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PUCCINIA POARUM IN CZECHOSLOVAKIA AND EUROPE

Z. URBAN* & J. MARKOVA*

ABSTRACT. Puccinia poarum Nielsen in Czechoslovakia and Europe is a complex of two
obligately heteroecious, ecologically and biologically distinct populations. In one of them
teliospores quickly germinate during the season; aecia begin to appear in May, with a
second generation being produced from August to November. This population is confined to
Tussilago farfara and Poa sp. div. and is recognized as P. poarum var. poarum. The other
variety, P. poarum var. petasiti-pulchellae (Liidi) comb. et stat. nov., produces only
overwintering teliospores, the last aecia being produced in August. This variety is currently
known on the following hosts: Petasites sp. div. (? also Tussilago farfara), and Agrostis alba,
Festuca carpatica, F. pulchella, Melica nutans, Milium effusum subsp. alpicola, Phleum
michelii, Poa alpina, P. nemoralis and P. pratensis subsp. angustifolia.

The genetic connection of Aecidium tussilaginis Pers. to the rust fungus
on Poa sp. div. was made by Nielsen (1877) in an experiment with Poa
annuat, P. nemoralis, P. palustris (syn. P. fertilis) and. P. trivialis.
Plowright (1889) obtained similar positive, cross-infection results with Poa
annua. Later, in experiments by Tranzschel (1910), aecia developed on
Tussilago farfara following inoculations using teliospores from Poa
nemoralis var. firmula Gaud. (near Leningrad); by contrast, Petasites
hybridus remained free of infection. Spores of Aecidium tussilaginis gave
rise to infections on Poa alpina, P. annua, P. nemoralis, P. palustris, P.
pratensis and P. trivialis in the studies of Klebahn (1908); the heaviest
infections occurring on P. trivialis. In Norway, Jorstad (1932) experi-
mentally established the obligatory heteroecism of the rust on Poa pratensis,
and made many observations about the close connection of Aecidium
tussilaginis with rust on Poa alpina, P. nemoralis, P. pratensis and P.
trivialis in nature. In Switzerland, Mayor (1940) searched herbaria for host
plants of Puccinia poarum and listed the following species: Poa alpina,
P. annua, P. bulbosa, P. chaixii, P. nemoralis, P. palustris, P. pratensis
and P. trivialis. Simultaneously, Mayor confirmed the absence of uredial
capitate, thick-walled paraphyses in Puccinia poarum—as had already
been reported by Nielsen, Plowright, and Jerstad. Further experiments
were published by Dupias (1943) and Guyot (1944); the latter succeeded
in obtaining very heavy infections on Poa annua and P. bulbosa but only
light infections on Poa pratensis, P. compressa and P. nemoralis. The
experiments with uredospores by Eriksson (1923) are not reliable, for he
mentions numerous clavate paraphyses in the uredia.

Nielsen (1877) noted that in Denmark some teliospores germinate
immediately whereas the others, produced later, overwinter, and fresh
aecia are produced on Tussilago farfara until late in the season. Similarly,
Plowright (1889) in Britain characterized this species as unusual in having
two aecial generations in the course of one year. The same idea was
repeated by Wilson & Henderson (1966) who wrote in more detail: “The
earlier crop [of aecia] begins to appear in May, and is followed by the
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uredo- and teleutospores on the leaves of Poa; these germinate quickly
and the second crop of aecidia is produced about August, and the second
generation of teleutospores may be found on Poa from October’. The
same features on the life-cycle of this rust were also observed by
Lagerheim (see Vestergren, Microm. rar. sel. no. 685; Lind, 1913). In
Finland, aecia appear in June and July, or later (as in Helsinki) and
continue to occur until October (Liro, 1908; Rauhala, 1959). In Norway,
aecia were collected from mid-May to mid-October; most collections
being made between June and August (Jorstad, 1936, 1940, 1951, 1964
p. 36). In Estonia and Latvia, aecia were gathered even in mid-September
(Bucholtz, 1905; Arefjev, 1916); according to these authors, teliospores
germinate directly, throughout the season.

From Poland there are numerous records of aecia collected in
September and October: Wysokie Tatry Mts, Pieniny Mts (Wrdblewski,
1922; Rouppert, 1912), near Rzesz6w (Stec-Rouppertowa, 1935), near
Jaslo (Wodziczko, 1911), near Sandomierz (Romaszewska-Satata, 1981), —
Wyzyna Lubelska and Lublin (Romaszewska-Salata, 1974, 1977), near
Warszawa (Majewski, 1965, 1967), and near Poznan (Dominik, 1935).
The records of Wroblewski (1922) from Zale8tiki in the Ternopol region
and the region of Lvov now pertain to the USSR.

In the German Democratic Republic, aecia were collected in September
and October in Mecklenburg and Thiiringen (Buhr, 1958). In the German
Federal Republic, aecia were found as late as mid-November in
Oldenburg (Niedersachsen) and Bavaria (Buhr, 1958; Paul, 1917, 1919;
Poeverlain & Schoenau, 1929). In Rheinland, aecia were found from June
to late September (Brandenburger, 1972). In Rumania, many collections
were made from mid-May to mid-October (Savulescu, 1953). In the
Mecsek Mts of Hungary, aecia were found in September (Vass & Toth,
1958). Collections of fresh aecia are recorded from May to late September
in Switzerland (canton Neuchatel) and France (Isére, Haute Garonne,
Hautes Pyrénées, Puy-De-Déme, Normandie: Mayor, 1958; Kuhnholtz-
Lordat, 1937; Rayss, 1933; Dupias, 1951, 1962; Buhr, 1958).

According to the collecting dates of herbarium specimens and to the
literature, Aecidium tussilaginis in Czechoslovakia occurs with the
following frequency per half-month:

May June July August Sept. Oct. Nov.
half: L2 @b2 b 2 2 £2 £2 2 2.

211 1516 48 9 4 9 13 111 6 —
total: 13 31 12 13 22 12 6

According to approximate heights of localities, Aecidium tussilaginis
predominates in lowland and hilly districts (to 500m). Twenty records
derive from the submontane belt (880-1100m; Stratenska hornatina Mts,
Slovenské rudohorie Mts, Vysoké and Nizké Tatry Mts, Mala Fatra Mts,
Slavkovsky les Mts, Sumava Mts, Brdy Mts, Ceskomoravska vrchovina
highland) and seven records from the montane-supramontane belts
(1000-1500m; Vysoké and Nizké Tatry Mts, Belianské Tatry Mts, Hruby
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Jesenik Mts). The only record from the subalpine belt (1400—1800m) is
from Kezmarska chata chalet in Vysoké Tatry Mts.

