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Abstract

Pseudothecia d?leospora alliideveloped best on garlic leaf debris infected3tgmphylium vesicariumcubated

at low temperature (5—-1) and relative humidity (RH) close to saturation. RH of less than 96% prevented the
formation of pseudothecia, while an incubation temperature of 1552€d to the early degeneration of pseudothe-

cia. Under natural conditions, colonization by pseudothecia of unburied garlic leaf debris varied between seasons
from 6.0 to 15.5 pseudothecia/mMnwhereas lower colonization levels were recorded when samples were buried.
Pseudothecial maturity was reached 1-4 mo after the deposition of garlic debris on the soil surface and 15 days after
the burial of residues. In the later case, pseudothecia degenerated with degradation of the plant debris. Ascospore
release, which required rainfall or dew periods, occurred between late January and late April depending upon the
year. A high correlation was found between pseudothecia maturation and four meteorological variables. Two of
which, i.e. the number of hours with RH 98% and with a mean temperature d64105°C, and the accumulated

rainfall, explained most variability (adjusteR? = 0.82—098 depending upon the year). A multiple regression
equation relating the pseudothecia maturity index with these two variables could be used to forecast the epidemic
onset ofStemphyliunteaf spots in Southern Spain. Temporal progress of pseudothecia maturation was best fitted
by a monomolecular model.

Introduction Numerous pseudothecia &f allii developed dur-

ing the winter on garlic plant debris infected by
A new disease affecting the above-ground parts of gar- S. vesicarium(Basallote et al., 1993; Prados et al.,
lic plants has been observed since the early eighties1994). Pathogenicity of these pseudothecia has been
in the main areas where this crop is grown in Spain demonstrated on both garlic and onion plants (A.M.
(Basallote et al., 1993). Typical symptoms of the dis- Prados, unpubl.). The teleomorph has also been
ease are white and/or purple leaf spots, with sunken observed on infected residues of asparagus (Conway,
tissues and extensive necrosis of the leaf (Basallote 1987; Evans and Stephens, 1984; Falloon et al.,
et al., 1993). The causal organisBtemphylium vesi- 1984, 1987; Johnson, 1990), and the importance of
carium (Wallr.) Simmons, as well as its teleomorph, such infected residues in the epidemic development
Pleospora allii(Rabenh.) Ces. & de Not., have been of leaf spots has been demonstrated. Fallon et al.
reported on garlic (Aveling and Naude, 1993; Basallote (1984) showed that the severity 8temphyliunpur-
et al., 1996), onion (Rao and Pavgi, 1975; Shishkoff ple spot epidemics in asparagus was reduced when
and Lorbeer, 1989; Simmons, 1969) and asparaguscrop residues were removed after crop harvest. Disease
(Evans and Stephens, 1984; Fallon et al., 1984, 1987),development was effectively reduced by the burial of
all affected by similar symptoms. In southern Spain plant debris, thus impeding ascospore release which
rainfall and mild temperatures during the spring favour resulted in a reduction of primary inoculum levels.
severe epidemics in garlic crops leading to significant However, plant residue burial for 10-14 wk failed to
yield losses (Basallote et al., 1996). completely prevent both pseudothecial development
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and the viability of affected ascospores (Johnson, 1992), the developmental stage of each pseudothecium
1990). of P. allii was assigned to one of the eight categories
There is little information on the phenology of defined asfollows: 1, pseudothecial primordia; 2, pseu-
P. allii developing on infected plant debris, and on doparaphyses filling the lumen of the pseudothecium;
the influence of environmental factors. The objective 3, initiation of asci differentiation; 4, asci with undif-
of this work was to study the development of the ferentiated ascospores; 5, asci with ascospores in the
teleomorph ofS. vesicariumon garlic debris under  process of formation and asci with mature ascospores;
both controlled and natural conditions, and to deter- 6, pseudothecia having all asci with mature ascospores;
mine the relationship between its development and 7, pseudothecia with some empty asci; 8, pseudothe-
environmental factors. cia with empty or no asci. For each sampling date,
a pseudothecial maturation index (Trapero-Casas and
Kaiser, 1992) was calculated as an average of the stages

Materials and methods observed, using the equation:

