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ABSTRACT
Pathogenicity of Alternaria alternata, Aspergillulavus, Cladosporium sp. and Colletotrichum
gloeosporioides isolated from olive fruits was sddby inoculating olive fruits and leaves. Three
techniques were used to inoculate the fruits (nigicplug on the intact and the injured olives ang b
injecting them with the spore’s suspensianjl two techniques for the leaves (mycelial plughenintact
and the injured olive leaves). Alternaria alterndtad no pathogenic effect neither on leaves nothen
olives. Also, Aspergillus flavus was not able ttonize or to provoke any symptoms on the intadtsfru
this fungus provoke green mold when the epicarpawtficially injured with a colonization percentag
of 40 % and forms the conidiophores producing cianah the olive fruit, the depth of this mold wa4 0
cm affecting all the fruit tissues. Cladosporium Bps shown a brown rot on the olive fruit and the
colonization percentages of this fungus on theesliwere 65, 70 and 60% using respectively the
techniques 1, 2 and 3 of inoculation. Colletotrichgloeosporioides was able to affect the olives tand
show a rot on them. Ten days after inoculatiorhefihtact and the injured leaves, the estimatedatis
severity caused by Colletotrichum gloeosporioidedeaves of Dahbia and Haouzia olive tree was 100
%. The possibility of decreasing the olive oil dtydbecause of these fungal species was discusg@dbi
study.

Key words: Olive tree, Aspergillus flavus, Alternaria altetaaColletotrichum gloeosporioides.

INTRODUCTION

Olive tree Qlea europaed..), is an important oil-producing crop in Medit@nean countries such as
Spain, Italy, Greece, Turkey, and many other céemtsuch as USA (California), Argentina, Chile,
Australia and New Zealarf®2 The Moroccan olive industry is largely traditiosaipplying the needs of
the population where olives and olive oil form amepral part of the diet. National production is
estimated at 60,000 tonnes of'dilOlive production occurs throughout the countryhwa very large
number of smaller producers. Olives are everywhétle small to medium sized groves on the coastal
plains, on mountain slopes, on roadsides and a®pown streetscapes and even in the Saharas'dase
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A lower prevalence of non-communicable diseaseb sisccardiovascular disease and certain types of
cancers have been demonstrated in countries rgditithe Mediterranean region in comparison to othe
parts of the worlt#?® This lowered incidence has been partially attgbuto the regular intake of virgin
olive oil as part of a traditional Mediterraneaettfi?®*>*¢
Several biotic and abiotic factors affect oliveet@mnsequently reducing the tree health and vigoop
yield and quality of the extracted Bif*3¢3*3 Qlive cultivar is one of the most important fastdhat
affect the quality of olive aif. In addition to the effects of cultivar, the degef fruit ripeness, and the
industrial processes used for oil extraction, al agthe quality of the fruit from which oil is #acted
has a great effect on olive oil qualftyDiseases of olive drupes can cause financial $abseugh direct
loss of rotted drupes, reduced cosmetic valueldétalives and reduced quality of the oil due todal
infectiong®.
Diverse fungal groups have been reported to causg fot on olive, including species of
Botryosphaeriaceae such Bstryosphaeria Diplodia, Lasiodiplodia Macrophomina Neofusicoccum
and Camarosporium Glomerellaceae including Colletotrichum  Mycosphaerellaceae incl.
Pseudocercosporaand several other fungal species with minor ingmré such ag-usicladium
oleagineumAlternaria spp.,Aureobasidium pullulan€Epicoccum nigrumCladosporium herbarurs.l.,
Capnodium elaeophilunTruncatella angustataPilidium concavunandPestalotia ficf4°89:29:3039
The aim of this work was to study the pathogenioftyour fungal species on the fruits and leavethef
olive tree.

