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Abstract: Two ectoparasite powdery mildew species Golovinomyces cichoracearum (Gc) and Podosphaera xanthii
(Px) occurring on cucurbits differ, besides other characteristics, by specific ecologic requirements. While Px is
common in subtropical and tropical areas and greenhouse crops, Gc occurs more frequently in temperate and
cooler areas under field conditions. Their presence on cucurbit field crops (Cucurbita pepo, C. maxima, Cucumis
sativus) was monitored in the Czechoslovakia (1979-1980) and in the Czech Republic (1995-2007). Their identifi-
cation was carried out by microscopic observation of the morphological characteristics of the dry conidia on 1527
leaf samples. Data on air temperature in 1979-2007 were provided by the Czech Hydrometeorological Institute. In
1979-1980 Gc was identified in 86.0% of samples, Px in 14.0% samples, there was no mixed infection; prevalence
of Px was recorded in South Slovakia and South Moravia, and on crops under cover. Since 1995 species Px was
recorded each year on field crops in different locations of Bohemia and Moravia, usually in mixed infection
with Gc. The average year temperature of 8.1°C for period 1992-2007 was higher than corresponding value of
7.4°Cin 1979-1983. Similarly, average temperature in vegetation season of 16.2°C in 1992-2007 was higher than
corresponding value of 15.7°C in 1979-1983. The higher air temperature can positively influence spreading of
Px in the Czech Republic. Climate variability and effect of their changes are discussed in relationship to the
geographic distribution and geographic patterns of cucurbit powdery mildews.

Keywords: Golovinomyces cichoracearum; Podosphaera xanthii; Cucurbitaceae; epidemiology; air temperature;
geographic distribution

Powdery mildew is a serious disease of field and
greenhouse cucurbit crops worldwide (SITTERLY
1978; MCGRATH & THOMAS 1997). Three species
are known to cause cucurbit powdery mildew
(CPM) (BrAUN 1995). While the endoparasitic
species Leveillula taurica (Lev.) Arnaud has only
alimited economic importance, the ectoparasitic
species Golovinomyces cichoracearum (DC.) V.P.
Gelyuta (Gc) (VAKALOUNAKIS & KLIRONOMOU
2001), and Podosphaera xanthii (Castag.) U. Braun

& N. Shish. (Px) (SHISHKOFF 2000) are consid-
ered most important (BRAUN 1995; PITRAT et
al. 1998).

Besides differences in host range (BRAUN 1995),
response to certain fungicides (MCGRATH 1996;
HorrLoMoON & WHEELER 2002; SEDLAKOVA & LEBEDA
2004), and pathogenicity (BARDIN et al. 1997,1999; LE-
BEDA & SEDLAKOVA 2004, 2006; MCCREIGHT 2006;
LEBEDA et al. 2008), ectoparasitic species differ also
in ecological requirements (SITTERLY 1978).
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Powdery mildews differ from most other fungi
in their superficial hyphae, their xerophytic exist-
ence, and the high water content of their wind-dis-
seminated conidia (AusT & HOYNINGEN-HUENE
1986). They are generally favoured by relatively
dry atmospheric conditions, moderate tempera-
ture, reduced light, and luxurious plant growth
(YARwoOD 1957). The combination of climatic
factors, i.e. air temperature, humidity, sun light
(radiation), wind and rainfall influence dissemina-
tion and germination of conidia, mycelial growth
and sporulation.

ZLOCHOVA (1990) defined the temperature range
of 15-25°C as optimum for germination of conidia
G. cichoracearum (Gc) as established by laboratory
experiments, and 25-30°C for P. xanthii. Experi-
ments carried out by NAGY (1976) revealed that
the conidial germination of P. xanthii (Px) was
observed in temperature of 20—-30°C with optimum
of 22°C; the optimum temperature for Gc was 25°C,
and this species had larger interval of 15-30°C for
conidial germination. Relative humidity has strong
effect on conidia germination. Species Px is more
sensitive to moisture than Gc. Turgid conidia of Px
can persist for 24 h only in saturated atmosphere
0of 100% R.H., and requires 100% R.H. for conidia
germination; viable conidia G¢ can be found also
in 94% R.H. and such humidity is sufficient for
their germination (NAGY 1976).

Dry conditions favoured process of colonisation,
sporulation and dispersal, of both Px and Gc, but
Px tolerates higher moisture content during the
infection (REUVENI & ROTEM 1974; NAGY 1976).
Species Px expressed highest infection potential
under 15°C and 65% R.H. (BAsHI & AusT 1980).