Pseudothecial development under M| = Zni(sti)/N
controlled-environment conditions

where Ml = maturity index,n; = number of pseu-

Garlic leaf segments (10 cm long) naturally infected by dothecia in stage s#; = developmental stage accord-
S. vesicariumvere thoroughly washed under tap water ing to the 1-8 scale described, aNd= total number
and then surface disinfested for a period of 5min in of sampled pseudothecia.
an aqueous solution of sodium hypochlorite containing
5 g available chlorine per litre. The leaf samples were Pseudothecial development under field conditions
incubated for 3 months at 5, 10, 15 and®20in plastic
containers with 300 ml distilled water or oversaturated Five field experiments were conducted over the years
saline solutions resulting in relative humidities (RH) 1991-95 in southern Spain. One of them was estab-
of 35, 75, 80, 86, 88, 96, 97, 98 and 100% (Dhingra lished in 1991 on a plot in Granada, in silty loam soll
and Sinclair, 1985). Garlic leaf segments were placed with 1.2% organic matter and pH 7.8. The other exper-
on a plastic net suspended 15 mm above the liquid. iments were carried out in plots of sandy loam sail,
This experiment was designed as a split-plot with tem- 1.4% organic matter and pH 8.5, inbfzloba during
perature as the main factor and RH as the secondary1991-95.
factor and ten blocks. Analysis of variance was per- In all the experiments, garlic leaf debris naturally
formed with the data using Statistix 4.0 software. Mul- infected byS. vesicariumwas collected during the
tiple comparisons of means was made by Tukey's test. previous harvest period (June) and kept under room
There were 10 replicates (each consisting of one leaf temperature until late October. Ten 10-cm long leaf
segment), and the experiment was repeated twice. Leafsegments were then placed in plastic net bags (250
segments were sampled at 15-day intervals for each 250 mm, 145-mm mesh) that were fixed onto the soil
temperature-relative humidity combination. Leaf sam- surface. In the 1992—-93 experiment two types of inocu-
ples were air-dried for 48 h at room temperature and lum sources were used: leaf and inflorescence stalk
carefully washed under tap water. Five 1-ffields debris, which were either located on the soil surface
were observed in each of the ten replicates, under theor buried at 10-cm depth. Bags containing infected
stereoscopic microscope at1@ determine the aver-  garlic residues were sampled at 15-day intervals from
age number of pseudothecia which had formed per mid November until stage 8 was observed. The sam-
field. ple bags were dried at room temperature for two days

A total of 50 pseudothecia were sampled to evaluate and then kept in the laboratory until processing. Four
the stage of maturation. This was assessed by observplant segments were observed for each sampling date.
ing the phenological stage after crushing pseudotheciaThe number and maturity index of pseudothecia were
between two slides and staining them with 0.1% acid determined as described above and the size of 100 ran-
fuchsine in lactophenol (Dhingra and Sinclair, 1985). domly chosen pseudothecia was measured.
In accordance with previously reported scales for pseu-  During all the experimental periods, measurements
dothecia development in other ascomycetous fungi were made each hour oftemperature usinga Pt 100 ther-
(James and Sutton, 1982; Trapero-Casas and Kaisermistor (SAINCO, Madrid, Spain), relative humidity
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using a hair higrometer (SAINCO, Madrid, Spain), and increased for the incubation temperature ®€5There

rainfall using a tipping-bucket rain gauge (Campbell were no significant differences within samples incu-

Scientific, Inc., Logan, UT, USA). bated at 10C. For temperatures of 15 and 20, incu-
bation at RH of 100% resulted in average density of

Influence of environmental factors on the development PSeudothecia significantly higher than when samples
and maturation of pseudotheciaBfeospora allii were incubated at 96-98% RH (Table 1). _
The highest percentages of mature pseudothecia
MI for each 15-day period was related with: (a) physi- Were obtained atlower temperature (5={), whereas
ological time (PT) determined by accumulated degree- incubation at 15-20C resulted in the highest pro-
days of average temperature using a threshold’@f,0  Portion of degenerated pseudothecia. However, a high
(b) accumulated number of hours during which the Percentage of degenerated pseudothecia was observed
recorded relative humidity was near saturatie98%) after a 3-month incubation period at _aII the tempera-
and mean temperatures were within the interval tUrés tested (Table 1). The degeneration of pseudothe-
4.5-10.5C (NH), (c) number of hours during which ~ €12 occurred after 45 days of incubation at 15220
the minimum temperature was undet® and rela- ~ Whereas at 5-1C it was detected only after matu-
tive humidity was> 98% (NHO), and (d) accumulated "ty stage 6 had been reached. Saprophytic colonization
rainfall (RA). of garlic debris byChaetomiunsp. occurred at all the
Amultiple regression was performed on the data col- incubation temperatures tested, throughout the experi-
lected from garlic debris deposited on the soil surface Mental period, the extent of colonization being greater
in the five experiments under consideration, using NH 2t the highest incubation temperatures (152
and RA as independent variables and Ml as the depen-
dentvariable. Furthermore, the regression of MIvalues pgegothecial development under field conditions
over time was analysed by linear regression and logis-

tic, exponential and monomolecular models. The garlic debris affected by leaf spots which was

located on the soil surface, was rapidly colonized
by P. allii. The first sexual structures of the fun-

