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Feeding Behavior of Aphisgossypii on Resistant Accessions
of Different Melon Genotypes (Cucumis melo)

E. Garzo! C. Soria? M.L. Gomez-Guillanon? andA. Fereres*

The feedingbehaior of the melon aphid Aphis gossypii Glover (Homoptera: Aphididae)
was monitoredusing the electrical pendration graph (EPG) techniqueon differentmelon
(Cucumismelo L.) gendypesshawing resistanceo theaphid. The aphid-resistangenotypes
used were PI-161375and PI1-414723 sourcesof the Vat and Agr genes,respectiely.
TGR-1551,a new C. melo accessionfrom Zimbabwe, was also tested. Our goal was
to localize the tissueswhere the resistanceactorsare expressedand to determineif the
resistancenechanism®peratingin the threeaphid-resistahaccessioawerethe same.Our
resultsindicatedthatthe threeselectedines have resistanfactorslocatedat the epidermis,
mesoplyll and vasculartissues. However, the behaior of A. gossypii on TGR-1551was
differentfrom the two otherresistantaccessionsasindicatedby alongerphloemsalivation
phase(E1 phase).Mary of the E1 phasesbsened for aphidsfeedingon TGR-1551were
not followed by phloemingestion(E2 phase). Theseresultssuggesthat TGR-1551hasa
resistancanechanisnthat prevents A. gossypii from initiating ingestionfrom the phloem.
Preferenceestsunde free choice conditionsalso shaved that aphidsrejectedaccessions
TGR-15510r PI-414723fasterthanPI-161375.0ur resultssuppat the hypothesighat Agr
and Vat are coding for differentkinds of resistancestratgjies. Comparisonf aphid life
history parameterslsoindicatedthat TGR-1551is avery promisingnew sourceto breedfor
resistancegainstA. gossypii.

KEY WORDS:Aphisgossypii; feedingbehaior; EPGtechniqueresistantmelongermplasm;
resistancenechatsm.

INTRODUCTION

ThemelonaphidAphis gossypii (Glover) is repotedto beamajorpestof cucurht crops
andoneof themostefficientvectas of plantvirusessuchascucunbermosaicvirus (CMV)
(genws Cucumovirus; family Bromoviridae), andzucchin yellow mosaicvirus (ZYMV),
papawringspt virus (PRSV)andwatermelormosaicvirus-2 (WMV-2) (gents Potyvirus;
family Potyviridae)(12). It is well known thatoneof the bestwaysto contiol insectpests
andaphidborre virusesis to useresistantultivars whenthey areavailable. Therefae, the
searchor resistancgenes to contol the melonaphidandits associatediruseshasbeena
majorpriority in breedng programsfor cucubitsworldwide. Resistancaccessionagainst
A. gossypii werefound aspartof abrealing programstartedn Californiaatthebeginning
of the 1970s in putative areasof cucurht diversificationsuchasIndia and Korea(3,18).
A melon (Cucumis melo L.) breedimy line labeledLJ 90231 (inbred of PI-371795) was
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selectedasresistanto A. gossypii (by non-gefererte, antibiosisandtolerancg (3,4,19).
Anothe selectionfrom P1-371795(labeledPI-414723) culminatedn threeaphidfesistant
melonbreediy lines (30), andled to the releaseof commecial cultivars bearingthe AR
(Aphid Resistancejjene(presently called Agr gere; 20). Recently Klingler et al. (22
found thatoneof the threeaphidresistantreedng lines derived from P1-414723 namel
AR 5, shaws a resistancemecharsm localized within the phloemsieve elements. In
Francejn thelate1970s,anothe melonaccessior labeledPI-161375—-andobtainedrom
Koreawasrepatedto beresistanaganstthemelonaphid(25). PI-16 1375wasalsofound
to beresistanto CMV transmissiorby A. gossypii (24), andthemorpgenicdomirantgene
resposible for this trait wasnamed'virus aphidtransmissionresistance{Vat). The Vat
trait seemso bequitespreacbutamongmelongernplasmcollectionsbecausdt is present
alsoin five melonlines from India and Japan,including P1-414723(32). Recently an
accessiomama TGR-1551from Zimbabwe wasfoundto beresistanto thetransmission
of nonpersistentiirusesby A. gossypii (38). However, the resistancenechaisms of the
threemelonaphid-esistanticcessiongescrited above arenotwell charaterized.Also, it
is not clearwhetherthe type of resistancef melonagairst A. gossypii (descibed asthe
Agr gene)is alwayslinkedto thevirus transmissionesistanceenedescribedasVat, or if
therearetwo genesodingfor differert resistancenechaisms.Klingler et al. (21) studied
the allelic relation betweenthe two resistancegenesand found that they were allelic or
verytightly linked. Theiefore,it is possiblethatthe samegenecaninduceseparatelefense
resposes:.oneagansttheaphidandanotheithatinhibits virustransmissionAlternatively,
the Agr genemay contol aphidresistanceandthe Vat genethe resistanceagairst virus
transmission.

