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Abstract

StEPANKOVA P, CERNY K., STRNADOVA V., HANACEK P., TomM$0VSKY 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; ERSEK & NAGY
2008). The disease caused significant losses of
alder trees in several countries (G1BBS 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; ERSEK & 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 (CERNY et al.
2008; CERNY & STRNADOVA 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
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to 2010. P. alni isolates were obtained from in-
fected tissues according to CERNY 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, Prihonice, 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
(1x), 94°C/30's, 58—62°C/30 s, 72°C /1 min (33x)
and 94°C/30 s, 58-62°C/30 s, 72°C/7 min (1x).
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
CHYTRY et al. (2010).

RESULTS

In total, 59 isolates of 2. 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,

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

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
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Figure 2. Widths of watercourses as-
sociated with the occurrence of Phy-
tophthora alni subsp. alni (Paa) and
1- _Paa_ Palu Phytophthora alni subsp. uniformis

Taxon

(Pau)

S5



Plant Protect. Sci.

$§3-810

Vol. 49, 2013, Special Issue

VLY

15910J [eIAN[[E IdP[e-YSk

puejs uertedrr

vsouni3 'y

LO0ET d

.15°8.1.ST ‘N.90°TT,11.6¥

(09PeIH ADYILIPUL() *ZON] U AOSOTE(

uerwayo
1T¥ 1s210j [eIAN[[E 19p[e-yse  puels uetredr  wsoupnis 'y 80'¢ccd  AbSE€S.6T.FT N.L9E9T,CS.8Y (9o110(0pNg 9Ys3)) IRl ‘ ﬁwomm
68C 1red sop[e  puejs uenredur  wsounm3 'y L0°6€0d  J.90°6€.CFT (NL8E LT.CH0G (edr1 ®s9D) AounID) APA
€8¢ 1red yop[e  puejs uenredur  wsounmS 'y £0CS0d  J.S€9€.6EFT NLESFS.TF0G (edr exsa)) 9o1UBA
§5T 1red 1ople  pueys uenredir  wsouynis -y 90°8¢0 d 1.9€°TCSEPT NSV €.9€.6F (edr ysaD) Apruew o 2a19qI]
6L1 jsaxoy rejdod-moqim  pueys ueredr  wsounmis Yy OU'LLE d AT THECHT ‘N.L8'6T.L.05 (ee1q) eyeig eyeId
€L1 jsa10y re[dod-moqim  puejs uetredur  wsounms -y L0661d  A.6€0L.ShHT NLSTS.CL.08 (ae[sajog gpe[IA]) 9014005
(053 1910 [elan([e 1op[e-yse  puels uerredr  vsounniS 'y L0°L6Td .18 LB.STHT NLLT 9T6E6F (wreaqriq) Auepppag
1€ 35910 [elAN[[R J9p[e-yse puejs uenedlr  wsoupnis 'y £0°090 d 1.59°€.25.€T ‘N..S9'TC.6%.6F (uno1sg) 3asQ
10€ 3$210 [elAn[[e 1op[e-yse  puejs uetredir  wsoupnis 'y L0'THI d 1959 8.LTFT ‘N.IT L.LY.6F (urequiq) upuy 440N
8¢ 15910 [eranf[e 1op[e-yse  puels ueredir  psouymis -y L0°1S0 d 1.80°8.69.€1 ‘N.FC'87,6.,0S (oupepy) 2012ey]
0L€ 1910 [eranf[e 1op[e-yse puels uenredir  wsounnis 'y L0Th0d  A.8CSE8S.ET N.LY LS.LV.6F (ureaqiq) aouif
L0S 1red 19pfe  dueq puod psouyn3 'y 080 d  A.EL0E9EFT ‘N.STESHE6Y (a0gauag) 20masa(
€e 15910 [elanf[e 1op[e-yse puels uenredir  vsounnis 'y L0FH0d  A.L6'SP.8T.ST INLT6 TH,SS.6F (e10H BUyny]) 22120 JUjOQ WSOy
09¢ 15910 [eran[e 1op[e-yse  puels uenedir  psouymis -y  L0°S0T d 1.9T°05,0.5T ‘N..TT'€.55.6% (u10>) I [enua)
1€e ared> 1ople  puejs uettedu  psounnS Yy 80'67Cd .8V TEITET NLLS9E.8T.08 (AunoT) 2d12pag
681 ire> 1ople  puels uetiedir  psounnisy  80°0€Cd  A.LESLISET N,L9LITSGEOS (eo1day,) Aue[o( QIO
€51 1red 1ople  puels uenredir  wsouynis -y 80°1€C d A.8F7E6.F1 ‘N.L TE6T.0S (eo159w0rT) AIPIH
L1T 15910 [elanf[e 1op[e-yse  puels uenredir  psouynis -y  80°LCC d 1.58'C.5€.€T ‘N8 L8T.05 (Auno) PROP3[OH  waqeT peu nsn
¢Th 1sa10j [eIAN[[E Xop[e-yse  puels uerredir  wsoupnis 'y L0'IET d 1.9L°G.9€.€T ‘N, C8'91.T€.6Y (Arorepy) Aq1s
0% are> sople  puejs uetredur  wsoupmS -y L0'€ETd  A.T6'€H.65.CT NL8TTL.LT6Y (s011ZBWIO(T) SoTUOPEY
99¢ 1S910J [BIAN[[R I9p[e-yse  Ppuels uerredi psounni3 'y - 80°907 d 1,L9%C,0T.£T ‘N, ¥ 9€,85.6% (19A9s-yaZ] ) 90110PE[IA
LLE Jsa10j [eIAN[[e 1op[e-yse  puels uerredir  psoupnis 'y 90500d  A.ST0SST.ET ‘N.IT'8T.LT.6Y (Arozepy]) AOYOSEIN
bLE Jsox0j [eIAN[[E 1op[e-yse  puels uelredir  wsoupnis 'y L0°9€Td  A.L06T.LS.CT NLFL 9SG, TE.6Y (eoTzBWO(T) UAT, LISAOSIOH
H9% Jsax0j [eIAN[[e 1op[e-yse  puels uerredir  wsoupniS 'y L01LTd A.CETHIVLCT NLELTLSE.6Y (aoyoey,) ya10g
143 1910 [eranf[e Jop[e-yse  puels uerredur  wsouynisy L0691 d 1.15°0S.€T.T ‘N.76'6.9%.6% (1949s-U07]() S9AUDPY uaz[q
0 1910 eranf[e 1op[e-yse  puels uenredir  wsouynis -y L0°981 d 1.56'8.07.C1 NIV TT.01.0S (ao10305) A0[OYOS
TOb  1s210j [eIAn[e Idp[e-yse  puels uetiedir  psounnisy  L0°9%T d q.L6°LLFTT NL8IITHT.0S (Arep Asoprey]) Aostua( Axep Aroprey]
(w)
9SINno0d Joqunu moﬁuwmm
_137eM JO 1eIIqeH pueig ISOH - $9]JeUIPIO0)) (3o1n81(q) Apeoo] uoroy -qng
PP

