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Integrated Control of Verticillium Wilt of Olivewith
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
measureson thedevelopmentof 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
asolarchamberfor 15days,waseffective in suppressingdiseasedevelopment.Thefertilizer
treatment(NPK, 15:15:30)decreaseddiseaseseverity andpercentinfection. All decreases
arein comparisonwith theuntreatedcontrol,andasrecordedduringtheactive phaseof the
pathogen.Thetreatmentsdid not differ significantlyfrom eachother, anddiseaseincidence
in treatedtreesremainedlower thanin thecontrolthroughouttheexaminedperiod.
KEY WORDS:Verticillium dahliae; olive; solarheating.

INTRODUCTION

Verticillium wilt of olive is consideredone of the most difficult phytopathological
problemsin treepathology(13). The impactof thediseaseis severein grovesduring the
first yearaftertheir establishment,but tendsto becomerathermild with aging.Olive trees
possessa superficialrootsystemandarealwaysvulnerableto thepathogen,particularlyin
irrigatedgrovesof susceptibleolivecultivars(2,12,14).

Thefungusis presentin theabovegroundandundergroundpartsof infectedtreesand
in the surroundingsoil. This makes its control a difficult task(1). Chemicalcontrol by
eithersoil drenchingor trunk injectionhasbeentestedby Tawil et al. (8) andKarajah(11).
A solarchamberis an innovative techniquedevelopedby Al-Ahmad (1) for controlling
Verticillium wilt in theabovegroundpartsof olive trees.Fertilizationby KCl solutionhas
beentestedby Ashworth et al. (3). Noneof the previous studiesgave satisfactoryand
completecontrol of this diseasein olive groves. The presentresearchwasconductedto
study the effects of: soil drenchingwith Cryptonol, solar chamber, NPK fertilizer, and
combinedtreatmentsasintegratedcontrol,on developmentof Verticillium dahliae.

MATERIALS AND METHODS

The Verticillium pathogenhas a relatively slow growth rate on common media
comparedwith most pathogenicand saprophyticfungi, which often overrun the plates
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beforeVerticillium coloniescanbedetected.Thus,aselectivemediumdescribedbyAusher
et al. (4) was usedfor isolation of V. dahliae from host tissueof olive and from soil
surroundingthe roots. All materialsusedin the preparationof selective media,except
ethanolandstreptomycin,weremixed togetherandautoclavedat 121

�
C at 15 Psi for 30

min. Ethanolandstreptomycinweremixedwith autoclavedcooledmediumbeforebeing
pouredinto plates. The ingredients(per liter of water) of the above selective medium
usedfor isolation of V. dahliae were: sucrose,7.5 g; ethanol, 5 ml; NaNO��� 2.0 g;
MgSO� .7H� O, 0.5 g; K � HPO��� 1 g; FeSO� .4H� O, 0.01g; pentachloronitrobenzene, 0.05
g; chloramphenicol,1 g; agar, 20 g.

Isolation of the fungal pathogenfr om host tissue Six twigsweretakenat randomfrom
a Verticillium-infectedtree. The brancheswerecut into 0.5–1.0-cmpieces. A slant cut
of eachsectionwasmadewith thepurposeof exposingthepith cavity to contactwith the
selectivemedium.Plantpiecesweredippedin sodiumhypochlorite(0.5%)for 2 min (10).
Thepieceswererinsedin steriledistilled water, driedon sterilefilter paper, andplatedon
theselectivemediumin petri dishes.Plateswereincubatedfor 2 weeksat20

�
C. Isolations

wereconductedto determinewhetherthetreeswereinfectedwith theV. dahliae pathogen
prior to conductingthetreatments.

Assessmentof the developmentof Verticillium wilt A naturallyinfectedgroveof olive
cv. ‘Nabali’ at Al-Hallabat in the Al-Zarqa region of Jordanwasselectedfor assessment
of diseaseseverity andthepercentageof Verticillium-infectedtrees.Thesoil in thegrove
is a silt loam,andthetreesareirrigatedtwice a week.Four diseasedtreeswereselectedat
randomfor eachtreatment.