One of the most usefultools for studyirg the mechanismsof host plant resistance
agairst honopteras is the electroc monitoing of insectfeedingbetavior (31), also
known astheelectroric penetréion gragh techniaue (EPG;40). Thistechniqiehasallowed
thelocalizatian of planttissuesnvolvedin theresistancenecharsm of differert hostplants
toinsecty(9,27,42).

Theobjective of thework describedn this papemwasto comparethefeedng behaior,
prefeenceand perfomanceof A. gossypii on two well knovn C. melo aphidresistant
accessionsthe Indianline PI-414723,andthe Koreanline PI-161375 Also, TGR-151,
a new sourceof resistancao the melonaphidobtainel from Zimbabwe, wasincludedin
our studyto deternine whetherthe sameor differert mechaimsmsareinvolvedin all three
aphidresistanticcessions.

MATERIALS AND METHODS

Plants and insects ThreeC. melo gendypesresistantto A. gossypii were usedfor all

expeliments:PI-161375,the original accessiofirom Koreaandsour@ of the Vat gene;PI-

414723,thelndianaccessionsoure of the Agr gene;andTGR-159, from Zimbatlwe and
resistanto A. gossypii (38). ‘Regal’, amuskneloncultivar very susceptibléo A. gossypii,

was usedascontrd. All plantswere growvn in a soil substrateand vemiculite mixture
unde growth chamberconditiors at 26/20°C (day/nicht tempeatures,respectidly); a
photgeriodof 16:8h, L:D; and100E m~2 s~! light intensity A melonaphidcolory was
establishedrom a single virginoparaus apteracollectedon melonat El Ejido (Almeria,
Spain)in 1998B. A. gossypii was rearedon melonplantscv. Regal keptinside cagesat
22/16C (day/right), unde a16:8h, L:D photgeriod To obtainyourg adultaphidsof the
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sameage,groupsof tenapteragrom the A. gossypii colory wereremovedfrom the cage
andplacedinsideplasticboxes(6.5 x 2 cm) on melonleavescv. Regd for a 48-h period
The nymphs bom duiing this period were kept inside the boxes and all the adultswere
discarded The nymphsweremaintainedn a growth chambeiat a constantemperatte of
26°C anda phaoperiodof 16:8h, L:D. Melon leaveswerekeptturgid by introducingthe
petioleinsidean Eppendrf tubefilled with water Leaveswerechangdevery 3 or 4 days
to encowageaphiddevelopmert; 7—8dayslater, yourg apteraedultsof thesameagewere
availablefor expeliments.

Electronic monitoring of aphid probing and feeding behavior A 3-cmiong x 20 um
diamgoldwire wasattachedo thedorsumof ayourg adultapteraby immohlizing it with
avacwm-operatedplateandtouchirg the aphidwith a smalldroplet of silver conducting-
paint(Pelcd Colloidal Silver no. 164, Ted Pella,Inc., Reeding,CA, USA). The other
end of the gold wire wasattachedo a 3-cmiong x 1 mm-diamcopyger wire which was
conrectedto oneof the electrode®f the EPGsystem.A seconcelectroé wasconnectd
to a copper post (0.2 cm diam x 10 cm long) which was insertedinto the pot (10 cm
diam). Aphids prepredin this mannemwerekeptin smallplasticboxesandstanedfor 1
h before monitaing wasstarted. EPGrecordngswereacquiedat 100Hz throwgh a four-
chanrel Giga-'9 DC amplifier (Wageninge Agric. Univ., Entonology Dept.). This new
1 giga-Ohminputresistanc®C- amgifier systemhasits own AD corverter whichallows
recordng of the EPGsignalsdirectly ontothe PC harddisk at the sametime asthe EPG
wavefoms are displayedon the computer monita. Dataacquisitionand screendisplay
were contrdled by Stylet 3.0 software and dataanalysis was perfomed with MacStylet
v2.0310(13) after datacorversion. The durationof the EPGrecodingswas4 h and20
replicatesvereusedfor eachof the melongendypesselected.

