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Characterization of Biotype T of BemisiatabaciAssociated
with Euphorbiacharaciasin Sicily

StefanoDemichelis,1 ClaudioArn�o,y;1 DomenicoBosco,1

DanieleMarian2 andPieroCaciagli2;�

The T biotype of Bemisiatabaci (Gennadius,1889), a populationfound colonizing Eu-
phorbiacharaciasL. plantson theNebrodi-Peloritanimountainsin Sicily, wasbiologically
characterized. The minimum developmenttime was 29.7 days at 28� C. Basedon the
regressionof 1/dayvsT, the rateof developmentwascalculatedas0.00206,the theoretical
lowertemperaturethresholdfor developmentas9.3� C, andthesumof effectivetemperatures
as485.1.At 25� C,egg-to-adultdevelopmentwassigni�cantly shorteronDatura stramonium
(30.1 days)thanon eitherEuphorbiapulcherrima or Euphorbiacharacias (35.6 and35.4
days, respectively). The fourth instar nymphsgrown on D. stramoniumhad the typical
oval outline and seven pairs of dorsal setaelocatedon cone-like processes,often barely
visible. The fourth instar nymphsand their pupal casesgrown on E. characias had the
outline deformedby the presenceof hairs on the lower surface of the leaf. The pupae
on D. stramoniumwere signi�cantly larger (both longer and wider) than thoserearedon
E. characias; on both host plants,femalepupaeweresigni�cantly larger than maleones.
Analysisof varianceshowedthatwidth of femalesonD. stramoniumwassigni�cantly larger
than the width of thoserearedon E. characias. Attemptsat courtshipbetweenT- andQ-
biotypeswereobserved, but adultsfrom differentbiotypeswerenever seenmating. Only
maleswere obtainedfrom the seven heterologouscrossingattempts,either way, whereas
homologous,control breedingproducedmalesand females. The T biotype was able to
transmitTomatoyellowleafcurl Sardinia begomovirus(TYLCSV) from D. stramoniumto D.
stramonium, from tomatoto tomatoandfrom tomatoto D. stramonium. Attemptsto transmit
TYLCSV from D. stramoniumto tomatowereunsuccessful.Thetransmissionef�ciency was
signi�cantly lowerwhentomatowasthetestplant.Thediversebiologyandecologyof theT
biotypecon�rm thatit is geneticallydifferentfrom mostMediterraneanbiotypes.
KEY WORDS: Bemisia tabaci biotype T; Euphorbia; white�y; Sicily; virus vector;
geminivirus.y

INTRODUCTION

Bemisiatabaci(Gennadius,1889)(Hemiptera:Aleyrodidae)is apestof food,�ber and
ornamentalcropsthroughouttheworld andis theknown vectorof at least111plantviruses
(24). Theworldwidedistributionandthehugenumberof host-plantspeciesresultin ahigh
biologicalandgeneticvariability, so thatB. tabaci is considereda “speciescomplex” (7),
with a numberof populationsidenti�ed, alsode�ned ashostracesor biotypes(33). The
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differentbiotypesvary considerablyin their ability to colonizedifferenthostplants(3,8)
andto inducephysiologicaldisordersin somehosts(11), in their ratesof development(41)
andvirus transmissionef�ciencies (3,42).

Thepresenceof B. tabaci in Italy hasbeenrecordedsincetheendof the19thCentury
(37), but the white�y was not consideredan importantagriculturalpestuntil the early
1980s(31). The pestrole of B. tabaci increasedwhenTomatoyellow leaf curl Sardinia
virus(TYLCSV; Geminiviridae:Begomovirus),speci�cally transmittedby thesweetpotato
white�y , appearedin Italy (26,35). Sincethen,both the B biotypeof B. tabaci and the
indigenousQ biotype have beenrecordedin several partsof Italy on a numberof host
species(5,14). During a survey in Sicily, a populationof B. tabaciwasfoundcolonizing
Euphorbiacharacias L. plantsat about1000 m above sealevel (a.s.l.). According to
analysisof the sequenceof the cytochromeoxidaseI (COI) mitocondrialgene(39), the
populationis unrelatedto otherMediterraneanbiotypesfor whichthisanalysisis available,
but relatedto the Indian cladeof B. tabaci, in which the M biotype from Turkey has
beenplacedby esteraseelectrophoreticpattern(3) andRAPDS(19). It hasan esterase
electrophoreticpatterndistinct from both the B and Q biotypes,and is restrictedto E.
characias. Thepopulationhasbeenrecognizedasanew biotype,namedT (38). Theaimof
thepresentwork wasthebiologicalcharacterizationof theT biotypeof B. tabaci, expected
to besomewhat tolerantto low temperaturesandsomehow reproductively isolated,given
thepeculiarbiotopewherethebiotypelives(38). Temperature-developmentrelationships,
reproductive isolation,morphology, morphometryandvectoringability of T biotypewere
investigated.