Measured differences in ecological requirements
of both species match well their reported distribu-
tion under natural conditions. P. xanthii is common
in subtropical and tropical areas and on greenhouse
crops in temperate areas, while G. cichoracearum
occurs more frequently in temperate and cooler
areas (KRisTKOVA et al. 2009). Both species oc-
cur on cucurbits under climatic conditions of the
Central Europe. Since the 1960s, P. xanthii has
been reported as frequent or even predominant
as the causal agent of cucurbit powdery mildew
in many parts of the world (JAHN et al. 2002),
as a single species or in mixed infections with
G. cichoracearum (Wi1CcHURA 2007; KRISTKOVA et
al. 2009). At the end of the 1970s, P. xanthii was
not detected on field cucurbit crops of Bohemia
and Moravia, i.e. in the recent Czech Republic
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(LEBEDA 1983). Since 1995, Px was recorded each
year on field crops in many locations of Bohemia
and Moravia, usually in mixed infection with Gc¢
(KRisTKOVA et al. 2009).

The main aim of this study was to compare the
distribution of cucurbit powdery mildew species
in the Czech Republic to air temperature in a
period of 1979-2007.

MATERIAL AND METHODS

Collecting and origin of cucurbit powdery mil-
dew samples. The presence of CPMs on cucurbit
field crops and their species spectra were monitored
in Czechoslovakia (1979-1980) and in the Czech
Republic (1995-2007). Altogether 1527 leaf samples
of cucurbitaceous vegetable crops (mostly Cucurbita
pepo, C. maxima, Cucumis sativus) with symptoms
of CPM infection were collected, mainly in the most
important growing areas of cucurbits in the Czech
Republic, though some marginal areas for cucurbit
growing were visited too.

Sampling of leaves followed the assessment of
infection degree on plants and CPM distribution
within the location: one sample was represented by
one to three leaves of different age collected ran-
domly from plants in each location. If several host
plant species grown on the field/location, separate
samples were collected and analysed. Several loca-
tions were visited during one growing period and
leaf samples were collected there; some selected
locations were visited subsequently of each year.

Microscopic examination of samples and species
determination. Leaf samples were dried under labo-
ratory conditions and stored as herbarium specimens.
Microscopical preparations were prepared from
several places on both sides of leaves. Identification
of both CPM species was carried-out by microscopic
observation of the morphological characters (shape,
presence of fibrosin bodies, character of germ tubes)
of the dry conidia in 3% KOH solution (LEBEDA
1983). The species structure of CPMs populations
was expressed by frequencies of occurrence of single
species infections, and/or of mixed infections (for
details see KRisSTKOVA et al. 2009).

Methods of processing of temperature data.
Data on air temperature (measured 2 m above
ground level) were processed from temperature
time series provided by the Czech Hydromete-
orological Institute (CHMI 2009). These time
series can be considered as homogenous. Input
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Table 1. Average air temperatures (°C) in the Czech Republic in 1979-2007

Average air temperature (°C)

Period
year June July August September June—September

1979-1983 7.4 16.1 16.8 16.5 13.3 15.7
1984-1987 6.8 14.2 16.6 16.0 12,5 14.8
1988-1991 8.0 14.8 17.6 17.2 12.8 15.6
1992-1995 8.3 15.9 19.0 18.2 12.7 16.4
1996-1999 7.6 16.1 17.0 17.1 12.7 15.7
2000-2003 8.5 17.1 17.6 18.8 12.2 16.4
2004-2007 8.2 16.6 18.7 16.7 13.4 16.4
1979-2007 7.8 15.8 17.6 17.2 12.8 15.8

Calculated by authors on the base of original data provided by CHMI, Prague, Czech Republic

values, e.g. annual and monthly air temperature
were computed at CHMI by use GIS (methods
CLIDATA-DEM - linear regression between me-
teorological station level above sea and digital
elevation model) (CHMI 2009).

These time series served for calculation of yearly
average air temperatures (1979-2007), average
temperatures of individual months representing the
main vegetation season for cucurbits (June, July,
August and September), and average temperatures
of the main vegetation season (June—September).
The average air temperatures for years, months
and vegetation seasons were calculated for se-
lected groups of years (1979-1983, 1984-1987,

1988-1991, 1992-1995, 1996-1999, 2000-2003,
and 2004-2007).

