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Abstract

Štěpánková P., Černý K., Strnadová V., Hanáček P., Tomšovský M. (2013): Identification of Phytophthora 
alni subspecies in riparian stands in the Czech Republic. Plant Protect. Sci., 49 (Special Issue): S3–S10.

In the Czech Republic, Phytophthora alni was first confirmed in 2001 and the pathogen has been quickly spreading 
and occupying almost the whole area of the country. The pathogen attacks Alnus glutinosa or A. incana to a lesser 
extent and causes considerable losses of alder trees along hundreds of kilometres of riverbanks. The aim of our work 
was to perform the identification of P. alni isolates at the subspecific level using PCR and to determine the frequen-
cies and distribution of particular subspecies. The allele-specific PCR primers focused on allele diversity of orthologs 
of ASF-like, TRP1, RAS-Ypt, and GPA1 genes were selected for identification. Eighty-eight per cent of the 59 ana-
lysed isolates belonged to P. alni ssp. alni while 12% were P. alni ssp. uniformis. P. alni ssp. multiformis has not been 
recorded in the country till now. The two subspecies differed in distribution. P. alni ssp. alni dominated in riparian 
stands along broader rivers in lowlands and the results confirmed the more effective spreading of P. alni ssp. alni 
based on its higher aggressiveness and ecological advantage. P. alni ssp. uniformis was acquired rather from riparian 
stands of small watercourses at higher altitudes. The insular distribution of P. alni ssp. uniformis may represent the 
remains of its former occurrence. Therefore, P. alni ssp. uniformis may be an indigenous subspecies suppressed by 
the more aggressive related taxon. 
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Phytophthora alni is a destructive oomycetous 
pathogen of alder trees (Alnus spp.). The respec-
tive disease and damage of alder stands has re-
cently become a crucial problem in many European 
countries. Since 1993, the Phytophthora alder 
disease has occurred mainly along riverbanks and 
locally in orchards, shelterbelts and woodland 
plantations (Brasier et al. 1995; Gibbs 1995) and 
later it was also found in forest plantations and 

nurseries (Jung & Blaschke 2004). The disease 
was found mainly in Alnus glutinosa (L.) Gaertn., 
A. incana (L.) Moench, and A. cordata Desf. in 
the majority of the Western to Central European 
countries (Santini et al. 2001; Brasier et al. 
2004; Jung & Blaschke 2004; Érsek & Nagy 
2008). The disease caused significant losses of 
alder trees in several countries (Gibbs et al. 1999; 
Streito et al. 2002; Jung & Blaschke 2004). The 
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causal agent, Phytophthora alni Brasier et S.A. Kirk, 
was of a hybrid origin and comprised a range of 
phenotypically diverse heteroploid populations 
(Brasier et al. 2004). Therefore three subspecies: 
alni, multiformis, and uniformis were recognised 
within P. alni. Ioos et al. (2006) revealed that 
P. alni subsp. alni (Paa) was a descendant of hy-
bridisation between P. alni multiformis (Pam) and 
P. alni uniformis (Pau). This hypothesis was later 
confirmed by Bakonyi et al. (2007). In addition 
to these subspecies, diverse isolates have been re-
covered that represent the backcross offspring with 
P. cambivora, or previously undefined variant types 
of P. alni (Brasier et al. 2004; Jung & Blaschke 
2004; Érsek & Nagy 2008). Bakonyi et al. (2007) 
evidenced variability within Paa mitochondrial 
DNA which may indicate the multiple origin of this 
subspecies. Reliable PCR methods for subspecies 
identification were developed in previous years. 
Two methods were based on anonymous RAPD 
markers (Ioos et al. 2005; Bakonyi et al. 2006), 
another approach (Ioos et al. 2006) was targeted 
on introns in four nuclear orthologous genes and 
distribution of single allele within the genome of 
P. alni individuals. The development of a reliable 
identification method enabled to study the distri-
bution of subspecies and their ecological prefer-
ences. Small-scale population study seemed to be 
necessary, because the distribution, frequency and 
pathogenicity of particular subspecies were found to 
be highly diverse (Brasier & Kirk 2001; Brasier 
et al. 2004; De Merlier et al. 2005), which can 
significantly affect the process of recent invasion.

