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Abstract: Olive leaf spot (OLS), also called olive scab and peacock eye, caused by Fusicladium
oleagineum, is a major disease that causes significant damage to olive trees. However, we still lack
information about how cultivar and environmental factors influence disease development. In this
study, evaluation of the incidence and severity on twenty olive cultivars (Olea europaea L.), maintained
in an ex situ collection in Morocco, was carried out monthly during the period from March to
July 2021. Biochemical parameters were also evaluated for each cultivar including leaf chlorophyll,
polyphenols and flavonoid contents. Results revealed that the OLS incidence was highly correlated
with severity (r = 0.94) and found to be related to climatic conditions and cultivars. The studied
cultivars were classified into four major groups, i.e., susceptible, moderately susceptible, moderately
resistant and resistant. Finally, our investigations revealed a partial relationship between resistance to
the OLS disease and phenolic and flavonoid leaf contents, supporting the assumption of the potential
involvement of such components in cultivar resistance to the disease. Overall, our work highlights
the importance of characterizing olive cultivar resistance to OLS in driving the choice of the best
varieties for an effective control of the disease in specific warming regions such as Morocco.

Keywords: Olea europaea L.; peacock eye disease; olive cultivars; olive leaf scab; incidence; severity

1. Introduction

Climate change is a global concern for sustainable agriculture production [1]. More
frequent extreme weather events such as heatwaves and high temperatures significantly
impact ecosystems and threaten plant health and global food security [1,2]. In the Mediter-
ranean region, climate warming is 20% faster than the global average, which results in
more severe impacts on agricultural plant species of economic importance such as the olive
tree [3,4].

Olive (Olea europaea L., Oleaceae) is a fundamental crop in the Mediterranean countries.
Its cultivation offers ecosystemic services and, most importantly, constitutes a major source
of highly nutritious and economically valued edible oil [5,6]. Much like in other countries
experiencing global warming challenges, the biological and physiological development
of the olive tree is heavily dysregulated by changing climatic conditions in Morocco [7].
For instance, rising temperatures can affect developmental stages in the olive tree and its
susceptibility to fungal pathogens [8].

Olive leaf spot (OLS, also called repilo, olive leaf scab or peacock’s eye) is a devastat-
ing disease of the olive tree in the Mediterranean basin and worldwide [9]. The disease
is caused by the fungus Fusicladium oleaginum (Castagne), also called Venturia oleaginea,
Spilocaea oleaginea, and Cycloconium oleaginum [10]. This pathogen belonging to the phylum

Horticulturae 2023, 9, 589. https://doi.org/10.3390/horticulturae9050589 https://www.mdpi.com/journal/horticulturae

https://doi.org/10.3390/horticulturae9050589
https://doi.org/10.3390/horticulturae9050589
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://orcid.org/0000-0002-1890-4601
https://orcid.org/0000-0003-3526-8245
https://orcid.org/0000-0003-1742-0282
https://orcid.org/0000-0002-2936-8197
https://doi.org/10.3390/horticulturae9050589
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae9050589?type=check_update&version=1


Horticulturae 2023, 9, 589 2 of 12

Ascomycota (family of Venturiaceae) has long been reported in all olive-growing coun-
tries. It has the ability to develop at the cutaneous part of the leaf, resulting in circular
lesions surrounded by yellow halos of 3 to 10 mm in diameter on the upper side of the
leaves [11]. The color of the spots varies from gray-brownish to yellow-orange. Under
climatic favorable conditions, the spot becomes covered with a brownish down consisting
of conidiophores and conidia [12]. Affected leaves become partially chlorotic, then necrotic,
and drop prematurely, leading to a complete defoliation of the tree and resulting in a
general weakening of the tree with subsequent remarkable reduction in yield [9,13].

In Morocco, the disease causes significant damage in most olive-growing regions,
reaching up to 20% damage in terms of olive production and oil quality [14,15]. A large
body of work has been carried out on the biology, ecology and control methods, including
genetic resistance [12,16–20]. However, results from these studies cannot be generalized
across a wide range of environmental conditions, nor host genetic diversity. In the prospect
of selecting locally adapted and highly resistant varieties, in-depth context-specific research
with regard to local climate change is needed to unravel the implications for pathogen
behavior and host susceptibility. In fact, more than 1200 olive cultivars have been described
worldwide [21], but their susceptibility to OLS disease is not fully understood [19] as
in the dominant variety in Morocco ‘Picholine marocaine’ that is known to be highly
susceptible [14,15,22,23].

