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

Dimitrios Katsantonis,
�����

Roy J.Hillocks
�

andSimonGowen
�

Theeffectof root-knotnematode(RKN) (Meloidogyneincognita) onVerticillium dahliaeand
Fusariumoxysporumf.sp. vasinfectumin cotton (Gossypiumhirsutum) was investigated.
Two different inoculationmethodswere used,one in which inoculum was addedto the
soil, so that nematodeandfungal inoculumwerein closeproximity; the other, inoculation
into the stem,wherebythe two inoculawerespatiallyseparated.Invasionof the rootsby
RKN enhanceddiseaseseverity, as measuredby the height of vascularbrowning in the
stem, following inoculationwith either wilt pathogen. The effect of RKN on Fusarium
wilt was more pronouncedthan that on Verticillium wilt. Nematode-enhancedinfection
by F. oxysporumis a well known effect but thereare few reportsof enhancedinfection
by Verticillium due to RKN. Relative resistanceof a numberof cotton cultivars to both
wilt diseases,asmeasuredby heightof vascularbrowning, wassimilar to the known �eld
performanceof thecultivars.Theuseof vascularbrowningasanestimateof diseaseseverity
wasthereforevalidated.
KEY WORDS: Cotton; Gossypiumhirsutum; Fusariumoxysporum; Verticillium dahliae;
Meloidogyneincognita; root-knotnematode;interactions.

INTRODUCTION

TheassociationbetweennematodesandFusariumwilt of cottonhasbeenknown since
the 19th Century(2). Most attentionhasbeengiven to the interactionsof Meloidogyne
incognita with Fusariumwilt in cottonandothercrops. A numberof othernematodes,
e.g. Belonolaimuslongicaudatus, Pratylenchusspp. andRotylenchulus reniformishave
beenimplicated in associationswith Fusariumwilt (FW) and Verticillium wilt (VW)
(11,18,23,26,27,33).Most of the evidencesupportsthe view that plantscanbe infected
by vascularwilt fusariain theabsenceof nematodes,but the presenceof certainspecies,
particularlyM. incognita, markedly increasesdiseaseincidenceandseverity. Martin et al.
(16) tested� ve nematodespeciesandfoundthatonly M. incognita signi�cantly increased
wilt incidencein cotton.

Minton and Minton (21) concludedfrom pot experimentsthat severe damagewas
apparentin youngcottonseedlingsinoculatedwith F. oxysporumf.sp. vasinfectumand
eitherMeloidogyneincognita acrita or B. longicaudatus. They foundalsothat therewas
a reductionin shoot weight resulting from nematodeinfection, but greaterreductions
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occurredwhenthe plantswereinoculatedwith both nematodesandthe fungus. Ibrahim
etal. (13)observedFW symptomsin Egyptiancotton(GossypiumbarbadenseL.) 10days
earlierin thepresenceof M. incognita andtheproportionof wilting plantsincreasedfrom
40%to 95%.

The effectsof M. incognita andF. oxysporumf.sp. vasinfectumon growth, mortality
and yield of cotton were examined by 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 and10–50Meloidogyneeggs
andjuvenilesper100cm

�

of soil.
Minton and Minton (20) observed that there was abundant fungal growth of F.

oxysporumf.sp. vasinfectumin thenematode-inducedgiantcells,aswell asin thexylem.
Perry (26) concludedfrom his work with FW on cotton that root-knot juvenilesdid not
causeextensive mechanicaldamageor necrosisin seedlingroots and did not stimulate
infectionof rootsby Fusarium. Therewereno morefungal hyphaeneartheentrypoints
of nematodesand,in contrastto the�ndings of MelendezandPowell (17) andOwensand
Specht(25), thefungusdid notcolonizetheeggsor thematuregalls. It wasconcludedthat
nematodeattackincreasedthe susceptibilityof cottonandtomatoto wilt by affecting its
generalphysiologyandbiochemistryratherthanby thephysicaldamagedone.

In thecaseof Verticillium androot-knotnematode(RKN) interactions,fewer dataare
availableandsomeresultsappearto becontradictory. Pratylenchusspp. appearto bethe
main nematodesinvolved in interactionswith VW fungi (6,7,22,24). The �rst evidence
of anassociationbetweenV. dahliaeandRKN waspresentedin 1955on Peruviancotton
(3). Miller et al. (19) alsosuggesteda possibleassociationof M. incognita acrita with
increasingincidenceandseverity of VW in irrigatedcotton. Khoury andAlcorn (15), in
a study with V. albo-atrumand M. incognita acrita, concludedthat the presenceof the
nematodesigni�cantly increasedthenumbersof plantsinfectedby thefungusandthatthe
severity wascorrelatedwith theconcentrationof nematodeinoculum.

