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Host—Parasite Relationshipsin TobaccoPlants Infected
with a Root-knot Nematode(Meloidogyneincognita)
Population from the Azores

N. Vovlas, N.J.O.Simdes, N. Sasanelli,
M.C.V. dosSantosandl.M. deO. Abrantes

During a nematodesuney, severeinfectionsof tobaccofeederrootsandheary soil infestationsby
Meloidogyneincognita racel werefoundin S. Miguel (Azoresislands,Portugal). This s the rst
recordof M. incognitainfectionof tobaccan Azores.Morphologyof variouslife stagesanalysisof
theesteraselectrophoretipatternanddifferentialhosttestswereusedfor nematodeharacterization
and identi cation. Nematode-inducedhaturegalls were sphericaland/or ellipsoidal and usually
containednorethanonefemale, malesandegg massewith eggs. Feedingsiteswerecharacterized
by the developmentof giantcellsthatcontainedyranularcytoplasmandmary hypertrophiechuclei.
Giant cell cytoplasmwas aggreated along a thickenedcell wall. Vasculartissueswithin galls
appearedlisomganized.Therelationshipbetweertheinitial nematodgopulationdensityandgrowth
of tobaccoplantswastestedin a glasshousexperimentin which inoculumlevels variedfrom 0O to
512eggsandjuveniles(d ) cm  of soil. Seinhorst modelwas tted to heightandtop freshweight
dataof theinoculatedandcontrol plants. Tolerancdimits with respecto plantheightandfreshtop
weightof tobaccocv. "Erzegovina' plantsto M. incognitaracel wereestimatedas1.25eggsandJ
cm  of soil. Themaximumnematodeeproductiorratewas404.7at aninitial populationdensity
of 4eggsandJ cm of soil.

KEY WORDS: Histopathology; Meloidogyne incognita; Nicotiana tabacumecv. Erzegovina;
pathogenicitytolerancdimit.

Root-knotnematodedyleloidagynespp.,arethe majorpathogensf tobaccoNicotianatabacum
L. (1,3,21)in almostall tobacco-grwing areas. During a plant parasiticnematodesurey on S.
Miguel island of Azores, Portugl, severe feederroot infections and heary soil infestationsby
Meloidagyneincognita (Kofoid & White) Chitw. racel werefoundin RibeiraGrande.The highly
devastatedroot systemsand the abhundanceof nematodespecimensn the soil suggestedhat a
specializechematode—plarrelationshipmight exist.

The relationshipbetweenpopulation densitiesof M. incognita and selectedtobaccoplants
hasbeenstudiedand the aggressienessof populationsof root-knot nematoden tobaccovary
considerably(1,3,7). The objectivesof this researctwereto evaluatethe susceptibilityto nematode
penetration,the root tissue host-responsand the effect of different population densitiesof M.
incognitaracel onthetobaccogrowth.

Speciescharacterizatiorand identi cation were basedon morphologyof variouslife stages,
perinealpattern esteras@atternandhostrange(12). Sampleof tobaccdfeederrootstogethemwith
the rhizosphereandbulk soil weretakenfrom atobaccoeld in S. Miguel. Second-stagpiveniles
(J ) andmaleswere extractedfrom rootsandsoil (2,9), andfemaleswererecoveredfrom infected
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root tissues.The nematodepopulationfrom Azoresanda referencepopulation(M. javanicg were
propagtedon tomato(LycopesiconesculentunMill.) cv. "Rutgers'in aglasshousat25-30 C, to
obtainfemalesfor the electrophoreti@nalysisandinoculumfor the otherexperiments.

J , males,and perinealpatternsobtainedfrom adult females,were mountedin glycerin and
examinedby light microscop.

One,threeor veyoungegg-layingfemalesof the Azorespopulationand ve youngegg-laying
femalesof the M. javanicapopulationwere placedin microtubescontaining5 | of 20% sucrose
and1% Triton X-100 andmaceratedElectrophoresisvascarriedoutin 7cm 8 cmhomogeneous
polyacrylamidegels,0.75mm thick, in aBIORAD Mini Proteanl. Gelswerestainedfor esterases
with thesubstrate -naphtlyl acetatg16).

EggsandJ obtainedby washingthe infectedtomatoroots with NaOCI (9) were inoculated
(10,000per plant) onto 20-day-oldseedlingsof cotton(GossypiunhirsutumL.) cv. "Deltapine61’,
peanut(Arachis hypaaeal..) cv. “Florunner', pepper(CapsicumannuumL.) cv. "Early California
Wonder',tobaccdaNicotianatabacumi.) cv. 'NC95', tomatocv. Rutgersandwatermelor(Citrullus
vulgaris Schraderkv. “CharlestorGrey'. Plantswereincubatedn a glasshousat26 2 C. Fifty
daysafterinoculationplantswere uprootedandtheir roots gently washed,examinedandratedfor
gallsandegg masseg13).

