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Abstract: In the past decade Colletotrichum gloeosporioides, C. karstii, and Alternaria alternata repre-
sent emerging fungal pathogens on citrus in the Mediterranean basin. Selection of tolerant Citrus
germplasm offers evaluable long-term solution and should be considered as promising alternative
to limit synthetic fungicide application to manage Alternaria and Colletotrichum infections in Citrus
groves. In this study, the high variability of pre-harvest disease symptoms among 37 Citrus accessions
was investigated in Italy in the most representative Sicilian production districts covering 1500 ha
and including 20 homogeneous areas over an eleven-year survey period (2010–2020). Early fruit
drop, brown spot, and anthracnose on fruit and leaves, pre-harvest fruit drop, and twig blight and
defoliation associated to Alternaria and Colletotrichum spp. were identified on oranges, mandarins,
and lemons. Comprehensively, first extensive data obtained herein on field susceptibility within
“Tarocco” blood orange group to above disease symptoms clearly indicate as “Tarocco Nucellare
57-1E-1,” “Tarocco Tapi,” “Tarocco Sant’Alfio,” and “Tarocco Catania” accessions should be preferred
to remaining Tarocco ones. A broad degree of tolerance or susceptibility was also observed within
other Citrus group as it happens for tolerant lemon “Femminello Zagara Bianca,” thus demonstrating
a putative resource for further studies to employ in a breeding program for genetic improvement
of Citrus.

Keywords: citrus germplasm; disease symptoms; fungal diseases; genetic improvement; blood oranges

1. Introduction

The cultivation of Citrus spp. represents one of the most important fruit industries
worldwide. Several countries of the Mediterranean basin such as Greece, Italy, Spain,
Tunisia, and Turkey are important producers of citrus fruit, as well as additional regions
with Mediterranean climate such as Australia, California, Florida, and South Africa [1].

A broad range of fungal species cause diseases affecting roots, foliage, fruit, and wood
where Citrus spp. are cultivated [2–8]. Interesting case studies demonstrate the ability of
pathogens of citrus, as well as of additional host species, to be in continuous evolution due
to climatic change, genetic diversity, and global movements of plants and materials [9–13].

Colletotrichum spp. have been treated for decades as post-harvest pathogens, though
they have been recently reported as major field pathogens in Europe, California, and North
Africa [5,14,15]. The adoption of the use of multi-gene phylogenetic analysis and the
polyphasic protocols for studying the genus Colletotrichum recently changed the char-
acterization and pathogen species concepts of Colletotrichum related to different fruit
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crops [9,16–18]. Thus, a broad number of species of Colletotrichum was reported in associa-
tion with Citrus spp. over the world [19–24]. Colletotrichum gloeosporioides and C. abscissum
(previously reported as C. acutatum) are the causal agents of petal necrosis, abscission of
young fruit, and the formation of persistent calyces of various Citrus species as a disease
complex known as postbloom fruit drop in Brazil [3,25] and Bermuda [26]. Key lime an-
thracnose is a disease complex relating to leaves, flowers, and fruits of Key lime caused by
C. limetticola [27]. In Italy, Tunisia, and Turkey, heavy pre-harvest anthracnose symptoms on
orange fruit and on leaves of mandarins were caused by species of Colletotrichum with the
main role played by C. gloeosporioides and C. karstii [5,28–30], severe anthracnose symptoms
on unripe and ripe lemon fruit were recorded in Portugal [31], mixed infections were
caused by C. gloeosporioides on orange fruit in Mexico, Morocco [32,33] and on grapefruit in
Mexico [34]. Moreover, twig wither-tip and dieback symptoms were observed on orange
orchards in Tunisia [14], on different Citrus spp. in Pakistan [35], on sweet orange and
lemon trees in Algeria, [36], and on clementine and oranges in California where symp-
toms included leaf chlorosis, twig and shoot dieback, crown thinning, wood cankers in
branches, and death of young plants [15]. Thus, all the global reports show a new scenario
of emerging Colletotrichum diseases of citrus plants involving a broad variety of symptoms
including fruit and leaf spot, twig blight and defoliation, early and pre-harvest fruit drop,
mostly caused by C. gloeosporioides and C. karstii, with consequent losses of marketable fruit.

In addition, Alternaria alternata (tangerine pathotype) has been considered a key
pathogen mainly for the mandarin group and related hybrids [37,38]. However, this
species was described in 2020 as responsible for brown spot on fruit and leaves of several
sweet orange and lemon accessions cultivated in Italy [6]. The study demonstrated also
the occasional association of A. arborescens with brown spot on Citrus sinensis. Therefore,
Alternaria brown spot on fruit and leaf of several Citrus species and accessions is an
additional disease complex to consider to the above mentioned Colletotrichum diseases.

Chemical management of Alternaria and Colletotrichum diseases is the main strategy
to control these fungal diseases on citrus worldwide [39–41]. Critical factors are the
number and timing of fungicide applications, the spray interval and the size of treated
area, and the efficacy of the molecule. The high number of treatments which must be
used to protect susceptible accessions could pose serious risks of environmental impact
and fungicide resistance [40,42]. For these reasons, the genetic resistance remains the best
long-term solution.

Very few data concern the degree of field susceptibility to Colletotrichum and Al-
ternaria diseases of the Citrus accessions cultivated in Sicily. In a previous paper, the acces-
sion “Tarocco Scirè” was significantly more susceptible to natural infections of C. gloeospori-
oides than “Tarocco Nucellare” [5].

Therefore, the main objectives of the current study are: (i) To ascertain the symptoms
in the orchards resulting in a reduction of fruit production; (ii) to identify the main fungal
species responsible or associated with the symptoms observed in the field; (iii) to determine
the susceptibility or tolerance of several cultivated accessions of oranges, mandarins, and
lemons for agricultural purposes and for the genetic improvement of the Citrus accessions.

