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Abstract

One hundred and twenty-one single-spore strains of Botrytis cinerea isolated from Bordeaux vineyards were
molecularly characterized as either transposa or vacuma, two subpopulations of B. cinerea distinguished by the
presence of transposable elements. Forty-three vacuma and 68 transposa strains were distributed into two main
classes (mycelial or sclerotial) by morphological phenotype according to the organ of origin. Strains isolated from
overwintering sclerotia produced exclusively sclerotial colonies. The mycelial growth rate of 21 transposa and
13 vacuma strains was significantly influenced by agar-medium and temperature. The mycelial growth rate was
significantly strain-dependent at favourable temperatures (15, 20 and 25 °C), but not at limiting ones (5 and 28 °C):
vacuma strains showed the fastest growth rates. The strains of the two subpopulations were similar in virulence on
both host species tested (Vitis vinifera and Nicotiana clevelandii). The grapevine leaves were significantly more
susceptible to B. cinerea than those of tobacco. A significant negative correlation was established between viru-
lence and mycelial growth rate. The epidemiological consequences concerning population structure of B. cinerea

in vineyards are discussed.

Introduction

Botrytis cinerea Pers.: Fr., the anamorph of Botryotinia
fuckeliana (de Bary) Whetzel, is a common and
widespread ascomycete fungus which causes grey
mould on numerous plants and can infect various tis-
sues (Coley-Smith et al., 1980). An important biologi-
cal feature is that the process of infection by B. cinerea
is often associated with prior colonization of dead or
dying plant debris as a nutrient-providing saprophytic
base (Jarvis, 1977). In grapevine, the development of
B. cinerea before harvest can result in serious fruit loss
and in deterioration of wine quality (Dubos, 2000).
Many studies have reported that this fungus
can exhibit great phenotypic diversity (Chardonnet
et al.,, 2000; Di Lenna et al., 1981; Grindle, 1979;

Kerssies et al., 1997; Lorbeer, 1980; Paul, 1929;
Yourman et al., 2001). Because of the relative scarcity
of genetic studies, somatic variability among isolates is
often explained by the multinucleate and heterocaryotic
nature of hyphae or conidia and the aneuploid state of
nuclei (Biittner et al., 1994; Hansen and Smith, 1932).
Part of this variation may also be due to the activity of
transposable elements (Levis et al., 1997; McDonald,
1993; Smith and Corces, 1991). Giraud et al. (1997,
1999) reported that B. cinerea can be divided into at
least two sibling sympatric subpopulations character-
ized by the presence of transposable elements. The
strain transposa contains both transposable elements,
Boty and Flipper, whereas the strain vacuma does not.
Moreover, in vineyards in Champagne, the incidence of
the vacuma subpopulation decreases regularly during



480

summer: from ca. 50% of the B. cinerea population in
June to ca. 10% at harvest (Giraud et al., 1997).

The search for relationships between genetic pat-
terns (e.g. using RAPD) and biological or ecologi-
cal features has been generally unsuccessful (Alfonso
et al., 2000; Kerssies et al., 1997; Vallejo et al., 1996).
Nevertheless, a trend has been established concern-
ing host specialization (Thompson and Latorre, 1999).
In this study, the phenotypic differences within and
between the two subpopulations considered were fur-
ther characterized. Such differences are of interest
because they can result directly from the presence of
the transposable elements and because they can account
for the drop in incidence of the vacuma subpopu-
lation over the summer in the vineyard. Therefore,
strains were collected in vineyards near Bordeaux,
the molecular type (vacuma or transposa) was deter-
mined and some of their biological features were char-
acterized. Morphology and virulence using two host
species were studied as well as mycelial growth rate
on artificial media to evaluate the saprophytic abil-
ity of strains to spread. These phenotypic character-
istics are considered to be of prime importance to
explain epidemiological differences between the two
subpopulations.

Materials and methods
Fungal material and routine culture conditions

One hundred and twenty-one isolates of B. cinerea,
originating from various locations near Bordeaux
(Table 1), were collected in 1998 and 1999 from dif-
ferent diseased grapevine organs. After incubation of
the plant material in moist chambers, the strains were
obtained by single-spore isolation. All single-spore
strains were stored at 4 °C on solid malt-agar medium
(‘MA’: 15g1~! Cristomalt, Materne, France, 20 g1~!
agar). For each experiment, mycelial plugs (4 mm in
diameter) were taken from cultures of B. cinerea on
MA plates incubated for 4 days at 20 °C in the dark.
The plugs were cut from the edge of the colonies and
placed, individually, with mycelium underneath, at the
centre of one Petri dish or of one leaf disc.

