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The aim of this mini-review is to compile the first comprehensive list of alien invasive
pathogens of forest woody plants in the area of the Czech Republic that is comparable with the
European datasets. The presented overview is based on the paper previously published in Forest
Protection Reporter (17/2013; in Czech) and later updated. The list has been compiled to at least
partially fill the great gap in this field in the Czech mycological dendropathology. Surely, the list is
incomplete and it would require the great additions and specifications. However we hope that it is
well usable in confrontation with published comparative European data subsets of alien invasives
(Desprez-Loustau et al. 2010; Santini et al. 2013).

The potential presence of pathogens mentioned in both subsets was briefly verified in basic
Czech phytopathological literature, in Mycological Herbarium of National Museum (PRM) and our
database and herbarium (RILOG). The unquestionable or reliable positive findings were entered and,
if available, the first findings of particular pathogens were identified.

In total, the presence of 90 alien fungal and fungal-like taxa of forest pathogens was
identified. The invasion status and distribution of 52 alien invasives found in the area and mentioned
in Santini et al. (2013) was also described (Table 1). The outcomes show that the Czech Republic
belongs among the most invaded European countries. The cumulative graph of alien species in the
area is based on the 43 taxa with reliable documented first findings placeable in a decade (Fig. 1).
The curve of number of alien invasives is of similar course as those published for European dataset
(Desprez-Loustau 2009). However, the most recent increase in the introduction rate has been
identified since 2000 (in the decade of admitting the country to the EU) and, likely, it is delayed
about 2 or 3 decades in comparison with published European data (Desprez-Loustau 2009; Santini et
al. 2013). Likely, the delay of the introductions increase could be caused at least partially by the
former economic isolation of the country.

Among the other alien or invasive fungal taxa distributed in the area belong following
species:  Aglaospora  profusa, Annulohypoxylon cohaerens, Apiognomonia errabunda,
Botryosphaeria dothidea, Cristulariella depraedeans, Cryptocline taxicola, Cryptodiaporthe
castanea, Erysiphe palczewskii, Glomerella miyabeana, Gremmeniella abietina, Guignardia
philoprina, Chrysomyxa abietis, Lachnellula wilkomii, Leucostoma kunzei, Lophodermium piceae,
Melampsora larici-populina, Melanconis modonia, M. oblongum, Meria laricis, Monilinia
fructicola, Neonectria galligena, Phacidium coniferarum, P. infestans, Phloeospora robiniae,
Phytophthora palmivora, P. parasitica, P. polonica, Pycnostysanus azaleae, Rhizosphaera kalkhofii,
Rhytisma acerinum, Sawadaea tulasnei, Sphaeropsis pinea, Splanchnonema platani, Strasseria
geniculata, Taphrina deformans, T. pruni, Venturia populina, V. saliciperda a Verticillium dahliae.
Many other are probably distributed but still not reported — for instance Phomopsis juniperivora,
Kabatina juniperi, or many mildews.



Table 1. Overview of alien invasive pathogens of forest trees in the Czech Republic. There is the name of the
pathogen in the table, supposed year of the introduction, source of information, species status in Europe,
evaluation of distribution and supposed invasion stage in the Czech Republic (terminology according to DAISIE
and Santini et al. 2013). Year of introduction: the reliable exact information is in bold, information in parentheses
are identifications on imported plants or to a certain extent doubtful information, the date with arrow indicates
the probably earlier but not reliably documented presence of the pathogen before the mentioned year. PRM:
specimen in Mycological Herbarium of the National Museum in Prague.