This work aims to study the susceptibility of some Mediterranean olive cultivars to
OLS and to examine the relationship between the environmental and the biological factors
underpinning cultivars’ differential reactions to the pathogen. Specifically, this study sets
out to: (i) assess the monthly progression of the disease symptoms, (ii) rank varieties
based on their resistance and susceptibility levels, and (iii) study the effect of some leaf
biochemical contents on the fungus occurrence.

2. Materials and Methods
2.1. Study Area

The epidemiological study of the OLS disease was carried out in an ex situ collection
maintained in the experimental station of National Institute of Agronomic Research (INRA),
Ain Taoujdate, Morocco, (Region of Fez-Meknes; altitude: 550 m, latitude: 33.931031,
longitude: 5.274508; Figure 1). This collection is made of more than eighty olive accessions
from nine countries and was established in 2006 [24]. The density of the plantation is
5 × 5 m and maintenance cultural practices are limited to pruning, annual ploughing and
drip irrigation. A panel of twenty true-to-type olive cultivars, genetically identified using
microsatellite molecular markers in a previous study [24], were selected for this study
(Table S1). Climate data (temperature, precipitation and relative humidity) were collected
from the weather station of the experimental field.

2.2. Plant Materiel Sampling

Disease symptom progression rate was evaluated by monthly leaf sampling over a
five-month period from March to July 2021. For every studied variety, 200 leaves were
randomly sampled from the four cardinal points of two trees, 100 leaves each, disinfected
with 90% alcohol, and placed in labelled sterile bags. Samples were kept in the laboratory
under 4 ◦C for further investigation.

2.3. Assessment of Disease Incidence

Disease incidence, known as the percentage of infected leaves per variety, was de-
termined according to the Teviotdale et al. protocol [27]. For each tree/variety, disease
incidence was assessed as the percentage of symptomatic leaves including both visible
and latent lesions. To determinate latent lesions, the olive leaves spots revealed by soak-
ing symptomless samples in 5% NaOH solution for 15–20 min at room temperature as
described by Shabi et al. [28]. The leaves were then examined and the numbers of infected
leaves (recognizable by the appearance of dark circular spots) was recorded.
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2.4. Assessment of Disease Severity

Disease severity was rated using a 0–8 scale. The scale considers the number of lesions
per leaf with: 0 = no symptoms, 1 = 12.5%, 2 = 12.6% to 25%, 3 = 26% to 37%, 4 = 38% to
50%, 5 = 51% to 62%, 6 = 63% to 75%, 7 = 76% to 87% and 8 = 88% to 100% of the upper
surface covered with black lesions [29].

Finally, the area under the disease progress curve (AUDPC) [30], a quantitative sum-
mary of disease intensity over time, was calculated based on the incidence and the severity
evaluated monthly using the following formula:

AUDPC=
n−1

∑
i=1

(yi+yi+1
2

)
(ti+1−ti)

where:

yi+1 is the cumulative disease incidence in the i observation,
ti is the time at the observation and,
n is the total number of observations.

2.5. Assessment of Chlorophyll Content

Leaves were washed with distilled water and dried using a lyophilizer freeze dryer for
72 h. Leaves were then ground and 20 mg of the resulting fine powder material was stirred
in 2 mL of 80% acetone for 1.5 h until all the pigments were extracted. The suspension was
centrifuged at 14,000 rpm for 15 min at 4 ◦C. The optical density (OD) of supernatant was
measured at both wavelengths 645 nm and 663 nm (UV-1700 Spectrophotometer, Shimadzu,
Tokyo, Japan). The concentrations of chlorophyll pigments ‘a’ and ‘b’ were given by the
following formulas [31]:

Cha = 12.7 (OD663) − 2.69 (OD645), and

Chb = 22.9 (OD645) − 4.86 (OD663)

2.6. Assessment of Total Phenolic and Flavonoid Contents

Leaf samples were collected in April where the conditions are optimal for the pathogen
development. Total phenolic and flavonoid contents were assessed following the protocol
previously described by Sanders et al. [32] and Xie and Bolling [33]. First, an amount of
1 g of leaf powder was transferred to polypropylene tubes and homogenized in 20 mL
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of ethanol and ultrapure water (80:20, v/v) at 4 ◦C for 15 min using an IKA T-18 Basic
Ultra-Turrax homogenizer (IKAWerke GmbH & Co., Staufen, Germany). The homogenate
was then centrifuged at 3000× g for 10 min at 4 ◦C. For each tree, three extractions were per-
formed separately, and the supernatants were then pooled and filtered through Whatman
No. 1 filter paper.

