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Abstract

European Canker and Neonectria fruit rot (NFR), caused by Neonectria ditissima, has become a major problem for the produc-
tion of apples (Malus domestica) in Brazil. This study characterized environmental factors affecting in vitro growth and germi-
nation of Neonectria ditissima as well as infection, colonization and reproduction, ex vivo, on ‘Gala’ and ‘Eva’ fruit.
Temperatures between 17 to 20 °C were optimum for mycelial growth, and minimal growth occurred at 35 °C. Micro/
macroconidia sporulation ratio was lower at 10 °C for most of the isolates tested, and no macroconidia were produced at
30 °C. More than 70% of conidia germinated after 12 h of exposure to constant humidity incubation and a temperature of
25 °C. Germination rate as high as 90% occurred after 48 h regardless of the temperature. Incubation of 2 h with high humidity is
not sufficient for germination of 10% of conidia at any temperature between 10 to 30 °C. The cultivars Eva and Gala did not differ
in relation to incubation period. A minimum of 25 days was necessary for sporulation on fruit incubated at 16.8-21.7 °C.
Unwounded fruit did not present symptoms even 40 days after inoculation on intact epidermis, demonstrating the need of
wounds for NFR development.
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southernmost states Rio Grande do Sul and Santa Catarina
in 2012, and five years later, the disease was detected in two
municipalities of Parana state. Currently, the pathogen is clas-
sified as an A2 quarantine pest in Brazil, which means that the

Introduction

The production of apples (Malus domestica Borkh) is
constrained by several factors including fungal diseases that

are damaging to the crop. Among them, European Canker,
caused by Neonectria ditissima (Tul. & C. Tul.) Samuels &
Rossman (syn. Nectria galligena Bres), anamorph
Cylindrocarpon heteronema (Berk. & Broome) Wollenw., is
a disease of worldwide occurrence and damaging to apple
production in the most important production regions of
Europe, North America, Chile, Australia, New Zealand,
Japan and South Africa (Beresford and Kim 2011). In
Brazil, the disease was officially reported to occur in the
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organism is already present in the country but exhibits local-
ized distribution and is targeted by an official control program
(Brasil 2013).

N. ditissima causes canker-like lesions in twigs and trunks,
while in fruit it causes a symptom of soft rot, which may be
pre-harvest (in the orchard) or post-harvest (during storage)
(Xu and Robinson 2010). The disease can cause serious dam-
age due to fruit rot in orchards with high inoculum on twigs
and trunks. However, even though the infection of woody
tissues has generally been well elucidated, few studies have
investigated the infection of fruit by the fungus, and most of
the existing studies were performed by Swinburne in the
1970s (Brown and Swinburne 1971; Swinburne 1971, 1973,
1974, 1975) using apple cultivars that are not grown in Brazil.
In addition, studies on the behavior of the pathogen in fruit
under the climatic conditions of the southern region of Brazil
are lacking. In this region the disease occurs at more severe
levels when compared with other countries, probably due to
the more favorable climatic conditions or to the greater
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amount of inoculum in orchards, in addition to a lack of ex-
perience in the disease management (Alves and Czermainski
2015).

The literature is inconsistent regarding the name of the
disease affecting fruit. When the symptoms occur during the
pre-harvest period, the disease is often called ‘eye rot’, ‘stylar-
end rot’, ‘dry eye rot” or ‘calyx rot’, which are generic terms
used for symptoms that are caused by many fungal pathogens
in apple (Weber and Dralle 2013). Furthermore, during the
post-harvest period, Brown and Swinburne (1971),
Swinburne (1974), and Noble and Drisdale (1983) referred
to the disease as ‘Nectria galligena apple rot’; Xu and
Robinson (2010) named the disease as ‘Nectria rot’. Sutton
et al. (2014) used the term ‘Neonectria galligena fruit rot’ and
Maxin et al. (2014) used the term ‘Neonectria rot’. In the
present study, the disease is referred to as ‘Neonectria fruit
rot” (NFR), and we propose this name to be used as a reference
for the disease.

