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Abstract Twenty-two rust diseases caused by Mel-
ampsora euphorbiae, M. lini var. lini, Phragmidium
mucronatum var. mucronatum, Ph. sanguisorbae,
Gymnosporangium cornutum, G. confusum, G. trem-
elloides, Puccinia acarnae, P. annularis, P. eryngii, P.
heterophyllae, P. hieracii, P. jasmini, P. menthae, P.
nigrescens, P. pulverulenta, P. punctata, Uromyces
dianthi, U. pisi-sativi, U. polygoni-avicularis, U.
striatus and Pileolaria terebinthi were identified from
Kemaliye (Erzincan) in Turkey. Puccinia heterophyl-
lae is reported for the first time from Turkey.
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Introduction

Rust fungi (Basidiomycota, Uredinales), with more than
7,000 species, are the largest group of obligate plant

pathogens known to date (Aime 2006). About 310 rust
species, belonging to the genera Coleosporium, Cerote-
lium, Cumminsiella, Endophyllum, Gymnosporangium,
Gymnoconia, Hyalopsora, Kuehneola, Melampsora,
Melampsorella, Melampsoridium, Phragmidium, Pileo-
laria, Puccinia, Pucciniastrum, Trachyspora, Tranz-
schelia, Uromyces and Zaghouania, have been
reported from Turkey (Bahçecioğlu and Gjærum 2003;
Hüseyin 2004a, b, c; Hüseyin and Kırbağ 2003;
Kırbağ et al. 2001; Tamer et al. 1998). This number
is low in relation to the very rich and diverse higher
plants of the country, which comprise more than
12,000 species.

Kemaliye (Erzincan) is situated in the Irano–
Turanian phytogeographic region, and on the Anato-
lian Diagonal, which is one of the main endemic
centers of Turkey. According to the grid square
system adopted by Davis (1965–1985), Kemaliye is
located in the squares B7. The study area is
mountainous, and elevations range from 600 to
3,500 m. The climate of the province is Mediterranean
and continental.

Floristic studies of the parasitic fungal flora are the
first and the most important step to controlling the
fungal diseases in a country. Although there are
numerous studies on macrofungal flora of Turkey,
little attention has been given to parasitic fungi of the
country. The Kemaliye district was chosen as a
research area, because its climatic conditions and plant
distributions are suitable for the growth of microfungi.
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Materials and methods

Plant specimens infected with rust fungi were
collected from Kemaliye in Erzincan province of
Turkey. The host specimens were prepared according
to established herbarium techniques. Host plants were
identified using the Flora of Turkey and East Aegean
Islands (Davis 1965–1985). Urediniospores and telio-
spores were scraped from the specimens and mounted
on a microscope slide, and microscopic examination
and microphotographs undertaken using a Leica DM
E light microscope. The microfungi specimens were
identified using the relevant literature (Azbukina 2005;
Kuprevich and Ulijanishchev 1975; Ulijanishchev
1978; Ulijanishchev et al. 1985; Wilson and Henderson
1966). All specimens examined were deposited in the
mycological collection of the Department of Biology,
Arts and Sciences Faculty, Ahi Evran University, in
Kırşehir province of Turkey.

For scanning electron microscopy (SEM), 8–10-
mm-square pieces of infected leaves bearing uredinia
and/or telia were mounted on the SEM stubs with
double-sided adhesive tape. They were coated with
gold using a Polaron SC 502 Sputter Coater and were
examined with a Jeol JSM 6060 scanning electron
microscope operated at 15 kW in the Electron
Microscopy Unit, Arts and Sciences Faculty, Gazi
University (Turkey).

Results and discussion

Twenty-two rust diseases caused by rust fungi were
identified in the research area.

Melampsora euphorbiae (Ficinus & C. Schub.)
Castagne - Uredinia: amphigenous, generally hypophyl-
lous, rarely on the stems, yellow, scattered, minute, up to
500µm diam, surrounded by many capitate paraphyses.
Urediniospores: yellow, oblong, ellipsoid, 20–22.5
(-25)×(16-) 17.5–20µm in size, wall densely echinu-
late, colorless (Fig. 1). Telia: amphigenous, reddish-
brown then black, subepidermal, scattered or in small
groups, often confluent. Teliospores: reddish-brown or
brown, cylindrical–prismatic, ovate, not thickened at
the apex, 23–60×8–14µm in size, wall 1.5–3µm thick.
Host: Euphorbia macroclada Boiss., common name
spurge; leaves showed pale yellow necrotic spots on
the upper surface, often surrounded by a dark red

margin. Under favorable conditions for disease spread,
defoliation occurred and pustules were found on
flowers and fruit.

Melampsora euphorbiae is reported all continents
but Antarctica. The rust fungus occurs on a great
number of Euphorbia species (Gjærum et al. 2007).

