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Epidemiologyand Effectsof Verticillium Wilt on Yield of
OliveTrees(cvs.Barneaand Souri) Irrigated with Saline

Water in Israel

A.G. Levin,
��� �

S.Lavee
�

andL. Tsror(Lahkim)
�

���

Epidemiologyof Verticillium dahliae on olive trees(cvs. `Barnea'and `Souri') irrigated
with salinewaterwas studiedover a period of 3 years. Diseaseincidencein cv. Barnea
increasedfrom 18.9%to 40.5%in the �rst year, while diseaseseverity decreasedfrom 4.2
to 2.4 (on a scaleof 2–10). In the �rst month after pruning of diseasedbranches(June
1999),diseaseincidencewas26.9%andit increasedto 60.6%by May 2000.No changesin
diseaseseverity wereobservedfrom this timeuntil theendof thestudy. In cv. Souri,disease
incidencedoubledduringthe3 yearsof thestudy(from 22.1%to 44.8%),anddiseaseseverity
increasedfrom 2.4 to 2.9. Thediseasecausedsigni�cant reductionof yield in cv. Barneain
1999and2000(48.3%and12.0%,respectively). In cv. Souri yield wasmeasuredonly in
2001,wherea reductionof 66.8%wasobserved. V. dahliaewasisolatedfrom bothdiseased
andsymptomlesstrees.A signi�cant decreasein theisolationrateof V. dahliaefrom diseased
cv. Barneatreesoccurredbetweenthe�rst year(47.9%)andthethird year(5.3%);positive
isolationswereobtainedin all seasons,withoutdifferencesbetweenseasons.In cv. Souri,the
funguswasisolatedin signi�cantly higherratesduringthewinterandspring(55%and50%,
respectively). Our �ndings stronglysupportthe assumptionthat naturalrecovery occursin
cv. Barnea4–5yearsafterplanting,but not in cv. Souri.
KEY WORDS: Olea europaea; Verticillium wilt; saline-water irrigation; seasonaleffect;
pruningin�uence.

INTRODUCTION

Verticillium wilt causedby Verticillium dahliae is a major diseasein olive (Olea
europaeaL.) orchardsin the Mediterraneanregion andCalifornia (6,7,18,19,23),and is
observedparticularlyin intensively irrigatedgroves.Thediseasewas�rst recordedin Italy
in 1946 (7), and later in California (16), Greece(7), Turkey (13), Spain(5), Syria (1),
Morocco(14) andAlgeria (3). The economicdamagecausedby the wilt hasintensi�ed
duringthelast20 yearsasa resultof extensiveapplicationof irrigation,andintercropping
with otherV. dahliae-susceptiblehostssuchaspotatoandcotton(4,20).

In Israel,olivesoccupy 20,000ha,of which approximately15% areunderirrigation.
Wilt in olive might be encouragedby irrigation (7). This effect hasbeenreportedfor
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intensive (7) aswell asextensive (1,5,14)olive production.In the lastdecademostof the
new plantationsin Israelwereestablishedunderirrigation;in someof thesenew plantations
salineirrigationwateris used,dueto theshortageof freshwaterfor agriculturein Israel,
mainly in the semi-aridregion in the southof the country. This fact may enhancethe
expressionof thediseaseonolives,ashasalreadybeenreportedfor potato(12).

Althoughcv. Souri is themostabundantoil cultivar in Israel,cv. Barneais themain
oneplantedin thenew, irrigatedplantations.Cv. Barneawasselectedin 1967in Israelas
a partof a breedingandclonalselectionprogram(9). It is characterizedby rapidgrowth,
earlybearing,high yields,andhigh oil quality, evenunderirrigation; furthermore,it was
foundverysuitablefor mechanicalharvesting.Recently, cv. Barneahasbeenplantedon a
largescalein Australia,New Zealand(17) andArgentina(11).

Theobjectivesof thepresentresearchwereto studytheepidemiologyof V. dahliaein
cv. Barneaandcv. Souriolivesirrigatedwith salinewater, andtheeffect of thediseaseon
yield. Furthermore,anattemptwill bemadehereto de�ne a possibledifferentialpotential
of thesecultivarsto recoverpartially from thedisease.