MATERIALS AND METHODS

Field surveysand white�y rearing BemisiatabacibiotypeT (38), originally collected
in year2000on E. characiasplantsin theareaof Selladei Mandrazzi(Messinaprovince)
on the Nebrodi-Peloritanimountainsin Sicily (approximatecoordinates:37� 58' N, 15�

08' E; 600– 1000m a.s.l.),weremaintainedonE. characiasplantsin aclimate-controlled
chamber(25� 1� C; 60–90%r.h.; 16L:8D photoperiod). Theserearingconditionswere
usedthroughoutthe work, unlessotherwisespeci�ed. Insectsfrom the samecolony
werealsorearedon Datura stramoniumandEuphorbiapulcherrima(Willd. ex Klotzsch)
(poinsettia). A colony of B. tabaci Q biotype, originally collectedon melon plantsat
Oristano(SardiniaRegion),wasrearedon cucumber(CucumissativusL.) underthesame
conditions.

Furthersamplingof white�ies on E. characiaswascarriedout at varioussitesin the
sameareaat thebeginningof March2001.

Developmentrate and time Todeterminetherelationshipbetweendevelopmentrateand
temperature,threeE. characias plantsfor eachexperimentaltemperaturewere infested
with adult white�ies (sex ratio 1:1), which were allowed to oviposit for 24 h at 25� C
andthenremoved. Plantswerethenplacedwithin Plexiglas andnylon cagesin climate-
controlledchambersat16,19,22,25,28and31� C (� 0.5� C asindicatedby theequipment,
� 1� C asmeasuredby the temperaturerecorder)andexaminedfor emergenceof adults.
Newly emergedadultswerecounteddaily andremoved.Thetheoreticallower temperature
threshold(LDT) for egg-to-adultdevelopment(thetemperatureat which thedevelopment
rateequalszero,T0) wasestimatedby weightedlinear regressionof the inverseof days
(1/day) vs rearingtemperature(T) (20). The sum of effective temperatures(SET) was
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estimatedfrom the reciprocalof theslopeof the regressionline. Developmenttime on a
day-degree(� D) timescalewascomputedas� D = days� (T–T0) for T> T0 (16).

The developmenttime at 25� C wasalsoestimatedon E. pulcherrimaandD. stramo-
nium, in thesameway.

Sexratio and parthenogenesis The sex ratio wasdeterminedat 25� C on the progeny
of four couplesreared,one coupleper plant, on either E. characiasor D. stramonium,
counting and removing the newly emerged adults almost daily. Parthenogenesiswas
checkedby rearingvirgin femaleson E. characiasplants,eitherindividually or in groups.
Virgin femaleswereobtainedfrom singlefourth-instarnymphsisolatedin glasstubes,with
theleafpiecethey wereattachedto, until emergence.

Mor phometry and morphology Samplesof T biotype fourth-instar nymphs were
obtainedfrom E. characiasandD. stramoniumby cutting small piecesof leaveshosting
white�ies. Lengthandwidth of pupae,recognizedby the disappearanceof mycetomes
(25), were measuredundera stereomicroscopeat � 25 total magni�cation, with � 10
micrometriceyepiece.Measureswereroundedto the smallesteyepiecedivision, i.e., 40
� m. Eachfourth-instarnymph on its leaf piecewasisolatedin a glasstubeon wet �lter
paperuntil theemergenceof theadultfor sex identi�cation.

For comparison,white�ies of theQ biotypewererearedon D. stramoniumplants,and
fourth-instarnymphstreatedasT biotypesamples.

Leafpieceswith oneor morepupaeor freshexuviaewerecut from rearingplants,both
E. characiasand D. stramonium,dehydratedby 1-h passagesin 70% ethanol,absolute
ethanol,andcyclohexane,anddriedon absorbentpaperin a vacuumdesiccatorwith silica
gel asdesiccantat room temperature.Specimensweregluedto aluminumstubsby two-
sidedsticky adhesive tapeand then coatedusing a sputtercoatermodel E 5000 C-PS3
duringtwo consecutive treatments(60 s each,10 mA, 0.1Torr). Observationsweremade
underSEM(Cambridge200)at13KV, magni�cationrangingfrom 100to 150.