Thebiological intergretationsof the differentEPG paraméersusedin this studyareas
follows: ‘C’ patternthat representsstylet pathway actwities including stylet contactwith
the epidernis (wavefarm A), salivary sheathsecretion(wavefarm B), stylet movement
through plant tissues(waveform C) andbrief cell pundures,called potertial drops(pd).
Wavefornms A, B andC werelabeledgererically aspattern'C’ for simplification. Other
recorced patterrs included: ‘F’, high frequeng waveform associatedvith mechaical
stylet work; ‘G’, waveform which reflectsthe xylem phase;‘E1’, salivation actiities
following sieve elementpunctue; and‘E2’, phloemsapingestion(34,39,4]. Calculation
of standarar specificEPGvariadesontheidentifiedpatterngTablesl and2; seeResults)
andstatisticalanalysisvereperfamedwith the SuperANOVA 1.11software(1). Patterns
interryptedby theendof theexperimentwereincludedin all calculationshut weremarked
in the statisticalfiles andthe consisteng of results(with and without theseinterrypted
patterns)was checled All datawere transfamed to redice heterocdasticity befae
analysis. The transfamationusedwasarcsin/z for datacalculatedas percemage,and
vz + 1 for the otherdependentvarialles. Trarsformeddataweresubjectedo analysisof
variarce andmeancompaisonsweremadeusingthe Fishers pratectedLSD test.

Settlement under non-choice conditions Singlemelonplantsweregrown in smallpots
(8 x 8 cm)andusedor expaimentsattheonetrueleafstage . Twentypotsof eachgendype
testedwereplacedregulaty in a plastictray (53 x 38 cm)thatwasfilled with water(2 cm
deep)to preventaphidmovementfrom plantto plant. Eachgendypewaskeptin a single
tray throughaut the expeiiment. Ten young adult apteraeaphids obtaired as describe
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previously werereleasedn eachmelonseedling(a total of 200 aphids for eachgendype
tested) andplantswereplacedin a gronvth chambelata 22/16°C (day/night) anda 16:8h
L:D phaoperiod Thenunberof aphids remairing on eachplantafter72 h wascounted
Plantswereranked assusceptiblef five or moreaphidshadsettledon the leavesor stem,
andasresistantf fewerthanfive aphids werepresentThis 72 h criterionwasusedbecause
Ferereg14)found thataphd-resistanmelongenotypescouldbediscriminatednuchbetter
by courting aphidsremairing on eachplant aftera 72-h periodthanafter a 24-h period
asinitially proposedby Pitrat and Lecoq (32). The nunber of aphids which settledon
eachaccessiorwas subjectedto an ANOVA after transfomationby /z + 1 andmean
comprisonsveremadeaccordng to Fishers protected_SD test(1).

Settlement under free-choice conditions Aphid settlementrefeenceon eachof the
resistantaccessionand the susceptiblecontrd Regal was compared at differert time
intervals. Ten plantsof eachresistantigendype andcv. Regal (susceptiblecontiol) were
grown at the two-trueleaf stageto obtainthreeleaf disks (2.5 cm diam) per plant. A

15 cm petri plate (2 cm heigh) was previously coveredwith moistenedilter pager and
divided into six identicalpie sections.A resistant(PI-414723 PI-1613750r TGR-15%51)

andasusceptibléeafdisk wereplacedalternatelyon eachsection(threeresistantandthree
susceptibldeaf disksperplate). Eachplatewasreplicatedtentimes. Melon aphids were
synchonizedto obtainindividuals of the sameageas descrited in the non-choicetest.
Twenty-four yourg apteraeadultaphids werereleasedvith the helpof a paintbushat the
centerof eachplate. All platesweresealedwith Parafilm” tapeto avoid aphidescapend
placedin a growth chanber at a constabtemperatte of 26°C andcontiruouslight. The
numker of aphids which hadsettledon eachleaf disk andplatewascounted30 min, 1, 2,

4 and8 h afterrelease.Data, calculatedasthe percentag of aptids per platesettlingon
eachtypeof leafdisk (resistanbr susceptibleat differenttime intervals,weresubjectedo
aMannWhitney U test(1).

Aphid performance Theseexpeliments were condwted in a growth chambe at a
constantemperatte of 26°C anda 16:8h, L:D photgeriod. Newly bom nymphs were
maintainel insideclip-cage on two-true-le& stagemelonplantsof selectedyendypesas
describedpreviously (15). Nymphal mortality, the pretepraluctive period the fecundty
during the sametime intervd asthe pre-eprodictive periad, the intrinsic rate of natural
increase(43) andthe mortality rate were calculatedfor eachaphid (10 replicates/melo
gendype). The Wyatt and White (43) equdion is a simplification of the Birch equatiam
(2). It calculateghe intrinsic rate of increasevalue as: r,,, = 0.738(InMd)/T, whereT is
time from birth to onsetof repraluctionor pre-repoduwctive time, Md is thetotal numker of
nymphsperfemalein a periad equalto the preteprodictive time,and0.738 is acorrectirg
constant. Ther,, obtaing with the Wyatt and White (43) equatim hasbeenshavn to
agreecloselywith valuescalculatedusingthe Birch equdion, andto fall within the same
95% confidere intenval. The Wyatt andWhite formulahasbeenusedby severd authas
to calculater,,, for aphidsandit hasproved useful for compaing the potential rate of
increaseof differentmorphsof the sameaphidspecieg11), individualsof thesamemorph
of aspeciesearedunderdifferentcondtions (10), differentspeciesearal underthesame
condtions (23), andthe sameaphd speciesrearedon plant genotyesdiffering in leaf
morphology (26).
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RESULTS

