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Abstract

SEDLAROVA M., TROJANOVA Z., LEBEDA A. (2013): Distribution and harmfulness of Plasmopara halstedii on
sunflower in the Czech Republic. Plant Protect. Sci., 49: 1-10.

In 2007-2012 the first detailed study of P. halstedii distribution and severity was performed in the Czech Re-
public by monitoring altogether 128 localities. Incidence of the pathogen was recorded at seven localities in
south-eastern (Central and South Moravia) and central parts (East and Central Bohemia) of the country; at only
four localities the occurrence of sunflower downy mildew symptoms and pathogen sporulation were recorded
repeatedly. In all cases the primary infection prevailed, and the severity of infections was rather low. The major-
ity of records were for sunflower experimental fields (e.g. fields of Central Institute for Supervising and Testing
in Agriculture. Brno-Chrlice, Czech Republic), one record came from a commercial field and one record from a
hobby field. Results of surveys indicate that reservoirs of primary inoculum likely exist in the soil contaminated
by P. halstedii oospores in these habitats, but additional transfer by infected seed may be possible. Historical
and geographical consequences of recorded infections are discussed, as well as virulence variation in the Czech
pathogen populations which is currently in the process of investigation.

Keywords: sunflower downy mildew; Helianthus annuus; disease incidence; disease severity; pathogen population;
quarantine disease

Sunflower downy mildew represents an eco-
nomically important disease reducing the crop
yield in all sunflower growing areas worldwide
(GuLyA 2007). The disease with typical symptoms,
including damping off, dwarfing or retardation of
flowering in systemically infected plants or local
chlorotic spots on plants with secondary infection,
is caused by the biotrophic oomycete Plasmopara
halstedii (Farl.) Berl. et de Toni 1888 (originally
described as Peronospora halstedii Farlow in 1882).

Sunflower is native to Central America and ar-
chaeobotanists showed that the crop was domes-
ticated in the east-central United States (HEISER
2008). Although an additional domestication event

in the north of Mexico was discussed, it has not
been sufficiently proved by molecular and other
data (LENTZ et al. 2008 and responding articles
in PNAS). According to previous knowledge the
centre of P. halstedii origin was placed to North
America (SAcksTON 1981). Probably the patho-
gen was later spread in a plant material to other
continents, excluding Australia and Antarctica
(GuLYA 2007). P. halstedii as the causal agent
of sunflower downy mildew was first described
in the USA in 1888 (SINDELKOVA et al. 2008).
The first appearance of the disease in Europe
was recorded in Russia in the 1960s (DELMOTTE
et al. 2008). Later it expanded from Russia to the
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Balkan Peninsula (Bulgaria, Greece, and Turkey)
and consequently to many other European coun-
tries (e.g. Hungary, Italy, France, Spain, Germany,
and the Czechoslovakia) (VIRANYI 2002). Inten-
sive agriculture combined with suitable weather
led to local epidemics of the disease throughout
Europe in the second half of the 20" century.
Since 1977 the spread of the disease has become
serious enough to claim P. halstedii a dangerous
harmful organism and threat to sunflower produc-
ers in Europe. Since 1992 P. halstedii has been a
subject of quarantine regulation in the European
Union (DELMOTTE et al. 2008). The paradigm
that economically and epidemiologically relevant
sunflower downy mildew incidences are derived
from the only soil infections has been questioned
(SPRING 2009). Recently, a high potential for tran-
sition from local to systemic infection was found
in field experiments with ornamental sunflower
in Germany. These infections play a key role in
the production of contaminated seeds carrying
the pathogen into the next season (SPRING 2009).
While the local transfer of the disease is promoted
by wind-borne sporangia or contaminated soil, its
distinct transfer or introduction into new conti-
nents was probably enabled by seed containing
the P. halstedii mycelium (VIRANYI & SPRING
2011). The way of disease transfer by seed has
been broadly discussed (DOKEN 1989).