Galled roots from naturally M. incognita-infected tobacco plants and from tobacco plants
arti cially infectedin the inoculum density—plantgrowth experiment(seebelow) were usedfor
histopathologicastudies.Rootsweregentlywashedree of adheringsoil anddebris,andindividual
galls wereselectedogethemwith root segmentsof uninfectedplants.Galledandhealtty roottissues
were x edin formaldelyde chromo-aceticsolutionfor 48 h, dehydratedin a tertiary butyl alcohol
serieg(40-70-85-90-100%@ndembeddedn 58 C-melting-pointparafn. Embeddedissuesvere
sectionedwith arotary microtome.Sectionsl0-12 m thick weremountedon glassslides,stained
with safraninandfast-greenmountedpermanentlyn dammaixyleneandexaminedmicroscopically
(10).

Thenematodepopulationwasincreasedan tomatoplantscv. Rutgersinoculatedasbefore. Two
monthsafterinoculation,the numberof eggsandJ wasestimatedisingten5-g aliquotsof infected
choppedroots suspendedh 1% aqueoussolutionof sodiumhypochloritein 100-mljars for 3 min
(9). Forinoculum,choppednfectedrootsweremixedthoroughlywith 3 kg of steam-sterilizedandy
soil. Appropriateamountsof this inoculum were mixed with a potting mixture of 97.5% steam-
sterilized sandysoil (88% sand,5% silt, 7% clay) and 2.5% organic matter to reachpopulation
densitiesof 0, 0.125,0.25,0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, and512 eggsandJ cm  of
soil. Clay pots (600 ml) were lled with the infestedsoil mixtures. A single 2-month-oldtobacco
plantcv. "Erzegovina' was transplantednto eachpot. Eachinoculum densitywas replicatedin
six pots andthe experimentwas completelyrandomizedn a glasshousat 26 2 C. Two months
aftertransplantingtop freshweight and heightof plantswererecorded.Plantswere uprootedthe
rootsweighed,andeggsandJ extractedfrom eachroot systemin a blendercontainingl% aqueous
solution of NaOCI (14). The water suspensiorwas then pouredon a 250- m-poresieve over a
5- m-poresieve. Nematodesandroot debrisgatheredon the 5- m-poresieve were separatedy
centrifugingat 2,000rpm for 5 min in amagnesiunsulphatesolutionof 1.16speci ¢ gravity. Eggs
andJ in the water suspensiorwere then counted. Nematodesn soil were also extractedby the
modi ed Coolens method(2). The nal nematodegpopulationdensitiesverecalculatedasthetotal
of thatfrom the rootsandsoil. The relationshipbetweenplant growth (indicatedby the top fresh
weightandheightof plants)andtheinitial nematodeopulationdensitywasdeterminedy tting the
datato Seinhorsts model: with andy=1whenP T (18,19,22,23).

Themorphologyof theJ , shapeof malestyletknobsandfeaturef thefemaleperinealpatterns
(Fig. 1) agreedwith thosethat characterizeM. incognita (11). The esterasghenotypeconsistsof
onemajorbanddesignatedy | (Fig. 2) which hasbeenassociateavith M. incognita populations
(4-6,15).Thephysiologicalraceof this populatiorwasde ned by theability to reproduceontomato,
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pepperand watermelon,while moderateinfectionswere noted on tobacco,which is an expected
responséor populationsof M. incognitaracel (8,17).

Fig. 1. Diagnosticfeaturesof Meloidagyneincognita. 1, J ; 2, male; 3, adultmaturefemale;and4,
perinealpattern.

Apical gallsandthosealongtherootaxisoccurreceithersingly or in clustersnvolving theentire
root diameterwhich was2-6timeslargerthanthatof anuninfectedroot sggment(Fig. 3). Usually
galls containedmorethanonefemale. However, over 65% of individual galls from eld material,
selectedat random,containedan egg masswith morethan300 eggs. Obsenrationsof stainedroot
sectionsrevealedtissuehypertroply and hyperplasiaas well as disoganizationand disruption of
xylem elementsand primary phloemcells. Nematodefeedingsitescomprised3—8 giant cells that
surroundedhe anteriorbody portion of a singlefemale. Undersizedeedingcells wereassociated
with pre-adultmales.Active multinucleatedyiantcells containedgranularcytoplasm thickenedcell
wall and numeroushypertrophiednuclei and nucleoli (Fig. 3E). Densegiant cell cytoplasmlined
deeplystainedthick walls. The histologicalandanatomicakhangesnducedby M. incognitaracel
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Fig. 2. Esteraseelectrophoresigattern, correspondingo Meloidagyne incognita, obsered in
sample<ontainingone,threeor vefemalesAsteriskindicatesreferencepopulation(M. javanica).