2. Materials and Methods
2.1. Germplasm, Timing, and Location of Phytopatological Survey

A wide disease survey was performed from 2010 to 2020 in one of the most represen-
tative Italian Citrus production districts in the eastern Sicily falling into Syracuse, Catania,
and Enna provinces (Sicily-Italy). In total, 20 homogeneous production areas (each formed
by 1-to-27 farms) were surveyed for each year and single data for area were grouped into
three periods i.e., from 2010 to 2013 (four years), from 2014 to 2017 (four years), and from
2018 to 2020 (three years). Comprehensively, 24 orange accessions, 10 mandarin accessions,
1 Satsuma, and 2 lemon accessions were surveyed over an eleven-year period throughout
the different areas. To make easier comparisons, these accessions were further grouped in
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(i) “Tarocco” blood oranges, (ii) other Blood oranges, “Valencia” orange and Navel oranges,
(iii) Mandarin, Satsuma and Easy peel group, and (iv) Lemon group.

Particular attention has been given to typical “Tarocco” blood orange production
because it represents the most important Citrus group for the Italian citriculture and
the most spread Citrus crop in Sicily. To this regard, 15 “Tarocco” accessions have been
inspected in this study.

2.2. Description of Disease Symptoms

All symptoms referable to biotic factors were considered during the entire field survey
whereas climatic, edaphic, and physiological disorders were from time to time discrim-
inated. Moreover, only symptom and sign complexes representing a heavy threat for
citrus production in young and mature Citrus orchards were considered and monitored
over time.

2.3. Isolation and Fungal Identification

To ascertain the etiology of infections in the field or the associated fungi to the
symptom-complexes, affected leaves, twigs, and fruit were collected from different Citrus
accessions grown in the fields. Small sections of symptomatic tissue were disinfested with
1% NaOCl for 1 min, rinsed in sterile distilled water (SDW), then placed on potato dextrose
agar (PDA, Oxoid, Basingstoke, UK) amended with streptomycin sulphate (Sigma-Aldrich,
Saint Louis, MO, USA) at 100 mg/L, and then incubated at 25 ± 1 ◦C in the dark. After 7 d,
single conidia were recovered from each fungal colony following streaking a 10 µL of coni-
dial suspension on agar plate and after 12–16 h of incubation were selected and transferred
into PDA Petri dishes. All isolates obtained were preliminarily identified by morpholog-
ical analysis (conidia and colony morphology). Moreover, molecular analysis was used
to confirm the identification at species level. Representative fungal isolates recovered
from each symptom were grown on malt extract agar (MEA) for 7 d at room temperature
(20 ◦C). Resulting mycelium of each isolate was harvested with a sterile scalpel, and the
genomic DNA was extracted using the Wizard® Genomic DNA Purification Kit (Promega
Corporation, Madison, WI, USA), according to the manufacturer’s protocol. The internal
transcribed spacer of ribosomal DNA (ITS) region was targeted for PCR amplification and
sequencing of all isolates using ITS5 and ITS4 primers [43].

In addition, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and translation
elongation factor 1-α (EF-1α) genes were selected due to their highly informative combined
to distinguish A. alternata from all the other Alternaria species of the section Alternaria [6,44].
The primers used for these regions were: EF1-728F and EF1-986R for EF-1α [45] and GPD1
and GPD2 for GAPDH. The PCR mixtures for ITS, GAPDH, and EF-1α contained 1 µL of
genomic DNA, 2 µM MgCl2, 40 µM of each dNTP, 0.2 µM of each primer, and 0.5 Unit
GoTaq® Flexi DNA polymerase (Promega, Madison, WI, USA), in a total volume of 12.5 µL.
The PCR conditions were: initial denaturation at 94 ◦C for 5 min; 35 cycles amplification at
94 ◦C for 30 s; annealing at 48 ◦C (ITS) or 52 ◦C (EF-1α) for 50 s, and extension at 72 ◦C for
2 min; and a final extension at 72 ◦C for 7 min. The PCR products were sequenced in both
directions by Macrogen Inc. (Seoul, Korea).

For species of Colletotrichum, PCR was performed with primers TubGF1 and TubGR [46],
specific for partial β-tubulin (tub2) gene, and with primers GDF and GDR, specific for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene. These two genes were used
to distinguish fungi belonging to Colletotrichum genus [47]. Incubation mixtures for PCR
contained genomic DNA, 19 reaction buffer, 2.0 mM MgCl2, 200 lM each dNTP, 400 nM of
primers, and 2.5 U of Taq DNA polymerase (Sigma-Aldrich, Saint Louis, MO, USA). All
reagents were mixed and maintained at 95 ◦C for 3 min. The PCR conditions were: initial
denaturation at 94 ◦C for 1 min; 38 cycles of amplification at 94 ◦C for 30 s; annealing at
55 ◦C (with primers ITS1-ITS4) or 54 ◦C (with primers TubGF1-TubGR and GDF-GDR)
for 1 min; extension at 72 ◦C for 1 min, followed by a final extension period at 72 ◦C
for 10 min. PCR products were purified using Nucleospin Extract Kit (Macherey-Nagel,
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Düren, Germany) and sequenced in both directions (Stazione Zoologica “Anton Dohrn,”
Naples, Italy).

BLASTn searches on GenBank were performed using GAPDH and EF-1α sequences
for Alternaria species and tub2 and GAPDH for Colletotrichum species.

2.4. Susceptibility Evaluation and Risk of Disease Outbreaks

For germplasms herein tested, the disease susceptibility levels (from tolerant to ex-
tremely sensitive) versus all symptoms were referred to an empirical 0-to-5 disease inci-
dence scale taking into account the percentage of affected citrus organs (fruit, leaves,
twigs) in the citrus canopy where 0 = healthy canopy; 1 = from 1 to 5% of infected
fruit/leaves/twigs in the canopy; 2 = from 6 to 15% of infected fruit/leaves/twigs in
the canopy; 3 = from 16 to 30% of infected fruit/leaves/twigs in the canopy; 4 = from 31
to 60% of infected fruit/leaves/twigs in the canopy, 5 = from 61 up to 100% of infected
fruit/leaves/twigs in the canopy.

