
InIn bothboth experimentalexperimental andand commercialcommercial vineyards,vineyards, scientistsscientists examinedexamined thethe effectseffects ofof covercover 
insects.cropscrops onon thethe numbersnumbers ofof leafhopperleafhopper pestspests andand beneficialbeneficial Insects. 

CanCan covercover cropscrops reducereduce leafhopperleafhopper 
abundanceabundance inin vineyards?vineyards? 
 
KentKent M.M. DaaneDaane CI0 MichaelMichael J.J. CostelloCostello 

InIn 33 ofof 44 vineyardsvineyards wewe studied,studied, 
late-seasonlate-season leafhopperleafhopper densitydensity 
waswas lowerlower onon vinesvines inin covercover 
croppedcropped plotsplots thanthan inin plotsplots withwith 
nono covercover crops.crops. However,However, thethe 

‘reductionlevellevel ofof leafhopperleafhopper ~reduction 

economi-(about(about 15%)15%) waswas rarelyrarely economi­
mecha-callycally importantimportant andand thethe mecha­

nismsnisms leadingleading toto reductionreduction werewere 
notnot clear.clear. ForFor example,example, therethere 

num-werewere fewfew differencesdifferences inin thethe num­
berber ofof leafhopperleafhopper predatorspredators oror 
parasitoids onparasitoids on thethe vinesvines inin 
covercover croppedcropped versusversus nono covercover 

sig-plots.plots. However,However, therethere werewere sig­
differ-nificantnificant between-treatmentbetween-treatment differ­

encesences inin vinevine growth.growth. PlotsPlots withwith 
seasonwideseasonwide maintenancemaintenance ofof aa 
covercover cropcrop andand residentresident grassesgrasses 
hadhad aa reductionreduction inin vinevine vigor.vigor. 

asso-LowerLower vinevine vigorvigor hashas beenbeen asso­
ciatedciated withwith lowerlower leafhopperleafhopper 
densitiesdensities and,and, inin ourour studiesstudies 
conductedconducted fromfrom 19931993 toto 1996,1996, 
thosethose plotsplots withwith reducedreduced vinevine 

re-vigorvigor oftenoften hadhad thethe greatestgreatest re­
leafhop-ductionduction inin late-seasonlate-season leafhop­

perper density.density. 

CoverCover cropscrops havehave beenbeen usedused toto at­at-
po­tracttract beneficialbeneficial insectsinsects thatthat willwill po­

tentiallytentially suppresssuppress pestpest populations.populations. 
Indeed,Indeed, manymany grapegrape growersgrowers areare 
managingmanaging floorfloor vegetationvegetation asas oneone 
componentcomponent ofof theirtheir integratedintegrated pestpest 
managementmanagement (IPM)(IPM) programprogram (Mayse(Mayse 
etet al.al. 1995;1995; CostelloCostello andand DaaneDaane 
1998c),1998c), andand somesome growersgrowers andand re­re-
searcherssearchers havehave observedobserved lowerlower leaf­
hopperhopper numbersnumbers afterafter thethe additionaddition ofof 
aa covercover cropcrop toto somesome vineyards.vineyards. Still,Still, 
thethe rolerole ofof covercover cropscrops inin vineyardvineyard 
IPMIPM isis notnot wellwell understood,understood, andand 
theirtheir useuse toto helphelp managemanage leafhoppersleafhoppers 

leaf-
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adultsadults andand nymphsnymphs damagesdamages leafleaf tis­
sue,sue, whichwhich decreasesdecreases photosynthesisphotosynthesis 

tis-

andand cancan leadlead toto defoliation.defoliation. AsAs leaf­leaf-
honey-hoppershoppers feed,feed, theytheyproduceproduce honey­

dew,dew, whichwhich actsacts asas aa substratesubstrate forfor 
sootysooty moldsmolds thatthat reducereduce thethe qualityquality ofof 

leafhop-grapes.grapes. Additionally,Additionally, adultadult leafhop­
pers,pers, flyingflying atat harvest,harvest, cancan hinderhinder 
vineyardvineyard workers.workers. 

WeWe usedused spidersspiders toto comparecompare rela-rela­
tivetive differencesdifferences betweenbetween generalistgeneralist 

~ predatorpredator populationspopulations inin covercover cropcrop 
~ andand inin nono covercover treatmentstreatments forfor severalseveral 

reasons.reasons. First,First, thethe vastvast majoritymajority ofof leaf­
hopperhopper predatorspredators onon thethe vinesvines areare spi-spi­

leaf-

TheThe firstfirst instarinstar grapegrape leafhopperleafhopper emergingemerging Sec-dersders (Costello(Costello andand DaaneDaane 1998b).1998b). Sec­
fromfrom Its egg.egg. StudiesStudies indicateindicate thatthat thesetheseits ond,ond, exclusionexclusion experimentsexperiments havehave
smallsmall leafhopperleafhopper stagesstages areare sensitivesensitive toto 

shownshown thatthat spidersspiders cancan affectaffect leafhop­vinevine conditions,conditions, suchsuch asas waterwater stress,stress, leafhop-
whichwhich cancan bebe influencedinfluenced byby thethe presencepresence al.perper abundanceabundance (Zalom(Zalom etet a1. 1993).1993). 
ofof perennialperennial covercover croppingcropping systems.systems. Third,Third, covercover cropscrops cancan influenceinfluence spiderspider 

speciesspecies compositioncomposition (Costello(Costello andand 
andand otherother vineyardvineyard pestspests isis aa contro­contro- in-DaaneDaane 1998a)1998a) andand mightmight helphelp toto in­
versialversial practice.practice. creasecrease spiderspider numbersnumbers byby providingproviding 

HowHow mightmight thethe additionaddition ofof aa covercover (in-habitathabitat andand alternatealternate foodfood sourcessources (in­
abun- sectssects andand mitesmites onon thethe covercover cropcrop arearecropcrop leadlead toto lowerlower leafhopperleafhopper abun­


dance?dance? TheThe benefitsbenefits ofof increasedincreased plantplant potentialpotential prey).prey).
 
diversitydiversity forfor pestpest managementmanagement havehave TheThe mostmost importantimportant leafhopperleafhopper
 
longlong beenbeen debated.debated. InIn aa numbernumber ofof parasitoidsparasitoids areare AnagrusAnagrus erythroneuraeerythroneurae
 
croppingcropping systems,systems, researchersresearchers showedshowed for-
andand AnagrusAnagrus daanei,daanei, whichwhich werewere for­
thatthat naturalnatural enemyenemy densitiesdensities increaseincrease merlymerly groupedgrouped togethertogether asas AnagrusAnagrus 

be- eposepos (Triapitsyn(Triapitsyn 1998).1998). FemaleFemale AnagrusAnagrusinin moremore diversediverse croppingcropping systemssystems be­

causecause thethe addedadded vegetationvegetation providesprovides laylay aa singlesingle eggegg intointo aa leafhopperleafhopper egg,egg,
 
additionaladditional habitathabitat and/orand/or foodfood en-
wherewhere thethe parasitoidparasitoid completescompletes itsits en­
(Andow(Andow 1991;1991; BuggBugg andand WaddingtonWaddington develop-tiretire egg,egg, larvallarval andand pupalpupal develop­
1994).1994). AlternateAlternate foodfood cancan bebe otherother preyprey leaf-mentment periods,periods, emergingemerging fromfrom thethe leaf­
speciesspecies (e.g.,(e.g., aphidsaphids onon thethe covercover crop)crop) hopperhopper eggegg asas anan adultadult parasitoid.parasitoid. 