Year of distribut'ion Inv:«fsion statU§ .
Taxon introduction | S°urce status (according (according to Santini et
to DAISIE) al. 2013)
1 | Apiognomonia veneta (Sacc. & Speg.) Hohn. (1920) 1906 PRM alien abundant naturalised
2 | Blumeriella jaapii (Rehm) Arx (1961) 1873 PRM alien common naturalised
3 | Ceratocystis laricicola Redfern & Minter (1987) 2006 Novotny 2010 cryptogenic | single record spreading?
4 | Cronartium ribicola J.C. Fisch. (1872) 1896 PRM alien common naturalised
5 | Cryphonectria parasitica (Murrill) M.E. Barr (1978) 2002 Jankovsky et al. 2004 alien rare eradicated
6 Cryptolstroma corticale (Ellis & Everh.) Greg. & Waller (1951) 2005 Koukol et al. 2015 alien rare spreading?
7 | Cylindrocladium buxicola Henricot (2002) 2010 Safrankova et al. 2012 cryptogenic | single record spreading?
8 | Diaporthe oncostoma (Duby) Fuckel (1870) 1912 PRM cryptogenic common naturalised
9 | Didymascella thujina (E.J. Durand) Maire (1927) «—2000 DAISIE alien common? naturalised
10 | Drepanopeziza punctiformis Gremmen (1965) «2000, 2003 | Jancafik 2003 alien common? naturalised
11 | Entoleuca mammata (Wahlenb.) J.D. Rogers & Y.M. Ju (1996) «2000, 2003 | Jancafik 2003 alien rare naturalised
12 | Erysiphe alphitoides (Griffon & Maubl.) U. Braun & S. Takam. (2000) 1907 Cejp et Skalicky 1954 cryptogenic abundant naturalised
13 | Erysiphe arcuata U. Braun, V.P. Heluta & S. Takam. (2006) 2000, 2004 | Palovcikova et al. 2007 alien common? naturalised?
14 | Erysiphe azaleae (U. Braun) U. Braun & S. Takam. (2000) <2000, 2003 | Lebeda et al. 2007 alien common? naturalised
15 | Erysiphe flexuosa (Peck) U. Braun & S. Takam. (2000) 2007 Palov¢ikova et al. 2007 alien common? naturalised
16 | Erysiphe hypophylla (Nevod.) U. Braun & Cunningt. (2003) 2011 Michalek 2012 cryptogenic common? naturalised?
17 | Erysiphe syringae Schwein. (1834) <2000, 2004 | Palov¢ikova et al. 2007 alien common? naturalised
18 f;);(\;ifnffe(zvggg)runﬁana var. sambuci-racemosae (U. Braun) U. Braun & S. 2005 Palov¢ikova et al. 2007 alien common? naturalised
19 | Eutypella parasitica R.W. Davidson & R.C. Lorenz (1938) «—2010,2015 | RILOG alien rare eradicated?
20 | Glomerella acutata Guerber & J.C. Correll (2001) 2005 Sindelkova et Sirugkova 2006, Novotny et al. 2007 | cryptogenic local? spreading?
21 | Glomerella cingulata (Stoneman) Spauld. & H. Schrenk (1903) «2000, 2002 | RILOG alien common naturalised
22 | Gnomonia leptostyla (Fr.) Ces. & De Not. (1863) <1900, 1900 | PRM alien abundant naturalised
23 | Guignardia aesculi (Peck) V.B. Stewart (1916) 1873 PRM alien abundant naturalised
24 | Hymenoscyphus fraxineus (T. Kowalski) Baral, Queloz & Hosoya, 2014 2007 Jankovsky et al. 2007 cryptogenic abundant naturalised
25 | Kabatina thujae R. Schneid. & Arx (1966) <2000, 2003 | State Phytosanitary, RILOG alien common? naturalised
26 | Melampsoridium hiratsukanum S. Ito ex Hirats. (1927) 2001 Mdller 2003 alien abundant naturalised
27 | Mycosphaerella dearnessii M.E. Barr (1972) (2000), 2007 | (Siruckova 2006), Jankovsky et al. 2009 alien rare introduced
28 | Mycosphaerella pini Rostr. (1957) (1999), 2000 | (Siruckova 2006), Jankovsky et al. 2000 alien local spreading
29 | Ophiostoma novo-ulmi hybrids (novo-ulmi x americana) 2007 Dvorak et al. 2007 hybride local spreading?
30 | Ophiostoma novo-ulmi subsp. americana Brasier & S.A. Kirk (2001) <2000, 2007 | Dvorak et al. 2007 alien common naturalised
31 | Ophiostoma novo-ulmi subsp. novo-ulmi Brasier & S.A. Kirk (2001) 1963, 2007 (Cerny 1976), Dvorak et al. 2007 alien abundant naturalised
32 | Ophiostoma ulmi (Buisman) Nannf. (1934) 1932 Cerny 1976 alien rare? naturalised
33 | Pestalotiopsis guepinii (Desm.) Steyaert (1949) 1873 PRM cryptogenic local? naturalised
34 | Phaeocryptopus gaeumanni (T. Rohde) Petr. (1938) <2000, 2002 | Peskova 2003, DAISIE alien local? naturalised
35 | Phloeospora robiniae (Lib.) Hohn. (1905) 1853-56 PRM alien abundant naturalised
36 | Phytophthora xalni (Brasier & S.A. Kirk) Husson, loos & Margais 2003 Cerny et Strnadova 2010 hybride abundant naturalised
37 | Phytophthora cactorum (Lebert & Cohn) J. Schrét. (1886) 1870 Erwin et Ribeiro 1996 cryptogenic common naturalised
38 | Phytophthora cambivora (Petri) Buisman (1927) (1997), 2006 | (Gregorova 2000), Cerny et al. 2008 alien local naturalised
39 | Phytophthora cinnamomi Rands (1922) 2007 Cerny et al. 2011 alien local spreading
40 | Phytophthora citricola Sawada (1927) (1959), 2006 | (Cejp et Jechova 1962), Cerny et al. 2011 cryptogenic abundant naturalised
41 | Phytophthora citrophthora Sawada (1927) (1961), 2007 | (Cejp et Jechova 1962), Cerny et al. 2011 cryptogenic rare spreading
42 | Phytophthora cryptogea Pethybridge & Lafferty (1919) (1949), 2011 (Nicklova-Navratilova 1949), RILOG cryptogenic | single record introduced
43 | Phytophthora gonapodyides (H.E. Petersen) Buisman (1927) 2006 Cerny et al. 2011 cryptogenic common naturalised
44 | Phytophthora hedraiandra De Cock & Man in 't Veld (2004) 2010 RILOG cryptogenic rare spreading
45 | Phytophthora megasperma Drechsler (1931) 2008 Cerny et al. 2011 cryptogenic local naturalised
46 | Phytophthora pseudosyringae T. Jung & Delatour (2003) 2015 RILOG cryptogenic | single record naturalised
47 | Phytophthora ramorum Werres De Cock & Man in 't Veld (2001) (2006), 2009 | (B&halova 2006), Cerny et al. 2011 alien rare eradicated
48 | Phytophthora syringae (Kleb.) Kleb. (1909) 1961 Cejp 1961 cryptogenic rare? naturalised?
49 ig}l: g)forjthora uniformis (Brasier & S.A. Kirk) Husson, loos & 2007 Cerny et Strnadova 2010 alien local naturalised
50 | Rhabdocline pseudotsugae Syd. (1922) 1938 Kalandra 1939 alien common? naturalised
51 | Seiridium cardinale (Wagener) Sutton & Gibson (1972) 2002 RILOG alien single record introduced
52 | Septotis podophyllina (Ellis & Everh.) B. Sutton (1970) «—2000 DAISIE alien common? naturalised




