
PLANT-NEMATODEINTERACTIONS

Nematodesfeedonallpartsoftheplant,includingroots,stems,leaves,flowersandseeds.

Nematodesfeedfrom plantsinavarietyofways,butalluseaspecializedspearcalledastylet.

Notethedifferencesinstyletlengthandshape(Figure1).Thesizeandshapeofthestyletis

usedtoclassifynematodesandalsocanbeusedtoinfertheirmodeoffeeding.Allthree

nematodesinFigure1areectoparasites,butBelonolaimusandLongidorusfeeddeepwithinthe

rootsusingtheirlongstylets,whileHelicotylenchusfeedsontheexterioroftherootorpartially

burrowsintotheroottofeedusingitsshortstoutstylet.

Figure1.

Figure4.M=metacarpus;E=esophagus;S=stylet.

Oftennematodeswithdrawthecontentsofplantcells,killingthem.Whenthistypeoffeeding

occurs,largelesionsareformedintheplanttissue.Somenematodesdonotkilltheplantcells

theyfeeduponbut“trick”theplantcellstoenlargeandgrow,thusproducingoneormore

nutrient-richfeedingcellsforthenematode.Thesefeedingcellsenablelongterm feeding

associations,andform byrepeatednucleardivisionintheabsenceofcelldivision(giantcells)

orbytheincorporationofadjacentcellsintoasyncytium formedbythebreakdownof

neighboringcellwalls.Collectively,nematodescanfeedonalmostanyplantcelltype,andform

avarietyoffeedingcelltypes.Thenumberoffeedingcellscanvaryfrom onetoahalfdozen

dependingonthenematodespecies.

Manyplant-parasiticnematodesfeedontherootsofplants.Thefeedingprocessdamagesthe

plant'srootsystem andreducestheplant'sabilitytoabsorbwaterandnutrients.Typical



nematodedamagesymptomsareareductionofrootmass,adistortionofrootstructureand/or

enlargementoftheroots.Nematodedamageoftheplant'srootsystem alsoprovidesan

opportunityforotherplantpathogenstoinvadetherootandthusfurtherweakenstheplant.

Directdamagetoplanttissuesbyshoot-feedingnematodesincludesreducedvigor,distortion

ofplantparts,anddeathofinfectedtissuesdependinguponthenematodespecies.

Theabovegroundsymptomsofnematodedamagetorootsarerelativelynondescript,including

nutrientdeficiency,incipientwilt,stunting,pooryieldandsometimesplantdeath.Few

diagnosticsignsandsymptomsofplantdamagebynematodesexistexceptrootgalls,cysts,

"nematodewool,"andseedgalls.Thus,damagetocropsbyroot-infestingnematodesoften

goesunnoticedbygrowers.Fieldpatternsofnematodedamagetorootsbegininasmallarea

andspreadsradiallyfrom theinitialinfectionsite,oftenassistedbyfarm equipment.Theonly

waytoaccuratelydiagnosenematodediseaseistosamplesoilandplantmaterialfrom

suspectedsitesandextractnematodesforanalysis.Nematodesareextractedfrom thesoilby

floatingthem inwatertoremoveheavysoilparticlesandthencatchingthefloatingnematodes

onsieveswithfineporesizes.Planttissuesinfectedwithmotilenematodescanbeincubatedin

aBaermannfunnelormoistchamberstocollectnematodesthatwillexitthetissues.

Ectoparasites:Thefirstfeedingtypeistheectoparasiticmode,inwhichthenematoderemains

outsideoftheplantandusesitsstylettofeedfrom thecellsoftheplantroots.Nematodesthat

usethisstrategycangrazeonnumerousplants,makingiteasierforthem toswitchhosts,but

theiraddedmobilitymakesthem verysusceptibletoenvironmentalfluctuationsandpredators.

Ectoparasiticnematodescanhaveextremelylongstylets,whichassistthem infeedingdeep

withintheplantrootonnutrientrichplantcells.Someofthesenematodesinducetheplantto

form anenlargedcell(s)thatthenematodefeedsfrom foranextendedperiodoftime.

Semi-endoparasites:Nematodesthatfeedassemi-endoparasitesareabletopartiallypenetrate

theplantandfeedatsomepointintheirlifecycle.Usuallytheheadofthenematodepenetrates

intotherootandallowsthenematodetoform apermanentfeedingcell.Thesenematodes

swellanddonotmoveoncetheyhaveenteredintotheendoparasiticphaseoftheirlifecycle.By

givinguptheirmobility,thenematodesriskdeathiftheirhostplantdies,buttheyalsobenefit

from formingapermanentfeedsite,whichincreasestheirnutrientuptakeandreproductive

potential.