parasi- TheseThese tinytiny waspswasps cancan barelybarely bebe seenseenoror foodfood forfor adultadult predatorspredators oror parasi­

toids honey- withoutwithout aa microscope,microscope, yetyet theythey areare
toids (e.g.,(e.g., pollen,pollen, nectarnectar andand honey­

dew).dew). WhileWhile covercover croppingcropping isis thethe foundfound inin allall vineyardsvineyards andand byby thethe endend
 
mostmost commoncommon methodmethod toto increaseincrease ofof thethe seasonseason theythey outnumberoutnumber allall otherother
 
plantplant diversitydiversity inin vineyards,vineyards, therethere areare leafhopperleafhopper naturalnatural enemies.enemies. AnagrusAnagrus
 
relativelyrelatively fewfew scientificscientific studiesstudies thatthat havehave spp.spp. cancan effectivelyeffectively reducereduce westernwestern
 
documenteddocumented itsits rolerole inin vineyardvineyard IPM.IPM. grapegrape leafhopperleafhopper densities;densities; however,however,
 

Here,Here, wewe summarizesummarize experiments,experiments, theythey dodo notnot provideprovide goodgood controlcontrol ofof 
conductedconducted fromfrom 19931993 toto 1996,1996, thatthat al.thethe variegatedvariegated leafhopperleafhopper (Settle(Settle etet a1. 
soughtsought toto determinedetermine thethe relationshiprelationship al.1986;1986; PickettPickett etet a1. 1987).1987). InIn theory,theory, 
betweenbetween covercover cropping,cropping, leafhopperleafhopper covercover cropscrops cancan provideprovide alternatealternate foodfood 
numbers,numbers, abundanceabundance andand speciesspecies com­com- car-forfor adultadult AnagrusAnagrus spp.spp. thatthat feedfeed onon car­
positionposition ofof spiders,spiders, parasitismparasitism byby bohydratebohydrate sourcessources (e.g.,(e.g., sugarssugars inin 
AnagrusAnagrus species,species, andand changeschanges inin vinevine plantplant nectar).nectar). 
condition.condition. LeafhoppersLeafhoppers preferprefer vigorouslyvigorously 

TwoTwo leafhopperleafhopper speciesspecies areare impor­impor- al.growinggrowing vinesvines (Trichilo(Trichilo etet a1. 1990).1990). 
tanttant vineyardvineyard pests:pests: thethe westernwestern grapegrape experi-WhenWhen thisthis relationshiprelationship waswas experi­
leafhopper,leafhopper, ErythroneuraErytkroneura elegantula,elegantula, cor-mentallymentally tested,tested, excessexcess irrigationirrigation cor­
andand thethe variegatedvariegated leafhopper,leafhopper, relatedrelated withwith higherhigher leafhopperleafhopper nymphnymph 

al. andand adultadult densities,densities, largerlarger leafhopperleafhopperErythroneuraErythroneura variabilisvariabilis (Wilson(Wilson etet a1.
 
1992a,1992a, 1992b).1992b). FeedingFeeding byby leafhopperleafhopper sizesize andand moremore leafhopperleafhopper eggseggs depos-depos­

2828 CALIFORNIACALIFORNIA AGRICULTURE,AGRICULTURE, VOLUMEVOLUME 52,52, NUMBERNUMBER 55 

al. Be-itedited onon leavesleaves (Daane(Daane etet a1. 1995).1995). Be­
causecause somesome covercover cropscrops cancan competecompete 
withwithvinesvines forfor waterwater andand nutrientsnutrients 
theythey cancan affectaffect vinevine vigorvigor (Wolpert(Wolpert etet 
al.a1. 1993).1993). 

StudyStudy sitessites 

dif-WeWe conductedconducted studiesstudies atat fourfour dif­
ferentferent sitessites inin thethe SanSan JoaquinJoaquin Valley.Valley. 
ThreeThree ofof thethe sitessites werewere atat commercialcommercial 
vineyardsvineyards (table,(table, raisinraisin andand winewine 
grapes),grapes), wherewhere plotplot sizessizes werewere large;large; 

UC sta-oneone sitesite waswas atat aa DC experimentexperiment sta­
tiontion (juice(juice grapes),grapes), wherewhere plotplot sizesize waswas 
relativelyrelatively small.small. NoNo insecticidesinsecticides werewere 
appliedapplied forfor leafhopperleafhopper controlcontrol duringduring 
thethe study.study. TheThe raisinraisin vineyardvineyard waswas 
treatedtreated withwith propargitepropargite (Omite)(Omite) inin latelate 
MayMay 19941994 forfor spiderspider mitemite control,control, 
whichwhich loweredlowered thethe densitydensity ofof thethe firstfirst 
leafhopperleafhopper generation.generation. 

JuiceJuice grapegrape site.site. InIn aa juicejuice grapegrape 
vineyardvineyard (cv(cv ThompsonThompson Seedless)Seedless) atat 

UCthethe DC KearneyKearney AgriculturalAgricultural CenterCenter inin 
Parlier,Parlier, wewe testedtested twotwo treatments:treatments: (1)(1) 
nono covercover cropcrop andand (2)(2) covercover cropcrop andand 
residentresident vegetationvegetation presentpresent allall season.season. 

estab-TheThe nono covercover cropcrop plotsplots werewere estab­
lishedlished byby diskingdisking underunder allall groundground 
vegetationvegetation inin MarchMarch andand maintainedmaintained 
byby diskingdisking everyevery monthmonth thereafter.thereafter. InIn 
fallfall 19921992 andand 1993,1993, thethe covercover cropcrop plotsplots 

4:lwerewere seededseeded withwith aa 4:1 mixturemixture ofof 
purplepurple vetchvetch (Vicia(Vicia benghalensis)benghalensis) andand 

(Hordeurn 25 lb/acbarleybarley (Hordeum vulgare)vulgare) atat 25lb/ac 
(25(25 kg/ha).kg/ha). ToTo maintainmaintain thethe covercover cropcrop 
plots,plots, thethe in-rowin-row groundground vegetationvegetation 
waswas mowedmowed periodically;periodically; however,however, nono 
weedweed controlcontrol waswas usedused onon thethe bermsberms 
directlydirectly underunder thethe vines.vines. AsAs thethe seededseeded 
covercover cropcrop drieddried downdown duringduring thethe 
summer,summer, itit waswas naturallynaturally replacedreplaced byby aa 

in-mixturemixture ofof residentresident grasses,grasses, whichwhich in­
cludedcluded cupgrasscupgrass (Eriochloa(Eriochloa gracilis),gracilis), 
largelarge crabgrasscrabgrass (Digitaria(Digitaria sanguinalis),sanguinalis), 
andand yellowyellow foxtailfoxtail (Setaria(Setaria gracilis).gracilis). TheThe 
treatmentstreatments werewere setset inin aa randomizedrandomized 

repli-completecomplete blockblock design,design, withwith sixsix repli­
cates.cates. PlotsPlots werewere 0.110.11 acreacre eacheach (0.05(0.05 
ha, 4 col-ha,4 rowsrows xx 1313 vines).vines). DataData werewere col­
lectedlected fromfrom MayMay toto SeptemberSeptember inin 19931993 
andand 1994.1994. 

