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Summary. Olive anthracnose, caused by Colletotrichum, is an important disease in
olive-growing regions, with the most destructive symptoms being fruit rot and blossom
blight. Susceptibility of fruit to Colletotrichum increases with maturity, but differences
between cultivars and Colletotrichum species have been reported, still information on
flower susceptibility during development is scarce. The susceptibility of the olive cul-
tivars Arbequina, Coratina, Frantoio and Picual was evaluated during flower develop-
ment and fruit maturity to Colletotrichum acutatum s.s., C. nymphaeae, C. fioriniae,
C. theobromicola and C. alienum. Susceptibility to anthracnose begins in early stages
during flower development and increases during blossoming. Flowers of Arbequina,
Coratina and Picual were susceptible, whereas those of Frantoio were moderately sus-
ceptible. Green fruit developed less anthracnose than mature fruit. At the green fruit
stage, Arbequina and Frantoio were the most susceptible, Coratina was intermediate,
and Picual was moderately susceptible, while no differences were found among the cul-
tivars at mature fruit stages. No mayor differences were found among the Colletotri-
chum species with exception of C. theobromicola, which caused greatest severity at the
green fruit stage. Future research should focus on developing anthracnose management
strategies to minimize the disease progress from early stages of flower development
and fruit ripening, especially in the most susceptible olive cultivars.

Keywords. Olive anthracnose, cultivar susceptibility, blossom blight, soapy rot.

INTRODUCTION

Anthracnose is an important olive disease in olive-growing regions (Cac-
ciola et al., 2012; Moral et al., 2014; Talhinhas et al., 2018; Azevedo-Noguei-
ra et al., 2020), especially in those with humid climates such as South Africa
(Gorter, 1956), Australia (Sergeeva et al., 2008), Brazil (Filoda et al., 2021) and
Uruguay (Moreira et al., 2021). Eighteen Colletotrichum species of the species
complexes C. acutatum, C. gloeosporioides and C. boninense have been report-
ed to be associated with this disease (Talhinhas et al., 2011; Schena et al,,
2014; Chattaoui et al., 2016; Moral et al., 2017; Talhinhas et al., 2018; Moreira
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et al., 2021). In Uruguay, C. acutatum s.s. was found as
the prevalent species, followed by C. nymphaeae and C.
fioriniae belonging to the C. acutatum species complex,
and C. theobromicola and C. alienum belonging to the C.
gloeosporioides species complex (Moreira et al., 2021).

The most common host symptom caused by anthrac-
nose is fruit rot at the ripening stage. Fruit rot causes
yield losses and deterioration in oil quality (Moral et al.,
2014; Leoni et al., 2018). Infections can also occur from
flowering to fruit ripening. During bloom, species of
Colletotrichum can infect host plant calices, petals, sta-
mens, and pistils causing flower collapse known as blos-
som blight (Moral et al., 2009; Talhinhas et al., 2018;
Filoda et al., 2021; Moreira et al., 2021). Each infected
flower is usually covered with an orange gelatinous mass
of Colletotrichum conidia (Sergeeva et al., 2008; Moreira
et al., 2021). If the flower is not destroyed, Colletotrichum
infects the fruit set, remaining as latent until fruits ripen,
when the typical soapy fruit is expressed (Moral et al.,
2009; Talhinhas et al., 2018), although the importance of
these infections for yield losses is unknown.

Infected fruits show depressed brown lesions that are
rapidly covered with abundant orange gelatinous masses of
Colletotrichum conidia. Fruits can be infected from green
stages, and these infections remain latent infections until
fruit maturation. The infected fruit can fall or remain
mummified on trees, serving as a primary inoculum
sources for subsequent infections in the next year (Moral
et al., 2008; 2014; Mosca et al., 2014; Talhinhas et al., 2018).

