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Abstract

The inoculum sources of ascospores of Pleospora allii and of conidia of its anamorph Stemphylium
vesicarium were investigated in relation to the brown spot disease epidemiology on pear. Dead and living
leaves of three pear varieties (Abate Fétel, Conference and William), seven grasses (Poa pratensis, Festuca
rubra, Festuca ovina, Lolium perenne, Digitaria sanguinalis and Setaria glauca) and Trifolium repens, which
are used in pear orchard lawns, were inoculated with conidia of Stemphylium vesicarium virulent on pear
and incubated under controlled-environment. Stemphylium vesicarium was always re-isolated from dead
leaves of the considered plants, but not from symptomless green or yellowish living leaves. The fungus was
occasionally re-isolated from leaf segments showing unspecific necrosis. Inoculation of pear leaves with
isolates from grasses demonstrated that the fungus did not lose pathogenicity. Pseudothecia, ascospores
and conidia were produced on all the dead inoculated leaves; differences between specimens were found for
phenology of pseudothecia, their density and size, and for the number of conidia produced. Pseudothecia
were produced faster in the lawn species than in pear leaves, and their density was higher, especially for
S. glauca, L. perenne and P. pratensis. Ascospore maturation and ejection was more concentrated for the
pseudothecia developed on pear leaves than for those on F. ovina and S. glauca. All the lawn species
produced more conidia than pear leaves.

Introduction

Brown spot of pear (Pyrus communis), caused by
Stemphylium vesicarium (Ellis and Ellis, 1985), is a
disease of economic importance in fruit-growing
areas of southern Europe: the Po Valley (Italy),
Catalunya (Spain) and Bouches du Rhone
(France) (Ponti et al., 1982; Villardel, 1988;
Blancard et al., 1989; Realise et al., 2002). In
recent years, the disease has spread to The
Netherlands (Polfliet, 2002; Van Dijke, 2002),
Portugal (Llorente and Montesinos, 2002) and
Belgium (P. Creemers, RSF-Research Station of
Gorsem, pers. comm.).

Disease symptoms consist of extended necrotic
areas on leaves and shoots. Fruits show small

necrotic spots that progressively enlarge and dee-
pen in round-shaped brown areas that can rot.
Infected fruits are unmarketable.

In TItaly, the epidemics begin in late spring,
when fruits are highly susceptible (Montesinos
et al., 1995a), and progressively increase until
harvest, when 80-90% of fruits can be affected
(Ponti and Laffi, 1993). Disease development is
faster on fruit just before harvest (Montesinos and
Vilardell, 1992) because of a combination of both
high spore densities and suitable environmental
conditions for infection (Montesinos et al., 1995a).

Two kinds of spores are produced by the
pathogen: the teleomorph, Pleospora allii produces
ascospores within pseudothecia, while the ana-
morph S. vesicarium produces conidia.
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Cavanni and Ponti (1994) stated that the role of
ascospores and conidia in the epidemiology of
brown spot on pear was not completely under-
stood. In recent years, pseudothecia of P. allii were
observed in infected pear leaves on the orchard
ground (Llorente et al., 2003; Maccaferri et al.,
2003), maturing ascospores from February to May
(Llorente et al., 2003). First disease symptoms
usually appear in June (Ponti et al., 1982), but at
this moment, few or no ascospores are present in
the orchard air (Picco et al., 1996; Maccaferri
et al., 2003), while conidia are usually abundant
(Bugiani et al., 2004). Conidia continue to be air-
borne during the pear-growing season, though
sporulation rarely occurs on affected pear tissue
(Maccaferri et al., 2003). So, some epidemiological
aspects of this disease remain unclear.

Considering that S. vesicarium is basically a
very common saprophyte on grasses (Ellis, 1971)
and that disease incidence is higher in pear orch-
ards managed on grassy soils than on bare soils
(Cavanni and Ponti, 1994), it was postulated that
fungal strains infecting pear develop and produce
spores on the herbaceous plants growing in pear
orchard lawn. This study was undertaken to verify
this hypothesis.