Fig. 1. The increase in the number of alien fungal species recorded in the area of the Czech Republic
expressed for decades (only reliable reports). Exponential adjustment in dashed line
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Brief analysis of Phytophthora spp. distribution in the Czech Republic

The data on the distribution of Phytophthora spp. in the Czech Republic well document the
spread, impact and time of arrival of alien forest pathogens.

25 Phytophthora taxa potentially parasitizing on trees have been found in the area till now.
16 taxa from this amount (including P. multivora, i.e. P. citricola p.p.) are listed in the database of
European invasive forest pathogens (Santini et al. 2013) — and only one species of them (P.
polonica) is considered to be native to Europe. P. xalni and P. plurivora are the most frequent and
most important in the area of the Czech Republic. The other presented species are P. palmivora, P.
taxon kelmania (alien to Europe), P. gregata, P. rosacearum and P. taxon walnut (probably
cryptogenic) and P. gallica, P. hungarica, Phytophthora lacustris, P. bilorbang. The last four
species were found only in natural environments — forest and riparian stands and they are probably
native. Finally, it can be concluded that only 5 taxa are native and 20 are probably alien or
cryptogenic (!).

The analyse of the distribution of 20 alien or cryptogenic taxa shows that seven taxa (28 % of
total number of Phytophthora species in woody plants) are more or less regularly distributed in
natural stands in the area: P. xalni and P. uniformis, P. plurivora, P. multivora (P. multivora is
probably alien), P. gonapodyides, etc. Their introductions are usually of older data (P. plurivora) or
their natural spread is extraordinarily effective (P. xalni). The six other species (24 %) are regularly
distributed in anthropogenic environments (for instance parks and alleys) and only occasionally in
riparian stands. The distribution of the last seven pathogens (28 %) is scarce and limited to nurseries,
gardening centres and ornamental plantings (for instance P. cinnamomi, P. citrophthora, P.
cryptogea and P. ramorum). Their introductions are primarily of recent origin.