The Uruguayan climate is characterized by persis-
tent high humidity, frequent rainfall (approx. 1,100 mm
per year) and moderate temperatures (Leoni et al., 2018;
Conde-Innamorato et al., 2019). These conditions favour
olive anthracnose development. In addition, 50% of the
plantations (currently 2788 ha) are of the Arbequina culti-
var (MGAP-DIEA, 2021), which is moderately susceptible
to this disease (Moral, et al., 2014; 2017; Leoni et al., 2018).
The remaining 50% of olive groves is planted mostly with
cultivars such as Coratina, Picual and Frantoio, which
have shown no resistance under these climatic conditions
(Leoni et al., 2018). These cultivars are mainly used for oil
production for export (MGAP-DIEA, 2020).

Studies have shown that susceptibility of olive cul-
tivars to anthracnose can be variable (Moral and Trap-
ero, 2009; Cacciola et al., 2012; Moral et al., 2014; 2017),
and depends on the Colletotrichum species (Talhinhas et
al., 2015). Fruit susceptibility varies according to devel-
opmental stage (Moral et al., 2008; Moral and Trapero,
2009; Talhinhas et al., 2015; Moral et al., 2017). Never-
theless, information is limited on the susceptibility of
different fruit maturity stages and different cultivars
to Colletotrichum. Although flowers can be infected
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by Colletotrichum (Moral et al., 2014; Kolainis et al.,
2020; Moreira et al., 2021), there have been no studies
that indicate when in flower differentiation the flow-
ers become susceptible. Knowing when the first infec-
tions occur at flowering and their potential incidence is
important so anthracnose management strategies can be
developed, including those based on fungicides.

The present study focused on evaluating the suscep-
tibility to five Colletotrichum species of the Arbequina,
Coratina, Picual and Frantoio olive cultivars, the major
cultivars produced in Uruguay. The study concentrated
on flower development and fruit ripening host stages.

MATERIAL AND METHODS
Plant and fungal material

Apparently healthy olive flower panicles and fruit
were collected from commercial orchards of the cul-
tivars Arbequina, Coratina, Picual and Frantoio with
scarce anthracnose. The panicles were collected at three
different flowering stages, 1- swollen bud (BBCH51), 2-
final differentiation (BBCH55), or 3- beginning of flow-
ering (BBCHS61), and fruits were collected at two physi-
ological maturity stages, 1- green fruit (BBCHS80) or 2-
ripe fruit (BBCH89) (Sanz-Cortes et al., 2002). The col-
lected samples were stored in nylon bags in coolers until
processing in the laboratory.

Fifteen Colletotrichum isolates belonging to C. acu-
tatum. s.s (eight isolates), C. nymphaeae (three), C. fior-
iniae (one), C. theobromicola (two) and C. alienum (one
isolate) were used in this study (Table 1). The previously
identified isolates were selected from the olive Colletotri-
chum collection and deposited at the Plant Protection
Department, Facultad de Agronomia, Universidad de la
Republica, Uruguay (Moreira et al., 2021).

For inoculum preparation, each isolate was grown
on Potato Dextrose Agar (Oxoid Ltd) at 24°C under near
UV-light with a 12-h photoperiod. After 7 d incubation,
colony surfaces in culture plates were each flooded with
10 mL of sterile distilled water (SDW), and the scraped
with a sterile spatel. The resulting conidium suspensions
were filtered through layers of cheesecloth, and conidi-
um concentration was adjusted to 1 x 10° conidia mL!
with a hemacytometer.

Flower inoculation

Flowers in either the Stage 1- swollen bud (BBCH51)
or Stage 2- final differentiation (BBCH55) were each sur-
face-disinfected by dipping for 1 min in 1.0% NaClO
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Table 1. Uruguayan Colletotrichum isolates used to evaluate the susceptibility of four olive cultivars at different phenological stages during

flower development and fruit ripening.