In view of the similarity betweenthe two cotton wilt fungi, as well as their similar
modeof infectionandthewell documentedeffect of RKN on FW, work wasconductedto
comparetheeffectof RKN onwilt severity following inoculationwith eitherF. oxysporum
f.sp. vasinfectumor V. dahliae.

MATERIALS AND METHODS

All plantsandnematodeculturesweremaintainedin the glasshouseat the Dept. of
Agriculture,Universityof Reading,during theperiod1996–1999.All fungal inoculation
experimentswereconductedin growth chambers(FisonsFitotronic,Loughborough,UK)
with a photoperiodof 12:12, L:D at 28

�

C for Fusarium and 26
�

C for Verticillium.
Plantsweregrown in 11 � 11 � 12 cm pots, �lled with either loam-basedcompost(John
InnesNo. 2), which was favored for Verticillium experiments,or a peat-basedcompost
(FisonsMultipurpose)for Fusariumexperiments.Fungi wereincubatedat the optimum
temperaturesof 28

�

C for Fusariumand26
�

C for Verticillium. All statisticalanalysiswas
performedusingeitherMSTAT-C or Minitab 11,commercialcomputerpackages.

ThecottoncultivarsusedwereGossypiumhirsutumcv. `Makoka78' (ex Malawi), cv.
`Albar K602' andcv. `Albar G501' (ex Zimbabwe),cv. `Auburn 56' (ex USA) andG.
barbadensecv. `SeabrookSB12' (ex USA).

TheF. oxysporumf.sp.vasinfectumrace1 isolateusedin thisstudyoriginatedfrom the
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InternationalMycologicalInstituteCollections(now CABI-Bioscience)I.M.I. No. 141146.
Thestockculturesweremaintainedassoil cultures.Soil from thestockcultureswasplaced
on potatodextroseagar andincubatedat 25

�

C for 7 days.Thesporeswereharvestedasa
sporesuspensionin sterilewaterandtheconcentrationwasadjustedto 4 � 10

�

sporesml �

�

.
Theisolateof V. dahliaewasobtainedfrom cottonin Zimbabwe.Thecultivar Makoka78,
highly susceptibleto both wilt pathogens,wasinoculatedin individual experimentswith
bothFusariumandVerticillium usingthestempuncturemethod(5). After 28 daysplants
werecheckedfor wilt symptoms.New soil-stockcultureswerepreparedby re-isolatingthe
fungusfrom infectedstems.

Meloidogyneincognita race3 (RKN) wasfrom theTobaccoResearchBoard,Kutsaga,
Zimbabwe(courtesyDr. Vicky Stubbs)and originatedfrom a single egg mass. All
experimentswith nematodeswereconductedin theglasshouseat 25–28

�

C. Lycopersicon
esculentumMill. cv. `Tiny Tim' was usedto multiply and maintain the population.
Nematodesfor re-inoculationwereobtainedby washingtherootsof 40–55-day-oldplants
with 1%sodiumhypochloriteandcollectingtheeggsona38 � m sieve (12).

Preliminary experiments

Nematode Cotton plantsof the � ve cultivars were grown individually in pots in a
completelyrandomizeddesignfor 15 daysin the greenhousewith a meantemperature
of 27

�

C; therewere nine replicationswith a single plant in eachpot (Exp. 1) to test
susceptibilityto RKN. The plantswere inoculatedwith 2000 juvenilesper pot and left
for 40 days,after which the potswereremoved andthe soil waswashedfrom the roots.
The rootswerecut into 0.3–0.5cm pieces,mixed, weighedand1.0 g wasstainedwith
phloxineB (1) to counttheegg masses.Eggmassespergramroot weretransformedfor
ANOVA usingthelogarithmictransformation[log(x+1)].