Electronic monitoring of aphid probing and feeding behavior EPG variables shovn
in Tablesl and2 weredivided into differentsections:numbervariables'refersto thetotal
numter of timeseachEPGpatternwasobsened; ‘total andmeanduraion variables'refers
to the total and meanduraion (in min) of eachEPG pattern;and ‘perceniage’ refersto
the percemageof time spenton a specificEPGevent. The geneal analysisof A. gossypii
proling andfeedingbehaior on resistantmelon accessiongndthe susceptiblecontiol
during the 4-h period indicatesthat both prephloem and phloem factos are involved
in the resistancemecharsm (Table 1). Our resultsindicatedthat aphidswere able to
detectthe presene of chemicalor physical deterent cuesin the resistantgenotypes
well before they hadaccesdo the phloem This wasindicatedby a longernonprabing
time, increasechunber of probes, shorterduration of the prabes, an increasechumber
of prokes shorterthan 3 min, and an increasechumter of prokes before reachimy the
phloem in the threeresistantgendypes. Therewere no significantdifferencesamory
the threeresistantgendypes in the pre-phloem paraméers except for the durdion of
the intracellular purctures(pds) and the numter of long pds/totalnumter of pds. The
intracellularpurctureswere significantly (P<0.05) longer in P1-414723thanin the other
melongendypesanalyz2d andthe numter of long pds/totalnunber of pdswashighe in
P1-414723thanin thetwo otherresistangendypes.Moreover, significantdifferencesvere
found in pathway-associatedctiities (patternC) betweertheresistanggenotypesandthe
susceptiblecontrd in the first 30 min of recoding (Table 2). No significantdifferences
were found betweenmelon genotypesin the frequeng or duratio of patternskF and G
(Table 1). Analysis of the tempoal trend of aphid behaior on the gendypesselected,
indicatedthataphidsusuallyreachedhe phloem on the susceptiblecortrol afterthethird
hourof recading, while they wereeitherunderpatternC or not probing whenexposedto
the resistantgendypes. Phloemassociategharametes were clearly different on resistant
andsusceptiblegendypes(Table1). Time for comnitted phloem ingestion(E2>8 min)
wassignificantly(P<0.05) longeron the threeresistanticcessionthanon the susceptible
contrd. Most of the aphids ingestedrom phloem duiing the 4-h periad whenexposedto
cv. Regal (70%) wherea®nly afew wereableto producepatternE2on TGR-1%51 (25%),
P1-161375(30%) andP1-414723(40%). As expected,theduratian of the phloemingestion
phasgE2 pattern)wasmuchlonge onthe susceptiblehanontheresistangerotypes but
similar onthethreeresistangendypes.However, the phloem salivationphasgE1 patterr)
wasmuchlonger on the TGR-1551accessiorthanon the othermelongerotypestested.
Moreover, mostof the phloemsalivationphase®bsened for aphidsfeedng on TGR-158
werefollowed by styletpathway actiities (patternC) insteadof phloemingestion(patten
E2). Actually, whenall E1 patternsrom eachgenotye were poded togetter, only nine
caseout of 24 of theseE1 patterrs led to E2 on TGR-1%1 (37.5%), comparedwith 7 of
10(70%)on PI-161375,and18 of 22 caseg81.8%) on Regal () 2=9.89 df=2; P=0.0071)
Therewereno significantdifferenceson thenumker of E1 eventsfollowedby E2on TGR-
1551(37.5%) andP1-414723(10/19=52.8%4) (x 2=0.98;df =1; P=0.321).

Settlement under non-choice conditions Aphids rejectedthe three resistantmelon
gendypesasa feedingsourceafter 72 h on the plants(Fig. 1). All plantswereranked
asresistantaccoding to the criteriaestablishedy Ferereq14) in theresistantaccessions
excep for P1-414723 on which five plantsout of 20 wereratedassusceptible The mean
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numter of aphidsremainirg ontheplantswasloweston TGR-153 andonP1-161375. All

threeresistangenotypeshostedsignificantly(P<0.0001)feweraphids thanthesusceptible

contrd.