Species Complex Fungal species Isolate Olive cultivar Geographical origin Organ
C. acutatum C. acutatum OL18 Arbequina Maldonado Garzon Flower
species complex OL36 Arbequina Montevideo Melilla Flower
OL42 Arbequina Treinta y Tres ~ Mendizabal Flower
OL51 Arbequina Rocha Nuevo Manantial Leaf
OL53 Arbequina Rocha Nuevo Manantial Branch
OL74 Picual Rocha Nuevo Manantial Fruit
0OL92 Coratina Maldonado Garzon Fruit
OL97 Arbequina Montevideo La Paz Fruit
C. nymphaeae OL28 Arbequina Treinta y Tres ~ Mendizabal Flower
OL96 Arbequina Montevideo La Paz Fruit
OL113 Arbequina Canelones Las Brujas Fruit
C. fioriniae OL23 Arbequina Montevideo La Paz Flower
C. gloeosporioides C. theobromicola OL110 Manzanilla Canelones Las Brujas Fruit
species complex OL112 Arbequina Canelones Las Brujas Fruit
C. alienum OL98 Arbequina Montevideo Melilla Fruit

solution, and then rinsed three times with SDW. For the
Stage 3- beginning of flowering (BBCH61) flowers, sur-
face disinfection was not possible due the sensitivity of
flower petals to NaClO. After air-drying, the flowers were
dipped in respective isolate conidium suspensions for 30
s, placed in transparent plastic trays containing moistened
filter paper, and then incubated at 24°C with a 12 h pho-
toperiod. Control treatments inoculated with SDW were
included for each cultivar and flower phenological stage.
Three repetitions for each cultivar, phenological stage and
Colletotrichum isolate were used. Each repetition consisted
of at least eight swollen buds for Stage 1, two panicles each
with at least 15 undeveloped flower buds for Stage 2, and
two panicles with at least ten open or semi-open flowers
for Stage 3. Each experiment was performed using a com-
pletely randomized design with factorial arrangement.

Anthracnose incidence was assessed periodically
until the plant material was destroyed or until 100%
incidence was achieved, after 12 d for swollen buds, 6 d
for final differentiation, or days for beginning of flower-
ing. Incidence was calculated as the percentage of affect-
ed buds or flowers in the total number of buds or flowers
evaluated. In each evaluation, the initial symptoms and
their evolution was recorded as the number of necrotic
buds or flowers, and the presence of gelatinous mass of
Colletotrichum conidia.

Fruit inoculation

Fruits at the Stage 1- green fruit (BBCH80) or Stage
2- ripe fruit (BBCH89) were surface-disinfected by dip-

ping for 3 min in 1% NaClO solution, and then rinsed
three times with SDW. After air-drying, the fruits were
dipped in respective isolate conidium suspensions for 30
s, and were then placed into plug seedling trays, one fruit
in each hole. The plug seedling trays were enclosed in
moistened transparent nylon bags, and were then incu-
bated at 24°C with a 12 h photoperiod. Control treat-
ments inoculated with SDW were included for each cul-
tivars and fruit phenological stages. Four repetitions of
fruits per cultivar, phenological stages and Colletotrichum
isolates were used. Each repetition consisted of five fruits,
and each experiment was carried out using a completely
randomized design with factorial arrangement.

Anthracnose severity was periodically assessed dur-
ing 50 d for green fruit and 18 d for mature fruit. The
0-5 scale proposed by Moral et al., (2008) was used,
where 0 = no visible lesions, 1 = visible lesions affecting
<25% of the fruit surface, 2 = 25-49%, 3 = 50-74%, 4 =
75-100% of fruit surface, and 5 = soapy fruit (fruit com-
pletely covered with gelatinous mass of Colletotrichum
spores). Presence of gelatinous masses of Colletotrichum
conidia was also recorded.

Statistical analyses

Flower anthracnose incidence was plotted for the
three flower phenological stages of the four olive culti-
vars. A regression curve was fitted considering the sig-
nificance of the regression and the coeflicient of deter-
mination (R?), based on average incidence of the 15
Colletotrichum isolates and evaluation time. Anthrac-
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nose incidence values were also used to calculate the
area under the disease progress curve (AUDPC) for each
Colletotrichum species, using the following formula:
AUDPCi = Y7 [(I,,+1)/2] (t+1-t),

where I = incidence (%) at ith observation, ti = time (d)
at the ith observation, and »n = the total of number of
observations.