MATERIALS AND METHODS

Surveysite Thestudywascarriedout in acommercialoliveorchardatRevivim, located
in southernIsrael,wherecvs. BarneaandSouri represent50%and30%,respectively, of
thetotalareaunderolive. All thetreesusedin thatorchardarenon-graftedtreesgrowing on
their own roots.Thechosenplotswereplantedin soil whereVerticillium-susceptible�eld
cropshadbeengrown for 30years(includingseveralcyclesof potatoesandtomatoes).The
soil typeis asandy-loam,pH 7.7–8.5,with ahighsaltcontent(Na




: 250–440Meq;Ca

�


andMg

�


: 40–180Meq; B: 0.0–10mg l �




). Thesodicityhazardof the soil, expressed
asthesodiumadsorptionratio (SAR), is 10–40,with electricalconductivity of 30–40dS
m �




) (15). The annualrainfall in the Revivim region is 100 mm, andthe treesaredrip-
irrigatedyearround(9,000m

�

ha�




) with brackishwater, having a salt concentrationof
4.2dSm �




.
Oneplot eachof cv. Barnea(8C) andcv. Souri(4A) grown undersimilar agronomical

managementwereselected.Plot8Cwith 895treesandplot 4A with 413treeswereplanted
in August1996.

Diseaseassessment Diseaseevaluationwascarriedout by visual observation, walking
betweentherows. Diseaseincidencerepresentsthenumberof treeswith symptomsout of
the total numberof trees,for eachplot. Symptomswereevaluatedeachmonthduring 3
yearsbasedon a scaleof 0–5: 0= healthy tree;1= up to 25%of the treewith symptoms,
including chlorotic leavesanddeadtwigs; 2= up to 50% of the treeaffected,including
symptomson lateralbranches;3= up to 75%of thetreeaffected,includingmostbranches;
4= up to 95%of the treeaffected;and5= deadtree. Diseasedbrancheswereremoved in
summeror winter. After eachpruning,treeswerereclassi�edassymptomless(10).

Plot severity index (SI, on a scaleof 2 to 10) took into considerationthe number
of diseasedtrees in the different levels of symptomsand was calculatedas follows:
SI=[(numberof treesin level 1) � 2 + (numberof treesin level 2) � 4 + (numberof
treesin level 3) � 6 + (numberof treesin level 4) � 8 + (numberof treesin level 5) � 10/
total numberof diseasedtrees],modi�ed from Tsroretal. (21).
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Isolation of V. dahliaefr om tr eeswith and without symptoms Samplesof � vediseased
or symptomlessbranchesfrom eachof 66 randomlyselectedtreesof cv. Barnea(plot 8C)
andfrom eachof 20 treesof cv. Souri(plot 4A) werecollectedduringthedifferentseasons
of 1999–2001and2001–2002,respectively. Of the66sampledtreesin thecv. Barneaplot,
44 treeswerediseasedat thebeginningof thestudyin 1999,44 in 2000and47 in 2001,
whereasof the20treessampledin thecv. Souriplot all 20 treesexhibitedsymptoms.Four
segments(4 cm in length)from eachbranchweresurfacesterilizedwith 0.3%HClO for
7 min andrinsedwith sterilewater. Threepieces(2-mm long) from eachsegmentwere
transferredto a sorboseagar medium(SA) (0.2%w/v sorbose,1.5%w/v agar + 100ppm
streptomycin),incubatedat 25� C in thedark,andexaminedafter2 weeksfor thepresence
of V. dahliae. Pathogenisolationwasattemptedfrom tissuesamplestakenbothfrom wilted
partsandfrom theinterfaceareasbetweenhealthy anddiseasedtissue.

Measurementof fruit yield Fruit yield of eachof the895treesin plot 8Cwasevaluated
separatelyover a periodof 3 years. The numberof treeswith symptomsin plot 8C was
459,482and327in 1999,2000and2001,respectively. Theyield of cv. Souri in plot 4A
(413trees)wasrecordedonly in 2001;thenumberof diseasedtreesin thatyearwas146.

Statistical analysis The experimentaldesignin the presentepidemiologicalstudycon-
sideredeachtreeasa singlereplicate. Datawereanalyzedby SAS Software6.12 (SAS
Institute Inc., Cary, NC, USA). Analysis of variancewas followed by meanseparation
usingtheTukey-Krameror Student-Newman-Keulsmultiple rangetestsat P � 0.05. Data
recordedaspercentageswerearcsin-transformedbeforeanalysis.

