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            ABSTRACT                                                                                                                

Pathogenicity of Alternaria alternata, Aspergillus flavus, Cladosporium sp. and Colletotrichum 
gloeosporioides isolated from olive fruits was studied by inoculating olive fruits and leaves. Three 
techniques were used to inoculate the fruits (mycelial plug on the intact and the injured olives and by 
injecting them with the spore’s suspension) and two techniques for the leaves (mycelial plug on the intact 
and the injured olive leaves). Alternaria alternata had no pathogenic effect neither on leaves nor on the 
olives. Also, Aspergillus flavus was not able to colonize or to provoke any symptoms on the intact fruits, 
this fungus provoke green mold when the epicarp was artificially injured with a colonization percentage 
of 40 % and forms the conidiophores producing conidia on the olive fruit, the depth of this mold was 0.4 
cm affecting all the fruit tissues. Cladosporium sp. has shown a brown rot on the olive fruit and the 
colonization percentages of this fungus on the olives were 65, 70 and 60% using respectively the 
techniques 1, 2 and 3 of inoculation. Colletotrichum gloeosporioides was able to affect the olives and to 
show a rot on them. Ten days after inoculation of the intact and the injured leaves, the estimated disease 
severity caused by Colletotrichum gloeosporioides on leaves of Dahbia and Haouzia olive tree was 100 
%. The possibility of decreasing the olive oil quality because of these fungal species was discussed in this 
study. 
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INTRODUCTION  
Olive tree (Olea europaea L.), is an important oil-producing crop in Mediterranean countries such as 
Spain, Italy, Greece, Turkey, and many other countries such as USA (California), Argentina, Chile, 
Australia and New Zealand52,32. The Moroccan olive industry is largely traditional supplying the needs of 
the population where olives and olive oil form an integral part of the diet. National production is 
estimated at 60,000 tonnes of oil13. Olive production occurs throughout the country with a very large 
number of smaller producers. Olives are everywhere with small to medium sized groves on the coastal 
plains, on mountain slopes, on roadsides and as part of town streetscapes and even in the Saharan oases13. 
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A lower prevalence of non-communicable diseases such as cardiovascular disease and certain types of 
cancers have been demonstrated in countries residing in the Mediterranean region in comparison to other 
parts of the world11,28. This lowered incidence has been partially attributed to the regular intake of virgin 
olive oil as part of a traditional Mediterranean diet49,28,45,14. 
Several biotic and abiotic factors affect olive tree consequently reducing the tree health and vigour, crop 
yield and quality of the extracted oil23,20,36,34,38. Olive cultivar is one of the most important factors that 
affect the quality of olive oil34. In addition to the effects of cultivar, the degree of fruit ripeness, and the 
industrial processes used for oil extraction, as well as the quality of the fruit from which oil is extracted 
has a great effect on olive oil quality16. Diseases of olive drupes can cause financial losses through direct 
loss of rotted drupes, reduced cosmetic value of table olives and reduced quality of the oil due to fungal 
infections25. 
Diverse fungal groups have been reported to cause fruit rot on olive, including species of 
Botryosphaeriaceae such as Botryosphaeria, Diplodia, Lasiodiplodia, Macrophomina, Neofusicoccum 
and Camarosporium; Glomerellaceae including Colletotrichum; Mycosphaerellaceae incl. 
Pseudocercospora and several other fungal species with minor importance such as Fusicladium 
oleagineum, Alternaria spp., Aureobasidium pullulans, Epicoccum nigrum, Cladosporium herbarum s.l., 
Capnodium elaeophilum, Truncatella angustata,  Pilidium concavum and Pestalotia fici2,3,4,5,8,9,29,30,39.  
The aim of this work was to study the pathogenicity of four fungal species on the fruits and leaves of the 
olive tree. 

