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ABSTRACT
Haouzia andahbia Olive plants were inoculated wRhytophthora palmivora andVerticillium dahliae
with two inoculation techniques. These two spegiese respectively isolated from Souk El Arbaa and
Meknes. Both oV¥. dahliae andP. palmivora provoke defoliation and decline symptoms with dedénce
on the period of incubation. Using Technique lrafculation (plants were sprayed with the inoculum
suspension), the aerial fresh weight of the norcutaied Dahbia olive plants was 400 g and it was
respectively 178 and 155 g for the olive plantsinated withP. palmivora andV. dahliae and 87 and 73
leaves were count on the olive plant inoculategeesvely withP. palmivora andV. dahliae relative to
the controls (480 leaves). Using Technique 2 (robthe plants were dipped in the prepared inocilum
The aerial and root fresh weight of Haouzia oliV@ngs inoculated withP. palmivora, V. dahliae were
respectively (382-124 g) and (462-305 g) compaoeithé control (654-904 g)/. dahliae had a negative
effect on the height of the inoculated Dahbia arabikzia olive plants; height of Haouzia olive plants
were affected (85 cm) compared to control (111 énpalmivora was highly isolated from the stems of
Dahbia (95 %) and Haouzia (83 %) olive plants dandais weakly isolated from the leaves petiole ef th
Dahbia (33.33%) and Haouzia (22 %) olivedahliae was only isolated from the roots of the inoculated
Dahbia (18%) and Haouzia (22.22 %) olive plantse Thportance of these two pathogens of the olive
tree has been discussed in this work.

Keywords: Verticillium dahlia, Phytophthora palmivora, Wilt, Olive tree.

INTRODUCTION
Verticillium wilt of olive (Olea europaea L.) is economically important in the entire Medisnean
region; it is one of the most serious diseasesctifiig olive Olea europaea L.) worldwide' and may
cause severe losses and plant deitWerticillium wilt of olive was first described bRuggieré in Italy
and after wards reported from all regions of olisgtivations. Recently had a great increasing
particularly in newly established olive orchatds
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Growth suppression, defoliation and wilting mayurcon part of the branches because this is a vascul
diseas@ " ®and the olive is a highly sectored tree with dire$cular connection of specific roots and
shoots; in severe attacks, trees fie
In Verticillium-susceptible hosts several phases can be distiegliisn the parasitic phase \of
dahliae life cycle: (i) infection of the root, (ii) colomation of the vascular system, and (iii) symptom
developmerit. In addition,V. dahliae can survive in soils for prolonged period of tifme means of the
production of latent, resistant structures [miclesatia (MS)] which upon exposure to appropriatmati
may germinaté. Germinating hyphae can then penetrate into issti¢s initiating the infection process.
Damaged root hairs or dead epidermal cells areepeaf microsites foverticillium spp. penetration. In
addition, in nature extensive root damage by huaraanimal activities can provide pathogen penetrati
sites® Following penetration into the root vascular eyst pathogen colonization of above-ground
vascular tissues of trees can be very rapid, fimathching leaf petiolés*®
Some species of Phytophthora are able to tacklelthe and to induce almost the same disease oycle
this host species that presents almost the sameykifie:P. megasperma’” '8 Phytophthora nicotianae'’,
Phytophthora inundata®’. Phytophthora palmivora, for example, attacks young olive trees in southern
Spain and causes wilt or dieback and d8apfathogen of olive tree in Italy that provokedflehlorosis,
defoliation, wilting, twig dieback and eventual plaollapse associating the symptoms with the raibt,
same symptoms on young olive trees in Sitind in Morocc®d.
In Morocco, Verticillium wilt of the olive tree ingted byVerticillium dahliae was studied by several
authord* > The disease is spread across several olive r€gitnPhytophthora palmivora was reported
in Morocco in 201% and the disease has also been confirmed in regibese verticillium wilt was
observed.
Both pathogen¥erticillium dahliae andPhytophthora palmivora, causing almost the same symptoms on
the olive tree. In this study Pathogenicity of théwo pathogens was compared on two varietieseof th
olive tree Qlea europaea L.) in the nurseries conditions.
MATERIALS AND METHODS