RESULTS

Diseaseincidence and severity Symptomsof Verticillium wilt on olive treesof cvs.
Barneaand Souri planted in V. dahliae-infested soil were observed 18 months after
planting.In May 1998,diseaseincidencein cv. Barneawas18.9%with aseverity index of
4.2(Fig. 1). Diseaseincidenceincreasedconsistentlyupto 40.5%in April 1999.However,
the severity index decreasedduring this period from 4.2 to 2.4. In June1999, the �rst
monthafterall diseasedbrancheswereremoved,diseaseincidencewas26.9%,increasing
to 60.6%in May 2000(Fig. 1). No changesin severity index wereobservedduring this
periodanduntil the endof the study. In July 2000,after the secondpruningof diseased
branches,diseaseincidencewas 33.9%and roseto 60.5%. In February2001,after the
third pruningof diseasedbranches,diseaseincidencewasonly 17%,increasingto 36.6%
by May (within 3 months).

Diseasemonitoringof cv. Souribeganin July1999andindicatedanincidenceof 22.1%
with a severity index of 2.43(Fig. 2). The increasein diseaseincidenceoccurredmainly
from mid-winteruntil theendof spring. In May 2000,both the incidenceandseverity of
diseaseincreased,to 35.3%and3.08,respectively. Thediseasedbrancheswereremovedin
June2000,resultingin reduceddiseaseincidence(determined1 monthafterpruning),but
by December2000diseaseincidenceagain increased,from 20.4%to 30.0%. Onemonth
afterthesecondpruningof diseasedbranches(January2001),diseaseincidencedecreased
(23.9%)but the severity index increased(2.9). In June2002,diseaseincidenceroseto
44.8%.However, nomajorchangeswereobservedin theseverity index until theendof the
study. Thehighestseverity indiceswererecordedduringthespringseasons.
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TABLE 1. Frequency (%) of isolationsof Verticillium dahliaefrom diseasedandsymptomlesscv. Barneatreesbetween1999and2001

�

Year Diseased Symptomless Averageamongyears

�

Winter
(Dec.-
Feb.)

Spring
(March-
May)

Summer
(June-
Aug.)

Autumn
(Sept.-
Nov.)

Winter
(Dec.-
Feb.)

Spring
(March-
May)

Summer
(June-
Aug.)

Autumn
(Sept.-
Nov.)

Diseased Symptomless

1999 89.5 nt 37.5 16.7 16.7 nt 22.2 5.0 47.9a 14.6a

2000 15.2 24.5 7.0 nt 5.6 23.5 0 nt 15.6ab 9.7a

2001 6.7 10.7 0 3.6 7.8 2.6 2.6 2.6 5.3b 3.9a

Average 37.1 17.6 14.8 10.2 10.0 13.1 8.3 3.8 22.9 9.4

�

Samplesof � vediseasedor symptomlessbranchesfrom eachof 66selectedtreeswerecollectedduringthedifferentseasonsof 1999–2001.In 1999,44of theselectedtrees
werediseased;in 2000,47werediseased;in 2001,25werediseased.

�

Within columns,meansfollowedby acommonletterdonotdiffer signi�cantly accordingto theStudent-Newman-Keulstest(P � 0.05).

�

not tested.
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Fig. 1: Incidenceandseverity of Verticillium dahliaein cv. Barneaduring1998–2001.Diseasesymptomswereevaluatedmonthlyonascaleof 0 (healthy
tree)to 5 (deadtree).For calculationof severity index, seeMaterialsandMethods.P= pruning.
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Fig. 2: Incidenceandseverity of Verticillium dahliaein cv. Souriduring1999–2002.Diseasesymptomswereevaluatedmonthlyon a scaleof 0 (healthy
tree)to 5 (deadtree).For calculationof severity index, seeMaterialsandMethods.P= pruning.
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Fig. 3. Effect of Verticillium dahliaeon yield of cv. Barneaduring 1999– 2001. Yields of each
of the 895 treesin the selectedplot wereevaluatedseparately. The numberof diseasedtreeswas
459,482and327in 1999,2000and2001,respectively. In 1999andin 2000,yieldsof diseasedand
symptomlesstreesdifferedsigni�cantly (P=0.05);in 2001they did not.
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Seasonaleffects on isolation of V. dahliae Verticillium dahliae was isolated from
diseased(22.9%)aswell as from symptomless(9.4%) treesduring all seasons,in the 3
yearsof thestudy(Table1). However, thelevel of V. dahliaeisolationsfrom diseasedtrees
decreasedsigni�cantly from 47.9%in 1999to 5.3%in 2001(Table1). Sucha decrease
betweenyearswasfoundin eachof theseasonstested.However, no clear-cuteffectof the
seasonon thelevel of fungal isolationscouldbenotedover the3-yearperiod.