MATERIALS AND METHODS
Pathogen isolation
The isolation of fungal species from fruits shownog symptoms in Gharb (Fig. 1A) and Zoumi (Suburb
of Ouazzane) (Fig. 2B). Fragment of the olives shaats were washed with water, disinfected with
alcohol for five minutes, put on sterile distillegter and then dried with sterile filter paper. hthey
were put on PSA agar plates (Potato Sucrose A@@rgotato, 20 g sucrose, 15 g Agar-agar, and 1000
mL distilled water) and incubated on darkness atl@®ee. The developing colonies were then observed
for the species determination.
Pathogenicity test on the olive fruits
Using two inoculation techniques on the olive sujathogenicity test was studied:
Technique 1 The fruits were washed in running water and srfdisinfected for 1 min in 75% Alcohol.
Then washed with sterile distilled water and dnieith sterile filter paper. Twenty olive fruits were
inoculated with a mycelial plug (5 mm in diametef)each fungal species culture that was placed over
the intact olive fruit. Twenty other non-inoculatidits (only plugs of PSA culture), served as atoal.
The fruits were placed in humid chamber at the roamperature.
Technique 2:Same inoculation processes of the technique 1mitking an artificial injury on the olive
fruits (2 mm injury diameter).
Technique 3 Conidia suspension with a concentration of dénidia/ mL was prepared; inoculation test
was performed on twenty surface-sterilized heatiliye fruits. Fresh olive fruits were dipped in 70%
alcohol for 20-30 sec and rinsed three times inligkd water. 0.1 mL of the spore suspension was
injected inside the fruits and 0.1 mL of distillaciter was injected inside the fruits used as arobnt
After the inoculation test, fruits were placed terdized Petri dishes containing sterilized filtgaper
(Watman N° 2). The filter paper was kept wet duriihg experiment and the Petri dishes were incubated
on the lab bench under daylight regime in the latwoy conditions (20 to 24 degrees).
Eight days after the inoculation of the olives, tiodonization percentage of the used fungal spewmiabe
olive fruits and the rot depth were estimated iarg\ureatment relative to the control.
Pathogenicity test on the olive leaves
Olive leaves for each of Dahbia and Haouzia vasetiere washed in tap water and surface disinfected
for 1 min in 75% Alcohol. Then washed with stenlestilled water and dried with sterile filter paper
Thirty olive leaves were inoculated with a mycel@lig (5 mm in diameter) of each fungal species.
Mycelial plug placed in the middle of intact (Teddure 4) and on the injured olive leaves (Technifue
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Thirty other non-inoculated leaves (only plugs &APculture), served as control. The leaves weregola
in humid chamber at room temperature {23
Measured parameters
The disease severity was scored after 10 daysofiiation using the scale of Stover modified by Bau
etal’®:

Infection index =~ nb x 100/ (N-1) T
n: number of leaves in each grade.
b: grade.
N: number of grades used in the scale (6).
T: total number of leaves scored.
Leaves those had shown lesions were cut into pietéscnf and placed in 9 cm Petri dishes on three
filter paper discs moistened with sterile distilledter. The dishes were incubated for 48 hours unde
continuous fluorescent lighting. Then each fragnvea placed in a test tube containing 1 mL of kteri
distilled water and agitated by a vortex mixer2amin. The conidia of the pathogen were countedguai
Malassez slide under an optical microscope at rfiagtion x 400 with 10 counting of each sample.

RESULTS
Data in Table 1 shows that the most dominate speelated to the olives rot in Gharb waspergillus
flavus (65%) andColletotrichum gloeosporioidekad the highest isolation percentage (64%) froen th
fruits rot of the olive tree cultivated in Zoumi.
Alternaria alternata, Aspergillus flavu§ladosporiunsp. andColletotrichumgloeosporioidesvere used
to inoculate the olives.
Basing on the colonization percentage of the fuspgaties isolated from olive fruit&lternaria alternata
was not able to colonize the olive fruits. Alggpergillus flavusvas not able to colonize or to provoke
any symptoms on the intact olive fruits, this fusguwovoke green mold when the epicarp was artiljcia
injured with a colonization percentage of 40 % dmuins the conidiophores producing conidia on the
olive fruit (Figure 2A, Table 2). The depth of thi®ld was 0.4 cm (Table 3) affecting all the flissues
(Figure 2B). Also, using the technique 3 of inotiola, A. flavuswas able to colonize 50 % of the olives
(Table 2) and to affect all the fruit tissues wathot depth of 0.3 cm (Table 3).
Cladosporiumsp. has shown a brown rot on the olives (Figurg rdCmatter the inoculation technique
was. Colonization percentages of this fungus we&se ® and 60% on the olives inoculated using
respectively the techniques 1, 2 and 3 (Table &is Mot affect all the olive fruit (Figure 2D) withh depth
of 0.4, 0.35 and 0.35 on the olives inoculated gis@spectively the techniques 1, 2 and 3 (Tabl&R)it
becomes mummified in the finish of the fungal cywith a reduction of the fruit caliber.
Same a€£ladosporiunmsp.,Colletotrichumgloeosporioidesvas able to affect the olives and to show a rot
on them (Figure 2F) no matter the inoculation téme was. This fungus colonized 50, 60 and 70% of
the olives surface after eight days of inoculatimmg respectively the techniques 1, 2 and 3 withta
depth of 0.4 cm (Table 3). After twelve days ofdatation, C.gloeosporioideproduced orange acervuli
on the olive fruits (Figure 2F).
Non inoculated olive leaves had shown no symptdngloeosporioidefiave affected both of Haouzia
(Figure 3B) and Dahbia (Figure 3D) no matter thehiéque of inoculation was. Ten days after
inoculation of the intact and the injured oliveves, the estimated disease severity on leaves labiBa
and Haouzia olive tree was 100 % (Table 4),
Ten days after inoculation, leaf spots are palevhrto brown, in the surface of the inoculated lsave
(Figure 3) surrounded by dark brown zone. Minutenge dots (acervuli) scattered on the leaf gpot,
gloeosporioidegproduced conidia abundantly on the surface ofdihee leaves. The concentration of
conidia formed on the leaf surface was 8. 46d 1.24 1®conidia.cnt respectively for the intact Dahbia
and Haouzia olive leaves. The experiment had shmvdifference between the conidia’s concentration
on the intact and the injured olive leaves. Thumjidia concentration of th€. gloeosporioidesvas
respectively 1.73. f&nd 1.47 18conidia.cnf on the injured Dahbia and Haouzia olive leaves.
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Fig. 1: Olives rot in Gharb (A) and Zoumi region (B)