The first occurrence of P. halstedii within the
area of the former Czechoslovakia was reported
in the 1950s by BojNANSKY (1956, 1957) mainly
from South Moravia and South Slovakia. Sun-
flower downy mildew was later found in experi-
mental fields of Mendel University in Brno in
1999 (VEVERKA & KRiZKOVA-KUDLIKOVA 2006).
Since then only several observations of sunflower
downy mildew were made and the distribution of
the disease in the Czech Republic is considered
to be rare (KokeS & MULLER 2004). This is also
supported by the monitoring of harmful organ-
isms done by State Phytosanitary Administration
which proved the incidence of P. halstedii in the
Czech Republic yearly since 2000, except for
2004 (State Phytosanitary Administration 2012).
During the above-mentioned period P. halstedii
was detected on eight localities in South Moravia
(TESAROVA et al. 2010a,b; State Phytosanitary Ad-
ministration 2012), two localities in East Bohemia
(State Phytosanitary Administration 2012) and
one locality in West Moravia in 2011 (F1ALOVA
& CecH 2011).

Sunflower downy mildew has not been implicated
in the main economic losses of sunflower yield in
the Czech Republic while the most serious diseases
include white mould caused by Sclerotinia sclero-
tiorum (Lib.) de Bary and grey mould caused by
Botrytis cinerea Pers. that deteriorate the quality
of the crop (KupLikovA & VEVERKA 1999). Since
2002 the sunflower downy mildew has been regis-
tered as quarantine disease in the Czech Republic
and its occurrence has been monitored by State
Phytosanitary Administration. Only resistance-
certified and pathogen-free seed is allowed to be
grown in the Czech Republic, and adherence to
phytosanitary as well as agronomical practice is
required (SINDELKOVA et al. 2008).

Distribution of sunflower downy mildew and its
race spectrum in the local pathogen populations
have been intensively studied in several countries
in Europe, such as Bulgaria (SHINDROVA 2010),
Spain (MOLINERO-RUIZ et al. 2002), France (SAKR
2009), Germany (RozZYNEK & SPRING 2000), Hun-
gary (VIRANYI & GuULYA 1995), and Italy (Tos1 &
BEccARI 2007). However, no detailed information
has been available for the Czech Republic. Although
sunflower is not cultivated in the CR as extensively
as in South-European countries and downy mildew
is not the main threat to the crop, the position of
this country in the Central European region creates
conditions for the disease spread. Thus detailed and
reliable information about the pathogen distribu-
tion in the Czech Republic was required.

The major objective of this paper is to present
data from six-year systematic observations of the
distribution and disease severity of P. halstedii on
sunflowers grown in various areas and habitats
within the Czech Republic.

MATERIAL AND METHODS

The occurrence of Plasmopara halstedii (Farl.)
Berl. et de Toni 1888 was surveyed in the period
of May—October in 2007-2011 and May—]July in
2012 all over the Czech Republic with the main
focus on the region of Central and South Mora-
via, the south-eastern part of the country, where
sunflower (Helianthus annuus L.) is grown the
most frequently, and on the region of East and
Central Bohemia (Figure 1). At some localities
the monitoring was repeated annually in order to
determine changes in the incidence of the infec-
tion. Several characteristics were recorded at each
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Figure 1. Map of sunflower localities monitored in the Czech Republic during 2007-2012 (squares) with records of

Plasmopara halstedii infections (marked by asterisks)

Regions in the Czech Republic: MSK — Moravskoslezsky Region, ZLK — Zlinsky Region, OLK —

Jihomoravsky Region, HKK —

Olomoucky Region, JHM —

Kralovéhradecky Region, PAK — Pardubicky Region, VYS — Vysocina Region, LBK — Liberecky

Region, STC — Stiedocesky Region, PHA — Hlavni mésto Praha Region, JHC — Jihocesky Region, ULK — Ustecky Region, KVK

