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Abstract

Citrus black spot (CBS), caused by Phyllosticta citricarpa, affects different
citrus species worldwide. CBS is mainly expressed as false melanose and
hard spot symptoms. There is no consensus in the literature about the period
when fruit are susceptible to P. citricarpa infection and the length of the
CBS incubation period. Therefore, this study aimed to assess the influence
of sweet orange variety, fruit age, and inoculum concentration on the incu-
bation period and the expression of different CBS symptoms. Attached fruit
of Hamlin, Pera, and Valencia sweet orange at 1.5, 3.0, 5.0, and 7.0 cm di-
ameter were inoculated with suspensions containing 103 and 105 conidia/ml
of P. citricarpa. The percent conidial germination was quantified using
scanning electron microscopy. The CBS symptoms on fruit were assessed
monthly. The four diameters did not significantly affect conidial

germination on the inoculated fruit, although CBS incidences were lower
when larger fruit were inoculated. Hard spot symptoms on sweet orange
fruit did not develop from the false melanose symptoms and vice versa.
The incubation periods for false melanose were shorter than those observed
for hard spot. False melanose began to appear 44 days after inoculation, but
hard spot only formed at 113 days or later. Incubation periods were shorter
and incidences of false melanose were higher following inoculation with
higher inoculum concentration and smaller fruit diameter. The incubation
period of hard spot varied among varieties and fruit diameters. However,
there was no relationship between hard spot incidence and variety. This
study provides a better understanding of the factors affecting the variation
in the CBS incubation period and disease incidence on fruit.

Citrus black spot (CBS), caused by Phyllosticta citricarpa (syn.
Guignardia citricarpa), is an economically important disease in tropi-
cal and subtropical citrus-growing areas worldwide (EFSA PLH Panel
2014; Kotzé 1981). In mature sweet orange orchards located in regions
with highly suitable climates, premature drop of fruit with CBS may
reach 80% (Lanza et al. 2018; Silva Junior et al. 2016a, b). In addition,
fruit with high CBS severity are considered unacceptable and are not
traded in the fresh market. In the Mediterranean areas of Europe, the
presence of the pathogen has been reported in citrus orchards, but
CBS symptoms were not observed (Guarnaccia et al. 2017). Further-
more, regulatory measures restrict the importation of fruit from coun-
tries with CBS (EFSA PLH Panel 2014; Yonow et al. 2013).
P. citricarpa produces both sexual (ascospores) and asexual (con-

idia) propagules, which have a significant role in CBS epidemics
across different regions, such as Brazil and Ghana (Brentu et al.
2012; Reis et al. 2006; Spósito et al. 2011). Conidia are typically pro-
duced on dead twigs and in the lesions on leaves and fruit, but asco-
spores are formed only in leaf litter. Ascospores are dispersed by
wind and play an important role in introducing CBS to a citrus-
growing area (Fourie et al. 2013; Spósito et al. 2007). Conidia are
washed down over short distance from pycnidium-bearing lesions
to nearby susceptible tissues, which means that asexual spores are de-
posited onto the adjacent fruit, leaves, and twigs. Therefore, conidia
increase the CBS intensity in the tree canopy rather than spread the
disease over longer distances (Spósito et al. 2011). The P. citricarpa
ascospores and conidia are produced during the rainy season when
there are frequent alternating dry and wet periods (Kotzé 1981,

2000). In the citrus-growing areas of Brazil and South Africa, the
peaks for ascospore release occur from November through January
(Fourie et al. 2013; Reis et al. 2006). The conidia embedded in the
cirrus are released from pycnidia usually during rainy seasons (Kotzé
1981, 2000; Spósito et al. 2011). After the deposition of spores on
susceptible host tissues, the pathogen starts the infection process
and remains quiescent as subcuticular mycelia (Kotzé 1963; McOnie
1967).
At present there is little and variable information concerning the

