplescollectedall organismswithin thesearea

Results:

Theanimallife diversty in therice agroecosystemis tremendous.Countingthese
samplesandidentifyingthe organismss alargeundertakingandgenerallytakes6 to 9 months
afterthefield seasorio complete. Thereforethe 2004resultswill be presentedhereinasthese
werenot availableat thetime of the 2004report. The 2005resultsarestill beingcountedand/or
datasummarizegdonesummaryis shown

Prefloodapplicatiors: The numberof aquaticinsectsandotheraquaticinvertebrates
following prefloodapplicatims madeon 19 May areshownin Fig. 1 and2, respectively.The
numbersof animalsweremuchhigherin 2004thanin 2003earlyin the seasonthefield in 2004
hada highinfestationof seedmidgesandclam shrimpwhich werenot presenin thefield in
200B; theseincreasedhetally for bothgraphs Forthe prefloodtreatmentsit appearshatthe
insecticidess hadminimal effectson the numberof aquaticinsectsandthe numberof
invertebratesn 2004. In fact, the numberswveretypically higherin the treatedplotsthanthe
untreatedolots. It is interestingthatthe Warrior prefloodapplicationdid notimpactnumbersof
nontargetsasthe postflood applicationof this materialhasbeenshownto causereductions.

Postflood applications Resultson nonttargetorganismgrom the 3-leaf stage

applicationgon 3 June)areshownin Fig. 3 (aquaticinsects)and4 (otheraquaticinvertebrates).

Populationsn the untreatedlotsarehighlightedfor easeof comparison.It appearghatsome
products(etofenprox, Mustang)havesomeshortterm detrimentaleffectson populationsof
aguaticinsectsandthatmostif notall theinsecticideseducedevelsof otherinvertebratesor 2-
3 weeksafterapplication. Someof thesereductionsverein the50%range,.e., Warrioron
invertebrate®n 17 June. However afterthisinitial reductionthe populationgecoverandare
not affectedtherestof the season.

July armywormapplication:Warrior wasevaluatedasa representativenaterialthat
couldbeappliedaganstarmywormsn July (on 15 July). Resultson aquaticinsectsandother
aguaticorganismsareshownin Fig. 5 and6, respectively.Numbersof aquaticinsectswerevery
low onthefirst sampledatebut on the seconddate(29 July) the Warrior application wasquite
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damagingo thesepopulations.Onthreeof the remainingfour sampledatesthis sametrendwas
seen. Similarly, populationsof otheraquaticinvertebratesverereducedby the July Warrior
applicationfor 3 weeksaftertreatment.

2005:As in 2004,applicationof Warrior prefloodhadminimal effectson populationsof
total aquaticinvertebrategFig. 7).

Objective 2:

To evaluatehe physicalandbiological factorsthatresultin fluctuationandmovemenof
populationsof therice waterweevil soasto bettertime controloptionssuchasinsecticide
applications.

2.1) Evaluationof the movemenbf RWW populationghatresultin economidnjury to rice
plants. Monitor seasonalrends(timing andmagnitude)n theflight activity of the RWW.

Thetiming of RWW adultflight in the springhasbeenmonitoredfor 45-50 yearswith a
blacklight trapat RES. Thetrap hasbeenat exactlythe sameplaceduringmy tenureduringthis
work. Monitoring weevil flights is importantto determinethe levels andintervalsof peakflight
periodsandto compareRWW trendsovertime (years). The switchto anadultcontrolprogram,
i.e., useof postflood insecticideshasplacedevengreaterimportanceon understandingR WW
flight timing sincethetreatmentsaretargetedat adults. RWW flight timing andintensityvaries
annuallyandresponddgo the weathematterns. The weevil adultsfly in theeveningg6-11 pm)
andneedwarm (70-80°F) andcalmperiodsto fly. In 2005,theflight occurredate (dueto the
unfavorablespring)andtherewereminor flights from 26 April to 2 May andfrom 11 May to 13
May (Fig. 8). Themajority of theflight (over75% of thetotal capture)occurredirom 20 May to
26 May. A total of 978 RWW adultswerecapturedcomparedvith over 8000in 2001,655in
2002,1891in 2003,and703in 2004.

2.2) Quantifytherelativesusceptibilityof commonlygrownrice varietiesto RWW infestation
andtheyield respons®f thesevarietiesto RWW infestation.