Molecular determination of the subpopulations

Mycelia and conidia were harvested by scraping a
pure culture of B. cinerea on MA. Genomic DNA was

extracted (Moller et al., 1992). Dot blot hybridizations
for the detection of the transposable elements, Boty and
Flipper, were performed (Giraud et al., 1997). Among
the vacuma subpopulation, the strains of the ‘group I’
were detected using the original PCR-RFLP method
(Fournier et al., 2002).

Morphological characterization

One hundred and eleven strains (Table 1) were selected
in order to study both vacuma (V) and transposa (T)
strains isolated from every grapevine organ (leaves:
19V + 28T, flowers: 11 V +4 T, berries: 8 V+22 T,
canes: 4 V + 14 T). Each strain was cultured on MA
plates (three replicates) at 20°C in the dark. After
3 weeks, phenotypic observations were performed
macroscopically on the basis of mycelial aspect, sporu-
lation and sclerotial production. Eight different mor-
phological types were defined (Table 2): four mycelial
M1, M2, M3 and M4) and four sclerotial (S1, S2,
S3 and S4). The strains were distributed into these
classes.

Mycelial growth rate assays

Thirty-four single-spore strains of B. cinerea (Table 1)
collected in 1998 were studied under different temper-
ature conditions on two different media: MA and PDA
39¢g 1! Potato—Dextrose—Agar, Difco Laboratories,
USA). Three replicates per strain and per cultural con-
dition were used. In the first set of assays, the mycelial
growth rate was determined at one optimum temper-
ature (20°C) on both media, and at two suboptimum
temperatures (15 and 25 °C) on MA medium. In a sec-
ond set of assays, the following experimental design
was replicated twice: 26 strains were compared on
MA plates under three temperature conditions, two lim-
iting for B. cinerea (5 and 28 °C) and, as a control, the
optimum temperature (20 °C). Plates were incubated in
the dark for 5 days at 20 and 25 °C, 8 days at 15 °C, and
15 days at 5 and 28 °C. Two perpendicular diameters
per colony were measured daily and the mean colony
radius was calculated.

Virulence tests

Thirty-two B. cinerea strains (Table 1) were tested
using two host species: Vitis vinifera cv. Cabernet
sauvignon and Nicotiana clevelandii. Three trials were
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Table 1. Origin and molecular type of the 121 single-spore isolates of B. cinerea collected in Bordeaux vineyards (1998 and 1999)

Molecular type Year Strain no.* Period Organ Cultivar; location

transposa 1998 53,55 Harvest Berry Sémillon; Sauternes
110, 112-114 Veraison Berry Sauvignon; Pessac-Léognan
132 Harvest Berry Sauvignon; Pessac-Léognan
160, 163 Pre-veraison Berry Sémillon; Pessac-Léognan
179 Pre-veraison Bunch Sémillon; Pessac-Léognan
193 Pre-veraison Leaf Sémillon; Pessac-Léognan
213 Veraison Leaf Sémillon; Pessac-Léognan
225 Veraison Leaf Sémillon; Pessac-Léognan
234 Harvest Berry Sémillon; Pessac-Léognan
250 Harvest Leaf Sémillon; Pessac-Léognan
266 Bloom Blossom Sauvignon; Entre-Deux-Mers
307,314 Harvest Leaf Sauvignon; Entre-Deux-Mers
326 Bloom Blossom Merlot; Médoc, St-Julien
332 Bloom Leaf Merlot; Médoc, St-Julien
343, 344 Harvest Berry Merlot; Médoc, St-Julien

transposa 1999 468, 469, 473 Bloom Blossom Merlot; Médoc, St-Julien
494, 495, 499, 501, 503, 507-514 Harvest Berry Sémillon; Pessac-Léognan
590-592, 594, 595, 599, 604, 606, Harvest Leaf Merlot; Médoc, St-Julien

