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Biological Control of the Western Flower Thrips
Frankliniella occidentalis in Cucumber Using the

Entomopathogenic Fungus Metarhizium anisopliae
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Biological control of the westernflower thrips (WFT) Frankliniella occidentalis, usingthe
entomopathogenicMetarhiziumanisopliae-7 (M. a-7) strainwasstudiedin threeconsecutive
seasonsundergreenhouseconditions. Cucumberplantsinfestedwith WFT were sprayed
with sporesuspension of the fungusM. a-7 (0.5 g m� � ), or the soil was treatedwith dry
powder of the fungus (0.5 g m� � ); thecontrol waswithout fungusapplication.In the1997
springexperiment, whenthecucumberplantswereinitially infestedwith only threeor four
insectsper leaf, the sporesuspension spraycauseda significantreductionin growth of the
thripspopulationcompared with theothertreatmentsandthecontrol. However, in the1997
summerexperiment, whentheplantswereinitially heavily infestedwith WFT (10–15 insects
perleaf),thespraytreatmentcausedonly amodestreductionin WFT populationgrowth, and
only after4 weeksof treatmentwasthereductionsignificant.In the1999experiment,with a
low initial WFT populationof threeor four insectsperleaf, thespraytreatmentwaseffective
in reducingthe population growth to a lower level than in the other treatmentsor control.
TheM. a-7 strainwasfoundto beeffective in reducingthepopulationgrowth of WFT under
greenhouseconditions,particularlywhentheinitial thripspopulation waslow to moderate.
KEY WORDS:Metarhiziumanisopliae; Frankliniellaoccidentalis; biocontrol;entomopathogenic
fungi; pathogenicity; bioinsecticide.

INTRODUCTION

The westernflower thrips (WFT), Frankliniella occidentalis (Pergande), is highly
destructive to various crops of economic importance including vegetables,ornamentals,
field cropsandfruits (3,16,17,19). Chemicalcontrol of WFT is often difficult for a few
reasons:the insecthasdevelopedresistanceto many insecticidesbecauseof its life cycle,
which includes two pupalstages(in soil); anddueto the cryptic behavior of adultsand
nymphs,which aregenerally found in flowersor in growing terminals (10,14,15). WFT is
a vector for thetomatospottedwilt virus (TSWV), andis consideredto bea majorpestin
Israelandelsewhere(12).

Bioassayshave revealedthatseveralisolatesof thefungus Metarhiziumanisopliae are
highly virulent toward WFT adults,andsomeisolatesgerminate rapidly on the surface
of nymphs,pupaeandadultswhen testedin field experiments(18). M. anisopliae is a
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potential biological control agentwhich hasbeenisolatedfrom soil anddiseasedinsects
(9,20), andhasbeenusedto control pestinsectsfor many years(7,8,11). Somemicrobial
productsbasedonM. anisopliae havebeenregisteredin theUSA andAustralia(4,13).

The WFT is a relatively new pest in Israel (1) and is considered a major pest in
greenhousesandin field crops; it developswell duringthewarmspringandhotsummerin
Israel. An indigenousstrainof M. anisopliae (M. a-7) wasselectedasa biological agent
with high pathogenicity towardWFT; it wasfound to bea temperature-tolerant isolatein
earlystudies(2). Theobjective of thepresentstudywasto determine the efficacy of the
strainM. a-7 in controlling WFT oncucumberplantscultivatedin greenhouses.

MATERIALS AND METHODS

Inoculum preparation for greenhouse experiments Strain M. a-7 was cultivatedat
25

�
C for 3 weeksonwater-soakedwheatgrains(swellinggrains)whichhadbeensterilized

twice. The fungus and the grainswere dried at 34–35
�
C for 2 days, after which the

inoculum was ground to powder in a few minutes using a blender (Braun, Kronderj,
Germany). To determine spore numberpergramof dry formulation,a 0.01g samplewas
mixed with 10 ml of watercontaining 0.005% Triton X-100 (v:v) usinga vortex for 10
sec.Thenumber of sporeswasdeterminedwith a hemocytometer. For thefield tests,the
dry formulation containing 2 to 4 � 10



sporesg �

�
wasmixed with waterwith 0.005%

Triton X-100 (1 g sporesin 100ml solution)andthesporesuspensionwasfilteredthrough
severallayersof cheesecloth to removegrainmatsandthenwasdilutedto � 5 � 10

�
spores

ml �
�
. The number of colony forming units wasdeterminedby platingsamplesof spore

suspensionat anappropriatedilution onCzapekagarmedium prior to inoculation.