The AUDPC data were analyzed for normality with
the Shapiro-Wilk test, and for homogeneity with the
Levene test. These data were subjected to ANOVA with a
factorial arrangement, with olive cultivar and Colletotri-
chum species as factors. the treatments means were com-
pared using Tukey’s test (P < 0.05).

Fruit anthracnose severity values were used to cal-
culate the McKinney’s Index (Moral et al., 2017), using
the following formula:

McKinney’s Index = M x 100

5xN
where i = the severity of symptoms (0 to 5), n; = the
number of fruits with the severity of i, and N = the total
number of evaluated fruits.

The McKinney’s Index values at the two maturity
stages and for the four olive cultivars were plotted. A
regression model was adjusted for each Colletotrichum
species considering the statistical significance of the
regression and the coefficient of determination (R?).
Anthracnose severity values were used to calculate the
AUDPC for each Colletotrichum species using the for-
mula outlined above. The AUDPC data were analyzed
for normality with the Shapiro-Wilk test, and for homo-
geneity with the Levene test. The AUDPC was trans-
formed to when necessary, to comply with normality
assumptions. Then, the AUDPC data were subjected to
ANOVA, with a factorial arrangement, with olive culti-
var and Colletotrichum species as factors. The treatments
means were compared using by Tukey’s test (P < 0.05).
Statistical analyses were carried out using the programs
InfoStat version 2016 (http://www.infostat.com.ar) and
SigmaPlot version 12.0 (http://www.sigmaplot.co.uk).

RESULTS
Flower infections
Typical anthracnose symptoms and signs developed
in flowers at the three phenological stages in the four

cultivars inoculated with the Colletotrichum species. No
symptoms were observed in control treatments (Figure
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1, a to ¢). Initial symptoms consisted of brownish colour-
ation of the swollen buds or the flower buds at final dif-
ferentiation, and necrotic lesions on flower petals (Figure
1, a.2 to c.2). The affected organs then quickly blighted,
and were covered with orange-salmon coloured gelati-
nous masses containing abundant Colletotrichum conid-
ia (Figure 1, a.3 to c.3). Accelerated detachment of swol-
len buds, flower buds and open flowers was observed in
comparison with the control treatments, where the buds
or flowers remained attached for longer periods.

Almost all graphs of blossom blight incidence fit-
ted exponential curves (Figure 2 and Supplementary
Table 1). For the AUDPC variables, statistically signifi-
cant interactions were found between olive cultivars and
Colletotrichum species inoculated in the three flowering
phenological stages (Table 2). The lowest anthracnose
incidence was observed at the swollen bud stage, and no
major differences were recorded among the four olive
cultivars. In this stage, the first symptoms appeared
approx. 4 to 7 d after inoculation, whereas the greatest
anthracnose incidence was recorded at 12 d, and ranged
between 20 and 40% (Figure 2).

At final differentiation stage, the first symptoms
were observed at 3 d after inoculation, with the least
average incidence (2.0%) in the Frantoio cultivar and the
greatest (17%) in the Arbequina cultivar. Incidence then
progressed rapidly, and 6 d after inoculation reached
59 for Frantoio and 100% for Arbequina. At Stage 3-
beginning flowering greatest anthracnose incidence was
recorded. Two d after inoculation, incidence ranged
from 8% for Frantoio to 50% for Picual, and 2 d later
between 45% for Frantoio and 91% for Arbequina (Fig-
ure 2, Table 3).

Except for C. alienum inoculated onto cv. Arbequi-
na at bud swollen stage, all five Colletotrichum species
infected flowers at all three phenological stages. Never-
theless, in some specific species-cultivar-phenological
stage combinations, anthracnose symptoms were not
visible until the second evaluation, for example, the culi-
vars Coratina and Picual inoculated with all Colletotri-
chum species at the swollen bud stage (Figure 2).