Results gus were observed 15-30 days after experiments
commenced. However, the density of fruiting bod-

Pseudothecial development under ies on leaves reached maximum values between mid

controlled conditions February—mid March depending on the year. In con-

trast, density of pseudothecia on inflorescence stalks

No pseudothecia oP. alli were found after garlic ~ was highest by mid December. The highest colo-
debris was incubated for a 3-month period at&36%, nization levels (10.0-15.5 pseudothecia/fimwvere
regardless of incubation temperature. Only immature obtained in 1991-92 in @doba and Granada. Irre-
or degenerated pseudothecia (lumen of pseudothe-spective of location (on the soil surface or buried
cia empty or granular) were observed when RH was at 10-cm depth), pseudothecial density on inflores-
between 96 and 98%, at any of the incubation tempera- cence stalk debris in 1992-93 was higher (6.5-9.5
tures studied (Table 1). It was observed that after 45-75 pseudothecia/mf) than on leaf debris located on the
days of incubation in a saturated atmosphere, depend-soil surface (6.0-6.5 pseudothecia/&mor buried
ing on the temperature, all the asci in the pseudothecia (less than 2 pseudothecia/rfinprobably because by
had reached maturity (stage 6). early December the leaf residue was degrading rapidly.

Average density of pseudothecia on garlic leaves was The level ofP. allii colonization of leaf debris in the
significantly (P = 0.001) higher when they were incu- 1993-94 and 1994-95 experiments was similar (6.7
bated at 5 or 10C as compared to those incubated at and 7.0 pseudothecia/mdmrespectively) and lower
15 or 20°C. Relative humidity of 100% provided sig- thanin 1991-92.

nificantly (P = 0.001) better conditions for the forma- The pseudothecia which developed on leaf debris
tion of pseudothecia than at other RH’s tested. Analysis had average sizes of 288—31& depending upon the
of variance indicated a significanP (= 0.05) interac- years considered, with the exception of 1992—-93 when

tion of temperature and RH. A linear increase in the they were smaller (195m), although on inflorescence
average density of pseudothecia was observed as RHstalks the average was higher than 320 (Table 2).
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Table 1 Influence of temperature and relative humidity on the development and maturation
of pseudothecia dPleospora alliion leaf garlic debris naturally infested Bgemphylium
vesicariund

Density of Pseudothecia (%)

Temperature Relative pseudothecia

O humidity(%) (numbeymm?)P Immature  Mature  Degenerated

5 96 1.6 100 — —
98 2.p — — 100

100 3.6 — 50 50

10 96 1.7 100 — —
98 1.4 100 — —

100 2.3 5 57 38

15 96 0.6 100 — —
97 0.¢* 100 — —

100 1.8 26 2 72

20 96 0.8 — — 100
98 0.6 — — 100

100 1.7 17 23 60

2 |_eaf garlic debris were incubated for 3 months. The experiment was repeated twice, and
average values are given.

b Mean of ten groups of five 1-mfrmicroscope fields. Within each temperature, values
followed by same letter are not significantly & 0.05) different according to Tukey’s test.

¢ For each temperature-relative humidity combination, 50 pseudothecia were assessed as
immature (lumen of pseudothecia filled with pseudoparapyses or immature asci), mature
(pseudothecia having all asci with mature ascospores) or degenerated (lumen of pseudothe-
cia granular or lumen empty).

Table 2 Effect of location and type of garlic debris on the diameter of pseudothe&la of

allii formed

Place and year Location and debris tpe Pseudothecia diametarrf)°
Granada 91-92 surface, leaf 315

Cordoba 91-92 surface, leaf 3084

Cordoba 92-93 buried, inflorescence stalk 3565

Cordoba 92-93 surface, leaf 193.9

Cordoba 92-93 surface, inflorescence stalk 346.2

Cordoba 93-94 surface, leaf 288.1

Cordoba 94-95 surface, leaf 28%.7

8 eaf and inflorescence stalk of garlic affected®yvesicariunwere enclosed in plastic

net bags and fixed to the soil surface or buried at 10 cm depth by early November.

bEach value is the average of 100 randomly chosen pseudothecia. Values followed by same
letter are not significantly® = 0.001) different according to Tukey’s test.