TableTable grapegrape site.site. InIn aa tabletable grapegrape 
vineyardvineyard (cv(cv RubyRuby Seedless)Seedless) nearnear 
Reedley,Reedley, twotwo treatmentstreatments werewere tested:tested: 
(1)(1) nono covercover cropcrop andand (2)(2) covercover cropcrop 
and/orand/or residentresident vegetationvegetation presentpresent allall 



season.season. TheThe nono covercover cropcrop plotsplots werewere 
establishedestablished byby tillingtilling underunder allall groundground 
vegetationvegetation inin March,March, andand maintainedmaintained 
freefree ofof vegetationvegetation byby eithereither applyingapplying 
multiplemultiple glyphosateglyphosate sprayssprays (1993)(1993) oror 
byby cultivatingcultivating thethe middlesmiddles betweenbetween thethe 
rowsrows andand FrenchFrench plowingplowing thethe bermsberms 
directlydirectly underunder thethe vinesvines (1994(1994 andand 
1995).1995). InIn NovemberNovember 19921992 andand 1993,1993, thethe 
covercover cropcrop plotsplots werewere seededseeded withwith aa 
4:l4:1 mixturemixture ofof purplepurple vetchvetch (Vicia(Vicia 
bengkalensis)benghalensis) andand barleybarley (Hordeum(Hordeum 

lb/ac kg/ha). No-vulgare)vulgare) atat 2525 lb / ac (25(25 kg/hal. InIn No­
vembervember 1994,1994, thethe sitesite waswas seededseeded toto aa 

(Viciafava),1:1:11:1:1 mixturemixture ofof favafava beansbeans (Vicia Java), 
AustrianAustrian winterwinter peaspeas (Pisum(Pisum sativum)sativum) 
andand commoncommon vetchvetch (Vicia(Vicia sativa)sativa) atat 5050 

kg/ha).lb/aclb/ac (50(50 kg/hal. TheThe covercover cropcrop plotsplots 
werewere mowedmowed inin March,March, allowedallowed toto re­
grow,grow, maturemature andand setset seed.seed. AfterAfter thethe 
sownsown covercover cropcrop wentwent toto seed,seed, itit waswas 
naturallynaturally replacedreplaced byby residentresident grasses,grasses, 

re-

whichwhich includedincluded cupgrass,cupgrass, largelarge crab­
grass,grass, yellowyellow foxtailfoxtail andand knotweedknotweed 
(Polygonum(Polygonum aviculare).aviculare). TheThe treatmentstreatments 
werewere setset inin aa randomizedrandomized completecomplete 
blockblock design,design, withwith fivefive replicates.replicates. PlotsPlots 
werewere 1.41.4 acresacres eacheach (0.56(0.56 ha,ha, 88 rowsrows xx 
8080 vines).vines). DataData werewere collectedcollected fromfrom 
MayMay toto October,October, 19931993 toto 1995.1995. 

WineWine grapegrape site.site. InIn aa winewine grapegrape 
vineyardvineyard (cv(cv CabernetCabernet Sauvignon)Sauvignon) inin 

crab-

treat-Woodbridge,Woodbridge, wewe testedtested twotwo treat­
ments:ments: (1)(1) nono covercover cropcrop andand (2)(2) covercover 
cropcrop ofof perennialperennial grassesgrasses thatthat areare na­
tivetive toto California.California. TheThe nono covercover plotsplots 
werewere maintainedmaintained byby tillingtilling underunder allall 
groundground vegetationvegetation inin MarchMarch andand everyevery 
twotwo weeksweeks thereafter.thereafter. InIn fallfall 1993,1993, thethe 

na-

covercover crop plots werewere seededseeded withwith aacrop plots 
1:1:11:1:1 nativenative grassgrass mixturemixture ofof blueblue 

bar-wildryewildrye (Elymus(Elymus glaucus),glaucus), meadowmeadow bar­
leyley (Hordeum(Hordeum brachyantherum) andand 
CaliforniaCalifornia bromebrome (Bromus(Bromus carinatus),carinatus), atat 

brackyantkerum) 

lb/ac kg/ha).aa raterate ofof 2525 lb / ac (25(25 kg/hal. TheThe 
covercover cropcrop waswas mowedmowed whenwhen neededneeded 

accom-andand in-rowin-row weedweed controlcontrol waswas accom­
mechanical' cultivation.plishedplished byby mechanicarcultivation. TheThe 

treatmentstreatments werewere setset inin aa randomizedrandomized 
repli-completecomplete blockblock design,design, withwith fourfour repli­

cates.cates. PlotsPlots werewere 1.11.1 acresacres eacheach (0.4(0.4 ha,ha, 
66 rowsrows xx 9090 vines).vines). DataData werewere collectedcollected 
fromfrom MayMay toto October,October, 19941994 toto 1996.1996. 

RaisinRaisin grapegrape site.site. WeWe usedused aa raisinraisin 
Seed-grapegrape vineyardvineyard (cv(cv ThompsonThompson Seed­

less)less) nearnear DelDel ReyRey toto testtest thethe benefitsbenefits 
ofof aa covercover cropcrop maintainedmaintained forfor onlyonly aa 

TrachelasTrachelas pacificus,pacificus, shownshown above,above, eatseats aboutabout 1212 leafhoppersleafhoppers perper day.day. InIn comparison,comparison, 
cobwebcobweb weaversweavers eateat onlyonly 11 oror 22 leafhoppersleafhoppers perper day.day. ScientistsScientists foundfound fewfew differencesdifferences onon 

plots withthethe vinevine inin spiderspider densitydensity oror speciesspecies compositioncomposition inin plots with oror withoutwithout covercover crops.crops. 