MATERIALS AND METHODS 
Pathogen isolation 
The isolation of fungal species from fruits showing rot symptoms in Gharb (Fig. 1A) and Zoumi (Suburb 
of Ouazzane) (Fig. 2B). Fragment of the olives shows rots were washed with water, disinfected with 
alcohol for five minutes, put on sterile distilled water and then dried with sterile filter paper. Then, they 
were put on PSA agar plates (Potato Sucrose Agar: 200 g potato, 20 g sucrose, 15 g Agar-agar, and 1000 
mL distilled water) and incubated on darkness at 28 degree. The developing colonies were then observed 
for the species determination. 
Pathogenicity test on the olive fruits 
Using two inoculation techniques on the olive fruits, pathogenicity test was studied: 
Technique 1: The fruits were washed in running water and surface disinfected for 1 min in 75% Alcohol. 
Then washed with sterile distilled water and dried with sterile filter paper. Twenty olive fruits were 
inoculated with a mycelial plug (5 mm in diameter) of each fungal species culture that was placed over 
the intact olive fruit. Twenty other non-inoculated fruits (only plugs of PSA culture), served as a control. 
The fruits were placed in humid chamber at the room temperature.  
Technique 2: Same inoculation processes of the technique 1 with making an artificial injury on the olive 
fruits (2 mm injury diameter). 
Technique 3: Conidia suspension with a concentration of 106 conidia/ mL was prepared; inoculation test 
was performed on twenty surface-sterilized healthy olive fruits. Fresh olive fruits were dipped in 70% 
alcohol for 20–30 sec and rinsed three times in sterilized water. 0.1 mL of the spore suspension was 
injected inside the fruits and 0.1 mL of distilled water was injected inside the fruits used as a control. 
After the inoculation test, fruits were placed in sterilized Petri dishes containing sterilized filter paper 
(Watman N° 2). The filter paper was kept wet during the experiment and the Petri dishes were incubated 
on the lab bench under daylight regime in the laboratory conditions (20 to 24 degrees). 
Eight days after the inoculation of the olives, the colonization percentage of the used fungal species on the 
olive fruits and the rot depth were estimated in every treatment relative to the control. 
Pathogenicity test on the olive leaves 
Olive leaves for each of Dahbia and Haouzia varieties were washed in tap water and surface disinfected 
for 1 min in 75% Alcohol. Then washed with sterile distilled water and dried with sterile filter paper. 
Thirty olive leaves were inoculated with a mycelial plug (5 mm in diameter) of each fungal species. 
Mycelial plug placed in the middle of intact (Technique 4) and on the injured olive leaves (Technique 5).  
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Thirty other non-inoculated leaves (only plugs of PSA culture), served as control. The leaves were placed 
in humid chamber at room temperature (24 oC).  
Measured parameters 
The disease severity was scored after 10 days of inoculation using the scale of Stover modified by Gauhl 
et al.18 : 

Infection index = Σ nb × 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 pieces of 1 cm2 and placed in 9 cm Petri dishes on three 
filter paper discs moistened with sterile distilled water. The dishes were incubated for 48 hours under 
continuous fluorescent lighting. Then each fragment was placed in a test tube containing 1 mL of sterile 
distilled water and agitated by a vortex mixer for 2 min. The conidia of the pathogen were counted using a 
Malassez slide under an optical microscope at magnification × 400 with 10 counting of each sample. 