In cv. Souri, isolationsof V. dahliaewereperformedonly during 2001. In that year
signi�cantly (P � 0.05) higherratesof isolationswereobtainedduring winter (55%) and
spring(50%),ascomparedwith only 20%in autumnand15%in summer(datanotshown).

Effect of V. dahliae on fruit yield This factor was studiedconsistentlyonly with cv.
Barnea.Theyield obtainedfrom diseasedtreeswassigni�cantly lower thantheyield from
symptomlesstreesin 1999 (Fig. 3). Yield distribution of the symptomlesstreeshad a
normalpatternwith an averageof 44.7kg per tree,whereastherewasa biasin theyield
distributionof thediseasedtrees,with anaverageof 23.1kg pertree.In thesecondharvest
(winter 2000),theaverageyield obtainedfrom diseasedtrees(31.4kg per tree)wasalso
signi�cantly lowercomparedwith thatof symptomlesstrees(35.7kg pertree).Thepattern
of yield distributionamongthetreeswassimilar in thediseasedandsymptomlesstrees.In
thethird harvest(winter2001),nosigni�cant differenceswereobservedbetweenyieldsof
diseasedandsymptomlesstreesof cv. Barneaolives(meansof 28.6and29.0kg per tree,
respectively), andyield distribution wasalsoaboutthesame.Theyield of cv. Souriwas
not recordedsystematicallyduringthis study. However, in winter 2001/02it wasrecorded
for comparisonpurposesandalsoshowedamarkedreductionin theyield of diseasedtrees
(66.7%). Thedistribution of yield obtainedfrom symptomlesstreeshada normalpattern
with anaverageof 35.8kg pertree,whereastherewasabiasin theyield distributionof the
diseasedtrees,with anaverageof 11.9kg pertree(Fig. 4).

Fig. 4. Effect of Verticlllium dahliaeon yield of cv. Souriduringthe2001/02season.Yieldsof each
of the413treesin theselectedplot wereevaluatedseparately. Therewere146diseasedtrees.Yields
of diseasedandsymptomlesstreesdifferedsigni�cantly (P=0.05).
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DISCUSSION

The presentstudyof the epidemiologyandeffectsof Verticillium wilt on yield, the
�rst with cvs. BarneaandSouri in Israel,wasa continuationof our previous studywith
cv. Picual(10). Diseaseincidencein cv. Barneawithin the �rst 2 yearsafter symptoms
appearedwasincreasedby 33%,but in the third yearit decreased.Generally, onemonth
after eachpruning the incidencewas higher than at the beginning of the study. In the
cv. Souri plot, diseaseincidenceconstantlyincreased,to 48% within 3 years. This was
apparentalsoin the high yield differences(67%) betweenthe diseasedandsymptomless
treesof thiscultivar.

Diseaseseverity in cv. Barneawashigh only in the �rst year. Although the disease
causedwilting, defoliation, and reducedvegetation,noneof the treesdied. After the
�rst pruning(June1999),whendiseasedbrancheswerecompletelyremoved, thedisease
severity decreasedandremainedat the lowestlevel until theendof thestudy. Thesedata
indicateapossiblenaturalrecoveryof thecv. Barneatrees,occurringafterthe�rst year, as
reportedpreviouslywith othercultivars(2,22).However, in cv. Souridiseaseseverity data
stronglysupportseasonaldifferencesin expressionof Verticillium wilt in termsof disease
incidence.Thehighestseverity indicesin thiscultivar duringthe3 yearsof thestudywere
recordedduringspring. These�ndings arein agreementwith our previousstudywith cv.
Picual(10)andreportsby Wilhelm andTaylor (23) andThanassoulopouloset al. (18).

Theresistanceof a plant (or tissue)is often linkedto its phenology(2). For example,
in many cropsthe responseto V. dahliae is maximizedduring the time of �o wering (2).
A possibleexplanationfor this phenomenonmaybecompartmentalizationof thedisease
andformationof new xylem bundles,and/orinactivation or deathof the fungus(mainly
in summer)within theplant(4,22). In addition,therapidandintensive vegetative growth,
enhancinga wider and deeperdevelopmentof the root system,typical for cv. Barnea
(9), could also contribute to natural recovery. Natural recovery was observed in olive
plantationsin Spain(4). In contrast,the growth rateof cv. Souri is low in comparison
with cv. Barnea,andin sometreesfrom which thediseasedbrancheswereremoved, the
diseasesymptomslaterreappeared.