partpart ofof thethe growinggrowing season.season. BecauseBecause 
raisinsraisins areare typicallytypically drieddried onon thethe 
ground,ground, therethere mustmust bebe aa periodperiod nearnear 
harvestharvest withoutwithout covercover crop.crop. WeWe testedtested 
twotwo treatments:treatments: (1)(1) nono covercover cropcrop andand 
( 2 )(2) covercover cropcrop presentpresent throughthrough June.June. 
TheThe nono covercover plotsplots andand in-rowin-row weedsweeds 
inin thethe covercover cropcrop plotsplots werewere treatedtreated inin 

lb/acFebruaryFebruary ofof eacheach yearyear withwith 1.51.5 lb / ac 
kg/ha)(1.5(1.5 kg/hal eacheach ofof simazinesimazine andand 

oxyfluorfen.oxyfluorfen. ToTo establishestablish thethe covercover 
cropcrop plots,plots, inin NovemberNovember 19931993 andand 
1994,1994, aa 4:1 mixturemixture ofof purplepurple vetchvetch4:l 
(Vicia(Vicia benghalensis)benghalensis) andand barleybarley (Hor­(Hor­
deumdeum vulgare)vulgare) was seeded atat 1111 lb / acwas seeded lb/ac 

kg/ha).(11(11 kg/hal. TheThe covercover cropcrop waswas 
mowedmowed periodically,periodically, untiluntil earlyearly July,July, 
whenwhen itit waswas diskeddisked underunder toto prepareprepare 

ex-thethe vineyardvineyard floorfloor forfor harvest.harvest. TheThe ex­
random-perimentperiment waswas establishedestablished inin aa random­

izedized completecomplete blockblock design,design, withwith fourfour 
replicates.replicates. PlotsPlots werewere 1.51.5 acresacres eacheach 

col-(0.6(0.6 ha,ha, 88 rowsrows xx 100100 vines).vines). WeWe col­
lectedlected datadata fromfrom MayMay toto October,October, 19941994 
andand 1995.1995. 

SamplingSampling methodsmethods 

leafhop-AtAt allall sites,sites, wewe sampledsampled forfor leafhop­
ni-pers,pers, spidersspiders andand AnagrusAnagrus spp.spp. LeafLeaf ni­

trogentrogen statusstatus andand canecane growthgrowth werewere 
usedused toto estimate vine vigor.vigor. 

Leafhoppers.Leafhoppers. WeWe countedcounted nymphsnymphs 
onon 2020 oror 3030 leavesleaves perper plot,plot, withwith 
samplessamples takentaken nearnear thethe peakpeak densitydensity ofof 

estimate vine 

leafhoppereacheach leafll0pper generation.generation. InIn thethe SanSan 

JoaquinJoaquin Valley,Valley, leafhopperleafhopper generationsgenerations 
peakpeak inin latelate MayMay toto earlyearly JuneJune (first(first 
generation),generation), mid-to-Iate JulyJuly (second(second 
generation)generation) andand earlyearly SeptemberSeptember (third(third 

mid-to-late 

generation).generation). SampledSampled leavesleaves werewere se­
lectedlected fromfrom thethe middlemiddle row(s)row(s) ofof eacheach 
plotplot andand onon leafleaf nodesnodes 11 toto 3,3,44 toto 66 
andand 55 toto 1010 inin thethe first,first, secondsecond andand 

se-

respec-thirdthird leafhopperleafhopper generations,generations, respec­
tively,tively, toto followfollow leafhopperleafhopper densitydensity 

199213).patternspatterns (Wilson(Wilson etet al.al. 1992a,1992a, 1992b). 
Spiders.Spiders. WeWe sampledsampled spidersspiders usingusing 

methodsmethods describeddescribed byby CostelloCostello andand 
(1995,1997).DaaneDaane (1995, 1997). SamplesSamples werewere 

takentaken eacheach monthmonth fromfrom MayMay toto Sep­
tember.tember. AtAt thethe juicejuice andand tabletable grapegrape 
sites,sites, spidersspiders onon thethe vinesvines werewere 
sampledsampled byby layinglaying aa 10-foot-by-24-foot10-foot-by-24-foot 
(3(3 mm xx 7.37.3 m)m) muslinmuslin sheetsheet onon thethe 

Sep-

cov-groundground directlydirectly beneathbeneath thethe areaarea cov­
eredered byby thethe trunk,trunk, canescanes andand foliagefoliage ofof 

sec-twotwo adjacentadjacent vines.vines. ForFor aboutabout 1515 sec­
onds,onds, thethe vinevine foliagefoliage andand trunktrunk werewere 
shakenshaken toto dislodgedislodge predatorspredators ontoonto thethe 
muslinmuslin sheet.sheet. ExceptExcept forfor phytoseiidphytoseiid 
mites,mites, allall ambulatoryambulatory predatorspredators werewere 
collected.collected. AtAt thethe winewine andand raisinraisin grapegrape 
sites,sites, predatorspredators werewere sampledsampled withwith aa 
clothcloth funnelfunnel thatthat hadhad aa 2.8-foot-by-2.8­
footfoot (0.9(0.9 mm xx 0.90.9 m)m) PVCPVC frameframe atat thethe 

2.8-foot-by-2.8-

0.3-foot-by-0.3-fttoptop andand taperedtapered toto O.3-foot-by-O.3-ft 
(0.1(0.1 mm xx 0.10.1 m)m) atat thethe bottom.bottom. TheThe fun­
nelnel waswas heldheld underunder aa sectionsection ofof foliagefoliage 
betweenbetween twotwo vines,vines, andand thethe vinesvines werewere 
shakenshaken forfor aboutabout 1515 secondsseconds toto dis-dis-

fun-
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Fig.Fig. 1.1. MeanMean third-generationthird-generation leafhopperleafhopper 
nymphnymph countscounts (± SEM)SEM) showshow lowerlower pestpest 
densitiesdensities inin covercover cropcrop thanthan nono covercover 
treatmentstreatments inin (A)(A) juicejuice grapesgrapes -- 1993,1993, 

(k
 

1994;1994; (8) tabletable grapesgrapes -1993,1994,1995; 
andand (C)(C) winewine grapesgrapes --1995,1996. 

(B) -1993,1994,1995; 
1995, 1996. ThereThere 

waswas nono between-treatmentbetween-treatment differencedifference atat 
thethe (D)(D) raisinraisin grapegrape site.site. InIn eacheach yearyear andand 

differ-vineyard,vineyard, pairedpaired meansmeans followedfollowed byby differ­
entent lettersletters areare significantlysignificantly differentdifferent 
(Tukey(Tukey HSDHSD test,test, PP <c 0.05).0.05). DataData fromfrom thethe 
winewine grapegrape sitesite inin 19941994 areare fromfrom thethe sec­
ondond generationgeneration becausebecause severesevere defoliationdefoliation 
inin thethe thirdthird generationgeneration resultedresulted inin lowerlower 
leafhopperleafhopper densities.densities. 

sec-

lodgelodge spidersspiders intointo aa collectioncollection bagbag atat 
thethe bottombottom ofof thethe funnel.funnel. 