Apn3s 93 U1 papN[oUT $33R[OST JO ISIT ‘T R,



8§3-810

Vol. 49, 2013, Special Issue

Plant Protect. Sci.

siu0fiun dsqns 1u)p vaoyydoifyg — nvg ‘ujp “dsqns 1upp vioyydoilyg — vo g

¥¢ 1910 [eran[e 1op[e-yse  puels uerredir  psounnis -y 60°66¢ d 15T 0T LT ‘N..T8SLT.67 (rofms019) AOIS01] onowoio
L85 15910 [eranf[e Jop[e-yse  puels uenredur  wsouynis -y LOPHI d 1.86'€E.TT.ST ‘N..8E'8T.L.6F (0apeIH AnyRLIpUI() ezuny]  UBIWOYO] 3NOS
60¢C 1sa10j [eIAN[[E Xop[e-yse  puels uerredir  wsoupnis 'y L0861 d 1.88°CS.£C.ST ‘NG £,80.05 (urody) 901717 uerwayog
VASES 15910 [eran[e 1op[e-yse  puels uenredr  wsouynis -y 80'€IT d 1.20'F.8THT ‘NG 67,1567 (pedez-eye1q) aomosr) [enuaD nod
€eh ared 1ople  puels uetredur  wsoupm3 -y  80°6£C d 1.10°LT8.€1 ‘NLETEE6T.6F (Aaogepy) 2o1A0UIO]
LTh Jso10j [eIAN[[E 1op[e-yse  puels uerredir  wsoupnis 'y 80°0cCd  A.SSLB.OV.ET ‘NLETST.6T.6Y (Arozepy) 20140pZeIOH waz[d
129  Aroyres 1opye £o18 surjuow  pue)s uerredur puvdul 'y 60°0LC d 1.5°05.25.CT ‘N.8¥"0€.¥.05 (Arep Asoprey)) fjop() usey Arep Aroprexy
see 15010F [EHARIIE A9PTEHSE sgw_w_wwwwwas psouyni3 'y L0'6L0 d 1.9V C.SELT ‘NLO6T9.8.6% (Is1pEIH P19y Adnjozazg unz
65T 1S910J [RIAN[[R I9p[e-|sk  pue)ls uerredi vsounynis 'y 60°86¢ d 1.5°6£.£C.9T ‘N..8€°0,2C.67 (AouaA-ourq) mugocﬂwaﬁm
S1T jsoxoy refdod-moim  pueys uenredr  wsounmis 'y 80°0%C d 1.85°65.£T.9T ‘N.9C 1S.5.6F (A0 U2A-OUIE) OTDUBA]  URIARIOIN YINOS
€6¢ 3so10 [elAn[[e 1op[e-yse  puejs uetredir  wsoupni§ -y L0°€90d  AbT'9TCSIT NLSLEETh.6Y (onowojQ) A0zZoY] onowo[o
L8€ 1so10j [eIAN[[E 1op[e-yse  puels uerredir  wsoupnis 'y 90'900d  A.89'GC.65.ST N.TO'EECT6Y (219941 A€[SIPRIA
19% 15910 [eranf[e 1op[e-yse  puels ueredir  psouynis -y  L0°Lb0 d AT 677G NuLL LE6T6Y (sowrnaypR ) ursures
129 ire> 1opfe  yueq puod vsounni3 'y LO'SPTd  4.£00°95T.ST ‘N.980 8T b 1.6% (eAe[YI() AO[OPRY
79€ 1sa10§ [EIAN[[E Top[e-yse  puels uetredir  wsoupnis 'y 60'6€€ d 1.6, 61,691 ‘N.81°85,CT.6% (219241,) AuepnofeN
LTS 35910 [eranf[e 1op[e-yse puels uenredir  wsounniS 'y L0190d  A.S9FCOLST NLTh 9E.LT6F (AowWINR]) 321A0R)D RUIDOSAA
8T¢ 35910 [elAN[[R J9p[e-yse  puejs uenedlr  wsoupnis 'y L00VI d 1,29°CTSEST ‘NI T 0.LS.6F (e01qnpIe) UNOJOH aoIqnpIed