RESULTS 
Data in Table 1 shows that the most dominate species related to the olives rot in Gharb was Aspergillus 
flavus (65%) and Colletotrichum gloeosporioides had the highest isolation percentage (64%) from the 
fruits rot of the olive tree cultivated in Zoumi.  
Alternaria alternata, Aspergillus flavus, Cladosporium sp. and Colletotrichum gloeosporioides were used 
to inoculate the olives.  
Basing on the colonization percentage of the fungal species isolated from olive fruits, Alternaria alternata 
was not able to colonize the olive fruits. Also, Aspergillus flavus was not able to colonize or to provoke 
any symptoms on the intact olive fruits, this fungus provoke green mold when the epicarp was artificially 
injured with a colonization percentage of 40 % and forms the conidiophores producing conidia on the 
olive fruit (Figure 2A, Table 2). The depth of this mold was 0.4 cm (Table 3) affecting all the fruit tissues 
(Figure 2B). Also, using the technique 3 of inoculation, A. flavus was able to colonize 50 % of the olives 
(Table 2) and to affect all the fruit tissues with a rot depth of 0.3 cm (Table 3). 
Cladosporium sp. has shown a brown rot on the olives (Figure 2C) no matter the inoculation technique 
was. Colonization percentages of this fungus were 65, 70 and 60% on the olives inoculated using 
respectively the techniques 1, 2 and 3 (Table 2). This rot affect all the olive fruit (Figure 2D) with a depth 
of 0.4, 0.35 and 0.35 on the olives inoculated using respectively the techniques 1, 2 and 3 (Table 3). Fruit 
becomes mummified in the finish of the fungal cycle with a reduction of the fruit caliber.  
Same as Cladosporium sp., Colletotrichum gloeosporioides was able to affect the olives and to show a rot 
on them (Figure 2F) no matter the inoculation technique was. This fungus colonized 50, 60 and 70% of 
the olives surface after eight days of inoculation using respectively the techniques 1, 2 and 3 with a rot 
depth of 0.4 cm (Table 3). After twelve days of inoculation, C. gloeosporioides produced orange acervuli 
on the olive fruits (Figure 2F). 
Non inoculated olive leaves had shown no symptoms. C. gloeosporioides have affected both of Haouzia 
(Figure 3B) and Dahbia (Figure 3D) no matter the technique of inoculation was. Ten days after 
inoculation of the intact and the injured olive leaves, the estimated disease severity on leaves of Dahbia 
and Haouzia olive tree was 100 % (Table 4),  
Ten days after inoculation, leaf spots are pale brown to brown, in the surface of the inoculated leaves 
(Figure 3) surrounded by dark brown zone. Minute orange dots (acervuli) scattered on the leaf spot, C. 
gloeosporioides produced conidia abundantly on the surface of the olive leaves. The concentration of 
conidia formed on the leaf surface was 8. 107 and 1.24 108 conidia.cm-2 respectively for the intact Dahbia 
and Haouzia olive leaves. The experiment had shown no difference between the conidia’s concentration 
on the intact and the injured olive leaves. Thus, conidia concentration of the C. gloeosporioides was 
respectively 1.73. 108 and 1.47 108 conidia.cm-2 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 fruit (B) caused 
by Aspergillus flavus; brown rot on (C) and the inside the olive fruit (D) caused by Cladosporium sp.; 

anthracnose symptom on the olive fruit (E); Colletotrichum gloeosporioides acervuli formed on the olive fruit 
after 12 days of inoculation (F). 
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Table 1.  Isolation percentage of different fungal species isolated from fruits of the olive tree cultivated in 

Gharb and in Zoumi regions 
Fungal species Kenitra (%) Zoumi (%) 

Alternaria alternata 12 b 2 c 

Colletotrichum gloeosporioides  - 64 a 

Cladosporium sp.  - 25 b 

Penicillium sp. 3 b - 

Aspergillus flavus 65 a - 

Circinella sp. 5 b - 

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

 
Table 2. Measured parameters after eight days of the olive fruit inoculation with four fungal species 

 Inoculated 
olive fruit 
(Alternaria 
alternata) 

None 
inoculated 
olive fruit 
(Alternaria 
alternata) 

Inoculated 
olive fruit 

(Aspergillus 
flavus)   

None 
inoculated 
olive fruit 

(Aspergillus 
flavus) 

Inoculated 
olive fruit 

(Cladospor
ium sp.) 

None inoculated 
olive fruit  

(Cladosporium 
sp.) 