Melampsora lini (Ehrenb.) Lév. var. lini - Uredinia:
amphigenous, subepidermal, scattered or in groups,
rounded, 300–800µm diam., surrounded by many
capitate paraphyses. Urediniospores: orange–yellow,
globoid, ovate or ellipsoid, 20–22.5×15–20µm in size,
wall 2µm thick, finely echinulate-verruculose, colorless
(Fig. 2). Telia: amphigenous, reddish-brown then
black, subepidermal, scattered or in groups, confluent,
elongate, 500–800µm diam. Teliospores: brown, cy-
lindrical–prismatic, 32.5–50×10–20µm in size. Host:
Linum mucronatum Bertol., common name flax; leaves
and stems showed bright-orange pustules. Late in the
season the orange pustules, especially those on the
stem, became enlarged and dark brown to black.

Melampsora lini, flax rust, occurs throughout flax-
growing countries and can cause severe losses in seed
yield and fiber quality. The estimated loss in seed
yield due to rust damage is 16–100%, depending on
the cultivar, stage of plant growth, intensity of
infection and environmental conditions (Hora et al.
1962). Direct control of flax rust by chemicals has
never been economical and the only way to attempt
control is to breed resistant varieties (s’Jacob 1955).

Phragmidium mucronatum (Pers.) Schltdl. var.
mucronatum - Uredinia: hypophyllous, pale orange,

Fig. 1 Melampsora euphorbiae: Urediniospores and paraphyses
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scattered or in groups, rounded. Urediniospores: pale
yellow, globoid, ellipsoid or ovoid, 25–27.5 (-30)×
22.5–25µm in size, wall echinulate, 2µm thick, with
6–10 pores. Telia: hypophyllous, scattered or in
groups, rounded, black. Teliospores: blackish-brown,
ellipsoid to cylindrical, 4- to 9-celled, not constricted,
verrucose, 85–100×32.5–37.5µm in size. The hyaline
pedicel was swollen, clavate in lower half (Fig. 3).
Host: Rosa canina L., common name wild rose; leaves
were densely covered with many circular to ellipsoid
yellow spots and yellow pustules that turned brown in
autumn. Affected leaves dropped prematurely.

Rust fungi in the genus Phragmidium are frequent
pathogens of both wild and cultivated roses (Ritz et
al. 2005). Phragmidium mucronatum is very common
everywhere (Ellis and Ellis 1987).

Phragmidium sanguisorbae (DC.) J. Schröt - Uredinia:
mostly hypophyllous, pale orange, scattered or in
groups, rounded, surrounded by clavoid and curved
paraphyses. Urediniospores: orange-yellow, globoid,
ellipsoid, ovoid, 15–20 (-22.5)×12.5–17.5µm in size,
wall echinulate, 1–1.5µm thick, with 6- to 8-pores.
Telia: hypophyllous, black, scattered or in groups,
rounded, minute, 0.5–1 mm in diam, surrounded by
many clavoid paraphyses. Teliospores: blackish
brown, ellipsoid to cylindrical, 2- to 5- (mostly 4-)
celled, slightly constricted, apex rounded with a
hyaline papilla 3–5µm long, base rounded, (40-)
42.5–57.5×22.5–25µm in size. The hyaline pedicel
was swollen, 20–28×10–12µm in size (Fig. 4). Hosts:
Sanguisorba sp., common name salad burnet; and
Rubus sanctus Schreber, common name blackberry;

leaves were covered with circular to ellipsoid dark-
purple spots and dark-brown or black pustules.

This rust is reported from Afghanistan (Henderson
and Jorstad 1966), Armenia (Simonyan 1981), Balearic
Islands (Jorstad 1962), Bulgaria (Petrova and Denchev
2004), Canary Islands (Gjærum 1987), Cyprus
(Georghiou and Papadopoulos 1957), Denmark
(Hylander et al. 1953), France (Hylander et al. 1953),
Germany (Braun 1982), Greece (Gjærum and Hansen
1990), Iran (Gjærum 1986), Iraq (Mathur 1972), Libya
(Kranz 1965), Madeira Islands (Gjærum 1982), Mo-
rocco (Guyot and Malencon 1963), Norway (Gjærum
1974), Pakistan (Ahmad 1969), Portugal (Gonzalez
Fragoso 1918), Romania (Savulescu 1953), Spain
(Gonzalez Fragoso 1914), Ukraine (Dudka et al.
2004), United Kingdom (Grove 1913).

