
SUMMARY

Apples are commercially grown in Brazil in a sub-
tropical environment that favors the development of
fungal diseases such as Glomerella leaf spot (GLS)
caused mainly by Glomerella cingulata (anamorph Col-
letotrichum gloeosporioides). The main objective of this
work was to evaluate the effect of mixed infections by
Apple stem grooving virus (ASGV) and Apple stem pit-
ting virus (ASPV) on the infection and the colonization
processes of C. gloeosporiodes in cv. Maxi Gala plants.
Leaves of 16-month-old potted plants were spray-inocu-
lated and both the disease incidence and lesion count
were monitored over time and leaf severity was assessed
in the final evaluation using an image analysis tool. Re-
sults showed that initial infection estimated from a
monomolecular model fitted to progress of lesion count
was higher and the incubation period (time to reach
50% incidence) was on average 10 h shorter in virus-in-
fected plants compared to non-infected plants. It is hy-
pothesized that initial events such as conidial germina-
tion and fungal penetration into plant cells were facili-
tated by the presence of viral infection. Also, final GLS
severity was significantly higher in the virus-infected
plants. Mixed infections by ASGV/ASPV seemed to
make apple leaves more susceptible to the initial infec-
tion and colonization by C. gloeosporioides.

Key words: Malus domestica, susceptibility, fungal dis-
ease, virus infection, pathogen interactions.

Apples (Malus domestica) are commercially grown in
Brazil on approximately 40,000 ha, genotypes of the cv.
Gala group representing around 60% of the germplasm
in use (Mello, 2006). Most of the major Brazilian apple-
growing regions are in humid environments that favour
the development of fruit rots and fungal foliar diseases
such as apple scab and Glomerella leaf spot (GLS)
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(Crusius et al., 2002; Santos et al., 2005). In Brazil, GLS
is associated with at least three species: Colletotrichum
gloeosporioides (75% of the isolates), C. acutatum (8%),
and Colletotrichum sp. (17%) and the primary inocu-
lum for the epidemics overwinters in dormant twigs and
buds (Crusius et al., 2002). As a typical polycyclic dis-
ease, when successive cycles develop during the season,
severe losses are induced in susceptible cultivars such as
Royal Gala, Golden Delicious, Belgolden, Granny
Smith and Pink Lady (Araujo et al., 2010). 

Apple propagative material from Brazilian nurseries
and commercial orchards are usually infected with one
or more latent viruses (Nickel et al., 1999, 2001) such as
Apple stem grooving virus (ASGV), Apple stem pitting
virus (ASPV), Apple chlorotic leaf spot virus (ACLSV)
[family Betaflexiviridae; (Martelli et al., 2007)], which
are transmitted by grafting and have no known vector
(Yoshikawa et al., 1992; Magome et al., 1999; Jelkmann,
1997). Virus-infected plants undergo ultrastructural,
physiological and/or biochemical changes during the
course of infection (Bertamini et al., 2004; Fajardo et al.,
2004; Liu et al., 2006; Radwan et al., 2007) that may in-
crease their susceptibility to other diseases (Meyer and
Pataky, 2010; Soto-Arias and Munkvold, 2011). To our
knowledge, there is no information on the impact of the
presence of latent viruses on GLS epidemic compo-
nents. Therefore, the objective of this study was to quan-
tify and compare components related to the monocyclic
processes of the GLS disease cycle between virus-infect-
ed (mixed ASGV/ASPV infections) and non-infected
young apple plants under a controlled environment.

‘Maxi Gala’ plants free of latent viruses (ASGV,
ACLSV, ASPV) and ApMV were selected for the experi-
ments after indexing and RT-PCR analysis. In March
2005, bud sticks of cv. Maxi Gala were grafted onto uni-
form cv. Gala seedlings (5-8 mm in diameter) grown in
3-litre plastic bags. Virus inoculation was initially made
in July 2005 using two buds removed from ASGV- and
ASPV-positive cv. Fuji Suprema plants, as determined by
indexing, and were repeated approximately one year lat-
er. The presence of virus infection was also ascertained
by RT-PCR at three times, i.e. December 2005, October
2006 and May 2007. Total nucleic acids were extracted
from twig bark (Boom et al., 1990), and subjected to
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PCR using primers and thermocycling conditions de-
scribed elsewhere (Nickel et al., 1999, 2001; Radaelli et
al., 2006). The molecular assays confirmed the presence
of ASGV and ASPV but not of ACLSV and ApMV in
bud-inoculated plants. Uninoculated and RT-PCR-nega-
tive plants were used as non-infected controls.

A virulent isolate of C. gloeosporioides (CGF1) from
Embrapa Uva e Vinho was used in the experiments.
Three-day-old cultures growing on PDA at 22°C and a
16/8 h light/dark cycle were used as a source of inocu-
lum. A conidial suspension was obtained by filtering
fungal mycelium through muslin and adjusting its final
concentration to 106 conidia/ml.