At presenttherearenorice varietiesthatareresistanto RWW. Literally thousand®f
lineshavebeenevaluatedn the U.S.anda moderatdevel of resistancénasbeenfoundin afew
lines. Workingthis resistance/toleranaato commercialcultivarsis ongoing. Howeverthe
different varietiesandtypesof rice do havesignificantly differentcharacteristicggrowth,days
to harvestyigor, etc.)andthesedifferencegnayalsoincludetheir responseto insectpest
infestations.In southerrrice, mediumgrainvarietieshavebeenshown to havehigherRWW
levelsandrespondmoreseverelyto infestation. Otherrice linessupporthigh RWW infestations,
but areextremelyvigorousandregrowrootssofastthatyield lossesareminimal. Thegoalof
this studywasto evaluateselectedCalifornia varietiesfor susceptibilityandresponséo RWW.
In previousyears this studywasconductecat the RES. Naturally-occurringRWW populations
havebeenlow-moderateandthis hashinderedthe progresdor this study. In 2004and2005 this
studywasdoneat a growerfield locationthathistorically hashada high RWW infestation.
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Ricevarietieswerechoserto covertherangeof rice types,maturities,andcommorty
grownvarietiesin California. In total, twelve differentvarietieswerecompaed:
.L-205
.M-104
.M-204
.Calmati201
. Calhikari201
.PI1506230
.M-205
.M-202
.M-206
10.5102
11.Calmochi101
12.M-401

O©oOoO~NOOITA WNPE

This objectivewasdividedinto two importantquestions
1.) areall varietiesequallysusceptibldpreferredoy) to RWW infestationby adultsand
establishment/survivdly RWW immaturesand
2.) givenanequalinfestationlevel by RWW larvae,aretheyield lossesqualamongthe
varieties(do somevarietiesrespondnorenegativelyto root pruningthanothervarieties).
Eachvarietywasseedednto 8 plots (10 x 20 ft.); four plotsweretreatedwith aninsecticidefor
RWW on 25 May andfour plotswereleft untreated.The studywassetup asarandomized
completeblock designwith four replicates.

Methods:

Plots werefloodedon 27 May andseededn 28 May. RWW adultfeedingscars,
seedlingestablishmentating,larval populationnumbersandgrainyields (144 sq.ft areataken
with the smallplot harvesterweredeterminedasdescribedreviously. The amountof feeding
scarswasusedto evaluatesusceptibilityto adultinfestation the numberof RWW larvaeper plot
in the untreatedplotswasindicative of the conducivenessf the varietyto RWW infestationand
thedifferencein yield betweerthetreatedanduntreatedplots of a givenvarietywasusedto
showplantresponseo thefeeding.

Results:

ThenaturallyoccurringRWW populationwasmoderatan this plot area. Percentage
scarredplants,averagedcrosshe varietiesweresimilar (3% for bothtreatedand for untreated
plots). Amongthevarieties whenuntreatedpercentagscarredplans rangedrom 1.5 (M-206)
to 5% (S-102 (Table12). Therewereno significantdifferences.This would beanindicationof
relativeattractvenesf thevarietiesto RWW adultfeeding. We alsoratedthe plotsfor
“bleaching”from a Ceran& herbicideapplicationin earlyJune Therewasanindicationthatthe
varietieswererespondingo this materialto differentdegrees.A 1 to 5 visualrating systemwas
usedwith 1 beingnormalgreenand5 beingtotally white. Indeedthereweresignificant
differencedn the phytotoxicitywith L-205andM-104 showingthe leastdamageandM-204
numericallyshowingthe mostdamagegTable12). RWW populationsvereassessedn two
daeswith the secondbeingtoo late to samplethe populationwell. Looking atthe datafrom the
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first sampledate thereweresignificantdifferencesn the populationlevel. Therewere
significantlymorelarvaein M-206andM-205thanin Calhikiri-201(Table 12). Theseresults
areindicativeto therelativesusceptibilityof the varietiesto infestation. Theinsecticide
treatmenboverallreducedarval populationshy about60%.

Grainyieldsrangedrom 1816(M-401) to 7682lbs./A (M-205) (Fig. 9) [M-401yield
wasseverelyimpactedby bird damagedueto its early maturityandthe needto wait for some
otherentriesto mature]. The RWW populationwastoo low to substantialljimpactgrainyields
In six of thevarieties therewasa yield advantagdor the plotswhereRWW wascontrolledand
thisaveraged.0%.