— Karlovarsky Region, PLK — Plzersky Region

locality (date of observation, geographical location,
type of habitat, approximate size of sunflower
cultivar population/field, developmental stage of
plants, and sunflower genotype/hybrid if known)
(Table 1). Disease intensity (DI) in the popula-
tion of sunflower cultivars was estimated using
0—4 scale, i.e. 0 — no plants with visible symptoms
of disease in the host population; 1 — only plants
with secondary infection or individual plants with
systemic infection (less than 5% of plants in the
host population); 2 — ca. 5-25% plants in the host
population with systemic infection; 3 — ca. 25-50%
systemically infected plants in the host popula-
tion; 4 — more than 50% of the host population
shows symptoms of systemic infection. In gardens
and small fields the whole crop was surveyed for
P, halstedii occurrence, in large fields the crop was
surveyed by random transects across the field,
including its margins.

RESULTS

The health status of 228 populations of sunflower
cultivars grown at various types of habitats (fields,

gardens, front gardens, road and field margins
and others) was monitored altogether in 128 lo-
calities all over the Czech Republic in 2007-2012
(Table 1). All surveyed localities and highlighted
localities with confirmed P. halstedii records dur-
ing 2007-2012 are summarised in Figure 1. The
majority of the populations of sunflower cultivars
was observed in gardens (135) and in fields (47)
(for details see Table 2). Most of the sunflower
habitats were localised in South Moravia (eastern
part of the Czech Republic) and in the eastern and
central part of Bohemia (Figure 1). All these areas of
the Czech Republic are mostly lowland territories
with advanced agriculture and rather warm climate
conditions suitable for sunflower growing.
During the six-year period (2007-2012) the
presence of P. halstedii was confirmed at seven
localities (i.e. Olomouc-Holice, Brno-Chrlice,
Lednice, Podivin, Krométiz, Céslav, and Ledce),
where host plants (H. annuus) with downy mil-
dew systemic infection, mostly with the pathogen
sporulation, were found (Table 1). Plants with
secondary infection symptoms were reported
from Olomouc every year and from Brno-Chrlice
and Lednice only in 2010. Repeated occurrence
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Table 1. List of localities in the Czech Republic surveyed for Plasmopara halstedii and assessed for disease severity
in 2007-2012

No. of Cultivar Occur- DI in particular year
Locality name cultivar Habitat  population/ rence N ® 3 =] ) !
populations field size of Ph. & IS IS I I IS

Moravskoslezsky Region (MSK)

Frenstét pod Radho$tém 1 G 10 plants - 0 n.r. n.r. n.r. n.r. n.r.
Hodslavice 1 G 12 plants - 0 n.r. n.r. nr.  nr n.r.
Mortkov 1 G 8 plants - 0 n.r. n.r. n.r. n.r. n.r.
Novy Ji¢in-Kojetin 2 G 20 plants - 0 n.r. n.r. 0 n.r. n.r.
Novy Ji¢in-Zilina 1 G 5 plants - 0 nr. oL nr. N n.r.
Stitina 1 G 10 plants - 0 n.r. n.r. n.r. n.r. n.r.
Trojanovice 1 G 8 plants - 0 n.r. n.r. n.r. n.r. n.r.
Zivotice u Nového Ji¢ina 1 G 2 plants - 0 nr. nr.  nr. N n.r.
Zlinsky Region (ZLK)

Babice 1 RM 4 plants - n.r. n.r. 0 n.r. n.r. n.r.
Bilovice 1 G 10 plants - 0 n.r. n.r. n.r. n.r. n.r.
Huslenky 2 G 20 plants - 0 nr.  Inr 0 n.r. n.r.
Huslenky 4 FM 15 plants - n.r. 0 0 0 0 n.r.
Kromeériz 2 EF 0.2 ha + n.r. 1 0 nr. n.r nr.
Kunovice 1 G 10 plants - n.r. n.r. n.r. n.r. 0 n.r.
Kvasice 1 G 2 plants - n.r. n.r. n.r. n.r. 0 0
Martinice 1 F 50-60 ha - n.r. n.r. 0 n.r. n.r. n.r.
Ostrozska Nova Ves 1 F 25 ha - n.r. n.r. n.r. 0 n.r. n.r.
Ostrozskd Novd Ves 1 G 10 plants - n.r. n.r. n.r. n.r. 0 n.r.
Spytihnév 1 F 25 ha - nr. nr N 0 n.r. n.r.
Valasské Mezifici 5 G 10 plants - 0 0 0 0 0 n.r.
Olomoucky Region (OLK)