Fruit infections

Characteristic anthracnose symptoms and signs
developed in fruits at the two phenological stages (green
and ripe) of the four inoculated cultivars, and also in
some fruit not inoculated with Colletotrichum species
(Figure 1, d and e). Symptoms in uninoculated fruits
could have been from natural latent Colletotrichum infec-
tions. At the green fruit stage, initial symptoms consisted
of small, depressed, 1-2 mm necrotic lesions scattered
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Control Initial Advanced

treatment symptoms symptoms

Swollen bud
(BBCHS51/53)

Final differentiation
(BBCHS55)

Beginning flowering
(BBCH61)

Green fruit
(BBCHS80)

Mature fruit
(BBCHS9)

Figure 1. Initial and advanced anthracnose symptoms developed on olive flower and fruits at different phenological stages, after inocula-
tion with species of Colletotrichum. a, swollen buds (BBCH51/53) 7 and 12 d after inoculation. b, final differentiation (BBCH55), 3 and 6 d
after inoculation. ¢, beginning of flowering (BBCH61), 2 and 4 d after inoculation. d, green fruit (BBCH80) 7 and 26 d after inoculation. e,
mature fruit (BBCH89) 6 and 12 d after inoculation.
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Figure 2. Mean incidences of olive blossom blight in flowers of four olive cultivars inoculated with five Colletotrichum species, at swollen
buds (BBCH51/53), final differentiation (BBCHS55), and beginning of flowering (BBCH61). Vertical bars indicate standard errors of means,
each calculated from three replicates. Trend curves were graphed based on the average incidence at each evaluation time. The R* and esti-
mations of the trend curves were obtained using SigmaPlot version 12.0 software.
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throughout each fruit (Figure 1, d.2). Symptoms then
progressed into depressed brown lesions, which were
quickly covered with orange gelatinous masses of Colle-
totrichum conidia, known as “soapy fruit” (Figure 1, d.3).
On ripe fruit, symptoms developed more quickly and
consisted of typical soapy fruit (Figure 1, e.2 and e.3).

Table 2. Analysis of variance of data of Areas Under Disease Pro-
gress Curves (AUDPCs) estimated based on anthracnose incidence
and severity developed in olive flower and fruits, for four olive cul-
tivars inoculated with five Colletotrichum species. The flowers were
inoculated at three phenological stages and fruits at two stages.

Source Sst df  MS F  P-value CV
Swollen bud (BBCH51/53)

Model 44144 19 2323 3.77 0.0003 42.61
Cultivar 11823 3 3941 6.4  0.0013

Species 103.16 25.79 418 0.0068
Cultivar x species 211.8 12 17.65 2.86 0.0069

Error 228.01 37 6.16

Total 669.45 56

Final differentation (BBCH55)

Model 4518.11 19 237.8 14.51 <0.0001 17.46
Cultivar 242535 3 808.45 49.31 <0.0001
Species 1264.55 316014 19.28 <0.0001
Cultivar x species 828.22 12 69.02 421 0.0003

Error 655.76 40 16.39

Total 5173.87 59

Beginning flowering (BBCH61)

Model 15598.22 19 820.96 23.28 <0.0001 16.92
Cultivar 8356.56 3 27855 78.99 <0.0001
Species 2926.24 731.56  20.75 <0.0001
Cultivar x species 4315.43 12 356.62 10.2 <0.0001

Error 1410.57 40 35.26

Total 17008.79 59

Green fruit (BBCH80)

Model 2.1 19  0.11 13849 <0.0001 5.34
Cultivar 1.08 3 0.36 451.37 <0.0001
Species 0.84 4 021 261.74 <0.0001
Cultivar x species  0.17 12 0.01 18.18 <0.0001

Error 0.04 53 8.0E-0.4

Total 214 72

Mature fruit (BBCH89)

Model 5114.24 19 269.17 851 <0.0001 15.98
Cultivar 92451 3 308.17 9.74 <0.0001
Species 1593.17 398.29 12.59 <0.0001
Cultivar x species 2453.88 12 204.49 6.49 <0.0001

