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Integrated Control of Verticillium Wilt of Olive with
Cryptonol in Combination with a Solar Chamber and
Fertilizer

M. Abu-QamarandA. Al-Raddad

A study was conductedduring 2 yearsto determinethe effects of threedifferent control
measure®n the developmentof Verticillium wilt on olive treescv. ‘Nabali’ at Al-Hallabat,
Jordan. The causalagentof the wilt was Verticillium dahliae Kleb. Treating diseased
treeswith Cryptonol (8-hydroxyquinolinesulfate) in a soil drench,or covering treeswith
asolarchambeffor 15 days,waseffective in suppressingliseasalevelopment.Thefertilizer
treatment(NPK, 15:15:30)decreasedliseaseseverity and percentinfection. All decreases
arein comparisorwith the untreatectontrol, andasrecordedduring the active phaseof the
pathogen.Thetreatmentslid not differ significantlyfrom eachother anddiseasencidence
in treatedreesremainedower thanin the controlthroughouthe examinedperiod.

KEY WORDS: Verticilliumdahliae; olive; solarheating.

INTRODUCTION

Verticillium wilt of olive is consideredone of the most difficult phytopathological
problemsin treepathology(13). The impactof the diseaséds severein grovesduring the
first yearaftertheir establishmentyut tendsto becomerathermild with aging. Olive trees
possesa superficialroot systemandarealwaysvulnerableto the pathogenparticularlyin
irrigatedgrovesof susceptiblelive cultivars(2,12,14).

Thefungusis presentn the aboregroundandundegroundpartsof infectedtreesand
in the surroundingsoil. This makesits control a difficult task (1). Chemicalcontrol by
eithersoil drenchingor trunkinjectionhasbeentestedoy Tawil et al. (8) andKarajah(11).
A solarchamberis aninnovative techniquedevelopedby Al-Ahmad (1) for controlling
Verticillium wilt in the abovegroundpartsof olive trees.Fertilizationby KClI solutionhas
beentestedby Ashworth et al. (3). None of the previous studiesgave satishctory and
completecontrol of this diseasen olive groves. The presentresearchwas conductedo
study the effects of: soil drenchingwith Cryptonol, solar chamber NPK fertilizer, and
combinedreatmentasintegratedcontrol,on developmenbf Verticillium dahliae.

MATERIALS AND METHODS

The Verticillium pathogenhas a relatively slow growth rate on common media
comparedwith most pathogenicand saprophyticfungi, which often overrunthe plates
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beforeVerticilliumcoloniescanbedetectedThus,aselectve mediumdescribedy Ausher
et al. (4) was usedfor isolation of V. dahliae from hosttissueof olive and from soil
surroundingthe roots. All materialsusedin the preparationof selectve media, except
ethanoland streptomycinwere mixed togetherand autoclared at 121°C at 15 Psifor 30
min. Ethanolandstreptomycinweremixedwith autoclaved cooledmediumbeforebeing
pouredinto plates. The ingredients(per liter of water) of the above selectve medium
usedfor isolation of V. dahliae were: sucrose,7.5 g; ethanol,5 ml; NaNG;, 2.0 g;
MgS0,.7H,0, 0.5g; KoHPQy, 1 g; FeSQ.4H,0, 0.01g; pentachloronitrobenzene.05
g; chloramphenicoll g; agar 20g.

Isolation of the fungal pathogenfrom hosttissue Six twigs weretakenatrandomfrom
a \erticilliumrinfectedtree. The brancheswere cut into 0.5—-1.0-cmpieces. A slantcut
of eachsectionwasmadewith the purposeof exposingthe pith cavity to contactwith the
selectve medium.Plantpieceswveredippedin sodiumhypochlorite(0.5%)for 2 min (10).
The pieceswererinsedin steriledistilled water, dried on sterilefilter paper andplatedon
theselectve mediumin petridishes Plateswereincubatedor 2 weeksat 20°C. Isolations
wereconductedo determinewhetherthe treeswereinfectedwith the V. dahliae pathogen
prior to conductingthe treatments.

Assessmenbf the developmentof Verticillium wilt A naturallyinfectedgrove of olive
cv. ‘Nabali’ at Al-Hallabatin the Al-Zargaregion of Jordanwasselectedor assessment
of diseaseseverity andthe percentagef Verticillium-infectedtrees. The soil in the grove
is asilt loam,andthetreesareirrigatedtwice a week. Four diseasedreeswereselectedat
randomfor eachtreatment.

Infectionpercentagevasdeterminednonthlyfor eachtreeasfollows:

number of in fected branches

100
total number of examined branches

% Infection =

A methodof visualestimationof diseaseseverity wasdevelopedby Tjamoset al. (14)
andthe samescalewas usedin this study It is basedon foliar symptomssuchas leaf
yellowing, leaf rolling anddefoliationof the twigs, asfollows: 0, treefree of infection;
1, very slight infection; 2, slight infection; 3, moderateinfection; 4, severeinfection; 5,
nearlydeador deadtree. The overall assessmerf diseaseseverity wascalculatedby the
following equation:

sum of all numerical ratings 9 100
total number of plants 5

Severity of disease =

This experimentwasinitiatedin Junel998. Perceninfectionanddiseaseseverity were
evaluatedmonthly. Isolationof thefunguswasdoneto identify the naturallyinfectedtrees
beforetreatmentpplications.Theisolationwasdoneoncea month,in thelastweekof the
month. The experimentwaslaid outin a completelyrandomizedlock design,with trees
chosenaccordingto a randomizationdistribution table. Therewerefour replicates(one
tree servingasa replicate)per treatment;eastsignificantdifference(LSD) was usedfor
meansseparation.