Gymnosporangium cornutum Arthur ex F. Kern - Telia:
scattered or in groups and confluent, 1.5–4 mm in

Fig. 3 Phragmidium mucronatum var. mucronatum: a Telio-
spores (SEM). b Urediniospore (SEM)

Fig. 2 Melampsora lini: Urediniospores and paraphyse
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diam, spore mass applanate or hemispherical, at first
chocolate-brown then becoming orange, soft and
gelatinous when moist. Teliospores: chestnut-brown,
ellipsoid, not or scarcely constricted, 25–50×18–
30µm in size, wall 1.5–2.5µm thick, with 1 or 2
pores, pedicel long, gelatinous. Host: Juniperus
communis L., common name mountain ash juniper;
affected plants were recognizable by their orange
horn-like structures on swollen stems.

Gymnosporangium cornutum is one of the first
species of the genus to be cultured successfully, by
Oersted in 1866 (Oersted 1866). He called the telial
stage Podiostoma juniperinum, and the aecial stage
Roestelia cornuta. It is reported from Africa, Asia,
Europe, and North America (Kern 1972).

Gymnosporangium confusum Plowr. - Spermogonia:
epiphyllous, orange, subepidermal in origin. Aecidia:
chiefly hyphophyllous but also on the calyx and fruit,
yellowish brown, 4–10×4–5 mm diam. Peridial cells

in surface view lanceolate, in lateral view rhombic, 60–
95×16–24µm in size, outer wall smooth, 1–1.5µm
thick, inner walls 5–7µm thick, with rather large,
elongate, obliquely arranged warts and ridges. Aecidio-
spores: cinnamon-brown, globoid, ellipsoid 20–22.5×
18–21.5µm in size, wall verruculose, with 2 pores
(Fig. 5). Host: Crataegus monogyna Jacq. subsp.
monogyna, common name oneseed hawthorn; leaves
were covered with brown, thickened, cylindrical to
obconical, up to 10 mm long and 4–5 mm wide spots
surrounded by a yellowish or orange margin.

The aecidia of Gymnosporangium confusum are
quite different from those of Gymnosporangium
fuscum DC. They resemble those of Gymnosporan-
gium clavariiforme but are usually shorter, less deeply
torn and rather more inflated; the peridial cells have
their side-walls marked with elongate, obliquely
placed ridges whereas those of G. clavariiforme are
coarsely warted; the aecidiospores of the latter species

Fig. 5 Gymnosporangium confusum: a Leaf spot and infected
fruit. b Aecidiospores

Fig. 4 Phragmidium sanguisorbae: a Telia and teliospores
(SEM). b Urediniospore (SEM)
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are larger than those of G. confusum (Wilson and
Henderson 1966).

Gymnosporangium tremelloides R. Hartig - Spermo-
gonia: epiphyllous, subepidermal in origin, yellowish
chestnut. Aecidia: hyphophyllous, on the stems, on
shoots and on fruits, in groups, 2–6 mm in diam.
Peridium: cylindrical, curved, 4–10 mm long, 0.5–
1 mm wide, whitish yellow, with outer wall smooth,
2–3µm thick, 7–10µm thick, arranged warts and
ridges. Aecidiospores: globoid, ellipsoid, 28–45×25–
35µm in size, chestnut-brown, wall densely and
finely verruculose, 3–5µm thick, with 10–14 pores.
Host: Pyrus communis L. subsp. communis, common
name European pear; leaves showed yellow, orange or
reddish, up to 1 cm diam, roundish spots.

Gymnosporangium tremelloides is reported as
having a complex life cycle with spermagonia and
aecia developing on Pyrus sp., and telia on Juniperus
sp. (Wilson and Henderson 1966). Gymnosporangium
tremelloides is reported from Europe, North America,
Western Africa and Asia (Kern 1972).

Puccinia acarnae P. Syd. & Syd. - Uredinia: amphige-
nous, yellowish, roundish. Urediniospores: cinnamon-
brown, ellipsoid, globoid, (20-) 26–29×21–26µm in
size, wall echinulate, 1–1.5µm thick, with one pore.
Telia: amphigenous, blackish brown, rounded. Telio-
spores: chestnut-brown, ellipsoid, broadly ellipsoid,
ovoid, 38–50×21–26µm in size, slightly constricted,
wall verruculose, 1.5–2µm thick, pedicel hyaline,
short, fragile (Fig. 6). Host: Picnomon acarna (L.)
Cass., common name soldier thistle; leaves showed
blackish brown, circular scattered pustules.

Puccinia acarnae is reported from Bulgaria
(Denchev 1995), Cyprus (Georghiou and Papadopoulos
1957), Greece (Gjærum and Hansen 1990), Iraq
(Mathur 1972), Italy (Savile 1970), Morocco (Guyot
and Malencon 1963), Spain (Gonzalez Fragoso 1918)
and Yugoslavia (Savile 1970).