WeWe sampledsampled spidersspiders onon thethe covercover 
cropcrop byby placingplacing aa 3-foot-by-5-foot3-foot-by-5-foot (0.9(0.9 

se-mm xx 1.51.5 m)m) frameframe onon twotwo randomlyrandomly se­
lectedlected sectionssections ofof groundground covercover inin eacheach 

bound-plot.plot. SpidersSpiders withinwithin thethe frameframe bound­
ariesaries werewere collectedcollected withwith aa D-vac.D-vac. ForFor 
bothboth vinevine andand covercover crop,crop, wewe recordedrecorded 

col-thethe numbernumber andand speciesspecies ofof spidersspiders col­
transformed ”spi-lectedlected andand transfoI:ffied datadata toto "spi­

vine”dersders perper vine" basedbased onon thethe samplesample 
Be-areaarea (Costello(Costello andand DaaneDaane 1997).1997). Be­

ecologi-causecause therethere areare behavioralbehavioral andand ecologi­
calcal differencesdifferences amongamong spiderspider species,species, 
spiderspider abundanceabundance andand speciesspecies compo­
sitionsition cancan varyvary dramaticallydramatically amongamong 
vineyardsvineyards (Costello(Costello andand DaaneDaane 1995).1995). 

compo-
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Fig.Fig. 2.2. MonthlyMonthly meanmean spiderspider densitiesdensities inin 
thethe fourfour vineyardvineyard studystudy sites,sites, withwith covercover 
cropcrop andand nono covercover plots.plots. RepeatedRepeated Mea­Mea-

sig-suressures AnalysisAnalysis ofof VarianceVariance foundfound nono sig­
nificantnificant differencedifference inin totaltotal spiderspider abun­
dancedance atat sitessites inin (A)(A) juicejuice grapesgrapes (P(P == 

(P 0.606)0.606) andand (C)(C) 

abun-

0.639),0.639), (8)(8) tabletable grapesgrapes (P == 
sig-winewine grapesgrapes (P=(P= 0.318).0.318). ThereThere waswas aa sig­

nificantnificant 77%77% increaseincrease inin totaltotal spiderspider abun­abun-
(P=dancedance atat thethe (D)(D) raisinraisin grapegrape sitesite (P = 

0.001).0.001). DataData fromfrom oneone year,year, 1994,1994, areare pre­pre-
sentedsented fromfrom eacheach ofof the four vineyardsvineyards 
studied.studied. 

the four 

ForFor thisthis reason,reason, wewe analyzedanalyzed thethe spi­
derder communitycommunity byby individualindividual speciesspecies 
andand asas aa whole.whole. 

EggEgg parasitoids.parasitoids. WeWe determineddetermined 

spi-

percentagepercentage eggegg parasitismparasitism byby examin­
inging 2020 leavesleaves sampledsampled fromfrom vinesvines inin 
thethe middlemiddle row(s)row(s) ofof eacheach plot.plot. TheThe 
leavesleaves werewere collectedcollected fromfrom leafleaf nodesnodes 22 

examin-

3,5toto 3, 5 toto 77 andand 77 toto 1010 atat thethe endend ofof thethe 
gen-first,first, secondsecond andand thirdthird leafhopperleafhopper gen­

erations,erations, respectivelyrespectively (Wilson(Wilson etet al.al. 
1992a,1992a, 1992b).1992b). WeWe viewedviewed collectedcollected 

micro-leavesleaves throughthrough aa dissectingdissecting micro­
scopescope andand recordedrecorded thethe numbernumber ofof 
hatchedhatched andand parasitizedparasitized (parasitoid(parasitoid 
emergenceemergence hole)hole) eggs.eggs. 

VineVine vigor.vigor. LeafLeaf nitrogennitrogen statusstatus cancan 
indicateindicate vinevine vigorvigor (Kliewer(Kliewer etet al.al. 

eco-cancan bebe thethe moremore crucialcrucial periodperiod forfor eco­
nomicnomic damage.damage. Third-generationThird-generation 
nymphnymph densitiesdensities werewere significantlysignificantly 
lowerlower inin covercover cropcrop plotsplots inin allall yearsyears atat 
thethe juicejuice andand tabletable grapegrape sitessites (figs.(figs. lA,lA, 
1B)18) andand inin 22 ofof 33 yearsyears atat thethe winewine grapegrape 
sitesite (fig.(fig. 1C).1C). InIn thethe raisinraisin vineyard,vineyard, 
wherewhere thethe covercover cropcrop waswas diskeddisked underunder 
inin JulyJuly toto prepareprepare forfor harvest,harvest, therethere 

leaf-werewere nono significantsignificant differencesdifferences inin leaf­
hopperhopper densitiesdensities betweenbetween treatmentstreatments 
(fig.(fig. 10). ForFor allall sitessites andand yearsyears com­1D). com-
bined,bined, thethe averageaverage reductionreduction ofof third­
generationgeneration leafhopperleafhopper densitydensity waswas 
aboutabout 15%,15%, butbut inin onlyonly oneone casecase diddid thisthis 
reducereduce leafhopperleafhopper numbersnumbers belowbelow thethe 
acceptableacceptable levellevel ofof aboutabout 1515 toto 2020 

third-

1B--1994).nymphsnymphs perper leafleaf (fig.(fig. 18-1994). InIn 
otherother years,years, leafhopperleafhopper densitiesdensities werewere 
soso lowlow (e.g.,(e.g., fig.fig. 18-1995) oror soso highhigh1B-1995) 

1B--1993)(e.g.,(e.g., fig.fig. 1B-1993) thatthat thethe additionaddition ofof 
covercover cropscrops andand thethe resultantresultant reductionreduction 
inin leafhopperleafhopper numbersnumbers diddid notnot makemake aa 
practicalpractical change.change. 

WhatWhat reducedreduced leafhopperleafhopper numbers?numbers? 

WhatWhat mechanismsmechanisms couldcould havehave re­re-
lower leafhoppersultedsulted inin lower leafhopper densitiesdensities inin 

pos-covercover cropcrop plots?plots? WeWe discussdiscuss threethree pos­
num-sibilities:sibilities: (1)(1) aa changechange inin spiderspider num­

in-bersbers oror speciesspecies composition,composition, (2)(2) anan in­
creasecrease inin parasitoidparasitoid numbers,numbers, oror (3)(3) aa 
changechange inin vinevine condition.condition. 