Materials and methods

Stemphylium vesicarium strains and preparation of
conidial suspensions for artificial inoculations

Pear fruits and leaves showing typical brown spot
symptoms were collected during summer from
several orchards in Emilia-Romagna (North
Italy). Fruit or leaf segments were washed in
running tap water for 20 min, sterilised with ethyl
alcohol (70%) for 15 s and in sodium hypochlorite
(2% of available chlorine) for 2.5 min, rinsed 3
times in sterile water and dried on absorbent paper
under a sterile air flow. Segments were placed in
Petri dishes containing water agar (1.2%) adjusted
to pH 5.2 and incubated for 6-8 days at 25 °C.
Fungal colonies growing from segments were
transferred to potato dextrose agar (PDA) con-
taining streptomycin sulphate (50 mg1™') and
incubated at 15-25°C, with 12 h daylength.
Stemphylium vesicarium colonies were identified
according to Ellis (1971). Single-spore isolates
were obtained from these colonies and maintained.

Strains used in the present work were selected
on the basis of their ability to cause severe disease
symptoms when inoculated onto detached leaves
of a susceptible pear variety ‘Abate Fétel’. Leaves
were detached from 2-year old potted plants
grown in a glasshouse at 20 + 2 °C, washed in
running tap water for 30 min, dried under a sterile
air flow and placed in sterilised plastic boxes
(20 x 30 cm) over blotting paper wetted with
sterile water, the upper surface touching the paper.
Six 10 pl drops of a conidial suspension were
placed on the lower leaf surface. Control leaves
were inoculated with water. Boxes were enclosed in
plastic bags and incubated at 25 °C, 12 h day-
length, for 30 days. Leaves were inspected daily to
determine the number of inoculated drops causing
necrosis of the leaf tissue. Disease incidence was
then calculated as a percentage of total inocula-
tions showing necrosis over the total inoculations.
Three strains (ISA94, BR11 and D440) which
caused a rapid and severe appearance of leaf
necrosis were then selected.

Inoculum suspensions were prepared by collect-
ing conidia from 14-day old fungal colonies grown
on V8 (Campbell Ltd., Italy) agar in Petri dishes
incubated under fluorescent light at 20 °C with 12 h
daylength. The colonies were dispersed in 10 ml of
distilled water using a spatula and the resulting
suspension filtered through a double layer of
cheesecloth and adjusted to 1 x 10° conidia per ml.
A germination rate between 90 and 95% of these
conidia was found after 2 h of incubation at 25 °C.

Inoculation of dead leaves

In the first experiment, the following species
common in orchard lawns pear orchards in
northern Italy were used: Poa pratensis (Kentucky
bluegrass), Festuca rubra (red fescue), Festuca
ovina (sheep fescue), Lolium perenne (perennial
ryegrass), Digitaria sanguinalis (tall crabgrass),
Setaria glauca Beauv. (yellow foxtail) and Trifo-
lium repens (white clover). Three pear varieties
(Abate Fétel, Conference and William, in
decreasing order of susceptibility to brown spot)
were also included. All the plants were grown in
pots in a glasshouse at 18-25 °C.

Thirty fully expanded leaves of these plants and
of the pear varieties were collected, washed under
running tap water for 15 min, autoclaved at 120 °C
for 20 min and placed on a microscope slide in



9-cm Petri dishes containing a double layer of
wetted blotting paper. Twenty-five leaves were
inoculated with strain ISA 94, by uniformly dis-
tributing 0.5 ml of inoculum per dish, and incu-
bated at 25 °C, 12 h daylength, at 100% relative
humidity. Five leaves were inoculated with sterile
water.

After 7 days, the leaves were washed for 15 min
under running tap water, sterilised with sodium
hypochlorite (1%) for 1 min, rinsed in sterile water
and dried under a sterile air flow. Five leaf segments
were cut from each leaf and placed in Petri dishes on
water agar (1.2%), pH 5.2, and incubated at 25 °C.
Fungal colonies growing from the leaf segments
were transferred onto V8-agar and incubated at the
same temperature. Colonies of S. vesicarium were
identified and their frequency of isolation deter-
mined. The experiment was repeated once.