The differences among four characteristic invasion types or stages of alien Phytophthora
species are presented in Figs. 2—5 (the visualised distribution is based only on the strains deposited
in the Czech collection of phytopathogenic oomycetes).

Fig. 2. Distribution of P. cinnamomi is restricted to nurseries, gardening centres, ornamental plantings,
etc. (red points). Likely, the pathogen was currently introduced in the area.

Fig. 3. Distribution of P. cactorum is restricted to nurseries, gardening centres, ornamental plantings (red
points) and urban greenery (black points). Apparently, the pathogen is naturalised in anthropogenous areas.




Fig. 4. Distribution of P. plurivora. The pathogen is distributed in ornamental stands, nurseries, etc. (red
points), urban greenery (black points), riparian (blue) and forest stands (green points). Apparently, the pathogen
was introduced a long time ago and invaded the natural environments.

Fig. 5. Distribution of P. xalni. The pathogen spread effectively and settled a large area during 1 — 2 last
decades.




Selected literature

Béhalova M. (2006): Surveys for Phytophthora ramorum in the Czech Republic. EPPO Bull.
36:393-395.

Cejp K. (1961): Dv& nebezpeéné a skodlivé fytoftory v Ceskoslovensku. Ces. Mykol. 15: 246-252.
Cejp K., Jechova V. (1962): Subtropické druhy rodu Phytophthora de Bary dovezené k ndm s jiznim
ovocem: Phytophthora citrophthora (Sm. et Sm.) Leonian a P. citricola Sawada. Ces. Mykol.
16:198-202.

Cejp K., Skalicky V. (1954): Plodna padli na dubech v Ceskoslovensku, Microsphaera alphitoides
Griffon et Maublanc a Phyllactinia roboris (Gachet) Blumer. Preslia 26:43-54.

CernyA (1976): Lesnicka fytopatologie. SZN, Praha: 347 p.

Cemny K., Gregorova B., Strnadova V., Tom3ovsky M., Holub V., Gabrielova S. (2008):
Phytophthora cambivora causing ink disease of sweet chestnut recorded in the Czech Republic.
Czech Mycol. 60:267-276.

Cerny K., Strnadové V. (2010): Phytophthora alder decline: disease symptoms, causal agent and its
distribution in the Czech Republic. Plant Prot. Sci. 46:12—18.

Cerny K., Tom3ovsky M., Mrazkova M., Strnadova V. (2011): The present state of knowledge of
Phytophthora spp. Diversity in forest and ornamental woody plants in the Czech Republic.
Proceedings of the fifth international IUFRO working party S07.02.09 meeting at Rotorua, New
Zealand, 7-12 March 2010. New Zeal. J. For. 41S:S75-S82.

DAISIE: http://www.europe-aliens.org/.

Desprez-Loustau M.-L. (2009): Alien fungi of Europe. In: Drake J.A. (ed.) Handbook of alien
species in Europe. Springer, Berlin: 15-28.

Desprez-Loustau M.-L., Courtecuisse R., Robin C., Husson C., Moreau P.-A., Blancard D., Selosse
M.-A., Lung-Escarmant B., Piou D., Sache 1. (2010): Species diversity and drivers of spread of alien
fungi (sensu lato) in Europe with a particular focus on France. Biol. Invasions 12:157-172.

Dvoték M., TomSovsky M., Jankovsky L., Novotny D. (2007): Contribution to identify the causal
agents of Dutch elm disease in the Czech Republic. Plant Protect. Sci. 43:142—145.

Erwin D.C., Ribeiro O.K. (1996): Phytophthora diseases worldwide. American Phytopathological
Society Press, St. Paul: 562 p.

Gregorova B. (2000): OhroZeni kastanovniku jedlého (Castanea sativa Mill.) inkoustovou

chorobou. Ochrana ptirody 55:200-204.

Jancatik V. (2003): Soucasny zdravotni stav naSich listnatych dievin. Zpravy Les. Vyzk. 48:109—
111.

Jankovsky L., Haltofova P., Juhdsova G., Kobza M., Adamcikova K., PalovCikova D. (2004): The
first record of Cryphonectria parasitica in the Czech Republic. Czech Mycol. 56:45-51.