Inoculated olive 
fruit 

(Colletotrichum 
gloeosporioides) 

None Inoculated 
olive fruit 

(Colletotrichum 
gloeosporioides) 

Tech. 1 C.P. (%) 0a 0a 0a 0a 65a 0a 50a 0a 

Tech. 2 C.P. (%) 0a 0a 40b 0a 70a 0a 60a 0a 

Tech. 3 C.P. (%) 0a 0a 50b 0a 60a 0a 70a 0a 
The results of the same column followed by different letters differ significantly at 5%. 

 
Table 3. Depth of the olive rot created by the fungal species after eight days of inoculation 

 Inoculated 
olive fruit 
(Alternaria 
alternata) 

None 
inoculated 
olive fruit 

(Alternaria 
alternata) 

Inoculated 
olive fruit 

(Aspergillus 
flavus)   

None 
inoculated 
olive fruit 

(Aspergillus 
flavus) 

Inoculated olive 
fruit 

(Cladosporium 
sp.) 

None inoculated 
olive fruit  

(Cladosporium 
sp.) 

Inoculated olive 
fruit 

(Colletotrichum 
gloeosporioides) 

None Inoculated 
olive fruit 

(Colletotrichum 
gloeosporioides) 

Tech.1 Depth 
(cm) 

0a 0a 0a 0a 0.4a 0a 0.4a 0a 

Tech.2 Depth 
(cm) 

0a 0a 0.4b 0a 0.35a 0a 0.4a 0a 

Tech.3 Depth 
(cm) 

0a 0a 0.3b 0a 0.35a 0a 0.4a 0a 

The results of the same column followed by different letters differ significantly at 5%. 
 
Fig.3: Olive leaf of the Haouzia control (A); formation of the C. gloeosporioides acervuli on the Haouzia olive 

leaf that shows the chlorosis symptom (B); olive leaf of the Dahbia control (C); formation of the C. 
gloeosporioides acervuli on the Dahbia olive leaf that shows the chlorosis symptom (D). 
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Table 4. Severity diseases and conidia concentration on the leaf surface of the inoculated and none inoculated 

Dahbia and Haouzia olive leaves with Colletotrichum gloeosporioides 
 Inoculated 

olive leaves 
(Dahbia) 

Non inoculated 
olive leaves 

(Dahbia) 

Inoculated olive 
leaves (Haouzia)  

Non inoculated 
olive leaves 
(Haouzia) 

 
Technique 4 

Severity index (%) 100 a 0 b 100 a 0 b 
Conidia concentration 
on the leaf surface 
(conidia.cm-2) 

8. 107 a 0 b 1.24 108 a 0 b 

 
Technique 5 

Severity index (%) 100 a 0 b 100 a 0 b 
Conidia concentration 
on the leaf surface 
(conidia.cm-2) 