Crossingexperiments Attemptsweremadeto crossbiotypeT with biotypeQ, thelatter
beingindigenousto theMediterraneanRegionandspreadingin Sicily (38). Virgin females
andmalesfrom bothbiotypeswereobtainedfrom singlefourth-instarnymphsisolatedin
glasstubes,with the leaf piecethey wereattachedto, until emergence.The adultswere
thenrearedseparatelyon D. stramonium, the only experimentalhostplant sharedby the
two biotypes.Malesof onebiotypewerethentransferredto thecagewherefemalesof the
otherbiotypewerebeingreared. Insectswereobserved for courtshipandmatingwith a
magnifyinglensfor 1 h eachof the5 daysfollowing thetransfer, andthenremoved.Plants
werekeptuntil theemergenceof the lastadultor for 2 monthsin caseno white�ies were
noticedin thecage.

Vectoring ability In order to test vectoringability of the E. characias biotype, adult
white�ies wereallowed to feedon TYLCSV-infectedplantsfor 24 h, afterwhich insects
were transferredin small clip cagesto testplantsfor 72 h of inoculationaccess.Virus
sourceandtestplantswereeithertomato(LycopersiconesculentumMill.) cv. `Marmande'
or D. stramonium.Sourceplantswereexperimentallyinfectedby insects;testplantswere
exposedto viruliferous white�ies at the fourth leaf stage.Insectsweretransferredeither
individually or in groupsof three. At the end of the inoculationaccess,the test plants
werefreedfrom insectsby removing thecages,observedfor symptomsin aninsect-proof
greenhouse,andtestedby dot-blothybridizationassay(2) in afew dubiouscases.Fromthe
samevirussources,controltransmissiontestsweredoneusingB. tabaciof theB biotype.
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Statisticalanalysis All statisticalcalculationswereimplementedusingGenstat4.2(VSN
InternationalLtd., Oxford,UK) (32).

TABLE 1. Development(dev.) time for theT biotypeof Bemisiatabacion Euphorbiacharaciasin
daysaswell asin day-degrees(� D) at theexperimentaltemperatures

Exp.
temp.
(� C)

Adults
obtained
(no.)

Mean
dev. time
(days� SD)

&
Rangez

Meandev. rate
(1/day� SD)

Mean� D
(� SD)

& Range

16 122 77.5� 5.3 68–87 0.01297� 0.00090 519.7� 35.6 456.2–583.6
19 382 48.1� 4.9 41–57 0.02088� 0.00148 467.3� 34.2 398.0–553.4
22 449 37.3� 3.8 29–49 0.02705� 0.00256 474.1� 47.0 368.5–622.7
25 98 35.4� 3.3 28–46 0.02853� 0.00265 555.4� 52.3 439.8–722.6
28 72 29.7� 3.2 25–38 0.03402� 0.00360 556.2� 60.4 467.7–710.9
31 60 35.7� 3.9 29–44 0.02839� 0.00320 773.9� 85.6 629.5–955.2

z Rangeindicatesthedaysof the�rst andthelastemergence.

TABLE 2. A Lengthandwidth (in � m) of maleandfemalepupaeof theT biotyperearedon either
Datura stramoniumor Euphorbiacharacias plants. B Length and width of pupaeof the T- and
Q-biotypesrearedonD. stramonium

A T biotype
Hostplant Sex n Meanlengthz

� SD
Meanwidthy

� SD
D. stramonium F 14 874.3� 41.1 637.1� 39.9

M 28 734.3� 38.1 494.3� 33.0
E. characias F 28 762.9� 26.5 520.0� 32.7

M 56 657.9� 38.8 442.9� 27.3
z LSD=13.9;y LSD=11.7.

B T- andQ-biotypesonD. stramonium
Biotype Sex n Meanlengthx

� SD
Meanwidthw

� SD
T F 14 874.3� 41.1 637.1� 39.9

M 28 734.3� 38.1 494.3� 33.0
Q F 28 862.9� 35.2 611.4� 34.2

M 56 730.0� 33.5 504.3� 31.1
x LSD=13.3;w LSD=12.8.

RESULTS

Field surveysand white�y rearing At thebeginningof Marchonly nymphs,from �rst-
to fourth-instar, wereobserved andcollectedon E. characiasat all sitesin the Selladei
Mandrazziarea. At 1000m a.s.l. the populationof immaturestagesshowed the highest
proportionof �rst-instar, andno fourth-instarnymphswereobserved. At lower altitudes,
theproportionof fourth-instarnymphsgraduallyincreasedand�rst-instar onesweretotally
absent.

