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Effectsof WeedControl Practiceson Surface-Dwelling
Arthr opod Predatorsin TomatoAgroecosystems
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Weedcontrol,animportantpracticein agroecosystemsto protectcropproduction,is usually
achievedwith herbicides.However, thesepesticidesareexpensive,posepotentialrisksto the
environment,mayaffectsomebene�cialorganismsindirectly, anddecreaseoverallarthropod
biodiversity, includingpestsandtheir naturalenemies,by removing weedsthatmight actas
hostsor sheltersfor many organisms.The activity densityresponseof importantsurface-
dwelling arthropodpredators(groundbeetles[Coleoptera:Carabidae],ants[Hymenoptera:
Formicidae]andspiders[Arachnida:Araneae])to herbicides(tri�uralin andparaquat),and
to two alternative weedmanagementpractices(ryestraw mulchandmechanicaltreatmentto
maintainweedsbelow thresholdlevels,in comparisonwith anuntreatedcheck),wasassessed
usingpitfall traps.Themulchtreatmenthadthegreatesteffect on activity density, reducing
thenumberof predatorstrappedsigni�cantly (P � 0.05).Herbicideuseresultedin signi�cant
(P � 0.05)reductionsin theactivity densityof groundbeetles.Mostpredatorsweretrappedin
thecheckplots– whichhadthehighestweedbiomass,followedin turnbynumberstrappedin
thethresholdweedcontrol treatment,thefull herbicideapplicationandthemulchtreatment
plots.
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INTRODUCTION

Surface-dwellingarthropodpredatorsarecommonlyaffectedadverselyby pesticides,
becausethey areexposedto surfaceresiduesby directcontactduringpesticideapplications,
ingestionof contaminatedprey or by feedingon deadcontaminatedweeds(6,8). In a
thoroughreview, EdwardsandThompson(14) concludedthat mostherbicideswerenot
directly toxic to arthropodsandthegreatesteffectsof herbicidesto predatorswereindirect
and relatedto the amountof groundcover, which in�uenced their activity. Glyphosate
is not toxic to non-targetarthropods(16). However, triazineherbicidescould be directly
toxic to bothpredatoryandotherarthropods(13). Fieldapplicationsof cyanizine,atrazine,
simazineand benzol propethyl can commonly decreasepitfall trap catchesof carabid
beetles(11).

Most herbicidesotherthantriazinesseemto haverelatively little directtoxic in�uence
on arthropodpopulations,althoughsomearereportedto bedirectly toxic to predators(5),
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 direct toxic effectsof herbicideson arthropodsotherthanthesereports. Glufosinate–
ammoniumcancause71.2%,65%and57.7%mortality, respectively, in eggs,nymphsand
adultsof Orius strigicollis Poppius(4). Dinosebhasbeenreportedto causedirecteffects
on Coleomegilla maculata, Erotmocerusholdemani,Orius insidiosus,Geocorispuncipes
andScymnuslouisianain cotton�elds (23). 2,4-D applicationsto grain �elds canresult
in more than50% mortality of coccinellid larvaeand increasethe time to pupation(1).
2,4-D applicationscanreduceparasitismof the sugarcaneborerDiatraeasaccharalis by
Trichogrammaminitumandleadto higherinfestationsby this pest(17).

Most work in the literature indicatesthat indirect effects of herbicideson pestand
predatorpopulationsandactivity in agroecosystemsareusuallymuchmoreimportantthan
theirdirecttoxicity (14). Herbicidescanhavestrongin�uencesonpopulationsof pestsand
theirnaturalenemiesby removing theplantcoverthatservesasshelterfor naturalenemies
and also provides alternative food for pests(11). A resurgenceof aphid populations,
apparentlyresultingfrom suppressionof coccinellid numbers,was reportedafter 2,4-D
applicationsin oats(2). It wassuggestedthat2,4-methylchangessomenutritionalfactors
in plantswhich could increasethe reproductive rateof the peaaphid Macrosiphumpisi
(19). Signi�cant decreasesin carabidandstaphylinidpopulationshave beenreportedin
chlortoluron-treated�elds asa responseof thepredatorsto thedestructionof plantcover
(21). Populationsof carabidsmigrateoutof atrazine-,simazine-,paraquat-andglyphosate-
treated�elds in responseto thedestructionof plantcover (7).