607, 615-620 Harvest Leaf Merlot; Médoc, St-Julien
724-726, 729-731, 733, 734 Bloom Leaf Merlot; Médoc, Pauillac
800, 801, 803-805, 807, 808, 819, Winter Cane Merlot; Médoc, St-Julien
825, 827-829, 841, 842

vacuma 1998 80 Pre-veraison Berry Sauvignon; Pessac-Léognan
106, 111 Veraison Berry Sauvignon; Pessac-Léognan
115, 117 Veraison Leaf Sauvignon; Pessac-Léognan
148, 155 Harvest Leaf Sauvignon; Pessac-Léognan
162, 171 Pre-veraison Berry Sémillon; Pessac-Léognan
181 Pre-veraison Bunch Sémillon; Pessac-Léognan
267,268 Bloom Blossom Sauvignon; Entre-Deux-Mers
310 Harvest Leaf Sauvignon; Entre-Deux-Mers
321, 322, 324 Bloom Blossom Merlot; Médoc, St-Julien
329, 330 Pre-veraison Leaf Merlot; Médoc, Pauillac
351, 357 Harvest Leaf Merlot; Médoc, St-Julien

vacuma 1999 461 Bloom Blossom Sauvignon; Sauternes
470, 471, 472, 474, 476, 477 Bloom Blossom Merlot; Médoc, St-Julien
492, 523, 539 Harvest Berry Sémillon; Pessac-léognan
593, 596-598, 600, 602, 603, 605, 610 Harvest Leaf Merlot; Médoc, St-Julien
727,728, 735 Pre-veraison Leaf Merlot; Médoc, Pauillac
809, 824, 826, 838 Winter Cane Merlot; Médoc, St-Julien

*B. cinerea strain nos. are indicated in bold when assessed for both mycelial growth and virulence (in every trial), and, in ifalic for the
few strains not characterized morphologically. Series of numbers are indicated by separating the first and last number by a hyphen. All

isolates are available from authors upon request.

carried out using 6-week-old grapevine cuttings and
2-month-old tobacco plants grown in a greenhouse.
Young leaves were detached and rinsed in sterile
deionized water. Eight leaf discs, 2.5 cm in diameter,
were inoculated per treatment (combination strain x
host plant). A mycelial plug was placed centrally on
the upper side of every leaf disc. The leaf discs were

incubated at 22 °C for 3 days in moist chambers, i.e.
plastic boxes (22 x 13 x 4 cm). Disease development
on every leaf disc was assessed according to a visual
semi-quantitative graded scale (O = healthy, 1 = 10%
rotten, 3 = 20%, 5 = 40%, 7 = 60%, 9 = 80%, 11 =
90% and 13 = totally rotten). A mean pathogenicity
index was calculated.
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Statistical analyses

The S+ software package was used for all statistical
analyses (Statistical Sciences S-PLUS, 1993). The
frequency distributions in two main morphological
classes (mycelial or sclerotial) were compared between
two organs, in pairs, using the x2 test with Yates’
correction for continuity at P = 0.05. Prior to analy-
sis, the numbers of mycelial (M| + M, + M3 + My)
and sclerotial (S; + S, + S3 + S4) strains were
added up. Growth rate data were analysed by an
ANOVA procedure using a factorial design with two
main factors: strain and the experimental conditions
(temperature x medium combinations). Two blocks
were used for the analysis of the duplicated trials at 5,
20 and 28 °C. Virulence data, as mean disease grades,
were also analysed by an ANOVA procedure on the
basis of a factorial design with two main effects (the
strain and the host species) and their interaction. The
three replicated tests of virulence were analysed as
three blocks. The sample correlation coefficient (Pear-
son r) was calculated using mean values for each of
the 31 strains. The pathogenicity index was calculated
as the overall mean from both hosts and the mean daily
radial growth rate was calculated from the experiment
at favourable temperatures (15, 20 and 25 °C).

Results
Molecular determination of the subpopulations

The presence or absence of two transposable elements
(Boty and Flipper) was tested in every strain using
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dot blot hybridization (Figure 1). Strains from the
transposa subpopulation contained both transposable
elements, whereas the strains from the vacuma subpop-
ulation did not. However, some vacuma strains showed
a positive response to the ‘Boty’ probe only, as pre-
viously mentioned by Giraud (1998). The resulting
molecular determination of each strain is presented in
Table 1. Two vacuma strains (321 and 324) were of the
‘group I’ (Fournier et al., 2002; Leroux et al., 2002).

Morphological characterization

Colonies of B. cinerea on MA were classified visually
into eight morphological types (Table 2). Two main
morphological types, without marked differences in
sporulation, were identified: ‘mycelial’ characterized
by a quasi-absence of sclerotia and ‘sclerotial’, includ-
ing colonies with many sclerotia. The strains were
mostly of the sclerotial type under the present experi-
mental conditions (Table 2).