period that the fruit is susceptible to P. citricarpa infection and the
length of the CBS incubation period, which is considered as the time
between infection and symptom expression (Madden et al. 2007).
The critical period for infection in South Africa begins at fruit set
and lasts for 4 to 5 months (Kotzé 1988). However, in Brazil
and Ghana, this period ranges from fruit set to 6 to 7 months later
(Baldassari et al. 2009; Brentu et al. 2012; Lanza et al. 2018). It is dif-
ficult to determine the incubation period under field conditions because
the time of infection is usually unknown. However, periods from 4 to
6 months (Timmer 1999) and more than 6 months (Kotzé 1988) have
been reported as being needed for the appearance of CBS symptoms in
commercial orchards. A long CBS incubation period may be related to
the time when the fruit were infected (Kotzé 1981). Under controlled
conditions, the CBS incubation period reported for Valencia sweet or-
ange ranged from 2 to 8 months, and it seemed to be dependent on the
fruit development stage at inoculation time. However, it was not af-
fected by inoculum concentration (Aguiar et al. 2012).
Citrus black spot symptoms have been observed on the main com-

mercial citrus species and varieties, such as sweet oranges (Citrus
sinensis), lemons (C. limon), mandarins/clementines (C. deliciosa, C.
reticulata, and C. clementina), and some limes (C. aurantiifolia and
C. limettioides), except on Tahiti lime (C. latifolia) (Silva Junior
et al. 2016a). Although the symptoms are not reported on Tahiti lime,
P. citricarpa has been isolated from its asymptomatic tissue (Baldassari
et al. 2008). Themain sweet orange varieties used in theBrazilian citrus
industry are early season Hamlin, midseason Pera, and late-season
Valencia (Fundecitrus 2017). These varieties have similar CBS suscep-
tibilities (Spósito et al. 2004). Different types of symptomsmay appear
on fruit, such as false melanose, hard spot, and freckle spot. False
melanose is characterized by small black spots that are commonly ob-
served on green fruit. However, this kind of symptom does not contain
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pycnidia (Kotzé 2000; Silva Junior et al. 2016a). The presence of
phenolic compounds around the stomata suggests that the false mel-
anose symptom is a reaction of the host against pathogen infection
(Marques et al. 2012). Hard spot, the most typical CBS symptom, ap-
pears as light brown to gray lesions surrounded by a dark brown ring.
This symptom appears close to the time when the fruit color changes
from green to orange. Freckle spot appears as small, red, depressed
lesions on ripe fruit and during the postharvest stage. Both hard
and freckle spots may have pycnidia in the center of the lesion (Kiely
1948; Kotzé 2000; Spósito et al. 2011). Although it is known that the
different CBS symptoms are expressed at different fruit developmen-
tal stages, the cause of this variation is unknown. For instance, it has
been reported that the false melanose symptom appears a fewmonths
after infection when the fruit has supposedly become resistant (Kotzé
1988). Nonetheless, as the symptoms occur on fruit artificially inoc-
ulated at different developmental stages (Aguiar et al. 2012), the ab-
sence of symptoms on mature fruit inoculated under field conditions
may not be related to fruit resistance, but to the long incubation pe-
riod of the disease.
Determining the period when the fruit is susceptible to P. citri-

carpa infection may persuade growers to spray fungicides only dur-
ing the critical period (Lanza et al. 2018). In this study, fruit of
Hamlin, Pera, and Valencia at different developmental stages were
inoculated with different inoculum concentrations of P. citricarpa
to elucidate the periods of incubation and susceptibility to CBS.

Materials and Methods
Inoculation procedure. The P. citricarpa isolate was obtained

from typical CBS symptoms on Valencia sweet orange fruit and pre-
served on filter paper at –20°C in the Fund for Citrus Protection
(Fundecitrus, Araraquara, Brazil) as described by Silva Junior et al.
(2016a). Molecular identification of this isolate was undertaken us-
ing species-specific primers for P. citricarpa, which were GCP1
and GCP2 (Stringari et al. 2009). The isolate was cultured from the
preserved filter paper at 28°C for 20 days in petri dishes containing
potato dextrose agar (PDA). Inoculum suspensions were prepared
by flooding the surface of pathogen cultures with 5 ml of sterile dis-
tilled water, scraping the surface, and then filtering the conidia using
gauze pad. The P. citricarpa conidial concentration was measured
with a hemocytometer and diluted to 103 and 105 conidia/ml.
The experiment was carried out on 7-year-old Hamlin, Pera, and