Puccinia annularis (F. Strauss) G. Winter - Telia:
hypophyllous, brown, roundish, covered by the
epidermis, in orbicular clusters, then naked, confluent,
and forming a thick pulvinate mass. Teliospores:
oblong, rounded at apex, attenuate at the base, (35-)
40–55×12–18µm in size, wall smooth, 1–2µm thick,
6–14µm thick at apex, pale-yellowish-brown, pedicel
40–100 μm long, hyaline, persistent (Fig. 7). Host:

Teucrium chamaedrys L., common name wood sage;
leaves showed indefinite yellowish or brownish
concave spots.

Puccinia annularis is reported from Bulgaria
(Denchev 1995), Chile (Mujica and Vergara 1945),
Germany (Braun 1982), Greece (Pantidou 1973), Iran
(Gjærum 1986), Romania (Savulescu 1953), Spain
(Gonzalez Fragoso 1918) and Ukraine (Dudka et al.
2004).

Puccinia eryngii DC. - Telia: amphigenous, dark-
brown, scattered, at first covered by the epidermis.
Teliospores: chestnut-brown, ellipsoid, oblong, 36–
50×23–30µm in size, rounded at apex, attenuate at
the base, slightly constricted, wall smooth, 1–1.5µm
in diam, pedicel short, hyaline, fragile (Fig. 8). Host:
Eryngium campestre L., common name sea holly;
leaves showed rounded to oblong, densely, scattered
or confluent, 0.5–3 mm in diam, black pustules.

Fig. 6 Puccinia acarnae: a Teliospores (SEM). b Uredinio-
spore (SEM)
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Puccinia eryngii is known on Ammi majus, Eryn-
gium barrelieri (Mathur 1972), E. amethystinum
(Pantidou 1973), E. caeruleum (Koshkelova and
Frolov 1973), E. campestre (Denchev 1995), E.
creticum (Georghiou and Papadopoulos 1957), E.
kotschy (Bahçecioğlu et al. 2006), and E. tricuspidatum
(Guyot and Malencon 1957).

Puccinia heterophyllae Cooke - Uredinia: hypophyllous,
sometimes epiphyllous, roundish, in groups, chestnut-
brown, pulverulent. Urediniospores: globoid, 22.5–25×
22.5–25µm in size, wall echinulate, pale brown, with 3
pores. Telia: hypophyllous and on the stems, dark-brown,
often confluent, pulverulent. Teliospores: ovoid, ellip-
soid, oblong, 32.5–37.5×22.5–25µm in size, rounded or
attenuate at both ends, chestnut-brown, constricted or not
constricted, wall verruculose, thickened at the apex,
pedicel short, hyaline (Fig. 9). Host: Serratula cerinthi-
folia (Sm.) Boiss., common name saw-wort; leaves,
petioles and stems showed chestnut-brown, circular,
densely, often confluent, 0.5–2 mm in diam pustules.

This rust was reported from Cyprus (Georghiou
and Papadopoulos 1957) and Iraq (Mathur 1972), but
has not been previously recorded in Turkey.

Puccinia hieracii (Röhl.) H.Mart. f. hieracii - Uredinia:
amphigenous, yellowish, small, scattered, pulveru-
lent. Urediniospores: cinnamon-brown, ellipsoid,
globoid, 26–34×22–30µm in size, wall echinulate,
1–2.5µm thick. Telia: amphigenous, blackish
brown, scattered, pulverulent. Teliospores:
chestnut-brown, ovoid, ellipsoid, 26–42×24–32µm
in size, rounded at both ends, sometimes attenuate
at the base, wall verruculose, 1.5–2µm in diam,
pedicel short, hyaline (Fig. 10). Host: Taraxacum
sp., common name dandelion; leaves showed yel-
lowish brown irrregular spots and rounded to
oblong, densely, scattered or confluent, 0.5–2 mm
in diam, black pustules.

Puccinia hieracii is common on Asteraceae through-
out the world. It is known from Turkey on Acroptilon

Fig. 8 Puccinia eryngii: a Teliospores (SEM). b Urediniospore
(SEM)

Fig. 7 Puccinia annularis: a Telia (SEM). b Teliospores (SEM)
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repens, Centaurea cheirolopha, C. lycopifolia, C.
mucronifera, C. solstitialis, Chondrilla juncea, Cicho-
rium intybus, C. pumilum, Hieracium pannosum, Picris
strigosa, P. hieracioides, Pilosella auriculoides, Pilo-
sella x fallax, Serratula cerinthifolia, S. oligocephala,
Taraxacum assemanii, T. montanum, T. scaturigino-
sum, T. serotinum and T. syriacum (Bahçecioğlu
and Işıloğlu 1995; Bahçecioğlu and Yıldız 2005;
Bahçecioğlu et al. 2006; Erdoğdu and Hüseyin 2008).