The frequency distributions into the morphological
classes are presented in Figure 2. The strains collected
in winter from overwintering sclerotia on woody canes
were of the sclerotial type only, irrespective of the
subpopulation. Within the transposa strains, the distri-
bution into the sclerotial and the mycelial classes was
significantly different at P = 0.05 (x> = 4.61,df = 1)
between woody canes and berries (100% and 63.6%
of sclerotial strains, respectively). No significant dif-
ference was detected at P = 0.05 between leaves and
berries (x2 = 0.31, df = 1) or between leaves and
woody canes (x2 = 2.59, df = 1). As for the vacuma
strains, the distribution into the two main classes was

606 600 468

602 473 4N 469 461

494 472 495 499 21

503 507 476 523

Figure 1. Example of an autoradiograph showing dot blot hybridizations using the ‘Boty’ probe (A) and the ‘Flipper’ probe (B). The
molecular determination of B. cinerea strains (numbered as in Table 1) as transposa resulted from the presence of both transposable

elements (Boty and Flipper).
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Figure 2. Frequency distributions of 111 B. cinerea strains in
eight morphological classes on malt—agar medium at 20 °C (MI —
MIV, mycelial types and SI — SIV, sclerotial types, see Table 2)
according to the subpopulation, vacuma (V) or transposa (T),
in combination with the grapevine organ from which the strain
originated.

Table 3. Variance analysis of the daily mycelial growth rate of
B. cinerea

Source of variation df  Mean F value P
square
ANOVA 1!
Temperature x medium 3 1.05 395.8 <0.0001
combinations
B. cinerea strains 33 0.03 10.0 <0.0001
ANOVA 2?
Temperature 2 10.1 4652.7 <0.0001
B. cinerea strains 25 0.01 32 0.0001
Interaction 50 0.01 2.4 0.0003

'ANOVA 1, testing two main effects of strains and cultural condi-
tions, i.e. four conditions resulting from three favourable temper-
atures (15, 20, 25 °C) combined with two agar-media (MA, PDA).
2ANOVA 2, testing two main effects of strains and limiting
temperatures (5, 20, 28 °C).

significantly differentat P = 0.01 (x> = 7.42,df = 1)
between blossoms and leaves (72.7% and 15.8% of
mycelial strains, respectively). No significant differ-
ence was detected at P = 0.05 between blossoms and
berries (x> = 2.53, df = 1) or between leaves and
berries (x2 = 0.0004, df = 1).

Mycelial growth rate

At favourable temperatures (15 °C, optimum 20 and
25°C), the strains showed significant differences in
mycelial growth rate (Table 3). The ranking showed
gradual differences between all strains (Figure 3). The
vacuma strains, including the two ‘group I’ strains

(nos. 321 and 324), were characterized by the greatest
daily growth rates with one exception (no. 310). These
were mostly greater than 1cmd~! when considering
the average of the favourable temperatures tested. The
growth rate was also influenced significantly by the
combination of temperature and agar-medium tested
(Table 3). The means were significantly differentiated
and ordered as follows: 1.10cmd™' (a) on PDA at
20°C, 1.05cmd~! (b) on MA at 20°C, 0.99 cmd™!
(c) on MA at 25°C and 0.7l1cmd~! (d) on MA
at 15°C.

Atlimiting temperatures (5 and 28 °C), both the tem-
perature and the B. cinerea strain significantly affected
mycelial growth rate (Table 3). The growth rate was
markedly reduced at 5 and 28 °C compared with the
optimum of 20 °C. The means varied significantly from
one temperature to the next: 0.98 cm d~! (a) at 20°C;
0.33cmd™! (b) at 5°C and 0.11cmd~! (c) at 28 °C.
The differences between strains were significant only
at 20 °C, but not at both limiting temperatures, as indi-
cated by the significant interaction. The resulting strain
ranking at 20 °C confirmed that from the experiment
at 15, 20 and 25°C (Figure 3). Similarly, the great-
est growth rates, exceeding 1.02 cm d~!, characterized
in all the vacuma strains tested (nos 322, 162, 321,
181, 357, 155, 324, 267, 268) with one exception,
no. 310.

