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Effects of WeedControl Practiceson Surface-Dwelling
Arthr opod Predatorsin Tomato Agroecosystems

ErdalN. Yard m andClive A. Edwards

Weedcontrol,animportantpracticein agroecosystent®s protectcrop production,is usually
achievedwith herbicides However, thesepesticidesareexpensve, posepotentialrisksto the
ervironment,mayaffectsomebene cial organismsndirectly, anddecreaseverall arthropod
biodiversity, including pestsandtheir naturalenemiesby removing weedsthatmight actas
hostsor sheltersfor mary organisms. The actwity densityresponseof importantsurface-
dwelling arthropodpredatorggroundbeetleColeoptera:Carabidae]ants[Hymenoptera:
Formicidae]andspiders[Arachnida: Araneae]}to herbicideg(tri uralin andparaquat)and
to two alternatve weedmanagemerpracticeqrye strav mulchandmechanicatreatmento
maintainweedsbelaw thresholdevels,in comparisorwith anuntreatedheck) wasassessed
usingpitfall traps. The mulchtreatmenthadthe greateseffect on actvity density reducing
thenumberof predatordrappedsigni cantly (P  0.05).Herbicideuseresultedn signi cant
(P 0.05)reductionsn theactity densityof groundbeetles Most predatorsveretrappedn
thecheckplots—which hadthehighestweedbiomassfollowedin turn by numbergrappedn
thethresholdweedcontroltreatmentthe full herbicideapplicationandthe mulchtreatment
plots.
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INTRODUCTION

Surface-dwellingarthropodpredatorsare commonlyaffectedadwerselyby pesticides,
becaus¢hey areexposedo surfaceresiduesy directcontaciduringpesticideapplications,
ingestionof contaminatedrey or by feedingon deadcontaminatedveeds(6,8). In a
thoroughreview, Edwardsand Thompson(14) concludedthat mostherbicideswere not
directly toxic to arthropodsaindthe greateseffectsof herbicidego predatoravereindirect
andrelatedto the amountof groundcover, which in uenced their actvity. Glyphosate
is not toxic to non-tagetarthropodg16). However, triazine herbicidescould be directly
toxic to bothpredatoryandotherarthropodg13). Field applicationf cyanizine,atrazine,
simazineand benzol propethyl can commonly decreasepitfall trap catchesof carabid
beetleq11).

Most herbicidesotherthantriazinesseento have relatively little directtoxic in uence
on arthropodpopulationsalthoughsomearereportedto be directly toxic to predatorg5),
and causereductionsin egg productionand viability and extendeddurationof instars,
and somemay have repellenteffects on predators(3,24). Thereis very little evidence
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of directtoxic effectsof herbicideson arthropodsotherthanthesereports. Glufosinate—
ammoniumcancauser1.2%,65%and57.7%mortality, respectiely, in eggs,nymphsand
adultsof Orius strigicollis Poppius(4). Dinosebhasbeenreportedto causedirect effects
on Coleomgilla maculata Erotmocerusholdemani,Orius insidiosus,Geocorispuncipes
and Scymnusdouisianain cotton elds (23). 2,4-D applicationsto grain elds canresult
in more than 50% mortality of coccinellid larvae andincreasethe time to pupation(1).

2,4-D applicationscanreduceparasitismof the sugarcandorer Diatraeasacdaralis by

Trichogrammaminitumandleadto higherinfestationdy this pest(17).

Most work in the literatureindicatesthat indirect effects of herbicideson pestand
predatompopulationsandactivity in agroecosystenereusuallymuchmoreimportantthan
theirdirecttoxicity (14). Herbicidescanhave strongin uenceson populationsof pestsand
their naturalenemiedy removing the plantcoverthatsenesasshelterfor naturalenemies
and also provides alternatve food for pests(11). A resugenceof aphid populations,
apparentlyresultingfrom suppressiorof coccinellid numbers,was reportedafter 2,4-D
applicationdn oats(2). It wassuggestedhat 2,4-methylchangesomenutritionalfactors
in plantswhich could increasethe reproductve rate of the peaaphid Macrosiphumpisi
(19). Signi cant decreasef carabidand staphylinidpopulationshave beenreportedin
chlortoluron-treatedelds asa responsef the predatorgo the destructionof plant cover
(21). Population®f carabidsmigrateout of atrazine-simazine-paraquatandglyphosate-
treatedelds in responseo the destructiorof plantcover (7).