Valencia sweet orange trees grafted onto Rangpur lime (Citrus limo-
nia). Fifteen trees of each variety were kept in 100-liter pots inside a
greenhouse in Sao Paulo State, Brazil (21°48¢31.00²S; 48°09¢
45.50²W). The inoculation was performed on 15 attached fruit that
were 1.5 cm in diameter and 10 fruit that were 3.0, 5.0, and 7.0 cm
in diameter for each variety and inoculum concentration. Five fruit
from each diameter of all varieties were used as controls. The experi-
ment was performed three times on different dates (Supplementary
Fig. S1). The fruit peel color index (CI) was determined at inoculation
using a portable Minolta Chroma Meter (Model CR-400, Konica
Minolta Sensing Inc., Tokyo, Japan). The fruit peel color readings
were expressed as three parameters: differences in green and red (a),
blue and yellow (b), and light and darkness (L). The color index was
calculated using the following transformation: CI = 1000a/Lb

(Jiménez-Cuesta et al. 1981). This transformation results in neg-
ative and positive values for the green and orange colors, respec-
tively. A zero value is the midpoint of the color break period. The
CI was analyzed by the nonparametric Kruskall-Wallis test at the
5% probability level.
Inoculations were performed using 2.5 × 2.5 × 1.5 cm (length by

width by depth) thick adhesive foam pieces. Holes of 0.5 to 1.0 cm
diameter were made in the middle of the foam, which was water-
proofed with colorless nail polish. The foam pieces were affixed
with glue on the fruit, and the inoculum suspensions or water (con-
trol) were added to the hole. Then the foam surface was covered
with adhesive tape for 48 h to create a humid chamber (Fig. 1).
The foam pieces were removed after 48 h and the inoculation sites
marked.
The germination rates for P. citricarpa conidia were assessed on

the peels of the 1.5, 3.0, 5.0, and 7.0 cm diameter fruit. Twenty at-
tached fruit (five fruit per diameter) of Pera were inoculated with
the P. citricarpa suspension containing 105 conidia/ml using the
method described above with foam pieces. After 48 h in the humid
chamber, a sample with 1 cm2 of peel at the inoculation site from
each fruit was removed to quantify the rate of conidia germination
using scanning electron microscopy. The samples of fruit peel were
fixed in a modified Karnovsky solution (2.5% glutaraldehyde, 2%
paraformaldehyde in 0.05 M sodium cacodylate buffer, pH 7.2) for
at least 1 to 2 h at room temperature and postfixed in a 1% solution
of osmium tetroxide in the same buffer for 1 h. This step was fol-
lowed by dehydration through a series of graded acetone solutions
(30, 50, 70, and 100%) for 10 min each, dried with a CO2 critical
point dryer (Balzers CP040, Balzers, Liechtenstein), mounted on
aluminum stubs using double-sided carbon tape, and coated with
a 30 to 40 nm gold film in a metalizer (Balzers MED010, Balzers,
Liechtenstein) at 50 mA for 3 min. The samples were then analyzed
using a scanning electron microscope (LEO 435VP, LEO Electron
Microscopy Ltd., Cambridge, UK). Germination was defined as the
point at which the germ tube length exceeded the spore diameter.
Spore germination was assessed in five replicates by counting
100 spores per sample. A replicate was a sample of 0.5 × 0.5 cm
of peel extracted per fruit.
Disease assessments and data analysis. False melanose and hard

spot incidences were determined monthly by visual assessment. Hard
and freckle spots were grouped into one category and then collec-
tively referred to as hard spots. The peel color indexes of the fruit
were estimated as previously described at the same time that the
symptoms were assessed.
The survival function was used to analyze and compare the sur-

vival probabilities (%) and the survival time means (average time
to symptom expression) considering each symptom type, the three
varieties, four fruit diameters, and two inoculum concentrations. Data
of the three experiments were pooled together, as variances were
equal, and each fruit was considered a replication. This analysis
was performed using SigmaPlot 13.0 (Systat Software Inc., San Jose,
CA, USA) by building Kaplan-Meyer curves (nonparametric proce-
dure) and estimating the survival probabilities (Scherm and Ojiambo
2004). The Kaplan-Meyer curves were compared by the log-rank test
at the 5% probability level to test whether the time to CBS symptom