The date at which pseudothecial maturityRofallii pseudothecia were observed on plant debris buried at
on garlic debris was reached varied according to the 10-cm depth from early December, 15 days after the
year, the location of the experiment (Table 3). Pseu- burial of the residues. In successive samplings, it was
dothecial maturity (stage 6) on garlic debris located observed that the degradation of leaf debris was pro-
on the soil surface was reached earlier in 1993-94 gressive and correlated to increases in the percent-
and 1994-95 than in the other years. The position age of degenerated pseudothecia. Ascospore release
of the residues also seemed to play a role as mature(stage 7) occurred between late January and late April,
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Table 3 Development ofPleospora alliion garlic debri8 naturally infected byStemphylium
vesicariumdeposited on the soil surface in two locations of Southern Spain

Location  Year Debris type Date of the begining of developmental Etage
6 7 8

Granada 1991-92 Leaf 2/March/92 16/March/92 31/March/92

Cordoba  1991-92 Leaf 14/February/92  30/April/92 30/April/92
1992-93 Leaf 18/February/93  18/March/93 2/April/93
1992-93 Inflorescence stalk 19/January/93  30/April/93 30/April/93
1993-94 Leaf 30/November/93 29/January/94  11/February/94
1994-95 Leaf 16/December/94 9/February/95  9/February/95

@ Leaf and inflorescence stalk of garlic affectedSywesicariumvere enclosed in plastic net bags

and fixed on the soil surface by early November.

b Bags containing garlic residues were sampled at 15-day intervals until ascospores were released,
and phenological stage {6pseudothecia having all asci with mature ascosporegJeudothecia

with some empty asci and, 8 pseudothecia with empty asci or no asci) of pseudothecia was
assessed for each sampling date.

Table 4 Correlation coefficienfsbetween maturity index dPleospora alliiand meteorological variables
during the period November—June for different locations and years

Meteorological  Location

variable Granada Grdoba
1991-92 1991-92  1992-93 1992-93 1993-94 1994-95
(leaf) (leaf) (leaf) (inflorescence stalk) (leaf) (leaf)
PT 0.882 0.847 0.906 0.904 0.813 0.824
NH 0.963 0.967 0.925 0.906 0.941 0.936
NHO 0.931 0.793 0.812 0.867 0.866 0.830
RA 0.942 0.889 0.924 0.877 0.824 0.836

2 All correlations were significant at the = 0.001 level.

b PT = physiological time determined by accumulated degree-days of average temperature using threshold
0 C; NH = number of hours in which relative humidity was98% and average temperature was between
4.5-10.5 C; NHG= number of hours during which minimum temperature was under 0 and relative humidity
was> 98%; and RA= accumulated rainfall.

depending upon the year, whereas the appearance ofainfall (RA) during the 15 days following plant debris

empty pseudothecia (stage 8) was noticed simultane-deposition in the field (94 and 64-mm, respectively);

ously to or shortly (2 wk) after stage 7 (Table 3). however, the experimental period with the highest RA
(614-mm) (Figure 1) was that ofé@doba in 1991-92.

Influence of environmental factors on the development ~ The relationship between MI and the two meteoro-

and maturation of pseudothecia Bfeospora a”" |Ogica| variables that eXplained most of Var|ab|l|ty was
described by the regression equation:

In all of the experiments, there was a significant corre- _

lation (P = 0.001) between pseudothecial Ml and the MI = a +5NH + cRA,

four meteorological variables (PT, NH, NHO, and RA) where MI= maturity index for every 15-day period;

previously described. Correlations with NH were the NH = accumulated hours (from the deposition of leaf

highest, withr ranging from 0.936—0.967 (Table 4). debris on soil surface until the sampling date) in which