TABLE 1. Electricalpenetratiorgraph(EPG)parameterémeans-SE) of Aphis gossypii feedingon
resistantaindsusceptiblenelongendypesduringa 4-h accesgeriod (n=20)

EPGvariables

Controlcv. Regal

TGR1551

PI-16135

P1-414723

ANOVA (df=3,76)
F

P

Number variables (meannumbermeraphid)

np (non-piobing) 15.3 +1.5& 29.4 £2.6b 29.2 +2.2b 35.7 +4.1b 11.13 0.0001
C (probes) 15.1 +1.5a 29.1 +2.6b 29.0 +2.2b 35.5 1+4.0b 11.16 0.0001
C<3min 5.8 +0.8a 15.3 +2.2b 16.8 +2.1b 21.4 +3.3b 9.92 0.0001
C beforefirst C>3 min 2.0 +0.5a 3.0 +0.7a 3.4 +08a 3.6 +0.7a 1.10 0.3555
C beforefirst E 12.1 +1.4a 22.1 £3.2b 26.9 +2.1b 30.7 +4.4b 8.33 0.0001
pd-S(standarcpotential 106.9+12.1a 105.3+7.8a 124.14+-9.8a 108.54+9.1a 0.77 0.5152
drops)
pd-L (long potential 21 40.2a 1.8 +£0.3a 24 +04a 3.3 +£0.7a 141 0.2466
drops)
E1 (phloemsalivation) 1.1 +0.2a 12 +03a 05 +0.2a 0.9 +0.3a 1.48 0.2277
E2 (phloemingestion) 0.90 +0.2a 0.45 +0.2b 0.35 £0.1b 0.50 +0.2ab  2.50 0.0654
E2>8min 0.55 +0.1a 0.05 +0.0b 0.10 £0.1b 0.05 +0.0b 7.13 0.0003
G (xylemingestion) 0.75 +0.2a 0.90 +0.3a 0.80 £0.2a 0.85 +0.3a 0.03 0.9941
F (mechanicalvork) 0.8 =+0.2a 14 +0.4a 1.0 +0.3a 0.8 +0.3a 0.48 0.6936
Total duration variables (total durationperaphid)
np 26.1 +£3.8a 53.3 +6.3b 47.6 +5.7b 48.6 +5.8b 5.93 0.0011
C 115.2+11.9a 143.0+8.3b 145.64+8.3b 158.24-9.5b 3.79 0.0137
pd (pd-S+ pd-L) 7.4 +0.8a 6.8 +0.5a 83 +0.6a 83 =+0.7a 1.26 0.2949
E(E1+E2) 70.3 £18.4a 19.3 £5.1b 9.6 +2.5b 4.4 +1.8b 5.93 0.0020
E1l 1.2 +0.2a 15.3 +£5.3b 3.1 +1.7a 1.6 =+0.9a 6.57 0.0011
E2 74.1 £19.0a 89 +435b 76 +23b 34 +2.1b 6.06 0.0025
G 36.2 £9.7a 32.8 £15.7a39.9 +12.4a13.6 £+7.6a 0.91 0.4480
F 48.4 £20.7a 40.5 +£14.8a52.0 £12.9a72.9 +20.2a 0.72 0.5480
Mean duration variables (meanof themeantime periodperaphid)
np 1.7 40.2a 19 403a 16 +0.1a 1.4 Z0.1a 0.92 0.4360
C 8.3 +0.8a 58 +0.6b 55 +0.5b 54 +0.6b 4.13 0.0090
pd-S(sec) 3.9 +0.1a 3.8 +0.1a 3.9 #40.1a 4.4 40.1b 4.88 0.0037
pd-L (sec) 75 +0.4a 8.1 +0.6ab9.1 +0.3b 9.1 +0.4b 3.43 0.0217
E1l 0.9 +£0.2a 84 +37b 15 +0.7a 0.6 =+0.2a 5.51 0.0029
E2 62.0 +18.3a 45 +£1.7b 6.7 £2.2b 3.3 +£2.1b 5.54 0.0039
E2maxvalue 194.2 10.8 17.4 17.7 - -
G 27.4 £7.7a 14.4 +£7.5a 32.1 +£11.9a6.6 +3.4a 1.80 0.1657
F 35.0 £17.1a 10.5 £3.5a 24.0 +6.6a 48.7 +21.1a 1.56 0.2196
Percentage
Non-probingtime before 19.2 +4.6a 25.7 £3.9a 20.0 +2.3a 21.1 +2.0a 0.68 0.5655
firstE
C<3min 40.6 +5.1a 475 +£3.9a 51.2 +4.5a 55.4 +3.1a 2.08 0.1104
TimeonE2 30.9 £7.9a 3.7 #£1.4b 3.1 4+09b 1.4 40.9b 5.69 0.0034
Other variables
Frequeng of pds(no. of 0.4544+-0.0a 0.4464+0.0a 0.527+0.0a 0.46640.0a 0.78 0.5091
pds/min)
No. pd-L/ No. total pds 0.024+0.0ab 0.017+0.0a 0.019+0.0a 0.0314-0.0b 2.76 0.0476
Time until first E 147.7£18.5a 166.0+18.2a217.5+8.1b 191.4+-14.9ab 3.85 0.0128
Time until first E2>8 min 178.1+17.7a 233.5+6.5b 233.74+4.5b 235.84+-4.2b 8.10 0.0001
No. E2/No.E1 0.878+0.1a 0.3394+0.1b 0.7144-0.1a 0.720+0.1a 4.26 0.0107
Time until first F 142.7+22.8a 165.1+21.2a161.6+20.4a170.1+22.5a 0.28 0.8372

#All valuesin the Tablearein minutesexceptfor parameterpd-Sandpd-L, whicharein seconds.