Forty (twenty in each treatment) sixteen-month-old
plants were spray-inoculated, in each experiment, fol-
lowing the procedure of Crusius et al. (2002) with a mi-
nor modification that included a 24 h conditioning
treatment by moving plants (0.80-1.0 m in height) into a
humid chamber (ca. 99% relative humidity) at 22°C.
The number of leaves in each inoculated plant varied
from 10 to 20. Following inoculation, plants were main-
tained under the same conditions for an extra three-day
period, then moved into a chamber at 22°C and 60%
relative humidity under continuous light during the dis-
ease development period.

Several disease-related variables were used to de-
scribe GLS intensity such as disease incidence (propor-
tion of symptomatic leaves), lesion count (number of le-
sions per leaf), and disease severity (proportion of leaf

area covered by symptoms) as estimated digitally from
scanned images. The experiments, repeated twice, were
named experiment I and II. GLS incidence and lesion
count were recorded seven times from the first to the
eighth day (192 h) after inoculation in experiment I,
and seven times from the first to the sixth day (144 h)
after inoculation in experiment II. For the temporal da-
ta (mean incidence and lesion count), monomolecular
and linear models, that usually describe development of
monocyclic processes, were fitted to each progress
curve using linear regression for the model-transformed
incidence values against time. Choice of the model was
based on graphs of the residuals and statistical parame-
ters (Madden et al., 2007). Three model parameters, ini-
tial inoculum (y0), apparent infection rate (r) and maxi-
mum incidence or lesion count (ymax) for each treatment
were compared in each experiment. The area under the
disease progress curve (AUDPC) for the cumulative in-
cidence and lesion count data over time was estimated
using the trapezoidal integration method. Based on the
model that fitted disease progress best, the time to
achieve 50% disease (t50) incidence, which was an in-
dicative of the incubation period, was calculated (Mad-
den et al., 2007). Finally, GLS severity (%) was estimat-
ed on the final assessment time (144 h) in the experi-
ment II only. Diseased leaves were scanned and Image J
(Abramoff et al., 2004) was used to determine the sever-
ity based on the proportion of pixels of the diseased
area relative to the total leaf area.

Fig. 1. Disease progress curves and respective AUDPC values of GLS incidence (A and B) and lesion count (C and D) on virus-in-
fected (ASGV-ASPV) and non-infected apple plants of cv. Maxi Gala at different times following inoculation with C. gloeospori-
oides in a controlled environment in experiment I (A and C) and experiment II (B and D). * and ** indicate significant differences
between treatments at the 0.05 and 0.01 level as determined by analysis of variance. 
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In each experiment, groups of four plants composed
an experimental unit and three replications were used.
A t-test was used to compare values of the three disease
model parameters from each treatment. Correlation
analysis (Pearson coefficient) was used to determine the
relationship among all variables (disease incidence,
severity and lesion count). For the AUDPC data, fixed
effects included the two treatments that were consid-
ered significantly different at the 0.05 and 0.01 level ac-
cording to a linear model (SAS Institute, USA). 

Typical GLS symptoms developed in both experi-
ments with incidence levels higher than 80%. The first
small necrotic lesions were not visible to the naked eye
earlier than ca. 50 h after inoculation. A continuous in-
crease in the proportion of diseased leaves occurred up
to ca. 100 h after inoculation, when infection reached
the maximum value and remained constant until the last
evaluation. On the other hand, a continuous increase in
the number of lesions per leaf was recorded until the
end of both experiments. While maximum incidence
was similar among the treatments in both experiments,
virus-infected plants consistently showed lesion count
values at all assessment times higher than the non-in-
fected plants (Fig. 1).

The monomolecular model adequately described dis-
ease incidence progress (R2= 0.84 to 0.94), whereas a
linear model described the lesion count progress data
best (R2=0.84 to 0.98) (Table 1). A significant difference
was observed for the incubation period, which was de-
termined based on t50, taking all inoculated leaves of the
plants into account. In both experiments, the estimated
incubation period was approximately 10 h shorter in
virus-infected plants than in the control. AUDPC for
the foliar incidence progress data differed between
treatments in Experiment II, but not in experiment I
(Fig. 1A). There was no significant difference for the

other model parameters, with the exception of the esti-
mated initial inoculum, which was higher for the virus-
infected than the non-infected plants. 

As to the lesion count data, significant differences
were observed for the mean maximum estimated lesion
number per leaf in both experiments, which was 2 and
1.5 times higher in virus-infected than the non-infected
plants in experiment I and II, respectively. Also AUD-
PC was around 2 and 1.25 times higher in the virus-in-
fected plants than in the non-infected plants, in experi-
ment I and II, respectively (Fig. 1B, 1D). The other le-
sion count variables based on linear model parameters
did not differ between the treatments (Table 1). The
digitally estimated disease severity was significantly
higher in the virus-infected plants than the non-infected
ones (Fig. 2). 

Fig. 2. GLS severity on virus-infected (ASGV/ASPV) and
non-infected apple cv. Maxi Gala 144 h after C. gloeospori-
oides inoculation in a controlled environment. * represents
means significantly different at 0.05 level, as determined by  a
t-test.

Table 1. Parameters of a monomolecular and a linear model fitted to mean GLS incidence and mean lesion count
(number of lesions per leaf) progress over time, respectively for both variables measured in apple cv. Maxi Gala in-
fected with ASGV/ASPV and inoculated with C. gloeosporioides in two experiments.