Pseudothecia developed and matured faster duringthe recorded relative humidity was near saturation
1993-94 and 199495, in association with the high- (> 98%) and mean temperatures were within the inter-
est values of NH (448 and 397 h, respectively), and of val 4.5-105 C; and RA= accumulated rainfall (from
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Figure 1 Relationship between humidity and temperature and the development and maturation of pseudoBleospofa alliion

garlic debris infected b$. vesicariunthat were laid on the soil surface by late October. (a) relationship between Ml at 15-day intervals

and the number of hours with RH 98% and mean temperature within the invervdl-4.05 C (NH) that were accumulated during

the period between debris deposition and sampling. (b) relationship between Ml at 15-day intervals and accumulated rainfall during the
period between debris deposition and sampling (RA). The stage of pseudothecia development at which all asci had mature ascospores is
indicated by a broken line.
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Table 5 Regression estimates of coefficients for the relationship between maturity index
and meteorological variables

Year and place Debris type Coefficientd Rédj
a b c

Granada Leaf -0.18 0025 Q002 0.93

91-92 (0.42) (0.009) (0.001)

Cordoba Leaf -0.615 Q030 Q004 0.98

91-92 (0.29) (0.002) (0.0008)

Cordoba Leaf 044 Q033 Q017 0.90

92-93 (0.51) (0.009) (0.003)

Cordoba Inflorescence 46 0042 Q001 0.90

92-93 stalk (0.45) (0.008) (0.003)

Cordoba Leaf 202 0011 Q005 0.82

93-94 (0.58) (0.004) (0.008)

Cordoba Leaf 133 0015 Q002 0.88

94-95 (0.43) (0.003) (0.005)

& Garlic debris was located on soil surface.

b Data fitted to MI= a + bNH + ¢RA, Ml = maturity index, NH= number of hours

in which relative humidity was- 98% and average temperatures were between 4.5 and
10.5C, and RA= accumulated rainfall (mm). Standard error is shown in parentheses. All
cases were significanP(< 0.01).

the deposition of leaf debris on soil surface until the in which garlic inflorescence stalks had been buried
sampling date). (Table 6). However, the monomolecular model did not

The variance accounted for by this model ranged give a good fit for buried leaf debris in&@doba in
from 0.82 (rdoba 1993-94) to 0.98 (tdoba 1991-  1992-93 (Table 6).
92). Adjusted determination coefficients were lower
in the experimental periods 1993-94 and 1994-95
(Table 5). Di .

. Discussion

Ascospores release (stage 7) was generally associ-
ated with rainfall or dew periods during the 15 days
previous to this stage in the development of pseudothe-
cial maturation.

The model used to describe the relationship between
Ml and time (D) was:

Pseudothecia d?leospora alliidevelop on leaves and
on inflorescence stalks of onion plants towards the
end of the crop season (Rao and Pavgi, 1975). The
formation and maturation of pseudothecia on infected
onion leaf debris in an artificial medium incubated
Ml = A(1— e BD), at low temperature has also been reported previously
(Simmons, 1969). The present work is the first study
This equation represents a monomolecular model carried out on the developmental process of pseudothe-
where A is the asymptotic value an8 is the matu- cia of P. allii on garlic debris infected b$. vesicarium
rity rate. The model was fitted to the experimental data It followed the typical process found in the Pleospo-
using a Maximum Likelihood Computer Algorithm rales (Luttrell, 1981) and resembled that described for
(Ross, 1982), assuming that the error term followed Didymella rabiei(Kovacheski) v. Arx infecting chick-
a normal distribution. The goodness of fit was judged pea residues (Trapero-Casas and Kaiser, 1992; Navas
by the residual mean square (RMS), the estimation of Cortes et al., 1995; Trapero-Casas et al., 1996).
parameters, and visual examination from plots ofresid-  The colonization of garlic leaf debris by.
ual against E (MI). alli was more extensive under natural conditions
This equation fitted the experimental data on the (6.0-15.5 pseudothecia/mjnthan under controlled
temporal progress of Ml of pseudothecia better than environmental conditions where a maximum of three
linear regression, and logistic and exponential models, pseudothecia/mfwas recorded, corresponding to
particularly in the case of the field used in 1992-93 debris incubated at 8 and a relative humidity
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Table 6 Regression estimates of coefficients for the monomoleteglauation of
Ml as related to time

Place Year Location and debris type A B RMS df
Granada 91-92 surface, leaf 8.94 0.007 0.30 13
(1.14) (0.001)
Cordoba 91-92 surface, leaf 8.78 0.096 0.49 14
(0.70) (0.001)
Cordoba 92-93 surface, leaf 19.89 0.002 0.56 17
(8.24) (0.001)
Cordoba 92-93  buried, leaf 24.2 0.001 1.86 8
(113.4) (0.009)
Cordoba 92-93 surface, 9.62 0.006 0.30 17
inflorescence stalk (2.00) (0.002)
Cordoba 92-93  buried, 7.98 0.028 0.17 17
inflorescence stalk (0.13) (0.002)
Cordoba 93-94 surface, leaf 7.86 0.022 0.34 13
(0.31) (0.003)
Cordoba 94-95 surface, leaf 7.41 0.021 0.27 15