Error 1866.42 59 31.63

Total 6980.66 78

!'SS: sum of squares, df: degrees of freedom, MS: mean squares, F:
teste F, CV: coeflicient of variation.
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Fruit anthracnose severity at both green and ripe
fruit phenological stages, fitted sigmoidal curves (Fig-
ure 3 and Supplementary Table 1). For AUDPC variables,
significant interactions were found between olive culti-
vars and inoculated Colletotrichum species inoculated,
at both green and ripe fruit phenological stages (Table
2). On green fruit, the first symptoms were observed
between 5 and 14 d after inoculation. In this stage,
Arbequina and Frantoio reached severity values close
to 50% at 30 d after inoculation, and Coratina 35 d after
inoculation, whereas Picual reached 50% severity at 50
d after inoculation (Figure 3). At the mature fruit stage,
the first symptoms were observed 4 d after inoculation.
Anthracnose evolution occurred more quickly compared
to that at the green fruit stage. For all cultivars and
Colletotrichum species, severity was an average of 77% at
12 d after inoculation, and 92% at 18 d after inoculation
(Figure 3).

The five Colletotrichum species were able to infect
fruits at two phenological stages in the four olive culti-
vars. Colletotrichum theobromicola caused the greatest
AUDPC values at the green fruit stage (Table 3). Green
fruit inoculated with this species developed symptoms
earlier (5 d after inoculation) compared with the oth-
er Colletotrichum species (14 d after inoculation), and
reached almost 100% severity about 15 d earlier than
those inoculated with the other Colletotrichum spp. (Fig-
ure 3). In ripe fruit, the behaviour among the five Colle-
totrichum species was similar. Anthracnose indices close
to 100% were reached at about 15 d after inoculation,
except for the cultivars Arbequina and Frantoio inocu-
lated with C. alienum, where severity indices were close
to 50%.

DISCUSSION

This study assessed anthracnose susceptibility dur-
ing flower development and fruit ripening in the four
main olive cultivars grown in Uruguay, Arbequina,
Frantoio, Coratina and Picual. That study used arti-
ficial inoculations with five Colletotrichum species, of
detached olive panicles and fruits. The results indicated
that the four olive cultivars assessed were are suscepti-
ble to Colletotrichum at all the evaluated phenological
stages, although differences in phenological stages, olive
cultivars, and Colletotrichum species were detected.

The swollen bud stage was susceptible to Colletotri-
chum species. Although susceptibility of this phenologi-
cal stage to anthracnose was low, we demonstrated that
Colletotrichum can infect flowers from early stages dur-
ing flower development. In later stages of flower develop-
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Table 3. Mean Areas Under Disease Progress Curves (AUDPCs) estimated based on anthracnose incidence and severity developed in flower
and fruits of four olive cultivars inoculated with five Colletotrichum species. The flowers were inoculated at three phenological stages and

fruits at two stages.

Phenological stage

Cultivar Species Flowers Fruit
Swollen bud  Final differentition Beginning flowering Green Mature
(BBCH51/53)! (BBCH55) (BBCH61) Fruit (BBCH80)  Fruit (BBCH89)
Arbequina C. acutatum 4.66 abcd? 35.62h 48.93 cde 35.94 ef 41.44 de
C. nymphaeae 5.35 abed 34.29 gh 34.47 bed 29.28 de 38.90 cde
C. fioriniae 1.39 ab 27.09 defgh 43.40 cde 46.70 gh 44.38 ¢
C. theobromicola 5.94 abed 29.53 efgh 31.16 be 67.78 j 4430 e
C. alienum 0.00 a 32.49 fgh 47.90 cde 36.26 fg 13.05 a
Frantoio C. acutatum 11.94d 15.83 abed 2223 ab 24.77 cd 43.24 de
C. nymphaeae 6.85 abed 21.82 bedefg 20.13 ab 35.72 ef 37.72 bede
C. fioriniae 4.58 abced 10.62 ab 11.06 a 23.60 cd 4444 e
C. theobromicola 4.55 abed 16.31 abed 17.44 ab 61.98 jj 37.72 bede
C. alienum 6.66 abcd 4.90 a 7.85a 17.97 cd 26.5 abc
Coratina C. acutatum 4.11 abed 29.91 efgh 45.75 cde 30.04 de 32.13 bede
C. nymphaeae 5.75 abed 25.59 defgh 40.91 cde 29.28 de 31.33 bede
C. fioriniae 2.55 abc 24.49 cdefgh 22.27 ab 20.04 be 40.72 cde
C. theobromicola 10.07 cd 13.00 abc 5381e 51.39 hi 40.59 cde
C. alienum 7.52 abed 21.58 bedef 18.95 ab 16.96 bc 39.88 cde
Picual C. acutatum 6.90 abcd 34.62h 55.61 ¢ 6.26 a 23.11 ab
C. nymphaeae 5.60 abed 31.72 fgh 56.98 ¢ 11.95b 31.35 bede
C. fioriniae 5.56 abcd 23.75 cdefgh 50.89 de 4.56 a 31.55 bede
C. theobromicola 9.26 bed 12.84 abc 54.24 ¢ 34.13 ef 31.35 bede
C. alienum 7.82 abed 18.21 bede 17.78 ab 5.64 a 23.22 bed