‘Gala’ and its clones are widely cultivated in the world and
represent ~65% of apple production in Brazil, which was es-
timated at 1.30 million tons in 2017 (FAOSTAT 2014).
Meanwhile, ‘Eva’ apple, which was developed by the
Instituto Agronémico do Parana (lapar) as a cross between
‘Anna’ and ‘Gala’, is being grown at a large scale in Parana
state, owing to its high productivity, low chill requirements,
and early production, when compared with ‘Gala’ and ‘Fuji’
apples, and adaptation to the tropical and subtropical climates
that are predominant in Brazil (Hauagge and Tsuneta 1999).
Another reason for the expansion of ‘Eva’ apple is the low
susceptibility of the cultivar to Glomerella leaf spot
(Colletotrichum spp.), a yield-limiting disease of ‘Gala’ ap-
ples grown at regions of tropical and subtropical climates. The
cultivar is also gaining market due to its color, taste, and wide
acceptance by consumers (Oliveira et al. 2011).

Even though previous studies have reported the suscepti-
bility of ‘Gala’ apples to European Canker (Alves and Nunes
2017) and NFR (Xu and Robinson 2010), the monocyclic
components of fruit rot in this cultivar are yet to be investigat-
ed. For example, there is no information in the literature re-
garding the susceptibility of ‘Eva’ fruit to the pathogen or
regarding the pathogen’s incubation and latent periods.

The infectivity-related physiological traits of the pathogen,
such as mycelial growth, sporulation at different temperatures,
and production of macroconidia and microconidia (Weber
2014) have not been extensively studied in isolates from
Brazil. Those studies are important to better understand the
behavior of the pathogen under different environmental con-
ditions. Latorre et al. (2002) reported that the in vitro germi-
nation of the species’ conidia occurred at 632 °C, provided
that sufficient moisture conditions were maintained, but no
information about conidia germination of Brazilian isolates
at different temperatures and incubation periods are available.
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The objectives of the present study were to evaluate 1) the
effect of temperature on mycelial growth and sporulation of
N. ditissima, ii) the effect of temperature and incubation peri-
od on the germination of N. ditissima conidia, and iii) the
susceptibility of wounded and unwounded ‘Eva’ and ‘Gala’
fruit to V. ditissima and the incubation and latent periods of
NFR on both cultivars.

Material and methods
Isolates

Four isolates of N. ditissima were used in this study. These
were collected in 2012 (Codes 32 and I8, from Embrapa col-
lection, Genbank accession numbers MK564529 and
MK564532, respectively) and 2016 (Codes FRRO1 and
EMB, Genbank accession numbers MK564531 and
MK564530, respectively). They were isolated from symptom-
atic twigs of apple trees cv. Gala from commercial and exper-
imental orchards of the city of Vacaria, in Rio Grande do Sul
state, southern Brazil.

Twigs were cut into pieces of about 10 cm, and had their
cortex removed with sterilized blade. The area of transition of
the healthy and the darkened diseased tissue was cut into
pieces of about 5 mm and these were disinfested by immersion
in 70% alcohol solution for 1 min, followed by a 3-min im-
mersion in sodium hypochlorite 1% solution and three rinses
in sterilized distilled water. The pieces were then transferred to
Petri dishes containing water agar (WA) medium and incubat-
ed at 20 °C in the dark. When colonies started to form, myce-
lial plugs were transferred to Petri dishes with potato dextrose
agar (PDA) medium and incubated for 15 days at 20 °C in the
dark. Isolates were confirmed as pathogenic to wounded
‘Gala’ apple fruit, as this is a known susceptible cultivar to
NFR (data not shown). After growth, the fungi were removed
from the culture medium, preserved in 2-mL microtubes con-
taining silica and kept at 4 °C.