(0.23)  (0.002)

a Data fitted to Ml= A(1 — e BP), Ml = maturity index andD = days after
deposition garlic debris on soil surfacé,= asymptotic valueB = maturity rate.
Standard error is shown in parentheses, RM&sidual mean square, gf degrees
of freedom.

of 100%. The low number of pseudothecia formed developed onthem quickly and extensively, with a high
on infected garlic debris under controlled conditions proportion of pseudothecia reaching maturity (stage 6).
seemed to be related to the intensive saprophytic colo- These observations suggest that the harvest of inflo-
nization of leaves b haetomiunsp. which increased  rescence stalks prior to the harvesting of the bulbs, a
with incubation temperature. Similar colonization lev- common practise in southern Spain, may be a means
els were observed only on buried leaf residues in 1992— of reducing an important source of inoculum in fields
93, when heavy rains a few days prior to the garlic affected byStemphyliunteaf spots.
harvest may have favoured the developmemeasficil- Our results from controlled environment experi-
lium sp. andAlternariasp. antagonistic t®. allii. This ments indicate the importance of relative humidity and
saprophytic colonization did not occur oninflorescence temperature on the development of pseudotheck of
stalk debris cut before that rainy period. This fact could allii on garlic debris. Maturation of pseudothecia on
explain the larger size of pseudothecia formed oninflo- garlic debris occurred in half the time of that required
rescence stalks as compared to those developed on leain infected onion residues incubated in the refrigerator
tissues (Table 2). (Simmons, 1969; Rao and Pavgi, 1975). This differ-

The burial of leaf debris resulted in its decomposi- ence could be attributed to the different hosts and/or
tion, thus reducing the amount of plant tissue available to differences in the methodology used. Our results
for P. allii development. However, pseudothecial mat- on the development d®. allii under artificial condi-
uration was not fully prevented by residue burial as tions suggest that relative humidity is more impor-
was the case in asparagus debris infecte®byesi- tant than temperature, since pseudothecia formation
carium (Johnson, 1990); ascospore release was how-occurred at all of the temperatures tested providing the
ever impeded. Our results confirm that the burial of relative humidity was close to saturation. Nevertheless,
plant debris is useful in the integrated control of dis- pseudothecial maturation was higher at 5 and@0
eases caused by fungi that overwinter on infected plant under suitable humidity conditions. The requirement
residues (Zentmyer and Bald, 1977). of low temperatures (5—1) for long periods during

In contrast, inflorescence stalk segments buried pseudothecial maturation has been previously reported
at 10-cm depth remained undecomposed throughoutfor P. herbarum(Leach, 1971) and other ascomycetes
the duration of the experimental period aRdallii (Muller, 1979).



869

The number of hours with RH> 98% and a to the prediction of infections based on the multiple
mean temperature of between 4.5 and52C (NH), regression curve that has been determined in this study.
and accumulated rainfall (RA) were the two vari-
ables that best correlated with the MI of pseudothecia
(Table 4). Aminimum of 97 h of NH, which occurred in
1992-93 (Figure la), was required for pseudothecia
to reach maturity. This was achieved earlier in the
experimental periods of 1993-94 and 1994-95 than
in the other periods considered, coinciding with rain-
fall during 15-day periods prior to the sampling date
(Figure 1b). Very low minimum temperatures along
with scarce rainfall in Granada during the period of
1991-92 could account for the delay in pseudothecial
maturity as compared with results frond@oba dur-
ing the same period (Table 3). Once pseudothecia had
reached maturity, free water played a crucial role on
asci bursting and subsequent ascospores release, sincBeferences
this was associated with rainfall or dew. This coincides
with previous studies on other speciesRieospora Aveling TAS and Naude SP (1992) First reportStemphylium
(Fallon et al., 1987). Our results on the effect of tem- vesicariumon garlic in Soyth Africa. Plant Disease 76: 426
perature and rainfall on pseudothecial maturation and Basallote MJ, Prados AM,&ez de Algaba A and Melero JM

.. L (1993) First report in Spain of two leaf spots of garlic caused
the release of ascosporeshofallii are similar to those by Stemphylium vesicariurPlant Disease 77: 952
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