Infectionpercentagewasdeterminedmonthlyfor eachtreeasfollows:
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A methodof visualestimationof diseaseseverity wasdevelopedby Tjamoset al. (14)
and the samescalewasusedin this study. It is basedon foliar symptomssuchas leaf
yellowing, leaf rolling anddefoliationof the twigs, as follows: 0, tree free of infection;
1, very slight infection; 2, slight infection; 3, moderateinfection; 4, severeinfection; 5,
nearlydeador deadtree.Theoverall assessmentof diseaseseverity wascalculatedby the
following equation:
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Thisexperimentwasinitiatedin June1998.Percentinfectionanddiseaseseverity were
evaluatedmonthly. Isolationof thefunguswasdoneto identify thenaturallyinfectedtrees
beforetreatmentapplications.Theisolationwasdoneonceamonth,in thelastweekof the
month. Theexperimentwaslaid out in a completelyrandomizedblock design,with trees
chosenaccordingto a randomizationdistribution table. Therewere four replicates(one
treeservingasa replicate)per treatment;leastsignificantdifference(LSD) wasusedfor
meansseparation.

Chemicalcontrol A soil drenchtreatmentwasgivento 5–8-year-old diseasedolivetrees
at Al-Hallabat during the courseof the study. A circular trench(15 cm deepand1 m in
diameter)wasdugin thesoil aroundthetreetrunkaftereliminationof theweeds;thenthe
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fungicidesolutionwasplacedin thetrench.Cryptonol(C) wasusedat thecommercialrate
of application,80ml / 40 l water/ tree.Thefirst applicationwasgivenon August1, 1998,
andthesecondon April 10,1999.

Solar chamber Thesolarchambers(S) consistedof a woodenframework coveredwith
transparentplasticsheeting(60 J m thick). In thisexperimenta2.5-mpyramid-shapedsolar
chamberwasused.Beforethesolarchamberswereplacedontrees,weedswereeradicated
mechanicallyandthe top 5 cm of soil aroundeachtreewasremoved to the peripheryof
the projectionof the treecanopy. The solarchamberwasplacedon a diseasedtree. A
layer of soil wasplacedon the edgeof the plasticaroundthe treatedtreeto stabilizethe
chamberandto preventexternalair from enteringthe solarchamber. The temperaturein
thechamberwas55

�
C in summer;it wasnot checkedin winter. Four treeswerecovered

with solarchambersfor 15daysfrom August1 to 15,1998,andagainfrom April 10 to 25,
1999.

Fertilization Fertilization with NPK, 15:15:30,at the rate of 150 g/tree,was donein
threeapplicationsat 3-weekintervals. Eachspraycomprised50 g/tree,dissolvedin 2 l of
water, appliedwith a manualsprayer. N wasgivenasbothNO� andNH ��K Treatmentsin
the first yearstartedon August1, 1998,andthosein the secondyearon April 10, 1999.
Therewerefour replicatesof eachtreatment.

Integrated control Integratedtreatmentswere given to diseasedtreesto evaluatethe
combinedaction of different treatments. The treatmentscomprisingeachcombination
treatmentwere given just like the individual treatments,and replicatedfour times. All
treatmentswereappliedin August1998andrepeated,on thesametrees,in April 1999.

RESULTS

Isolation and identification of the olivewilt pathogen Whitecottony myceliumgrowth
wasobserved after 7 daysof incubationof plant materialon the selective medium. The
color of the cottony myceliumturnedblack within 2 weeksafter plating. The isolations
from diseasedtreesindicatedthatVerticillium dahliae Kleb. wasthecausalagentof olive
wilt atAl-Hallabat.Table1 showsthepercentinfectionof all treesbeforetheapplicationof
treatments.It variedfrom 75%to 91.6%in Juneandfrom 62.5%to 87.5%in July. Disease
severity for thesametreesvariedfrom 30%to 65%in Juneandfrom 35%to 60%in July
(Table2).