! Phenological scale according to Sanz-Cortes et al. (2002).

2 In each column, mean values followed by the same letter are not significantly different (Tukey’s HSD test; P = 0.05).

ment, susceptibility increased, and symptoms and signs
progressed rapidly. Symptoms included brown coloura-
tion of the flower organs that progressed to collapse of
inflorescences, known as blossom blight. Affected organs
were rapidly covered by typical orange-salmon coloured
gelatinous masses, corresponding to Colletotrichum
conidia (Sergeeva et al., 2008; Iliadi et al., 2018; Moreira
et al., 2021).

Results of the present study are in similar to those
of Kolainis et al., (2020), who observed that in the olive
cultivars Koroneiki and Kalamon, the first anthracnose
symptoms appeared 2 d after inoculation of detached
flowers at beginning of flowering stage. In contrast,
Moral et al., (2009) inoculated flowers of Arbequina,
Hojiblanca and Picual cultivars at the same phenologi-
cal stage, but the first symptoms were visible 5 d after
inoculation. These differences could be because Moral
et al., (2009) utilized attached flowers, whereas in the
present study and that of Kolainis et al. (2020), detached
flowers were used.

For the four olive cultivars evaluated, some dif-
ferences were observed in anthracnose susceptibility
at different flowering stages. No major variations were
observed at the swollen bud stage, but at final differenti-
ation and beginning of flowering, Frantoio was the least
susceptible cultivar to Colletotrichum, Arbequina was
the most susceptible, and Coratina and Picual were of
intermediate susceptibility. Similar results were obtained
by Moral et al., (2009), who found that Arbequina was
more susceptible than Hojiblanca and Picual when inoc-
ulated at the beginning of flowering.

In previous research, we demonstrated that species
C. acutatum s.s., C. nymphaeae, C. fioriniae, C. theobro-
micola and C. alienum caused typical blossom blight at
beginning of flowering (Moreira et al., 2021). In the pre-
sent study, although the incubation period could be vari-
able, isolates of these five Colletotrichum species infected
olive from the early stages of flower development.

Results recorded here for behaviour of inoculated
green and ripe olive fruit were generally in agreement
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with previous research. Olive fruits can be infected
by Colletotrichum at different stages during fruit rip-
ening, but the susceptibility increases with ripening
(Moral et al., 2008; 2009; Sergeeva, 2014; Chattaoui et
al., 2016; Moral et al., 2017). We also observed differ-
ences in symptom development. While on ripe fruit the
typical soapy fruit symptoms were observed from the
beginning, on green fruit initial symptoms consisted
of small and depressed necrotic lesions that later pro-
gressed into the typical soapy fruit. In addition, at the
green stage, the first symptoms were visible between
5 and 7 d after inoculation, whereas on ripe fruit
symptoms were seen earlier, between 1 and 5 d post
inoculation. Similar results were obtained by Moral
et al., (2008), who observed first symptoms at 7 d on
detached leaves, and at 4 d on ripe fruit, after Colle-
totrichum inoculation.

