
R. Chyzik andO. Ucko (2002)Phytoparasitica30(4):335-346

SeasonalAbundanceof the Western Flower Thrips
Frankliniella occidentalisin the Arava Valley of Israel

RaisaChyzik
�

andOrnaUcko
�

Flowersof 22plantspeciesgrown in theAravaregionof Israelweresampledatperiodicinter-
valsto studytheseasonalabundanceof Frankliniellaoccidentalis(Pergande)(Thysanoptera:
Thripidae). Sampleswerecollectedfrom themostcommoncut-�ower andvegetableplant
speciesin this areaduring 1997 and from pepperin 1996–1998. Western�o wer thrips
(WFT) wasdetectedon 19 of the plant speciessurveyed, and it reproducedon numerous
plant species.WFT countspeaked in late February–Aprilandin October–December. The
peakdensityof WFT during March in our survey correspondedto the peak�o wering of
cut-�ower plants (during spring) and sweetpepper(during autumn). Thrips population
was lessabundantduring autumnthan in spring and was very low during summer. The
possiblereasonsfor �uctuations in thrips densitiesare abiotic factors (temperatureand
relative humidity), andavailability of �o weringplants. Thehigh temperature( � 40� C) and
low humidity ( � 20%) in summercauseda drasticreductionin WFT populations,although
some�o wering plant specieswereavailablein this season.WFT populationremainedlow
until October, whenadultsappearedin largenumberson �o weringpepper. We assumethat
thethripshadsurvivedthehottestmonthsby aestivationandmigratedto theplantswhenair
temperaturedecreased.In mostsamplesfrom thecut-�ower �elds, 84.8%wereadultWFT;
only during the period from the endof Januaryto March, did the proportionof immature
stagesin thethripspopulationincreaseto 31.6%.Femalesalwaysoutnumberedmales(71%
females).In pepper�elds duringthe�rst croppingmonththethripspopulationincluded96%
adults;from Novemberonwards,theproportionsof adultsandimmatureswerealmostequal;
andfemalesoutnumberedmales.Organicpepper�elds werenot infestedwith thripsbecause
of thepresenceof thepredatorybugOrius albidipennis(Fieber).
KEY WORDS:Frankliniella occidentalis; western�o wer thrips; seasonalabundance;cut-
�o wer plants;sweetpepper.

INTRODUCTION

Thewestern�o wer thrips(WFT) Frankliniellaoccidentalis(Pergande)(Thysanoptera:
Thripidae)wasbroughtinto Israelin 1987(1). Shortlyafterwardsit becameanextremely
problematicpestof variousornamentalandvegetableplantsin all the regionsof Israel,
includingtheArava Valley. TheWFT wasfoundall yearroundin Israelbothindoorsand
outdoors(7).
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Temperatureis consideredas the most important factor affecting thrips population
densities(11,18). The lower thresholdtemperaturefor WFT developmentwasestimated
to be9.5� C (13) and10.9� C (30), and40� C wasthe limiting high temperature(8,16,26).
It wasfound that the highestpopulationgrowth andreproductionratesof WFT occurat
30� C; the lowestareat 15� C, at which the populationremainsnearlystable(10,13,25).
Other factorsthat in�uence the thrips populationgrowth, suchashostplants(2,14) and
naturalenemies(9,22),werealsoinvestigated.

Thepopulationpeakof F. occidentaliswasobservedmainly in thespringmonths(from
late March to May, with the greatestdensitiesin April), whenthe climatewasfavorable
for thrips development;at othertimesof the yearthe thrips populationdensitywasvery
low (17,20,23inter alia). Permanent�eld populationshave becomeestablishedin warm
regions,suchastheMediterraneanarea(21)andthesoutheasternUnitedStates(5,27).

The Arava Valley, a relatively isolatedregion in the southof Israel, hasa very hot
summerwith temperaturesreaching� 40� C anda relative humidity of � 20%at mid day.
Suchclimatic conditionsanda waterde�cit aredeleteriousfor both the growth of many
plant speciesandinsectdevelopment. However, the climatic conditionsduring winter –
moderatetemperaturescombinedwith intensesolarradiation– renderthe region an ideal
locationfor theproductionof freshvegetables,herbsandcut �o wersdesignatedfor export.
Somecut-�ower speciesandsweetpeppers,which have highly importantandpro�table
yields in this region, arevery attractive to the WFT. Strategiesto control thrips on these
cropsarehamperedby the lack of importantbiological information. An understandingof
the life historyandthefactorsthat in�uence populationgrowth of this pestcouldbeused
to predictwheneconomicallydamagingpopulationsmight occur, andto developeffective
sanitationandcontrolprogramsfor this area.