Bystrocice 2 RM 5 plants - 0 0 n.r. nr.  Inr n.r.
Charvaty 3 G 10 plants - 0 n.r. 0 0 n.r. n.r.
Drahanovice 1 F 20 ha - 0 n.r. n.r. n.r. n.r. n.r.
Drahanovice 2 G 10 plants - 0 0 n.r. n.r. N.r. n.r.
Drahany 2 G 10 plants - 0 n.r. 0 nr.  Inr n.r.
Mostkovice 2 G 4-10 plants - n.r. n.r. 0 n.r. 0 n.r.
Oldfichov 1 G 1 plant - 0 n.r. n.r. n.r. n.r. n.r.
Olomouc-Holice 6 EF 0.5-1ha + 2 2 3 1 2 1
Olomouc-Lazce 2 G 7 plants - 0 n.r. n.r. 0 n.r. n.r.
Olomouc-Nedvézi 1 FM 10 plants - n.r. n.r. 0 n.r. n.r. n.r.
Olomouc-Nedvézi 1 G 50 plants - n.r. n.r. n.r. 0 n.r. n.r.
Olsany u Prostéjova 1 G 7 plants - n.r. 0 nr. nr N n.r.
Plumlov 4 G 1-15 plants - 0 0 0 0 n.r. n.r.
Slatinice 2 G 2-5 plants - 0 0 n.r. n.r. n.r. n.r.
Jihomoravsky Region (JHM)

Blucina 4 FG 10 plants - 0 0 0 n.r. 0
Brno-Chrlice 5 EF 2 ha + n.r. 1 0 2 2 0
Brezina 1 RM 1 plant - n.r. 0 n.r. n.r. n.r. n.r.
Cej¢ 2 FM 10 plants - 0 n.r. n.r. 0 n.r. n.r.
Cejkovice 1 F 50 ha - n.r. 0 n.r. n.r. n.r. 0
Hajany 1 F 50 ha - n.r. n.r. n.r. n.r. 0 n.r.
Hustopece 1 F 50 ha - n.r. n.r. n.r. n.r. 0 n.r.
Jedovnice 2 G 4 plants - 0 n.r. n.r. n.r. 0 n.r.
Kotvrdovice 1 G 10 plants - n.r. 0 n.r. n.r. n.r. n.r.
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Table 1 to be continued

