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Epidemiology and Effects of Verticillium Wilt on Yield of
Olive Trees(cvs. Barneaand Souri) Irrigated with Saline
Water in Israel

A.G. Levin, S.Lavee andL. Tsror(Lahkim)

Epidemiologyof \erticillium dahliae on olive trees(cvs. "Barnea'and "Souri') irrigated
with salinewaterwas studiedover a period of 3 years. Diseaseincidencein cv. Barnea
increasedrom 18.9%to 40.5%in the rst year while diseaseseverity decreasedrom 4.2
to 2.4 (on a scaleof 2-10). In the rst month after pruning of diseasedrancheqJune
1999),diseasencidencewas26.9%andit increasedo 60.6%by May 2000. No changesn
diseaseseverity wereobsenredfrom this time until theendof the study In cv. Souri,disease
incidencedoubledduringthe 3 yearsof thestudy(from 22.1%to 44.8%),anddiseaseseverity
increasedrom 2.4t0 2.9. Thediseaseausedsigni cant reductionof yield in cv. Barneain
1999and 2000 (48.3%and 12.0%,respectiely). In cv. Souriyield wasmeasurednly in
2001,whereareductionof 66.8%wasobsered. V. dahliaewasisolatedfrom both diseased
andsymptomlessrees.A signi cant decrease theisolationrateof V. dahliaefrom diseased
cv. Barneatreesoccurredbetweerthe rst year(47.9%)andthethird year(5.3%); positive
isolationswereobtainedn all seasonsyithoutdifferencedetweerseasonsln cv. Souri,the
funguswasisolatedin signi cantly higherratesduringthewinter andspring(55%and50%,
respectiely). Our ndings stronglysupportthe assumptiorthat naturalrecosery occursin
cv. Barnead—5yearsafterplanting,but notin cv. Souri.

KEY WORDS: Olea eumpaea,; Verticillium wilt; saline-vaterirrigation; seasonakffect;
pruningin uence.

INTRODUCTION

Verticillium wilt causedby \erticillium dahliae is a major diseasein olive (Olea
europaeal.) orchardsin the Mediterraneamregion and California (6,7,18,19,23)andis
obsenedparticularlyin intensvely irrigatedgroves. Thediseaseavas rst recordedn Italy
in 1946 (7), and later in California (16), Greece(7), Turkey (13), Spain(5), Syria (1),
Morocco(14) and Algeria (3). The economicdamagecausedby the wilt hasintensi ed
duringthelast20yearsasa resultof extensive applicationof irrigation,andintercropping
with otherV. dahliaesusceptibldostssuchaspotatoandcotton(4,20).

In Israel,olivesoccugy 20,000ha, of which approximatelyl5% are underirrigation.
Wilt in olive might be encouragedy irrigation (7). This effect has beenreportedfor
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intensie (7) aswell asextensie (1,5,14)olive production.In the lastdecademostof the
new plantationsn Israelwereestablishedinderirrigation;in someof thesenew plantations
salineirrigation wateris used,dueto the shortageof freshwaterfor agriculturein Israel,
mainly in the semi-aridregion in the southof the country This fact may enhancehe
expressiorf thediseasen olives,ashasalreadybeenreportedfor potato(12).

Althoughcv. Souriis the mostalundantoil cultivar in Israel,cv. Barneais the main
oneplantedin the new, irrigatedplantations.Cv. Barneawasselectedn 1967in Israelas
a partof a breedingandclonal selectionprogram(9). It is characterizedby rapid growth,
early bearing,high yields, andhigh oil quality, evenunderirrigation; furthermore it was
foundvery suitablefor mechanicahanesting.Recently cv. Barneahasbeenplantedon a
large scalein Australia,New Zealand(17) andArgentina(11).

The objectivesof the presentesearchwereto studythe epidemiologyof V. dahliaein
cv. Barneaandcv. Souriolivesirrigatedwith salinewater andthe effect of the diseasen
yield. Furthermoreanattemptwill be madehereto de ne a possibledifferentialpotential
of thesecultivarsto recover partially from the disease.