Verticillium wilt might reducethe yield of olive (1,18), as also shown by us in the
Revivim orchardin Israelfor cv. Picual(10). A signi�cant in�uence of thediseaseon the
yield wasobservedalsoin cv. Barnea,in the�rst andsecondharvests.However, theyield
in the third year(2001)wasnot affected. As the olive is geneticallyan alternatebearing
tree,the level of annualproductiondependsamongotherfactorson theyield historyand
particularlytheoneof thepreviousyear(8). Thus,theeffectof Verticillium onyield varies
alsoin accordancewith the tree's potential. As the fruiting potentialof diseasedtreesis
low, thealternatebearingof suchtreesstartsfrom a lower fruiting level, whichwill prevail
over theyears.

These �ndings con�rm as well our previous observations with regard to natural
recovery occurring in cv. Barnea. During the following season(2002) a signi�cant
differencein fruit set was observed betweendiseasedand symptomlesstrees(datanot
shown). Thanassoulopouloset al. (18) concludedthat in Greece2–3% of 14 million
inspectedtreeswere affectedby Verticillium wilt, of which 1% suffered tree mortality,
causing1.7� 10� ton yield loss. Studiesin Syria showed a 0.85–4.5%diseaseincidence
in some6.5 million treesinspectedin nine provinces,andannualyield lossesof 1–2.3%
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(1). These�ndings, however, comefrom mostlynon-irrigatedplots.Thesevereexpression
of thediseasein Revivim orchardandits dramaticeffect on yield couldbedueto thefact
thatthisorchardis intensively irrigated.In theBakers�eld areaof California(USA), some
irrigatedcv. Manzanilloorchardshadto beuprooteddueto 65%lossof treesandestimated
80%of fruit yield loss(S. Lavee,personalobservation). In our case,yield lossmayhave
beenenhancedmorethanexpecteddueto thesalinewaterused(4.2dSm �




).
Seasonalaswell asannualchangeswereobserved in the detectionof the fungusin

the trees.Generally, thehighestcolonizationlevelsof the fungusin thediseasedtreesof
bothcultivarswereobtainedin thewinter andspringseasons.In cv. Barnea,a signi�cant
decreasein the isolationrateof V. dahliaefrom diseasedtreesoccurredbetweenthe �rst
(47.9%) and the third (5.3%) year, with no signi�cant differencebetweenthe seasons.
In cv. Souri, isolation ratesof the funguswere signi�cantly higher during winter and
spring. The low detectionof V. dahliae during summeris similar to our �ndings with
cv. Picual(10), andpreviousreports(7,20),but differentfrom theresultsof Wilhelm and
Taylor (23). Tosi andZazzerini(20) have relatedconsistentlysuccessfulisolationof the
fungusfrom stemtissuesto mild winterandsummertemperatures,andsporadicsuccessto
coldwinter (minimumtemperaturebelow 0 � C) andwarmsummer(maximumtemperature
above30� C) conditions.

During the 3 yearsof the studywe isolatedthe fungusalsofrom symptomlesstrees,
indicatinglatentinfectionsthatcouldbeexpressedat laterstagesof thetree'sdevelopment.
This couldbeexplainedalsoasdueto lessaggressive isolatesof V. dahliaepresentin the
plot, assuggestedby Al-AhmadandMosli (1).

A possibleinteractionbetweenV. dahliae and salineirrigation water was suggested
previously in potato(12), wherediseaseexpressionandcolonizationlevelsof the fungus
weremoreseverein V. dahliae-tolerantvarieties(DésiŕeeandCara)irrigatedwith saline
water (10 dS m �




) as comparedwith plots irrigated with fresh water. The possible
interactionbetweenV. dahliaeandsalinity in olive orchardsis now beinginvestigatedin
moredepth.

In conclusion,this 3-yearepidemiologicalstudy demonstrateda negative impact of
Verticillium wilt on yieldsof olive. Our �ndings alsoindicatea possiblenaturalrecovery
in cv. Barneaolives4–5yearsafterplantingbut not in cv. Souri.

ACKNOWLEDGMENTS

The researchwaspartially supportedby the RamatNegev DesertAgro-ResearchCenter, Israel. We thank
JanisJosephfor editing the manuscript. This paperis Contribution No. 501/02 from the Institute of Plant
Protection,AgriculturalResearchOrganization,Bet Dagan,Israel.