Puccinia poarum was originally described as a heteroecious rust on
Tussilago farfara and Poa sp. div. However, early cross-infection
experiments showed that in nature other genetic connections can occur
(Liidi, 1917; Mayor, 1918; Gaumann, 1941). For example in the Alps, the
rust fungus on Festuca pulchella alternating with Petasites sp. div. can
also infect some species of Poa. In experiments this rust produced only
spermogonia on Tussilago farfara. Gaumann (loc. cit.) described several
new rust species having their monokaryotic phase on various Swiss species
of Petasites and their dikaryotic phase on various grass genera: Puccinia
petasiti-poarum on Poa nemoralis and P. palustris; Puccinia petasiti-
melicae on Melica nutans; Puccinia taminensis on Phleum michelii; Puccinia
kummeri on Agrostis stolonifera.

In Czechoslovakia there are records of a rust fungus similar to Puccinia
poarum on Festuca carpatica from Vysoke and Belianské Tatry Mts, and
on Milium effusum subsp. alpicola from Nizké Tatry Mts (Urban, 1966a).
All known localities are situated in the montane-subalpine belt (1000-—
1800m) and the alternating host was not experimentally confirmed. The
rust on Festuca carpatica, 11+III, in Belianské Tatry Mts was gathered
together with Aecidium tussilaginis on 7 July 1959; two other collections
from the same valley (31 vii 1959 and 7 viii 1960) could be connected with
either Petasites sp. div. or Tussilago farfara. Petasites albus is very
probably the alternate host for the rust on Milium effusum in the Nizke
Tatry Mts; after a thorough search at the Jocus classicus on 14 August
1986 the first author discovered remnants of two aecial groups on a well-
rotted leaf, and other aecial remnants were found on the periphery of two
perforations in a still green leaf.

Aecidium petasitis P.& H. Sydow seems to occur, by comparison with
A. tussilaginis, with more sporadic occurrence. According to the literature
it is known from S Sakhalin on Petasites amplus Kitam. (Hiratsuka, 1931)
and from Kamchatka on P. frigidus (Azbukina, 1963). A. petasitis is
further reported on the last mentioned and other species, such as Petasites
tomentosum (Ehrh.) DC., P. laevigatus (Willd.) Reichenb. and P. hybridus
(syn. P. officinalis Moench), from: Karelo-Finnish SSR, lower Yenisei
River, Tartar, Bashkir and Komi ASSR; the regions of Omsk, Sverdlovsk,
Kirov, Gorki, Voronezh and Stanislav; Latvian SSR; the crimean
Krasnodar region and Georgian SSR (Tranzschel, 1939; Uljaniscev, 1960;
Voronichin, 1927; Wroblewski, 1913; Bucholtz, 1905; Arefjev, 1916). It 1s,
as yet, unknown in Scandinavia. On the Baltic coast its occurrence seems
to be scarce: aecia were found in Mecklenburg on Petasites spurius, and in
Schleswig-Holstein on P. hybridus (Klebahn, 1914). From Denmark there
are records on P. albus (Lind, 1913, p. 309) and P. hybridus, but Nielsen
(1877) considered this Aecidium to be rare. It seems that in Germany the
occurrence of aecia increases in the hilly and higher altitudinal belts:
Saxen and Rheinland (on -Petasites hybridus), Bavaria (on P. albus, P.
hybridus, P. niveus Baumg.); see Klebahn (1914), Paul (1917, 1919),
Poeverlein & Schoenau (1929), and Poeverlein (1940). Similarly, in
Switzerland this Aecidium is relatively frequent on P. albus and P. niveus;
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on both hosts it ascends to relatively high altitudes, e.g. Berner Oberland
1900m (Ivanoff, 1907; Ludi, 1917; Mayor, 1918, 1963; Oefelein, 1969).
From France we have only one record, from the Massif Central, Puy-De-
Dome, lake Pavin, on Petasites albus, 25 vii 1928 (Rayss, 1933). From the
same locality Aecidium tussilaginis is also recorded, but four years later on
30 August 1932 (Rayss, 1933). Aecidium petasitis is relatively common in
the Polish Wysokie Tatry Mts on Petasites hybridus and P. albus
(Wroblewski, 1922; Stec-Rouppertowa, 1935). In Rumania, aecia are
common on P. albus, P. kablikianus, P. niveus and P. hybridus in the
submontane and montane belts of the Transylvanian Alps (Savulescu,
1953). In Bulgaria, Chinkova (1959, p. 59) considered Aecidium petasitis
on P. albus, P. hybridus and P. kablikianus to be one of the most frequent
rusts in the altitudinal belt of beech forest (800-1100m; see also
Chinkova, 1978), although it has now been found up to 1600m. In
Yugoslavia the rust occurs on Petasites albus, P. hybridus and P.
kablikianus (Ranojevic, 1899; Picbauer, 1930, 1932) in similar montane to
submontane conditions. Concerning the dates from the SE countries,
Henderson (1963, sub P. poarum) recorded Aecidium petasitis on P.