Virulence

All the strains were pathogenic on both host species:
V. vinifera and N. clevelandii (Figure 4). The grapevine
leaves were significantly more susceptible to the
pathogen than those of tobacco (F value = 137.4;
df = 1; P < 0.0001). The mean pathogenicity indexes
were 9.1 and 5.4, respectively. There were also signif-
icant differences in virulence between the B. cinerea
strains (F value = 3.4; df = 31; P < 0.0001). In
grapevine, the most pathogenic strains colonized more
than 90% of the leaf disc surface (index > 11), whereas
the weaker ones colonized less than 50% of the leaf
disc surface (index < 6). The relative strain ranking
was consistent on both hosts (Figure 4) as indicated
by a non-significant interaction between both host and
strain effects (F value = 0.8; df = 31; P = 0.73).
However, the test did not discriminate between most of
the strains because they were sorted into overlapping
groups of homogeneous means. The vacuma strains
did not differ in pathogenicity from the transposa
strains.
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Figure 3. B. cinerea mycelial growth (cmd~") on two agar-media and at three favourable temperatures (15 °C, optimum 20, 25 °C). The
significant effect of the strain (n = 34) were reflected in the greatest growth rates characterizing the vacuma strains (‘V’ in front of the
strain number). Overall means for every strain (bars) with the same letter are not significantly different according to Newman and Keuls’

test after ANOVA (P = 0.05).

Relationship between mycelial growth rate
and virulence

There was a negative correlation between the mean
pathogenicity index and the daily radial growth rate.
The correlation was significant at P = 0.01, when
both subpopulations were analyzed together (df = 29,
r = 0.49). The negative correlation was also sig-
nificant at P = 0.05 when analyzing the transposa
strains only (df = 20, r = 0.47) with the equation:
‘y = —0.0241 x + 1.126’. A similar trend was notice-
able for the vacuma strains analyzed separately, but the
correlation was not significant (df = 7, r = 0.61, just
below the r threshold value of 0.67 at P = 0.05).

Discussion

In the range of favourable temperatures for B. cinerea
(15-25°C), most of the vacuma strains showed the
fastest mycelial growth rates on both agar-media. The
assumption can be made that the growth rate on a highly

nutritive medium constituted an indirect assessment
of the saprophytic colonization potential of the strain.
This could indicate a better ability of vacuma strains
to spread saprophytically on nutritive moribund plant
substrates. This interpretation is substantiated, partic-
ularly at flowering in the fields, by two major pieces of
evidence. First, for various plant species, isolates from
flowers, petals and stamens resulted in the prevalence
of vacuma strains (59%) in June (Giraud et al., 1999).
Similarly, in different vineyards near Bordeaux (unpub-
lished data) and in Champagne (Giraud et al., 1997),
vacuma strains were isolated most often just after flow-
ering and exceeded 50% of the B. cinerea population.
Second, it has been demonstrated that the pathogen
develops principally saprophytically on senescing
grapevine floral parts, especially, debris of petal calyp-
tras and necrotic stigmas or styles (Bulit and Lafon,
1977; McClellan and Hewitt, 1973). More generally, in
many host species, the floral tissues are naturally highly
susceptible to B. cinerea, especially when senescing:
ornamentals (gerbera, rose), grapevine (Nair and Allen,
1993) or kiwifruit (Fermaud et al., 1994).
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Figure 4. B. cinerea virulence (visual graded scale: 0 = healthy, 13 = maximal leaf colonization) according to significant strain (n = 32)
effect and significant host species effect (V. vinifera and N. clevelandii). The strains of both subpopulations, transposa (shaded) and
vacuma (hatched), were not differentiated. Means (bars), calculated from both hosts, with the same letters are not significantly different
according to Newman and Keuls’ test after ANOVA at P = 0.05 (same group of homogeneous means).

The activity of transposable elements may have
influenced those genomic regions that are involved in
vegetative growth. Integration of transposable elements
in fungal chromosomes has been shown to have influ-
enced chromosomal features, DNA sequence and gene
expression (Daboussi, 1997). Presence and/or activ-
ity of transposable elements may negatively influence
fungal fitness (McDonald, 1993; Rose and Doolittle,
1983); this may be relevant for natural transposa
strains. A further evaluation of the fitness of subpopula-
tions with and without transposable elements occurring
in vineyards throughout the growing season on various
organs will help to clarify this point (Martinez, 2002).