Fungi Two methodswereusedfor fungal inoculation,one in which inoculumwas
addedto thesoil andanotherin whichthestemwasinoculateddirectly. Thesoil infestation
techniqueis amodi�cation of themethodusedby KhouryandAlcorn (15) in orderto cause
theminimal root damage.Threecottonseedswereplantedwith bamboosticksor bundles
(1 � 15 cm) placednext to them in the pot, at about7 cm deep,anda universal(8 � 2.5
cm) bottle wasplacedat a similar depth,in the middle of eachpot. Thesewere left in
placeuntil the fungal suspensionwasappliedto the soil, when the plantswere15 days
old. At the time of fungal inoculationthe bamboosticksandthe universalbottleswere
gently removed, taking carenot to disturbthe holes– into which the standardinoculum
was poured. The contentsof 15 9-cm petri dishes,overgrown with either Fusariumor
Verticillium, wereblendedfor 1 min in 500ml of steriledistilled water;eachmixturewas
diluted to 2 l andusedwithin 30 min. The maceratedmixture wasusedasthe standard
fungal inoculum.After applyingtheinoculatheholeswerecoveredwith soil andthepots
weretransferredto growth chambers.Stempunctureinoculationwasachievedby piercing
thestemswith a No. 11 sewing machineneedleafter it wasdippedinto a preparedspore
suspensionof 4 � 10

�

sporesml �

�

. Two puncturesweremadein eachplantat right angles
to eachother, in orderto minimizetherisk of theplantescapinginoculation(5).

In the preliminary experiments(Nos. 2, 3, 4, 5) with single inocula, � ve cotton
cultivarswereinoculated,with threeplantsin eachpot andfour replications.Experiments
werearrangedin a randomizedblock designin the growth chamberset to a 12-h cycle
at 26

�

C for the Verticillium experimentsand at 28
�

C for the Fusarium experiments.
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Thesetemperatureswere chosenas being close to the optimum range for symptom
development for the two pathogenswithout being too different, which would affect
nematodedevelopment(8–10). Fourteendaysafter inoculation,symptomseverity was
measuredasheightreachedby vascularbrowning (VB) in thesteletissueandexpressedas
aproportionof thetotal heightof thestemin eachplant(32).

Interaction experiments

Threecottonplantsweregrown perpot in theglasshousein a completelyrandomized
block designwith four replicationsfor 15 daysandthen2000Meloidogynejuvenilesper
plantwereadded.The2ndstagejuvenileswereinoculateddirectly into smallholesmade
in thesoil, 2–3cmdeep,arrangedaroundeachplant.After 28daysplantswereinoculated
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 cottoncultivarswasdecreasedto four andlater to threewith
� vereplications,in orderto securemorespacein thegrowth chamberfor greaterreplication
andbetterlighting. Threecultivarswereused:Albar G501andAlbar K602 asthe main
cultivars,andSeabrookSB12astheresistantcontrolcultivar to bothdiseases.

The two inoculation techniqueswith the same three cultivars were used in the
Verticillium 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 infectionseverity wasbasedonVB asdescribedfor preliminaryexperiments.

RESULTS

Preliminary experiments

RKN, Exp. 1 All � ve cotton cultivars were invaded by RKN, supportednematode
developmentand producedegg masses.The numberof egg massesper g root differed
amongthe� ve cultivars(P � 0.001)(Table1). Makoka78 andAlbar G501hadthelargest
numberof eggmassesandSeabrookhadthefewest(75%of themostsusceptible).

FusariumExps.2, 3 Following soil infestation,therewasconsiderablevariationamong
the cultivars in the upward spreadof VB, being greatestin Albar G501 and least in
Seabrook(P � 0.05) (Table1). Steminoculationgave similar resultsexceptthat VB was
greatestin Makoka78andconsiderablylessin Auburn56 thanaftersoil inoculation.

Verticillium Exps. 4, 5 Following either soil infestation or stem inoculation with
Verticillium, Albar G501showedtheleastVB of the`Upland' cultivarsandAlbar K602or
Makoka78 thegreatestVB; Seabrookevincedonly slightVB (Table1).

Interaction experiments

RKN � Fusarium,Exps.6, 7 Root-knotnematodecauseda 57%increasein VB in � ve
cultivarsfollowing Fusariuminoculationby thesoil infestationmethodanda78%increase
following steminoculation(P � 0.05).Themagnitudeof theeffectof RKN onVB 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. Effect of RKN, FusariumandVerticillium on theresistanceof � ve cottoncultivars,using
severalinoculationmethods

Cultivar Rootweight
(g)

RKN Fusarium Verticillium

Eggmassesg �

�

root Vascularbrowning (%)
�

number log(x+1) Inoculationmethod
Stem Soil Stem Soil

Makoka78 20.55 115 2.00a
�

87.2a 72.2c 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
SB12

23.70 32 1.50c 27.4d 2.5e 4.1c 1.2c

LSD 0.16 9.5 9.6 16.8 21.6
�

Vascularbrowning (%) = height(cm) of thevascularbrowning in the infectedsteletissuedividedby the total
heightof thecottonplant(cm).