TABLE |

Occurrences of Aecidium petasitis in Czechoslovakia

May June July August Annotation
26 V . albus, Beskydy Mts, I closed, c.500m

. hybridus, Turnov, c.250m

. albus, Stratenska hornatina, c.700-900m.
albus, Stratenska hornatina, c.550m
albus, Mala Fatra Mts, 300-600m
albus, Levoéské pohorie Mts, c.700m j
hybridus, Zdar n. Metuji, ¢.400m
albus, Bukovské vrchy Mts, Riaba skala, c.600m
albus, Kiizova-Stiti dal (Havliékuv Brod),
c.600m

. kablikianus, Protez chalet in Belianské Tatry
Mts, c.1300m

. kablikianus, at the same place

. albus, Vysoke Tatry Mts, Tristarsky dul valley,
c.1000-1500m

Vii Petasites sp., Vysoké Tatry Mts, Mala studena
dolina valley, 1500—2000m

Vii P. albus, Kralicky Snéznik Mt, c.550m
Vii vii = P. albus, Vysoké Tatry Mts, 750-1700m

6 viii Petasites sp., Nizké Tatry Mts, Vernar, c.900m, I
obsolete + (UD +I on Poa nemoralis

7 vit P. hybridus, Vysoke Tatry Mts, Temnosmrecinova
dolina valley, c.1500m

l4viii ss P. albus, Nizké Tatry Mts, Trangoska chalet, I
very obsolete on rotten leaves +(1J)+I0 on Milium
effusum, 1120m

20 viii P. albus, Orlické hory Mts, DeStna, c.700m

2 Vi
6 vi
9 vi

10 vi
12 vi
13 vi
20 vi
26 vi

7 vil

14 vii
23 vii wR

 
BS

 
THHDTD

WHDD

Number of collections from different altitudinal zones:
14 Lowland and hilly districts (to 500m)
15 Submontane belt (to 1100m)
4 Montane-supramontane belts (to 1500m)
1 Subalpine belt (to 1800m)
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hybridus in Turkey near Artvin, c.2000m, 3 viii 1960. An Aecidium on
Petasites fragrans was noted in Algeria (N Africa), Djidjelli, i 1913 (see
Guyot, 1953, p. 111).

According to the cited collecting dates, Aecidium petasitis was most
common during May, June and July, but sparse by August, on Petasites
frigidus in Karelo-Finnish SSR (Liro, 1908), on P. hybridus in Wysokie
Tatry Mts (Wroblewski, 1922) and in Yugoslavia, Vlasina, E of Vranje
(Ranojevic, 1899). The record on P. niveus, dated 25 ix 1919, from near
Grafrath (W of Munich) in Bavaria, c.500m (Poeverlein & Schoenau,
1929) is quite unique.

ECOLOGICAL COMPARISON OF THE POPULATIONS

It seems that in Europe and in the European part of the USSR there
are two obligately heteroecious populations of Puccinia poarum. They may
be distinguished by the time of germination of their teliospores. One
possesses immediately germinating teliospores, whereas the teliospores of
the other overwinter and germinate the following spring.

_ The obligate heteroecy of the Tussilago-alternating population was
confirmed by Jorstad (e.g. 1936, 1940, 1951) in Norway, Mayor (1958) in
Neuchatel, Durrieu (1966) in the Pyrénées, Wilson & Henderson (1966) in
the British Isles, and Brandenburger (1974) in the Austrian Tirol. Fresh
aecia are produced up to October and sometimes even November.

On the other hand, Aecidium petasitis has been gathered only once as
late as September (near Munich in Bavaria). Its genetical connection to a
grass rust was observed in nature and experimentally proved only in
Switzerland. Dikaryont hosts in Switzerland are species from the genera
Festuca, Poa, Melica, Phleum and Agrostis. In the Nizké Tatry Mts of
Czechoslovakia the rust on Milium effusum subsp. alpicola has been
repeatedly observed at the same locality since 1960; its alternate host is
most probably Petasites albus. A similar rust on Poa nemoralis, together
with effete aecia on Petasites sp., was gathered in Nizké Tatry Mts near
Vernar. A similar rust found on Festuca carpatica in the Vysoké and
Belianské Tatry Mts probably alternated with either Petasites sp. div. or
Tussilago farfara. Both in Switzerland and Czechoslovakia Aecidium
petasitis is mainly restricted to mountainous localities: in Switzerland
1000-1600m (Puccinia petasiti-pulchellae, P. petasiti-melicae, P. taminensis,
P. kummeri), up to 1800m (P. petasiti-poarum; see Mayor, 1918, 1963); in
Czechoslovakia 900-1700m. The type locality of P. petasiti-poarum near
Regensburg (FRG), however, is at an altitude of about 340-400m.
Therefore, some credence can be given to the idea of Lidi (1917, pp. 87-
88) who wrote concerning P. petasiti-pulchellae: when Festuca pulchella
was not present in the biotope (plant community) a substitution by some
species of Poa was likely. This idea led Paul (1917, p. 65) to suggest that
Aecidium petasitis on P. albus in Leinbachtal (Bavaria, c.600m) was
alternating with some hitherto unknown species of Poa because in Bavaria
F. pulchella was not found below 1600m; the same interpretation was
made by Poeverlein & Schoenau (1929).

According to the above evidence it seems that Aecidium petasitis in the
European submontane to supramontane belts (Switzerland, Tatry Mts in
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Czechoslovakia and Poland, Rumanian and Bulgarian Carpathians,
: ; ian mountains) is connected with a rust-Serbian, Bosnian and Hercegovian m« F it in the followin

fungus like Puccinia poarum but diverging trom g
cteristics: ;OT need on Petasites sp. div. (? also T ussilago),

2. aecia from May to mid-August; ——
3. all teliospores overwintering, before germinating; . .
4. known dikaryont hosts from the genera: Agrostis, Festuca, Melica,

Milium, Phleum and Poa.
At present it is difficult to determine more accurately the dikaryont

hosts in the lowland and hilly belts. One must consider such rusts as
Puccinia petasiti-pendulae Gaum. (1943) from Switzerland (I on Petasites
sp. div. and Tussilago, IT+IIl on Carex pendula) and Puccinia ruttneri
R. Fisher (1952) from Austria (I on Petasites hybridus, 11+ TI] on Carex
gracilis Curtis).

The species concept in rust fungi as demonstrated by Gaiimann (1941,
1959) implies that: when there is a new combination of a hitherto
unrecognized alternate host with a dikaryont-host a new rust species
should be distinguished. A more recent view is based on the statement
that distinct morphologic identity implies specific identity (Greene &
Cummins, 1967; Cummins, 1971). The forma specialis was often
recognized as the lowest infraspecific unit. However, some authorities
gave the rank of variety to formae speciales, but this is not appropriate.
Urban (1968) published a rather different view on the species concept in
obligately parasitic fungi, especially rusts: stating that every taxonomic
problem should be solved individually, irrespective of the existence of a
previously constructed, universal, schematic hierarchy of intraspecific
units. This is why we suggest a new approach to Puccinia poarum,

Puccinia poarum Nielsen in Bot. Tidsskr. ser. 3, 2: 34 (1877), var. poarum.
Fig. 1A.
Syn.: P. poae-trivialis Bub. in Ann. Mycol. 3: 220 (1905).