For susceptibility of the different olive cultivars, at
the green fruit stage Picual was the least susceptible and
Arbequina and Frantoio were the most susceptible cul-
tivars to Colletotrichum spp., while Coratina developed
disease with intermediate susceptibility. These results
are similar to other studies, where Arbequina was sus-
ceptible to moderately susceptible, Coratina was moder-
ately susceptible (Andres 1991; Moral and Trapero, 2009;
Bartolini and Cerreti, 2013), and Picual was moderately
resistant or resistant to anthracnose (Moral and Trapero,
2009; Talhinhas et al., 2015; Moral et al., 2017).

On mature fruit, the four olive cultivars were all
highly susceptible to anthracnose. These results showed
some discrepancies with other studies, where Frantoio
was found to be highly resistant to anthracnose in Spain
(Moral et al., 2008; Moral and Trapero, 2009; Moral et
al., 2017). Nevertheless, in accordance with the present
results, Frantoio showed high susceptibility to anthrac-
nose in Argentina (Andres, 1991) and Italy (Loprieno
and Tenerini, 1960).

Although the differences in anthracnose susceptibil-
ity found among cultivars at the green fruit stage were
not recorded for ripe fruit, this was not surprising. Mor-
al and Trapero (2009) reported that green fruits were
more resistant to Colletotrichum than ripe fruit, prob-
ably because of greater concentrations of phenolic com-
pounds in green than ripe fruits. However, when matu-
rity is reached, all olive cultivars can become diseased,
and develop complete rot regardless of their early fruit
susceptibilities (Moral et al., 2008).

Colletotrichum theobromicola differed substantially
from the other Colletotrichum species inoculated in this
study, being the most aggressive pathogen at the green
fruit stage. This was surprising since this species, togeth-
er with C. alienum, was isolated from a low proportion
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of olives with typical anthracnose symptoms in Uruguay
(Moreira et al., 2021). In Australia, inoculated detached
green stage fruit was more affected by C. theobromicola
and C. gloeosporioides s.s than C. aenigma, C. cigarro, C.
queenslandicum, C. siamense and C. karstii (Schena et
al., 2014). Regarding the international occurrence of C.
theobromicola, This pathogen has been reported affect-
ing olive in Argentina, Australia, and Uruguay (Schena
et al., 2014; Lima et al., 2020; Moreira et al., 2021), but
not in countries of the Mediterranean basin, where most
olives are cultivated. Schena et al., (2014) mentioned that
new diseases are expected to emerge as consequence of
climate change, and suggested that C. theobromicola
could play an important role in olive anthracnose dis-
ease with these changes.

For ripe fruit, behaviour of the five Colletotrichum
species was similar, except for C. alienum which was
less aggressive when it was inoculated on the cultivars
Arbequina and Frantoio. In Portugal, Talhinhas et al,,
(2015) found that C. acutatum s.s. and C. nymphaeae
were more aggressive than C. gloeosporioides s.s. and C.
rhombiforme on ripe fruit. In Italy Schena et al. (2017)
observed that C. acutatum s.s. was more aggressive
than C. godetiae on ripe fruit. In this work, C. acutat-
um s.s., C. nymphaeae and C. fioriniae were of similar
aggressiveness.

The present study is the first in which anthrac-
nose susceptibility has been evaluated at different host
flower development stages. Based on these results, the
risk of anthracnose occurrence starts at early stages
of flower development. This would allow develop-
ment of improved disease management decisions. For
example, the most opportune time to initiate preven-
tive fungicide applications should be at early stages of
flower development, to minimize yield losses caused
by olive anthracnose. For olive cultivars, Frantoio was
moderately susceptible to anthracnose, whereas Pic-
ual, Coratina and Arbequina were susceptible cultivars
during flowering. However, the present study results
indicate that at the green fruit stage, Frantoio and
Arbequina were the most susceptible cultivars, Corati-
na had an intermediate susceptibility, and Picual was
least susceptible. In mature fruit, no differences were
found among the assessed cultivars. In this study we
confirmed that Arbequina, the main olive cultivar pro-
duced in Uruguay, was one of the most susceptible to
Colletotrichum during flowering and fruit ripening.
Future research should focus on improving anthrac-
nose management strategies to minimize the impacts
of this disease during flower development and fruit
maturity, especially in those olive cultivars that are
most susceptible to this disease.
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