MATERIALS AND METHODS

Surveysite Thestudywascarriedoutin acommerciablive orchardat Revivim, located
in southernisrael,wherecvs. Barneaand Sourirepresenb0% and 30%, respectiely, of
thetotalareaunderolive. All thetreesusedn thatorchardarenon-graftedreesgrowving on
their own roots. The choserplotswereplantedin soil whereVerticillium-susceptibleeld
cropshadbeengrownn for 30years(includingseveralcyclesof potatoesandtomatoes) The
soil typeis asandy-loampH 7.7-8.5with ahigh saltcontent(Na : 250-440Meq; Ca
andMg : 40-180Meq; B: 0.0-10mg| ). The sodicity hazardof the soil, expressed
asthe sodiumadsorptiorratio (SAR), is 10—40,with electricalconductvity 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 concentratiorof
4.2dSm

Oneplot eachof cv. Barnea(8C) andcv. Souri(4A) grown undersimilar agronomical
managementereselectedPlot8C with 895treesandplot 4A with 413treeswereplanted
in August1996.

Diseaseassessment Diseasesvaluationwas carriedout by visual obsenation, walking
betweertherows. Diseasdncidencerepresentshe numberof treeswith symptomsout of
the total numberof trees,for eachplot. Symptomswere evaluatedeachmonthduring 3
yearshasedon a scaleof 0-5: 0= healtly tree; 1= up to 25% of the treewith symptoms,
including chlorotic leaves and deadtwigs; 2= up to 50% of the tree affected,including
symptomson lateralbranches3= upto 75%of thetreeaffected,includingmostbranches;
4= upto 95% of the treeaffected;and5= deadtree. Diseasedranchesvereremovedin
summeror winter. After eachpruning,treeswerereclassi edassymptomles£10).

Plot severity index (S, on a scaleof 2 to 10) took into considerationthe number
of diseasedreesin the different levels of symptomsand was calculatedas follows:
Sl=[(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 diseasedrees],modi ed from Tsroretal. (21).
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Isolation of V. dahliaefromtr eeswith and without symptoms Sample®of vediseased
or symptomlesdranchegrom eachof 66 randomlyselectedreesof cv. Barnea(plot 8C)
andfrom eachof 20treesof cv. Souri(plot 4A) werecollectedduringthedifferentseasons
of 1999-2001and2001-2002respectrely. Of the66 sampledreesin thecv. Barnegplot,
44 treeswerediseasedt the beginning of the studyin 1999,44 in 2000and47 in 2001,
whereaf the20treessampledn thecv. Souriplot all 20treesexhibitedsymptomsFour
segments(4 cm in length)from eachbranchwere surfacesterilizedwith 0.3% HCIO for
7 min andrinsedwith sterilewater Threepieces(2-mm long) from eachsegmentwere
transferredo a sorboseagar medium(SA) (0.2%w/v sorbose;1.5%w/v agar + 100 ppm
streptomycin)jncubatedat 25 C in thedark,andexaminedafter 2 weeksfor the presence
of V. dahliae Pathogenisolationwasattemptedrom tissuesamplesakenbothfrom wilted
partsandfrom theinterfaceareasetweerhealtly anddiseasedissue.

Measurementof fruit yield Fruityield of eachof the895treesin plot 8C wasevaluated
separatelyver a periodof 3 years. The numberof treeswith symptomsn plot 8C was
459,482and327in 1999,2000and2001,respectiely. Theyield of cv. Souriin plot 4A
(413trees)wasrecordedonly in 2001;thenumberof diseasedreesin thatyearwas146.

Statistical analysis The experimentaldesignin the presentepidemiologicaltudy con-

sideredeachtree asa singlereplicate. Datawere analyzedoy SAS Software 6.12 (SAS

Institute Inc., Cary, NC, USA). Analysis of variancewas followed by meanseparation
usingthe Tukey-Krameror Student-Nesman-Keulsmultiple rangetestsat P 0.05. Data
recordedaspercentagewerearcsin-transformetieforeanalysis.