P. poae-alpinae Eriks. in Ark. Bot. 18 (19): 1 (1923).
Spermogonia epiphyllous, sometimes numerous. Aecia hypophyllous, in

dense clusters on circular, yellowish or reddish bordered spots; first
generation from May, the second one from (July) August to November.
Pseudoperidium short, whitish, margin revolute and dentate. Outer
cell-wall to 11m thick, punctate, inner wall 3-4um thick, minutely
verrucose. Fresh aeciospores orange. Aeciospores (18-)20-27(-31) x
(15-)18-24(-27)um, wall colourless c.lum thick, verrucose or verrucose-
echinulate, with some refractive granules 2-5-3um’in diam., without pores
(see Holm, 1967; Henderson, Prentice & Eudall, 1972; Savile, 1973).
Uredia mostly adaxial, a few abaxial or on sheath, bright orange yellow
when fresh, then whitish, long covered, usually without paraphyses;
occasionally with short single, peripheral, thin-walled, clavate paraphyses.
Uredospores (19-)22-30(-34) x (16—)19-25(-27) um, wall c.1-5um_ thick,
colourless or pale yellowish, spine spacing 2—2-5(—3)um, pores (7-)8—-9(-11),
very indistinct, + bizonate, without visible caps, without wall depression
around pore. Telia mostly abaxial, blackish, permanently covered, narrow
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Fic. 1. A, Puccinia poarum var. poarum, II, Il from Poa pratensis, Marianské Lazné, 11 viii
1960, Urban; B, Puccinia poarum var. petasiti-pulchellae, U1 from Milium effusum subsp.
alpicola, TrangoSka chalet, 6 ix 1960, Urban.
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Fic. 2. Teliospore pedicel types: A, Crassipes; B, Tenuipes; C, Semicrassa.

or wide shortly linear, often grouped in an ellipsoid pattern around a
uredium, with variable development of brown cylindrical paraphyses
forming loculi (c. 2-7 spores wide). Teliospores (34—)39-60(—68) x
(13-)17-24(-30) x 13-20(—23)um, variably clavate, wall c.1—1-5um thick at
sides, (2-)3-8(-11)um apically, smooth, chestnut-brown above, pedicel
Crassipes-type (Urban, 1966b; see Fig. 2), short, persistent, apically
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(2-)3-5(-7) um. thickened and chestnut-brown; occasionally 1- or 3-celled
spores present. Teliospores immediately germinating.
Lectotype: on Poa trivialis from inoculation with aeciospores 10 vii 1875,
collected 5 viii 1875, Nielsen (C): see Greene & Cummins (1967).

Distribution: Temperate to cooler countries of Europe, eastward to the
western part of the USSR, Central Siberia, Mongolia (Schmiedeknecht &
Puncag, 1967), China (Hsiao-Wu-tai-shan Mts, W of Peking) and Asia
Minor (see also Jorstad in Ahmad, 1956, and Jorstad, 1959).

Aecial host: Tussilago farfara.
Uredial and telial hosts: Poa alpigena, P. alpina, P. annua, P. botryoides

Trin., P. compressa, P. glauca, P. nemoralis, P. ochotensis Trin. (syn. P.
sphondylodes Trin.), P. pratensis, P. pratensis subsp. angustifolia (L.) Hay.,
P. remota, P. trivialis.

In Czechoslovakia var. poarum was found on the following hosts:
Poa palustris (6): Smidary (Novy Bydzov), Lipno (Cesky Krumlov),

Tiebon, Albertovec (Hlucin), Troubsko near Brno and Dievohostice near
Bystfice p. Hostynem.

Poa trivialis (5): Velvary (Kralupy n. Vit.), Tiebon, Karlova Studanka
(Bruntal), Stary Smokovec in Vysoké Tatry Mts and Smolnik (Gelnica).

Poa nemoralis (5), all from Slovakia: Pieniny Mts (Spiska Stara Ves),
Srdietko chalet in Nizké Tatry Mts (Brezno), Cingov (Spi8ska Nova Ves),
Henclova and Smolnik (Gelnica).

Poa pratensis subsp. pratensis (3): Zeleneé near Praha, Marianské Lazné
(Fig. 1A), Troubsko near Brno.

Poa pratensis subsp. angustifolia (4): Stievaé (Jitin), Bardejovské Kupele
(Bardejov), TrangoSka chalet in Nizké Tatry Mts (Brezno) and Cingov
(Spisska Nova Ves).

Poa compressa (3): Tiebon, Troubsko near Brno and Bezovec Mt near
PieStany.

Poa remota (1): Ludrova valley in Nizké Tatry Mts (Ruzomberok).
Poa sp.: Zeleneé near Praha, Tale (Brezno) and Bardejov.
The highest localities are Srdie¢ko chalet (c.1200m) and Trangoska

chalet (c.1100m) in Nizké Tatry Mts. The lowest localities are: Velvary
(c.190m), Smidary (238m), Dyfevohostice near Bystfice p. Hostynem
(c.240m), Albertovec and Zelenet (c. 260m).

As in other countries, Puccinia poarum var. poarum in Czechoslovakia
is obligately heteroecious.* All specimens (33) except one (Bardejovské
Kupele, 22 vii 1985, Markova) bear telia, but uredia are scarce and very
probably of only short duration because the sori are almost without
spores. Teliospores are produced very soon, usually simultaneously with
uredia (e.g. on Poa compressa, (II)+(UI), Bezovec Mt near Piestany,
together with Tussilago farfara, 0+I1, 29 v 1977, Urban). Our more recent
collections also show that var. poarum is very often accompanied by
infected Tussilago farfara: on Poa trivialis, (1)+III, Tfebon, 26 vi 1984,
Urban & Markova; —on Poa cf. compressa, (11) +I, Trebon, 27 vi 1985,
Tureckova; —on Poa palustris, (11)+UI, Trebon, 10 vii 1984, Urban,

*Treboux (1914) observed overwintering mycelia in the leaves of Poa annua and P.
pratensis in the surroundings of Riga. However, it is uncertain that these observations were
really made on Puccinia poarum.
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TABLE 2

Diagnostic features for the separation of Puccinia poarum var. poarum
from P. poae-nemoralis

P. poarum var. poarum P. poae-nemoralis

uredia scarce, covered, without thick- abundant, numerous, thick-
walled, capitate paraphyses; walled, yellow-brownish, bent,
occasionally with single, capitate paraphyses giving the
peripheral, short, clavate, thin- sori a pulvinate and compact
walled paraphyses appearance

uredospores
wail colourless, 1-Sum thick pale brownish, c.2um thick
spine spacing 22-53) um 1-5-2(-2-5)um
pore caps absent minute, visible
wall depression

around pores absent present
pores in

phase-contrast,
x 1000 not visible* visible, can be counted

teliospores
pedicel type
(Urban, 1966b;
see Fig. 2) SemicrassaCrassipes

*Pores were visible only after staining in Congo red (Urban, 1963).