3. Results and Discussion
3.1. Disease Symptoms

During the disease survey, several symptom-complexes were observed at different
times on all Citrus accessions grown in the fields. They included early fruit drop, Alternaria
brown spot on fruit and on leaf, anthracnose on leaf and fruit, pre-harvest fruit drop,
twig dieback and defoliation. Symptoms of early fruit drop consisted in necrosis of
citrus inflorescence (receptacle, calyx, sepals, ovary, style, and stigma) (Figure 1a–d), and
subsequent fruitlets drop as a consequence of the suberization of the calix tissue (Figure 1e).
Widespread blight of persistent calyx was observed (Figure 1f). Alternatively, necrotic
fruitlet did not fall and remained attached to the twig (Figure 1h). Occasionally an abnormal
fruit drop was detected (Figure 1g). Altogether, this symptom-complex determined heavy
production losses when flowering coincides with the rainy season. The persistence of the
calix observed in some cases allowed to differentiate biotic early fruit drop symptoms from
the physiological early drop of Citrus fruit. During the survey orange brown lesions on
petals and/or black acervuli of species of Colletotrichum, typical of post-bloom fruit drop
disease (PFD), were not observed.
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Symptoms referable to Alternaria brown spot was observed in fields on leaves and
fruit. Severe infections on mature fruit included lesions that varied from small specks
to large pockmarks on the fruit surface (Figure 2a,b). Sometimes, fruit formed a barrier
of corky tissue erupting from the surface that in the later stage of the infection, can fall
out forming craters (Figure 2e). On immature fruit, the symptoms included slightly
depressed brown to black lesions surrounded by yellow halo areas (Figure 2c,d). In
addition, gummosis on “Femminello Siracusano 2KR” lemon fruit was observed (Figure 2c).
Alternaria brown spot on leaves included small, chlorotic spots on young leaves without
a yellow halo (Figure 2f) that with age turned to brown or dark brown, became necrotic,
enlarged, and developed yellow halos (Figure 2g,h). Alternaria brown spot on fruit
determined heavy production losses with optimal environmental conditions (extended
periods of leaf wetness and temperatures of less than 17 ◦C).

Severe symptoms of anthracnose were observed in fields on leaves and fruit (Figure 3a).
Leaf spot appeared as irregular areas with mesophyll collapse (Figure 3b) or blighted areas
grey or light brown with a prominent purple margin and the presence of black acervuli
of fungus (Figure 3c). Sometimes, extension of necrosis into the leaf veins was observed
determining leaf yellowing and tip wilting (Figure 3d,e). In the later phases of infection,
lesions enlarged determined leaf blight (Figure 3f) and showed signs of the fungus con-
sisting of black acervuli on dead tissue. Moreover, severe infections could occur after hail
damage and under high humid condition (Figure 3g).

During the survey, pre-harvest anthracnose symptoms on fruit appeared as small, light,
irregular, and sunken lesions that could turn black, increase in size, with the production
of acervuli on the infected tissue (Figure 4a–e). In some cases, the lesions regarded the
stem-end of fruit causing pre-harvest fruit drop (Figure 4f) or covered over the 50% of
the surface of the fruit (Figure 4g). Occasionally, tear stain on fruit was observed. This
symptom appeared as superficial, light brown streaks or bands along the fruit that in some
cases covered a high percentage of the fruit surface (Figure 4h). In many accessions severe
infections on the fruit caused heavy production losses.

During the survey we have evaluated the symptoms in all damaged areas. Pre-harvest
fruit drop was observed in field during the survey (Figure 5a). In detail, symptoms
consisted of calix blight and the development of light brown to blackish discoloration on
the rind at or near the stem-end of the fruit (Figure 5b). Premature coloration of immature
fruit (Figure 5c,d) and stem-end rot in longitudinal section of fruit were also observed
(Figure 5e). Under conducive environmental conditions, these symptoms caused heavy
fruit drop. In other cases, as the disease progressed, an extensive rot extended from
peduncle to stem-end of fruit and covered a high percentage of the fruit surface (Figure 5f).
Moreover, when the infected fruit was cut in half, it showed black rot symptom on central
column caused by the invasion and colonization of fungus (Figure 5g). Severe infections
occurred with cool, moist winters, and hot and dry summers.

Severe twig dieback and defoliation symptoms were observed in the field survey
(Figure 6a,b). Symptoms-complex observed included blight of twigs that appeared dry,
minute brown-to-black, slightly raised or dieback of the entire branches (Figure 6c). Fre-
quently, black acervuli of fungus appeared on dead bark and twigs. Moreover, blight
of calyces and receptacles (Figure 6d) and fruitlets (Figure 6e) attached to the stem were
observed. When twigs dieback progressed as a consequence the leaves wilted, turned
yellow, and dropped off (Figure 6b). Mummified fruit with grey aerial hyphae (Figure 6f)
and gum exudation on infected twig were also detected (Figure 6g).
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low, and dropped off (Figure 6b). Mummified fruit with grey aerial hyphae (Figure 6f) 
and gum exudation on infected twig were also detected (Figure 6g). 

 

Figure 6. Twig dieback and defoliation: (a) severe twig dieback of “Tarocco Scirè VCR” tree; (b) severe defoliation of
“Tarocco Sciré D2062 nucellare” tree; (c) detail of twigs blight on “Tarocco Sciara”; (d) blight of calyx and twigs of “Tarocco
Meli”; (e) blight of fruitlet and twig of “Femminello Siracusano 2KR”; (f) mummified fruit with grey aerial hyphae of
“Tarocco Sciara”; (g) gum exudation on “Tarocco Scirè VCR” twig.

3.2. Isolation and Fungal Identification

The repeated isolations performed during the survey period allowed us to refer
the symptoms to known diseases or to determine the frequency of the association of
Colletotrichum spp. and Alternaria spp. for less specific symptoms.