Puccinia jasmini DC. - Telia: amphigenous, generally
hypophyllous, in dense groups on the stems and
petioles, rounded or ovoid, gray or black. Teliospores:
oblong, ellipsoid or ovoid, 40–43×21–30µm in size,
brown, apex often tapering, conic or obtuse, narrowed
below, constricted, wall up to 3.5µm thick at the side,
7.5µm thick at the apex, pedicel up to 80 μm long,
filiform, hyaline, strong (Fig. 11). Host: Jasminum
fruticans L., common name jasmine; leaves were
covered with black, rounded to oblong pustules.

Puccinia jasmini is known from Bulgaria (Denchev
1995), Canary Islands (Gjærum 1987), Madeira Islands
(Gjærum and Sunding 1986), Morocco (Guyot and
Malencon 1957), Portugal (Gonzalez Fragoso 1918)
and Ukraine (Dudka et al. 2004) on Jasminum
fruticans and J. odoratissimum.

Puccinia menthae Pers. - Uredinia: hypophyllous,
brown, scattered or in groups, 1,5 mm in diam,
roundish, sometimes confluent. Urediniospores: pale
brown, ellipsoid, subgloboid, 26–35×19–23µm in
size, wall echinulate (Fig. 12). Telia: hypophyllous,
scattered or in groups, rounded, black. Teliospores:
dark brown, subgloboid, ovoid, rounded at both ends,
26–35×19–23µm in size, wall verruculose, some-
times smooth, pedicel slender, longer than spore.
Hosts: Mentha pulegium L., common name mint; and
Clinopodium vulgare L., common name wild basil;
shoots became pale, swollen and twisted and orange,

Fig. 10 Puccinia hieracii f. hieracii: a Teliospores (SEM). b
Urediniospore (SEM)

Fig. 9 Puccinia heterophyllae: a Teliospore. b Urediniospore
(SEM)
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yellow or black pustules develop on the undersides of
the leaves and on the stems, which often die.

Puccinia menthae causes the most important
disease of cultivated Mentha species. Overwintering

rhizomes are infected by teliospores in the soil and
give rise to pale, swollen, distorted shoots in the
spring. Aecia form on the leaves of these shoots, and
the rust then spreads from leaf to leaf by aecidio-
spores and then urediniospores. Infected rhizomes can
be heat-treated (44°C for 1 min) before planting
(Smith et al. 1988).

Puccinia nigrescens Kirchn. - Uredinia: amphigenous,
dark brown, scattered or in groups, rounded. Uredi-
niospores: cinnamon-brown, globoid, subgloboid, 17–
28×17–26µm in size, wall echinulate, 2–3µm thick,
with 2 or 3 pores. Telia: amphigenous, scattered or in
groups, rounded, brown. Teliospores: cinnamon-
brown, ellipsoid, rounded at both ends, slightly
constricted, 35–46×20–30µm in size, wall verrucu-
lose, 4–6µm thick, pedicels short, fragile, hyaline
(Fig. 13). Host: Salvia sp., common name sage; leaves
and petioles exhibited orbicular or oblong, scattered or
in groups, sometimes confluent, black pustules.

Fig. 12 Puccinia menthae: Urediniospores with echinulate
surface (SEM)

Fig. 11 Puccinia jasmini: a Telia (SEM). b Teliospores (SEM)

Fig. 13 Puccinia nigrescens: a Teliospores (SEM). b Uredin-
iospore (SEM)
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Puccinia nigrescens infects Salvia amasiana in
Iran (Jorstad 1960), S. napifolia in Greece (Pantidou
1973), S. vertisillata in Armenia (Simonyan 1981),
Bulgaria (Denchev 1995), Germany (Braun 1982),
Lithuania (Ignataviciute andMinkevicius 1993), Norway
(Gjærum 1974), Romania (Savulescu 1953), Serbia
(Baxter 1955), Sweden (Jorstad and Nannfeldt 1958)
and Ukraine (Dudka et al. 2004). It was observed on
Salvia amasiana, S. multicaulus and S. vertisillata in
Turkey (Bahçecioğlu and Yıldız 2005; Kabaktepe and
Bahçecioğlu 2006; Tamer et al. 1998).

Puccinia pulverulenta Grev. - Uredinia: hypophyllous,
chestnut-brown, scattered or in groups, sometimes
confluent, pulverulent, 0.3–1 mm in diam. Uredinio-
spores: brown, globoid to ovoid, 25–30×14–23µm in
size, wall remotely echinulate, 2–2.5µm thick
(Fig. 14). Telia: hypophyllous, dark brown, scattered,
pulverulent. Teliospores: brownish, ellipsoid, rounded
at both ends, slightly constricted, 30–32.5×20–22.5µm
in size, wall smooth, 1.5–3.5µm thick, pedicels hyaline,
fragile. Host: Epilobium hirsutum L., common name
great willow-herb; easily recognizable by their much
paler and yellowish color.