Effect of temperature on mycelial growth
and sporulation

Mycelial growth was measured on PDA plates, with three
replicates. The colony diameter was measured after the fungi
had been incubated at different temperatures (7, 10, 15, 20, 25,
30 and 35 °C) for 14 days in Biochemical Oxygen Demand
growth chambers (BOD) with 12-h photoperiod to assess ra-
dial growth. A beta-generalized model (Bassanezzi et al.,
1998) was fitted to mycelial growth data under different tem-
perature and is given by:
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where, ¥, refers to the value of colony diameter (mm) at the
optimum temperature; 7'is the temperature (°C); T,,,;, Tr,r and
1,10 the minimum, optimum and maximum temperatures, re-
spectively; Bj; represents the amplitude of the curve in its
asymptotic range. The analyses were performed using the R
software (R Core Team 2016).

To measure sporulation, conidia from each isolate previ-
ously incubated at different temperatures were collected by
adding 5 mL of sterile distilled water and then gently scraping
the mycelial surface with a plastic Drigalsky spatula, with a
final volume of 5 mL for each conidial suspension in sterile
water, and the total conidial production (macro and
microconidia counted separately) in the suspension was
counted with a hemacytometer with a light microscope
(Olympus®). From the total number of conidia and the area
of the colony from which they were taken, obtained by the
formula of the area of a circle, the amount of conidia produced
per square millimeter of colony was calculated. Data was
expressed as n° of conidia. mm 2. All the replicate plates were
examined for each isolate. The experiments were completely
randomized in a 4 X 7 factorial scheme, consisting of four
isolates at seven temperatures. They were conducted twice
and the data from the two experiments were combined for
the analysis.

Effect of temperature and humidity on conidia
germination

For this experiment, only the ‘EMB’ isolate was used. To
measure germination frequency at different temperatures of
7, 10, 15, 20, 25, 30 and 35 °C and incubation periods with
humidity of 3, 4, 6, 8, 9, 12, 24, 30 and 48 h, four 40 pL
aliquots of suspension at the concentration of 10°
macroconidia mL™" were deposited on a glass Petri dish
(15 %90 mm). The plates were placed in plastic boxes
(Gerbox) disinfested with alcohol 70%, containing a cotton
soaked in sterile distilled water to maintain humidity.
Gerbox containing the plates were wrapped in aluminum foil
to keep them in the dark, and then stored in BOD growth
chambers at different temperatures. After the time intervals
of the incubation periods, 20 uL of lactophenol with cotton
blue dye was added to each drop to stop the germination
process. The percentage of conidia that germinated was deter-
mined by examining 100 conidia at each of the four aliquots in
the Petri dish with a light microscope (Olympus®), and the
results for each repetition were the mean of the four aliquots.
Conidia with a germ tube length at least twice its length were
considered germinated. The experiment was conducted in a

completely randomized factorial design consisting of 7 tem-
peratures and 9 constant humidity incubation periods with five
replicates. The test was conducted twice. For the estimation of
the equations the temperature data between 7 and 35 °C were
used. The response surface graph was performed using the
SigmaPlot 11.0 software (Systat Software, Inc.).

A polynomial model was fitted to germination data affected
by temperature and wetness period, and is given by

Y = bl + T*WP + T? + PM? + T*WP,

where, Y is the germination (%); b; is the intercept; 7 is the
temperature (°C) and; and WP is the wetness period (h). The
analyses were performed using the R software (R Core Team
2016).

Effect of temperature and fruit wound presence
on infection by Neonectria ditissima

The ‘EMB’ isolate was used in this experiment. Detached
mature fruit of Gala and Eva cultivars were disinfested by
immersion in 70% alcohol for 1 min, immersion in 1% sodium
hypochlorite and rinsed three times in distilled water. Then,
they were dried on paper towel and placed in disinfested trans-
parent plastic pots with moistened cotton to maintain humid-
ity. Subsequently, two experiments were conducted. In one
trial, fruit were inoculated in 5 mm deep wounds, made with
autoclaved toothpicks on top of the fruit. In the other assay,
fruit were inoculated without wound.