Ef�cient weedcontrol is essentialfor tomatoproductionbecausetomatoesfacestrong
competitionfrom weedsfor nutrients,moistureandlight (18,26).Theproductionpractices
adoptedshouldencouragemaximumactivities of pestpredators,in orderto minimize the
useof pesticides.The objective of this investigationwas to assessthe impactof a few
recommendedchemicalandalternative weedcontrol programson the activity densityof
someof themoreimportantsurface-dwellingpestpredatorsin tomatoagroecosystems.

MATERIALS AND METHODS

Field and Experiment Description The �eld experimentwasconductedat The Ohio
StateUniversity/OhioDepartmentof Agriculture DemonstrationFarm in Reynoldsburg,
Ohio (USA). The �eld is a medium-texturedsilty loam soil and the long-termaverage
rainfall duringthevegetablegrowing seasonis 19cm. The�eld wascultivatedin May and
fertilized with anExtensionService-recommendedapplicationrateof NPK, basedon soil
tests,in both1994and1995.Thefertilizer amendmentratesusedwere1.61kg perplot (20
m

���

of 10:20:20NPK beforeplanting,0.15kg perplot of 46:0:0assidedressingin 1994;
and1.13kg perplot of 8:32:16NPK beforeplantingand0.27kg perplot of 46:0:0asside
dressingin 1995.Theplotswereirrigatedwhenneeded.

The experimentwas a randomizedblock designwith 16 plots of 4.5 m � 4.5 m
involving threeweedcontrol treatmentsanda check,eachwith four replicates.Eachplot
consistedof threerows of tomatoplantswith a 1.5-mgapbetweenrows andtwo buffer
gapsbetweenplotsin which all weedsweremanagedby cultivations.Eachplot contained
36plantsgrown onraisedbeds,in rowswith 37cminter-plantspacing.Thesameplotsand
treatmentswereusedin both 1994and1995. Heinz 8704processing-typetomatoplants
weregrown in bothyearsandtomatoseedlingsweretransplantedinto the�eld on 15June
in 1994and1 Junein 1995.
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Treatments Full herbicideuse: Thistreatmentwasbasedonprotocolsby TheOhioState
UniversityExtensionServicerecommendedfor herbicideapplicationsandrates.Tri�uralin
wasappliedasa pre-emergenceherbicideat a rateof 2.37l ha�

�

on 7 June1994and23
May 1995.Paraquatwasusedto controlemergedweedsat a rateof 1.77l ha�

�

on13July
1994and21June1995.

Mulch weedcontrol treatment: Thesoil surfacewascoveredwith cut/blown rye straw
to a depthof approximately15 cm within oneweekof transplantingthetomatoseedlings
andafterinitial weedingcultivations.

Thresholdweedcontrol treatment: This was basedon a low level of mechanical
treatmentof weedsin orderto minimizetheir competitionwith thetomatoesfor nutrients
andlight andkeepthembelow 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.

Check: This treatmentinvolvednoweedmanagementmeasuresandservedasacontrol
standardfor weedpopulationsandpredatoractivity.

Sampling Threepitfall trapsper plot were placedin rows closeto the centerof each
plot, andusedto monitorregularly theactivity densityof surface-dwellingpredators.Each
pitfall trapconsistedof a largeplasticcup,10cmdeepand9 cmin diameter, with asmaller
plasticcup,3.5cm deepand6 cm in diameter, insertedin it. Thelargercupswereplaced
in the soil so that their openingswerelevel with the soil surface;they wereleft in place
throughoutthegrowing seasonto avoid disturbingthesoil duringtheperiodicremoval and
replacementof thesmallercupscontainedinsidethem.At thebeginningof eachsampling
periodthe smallercupswere�lled with 95% water+ 5% glycerol andplacedinsidethe
larger cupsto trap arthropods.The pitfall trapswerecoveredwith plastic lids between
samplingperiodsto protectthemfrom rain anddebris. The lids wereremoved from the
trapsin all plotsandleft openfor approximately48 h for eachsamplingperiod.Thetraps
in the mulch weedcontrol treatmentplots were not coveredby straw mulch during the
samplingperiods.This processwasrepeatedeveryotherweekthroughouttheseason.The
smallercupscontainingthetrappedarthropodswereremovedfrom thetraps,coveredwith
plasticlids, labeledandreplacedwith new, emptycups.Thearthropodstrappedin eachcup
weretransferredto vialscontaining70%ethanoland5%glycerol.Arthropodsbelongingto
thetaxaAraneae(spiders),Formicidae(ants),andCarabidae(groundbeetles)werecounted
andthe numberswererecordedin the laboratory. The arthropodsweresampledon � ve
datesin 1994andsix datesin 1995.