(nouzauy ‘u >oc£u>mv
67T 3so10§ ze[dod-moqim  pueys uenredur  psoupnis -y 80°LIT d LIV BTHIT NLL.L0S IIFO Peu ISIUAL  AOTEIY 99peIH
S9€¢ 1910 [eran[e 1op[e-yse  puels uenredr  psouynis -y L0°0S0 d 1.18°6.LFT ‘N.88'8T.LI.6F (1es1d) 1erez vvd
T are> 1opfe  puels uetredir  wsoupm3 -y 900 d 1.£T €061 N.IS8.CT.6% (90110(0pNg 9Ysa) So1NUIIY
8h¥ 15910 [eranf[e Jop[e-yse  puels uerredr  wsouynis -y  80°01C d 1.88°0€.9%.7T ‘N.9¥'T.CE6F (10qe1) 901Z0A PPE[IN 1 JOUZ
89% 15910 [eranf[e 1op[e-yse puels uerredir  wsounniS 'y 90°910d  4.£8'85.9CHT ‘N.LIE 9V.8T.6F (1981 BUTBRYDRIJ ‘AOTSA
88¢ 1so10j [eIAN[[E Xop[e-yse  puels uelredir  wsoupnis 'y L0'SET d 18T LELFT ‘N.TE61.9C.6% ([9s1d) AOZEATEA
(s0180(0pNg 9s))
6€¥ 15910 [eranf[e 1op[e-yse  puels uenedir  wsounnis 'y 80°TCCd  A.LS LS FENT NL16'8C.CS.8F ATeaopa{ AUIA PAOYAL
T6€ 15910 [eranf[e 1op[e-yse puels uenredir  wsounnis 'y L0°26Td  4.£6'9€.0bbT NLVOEC.ETHF (10qeL) BS) oAOWIZag
L9% ared 1opfe  puels uetredur  wsounm3 -y L0°€61d  A.L8'8G.SSHT INLISVESY8Y  (99PBIH ADYDLIPUI() ZNT U SIA BAON
Sh¥ 15910 [eranf[e 1op[e-yse  puels uenedr  wsounnis 'y 80°7¢cd  A.J6°TLTEHT NLIT'ST.SS.8F (90180(3png 9YS) SIA BAON
(57 1red 1ople  puels uenredir  wsouynis -y L0°TEL d 1.%6'8.C.hT ‘N.F0'€S,5T.67 (1es1d) onomN
69% ared> 1ople  puejs uerredu  wsouyns -y 90°¢I0 d 1.59'S%.92.ST ‘N..60°9C.9.6% (0apeay AnypyIpuI() U ATEIN
88€ 1red 1pre  dueq puod vsouyni3 'y 80'9¢¢d  A.69'€T.LTHT N.L99'Th.LS.8Y (90180(3pN 9YS37y) ADIAOUIANT werwsyog
§47 15910 [eran[e 1op[e-yse  puels ueredir  psouynis -y L0°S61 d 1.EHTHGHT NFE BT HS.8F (0apeIH ARYILIPUT() AONIT ynog




Vol. 49, 2013, Special Issue: S3—-S10

Plant Protect. Sci.

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.
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Paa has been found in Ireland, UK, Sweden,
Germany, Netherlands, Belgium, France, Spain,
Poland, Czech Republic, Austria, and Hungary up
to the present time (SzABO 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; ERSEK & 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 (SzAaBO 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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