The inoculated conidial suspension was prepared from sev-
en days old colonies of N. ditissima growth in PDA medium,
by adding 2 mL of sterilized distilled water and scraped with a
sterilized Drigalsky handle. The suspension from the plate
was filtered on sterile gauze. The suspension was shaken,
and the conidia concentration was measured in a hemacytom-
eter under light microscope (Olympus®) and adjusted to the
concentration of 10° conidia mL™'. After preparation of the
suspension, aliquots of 30 puL were immediately inoculated
into the fruit with the aid of a pipette. Aliquots of 30 uL of the
suspension were deposited on plates containing 10 mL of
water-agar (WA) medium, to evaluate the germinative capac-
ity of the isolate at each simulated temperature.

The inoculated fruit were then kept in Conviron® growth
chambers, which have been programmed with average tem-
peratures from 2010 to 2016 apple harvest season (December
to February) of the states of Parana (Curitiba), Santa Catarina
(S0 Joaquim) and Rio Grande do Sul (Bom Jesus) (Table 1).
The region of Curitiba in Parana was chosen to understand the
behavior of the pathogen in fruit in this region, which has not
yet reported the disease. Temperatures were defined through-
out the day according to the availability of data provided by
the Instituto Nacional de Pesquisas Espaciais (INPE).
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Table 1 Simulated temperatures

from December to February of City Temperatures

different apple producing regions

in southern Brazil used in 9:00-11:59 12:00-14:59 15:00-17:59 18:00-20:59 21:00-8:59
Conviron® chambers to ex vivo

inoculation on ‘Gala’ and ‘Eva’ Curitiba (PR) 21.4 25.0 25.0 21.4 19.9
detached fruit. Data provided by Sao Joaquim (SC) 185 21.7 21.7 18.5 16.8

the National Institute for Space g1y yequg (RS) 189 19.9 224 19.9 18.9

Research (INPE)

The experiments were conducted in a completely random-
ized factorial design: two cultivars and seven temperatures.
Each repetition consisted of ten fruit. The whole experiment
was repeated once.

The incidence was evaluated daily, from the appearance of
the first lesion until 40 days after inoculation. The distribution
of the incubation period in time of the cultivars Eva and Gala
was also analyzed by plotting the accumulated frequencies.
The non-parametric Kolmogorov-Smirnov test compared the
distributions of the accumulated frequencies of the data over
time and provided the maximum difference between the dis-
tributions. Differences in time to onset of symptoms (incuba-
tion period) were evaluated using the Welch t-test at 5% sig-
nificance (R Core Team 2016).

The latent period was also evaluated daily from the time of
inoculation until 40 days after inoculation by monitoring spor-
ulation on the fruit epidermis. The sporulating fruit had their
surface scraped and the structures were observed at light op-
tical microscope (400x) to confirm as N. ditissima conidia.
The data were summarized as percentage of fruit with patho-
gen structures and was not subjected to statistical tests.

Results

Effect of temperature on mycelial growth and spore
production

The growth of N. ditissima colonies at different temperatures
is shown in Fig. 1. The optimal growth temperatures of all
isolates ranged from 17 to 20 °C. The minimum temperatures
at which colony growth could occur were between 0 and
2.5 °C, whereas the maximum temperatures at which colony
growth could occur were between 35 and 40 °C (Fig. 1).
The average production of micro- and macroconidia
by 25-days old colonies of the four N. ditissima isolates
is shown in Fig. 2. Microconidia production was greater
than macroconidia at any of the tested temperatures.
The data about the number of spores produced is pre-
sented as average number of macro- and microconidia
per mm? of colony because great variation was observed
between replicates of the same isolate (Fig. 2). Data
from colonies incubated at 7 and 35 °C are not shown

@ Springer

due to the low sporulation rates observed at 10 and
30 °C.