A single-spore strain from each lawn species was
tested for pathogenicity on detached ‘Abate Fétel’
pear leaves and compared with the original strain
ISA94. Four replicates (4 leaves per replicate, 6
inoculations per leaf) were used. The incidence of
inoculations showing necrosis was recorded daily
for 17 days. The Kolmogorov—Smirnov Test (KST)
was used to analyse differences between strains in
the progress of disease incidence over time: the null
hypothesis that such distributions come from the
same one was tested at p < 0.05. A one way analysis
of variance (ANOVA) was applied to test differ-
ences between strains for disease incidence at the
end of the experiment (17 days after inoculation).
The data were arcsin transformed to make vari-
ances homogeneous. The Student-Newman—Keuls
(SNK) Test at p < 0.05 was used to separate means.

Inoculation of living leaves

In the second experiment, plants of L. perenne,
P. pratensis, F. rubra, F. ovina and T. repens were
grown in 40-cm pots (4 pots per species) in a
glasshouse and inoculated 6 months after sowing
with 100 ml of inoculum in each pot. The inoculum
was a mixture of aliquots of conidia from strains
ISA94, BR11, and D440. One pot per lawn species
was sprayed with sterile water as control. Plants
were inoculated to run off using a compressor air
atomizer in such a way to wet both leaf surfaces.
Following inoculation each pot was covered for
48 h with a transparent plastic bag to preserve leaf
wetness and 100% relative humidity, and incu-
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bated in the glasshouse at 18-25 °C, to ensure
optimal conditions for infection (Montesinos et al.,
1995b; Llorente and Montesinos, 2002).

Leaf samples containing green leaves showing
necrosis, green symptomless leaves and yellowish
symptomless leaves were randomly collected 7, 14
and 28 days after inoculation from each lawn
species. The leaves were washed under running tap
water for 15 min, sterilised with sodium hypo-
chlorite (1%) for 1 min, rinsed in sterile water and
dried under an air flow. In aggregate, about 3300
leaf segments were cut from the leaves, including
necrotic tissue when present. Segments were plated
until identification of S. vesicarium colonies. The
experiment was repeated once.

Single-spore isolates obtained from the
S. vesicarium colonies re-isolated from the leaves
were tested for pathogenity on ‘Abate Fétel’ leaves.

Production of conidia and pseudothecia

To test the ability of the leaves of the 7 lawn
species and of the 3 pear varieties in supporting
spore production by S. vesicarium, 6 leaves were
detached from each plant species or variety and
their area was measured by a LI-COR 2000 meter
(LI-COR Inc., Lincoln, Nebraska, U.S.A.). The
leaves were treated as described in the first exper-
iment, until inoculation and incubation.

After 24 days-incubation, 3 leaves were immerged
in test-tubes containing 1.5 ml of water (1 leaf per
tube) and gently shaken for 30 s to detach conidia.
The concentration of spores was determined using
a Burkard haemocytometer. Spore production was
expressed as the mean number of conidia per
square centimetre of leaf.

The remaining 3 leaves were observed under a
stereomicroscope (20x) every 3-6 days, and the
total number of pseudothecia per leaf recorded,
and expressed as the average number of pseudo-
thecia per square centimetre of leaf. Maximum
diameter of 100 pseudothecia per specimen was
measured after 38 days of incubation. As the fruit
bodies had not yet differentiated ascospores, leaves
were further incubated at 10 °C until the produc-
tion of ascospores to confirm their identity as
P. allii (Simmons, 1969).

The numbers of conidia and pseudothecia pro-
duced per square centimetre of leaf of the 10
specimens (3 replicates each) were compared using
ANOVA. Data were In-transformed to make
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variances uniform. Differences between average
values were tested by the SNK Test at p < 0.05.
Data from ANOVA were back-transformed to
produce graphs. The size of pseudothecia was also
compared using ANOVA.