Ef cient weedcontrolis essentiafor tomatoproductionbecausé¢omatoedacestrong
competitionfrom weedsfor nutrients moistureandlight (18,26). Theproductionpractices
adoptedshouldencouragenaximumactuities of pestpredatorsjn orderto minimize the
useof pesticides. The objective of this investigationwasto assesshe impactof a few
recommendedhemicaland alternatve weedcontrol programson the actiity densityof
someof the moreimportantsurface-dwellingpestpredatorsn tomatoagroecosystems.

MATERIALS AND METHODS

Field and Experiment Description The eld experimentwas conductedat The Ohio
StateUniversity/OhioDepartmentof Agriculture Demonstratior-arm in Reynoldshurg,
Ohio (USA). The eld is a medium-teituredsilty loam soil and the long-termaverage
rainfall duringthe vegetablegrowing seasoris 19 cm. The eld wascultivatedin May and
fertilized with an ExtensionService-recommendegpplicationrate of NPK, basedon soil
tests,in both1994and1995. Thefertilizer amendmentatesusedwerel.61kg perplot (20
m of 10:20:20NPK beforeplanting,0.15kg perplot of 46:0:0assidedressingn 1994;
and1.13kg perplot of 8:32:16NPK beforeplantingand0.27kg perplot of 46:0:0asside
dressingn 1995.Theplotswereirrigatedwhenneeded.

The experimentwas a randomizedblock designwith 16 plots of 45m  4.5m
involving threeweedcontrol treatmentsanda check,eachwith four replicates.Eachplot
consistedof threerows of tomatoplantswith a 1.5-m gapbetweenrows andtwo buffer
gapsbetweerplotsin which all weedsweremanagedy cultivations.Eachplot contained
36 plantsgrown onraisedbeds,n rowswith 37 cminter-plantspacing.Thesameplotsand
treatmentsvere usedin both 1994 and1995. Heinz 8704 processing-typéomatoplants
weregrown in bothyearsandtomatoseedlingsveretransplantednto the eld on15June
in 1994and1 Junein 1995.
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Treatments Full herbicideuse Thistreatmentvasbasecdn protocolsby The Ohio State
UniversityExtensionServicerecommendetbr herbicideapplicationsandrates.Tri uralin
wasappliedasa pre-emegenceherbicideat arateof 2.371 ha on 7 June1994and23
May 1995. Paraquatvasusedto controlemegedweedsatarateof 1.771 ha on13July
1994and21 Junel995.

Mulch weedcontml treatment The soil surfacewascoveredwith cut/blown rye straw
to a depthof approximatelyl5 cm within oneweekof transplantinghe tomatoseedlings
andafterinitial weedingcultivations.

Thresholdweed control treatment This was basedon a low level of mechanical
treatmenbf weedsin orderto minimize their competitionwith thetomatoedor nutrients
andlight andkeepthembelowv an economicthreshold. All weedswithin 20 cm of each
tomatoplant andthoseexceedingthe tomatoplantsin heightwerekilled by cultivations
performedtwo times at the critical stageof tomato plant development. Weedswere
removedfrom theplotsafterthetreatments.

Chedk: Thistreatmentnvolvednoweedmanagemenneasureandsenedasacontrol
standardor weedpopulationsandpredatoractivity.

Sampling Threepitfall trapsper plot were placedin rows closeto the centerof each
plot, andusedto monitorregularly theactvity densityof surface-dwellingpredatorsEach
pitfall trapconsistedf alargeplasticcup,10cmdeepand9 cmin diameteywith asmaller
plasticcup,3.5cm deepand6 cmin diameterinsertedin it. Thelargercupswereplaced
in the soil sothattheir openingswere level with the soil surface;they wereleft in place
throughouthegrowing seasorio avoid disturbingthe soil duringthe periodicremoval and
replacemendf the smallercupscontainednsidethem. At the beginningof eachsampling
periodthe smallercupswere lled with 95% water+ 5% glycerol and placedinsidethe

larger cupsto trap arthropods. The pitfall trapswere coveredwith plasticlids between
samplingperiodsto protectthemfrom rain anddebris. The lids wereremoved from the
trapsin all plotsandleft openfor approximately48 h for eachsamplingperiod. Thetraps
in the mulch weed control treatmentplots were not coveredby strav mulch during the
samplingperiods.This processvasrepeateavery otherweekthroughouthe seasonThe
smallercupscontainingthetrappedarthropodswereremovedfrom thetraps,coveredwith

plasticlids, labeledandreplacedvith new, emptycups.Thearthropoddrappedn eachcup
weretransferredo vials containing70%ethanoland5%glycerol. Arthropodsbelongingto

thetaxaAraneagspiders)Formicidagants),andCarabida€groundbeetlesverecounted
andthe numberswererecordedin the laboratory The arthropodswvere sampledon ve

datesin 1994andsix datesn 1995.