Pathogens
Two isolates were used in this study. The isola#®/@ of Verticillium dahliae was isolated from roots of
Olive trees growing in Meknes (north-central of loco) showing decline symptoms. The isolate OPSL
of Phytophthora palmivora was isolated from stems segments of olive crofoink El Arbaa (northwest
of Morocco) showing wilting symptoms.
Plant materials
Twenty four plants of Dahbia and Haouzia olive pdaim the age of two years were used for this
experiment. Six plants were used for each lot.
Inoculum preparation
A 4-day-old polyspore culture oferticillium on PDA was aseptically washed with sterilized it
water. The final concentration of spores wassibres mL (Douira and Lahlou, 1989).
Zoospores oP. palmivora were produced by growing cultures on oatmeal aga€C in the dark for 14-
21 days. The mycelium was transferred to a st@eei dish, covered with sterile distilled wateD{8)
and incubated overnight at 28°C, under lights. Tiheelia plates were chilled for 5 min at °@0to
induce zoospores release. The concentration dhticelum was adjusted at LBoospores/ml of SDW.
Substrate Preparation
Mamora’s sand was sterilized three times at therwat of 24 hours at 200 °C for 2 hours, and thevas
mixed with the peat. This mixture constituted tkpeximent substrate of the olive plants (Table 1).

Tablel. Chemical characteristics of experiment sulsate

physicochemical | pH | Organic Total Organic | Ammoniacal Nitric Mineral Assimilable Potassium
parameters matter calcium | carbon nitrogen nitrogen | nitrogen | phosphorus (ppm)
(%) (%) % (ppm) (ppm) (ppm) (ppm)
Experiment 6.7 3.11 0.3 1.8 126.36 255.44 381.4 83 176
substrate
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Inoculation test
Using two inoculation techniques on 2 years oldahbia and Haouzia olive plants, pathogenicity test
was studied:
Technique 1. Olive plants were planted in plastitsfilled the substrate and plants were sprayed with
250 mL of the inoculum suspension (control plangsemvatered 250 mL with sterile distilled water).
Technique 2. Plants were inoculated according éontlethod described by Olbricéttal.°. The roots of
investigated plants were washed under running wateliscard soil remnants, trimmed to 2/3 of their
length, and subsequently dipped in the preparedulnmn during 6 hours. The olive trees plants were
potted into universal soil substrate, watered withremaining fungal suspension (about 20 ml pemtj|
and cultivated in a greenhouse. For control plastesijle water was used instead of fungal suspensio
Measuring parameters
Roots and the aerial part fresh weight, height exiah part were measured and dwarfing index was
calculated. The number of leaves was counted (ealyes those showed no symptoms of chlorosis and
necrosis were counted). The incubation period ohgmthogen was taken into consideration.
Reduction of the epicotyl size of the inoculatednps compared to control was estimated by dwarfing
index of (D.1.) calculated according to the fornifila
D.l. = Mt-X / Mt x100
X: The increase of the inoculated plants epicotyl.
Mt: The average growth of the control.
Pathogen reisolation
Thin sections from the roots, stems and petiol®lnafe plants inoculated withP. palmivora andV.
dahliae and non inoculated plants were cuts and placettohal at 95 ° for 2 min, rinsed several times
with sterile distilled water, quickly dried on sterfilter paper and placed on agar (agar : 20090 ml of
distilled waterf° and on PSA plates. Then, these agar plates wetbated in the darkness at 22°C.
Isolation test were affected also on the stems BlgoWerticillium and Phytophthora wilt after they were
conserved for 2 years in the laboratory conditidris 28°C).
The isolation percentage (Pr %) was obtained byyappthe following formula:

Pr = NsPx/ NT x 100
NsPx: Number of segments containing the fungal specie
NT: Total number of segments used in the isolation.
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RESULTS
Using technique 1 of inoculation: Dwarfing sympt@ras appeared after 48 weeks of Dahbia olive plants
inoculation withV. dahliae. Thus, inoculation withP. palmivora showed chlorosis and defoliation after
24 weeks. As the same, using techniquPB.Zalmivora showed chlorosis and defoliation symptoms on
the Dahbia olive plants 5 weeks after inoculationthe other hand/. dahliae induceddwarfing and
defoliation symptoms on the same olive plant varédter 12 weeks of inoculation (Table 2).
Chlorosis and defoliation symptoms appeared orHheuzia olive plant inoculated with. palmivora
after 24 weeks of inoculation (technique 1). HoweWYe dahliae have taken 96 weeks to provoke the
same symptoms on the same olive plant variety €rapl Therefore, using technique 2, palmivora
showed defoliation symptoms 5 weeks after inocnfatin the other handy. dahliae showed same

symptoms with dwarfing on the Haouzia olive plal2sweeks after inoculation (Table 2).
Table 2. Incubation period and type of symptoms othe inoculated Dahbia and Haouzia olive plants witiPhytophthora
palmivora and Verticillium dahliae using two inoculation techniques