The mycelial growth rate of isolates belong-
ing to both subpopulations, vacuma and transposa,
was similarly affected by temperature. The greatest
mycelial growth rate was observed at 20 °C, then, in
a decreasing order, at 25, 15, 5°C and the smallest
mycelial growth rate was noted at 28 °C. This con-
firmed the temperature effect on infection of grape
berries by B. cinerea, found in vitro at 15, 20 and
25°C (Nair and Allen, 1993) and on the develop-
ment of aerial mycelium on grape berries (Thomas
et al., 1988). Thus, the strains of the two subpop-
ulations showed a similar thermic optimum. Never-

theless, a small difference in thermic optimum could
occur within a narrower interval of variation than that
tested (less than 5 °C). At both limiting temperatures,
5 and 28°C, the mycelial growth rate was not dif-
ferent between strains. This seems to imply a lack
of difference in the adaptation to higher temperatures
between vacuma and transposa strains. Therefore,
these results cannot account for the prevailing occur-
rence of transposa strains in vineyards during summer,
i.e. after bloom (Giraud et al., 1997).

Every isolate from grapevine, caused lesions on both
the grapevine leaves and the less susceptible tobacco
leaves. This indicated that B. cinerea shows no strict
host plant specificity (MacFarlane, 1968). Differences
in virulence between strains were consistent on both
hosts. These differences resulted, at least partially,
from a differential ability to colonize intercellularly
and macerate leaf tissues. Considering the absence of a
difference between the two subpopulations, the exper-
imental conditions may have favoured strains which
develop better saprophytically (100% relative humid-
ity, supplying nutrients within the mycelial plugs) and
not favoured triggering a plant defence response. The
mycelial colonization of tissues lacking of defence
response could be representative of the prominent



symptom development on ripening grape berries which
progressively lose their potential for stilbene synthesis
towards fruit maturity (Keller et al., 2000).

A negative correlation was established between
mycelial growth rate and the virulence index. A sim-
ilar negative correlation has been reported for
Leptosphaeria maculans, causing the blackleg disease
in crucifers (Kochetal., 1989; McGee and Petrie, 1978;
Rouxel et al., 1994). This relationship would support
the assumption that the vacuma strains, due to their
faster mycelial growth rate, may be less aggressive than
the transposa strains. In order to determine potential
differences more discriminatively, especially between
the two subpopulations, further studies should be car-
ried out under more stringent conditions (sub-optimum
temperature or/and light inoculations using conidia).

In the present morphological study, sclerotial
colonies predominated, as reported previously (Goto
et al., 1980). Interestingly, the strains isolated from
cane bark in winter were of the sclerotial type exclu-
sively in vitro. This can be related to the fact that
the winter isolates were obtained only from sclero-
tia, the conspicuous overwintering state, and not from
mycelium or conidia as for the other stages. The
strains from the two subpopulations were not differ-
ent: every morphological type was found in both sub-
populations. Nevertheless, a difference was evident
within the vacuma strains, between strains from blos-
soms (72.7% of mycelial strains) and leaves (15.8%
of mycelial strains). This could suggest again that the
state of vacuma strains at bloom in the vineyards is
mostly mycelial, and results primarily from a hyphal
colonization of the floral organs.

In conclusion, the vacuma subpopulation was char-
acterized by a faster mycelial growth than the transposa
subpopulation. In the context of fungal ecology (Pugh,
1980), it can be hypothesized that the vacuma strains
have alife-strategy of the ‘ruderal’ type, more markedly
so than the transposa strains. This life-strategy, also
known as an ‘r-strategy’, has been applied to fungi
exhibiting fast growth and high sporulation. Profuse
sporulation is generally considered to be a typical
feature of B. cinerea in the field (Jarvis, 1977).
However, we did not observe any difference in sporu-
lation intensity between the two subpopulations. This
could be due to the experimental conditions which
may be not representative of field conditions, in
that darkness lowers sporulation. Therefore, a pos-
sible difference in sporulation ability between the
two subpopulations should be further investigated.
The life-strategies are related to two features of the
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environment: ‘stress’, which essentially leads to a
shortage of food, and ‘disturbances’ which prevent
fungal development (e.g. fungicides) or promote it
(e.g. intermittent additions of nutrients, such as leaves
falling in the autumn) (Grime, 1979; Pugh and Boddy,
1988). Thus, in the vineyard at the end of flowering,
the fall of senescent petal calyptras in profusion would
constitute a disturbance. Other disturbances, such as
cultural practices (leaf removal, pruning, trimming)
could also promote the vacuma subpopulation by pro-
viding dead or decaying organic matter. However, a
more marked ruderal lifestyle and saprophytism fitness
may not be the only components accounting for the
difference in the prevailing subpopulation in the vine-
yard. Population migrations from one plot or region to
another may also contribute to population differences.
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