2.3) Evaluatethe influenceof rice seedlingestablishmentmethodsof RWW andarmyworm
populations.

Refinedrice seedlingestablishmentechniquesrebeinginvestigatecatthe RES
primarily as a meango improveweedmanagementHowever thesetechniqueswill alsolikely
affectinsectpestpopulationgandalsoperhapsnosquitoes).ln 2006, plotswith the following
variationsof rice standestablishmeniveresetup: 1.) Conventionalvaterseeded 2.)
Conventionadrill seede@3.) Delayedspringtilled waterseedeg4.) Staleseedbedno spring
tillage) waterseededand>5.) Staleseedbedno springtillage) drill seeded Previouswork has
shownthatdrill-seedingnearlyeliminatesRWW popuktions. The staleseedbedechniquemay
alsoreduceRWW numbersf theweevil adultsareattractedo thefield whenit is initially
floodedandtheywould subsequentlpe eliminatedduringthe drydown.

In 2006, we monitoredRWW populationgadultscaring andlarval numbersyaswell as
armywormpopulationgn this seedlingestablishmenstudy. Datawerecollectedon 11 June
(adultscarring)and21 Julyand11 Aug. (RWW larvae)usng standardsnethods. RWW
infestationin this plot waslow. Adult scaring did notdiffer significantlyamongthetreatments
(Table13) butdid rangeup to 18.8%scarredolantsin the staleseedbecho till waterseeded
treatment. This wasabout3x moredamagehaninn thedrill-seededlots. Larval populations
weresignificantly higher(a5X difference)in the delayedspringtill waterseededreatmenthan
in the staleseedbeahottill drill-seededreatmen{Tablel3).

Objective 3: To investigateaspect®f armywormbiology asa meansf determiningthereasons
for anincreasan armywormpopulationdn rice in recentyears.

Two specieof armywormsarepresenin Sacrament®alley rice fields; the western
yellow-stripedarmyworm(Spodopteragraeficg andthe Atrue@armyworm(Pseudaletia
unipunctg andseento be adaptingto therice agroecosystermandbecominga moresignificant
pest. Armywormscandamageice 1.) by defoliationand?2.) by feedingon developingpanicles
andkernels. Thelatterdamagas muchmoreimportantthanis simpleleafremoval.An
insecticic applicationto controlthesearmywormpestss now commonin somerice production
areas.Besideshinderingthe profitability, mid-seasorapplicationsof broadspectrumnsecticide
havethe potentialto upsetthe “balance”in rice fields andto promotepopulationsof mosquitoes.

Studiescontinuedn 2005to investigatearmywormbiology andmanagement.
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3.1) Investigatehe biology of armywormsin rice asa meango understandecentpopulation
increase.

3.1.1).Studytherole of weedpopulationson armyworm populationdn rice.

Thetwo specief armywormshavesimilaritiesanddifferences.Both havemanyhost
plantswith the true armywormsstronglypreferringgrassesindcerealsalthoughtheywill infest
variousvegetablegincludingbean beet,calbage carrot,cauliflower,corn,cucumber]ettuce,
onion, pea,pepperradish,andsweetpotato),fruits, legumesandweeds especiallywhenthey
areonthemarch. Thewesternyellow-stripedarmywormis describecasa very generaffeeder,
reportedlydamagingvegetablecrops(includingasparagudyean beet,cabbagecantaloupe,
carrot,corn,cucumber]ettuce,onion, pea,potato,rhubarb sweetpotato,tomato,andturnip),
fruit crops(blackberry grape peach)andfield cropssuchasalfalfa, cotton,clover, sorghum,
soybeansugarbeetsunflower,tobaccoandwheat.Numerousveedspecieostsarealso
knownto be suitablehostsandin manycaseswesternyellow-stripedarmywormdevelopdirst
onweedor rangelandglants,beforemovingonto crops.lt is reportedto only lay eggson broad
leaf weedsandprefersto feedon theseplantsoverrice. Thereforeweedpopulationamay
influencepopulationsof armyworms. We continuedinvestigatons of this relationshipin 2006
by settingup plotswith 1.) veryfew weeds2.) predominantlygrassyweeds 3.) predominantly
broadeafweedsand4.) bothgrassyandbroadleafweeds. This wasdoneby treatingplots (20
by 50 ft.) with Clincher (on 27 June) Shark (on 17 June) or bothmaterials. Datawerecollected
weeklyon armywormpopulationsandon weedincidence.