No. of Cultivar Occur- Dl in particular year

Locality name cultivar Habitat population/ rence IS ® a = = N

populations field size of P h. K IS IS IS IS S
Jihomoravsky Region (JHM)
Krtiny 3 G 7-10 plants - n.r. 0 0 0 n.r. n.r.
Lechovice 1 F 10 ha - n.r. n.r. n.r. 0 n.r. n.r.
Lednice 1 FG 7 plants - n.r. 0 n.r. n.r. n.r. n.r.
Lednice 1 F 40 ha - n.r. n.r. 0 n.r. n.r. n.r.
Lednice 3 EF 5 ha + nr. nr. I 3 1 2
Lipovec 3 G 5-10 plants - 0 n.r. 0 0 n.r. n.r.
Moravské Branice 3 G 1-10 plants - 0 0 n.r. 0 n.r. n.r.
Moravsky Krumlov 1 F 0.5 ha - n.r. 0 n.r. n.r. n.r. n.r.
Moravsky Krumlov 1 RM 1 plant - nr. nr.  nr. N 0 n.r.
Moutnice 1 F 4 plants - n.r. n.r. 0 n.r. n.r. n.r.
Nosislav 2 G 20-50 plants - 0 n.r. 0 n.r. n.r. n.r.
Nosislav 2 FG 20 plants - n.r. n.r. n.r. 0 0 n.r.
Ochoz u Brna 3 G 2—4 plants - nr.  Inr 0 0 0 0
Orechov 2 F 80 ha - n.r. 0 n.r. n.r. 0 n.r.
Otechov 2 G 1-10 plants - 0 0 n.r. n.r. n.r. n.r.
Otechov 1 M 5 plants - n.r. n.r. 0 n.r. n.r. n.r.
Podivin 6 F 1-50 ha + 0 0 2 3 2 0
Pohotelice 2 F 15-30 ha - 0 0 n.r. n.r. n.r. n.r.
Ratiskovice 3 G 10 plants - 0 n.r. n.r. 0 0 n.r.
Rybniky 1 F 10 ha - n.r. n.r. n.r. n.r. 0 n.r.
Sedlec 2 F 50 ha - 0 0 n.r. n.r. n.r. n.r.
Silavky 1 F 40 ha - nr.  Inr 0 nr.  Inr n.r.
Starovicky 4 F 0.2-100 ha - 0 0 0 0 n.r. n.r.
Starovicky 2 FG 1-5 plants - 0 nr.  Inr 0 n.r. n.r.
Starovicky 1 G 2 plants - nr. nr. . N 0 n.r.
StrdZnice 1 FG 15 plants - n.r. n.r. 0 n.r. n.r. n.r.
Valtice 1 FG 10 plants - 0 n.r. n.r. n.r. n.r. n.r.
Velké Bilovice 1 FG 4 plants - n.r. n.r. 0 n.r. n.r. n.r.
Velké Némcice 2 M 20-30 plants - n.r. 0 0 n.r. n.r. n.r.
Velké Némcice 4 F 15-250 ha - n.r. 0 0 0 0 n.r.
Véstonice 1 F 50-60 ha - n.r. 0 n.r. n.r. n.r. n.r.
Vnorovy 3 M 30-40 plants - n.r. n.r. 0 0 0 n.r.
Zajeci 1 F 40 ha - n.r. n.r. n.r. 0 n.r. n.r.
Zelesice 1 G 10 plants - n.r. n.r. n.r. 0 n.r. n.r.
Krdlovéhradecky Region (HKK)
Albrechtice nad Orlici 2 G 6—10 plants - n.r. n.r. 0 0 n.r. n.r.
Détenice 1 G 4 plants - n.r. n.r. 0 n.r. n.r. n.r.
Dobruska 1 G 10 plants - 0 n.r. n.r. n.r. n.r. n.r.
Holovousy 3 G 5-10 plants - 0 n.r. 0 n.r. 0 n.r.
Horice 2 G 10 plants - 0 n.r. n.r. 0 n.r. n.r.
Jaromeér 1 G 20 plants - n.r. n.r. n.r. 0 n.r. 0
Ji¢cin-Robousy 2 G 5 plants - 0 nr.  Ir 0 n.r. n.r.
Ledce 3 G 4-15 plants + nr. nr 1 0 0 nr.
Nemyceves 1 FG 10 plants - 0 n.r. n.r. n.r. n.r. n.r.
Ohavec¢ 1 G 1 plant - n.r. n.r. n.r. 0 n.r. n.r.
Opoc¢no 4 G 5-10 plants - 0 n.r. 0 0 0 0
Ostromeér 2 G 5-10 plants - n.r. n.r. n.r. 0 0 n.r.
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Table 1 to be continued