Phytophthora alni has spread quickly in the Czech 
Republic. The pathogen was first isolated from 
damaged alder trees in 2001. Six years later, P. alni 
was identified in about 60 alder stands, mostly in 
the western part of the country. So far, the patho-
gen has caused considerable losses of alder trees 
along hundreds of kilometres of riverbanks and 
has been spreading beyond control (Černý et al. 
2008; Černý & Strnadová 2010). Thus the area 
seemed to be very suitable to perform research 
focused on the identification of strains of P. alni 
at the subspecific level and on the clarification of 
distribution of particular subspecies.

MATERIAL AND METHODS

Extensive search of damaged riparian stands 
was done across the whole country during 2005 

to 2010. P. alni isolates were obtained from in-
fected tissues according to Černý et al. (2011) 
from symptomatic bark of native alders (Alnus 
glutinosa and A. incana) and were deposited in 
the culture collection of Silva Tarouca Research 
Institute for Landscape and Ornamental Garden-
ing, Průhonice, Czech Republic. The identity of 
P. alni isolates was verified by morphological traits 
of sexual and asexual structures and growth char-
acteristics of colonies according to Brasier et al. 
(2004). The allele-specific PCR primers focused 
on allele diversity of orthologs of ASF-like, TRP1, 
RAS-Ypt, and GPA1 genes (Ioos et al. 2006) were 
selected for the more exact PCR identification of 
isolates at the subspecific level. The DNA was 
extracted from freshly grown cultures using a 
DNeasy Plant mini kit (Qiagen, Carlsbad, USA) 
according to the manufacturer’s protocol. The PCR 
was performed under the following temperature 
regime: 94°C/3 min, 58–62°C/30 s, 72°C/1 min 
(1×), 94°C/30 s, 58–62°C/30 s, 72°C /1 min (33×) 
and 94°C/30 s, 58–62°C/30 s, 72°C/7 min (1×). 
Annealing temperatures were 58°C (RAS-Ypt) or 
62°C (ASF-like, TRP1, and GPA1 genes). The PCR 
products were checked by agarose electrophoresis.

The coordinates and altitude of locations were 
determined with the use of Garmin GPSMAP 60CSx 
and controlled with the use of MapSource 6.15.4 
(Garmin Ltd., Olathe, USA) with TOPO Czech 3.1. 
(Garmin Czech, Prague, Czech Republic) as a map 
base. The width of watercourses was estimated 
visually. In the case of broader rivers the estimation 
was corrected using the Google Earth 6.2 applica-
tion (Google Inc., Mountain View, USA). The data 
on pathogen distribution were processed by the 
Mann Whitney U-test in nonparametric statistics 
in Statistica 7.1 package (StatSoft Inc., Tulsa, USA).  

The habitat types were classified according to 
Chytrý et al. (2010).

RESULTS

In total, 59 isolates of P. alni were analysed. They 
were acquired from the major part of the country 
(with the exception of the northeastern part where 
no disease was found). The results revealed the 
prevalence of Paa ‒ 52 isolates (88.14%) were deter-
mined as Paa (Table 1 and Figure 1). Only 7 isolates 
were determined as Pau – 11.86% of all isolates.

Paa was very frequent in the whole area of the 
alder. Distribution of Pau had an apparently insular 
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pattern although this subspecies seems to be also 
evenly distributed across the country (Figure 1).

The data on the altitude of particular locations 
and width of watercourses were collected and 
evaluated. The data on the altitudes of locations 
showed a normal distribution, but according to the 
low P value (P < 0.10, Lilliefors test) the normal 
distribution did not have any strong statistical 
support and their transformation did not lead to 
better results. The data describing the width of 
watercourses did not have a normal distribution 
even after log transformation (P < 0.05, Lilliefors 
test). Moreover, the sizes of both sets were dif-
ferent. On the other hand, the homogeneity re-
quirements were fulfilled in both cases (P > 0.10, 

Levene’s test) and the data could be analysed by 
the non-parametric Mann Whitney U-test. 