Typical Alternaria species was consistently associated with early fruit drop symptoms
in all accessions, while Colletotrichum colonies have been found only occasionally and in
association to the Alternaria isolates. Early fruit drop caused by Alternaria species occurred
especially if the fruitlet is infected soon after petal fall and as a consequence even a small
lesion causes immediate abscission [48]. Conversely, in our survey, the unusual necrosis
of fruitlet that remained attached to the twig was also observed. Similar symptoms are
also reported for post bloom fruit drop, a disease caused by C. abscissum and more recently
by C. gloeosporioides [3,25,26,49]. However, typical post bloom fruit drop symptoms are
restricted to open flowers causing blossom blight, orange brown lesion of petals with
acervuli formation on the lesion, abscission of developing fruit, and the formation of
persistent calyces [3].

Alternaria colonies were also consistently isolated from brown spot symptoms on
leaf and fruit while Colletotrichum species was sometimes recovered in association to
the Alternaria isolates. The characteristic symptoms observed on fruit could support the
hypotheses of a marginal role of Colletotrichum spp. Symptoms of Alternaria brown spot on
fruit and leaf caused by Alternaria alternata were reported in all Citrus producing countries
on tangerine and their hybrids [37,50,51]; more recently severe symptoms were described
on oranges and lemon accession in Sicily [6].

Typical Colletotrichum colonies were always recovered from anthracnose symptoms on
leaf and fruit confirming the etiology of this symptoms-complex. These results are in accor-
dance with the recent studies on anthracnose of citrus in Italy [5,9] and worldwide [8,9,32,52].
Conversely, in the same disease symptoms, leaf vein necrosis was exclusively associated in
our survey to Colletotrichum species, unlike what was reported by Vicent et al. [53] which
attributed this symptom to Alternaria species.
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Colonies of Alternaria were consistently isolated in most pre-harvest fruit drop symptoms-
complex that showed light brown to blackish discoloration of the rind at or near the stem-
end of fruit, and from all fruit showing black rot. Occasionally, colonies of Colletotrichum
species (~10% of relative frequency-RF) were recovered from calyx blight. In literature,
Colletotrichum species causes pre-harvest fruit drop when lesions are located at stem-end
of fruit [54]. Black rot caused by Alternaria species is reported as a significant postharvest
disease that cause stem-end rot on fruit. Sometimes, the symptom may appear in the field
prior to harvest at the stylar-end of fruit and it may cause premature fruit drop. Moreover,
generally infected fruit does not show external symptoms of infection but only internal
rot when cut [55,56]. Conversely, in our field survey, the infections at the stem-end of fruit
caused fruit drop or alternatively, they extended from the stem-end of fruit to rind and
along central column resulting in external and internal black rot.

Typical Colletotrichum colonies were consistently recovered (~95% RF) from wither
tip, twig dieback, and defoliation symptoms while Alternaria species was occasionally
recovered (~5% RF). Whiter tip and twig dieback caused by Colletotrichum species were
widely reported on different citrus species worldwide [5,9,32], although A. alternata may
cause defoliation and dieback of twig under appropriate environmental conditions [48].
All isolates of Alternaria showed colony morphology and conidia typical of the genus [57].
Colonies were olive-brown to black green and produced small, muriform, pigmented
conidia allowing to identify small-spored Alternaria species. Conidia in long chains varied
in shape from obpyriform to obclavate, ranging from 22.8 to 45.5 × 5.5 to 13.0 µm with
3–6 transverse and 1–3 longitudinal septa. Subsequently, the species-level characteriza-
tion was confirmed by sequencing data which were blasted against the NCBI’s GenBank
nucleotide database revealing high similarity with Alternaria species. Most of the character-
ized isolates belonged to the A. alternata, only a few of these were A. arborescens, confirming
the previous results reported by Aiello et al. [6].

Colletotrichum colonies exhibited grey to white aerial mycelium with abundant dark
conidiomata (acervuli) on the surface. Conidia in mass orange to pink were straight,
cylindrical, and unicellular. The length and width of conidia produced ranged from 13.5 to
15 × 3 to 5 µm. Based on morphological features [58] and BLAST searches Colletotrichum
isolates recovered from all described disease symptoms were identified as C. gloeosporioides
(~75% of isolates) and C. karstii (~27% of isolates). Colletotrichum gloeosporioides is very
commonly isolated from citrus, especially from C. sinensis, followed by C. karstii [5,9,19,59]
and C. abscissum [60].

3.3. Germplasm Susceptibility Evaluation

According to what was reported above, mean susceptibility degree (referred to average
percentage disease data over time in the same citrus orchard) against different Alternaria
and Colletotrichum symptoms was recorded within the four Citrus groups to make easier
comparisons in germplasm response to fungal disease infections. Based on these data, it
was possible to ascertain a very variable disease susceptibility over time for each disease
symptoms among Citrus groups and, even to a greater extent, within each group among
included accessions (ii) (Tables 1–3).
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Table 1. Susceptibility of “Tarocco” blood oranges to Alternaria and Colletotrichum disease symptoms over an eleven-year survey period.

Germplasm Symptoms

Group Accession Early Fruit
Drop x,y,z

Alternaria Brown
Spot on Fruit x,y,z

Alternaria Brown
Spot on Leaf x,y,z

Anthracnose on
Leaf x,y,z

Pre-Harvest x,y,z

Anthracnose on Fruit
Pre-Harvest Fruit

Drop x,y,z
Twig Dieback and

Defoliation x,y,z

Tarocco

Meli 3.4 ± 0.6 (2–4) 2.7 ± 0.5 (2–4) 1.3 ± 0.4 (1–2) 2.1 ± 0.5 (1–3) 2.6 ± 0.7 (2–4) 2.7 ± 0.4 (2–3) 2.4 ± 0.6 (1–3)

Sciara 3.2 ± 0.7 (2–5) 2.7 ± 0.5 (2–3) 1.4 ± 0.5 (1–2) 3.8 ± 0.8 (2–5) 4.0 ± 0.6 (2–5) 4.0 ± 0.8 (2–5) 3.5 ± 0.8 (2–5)

Gallo VCR 2.2 ± 0.6 (1–3) 2.0 ± 0.8 (1–3) 1.1 ± 0.2 (1–2) 2.6 ± 0.7 (1–4) 2.5 ± 0.8 (1–4) 2.4 ± 0.6 (1–3) 2.8 ± 0.6 (1–4)