(+ Uromyces poae Rabenh. II); —on Poa cf. trivialis, I1+III, Stary
Smokovec, 14 vii 1955, Urban; —on Poa sp. and P. pratensis subsp.
angustifolia, (II)+TII, Bardejovské Kupele, 22 vii 1985, Markova; —on
Poa sp., II)+U1, and P. poae-nemoralis Otth, I], Snakov near Bardejov,
27 vii 1985, Markova; —on Poa sp., [+I], Brezno, above Partyzan hotel
in Bystra dolina valley, 1 ix 1985, Formanova & Tureékovad; —on Poa
nemoralis, (III), and P. poae-nemoralis, II, Brezno, below Srdie¢ko chalet,
8 ix 1977, Markova; —on Poa remota, (II)+III, Ruzomberok, Ludrova
dolina valley, 18 ix 1980, Urban; —on Poa cf. pratensis subsp. angustifolia,
Il, and P. poae-nemoralis 11+ (III), Stievaé, 27 ix 1986, Urban; —on Poa
cf. pratensis subsp. angustifolia, (II)+III, Spissk&é Nova Ves, Cingov,
Lesnica stream, 29 ix 1986, Urban; —on Poa nemoralis, (II) +I, Spisska
Nova Ves, Cingov, 29 ix 1986, Markové; —on Poa cf. pratensis, 3
collections IT + III; II; II, Zeleneé near Praha, 19 x 1986, Urban.

In Czechoslovakia, Puccinia poarum var. poarum has often been found
together with uredia of P. poae-nemoralis Otth. Uredia of the last species
were plentiful not only on the same plants but even on the same leaves.
These rusts can be distinguished by the characteristics given in Table 2.

Puccinia poarum var. petasiti-pulchellae (Liidi) Urban & Markova, comb.
et stat. noy. Figs 1B, 3.
Syn.: Puccinia petasiti-pulchellae Lidi in Centrabl. Bakteriol. 2. Abth.

48:85 (1917).
Puccinia petasiti-melicae Gaum. in Phytopath. Zeitschr. 13:627

(1941).
Puccinia taminensis Gaum. Ibid. 13:629 (1941).
Puccinia kummeri Gaum. Ibid. 13:632 (1941).
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Puccinia poarum var. petasiti-pulchellae: A,
Temnosmretinova dolina valley, 19 viii 1947, Hadaé; B, If from Poa nemoralis, Vernar, 6 viii
1961, Urban.
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Puccinia petasiti-poarum Gaum. & Eichh. Ibid. 13:637 (1941).
Puccinia baldensis Gaum. in Ber. Schw. Bot. Ges. 61:48 (1951).

A varietate poarum differt teliosporis omnibus perennantibus; aecidia a
Mayo mense ad medium Augustum inveniuntur.
Type: Festuca pulchella Schrad., Schweiz: Kt. Bern, Briinnlihorn bei
Murren, 12 x 1915, W. Liidi (ZT).

Distribution: in the hilly, submontane to supramontane (500-1500m)
and subalpine (to 1800m) belt in Switzerland, Austria, German Federal
Republic, German Democratic Republic, Denmark, Czechoslovakia,
Poland, European part of the USSR, Rumanian and Bulgarian Carpathes
and the mountains in SE Yugoslavia.

Aecial hosts: Petasites albus, P. frigidus, P. hybridus, P. kablikianus, P.
laevigatus (Willd.) Reichenb., P. niveus Baumg., P. spurius (Retz.)
Reichenb., and possibly Tussilago farfara.

Uredial and telial hosts: Agrostis alba, Festuca carpatica, F. pulchella,
Melica nutans, Milium effusum subsp. alpicola Chrtek, Phleum michelii
All., Poa alpina, P. nemoralis, P. pratensis subsp. angustifolia (L.) Hay.

In Czechoslovakia var. petasiti-pulchellae has been reported on the
following host-plants (for aecial hosts see Table 1):

Festuca carpatica: Vysoké Tatry Mts, Temnosmretinova dolina valley,
c.1760m, 19 viii 1947, Hadaé, (11)+I0, uredospores 25-29 x 21-24um,
6-8 pores, teliospores 53-73 x 16—-22-5um (upper cell) Fig. 3A; Belianské
Tatry Mts, Siedmich pramenov valley, path to the Protez chalet, 13 vii
1959, together with Aecidium tussilaginis, 11+, uredospores 25-30 x
17-5~22um, teliospores 35—52-5 x 17-5-25um (upper cell); Hiboky potok
stream, 31 vii 1959, IIL, 50-67-5 x 17-5—22:5(-26)um (upper cell), mesospores
also present; Protez chalet, 7 viii 1960, Hadat, (I1)+ III, uredospores
225-275 x 20-22:5um, 8-10 pores, teliospores 42-5-67-5 x 16-21um
(upper cell).

Milium effusum subsp. alpicola: Brezno, Nizké Tatry Mts, Trango’ka
chalet, 6 ix 1960, Urban, III, 37-5-65 x 17-5-25x14-24um, *=51-9 x
20°8 x 19-4um (n= 39), single germinated uredospores, wall c.1-5um, spine
spacing (2-)2-5(-3)um, c.8 pores, Fig. 1B; ibidem, c.1125m, 2 ix 1985,
Urban & Markova, (II)+I0, uredospores 26-30 x 22—25um, teliospores
47—S5(-58) x 15-18um (lower cell); ibidem, bus-stop, 14 viii 1986, Urban,
(I) + TIL, uredospores(21—)25—30 x (20-)22-24(—25) um (n = 50), wall 1-1-5yem,
spine spacing 2—2-5-3ym, (6—-)8-9(-10) pores.