Fig. 1. Phyllosticta citricarpa inoculation on sweet orange fruit that were 1.5 (A), 3.0 (B), 5.0 (C), and 7.0 (D) cm in diameter. Pierced adhesive foams were covered with adhesive
tape to create a humid chamber after the conidial suspension was placed inside the waterproofed hole.
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appearance was affected by variety, inoculum concentration, and
fruit diameter. When there was a significant difference, the curves
were pairwise compared using the Holm-Sidak test at the 5% proba-
bility level. The incubation periods (time required for symptom ex-
pression) were compared using 95% confidence intervals (Copes
and Thompson 2008).
The incidences of fruit with false melanose and hard spot in each

combination of three sweet orange varieties, two inoculum concen-
trations, and four fruit diameters were compared using a 3 × 2 × 4 fac-
torial analysis of variance. As incidence is a binary variable, the
percentage of diseased fruit in each experiment was considered a rep-
lication. When there were significant differences, a Tukey’s test at
the 5% probability level was undertaken to compare the means. Data
analyses were performed using the R statistical system and the add-
on package ‘ExpDes’ (www.r-project.org).
The percentages of germinated conidia for the different fruit diame-

ters were subjected to analysis of variance (ANOVA) using Statistica
13.1 (StatSoft Inc., Tulsa, OK, USA). The means for each treatment
were compared using Tukey’s test at the 95% confidence level.

Results
Conidial germination on fruit. The P. citricarpa conidia germi-

nation percentage on the fruit surface was about 60% for all fruit di-
ameters and did not differ among diameters (Fig. 2). In most cases,
P. citricarpa conidia formed a short germination tube with an appres-
sorium at the end (Fig. 2).
Incidence of fruit with citrus black spot symptoms. There was

no significant interaction for diseased fruit percentage among the ex-
periment, variety, inoculum concentration, and fruit diameter factors,
irrespective of the type of symptom (P > 0.322). Moreover, there was
no significant difference (P > 0.482) among the experiments. The
false melanose symptom was the first CBS symptom observed on
the sweet orange fruit of all three inoculated varieties. All lesions

did not contain pycnidia (Fig. 3). This symptom appeared as numer-
ous small black spots that are observed in most of green fruit. In some
fruit, a yellow halo surrounded the spots at the inoculation site (Fig.
3A, G), and in others dark-brown lesions coalesced forming a large
lesion covering almost the entire inoculation site (Fig. 3H). In most
of the fruit inoculated at 5.0 cm diameter, few lesions were observed
at inoculation site (Fig. 3C, F). False melanose incidences were 37,
41, and 42% on Hamlin, Pera, and Valencia, respectively, and there
were no significant differences between the varieties (P = 0.715, Fig.
4A). Incidences of fruit with false melanose were 52 and 28% for the
105 and 103 conidia/ml concentrations, respectively (P < 0.001, Fig.
4B). Fruit diameter had a significant effect on false melanose inci-
dence. The highest incidence of symptomatic fruit (about 80%)
was observed for fruit inoculated at 1.5 cm diameter, and this was sig-
nificantly different from the other fruit sizes. False melanose
appeared on 26 and 9% of the fruit inoculated at 3.0 and 5.0 cm di-
ameter, respectively, and there was no significant difference in the in-
cidence between these two diameters. The symptoms on fruit
inoculated at 5.0 cm diameter only appeared when the highest inoc-
ulum concentration was used. No false melanose symptoms were ob-
served on fruit inoculated at 7.0 cm diameter, irrespective of variety
and inoculum concentration (Fig. 4C).
There were no significant differences in hard spot incidences

among the varieties (P = 0.875, Fig. 4D). However, a higher inci-
dence was observed when 105 conidia/ml was used compared with
103 conidia/ml (P = 0.004, Fig. 4E). In contrast to false melanose,
hard spot was observed on the inoculated fruit of all diameters
(Fig. 4F). Different intensities of hard spot lesions were observed
on the inoculated fruit site, regardless of the fruit diameter, variety,
or inoculum concentration (Fig. 5). Some fruit had few (Fig. 5B,
G, H, K), but others had many (Fig. 5C, D, F, J) hard spot lesions
at the inoculated area. Fruit inoculated at 1.5 cm diameter showed
a greater amount of false melanose than hard spot lesions (Fig. 5A,