Continuousbreedingof T biotype white�ies was successfulonly on E. characias.
Nevertheless,D. stramoniumproved to be suitable for rearing white�ies for a few
generations.In spite of repeatedattemptsto rear T biotype on poinsettia,only in one
casewasa low numberof progeny obtained.
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TABLE 3. HeterologouscrossingattemptsbetweenbiotypesT andQ on Datura stramoniumplants
(H1: : :H7) andhomologouscontrolson thesamehost(C1: : :C2)

Exp. BiotypeT BiotypeQ Progeny
Female Male Female Male Female Male

H1 19 13 0 19
H2 6 10 0 0
H3 4 2 0 91
H4 13 26 0 0
H5 1 2 0 14
H6 1 1 0 3
H7 4 5 0 91
C1 24 26 13 75
C2 1 3 45 15

TABLE 4. Vectoringability of Bemisiatabaci, T biotype,asdeterminedby transmissiontestsof
Tomatoyellowleafcurl Sardinia begomovirus

Biotype Insectsper
plant

Source
species

Testspecies Positive
(no.)

Tested
(no.)

P

B 3 Datura Datura 7 14 0.50
T 3 Datura Datura 12 25 0.48a;b;c

T 3 Datura Tomato 0 16 0.00a;d

T 3 Tomato Datura 17 18 0.94b;d;e

T 3 Tomato Tomato 4 28 0.14c;e;f

B 3 Tomato Tomato 19 24 0.79f

T 1 Tomato Tomato 1 25 0.04g

B 1 Tomato Tomato 10 25 0.40g

P having thesamesuperscriptdiffer verysigni�cantly in the� 2-test(P< 0.01;df=1).

Developmenttime Developmenttimesandratesof B. tabaciT biotypeon E. characias
are shown in Table 1. The minimum time was attainedat 28� C. The only higher
temperaturetested(31� C) did not shortenthe egg-to-adultcycle while resulting in a
high mortality, as judgedby the low numberof adultsemergedcomparedwith at lower
temperatures,while theconditionsfor ovipositionwerethesame.At 28� C theegg-to-adult
developmenttimewas29.7� 3.2days(mean� SD) (median= 30).

Theequation�tted to 1/dayvsT between16 and28� C by weightedlinear regression
was:1/day= 0.002061(� 0.000025)T – 0.019153(� 0.000436)(seeFig. 1)
(percentagevarianceaccountedfor: 87.7; df=1127; P< 0.001; residualsare normally
distributed). This indicatesa theoretical LDT of 9.3� C for abolishing egg-to-adult
developmentandaSETequalto 485.1(� SE:479.8–490.6).Developmenttimesonaday-
degree(� D) timescalecalculatedfor eachexperimentaltemperatureareshown in Table1.
Evenexcludingtheobviousoutlier at T=31� C, anapparentnon-lineartrendis visible,but
themeanvaluescalculatedfor eachexperimentaltemperaturewerereasonablycloseto the
calculatedSET.

At 25� C, egg-to-adultdevelopmenttook 30.1� 2.2 days (n=86) on D. stramonium,
35.6� 3.8 days(n=31) on poinsettia,and35.4 � 3.3 days(n=98) on E. characias. Data
from the different host plantswere comparedby the Mann-Whitney U test becauseof
thenon-homogeneousvariances(� 2=20.63on df=2 by Bartlett's testfor homogeneityof
variance;P< 0.001). Therewasno signi�cant differencebetweenthe developmenttimes
on E. characiasandon E. pulcherrima (U=1475.5;P=0.811). The developmenttime on
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Fig. 1. Rateof developmentfrom egg to adultof BemisiatabaciT biotype(1/day)in relationto the
rearingtemperature.Theregressionline is calculatedby weightedlinearregression,not considering
thepointat31� C.

D. stramoniumis signi�cantly shorterthan on either Euphorbiaspecies(P< 0.001with
U=255.5andU=746.5for E. pulcherrimaandE. characias, respectively).

Sexratio and parthenogenesis In theprogeny of threecouplesrearedon E. characias,
46, 31 and 30 females,and 31, 34 and 28 maleswere counted. The progeny of one
couplerearedon D. stramoniumwasrepresentedby 29 femalesand37 males.Therewas
no signi�cant differenceamongthe experiments. The female-to-maleglobal ratio was
1.0226: 0.9774,the valuebeingnot signi�cantly differentfrom a 1:1 ratio at the � 2 test
(P=0.71;df=1). Female-to-total(females+ males)ratio, accordingto a morecommonly
usedparameter, was thereforenot signi�cantly different from 0.5. Whenrearedfrom a
relatively largegroupof individuals(asin theexperimentreportedasC1 in Table3), the
female-to-totalratio wasonly 0.14(95%con�dencelimits of theproportionare0.12and
0.24).Of 16virgin femalesrearedonE. characiasplants,207maleswereobtainedandno
females.