Total phenolic (TP) content was determined using the Folin–Ciocalteu micro method [34].
Three Folin’s reaction replicates were made for each sample. The reaction medium con-
tained 40 µL of extract, 3160 µL of ultrapure water, 200 µL of the Folin–Ciocalteu reagent
and 600 µL of 20% sodium carbonate solution. After 30 min of incubation at 40 ◦C, ab-
sorbance was measured at OD765. The TP content is expressed as gallic acid equivalent per
dry weight (mg GAE/gdw).

Total flavonoid (TF) content was similarly measured on three replicates per sample
using the colorimetric method with aluminum chloride [35]. Absorbance was measured at
OD510 and the results were expressed as catechin equivalent per dry weight (mg CE/gdw).

2.7. Data analysis

All statistical analyses were performed using R statistical software. Analysis of vari-
ance and Turkey’s HSD tests with p < 0.05 as the significance level were used to determine
the significance level of cultivars and sampling time on incidence, severity and AUDPC. In
addition, Pearson’s correlation coefficients between different parameters were computed.
Finally, Hierarchical Cluster Analysis (HCA) using Ward’s method based on Euclidian
distance was performed on the twenty cultivars, and the dendrogram was constructed
using the “dendextend” R package.

3. Results
3.1. Field Observation and Disease Symptoms Identification

Field observations showed that the extent of OLS damage is cultivar-dependent.
Typical OLS symptoms were observed in the field, mostly on the lower part of the trees,
and consist of circular spots on the upper side of old leaves surrounded by a yellow
halo, hence the name “peacock eye” (Figure 2). The color of these spots ranges from
gray to brown or dark-brown to orange-yellow. These spots are often accompanied by
chlorosis and yellowing of the leaves. Field observations revealed that the proportion of
symptomatic leaves changed over time during the period of the study. At the beginning of
the experiment, i.e., from March to May, the number of symptomatic leaves spiked, then
dropped in late summer following trees’ defoliation.
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3.2. Assessment of Disease Incidence and Severity

The assessment of disease level is usually expressed by incidence and/or severity [36].
These indices are usually shown as indicators of the aggressiveness of the pathogen and/or
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of the effectiveness of the control treatments applied [37]. Here, disease incidence and sever-
ity varied significantly among varieties and sampling months (Table 1). Disease severity
ranged from 0 to 74% and was highly and significantly correlated with incidence (r = 0.94,
p-value < 0.001; Figure S1), indicating differential impact of OLS on olive cultivars. Indeed,
four major groups were identified as susceptible, moderately susceptible, resistant and
highly resistant based on hierarchical clustering analysis (Figure 3; Table S1). ‘Blanqueta’
cultivar is classified as the most susceptible with 74% of infected leaves. The cultivars
‘Picholine marocaine’, ‘Arbequine’, ‘Verdial Tansmontana’, ‘Piangente’ and ‘Tabelout’ had
9 to 52% infection rate and were classified as moderately susceptible. In contrast, the
cultivars ‘Maurino’, ‘Carmelitana’, ‘Amellau’, ‘Bouchouk Soummam’, ‘Sevillenca’, ‘Galega
Vulgar’, ‘Madonna Dell’ Impruneta’, ‘Meslala’ and ‘Grappolo’ were found to be moderately
resistant, whereas ‘Ascolana Tenera’, ‘Frantoio’, ‘Leucocarpa’, ‘Changlot Real’ and ‘Chetoui’
proved to be the most resistant cultivars.

Table 1. Analysis of variance (ANOVA) for the two disease indices.

Incidence (%) Severity (%)

Cultivars 352.34 *** 94.36 ***
Month 1180.59 *** 242.77 ***
Cultivars—Month 113.19 *** 31.30 **
Error 59.834 16.843
R2 0.772 0.755

**, *** Significance at p-value < 0.01 and p-value < 0.001, respectively.
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3.3. Determination of Total Chlorophyll, Phenolic and Flavonoid Contents

Total chlorophyll, phenolic and flavonoid leaf contents are reported in Figure 3 and
Figure S1. Cultivars differed significantly in their chlorophyll content. ‘Grappolo’ cultivar
had the greatest content in chlorophyll ‘a’ (0.65 µg/mg) and chlorophyll ‘b’ (0.32 µg/mg).
‘Verdial Tansmontana’ cultivar contained the least amount of chlorophyll ‘a’ (0.27 µg/mg)
and ‘Madonna Dell Impruneta’ cultivar contained the least amount of chlorophyll ‘b’
(0.09 µg/mg Table S1).