RESULTS

Diseaseincidence and severity Symptomsof Verticillium wilt on olive treesof cvs.
Barneaand Souri plantedin V. dahliaeinfested soil were obsered 18 months after
planting.In May 1998,diseaséncidencen cv. Barneavas18.9%with a severity index of
4.2(Fig. 1). Diseasencidencencreasedonsistentlyupto 40.5%in April 1999.However,
the severity index decreasedluring this periodfrom 4.2to 2.4. In Junel1999,the rst
monthafterall diseasedranchesvereremoved, diseasencidencewas26.9%,increasing
to 60.6%in May 2000(Fig. 1). No changesn severity index were obsened during this
periodanduntil the endof the study In July 2000, after the secondpruning of diseased
branchesdiseaseancidencewas 33.9%and roseto 60.5%. In February2001, after the
third pruningof diseasedranchesdiseasancidencewasonly 17%,increasingo 36.6%
by May (within 3 months).

Diseasenonitoringof cv. Souribeganin July 1999andindicatedanincidenceof 22.1%
with a severity index of 2.43(Fig. 2). Theincreasdan diseasencidenceoccurredmainly
from mid-winteruntil the endof spring. In May 2000, both the incidenceand severity of
diseaseéncreasedto 35.3%and3.08,respectiely. Thediseasedbranchesvereremovedin
June2000,resultingin reduceddiseaseancidence(determinedl monthafter pruning),but
by DecemberR000diseasancidenceagain increasedfrom 20.4%to 30.0%. Onemonth
afterthe secondoruningof diseasedranchegJanuary2001),diseaséncidencedecreased
(23.9%) but the severity index increased2.9). In June2002, diseasencidenceroseto
44 .8%.However, nomajorchangesvereobseredin theseverity index until theendof the
study Thehighestseverity indiceswererecordedduringthe springseasons.
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TABLE 1. Frequeng (%) of isolationsof \erticillium dahliaefrom diseaseéndsymptomlesgv. Barneareesbetween999and2001

Year Diseased Symptomless Averageamongyears
Winter Spring Summer Autumn Winter Spring Summer Autumn Diseased Symptomless
(Dec.- (March- (June- (Sept.- (Dec.- (March- (June- (Sept.-
Feh) May) Aug.) Nov.) Feh) May) Aug.) Nov.)

1999 89.5 nt 375 16.7 16.7 nt 22.2 5.0 47.9a 14.6a

2000 15.2 245 7.0 nt 5.6 235 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 10.0 131 8.3 3.8 22.9 9.4

Sampleof vediseasedr symptomlesbranchesrom eachof 66 selectedreeswerecollectedduringthedifferentseasonsf 1999-2001In 1999,44 of theselectedrees

werediseasedin 2000,47 werediseasedin 2001,25 werediseased.
Within columns meandgollowedby acommonletterdo not differ signi cantly accordingo the Student-Nevman-Keulstest(P  0.05).

nottested.
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Fig. 1: Incidenceandseverity of \erticillium dahliaein cv. Barneaduring 1998—2001 Diseasesymptomsvereevaluatedmonthlyon a scaleof 0 (healtly
tree)to 5 (deadtree). For calculationof severity index, seeMaterialsandMethods.P = pruning.
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Fig. 2: Incidenceandseverity of \erticillium dahliaein cv. Souriduring1999-2002 Diseasesymptomswereevaluatedmonthly on a scaleof 0 (healtly
tree)to 5 (deadtree). For calculationof severity index, seeMaterialsandMethods.P = pruning.



Fig. 3. Effect of \erticillium dahliae on yield of cv. Barneaduring 1999— 2001. Yields of each
of the 895 treesin the selectedplot were evaluatedseparately The numberof diseasedreeswas
459,482and327in 1999,2000and2001,respectiely. In 1999andin 2000,yields of diseased@nd
symptomlessreesdifferedsigni cantly (P=0.05);in 2001they did not.
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Seasonaleffects on isolation of V. dahliae \erticillium dahliae was isolated from
diseased22.9%)aswell asfrom symptomlesg9.4%) treesduring all seasonsin the 3
yearsof thestudy(Table1). However, thelevel of V. dahliaeisolationsfrom diseasedrees
decreasedigni cantly from 47.9%in 1999to 5.3%in 2001 (Tablel). Sucha decrease
betweeryearswasfoundin eachof the seasonsested . However, no clearcut effect of the
seasoron thelevel of fungal isolationscould be notedover the 3-yearperiod.