Tomatoeswere harvestedon 9 Sept. 1994 and 1 Sept. 1995. Weedbiomasswas
assessedat harvest using two circular frames65 cm in diameterper plot. All weeds
which werecollectedfrom within the frame,weredried in an ovenat 70

�

C for 24 h and
weighed.Dataonnumbersof predatorstrappedandweedbiomasswereanalyzedby two-
wayANOVA. Meanswereseparatedby Duncan'sMultiple RangeTestat P=0.05.

RESULTS

The most commonweedsin the treatmentplots were giant foxtail (Setaria faberi
Herm.),Pennsylvaniasmartweed(PolygonumpensylvanicumL.), commonragweed(Am-
brosiaartemisiifoliaL.), Canadathistle(Cirsiumarvense(L.)), �eld bindweed(Convolvu-
lus arvensisL.), hedgebindweed(C. sepiumL.), nightshades(Solanumspp.),velvetleaf
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(Abutilon theoprasti Medic.),quackgrass(Agropyron repens(L.)) andcommonmilkweed
(AsclepiassyriacaL.).

Theweedbiomassandthenumbersof arthropodpredatorstrappedin 1994and1995
differedgreatlyamongtreatmentsandbetweenthe 2 yearsof study(Table1). Although
the weedbiomasswassigni�cantly less(F=22.363,df=1, P � 0.01) in 1995comparedto
thepreviousyear, it followedsimilar trendsamongtreatmentsandwassigni�cantly greater
(P � 0.05) in the checksin 1994thanin any otherof the treatments,followed in turn by
the weedbiomassin the thresholdcultivation, herbicide-treatedandmulch-treatedplots
(Fig. 1). In 1995,themulchtreatmentresultedin signi�cant reductions(P � 0.05)in weed
biomasscomparedwith thecheckplots.

TABLE 1. Factorsin�uencing weedbiomassandarthropodsin thetreatmentplots

Factors df F-values
Weed
biomass

Carabidae Araneae Formicidae

Weedcontrol 3 45.505** 13.580** 50.848** 8.340**
Year 1 22.363** 1.970 6.341** 72.717**

** Signi�cant at P � 0.01.

Fig. 1. Weedbiomassundervariousweedcontrolpracticesin tomatoagroecosystems(within ayear,
columnsmarkedby thesameletterdonotdiffer signi�cantly at P � 0.05).

Carabids All of theweedcontroltreatmentsin�uencedthenumbersof carabidstrapped
signi�cantly (F=13.88,df=3, P � 0.01) (Table 1, Fig. 2). The mulch treatmenthad the
greatesteffect on carabids,reducingthenumberstrappedsigni�cantly, by 80%(P � 0.05).
Thenumbersof groundbeetlestrappedweresigni�cantly fewerin thefull herbicide-treated
(73%)andin thethreshold-treated(71%)plotscomparedwith in thecheckplots(P � 0.05)
in 1994. In 1995,thenumbersof carabidstrappedweresigni�cantly fewer in themulch
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Fig. 2. Carabidactivity densityin responseto variousweedcontrolpracticesin tomatoagroecosys-
tems(within a year, columnsmarkedby thesameletterdonot differ signi�cantly at P � 0.05).

Fig.3. Spideractivity densityin responseto variousweedcontrolpracticesin tomatoagroecosystems
(within ayear, columnsmarkedby thesameletterdo notdiffer signi�cantly atP � 0.05).

treatmentplots(87%)(P � 0.05)andin theherbicide-treatedplots(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 activity densityin responseto variousweedcontrolpracticesin tomatoagroecosystems
(within ayear, columnsmarkedby thesameletterdo notdiffer signi�cantly atP � 0.05).

signi�cantly fewer spidersweretrappedin themulch-treated(52%) (P � 0.05)thanin the
checkplots(Fig. 3). Signi�cantly more(P � 0.05)spidersweretrappedin thethreshold-
treatedthan in the mulch-treatedplots. The sametrendsin effectsof the weedcontrol
treatmentsonnumberof spiderstrappedwerenotedin 1995.Theonly signi�cant decrease
in numberstrapped(46%;P � 0.05)occurredin themulch-treatedplotsascomparedwith
thecheckplots.As in 1994,signi�cantly morespidersweretrappedin thethreshold-treated
(P � 0.05)thanin themulch-treatedplots.