YWithin rows, meansfollowed by a commonletter do not differ significantly (P<0.05) using Fishers Protected_SD testwith
transformedralues(z'=+/z + 1) andz’ =2[arcsiny/z]) for percentage.

Settlement under free choice conditions Figure 2 shaws that aphics discriminatel
betweenthe resistantand susceptibldeaf disks very rapidly in all casesexceg for PI-
161375. Aphidssignificantly (P<0.05) preferedto settleon the susceptibleeontol than

6 E. Garzoet al.



Fig. 1. Meannumber of aphidsperplanton selectednelongenotypesafter72 h in anon-preferene
testunde non-chace condtions. MeanstSE (n=20) marked with the sameletter do not differ
significantly(P 0.05)usingFishers Protected_SD testwith transformedralues( '= ).

TABLE 2. Electricalpenetratiorgraph(EPG)parameterémeans-SE) of Aphis gossypii feedingon
resistanaindsusceptiblenelongendypesduring thefirst 30 min of recording (n=20)

EPGuvariables Controlcv. TGR1551 PI-161375 PI1-414723 ANOVA (df=3,76)
Regal
F P
Number variables (meannumberperaphid)
np 5.4+0.5& 6.5+0.9a 7.7+0.9ab 8.7+0.8b 3.33 0.0239
C 5.4+0.5a 6.54+0.8ab 7.74+0.80bc 8.5+0.1c 3.32 0.0243
C<3min 2.94+0.5a 4.44-0.8ab 5.240.9b 6.1+0.7b 3.40 0.0220
C>3min 2.54+0.2a 2.0+0.3a 2.5+0.3a 2.44+0.2a 1.07 0.3656
pd-S 14.44+2.1a 12.3+0.9a 11.9+1.4a 10.9+1.3a 0.77 0.5154
pd-L 1.3+0.2a 1.240.2a 1.6+0.3a 1.6+0.3a 0.55 0.6509
Total duration variables (total durationperaphid)
np 10.5+1.5a 9.2+1.3a 10.0+1.2a 10.3+1.0a 0.29 0.8292
C 17.0+1.4a 18.9+1.2a 17.4t1.4a 18.3+1.3a 0.46 0.7129
pd-S(sec) 55.6+8.9a 46.5£3.6a 45.2+4.9a 46.9t4.9a 0.16 0.9222
pd-L (sec) 9.7+1.1a 12.9+1.7ab 16.5£2.3b 20.2+4.0b 3.22 0.0284
Mean duration variables (meanof the meantime periodperaphid)

np 2.3t0.4a 1.5+0.2a 1.7+0.4a 1.440.2a 1.50 0.2220
C 3.94+0.6a 4.8+1.0a 2.8+0.3a 2.5+0.3a 241 0.0735
pd-S(sec) 4.0+0.5a 3.8+0.1a 3.9+0.1a 4.440.1a 1.04 0.3787
pd-L (sec) 6.4+0.4a 8.3+0.6b 9.240.3b 9.3+0.5b 8.32 0.0001

#All valuesin the Tablearein minutesexceptfor parameterpd-Sandpd-L, whicharein seconds.

YWithin rows, meansfollowed by a commonletter do not differ significantly (P< 0.05) using Fishers Protected_SD testwith
transformedralues(z’'=v/z + 1.

onTGR-1551from theverybeginningto theendof thebioassayThesamewastruefor PI-
414723, buttherewerenosignificart differencesdetweerthepercemageof aphidsperplate
settlingon PI-161375 andthe susceptiblecontrd duringthefirst 2 h of the test. Aphids
preferedto settleon the susceptiblecontrd thanon PI-161375aftera4-h exposureto the
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Fig. 2. Meannumberof aphidssettledon leaf disks of differentmelongenotypesat differenttime
intervalsin anon-preferenetestunde free-choiceconditions.Valuesmarkedwith anasteriskdiffer
significantly (P=0.05) from the susceptiblecontrol (cv. Regal) accordirg to the Mann-Whitney U
test.

TABLE 3. Mears of somelife-history parameter¢§meanst SE) of Aphis gossypii on resistantand
susceptiblenelongenotypes

Cucumismelo genotype  Nymph Adult T (days) Md Intrinsic rateof
mortality mortality increasdr )
(%) (%) (n=10)
(n=30)
Controlcv. Regal 13.3a 0.0a 6.2+ 0.1a 55.1+ 2.2a 0.478+ 0.00a
P1414723 40.0b 60.0b 6.5+ 0.2a 19.84+ 3.6b 0.3244+ 0.02b
PI161375 46.6b 70.0b 6.9+ 0.3a 18.04+3.8b 0.2734 0.05bc
TGR-1551 43.3b 70.0b 7.7+ 0.4b 13.9+ 3.7b 0.225+ 0.04c

*Refersto thetotal numberof nymphsdevelopedon eachgenotypetenreplicates) A chi-squargestwascomputedor pairwise
comparisondetweerthe mortality obtainedon eachmelongenotype.