RESULTS

General overview of air temperature in the pe-
riod 1979-2007, or for selected groups of years,
is given in Table 1 and Figure 1. Average year air
temperature in the Czech Republic for the period
1979-2007 was 7.8°C, average air temperature
of the main vegetation season (for cucurbits) of
June—September for the same period was 15.8°C.
Average year air temperature in the Czech Republic

Table 2. Occurrence of cucurbit powdery mildew species on cucurbitaceous crops in Czechoslovakia in 1979-1980
(LEBEDA 1983) and in the Czech Republic in 1995-2007 (modified according to KRfsTKOVA et al. 2009)

Powdery mildew

Number of locations

species 1979-1980* 1995 1996 1997 1998 1999 2000
Gce 32 28 48 42 21 27 10
Px 5 0 1 2 0 0 0
Gce+Px 0 10 17 24 14 3 3
Total 37 38 66 68 35 30 13
2001 2002 2003 2004 2005 2006 2007
Gc 53 78 43 64 43 42 39
Px 2 1 5 1 5 3 1
Gc+Px 4 10 21 7 17 26 36
Total 59 89 69 72 65 71 76
Gc — Golovinomyces cichoracearum; Px — Podosphaera xanthii; Gc+Px — mixed-infection
*Data from Czechoslovakia
Climate change and plant pathogens, pests and weeds S43
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Gc — Golovinomyces cichoracearum; Px — Podosphaera xanthii; Gc+Px — mixed-infection

Tavg_year — average of annual air temperature (°C); Tavg_VI-IX — average of air temperature (°C) in vegetation season

(June—September)

Figure 1. Occurrence of cucurbit powdery mildew species in Czechoslovakia in 1979-1980 and in the Czech Re-
public in 1995-2007 and average air temperatures (°C) in the periods of four-five years

for 20'" century was 7.5°C, average air temperature
of the main vegetation season (for cucurbits) of
June—September for the same period was 15.5°C
(TorLasz R. personal communication 2009).

Last decade of the 20t century (1990-2000) was the
warmest in the past 100 years (ToLASZ et al. 2007).
This phenomenon was most evident in June, and
during vegetation season. This trend is continuing
also in the first decade of 21° century (Table 1).

In the studied period, there were substantial
temporal and spatial changes in the frequency of
both CPM species recorded. In 1979-1980 G¢ was
identified in 86.0% of samples, Px in 14.0% samples
and there was no mixed infection. Samples with Px
were recorded in South Slovakia and sporadically
in South Moravia, and on crops under cover. Since
1995, when powdery mildews on cucurbitaceous
crops were systematically monitored, species Px
was recorded each year on field crops in multiple
locations of Bohemia and Moravia, usually in mixed
infection with Gc¢ (KRisSTKOVA et al. 2009).

During the period of 1995-2007, there were
substantial fluctuations in frequency of occur-
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rence of both powdery midews recorded among
the years (Table 2, Figure 1). Frequency of oc-
currence of Gc varied from 51.0% to 90.0% of all
locations surveyed in respective year; frequency of
Px varied from 0% to 8%, and frequency of mixed
infections from 8.0% to 48.0%.

The average year temperatures (8.3°C, 7.6°C,
8.5°C and 8.2°C) for four-year periods in 1992—-2007
were higher than corresponding value of 7.4°C in
1979-1983. Similarly, average temperatures in veg-
etation seasons in 1992-2007 were equal or higher
than corresponding value in 1979-1983 (Table 1).
Average year temperature for 1979-1983 was 7.4°C,
for 1992-2007 was 8.1°C; average temperature of
vegetation season for 1979-1983 was 15.7°C, and
for 1992-2007 was 16.2°C (Figure 1).