�

Within columns,�gures followedby thesameletterdo not differ statistically;LSD is theleastsigni�cant value
of themeansatP � 0.05.

Fig. 1. Vascularbrowning causedby Fusariumoxysporumf.sp. vasinfectuminoculatedfrom stem
and soil in the absence(white columns)and presence(hatchedcolumns)of root-knot nematode.
Within eachhalf of the �gure, columnsmarked with a commonletter do not differ statisticallyat
P � 0.05. Vascularbrowning (%) = height(cm) of thevascularbrowning in the infectedsteletissue
dividedby thetotal heightof thecottonplant(cm).
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Fig.2. Vascularbrowningcausedby Verticillium dahliaeinoculatedfrom stemandsoil in theabsence
(white columns)andpresence(hatchedcolumns)of root-knotnematode.Within eachhalf of the
�gure, columnsmarkedwith acommonletterdonotdiffer statisticallyatP � 0.05.Vascularbrowning
(%) = height(cm) of thevascularbrowning in theinfectedsteletissuedividedby thetotal heightof
thecottonplant(cm).

with respectto VB. The resultsweresimilar following steminoculation(Fig. 1) except
thatin thiscasevasculardiscolorationwaslesspronouncedin thenematode-freetreatment
with cv. Makoka and the increaseddiscolorationin the presenceof RKN was marked
(95%increase).Additionally, in this experimenttherewasa signi�cant interactionamong
cultivarsfor VB.

RKN � Verticillium, Exps. 8, 9 In the experimentsin which the funguswas placed
in the soil, the vasculardiscolorationresponseto Verticillium increasedsigni�cantly in
the presenceof nematodesin all cotton cultivars (P � 0.05) but less than in Fusarium
experiments.Thedifferencein theextentof VB betweennematode-treatedandnematode-
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free plantswas overall 40%, comparedwith 57% with Fusarium. Albar K602 showed
extensive vasculardiscolorationwhen inoculatedwith Verticillium alone but a marked
increasewhenRKN waspresent(49%) (Fig. 2). Albar G501is Verticillium-resistantin
the �eld andperformedasexpectedwith increasedVB (37%) in the presenceof RKN.
Finally, SB12showed lesseffect on VB. Whenstempunctureinoculationwasused,the
nematode-increasedVB was11% lessthanwith soil inoculation(P � 0.05). RKN hadan
effect on VB, showing an increaseof 4% (Verticillium-susceptible)in Albar K602, 9% in
Seabrook,and18% in Albar G501(Verticillium-resistant)(Fig. 2). In both experiments
thereweresigni�cant differencesin the interactionof RKN � cultivars,showing that the
cultivarswereaffectedto differentdegrees.

DISCUSSION

The initial experimentsestablishedthatall thecultivarsweresusceptibleto RKN and
the differencesbetweenthem were not greatenoughto have a major in�uence on the
nematode's effect on infectionby thewilt pathogens.The resultsof inoculationwith the
two wilt pathogensaloneshowedthatmeasurementof theheightto whichVB extendedin
thesteleasaproportionof totalstemlength,wasavalid estimateof theirrelativeresistance
to thetwo diseasesandre�ectedtheir known �eld performance(10,14,28).

Root-knotnematodeincreasedthe severity of FW symptomsasassessedby the VB
method,with both inoculationmethodsin all cultivars. Theeffect wasleastin Seabrook,
whichhasahigh level of wilt resistance.Theseresultscon�rmed previousreportsandalso
showedthatthiseffectof RKN occursevenwhennematodeandfungal inoculaarespatially
separated,indicating a systemiceffect of the nematodeon FW symptomdevelopment.
BowmanandBloom (4) reporteda systemiceffect from RKN thatcausesa breakdown in
the resistanceof tomatoplants,but Hillocks (9) couldnot reproducethis resulton cotton
usingthesplit-roottechnique.However, thepresentresultsarein agreementwith Hillocks
(9), who obtainednematode-enhancedsymptomexpressionusingcottonplantsthatwere
stem-inoculatedwith theFW pathogen.Theconclusiondrawn from thesetwo apparently
contradictory�ndings is that theeffect of RKN on wilt incidencewasa localizedoneand
theeffectonFW severity wasa systemicone.