1997 Spring Experiment The experiment was conducted in the Galilee region on
cucumber plants (6 weeksold, cv. BA) cultivated in heavy soil inside a greenhouse
with drip irrigation. The plantswerenaturallyinfestedwith threeor four WFT per leaf
(consideredto bea medium level of infestation). Four treatmentsweretested:(i) control
without sporetreatment;(ii) plantssprayedwith the sporesuspension(5 � 10

�
spores

ml �
�
) at a rateof 0.5 g dry formulationperm

�
, usinga handsprayerto avoid drift onto

control plants;(iii) soil treatmentwith ground inoculum at a rateof 0.5g dry formulation
per m

�
, mixed into soil by hand; and(iv) a secondcontrol, consistingof plantssprayed

with wateronly.
Theexperimentwasa randomizedblock design, with two 10-m

�
blocks pertreatment

andthreetrapsperblock (six trapsper treatment). Theinsectpopulationsin thedifferent
treatments were monitored oncea week by trapping the WFT adultsusing blue sticky
traps. Each trap consistedof a 9-cm-diam petri dish containing a layer of the sticky
materialRimifoot (80% polyisobutaneand 20% formulation compounds; Jewnin-Joffe
IndustryLtd., Israel)whichwerehung70cmabove theground.Theinsectpopulationwas
determined1 weekbefore thefirst application. A secondapplicationof eachtreatmentwas
done2 weekslater. Theplantsweresprayedroutinely to controlfungal diseasesonly (the
routine fungicide applicationswerewithheldfor 1 weekafter thefungal sporetreatment).
No chemicalswereusedat theexperimentsiteto control thrips.Thetrapsweremonitored
onceaweekfor 5 weeks.

1997 Summer Experiment This experimentwasconductedin a differentgreenhousein
thesameregion asthe1997springtest,to control WFT in cucumberplants(7 weeksold,
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cv. BA) heavily infestedwith thrips(10 to 15 insectsper leaf). Thesamefour treatments
wereusedas in the springexperiment. The experiment wasa randomizedblock design
with three10-m

�
blockspertreatment andthreetrapsperblock(ninetrapspertreatment).

1999 Spring Experiment This experimentwasconductedin a different greenhousein
thesameregionasthe1997 experiments,to control WFT in cucumberplants(4 weeksold,
cv. IV-40) with a low level of thrips infestation(two or threeinsectsper leaf). The four
treatments werethe sameasin 1997, except that the secondapplication of the inoculum
wasconducted1 monthafterthefirst application. Theexperimentwasarandomizedblock
designwith three10-m

�
blocks per treatmentand threetrapsper block (nine trapsper

treatment).

Greenhouse environment Thetemperature insidethegreenhousewasmonitoredduring
thespringexperiments.Duringthenight hours,thetemperaturewasbetween24

�
and27

�
C

(11 h); at middaythehighesttemperaturesrecordedrangedbetween38
�

and42
�
C (for 2

to 4 h); during therestof thedaythetemperaturewasbetween27
�

and37
�
C (9 to 11 h).

The relative humidity ranged between70% and80% during the night andbetween40%
and60%during theday.

Statistical analysis ThedatawereanalyzedusingDuncan’smultiplerangetest.Thedata
arepresentedasmeans� standarderrors.

RESULTS AND DISCUSSION

The effect of the highly virulent and temperature-resistantM. a-7 strain of M.
anisopliae (2) on the growth in the thrips populationsizeon cucumber plantswastested
during threeconsecutive seasons.The resultsof the control treatment with water only
werethesameasthecontrol without water(datanot shown); therefore,only onecontrol
treatment is recorded in the figures – that without water. The meaninitial population
of WFT in the 1997springexperimentwas5� 1 insects/trap/week(Fig. 1). The thrips
population in control andin soil treatmentswassimilar throughout theexperiment(during
6 weeksof plant cultivation). The spray treatmentwith spores showed significantly
lower (P � 0.05) thripspopulationthroughout theexperimentcomparedwith thetwo other
treatments (weeks2 through 5, Fig. 1). The thrips population in the spraytreatment4
weeksafter the first application was3.6 times lessthanthat in the control, a significant
difference(P � 0.05) (Fig. 1).

In the summer1997 experiment,the initial population of thrips was relatively high,
70� 22 insects/trap/week(Fig. 2). Again, insectpopulations in the control and in the
soil treatmentweresimilar throughouttheexperiment(4 weeks).Spraytreatmentdid not
affect the thrips population significantly until week 3; and only at week 4 did it cause
a significantdifference in the population growth of WFT compared with the two other
treatments (P � 0.05).