Gallo 898 2.7 ± 0.5 (2–3) 2.7 ± 0.6 (2–4) 1.2 ± 0.4 (1–2) 2.6 ± 0.5 (2–3) 2.5 ± 0.5 (2–3) 2.2 ± 0.7 (1–3) 2.8 ± 0.4 (2–3)

Sciré VCR 3.1 ± 0.6 (2–4) 1.4 ± 0.5 (1–3) 1.0 ± 0.0 (1–1) 3.7 ± 0.7 (3–5) 4.0 ± 0.7 (3–5) 3.6 ± 0.6 (2–5) 3.9 ± 0.6 (3–5)

Sciré D2062 nucel. 3.0 ± 0.0 (3–3) 1.9 ± 0.3 (1–2) 1.0 ± 0.0 (1–1) 3.1 ± 0.8 (2–4) 3.0 ± 0.7 (2–4) 2.8 ± 0.4 (2–3) 3.0 ± 0.0 (3–3)

Nucellare 57-1E-1 1.8 ± 0.4 (1–2) 1.0 ± 0.0 (1–1) 1.0 ± 0.2 (1–2) 1.6 ± 0.6 (1–3) 1.2 ± 0.4 (1–2) 1.6 ± 0.5 (1–2) 1.7 ± 0.5 (1–3)

Ippolito 2.2 ± 0.4 (2–3) 2.1 ± 0.4 (2–3) 1.0 ± 0.2 (1–2) 2.6 ± 0.5 (2–3) 2.1 ± 0.4 (1–3) 2.1 ± 0.3 (2–3) 2.1 ± 0.4 (2–3)

Lempso 3.4 ± 0.7 (2–5) 1.6 ± 0.6 (1–3) 1.1 ± 0.2 (1–2) 3.4 ± 0.7 (2–4) 3.0 ± 0.8 (2–4) 2.8 ± 0.6 (2–4) 3.6 ± 0.7 (3–5)

Sant’Alfio 1.8 ± 0.4 (1–2) 2.3 ± 0.7 (1–3) 1.0 ± 0.0 (1–1) 2.0 ± 0.0 (2–2) 1.9 ± 0.3 (1–2) 2.0 ± 0.0 (2–2) 1.9 ± 0.3 (1–2)

Rosso 2.0 ± 0.0 (2–2) 1.8 ± 0.4 (1–2) 1.2 ± 0.4 (1–2) 2.0 ± 0.0 (2–2) 1.8 ± 0.4 (1–2) 2.2 ± 0.4 (2–3) 2.0 ± 0.7 (1–3)

Emanuele 4.2 ± 0.4 (4–5) 2.6 ± 0.5 (2–3) 2.0 ± 0.0 (2–2) 4.0 ± 0.0 (4–4) 5.0 ± 0.0 (5–5) 5.0 ± 0.0 (5–5) 4.0 ± 0.7 (3–5)

Galici 1.9 ± 0.3 (1–2) 1.2 ± 0.4 (1–2) 1.0 ± 0.0 (1–1) 2.2 ± 0.4 (2–3) 2.0 ± 0.5 (1–3) 2.2 ± 0.4 (2–3) 2.2 ± 0.4 (2–3)

Tapi 1.5 ± 0.5 (1–2) 1.6 ± 0.9 (1–3) 1.0 ± 0.0 (1–1) 1.7 ± 0.5 (1–2) 1.5 ± 0.5 (1–2) 1.7 ± 0.5 (1–2) 1.8 ± 0.4 (1–2)

Catania 2.0 ± 0.0 (2–2) 1.3 ± 0.6 (1–2) 1.0 ± 0.0 (1–1) 2.0 ± 0.0 (2–2) 1.8 ± 0.4 (1–2) 2.0 ± 0.0 (2–2) 2.0 ± 0.0 (2–2)

Mean 2.6 ± 0.8 1.9 ± 0.6 1.2 ± 0.3 2.6 ± 0.8 2.6 ± 1.1 2.6 ± 0.9 2.7 ± 0.8
x Disease data for each cultivar/clone are the means of three replicates, each relative to three monitoring periods (2010–2013, 2014–2017, 2018–2020), obtained from 20 representative Citrus production areas (at
least one area monitored over two periods) in eastern Sicily. y Mean disease scores were calculated according to an empirical 0-to-5 disease incidence scale taking into account the percentage of citrus organs in the
canopy where 0 = healthy canopy; 1 = from 1 to 5% of infected fruit/leaves/twigs in the canopy; 2 = from 6 to 15% of infected fruit/leaves/twigs in the canopy; 3 = from 16 to 30% of infected fruit/leaves/twigs
in the canopy; 4 = from 31 to 60% of infected fruit/leaves/twigs in the canopy, 5 = from 61 up to 100% of infected fruit/leaves/twigs in the canopy. z Data are followed by standard deviation value and relative
class range (min–max) monitored through surveyed time and period.
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Table 2. Susceptibility of other Blood oranges, Valencia orange and Navel oranges group to Alternaria and Colletotrichum disease symptoms over an eleven-year survey.

Germplasm Symptoms

Group Accession Early Fruit
Drop x,y,z

Alternaria Brown
Spot on Fruit x,y,z

Alternaria Brown
Spot on Leaf x,y,z

Anthracnose on
Leaf x,y,z

Pre-Harvest x,y,z

Anthracnose on Fruit
Pre-Harvest Fruit

Drop x,y,z
Twig Dieback and

Defoliation x,y,z

Other blood
orange,

Valencia &
Navel

Moro VCR 2.3 ± 0.7 (1–3) z 1.0 ± 0.0 (1–1) z 1.7 ± 0.5 (1–2) z 1.9 ± 0.3 (1–2) z 1.9 ± 0.6 (1–3) z 1.7 ± 0.5 (1–2) z 2.3 ± 0.5 (2–3) z

Moro Nucellare 2.3 ± 0.5 (2–3) 1.2 ± 0.4 (1–2) 1.5 ± 0.7 (1–3) 2.0 ± 0.3 (1–3) 1.9 ± 0.4 (1–3) 1.9 ± 0.5 (1–3) 2.3 ± 0.5 (2–3)