This rust is common on great willow-herb in Asia,
North America, South America, Europe, Australia
and New Zealand (Azbukina 2005).

Puccinia punctata Link - Uredinia: amphigenous,
cinnamon-brown, minute, roundish, on the stems
linear, often confluent. Urediniospores: pale-brown,
globoid to ovoid, (20-) 22–30×17–23µm in size, wall
1.5–2µm thick. Telia: amphigenous, chocolate-brown

to black, oblong or suborbicular. Teliospores: brown-
ish, ellipsoid to clavoid, truncate, rounded or attenuate
above and often darker, slightly constricted, tapering
below, 30–56×14–24µm in size, wall smooth, 1.5–2
µm thick, pedicels hyaline, fragile (Fig. 15). Host:
Galium sp., common name bedstraw; leaves and
stems showed black, circular, oblong or elongate
pustules.

This rust is common in North America, Central and
South America, Africa, Asia, Australia, Europe and
New Zealand (Farr et al. 1995).

Uromyces dianthi (Pers.) Niessl. - Uredinia: amphige-
nous, cinnamon-brown, minute, rounded or oblong,
pulverulent. Urediniospores: yellowish-brown, globoid,
ellipsoid, ovoid, (18-) 20–35 18–25µm in size. Telia:
amphigenous, brownish-black, confluent, oblong, sur-
rounded, subpulverulent. Teliospores: chesnut-brown,
globoid, ovoid, 20–31×18–24µm in size, wall 2–3µm

Fig. 14 Puccinia pulverulenta: Urediniospores with remotely
echinulate surface (SEM)

Fig. 15 Puccinia punctata: a Telia (SEM). b Teliospore and
urediniospores (SEM)
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thick, hyaline, densely and minutely echinulate, pedicels
short, hyaline, deciduous (Fig. 16). Host: Dianthus
calocephalus Boiss., common name carnation; leaves,
buds and stems showed chocolate-brown, circular or
oblong pustules. Leaves curl up, often die.

Uromyces dianthi is of worldwide distribution,
causing carnation rust. This important disease occurs
all the year round on the leaves and stems of the
cultivated carnation (Smith et al. 1988).

Uromyces pisi-sativi (Pers.) Liro - Uredinia: hypo-
phyllous, roundish, scattered, up to 1–1.5 mm in
diam. Urediniospores: broadly ellipsoid, 18–25×13–
21µm in size, wall finely echinulate, 1.5–2µm thick
(Fig. 17). Telia: hypophyllous, irregularly scattered,
chestnut brown. Teliospores: brown, broadly ellip-
soid, slightly bullate at the apex, 25–27.5×17–21.5
µm in size, wall 2–3µm thick at the sides, 4–5µm
thick at the apex, pedicels almost hyaline, fragile,
short. Hosts: Genista sessilifolia DC., and Astragalus
spp.; leaves showed bright-brown, circular or oblong,
sometimes confluent pustules. This rust causes leaf
deformation.

Uromyces pisi-sativi is reported as having a
complex life cycle with spermagonia and aecia
developing on Euphorbia cyparissias L., and uredinia
and telia on the Fabaceae hosts (Wilson and Henderson
1966). This rust of pea, vetches and broad bean has
only occasionally been reported as causing serious
losses. It is largely a European pathogen but has also
been reported from Africa, Asia (including Turkey)
and S. America; it appears to be absent from North and
Central America (Holliday 1980).

Uromyces polygoni-avicularis (Pers.) P. Karst.- Ure-
dinia: amphigenous, cinnamon-brown, scattered, pulver-
ulent. Urediniospores: pale-brown, globoid, ellipsoid,
18–26×17–24µm in size, wall echinulate, 1.5–2.5µm
thick, with 3 or 4 pores (Fig. 18). Telia: amphigenous,
dark-brown, scattered, pulverulent. Teliospores:
chestnut-brown, globoid, obovoid, 22–38×14–22µm in
size, wall smooth, 6µm thick at the apex, with one pore,
pedicels hyaline, up to 90µm long, persistent. Host:
Rumex acetosella L., common name knot-grass; leaves
showed small, irregular, brown or pale-yellow spots.

Uromyces polygoni-avicularis is currently known
as a widely distributed species worldwide. It is known
from Turkey on Polygonum aviculare, P. bellardii, P.
cognatum and P. polycnemoides (Bahçecioğlu et al.
2006; Kabaktepe and Bahçecioğlu 2006; Pekel and
Azaz 2003; Tamer et al. 1998).