Armywormpopulationswverefairly low but peakedon 5 Aug. andwerehighestin the
plotswith noweedcontrd (Fig. 10). Theseplotsalsohadthe mostweedsandwereprimarily
infestedwith ricefield bulrush,beardedsprangleto@ndsomearrowheadin broadleafplots).

3.1.2).Investigateghetiming of armywormmothflight in therice productionregionand
relationshipto armywormlarval populationsn rice fields.
3.1.3).Investigatehefactorsthatinfluencearmywormpopulationsn growerrice fields.

Pheromondrapsareusedin severakropsto gaininsightson thetiming of movemenof
pestpopulations.Pheromonaechnologyis especiallywell-developedor mothpests.
Informationfrom phelomonetraps,coupledwith knowledgeof theinfluenceof temperaturef
key eventan the pestlifecycle, canbea usefulpredictivetool. We startedwork in 2003to study
thetiming of armywormadultflight with pheromonéraps. This work wascontinuedin 2005.
Separaterapsfor westernyellow-stripedarmywormandAtrue@armywormwereplacednear
ricefieldsin 4 locationsin ColusaCo. and3 locationsin Butte Co; thesetwo speciesutilize
differentpheromonesMothswerecollectedfrom trapsweekly. In addition,larval populations
weremonitoredin 6 and7 rice fieldsin ColusaandButte Co.,respectivelyeveryweek.
Observationsvererecordedasto the patternof armyworminfestationin thefields.

Armyworm moth capturesn 2003and2004exhibited distinctpeaksj.e., periodsof very
few mothscapturedollowed by periodsof high activity. Thesepeaksarerepresentativef the
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variouslife cyclegenerationgor this pest. In 2005 from July to Septembethe truearmyworm
exhibiteda highflig ht peakin mid-July andagainin late Aug. (Fig. 11). Thelate Aug. peakwas
only seenin Butte Co. Westernyellow-stripedarmywormmoth captureseally showedno peaks
in 2005;moreof aconstanbutlow flight duringJuly andAugust. Giventypical mid-summer
temperaturesabout22-25 degreedayswill accumulatdor armywormdevelopmenperdayand
thereforeabout35-40 daysareneededor a completegeneratior{eggsthroughthe cyclebackto
eggs) As shownin Fig. 12, the mid-July peakcorrespond$o a mid-July peakfoundin therice
field searche$or armywormlarvae. Populationgpeakedat 6 wormsfoundper 15-minutesearch
atthistime. Armyworm larvaewerecollectedin July andAugustandheldin thelaboratoryon
artificial diet. After afew days,if thelarvawasparasitizedit wasobvious. A significant
portion of thearmywormswereparasitizedasshownin Fig. 13. Percentagesf parasitism
rangedupto 57%on 9 Aug. Two specief parasitearecommon;theseareboth smallwasps.
Onwesten yellow-striped armywormlarvaethe commonparasitds Hyposoterexiguaewhereas
Apantelegnilitaris is mostcommonon true armywormlarvae. Havetheseparasiticwasps
becomdesscommonor delayedor impededn termsof their periodof activity? Thisis anarea
thatwarrantsadditionalresearctbut could play arole in armywormlarval populationsbuild-up
to treatabldevelsin rice field. In summaryjt doesappeaihatthe useof pheromondrapscould
provideaforewarningof thetime samplingneeddo beintensifiedfor armywormsn rice fields.

Objective 4: To determinethe mosteffectivecontrol of armywormsn rice.

4.1) Armyworm chemicalcontrol- Comparisorof the efficacy of experimentamaterialsversus
registeredstandards.

Severhbiorationalproductsareavailablethatcould controlarmywormswell in rice.
Thesewould beinnocuougo mostnontargets. We conductedaninsecticideefficacytest
againstarmywormin 2005atthe RES. Thefollowing treatmentsvereapplied,1.) Dimilin 2L at
80z./A,2.) Dipelat2 gt./A, 3.) Warriorat 3.840z./A,4.) Stewardat 11.30z./A, and5.)
Untreated. Thetreatmentsvereappliedon 18 July with abackpacksprayer. At 3 days
following application theworm populationhadceasedn all plotssono useabledatawas
obtained.