Fig. 2. Electron micrographs of conidial (C) germination and appressorium (Ap) formation on the surface of Pera sweet orange fruit at 1.5 (A), 3.0 (B), 5.0 (C), and 7.0 (D) cm
diameter after 48 h in the humid chamber.
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E, I). Some fruit inoculated at 7.0 cm diameter had large lesions sim-
ilar to the virulent spot characterized by dark-brown and depressed
lesions formed from the coalescence of hard spot that cover the entire
inoculated area (Fig. 5D, L). Pycnidia were observed at the center of
the most hard spot lesions on fruit inoculated at 1.5, 3.0, and 5.0 cm
(Fig. 5A, C, G, J), but no reproductive structure of P. citricarpa was
formed on fruit inoculated at 7.0 cm diameter (Fig. 5D, H, L). Hard
spot incidences ranged from 11% (5.0 cm diameter) to 56% (1.5 cm
diameter), and there were significant differences in hard spot inci-
dence between the fruit diameters (P < 0.001, Fig. 4F).
False melanose appeared earlier in green fruit, and did not develop

into hard spots. Hard spots were observed in parts of the inoculated
fruit surface without false melanose lesions. Some freckle spots char-
acterized by small red depressed lesions became hard spot. The
higher inoculum concentration induced dark-brown spots in large
numbers, which coalesced to form extensive cracked areas. (Supple-
mentary Fig. S2).

False melanose incubation period. There was no significant in-
teraction between the evaluated factors. The means of false melanose
incubation periods for Hamlin, Pera, and Valencia were 84, 78, and
81 days postinoculation (dpi), respectively, and there were no signif-
icant differences among the varieties (Fig. 6A). The first symptom-
atic fruit was observed at 44 dpi, and the longest time it took
symptoms to appear was 182 dpi (Fig. 6A). The false melanose incu-
bation period was longer when a lower inoculum concentration was
used. Fruit inoculated with 105 conidia/ml had an average incubation
period of 75 days, which was 15% shorter thanwhen the 103 conidia/ml
concentration was used for the inoculation (Fig. 6B). The first false
melanose symptom appeared at 44 dpi on fruit inoculated with
105 conidia/ml, whereas the first symptom on fruit inoculated with
103 conidia/ml was detected at 65 dpi. It took as long as 170 to
182 dpi for false melanose to appear on some fruit inoculated with
either concentration (Fig. 6B). Fruit diameter had a significant effect
on the false melanose incubation period. Fruit inoculated at 5.0 cm

Fig. 3. False melanose symptoms expressed in different intensities as small black spots with or without yellow halo on attached fruit of Hamlin (A–C), Pera (D–F), and Valencia
(G–I) sweet orange varieties inoculated with Phyllosticta citricarpa at 105 conidia/ml when the fruit were 1.5 (A, D, G), 3.0 (B, E, H), and 5.0 (C, F, I) cm in diameter.
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had a mean incubation period of 159 days, whereas fruit inoculated at
3.0 cm had a mean incubation period of 108 days, both of which were
significantly longer than the mean of 68 days observed for fruit inocu-
lated at 1.5 cm diameter. The ranges for the false melanose expression
periods on fruit inoculated at 1.5, 3.0, and 5.0 cm diameter were 44 to
120, 88 to 170, and 113 to 182 dpi, respectively (Fig. 6C).
Hard spot incubation period. The average incubation period for