Poa nemoralis: Nizké Tatry Mts, railway station Vernar, c.930m, 6 viii
1961, (I)+IU, uredospores 19-26 x 19-22-5um, spine spacing 1-5—-2-5um,
(7-)8(-9) pores scattered or bizonate, teliospores 38—45 x 13-21 x 13—
17um, occasionally 3-celled, together with effete Aecidium petasitis on
Petasites sp. Fig. 3B.

The uppermost locality was with Festuca carpatica in Vysoké Tatry
Mts, c.1760m, the lowest one with Poa nemoralis at Vernar, c.930m in
Nizke Tatry Mts. It should be noted that Aecidium petasitis was collected
on about 10 occasions at altitudes between 400 and 900m (see p. 362).

Puccinia poarum var. petasiti-pulchellae in Czechoslovakia, as in
Switzerland, seems to be obligately heteroecious. Collections on Milium,
Poa and Festuca carpatica on the path to Protez chalet were discussed
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earlier (see p. 361, 363). According to Dr E. Hadat (pers. comm.) in
Temnosmretinova dolina valley host alternation of Festuca carpatica with
Petasites kablikianus is very probable. The two other specimens on F.
carpatica from Belianské Tatry Mts may be annotated as follows:

a. in the ravine of Hiboky potok stream (1095-1220m) where four
lant communities were described belonging to the alliance Petasition

officinalis Sullinger (Hadaé, 1969); these include Petasites kablikianus
and P. hybridus and also P. albus and Tussilago farfara (the last two
less regularly). Additional grass species were: Poa nemoralis, P. trivialis
and Milium effusum. The presence of Festuca carpatica could be due to
occasional migration down from higher elevations.
b. the rust at Protez chalet could alternate either with Tussilago farfara
or Petasites kablikianus. At the chalet three avalanche lines meet which,
in their upper parts, possess plant communities belonging to the
Seslerion tatrae Pawl. and Delphinion elati Hadact (1962). All
phytocoenoses regularly include Festuca carpatica, Tussilago farfara and
Petasites kablikianus (the last in ass. Petasito-Senecietum nemorensis
Hadaé, 1969). In this case, too, the hosts have occasionally migrated
down to lower altitudes.

Puccinia poarum var. petasiti-pulchellae, like var. poarum, can thrive
together with Puccinia poae-nemoralis. This was established, e.g., by the
revision of the two type specimens from Zurich (ZT):

a. ‘Puccinia baldensis Gm./Poa pratensis (Schmelzbergstrasse)/infiziert
von Senecio brachychaetus/21 vi 1949 Monte Baldo, Refugio
Graziani’—Puccinia poarum var. petasiti-pulchellae (I1)+Il together
with P. poae-nemoralis II.
b. ‘Puccinia baldensis Gm./ Poa pratensis/Infektionsmaterial aus Versuchen/
Rickversuch von Senecio brachychaete 1 1950/Ursprungsmaterial Senecio
brachychaete 1949/Monte Baldo’—only Puccinia poae-nemoralis II.

This is why the original description of Puccinia baldensis erroneously
incorporates the characteristic: ‘Uredolager . von keuligen oder
kopfigen, bis 75um langen, oben 12-2lum breiten, am Scheitel deutlich
verdickten Paraphysen durchsetzt’.

ADDITIONAL TAXONOMIC NOTES

According to Gadumann (1959) Puccinia poarum Nielsen (i.e. P. poarum
var. poarum) does not possess coloured, cylindrical paraphyses in the telia.
In all Czechoslovak specimens, however, we found teliosori separated into
locules by cylindrical, chestnut-coloured paraphyses. The same
characteristic was observed in rusts on Festuca and Milium and in all
revised material from Zurich (var. petasiti-pulchellae) too.

Before the publication of Greene & Cummins (1967) we had already
made a revision of the type specimens of the following species: Puccinia
poaetrivialis Bub., P. petasiti-pulchellae Ludi, P. petasiti-melicae Gaum. &
Eichh. and P. baldensis Gaum. (BKL, ZT). We were agreed that the type
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specimen of P. petasiti-poarum included P. graminis III. Three specimens
sent from Zurich as type material of P. kummeri included only uredia and
uredospores like P. poarum: 24—26 x (18-)20—21 um, —uredospores from
inoculation experiments: 20—22-5 x 17.5-20um; —22.5-24(-25) x (17:5—-)20-
22:5um, wall subhyaline, 1-1-25um thick, spine spacing 2-2: Sum, pores
without caps, not visible without staining, (6-)7-8(-9) + bizonate, single
thin-walled clavate paraphyses 40-45 x 11-l4um. The specimen labelled
‘Puccinia kummeri Gm./Agrostis alba/Calfeis, hinter Gigerwald, 28 viii 40.
Gm.’ included a black, very obsolete stromatic ascomycete or
deuteromycete.

Gaumann (1959, p. 540) placed Uredo poae-cenisiae Ludi (in Mitt.
naturf. Ges. Bern, 1927: xxxili, 1928) close to Puccinia petasiti-poarum.
Because of the predominance of long, capitate paraphyses in the sori this
species is actually related to P. poae-nemoraiis.

ACKNOWLEDGEMENTS

We are grateful to Professor E. Miller, Geobotanisches Institut der
ETH, Zurich, for the loan of authentic rust specimens.

REFERENCES

AHMAD, S. (1956). Fungi of West Pakistan. Lahore.
AREFJEV, L. A. (1916). Vidy roda Puccinia Pribaltijskogo kraja. Mater.

Mikol. Obsl. Rossii 4:28-111.
AZBUKINA, Z. M. (1963). Rzavéinnyje griby poluostrova Kaméatka.

Komarov. Cténija Dalnévostoé. Fil. Akad. Nauk (Vladivostok) 11:33-50.
BRANDENBURGER, W. (1972). Beitrage zur Pilzflora des Rheinlandes 2.

Mehltau-Rost-und Brandpilze aus der Umgebung von Queckenberg.
Decheniana 124:141-168.