Fig.2: Olive fruits after eight days of inoculation Green mold on (A) and thee inside the olive frui{B) caused
by Aspergillus flavus; brown rot on (C) and the inside the olive fruit ©) caused byCladosporium sp.;
anthracnose symptom on the olive fruit (E):Colletotrichum gloeosporioides acervuli formed on the olive fruit
after 12 days of inoculation (F).

A B
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Table 1. Isolation percentage of different fungaspecies isolated from fruits of the olive tree cultated in
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Gharb and in Zoumi regions
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Fungal species Kenitra (%) Zoumi (%)
Alternaria alternata 12° 2°¢
Colletotrichum gloeosporioides - 64°
Cladosporiunsp - 25°
Penicilliumsp. 3P -
Aspergillusflavus 65° -
Circinella sp. 5P -

The results of the same column followed tffecent letters differ significantly at 5%.
Tech.: Technique; C.P.: Colonization peragat

Table 2. Measured parameters after eight days of &holive fruit inoculation with four fungal species

Inoculated None Inoculated None Inoculated | None inoculated, Inoculated olive | None Inoculated
olive fruit inoculated olive fruit inoculated | olive fruit olive fruit fruit olive fruit
(Alternaria olive fruit (Aspergillus |  olive fruit (Cladospor| (Cladosporium | (Colletotrichum | (Colletotrichum
alternatg (Alternaria flavug (Aspergillus | iumsp.) sp.) gloeosporioides | gloeosporioides
alternatg flavug
Tech.1| C.P. (%) 0 0 0° 0° 65 0° 50° 0°
Tech. 2| C.P. (%) D 0 40 0° 7¢ 0° 60° 0°
Tech. 3| C.P. (%) D 0 50° 0° 60° 0° 70 0°
The results of the same column followed by diffédetters differ significantly at 5%.
Table 3. Depth of the olive rot created by the furg species after eight days of inoculation
Inoculated None Inoculated None Inoculated olive | None inoculated | Inoculated olive None Inoculated
olive fruit inoculated olive fruit inoculated fruit olive fruit fruit olive fruit
(Alternaria olive fruit (Aspergillus olive fruit (Cladosporium (Cladosporium (Colletotrichum (Colletotrichum
alternatg (Alternaria flavug (Aspergillus sp.) sp.) gloeosporioides | gloeosporioides
alternatg flavug
Tech.1 Depth 0 (0 (0 (0 0.4 (0 0.4 (0
(cm)
Tech.2 Depth 0° 07 0.4 07 0.35 07 0.4a ]
(cm)
Tech.3 Depth 0° 0 07 0 0.35 0 0.4 0°
(cm)

The results of the same column followed by diffédetters differ significantly at 5%.

Fig.3: Olive leaf of the Haouzia control (A); formdion of the C. gloeosporioides acervuli on the Haouzia olive
leaf that shows the chlorosis symptom (B); olive & of the Dahbia control (C); formation of the C.
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Table 4. Severity diseases and conidia concentrati@n the leaf surface of the inoculated and none aculated
Dahbia and Haouzia olive leaves witlColletotrichum gloeosporioides

Inoculated | Non inoculated| Inoculated olive| Non inoculated
olive leaves| olive leaves | leaves (Haouzia) olive leaves
(Dahbia) (Dahbia) (Haouzia)
Severity index (%) 100 o° 100° o°
Technique 4 | Conidia concentration 8. 10 ® o° 1.24 18°¢ o°
on the leaf surface
(conidia.cn)
Severity index (%) 100 0° 100° 0°
Technique 5 | Conidia concentratioh 1.73. 16°¢ 0P 1.47 1§°¢ o°
on the leaf surfac%
(conidia.cn)

The results of the same line followed by differktters differ significantly at 5%.