the hard spot symptom on fruit was significantly longer for Hamlin
(251 days) and Pera (263 days) than for Valencia (192 days) (Fig.
7A). The ranges for symptom expression on Hamlin, Pera, and
Valencia were 145 to 360, 148 to 365, and 113 to 297 dpi, respec-
tively. Inoculum concentration had no effect on the average incuba-
tion period for hard spot. Symptoms appeared from 137 to 330 and
113 to 365 dpi on fruit inoculated with 103 and 105 conidia/ml, re-
spectively (Fig. 7B). The average incubation period for this symptom
ranged from 195 to 253 days for the different fruit diameters (Fig.
7C). Incubation periods observed for fruit inoculated at 1.5 and
3.0 cm diameter were higher than that observed for fruit inoculated
at 5.0 cm, but did not differ from the incubation period observed
for fruit inoculated at 7.0 cm diameter (Fig. 7C). The ranges for hard
spot expression on fruit inoculated at 1.5, 3.0, 5.0, and 7.0 cm diam-
eter were 137 to 365, 113 to 360, 113 to 267, and 120 to 310 dpi, re-
spectively (Fig. 7C).
Citrus peel color index. Fruit inoculated at 1.5 and 3.0 cm diam-

eter were dark green and had similar color indexes (Table 1). The
peel index for the fruit inoculated at 5.0 cm diameter was higher
than the indexes for the smaller fruit, even though all fruit were still
green at inoculation time. The fruit inoculated at 7.0 cm had the
highest color index, and the values showed that the fruit were close
to the color break stage. The color index at the false melanose ex-
pression time was higher for fruit inoculated at 5.0 cm diameter
compared with the fruit inoculated at 1.5 and 3.0 cm diameter, even
though all the fruit were green (Table 1, Fig. 8). On average, the
fruit peel color index at the time of hard spot expression was close
to color break (color index zero), irrespective of fruit diameter
(Table 1, Fig. 8).

Discussion
This study improves the current understanding about CBS symp-

tom expression. The results show that the expressions of false mela-
nose and hard spot symptoms are independent. Reports about CBS
occurrence in the field suggested that a false melanose sometimes de-
velops into a hard spot when the fruit color changes from green to or-
ange (Kotzé 1988, 2000). However, as reported by Marques et al.
(2012), our results show that the hard spot symptoms occur later
and do not develop from false melanose symptoms. In fact, hard spot
symptoms appeared only from a fruit inoculated area without false
melanose. Despite this difference, both symptoms have long incuba-
tion periods. The durations of these periods may be influenced by the
fruit stage at inoculation time and the inoculum concentration. In
contrast, the incubation period is not affected by the sweet orange va-
riety maturation time (early-maturing, midseason, or late-maturing).
Other studies reported long and variable CBS incubation periods
(Aguiar et al. 2012; Baldassari et al. 2009; Brentu et al. 2012; Kotzé
1981). However, none of these studies associated the changes in in-
cubation period with the type of symptom.
False melanose is restricted to the immature fruit, and this type of

CBS symptomwas first observed on fruit from all three sweet orange
varieties. The shortest incubation periods were 44 and 88 days for the
fruit inoculated at 1.5 and 3.0 cm diameter, respectively. At inocula-
tion time, these fruit had a dark green color. No significant change
was observed in fruit color in the time between inoculation and false
melanose expression. Fruit inoculated at 5.0 cm diameter were dark
green at inoculation time and light green at symptom expression. The
incubation periods were always greater than 113 days for the 5.0 cm
fruit. The expression of false melanose symptoms in green sweet
orange fruit has also been noted by others (Baldassari et al. 2009;
Dewdney et al. 2016; Kotzé 1963, 1981). In contrast, false melanose
was not observed on fruit inoculated at 7.0 cm diameter, which was
close to maturation at the color change stage (from green to orange).
High concentrations of phenolic compounds, particularly flavonoids,
have been found in the green fruit from different citrus species, such
as C. poonensis,C. erythrosa, C. tardiferax,C. succosa,C. suavissima

Fig. 4. Incidences of fruit with false melanose (A–C) and hard spot (D–F) symptoms on three sweet orange varieties (A, D); when inoculated with Phyllosticta citricarpa at 103

and 105 conidia/ml (B, E); when the fruit were 1.5, 3.0, 5.0, and 7.0 cm in diameter (C, F). For each factor, bars in panels in each column that share the same letter are not
significantly different from each other according to Tukey’s test (P < 0.05). NS, not significant. Bars represent the standard error of the mean.
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(Ye et al. 2011), C. unshiu (Moriguchi et al. 2001), and C. aurantium
(Castillo et al. 1992). Although some flavonoids may increase or re-
main stable throughout fruit development (Ortuño et al. 1999), the total
contents in most fruits decrease as they ripen (Moriguchi et al. 2001).