Overwintering of pseudothecia

To test the possibility that the pseudothecia of
P. allii produced in leaves of the lawn species and
of the 3 pear varieties overwinter under natural
conditions, 20 leaves per specimen were treated as
previously described and incubated at 25 °C for
15 days; at this time, several undifferentiated
ascostromata were produced. The leaves were
fixed to microscope slides using small tongs and
exposed to natural weather conditions between
early October 2002 and mid June 2003, inside the
campus of the University of Piacenza (northern
Italy). Meteorological conditions were continu-
ously monitored by an electronic equipment
(Weather Monitor IT™ Davis Instruments, San
Francisco, U.S.A.) 5 m from the experimental site.

Beginning in mid February, 20-30 pseudothecia
per specimen were excised from leaves at 15-day
intervals until mid-June; they were deposited on
microscope slides, crushed, stained with 0.1% acid
fuchsin in lactophenol, observed under a micro-
scope and classified in 4 phenological stages, using
a simplified scale from Prados-Ligero et al. (1998):
(a) with undifferentiated ascospores, (b) with
ascospores in the process of formation (not yet
pigmented), (c) with mature ascospores, (d) with
empty ascii. The frequency of pseudothecia in
different stages were then calculated. Scattered
observations were carried out on the viability of
ascospores: they were placed in drops of water at
20 °C and observed at 2-h intervals to check
germination.

Results
Inoculation of leaves with S. vesicarium

Stemphylium vesicarium strain ISA94, colonised
all species tested and was re-isolated from all
specimens except the control. Representative iso-
lates were pathogenic on green leaves of ‘Abate
Fétel’ and always caused typical brown spot
symptoms. Necroses on the pear leaves inoculated

with ISA94 progressed significantly faster than
those inoculated with the strains re-isolated from
grasses (KST significant at p < 0.05): disecase
incidence reached 100% on the 9th day after
inoculation for strain ISA94 and 5 or 6 days later
for the other strains (Figure 1). The S. vesicarium
strain re-isolated from P. pratensis produced
symptoms faster than strains from F. rubra,
F. ovina, S. glauca and L. pratense (KST signifi-
cant at p < 0.05), because more than 75% of
inoculations showed necrosis 9 days after inocu-
lation (Figure 1). There were no significant dif-
ferences between strains 17 days after inoculation.

When inoculations were made on living plants,
of 5 out of the 7 lawn species previously consid-
ered, S. vesicarium was not re-isolated from 2100
symptomless leaf segments considered in aggre-
gate, nor from green or yellowish leaves. Alterna-
ria spp. were isolated from these leaves, with
frequencies of 5 and 8%, respectively, irrespective
of specimens; 6% of Alternaria colonies were iso-
lated from the untreated control leaves. Only 5
strains of S. vesicarium were isolated from leaves
of P. pratensis, T. repens and L. perenne showing
necrosis (out of 1188 leaf segments); 20% of
Alternaria isolates were also obtained from these
leaves. Necroses initially appeared as small yel-
lowish areas irregularly distributed on the leaf
blade, one or a few spots per leaf. The affected
areas became larger and occupied a wide blade
area; their centre became light grey with a reddish
brown border and a wide yellowish and irregularly
shaped halo. These symptoms were similar in all
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Figure 1. Incidence of necrotic spots on pear leaves (cultivar
Abate Fétel) inoculated with a virulent S. vesicarium strain
ISA94 and with isolates from dead leaves of different lawn
species previously inoculated with strain ISA94. No significant
differences between fungal isolates were found at the end of the
experiment.



the specimens; they appeared also on the two
species of Festuca and sometimes on the untreated
control but S. vesicarium colonies did not grow
from such affected tissues.