The distribution of both subspecies significantly 
differed according to the width of respective wa-
tercourses (P = 0.01). Paa was distributed along 
watercourses of different types, but it was fre-
quently found on banks of broad lowland rivers. 
The width of watercourses surrounded by alder 
stands infected by Paa varied from ca. 1 to nearly 
190 m (Table 1). The median of estimates was 
nearly 10 m, which meant that about one half of 
Paa isolates originated from riparian stands of 
rivers ca. 10–30 m in width (Figure 2), with low 
banks and slow flow in broad valleys at medium 
and lower altitudes. Paa was also found on pond 

Figure 1. Distribution of studied iso-
lates of Phytophthora alni subsp. alni 
(black dots) and Phytophthora alni 
subsp. uniformis (grey squares) in the 
Czech Republic

Figure 2. Widths of watercourses as-
sociated with the occurrence of Phy-
tophthora alni subsp. alni (Paa) and 
Phytophthora alni subsp. uniformis 
(Pau)
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banks and in the surroundings of landings of har-
vested alder timber, which supported its high 
invasive potential. 

On the contrary, Pau was more or less limited 
to small watercourses at different altitudes. The 
pathogen was found predominantly in riparian 
stands of narrow watercourses of 1–2 m in width 
(median of estimates was only 1 m) and only one 
isolate was acquired from the riparian stand of a 
lowland river 40 m in width. 

The two subspecies, Paa and Pau, differed in 
vertical distribution but the difference did not 
have statistical support (Mann-Whitney U-test, 
P > 0.05). Paa was more frequent at lower altitudes 
in comparison with Pau, the average elevation of 
subspecies distribution is as follows: Paa − 360 m 
and Pau − 413 m. A real difference in the vertical 
distribution of both subspecies could be more dis-
tinct because the uppermost isolates from identical 
watercourses were usually analysed to minimise 
the possibility of repeating the analysis of identical 
and downstream spreading genotypes. 

The habitat distribution of both subspecies 
seems to be generally similar according to the 
habitat type, but some quite minor differences 
were also identified. Paa was predominantly iso-
lated from ash-alder alluvial forests (32 records) 
and alder carrs (14 records). Moreover, 4 records 
were made in willow-poplar forests of lowland 
rivers. Pau was isolated from 5 affected ash-alder 
alluvial forests, one alder carr and one montane 
grey alder gallery. The most characteristic and 
common habitats of both pathogens are ash-
alder alluvial forests and alder carrs. However, 
Paa unlike Pau was found also in willow-poplar 
forests of lowland rivers whereas Pau was found 
in one montane grey alder gallery.

DISCUSSION

The rate of Paa in the Czech population of the 
subspecies complex corresponded with overall Eu-
ropean data – Paa took up ca. 89% of the European 
population of the P. alni complex (Brasier et al. 
2004). In contrast to Paa, Pau was rather rare in the 
Czech Republic and Pam was not recorded at all. 

The differences in abundance and distribution 
of Paa and Pau and absence of Pam in the Czech 
Republic can be elucidated at least partially in the 
light of knowledge of their distribution in Europe, 
pathogenicity and ecology. 

Paa has been found in Ireland, UK, Sweden, 
Germany, Netherlands, Belgium, France, Spain, 
Poland, Czech Republic, Austria, and Hungary up 
to the present time (Szabó et al. 2000; Nagy et 
al. 2003; Brasier et al. 2004; De Merlier et al. 
2005; Ioos et al. 2005; Cerny et al. 2008; Pintos 
Varela et al. 2010; Solla et al. 2010; Trzewik 
& Orlikowska 2010). The distribution area of 
Paa overlaps the area of Pam in the West (UK 
and northwestern part of continental Europe) and 
the area of Pau in almost the whole continental 
Europe. According to the fact that Paa is a hybrid 
of Pam and Pau (Ioos et al. 2005, 2006; Bakonyi 
et al. 2007; Érsek & Nagy 2008), Paa may have 
its origin somewhere in northwestern continental 
Europe − in the area of coincidence of both, Pau 
and Pam. Although Pau has recently been much 
less frequent than Paa (Brasier et al. 2004), it has 
the most extensive area – it is known from Sweden, 
Lithuania, Germany, Netherlands, Belgium, France, 
Spain, Czech Republic, Austria, Italy, Hungary, and 
Slovenia (Szabó et al. 2000; Santini et al. 2001; 
Nagy et al. 2003; Brasier et al. 2004; De Merlier 
et al. 2005; Ioos et al. 2005; Munda et al. 2006; 
Pintos Varela et al. 2012). The subspecies was 
also found in North America (Adams et al. 2010). 
Therefore, Pau can be an indigenous subspecies 
there, currently suppressed by the more aggressive 
Paa (Ioos et al. 2006). The distribution of Pam 
is the most restricted and local – it was found in 
the UK, Netherlands, Belgium, France (Britanny) 
and Germany (Brasier et al. 2004; De Merlier 
et al. 2005; Ioos et al. 2005). 