1.73. 108 a 0 b 1.47 108 a 0 b 

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

DISCUSSION AND CONCLUSION 
Olive fruits are very susceptible to fungal infections during the ripening period. Plant pathogenic fungi 
secret a wide arrays of extracellular enzymes to degrade cellular tissue and absorb nutrients1. Fungal 
species produces a range of hydrolytic, proteolytic and cellulolytic enzymes and metabolites to facilitate 
penetration and colonization of host tissues1, which may result in reduced quality of the extracted oil.  
The used strain of Alternaria alternata had no effect on the fruits and on the leaves of the olive tree. In 
the other hand, Moral et al.29 demonstrate the high susceptibility of Olive cultivar FS-17 to Alternaria 
alternata in southern Spain.  Alternaria alternata may secrete some Mycotoxins in infected olive fruits 
and they are possible to be transferred into oil7. Alternaria species produce different mycotoxins such as 
Alternariol (AOH), Alternariol methyl ether (AME), Altenuen (ALT), and Tenuazonic acid (TeA) which 
leave harmful effects on bacterial, human and animal cell cultures24,50. 
Cladosporium sp. was responsible to the olive rot in Iran38 and in Australia (Sergeeva et al., 2008b). The 
obtained results showed that Cladosporium sp. was able to infect both of the intact and the injured olives. 
Alternaria and Cladosporium have been associated with the end or nose rots seen on several cultivars the 
fungi recovered from these including38. Also, Torbati et al.46 reported that both of Alternaria alternata 
and Cladosporium cladosporioides provoke rot on the olive fruits.  These fungi can be both primary and 
secondary invaders, and further work needs to be undertaken to confirm their importance as pathogens38.  
Aspergillus flavus has shown a green mold on the olives, it is also responsible of peaches and plum rots in 
different countries22,28,42. This pathogen is one of the major fungi species producing aflatoxin, a group of 
toxic, carcinogenic compounds12,34,48. The obtained results showed that A. flavus couldn’t degrade the 
olive fruit epicarp, the contamination of olives with A. flavus necessitates injuries. This was also reported 
by Lazzizera et al.,25 those announced that most of fungal species causing fruit rot of olive are common 
saprophytes or secondary invaders normally penetrating through injuries made by biotic or abiotic factors.  
Anthracnose caused by Colletotrichum acutatum and C. gloeosporioides is a common and widespread 
fruit rot disease of olives (Olea europaea L.) in most olive growing regions in the world41. The most 
typical symptoms of olive anthracnose (OA) are fruit rot and mummification. In moist conditions, 
infected fruits show a soft to dark brown rot with an abundant production of an orange gelatinous matrix 
embedding conidia emerging from acervuli, while, in dry conditions, the fruits mummify and lose weight 
due to dehydration. Affected fruits fall prematurely to the ground and only a few mummies remain 
attached to the tree. Fruit drop may also be the consequence of infections in the peduncle32. 
Anthracnose has been previously recorded on olive leaves in Mediterranean countries such as Portugal, 
Spain and Italy40,44,45. Olive anthracnose caused by Colletotrichum spp. is becoming an important disease 
of fruits causing major losses in yield of olives and the quality of olive oil21,44. 
C. gloeosporioides was reported for the first time as the responsible agent of the olives anthracnose in 
Morocco by Achbani et al. (2013) in the region of Ouazzane, the obtained results showed that both of 
Colletotrichum gloeosporioides and Cladosporium sp. were isolated from the same rot symptoms and 
both of them provoked rots on olives without any injuries.  
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C. gloeosporioides was able to affect the leaves showing Chlorosis symptoms and it was also able to form 
acervuli on the olive leaves, it was also reported by Sergeeva et al.40 in Australia leaves and flowers. 
Infected leaves were considered as inoculum sources for fruit anthracnose (Cacciola et al. 1996). 
Moreover, a very poor olive oil quality is obtained from olives harvested in anthracnose affected areas 
because of alterations in oil color (red), acidity, and organoleptic characteristics10,17. These infected leaves 
can be also an inoculum source to affect the olive flowers and fruits in the flowering and fructification 
seasons. Colletotrichum gloeosporioides has a latent period and spores can survive saprophytically for 
long periods36 and heavy infections of anthracnose cause massive defoliation. Infections begin by the 
spores germinating from the acervuli on the fruits, leaves and young shouts26.  
Some of the tested species provoked rots on the olive fruits with and without injuries; several biotic and 
abiotic factors may cause injury on olive fruits such as pest insects, hail, and many others46. Olive fruits 
are very susceptible to fungal infections during the ripening period. Plant pathogenic fungi secret a wide 
arrays of extracellular enzymes to degrade cellular tissue and absorb nutrients1. Fungal species produces a 
range of hydrolytic, proteolytic and cellulolytic enzymes and metabolites to facilitate penetration and 
colonization of host tissues1, which may result in reduced quality of the extracted oil. 
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