At 15-30 °C, the production of microconidia was superior
to that of macroconidia at any temperature. Indeed, the
microconidia/macroconidia ratio at these temperatures was
greater than 1 regardless of which isolate was evaluated
(Table 2). No macroconidia production was observed at
30 °C for any of the isolates.

Effect of temperature and incubation period
on conidial germination

After 12 h of incubation at high humidity, >70% of the conidia
germinated at 25 °C (Fig. 3), and after 48 h, >90% of the
conidia germinated, regardless of temperature. After 8§ h of
incubation, germination was greater at 20 °C than at 25 °C,
exceeding 50%. With 4 h of incubation, germination at 25 °C
was >10%, whereas <10% of the conidia were able to germi-
nate after only 2 h. At 35 °C, germination was drastically
reduced, regardless of incubation period.

Susceptibility of detached ‘gala’ and ‘Eva’ apples
to NFR

Unwounded inoculated apples showed no symptoms of NFR
during the 40-d evaluation period. The behavior of the disease
regarding symptoms onset in wounded ‘Gala’ and ‘Eva’ fruit
was similar, starting at 15 d after inoculation, and no differ-
ence was observed between the time of disease onset for both
cultivars in the accumulated frequency (P=0.317) (Fig. 4).
Because the latent period was not reached for any of the tested
treatments (there were less than 50% of the fruit with signs of
the disease), the sporulation results are shown as percent of
fruit with signs (Table 3). Sporulating fruit exhibited white to
yellow structures on the surface (Fig. 5a), and the structures
were primarily composed of macroconidia, with very few
microconidia (Fig. 5b).

Discussion
The four N. ditissima isolates collected from Vacaria (Rio

Grande do Sul) behaved similarly regarding physiological
traits, which were favored by temperatures between 10 to
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25 °C. The incubation period with constant humidity and the
temperature can influence epidemics of European canker and
NFR. ‘Eva’ apples, which are produced at a large scale in the
state of Parand, were as susceptible to the disease as ‘Gala’
apples.

Even at 7 and 35 °C, the four isolates exhibited germination
rates of >40% when incubated under continuous humidity for
at least 24 h. This result contrasts with those of Latorre et al.
(2002), who reported minimal (<10%) in vitro germination of
conidia at 6 and 32 °C, even with a 24-h incubation period.
The same authors also reported that the optimal temperature
for conidial germination was between 20 and 25 °C. However,
at these temperatures, the authors observed germination rates
of >80% within 24 h of incubation, whereas lower rates were
observed in the present study. This difference may be due to
the fact that the isolates were originated from different loca-
tions, and/or related to the addition of dextrose (1.5%) to the
media by Latorre et al. (2002), which could have been used as
a source of nutrients by the conidia. The addition of nutrients
to media have already been reported to influence conidia ger-
mination. For example, conidial suspensions incubated in ap-
ple sap amended water agar (ASAWA) medium was reported
to enhance germination, when compared with conidial sus-
pensions incubated in water agar alone (Campbell et al. 2018).

Apple fruit is stored for months under low-temperature
conditions (Petri et al. 2011), and contact between fruit with
sporulating lesions and wounded healthy fruit has the poten-
tial to increase the frequency of NFR in cold storage. As
indicated by the results of the present study, although not at
temperatures as low as those of storage, the pathogen is still
able to germinate at low temperatures. In addition, the in vitro
tests of the present study demonstrated that sporulation can
occur at low temperatures and that sporulation under such
conditions occurs mainly in the form of macroconidia, which,
according to Zeller (1926), are the main infective spore type
under field conditions. The sporulation and spore germination

of N. ditissima at cold-chamber temperatures should be stud-
ied further, and future studies should also investigate the pres-
ence and viability of its spores in apple transport boxes to
better guide producers and to prevent the entry of the pathogen
into regions where it is yet to occur.