Tomatoeswere harvestedon 9 Sept. 1994 and 1 Sept. 1995. Weed biomasswas
assessea@t harest using two circular frames65 cm in diameterper plot. All weeds
which were collectedfrom within the frame,weredriedin anovenat 70 C for 24 h and
weighed.Dataon numbersf predatordrappedandweedbiomassvereanalyzedoy two-
way ANOVA. Meanswereseparatedby Duncans Multiple RangeTestat P=0.05.

RESULTS

The most commonweedsin the treatmentplots were giant foxtail (Setariafaberi
Herm.), PennsylaniasmartweedPolygonumpensylvanicunt..), commonragweed Am-
brosiaartemisiifoliaL.), Canadahistle (CirsiumarvensgL.)), eld bindweed Corvolvu-
lus arvensisL.), hedgebindweed(C. sepiumL.), nightshadegSolanumspp.), velvetleaf
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(Abutilon theopuasti Medic.), quackgras$Agropyron repengL.)) andcommonmilkweed
(Asclepiassyriacal..).

The weedbiomassandthe numbersof arthropodpredatordrappedin 1994and 1995
differedgreatlyamongtreatmentsand betweerthe 2 yearsof study(Table 1). Although
the weedbiomasswas signi cantly less(F=22.363,df=1, P 0.01)in 1995comparedo
thepreviousyear; it followedsimilartrendsamongtreatmentandwassigni cantly greater
(P 0.05)in the checksin 1994 thanin ary otherof the treatmentsfollowedin turn by
the weedbiomassin the thresholdcultivation, herbicide-treatednd mulch-treatedplots
(Fig. 1). In 1995,the mulchtreatmentesultedin signi cant reductiongP 0.05)in weed
biomasscomparedvith the checkplots.

TABLE 1. Factorsin uencing weedbiomassandarthropodsn the treatmenplots

Factors df F-values
Weed Carabidae Araneae Formicidae
biomass
Weedcontrol 3 45.505** 13.580** 50.848** 8.340**
Year 1 22.363** 1.970 6.341** 72.717%

** Signi cantatP 0.01.
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Fig. 1. Weedbiomassundervariousweedcontrolpracticesn tomatoagroecosysten(svithin ayear
columnsmarked by the sameletterdo not differ signi cantly atP  0.05).

Carabids All of theweedcontroltreatmentsn uencedthe numbersof carabidgrapped
signi cantly (F=13.88,df=3, P 0.01) (Table 1, Fig. 2). The mulch treatmenthad the
greateskffect on carabidsreducingthe numberdrappedsigni cantly, by 80% (P 0.05).
Thenumberof groundbeetlesrappedwveresigni cantly fewerin thefull herbicide-treated
(73%)andin thethreshold-treate(7 1%) plotscomparedvith in thecheckplots(P 0.05)
in 1994. In 1995,the numbersof carabidstrappedwere signi cantly fewer in the mulch
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Fig. 2. Carabidactivity densityin responseo variousweedcontrol practicesn tomatoagroecosys-
tems(within ayear columnsmarked by the sameletterdo not differ signi cantly atP  0.05).

Fig. 3. Spideractivity densityin responséo variousweedcontrolpracticesn tomatoagroecosystems
(within ayear columnsmarked by the saméetterdo notdiffer signi cantly atP  0.05).
treatmenplots (87%) (P 0.05)andin the herbicide-treateglots (77%)(P 0.05)thanin
thecheckplots.

Spiders A signi cant differencewas found amongthe treatmentswith respectto the
number of spiderstrapped(F=50.84, df=3, P 0.01) (Table 1). Signi cantly higher
numbersof spidersweretrapped(F=6.34,df=1, P 0.01)in 1995thanin 1994. In 1994,
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Fig. 4. Ant actiity densityin responseo variousweedcontrol practicesn tomatoagroecosystems
(within ayear columnsmarked by the saméetterdo notdiffer signi cantly atP  0.05).

signi cantly fewer spidersweretrappedin the mulch-treated52%) (P 0.05)thanin the
checkplots (Fig. 3). Signi cantly more(P  0.05) spidersweretrappedin the threshold-
treatedthanin the mulch-treatecplots. The sametrendsin effects of the weedcontrol
treatment®n numberof spidersrappedverenotedin 1995. Theonly signi cant decrease
in numbergrapped(46%;P 0.05)occurredin the mulch-treateclots ascomparedwith
thecheckplots. Asin 1994 signi cantly morespidersveretrappedn thethreshold-treated
(P 0.05)thanin themulch-treateglots.