GLS incidence data
Experiment I Experiment II

Model parameter1 Virus-infected Non-infected Virus-infected Non-infected
y0 -0.73 -0.51 -2.32* -2.95
rM 0.01 0.01 0.05 0.06
ymax 87.3 81.3 99.07 94.92
t50 81.0* 92.2 58.0* 69.1

GLS lesion count data
Experiment I Experiment II

Model parameter Virus-infected Non-infected Virus-infected Non-infected
y0 -0.29 -0.28 -0.35 -0.31
rL 0.01 0.01 0.01 0.01
ymax 19.13* 10.01 13.95* 9.75
1 y0 = model intercept (initial inoculum); rM and rL= disease progress rate for the monomolecular and linear model,
respectively; t50 = time to reach 50% incidence (incubation period); *are means significantly different (t test, p<0.05)
between treatments (same row) and the same experiment.
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A positive and significant association was also ob-
served between GLS incidence and lesion count in both
treatments. However, a lower correlation coefficient
(R=0.87; P <0.001) was determined for the relationship
between incidence and lesion count in virus-infected
plants compared to the same relationship in the non-in-
fected plants (R=0.92; P<0.001).

In our study, a clear difference in susceptibility be-
tween ASGV/ASPV-infected and non-infected plants
was inferred from measurements of GLS monocyclic
components. Incubation period, which comprises the
average time interval between infection and the appear-
ance of disease symptoms for all developing lesions
(Bergamin Filho and Amorim, 2002), was shorter in
virus-infected plants. Under conditions favorable for ef-
fective sporulation leading to secondary inoculum and
further infections, GLS disease developed faster in
virus-infected plants during field epidemics. 

The apparent infection rate is usually an useful pa-
rameter to differentiate susceptibility among cultivars
(Spósito et al., 2004). However, it did not differ be-
tween virus-infected and non-infected plants, suggesting
that colonization rate was affected less than other com-
ponents of the disease cycle in virus-infected plants.
Conversely, the intercept of the model describing inci-
dence progress, an indicator of the initial infection, was
higher in virus-infected plants in one of the experi-
ments, suggesting that conidial germination and/or fun-
gal penetration into plant cells was facilitated in virus-
infected plants. Previously, Liu et al. (2006) had report-
ed that in the Fusarium graminearum-wheat pathosys-
tem the presence of Barley yellow dwarf virus (BYDV)
facilitated fungal penetration but not the earliest events,
such as germination of macroconidia and germtube for-
mation. 

Higher lesion count in virus-infected plants may have
contributed to a higher disease severity in cv. Maxi Gala
plants infected with ASGV/ASPV. Although a positive
association was found between lesion count and severity
in virus-infected plants (R= 0.46; P =0.022), the rela-
tively low correlation coefficient between these two
variables suggests that lesion size (not measured in our
study) may have contributed to higher disease severity
in the virus-infected plants.

The lower correlation in the relationship between
disease incidence and lesion count in the virus-infected
plants may be due to the irregular distribution or the lo-
calized occurrence of viruses within the woody hosts.
Contrary to the uniform distribution of virus particles in
herbaceous plants, individual buds on an apple twig
may be virus-free, particularly towards the tip of the
shoot (Fridlund, 1982). As a consequence, twigs of
virus-infected plants may bear some virus-free leaves,
affecting the uniformity of infection. This is especially
relevant because ASGV is usually more concentrated in
the stems than leaves (Knapp et al., 1995), as confirmed

by the higher concentrations of ASGV RNA in the
shoots detected by Wang et al. (2010). Thus, the reac-
tion of individual leaves could be attributed to an infec-
tion by ASPV alone. However, plants in this study had a
vigorous and uniform leaf growth that made them phys-
iologically more active, and more susceptible to C.
gloeosporioides. Increased severity of southern corn leaf
blight (Bipolaris maydis), usually a minor disease of this
crop, has been observed in Maize dwarf mosaic virus
(MDMV)- and Sugarcane mosaic virus (SMV)-infected
maize (Meyer and Pataky, 2010). Similarly, the presence
of Bean pod mottle virus (BPMV) infection increased
seed infection by Phomopsis longicolla and induced de-
layed maturation of soybeans (Soto-Arias and
Munkvold, 2011). 

A likely consequence of the observed increase in sus-
ceptibility of apples to GLS is the larger size of the
necrotic leaf areas that could lead to reduced photosyn-
thesis and increased respiration rate (Fajardo et al.,
2004; Meyer and Pataky, 2010). This can negatively af-
fect fruit quality and yield and extends the maturation
period, thus favoring additional GLS attacks of cv. Maxi
Gala. 

In conclusion, although the mechanism is still un-
clear, our results suggest that apple plants infected by
latent viruses such as ASGV and ASPV undergo physio-
logical, biochemical and structural changes that make
them more susceptible to the initial infection by the
GLS pathogen. This increased susceptibility may result
from the suppressed expression of defense genes, a con-
dition that deserves further investigations aimed at elu-
cidating the mechanisms involved.
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