The greater production of macroconidia in vitro was in-
duced by temperatures of <15 °C, whereas higher tempera-
tures favored the predominance of microconidia, which are
less commonly found in field infections. Temperatures of
>30 °C were limiting to macroconidia production, as well as
to the growth of N. ditissima mycelia. This indicates the path-
ogen adaptation to lower temperatures, which are characteris-
tic of apple-producing regions that are affected by the diseases
caused by N. ditissima. Except at 10 °C, microconidia produc-
tion was consistently higher than macroconidia production in
the PDA medium. The rate of production of microconidia in
relation to macroconidia in culture medium has been studied
by Scheper et al. (2014), who reported that most N. ditissima
isolates are unable to produce conidia in most culture media
and that these isolates generally produce microconidia rather
than macroconidia, which are typically found in nature. The
authors, who did not include PDA medium in their study,
recommend the use of either Matsushima synthetic medium
(MM) or ASAWA medium to favor macroconidia production.
However, regarding conidia germination, the isolates cultured
and maintained in PDA culture medium in the present study
behaved similarly to those used by Latorre et al. (2002), which
were grown in MM medium. Since the epidemiological role
of microconidia is uncertain (Weber 2014), more detailed
studies of the conidia produced by N. ditissima in other culture
media and the differences between the physiological traits of
macro- and microconidia should be conducted. Such informa-
tion would be useful for producing either macro- or
microconidia-predominant inoculum to determine whether
these types of conidia have different infective capacities in
woody tissues and fruit.
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Fig.2 Mean sporulation of microconidia (solid line) and macroconidia (dashed line) of four isolates of Neonectria ditissima (FRRO1, 32, I8 and EMB) at

different temperatures. Bars represent the standard error of the means

The inoculation of wounded and unwounded mature fruit
was performed using N. ditissima isolates from twigs. This is
important since the main source of inoculum for fruit infec-
tions are sporulating lesions on woody tissues, as indicated by
correlations between canker lesion incidence and NFR sever-
ity during both pre-harvest (Weber and Dralle 2013) and post-
harvest (Weber 2014) periods. In the present study, the inoc-
ulations were performed on detached fruit, since in our region
(Curitiba, Paran4 state), which is quarantined for N. ditissima,
inoculation of fruit in the field is prohibited. However, the
susceptibility of mature fruit to NFR does not vary greatly
from 5 weeks pre-harvest until harvest (Xu and Robinson
2010), which ensures that, by inoculating mature fruit, the

Table2  Microconidia/macroconidia ratio produced by isolates FRRO1,
32, 18 and EMB of the imperfect phase of Neonectria ditissima in PDA
medium at different temperatures

Isolate Microconidia/Macroconidia ratio

Temperature (°C)

10 15 20 25 30
FRRO1 2.7 1.44 3.07 8.54 0
32 7.51 12.22 99.51 28.47 0
18 0.71 1.73 4.51 1.51 0
EMB 0.54 48.98 10.25 15.24 0
Mean 2.86 16.09 29.33 13.44 0

@ Springer

results of the present study are applicable to field conditions
during the 5 weeks before harvest.

The present study demonstrated that ‘Eva’ and ‘Gala’ fruit
possess similar susceptibilities to NFR. Therefore, control
measures are necessary for both cultivars. Ripe apple fruit
are more susceptible to N. ditissima infection (Xu and
Robinson 2010), due to the lower production of benzoic acid,

EMB
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Fig. 3 Response surface of Neonectria ditissima (isolate EMB) conidia
germination in water agar (WA) medium, as a function of temperature and
wetness period
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which is an important compound related to disease resistance
during pre-harvest periods (Brown and Swinburne 1971; Seng
etal. 1985). Apple fruit decreases in acidity and an increase in
pH after harvest, which causes dissociation of the benzoic acid
molecule (Swinburne 1971), and, therefore, reduces fruit de-
fense against N. ditissima. This may explain the appearance of
symptoms in inoculated wounded fruit after more than two
weeks of incubation.