(1974). Beitrage zur Pilzflora von Tirol. Mehltau-, Rost- und
Brandpilze aus der Umgebung von Berwang/Ausserfern. I]. Decheniana
126:377-405.

BUCHOLTZ, F. (1905). Die Puccinia-Arten der Ostseeprovinzen Russlands.
Arch. Naturk. Liy-, Est- u. Kurlands 13 (1):1—60.

BUHR, H. (1958). Rostpilze aus Mecklenburg und anderen Gebieten.
Uredineana 5:11—136.

CHINKOVA, C. (1959). Parazitni gabi po rastitelnostta vy iztocna Rila.
Sofia.

(1978). Materiali varchu florata na razdite v Balgarija. Fitologija
(Sofija) 10:50—62.

CUMMINS, G. B. (1971). The Rust Fungi of Cereals, Grasses and
Bamboos. New York.

DOMINIK, T. (1935). Materjaly do flory grzybow mikroskopowych
zachodniej Polski. Sprawozd. Komis. Fizjogr. 70:1-72.

DupPlIAS, G. (1943). Quelques urédinées hétéroxénes de la région
Toulousaine. Bull. Soc. Hist. Nat. Toulouse 78:243-250.

(1951). Contribution a Pétude de la flore urédinologique du Sud-
Ouest et des Pyrénées (3). Bull. Soc. Mycol. France 67:50-64.



ree specimens
ly uredia and
ospores from
1 x (175-)20-

PUCCINIA POARUM IN CZECHOSLOVAKIA 373

_— (1962). Contribution 4 Pétude de la flore urédinologique du Sud-
Ouest et des Pyrénées (6). Bull. Soc. Hist. Nat. Toulouse 97:125—-138.

DURRIEU, G. (1966). Etude eécologique de quelques groupes de
champignons parasites des plantes spontanées dans les Pyrénées
(Péronosporales, Erysiphacees, Ustilaginales, Uredinales). Theses Fac.
Sci. Univ. Toulouse.

ERIKSSON, J. (1923). Neue oder kritische Gras-Uredineen. Ark. Bot. 18
19): 1-22.pICHER, R. (1952). Ein heterézischer Rostpilz, Puccinia ruttneri nov.

spec., der Spitzsegge (Carex gracilis Curtis). Pflanzenschutzberichte 9:
17-25.

GAUMANN, E. (1941). Uber einige neue Grasroste. Phytopath. Z. 13:624-
641.

(1943). Uber die Entwicklung und. die Wirtswahl ciniger
schweizerischer Rostpilze. Ber. Schweiz. Bot. Ges. 53A:465-479.

(1959). Die Rostpilze Mitteleuropas. Bern.
GREENE, H. C. & CUMMINS, G. B. (1967). Puccinia holcina and P. poarum

redefined. Mycologia 59:47—-57.
Guyot, A. L. (1944). Etudes expérimentales sur les urédinées hétéroiques.

Ann. Ecole Nat. Agric. Grignon, Sér. 3, 4:116—147.
(1953). Catalogue raisonné des micromycétes de Tunisie. 1. Urédinales.

1. Puccinia. Ann. Service Bot. Agron. Tunisie 25:1-170 (1952).
Hapac, E. (1962). Ubersicht der héheren Vegetationseinheiten des

Tatragebirges. Vegetatio 11:46—54.
(1969). Die Pflanzengesellschaften des Tales.‘Dolina Siedmich pramenoy’

in der Belaer Tatra. Bratislava.
HENDERSON, D. M. (1963). Uredinales from SW Asia: III. The rust fungi of

Turkey. Notes RGB Edinb. 25:197-277.
, PRENTICE, H. T. & EUDALL, R. (1972). The morphology of fungal

spores: III. The aecidiospores of Puccinia poarum. Pollen et Spores
14:17-24.

HIRATSUKA, N. (1931). Zweiter Beitrag zur Uredineen-Flora. von
Stidsachalin. Trans. Tottori Soc. Agric. Sci. 2 (3):233-246.

HOLM, L. (1967). Etudes urédinologiques. 5-7. Svensk Bot. Tidskr. 61: 231-
251.

IVANOFF, B. (1907). Untersuchungen tiber den Einfluss des Standortes auf
den Entwicklungsgang und den Peridienbau der Uredineen. Centralbl.
Bakteriol., 2. Abth. 18:470-480.

JORSTAD, I. (1932). Notes on Uredineae. Nyt Mag. Naturvidensk. 70:325-
408.

(1936). Uredinales and Ustilaginales of Trondelag. Kongl. Norske
Vidensk. Selsk. Skr. (Trondheim) 38:1-91.

(1940). Uredinales of Northern Norway. Skr. Norske Vidensk.-Akad.
Oslo Mat.-Naturvidensk. Kl. 1940, 6:1—145.

(1951). The graminicolous rust fungi of Norway. Ibid. 1950, 3:1-92.
(1959). On some Chinese rusts chiefly collected by Dr Harry Smith.

Ark. Bot., ser. 2, 4 (8):333-370.
(1964). Observations on life-cycles, spore-forms and alpine occurrence

of the Norwegian Uredinales. Nytt Mag. Bot. 11:27-45.



374 NOTES RBG EDINB. 44(3)

KLEBAHN, H. (1908). Kulturversuche mit Rostpilzen 13. Z. Pfl.-Krankh.
-129-157 (1907).J (i914), Uredincen. In: Kryptog. Fl. Mark Brandenburg 5a:69-904.

KUHNHOLTZ-LORDAT, G. (1937). Glanes phytopathologiques. Ann. Ecole
Nat. Agric. Montpellier 24:215-236.

LIND, J. (1913). Danish fungi as represented in the herbarium of E.
Rostrup. Copenhagen.

Liro, J. I. (1908). Uredineae Fennicae. Helsinfors.
LUpI, W. (1917). Puccinia. petasiti-pulchellae nov. spec. Centralbl.

Bakteriol., 2. Abth. 48(1-4):76-88.
MAJEWSKI, T. (1965). Materialy do znajomosci grzybow pasozytniczych

okolic Warszawy. Acta Mycol. 1:121—-136.
(1967). Przyezynek do flory grzybow pasozytniczych Puszczy

Kampinoskiej. Zbid. 3:115-151.
MAyor, E. (1918). Notes mycologiques. Bull. Soc. Neuchatel. Sci. Nat.