In cv. Souri,isolationsof V. dahliae were performedonly during 2001. In thatyear
signi cantly (P 0.05) higherratesof isolationswere obtainedduring winter (55%) and
spring(50%),ascomparedvith only 20%in autumnand15%in summer(datanotshowvn).

Effect of V. dahliae on fruit yield This factor was studiedconsistentlyonly with cv.

Barnea.Theyield obtainedrom diseasedreeswassigni cantly lower thantheyield from

symptomlesgreesin 1999 (Fig. 3). Yield distribution of the symptomlessreeshad a
normalpatternwith an averageof 44.7 kg pertree,whereagherewasa biasin theyield

distribution of thediseasedrees with anaverageof 23.1kg pertree.In the seconchanest
(winter 2000),the averageyield obtainedfrom diseasedrees(31.4kg pertree)wasalso
signi cantly lower comparedvith thatof symptomlessrees(35.7kg pertree). Thepattern
of yield distribution amongthetreeswassimilar in thediseased@ndsymptomlessrees.In

thethird hanest(winter 2001),no signi cant differencesvereobsenedbetweeryields of

diseasedndsymptomlesgreesof cv. Barneaolives(meansof 28.6and29.0kg pertree,
respectrely), andyield distribution wasalsoaboutthe same.Theyield of cv. Souriwas
not recordedsystematicallyduring this study However, in winter 2001/02it wasrecorded
for comparisorpurposesndalsoshavedamarkedreductionin theyield of diseasedrees
(66.7%). The distribution of yield obtainedfrom symptomlesdreeshada normalpattern
with anaverageof 35.8kg pertree,whereasherewasabiasin theyield distribution of the

diseasedrees with anaverageof 11.9kg pertree(Fig. 4).

Fig. 4. Effectof \erticlllium dahliaeonyield of cv. Souriduringthe 2001/02seasonYieldsof each
of the413treesin the selectecplot wereevaluatedseparatelyTherewere146diseasedrees.Yields
of disease@ndsymptomlessreesdifferedsigni cantly (P=0.05).
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DISCUSSION

The presentstudy of the epidemiologyand effects of Verticillium wilt on yield, the
rst with cvs. Barneaand Souriin Israel,wasa continuationof our previous studywith
cv. Picual(10). Diseasdncidencein cv. Barneawithin the rst 2 yearsafter symptoms
appearedvasincreasedy 33%, but in the third yearit decreasedGenerally onemonth
after eachpruning the incidencewas higher than at the beginning of the study In the
cv. Souriplot, diseaséncidenceconstantlyincreasedio 48% within 3 years. This was
apparenglsoin the high yield differenceq67%) betweenthe diseasecnd symptomless
treesof this cultivar.

Diseaseseverity in cv. Barneawashigh only in the rst year Althoughthe disease
causedwilting, defoliation, and reducedvegetation,none of the treesdied. After the
rst pruning (Junel999),whendiseasedranchesverecompletelyremoved, the disease
severity decreasedndremainedat the lowestlevel until the endof the study Thesedata
indicatea possiblenaturalrecovery of thecv. Barneareesoccurringafterthe rst year as
reportedpreviously with othercultivars(2,22). However, in cv. Souridiseaseseverity data
stronglysupportseasonadiifferencesn expressiorof Verticillium wilt in termsof disease
incidence.The highestseverity indicesin this cultivar duringthe 3 yearsof the studywere
recordedduring spring. These ndings arein agreementvith our previous studywith cv.
Picual(10) andreportsby Wilhelm andTaylor (23) andThanassoulopoulast al. (18).

