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Biological Control of the Western Flower Thrips
Frankliniella occidentalisin Cucumber Using the
Entomopathogenic Fungus Metarhizium anisopliae

H. Azaizeh*! GalinaGindin? O. Said andl. Barash

Biological control of the westernflower thrips (WFT) Frankliniella occidenalis, usingthe
entomogthogenidMetarhiziumanisopliae7 (M. a-7) strainwasstudiedin threeconsective
seasonsindergreenhaise conditions Cucumberplantsinfestedwith WFT were sprayed
with sporesuspesion of the fungusM. a-7 (0.5 g m™2), or the soil wastreatedwith dry
powder of the fungus (0.5 g m™2); the control waswithout fungusapplication. In the 1997
springexperimer, whenthe cucumbermplantswereinitially infestedwith only threeor four
insectsper leaf, the sporesuspensin spraycauseda significantreductionin growth of the
thrips populationcomparel with the othertreatmentsindthe control. However, in the 1997
summerexperimen, whentheplantswereinitially heavily infestedwith WFT (10-15 insects
perleaf),thespraytreatmentausednly amodesteductionin WFT populationgrowth, and
only after4 weeksof treatmentvasthe reductionsignificant.In the 1999experimentwith a
low initial WFT populationof threeor four insectsperleaf, the spraytreatmeniwaseffective
in reducingthe popuation growth to a lower level thanin the othertreatmentsor control.
TheM. a-7 strainwasfoundto be effective in reducingthe popuation growth of WFT under
greenhaiseconditions particularlywhentheinitial thripspopuation waslow to moderate.
KEY WORDS:Metarhiziumanisopliae Frankliniellaoccidentdis; biocontrol;entomgathogeric
fungi; pathogenicity; bioinsecticide.

INTRODUCTION

The westernflower thrips (WFT), Frankliniella occidertalis (Pegande), is highly
destructve to various crops of econanic importarce including vegetables,ornamatals,
field cropsandfruits (3,16,17,19). Chemicalcontrd of WFT is often difficult for a few
reasonstheinsecthasdevelopedresistanceo mary insecticidedecausef its life cycle,
which includestwo pupalstageg(in soil); anddueto the cryptic behaior of adultsand
nymphs,which aregeneally foundin flowersor in growing terminds (10,14,15) WFT is
avecta for thetomatospottedwilt virus (TSWV), andis consideedto bea majorpestin
Israelandelsavhere(12).

Bioassayhave revealedthatseveralisolatesof the fungus Metarhiziumanisopiae are
highly virulent toward WFT adults,and someisolatesgermirate rapidly on the surface
of nymphs, pupaeand adultswhen testedin field expeiiments(18). M. anisopiae is a

Receved March 8, 2001; recaved in final form Oct. 7, 2001, http:/www.phytoparaitica.org postingNov. 4,
2001.

1R&D Regional Centr (affiliated with Haifa University), The GalileeSocigy, Sheb Amr 20200 Israel *Author
for correspndence [Fax: +972-4-984525;e-mail: hazaizi@gal-soc.ag].

2Inst. of PlantProtection, ARO, The Volcani Cente, Bet Dagan50250,Israel

3Dept. of PlantScierces, Tel-Aviv University, RamatAviv 69978, Israel

Phytopaasitica30:1,2002 1



potertial biological contiol agentwhich hasbeenisolatedfrom soil anddiseasednsects
(9,20), andhasbeenusedto cortrol pestinsectsfor mary years(7,811). Somemicrabial
productsbasedn M. anisopiae have beenregisteredin the USA andAustralia(4,13).

The WFT is a relatively new pestin Israel (1) andis consideed a major pestin
greeousesandin field crops; it developswell duringthewarmspringandhotsummeiin
Israel. An indigenousstrainof M. anisopiae (M. a-7) wasselectedasa biological agent
with high pathogenicity toward WFT; it wasfound to be a temperéure-toleantisolatein
early studies(2). The objectie of the presentstudywasto deternine the efficacy of the
strainM. a-7in contolling WFT on cucunberplantscultivatedin greenlouses.

MATERIALS AND METHODS

Inoculum preparation for greenhouse experiments Strain M. a-7 was cultivated at
25°C for 3weeksonwatersoaledwheatgrains(swellinggrairs) which hadbeensterilized
twice. The fungus and the grainswere dried at 34-35°C for 2 days, after which the
inocdum was grownd to powder in a few minutes using a blencer (Braun, Kronderj,
German). To determire spoe nunber pergramof dry formulation,a 0.01g samplewas
mixed with 10 ml of water containirg 0.005% Triton X-100 (v:v) usinga vortex for 10
sec. Thenumker of sporesvasdetermired with a hemaytomeer. For thefield tests,the
dry formuation containirg 2 to 4 x 10° sporesg~—! was mixed with waterwith 0.06%
Triton X-100 (1 g sporesn 100ml solution)andthe sporesuspensiomwasfilteredthrough
severallayersof cheeseclih to remove grainmatsandthenwasdilutedto ~5 x 107 spores
mi~1. The numter of colony forming units was detemined by plating samplesof spore
suspensioat anappopriatedilution on Czapekagarmedium prior to inoculaion.