These five S. vesicarium strains re-isolated from
symptomatic leaves were inoculated on the ‘Abate
Fétel’ leaves and compared with the 3 original
strains (Figure 2): one strain from P. pratensis did
not significantly differ from the original ones; three
strains, from L. perenne, P. pratensis and T. repens,
showed a slower disease progress (KST significant
at p < 0.01) but disease incidence at the end of
experiment was not significantly different; one
strain from 7. repens also caused a significant
(p < 0.05) reduction in the final disease incidence.

Production of conidia and pseudothecia on dead
leaves

Conidia of S. vesicarium were produced on all the
dead inoculated leaves. Characteristics of conid-
iophores and conidia agreed with the descriptions
of Simmons (1969), irrespective of the specimen,
but significant differences in the amount of spores
produced between specimens were observed.
F. rubra and F. ovina produced about 3 times more
conidia than L. perenne and P. pratensis, 10 times
more than S. glauca, D. sanguinalis and T. repens,
and 26 times more than the 3 pear varieties
(Figure 3). Production of conidia on pear leaves
was significantly lower than that observed on the
herbaceous plants (Figure 3).
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0- T T 1T T T.7T B —=
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Figure 2. Incidence of necrotic spots on pear leaves (cultivar
Abate Feétel) inoculated with virulent S. vesicarium strains
ISA94, BR11 and D440 and with isolates from necrotic leaf
tissue of different lawn species previously inoculated in planta
with a mixture of the three strains. Figures followed by a dif-
ferent letter are significantly different (at p < 0.05) at the end of
the experiment.
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Pseudothecia were produced abundantly in all
the dead inoculated leaves and ascospore dimen-
sions confirmed that these were P. allii. Fruit
bodies did not develop on the uninoculated leaves.
On the 3 pear varieties, pseudothecia first began to
appear after 10-13 days-incubation, and their
number increased till 31 days (Figure 4a). On
leaves of the lawn plants, production of pseudo-
thecia was faster, and the maximum number
appeared after 13-24 days (Figure 4b). The high-
est number of pseudothecia was recorded on
S. glauca, followed by L. perenne, P. pratensis,
T. repens, F. rubra, F. ovina and ‘Abate Fétel’.
Lower numbers were observed on ‘Conference’,
‘William’ and D. sanguinalis (Figure 4). The size of
pseudothecia produced on ‘Conference’ and ‘Wil-
liam’ was significantly higher than that on ‘Abate
Féetel’, T. repens, L. perenne and P. pratensis,
smaller fruit bodies were produced on D. sangui-
nalis and on the two Festuca species (Figure 5).

Overwintering of S. vesicarium in dead leaves

Considering all the pseudothecia observed, irre-
spective of the specimen, the first mature ascospores
were observed in late February and the proportion
of pseudothecia containing mature ascospores in-
creased till mid-April (Figure 6). The first empty
pseudothecia appeared in early April on ‘Confer-
ence’ and by mid-June all the fruit bodies were
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Figure 3. Conidial production by S. vesicarium on dead leaves
of 3 pear varieties and 7 lawn species inoculated with the vir-
ulent strain ISA94, after 24 days of incubation. Bars followed
by a different letter are significantly different at p < 0.05.
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Figure 4. Numbers of P. allii pseudothecia produced on dead
leaves of 3 pear varieties (a) and 7 lawn species (b) inoculated
with the virulent strain ISA94 and incubated for 38 days.
Figures followed by a different letter are significantly different
(at p £0.05) at the end of the experiment.
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Figure 5. Diameter of P. allii pseudothecia on dead leaves of 3
pear varieties and 7 lawn species inoculated with the virulent
strain ISA94, after 38 days of incubation. Bars indicate means
+ standard errors; points with a different letter are significantly
different at p < 0.05.

empty (Figure 6). Air temperature decreased from
October (14.1 °C) to February (1.3 °C), then in-
creased in March (9.4 °C) till June (25.4 °C). Dur-
ing winter there were 13 days with freezing
temperatures, with a min of —3 °C. Total rainfall
between October and mid-June was 440 mm;
during the period of ascospore ejection total rainfall
was 40 mm, with 17 rainy days.