YWithin columns,meansfollowed by a commonletter do not differ significantly (P<0.05) using Fishers Protected_SD test
with transformedralues(z’=+/z + 1). Ther valuewascalculatedor eachindividual aphidandthesevalueswereusedin the
ANOVA (df = 3, 36).

leaf disks. Theseresultsindicatethat aphids rejectedaccession§ GR-155. or PI-414723

muchfasterthanPl-161375.

Aphid performance Aphidsfeedingon TGR-1%51 hada significantlylonger develop-
mentalperiad thanon the othermelongenotyes(Table3). Thetime from birth to onset
of repraluctionwasabait onedaylonger for aphids feedingon TGR-1551thanfor those
feedirg on the othergendypestested. This indicatesthat aphidpopuation growth would
be slower on TGR-1551thanon the two otherresistantgendypes. The mostsignificant
differencebetweerthe resistantaccessionandthe susceptiblecontrd wasin the numkber
of nymphsproducedperfemalein aperiad equivalert to the pre-eprodutive time. Aphids
feedirg on the threeresistantgendypes prodiced appoximately the samenumbe of
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nymphs, but almostfour times fewer thanin the susceptiblecontrol. Consequatly, the
lowestintrinsic rate of natual increase(r,,) obtaired for A. gossypii waswhen feedirg
onaccessioTGR-158 (0.25), althowh therewasno significantdifferencefrom ther ,,,
valueobtaired on PI-161375(0.273). In all caseswe calculatedther ,, individually for
eachaphidthatreactedtheadultstage. Therewereno significantdifferenceqP>0.05)in
thenymphal or adultmortality amongthe threeaphidresistangenotyestested.

DISCUSSION

Themechaism of resistancassociatedvith theKoreamaccessioPl-161375hasbeen
linkedto factos localizedin the phloemtissue(5), but alsoto nonvasculartissuey6,36).
The resultsof the preseh study shoved that both non-phloem and phloem factorswere
associateavith the type of resistancexhibited by PI-161375 PI-414723and TGR-1558
to themelonaphid Ourresultsalsosuggesthatthemechaismsof resistanceperatimg in
thethreeaphidresistanticcessionanalyzedarenotthe same.Thelong phloemsalivation
period followed by a C wavefarm that was clearly obsered for accessionTGR-155
was not presentin PI-161375nor in PI-414723 indicatirg that an additional barrierfor
aphidfeedirg is presenin the accessionhat originatedfrom Zimbabwe. Thesetypesof
difficulties to initiate ingestia from the phloemhave alsobeenrepoted for Prunus (cv.
‘Rubira’) andthe greenpeachaphidMyzus persicae Sulzer(35). The prabing andfeediry
behaior of A. gossypii on PI-161375and Pl-414723 was differentin someof the EPG
paranetersanalyzedsuchasthe meanduratian of the standardntracellularpundures(pd-
S)andtheratiobetweerthenumterof long pdsandthetotal numker of pds(Tablel). Also,
thetype of nonpreferenceresposeof A. gossypii on PI-414723 wasquite differentfrom
the oneobseved on PI-161375. Aphids rejectedPl-414723muchfasterthanPI-161375
suggestinghatthe type of resistanceresenin the latter doesnot operatefastenoudn to
avoid aphidsettlementduiing the first stepsof hostrecoqition. Thesefindings suggest
thatadifferert mechanismof resistanceganst A. gossypii is presenin theIndian andthe
Koreammelonsouresof resistanceHowever, theresultsshouldbeinterpretedwith caution
becausdothresistantinesarefrom diversegenetichackgounds andcharageristicsother
thantheresistangeneanayaffectaphd respomse.