In both cultivars, unwounded mature fruit that were inocu-
lated with conidia suspension were not susceptible to infec-
tion, which indicated the need for injury. The lack of symp-
toms, even with artificial inoculation high inoculum concen-
trations and high humidity must be considered, and practices
that reduce the incidence of wounds on fruit are of extreme
relevance to NFR control. This result confirms the previous
findings of Xu and Robinson (2010), who reported that post-
harvest infections occur only in the presence of injuries.

Table 3  Percentage of ‘Eva’ and ‘Gala’ fruit exhibiting sporulation of
Neonectria ditissima at different simulated temperatures of the states of
Parana (PR), Santa Catarina (SC) and Rio Grande do Sul (RS), and
minimum number of days at which were observed sporulation of the
pathogen

State® % fruit with signs Days

Eva Gala Eva Gala
PR 0 10 n.o. 36
SC 30 25 25 34
RS 10 10 37 40

# Simulated temperatures of the states of Parana (PR), Santa Catarina (SC)
and Rio Grande do Sul (RS) in Conviron® growth chambers. Data pro-
vided by the National Institute for Space Research (INPE)

n.o. Not observed

T T T T
25 30 35 40

Incubation period (days)

Swinburne (1971) also reported that wounds are necessary
for disease development in ripe fruit and that germinating
N. ditissima conidia did not penetrate the intact surfaces of
apples because neither the germ tubes nor hyphae produced
appressoria. This behavior has also been reported for certain
Colletotrichum isolates that were incapable of infecting un-
wounded ‘Gala’ or ‘Eva’ apples (Moreira et al. 2018).
Therefore, conidia may require a chemical signal that is pres-
ent in apple pulp to overcome preformed host barriers to ap-
pressoria development, i.e., the epidermis and wax layer.
Another possibility for the lack of symptoms in unwounded
fruit is the formation of quiescent infections that would later
develop during post-harvest period or after long-term storage
in cold chambers. Prusky (1996) described mechanisms for
quiescence in several pathosystems, but this has not yet been
studied in N. ditissima. Therefore, additional studies are
needed.

Heat treatment has already been investigated for control-
ling post-harvest rots (Maxin et al. 2014). Similar studies
should be performed to investigate the use of heat treatment
for controlling NFR in apple fruits from Brazil and for treating
quiescent NFR infections.

There is no information in the literature regarding the latent
period of NFR. In the present study, 25 d were required for some
‘Eva’ fruit to start presenting sporulation, and 34 d were required
for some ‘Gala’ fruit. These results indicate the importance of
removing fallen fruit from orchards, even those without symp-
toms or signs of disease. Indeed, the incubation and latent periods
of NFR can be long and fallen fruit can eventually become a
source of inoculum to infections in woody tissues of apple trees
throughout the cycle. In addition, sporulating fruit can be
transported in boxes that are re-used, including in different or-
chards, a common practice in the production areas of Brazil.
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Fig. 5 Apple ‘Gala’ fruit with
symptoms and signs of
Neonectria fruit rot (a), and
conidia (macro and microconidia)
scraped from the epidermis of the
fruit observed in light microscope
(400x%) (b)

Because such boxes can also serve as source of inoculum, the
disinfection of transportation boxes is of great importance to
managing NFR. In the present study, there was significant vari-
ation among the fruit regarding latent period, and no correlations
were identified between either cultivar or incubation temperature
and sporulation on the fruit epidermis. Additional studies should
be performed to elucidate this variation.

The range of temperatures favorable to N. ditissima germi-
nation, mycelial growth, and sporulation are typical of the
major apple-producing regions in Brazil. It is also alarming
that the two most-planted apple cultivars of Brazil are suscep-
tible to NFR when wounded. Cultural methods to reduce ini-
tial inoculum (e.g., removal of inoculum sources from or-
chards and use of healthy planting material) should be put into
practice, in order to reduce the use of fungicides in apple
protection. The occurrence of abundant sporulation on the
surface of apples after the latent period demonstrates that spe-
cial attention should be given to fruit that is transported or
commercialized in areas where the disease is still absent, by
monitoring and surveillance.
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