No. of Cultivar Occur- Dl in particular year

Locality name cultivar Habitat  population/ rence N ® 3 =) ) N

populations field size ofPh. & 5] 5] 5 5 5]
Ttebechovice pod Orebem 1 G 2 plants - n.r. n.r. 0 n.r. n.r. n.r.
Velichovky 2 G 3-5 plants - nr.  Inr 0 0 n.r. n.r.
Velky Viestov 2 G 3—4 plants - nr.  Ir 0 0 n.r. n.r.
Vilantice 2 G 2-10 plants - n.r. n.r. 0 0 n.r. n.r.
Zdar nad Orlici 1 G 10 plants - n.r. n.r. n.r. 0 n.r. n.r.
Pardubicky Region (PAK)
Bohunovice 1 G 5 plants - n.r. 0 n.r. n.r. n.r. 0
Chvojenec 1 F 15 ha - n.r. n.r. n.r. 0 n.r. n.r.
Ceské Heimanice 3 G 6—10 plants - n.r. 0 0 n.r. 0 0
Horky 1 G 10 plants - n.r. n.r. n.r. n.r. 0 0
Kosofin 2 G 4 plants - 0 n.r. 0 n.r. n.r. n.r.
Kraliky 1 G 7 plants - 0 nr. nr.  nr. N n.r.
Nedvézi 1 G 50 plants - n.r. n.r. n.r. 0 n.r. n.r.
Sedliste 3 G 10 plants - 0 0 nr.  Inr 0 0
Vysocina Region (VYS)
Velké Mezifici 3 G 5 plants - nr.  Inr 0 0 0 n.r.
Stredocesky Region (STC)
Beroun 1 G 5 plants - 0 n.r. n.r. n.r. n.r. n.r.
Chotanky 1 F 20 ha - nr. 0L nr 0 n.r. n.r.
Caslay 1 EF 0.5 ha + nr. N 1 nr. N nr.
Dlouhopolsko 1 F 20 ha - n.r. n.r. n.r. 0 n.r. n.r.
Kosmonosy 1 F 25 ha - 0 n.r. n.r. n.r. n.r. n.r.
Krchleby 1 G 3 plants - nr. 0L nr 0 n.r. n.r.
Loucen 3 G 5-10 plants - n.r. 0 0 0 n.r. n.r.
Mcely 4 G 2-10 plants - 0 n.r. 0 0 0 0
Mcely 1 F 20 ha - n.r. n.r. n.r. 0 n.r. n.r.
Milovice 1 G 10 plants - n.r. n.r. n.r. 0 n.r. n.r.
Odrepsy 1 F 10 ha - n.r. n.r. n.r. 0 n.r. n.r.
Prodasice 2 F 20 ha - 0 n.r. n.r. 0 n.r. n.r.
Seletice 1 G 10 plants - n.r. n.r. n.r. 0 n.r. n.r.
Velenka 1 F 20 ha - n.r. n.r. n.r. 0 n.r. n.r.
Vlkov pod Oskobrhem 1 F 15 ha - n.r. n.r. n.r. 0 n.r. n.r.
Zavadilka 1 G 2 plants - n.r. n.r. n.r. 0 n.r. n.r.
Hlavni mésto Praha Region (PHA)
Praha-Suchdol 4 G 10 plants - 0 0 0 0 n.r. n.r.
Jihocesky Region (JHC)
Ceské Budgjovice 1 G 5 plants - 0 nr. nr. . N n.r.
Ustecky Region (LK)
Botislav 1 G 15 plants - 0 n.r. n.r. n.r. n.r. n.r.
Pizensky Region (PLK)
Nyfany 3 F 15-40 ha - 0 0 0 n.r.  Inr n.r.