The high levels of flavonoids during the first stages of fruit develop-
ment may be related to pathogen defense (Castillo et al. 1992) and to
false melanose expression. At the histological level, false melanose
is associated with the presence of phenolic compounds in

Fig. 5. Hard spot symptoms expressed in different intensities as light brown to gray lesions surrounded by a dark ring on attached fruit of Hamlin (A–D), Pera (E–H), and Valencia
(I–L) sweet orange varieties inoculated with Phyllosticta citricarpa at 105 conidia/ml when the fruit were 1.5 (A, E, I), 3.0 (B, F, J), 5.0 (C, G, K), and 7.0 (D, H, L) cm in diameter.
Black arrows indicate the hard spot lesions with pycnidia.

Fig. 6. Kaplan-Meier survival curves for the probabilities that the fruit do not show the false melanose symptom based on variety, inoculum concentration and fruit diameter. (A)
Hamlin, Pera, and Valencia sweet orange fruit; (B) inoculum at 103 or 105 conidia/ml of Phyllosticta citricarpa; (C) fruit diameters of 1.5, 3.0, or 5.0 cm. For each panel, incubation
periods expressed as survival times followed by the same letter do not differ significantly according to their confidence interval (P = 0.05).
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stomatal guard cells and substomatal chambers (Marques et al.
2012). In addition, a wound meristem, which originates as a small
pustule by periclinal divisions, has been observed on the surface of
the pericarp (Marques et al. 2012). Both biochemical and structural
barriers to pathogen infection are evidence of the host defense reac-
tion (Bostock and Stermer 1989; Nicholson and Hammerschmidt
1992).
In quiescent infections of tropical and subtropical fruit trees caused

by Colletotrichum spp. (Prusky 1996; Prusky et al. 1982) and Alter-
naria spp. (Droby et al. 1986), the pathogen germinates and produces
an appressorium, which remains quiescent in green fruit due to host
defense reactions. There is no expression of disease symptoms dur-
ing this quiescent period in many different kinds of unripe fruit.
Some reactions similar to those reported for the quiescent diseases
of a number of fruit trees may occur in the green fruit of sweet orange
inoculated with P. citricarpa. As observed for other causal agents of
quiescent diseases, P. citricarpa remains viable in false melanose le-
sions, but no reproductive structures are formed (Fig. 3; Silva Junior
et al. 2016a). In contrast to other quiescent diseases of fruit trees, the
defense reaction against P. citricarpa in unripe citrus fruit appears to
be visible as a false melanose. The structural changes in the fruit epi-
carp, which lead to the false melanose symptom, are permanent.
Therefore, false melanose lesions do not turn into hard spots.
Hard spot symptoms differ anatomically from symptoms of false

melanose. There is no wound meristem, the epidermis is maintained
as a coating tissue, there are considerable changes in the epicarp and
mesocarp and there are lysed and collapsed cells around the oil
glands, there is abundant pathogen colonization in the epicarp cells,
and there are one or more pycnidia in the lesions (Marques et al.
2012). Hard spot symptoms appeared from 113 to 360 days after in-
oculation, and the incubation periods were longer than those ob-
served for false melanose. The hard spot incubation period

declined as the fruit aged, and longer periods were observed for fruit
inoculated at 1.5 and 3.0 cm diameter. The long incubation period
needed for hard spot expression supports field observations, which
also showed that this kind of CBS symptom usually appeared after
the fruit color changed from green to orange (Kotzé 1988). The long
incubation period may be explained in part by the slow coloniza-
tion of fruit tissue by the pathogen. In fact, under controlled condi-
tions, P. citricarpa needs a long time to grow on artificial media
(Baayen et al. 2002).
The Hamlin, Pera, and Valencia varieties had similar incidences