DISCUSSION AND CONCLUSION
Olive fruits are very susceptible to fungal infecs during the ripening period. Plant pathogenigyfu
secret a wide arrays of extracellular enzymes wratke cellular tissue and absorb nutrien&ingal
species produces a range of hydrolytic, proteoltid cellulolytic enzymes and metabolites to ftatii
penetration and colonization of host tissuagich may result in reduced quality of the exteaooil.
The used strain dAlternaria alternatahad no effect on the fruits and on the leaves efdfive tree. In
the other hand, Moradt al®® demonstrate the high susceptibility of Olive ati FS-17 toAlternaria
alternatain southern Spain.Alternaria alternatamay secrete some Mycotoxins in infected olivetsrui
and they are possible to be transferred intb éiternaria species produce different mycotoxinstsas
Alternariol (AOH), Alternariol methyl ether (AMEAItenuen (ALT), and Tenuazonic acid (TeA) which
leave harmful effects on bacterial, human and andeiaculture$**
Cladosporiumsp. was responsible to the olive rot in ffaand in Australia (Sergeew al, 2008b). The
obtained results showed thaladosporiumsp. was able to infect both of the intact andinfigred olives.
Alternaria andCladosporiumhave been associated with the end or nose ratsaseseveral cultivars the
fungi recovered from these includifigAlso, Torbatiet al® reported that both oAlternaria alternata
andCladosporium cladosporioidgzrovoke rot on the olive fruits. These fungi daboth primary and
secondary invaders, and further work needs to berntaken to confirm their importance as pathogens
Aspergillus flavusas shown a green mold on the olives, it is aspansible of peaches and plum rots in
different countrie€?®*2 This pathogen is one of the major fungi specreslycing aflatoxin, a group of
toxic, carcinogenic compounds**® The obtained results showed ttat flavuscouldn't degrade the
olive fruit epicarp, the contamination of olivestivA. flavusnecessitates injuries. This was also reported
by Lazzizeraet al.? those announced that most of fungal species agdisiit rot of olive are common
saprophytes or secondary invaders normally peimarirough injuries made by biotic or abiotic farst
Anthracnose caused Igolletotrichum acutatunand C. gloeosporioidess a common and widespread
fruit rot disease of olivesQea europaed..) in most olive growing regions in the wotld The most
typical symptoms of olive anthracnose (OA) aretfmgt and mummification. In moist conditions,
infected fruits show a soft to dark brown rot wath abundant production of an orange gelatinousixnatr
embedding conidia emerging from acervuli, whiledir conditions, the fruits mummify and lose weight
due to dehydration. Affected fruits fall prematyreb the ground and only a few mummies remain
attached to the tree. Fruit drop may also be theeguence of infections in the peduffcle
Anthracnose has been previously recorded on ofimeds in Mediterranean countries such as Portugal,
Spain and Ital{?***> Olive anthracnose caused Gylletotrichumspp. is becoming an important disease
of fruits causing major losses in yield of olivesldhe quality of olive off**
C. gloeosporioidesvas reported for the first time as the responsilgent of the olives anthracnose in
Morocco by Achbankit al (2013) in the region of Ouazzane, the obtainedlte showed that both of
Colletotrichum gloeosporioideand Cladosporiumsp. were isolated from the same rot symptoms and
both of them provoked rots on olives without anjyiirs.
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C. gloeosporioidesvas abldo affect the leaves showing Chlorosis symptomsitawds also able to form
acervuli on the olive leaves, it was also repottgdSergeevat al*’ in Australia leaves and flowers.
Infected leaves were considered as inoculum souf@edruit anthracnose (Cacciolat al. 1996).
Moreover, a very poor olive oil quality is obtainfdm olives harvested in anthracnose affectedsarea
because of alterations in oil color (red), acidityd organoleptic characteristits. These infected leaves
can be also an inoculum source to affect the dliweers and fruits in the flowering and fructifida
seasonsColletotrichum gloeosporioideBas a latent period and spores can survive saptioplhy for
long period®® and heavy infections of anthracnose cause massfaiation. Infections begin by the
spores germinating from the acervuli on the fruéayes and young shotfs
Some of the tested species provoked rots on the fliits with and without injuries; several biotad
abiotic factors may cause injury on olive fruitisias pest insects, hail, and many offieBlive fruits
are very susceptible to fungal infections during tipening period. Plant pathogenic fungi secreide
arrays of extracellular enzymes to degrade celligatie and absorb nutriehtSungal species produces a
range of hydrolytic, proteolytic and cellulolytimz/mes and metabolites to facilitate penetratiod an
colonization of host tissugsvhich may result in reduced quality of the exteaooil.
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