Sanguinello 2.9 ± 1.3 (1–4) 2.0 ± 0.9 (1–3) 1.9 ± 0.8 (1–3) 1.7 ± 0.5 (1–2) 1.8 ± 0.7 (1–3) 2.2 ± 1.0 (1–4) 2.7 ± 0.5 (2–3)

Valencia 3.2 ± 0.6 (2–4) 2.4 ± 0.5 (2–3) 2.0 ± 0.7 (1–3) 2.3 ± 0.6 (1–3) 1.8 ± 0.4 (1–2) 2.4 ± 0.5 (2–3) 2.7 ± 0.7 (2–4)

Navelina VCR 2.3 ± 0.5 (2–3) 1.3 ± 0.5 (1–2) 1.0 ± 0.2 (1–2) 1.5 ± 0.5 (1–2) 1.5 ± 0.5 (1–2) 1.8 ± 0.4 (1–2) 2.1 ± 0.5 (1–3)

NewHall VCR 2.2 ± 0.4 (2–3) 1.3 ± 0.5 (1–2) 1.0 ± 0.0 (–1) 1.3 ± 0.5 (1–2) 1.7 ± 0.5 (1–2) 1.9 ± 0.3 (1–2) 2.1 ± 0.5 (1–3)

Lane Late 2.4 ± 0.5 (2–3) 2.6 ± 0.5 (2–3) 1.0 ± 0.0 (1–1) 1.5 ± 0.5 (1–2) 1.5 ± 0.5 (1–2) 1.8 ± 0.4 (1–2) 1.9 ± 0.5 (1–3)

Chislett 2.3 ± 0.5 (2–3) 2.5 ± 0.5 (2–3) 1.0 ± 0.0 (1–1) 2.0 ± 0.0 (2–2) 2.0 ± 0.0 (2–2) 2.0 ± 0.0 (2–2) 2.2 ± 0.4 (2–3)

Powell 2.3 ± 0.5 (2–3) 2.2 ± 0.4 (2–3) 1.0 ± 0.0 (1–1) 1.5 ± 0.5 (1–2) 1.7 ± 0.5 (1–2) 1.5 ± 0.5 (1–2) 1.7 ± 0.5 (1–2)

Mean 2.5 ± 0.3 1.8 ± 0.6 1.3 ± 0.4 1.8 ± 0.3 1.8 ± 0.2 1.9 ± 0.3 2.2 ± 0.3
x Disease data for each cultivar/clone are the means of three replicates, each relative to three monitoring periods (2010–2013, 2014–2017, 2018–2020), obtained from 20 representative Citrus production areas (at
least one area monitored over two periods) in eastern Sicily. y Mean disease scores were calculated according to an empirical 0-to-5 disease incidence scale taking into account the percentage of citrus organs in the
canopy where 0 = healthy canopy; 1 = from 1 to 5% of infected fruit/leaves/twigs in the canopy; 2 = from 6 to 15% of infected fruit/leaves/twigs in the canopy; 3 = from 16 to 30% of infected fruit/leaves/twigs
in the canopy; 4 = from 31 to 60% of infected fruit/leaves/twigs in the canopy, 5 = from 61 up to 100% of infected fruit/leaves/twigs in the canopy. z Data are followed by standard deviation value and relative
class range (min–max) monitored through surveyed time and period.
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Table 3. Susceptibility of Mandarin, Satsuma and Easy-peel and Lemon groups to Alternaria and Colletotrichum disease symptoms over an eleven-year survey.

Germplasm Symptoms

Group Accession Early Fruit
Drop x,y,z

Alternaria Brown
Spot on Fruit x,y,z

Alternaria Brown
Spot on Leaf x,y,z

Anthracnose on
Leaf x,y,z

Pre-Harvest x,y,z

Anthracnose on Fruit
Pre-Harvest Fruit

Drop x,y,z
Twig Dieback and

Defoliation x,y,z

Mandarin,
Satsuma &
Easy peel

Tacle 3.2 ± 1.0 (2–5) z 1.5 ± 0.5 (1–2) z 1.2 ± 0.4 (1–2) z 2.3 ± 0.8 (1–4) z 2.6 ± 1.2 (1–5) z 4.0 ± 0.8 (2–5) z 3.2 ± 0.7 (2–4) z

Nova 2.1 ± 0.5 (1–3) 1.6 ± 0.5 (1–2) 1.1 ± 0.4 (1–2) 1.6 ± 0.6 (1–3) 1.4 ± 0.5 (1–2) 1.8 ± 0.6 (1–3) 2.2 ± 0.6 (1–3)

Mandared 3.5 ± 1.4 (2–5) 1.6 ± 0.5 (1–2) 1.5 ± 0.5 (1–2) 4.2 ± 0.7 (3–5) 1.9 ± 0.3 (1–2) 4.4 ± 0.5 (4–5) 4.6 ± 0.5 (4–5)

Yosemite Gold 2.8 ± 1.1 (2–4) 3.6 ± 0.5 (3–4) 2.4 ± 1.9 (1–5) 1.2 ± 0.4 (1–2) 1.8 ± 0.4 (1–2) 2.4 ± 0.9 (1–3) 2.0 ± 0.7 (1–3)

Tango 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 *

Nadorcott 2.0 ± 0.0 (2–2) 1.7 ± 0.6 (1–2) 1.0 ± 0.0 (1–1) 2.0 ± 0.0 (2–2) 1.0 ± 0.0 (1–1) 2.0 ± 0.0 (2–2) 2.0 ± 0.0 (2–2)

Satsuma Miagawa 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1)

Avana 1.6 ± 0.5 (1–2) 2.4 ± 0.5 (2–3) 2.0 ± 0.0 (2–2) 1.0 ± 0.0 (1–1) 1.0 ± 0.0 (1–1) 1.6 ± 0.5 (1–2) 1.2 ± 0.4 (1–2)