1997 Spring Experiment The expeiment was condicted in the Galilee region on
cucunber plants (6 weeksold, cv. BA) cultivated in heary soil inside a greemouse
with drip irrigation. The plantswere naturallyinfestedwith threeor four WFT per leaf
(consicredto be a medium level of infestation. Four treatmentsveretested:(i) contol
without sporetreatment;(ii) plantssprayedwith the sporesuspensior{5 x 107 spores
mi—!) atarateof 0.5 g dry formulation perm?, usinga handsprayerto avoid drift onto
contrd plants;(iii) soil treatmentvith ground inocudum atarateof 0.5g dry formulation
per m?, mixed into soil by hand and (iv) a secondcontrol, consistingof plantsspraye
with wateronly.

Theexperimentwasa randonized block design with two 10-m? blocks pertreatment
andthreetrapsperblock (six trapspertreatment) The insectpopulationsin the different
treatmets were monitaed oncea week by trappng the WFT adultsusing blue sticky
traps. Eachtrap consistedof a 9-cm-diam petri dish containirg a layer of the sticky
material Rimifoot (80% polyisobutaneand 20% formulation compunds; Jevnin-Jofe
Industry Ltd., Israel)whichwerehung70cmabove theground. Theinsectpopuationwas
determired 1 weekbefae thefirst applicdion. A secondapplicationof eachtreatmentvas
done2 weekslater The plantsweresprayedottinely to controlfungal diseasesnly (the
routine fungidde applicatioms werewithheldfor 1 weekafterthefungal sporetreatment)
No chenicalswereusedat the expeimentsiteto cortrol thrips. Thetrapsweremontored
onceaweekfor 5 weeks.

1997 Summer Experiment This experimentwascondictedin a differentgreenlousein
the sameregion asthe 1997 springtest,to contrd WFT in cucunber plants(7 weeksold,
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cv. BA) heavily infestedwith thrips (10to 15 insectsperleaf). The samefour treatments
were usedasin the springexpeiment. The expaimentwasa rancdmizedblock design
with three10-n? blockspertreatmenandthreetrapsperblock (ninetrapspertreatmet).

1999 Spring Experiment  This experimentwas condictedin a different greetousein
thesameregionasthe 1997 expeaiments,to contrd WFT in cucumberplants(4 weeksold,
cv. IV-40) with alow level of thripsinfestation(two or threeinsectsperleaf). The four
treatmets werethe sameasin 1997 excep thatthe secondapplication of the inoculum
wascondictedl monthafterthefirst applicaion. Theexperimentwasarandmizedblock
designwith three10-m? blocks per treatmentand threetraps per block (nine traps per
treatmet).

Greenhouseenvironment Thetemperatte insidethegreemousewvasmonitoredduring
thespringexperiments Duringthenight hous, thetempeaturewasbetweer?4° and27°C
(11 h); at middaythe highesttempeaturesrecadedrangedbetween38° and42°C (for 2
to 4 h); during the restof the daythe tempeaturewasbetweer27° and37°C (9 to 11 h).
The relative humidty ranged between70% and 80% during the night and betweer40%
and60%during theday:

Statistical analysis ThedatawereanalyzedisingDunan’'s multiple range test. Thedata
arepresente@smeanst standarcerross.

RESULTS AND DISCUSSION

The effect of the highly virulent and tempeature-esistantM. a-7 strain of M.
anisopiae (2) on the growth in the thrips population size on cucumter plantswastested
during three corsecutie seasons.The resultsof the contol treatmen with water only
werethe sameasthe contrd without water (datanot shavn); therebre, only onecontol
treatmen is recoded in the figures — that without water The meaninitial population
of WFT in the 1997 spring experimentwas 5+1 insects/trap/weekFig. 1). The thrips
popuationin contrd andin soil treatmentsvassimilar throughou the expetiment(during
6 weeksof plart cultivation). The spray treatmentwith spore shaved significantly
lower (P<0.05) thrips populationthrowghott the expeiment conparedwith the two other
treatmets (weeks2 throwgh 5, Fig. 1). The thrips popdation in the spraytreatment4
weeksafter the first application was 3.6 timeslessthanthatin the contrd, a significant
difference(P<0.05) (Fig. 1).