Chemicalcontrol A soil drenchtreatmentvasgivento 5-8-yearold diseasealivetrees
at Al-Hallabat during the courseof the study A circulartrench(15 cm deepandl1 min
diameterwasdugin the soil aroundthetreetrunk aftereliminationof theweedsthenthe
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fungicidesolutionwasplacedin thetrench.Cryptonol(C) wasusedatthecommerciakate
of application 80 ml / 401 water/ tree. Thefirst applicationwasgivenon August1, 1998,
andthe secondon April 10,1999.

Solar chamber The solarchambergS) consistef a woodenframewnork coveredwith
transparenplasticsheeting60 pm thick). In thisexperimenta2.5-mpyramid-shapedolar
chambemwasused.Beforethesolarchambersvereplacedontreesweedswereeradicated
mechanicallyandthe top 5 cm of soil aroundeachtreewasremovedto the peripheryof
the projectionof the tree canopy. The solarchambermwas placedon a diseasedree. A
layer of soil wasplacedon the edgeof the plasticaroundthe treatedtreeto stabilizethe
chamberandto preventexternalair from enteringthe solarchamber The temperaturén
the chambemwas55°C in summer;it wasnot checledin winter. Four treeswerecovered
with solarchambergor 15 daysfrom Augustl to 15,1998,andagainfrom April 10to 25,
1999.

Fertilization Fertilization with NPK, 15:15:30,at the rate of 150 g/tree,was donein
threeapplicationsat 3-weekintervals. Eachspraycompriseds0 g/tree,dissohedin 2| of
water appliedwith a manualsprayer N wasgivenasboth NO; andNH,4, Treatmentsn
the first yearstartedon August1, 1998,andthosein the secondyearon April 10, 1999.
Therewerefour replicatesof eachtreatment.

Integrated control Integratedtreatmentswere given to diseasedreesto evaluatethe
combinedaction of differenttreatments. The treatmentscomprisingeachcombination
treatmentwere given just like the individual treatmentsand replicatedfour times. All
treatmentsvereappliedin August1998andrepeatedon the sametrees,in April 1999.

RESULTS

Isolation and identification of the olive wilt pathogen White cottory myceliumgrowth

was obsened after 7 daysof incubationof plant materialon the selectve medium. The

color of the cottory myceliumturnedblack within 2 weeksafter plating. The isolations
from diseasedreesindicatedthat \erticillium dahliae Kleb. wasthe causalagentof olive

wilt atAl-Hallabat. Table1 shavstheperceninfectionof all treesbeforetheapplicationof

treatmentslt variedfrom 75%to 91.6%in Juneandfrom 62.5%to 87.5%in July. Disease
severity for the sametreesvariedfrom 30%to 65%in Juneandfrom 35%to 60%in July

(Table?2).

Fertilizedtreesdid not suffer from eitherpotassiunor phosphorusleficieng.

Effect of tr eatmentson developmentof Verticillium wilt after first application The
first applicationof treatmentgAugust 1998) reducedpercentinfection to variouslevels,
comparedvith theuntreatedccontrol (Table 1), thecombinedfertilizer + Cryptonol+ solar
chamber(F+C+S)treatmentbeing the mosteffective in mostcases. Diseaseseverity in
theuntreatedtontroldid not changemuchduringthe examinedperiod(45—70%) whereas
startingfrom August1998it wassignificantlylower in thevarioustreatment$n mostcases
(Table2). Diseaseseverity in treatedreesremainedower thanin controltreesthroughout
theexaminedperiod;thetreatmentslid not differ significantlyfrom eachother

Effect of treatmentson development of Verticillium wilt after secondapplication
The secondapplicationof treatmentgApril 1999)significantlyloweredthe incidenceof
infectionin treatedcomparedvith untreateatontroltreesjn whichinfectionremainechigh
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TABLE 3. Effect of individual and combinedtreatmenton percent\Verticillium infection of olive
treesafterthe secondapplication(April 1999)

Treatment Infection (%)
April '99 May '99 June’99 July'99 Aug. 99 Sept.’99

C 33.3be¥ 41.7bc 62.5ab 33.3ab 16.7bc 29.2b
S 25.0bc 20.8cd 0.0d 12.5b 0.0c 4.2c

F 29.2bc 33.3bcd 33.3bcd 0.0b 8.3bc 12.5bc
C+S 0.0c 0.0d 16.7cd 0.0b 8.3bc 20.8bc
F+C 54.1ab 58.3ab 54.1abc 16.7b 20.8b 12.5bc
F+S 25.0b 4.2d 12.5d 16.7b 4.2bc 8.3bc
F+C+S 16.7bc 0.0d 12.5d 12.5b 0.0c 42c
Ct 83.3a 83.3a 91.6a 62.5a 62.5a 79.2a

#C, Cryptonol;S, Solarchamberf, Fertilizer; Ct, Control. In combinedreatmentsthe orderof treatments
wasaslistedin the column.