Themajorobjective of thepresentstudywasto determinetheseasonalabundanceof
WFT onall cropplantsin theArava. Thethripswasmonitoredthroughout1997andduring
thepepper-growing seasons(autumn–spring)of 1996–1998.

MATERIALS AND METHODS

Climatic conditionsin the habitats Theclimaticconditionsin thehabitatsarepresented
in Figures1 and2, asaverage10-daymaximumandminimumtemperaturesandaverage
relativehumidityat0800,1400and2000h for all monthsof 1997.TheAravais thehottest
andmostarid region of Israel. Themaximumtemperaturein July–Augustis higherthan
40� C andtherelativehumidity in thesemonthsis very low ( � 20%). In thewinter months
of JanuaryandFebruary, thetemperatureis moderate(theaveragedaily temperatureis 12–
14� C) with largedifferencesbetweennight anddaytemperatures(from 1–5� C at night to
20–26� C duringtheday).Thereis only 25mmwinter rainfall in this area.

Survey procedures Field studieswereconductedoutdoorsthroughout1997on all plant
species�o weringduringthesampledperiodin thethreesettlementsof thecentralArava–
En Yahav, HazevaandZofar, andat the`Yair' AgriculturalExperimentStationof Hazeva.
Thesurveyswereundertakenfortnightly on22plantspecies.In thehottestsummerperiod
therewere2 monthsof sanitation(from 15Juneto 15August),whennoplantswereplanted
exceptthesummer-growing melon.Therefore,thesurveys covereda moderatenumberof
plantsduringthisperiod:amelonandafew perennialcut-�owerspecies.Thecropswerein
commercialproduction�elds andweresprayedwith someinsecticides/acaricidesagainst
mites, white�ies and aphidswhen necessary. The most commonlyappliedinsecticides
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Fig. 1. Average10-daymaximumandminimumtemperaturesin theArava Valley of Israel(1997).

Fig. 2. Average10-dayrelative humidity in theArava Valley of Israel(1997).

wereabamectin,spinosad,neemoil, endosulfan,bifenthrinanddichlorvos. As a rule, the
�o wersamplesweretakenat least2 weeksafterthelastinsecticideapplication.

Specialattentionwas paid to the peppercrops,as it was the main agriculturalcrop
in this area. The sweetpepperplants,grown outdoorsin eitherorganicor conventional,
pesticide-protectedcommercial�elds, weremonitoredfrom thebeginningof the�o wering
season(September),whenplantswereyoungandnotyetproducingfruit, until �nal harvest
(May) of 1996–97and1997–98.

To evaluatethe thrips populationdynamics,open �o wer and in�orescencesamples
were taken from the upperstrataof the plant canopy at fortnightly intervals. In each
�eld of certain plant species(3 or 4 replicates),30–50 �o wers or 5–10 in�orescences
wererandomlypickedat eachsamplingdatethroughouttheyear. All �o wersampleswere
processeduponarrival atthelaboratory. Flowerswerethoroughlydissectedonawhitetray,
adultandimmatureWFT werecountedunder � 5 magni�cation,andthesex of theadults
wasdetermined.In addition,all predatorybugsof Oriussp.werecounted.

Flight behavior of thrips in the Arava Valley was monitoredby blue sticky plates
(15 � 20 cm) coatedwith Rimifoot glue (Jewnin-Joffe ChemicalsLtd., Tel Aviv, Israel).
ThemonitoringwasdoneduringApril–October1999.Eightmonitoringstationscontaining
eighttrapseachwere�x edin theblockof pepperandcut-�owerspeciesgrowing in Hazeva
onanareaof 20ha.Thetrapswerehung80cmabovegroundin averticalorientation.They
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wereexposedevery fortnight for 3 daysandthenthecapturedthripswerecounted.
Despitethefact that theharvestwasterminatedby theendof April, thepepperplants

wereleft in the�eld until Junewithout awatersupply, with thepurposeof simplifying the
removal of theplantresidues.No pestcontrol treatmentswereappliedduringthis period.
Thenew pepper-growing seasonbeganat theendof August–�rst 10daysof September.

