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SeasonaAbundanceof the Westemn Flower Thrips
Frankliniella occidentalisin the Arava Valley of Israel

RaisaChyzik andOrnaUcko

Flowersof 22 plantspeciegronn in the Aravaregion of Israelweresampledatperiodicinter-
valsto studythe seasonahbundanceof Frankliniella occidentaligPegande)Thysanoptera:
Thripidae). Sampleswvere collectedfrom the mostcommoncut- ower andvegetableplant
speciesin this areaduring 1997 and from pepperin 1996-1998. Western o wer thrips
(WFT) was detectedon 19 of the plant speciessuneyed, andit reproducedn numerous
plant species.WFT countspealed in late February—Aprilandin OctoberDecember The
peakdensityof WFT during March in our suney correspondedo the peak o wering of
cut- ower plants (during spring) and sweetpepper(during autumn). Thrips population
was less alundantduring autumnthanin spring and was very low during summer The
possiblereasonsfor uctuations in thrips densitiesare abiotic factors (temperatureand
relative humidity), andavailability of o wering plants. The high temperaturg 40 C) and
low humidity (  20%)in summercauseda drasticreductionin WFT populationsalthough
some o wering plant speciesvere availablein this season WFT populationremainedow
until October whenadultsappearedn large numberson o wering pepper We assumehat
thethripshadsurvived the hottestmonthsby aestvation andmigratedto the plantswhenair
temperature@ecreasedin mostsamplesrom the cut- ower elds, 84.8%wereadultWFT;
only during the period from the end of Januaryto March, did the proportionof immature
stagesn thethrips populationincreaseo 31.6%. Femalesalwaysoutnumberednales(71%
females).In pepperelds duringthe rst croppingmonththethripspopulationincluded96%
adults;from Novemberonwards,the proportionsof adultsandimmaturesverealmostequal;
andfemalesoutnumberednales.Organicpepperelds werenotinfestedwith thripsbecause
of the presencef the predatorybug Orius albidipennis(Fieber).

KEY WORDS: Frankliniella occidentalis western o wer thrips; seasonahlundancecut-
o wer plants;sweetpepper

INTRODUCTION

Thewesterno werthrips (WFT) Frankliniella occidentaligPeigande) Thysanoptera:
Thripidae)wasbroughtinto Israelin 1987(1). Shortly afterwardsit becameanextremely
problematicpestof variousornamentalnd vegetableplantsin all the regionsof Israel,
includingthe Arava Valley. The WFT wasfoundall yearroundin Israelbothindoorsand
outdoory7).
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Temperaturdas consideredas the most important factor affecting thrips population
densities(11,18). The lower thresholdtemperaturdor WFT developmentwas estimated
to be9.5 C (13)and10.9 C (30),and40 C wasthelimiting high temperaturg8,16,26).
It wasfound that the highestpopulationgrowth andreproductionratesof WFT occurat
30 C; thelowestareat 15 C, at which the populationremainsnearly stable(10,13,25).
Otherfactorsthat in uence the thrips populationgrowth, suchashostplants(2,14) and
naturalenemieg9,22),werealsoinvestigated.

Thepopulationpeakof F. occidentalisvasobsenedmainlyin thespringmonths(from
late March to May, with the greatestensitiesin April), whenthe climate wasfavorable
for thrips development;at othertimes of the yearthe thrips populationdensitywasvery
low (17,20,23inter alia). Permanenteld populationshave becomeestablishedn warm
regions,suchasthe Mediterranearmrea(21) andthe southeastertnited Stateg5,27).

The Arava Valley, a relatively isolatedregion in the southof Israel, hasa very hot
summerwith temperatureseaching 40 C andarelative humidity of 20%at mid day.
Suchclimatic conditionsanda waterde cit aredeleteriousfor both the growth of mary
plant speciesandinsectdevelopment. However, the climatic conditionsduring winter —
moderateéemperaturesombinedwith intensesolarradiation— renderthe region anideal
locationfor the productionof freshvegetablesherbsandcut o wersdesignatedor export.
Somecut- ower speciesand sweetpepperswhich have highly importantand pro table
yieldsin this region, arevery attractve to the WFT. Stratgjiesto control thrips on these
cropsarehamperedy the lack of importantbiological information. An understandingf
thelife historyandthefactorsthatin uence populationgrowth of this pestcould be used
to predictwheneconomicallydamagingpopulationamight occur andto developeffective
sanitationandcontrol programdor this area.