of both false melanose and hard spot. These results obtained in the
greenhouse corroborate the previous data collected from a field trial
conducted in Brazil with the same varieties, which showed similar
CBS susceptibility when the disease progress rates were compared
(Spósito et al. 2004). High CBS incidences were associated with
high concentrations of spores and with fruit being inoculated during
the early developmental stages. False melanose and hard spot inci-
dences decreased as the fruit diameter increased from 1.5 to 5.0 cm.
When the inoculations were performed close to the color change,
there were no false melanose symptoms, but there was an increase
in hard spot incidence. The CBS hard spot result is similar to results
reported for peach/prune brown rot, caused by a quiescent infec-
tion of Monilinia fructicola (Biggs and Northover 1988; Luo and
Michailides 2001). However, the lower disease incidences observed
in fruit inoculated withM. fructicola at intermediate maturation stages
were associated with the lower temperatures recorded during these
phases.
The similar germination rates observed for P. citricarpa conidia at

all fruit diameters show that the differences in incubation period and
the incidences of CBS appeared not to be related to the inhibition of
conidial germination. Guava black spot symptoms (caused by P. psi-
diicola), similar to hard spot of CBS, only occur during the later fruit

Fig. 7. Kaplan-Meier survival curves for the probabilities that the fruit do not show the hard spot symptom based on variety, inoculum concentration and fruit diameter. (A) Hamlin,
Pera, and Valencia sweet orange fruit; (B) inoculum at 103 or 105 conidia/ml of Phyllosticta citricarpa; (C) fruit diameters of 1.5, 3.0, 5.0, or 7.0 cm. For each panel, incubation
periods expressed as survival times followed by the same letter do not differ significantly according to their confidence interval (P = 0.05).

Table 1. Color indexes associated with the expression of false melanose and hard spot symptoms for sweet orange fruit that were inoculated at four different
diameters

Fruit diameter (cm)

Color indexz

Day of inoculation False melanose expression Hard spot expression

1.5 –17.42 a –16.31 a –0.78 a
3.0 –18.24 a –15.63 a –3.23 b
5.0 –15.63 b –6.27 b –3.88 b
7.0 –2.52 c N/A 1.06 a

zMeans followed by same letter within columns do not differ by nonparametric Kruskall-Wallis test (P = 0.05). N/A, not applicable, since false melanose symp-
tom was not observed in fruit inoculated at 7.0 cm diameter.
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stages. In contrast to our preliminary observation of P. citricarpa, co-
nidial germination and appressoria formation by P. psidiicola in-
crease as the guava fruit ages (Escanferla et al. 2009).
The CBS spray program starts at the petal fall, which mainly oc-

curs between September and October in the Southern Hemisphere.
In South Africa and Australia, fungicide applications for CBS control
are not required after January–February. This program is based on re-
ports that sweet orange fruit becomes resistant to infection after the
fruit color change (Kiely 1948; Kotzé 1981; McOnie 1964; Miles
et al. 2004; Schutte et al. 2012). However, this study demonstrated
that the fruit remain susceptible to infection even after the color
change when the fruit diameter is about 7.0 cm, regardless of varietal
maturation time. Despite the long incubation period, which is around
200 days, the expression of hard spot may occur in late-maturing va-
rieties harvested after October. Therefore, the continuous fruit sus-
ceptibility and the highly conducive weather for CBS until April
makes it imperative to protect the fruit of late-maturing sweet orange
varieties against CBS from October to April in Sao Paulo State, Brazil
(Lanza et al. 2018; Silva Junior et al. 2016a, b). However, early-
maturing sweet orange varieties are harvested between June and
September, which means sprays with fungicides for CBS control after
the color change may be unnecessary because the fruit will have been
harvested beforemost of the hard spot symptoms appear. The behavior
observed for C. sinensis in this study may not be extrapolated to other
citrus species. Similar experiments should be performed with other
commercially important cultivars in other citrus growing areas since
ontogenic resistance could also explain the lower intensity or absence
of CBS symptoms on mature fruit.
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