Phytophthora palmivora Vertcillium dahliae
Incubation Type of Incubation Type of
period (week) symptoms period (week) | symptoms
Dahbia Technique 1 24 a chlorosis and 48 b dwarfing
defoliation
Technique 2 5b chlorosis and 12c dwarfing and
defoliation defoliation
Haouzia Technique 1 24 a chlorosis and 96 a chlorosis and
defoliation defoliation
Technique 2 5b chlorosis and 12c dwarfing and
defoliation defoliation

www.ijpab.com

30



Douira, A. etal Int. J. Pure App. Biosci. 2 (2): 28-38 (2014) ISSN: 2320051

Using two inoculation techniques, chlorosis wasrttest common symptoms of disease appeared on the
inoculated olive plantsDahbia and Haouzia olive plants inoculated withhbot P. palmivora and V.
dahliae showed wilt and decline symptoms (Figurgahd A).
Fig. 1 Aerial part of the control olive plants (A) and inoculated with P. palmivora (A,) and V. dahliae (As);
root system of the control olive plants (B and inoculated with P. palmivora (B,) and V. dahliae (Bs).

v T W |l

Using technique 1 of inoculatiorPhytophthora palmivora and Verticillium dahliae affect both of the
aerial and root fresh weight of Dahbia olive plarfitkus, the aerial fresh weight of the non inoadat
plants was 400 g and it was respectively 178 aridgltor the olive plants inoculated wikh palmivora
andV. dahliae (Figure 2).P. palmivora affect the root fresh weight (457g) of Dahbia olplants more
thanV. dahliae (7009) relative to the control (825g) (Figure 2).

Fig. 2 Aerial and root fresh weight of the Dahbia bve plants inoculated with Phytophthora palmivora and
Verticillium dahliae using technique 1 of inoculation
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Control P.palmivora V.dahliae

Root fresh weight (g)

Both of P. palmivora andV. dahliae showed a defoliation symptom, they decrease thabeu of leaves:
87 and 73 leaves were count on the olive plantuladed respectively witP. palmivora andV. dahliae
relative to the controls (480 leaves) (Table 3)ti@rmore,V. dahliae affect the height of Dahbia olive
plants: So, it decreases the height of the Dahlda plants (80 cm) relative to the controls (118)c
(Table 3) (Figure A).
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Table 3. Leaves number, height and dwarfing indexfdahbia olive plants inoculated withP. palmivora and
V. dahliae using the technique 1 of inoculation

Dahbia technique 1 Leaves number| Height (cm) Dwarfing index
Control 480 113 o°
P. palmivora 87 100 11.5*
V. dahliae 73 80 29.7

Numbers in the same column followed by the sarterléa, b) are significantly different at the 5év¢l

of significance.

Using Technique 2 of inoculatioR, palmivora andV. dahliae decrease both of the aerial and root fresh
weight, aerial fresh weight of the control was igk391g) than those of Dahbia olive plants inceda
with P. palmivora (200g) andV. dahliae (1899g) (Figure 3). There was no difference betwienroot
fresh weight of Dahbia olive plant inoculated withpalmivora (300g) andv. dahliae (3919) (Figure 3).

Fig. 3 Aerial and root fresh weight of the Dahbia bve plants inoculated with Phytophthora palmivora and
Verticillium dahliae using technique 2 of inoculation.
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Leaves number of Dahbia olive plants was affecfest ghe inoculation respectively with. palmivora
(80) andV. dahliae (91) relative to the controls (403). Using theht@ique 2 of inoculationy. dahliae
showed the dwarfing symptoms on the Dahbia olivantsl Thus, it decreases the height of the olive
plants (77cm) relative to the control (109cm) (Eadh).

Table 4. Leaves number, height and dwarfing indexfdahbia olive plants inoculated withP. palmivora and
V. dahliae using the technique 2 of inoculation

Dahbia technique 2 Leaves numbel Height (cm) Dwarfing index
Control 403 109 o°

P. palmivora 80’ 107 7.33

V. dahliae 91° 77 29.33

Numbers in the same column followed by the sarterléa, b) are significantly different at the 5év¢l
of significance.
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Using the technique 1 of inoculatioR, palmivora affected the root fresh weight of the Haouzia eliv
plants (300 g) more thavi dahliae (505 g)which in turn had a negative effect on the rooslireveight
relative to the control (904 g). The same inocalatechnique showed thelt dahliae decrease the aerial
fresh weight (401 g) relative to the control (49Ggd also showed th&t palmivora had no effect on the
aerial fresh weight of the Haouzia olive plantsl(%Q (Figure 4).