¥ Within columns meangollowed by acommonletterdo not differ significantly(P > 0.05). Averageof
four replicates.

TABLE 4. Effect of individual and combinedtreatmentson Verticillium diseaseseverity on olive
treesafterthe secondapplication(April 1999)

Treatment Diseaseseverity (%)
April '99 May '99 June'99 July'99 Aug. 99 Sept'99

C 25bY 20b 25b 15b 10c 15b
S 15b 15b 20b 20b 15bc 20b
F 15b 20b 20b 20b 20b 10b
C+S 20b 20b 15b 15b 10c 15b
F+C 25b 15b 20b 20b 15bc 10b
F+S 30b 25b 25b 15b 15bc 15b
F+C+S 15b 15b 10b 5b 5¢ 5b
Ct 65a 65a 65a 60a 60a 65a

#C, Cryptonol;S, Solarchamberf, Fertilizer; Ct, Control. In combinedreatmentsthe orderof treatments
wasaslistedin the column.

YWithin columns,meandgollowed by acommonletterdo notdiffer significantly(P>0.05). Averageof

four replicates.

(62-92%)throughouthe examinedperiod(Table3). At the endof the examinationperiod
(Sept.1999),incidenceof infectionin thetreatedtreesrangedrom 4% to 29%,compared
with 79%in the untreatectontrol.

All treatmentgeduceddiseaseseverity significantly comparedwith the control. The
triple treatmen{F+C+S)resultedn thelowestdiseaseseverity, especiallyfrom June1999,
althoughnot significantly lower thanothertreatmentgTable4). Thelower treeinfection
resultingfrom the F+C+Streatmentvasreflectedn asimilar reductionin diseaseseverity
(Table4). Thus,while diseaseseverity rangedfrom 60%to 65%in the untreatectontrol,
it wasstill low in the F+C+Streatmenttthelastreadingin Sept.1999(5-20%).Disease
level generallyremainecconstanin bothtreatedanduntreatedrees.With few exceptions,
therewereno significantdifferencedetweertreatments.

DISCUSSION
Soil drenchwith Cryptonolwas efficient in reducingdiseasedevelopmentcompared

with untreatedrees,especiallyimmediatelyafter the applicationof treatments.Usinghe
solarchamberfor 15 daysduring August1998and April 1999waseffective in reducing
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diseasalevelopmentsignificantly comparedwith the control. The heatingresultingfrom

the solar chamberdid not affect treesadwersely apparentlybecausehey have a strong
structureandcantoleratethe effectof heat. Thesamefindingswerereportedby Al-Ahmad

(1), who could not isolatethe fungusfrom infectedtreesafter 15—20daysof treatment.
Extensionof thesolarizationperiodgave betterresultsbut continuouscoveringshouldnot

bepracticedto avoid treeburning.

Fertilizationwasfoundto be animportantcultural practicein strengtheninghe trees
andincreasingtheir toleranceto V. dahliae infection. Fertilizedtreesdid not suffer from
either potassiumor phosphorugieficieny, in agreementwith the findings of Ashworth
et al. (3) andHafezet al. (7). Nonfertilizedtreeswere vulnerableto infection, and K-
deficieny reducesroot growth and makes the plant more susceptibleto infection than
thrifty treesat low inoculum density (5). Olive treesin generalare slov-growing and
long-lived.

The combinedaction of several treatmentsgave additive effects, with Cryptonol
affecting the pathogenin the soil, the solarchamberaffecting the diseasén the soil and
branchesandthe fertilizer strengtheninghe tree. V. dahliae is normally presentin the
soil, roots, trunk, branchesandleavesandis very difficult to control. Integratedcontrol
using more than one control measureis highly effective and advisablein complicated
casesof plant pathology Sucha control methodavoids the developmentof resistance
andervironmentalpollution problems asreportedoy EI-Zik (6).

It is assumedhatthe fluctuationof diseasedevelopmentafter the applicationsin the
2 yearsof the studywasdueto ervironmental(viz., temperaturerainfall and humidity)
conditions.Diseasalevelopmenincreasediuringthewinter monthsapparentlydueto the
risein soil moistureandthe declinein air andsoil temperatureghis in turn mayincrease
the fungal activity in the soil andplantparts. This wasfollowed by anintermediatestage
in springandautumn,whereasn summerdecreasediseasalevelopmentwasdueto the
declinein soil moistureandthe rise in air and soil temperatureswhich led to reduced
fungusactiity in the soil andtree. Thesefindingsagreewith thosereportecby Naser(9).

The treatmentgdid not differ significantly from eachother, and diseasdncidencein
treatedtreesremainedower thanin the controlsthroughouthe examinedperiod.
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