DISCUSSION
Climate variability and their changes are one of

the many limiting factors for disease ecology and
epidemiology. Nevertheless, research in the effects
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of climate change on plant disease continues to be
limited, especially on population and ecosystem
levels (GARRETT et al. 2006). Bio-geographical
studies reveal that an unequal distribution of organ-
isms based on endogenic and exogenic factors, is
the rule rather than the exception. Transport and
spread leads to the colonisation of new habitats.
Most organisms, including the powdery mildews,
are restricted to specific areas, defined by ecologi-
cal boundaries and areas of distribution of their
respective host plant species (WELTZIEN 1978).
The most complete study on the world wide dis-
tribution of powdery mildews was compiled by
HirATA (1966), and more generalised study pub-
lished WeLTZIEN (1978). The most recent study
focused on cucurbit powdery mildew geographical
distribution (KRfsTKOVA et al. 2009) showed large
differences in the occurrence of individual species
in Europe and around the world. From this study it
is evident that there are some more or less general
geographic distribution patterns of CPM. These
patterns are probably most enhanced by ecologi-
cal factors, primarily by temperature (WELTZIEN
1978). YARwooOD (1957) concluded that powdery
mildews are more severe in dry weather and are
more associated with regions of low rainfall. How-
ever, temperature and humidity must be considered
together because they are the components of water
pressure deficit, a more meaningful parameter than
relative humidity in describing water dynamics in
host-parasite systems (JARVIS et al. 2002).

There are about 118 genera and 825 species of
Cucurbitaceae, however only 6 genera and about
12 species are cultivated in larger scale (LEBEDA et
al. 2007) and all these species are hosts of CPMs
(S1TTERLY 1978). CPMs occur throughout the
world, however, for individual pathogen species
(L. taurica, G. cichoracearum and P. xanthii) have
different distribution patterns (KRiSTKOVA et al.
2009). Recently, RaATNA HADI (2005) and RATNA
Hapi1 et al. (2005) experimentally confirmed that
P. xanthii requires for its development higher
temperature and lower humidity than G. cichora-
cearum. This is also supported by recent CPMs
distribution studies (KRiSTKOVA et al. 2009) and
the data about long-lasting temporal dynamics of
CPMs summarised in this paper (Figure 1). The
question is which factor(s) are the most responsible
for these changes. In recent study is considered
only temperature, which showed over thirty year
period increasing trend. Over the same period
there were also recorded changes in the species
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structure of CPMs. In comparison with the end of
1970s (LEBEDA 1983) P. xanthii and mixed infec-
tions of G. cichoracearum and P. xanthii are more
common. Because of large year to year fluctuations,
it is difficult to conclude if P. xanthii occupied a
new and most northern habitats. Perennation of
CPMs, as a biotrophic plant pathogens, is deter-
mined largely by their survival between growing
seasons. Within a species, the mode of perenna-
tion largely depends on the climate (JARVIS et al.
2002). In the conditions of the Czech Republic, it
is not possible to consider overwintering of CPMs
by perennating mycelium. Cleistothecia could be
crucial for overwintering, though their role in this
process is still controversial (JARVIS et al. 2002).
Occurrence of cleistothecia of P. xanthii in the
studied territory is extremely rare (e.g. KRESTKOVA
et al. 2009), so we expect that P. xanthii is not
permanently present in the Czech Republic. As
a primary source of these population changes
could be considered long-distance dispersal of
conidia by wind (AusT & HOYNINGEN-HUENE
1986) from southern areas of Europe where P.
xanthii is the most common species, or crops
cultivated in greenhouses in certain locations in
Bohemia and Moravia (KRisSTKOVA et al. 2009).
In the seasonal periodicity of powdery mildews
the wind speed is an important factor, as it acts
together with temperature and humidity to deter-
mine the leaf microclimate and transport patterns
(ScHNATHORT 1965). Complex of all these factors
will be analyzed in our following studies.

References

AusT H.J.,, HOYNINGEN-HUENE J.V. (1986): Microclimate
in relation to epidemics of powdery mildew. Annual
Review of Phytopathology, 24: 491-510.

BAarRDIN M., NicoT P.C., NORMAND P., LEMAIRE ].M.
(1997): Virulence variation and DNA polymorphism in
Sphaerotheca fuliginea, causal agent of powdery mildew
of cucurbits. European Journal of Plant Pathology, 103:
545-554.

BARDIN M., CARLIER J., NicoT P.C. (1999): Genetic differ-
entiation in the French population of Erysiphe cichora-
cearum, a causal agent of powdery mildew of cucurbits.
Plant Pathology, 48: 531-540.

BasHIE., AusT H.J. (1980): Quality of spores produced in
cucumber powdery mildew compensates for their quan-
tity. Zeitschrift fiir Pflanzenkrankheiten und Pflanzen-
schutz, 87(10/11): 594-599.

545



Vol. 45, 2009, Special Issue: S41-S47

Plant Protect. Sci.