Jankovsky L., Palov¢ikova D., TomSovsky M. (2009): Brown spot needle blight associated with
Lecanosticta acicola occurs on Pinus rotundata in the Czech Republic. Plant Pathol. 58:398.
Jankovsky L., Sindelkova M., Palovéikova D. (2000): Karanténni sypavky Mycosphaerella pini a M.
dearnessii. Les. Prace 79:370-372.

Kalandra A. (1939): Prvni vyskyt sypavky duglasky - pisobené¢ houbou Rhabdocline pseudotsugae
Syd. v odstoupeném Sudetském uzemi Cech. Ochr. rostlin 15:36-40.

Koukol O., Kelnarova I., Cerny K. (2015): Recent observations of sooty bark disease of sycamore
maple in Prague (Czech Republic) and the phylogenetic placement of Cryptostroma corticale. For.
Pathol., 45:21-27.

Lebeda A., Sedlarova M., Jankovsky L., Shin H.D. (2007): First report of rhododendron powdery
mildew on Rhododendron spp. in the Czech Republic. Plant Pathol. 56:354.

Michalek J. (2012): Vyuziti DGGE k popisu interakce mezi padli dubovym Erysiphe alphitoides a
spole¢enstvem mikromycet ve fyloplanu dubi letnich. JCU, Ceské Budgjovice: 46 p.

Miiller J. (2003): Rost-, Brand- und Falsche Mehltaupilze neu fiir Mahren und Tschechisch
Schlesien. Czech Mycol. 55:277-290.

Nicklova-Navratilova H. (1949): Tti ¢tvrti roku zahradnické prace o¢ima fytopatologa. Ochr. Rostlin
22:238-256.




Novotny D. (2010): First record of Ceratocystis laricicola (Ascomycota, Ceratocystidaceae) in the
Czech Republic. Czech Mycol. 62:59-65.

Novotny D., Ktizkova 1., Kratkd J., Salava J. (2007): First report of anthracnose caused by
Colletotrichum acutatum on strawberry in the Czech Republic. Plant Dis. 91:1516.

Palov¢ikova D., Dancakova H., JunaSkova J., Matouskovd H., Jankovsky L. (2007): Druhové
spektrum padli na dievinach v Ceské republice, nové druhy padli dievin v CR. In: Kodrik M.,
Hlava¢ P. (eds.) Ochrana lesa 2007. TU ZVO, Zvolen: 71-79.

Peskova V. (2003): Rhabdocline pseudotsugae Sydow skotskd sypavka douglasky. Les. Prace,
piiloha LOS 82:I-1V.

Ptihoda A. (1959): Lesnicka fytopatologie. SZN, Praha: 363 p.

Santini A., Ghelardini L., De Pace C., Desprez-Loustau M. L., Capretti P., Chandelier A., Cech T.,
Chira D., Diamandis S., Gaitniekis T., Hantula J., Holdenrieder O., Jankovsky L., Jung T., Jurc D.,
Kirisits T., Kunca A., Lygis V., Malecka M., Marcais B., Schmitz S., Schumacher J., Solheim H.,
Solla A., Szabo 1., Tsopelas P., Vannini A., Vettraino A.M., Webber J., Woodward S., Stenlid J.
(2013): Biogeographical patterns and determinants of invasion by forest pathogens in Europe. New
Phytol. 197:238-250.

SRS (2000): Stru¢nd informace o vyskytu Skodlivych organismi ¢.9 za 29.5.-4.6.2000.
http://www.agris.cz/clanek/96423.

Safrankova I., Kmoch M., Holkova L. (2012): First report of Cylindrocladium buxicola on box in the
Czech Republic. New Disease Reports 25:5. http://dx.doi.org/10.5197/j.2044-0588.2012.025.005.
Sindelkova M., Siru¢kova I. (2006): Antraknéza jahodniku Colletotrichum acutatum v Ceské
republice. Rostlinolékat 17:21-23.

Sirutkova 1. (2006): Nebezpetné sypavky na borovicich Mycosphaerella pini E. Rostrup
Mycosphaerella dearnessii M. E. Barr. MZE & SRS, Praha: 8 p.
http://eagri.cz/public/web/file/58593/Sypavky na_borovicich.pdf.

Acknowledgements
We are very obliged to Dr. Markéta Chlebickd (National Museum) for help with finding of

herbarium specimens of selected alien taxa and Ing. Iveta Svobodova (Central Institute for
supervising and Testing in Agriculture) for information on detection of some alien pathogens.

Version 2016-05-25