Migratoryendoparasites:Migratoryendoparasiticnematodesspendmuchoftheirtime

migratingthroughroottissuesdestructivelyfeedingonplantcells.Thesenematodescause

massiveplanttissuenecrosisbecauseoftheirmigrationandfeeding.Whentheyfeedfrom the

plant,theysimplysuckouttheplantcellcytoplasm usingtheirstylet,killingtheplantcelland

movingaheadofthelesion.Theymakenopermanentfeedingcells.

Sedentaryendoparasites:Themostdamagingnematodesintheworldhaveasedentary

endoparasiticlifestyle.Thetwomainnematodesinthisgrouparethecystnematodes

(HeteroderaandGlobodera)andtheroot-knotnematodes(Meloidogyne).Inthesenematodes,



theJ2invadestheplantnearthetipofarootandmigratesthroughthetissuetothedeveloping

vascularcells.Thesenematodesarecompletelyembeddedintherootduringtheirinitialstages

ofdevelopment,butlaterthecystnematodesprotrudefrom theroot.TheJ2nematodesinject

secretionsintoandaroundtheplantcellstostimulatetheformationoflargefeedercell(s),

whichtheynon-destructivelyfeedonthroughouttheirlifecycle.Feedingcellsofroot-knot

nematodes(giantcells)form byrepeatednucleardivisionintheabsenceofcelldivision.

Feedingcellsofcystnematodesform bytheincorporationofneighboringcellsintoasyncytium

formedbythebreakdownofneighboringcellwalls.Oncethefeedingcellsareformed,the

juvenilenematoderapidlybecomessedentarybecausetheirsomaticmusclesatrophy.The

juvenilesfeed,enlargeandmoltthreetimestotheadultstage.Thelargefeedingcellsformed

bythesenematodesplugthevasculartissueoftheplantmakingitsusceptibletowaterstress.

Femalesedentaryendoparasitesenlargeconsiderablyintoasaclikeshapeandarecapableof

layinglargenumbersofeggs.Eggsaretypicallylaidoutsidethenematodeinagelatinousegg

mass,butincystnematodesmosteggsareretainedinsidethefemalebody.Bothtypesof

nematodehavethesamebasicfeedingstrategy,butmanycystnematodeshaveanobligate

sexualcycle,whereasthemostcommonspeciesofroot-knotnematodesreproducelargelyby

parthenogenesis.

Stem andbulbnematodes:Stem andbulbnematodes(Ditylenchussp.)are,astheirname

suggests,nematodesthatattacktheupperandlowerpartsofplants.Theyusewaterfilmsto

migrateupthestem oftheplantandthereforearemoredamagingunderwetconditions.The

infectiousstageofthestem andbulbnematodesisthefourthstagejuvenile.Thisstageoften

entersemergingplanttissuesbelowground,butcancrawlupstemsinafilm ofwaterandenter

shootsviabuds,petioles,orstomata.Onceinthehostplant,theydestructivelyfeedas

migratoryendoparasites,moltintoadultsandreproduce.

Seedgallnematodes:Seedgallnematodes(Anguinasp.)werethefirstplant-parasitic

nematodestobedescribedinthescientificliteraturein1743.ThesenematodesmigrateasJ2s

inwaterfilmstotheleavesofplantswheretheyfeedasectoparasitesatthetips,causing

distortionoftheleaves.OncetheplantstartstoflowertheJ2penetratesthefloralprimordia

andstartstofeedonthedevelopingseed.Onceintheseed,thenematodeundergoesitsmolts,

continuestofeed,andeventuallykillstheseedtoform ablackened"cockle"(seedgall).The

adultssexuallyreproduce,theeggshatchasJ1andthenquicklymoltintoaJ2survivalstage.

TheenvironmentallyresistantJ2desiccateswiththeseedgallandoverwinters.Thenematodes

intheseedgallcansurvivefor30yearsifkeptinadrylocation.Whenpropermoistureand

temperatureconditionsarise,thecryptobioticJ2becomesactiveandstartsthelifecycleover

again.

Foliarnematodes:FoliarnematodesareinthegenusAphelenchoides.Theadultnematodes

migrateinwaterfilmsonthestemstotheleavesoftheirhostplantandpenetratetheleaves

throughnaturalopenings(stomata).Onceintheleavesthenematodesmigrate,destructively

feed,moltandlayeggs.Thefeedingactivityofthenematodescausescharacteristicinterveinal

chlorosisandnecrosisoftheleaf,ultimatelykillingit.Thenematodesareabletomovefrom



leaftoleafiftheproper(moist)environmentalconditionsexistandcanseverelydamageaplant.