The resultsof the 1999experiment showed that spraytreatment resultedin a signifi-
cantly lower (P � 0.05) population of WFT during weeks4 through 8 compared with the
control (Fig. 3). In week8, thenumberof thripsin thesoil treatment wassimilar to thatof
thespraytreatment.This mayhave beencausedby infestationof someof theplantswith
predator mites,which reducedthe thrips population; we did not useany insecticides.In
week8, thethripspopulation in thecontrol was2.3-fold greaterthanin thespraytreatment
(Fig. 3).
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Fig. 1. Effects of three different treatmentswith Metahiziumanisopliae strain M. a-7 on the
populationof Frankliniella occidentalis on greenhouse-cultivated cucumber plants. 1997 spring
experiment. Arrows indicatetimes of the two applications. Eachdatapoint represents the mean
valueof six traps. *At thesameweek,dataof thespraytreatmentdiffer significantlyfrom the two
othertreatments(P � 0.05,Duncan’sMRT).

Spraytreatmentwith sporesof the entomopathogenicstrainM. a-7 to control WFT
showedpromising results,especiallywhenthe thripspopulation on cucumber wasat low
to mediumlevels (Figs. 1 and 3) compared with a high level (Fig. 2). The level of
infestationwith thrips is apparently an importantparameter, in addition to thenumberof
spraysappliedduring thegrowth season.We usedonly two sprays;possiblya third spray
wouldberecommendedfor high levelsof infestation,e.g. threespraysat2-weekintervals.

Somefungi areextremelysensitive to prolongedexposureto high temperaturesor to
marked fluctuations in temperature (5). The high temperaturesprevailing during some
of the hours every day in our experimentsapparently hadnegative effects on sporulation
and thrips infection, despitethe fact that the strain usedis relatively resistantto high
temperatures(2). We suggestthata specialformulationbeproducedto protect thespores
from high temperaturesandlow r.h.,which might leadto evenbetterresultsin controlling
WFT. A good formulationcouldprotectthesporesfrom adverseenvironmentaleffectsand
ensurethatwhentheconditionsarefavorable for sporegermination,thesporeswill initiate
their life cycle.

The only promising biological control resultsthat have beenreported for WFT on
cucumber undergreenhouseconditions wereobtained by usingpredators, e.g. Dicyphus
tamaninii (6). The 3:10 ratio of D. tamaninii : WFT kept the thrips population below
economic damagelevel when the thrips population was relatively high (16 thrips/400
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Fig. 2. Effectsof threetreatmentswith MetahiziumanisopliaestrainM. a-7 on the populationof
Frankliniella occidentalison greenhouse-cultivated cucumberplants. 1997 summerexperiment.
Arrowsindicatetimesof thetwoapplications. Eachdatapointrepresentsthemeanvalueof ninetraps.
*At thesameweek,dataof thespraytreatmentdiffer significantlyfrom thetwo othertreatments(P �
0.05,Duncan’s MRT).

cm
�

leaf area). A ratio of 1:10 worked well when the thrips population was low, but
not whenit washigh. Therefore, two spraysof M. a-7 sporesat initial low to medium
level of infestation(2–4 thrips/leaf) are good for successfulbiological control, and a
third application is recommended.Thethreedifferentexperimentswereconductedin the
samearea(Sandala,Israel),but theenvironmental conditions insidethegreenhouseswere
different,which might – in addition to theinitial level of thripsinfestation– have affected
our results.

Strain M. a-7 is relatively resistantto some fungicides (i.e., difenoconazole and
pyrimethanil) at low concentrations(datanot shown). It is a local isolateandrelatively
resistantto high temperatures,but undergreenhouseconditions of high temperaturesand
low relative humidity is not highly efficacious in controlling WFT. Researchis currently
beingconductedto produceappropriate formulationsof the effective entomopathogenic
isolatesfor testingunderfield conditions.
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Fig. 3. Effects of three treatmentswith Metahiziumanisopliae strain M. a-7 on the population
of Frankliniella occidentalis on greenhouse-cultivatedcucumber plants. 1999 spring experiment.
Arrowsindicatetimesof thetwoapplications. Eachdatapointrepresentsthemeanvalueof ninetraps.
*At thesameweek,dataof thespraytreatmentdiffer significantlyfrom thetwo othertreatments(P �
0.05,Duncan’s MRT).
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