The absence of Pam in the Czech Republic may 
be explained by the position of the Czech river 
system in the continental watershed. The particular 
isolation from river systems in adjacent areas – 
especially from Germany in the west ‒ as possible 
sources of Pam inoculum may play an important 
role. Another reason for Pam absence in the Czech 
Republic can be the limited import of alder plant-
ing stock from the countries of Western Europe. 
Moreover, the potential occurrence of Pam in the 
area can be overlooked and suppressed by invasion 
of Paa. Nevertheless, the exact distribution of Pam 
and Pau in Europe seems to be known insufficiently.

Likely, the success of Paa in riparian stands of 
broader watercourses at lower altitudes in com-
parison with Pau is connected with its higher 
aggressiveness (Brasier & Kirk 2001; De Mer-
lier et al. 2005), and also with the more effective 
sporangial production of Paa in warmer water 
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(Chandelier et al. 2006) and with higher sur-
vival success of its zoospores in water with higher 
electrical conductivity (Kong et al. 2012). Higher 
values of both factors are characteristic of slow 
and polluted lower reaches of rivers (e.g. Vega et 
al. 1998). Greater damage to alders in slow lower 
reaches with higher summer temperature of wa-
ter (Thoirain et al. 2007) and water pollution 
(Gibbs et al. 1999) was confirmed. However, the 
epidemiology of the disease is poorly understood 
and many other factors can play a potential role 
in the pathogen spread and disease development.
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Bakonyi J., Nagy Z.Á., Érsek T. (2007): A novel hybrid 
with the nuclear background of Phytophthora alni subsp. 
alni exhibits a mitochondrial DNA profile characteristic 
of P. alni subsp. uniformis. Acta Phytopathologica et 
Entomologica Hungarica, 42: 1–7.

Brasier C.M., Kirk S.A. (2001): Comparative aggressive-
ness of standard and variant hybrid alder Phytophthoras, 
Phytophthora cambivora, and other Phytophthora species 
on the bark of Alnus, Quercus, and other woody hosts. 
Plant Pathology, 50: 218–229.

Brasier C.M., Rose J., Gibbs N. (1995): An unusual Phy-
tophthora associated with widespread alder mortality in 
Britain. Plant Pathology, 44: 999–1007.

Brasier C.M., Kirk S.A., Delcán J., Cooke D.E.L., Jung 
T., Man In´t Veld W.A. (2004): Phytophthora alni sp. 
nov. and its variants: designation of emerging heteroploid 
hybrid pathogen spreading on Alnus trees. Mycological 
Research, 108: 1172–1184.

Černý K., Strnadová V. (2010). Phytophthora alder decline: 
disease symptoms, causal agent and its distribution in the 
Czech Republic. Plant Protection Science, 46: 12–18.

Cerny K., Gregorova B., Strnadova V., Holub V., 
Tomsovsky M, Cervenka M. (2008): Phytophthora 
alni causing decline of black and grey alders in the Czech 
Republic. Plant Pathology, 57: 370.

Černý K., Tomšovský M., Mrázková M., Strnadová V. 
(2011): The present state of knowledge on Phytophthora 
spp. diversity in forest and ornamental woody plants in 
the Czech Republic. New Zealand Journal of Forestry 
Science, 41: S75–S82.

Chandelier A., Abras S., Laurent F., Debruxelles 
N., Cavelier M. (2006): Effect of temperature and bac-

teria on sporulation of Phytophthora alni in river water. 
Communications in Agricultural and Applied Biological 
Sciences, 71: 873 – 880.

Chytrý M., Kučera T., Kočí M., Grulich V., Lustyk P. 
(eds) (2010): Katalog biotypů České republiky. Agentura 
ochrany přírody a krajiny České republiky, Praha.

De Merlier D., Chandelier A., Debruxelles N., Nol-
dus M., Laurent F., Dufays E., Claessens H., Cave-
lier M. (2005): Characterization of alder Phytophthora 
isolates from Wallonia and development of SCAR primers 
for their specific detection. Journal of Phytopathology, 
153: 99–107.

Érsek T, Nagy Z.Á. (2008): Species hybrids in the ge-
nus Phytophthora with emphasis on the alder pathogen 
Phytophthora alni: a review. European Journal of Plant 
Pathology, 122: 31–39.