BrAUN U. (1995): The Powdery Mildews (Erysiphales) of
Europe. Gustav Fischer, Jena.

CHMI (2009): Databdze ¢asovych fad meteorologickych
prvki 1979-2008. Archiv CHMU Praha.

GARRETT K.A,, DENDY S.P, FRANK E.E., ROUSE M.N,,
TRAVERS S.E. (2006): Climate change effects on plant
disease: Genomes to ecosystems. Annual Review of
Phytopathology, 44: 489-509.

HirATA K. (1966): Host range and geographical distri-
bution of the powdery mildews. [PhD. Thesis.] Niigata
University, Japan.

HorromoN D.W., WHEELER L.E. (2002): Controlling
powdery mildews with chemistry. In: BELANGER R.R,,
BusHNELL W.R., Dik A.]., CARVER T.L.W. (eds): The
Powdery Mildews. A Comprehensive Treatise. APS
Press, St. Paul: 249-255.

JAHN M., MUNGER H.M., MCCREIGHT J.D. (2002): Bree-
ding cucurbit crops for powdery mildew resistance. In:
BELANGER R.R., BuUSHNELL W.R., Dik A.]., CARVER
T.L.W. (eds): The Powdery Mildews. A Comprehensive
Treatise. APS Press, St. Paul: 239-248.

JArRvVis W.R., GUBLER W.D., GROVE G.G. (2002): Epide-
miology of powdery mildews in agricultural pathosys-
tems. In: BELANGER R.R., BUSHNELL W.R., DIk A.].,
CARVER T.L.W. (eds): The Powdery Mildews. A Com-
prehensive Treatise. APS Press, St. Paul: 169-199.

KrisTKOVA E., LEBEDA A., SEDLAKOVA B. (2009): Spe-
cies spectra, distribution and host range of cucurbit
powdery mildew in the Czech Republic, and in some
other European and Middle Eastern countries. Phy-
toparasitica, 37: 337-350.

LEBEDA A. (1983): The genera and species spectrum of
cucumber powdery mildew in Czechoslovakia. Phyto-
pathologische Zeitschrift, 108: 71-79.

LEBEDA A., SEDLAKOVA B. (2004): Disease impact and
pathogenicity variation in Czech populations of cucur-
bit powdery mildews. In: LEBEDA A., PARrIs H.S. (eds):
Progress in Cucurbit Genetics and Breeding Research.
Proceedings of Cucurbitaceae 2004, 8" EUCARPIA
Meeting on Cucurbit Genetics and Breeding. Palacky
University in Olomouc, Olomouc: 281-287.

LEBEDA A., SEDLAKOVA B. (2006): Identification and
survey of cucurbit powdery mildew races in Czech
populations. In: HoLMEs G.J. (ed.): Proceedings of
Cucurbitaceae 2006. Universal Press, Raleigh, North
Carolina: 444-452.

LEBEDA A., WIDRLECHNER M.P, STAUB J., EZURA H., ZA-
LAPA J., KRisTKOVA E. (2007): Cucurbits (Cucurbitaceae;
Cucumis spp., Cucurbita spp., Citrullus spp.), Chapter 8.
In: SINGH R. (ed.): Genetic Resources, Chromosome
Engineering, and Crop Improvement Series, Volume 3
— Vegetable Crops. CRC Press, Boca Raton: 271-376.

S46

LEBEDA A., KRISTKOVA E., SEDLAKOVA B., MCCREIGHT
]J.D., Correy M.D. (2008): New concept for determi-
nation and denomination of pathotypes and races of
cucurbit powdery mildew. In: PITRAT M. (ed.): Cucur-
bitaceae 2008. Proceedings of the IX" EUCARPIA
Meeting on Genetics and Breeding of Cucurbitaceae.
INRA, Avignon: 125-134.

MCcCREIGHT J.D. (2006): Melon — powdery mildew
interactions reveal variation in melon cultigens and
Podosphaera xanthii races 1 and 2. Journal of the Ame-
rican Society for Horticultural Science, 131: 59-65.

McGRATH M.T. (1996): Increased resistance to triadime-
fon and to benomyl in Sphaerotheca fuliginea popula-
tions following fungicide usage over one season. Plant
Disease, 80: 633-639.

McGRATH M.T., THoMAS C.E. (1997): Powdery mildew.
In: ZiTTER T.A., Horkins D.L., THoMmAs C.E. (eds):
Compendium of Cucurbit Diseases. APS Press, St.
Paul: 28-30.