Fertilizedtreesdid not suffer from eitherpotassiumor phosphorusdeficiency.

Effect of tr eatmentson developmentof Verticillium wilt after first application The
first applicationof treatments(August1998) reducedpercentinfection to variouslevels,
comparedwith theuntreatedcontrol(Table1), thecombinedfertilizer + Cryptonol+ solar
chamber(F+C+S)treatmentbeing the mosteffective in mostcases.Diseaseseverity in
theuntreatedcontroldid notchangemuchduringtheexaminedperiod(45–70%),whereas
startingfrom August1998it wassignificantlylower in thevarioustreatmentsin mostcases
(Table2). Diseaseseverity in treatedtreesremainedlower thanin controltreesthroughout
theexaminedperiod;thetreatmentsdid not differ significantlyfrom eachother.

Effect of tr eatments on development of Verticillium wilt after secondapplication
The secondapplicationof treatments(April 1999)significantly loweredthe incidenceof
infectionin treatedcomparedwith untreatedcontroltrees,in whichinfectionremainedhigh

Phytoparasitica 29:3,2001 3



TA
B

LE
1.

E
ffe

ct
of

in
di

vi
du

al
an

d
co

m
bi

ne
dt

re
at

m
en

tso
n

pe
rc

en
tV

er
tic

ill
iu

m
in

fe
ct

io
n

of
ol

iv
e

tr
ee

sa
fte

rt
he

fir
st

ap
pl

ic
at

io
n(

A
ug

us
t1

99
8)

T
re

at
m

en
tL

In
fe

ct
io

n
(%

)
Ju

ne
’9

8

M

Ju
ly

’9
8

M

A
ug

.’
98

S
ep

t.’9
8

O
ct

.’
98

N
ov

.’
98

D
ec

.’
98

Ja
n.

’9
9

F
eb

.
’9

9
M

ar
ch

’9
9

C
79

.1
a

N

66
.7

ab
8.

4
b

12
.5

b
12

.5
ab

70
.8

ab
20

.8
b

37
.5

ab
37

.5
ab

37
.5

b
S

91
.6

a
70

.8
ab

12
.5

b
29

.2
ab

29
.1

ab
62

.5
ab

c
66

.7
ab

41
.7

ab
41

.7
ab

33
.3

b
F

75
.0

a
70

.8
ab

16
.7

b
12

.5
b

0.
0

b
20

.8
bc

d
45

.8
ab

29
.2

b
29

.2
b

33
.3

b
C

+
S

83
.3

a
83

.3
ab

4.
2

b
16

.7
b

0.
0

b
66

.7
ab

50
.0

ab
37

.5
ab

45
.9

ab
41

.7
ab

F
+

C
91

.6
a

75
.0

ab
16

.7
b

12
.5

b
41

.6
ab

50
.0

ab
cd

50
.0

ab
41

.7
ab

62
.5

ab
66

.7
ab

F
+

S
75

.0
a

79
.1

ab
20

.8
ab

4.
2

b
50

.0
ab

12
.5

cd
45

.8
ab

45
.8

ab
41

.7
ab

41
.7

ab
F

+
C

+
S

91
.6

a
87

.5
a

0.
0

b
0.

0
b

25
.0

ab
8.

3
d

37
.5

b
20

.8
b

33
.3

b
25

.0
b

C
t

87
.5

a
62

.5
b

41
.7

a
54

.2
a

58
.3

a
87

.5
a

95
.8

a
87

.5
a

87
.5

a
87

.5
a

L C
,C

ry
pt

on
ol

;S
,S

ol
ar

ch
am

be
r;F

,F
er

til
iz

er
;C

t,
C

on
tr

ol
.I

n
co

m
bi

ne
dt

re
at

m
en

ts
,th

e
or

de
ro

ft
re

at
m

en
tsw

as
as

lis
te

d
in

th
e

co
lu

m
n.