Gibbs J.N. (1995): Phytophthora root disease of alder in 
Britain. EPPO Bulletin, 25: 661–664.

Gibbs J.N., Lipscombe M.A., Peace A.J. (1999): The im-
pact of Phytophthora disease on riparian populations 
of common alder (Alnus glutinosa) in southern Britain. 
European Journal of Forest Pathology, 29: 39–50.

Ioos R., Husson C., Andrieux A., Frey P. (2005): SCAR-
based PCR primers to detect the hybrid pathogen Phy-
tophthora alni and its subspecies causing alder disease 
in Europe. European Journal of Plant Pathology, 112: 
323−335.

Ioos R., Andrieux A., Marcais B., Frey P. (2006): Genetic 
characterization of the natural hybrid species Phytoph-
thora alni as inferred from nuclear and mitochondrial 
DNA analyses. Fungal Genetics and Biology, 43: 511−529.

Jung T., Blaschke M. (2004): Phytophthora root and col-
lar rot of alders in Bavaria: distribution, modes of spread 
and possible management strategies. Plant Pathology, 
53: 197–208.

Kong P., Lea-Cox J.D., Hong C.X. (2012): Effect of electri-
cal conductivity on survival of Phytophthora alni, P. ker- 
noviae and P. ramorum in a simulated aquatic environ-
ment. Plant Pathology, 61: 1179–1186.

Munda A., Žerjav M., Jakša J. (2006): Occurrence and 
characterisation of alder Phytophthora, Phytophthora 
alni, in Slovenia. In: Proceeding of III IUFRO Interna-
tion Conference Progress in Research on Phytophthora 
Diseases of Forest Trees. Freising, Germany, September 
11–18, 2004. 

Nagy Z., Bákonyi J., Érsek T. (2003): Standard and Swed-
ish variant types of the hybrid alder Phytophthora attacking 
alder in Hungary. Pest Management Science, 59: 484-492.

Pintos Varela C., Rial Martínez C., Aguín Casal O., 
Mansilla Vásquez J.P., Ares Yebra A. (2012): First 
report of Phytophthora alni subsp. uniformis on black 
alder in Spain. Plant Disease, 96: 589.



S10 

Vol. 49, 2013, Special Issue: S3–S10 Plant Protect. Sci.

Pintos Varela C., Rial Martínez C., Mansilla Vás- 
quez J.P., Aguín Casa O. (2010): First report of Phytoph-
thora rot on rlders caused by Phytophthora alni subsp. 
alni in Spain. Plant Disease, 94: 273.

Santini A., Barzanti G.P., Capretti P. (2001): A new 
Phytophthora root disease of alder in Italy. Plant Disease, 
85: 560.

Solla A., Pérez.-Sierra A., Corcobado T., Haque 
M.M., Diez J.J., Jung T. (2010): Phytophthora alni on 
Alnus glutinosa reported for the first time in Spain. Plant 
Pathology, 59: 798.

Streito J.-C., Legrand P., Tabary F., Jarnouen De Vil-
lartay G. (2002): Phytophthora disease of alder (Alnus 
glutinosa) in France: investigation between 1995–1999. 
Forest Pathology, 32: 179–191.

Szabó I., Nagy Z., Bakonyi J., Érsek T. (2000): First report 
of Phytophthora root and collar rot of alder in Hungary. 
Plant Disease, 84: 1251. 

Thoirain B., Husson C., Marçais B. (2007): Risk factors  
for the Phytophthora-induced decline of alder in north-
eastern France. Phytopathology, 97: 99–105.

Vega M., Pardo R., Barrado E., Debán L. (1998): Assess-
ment of seasonal and polluting effects on the quality of 
river water by exploratory data analysis. Water Research, 
32: 3581–3592.

Trzewik A., Orlikowska T. (2010): Detection and iden-
tification of Phytophthora alni. Communications in Ag-
ricultural and Applied Biological Sciences, 75: 655–658. 

Received for publication May 14, 2013
Accepted after corrections June 18, 2013

Corresponding author:

Doc. RNDr. Michal Tomšovský, Ph.D., Mendelova univerzita v Brně, Lesnická a dřevařská fakulta,  
Ústav ochrany lesů a myslivosti, Zemědělská 3, 613 00 Brno, Česká republika; E-mail: tomsovsk@mendelu.cz