Fig. 4 Aerial and root fresh weight of the Haouzialive plants inoculated withPhytophthora palmivora and

Verticillium dahliae using technique 1 of inoculation
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The results in Table 5, showed thatdahliae had a negative effect on the leaves number of Haouz
olive plants (88 leaves), this number was lowemthizhat was count on the Haouzia olive plants
inoculated withP. palmivora (312 leaves). This last was also lower than thahe control (424 leaves)
(Table 5).

Table 5. Leaves number, height and dwarfing indexfdHaouzia olive plants inoculated withP. palmivora and

V. dahliae using the technique 1 of inoculation

Haouzia technique 1 Leaves numbef Height (cm) Dwarfing index
Control 424 127 o

P. palmivora 312 107F 16.52

V. dahliae 88 69 42.97

Numbers in the same column followed by the sartterl€¢a, b,c) are significantly different at the 5%
level of significance.

After inoculating Haouzia olive plants with palmivora andV. dahliae using technique 2 of inoculation,
both of P. palmivora andV. dahliae affect the aerial and root fresh weight of the tiaa olive plants.
Thus, the aerial fresh weight of Haouzia olive danoculated withP. palmivora was 382 gV. dahliae
(462 g) compared to the control (654 g) (Figure B)e root fresh weight was too affected after the
inoculation withP. palmivora (124g) and withV. dahliae (305 g) relative to the control (904 g) (Figure5).
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Fig. 5 Aerial and root fresh weight of the Haouzialive plants inoculated withPhytophthora palmivora and
Verticillium dahliae using technique 2 of inoculation

1000

900

800 -
700 - 2
600

500 -
400 -
300 -
200 c
100

b W Aerial fresh weight (g)
b Root fresh weight (g)

Control P.palmivora V. dahliae

P. palmivora had a negative effect on the leaves number oHiheuzia olive plants. It decreased the
leaves number (60 leaves) comparedvtodahliae (103) and to the control (400). Six week after
inoculation withV. dahliae using technique 2 of inoculation, height of Haaudiive plants were affected
(85 cm) compared tB. palmivora (102.33 cm) and control (111 cm) (Table 6).
Table 6. Leaves number, height and dwarfing indexfdHaouzia olive plants inoculated withP. palmivora and

V. dahliae using the technique 2 of inoculation

Haouzia technique 2 Leaves numbef Height (cm) Dwarfing index
Control 400 117 0°

P. palmivora 60° 102.33 7.87

V. dahliae 103 85 23.42

Numbers in the same column followed by the sartterl¢a, b,c) are significantly different at the 5%
level of significance.
P. palmivora was highly isolated from the stems of Dahbia (9%#) Haouzia (83%) olive plants and it
was weakly isolated from the leaves petiole of Brahbia (33.33%) and Haouzia (22%) olive plants
(Table 7) (Figure 5)V. dahliae was only isolated from the roots of the inoculaBahbia (18%) and
Haouzia (22.22%) olive plants (Table 7) (Figure 6).

Fig. 6 Isolation of Phytophthora palmivora from the petioles (A) and from stem segments (B)psrangia of

P. palmivora (C)
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Phytophthora palmivora was inoculated from different parts of Dahbia andobiia olive plants
inoculated with this fungus (roots, stems and petidcHowever Verticillium dahliae was isolated from
the roots of the olive plants inoculated with iaple 7).
Table 7. Mean percentage of the isolation percentagafter the appearance of decline symptoms on Dalzbi
and Haouzia olive plants inoculated withP. palmivora and V. dahliae

Dahbia Haouzia

Different part of the C (%) P (%) V (%) C (%) P (%) V (%)
olive plants

R.P o° 95’ o o 8% o°
S.F o° 43 o o 56° o°
Pe.P o° 33.33 o° o° 22 o°
S.D.P o° 76 o o 68.66 o°
R.V 0° 18 o° o° 22.27 o°
SV o° o° 0" o o o°
Pe.V o° o° o° o° o° o°
S.D.V o° o° o o o o°

Numbers in the same line followed by the sameré#teb) are significantly different at the 5% lewésignificance.
(C): Control; (V): Verticillium dahliae; (P): Phytophthora palmivora; (R): Roots; (S): Stem; (Pe): Petiole; (S.D) :
Stems debris.
After measuring all these parameters, olive plargge cut on the level of the stems, Dark brown xyle
discoloration in transverse section of a trunk fribra olive plants inoculated with. palmivora andV.
dahliae (Figure 7).

