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Comparative Effect of Root-knot Nematodeon Severity of
Verticillium and Fusarium Wilt in Cotton

Dimitrios Katsantonis, Roy J.Hillocks andSimonGowen

Theeffectof root-knotnematodéRKN) (Meloidogyneincognita) on \erticillium dahliaeand
Fusarium oxysporumf.sp. vasinfecturin cotton (Gossypiumhirsutun) was investicated.
Two different inoculation methodswere used,one in which inoculum was addedto the
soil, sothatnematodeand fungal inoculumwerein closeproximity; the other inoculation
into the stem,wherebythe two inoculawere spatially separated.Invasionof the roots by
RKN enhancedliseasesererity, as measureddy the height of vascularbrowning in the
stem, following inoculationwith either wilt pathogen. The effect of RKN on Fusarium
wilt was more pronouncedhan that on Verticillium wilt. Nematode-enhanceidfection
by F. oxysporumis a well known effect but there are few reportsof enhancednfection
by \erticillium due to RKN. Relative resistanceof a numberof cotton cultivars to both
wilt diseasesas measuredy heightof vascularbrowning, wassimilar to the known eld

performancef thecultivars. The useof vasculambrowning asanestimateof diseaseseverity
wasthereforevalidated.

KEY WORDS: Cotton; Gossypiumhirsutum Fusariumoxysporum \erticillium dahliae

Meloidogyneincognita; root-knotnematodeinteractions.

INTRODUCTION

TheassociatiobetweemematodesndFusariumwilt of cottonhasbeenknown since
the 19th Century(2). Most attentionhasbeengiven to the interactionsof Meloidagyne
incognita with Fusariumwilt in cottonand othercrops. A numberof othernematodes,
e.g. Belonolaimudongicaudatus Pratylendus spp. and Rotylentwulusreniformishave
beenimplicated in associationsvith Fusariumwilt (FW) and Verticillium wilt (VW)
(11,18,23,26,27,33)Most of the evidencesupportsthe view that plantscanbe infected
by vascularwilt fusariain the absenceof nematodeshut the presencef certainspecies,
particularlyM. incognita, markedly increasesliseasencidenceandseverity. Martin etal.
(16) tested ve nematodespeciesandfoundthatonly M. incognita signi cantly increased
wilt incidencen cotton.

Minton and Minton (21) concludedfrom pot experimentsthat severe damagewas
apparentn young cotton seedlingsinoculatedwith F. oxysporunt.sp. vasinfectumand
eitherMeloidagyneincognita acrita or B. longicaudatus They found alsothattherewas
a reductionin shootweight resulting from nematodeinfection, but greaterreductions
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occurredwhenthe plantswereinoculatedwith both nematodesndthe fungus. Ibrahim
etal. (13) obsened FW symptomsn Egyptiancotton(Gossypiunbarbadensé..) 10 days
earlierin the presencef M. incognita andthe proportionof wilting plantsincreasedrom
40%to 95%.

The effectsof M. incognita andF. oxysporunt.sp. vasinfectunon growth, mortality
and yield of cotton were examinedby Starr et al. (31) in micro-plot experiments.
To demonstratesigni cant interaction betweenthe two organismsrequired an initial
populationof 2.3-4.2 10 cfu of Fusariumper gramsoil and 10-50Meloidogyneeggs
andjuvenilesper100cm of soil.

Minton and Minton (20) obsered that there was abundant fungal growth of F.
oxysporuntf.sp. vasinfectumn the nematode-inducediantcells,aswell asin the xylem.
Perry (26) concludedfrom his work with FW on cotton that root-knotjuvenilesdid not
causeextensize mechanicaldamageor necrosisin seedlingroots and did not stimulate
infection of rootsby Fusarium. Therewereno morefungal hyphaenearthe entry points
of nematodeand,in contrasto the ndings of MelendezandPawell (17) andOwensand
Spech{(25), thefungusdid not colonizethe eggsor the maturegalls. It wasconcludedhat
nematodeattackincreasedhe susceptibilityof cottonandtomatoto wilt by affecting its
generaphysiologyandbiochemistryratherthanby the physicaldamagedone.