Mandalate 2.8 ± 1.2 (2–5) 3.9 ± 0.9 (3–5) 2.4 ± 0.5 (2–3) 1.8 ± 0.4 (1–2) 2.6 ± 0.5 (2–3) 2.1 ± 0.3 (2–3) 2.3 ± 0.5 (2–3)

Tardivo di Ciaculli 2.0 ± 0.0 (2–2) 3.1 ± 0.6 (2–4) 1.7 ± 0.7 (1–3) 1.1 ± 0.3 (1–2) 1.1 ± 0.3 (1–2) 1.3 ± 0.5 (1–2) 1.7 ± 0.5 (1–2)

Orri 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 * 1.0 ± 0.0 *

Mean 2.1 ± 0.9 2.0 ± 1.1 1.5 ± 0.6 1.7 ± 1.0 1.5 ± 0.6 2.0 ± 1.2 2.0 ± 1.1

Lemon

Femminello
Zagara Bianca 2.6 ± 0.8 (2–4) z 1.8 ± 0.4 (1–2) z 1.7 ± 0.5 (1–2) z 1.0 ± 0.0 (1–1) z 1.0 ± 0.0 (1–1) z 0.0 ± 0.0 z 1.7 ± 0.5 (1–2) z

Femminello
Siracusano 2KR 2.6 ± 0.8 (2–4) 2.9 ± 0.7 (2–4) 1.5 ± 0.5 (1–2) 1.2 ± 0.4 (1–2) 1.0 ± 0.0 (1–1) 0.4 ± 0.8 (0–2) 1.7 ± 0.5 (1–2)

Mean 2.6 ± 0.0 2.4 ± 0.8 1.6 ± 0.1 1.1 ± 0.1 1.0 ± 0.0 0.2 ± 0.3 1.7 ± 0.0
x Disease data for each cultivar/clone are the means of three replicates, each relative to three monitoring periods (2010–2013, 2014–2017, 2018–2020), obtained from 20 representative Citrus production areas (at
least one area monitored over two periods) in eastern Sicily. y Mean disease scores were calculated according to an empirical 0-to-5 disease incidence scale taking into account the percentage of citrus organs in the
canopy where 0 = healthy canopy; 1 = from 1 to 5% of infected fruit/leaves/twigs in the canopy; 2 = from 6 to 15% of infected fruit/leaves/twigs in the canopy; 3 = from 16 to 30% of infected fruit/leaves/twigs
in the canopy; 4 = from 31 to 60% of infected fruit/leaves/twigs in the canopy, 5 = from 61 up to 100% of infected fruit/leaves/twigs in the canopy. z Data are followed by standard deviation value and relative
class range (min–max) monitored through surveyed time and period. * cultivar/clone surveyed for alone period in one area.
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Among all groups “Tarocco” blood orange accessions showed averagely the highest
susceptibility degree to anthracnose on leaf and fruit, pre-harvest fruit drop, and twig
dieback and defoliation (Tables 1–3). Nevertheless, a very variable plant response—ranging
from low susceptibility/moderately tolerance degree with score values lesser than 2 (e.g.,
“Tarocco Nucellare 57-1E-1” and “Tarocco Tapi” accessions) to high/extreme susceptibility
degree with score values more than 3.5 up to 5 (e.g., “Tarocco Emanuele” followed by
“Tarocco Sciara” and “Tarocco Scirè VCR” accessions)—to these symptoms was ascertained
within the “Tarocco” group (Table 1). Consequently, extirpation of “Tarocco Emanuele”
citrus grove has been sometimes required in some production areas due to heavy produc-
tion losses. Similarly, to what above detected, also for “Mandared” and, to a lesser extent,
for “Tacle” accessions were averagely recorded the highest susceptibility degrees to these
infections within Mandarin, Satsuma, and Easy peel group. Otherwise, lemon accessions
were averagely the least susceptible to anthracnose on leaf and fruit, pre-harvest fruit drop
and twig dieback and defoliation (Table 3) while both other Blood oranges, “Valencia”
orange and Navel oranges and Mandarin, Satsuma and Easy peel groups showed generally
an intermediate susceptibility response (Tables 2 and 3). In detail, “Femminello Zagara
Bianca” lemon was the only tolerant citrus cultivar to pre-harvest fruit drop among all
Citrus accessions examined since it did not show any symptoms over the entire survey
period (Table 3).

As regards Alternaria brown spot on fruit and leaf and early fruit drop, lemon
germplasm resulted averagely more susceptible to these fungal infections. In detail, acces-
sion “Femminello Siracusano 2KR” was more susceptible to Alternaria brown spot on fruit
than “Femminello Zagara Bianca” (Table 3). Likewise to what happened for susceptibil-
ity distribution to previously described symptoms, also here a variability in response to
these fungal infections was detected within each Citrus group. Specifically, “Mandalate,”
“Yosemite Gold,” and “Tardivo di Ciaculli” were averagely the most susceptible to Al-
ternaria brown spot on fruit infections within Mandarin, Satsuma, and Easy peel group and,
additionally, among all Citrus germplasm tested. On the other hand, “Tarocco Emanuele,”
“Tarocco Meli,” and “Tarocco Sciara,” and “Tarocco Lempso” revealed averagely the most
susceptible accessions to early fruit drop within “Tarocco” group. “Tarocco Meli,” “Tarocco
Sciara,” “Tarocco Gallo 898,” and “Tarocco Emanuele” were the most susceptible accessions
to Alternaria brown spot on fruit (Tables 1 and 3).

Comprehensively, distribution of mean susceptibility to all disease symptoms among
accessions was more homogeneous within other Blood oranges, “Valencia” orange and
Navel oranges group than those recorded within other Citrus groups. It is noteworthy,
to this regard, that only “Valencia” orange and, to a lesser extent, “Sanguinello” blood
orange showed a certain susceptibility degree to early fruit drop and pre-harvest fruit drop
(Table 2).

3.4. Risk Assessment of Epidemic Outbreaks

When field data were referred to potential risk of epidemic disease outbreak in Cit-
rus orchards—i.e., maximum level of disease amount recorded during a cumulative 11-
year period survey—further substantial differences among disease symptoms and within
germplasm were detected and additional considerations should be made (Figures 7–13).