In the summerl997 experiment,the initial populdion of thrips was relatively high,
70122 insects/trap/weekFig. 2). Again, insectpopuldionsin the contrd andin the
soil treatmentwveresimilar throughoutthe expeiment (4 weeks). Spraytreatmentdid not
affect the thrips popuation significantly until week 3; and only at week 4 did it cause
a significantdiffererce in the popuation growth of WFT compaed with the two other
treatmets (P<0.05).

Theresultsof the 1999 expeiment shaved that spraytreatmen resultedin a signifi-
cantly lower (P<0.05) popuation of WFT during weeks4 throudh 8 compaed with the
contrd (Fig. 3). In week8, thenumter of thripsin the soil treatmebhwassimilar to that of
the spraytreatment.This may have beencausedy infestationof someof the plantswith
predaor mites,which redwedthe thrips population; we did not useary insecticides.In
week8, thethripspopuationin thecontrd was2.3-fold greateithanin thespraytreatment

(Fig. 3).
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Fig. 1. Effects of three different treatmentswith Metahiziumanisopliae strain M. a-7 on the
populationof Frankliniella occidenalis on greentwuse-cultvated cucumber plants. 1997 spring
experiment. Arrows indicatetimes of the two applications. Eachdatapoint represets the mean
valueof six traps. *At the sameweek,dataof the spraytreatmentiffer significantlyfrom the two
othertreatmentg¢P< 0.05,Duncaris MRT).

Spraytreatmentwith sporesof the entonopathgenic strain M. a-7 to control WFT
shaved pronising results,especiallywhenthe thrips popuation on cucumter wasat low
to mediumlevels (Figs. 1 and 3) compaed with a high level (Fig. 2). The level of
infestationwith thripsis appaently animportant paraneter, in addtion to the nurber of
spraysappliedduring the gronth seasonWe usedonly two sprays;possiblya third spray
would berecommendedor highlevelsof infestatione.g. threespraysat 2-weekintervals.

Somefung areextremelysensitve to prdongedexposureto high tempeaturesor to
marked fluctuatians in temperatte (5). The high tempeaturesprevailing during some
of the houss every day in our expeiimentsapparetly had negaive effects on sporulatio
and thrips infection, despitethe fact that the strain usedis relatively resistantto high
temperéures(2). We suggesthata specialformulationbe prodiwcedto protect the spores
from hightempeaturesandlow r.h.,which might leadto evenbetterresultsin contiolling
WFT. A godd formuation couldprotectthe sporefrom adverseervironmentaleffectsand
ensurghatwhenthecondtions arefavorable for sporegermination,thesporeswill initiate
theirlife cycle.

The only promising biological contrd resultsthat have beenrepated for WFT on
cucunber undergreenlouseconditiors were obtaired by usingpredates, e.g. Dicyphus
tamanini (6). The 3:10ratio of D. tamannii: WFT kept the thrips population belov
econanic damagelevel when the thrips population was relatively high (16 thrips/4®
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Fig. 2. Effectsof threetreatmentsvith Metahiziumanisopliaestrain M. a-7 on the populationof

Frankliniella occidentalison greenhose-cultvated cucumberplants. 1997 summerexperimert.

Arrows indicatetimesof thetwo applications Eachdatapointrepresentthemearnvalueof ninetraps.
*At thesameweek,dataof the spraytreatmentiffer significantlyfrom thetwo othertreatmentgP<

0.05,Duncans MRT).

cn? leaf area). A ratio of 1:10 worked well when the thrips population was low, but
not whenit was high. Therebre, two spraysof M. a-7 sporesat initial low to medium
level of infestation(2—4 thrips/leaf) are good for successfubiologcal contol, and a
third applicatio is recomnended.The threedifferent experimentswere condictedin the
samearea(Sandla, Israel),but the ervironmertal condtions insidethe greemousesvere
different,which might—in addition to theinitial level of thripsinfestation— have affected
ourresults.

Strain M. a-7 is relatively resistantto some fungicides (i.e., difenoconanle and
pyrimethanil) at low conceirations(datanot shawvn). It is a local isolateand relatively
resistanto high tempeatures but undergreenlousecondtions of high temperattesand
low relative humidity is not highly efficaciots in contolling WFT. Researchis currerily
being corductedto produceappragriate formuations of the effective entonopathagenic
isolatesfor testinguncer field condtions.
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Fig. 3. Effects of threetreatmentswith Metahiziumanisogiae strain M. a-7 on the popuation
of Frankliniella occidenalis on greenhaise-cultvated cucumler plants. 1999 spring experimen.

Arrows indicatetimesof thetwo applications Eachdatapointrepresentthemearnvalueof ninetraps.
*At thesameweek,dataof the spraytreatmentiffer significantlyfrom thetwo othertreatmentgP<

0.05,Duncans MRT).
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