Objective 5: Conductappropriatemonitoring,exploratoryresearchandeducationahbctivities
on emergingandnewexoticrice invertebratepests

Numerougice insectpestgandrelatedorganismspccurin otherstateand countriesbut not
in California. Thosethatarepresenin the southernJ.S. potentiallyposethe mostthreatto
Californiarice sincethe environmentatonditionsarenot drasticallydifferent. Throughthis
project,we maintainavigilant watchfor exotic pestshroughour visits to numerousice fields
throughouthe Sacrament&/alley. Therice stink bugis a significantrice pestin the southern
US butit fortunatelyis notin California. Stemborersarebecominga biggerissuefor rice
productionin the South. In particular,the Mexicanrice borerandsugarcan®orerare
problematic. Thesedo not occurin California,but couldlikely flourish here. Finally, anew
insectpesthasoccurredn the Southduringthelastfew years. It is relatedto ourrice leafminer
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(samescientificgenus)andis calledtherice whorl maggot. Thelarval stagefeedsin the whorl
andkills theseedlingga differentdamagepatternthanour rice leafminer). We provide
educationamaterialson thesepestsandremainawarefor anyotherpossibilitiesof exotic pests
of rice.
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CONCISE GENERAL SUMMARY OF CURRENT YEAR=S(2005)RESULTS:
Larry D. Godfrey,RichardLewis,andKareyWindbiel

Researchvasconductedn 20050n variousaspect®f rice waterweevil (RWW) andarmyworm
(AW); studieswere generallydividedinto thoseon the biology andmanagemenf eachof these
two majorrice arthropodpests. Resultswill aidin refiningthe IPM schemesgor thesepestsas
well asto continueto build uponthe existingcosteffectiveandenvironmentalf compatible
managemenprogramsn rice. BestManagemenPracticehavebeendevelopedandputforth
for theindustryto aid in mitigation of mosquitopopulatons. This areahastakenonadded
importancewith theemphasi®on WestNile Virus in California. A studywascontinuedto
evaluatethe effectsof registerecandexperimentalice insecticideson nontargetinvertebratesn
rice fields. Theseorganismgouldplay animportantrole in mosquitomanagemensSignificant
progressvasmadeon all objectves. InconsistenRWW andAW populationshindereddata
collectionon acoupleof studiesbut overallsuccessvasachieved. Therice waterweevilis the
mostimportantinvertebratgestof Californiarice, althougharmywormsarebecomingmore
important. Dimilin” 2L, Warrior’, Proaxig, andMustand aretheinsecticidesusedto control
both of thesepests. The efficacyof newinsecticidesandmanagemenapproachesverestressed.

Rice Water Weevil: Studieswerecontinuedn 2005in ring plotsandin largefield plotsto
evaluateexperimentamaterialsversugegisteredstandard$or RWW controlandto modify the
usepatternsof the existingproductto facilitate managementTwenty-two treatmentga total of
tendifferentactiveingredients)vereestabishedin ring plotsto accomplishthis research.
Researcltontinuedon threeexperimentalnsecticideactiveingredients Etofenprox,
Dinotefuron,andSteward andbegarwith another\V10170. Effortsin thisresearcltareahave
increasedecentlydueto the cancellationof Icon registrationin the southerrrice, the additional
scrutinyplacedonrice insecticideslueto WestNile Virus, andsomeemergingenvironmental
issueswith pyrethroidinsecticides.Etofenproxappliedat the 3-leaf stageprovidedvery good
RWW control; Etofenproxappliedprefloodwasineffective. Indoxacrbappliedat the 3-leaf
stage wasvery effectivefor RWW controlalthoughthe higher(0.110z.) ratewasneeded.The
lower rateaswell asa prefloodapplicationwasineffective. Dinotefuronwasalsoeffective
althoughsomewhatessthanthe othertwo products. Finally V10170providednearly100%
RWW controlat theratesandapplicationmethodgested. A biological matieralwasalso
evaluatedn thisring testandin anotherfield testin 2005. A granularformulationof
Azadirachtin(Neemazd]) atthetwo testedratesdid not provideRWW control. In thesecond
field test,Neemazahlsowasineffectivewith six testedrates/applicatioomethodshowever,a
liquid formulationof this material(Aza-Direct’) showedmoderateactivity. Greenhousstudies
wereusedto investigatehis biological materialfurtherandtherewasa definite rateresponse,
especiallywith the AZA-Direct product. Rateshigherthan0.015Ibs. Al/A wereeffecive with
the postflood timing beingslightly betterthanthe prefloodtreatmentThe Neemazaproduct
wasalsolesseffectivein greenhousstudies. The modeof actionof Azadirachtinon RWW was
investigatedthe productaffectsdifferentspeciesf insectsin differentways.RWW were
sterilizedby feedingon treatedfoliage; however studieson repellencywereinconclusive.
Additional studiesin smallfield plotswerehindereddueto low RWW populationsin ring tests,
the efficacyof prefloodapplicatonsof pyrethroidinsecticidesagainsRWW wasstudied.
Warrior, ProaxisandMustang(applied4 daysbeforeflooding) providedgoodRWW larval
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control. Finally, studiesevaluatedhe effectsof insecticidetreatmentsn rice on populationsof
invertebrag nonttargets. Resultsfrom 2004field collectionswerefinalizedandthe 2005
samplesarestill beingsorted,countedandsummarized.Prefloodapplicationsof Warrior had
minimal effectson the numberof aquaticinsectsandthe numberof invertebratesn 2004. For
the postflood applicationgfive differentproductsweretested)jt appearshatsomeproducts
(etofenproxMustang)havesomeshortterm detrimentaleffectson populationsof aquatic
insectsandthatmost if notall, theinsecticidegedwcedlevelsof otherinvertebratesor 2-3
weeksafterapplication. Someof thesereductionsverein the50%range;i.e., Warrioron
invertebrate®n 17 June. However afterthis initial reductionthe populationgecoveedand
were not affectedthe restof the season.Warrior wasevaluatedasa representativenaterialthat
couldbeappliedagainstarmywormsn mid-July. The Warrior applicationwasquite damaging
to thesepopulations.