Mor phometry and morphology Meanlengthandwidth of pupaeof theT biotypereared
eitheron D. stramoniumor E. characiasarereportedin Table2A. The variancesof the
measurementsdid notdiffer signi�cantly by Bartlett'stestfor thehomogeneityof variances
(� 2=5.35and3.84,respectively, bothwith 3 df andP> 0.14)andtherewasno signi�cant
relationshipbetweenmeanand variance,so that data did not needto be transformed
for statisticalanalysis. As revealedby the analysisof variance,therewas a signi�cant
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Fig. 2. SEM imagesof fourth-instar nymphs of Bemisia tabaci T biotype rearedon Datura
stramonium(A andB) or on Euphorbiacharacias(C andD). On D. stramoniumthe fourth-instar
nymphsshow anoval outlineandsevenpairsof dorsalsetaelocatedoncone-likeprocesses.Variation
in thenumberof setaewasusualonfourth-instarnymphs(avariantwith four pairsof setaein A; part
of thewaxyfringe,indicatedby anarrow, is alsovisible). Setaeareoftenlostandcone-likeprocesses
barelyvisible in mostpreparationsfrom D. stramonium(B). Thefourth-instarnymphsgrown on E.
characias(C andD) havesevenpairsof easilydistinguisheddorsalsetae,but theiroutlineis deformed
by thepresenceof hairson thelowersurfaceof theleaf.

differencein the overall dimension: (i) the pupaeon D. stramoniumwere signi�cantly
larger(bothlongerandwider)thanthoserearedonE.characias(P< 0.001);and(ii) onboth
hostplants,femalepupaeweresigni�cantly largerthanmaleones(P< 0.001).Theanalysis
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of varianceof width revealedasigni�cant interactionbetweenplanthostandinsectsex, the
width of femaleson D. stramoniumbeinglargerthanthatof thoserearedon E. characias.
The differential in�uence of the hoston the width of pupaewascon�rmed by analyzing
theratioof thetwo dimensions(ratio= length/ width): therewasnosigni�cant difference
betweenratiosof maleson the two hosts,but the ratio of femaleson D. stramoniumwas
signi�cantly greaterthanthatof femalesrearedonE.characias(t=2.91on40df; P=0.003).

Measurementsof thepupaeof theQ biotyperearedonD. stramoniumaresummarized
in Table 2B. Femalesof the Q biotype were longer and wider than males(t=16.87for
lengthand t=14.39for width, respectively, on 82 df; P< 0.001at the one-sidedtest for
both).As seenin Table2B andcon�rmedby analysisof variance,therewerenosigni�cant
differencesbetweenthemeasurementsof thetwo biotypesrearedon thecommonhostD.
stramonium, theonly differencebeinglinkedto thesex of pupae.

The fourth-instarnymphsgrown on D. stramonium, andtheir exuviae(Fig. 2A, B),
hadthetypical aspectdescribedin theliterature(25), with anoval outlineandsevenpairs
of dorsalsetaelocatedon cone-like processes.Variationin thenumberof setaewasusual
on fourth-instarnymphs(seea variant with four pairs of setaein Fig. 2A; part of the
waxy fringe is alsovisible). Setaewereoftenlostandcone-like processesbarelyvisible in
mostpreparationsfrom D. stramonium. Thefourth-instarnymphsgrown on E. characias
andtheir pupalcases(Fig. 2C, D) hadseven pairsof dorsalsetae,but their outline was
deformedby the presenceof hairs on the lower surfaceof the leaf. The nymphswere
neverthelessvital anddevelopedinto adults.

Crossingexperiments Attemptsat courtshipbetweenT andQ biotypeswereobserved.
Nevertheless,adultsfrom differentbiotypeswerenever seenmating. Seven attemptsat
heterologouscrossingwerecarriedoutasdescribedin theMaterialsandMethods,together
with two homologouscrossingsas controls. Details of the experimentsand resultsare
shown in Table 3. Only maleswere obtainedfrom the heterologouscrossingattempts,
eitherway, whereashomologousbreedingproducedbothmalesandfemales.