Cultivar had a significant effect on phenolic and flavonoid contents. Specifically, ‘Grap-
polo’, ‘Sevillenca’, ‘Changlot Real’, ‘Carmelitana’, ‘Frantoio’, ‘Maurino’, and ‘Piangente’
showed the highest phenolic (1.4–15.03 mg·GAE/g) and flavonoid contents (1.01 and
10.01 mg·CE/g). Conversely, the lowest contents were found in the cultivars ‘Amellau’,
‘Picholine marocaine’, ‘Arbequine’ and ‘Blanqueta’. Interestingly, incidence was negatively
correlated with polyphenol and flavonoid contents when computed across all cultivars,
though this correlation was not significant (Figure S2). However, when determined among
moderately susceptible cultivars only, phenols and flavonoids were significantly correlated
to disease incidence (Figure S2). Overall, cultivars with high and/or moderate resistance to
the OLS disease, such as ‘Leucocarpa’, had greater phenolic and flavonoid contents than
susceptible cultivars such as ‘Picholine marocaine’ (Figure 3).

3.4. OLS Disease Progression over Time

AUDPC varied significantly among cultivars (Table 2) and was influenced by envi-
ronmental conditions. Disease symptom development was more pronounced in spring
(March and April) than in summer, suggesting the effect of environmental conditions such
as temperatures, precipitation and relative humidity RH on disease progression within a
campaign (Figure 4). The prevalence of infections increased significantly over time. Disease
incidence dropped with decreasing rainfall between March (70.4 mm) and June (1 mm).
High temperatures in June and July of more than 27 ◦C resulted in weak infection rate and
thus low levels of disease incidence and severity (Figure 4).

Table 2. Analysis of variance of AUDPC for the two disease indices.

Incidence (%) Severity (%)

Cultivars 693,963.05 * 223,763.39 *
Error 304,815.19 96,429.702
R2 0.684 0.688

*, Significance at p-value < 0.05.
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Cultivars (round spots) were classified according to their level of susceptibility: red column: cultivars
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column: resistant cultivars. Temperature and precipitation data during the period of the study are
indicated (b).

4. Discussion

Climate changes, caused by the variation of temperatures and precipitations, increase
the risk of fungal diseases on olive trees [38]. The present study investigated the resulting
effect of various factors on the development of OLS disease in twenty olive cultivars
maintained under a temperate Mediterranean climate with warm, dry summers (average
of 17 ◦C) and rainy, cool winters (average of 470 mm).

Climatic conditions in the station are optimal for the development of F. oleagineum,
the sporulation and germination of conidia, which explains the significant level of leaf
damages encountered in our study. Our results revealed a strong relationship between
climatic conditions and disease development indices over time. The variability of disease
indices was highly affected by the sampling period and cultivar. A considerable disease
occurrence (incidence and severity) was detected in spring when the conditions, principally
precipitations, were favorable for OLS development.
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Our findings show a substantial influence of weather condition on cultivar response
to OLS. Previous investigations reported similar results on the effect of climatic conditions
on the susceptibility of olive cultivars [20,29,38,39]. In fact, Obanor et al. [40] and Al-Khatib
et al. [41] have reported that the variation in susceptibility of olive cultivars under field
conditions is due to the effect of environmental conditions such as temperature, relative
humidity and light. They also reported that conidia production is optimal at 15 ◦C under
high humidity (100%), while conidia germination and infection require continuous free
humidity for 12 to 24 h and temperatures ranging from 5 ◦C to 25 ◦C. Guechi and Girre [42]
reported that the most favorable period for OLS infection is late autumn and spring. Other
studies also reported that F. oleagineum infection occurs at the beginning of autumn [43,44].
In the absence of favorable conditions, particularly hot and dry summer, infection by F.
oleagineum is latent without visible symptoms. The pathogen survives as mycelium in
lesions on living leaf weeds resulting in the appearance of black spots as a response to
NaOH reaction [45,46].

Regardless of climatic conditions, our work showed different levels of susceptibility
of the studied cultivars to F. oleagineum. The susceptibility/resistance of cultivars is usually
expressed by the percentage of infected leaves [27,28], the number of lesions and the
diseased leaf area [29] occurring in low levels in resistant varieties. The studied varieties
were classified into four main groups: susceptible, moderately susceptible, resistant and
highly resistant to OLS. Our findings are in accordance with previous studies such as those
reported in the OLEA database ([47], Table S1). In fact, Rahioui et al. [48] reported that
‘Picholine marocaine’ is a very susceptible cultivar and Ouerghi et al. [49] that ‘Chetoui’ is
a resistant cultivar while Barranco et al. [50] reported that this latter is very susceptible to
the OLS. Moreover, Carla et al. [51] highlighted that the variety ‘Galega vulgar’ is known
to be moderately susceptible to OLS, which is consistent with our results, whereas Rallo
et al. [52] reported that this variety is tolerant. Finally, ‘Frantoio’ is classified as tolerant
cultivar [53] and ‘Leucocarpa’ as highly resistant to F. oleagineum [12].