Any resistancenecharsmagainshonpersistenvirus transmissiornasto operatevery
quicky and befae the phloemis reachedby the aphid. This is becauseransmission
occus during very brief prabes, usually lasting less than 1 min in supeficial plant
tissuessuch as the epidermisor the first cell layers of the mesoplll. Therebre, the
mechaism of resistanceo avoid virus transmissior{asdescriltedfor the Vat trait) shoud
be different from the phloan-basedmechaism responsiblefor resistanceagainstA.
gossypii asproposedby Klingler et al. (22). Theaetically, a constitutive plantdefense
mecharsm coud beoperding in thecaseof theresistancédo virus transmissiorf\Vat trait),
while the aphidresistancenectanism(cortrolled by the Agr geng could be aninducel
plantresistancenecharsm. Thefactthatthe genegoverning melonresistancegairst A.
gossypii belongsto thegroup of NBS-LRRresistancgene (20 21) suppats thehypothesis
thatactivationof a defensaespoisesuchasthe polymerizationof substancege.g. callose
or P-protein is likely to occu. Thesesubstancemay createa mechaical barrierfor aphd
passve phloemingestion assuggstedby the abnamally long E1 phaseollowedby aC
patternobtairedin boththe AR 5 gendype(22) andtheZimbatweanTGR-158 accession
thatwe tested.
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Theresistancenechamsmfoundon TGR-153 atthephloemlevel seemdo bephysical
ratherthan chemicallybased,becauseaphidcs that reachthe phloen are usually unabe
to startingestion, and therebre canrot detectthe presenceof ary chemich deterrat
compund. The maximum duratian of phaseE2 for aphics feedirg on TGR-1%1 was
only 10.8 min, but the otheraphds were unableto startingestionor spentlessthan4.4
min underE2 waveform. Our hypothesisthatthe mecharsm of resistancés likely to bea
physical barriet is suppoted by the work of Kenne¢ andKishaba(17) who never found
translocatio of resistancacrosghegraftunionof aresistantnelongerotypecarrying the
Agr trait to a susceptibldine. Thework by Shinoda(37) alsosuppats this hypothesis:he
found alargedepositiorof callosearourd mostof thestyletsheathproducedby A. gossypii
whenfeedirg onthe AR-5 resistanimelongendype. However, further work is neededo
confirmthe hypothesighat P-prdeinsfrom resistanplantsarereally involvedin keepirg
aphics from sustainedngestionof the phloem. Interestingly, Martin et al. (29) found
thatwhenviruliferous A. gossypii carryirg CMV wereallowedto pendrate sequenceof
resistantand susceptiblenearisogenic Vat melonplants,the transmissiorrate of aphids
prohing directly on susceptibleplantswasthe sameasfor aphids that previously probed
on one or two resistantplants. They concluded that the aphid transmissiorresistance
mecharsm conferedby the Vat gere allows aphidsto remainwith the samevirus chage
afterproling onresistanplants. Theseresultsalsosuggstthata mechaical barriercoded
by theVat genemayblockvirusreleasdrom theaphd'’s stylet. Furthemore,every attempt
to isolate chemicalcompaindsrelatedto melonresistanceaganst A. gossypii hasfailed
(5,7.8).

It is well docurrentedthatthe Vat genegeneatesanantixerosisandantibiosisrespmse
in A. gossypii (32,33). However, it is possibleo find somemelonaphidresistangenotyes
thatexhibit highlevelsof antixenosisor antibicsisbut arenotresistanto virustransmission
(viz,, donot exhibit the Vat trait). Thisis the caseof ‘Revigd’, awell known muskmelon
cultivar(Galiatype)developedin Israelthatis veryresistanto A. gossypii butis susceptible
to CMV inoculation by A. gossypii (16,2). The existenceof melongernplasmresistant
to A. gossypii but susceptibléo theinocuation of nonpersistentirusessuggestshatit is
verylikely thattwo differentresistancgenesareoperatiry togetter which mayor maynot
be presentin the samemelon gendype. If suchis the case,the genecontrdling aphd
resistanceshoud be namedAgr and the genecoding for virus transmissiorresistance
shouldbe calledVat. Accordng to Klingler et al. (21), the strongcorrelationobseved
betweenresistanceto A. gossypii and virus transmissionresistancecould indicate the
existenceof avely closelinkagebetweenra geneactingagairst A. gossypii anda separate
genethatinhibits virus transmission Actually, that studyindicatedthatboth Agr andVat
seemto beallelic, althoudn the progery resultingfrom crossinghetwo resistantineswere
screenedbor resistancenly againstA. gossypii but notagairst virus transmission.

Soriaet al. (38) found that TGR-1%1 is resistanto thetransmissiorof non-persistent
virusessuchasCMV, WMV-2 andZYMV by A. gossypii. The phloembasedresistance
mechaism that we found on TGR-1%1 shoud be a goad bariier to prevent acqusition
of persistentvirusesinfeding melon such as cucubit aphidborre yellow luteovirus
(CABYV), becase aphds needto ingestfrom sieve elementsfor effective acqusition
of persistentlytransmittedplant viruses(34). It is concludedthat TGR-1551accession
comhbinesthe Vat trait togethemwith an aphidresistancenechaism localizedat both the
nonvascularandthephloemlevel. Thebarries for aphidsettlemenaindingestionpresent
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in TGR-1%1 resultedin adelayin the developmenal time anda reduedintrinsic rateof
popuationincreaseTherefore, TGR-153 seemgo beavery pramisingC. melo accession
to breedfor resistanceagairst A. gossypii andaphidtransmittedvirusesinfecting melon
crops.
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