Based on maximum value (5 and 4 score) of disease amount detected, the highest risk
of epidemic disease outbreak within entire citrus germplasm was detected for early fruit
drop, twig dieback and defoliation, pre-harvest fruit drop and pre-harvest anthracnose on
fruit (Figures 7 and 10–13) followed, to a lesser extent, by anthracnose on leaf (Figure 11).
Conversely, the potential risk of infection outbreaks was appreciably lower for Alternaria
brown spot on fruit (Figure 8) and, even nearly negligible, for Alternaria leaf spot (Figure 9).
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Figure 13. Maximum potential infection risk of twig dieback and defoliation recorded on detected Citrus germplasm.
Data obtained from several Sicilian citrus production areas (from 1-to-20) within Citrus groups surveyed for three periods
intercepting an eleven-year survey.

Comprehensively, “Tarocco” germplasm was more exposed to the occurrence of
epidemic for early fruit drop, twig dieback, and defoliation and anthracnose on fruit
and leaf under our agro-climatic conditions referable to Mediterranean basin. To this
regard, “Tarocco Emanuele,” “Tarocco Sciara,” “Tarocco Sciré VCR,” and “Tarocco Lempso”
accessions were the most vulnerable to the onset of epidemic outbreaks, thus partially
confirming the above reported disease susceptibility data. A high potential risk to these
disease symptoms was also detected for “Tarocco Meli,” “Tarocco Gallo VCR,” and “Tarocco
Sciré D2062 nucellare” accessions (Figures 7, 8 and 10–13).

On the other hand, “Tacle” and “Mandared” accessions were the most exposed to
epidemic outbreaks of early fruit drop and pre-harvest fruit drop, twig dieback and
defoliation and anthracnose on leaf within Mandarin, Satsuma, and Easy peel group
(Figures 7 and 11–13). Moreover, “Tacle” was vulnerable to the onset of epidemic for pre-
harvest anthracnose on fruit (Figure 10). The highest potential risk for Alternaria infections
was recorded for “Yosemite Gold,” “Mandalate,” and to a lesser extent, for “Tardivo di
Ciaculli” accessions (Figures 8 and 9). As expected, the first two accessions were exposed
to the onset of epidemic outbreaks of early fruit drop (Figure 7).

As regards, lemon germplasm, a high potential risk of infection for early fruit drop
was recorded for both “Femminello Zagara Bianca” and “Femminello Siracusano 2KR”
(Figure 7). This latter cultivar was also exposed to high potential infection risk for Al-
ternaria brown spot on fruit (Figure 8). According to the above mentioned data, the
distribution over time of all disease symptoms within other Blood oranges, “Valencia”
orange and Navel oranges group was the most homogeneous, and a high potential risk for
early fruit drop infection was recorded only for “Sanguinello” blood orange and “Valencia”
orange accessions (Figure 7). This latter accession was exposed also to high risk of infection
for twig dieback and defoliation, whereas “Sanguinello” showed a high potential risk of
pre-harvest fruit drop (Figures 12 and 13).
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Based on both mean susceptibility and potential risk of outbreaks data recorded for
all disease symptoms (Table 1, Table 2, Table 3; Figures 7–13), “Tarocco Nucellare 57-1E-
1,” “Tarocco Tapi,” “Tarocco Sant’Alfio,” and “Tarocco Catania” were the most tolerant
accessions that could be recommended to Citrus growers in the Mediterranean basin under
agroclimatic conditions more favorable for the occurrence of disease.

4. Conclusions

In this paper, we described recurrent disease symptoms that occur simultaneously
in all surveyed germplasm in orchards covering a total cultivation area of approximately
1500 ha in Sicily. These symptoms were always relatable to both Alternaria and Col-
letotrichum species, alone and/or in mixed infections and with a variable ratio.

Our findings allowed to ascertain widespread and heavy symptoms on Citrus crop
areas and to determine susceptibility and potential risk of epidemic outbreaks on 37 Citrus
accessions under natural disease pressure conditions over an eleven-year survey period
(2010–2020). These symptoms included early fruit drop, brown spot, and anthracnose on
fruit and leaves, pre-harvest fruit drop, and twig blight and defoliation.

The high diseases pressure detected in all surveyed areas forces Citrus growers to
adopt scheduled fungicide spray programs. Unfortunately, chemical control leads to
harmful and hazardous consequences for human and environmental health and, moreover,
the occurrence of widespread resistance phaenomena further discourages its continuous
applications [61–64].

As a consequence, selection of tolerant Citrus germplasm should be considered a
promising alternative to limit the use of synthetic fungicides to manage Alternaria and
Colletotrichum infections in Citrus groves.

For Alternaria, brown spot marker-assisted selection (MAS) is available for the se-
lection of new resistant Citrus accessions [65,66]. It well-known that identification of a
genomic region very rich in disease resistance homologous genes or loci is one of the
most reliable and efficient tool to select potential tolerant cultivars. To the light of these
findings, we retain that these techniques could be useful only in the early stage of a Citrus
breeding program.

To confirm this, present study clearly showed that the field evaluation of Citrus
germplasm susceptibility is strictly needed before the large-scale adoption of new varieties
in a specific risk-area, above all if mixed infections, disease pressure, complex pathogenic
mechanisms or agronomical traits could be involved in plant response to fungal disease.

Comprehensively, the adoption of some Citrus accessions (i.e., “Tarocco Emanuele,”
“Tarocco Scirè VCR,” “Tarocco Sciara,” and “Tarocco Lempso” or “Tacle,” “Mandared,”
“Mandalate,” and “Yosemite Gold”) should not be encouraged since their production expe-
cially in wet and cold areas is heavily compromised. On the other hand, a certain degree of
tolerance observed in some accessions (i.e., “Tarocco Nucellare 57-1E-1,” “Tarocco Tapi,”
“Tarocco Sant’Alfio,” and “Tarocco Catania” or “Femminello Zagara Bianca”) represent a
valuable resource and can be employed in breeding programs for genetic improvement of
Citrus accessions.
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