M Is
ol

at
io

ns
w

er
e

do
ne

be
fo

re
tr

ea
tm

en
ta

pp
lic

at
io

n.

N W
ith

in
co

lu
m

ns
,m

ea
ns

fo
llo

w
ed

by
a

co
m

m
on

le
tte

rd
o

no
td

iff
er

si
gn

ifi
ca

nt
ly

(P

O 0.
05

).
A

ve
ra

ge
of

fo
ur

re
pl

ic
at

es
.

4 M. Abu-QamarandA. Al-Raddad



TA
B

LE
2.

E
ffe

ct
of

in
di

vi
du

al
an

d
co

m
bi

ne
dt

re
at

m
en

tso
n

Ve
rt

ic
il

li
um

di
se

as
es

ev
er

ity
on

ol
iv

e
tr

ee
sa

fte
rt

he
fir

st
ap

pl
ic

at
io

n(
A

ug
us

t1
99

8)

T
re

at
m

en
tL

D
is

ea
se

se
ve

rit
y

(%
)

Ju
ne

’9
8

M

Ju
ly

’9
8

M

A
ug

.’
98

S
ep

t.’9
8

O
ct

.’
98

N
ov

.’
98

D
ec

.’
98

Ja
n.

’9
9

F
eb

.
’9

9
M

ar
ch

’9
9

C
45

b

N

40
b

15
b

15
b

15
b

10
b

15
b

20
b

15
b

20
b

S
40

bc
35

b
10

bc
20

b
15

b
15

b
20

b
25

b
20

b
15

b
F

50
b

50
ab

20
b

15
b

5
b

20
b

30
b

20
b

25
b

20
b

C
+

S
65

a
60

a
10

bc
10

b
10

b
10

b
15

b
15

b
20

b
25

b
F

+
C

30
c

35
b

15
b

20
b

20
b

15
b

20
b

15
b

20
b

20
b

F
+

S
40

bc
40

b
20

b
15

b
15

b
10

b
15

b
20

b
15

b
20

b
F

+
C

+
S

45
b

40
b

5
c

5
b

5
b

10
b

10
b

10
b

15
b

15
b

C
t

65
a

60
a

45
a

50
a

50
a

60
a

65
a

70
a

70
a

60
a

L C
,C

ry
pt

on
ol

;S
,S

ol
ar

ch
am

be
r;F

,F
er

til
iz

er
;C

t,
C

on
tr

ol
.I

n
co

m
bi

ne
dt

re
at

m
en

ts
,th

e
or

de
ro

ft
re

at
m

en
tsw

as
as

lis
te

d
in

th
e

co
lu

m
n.

M Is
ol

at
io

ns
w

er
e

do
ne

be
fo

re
tr

ea
tm

en
ta

pp
lic

at
io

n.

N W
ith

in
co

lu
m

ns
,m

ea
ns

fo
llo

w
ed

by
a

co
m

m
on

le
tte

rd
o

no
td

iff
er

si
gn

ifi
ca

nt
ly

(P

O 0.
05

).
A

ve
ra

ge
of

fo
ur

re
pl

ic
at

es
.

Phytoparasitica 29:3,2001 5



TABLE 3. Effect of individual andcombinedtreatmentson percentVerticillium infection of olive
treesafterthesecondapplication(April 1999)

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

C 33.3bcQ 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 4.2c
Ct 83.3a 83.3a 91.6a 62.5a 62.5a 79.2a
P C, Cryptonol;S,Solarchamber;F, Fertilizer;Ct, Control. In combinedtreatments,theorderof treatments
wasaslistedin thecolumn.
Q Within columns,meansfollowedby acommonletterdonot differ significantly(P > 0.05).Averageof
four replicates.