The major objective of the presentstudywasto determinethe seasonaabundanceof
WFT onall cropplantsin the Arava. Thethripswasmonitoredthroughoutl997andduring
the peppergrowing seasongautumn—springdf 1996-1998.

MATERIALS AND METHODS

Climatic conditionsin the habitats Theclimatic conditionsin thehabitatsarepresented
in Figuresl and2, asaveragel0-daymaximumandminimumtemperaturesnd average
relative humidity at0800,1400and2000h for all monthsof 1997.The Aravais the hottest
andmostarid region of Israel. The maximumtemperatureén July—Augustis higherthan
40 C andtherelative humidity in thesemonthsis verylow ( 20%). In thewinter months
of JanuaryandFebruarythetemperaturés moderatgthe averagedaily temperaturés 12—
14 C) with large differencedetweemight anddaytemperature¢from 1-5 C at nightto
20-26 C duringtheday). Thereis only 25 mmwinter rainfall in this area.

Survey procedures Field studieswereconductedutdoorsthroughoutl9970on all plant
specieso weringduringthe sampledoeriodin thethreesettlement®f the centralArava—
En Yaha, HazevaandZofar, andatthe “Yair' Agricultural ExperimentStationof Hazeva.
Thesurwyswereundertalenfortnightly on 22 plantspeciesin the hottestsummerperiod
therewere2 monthsof sanitationfrom 15 Juneto 15 August),whenno plantswereplanted
exceptthe summergrowing melon. Therefore the sureys covereda moderatenumberof
plantsduringthis period:amelonandafew perenniatut- owerspeciesThecropswerein
commercialproduction elds andwere sprayedwith someinsecticides/acaricidemgainst
mites, white ies and aphidswhen necessary The mostcommonlyappliedinsecticides
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Fig. 1. AveragelO-daymaximumandminimumtemperatures the Arava Valley of Israel(1997).

Fig. 2. AveragelO-dayrelative humidity in the Arava Valley of Israel(1997).

wereabamectinspinosadneemoil, endosuléin, bifenthrinanddichlorvos. As arule, the
0 wer sampleaveretaken at least2 weeksafterthelastinsecticideapplication.

Specialattentionwas paid to the peppercrops,asit wasthe main agriculturalcrop
in this area. The sweetpepperplants,grown outdoorsin eitherorganicor corventional,
pesticide-protectedommercialelds, weremonitoredfrom the beginningof the o wering
seasorfSeptember)whenplantswereyoungandnotyet producingfruit, until nal hanest
(May) of 1996—97and1997-98.

To evaluatethe thrips populationdynamics,open o wer and in orescencesamples
were taken from the upper strataof the plant canoyy at fortnightly intervals. In each
eld of certainplant species(3 or 4 replicates),30-50 o wers or 5-10 in orescences
wererandomlypickedat eachsamplingdatethroughoutheyear All o wer samplesvere
processedponarrival atthelaboratory Flowerswerethoroughlydissecte@dn awhitetray,
adultandimmatureWFT werecountedunder 5 magni cation,andthe sex of the adults
wasdeterminedIn addition,all predatorybugsof Orius sp.werecounted.

Flight behavior of thrips in the Arava Valley was monitoredby blue sticky plates
(15 20 cm) coatedwith Rimifoot glue (Jevnin-Jofe ChemicalsLtd., Tel Aviv, Israel).
ThemonitoringwasdoneduringApril-Octoberl1999. Eightmonitoringstationscontaining
eighttrapseachwere x edin theblock of peppemndcut- owerspeciegrowingin Hazeva
onanareaof 20ha. Thetrapswerehung80 cmabovegroundin averticalorientation.They
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wereexposedevery fortnight for 3 daysandthenthe capturedhripswerecounted.
Despitethe factthatthe hanestwasterminatedoy the endof April, the pepperplants
wereleft in the eld until Junewithout awatersupply with the purposeof simplifying the
removal of the plantresiduesNo pestcontroltreatmentsvereappliedduringthis period.
Thenew peppergrowing seasorbeganat the endof August— rst 10 daysof September

Data analysis The seasonalWFT quantitatve uctuation wasrecordedasthe average
numberof thrips per plant speciesper sampledate. Datawere subjectedio analysisof
varianceasa singlefactorby ANOVA usingthe SAS program(24).