Vectoring ability Resultsof virus transmissiontestsaresummarizedin Table4. TheT
biotypewasableto transmitTYLCSV from bothD. stramoniumandtomatoto homologous
test plants. The transmissionef�ciency was comparableto that of the B biotype when
transmittingfrom D. stramoniumto D. stramonium(12 positive out of 25 testedand7 out
of 14, respectively), but wassigni�cantly lower whentransmittingfrom tomatoto tomato,
independentlyof thenumberof vectorsusedper testplant (� 2=9.44and� 2=11.39,both
with 1 df, for transmissiontestsmadewith oneandthreeinsectsper plant, respectively;
P< 0.01in bothcases).On tomatotestplants,only ten insectsof theT biotypeout of 25
survivedto theendof the inoculationaccessperiod(3 days),comparedwith 19 out of 25
of theB biotype.As shown in Table4, transmissionfrom tomatoto D. stramoniumplants
by biotype T was very ef�cient, comparableto transmissionof biotype B from tomato
to tomato,whereastransmissionwith the T biotypefrom D. stramoniumto tomatowas
unsuccessful,althoughthecontemporaryhomologoustransmissionssucceeded.

DISCUSSIONAND CONCLUSIONS

The biotype T Bemisiatabaci, originally isolatedfrom E. characias in Sicily, and
geneticallysimilar to theIndianclade(38), is oneof thenearlymonophagouspopulations
of theB. tabacicomplex, like thebiotypesE (Asysthasia), N (Jatropha), andtheCassava
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biotype from the Ivory Coast(7). This notwithstanding,the T biotypecould reproduce
on D. stramoniumunderexperimentalconditions.Therefore,D. stramoniumcouldserve
asa commonhostplant,allowing comparisonsandinterbreedingexperimentswith theQ
biotype.

Wheninsectcoupleswererearedseparatelyon eitherE. characiasor D. stramonium
plants,the T biotype had a global sex ratio not signi�cantly different from 1:1, that is,
0.5 if computedasratio of femalesto total. Thefemale-to-totalratio hasbeenreportedto
vary from 0.51 to 0.61 for the A biotype(15), and0.76 in B. tabaci B biotypeobtained
from a large numberof adults(sex ratio of parents,1:1) on poinsettia(16) at the same
temperature.Underthe sameconditions,usingrelatively large numbersof adultswith a
sex ratio approx.1:1, theT biotypehada female-to-totalratio of 0.14on D. stramonium,
indicatingthatdifferentbreedingconditionscansigni�cantly in�uence theglobalsex ratio.
Theparthenogenesisof theT biotypewasarrhenotokous,asfor mostwhite�ies (10),with
unmatedfemalesproducingmaleoffspringonly.

Developmentmean time of the B. tabaci T biotype on E. characias varied with
temperaturefrom 77.5daysto a minimum of 29.7days,attainedat 28� C. This is longer
thanreportedby Wagner(40) for the B biotypeon cotton(16.2days)at aboutthe same
optimal temperature(27.6� C). Theonly highertemperaturetested(31� C) did not shorten
the egg-to-adultcycle. This phenomenonis well known in variousbiotypesof B. tabaci
(5,15)andfor Bemisiaargentifolii (Bellows andPerring)on differenthostplants(30). A
signi�cant reductionof the meandevelopmenttime on solanaceoushosts(30.1 dayson
D. stramonium, comparedwith 35. 4 and35.6dayson E. characiasandE. pulcherrima,
respectively, at the sametemperature)is known also for the B biotype,which, at 25� C,
develops much faster on eggplant than on poinsettia(or cotton) (15), and it is also
documentedfor the Q biotypeon differentsolanaceoushosts,althoughto a lesserextent
(28).