Data analysis The seasonalWFT quantitative �uctuation wasrecordedas the average
numberof thrips per plant speciesper sampledate. Dataweresubjectedto analysisof
varianceasasinglefactorby ANOVA usingtheSASprogram(24).

RESULTS

Twenty-two plantspeciesweresampledduringour survey: 14 cut-�ower species,� ve
vegetablecropspeciesincludingmelon,andthreebushspecies.Plantselectionwasbased
on their abundancein theArava region. Somecut-�owerplantswerestill experimental.

TABLE 1. Hostplantsof Frankliniellaoccidentalisfoundin theArava area

Family Plantname Flower color Estimated
popula-
tion of
WFT

Peakof
population
(month)

Asclepiadaceae Asclepiastuberosa orange ++ XI
Asclepiasincarnata`Cinderella' lilac +++ IV-V, X-XII
Asclepiasincarnata`Silky Gold' orange +++ IX-X

Campanulaceae Tracheliumcaeruleum violet +++ II-V, X-XII
Compositae Heleniumsp. yellow, red, +++ IX-X

orange
Helianthusannuus(ornamental) yellow +++ I-V, X-XII
Solidago tara yellow ++ XI-XII
Eupatoriumpurpureum lilac ++ IV-V, X

Hypericaceae Hypericumsp.`ExcellentFlair' yellow +++ V
Labiatae Monarda �stulosa violet, pink, +

red,white
Menthasp. white +

PlumbaginaceaeLimoniumsp. blue,pink, +
white,yellow

Ranunculaceae Delphiniumbelladonna violet, pink, +
blue,white

ScrophulariaceaeVeronicaspicata blue ++ IX-X
Antirrhinummajus(snapdragon) violet, white, +++ IV-V

red,orange
Convolvulaceae Ipomoeabatatas pink +
Cucurbitaceae Cucumismelo yellow +

Cucumispepo yellow +++ II-IV
Cucurbitapepo yellow +++ V

Solanaceae Capsicumannuum white +++ IV-V, X-XII
+, Few (singlethrips);++, intermediate(up to 50 thrips/in�orescenceor 20 thrips/�ower); +++, many (morethan
50 thrips/in�orescenceor 20 thrips/�ower).

Frankliniellaoccidentalis(WFT) wasthepredominantthripsspecies( � 95%of thrips),
andwasdetectedin 19of the22plantspecies.Helianthusannuusornamental,Trachelium
caeruleumand Asclepiasincarnata cv. `Cinderella' accountedfor 61% of the thrips
collected from all cut-�ower plant speciesand sweetpepperaccountedfor 71.3% of
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Fig. 3. Populationdynamicsof western�o wer thripsandOrius spp. on ornamentalsun�owers(A)
andtrachelium(B) (Hazeva, Arava Valley, 1997; cutting periodof thesecut-�ower plantsis from
Septemberto June).

the thrips collected from all vegetables. The more common bushesof this region,
Durantarepens(Verbenaceae),Neriumoleander(Apocynaceae)andOchradenusbaccatus
(Resedaceae)werefreeof thrips throughouttheyear. A list of theplantspeciesoccupied
by thrips,andtheir preferences,is givenin Table1.

Of the surveyed plants,the ornamentalsun�ower, trachelium,asclepias,hypericum,
helenium,sweetpepper, squashandgourdswerethemostattractiveplantsto WFT. The�rst
threecut-�owerspeciesandthesweetpepperareinfestedwith higherpopulationdensities
ascomparedwith theotherplants,owing to their greaterattractivenessandlong growing
period.
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Fig. 4. Proportionof adult/immature(A) and female/male(B) western�o wer thrips (WFT) on
in�orescencesof cut-�ower plantspecies(Hazeva,Arava,1997).

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

The number of F. occidentalis individuals per �o wer or in�orescenceduring the
growing seasonswashighly variable,�uctuating from 0.01to 184. Two majorpopulation
peakswerediscernedwhen the numbersof adult and larval thrips werecombined: late
Februaryto April, andOctoberto December(Figs. 3 and6, Table1). During the active
period (from Octoberto the �rst week of May) in cut-�ower �elds, adults accounted
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 conventionalpepper
�elds (EnYahav, Arava Valley, 1997–98).