TABLE 4. Effect of individual andcombinedtreatmentson Verticillium diseaseseverity on olive
treesafterthesecondapplication(April 1999)

TreatmentP Diseaseseverity (%)
April ’99 May ’99 June’99 July ’99 Aug. ’99 Sept’99

C 25bQ 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 5 b 5 c 5 b
Ct 65a 65a 65a 60a 60a 65a
P C, Cryptonol;S,Solarchamber;F, Fertilizer;Ct, Control. In combinedtreatments,theorderof treatments
wasaslistedin thecolumn.
Q Within columns,meansfollowedby acommonletterdonotdiffer significantly(P R 0.05).Averageof
four replicates.

(62-92%)throughouttheexaminedperiod(Table3). At theendof theexaminationperiod
(Sept.1999),incidenceof infectionin thetreatedtreesrangedfrom 4% to 29%,compared
with 79%in theuntreatedcontrol.

All treatmentsreduceddiseaseseverity significantlycomparedwith the control. The
triple treatment(F+C+S)resultedin thelowestdiseaseseverity, especiallyfrom June1999,
althoughnot significantlylower thanothertreatments(Table4). The lower treeinfection
resultingfrom theF+C+Streatmentwasreflectedin asimilar reductionin diseaseseverity
(Table4). Thus,while diseaseseverity rangedfrom 60%to 65%in theuntreatedcontrol,
it wasstill low in theF+C+Streatmentat thelastreadingin Sept.1999(5–20%).Disease
level generallyremainedconstantin bothtreatedanduntreatedtrees.With few exceptions,
therewereno significantdifferencesbetweentreatments.

DISCUSSION

Soil drenchwith Cryptonolwasefficient in reducingdiseasedevelopmentcompared
with untreatedtrees,especiallyimmediatelyafter the applicationof treatments.Usingthe
solarchamberfor 15 daysduring August1998andApril 1999waseffective in reducing
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diseasedevelopmentsignificantlycomparedwith the control. Theheatingresultingfrom
the solar chamberdid not affect treesadversely, apparentlybecausethey have a strong
structureandcantoleratetheeffectof heat.Thesamefindingswerereportedby Al-Ahmad
(1), who could not isolatethe fungusfrom infectedtreesafter 15–20daysof treatment.
Extensionof thesolarizationperiodgavebetterresultsbut continuouscoveringshouldnot
bepracticed,to avoid treeburning.

Fertilizationwasfound to be an importantcultural practicein strengtheningthe trees
andincreasingtheir toleranceto V. dahliae infection. Fertilizedtreesdid not suffer from
either potassiumor phosphorusdeficiency, in agreementwith the findings of Ashworth
et al. (3) andHafezet al. (7). Nonfertilizedtreeswerevulnerableto infection, andK-
deficiency reducesroot growth and makes the plant more susceptibleto infection than
thrifty treesat low inoculum density (5). Olive treesin generalare slow-growing and
long-lived.

The combinedaction of several treatmentsgave additive effects, with Cryptonol
affecting the pathogenin the soil, the solarchamberaffecting the diseasein the soil and
branches,and the fertilizer strengtheningthe 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
andenvironmentalpollutionproblems,asreportedby El-Zik (6).

It is assumedthat the fluctuationof diseasedevelopmentafter the applicationsin the
2 yearsof the studywasdue to environmental(viz., temperature,rainfall andhumidity)
conditions.Diseasedevelopmentincreasedduringthewintermonthsapparentlydueto the
rise in soil moistureandthedeclinein air andsoil temperatures;this in turn mayincrease
thefungalactivity in thesoil andplantparts.This wasfollowedby an intermediatestage
in springandautumn,whereasin summerdecreaseddiseasedevelopmentwasdueto the
declinein soil moistureand the rise in air and soil temperatures,which led to reduced
fungusactivity in thesoil andtree.Thesefindingsagreewith thosereportedby Naser(9).

The treatmentsdid not differ significantly from eachother, anddiseaseincidencein
treatedtreesremainedlower thanin thecontrolsthroughouttheexaminedperiod.
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