In somehost–pathogencombinationstheeffectof RKN onhostresponseto VW wasas
greatasitseffectonFW. In thesoil inoculationexperiments,thepresenceof RKN increased
symptomdevelopment,whichwasgreaterin Albar K602(Verticillium-susceptible)thanin
Albar G501(Verticillium-resistant)whereastheeffect in SB12wasthe least. In thestem
inoculationexperimentswith VW, RKN increasedsymptomdevelopmentdifferently in
all threecultivars but much lessthan in previous experiments. This would suggestthat
the effect of RKN on VW might have moreto do with localizedeffects that requirethe
nematodeandfungusto bein closeproximity. EldonandHillocks (8) concludedfrom their
work with FW andVW in cottonthat theprimarymechanismof resistancewasdifferent
for thetwo diseases,with vascularocclusionbeingmoreimportantin resistanceto FW and
phytoalexin productionmoreimportantin resistanceto VW.

Therearefew previous reportsof an effect of RKN on VW. The reasonfor this may
be that thereis lessinterestin possibleassociationsbetweenRKN andVW becausethe
diseaseoccurson neutral-alkalinesoilswith a high clay contentthatareoftennot suitable
for RKNs. FW (with theexceptionof races3 and4 andAustralianstrains)occursonacid–
neutralsoilswith ahighsandcontent(29,30)andthesearethesoilsfavoredbyRKNs. Also,
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the optimumtemperaturefor the developmentof VW symptomsin the �eld is 22–26
�

C,
whereasfor FW it is 30–34

�

C, a temperaturecloserto theoptimumfor the development
of M. incognita. Nevertheless,thereare�elds in China,Californiaandelsewherein which
FW andVW occurtogether.

REFERENCES

1. Al-hazmi, A.S. andSasser, J.N. (1982)Biology of Meloidogyneplatani Hirschmanparasiticon sycamore,
Platanusoccidentalis. J. Nematol.14:154-161.

2. Atkinson,G.F. (1892)Somediseasesof cotton.3. Frenching.Ala. Agric. Exp.Stn.Bull. 41:19-29.
3. Bazande Segura,C. andAguilar, P.F. (1955)Nematodesandroot rot diseaseof Peruviancotton.Pl. Dis.

Rep.39:12.
4. Bowman,P. andBloom, J.R.(1966)Breakingthe resistanceof cultivarsto Fusariumwilt by Meloidogyne

incognita. Phytopathology 56:871(abstr.).
5. Bugbee,W.M. andPresley, J.T. (1967)A rapid inoculationtechniqueto evaluatetheresistanceof cottonto

Verticillium albo-atrum. Phytopathology 57:1264.
6. Conroy, J.J.andGreen,R.J.(1974)Interactionsof the root-knotnematodeMeloidogyneincognita andthe

stubbyroot nematodeTrichodoruschristeri with Verticillium albo-atrumon tomatoat controlledinoculum
densities.Phytopathology 64:1118-1121.

7. Conroy, J.J.,Green,R.J.andFerris,J.M. (1972)Interactionsof Verticillium albo-atrumandtheroot lesion
nematode,Pratylenchuspenetrans, in tomatorootsatcontrolledinoculumdensities.Phytopathology62:362-
365.

8. Eldon,S.andHillocks, R.J.(1996)Theeffectof reducedphytoalexin productionon theresistanceof upland
cottonto verticillium andfusariumwilts. Ann.Appl.Biol. 129:217-225.

9. Hillocks, R.J. (1986) Localisedand systemiceffects of root-knot nematodeon incidenceand severity of
Fusariumwilt in cotton.Nematologica32:202-208.

10. Hillocks, R.J.(1990)Screeningfor resistanceto Verticillium wilt in Zimbabwe.Trop.Agric. 86:144-148.
11. Holdeman,Q.L. andGraham,T.W. (1954)Effectsof thestingnematodeon expressionof Fusariumwilt in

cotton.Phytopathology 44:683-685.
12. Hussey, J.S.andBarker, K.R. (1973)A comparisonof methodsof collectinginoculaof Meloidogynespp.,

includinganew technique.Pl. Dis. Rep.57:1025-1028.
13. Ibrahim, I.K.A., Rezk, M.A. and Khalil, H.A.A. (1982) Effects of Meloidogyneincognita and Fusarium

oxysporumf. sp. vasinfectumon plant growth and mineral contentof cotton, Gossypiumbarbadense.
Nematologica28:298-302.