Fig.7. Proportionof adult/immature(A) andfemale/male(B) western�o werthrips(WFT) onpepper
plant�o wersin conventional�elds (EnYahav, Arava Valley, 1997–98).

graduallytowardsthe hot season(Fig. 4A). In the summermonthsonly few thrips were
foundin someareason theperennialcut-�ower plantsandmelon(summerplanting).For
example,in melon�o wersthethripsnumberrangedfrom 0.16� 0.08(24.VII) to 1.01� 0.36
(8.IX) per �o wer. The sex ratio wasalmostequalin this periodandmainly adultswere
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Fig. 8. Populationdynamicsof western�o wer thrips andOrius spp. in organicpepper�elds (En
Yahav, AravaValley, 1997–98).

Fig.9. Proportionof adult/immature(A) andfemale/male(B) western�o werthrips(WFT) onpepper
plant�o wersin organic�elds (En Yahav, Arava Valley, 1997–98).

342 R. ChyzikandO. Ucko



found. In autumnthepopulationcomprisedmainly adult thrips,andfemalesoutnumbered
males(71%femalevs29%males)(Figs.4A,B). Only few predatorybugs,Oriussp.,were
foundin theconventionalcut-�ower �elds duringtheentireexperimentalperiod(Fig. 3).
Markeddifferenceswererecordedbetweenthrips �ight activity in springmonths– when
climatic conditionswereoptimal (up to 215 thrips per trap on 3-7.V), andin the hottest
summermonths– July–August(down to 0 thripspertrap)(Fig. 5).

Populationdynamicsandthrips developmenton sweetpepperdifferedbetween�eld
productionin thestandard(useof pesticides)vsorganiccrops. In thestandard�eld, two
major populationpeakswereobserved: Octoberto December, andApril (Fig. 6). Early
in the peppergrowing season,the WFT was most abundantin the �o wers, but late in
the season,especiallyin winter, WFT were found also on the leaves. Thrips occupied
theplantswhenthe �rst �o wersappearedandtheir numberswereratherhigh (15 to 17.6
thrips per �o wer on 8.X). At �rst the thrips populationconsistedmainly of adult thrips
(96� 1.8%adults),andfemalesoutnumberedmales(87.8� 6%females)throughoutall the
surveys (Figs. 7B, 9B). From Novemberto April, the immatureproportionincreasedto
45.7� 17.7%(Figs. 7A, 9A). Similar datawereobtainedin the1997–98growing season.
No Oriuswasfoundin these�elds.

Only oneWFT populationpeak,from theendof Januaryto February, wasdiscernible
on sweetpepperin the organic�eld (Fig. 8). The numbersof thrips weresmall even at
thepeakperiod: 2.5 thrips per �o wer on 12.II. The Orius sp. waspresentin these�elds
throughoutthegrowing period(Fig. 8).

DISCUSSION

Our survey indicates that numerousplant speciesserve as potential hosts of F.
occidentalisin the Arava Valley. Basedon the widespreaddistribution of the cultivated
plants and the abundanceof larvae observed during our survey, it is concludedthat
Helianthusannuus(ornamentalsun�ower),TracheliumcaeruleumandAsclepiasincarnata
are importanthostsfor WFT in the Arava Valley in the spring, andsweetpepperis an
importanthost in autumnandwinter. Theseplants,which areconsideredmajorcropsin
theArava,serveashostsfor massive reproductionanddistributionof thethripson theone
hand,andin�ict considerableyield reductionandincomelosson theotherhand.

Accordingto Webbetal. (31),thespeciesof �o wer thrips(mainlyFrankliniella tritici )
occur typically in large numbersduring a relatively shortperiodof the year in Georgia,
USA. In general,theF. occidentalispeakis observedin thespringmonths:lateMarchto
May, andthepestis almostabsentin thewintermonths(3,6,20).Moreover, asrecordedby
Chellemietal. (6), Chamberlinetal. (3) andToapantaetal. (28), in southernGeorgiaand
northernFlorida theWFT remainedactive during thewinter months,but reproducedand
developedto only a limited extent. During this periodthethripsinhabitedthewild plants,
whichoffereda winter reservoir for thripsandfor tomatospottedwilt virus.