In the caseof \erticillium androot-knotnematodgRKN) interactionsfewer dataare
availableandsomeresultsappearo be contradictory Pratylendusspp. appeato bethe
main nematodesnvolved in interactionswith VW fungi (6,7,22,24). The rst evidence
of anassociatiorbetweenvV. dahliaeandRKN waspresentedn 19550n Peruviancotton
(3). Miller etal. (19) alsosuggested possibleassociatiorof M. incognita acrita with
increasingncidenceandseverity of VW in irrigatedcotton. Khoury and Alcorn (15), in
a studywith V. albo-atrumand M. incognita acrita, concludedthat the presenceof the
nematodssigni cantly increasedhe numbersof plantsinfectedby the fungusandthatthe
severity wascorrelatedvith the concentratiorof nematodénoculum.

In view of the similarity betweenthe two cottonwilt fungi, aswell astheir similar
modeof infectionandthewell documentecffect of RKN on FW, work wasconductedo
compareheeffectof RKN onwilt severity following inoculationwith eitherF. oxysporum
f.sp.vasinfectunor V. dahliae

MATERIALS AND METHODS

All plantsand nematodecultureswere maintainedin the glasshouset the Dept. of
Agriculture, University of Reading,during the period 1996-1999.All fungal inoculation
experimentsavere conductedn growth chambergFisonsFitotronic, LoughboroughlUK)
with a photoperiodof 12:12, L:D at 28 C for Fusarium and 26 C for \erticillium.
Plantsweregrovn in 11 11 12 cm pots, lled with eitherloam-basedcompost(John
InnesNo. 2), which wasfavoredfor Verticillium experiments,or a peat-base@ompost
(FisonsMultipurpose)for Fusariumexperiments. Fungi wereincubatedat the optimum
temperaturesf 28 C for Fusariumand26 C for Verticillium. All statisticalanalysiswas
performedusingeitherMSTAT-C or Minitab 11, commerciaktomputempackages.

The cottoncultivarsusedwere Gossypiunhirsutumcyv. "Makoka 78" (ex Malawi), cv.
“"Albar K602' andcv. "Albar G501' (ex Zimbabwe),cv. "Auburn 56' (ex USA) and G.
barbadensev. "SeabrookSB12' (ex USA).

TheF. oxysporuni.sp. vasinfecturmacel isolateusedin this studyoriginatedfrom the
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InternationaMycologicallnstituteCollectiongnow CABI-Bioscience).M.I. No. 141146.
Thestockculturesweremaintainedassoil cultures.Soil from thestockcultureswasplaced
on potatodextroseagar andincubatedat 25 C for 7 days. The sporeswvereharnestedasa
sporesuspensioin sterilewaterandtheconcentrationwasadjustedo4 10 sporeanl
Theisolateof V. dahliaewasobtainedirom cottonin Zimbabwe.The cultivar Makoka 78,
highly susceptiblego bothwilt pathogenswasinoculatedin individual experimentswith
both Fusariumand\erticillium usingthe stempuncturemethod(5). After 28 daysplants
werechecledfor wilt symptomsNew soil-stockcultureswerepreparedy re-isolatingthe
fungusfrom infectedstems.

Meloidagyneincognitarace3 (RKN) wasfrom the TobaccoResearciBoard,Kutsag,
Zimbabwe (courtesyDr. Vicky Stubbs)and originatedfrom a single egg mass. All
experimentswith nematodesvere conductedn the glasshousat 25-28 C. Lycopesicon
esculentumMill. cv. “Tiny Tim' was usedto multiply and maintainthe population.
Nematodegor re-inoculationwereobtainedoy washingthe rootsof 40-55-day-oldlants
with 1% sodiumhypochloriteandcollectingtheeggsona38 m sieve (12).