RESULTS

Twenty-two plantspeciesveresampledduringour suney: 14 cut- ower species, ve
vegetablecropspeciesncludingmelon,andthreebushspeciesPlantselectionwasbased
ontheiralundancen the Aravaregion. Somecut- ower plantswerestill experimental.

TABLE 1. Hostplantsof Frankliniellaoccidentalifoundin the Arava area

Family Plantname Flower color Estimated Peakof
popula- population
tion of (month)
WFT

Asclepiadaceae Asclepiagubepsa orange ++ Xl

Asclepiasncarnata’Cinderella’ lilac +++ V-V, X-XII
Asclepiagncarnata’Silky Gold' orange +++ IX-X
Campanulaceae Tracheliumcaeruleum violet +++ 11-V, X-XII
Compositae Heleniumsp. yellow, red, +++ IX-X
orange
Helianthusannuus(ornamental) yellow +++ -V, X-XII
Solidayo tara yellow ++ XI-XII
Eupatoriumpurpureum lilac ++ V-V, X
Hypericaceae = Hypericumsp. ExcellentFlair' yellow +++ \Y,
Labiatae Monarda stulosa violet, pink, +
red,white
Menthasp. white +
PlumbaginaceaeLimoniumsp. blue,pink, +
white, yellow
Ranunculaceae Delphiniumbelladonna violet, pink, +
blue,white
Scrophulariacead/eronicaspicata blue ++ IX-X
Antirrhinummajus(snapdragon)  violet, white, +++ V-V
red,orange

Corvolvulaceae Ipomoeabatatas pink +

Cucurbitaceae Cucumismelo yellow +

Cucumispepo yellow +++ 1-1v
Cucurbitapepo yellow +++ \Y
Solanaceae Capsicumannuum white +++ V-V, X-XII

+, Few (singlethrips); ++, intermediatgup to 50 thrips/in orescencer 20 thrips/ ower); +++, mary (morethan
50thrips/in orescencer 20 thrips/ ower).

FrankliniellaoccidentalifWFT) wasthe predominanthripsspecieg 95%of thrips),
andwasdetectedn 19 of the 22 plantspeciesHelianthusannuusornamentalJrachelium
caeruleumand Asclepiasincarnata cv. “Cinderella’ accountedfor 61% of the thrips
collectedfrom all cut- ower plant speciesand sweetpepperaccountedfor 71.3% of
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Fig. 3. Populationdynamicsof western o wer thrips and Orius spp. on ornamentakun owers(A)
andtrachelium(B) (Hazeva, Arava Valley, 1997; cutting period of thesecut- ower plantsis from
Septembeto June).

the thrips collected from all vegetables. The more common bushesof this region,
DurantarepengVerbenaceaelNeriumoleander(ApocynaceaeandOchradenusaccatus
(Resedaceaayerefree of thripsthroughoutthe year A list of the plantspeciesoccupied
by thrips,andtheir preferenceds givenin Table1.

Of the surwyed plants, the ornamentakun ower, trachelium,asclepiashypericum,
helenium sweetpeppersquastandgourdswerethemostattractive plantsto WFT. The rst
threecut- ower speciesandthe sweetpepperareinfestedwith higherpopulationdensities
ascomparedvith the otherplants,owing to their greaterattractvenessandlong growing
period.
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Fig. 4. Proportionof adult/immature(A) and female/male(B) western o wer thrips (WFT) on
in orescenceof cut- ower plantspeciefHazesa, Arava, 1997).

Fig. 5. Densitiesof thrips (meannumber SEM)in ight (from blue sticky traps)(Zofar, Arava
Valley, 2000).

The numberof F. occidentalisindividuals per o wer or in orescence during the
growing seasonsvashighly variable, uctuating from 0.01to 184. Two major population
peakswere discernedwhenthe numbersof adult and larval thrips were combined: late
Februaryto April, andOctoberto Decembel(Figs. 3 and6, Table1). During the active
period (from Octoberto the rst week of May) in cut- ower elds, adultsaccounted
for 84.8 12.2%of the total thrips collected. The proportionof larvae varied, initially
increasingto 31.6 6.5%, betweenthe end of Januaryand March, and then decreasing
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Fig. 6. Populationdynamicsof western o wer thrips (meannumber SEM)in corventionalpepper
elds (EnYaha, Arava Valley, 1997-98).