In contrastto the above, our surveys indicatedthat in the Arava region of Israel, F.
occidentalisinfestedvariousplant speciesin large densitiesfor a long time throughout
theyear. Two peaksof theF. occidentalispopulationwererecorded:from lateFebruaryto
April, with thegreatestdensitiesduringMarch,andOctobertoDecember. Thepeakdensity
of thrips was characterizedby an increasedproportion of immature-stageindividuals,
which indicatesa high reproductionvalue(Figs. 3–6). Generally, theproportionof 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 supposethatthehigh proportionof adults
in cut-�ower �elds is relatedto their attractivenessfor migratingthrips,andtherelatively
low proportionof adultthripsonpepperplantsindicatesa stablepopulation.

Actually, the thrips populationwas less abundantduring autumnthan spring. As
reported,theabundanceanddiversityof plant hostsaffect thripsabundance(2,6). In our
surveyspeaksof thripsdensitycorrespondedto thepeakin�orescenceperiodsof cut-�ower
plantsduring the springandof sweetpeppersduringautumn.Thripsnumbersdecreased
markedly in May, althoughthe �o wering plant specieswerestill available;also,thepest
hasnot beenfound in the�elds with perennialcut-�ower speciesandmelon,which grew
in the summermonths(Figs. 3, 5). The WFT populationwas insigni�cant in October.
Therearenumerousreportsof declinein F. occidentalisabundanceasweatherconditions
becamewarmer(23,31). Accordingto Contreraset al. (8), Koyama(16) andKitamura
et al. (15), temperaturesabove 30� C have a negative in�uence on all parametersof the
WFT life history. For example,WFT survival decreasedto zerowhenthethripswaskept
at 32.5� C and40� C during 6 and 2 h, respectively (16). Therefore,we conjecturethat
temperaturesmuchhigherthan40� C in theopen�eld andlow relative humidity ( � 20%)
in this desertareawereresponsiblefor theobservedchangesin thripsdensitiesduringthe
summermonths.ThethripspopulationdecreasedbetweenMay andOctoberandthenlarge
numbersof adult thrips appearedat the sametime in the �elds on �o weringpepper, cut-
�o werplantsandbluesticky traps(Figs.3, 5, 6); thefemalesoutnumberedthemalesin all
samples.We assumethatthis late-in-the-yearpopulationderivedfrom themigratedthrips
or from the thrips that had survived the hot desertmonthsthroughaestivation, andhad
migratedto theplantswhentemperaturesbeganto drop.

Anotherfactorthatplaysan importantrole in regulatingthripsdensityis thepresence
of predatorybugs,Orius spp. (Heteroptera:Anthocoridae).Therearemany successful
worldwide IPM programsin greenhouses,which include seasonalintroductionof some
Oriusspecies(4,12,29interalia). ParrellaandLewis (19),in theirsummarizedinformation
on biological control, showed that the naturalenemiescannotplay a signi�cant role in
regulating thrips in �eld crops. On the other hand, Funderburk et al. (9) reporteda
signi�cant decreasein thripspopulationin pepper�elds dueto O. insidiosusin thespring
andsummermonths.In our experiment,only a few Oriuswerefoundin all survey datain
bothcut-�owerandpepperconventional�elds (Fig. 3). Moreover, we did not �nd another
naturalenemyin these�elds. Therefore,we deducethat the predatorybug could not be
responsiblefor thethripspopulationdensityin conventional�elds.

Anothersituationoccursin theorganicpepper�elds. Thripsdevelopmentin these�elds
wasat a very low ratethroughoutthecroppingperiod(Fig. 8). Actually, theorganic�elds
with their all-year-round crop rotation, without applicationof pesticides,form an ideal
placefor theestablishmentof naturalenemies.Unfortunately, organicagricultureis only
in its initial stagein theArava region. In our casethe low thrips populationdensitymay
be attributedto the activities of the predatorybugs,Orius spp.,which wererepresented
mainly by O. albidipennis(94.6%of all Orius spp. on vegetablecrops). The predatory
bugswerefoundonall growingplantsin theorganic�elds, andespeciallyonpepperplants.
Accordingto vandenMeirackerandRamakers(29)andChambersetal. (4), pepperplants
areespeciallyattractive to Oriusspp.

The resultsof thesestudiesprovide somerelevant informationaboutF. occidentalis
behavior in the desertregion of Israel. The �ndings may serve as a basefor pest

344 R. ChyzikandO. Ucko



managementprogramsin desertareas.Thepestmanagementeffortscanbefocusedon the
periodsof thripspopulationdensitypeaks,andsanitationclean-upmeasuresthatshouldbe
appliedat theendof cropvegetation.
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