By mid-February many pseudothecia already
contained immature ascospores; their frequency

was 100% for ‘William’, D. sanguinalis, F. rubra,
L. perenne and S. glauca, while in the other spec-
imens it ranged between 60 and 85% (Figure 6).
Pscudothecia with mature ascospores appeared
between late February and early March and their
frequency increased to 100% between mid-March
and late April, depending on the specimen.
Ascospores germinated in a few hours, irrespective
of the specimen. Empty pseudothecia first
appeared on ‘Conference’ leaves in early April,
then their frequencies increased for all the speci-
mens (Figure 6). In F. rubra and T. repens all the
fruit bodies discharged their ascospores in the first
10 days of May, while in F. ovina and especially in
S. glauca several pseudothecia contained ascosp-
ores at the end of May. Further observations
showed that in these lawn species ascospore ejec-
tion was complete at mid June.

Discussion

Most fungi belonging to the genus Stemphylium
are saprophytes growing on dead plants and cel-
lulose materials (Simmons, 1969; Ellis, 1971;
Onions et al., 1981). This work showed that
strains S. vesicarium which cause brown spot of
pear are able to colonize dead leaf tissues of 7
lawn species.

Stemphylium species are able to grow as endo-
phytes in the living leaves of various plants
(Larran et al., 2000; Sultanova et al., 2002). In this
work, S. vesicarium was not re-isolated from sur-
face-sterilised lawn leaves which had been inocu-
lated in planta. This indicated that these hosts do
not support the endophytic growth of the fungus,
at least within a period of 4 weeks after inocula-
tion. Few isolates of S. vesicarium were obtained
from leaf pieces of L. perenne, P. pratensis
and T. repens showing unspecific leaf necrosis.
Hetherington et al. (1996) isolated the fungus from
diseased samples of Avena spp. and L. rigidum,
and Pataky (1992) found it was a secondary col-
onizer or a saprophyte of the weakened grass
plants in summer patches and necrotic ring spots.
S. sarcinaeforme, S. botryosum and S. trifolii were
frequently isolated from Trifolium species (Duke,
1981; Berg and Leath, 1996; Peat and Fitter, 2001;
Tadayuki, 2003). S. botryosum is the main causal
agent of Stemphylium leaf spot on alfalfa (Graham
et al., 1979), but other species are pathogenic,
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Figure 6. Phenological development of P. allii pseudothecia produced on dead leaves of 3 pear varieties and 7 lawn species inoculated
with the virulent strain ISA94 and incubated outdoors between early October and late May. Undifferentiated ascospores (——),
ascospores differentiated (--W--), mature ascospores (—@®—), empty ascii (--A--).

including S. sarcinaeforme, S. vesicarium, S. glob-
uliferum, S. herbarum and S. alfalfae (Chaisrisook
et al., 1995; Mackie et al., 1999; Frayssinet, 2002).
In this work, the fungus inoculated on living plants
was re-isolated from less than 0.1% of the speci-
mens showing leaf necrosis; therefore, it likely
developed as a saprophyte on dead leaf tissue.
This work demonstrated that strains of
S. vesicarium virulent on pear do not lose their
pathogenicity following saprophytic growth on
lawn plants. It can be argued that the fungus did
not lose its ability in producing phytotoxins (Singh
et al., 1999, 2000) when it developed as a sapro-
phyte, as all the fungal strains re-isolated from
lawn leaves and inoculated on leaves of the sus-

ceptible pear ‘Abate Fétel’ produced typical dis-
ease symptoms.