Spiders.Spiders. CanCan thethe additionaddition ofof aa covercover 
leaf-cropcrop affectaffect spidersspiders toto helphelp reducereduce leaf­

hopperhopper pestpest problems?problems? OneOne possibilitypossibility 
isis thatthat therethere areare moremore spidersspiders onon vinesvines 
inin thethe covercover cropcrop plots.plots. InIn thisthis study,study, 
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Fig.Fig. 3.3. SpiderSpider speciesspecies compositioncomposition inin aa tabletable grapegrape vineyardvineyard (1993(1993 toto 1995)1995) showsshows widewide 
differencesdifferences betweenbetween spiderspider speciesspecies onon thethe vinevine andand thosethose onon thethe covercover crop.crop. 

however,however, wewe foundfound thatthat totaltotal spiderspider 
sig-abundanceabundance onon thethe vinesvines waswas notnot sig­

nificantlynificantly differentdifferent betweenbetween covercover andand 
nono covercover treatmentstreatments inin thethe juice,juice, tabletable 

ZA,andand winewine grapegrape sitessites (figs.(figs. 2A, 2B2B andand 
2C;2C; datadata areare shownshown fromfrom 19941994 andand ac­
curatelycurately representrepresent datadata collectedcollected inin 

ac-

eacheach trialtrial becausebecause therethere waswas notnot aa sig­
nificantnificant yearyear xx treatmenttreatment interaction).interaction). 
OnlyOnly atat thethe raisinraisin grapegrape sitesite waswas totaltotal 

sig-

spiderspider abundanceabundance onon vinesvines signifi­
cantlycantly higherhigher inin covercover cropcrop plotsplots asas 
comparedcompared withwith thethe nono covercover plotsplots (fig.(fig. 

signifi-

2D)2D) andand atat thethe raisinraisin site therethere werewere nonosi$e 
between-treatmentbetween-treatment differencesdifferences inin leaf­leaf-
hopperhopper densitiesdensities inin anyany trial.trial. There­
fore,fore, inin 33 ofof 44 vineyardsvineyards (8(8 ofof 1010 annualannual 
trials)trials) thethe additionaddition ofof aa covercover cropcrop diddid 
notnot significantlysignificantly increaseincrease thethe totaltotal 
numbernumber ofof spidersspiders onon thethe vines.vines. 

OfOf course,course, overalloverall spiderspider abundanceabundance 
inin thethe vineyardvineyard (vines(vines a n dand covercover crop)crop) 

There-

waswas higherhigher inin covercover cropcrop plotsplots becausebecause 
manymany spidersspiders livelive onon thethe covercover crop.crop. 
CanCan thethe spidersspiders residingresiding onon thethe covercover 

lower leafhopper densi-cropcrop helphelp toto lower leafhopper densi­
mi-ties?ties? OneOne possibilitypossibility isis thatthat spidersspiders mi­

grategrate betweenbetween thethe covercover cropcrop andand thethe 
vines.vines. TheThe greatgreat differencedifference inin spiderspider 
speciesspecies compositioncomposition betweenbetween thethe covercover 
cropcrop andand vinesvines (fig.(fig. 3);3); however,however, sug­sug­
gestsgests thatthat therethere isis notnot aa large-scalelarge-scale mi­
grationgration betweenbetween thesethese twotwo habitats.habitats. 
WeWe concludeconclude thatthat thethe covercover cropcrop diddid 
notnot provideprovide anan importantimportant alternatealternate 
habitathabitat forfor vine-dwellingvine-dwelling spidersspiders inin 

mi-

in-ourour studies.studies. MoreMore likely,likely, wingedwinged in­
sectssects movemove betweenbetween thethe covercover cropcrop 
andand vines.vines. WeWe havehave observedobserved mobilemobile 
insectsinsects thatthat feedfeed onon thethe covercover crop,crop, 
suchsuch asas wingedwinged aphids,aphids, flyfly ontoonto thethe 
vinesvines wherewhere theythey areare killedkilled byby residentresident 
spiders.spiders. TheseThese alternativealternative preyprey itemsitems 
maymay helphelp supportsupport spidersspiders thatthat residereside 
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Fig.Fig. 4.4. InIn aa winewine grapegrape vineyardvineyard inin 1996:1996: 
(A)(A) MeanMean (± SEM)SEM) parasitizedparasitized eggs,eggs, (B)(B) to­(+ 	 to­
taltal eggseggs andand (C)(C) percentagepercentage eggegg parasit­
ismism ofof variegatedvariegated leafhopper.leafhopper. AlthoughAlthough thethe 
numbernumber ofof parasitizedparasitized eggseggs diddid notnot differdiffer 
betweenbetween treatments,treatments, totaltotal leafhopperleafhopper eggegg 
numbersnumbers werewere significantlysignificantly lowerlower inin thethe 

parasit-

re-covercover cropcrop treatment,treatment, whichwhich maymay havehave re­
sultedsulted inin aa higherhigher percentagepercentage parasitism.parasitism. 

dif-InIn eacheach grouping,grouping, meansmeans followedfollowed byby dif ­
ferentferent lettersletters areare significantlysignificantly differentdifferent 
(Tukey(Tukey HSDHSD test,test, PP << 0.05).0.05). 

year-roundyear-round onon thethe vines,vines, especiallyespecially 
duringduring periodsperiods whenwhen leafhoppersleafhoppers areare 

leafhop-notnot abundant.abundant. Similarly,Similarly, adultadult leafhop­
perspers oftenoften flyfly downdown toto thethe covercover crop,crop, 
wherewhere theythey maymay fallfall preyprey toto spiders.spiders. 

AA thirdthird possibilitypossibility isis thatthat thethe covercover 
cropcrop influencedinfluenced thethe typestypes oror propor­
tionstions ofof individualindividual spiderspider speciesspecies onon 
thethe vines.vines. SpiderSpider speciesspecies compositioncomposition 
isis importantimportant becausebecause eacheach speciesspecies maymay 
impactimpact pestpest populationspopulations differently.differently. 
ForFor example,example, inin laboratorylaboratory studies,studies, 

propor-

leafhop-TrachelasTrachelas pacificuspacificus ateate aboutabout 1212 leafhop­
perspers perper dayday while,while, inin comparison,comparison, 

leaf-cobwebcobweb weaversweavers killedkilled onlyonly 11 toto 22 leaf­
hoppershoppers perper day.day. DidDid thethe additionaddition ofof aa 
covercover cropcrop changechange thethe spiderspider speciesspecies 
compositioncomposition onon thethe vines?vines? InIn thisthis 
study,study, thethe moremore commoncommon spidersspiders col­
lectedlected onon thethe vinesvines includedincluded thethe largelarge 
nocturnalnocturnal huntershunters (Trachelas(Trachelas pacificuspacificus 
andand CheiracanthiumCheiracanthium inclusum),inclusum), lynxlynx spi-spi­

col-
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AtAt thethe winewine andand raisinraisin vineyardsvineyards studied,studied, spidersspiders werewere sampledsampled byby shakingshaking foliagefoliage overover 
aa clothcloth funnel.funnel. 

dersders (Oxyopes(Oxyopes scalarisscalaris andand O. salticus), 
smallsmall cobwebcobweb weaversweavers (Theridion(Theridion 

0.salficus), 

dilufumdilutum andand T.T. melanurum),melanurum), aa funnelfunnel 
weaverweaver (Hololena(Hololena nedra)nedra) andand aa jumpingjumping 