42:62-113.
—— (1940). Notes mycologiques. 10. Ibid. 64:5—-19.

(1958). Catalogue des Péronosporales, Taphrinales, Erysiphacées,
Ustilaginales et Urédinales du canton Neuchatel. Mém. Soc. Neuchdtel.
Sci. Nat. 9(1):1-202.

(1963). Notes mycologiques suisses. Bull. Soc. Neuchatel. Sci. Nat.
86:81-91.

NIELSEN, P. (1877). Bemaerkninger om nogle rustarter. Bot. Tidsskr. ser. 3,
2:26-42.

OEFELEIN, H. (1969). Beitrage zu einer Pilzflora des Hochrheingebietes I.
Mitt. Naturf. Ges. Schaffhausen 29:1—56.

PAUL, H. (1917). Vorarbeiten zu einer Rostpilz-(Uredineen-) Flora Bayerns.
Mitt. Bayer. Bot. Ges. 3, Beilage 2:48—73.

—— (1919). Vorarbeiten zu einer Rostpilz-(Uredineen-) Flora Bayerns. 2.
Kryptog. Forsch. Bayern 4:299-334.

PICBAUER, R. (1930). Additamentum ad floram Jugoslaviae mycologicam 2.
Glas. Zemajlsk. Muz. Bosni i Herceg. 42:133-140.

(1932). Op. cit. 3. Prace Moray. Prir. Spoleén. 7 (12):1-7.
PLOWRIGHT, C. B. (1889). Monograph of the British Uredineae and

Ustilagineae. London.
POEVERLEIN, H. (1940). Die Uredineen der Rheinprovinz. Ann. Mycol.

38:279-302.
—— & SCHOENAU, K. (1929). Weitere Vorarbeiten zu einer Rostpilz-

(Uredineen-) Flora Bayerns. Kryptog. Forsch. Bayern 2:48-118.
RANOJEVIC, N. (1899). Prilog flori gljiva kraljevine Srbije. Spomenik Srpske

Kralj. Akad. 35:93-101.
RAUHALA, A. (1959). Enumeratio uredinearum fennicarum et distributio

hujusque cognitearum in provinciis phytogeographycis Fennoscandiae
orientalis. Kuopion Luon. Ystdv. Yhdistyk. Julkais., ser. B, 3 (3):1—-181.

RAyss, T. (1933). Deuxiéme contribution a la connaissance des
micromycetes des environs de Besse (Puy-de-Déme). Bull. Soc. Mycol.
France 49:381-421.

ROMASZEWSKA-SAELATA, J. (1974). Materiaty do znajomoscirdzawniko-
wych (Uredinales) Lubelszezyzny. Acta Mycol. 10:311-324.



| —pfl- Krankh.

ysiphacées,
‘Neuchatel.

PUCCINIA POARUM IN CZECHOSLOVAKIA 375

_— (1977). Grzyby pasozytnicze zbiorowisk stepowych na Wyzynie
Lubelskiej. Zbid. 13:25—83.

__— (1981). Materialy do poznania mikroskopijnych grzybow fitopato-
genicznych zbiorowisk kserotermicznych na Wyzynie Matopolskiej.
Ann. Univ. Mariae Curie-Sklodowska, Sec. 3, Biol. 36:51-69.

ROUPPERT, K. (1912). Grzyby zebrane w Tatrach, Beskidzie Zachodnim i na
Pogorzu. Sprawozd. Kom. Fizyogr. 46:80—100.

SAVILE, D. B. O. (1973). Aeciospore types in Puccinia and Uromyces
attacking Cyperaceae, Juncaceae and Poaceae. Rept. Tottori Mycol. Inst.
10:225-241.

SKVULESCU, T. (1953). Monografia uredinalelor din Republica Populara
Romana. Bucuresti.

SCHMIEDEKNECHT, M. & PUNCAG, T. (1967). Puccinia-Arten aus der
Mongolischen Volksrepublik. Feddes Repert. 74:177-199.

STEC-ROUPPERTOWA, W. (1935). Zapiski mikologiczne. Sprawozd. Komis.
Fizjogr. 70:149-172.

TRANZSCHEL, W. (1910). Beitrage zur Biologie der Uredineen III. Trudy
Bot. Muz. Imp. Akad. Nauk. 7:1-19 (1909).

(1939). Conspectus uredinalium URSS. Leningrad.
TREBOUX, O. (1914). Uberwinterung vermittels Myzels bei einigen

parasitischen Pilzen. Mycol. Centralbl. 5:120-126.
ULJANISCEV, V. I. (1960). Rzavéinnyje griby 1. Mikoflora AzerbajdzZana 3.

Baku.
URBAN, Z. (1963). A new method for observing urediospore germ pores and

its use in the taxonomy of graminicolous rust species. Ces. Mykol. 17:193-
194. -

—— (1966a). Ceskoslovenské travni rzi. Charles Univ. Praha.
(1966b). On the natural evolutionary groups in the genera Puccinia and

Uromyces. Rev. Roumaine Biol., ser. Bot., 11:247-253.
(1968). Zum Artbegriff bei den Rostpilzen. Intern. Symp. Art- und

Rassenprobl. Pilzen Wernigerode, 1967: 19-26.
vass, A. & TOTH, S. (1958). Mikroszkopikus gombak a Mecsek hegységbdl.

© Janus Panon. Muz. Evk. 1957: 155-162.
VORONICHIN, N. N. (1927). Matérialy k flore gribov Kavkaza. Trudy Bot.

Muz. 21:87-254.
WILSON, M. & HENDERSON, D. M. (1966). British Rust Fungi. Cambridge.
Wopziczko, A. (1911). Materyaly do mykologii Galicyi. Sprawozd.

Komis. Fizjogr. 45:40—57.
WROBLEWSKI, A. (1913). Przyczynek do znajomosci grzybow Pokucia 1.

Sprawozd. Komis. Fizjogr. 47:147-178.
(1922). Wykaz grzybow zebranych w latach 1913-1918 z Tatr, Pienin,

Beskid6w Wschodnich, Podkarpacia, Podola, Roztocza i innych
miejscowosci. Ibid. 55-56:1—-50.