Ants Thenumberof antstrappedwassigni cantly in uenced by thetreatmen{F=8.34,
df=1,P 0.01),andwassigni cantly higher(F=72.71,df=1,P 0.01)in 1994thanin 1995
(Tablel). Themulchtreatmenteducedhenumberof antstrappedsigni cantly compared
with thenumbertrappedn thecheckplotsin both1994and1995(P 0.05),with 56%and
76%reductionsrespectiely, comparedvith the numbertrappedn the checkg(Fig. 4). A

decreasef 41%in numberof antstrappedoccurredn thethreshold-treateglotsin 1994
(P 0.05). In 1995, the numberof antstrappedwas signi cantly lower (P 0.05)in the
mulch-treateglotsthanin the herbicide-andthreshold-treateglots.

DISCUSSION

All of the weedcontrol measuresestedon tomatoesn our experimentsaffectedthe
numberof predatorgrapped.Exceptfor thenumberof antstrappedn the herbicide-treated
andthreshold-treategdlotsin 1995, fewerpredatorsveretrappedn plotssubjectedo weed
controlpracticeghanin the checkplots (with full weedcover).

Herbicideshave beenshovn by a numberof researcherso reducethe numberof
carabidstrappedin the eld (7,21). Chlorbromuronand linuron have beenconsidered
to be toxic to carabidsbecausdeetlepopulationswverelower in plots treatedwith these
herbicideghanin frequentlycultivateduntreateglots(5). Herbicideapplicationgo winter
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wheatcan reducethe numberof carabidstrappedsigni cantly, mainly as a responseof
predatorsto the lack of hiding placesand the exposureto sunlight resulting from the
destructionof weedcover (21). In the presentstudy the signi cantly greatemumberof
carabidgrappedin the checkplotsthanin ary of the plotsusingweedcontrol-treatments
may have beenbecauseassuggestedh otherreports,the beetlesveremoreactive under
thegreatemplantshelterthanin the othertreatmenplots(10,12).

In a differentstudy carriedout at the samelocationin 1994 and 1995, Yard m and
Edwards(28) reportedhatparaquateducedhenumberof spiderdrappedn tomatocrops.
Thus,the obsenedreductiondgn numbersof spiderstrappedin the herbicide-treateglots
in bothyearscouldhave beendueto toxic effectsof paraquatbecausehis changevasnot
likely to have beencausedy indirecteffectsof the herbicide.

Themulchtreatmented to asigni cant dropin the numberof predatorgrapped.This
couldhaveresultedrom thereductionin theactvities of predatorglueto thedenseground
coverprovidedby strav mulch. However, it seemghatwith afew exceptionsweeddensity
wasthe main factorin uencing the numberof predatorgrapped. The greaterthe weed
biomassthehigherthenumberof predatordrapped.Ofuya(20), working onthe effectsof
weedson cowpeaaphidsandtheir major predators presentedlatademonstratingimilar
effects of weedson the actvity of abose-groundarthropodpredatorsand reportedthat
coccinellid and syrphid predatorsvere more numerousn weedy elds in spite of lower
aphidpopulations.The alundanceof the coccinellidpredatorColeomgilla maculata(De
Geer)wasfoundto besigni cantly greatelin weedysweetcorn elds thanin similar elds
in which weedcontrolmeasuresveretaken (9). Similar reportsin peanutcropsindicated
that ground predatorswere more active in weedy peanutcropsthanin thosewith few
weeds(7). Wyss(27), investigatingthe effects of weedson the diversity andalbundance
of thearthropodfaunain Swissexperimentalppleorchardspbsenedthatstripsof weeds
increasedhe colonizationandactiity of both predatorsandalternatve prey signi cantly.
Indeed habitatpatchinestasoftenbeenconsideredo increaselantbiodiversity(25). The
ideaof increasingplantdiversityin orderto establishmorestableagroecosystemsandto
utilize weedsin this purpose- asa meansof relieving pestproblems,seemspromising
(21,22). It is possiblethat in the future, utilizing plant speciesdiversity in agricultural
areaswill becomea majortool of organicfarmersfor pestcontrol (15).

In conclusion,when making weed control decisions,it is critical that the impact
on bene cial arthropodsof the practicesused, be consideredin a systemsapproach.
Herbicidescanbe detrimentalto predators Diversifyingagroecosystemsith weedsmay
be partof a stratgy to maintainbene cial arthropoddn the system. Thereis a needfor
furtherstudiego determingheimpactof strav mulchonbene cial arthropodsparticularly
in the context of IPM andorganicagriculture.
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