Theresistancef a plant(or tissue)is oftenlinkedto its phenology(2). For example,
in mary cropsthe responsdo V. dahliaeis maximizedduring the time of o wering (2).
A possibleexplanationfor this phenomenomay be compartmentalizatioof the disease
andformationof new xylem bundles,and/orinactivation or deathof the fungus(mainly
in summer)within the plant(4,22). In addition,the rapid andintensve vegetatve growth,
enhancinga wider and deeperdevelopmentof the root system,typical for cv. Barnea
(9), could also contrikute to naturalrecovery. Natural recorery was obsered in olive
plantationsin Spain(4). In contrast,the growth rate of cv. Souriis low in comparison
with cv. Barnea,andin sometreesfrom which the diseasedranchesvereremorved, the
diseassymptomdaterreappeared.

Verticillium wilt might reducethe yield of olive (1,18), as also shavn by usin the
Revivim orchardin Israelfor cv. Picual(10). A signi cant in uence of thediseas@nthe
yield wasobsenedalsoin cv. Barneajn the rst andseconchanests.However, theyield
in the third year(2001)wasnot affected. As the olive is geneticallyan alternatebearing
tree,the level of annualproductiondependsamongotherfactorson theyield history and
particularlythe oneof thepreviousyear(8). Thus,theeffect of Verticillium onyield varies
alsoin accordancavith thetree's potential. As the fruiting potentialof diseasedreesis
low, the alternatebearingof suchtreesstartsfrom alower fruiting level, which will prevail
overtheyears.

These ndings conrm as well our previous obsenations with regard to natural
recovery occurringin cv. Barnea. During the following season(2002) a signi cant
differencein fruit setwas obsenred betweendiseasedand symptomlesdrees(datanot
shavn). Thanassoulopoulost al. (18) concludedthat in Greece2—3% of 14 million
inspectedreeswere affectedby Verticillium wilt, of which 1% suffered tree mortality;
causingl.7 10 tonyield loss. Studiesin Syria shaved a 0.85-4.5%diseasencidence
in some6.5 million treesinspectedn nine provinces,andannualyield lossesof 1-2.3%
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(1). Thesendings, however, comefrom mostly non-irrigatedplots. The severeexpression
of the diseasén Revivim orchardandits dramaticeffect on yield could be dueto the fact
thatthis orchardis intensively irrigated.In the Bakers eld areaof California(USA), some
irrigatedcv. Manzanilloorchardshadto beuprooteddueto 65%lossof treesandestimated
80% of fruit yield loss(S. Lavee,personabbsenation). In our caseyield lossmay have
beenenhancednorethanexpecteddueto thesalinewaterused(4.2dSm ).

Seasonahswell asannualchangesvere obsered in the detectionof the fungusin
the trees. Generally the highestcolonizationlevels of the fungusin the diseasedreesof
both cultivarswereobtainedin the winter andspringseasonslin cv. Barneaa signi cant
decreasén the isolationrateof V. dahliaefrom diseasedreesoccurredbetweerthe 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 the resultsof Wilhelm and
Taylor (23). Tosi andZazzerini(20) have relatedconsistentlysuccessfulsolation of the
fungusfrom stemtissuego mild winterandsummertemperaturesandsporadicsucces$o
coldwinter (minimumtemperaturdelov 0 C) andwarmsummermaximumtemperature
abore 30 C) conditions.

During the 3 yearsof the studywe isolatedthe fungusalsofrom symptomlesdrees,
indicatinglatentinfectionsthatcouldbeexpressedtlaterstageof thetree's development.
This could be explainedalsoasdueto lessaggressie isolatesof V. dahliae presenin the
plot, assuggestetby Al-Ahmad andMosli (1).

A possibleinteractionbetweenV. dahliae and salineirrigation water was suggested
previously in potato(12), wherediseasexpressionand colonizationlevels of the fungus
weremoreseverein V. dahliae{olerantvarieties(Désiee and Cara)irrigatedwith saline
water (10 dS m ) as comparedwith plots irrigated with fresh water The possible
interactionbetweenV. dahliaeandsalinity in olive orchardsis now beinginvesticatedin
moredepth.

In conclusion,this 3-yearepidemiologicalstudy demonstrated negative impact of
Verticillium wilt onyieldsof olive. Our ndings alsoindicatea possiblenaturalrecosery
in cv. Barneaolives4-5yearsafterplantingbut notin cv. Souri.
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