Preliminary experiments

Nematode Cotton plantsof the ve cultivars were grown individually in potsin a
completelyrandomizeddesignfor 15 daysin the greenhouseavith a meantemperature
of 27 C; therewere nine replicationswith a single plantin eachpot (Exp. 1) to test
susceptibilityto RKN. The plantswere inoculatedwith 2000 juvenilesper pot and left
for 40 days,after which the potswere removed andthe soil waswashedfrom the roots.
The rootswere cut into 0.3—0.5cm pieces,mixed, weighedand 1.0 g was stainedwith
phloxineB (1) to countthe egg masses Egg masseger gramroot weretransformedor
ANOVA usingthelogarithmictransformatiorflog(x+1)].

Fungi Two methodswere usedfor fungal inoculation,onein which inoculumwas
addedo thesoil andanotheiin whichthestemwasinoculateddirectly. Thesoil infestation
techniques amodi cation of themethodusedby KhouryandAlcorn (15)in orderto cause
the minimal root damage Threecottonseedsvereplantedwith bamboosticksor bundles
(1 15 cm) placednext to themin the pot, at about7 cm deep,and a universal(8 2.5
cm) bottle was placedat a similar depth,in the middle of eachpot. Thesewereleft in
placeuntil the fungal suspensiomwas appliedto the soil, whenthe plantswere 15 days
old. At the time of fungal inoculationthe bamboosticks andthe universalbottleswere
gently removed, taking carenot to disturbthe holes— into which the standardnoculum
was poured. The contentsof 15 9-cm petri dishes,overgrown with either Fusariumor
\erticillium, wereblendedfor 1 min in 500ml of steriledistilled water;eachmixture was
dilutedto 2 | andusedwithin 30 min. The maceratednixture was usedasthe standard
fungal inoculum. After applyingtheinoculathe holeswerecoveredwith soil andthe pots
weretransferredo gronvth chambersStempuncturenoculationwasachiezedby piercing
the stemswith a No. 11 sawing machineneedleafterit wasdippedinto a preparedspore
suspensiof 4 10 sporesml . Two puncturesveremadein eachplantatright angles
to eachother in orderto minimizetherisk of the plantescapingnoculation(5).

In the preliminary experiments(Nos. 2, 3, 4, 5) with single inocula, ve cotton
cultivarswereinoculatedwith threeplantsin eachpot andfour replications.Experiments
were arrangedn a randomizedlock designin the growth chambersetto a 12-h cycle
at 26 C for the Verticillium experimentsand at 28 C for the Fusarium experiments.
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Thesetemperaturesvere chosenas being close to the optimum range for symptom
developmentfor the two pathogenswithout being too different, which would affect
nematodedevelopment(8—10). Fourteendaysafter inoculation, symptomseverity was
measure@sheightreachedy vasculatbrowning (VB) in the steletissueandexpresse@s
aproportionof thetotal heightof the stemin eachplant(32).

Interaction experiments

Threecottonplantsweregrown perpotin the glasshousé a completelyrandomized
block designwith four replicationsfor 15 daysandthen2000Meloidagynejuvenilesper
plantwereadded.The 2nd stagejuvenileswereinoculateddirectly into smallholesmade
in thesoil, 2-3cmdeep arrangedaroundeachplant. After 28 daysplantswereinoculated
with Fusarium applying the inoculum in the soil (Exp. 6) using the soil infestation
technique,or directly into the stemusing the stempuncturetechnique(Exp. 7). Then
the pots were transferredinto growth chambersand wateredregularly. After the rst
experiment,the numberof cotton cultivarswas decreasedo four and later to threewith

vereplicationsjn orderto securamorespacean thegrowth chambefor greatereplication
andbetterlighting. Threecultivarswere used: Albar G501 and Albar K602 asthe main
cultivars,andSeabrookSB12astheresistantontrol cultivar to bothdiseases.

The two inoculation techniqueswith the same three cultivars were used in the
\erticillium asin the Fusariumexperiments. Two groupsof two experimentseachwere
conductedover a period of 2 yearsaccordingto the type of fungal inoculation (soil or
stem)and the resultswere analyzedusing combinedanalysisfor 2 years(Exps. 8, 9).
Scoringfor infection severity wasbasedn VB asdescribedor preliminaryexperiments.