Uromyces striatus J. Schröt. - Uredinia: hypophyllous,
cinnamon-brown. Urediniospores: pale-cinnamon-Fig. 16 Uromyces dianthi: Teliospores (SEM)

Fig. 17 Uromyces pisi-sativi: a Uredinia (SEM). b Uredinio-
spores (SEM)
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brown or golden-brown, subglobose to ellipsoid, 16–
28×17–25 μm in size, wall echinulate, 1.5–2.5 μm
thick, with 3 or 4 equatorial germ pores. Telia:
hypophyllous, darker brown than uredinia, erumpent,
circular to ellipsoid, pulverulent. Teliospores: pale- or
dark-brown, ellipsoid, obovoid or globoid, 20–28 × 19–
31 μm in size, with longitudinal striations and an apical
pore (Fig. 19). Host: Medicago varia Martyn, common
name alfalfa; leaves showed abundant circular brown
pustules. Infected leaves turned yellow, dried up, and
dropped early. The most severe attacks occurred in late
spring at the time of first harvest.

Host range is limited to Medicago species, and its
aecial stage develops on Euphorbia spp. This rust is
common throughout the world (Graham et al. 1987).
Serious losses have been reported from Iran (Sadravi
et al. 2007), Israel, South Africa, Sudan, Uganda and
USSR (Holliday 1980).

Pileolaria terebinthi (DC.) Castagne - Uredinia: most-
ly epiphyllous, reddish-brown, irregular or roundish,
often on veins and petioles, elongate, merged then
naked, 1.5–3 mm in diam. Urediniospores: brown,
yellowish-brown, spherical, ellipsoid, pyriform or
oblong, 27.5–36×(15-) 20–24 μm in size, wall densely
and minutely verruculose, 4–5 μm thick, slightly
thickened apically up to 6 μm, with 4 equatorial pores.
Telia: mainly epiphyllous, dark-brown to black, irreg-
ular or roundish, merged, dusty, 1–2 mm in diam.
Teliospores: chestnut-brown, lenticular, globose-
lenticular, 30–32.5×22.5–25 (-31.5) μm in size, wall
sparsely-verruculose, pedicels up to 450 μm long,
filiform, hyaline, strong. Host: Pistacia terebinthus L.,

common name pistachio; leaves and petioles showed
black, circular, oblong or elongate pustules.

This rust, caused by Pileolaria terebinthi, is one of
the major diseases of pistachio. The disease is
widespread in the Mediterranean region, and in Egypt
(Corazza and Avanzato 1985).

Fig. 19 Uromyces striatus: a Telia (SEM). b Teliospores
(SEM). c Urediniospore

Fig. 18 Uromyces polygoni-avicularis: Urediniospores (SEM)

Phytoparasitica (2010) 38:81–93 91



Acknowledgments We would like to thank TÜBİTAK (The
Scientific and Technological Research Council of Turkey) for
financial support of this project (ÇAYDAG-105Y016).

References

Ahmad, S. (1969). Fungi of West Pakistan. Biological Society
of Pakistan Monograph, 5 (Suppl. 1).

Aime, M. C. (2006). Toward resolving family-level relation-
ships in rust fungi (Uredinales). Mycoscience, 47, 112–
122.

Azbukina, Z. M. (2005). Plante non vasculares, fungi et
Bryopsidae orientis extemi Rossica. Fungi, vol. 5 [The
rust fungi, Uredinales]. Vladivostok: Dalnauka.

Bahçecioğlu, Z. & Gjærum, H. B. (2003). New and rare rust
fungi (Uredinales) from Anatolia (Turkey). Mycotaxon,
85, 165–173.

Bahçecioğlu, Z., & Işıloğlu, M. (1995). Parasitic fungi of
Malatya Province (East Anatolia). IV. Plant Life of
Southwest and Central Asia Symposium (İzmir, Turkey),
pp. 414–426.

Bahçecioğlu, Z., & Yıldız, B. (2005). A study on the micro-
fungi of Sivas Province. Turkish Journal of Botany, 29,
23–44.

Bahçecioğlu, Z., Kabaktepe, Ş., & Yıldız, B. (2006). Micro-
fungi isolated from plants in Kahramanmaraş Province,
Turkey. Turkish Journal of Botany, 30, 419–434.

Baxter, J. W. (1955). Species of Puccinia on Salvia in Europe,
Asia and Africa. Mycologia, 47, 225–232.

Braun, U. (1982). Die Rostpilze (Uredinales) der Deutschen
Demokratischen Republik [Rust fungi (Uredinales) of
German Democratic Republic]. Feddes Repertorium
Beihefte, 93, 213–334.