Fig.7 Dark brown xylem discoloration in transversesection of a trunk from an inoculated olive plant ly P.
palmivora (A); xylem of the control

Fig. 8 Verticillium dahliae isolated from the roots of the inoculated olive gints (A); V. dahliae colony on the
PSA _plate; microsclerotia ofV. dahliae (A)

. R
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Taking into consideration all the scoring criteitaseems that it is the isolate Pifiytophthora palmivora
which induced more symptoms on the inoculated gfilants judging by the incubation period, leaves
number, height, aerial and roots fresh weight apdhle reisolation percentage. Likewise, all theveli
plants of the two varieties (Haouzia and Dahbiacidated with P. palmivora and Verticillium dahliae
have shown the decline symptoms.

DISCUSSIONS AND CONCLUSION
The obtained results indicate that bothVofdahliae andP. palmivora provoke defoliation and decline
symptoms, there were some other symptoms like diwgadn the olive plants inoculated with dahliae
and root rot on the olive plants inoculated withpalmivora. These obtained symptoms appeared quickly
on the olive plants inoculated with palmivora than those inoculated witd. dahliae no matter the
inoculation technique was.
Both of the tested isolates Bhytophthora palmivora andV. dahliae were pathogens on olive plants of
Dahbia and Haouzia varieties. BBt,palmivora isolate affected the growth of olive plants mdrart the
isolate ofV. dahliae. It disrupts more the foliage (number of the fodrleaves) as well as the root
formation (estimated with the fresh weight) on ttige plants of the tested varieties.
The isolation of both pathogens was isolated twaryeafter inoculation. The reisolation resultsVof
dahliae were positive only in the roots of the inoculaptaints with this pathogen. HowevéY,palmivora
was reisolated equally from the roots, stems, feetiad from vegetative debris of plants attackeith ®i
palmivora.
The olive-infectingV. dahliae pathotypes have been classified as defoliating g non defoliating
(ND) according to their ability to defoliate theed. Fallen leaves of the olive trees attacked\by
dahliae were found to harbour the fungus indicating theiportance as a source of inoculum and in the
build up of the pathogen in the SailAlso, Rijkers et al® V. dahliae formed microsclerotia in petioles of
infected ash trees that could be a source of contdion of other plants. In our resuls dahliae was
only isolated from the roots of the inoculated elplants in the form of microsclerotia. Microsclégip
the resting structure &f. dahliae, constitute the main potential infective inoculofrthe pathogen in the
field and persist in the soil for more than 20 g&ar
As with all cryptogamic diseases, field dissemimatdf olive wilting due td°. palmivora depends on the
extent of the sites where the parasite survivemutiplies, on the abundance of primary and secgnda
inoculum in these sites, on factors which ensuedr thffectiveness as sources of contamination,and
vectors of the reproductive organs of the parddite The pathogen is disseminated through rain splash,
insects and human activity into the canopy of tredgere symptoms appear. Secondary inoculum spreads
rapidly through wind and rain splash, contact aadter activity in humid weath& Muller** reported
that the secondary inoculum of cocoa black podexhbyPhytophthora palmivora is triggered once the
wet season begins. In the case of the olive tra@sspores may scattering on to healthy olive roots
through the impact of rain drops falling on disebskve trees or on the ground which acts as avese
of the parasit®.
Phytophthora palmivora was isolated from petiold &om the attacked olive plants debris; this rssul
demonstrate tha&. palmivora was able to persist two years in the debris ofegfilants. This might be a
source of a secondary inoculum of olive plant i fdivorable season.
As with otherVerticillium wilt diseases, xylem browning can be seen on tadgial and transverse
sections of twigs and branches affected by eithéteodisease syndroni@sThe obtained results showed
that P. palmivora was able to provoke the xylem necrosis. The vasduowning index of the infested
plants was not used as an evaluation criteriorhefpathogenic potential. The vascular browning was
very irregular even in the most aggressive isdlalherefore, we have not been able to apply thie sda
Subaracet al.*® usually used to estimate the importance of tteewiar browning due to théerticillium
wilt in other host plants.
It seems that the growth reduction, the perturibatibthe leaves formation and reduction of the fglan
weight may constitute some discriminate criteriadistingue the aggressive, little or not aggressive
isolates olV. dahliae and ofP. palmivora on the olive tree. Consequently, they can be tsethoice the
isolates for varietal selection studies.
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