Inthewintertheadultnematodespersistinthedeadleavesuntilfavorableconditionsarisein

thespring.Ifthedead,nematode-infestedleavesaremovedorblownaroundthiswillhelp

dispersethenematodenearnewhostplants(HeslingandWallace1961).

Mostplantparasiticnematodesaresoilbornerootpathogens,butafewspeciesfeedprimarily

uponshoottissues.Themajorityofplantparasiticnematodespeciesareintheclass

Chromodorea,orderRhabditida(formerlyplacedintheorderTylenchida).Therearesevenmajor

typesofnematodefeedingstrategiesusedbyplantparasiticnematodes(Table1).

Table1.SummaryofPlantParasiticNematodeFeedingStrategies

FeedingStrategy ExampleGenera InfectiveStage

Ectoparasite Belonolaimus J2-Adult

Trichodorus J2-Adult

Semi-Endoparasites Rotylenchulus J4

Tylenchulus J2

MigratoryEndoparasites Pratylenchus J2-Adult

SedentaryEndoparasites Meloidogyne J2

Naccobus J2

Stem andBulbNematodes Bursaphelenchus J4

SeedGallNematodes Anguina J2

FoliarNematodes Aphelenchoides J2-Adult

PlantNematodeControl:

Thereareseveralmethodscommonlyusedtocontrolplant-parasiticnematodes.These

methodscanbedividedintothreemaintypes:biologicalcontrol,culturalcontrolandchemical

control.Themostpracticalform ofbiologicalcontrolistheuseofnematode-resistantplants.In

thiscontrolmethod,plantbreederscrossnaturalnematoderesistancegenesintocultivated

plantspeciestoimprovetheirresistancetonematodes.Thebenefitofthismethodisthatitisa

veryinexpensivewayforgrowerstocontroltheirnematodeproblems.Themaindisadvantageis

thatittakesyearstoscreenforresistantplantvarietiesandmoretimetobreedresistancetraits

intocommercialvarieties.Furthercomplicationsarethatnaturalsourcesofnematode

resistancedonotexistforallcultivatedspeciesandsomespeciesofnematodesareableto



growonresistantplants.However,when"good"resistantplantsareavailable,theyarean

effectivemethodofnematodecontrol.Otherbiologicalcontrolmethodsusenaturalpredators

orpathogensofnematodes.Whilebiologicalcontrolagentskillnematodesincontrolled

laboratorysettings,implementationofbiologicalcontrolmethodsinthefieldisnotdonedueto

theexpenseanddifficultyofgrowinglargeamountsofnematodepathogens.

Croprotationwithanon-hostplantisaveryeffectivemethodtolimitnematodegrowth.

Typically,acroppingsystem isdevisedthatselectsplantsthatnematodescanandcannotgrow

on.Theseplantsaregrowninalternateyearsandtheproblematicnematodepopulation

decreasesdramatically,belowdamagethresholdlevels,intheyearsthatthenon-hostisgrown.

Thiscanbeaneffectivemethodifaproducerhasthechoiceofseveraldifferentcropsthatcan

begrownandiftheproblematicnematodedoesnothaveabroadhostrangeorsurviveinthe

soilinacryptobioticstateforlongperiodsoftime.

Forthepast50yearsnematodeshavebeeneffectivelycontrolledusingchemicalnematicides.

Theseareinexpensivechemicalsthateffectivelykillnematodesinsoil.Therearetwotypesof

nematicides,soilfumigants(gas)andnon-fumigants(liquidorsolid).Soilfumigantsbecame

popularbecausetheydidnotrelyonalternativehostcropsforrotation;theydrasticallyreduced

nematodepopulationsinthesoil,andwerecosteffectiveformostcrops.Suchfumigantsare

1,3dichloropropene(TeloneII),chloropicrin(teargas),anddazomet(Basamid)..Non-fumigant

nematicidessuchasfenamiphos(Nemacur)andaldicarb(Temik)arebaseduponthesame

kindsofactiveingredientsasmanyinsecticides(i.e.nervepoisons)andcanbeappliedinliquid

orgranularformulations.Whilenon-fumigantnematicidesreducenematodepopulations,their

effectivenessisnotasconsistentasthatoffumigantnematicides..

Plantnematodesarenottypicallycontrolledusingjustonemethodmentionedabove,but

insteadtheyaremanagedusingacombinationofmethodsinanintegratedpestmanagement

system.