RWW biology wasstudiedin termsof adultflight, relative susceptibity of commonlygrown
rice varietiesto RWW infestationandto yield lossesandtheinfluenceof rice seedling
establishmenmethodsof RWW populationseverity. Thetiming of RWW adultflight was
delayedn 2005,aswastherice seedingbecaus®f the cool, wet spring. In 2005,therewere
minor flights from 26 April to 2 May andfrom 11 May to 13 May with the majority of the flight
(over75% of thetotal capture)occurringfrom 20 May to 26 May. A total of 978 RWW adults
werecapturedslightly morethanin 2004but about¥2 thetotalin 2003and1/8 thatin 2001.
Twelverice varietieswerecomparedor susceptibilityto andyield lossfrom RWW. Therewere
significantlymorelarvaein M-206 andM-205thanin Calhikiri-201; populationsnveresimilarin
the othervarietiesfrom within therandomizedlot area. An elevenfold differencein larval
populationsvasnotedbetweerthe mostandleastsusceptiblevariety. The RWW population
wastoo low to substantiallimpactgrainyields.In six of thevarieties,therewasayield
advantagéor the plotswhereRWW wascontrolledandthis averaged.0%. RWW populations
(adultscarringandlarval numbersiaswell asarmywormpopulationsvereevaluatedn therice
systemgseedlingestablishmenstudy. RWW infesitionin this plot waslow. Adult scarringdid
not differ significantlyamongthe treatmentsut did rangeup to 18.8%scarredplantsin the stale
seedbeaotill waterseededreatment. This wasabout3x moredamagehanin thedrill-seeded
plots. Larval populationsveresignificantlyhigher(a5X difference)in the delayedspringtill
waterseededreatmenthanin the staleseedbeaho till drill-seededreatment.

Armyworm Biology and Infestationsin Rice: Armywormshavedevelopednto significant
pestsof rice duringthelast~5 yearsandin someareasa mid-seasonnsecticidetreatmentor
this pestis common. Two specief armywomsarepresenin Sacrament&alley rice fields;
thewesternyellow-stripedarmyworm(Spodoptergraeficg andthe Atrue@armyworm
(Pseudaletiaunipunctg andseento be adaptingto therice agroecosysterandbecominga more
significantpest. Armywormscandamageice 1.) by defoliationand?2.) by feedingon
developingpaniclesandkernels. The latterdamagds muchmoreimportantthanis simpleleaf
removal. Thetwo specief armywormshavesimilaritiesanddifferences.Numerousveed
specieostsareknownto be suitablehostsandin manycasesyesternyellow-striped
armywormdevelopdirst on weedor rangelandlants,beforemovingonto crops.lt is reported
to only lay eggson broadleaf weedsandprefersto feedon theseplantsoverrice. Therefore,
weedpopulationamayinfluencepopulationsof armyworms. We continuedinvestigationsf this
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