RESULTS

Preliminary experiments

RKN, Exp. 1 All ve cotton cultivars were invaded by RKN, supportednematode
developmentand producedegg masses.The numberof egg masseger g root differed
amongthe ve cultivars(P 0.001)(Tablel). Makoka 78 andAlbar G501hadthelargest
numberof egg massesndSeabrookadthe fewest(75% of themostsusceptible).

FusariumExps.2,3 Following soil infestation therewasconsiderablezariationamong
the cultivars in the upward spreadof VB, being greatestin Albar G501 and leastin
SeabrookP 0.05)(Tablel). Steminoculationgave similar resultsexceptthat VB was
greatestn Makoka78 andconsiderablyessin Auburn 56 thanaftersoil inoculation.

\erticilium Exps. 4, 5 Following either soil infestation or stem inoculation with
\erticillium, Albar G501shavedtheleastVB of the "Upland' cultivarsandAlbar K602 or
Makoka78thegreatesi/B; Seabroolevincedonly slight VB (Tablel).

Interaction experiments

RKN Fusarium,Exps.6,7 Root-knothnematodecauseda 57%increasen VB in ve
cultivarsfollowing Fusariuminoculationby the soil infestationrmethodanda 78%increase
following steminoculation(P  0.05). Themagnitudeof the effect of RKN on VB differed
betweencultivars (Fig. 1). Following soil inoculation, the effect was greatestin Albar
K602, followed by Albar G501, Auburn 56 and Makoka in that order; the increasein
SeabrookSB12wasnot signi cant. Therewasno signi cant interactionamongcultivars
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TABLE 1. Effectof RKN, FusariumandVerticillium ontheresistancef ve cottoncultivars,using
severalinoculationmethods

Cultivar Rootweight RKN Fusarium \erticillium
()
Eggmasseg root Vasculabrowning (%)
number log(x+1) Inoculationmethod
Stem Soil Stem Soil
Makoka78 20.55 115 2.00a 87.2a 72.2¢c 34.7b 71.5a
Albar G501 15.64 122 2.10a 65.7b 99.4a 12.4c 32.7b
Albar K602 13.50 104 1.90ab 46.9c 44.2d 72.6a 61.2a
Auburn 56 16.45 66 1.80b 31.7d 87.9b 50.6b -
Seabrook 23.70 32 1.50c 27.4d 2.5e 4.1c 1.2¢c
SB12
LSD 0.16 9.5 9.6 16.8 21.6

Vascularbrowning (%) = height(cm) of the vascularbrowning in the infectedsteletissuedivided by the total
heightof the cottonplant(cm).

Within columns, gures followed by the sameletter do not differ statistically;LSD is theleastsigni cant value
of themeansatP 0.05.

Fig. 1. Vascularbrowning causediy Fusariumoxysporunt.sp. vasinfectuninoculatedfrom stem

and soil in the absencgwhite columns)and presencghatchedcolumns)of root-knot nematode.
Within eachhalf of the gure, columnsmarked with a commonletter do not differ statisticallyat

P 0.05. Vascularbrowning (%) = height(cm) of the vascularbrowning in the infectedsteletissue
dividedby thetotal heightof the cottonplant(cm).
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Fig. 2. Vasculabrovning causedy \erticillium dahliaeinoculatedrom stemandsoil in theabsence
(white columns)and presenc&hatchedcolumns)of root-knotnematode.Within eachhalf of the
gure, columnsmarkedwith acommonletterdo notdiffer statisticallyatP 0.05.Vasculabrowning
(%) = height(cm) of the vasculabrowning in the infectedsteletissuedivided by the total heightof
thecottonplant(cm).

with respectto VB. The resultswere similar following steminoculation(Fig. 1) except
thatin this casevasculardiscolorationwaslesspronouncedn the nematode-fre&reatment
with cv. Makoka and the increaseddiscolorationin the presenceof RKN was marked
(95%increase)Additionally, in this experimenttherewasa signi cant interactionamong
cultivarsfor VB.