Fig. 7. Proportionof adult/immaturgA) andfemale/malgB) westerno werthrips (WFT) onpepper
plant o wersin conventional elds (EnYaha, Arava Valley, 1997-98).

graduallytowardsthe hot seasor(Fig. 4A). In the summemonthsonly few thrips were
foundin someareason the perennialcut- ower plantsandmelon(summermplanting). For
example,in melon o wersthethripsnumberangedrom0.16 0.08(24.VII)t01.01 0.36
(8.1X) per ower. The se ratio wasalmostequalin this period and mainly adultswere
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Fig. 8. Populationdynamicsof western o wer thrips and Orius spp. in organic pepper elds (En
Yahay, Arava Valley, 1997-98).

Fig. 9. Proportionof adult/immaturgA) andfemale/malgB) westerno werthrips (WFT) onpepper
plant o wersin organic elds (En Yaha, Arava Valley, 1997-98).
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found. In autumnthe populationcomprisedmainly adultthrips,andfemalesoutnumbered
males(71%femalevs 29% males)(Figs. 4A,B). Only few predatorybugs,Orius sp.,were
foundin the corventionalcut- ower elds duringthe entireexperimentalperiod (Fig. 3).
Marked differencesvererecordedbetweerthrips ight actvity in springmonths—when
climatic conditionswere optimal (up to 215 thrips per trap on 3-7.V), andin the hottest
summemonths— July—Augustdown to 0 thrips pertrap) (Fig. 5).

Populationdynamicsandthrips developmenton sweetpepperdiffered between eld
productionin the standarduseof pesticides)s organiccrops. In the standardeld, two
major populationpeakswere obsened: Octoberto Decemberand April (Fig. 6). Early
in the peppergrowing seasonthe WFT was most alundantin the o wers, but late in
the seasongspeciallyin winter, WFT were found also on the leaves. Thrips occupied
the plantswhenthe rst o wersappearedndtheir numbersvereratherhigh (15to 17.6
thrips per o wer on 8.X). At rst the thrips populationconsistedmainly of adult thrips
(96 1.8%adults),andfemalesoutnumberednales(87.8 6% females}throughoutall the
suneys (Figs. 7B, 9B). From Novemberto April, the immatureproportionincreasedo
45.7 17.7%(Figs. 7A, 9A). Similar datawere obtainedin the 1997—98growing season.
No Oriuswasfoundin theseelds.

Only oneWFT populationpeak,from the endof Januaryto Februarywasdiscernible
on sweetpepperin the organic eld (Fig. 8). The numbersof thrips were small even at
the peakperiod: 2.5 thrips per o wer on 12.11. The Orius sp. waspresentn these elds
throughouthegrowing period(Fig. 8).

DISCUSSION

Our suney indicatesthat numerousplant speciessene as potential hosts of F.
occidentalisin the Arava Valley. Basedon the widespreadlistribution of the cultivated
plants and the abundanceof larvae obsened during our suney, it is concludedthat
Helianthusannuugornamentasun ower), TracheliumcaeruleunandAsclepiasncarnata
are importanthostsfor WFT in the Arava Valley in the spring, and sweetpepperis an
importanthostin autumnandwinter. Theseplants,which are considerednajor cropsin
the Arava, sene ashostsfor massve reproductioranddistribution of the thripsontheone
hand,andin ict considerablgield reductionandincomelosson the otherhand.

Accordingto Webbetal. (31),thespecie®f o werthrips(mainly Frankliniellatritici)
occurtypically in large numbersduring a relatively short period of the yearin Geogia,
USA. In generalthe F. occidentalispeakis obsenedin the springmonths:late Marchto
May, andthepestis almostabsenin thewinter months(3,6,20).Moreover, asrecordedy
Chellemietal. (6), Chamberliretal. (3) andToapantaetal. (28),in southernGeogiaand
northernFloridathe WFT remainedactive during the winter months,but reproducedand
developedto only alimited extent. During this periodthethripsinhabitedthe wild plants,
which offeredawinter reserwir for thripsandfor tomatospottedwilt virus.