TABLE 1. Relationshiphetweertheinitial populationdensity(Pi) of Meloidogyneincognitaracel
andthe nal populationdensity(Pf) andreproductiorrate(Pf/Pi) in tobaccocv. Erzegovina plants

Pi Pf Pf/Pi
0 0 —
0.125 24.6 196.6
0.25 60.3 241.3
0.5 137.2 274.5
1 244.9 244.9
2 581.8 290.9
4 1,618.9 404.7
8 2,280.6 285.1
16 3,139.0 196.2
32 3,835.4 119.9
64 5,298.5 82.8
128 4,455.4 34.8
256 3,350.8 131
512 1,452.3 2.8

45-day-oldtobaccaoplantsweretransplantegoneper pot) into a pottingmixtureinfestedwith the designatedpi.
Plantsweregrown in aglasshousat26 2 C for 60days.

ontobaccarootsweresimilar to thosedescribedor this specieon othersusceptiblerops(3,24).
Symptomsof attackby M. incognita racel andreductionof planttop growth wereevident 20
daysafterinoculationevenwith aninitial populationdensity(Pi)=2 eggsandJ cm  of soil (Fig.
4). Thetolerancelimit (T) of tobaccocv. Erzegovinato M. incognita racel was 1.25 eggsand
J cm of soil for plantheightandtop freshweight. The minimum relative values(m) for plant
heightandtop freshweightwere0.40and0.45atPi 64 eggsandJ cm of soil, respectiely. The
maximumnematodeeproductiorrate(Pf[ nal populationdensity]/P) was404.7at Pi=4 eggsand
J cm of soil (Tablel). Reductionof nematodeeproductiorratewith increasingnitial nematode
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Fig. 3. Host—parasiteelationshipsetweerMeloidagyneincognitaracel andtobaccoplants. Field
nematoddnfected plants (A) and their heaiily galled roots (B and C). Note the sphericalapical
swellingsandthosealongthe axisroot. RootsystemgD) of plantsarti cially inoculatedwith 512
eggsandJ cm soil of M. incognita (right) and uninoculatedcontrol (left), respectiely; (E, F)
longitudinal and trans\ersesectionsof roots from plantsarti cially inoculatedwith M. incognita.
GC = giantcell; HN = hypertrophicnucleusN = nematodeandX = compressedylem.

inoculumdensityhasbeenreportedio be associatedavith infectionsof severalcropsby M. incognita
(4,20).0ur ndings couldbeaconsequencef nematodeompetitionfor nutrientsand/orroottissue
availability (feedingsites),asa resultof which a smallerproportionof theinoculumwould develop
successfully

The studyrevealedthat M. incognita racel hasthe potentialto impair severely the growth of
tobaccoplants. The tolerancelimit of tobaccocv. Erzegovina to M. incognita was closeto that
reportedby Di Vito etal. (3), but slightly higherthanthat reportedby Hanouniket al. (7) andby
Barkeretal. (1). Thecultivar, crop practicesandaggressienesf the populationfrom Azoresare
probablyresponsibldor thesedifferences.

The large numberof egg masseof M. incognita obsened on the root surfaceat the end of
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Fig. 4. Relationshigbetweerinitial populationdensitie{P) of apopulationof Meloidagyneincognita
racel from Azores(Portugl) andrelative top freshweight and height of tobaccocv. Erzegovina
plants(y) grown in potsat26 2 Cin aglasshouséor 60 days.In theequationsy=relative valueof
theplantgrowth parametefratio betweerthevaluesof thegrowth parameteratagivenP andthatat
P T); zzaconstant 1re ecting thehost—parasiteelationshipwith z ~ =1.05;P=initial population
density(x-axis)andT=tolerancdimit (initial populationatwhich plantgrowth is notimpaired).

the experiment, and the very large and polynucleategiant cells that alteredthe vascularsystem
of the roots, representa reactionsimilar to that describedby Sosa-Mos®t al. (24) regardingthe
histopathologyof selectedsusceptibléobaccocultivarsinfectedwith Meloidagynespp.
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