14. Kappelman,A.J. (1975)Fusariumwilt resistancein cotton(Gossypiumhirsutum). Pl. Dis. Rep.59:803-805.
15. Khoury, F.Y. andAlcorn,M.A. (1973)Effectsof Meloidogyneincognitaacrita onthesusceptibilityof cotton

plantsto Verticillium albo-atrum. Phytopathology 63:485-490.
16. Martin,W.J.,Newson,L.D. andJones,J.E.(1956)Relationshipof nematodesto thedevelopmentof Fusarium

wilt in cotton.Phytopathology 46:285-289.
17. Melendez,P.L. and Powell, N.T. (1967) Histological aspectsof the Fusariumwilt–root-knot complex in

�ue-curedtobacco.Phytopathology 57:286-292.
18. Michel, R.E.andPowell, W.M. (1972)In�uence of Pratylenchusbrachyuruson the incidenceof Fusarium

wilt in cotton.Phytopathology 62:336-338.
19. Miller, R.W., Nich, E.L. Jr. andAlcorn, S.M. (1967)Nematodesassociatedwith Verticillium albo-atrum

attackingirrigatedcottonin theSouthwest.Proc.BeltwideCottonProductionResourcesConf. (Dallas,TX),
p. 52 (abstr.).

20. Minton, N.A. and Minton, E.B. (1963) Infection relationshipbetweenMeloidogyneincognita acrita and
Fusariumoxysporumf. sp.vasinfectumin cotton.Phytopathology 53:624(abstr.).

21. Minton, N.A. and Minton, E.B. (1966) Effects of root-knot and sting nematodeson the expressionof
Fusariumwilt of cottonin threesoils.Phytopathology 56:319-322.

22. Mountain,W.B. andMcKeen,C.D. (1962)Effect of Verticillium dahliaeon thepopulationof Pratylenchus
penetrans. Nematologica 7:261-266.

23. Neal,D.C. (1954)Thereniformnematodeandits relationshipto theincidenceof Fusariumwilt of cottonat
BatonRouge,Louisiana.Phytopathology 44:447-450.

24. Olthof, T.H.A. andReynes,A.A. (1969)Effect of Pratylenchuspenetranson Verticillium wilt of pepper. J.
Nematol.1:21-22(abstr.).

25. Owens, R.G. and Specht, H.N. (1966) Biochemical alternationsinduced in host tissue by root-knot
nematodes.Contrib. BoycethomsonInst.23:181-198.

8 D. Katsantonisetal.



26. Perry, D.A. (1963)Interactionof root-knotandFusariumwilt of cotton.Emp.CottonGrow. Rev. 40:41-47.
27. Shanmugan, N., Vinayagamurthy, A., Rajendran,G., Muthukrishnan,T.S. andKanadaswany, T.K. (1977)

Occurrenceof nematodefungusinteractiononcottonaroundCoimbatore.Sci.Cult. 43:846-848.
28. Shi, J., Mueller, W.C. andBeckman,C.H. (1993)The inhibition of fungal growth in resistantcottonplants

infectedby Fusariumoxysporumf.sp.vasinfectum. Phytopathol.Z. 139:253-260.
29. Smith,S.N.,Snyder, W.C.andMoynihan,F. (1970)Populationsof Fusariumoxysporumf.sp.vasinfectumin

�eld soils in relationto cottonwilt. Proc.BeltwideCottonProductionResearch Conf. (Houston,TX, USA),
pp.69-70.

30. Snyder, W.C. andSmith,S.N. (1981)Currentstatus.in: Mace,M.E., Bell, A.A. andBeckman,C.H. [Eds.]
Fungal Wilt Diseasesof Plants.AcademicPress,New York, NY. pp.25-50.

31. Starr, J.L., Jeger, M.S., Martyn, R.D. and Schilling, H. (1989) Effects of Meloidogyne incognita and
Fusariumoxysporumf.sp.vasinfectumonplantmortalityandyield of cotton.Phytopathology 79:640-646.

32. Starr, J.L. andMartyn, R.D. (1991)Reactionof cottoncultivarsto Fusariumwilt androot-knotnematodes.
Nematropica21:51-58.

33. Tchatchova, J. and Sikora, R.A. (1983) Alternation in susceptibilityof wilt resistantcotton cultivars to
Verticillium dahliaeinducedby Rotylenchulusreniformis. Z. P�anzenkr. P�anzenSchutz90:232-237.

Phytoparasitica31:2,2003 9