RKN  \erticillium, Exps. 8, 9 In the experimentsin which the funguswas placed
in the soil, the vasculardiscolorationresponsedo \erticillium increasedsigni cantly in

the presenceof nematodesn all cotton cultivars (P 0.05) but lessthan in Fusarium
experiments Thedifferencein the extentof VB betweemematode-treateahdnematode-
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free plantswas overall 40%, comparedwith 57% with Fusarium. Albar K602 shaved

extensive vasculardiscolorationwhen inoculatedwith Verticillium alone but a marked

increasavhen RKN was present(49%) (Fig. 2). Albar G501is Verticillium-resistantn

the eld and performedas expectedwith increasedvB (37%) in the presenceof RKN.

Finally, SB12showved lesseffect on VB. Whenstempunctureinoculationwas used,the

nematode-increaseéB was11% lessthanwith soil inoculation(P  0.05). RKN hadan
effect on VB, shaving anincreaseof 4% (Verticillium-susceptible)n Albar K602, 9% in

Seabrookand 18% in Albar G501 (\erticillium-resistant)Fig. 2). In both experiments
thereweresigni cant differencesdn theinteractionof RKN  cultivars,shoving thatthe
cultivarswereaffectedto differentdegrees.

DISCUSSION

Theinitial experimentsestablishedhatall the cultivarsweresusceptibléo RKN and
the differencesbetweenthem were not greatenoughto have a major in uence on the
nematodes effect on infection by the wilt pathogens.The resultsof inoculationwith the
two wilt pathogensloneshavedthatmeasuremertf the heightto which VB extendedn
thesteleasa proportionof total stemlength,wasavalid estimateof their relative resistance
to thetwo diseasesndre ectedtheirknown eld performancé€10,14,28).

Root-knotnematoddancreasedhe severity of FW symptomsas assessetly the VB
method,with bothinoculationmethodsn all cultivars. The effect wasleastin Seabrook,
whichhasahighlevel of wilt resistanceTheseresultscon rmed previousreportsandalso
shavedthatthis effectof RKN occursevenwhennematodendfungal inoculaarespatially
separatedindicating a systemiceffect of the nematodeon FW symptomdevelopment.
BowmanandBloom (4) reporteda systemiceffect from RKN thatcauses breakdevn in
the resistanceof tomatoplants,but Hillocks (9) could not reproducehis resulton cotton
usingthesplit-roottechnique However, the presentesultsarein agreementvith Hillocks
(9), who obtainednematode-enhancesymptomexpressionusing cottonplantsthat were
stem-inoculateavith the FW pathogen.The conclusiondravn from thesetwo apparently
contradictory ndings is thatthe effect of RKN onwilt incidencewasalocalizedoneand
the effecton FW severity wasa systemicone.

In somehost—pathogecombinationgheeffectof RKN onhostresponséo VW wasas
greatasits effecton FW. In thesoil inoculationexperimentsthepresencef RKN increased
symptomdevelopmentwhich wasgreateiin Albar K602 (\erticillium-susceptiblejhanin
Albar G501 (\erticillium-resistantwhereaghe effectin SB12wastheleast. In the stem
inoculationexperimentswith VW, RKN increasedsymptomdevelopmentdifferently in
all threecultivars but much lessthanin previous experiments. This would suggesthat
the effect of RKN on VW might have moreto do with localizedeffectsthat requirethe
nematodendfungusto bein closeproximity. EldonandHillocks (8) concludedrom their
work with FW andVW in cottonthatthe primary mechanisnof resistancevasdifferent
for thetwo diseasesyith vasculamocclusionbeingmoreimportantin resistancéo FW and
phytoalexin productionmoreimportantin resistancéo VW.

Thereare few previous reportsof an effect of RKN on VW. The reasonfor this may
be thatthereis lessinterestin possibleassociationdbetweenRKN and VW becausdhe
diseaseccurson neutral-alkalinesoils with a high clay contentthatareoften not suitable
for RKNs. FW (with theexceptionof races3 and4 andAustralianstrains)occurson acid—
neutralsoilswith ahighsandcontent(29,30)andthesearethesoilsfavoredby RKNs. Also,
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the optimumtemperaturdor the developmentof VW symptomsin the eld is 22-26 C,
whereador FW it is 30-34 C, a temperaturesloserto the optimumfor the development
of M. incognita. Neverthelessthereare elds in China,Californiaandelsavherein which
FW andVW occurtogether
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