P h. — Plasmopara halstedii; DI — degree of infection (disease severity) of downy mildew in the population of sunflower culti-
vars (for details see Material and Methods); Habitats: EF — experimental field, F — field, FM — field margin, FG — front garden,
G - garden, RM - road margin; Records: + present (in bold), — not present, n.r. — not recorded; DI — degree intensity: 0 — no
plants; 1 — less than 5% of plants; 2 — ca. 5-25% plants with systemic infection; 3 — ca. 25-50% systemically infected plants;

4 — more than 50% with symptoms of systemic infection
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Table 2. Incidence of Plasmopara halstedii in the individual sunflower habitats

Number of records/Number of infections by P. halstedii

Habitat

2007 2008 2009 2010 2011 2012 total
Experimental field 1/1° 3/3 4/2 3/3 3/3 3/2 17/14
Field 8/0 10/0 8/1 15/1 6/1 1/0 48/3
Field margin 1/0 2/0 5/0 3/0 2/0 0/0 13/0
Front garden 5/0 2/0 3/0 2/0 2/0 0/0 14/0
Garden 38/0 15/0 25/1 37/0 20/0 0/0 135/1
Road margin 1/0 2/0 1/0 0/0 1/0 0/0 5/0
Total 54/1 34/3 46/4 60/3 34/4 4/2

3number of sunflower cultivar populations surveyed; ®number of sunflower cultivar populations with detected infection; in

bold — presence of infection

of the systemic disease symptoms and pathogen
reproduction was confirmed at four localities,
i.e. Olomouc-Holice, Brno-Chrlice, Lednice and
Podivin. In the experimental field of the Central
Institute for Supervising and Testing in Agriculture
in Brno-Chrlice the absence of P. halstedii was
recorded in 2009 and 2012, likely due to a shift
of experimental fields used for sunflower testing
and thus leaving the source of the pathogen in-
oculum in soil. It is evident that most records (i.e.
five) of sunflower downy mildew come from the
experimental fields (Olomouc-Holice, Brno-Chr-
lice, Lednice, Krométiz, Caslav) with purposedly

grown susceptible cultivars where the resistance of
newly selected sunflower varieties is tested on soil
with the long-lasting contamination of pathogen
oospores. Only two localities, a garden in Ledce
and small fields with heavy and waterlogged soil
in Podivin, can be supposed to be a natural occur-
rence of P. halstedii. Probably the main reason for
these records is sunflower growing inconsistently
with the recommended agronomical practice. In
a six-year summary, the frequency of P. halstedii
incidence was the highest in experimental fields
(87%) and very low in commercial fields (4%) and
in private gardens (1%).

Figure 2. Symptoms of sunflower downy mildew include primary infections with A — plant dwarfing upon systemic
infection, B — damping off young plants, C — failure of flowering, D — chlorosis on the adaxial side, and E — sporulation
on the abaxial side of a leaf; or secondary infections characterised by F — local lesions on leaves bounded by veins
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Disease severity expressed as degree of infec-
tion (DI) assessed in populations of sunflower
cultivars on sites with the presence of P. halstedii
ranged from 1 to 3 (on a 0—4 scale). Sunflower
fields in Caslav, Kroméiiz, and Ledce were in-
fected weakly (DI = 1), the other populations of
sunflower cultivars were mostly infected mod-
erately: in Podivin (DI = 2 in 2009 and 2011, or
3in 2010), Lednice (DI = 1 in 2011 and 2012, or
3 in 2010), Brno-Chrlice (DI = 0 in 2009, 1 in
2008, or 2in 2010-11), and Olomouc-Holice (DI =
1in 2010 and 2012, 2 in 2007-2008 and 2011,
or 3 in 2009) (for details see Table 1). Changes
in the degree of infection may be attributed to
variation of microclimate conditions, the level
of soil contamination with pathogen oospores
and genotypes of host plants. However, the va-
riety composition of sunflower fields remained
unknown in most of the localities. The observed
symptoms of downy mildew primary infection
included plant dwarfism (Figure 2A), seedling
damping off (Figure 2B), retarded flowering (Fig-
ure 2C), deformations of the leaf blade combined
with chlorotic lesions along veins on the adaxial
side (Figure 2D) and frequent sporulation on the
abaxial (downy) side of leaves (Figure 2E). Lesions
on leaves bounded by veins (Figure 2F) indicated
secondary infection. Altogether, 57 field samples
of the pathogen sporulating on host plant leaves
and/or stems were collected in 2007-2012 and
will be used for detection of pathogen races.