NaAGgy G.S. (1976): Studies on powdery mildews of
cucurbits II. Life cycle and epidemiology of Erysiphe
cichoracearum and Sphaerotheca fuliginea. Acta Phy-
topathologica Academiae Scientiarum Hungaricae,
11: 205-210.

PiTRAT M., DOGIMONT C., BARDIN M. (1998): Resistance
to fungal diseases of foliage in melon. In: MCCREIGHT
M.C. (ed.): Cucurbitaceae 98. Evaluation and En-
hancement of Cucurbit Crops. ASHS Press, Alexan-
dria: 167-173.

RATNA HADI B.A. (2005): Interactions between two
powdery mildew pathogens (Podosphaera xanthii &
Golovinomyces orontii) on cucumber. [MSc. Arbeit.]
Institut fur Pflanzenkrankenheiten und Pflanzen-
schutz, Leibnitz-Universitiat Hannover.

RATNA HaDI B.A., WicHURA A., Hau B. (2005): Effect
of temperature on latent period and colony growth
rate of the two cucurbit powdery mildew pathogens,
Podosphaera xanthii and Golovinomyces orontii. [Pos-
ter.] In: 2005™ Annual Meeting of the DPG Working
Group Mycology, October 23-26, 2005, Darmstadt/
Seeheim, Germany.

REUVENI R., ROTEM J. (1974): Effect of humidity on
epidemiological patterns of the powdery mildew
(Sphaerotheca fuliginea) on squash. Phytoparasitica,
2:25-33.

ScHNATHORT W.C. (1965): Environmental relationships
in the powdery mildews. Annual Review of Phytopa-
thology, 3: 343-366.

SEDLAKOVA B., LEBEDA A. (2004): Variation in sensi-
tivity to fungicides in Czech populations of cucurbit
powdery mildews. In: LEBEDA A., PARIs H.S. (eds):
Progress in Cucurbit Genetics and Breeding Research.

Climate change and plant pathogens, pests and weeds



Plant Protect. Sci.

Vol. 45, 2009, Special Issue: S41-547

Proceedings of Cucurbitaceae 2004, 8" EUCARPIA
Meeting on Cucurbit Genetics and Breeding. Palacky
University in Olomouc, Olomouc: 289-294.

SHISHKOFF N. (2000): The name of the cucurbit powdery
mildew: Podosphaera (sect. Sphaerotheca) xanthii
(Castag.) U. Braun & N. Shish. comb. nov. (Abstr.).
Phytopathology, 90: S133.

SITTERLY R.W. (1978): Powdery mildews of cucurbits. In:
SPENCER D.M. (ed.): The Powdery Mildews. Academic
Press, London: 359-379.

ToLasz R. (ed.) (2007): Atlas podnebi Ceska. CHMU,
Univerzita Palackého v Olomouci, Praha-Olomouc.
VAKALOUNAKIS D.J., KLIRoNoMOU E. (2001): Taxonomy
of Golovinomyces on cucurbits. Mycotaxon, LXXX:

489-491.

WEeLTZIEN H.C. (1978): Geographical distribution of
powdery mildews. In: SPENCER D.M. (ed.): The Pow-
dery Mildews. Academic Press, London: 39—-49.

WicHURA A. (2007): Entwicklung einer PCR basierten
Methode zur Quantifizierung der Erreger des Echten
Gurkenmehltaus, Podosphaera xanthii und Golovi-
nomyces orontii, in Mischinfektionen. [Ph.D. Arbeit.]
Naturwissenschaftlichen Fakultit, Leibnitz-Univer-
sitait Hannover.

Yarwoobp C.E. (1957): Powdery mildews. Botanical
Review, 23: 235-301.

ZrocHoVa K. (1990): Fytopatogénne mikromycéty ¢elade
Erysiphaceae parazitujice na hostitelskych rastlindch
¢elade Cucurbitaceae na izemi Slovenska. [Autoreport
of Ph.D. Thesis.] Slovenska akadémia vied, Bratislava.

Corresponding author:

Prof. Ing. ALES LEBEDA, DrSc., Univerzita Palackého v Olomouci, Pfirodovédecka fakulta, katedra botaniky,

783 71 Olomouc-Holice, Ceské republika
tel.: + 420 585 634 800, e-mail: ales.lebeda@upol.cz

Climate change and plant pathogens, pests and weeds

S47