Theslopeof developmentratefromeggtoadultof theT biotypeonE.characiasagainst
temperature(0.002061� 0.000025)wassensiblylower thanthe valuecalculatedfor an
Italian populationof theB biotyperearedon Frenchbeans(5), for theB- andQ-biotypes
rearedon sweetpepper(29),andfor thepoinsettiastrainon E. pulcherrima(16),which is
amongthe lowestreportedfor B. tabaci (15,30). This meansthat thedevelopmentrateis
relatively higherat a lower temperature,which is typicalof cold-adaptedpopulations(22).
The theoreticalLDT of 9.3� C for abolishingegg-to-adultdevelopmentis alsounusually
low comparedto theabove-mentionedbiotypes(13.9� C and11.5� C, respectively, for the
Italian B biotype(5) andthepoinsettiastrain(16)),but slightly higherthanthosereported
by Muñiz andNombela(29) for B- andQ-biotypesonsweetpepper, ascalculatedwith the
linearequationwe alsoused.TheLDT wasquitecloseto thelower temperaturethreshold
of the B biotype as calculatedby the sameauthors(29) using a non-linearmodel. An
attemptto usethesamemodelonourdatafailedto converge,giving unreliableparameters,
possiblybecausethetemperaturepointsweusedwerenotwell chosenor wereinsuf�cient
for thefour-parametercurve. ThecalculatedSETwas485.1� D andthis alsois unusually
high, whencomparedto datareportedfor developmentof B. tabaci on cotton(9,43),on
poinsettia(16), andon Frenchbeans(5), for theB- andQ-biotypeson sweetpepper(29).
These�ndings, togetherwith the locationof thepopulation,indicatethat theT biotypeis
very well cold-adapted,muchmorethanthe previously describedItalian B biotypefrom
Sardinia(5). Thecoldadaptationof theT biotypeis con�rmed by its distributionrestricted
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to relatively coldareas,whereotherB. tabacibiotypesarenotpresent.Moreover, T biotype
is ableto overwinterunderprolongedsnow coverage,an unlikely performancefor other
biotypes.Recently, theT biotypehasalsobeenfoundin theForestaUmbra,in theGargano
areaof Apulia (approximatecoordinates:41� 41' N, 15� 58' E; 600–800m a.s.l.),on E.
characias, outsidethenortheasternboundarydistributionof theotherB. tabacibiotypesin
outdoorconditionsin Italy (5). Analysisof themt CO I genesequencecon�rms that this
populationbelongsto T biotype(unpublishedresults).

Development time on a day-degree time scale calculatedfor each experimental
temperatureshowed a non-lineartrend(seeTable1), even excluding the obvious outlier
at T=31� C, but the mean values calculatedfor each experimental temperaturewere
reasonablycloseto thecalculatedSET(approximate95%con�dencelimits for themean
values: 474–496). A non-linear trend for the SET calculatedfor eachexperimental
temperaturehas alreadybeennoted by Hart et al. (20) in the caseof the Syrphidae
Epysirphusbalteatus. Use of a quadraticmodel would also �t the � D value calculated
for 31� C. It shouldbe stressedthereforethat the independenceof � D from temperature
is an approximateassumption,and should be usedwith caution. On the other hand,
assumingsuchindependency, that is, usingtheSETvalue(485� D) to predicttheaverage
time of development,would leadto an acceptableerror, for environmentaltemperatures
varying moderately, as it underestimatesthe effect of low andhigh temperatures,but it
overestimatessimilarly theeffectof thecentraltemperatures,within therangeof individual
variations.

The absenceof overwintering adults suggeststhat the T biotype cannotcomplete
egg-to-adultdevelopmentundernaturalconditionsduring winter. However, the different
immaturestagesfoundat thedifferentcollectionsites(from 600to 1000m a.s.l.) suggest
thattheT biotypecouldoverwinteraseggand/or�rst instar. Fieldsurveysandcontinuous
breedingin the laboratoryat 25� C exclude the presenceof a dormantstage. In Israel
(18) andsouthernCalifornia (12), all stages,including adult, were found during winter.
The different overwinteringmode of the T biotype seemsrelatedto the colder winter
temperaturesof the Peloritani-Nebrodimountainarea. Previous studiesundercontrolled
conditionsshowedthattheadultis themostsensitivestageto cold in B. tabaci(5).

As expected(7,36),therewerenomorphologicaldetailsto tell theT biotypefrom other
B. tabacibiotypes.Thedimensions(lengthandwidth) of pupaearealsonotdifferentfrom
thoseof the pupaeof the Q biotype rearedon the samehost plant, whereassigni�cant
differencesweredetectedwithin the B biotypewhenrearedon eitherD. stramoniumor
E. characias. The hosteffect is alsodocumentedfor two populationsof B. tabaci from
California (cottonandpoinsettia)(4), although,in this case,the interactionbetweenhost
plantandpopulationis signi�cant, meaningthatbothfactorsin�uence thelengthof fourth-
instarnymphs. The D. stramonium-rearedT biotypepupaeare longer thanreportedfor
other populations(4,25), but the dimensionsof pupaeare strongly in�uenced by their
densityon the leaf surface(4), andwe have not consideredthis factor. As reportedfor
otherpopulations(4,17),pupaeof malesandfemalesweresigni�cantly differentin both
lengthandwidth within the T biotype (aswell aswithin the Q biotype),althoughwith
someoverlap. Therefore,extremevaluesof dimensionscanbe usedto selectmalesand
females,in caseof need,but dimensionsper se did not allow total separationof sexes
before emergenceof adults in the T biotype, as is true for the cassava biotype (17).
Furthermore,aswedonotknow thein�uence of geneticsotherthansex onthedimensions
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of pupae,building populationsfrom dimension-selectedmalesandfemalescanintroduce
uncontrolledselectionpressure.