The discordance found in different studies, including our research, may be explained
by the mis-identification of true-to-type varieties, variation in virulence among pathogen
populations, and/or environmental conditions where the studies were conducted [54]. In
the present work, the studied cultivars were identified using molecular markers [24] and
therefore the susceptibility/resistance observed is mainly related to the ontogenic resistance
(OR: the ability of the cultivar to resist or tolerate the OLS under the same conditions).
The OR is generally controlled by two factors: physical and chemical characteristics of the
olive leaf cuticle [18,55]. Some authors have attested that old leaves are more susceptible
than young leaves [13], while others have reported that young leaves are more susceptible
than old leaves [56], which is in accordance with our filed observations. These results are
consistent with those of López-Doncel et al. [57] who noted that young leaves are highly
susceptible to OLS disease compared to older leaves. The age-related resistance may be
associated with water-repellent waxes accumulated on leaves surface which prevent the
formation of an optimal water film for the pathogen germination. In fact, older leaves are
more cutinized than the younger ones and are more resistant to OLS [49,58]. The thicker
cuticle of older leaves may block the penetration of the pathogen compared to younger
leaves [59]. Moreover, according to previous studies, the cultivar susceptibility may be
determined by the presence/absence of several genes where their expression occurs after
infection and the resistance to OLS may be due to an active defense response genotype
dependent (162 cDNA fragments; [46,60]).

Leaf chlorophyll content was smaller in the symptomatic leaves of some cultivars
compared to healthy ones. The major alteration induced by fungal invasion appears to
be the degradation of chloroplast in palisade parenchyma cells and progressively devoid
of their cytoplasmic content. Consequently, the chlorophyll pigments disappeared gradu-
ally at advanced stages of infection, which gives a yellowish appearance to the diseased
leaves [61]. This explains the significant drop in the chlorophyll content in the leaves
severely infected by the causal agent.
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Cultural practices represent other important factors in the development of the disease.
Our field investigations revealed that the proportion of infected leaves depends on the
position of the leaves in the canopy [15]. The severity of the disease decreases going from
the lower part to the upper part of the tree. This finding may be explained by the fact that
the lower parts of the tree retain more humidity level, while in the upper parts leaves are
more exposed to light and aeration [29]. The exposition of leaves is known to be another
factor of the pathogen development. In fact, the proportion of damaged leaves exposed
to the north is usually higher than the leaves exposed to the south. The northern side,
the less sunny in the tree is the most contested, followed by the western, southern and
eastern sides [13,15,62,63]. The unpruned trees have a high incidence compared to pruned
trees where tree thinning creates conditions for aeration of the inner parts of the canopy
with less relative humidity [13,18]. Soil moisture management and irrigation control are
also very important factors to control, and many studies concluded the effect of increased
fertilization on the development of OLS. In fact, high severity is recorded in trees fertilized
with high levels of nitrogen [64]. This may be explained by the fact that a high nitrogen
supply decreases the polyphenol content and therefore the increase in the severity of the
disease [65]. Hence, the need for a more rational and sustainable use of nitrogen fertilizers.

5. Conclusions

Olive tree cultivars respond differently to OLS. This variability is a function of time,
environmental conditions, and phenols and flavonoids leaf contents. These findings shed
light on mechanisms that govern OLS development and can guide the best choice of
varieties to be grown in specific olive-growing regions. Additionally, this work paves
the way for a better understanding of the factors involved in the susceptibility/resistance
of olive cultivars to boost breeding programs for olives, aiming to select highly resistant
cultivars. Finally, elucidating the relationship between disease progression and climatic
conditions will allow developing prediction models based on climatic conditions to foresee
the risk of OLS in different regions. Overall, our study contributes significant insights into
the dynamic of the OLS and the functioning of the olive–OLS pathosystem in the prospect
of developing effective and sustainable management methods against this disease.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae9050589/s1, Figure S1: Pearson correlation between
the incidence and severity disease indices in each sampling month; Figure S2: Pearson correlation
between the OLS disease incidence and biochemical contents in each sampling month of the study;
Table S1: List of cultivars used in the study, results of different parameters evaluated and their
susceptibility to OLS disease.
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