In contrastto the above, our surweys indicatedthat in the Arava region of Israel, F.
occidentalisinfestedvariousplant speciesin large densitiesfor a long time throughout
theyear Two peaksof theF. occidentalispopulationwererecordedfrom late Februaryto
April, with thegreatestiensitiesluringMarch,andOctoberto DecemberThepeakdensity
of thrips was characterizedby an increasedproportion of immature-stagendividuals,
which indicatesa high reproductiorvalue(Figs. 3—6). Generally the proportionof adults
in the thrips populationon cut- ower plantswas higher (84.8%)than on pepperplants
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(54.3%,exceptin October)(Figs. 4A, 7A). We supposéhatthe high proportionof adults
in cut- ower elds is relatedto their attractvenesgor migratingthrips, andthe relatively
low proportionof adultthrips on pepperplantsindicatesa stablepopulation.

Actually, the thrips populationwas less abundantduring autumnthan spring. As
reported the abhundanceanddiversity of plant hostsaffect thrips abundancg2,6). In our
suneyspeakf thripsdensitycorrespondetb thepeakin orescenceperiodsof cut- ower
plantsduring the springandof sweetpeppersduring autumn. Thrips numbersdecreased
markedly in May, althoughthe o wering plant specieswverestill available;also,the pest
hasnot beenfoundin the elds with perennialcut- ower speciesandmelon,which grev
in the summermonths(Figs. 3, 5). The WFT populationwas insigni cant in October
Therearenumerougeportsof declinein F. occidentalisabundanceasweatherconditions
becamewarmer(23,31). Accordingto Contreraset al. (8), Koyama(16) and Kitamura
etal. (15), temperaturesibore 30 C have a negative in uence on all parameter®f the
WEFT life history. For example,WFT survival decreasetb zerowhenthe thripswaskept
at 32.5 C and40 C during 6 and 2 h, respectiely (16). Therefore,we conjecturethat
temperaturesuchhigherthan40 C in theopen eld andlow relative humidity (  20%)
in this desertareawereresponsibldor the obsenedchangesn thrips densitiesduringthe
summemonths.ThethripspopulationdecreasetietweerMay andOctoberandthenlarge
numbersof adult thrips appearedit the sametime in the elds on o wering pepper cut-
o wer plantsandbluesticky traps(Figs. 3, 5, 6); thefemalesoutnumberedhe malesin all
samplesWe assumehatthis late-in-the-yeapopulationderivedfrom the migratedthrips
or from the thrips that had survived the hot desertmonthsthroughaestvation, and had
migratedto the plantswhentemperaturebeganto drop.

Anotherfactorthatplaysanimportantrole in regulatingthrips densityis the presence
of predatorybugs, Orius spp. (Heteroptera:Anthocoridae). Thereare mary successful
worldwide IPM programsin greenhousesyhich include seasonalntroductionof some
Oriusspecieg4,12,29nter alia). ParrellaandLewis (19),in theirsummarizednformation
on biological control, shaved that the naturalenemiescannotplay a signi cant role in
regulating thrips in eld crops. On the other hand, Funderlurk et al. (9) reporteda
signi cant decreasén thrips populationin pepperelds dueto O. insidiosusin the spring
andsummemonths.In our experiment,only afew Orius werefoundin all survey datain
bothcut- owerandpeppercorventional elds (Fig. 3). Moreover, we did not nd another
naturalenemyin these elds. Therefore we deducethat the predatorybug could not be
responsibldor thethrips populationdensityin corventional elds.

Anothersituationoccurdn theorganicpepperelds. Thripsdevelopmenin theseelds
wasat avery low ratethroughouthe croppingperiod(Fig. 8). Actually, the organic elds
with their all-yearround crop rotation, without applicationof pesticides,form an ideal
placefor the establishmentf naturalenemies.Unfortunately organicagricultureis only
in its initial stagein the Arava region. In our casethe low thrips populationdensitymay
be attributedto the actiities of the predatorybugs, Orius spp.,which wererepresented
mainly by O. albidipennis(94.6%of all Orius spp. on vegetablecrops). The predatory
bugswerefoundonall growing plantsin theorganic elds, andespeciallyonpepperplants.
Accordingto vandenMeirackerandRamalers(29) andChambertal. (4), peppemplants
areespeciallyattractize to Orius spp.

The resultsof thesestudiesprovide somerelevantinformation aboutF. occidentalis
behaior in the desertregion of Israel. The ndings may sene as a basefor pest
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managemenprogramsn desertareas.The pestmanagemergfforts canbefocusedonthe
periodsof thripspopulationdensitypeaksandsanitationclean-upmeasureghatshouldbe
appliedattheendof cropvegetation.
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