REFERENCES

1. Al-Ahmad,M.A. andMosli, M.N. (1993)Verticillium wilt of olive in Syria.Bull. OEPP23:521-529.
2. Bell, A.A. andMace,M.E. (1981)Biochemistryandphysiology of resistance.in: Mace,M.E., Bell, A.A.

andBeckman,C.H. [Eds.]Fungal Wilt Diseasesof Plants.AcademicPress,New York, NY. pp.431-486
3. Bellahcene,M., Fortas,Z., Geiger, J.P., Matallah, A. and Henni, D. (2000) Verticillium wilt in olive in

Algeria: geographicaldistribution andextentof thedisease.Olivae82:41-43.
4. Blanco-Lopez,M.A. andJimenes-Dias,R.M. (1995)A proposalof integratedcontrolagainstVerticillium in

olive tree.Frutic. Prof. 70:52-58(Spanish,with Englishabstract)
5. Blanco-Lopez,M.A., Jimenes-Dias,R.M. and Caballero,J.M. (1984) Symptomatology, incidenceand

distribution of Verticillium wilt of olive treesin Andalucia.Phytopathol.Mediterr. 23:1-8.
6. Goor, A., Spiegel,P. andGratch,H. (1960)[TheOlive.]Bull. IsraelMin. Agric., Tel-Aviv, Israel(in Hebrew).

342 A.G. Levin etal.



7. Jimenes-Dias,R.M., Tjamos,E.C. andCirulli, M. (1998)Verticillium wilts of major treehosts,olive. in:
Hiemstra,J.A. and Harris, D.C. [Eds.] A Compendiumof Verticillium Wilts in Tree Species.Ponsen&
Looijen,Wageningen,theNetherlands.pp.13-16.

8. Lavee, S. (1996) Biology and physiology of the olive. in: World Olive Encyclopedia.IOOC, Madrid-
Barcelona,Spain.pp.61-110.

9. Lavee,S.,Haskal,A. andWodner, M. (1986)Cv. `Barnea',anew olivecultivarfrom �rst breedinggeneration.
Olea17:95-99.

10. Levin, A.G., Lavee,S. andTsror (Lahkim), L. (2003)Epidemiologyof Verticillium dahliaeon olive (cv.
Picual)andits effect onyield undersalineconditions.PlantPathol.52:212-218.

11. MarginetCampos,J.L. (1999)Oliveoil in Argentina:productionandprocessing.Olivae75:17-25.
12. Nachmias,A., Kaufman,Z., Livescu,L., Tsror, L., Meiri, A. andCaligari, P.D.S.(1993)Effect of salinity

andits interactionwith diseaseincidenceonpotatoesgrown in hotclimates.Phytoparasitica21:245-255.
13. Saydam,C. andCopcu,M. (1972)Verticillium wilt of olive in Turkey. Turk. J. Phytopathol.1:45-49.
14. Serrhini,M.N. andZeroual,A. (1995)Verticillium wilt in Morocco.Olivae58:58-61.
15. Shainberg, I. andOster, J.D. (1978)Propertiesof irrigation water. in: Shainberg, I. andOster, J.D. [Eds.]

Qualityof IrrigationWater. InternationalIrrigationInformationCenter, Bet Dagan,Israel.pp.4-19
16. Snyder, W.C., Hansen,H.N. andWilhelm, S. (1950)New hostsof Verticillium albo-atrum.Plant Dis. Rep.

34:26-27.
17. Spennemann,D.H.R.andAllen, L.R. (2000)Fromcultivar to weed:thespreadof olivesin Australia.Olivae

82:44-46.
18. Thanassoulopoulos,C.C.,Biris, D.A. andTjamos,E.C. (1979)Survey of Verticillium wilt of olive treesin

Greece.PlantDis. Rep. 63:936-940.
19. Tjamos,E.C. (1993)Prospectsandstrategiesin controlling Verticillium wilt of olive. Bull. EPPO23:505-

512.
20. Tosi, L. and Zazzerini,A. (1998) Investigation on the epidemiologyof Verticillium wilt in central Italy.

Olivae71:50-55.
21. Tsror, L. (Lahkim),Erlich, O., Amitai, S.andHazanovsky, M. (1998)Verticillium wilt of paprikacausedby

ahighly virulent isolateof Verticillium dahliae. PlantDis. 82:437-439.
22. Wilhelm, S., Kaiser, W.J., Georgopoulos,S.G. and Opitz, K.W. (1962) Verticillium wilt of olives in

California.Phytopathology 52:32(abstr.).
23. Wilhelm, S. and Taylor, J.B. (1965) Control of Verticillium wilt of olive through natural recovery and

resistance.Phytopathology 55:310-316.

Phytoparasitica31:4,2003 343