Pseudothecia of P. allii were produced on leaves
of pear, Graminae species and white clover. The
presence and development of pseudothecia on
these herbaceous plants has not been previously
reported. Pseudothecium formation and matura-
tion followed the typical process found in the
Pleosporales (Luttrell, 1981). Density and size of
pseudothecia found in the present work were
similar to those observed by Prados-Ligero et al.
(1998) on garlic debris naturally infected by
S. vesicarium. Nevertheless, fewer and larger
pseudothecia were produced in pear leaves than on
some lawn species.
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Pear leaves inoculated with S. vesicarium, and
exposed to natural conditions in autumn 2002,
showed the first mature ascospores in late February
2003 and maturation went on until about
mid-May, after a period with low and frequently
freezing temperatures. Ascospore ejection occurred
between early April and May 20, when frequent
rainfall occurred. Pseudothecia of P. allii mature
during winter (Prados-Ligero et al., 1998) as
low temperatures are necessary for this process
(Aveling, 1993; Llorente and Montesinos, 2004).
Under natural condition, dates of the first mature
pseudothecia depend on orchard conditions
ensuring suitable humidity (Llorente and Monte-
sinos, 2004). In garlic ascospore ejection occurs
between February and May, in association with
rainfall (Prados-Ligero et al., 2003), in agreement
with that occurring in leeks (Suheri and Price,
2000) and asparagus (Menzies et al., 1992). In this
work, the dynamics of ascospore maturation and
ejection in the lawn species was similar to that
found in pear leaves, but in F. ovina and S. glauca
the period of ascospore ejection lengthened to
mid-June.

Typical conidiophores and conidia of S.
vesicarium were produced on both lawn and pear
leaves which had been autoclaved and inoculated,
but on lawn leaves very high numbers of coni-
dia were produced. Abundant sporulation by
S. vesicarium on dead plant tissue has been previ-
ously documented (Yanez and Osada, 1990;
Chowdhury et al., 1996). In garlic, onion and
asparagus (Leuprecht, 1988; Menzies et al., 1992;
Elena, 1996; Jakhar et al., 1996; Hausbeck et al.,
1999; Suheri and Price, 2000; Suheri et al., 2001)
conidia produced on affected plant tissues actively
contribute to epidemics as an inoculum for sec-
ondary infections. Pear leaves and fruits subjected
to natural infections produce conidia in laboratory
after prolonged incubation under optimal condi-
tions, but this rarely occurs under orchard condi-
tions (Maccaferri et al., 2003).

Differences between species observed for both
ascospores and conidia were probably due to dif-
ferences in the chemical composition of the leaf
tissue in the various specimens, which is crucial
for promoting fungal growth and sporulation
(De Ataide and Hegde, 1988; Rajani et al., 1991;
Shi and Kuang, 1991).

It is known that disease incidence increases in
pear orchards with a lawn of herbaceous plants

compared to those on bare soils (Cavanni and
Ponti, 1994). This work demonstrated that her-
baceous plants covering the soil of pear orchards
support saprophytic growth of S. vesicarium
strains causing brown spot of pear, the production
of pseudothecia of its teleomorph P. allii during
winter, maturation and ejection of ascospores, and
abundant production of conidia. Nevertheless, the
role of these lawn plants in disease epidemiology in
orchards needs to be further investigated.

Stemphylium vesicarium overwinters in fallen
infected pear leaves as pseudothecia of P. allii
(Maccaferri et al., 2003; Llorente and Montesinos,
2004), but a few ascospores are airborne in pear
orchards (Picco et al., 1996), particularly in June,
when first disease symptoms appear (Maccaferri
et al., 2003). On the contrary, conidia are abun-
dantly airborne from early April to September
(Picco et al., 1996). A first spore peak frequently
occurs in late May, with densities up to about
250 conidia m™ of air per day, and further
repeated peaks occur over the pear-growing season
(Bugiani et al., 2004). In spite of this abundance of
conidia, sporulation rarely occurs on pear leaves
and fruits affected in orchards (Maccaferri et al.,
2003). It can be supposed that ascospores released
during winter and early spring from pseudothecia
of P. allii on pear leaves infected by S. vesicarium
during the growing season land on dead lawn leaves
and that the fungus colonises them as a saprophyte.
In spring and summer the colonised lawn leaves
produce condia that become airborne and infect
pears. Dead lawn leaves could also contribute to
overwintering by producing pseudothecia. Studies
to confirm this hypothesis are in progress.
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