DISCUSSION

According to data published by EPPO the downy
mildew caused by P. halstedii has recently been
present in the following European countries: Al-
bania, Austria, Bulgaria, Czech Republic, Estonia,
France, Germany, Greece (reported by THANAS-
SOULOPOULOS & MAPPAS 1992), Hungary, Italy,
Moldova, Romania, Slovakia, Spain, Switzerland,
Turkey, Russia, and Ukraine. Within North Amer-
ica it is distributed in Canada, United States of
America, and within South America in Argentina,
Brazil, Chile, Dominican Republic, Paraguay, and
Uruguay. Within Asia the pathogen was detected
in China, Georgia, India, Iran, Iraq, Israel, Japan,
Kazakhstan, and Pakistan. In the African continent
P halstedii was reported from Egypt, Ethiopia,
Morocco, Kenya, and South Africa (reported by
VILJOEN et al. 1997), Uganda, and Zimbabwe.

It is evident that the global pathogenic variability
of P. halstedii has been increasing (GuLya 2007).
New hybrid cultivars evoke selection pressure
which results in the emergence of new physiologi-
cal races (e.g. in France, Germany, and Italy) with
different virulence patterns (SAKR 2009; VIRANYI
& SPRING 2011). Phytosanitary practices are un-
dertaken to prevent or at least reduce their spread
to other countries. However, continuous and sys-
tematic monitoring of the pathogen occurrence
is necessary to take appropriate preventive steps.

Our recent study has brought the first compre-
hensive data on P. halstedii incidence in the Czech
Republic. It was confirmed to occur only at separate
locations and mostly in sunflower experimental
fields, like those of the Central Institute for Super-
vising and Testing in Agriculture (Brno-Chrlice,
Caslav, Lednice), Agricultural Research Institute
in Kromériz (Kromériz) and Palacky University in
Olomouc (Olomouc-Holice). Soils in these locations
might be proposedly infested in the past or accidental
incidence of P. halstedii was maintained to test new
sunflower cultivars for resistance against P halstedii
and other diseases. Unfortunately, the source of soil
contamination remains unknown. Any incidence of
P halstedii was detected in commercial fields unless
recommended agronomical practice was omitted
(i.e. in Podivin where sunflower is grown yearly on
heavy and water-soaked soil). The occurrence of
primary infections in commercial or hobby fields
probably comes from infected sunflower seed that
established P, halstedii in the locality some time ago.
Repeated planting of seed susceptible to P. halstedii
or inefficient fungicides might contribute to disease
incidence. Wind-borne infections are not probable
as P. halstedii is still confined to solitary and remote
localities in the CR. Monitoring of harmful organisms
by State Phytosanitary Administration (SPA) of the
Czech Republic detected several localities mostly in
South Moravia and East Bohemia (State Phytosanitary
Administration 2012). Unfortunately, the records of
sunflower downy mildew by SPA do not contain any
information on the cultivar composition. We faced
a similar task during our research and only limited
information on cultivar sets was determined dur-
ing the survey. Nevertheless, P. halstedii recorded
in experimental fields of the Central Institute for
Supervising and Testing in Agriculture revealed
H. annuus cultivars lacking genes of downy mildew
resistance (Labud, Oxana, Pilar and PR63A82) and
cv. NK Brio bearing resistance to P. halstedii races
100, 703, 710 (ANoNYMOUS 2005, 2011).
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The most frequent incidence of P. halstedii found
in South Moravia in our survey is in agreement with
historical records of BOJNANSKY (1956, 1957). It is
evident from SPA annual reports that P. halstedii
occurs scarcely also at a few more localities in the
Czech Republic probably not included herein. Ac-
cording to our knowledge and presented results it
can be assumed that preventative measures against
sunflower downy mildew are effective in case that
the pathogen occurrence has not been found on an
epidemic scale in the Czech Republic. The detailed
research focused on pathogenic variability in Czech
populations of P. halstedii is in progress.
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