(Mefaphidippus pro-spiderspider (Metaphidippus vitis).vitis). TheThe pro­
portionsportions (or(or speciesspecies composition)composition) ofof 

be-thesethese spiderspider speciesspecies werewere similarsimilar be­
tweentween covercover cropcrop andand nono covercover plotsplots atat 
22 ofof 44 sites.sites. TheThe twotwo exceptionsexceptions werewere 
thethe tabletable grapegrape sitesite andand thethe raisinraisin site.site. 
AtAt thethe tabletable grapegrape site,site, latelate seasonseason 
densitiesdensities ofof oneone spiderspider species,species, 
TrackelasTrachelas pacificus,pacificus, werewere 40%,40%, 84%84% andand 
80%80% higherhigher inin covercover cropcrop thanthan nono 
covercover plotsplots inin 1993,19941993,1994 andand 19951995 
studystudy years,years, respectivelyrespectively ( P(P == 0.017,0.017, 

TukeyTukey HSDHSD test,test, allall yearsyears combined).combined). 
pacifcusAtAt thethe raisinraisin site,site, T.T. pacificus waswas 

higherhigher inin covercover cropcrop thanthan nono covercover 
plotsplots inin 19931993 andand 19941994 ( P(P == 0.026,0.026, 
TukeyTukey HSDHSD test,test, allall yearsyears combined).combined). 
TheThe resultsresults suggestsuggest thatthat thethe spiderspider 
communitycommunity inin aa vineyardvineyard cannotcannot bebe 
easilyeasily manipulatedmanipulated simplysimply throughthrough thethe 
presencepresence oror absenceabsence ofof covercover crops.crops. Be­
sidessides covercover cropping,cropping, factorsfactors suchsuch asas 

Be-

vinevine cultivar,cultivar, regionalregional climate,climate, vine­
yardyard microclimate,microclimate, vineyardvineyard age,age, preyprey 
speciesspecies compositioncomposition andand managementmanagement 
practicespractices allall influenceinfluence predatorpredator speciesspecies 
compositioncomposition (Costello(Costello andand DaaneDaane 1995,1995, 
1998a).1998a). 

vine-

1. MeanMean (±( A  SEM)SEM) vine growthgrowth andand nutritionnutrition parametersparameters fromfrom vineyardsvineyards withwith andand withoutwithoutTABLETABLE 1. vine 
data are from a of for sitegroundground covers,covers, data are presentedpresented from a singlesingle yearyear of studystudy for eacheach vineyardvineyard site 

VineVine healthhealth StudyStUdy TreatmentTreatment 
parameterparameter site No coversite YearYear CoverCover cropcrop No cover 

PruningPruning weightweight (g)(9) TableTable 2.7 3.4 (0.2)*19941994 2.7 (0.1)(0.1) 3.4 (0.2)' 
19941994 no datano data no dataRaisinRaisin no data 
19941994 6.0 (0.5)"7 WineWine 4.5 (0.6)(0.6)4.5 6.0 (0.5)' 

2.7 5.3 (0.7)'JuiceJuice 19941994 2.7 (0.4)(0.4) 5.3 (0.7t 
TableTable 1995 (36.0)*PetiolePetiole nitratenitrate 1995 28.0 (4.9)(4.9)28.0 142.0142.0 (36.0)' 
RaisinRaisin 585.0585.0 (108.0)(108.0) (112.0) ns19951995 500.0500.0 (112.0) ns 
Wine 19961996 1,783.51,783.5 (388.5tWine 301.2301.2 (236.7)(236.7) (388.5)* 
Juice 1994 90.0 (92.6)*Juice 1994 90.0 (38.5)(38.5) 405.0405.0 (92.6t 

is at P < 0.05 HSD ns = not'The'The differencedifference betweenbetween meansmeans is significantsignificant at P < 0.05 (Tukey(Tukey HSD test),test), ns = not significant.significant. 
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EggEgg parasitism.parasitism. ThereThere werewere nono 
consistentconsistent differencesdifferences inin thethe numbernumber ofof 
parasitizedparasitized leafhopperleafhopper eggseggs betweenbetween 
covercover cropcrop andand nono covercover treatmentstreatments atat 

occa-anyany ofof thethe studiedstudied vineyards.vineyards. OnOn occa­
sion,sion, wewe foundfound thatthat thethe percentagepercentage ofof 
eggseggs parasitizedparasitized waswas greatergreater inin covercover 
cropcrop plots;plots; however,however, thisthis differencedifference 
couldcould notnot bebe easilyeasily explainedexplained byby anyany 
singlesingle factor,factor, suchsuch asas anan increaseincrease inin 
AnagrusAnagrus numbers.numbers. ThisThis isis illustratedillustrated 
byby datadata fromfrom thethe winewine grapegrape site,site, 
wherewhere therethere waswas nono differencedifference inin thethe 

parasifizednumbernumber ofofparasitized eggseggs betweenbetween 
treatmentstreatments (fig.(fig. 4A),4A), butbut thethe total num­
berber ofof leafhopperleafhopper eggseggs waswas lowerlower onon 

fofalnum­

per-vinesvines inin covercover cropcrop plotsplots (fig.(fig. 4B),4B), per­
Be-hapshaps becausebecause ofof lowerlower vinevine vigor.vigor. Be­

causecause adultadult AnagrusAnagrus hadhad fewerfewer hosthost 
eggseggs toto parasitizeparasitize inin covercover cropcrop plots,plots, 

(assum­thethe samesame numbernumber ofof AnagrusAnagrus (assum­
inging equalequal fecundityfecundity andand searchingsearching 
abilities)abilities) couldcould resultresult inin thethe higherhigher 
percentagepercentage parasitismparasitism observedobserved 
(fig. 4C).(fig.4C). 

ThisThis doesdoes notnot disputedispute thethe possibil­possibil-
alter-ityity thatthat aa covercover cropcrop cancan provideprovide alter­

nativenative foodfood sourcessources forfor parasitoidsparasitoids 
(e.g.,(e.g., nectar).nectar). LeafhoppersLeafhoppers andand otherother 
vine-dwellingvine-dwelling insectsinsects produceproduce smallsmall 
dropletsdroplets ofof honeydew,honeydew, andand thisthis sugarysugary 

carbo-liquidliquid maymay provideprovide thethe neededneeded carbo­
hydrateshydrates forfor adultadult Anagrus.Anagrus. InIn fact,fact, 
laboratorylaboratory observationsobservations showshow thatthat 
AnagrusAnagrus cancan useuse aa carbohydratecarbohydrate sourcesource 
forfor increasedincreased adultadult longevity.longevity. ThisThis car­
bohydratebohydrate sourcesource onon thethe vinesvines wouldwould 
reducereduce thethe parasitoids'parasitoids' needneed toto searchsearch 
forfor aa supplementalsupplemental foodfood sourcesource inin thethe 
covercover crop.crop. AnotherAnother possibilitypossibility isis thatthat 
therethere areare alternativealternative leafhopperleafhopper hosthost 
speciesspecies onon thethe covercover cropcrop forfor AnagrusAnagrus 

car-

toto attack.attack. WhileWhile therethere areare otherother leaf­leaf-
cover crops,hopperhopper speciesspecies foundfound onon cover crops, 

nono evidenceevidence hashas beenbeen foundfound (or(or formalformal 
studiesstudies conducted)conducted) toto indicateindicate thatthat 
eggseggs ofof thesethese leafhoppersleafhoppers cancan serveserve asas 
hostshosts forfor AnagrusAnagrus spp.spp. thatthat attackattack 
grapegrape leafhoppersleafhoppers oror variegatedvariegated leaf­
hoppers.hoppers. 