Attempts to cross the T biotype with the Q biotype in both combinationswere
unsuccessful,as only males were obtainedfrom the heterologouscrossingattempts,
althoughin a few casesweobservedcourtshipbetweenmembersof heterologouscouples.
Also in inter-strain crossesbetweenA and B biotypes, Perring et al. (34) observed
courtshipbehavior, but noneof the pairsmated. Even leaving out the controversialcase
of B. argentifolii (21), all kindsof reproductive interactionhave beendemonstratedin the
B. tabacispecies-complex, from total reciprocalmatingincompatibility(27),to production
of fertile hybrids, e.g. betweenJatropha and Arizona biotypes(6), throughsomesort
of matingisolation,with productionof possiblysterilehybrids (13). Thus,unsuccessful
matingbetweenT- andQ-biotypesis not surprising.The limited numberof experiments
doesnot allow usto assumetotal matingincompatibility, but successfulcrossingmustbe
rareor absentunderexperimentalconditions,andis improbableundernaturalconditions
becauseof thegeographicalandecologicalisolationof theT biotype.

The last aspectof the biology of the T biotype we have consideredis its ability
to transmitTYLCSV, the main white�y-borne begomovirus infecting tomato in Sicily,
althoughnottheonly one(1). T biotypecouldtransmitTYLCSV bothfrom D. stramonium
to D. stramoniumandfrom tomatoto tomato.Transmissionef�ciency wascomparableto
that of the B biotypewhentransmittingfrom D. stramoniumto D. stramonium, but was
signi�cantly lower whentransmittingfrom tomatoto tomato. Whenever tomatowasthe
testplant,transmissionwasvery inef�cient, regardlessof thesourceplant. Differencesin
theef�ciency of transmissionof aplantvirusby differentB. tabacibiotypesarewell known
for geminiviruses(3) and criniviruses(42), and in�uences of the sourceand test plants
on ef�ciency have alsobeenreported(3,23). On the otherhand,biotypesB andQ have
comparableef�ciencies in transmittingTYLCSV from tomatoto tomato(14), andfrom
tomatoto SolanumnigrumandD. stramonium, from D. stramoniumbackto tomato(23).
In ourexperiments,thelow transmissionef�ciency of TYLCSV from tomatoto tomatoby
theT biotypewaslinkedto reducedsurvival on tomatoplants.TheS biotypeis unableto
survive on tomatolong enoughto acquireor transmitTYLCSV, althoughit couldtransmit
the virus from S.nigrum to S.nigrum (23). Becauseof the failure to transmitTYLCSV
from Datura (apossibleintermediatehost)to tomato,andbecauseof thequasi-monophagy,
theT biotypecannotbeconsidereda threatto agriculture.

The presenceof this biotype is probablynot due to recenttransferassociatedwith
agriculturalactivity, becausethis biotypeis restrictedto a wild plant speciesgrowing in
naturalareas. We can speculatethat the T biotype representsa residualpopulationof
the Indian clade,originally widespreadin the Mediterraneanarea(the Indian region is
consideredthe geographicalorigin of the species(7)), con�ned to E. characias by the
spreadof more�t Mediterraneanbiotypes.
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in thetransmissionof Tomatoyellowleaf curl Sardinia virus betweentomatoandcommonweeds.Spanish
J. Agric. Res.2:115-119.

Phytoparasitica33:2,2005 207



24. Jones,D.R. (2003)Plantvirusestransmittedby white�ies. Eur. J. PlantPathol.109:195-219.
25. Liu, T.-X. andOetting,R.D. (1993)Morphologicalcomparisonsof threespeciesof white�ies (Homoptera:

Aleyrodidae)foundongreenhouse-grown plants.GaAgric. Exp.Stn.Res.Bull. 412:1-11.
26. Luisoni, E., Milne, R.G.,Caciagli,P., Accotto,G.P., Conti, M., Gallitelli, D. et al. (1989)A geminivirus

associatedwith a severeyellow leaf curl diseaseof tomatoin Sardinia.RecentAdvancesin VegetableVirus
Research – 6thConf. ISHS-VVWG(Asilomar, CA, USA), p. 13 (abstr.).

27. Maruthi,N.M., Colvin, J.andSeal,S. (2001)Mating compatibility, RAPD-PCRandcytochrome-oxidaseI
genesequencestudiesin allopatricandsympatricpopulationsof Bemisatabaci.EuropeanWhite�y Symp.
(Ragusa,Sicily, Italy), p. 24 (abstr.).
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