Ants Thenumberof antstrappedwassigni�cantly in�uencedby thetreatment(F=8.34,
df=1,P � 0.01),andwassigni�cantly higher(F=72.71,df=1,P � 0.01)in 1994thanin 1995
(Table1). Themulchtreatmentreducedthenumberof antstrappedsigni�cantly compared
with thenumbertrappedin thecheckplotsin both1994and1995(P � 0.05),with 56%and
76%reductions,respectively, comparedwith thenumbertrappedin thechecks(Fig. 4). A
decreaseof 41%in numberof antstrappedoccurredin thethreshold-treatedplots in 1994
(P � 0.05). In 1995, the numberof antstrappedwassigni�cantly lower (P � 0.05) in the
mulch-treatedplotsthanin theherbicide-andthreshold-treatedplots.

DISCUSSION

All of the weedcontrol measurestestedon tomatoesin our experimentsaffectedthe
numberof predatorstrapped.Exceptfor thenumberof antstrappedin theherbicide-treated
andthreshold-treatedplotsin 1995,fewerpredatorsweretrappedin plotssubjectedto weed
controlpracticesthanin thecheckplots(with full weedcover).

Herbicideshave beenshown by a numberof researchersto reducethe numberof
carabidstrappedin the �eld (7,21). Chlorbromuronand linuron have beenconsidered
to be toxic to carabids,becausebeetlepopulationswerelower in plots treatedwith these
herbicidesthanin frequentlycultivateduntreatedplots(5). Herbicideapplicationsto winter
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wheatcan reducethe numberof carabidstrappedsigni�cantly, mainly asa responseof
predatorsto the lack of hiding placesand the exposureto sunlight resulting from the
destructionof weedcover (21). In the presentstudy, the signi�cantly greaternumberof
carabidstrappedin thecheckplots thanin any of theplotsusingweedcontrol-treatments
mayhave beenbecause,assuggestedin otherreports,thebeetlesweremoreactive under
thegreaterplantshelterthanin theothertreatmentplots(10,12).

In a differentstudy carriedout at the samelocation in 1994 and1995, Yard�m and
Edwards(28)reportedthatparaquatreducedthenumberof spiderstrappedin tomatocrops.
Thus,theobservedreductionsin numbersof spiderstrappedin theherbicide-treatedplots
in bothyearscouldhavebeendueto toxic effectsof paraquat,becausethischangewasnot
likely to havebeencausedby indirecteffectsof theherbicide.

Themulchtreatmentled to a signi�cant dropin thenumberof predatorstrapped.This
couldhaveresultedfrom thereductionin theactivitiesof predatorsdueto thedenseground
coverprovidedby straw mulch.However, it seemsthatwith afew exceptions,weeddensity
was the main factor in�uencing the numberof predatorstrapped. The greaterthe weed
biomass,thehigherthenumberof predatorstrapped.Ofuya(20),workingontheeffectsof
weedson cowpeaaphidsandtheir majorpredators,presenteddatademonstratingsimilar
effectsof weedson the activity of above-groundarthropodpredators,and reportedthat
coccinellidandsyrphidpredatorsweremorenumerousin weedy�elds in spiteof lower
aphidpopulations.Theabundanceof thecoccinellidpredatorColeomegilla maculata(De
Geer)wasfoundto besigni�cantly greaterin weedysweetcorn�elds thanin similar �elds
in which weedcontrolmeasuresweretaken(9). Similar reportsin peanutcropsindicated
that groundpredatorswere more active in weedypeanutcropsthan in thosewith few
weeds(7). Wyss(27), investigatingthe effectsof weedson the diversity andabundance
of thearthropodfaunain Swissexperimentalappleorchards,observedthatstripsof weeds
increasedthecolonizationandactivity of bothpredatorsandalternativeprey signi�cantly.
Indeed,habitatpatchinesshasoftenbeenconsideredto increaseplantbiodiversity(25). The
ideaof increasingplantdiversityin orderto establishmorestableagroecosystems– andto
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.
Herbicidescanbedetrimentalto predators.Diversifyingagroecosystemswith weedsmay
be part of a strategy to maintainbene�cial arthropodsin thesystem.Thereis a needfor
furtherstudiesto determinetheimpactof straw mulchonbene�cialarthropods,particularly
in thecontext of IPM andorganicagriculture.
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