leaf-

VineVine vigor, AtAt 33 ofof 44 sitessites (table,(table, 
winewine andand juice)juice) thethe additionaddition ofof aa covercover 

vigor. 

indi-cropcrop affectedaffected vinevine condition,condition, asas indi­
catedcated byby significantlysignificantly lowerlower pruningpruning 
weightsweights andand petiolepetiole nitratenitrate levelslevels 
(table(table 1).1). AtAt thesethese samesame sitessites therethere waswas 
aa reductionreduction inin leafhoppersleafhoppers inin allall butbut 



oneone yearyear (fig.(fig. 1).1). AtAt thethe raisinraisin site,site, 
wherewhere covercover cropscrops werewere tilledtilled underunder 

midseason, measur-byby midseason, therethere waswas nono measur­
ableable vinevine stressstress (table(table 1)1) oror differencedifference 
inin leafhopperleafhopper numbersnumbers betweenbetween covercover 

1D).cropcrop andand nono covercover treatmentstreatments (fig.(fig. 10). 
TheseThese datadata suggestsuggest thatthat thethe reductionreduction 
inin vine vigor contributedcontributed toto thethe reduc­vine vigor reduc-
tiontion inin leafhopperleafhopper numbers.numbers. AsAs men­
tioned,tioned, researchersresearchers havehave previouslypreviously 

men-

shownshown thatthat somesome covercover cropscrops cancan com­com-
and/or nu-petepete withwith vinesvines forfor waterwater and!or nu­

trients,trients, therebythereby reducingreducing vinevine vigorvigor 
al.(Wolpert(Wolpert etet a1. 1993)1993) andand thatthat reducedreduced 

al. irri-vinevine vigorvigor (Wilson(Wilson etet a1. 1992a)1992a) oror irri­
al.gationgation amountsamounts (Trichilo(Trichilo etet a1. 1990,1990, 

et al.DaaneDaane et a1. 1995)1995) cancan resultresult inin lowerlower 
leafhopperleafhopper densities.densities. 

ConclusionsConclusions 

InIn ourour studies,studies, covercover cropscrops main­
tainedtained throughoutthroughout thethe yearyear (juice,(juice, tabletable 
andand winewine grapegrape sites)sites) resultedresulted inin lowerlower 
third-generationthird-generation leafhopperleafhopper densitiesdensities 
inin 77 ofof 88 trials,trials, asas comparedcompared withwith thethe 
nono covercover treatment.treatment. JustJust asas important,important, 
thethe levellevel ofof leafhopperleafhopper reductionreduction waswas 

main-

commonly less thanthan 20%,20%, whichwhich waswas 
oftenoften notnot economicallyeconomically significant.significant. 
LeafhopperLeafhopper reductionreduction couldcould notnot bebe 
clearlyclearly attributedattributed toto anyany singlesingle factor.factor. 
ThereThere werewere relativelyrelatively fewfew differencesdifferences 
inin spiderspider densitydensity oror spiderspider speciesspecies 
compositioncomposition onon vinesvines inin covercover cropcrop 
andand nono covercover treatments.treatments. Similarly,Similarly, 
therethere werewere nono consistentconsistent differencesdifferences inin 

commonly less 

parasit-thethe numbernumber ofof leafhopperleafhopper eggseggs parasit­
izedized byby AnagrusAnagrus spp.spp. onon vinesvines inin covercover 
cropcrop andand nono covercover treatments.treatments. TheThe 
mostmost commonlycommonly observedobserved traittrait amongamong 
plotsplots withwith lowerlower leafhopperleafhopper densitiesdensities 
waswas notnot aa bioticbiotic changechange butbut anan abioticabiotic 

vegeta-one:one: covercover cropscrops andand residentresident vegeta­
tiontion thatthat waswas maintainedmaintained allall yearyear alsoalso 
showedshowed aa reductionreduction inin vinevine vigor.vigor. InIn 
comparison,comparison, atat thethe raisinraisin grapegrape site,site, 
thethe covercover cropcrop waswas diskeddisked underunder inin 

re-summer,summer, andand therethere waswas neitherneither aa re­
ductionduction inin leafhopperleafhopper numbersnumbers nornor 
vinevine vigor.vigor. TheThe resultsresults :Corroborate ear­
lierlier researchresearch thatthat showedshowed loweredlowered vinevine 
vigorvigor couldcould occuroccur afterafter thethe additionaddition ofof 
somesome speciesspecies ofof perennialperennial covercover crops,crops, 
withwith lowerlower leafhopperleafhopper densitiesdensities onon thethe 
lessless vigorousvigorous vines.vines. 

WeWe notenote thatthat manipulatingmanipulating vinevine 
conditioncondition forfor leafhopperleafhopper controlcontrol maymay 

korroborate ear-

bebe aa double-edgeddouble-edged sword.sword. WhereasWhereas 
vigorous~yvigorously growing vinesvines tendtend toto havehave 

leafhopperspmoremore leafhoppers, theythey cancan withstandwithstand 
higherhigher leafhopperleafhopper densitiesdensities withwith lessless- _ ­
economiceconomic damage.damage. Conversely,Conversely, whilewhile-
poorlypoorly growinggrowing vinesvines tendtend toto havehave 
fewerfewer leafhoppers,leafhoppers, lowlow leafhopperleafhopper 
densitiesdensities cancan causecause greatergreater economiceconomic 
damagedamage onon poorlypoorly growinggrowing vines.vines. 
Also,Also, becausebecause thethe vineyardvineyard ecosystemecosystem 
isis complex,complex, manymany factorsfactors combinecombine toto 
influenceinfluence bothboth pestpest andand naturalnatural enemyenemy 
densities (e.g., vineyard cultural prac­
tices, vineyard age, soil characteristics 
and regional characteristics). There­
fore,fore, thethe effectseffects ofof covercover croppingcropping onon _ _  v 

pestpest oror naturalnatural enemyenemy numbersnumbers maymay 
varyvary betweenbetween vineyards.vineyards. Overall,Overall, ourour 
studiesstudies showshow thatthat covercover cropscrops andand 
otherother floorfloor vegetationvegetation cancan playa rolerole 

v 
play a-~ 

inin vineyardvineyard pestpest management,management, butbut 
theythey cannotcannot bebe reliedrelied uponupon toto provideprovide 

_ *  
Prop-completecomplete controlcontrol ofof leafhoppers.leafhoppers. Prop­

erlymanaged be'erly managed covercover cropscrops shouldshould be 
consideredconsidered onlyonly aa partpart ofof anan overalloverall 

IPMIPM program.program. 
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