Corazza, L. & Avanzato, D. (1985). Alcune considerazioni
sulla ruggine del pistacchio in Italia [Some consideration
on rust of pistachio in Italy]. Annali dell’Istituto Sper-
imentale per la Patologia Vegetale, 10, 39–42.

Davis, P. H. (1965–1985). Flora of Turkey and East Aegean
Islands (pp. 1–9). Edinburgh, UK: Edinburgh University
Press.

Denchev, C. M. (1995). Bulgarian Uredinales. Mycotaxon, 55,
405–465.

Dudka, I. O., Heluta, V. P., Tykhonenko, Y. Y., Andrianova,
T. V., Hayova, V. P., Prydiuk, M. P., et al. (2004).
Fungi of the Crimean Peninsula. Ukraine: National
Academy of Sciences of Ukraine, M.G. Kholodny Institute
of Botany.

Ellis, B. M. & Ellis, J. P. (1987). Microfungi on land plants.
London, UK: Croom Helm.

Erdoğdu, M. & Hüseyin, E. (2008). Microfungi of Kurtboğazı
dam (Ankara) and its environment. Ot Sistematik Botanik
Degisi, 14, 131–150.

Farr, D. F., Bills, G. F., Chamuris, G. P., & Rossman, A. Y.
(1995). Fungi on plants and plant products in the United
States. St. Paul, MN, USA: APS.

Georghiou, G. P. & Papadopoulos, C. (1957). A second list of
Cyprus fungi. Cyprus: Department of Agriculture.

Gjærum, H. G. (1974). Nordens Rustsopper [Rust fungi from
Norway]. Oslo, Sweden: Fungiflora.

Gjærum, H. B. (1982). Rust fungi from Madeira. Boletim do
Museu Municipal do Funchal, 34, 5–22.

Gjærum, H. B. (1986). Rust fungi (Uredinales) from Iran and
Afghanistan. Sydowia, 39, 68–100.

Gjærum, H. B. (1987). Rust fungi in the Canary Islands.
Vieraea, 17, 51–71.

Gjærum, H. B. & Hansen, A. (1990). Additions to the rust flora
of the Greek islands. Annales Musei Goulandris, 8, 81–96.

Gjærum, H. B. & Sunding, P. (1986). Flora of Macaronesia.
Checklist of rust fungi. Sommerfeltia, 4, 1–42.

Gjærum, H. B., Talgø, V., Toppe, B., Herrero, M. L., &
Stensvand, A. (2007). First report of Melampsora euphor-
biae on poinsettia (Euphorbia pulcherrima) in Norway.
Online: Plant Health Progress. doi:10.1094/PHP-2007-
0423-01-BR

Gonzalez Fragoso, R. (1914). Contribucion a la flora micolog-
ica del Guadarrama. Uredinales [Contributions to the
mycological flora Guadarrama]. Trabajos del Museo de
Ciencias Naturales. Serie Botânica, 3, 1–44.

Gonzalez Fragoso, R. (1918). La roya de los vegetales.
Enumeracion y distribucion geografica de los Uredales.
Conocidos hasta hoy en la Peninsula Iberica e Islas Baleares
[The rust diseases of vegetables. Enumeration and geo-
graphical distribution of Uredinales known until now in the
Iberian Peninsula and Balearic Islands]. Trabajos del Museo
de Ciencias Naturales. Serie Botânica, 15, 1–267.

Graham, J. H., Frosheiser, F. I., Stuteville, D. L., & Erwin, D.
C. (1987). Compendium of alfalfa diseases. St. Paul, MN,
USA: APS Press.

Grove, W. B. (1913). The British rust fungi (Uredinales): Their
biology and classification. Cambridge, UK: Cambridge
University Press.

Guyot, A. L. & Malencon, G. (1957). Uredinees du Maroc I
[Uredinales of Morocco I]. Travaux de l’Institut Scienti-
fique Cherifien, 11, 1–184.

Guyot, A. L. & Malencon, G. (1963). Uredinees du Maroc II
[Uredinales of Morocco II]. Travaux de l’Institut Scienti-
fique Cherifien, 28, 1–161.

Henderson, D. M. & Jorstad, I. (1966). Studies in the flora of
Afghanistan 2. Uredinales. Arbok for Universitetet i
Bergen, Matematisk-Naturvitenskapelig Serie, 4, 1–18.

Holliday, P. (1980). Fungus diseases of tropical crops. Cam-
bridge, UK: Cambridge University Press.

Hora, T. S., Chenulu, V. V., & Munjal, R. L. (1962). Studies on
assessment of losses due to Melampsora lini on linseed.
Indian Oilseeds Journal, 6, 196–198.

Hüseyin, E. (2004a). Zaghouania phillyreae Pat. (Uredinales) a
new report from Turkey. Pakistan Journal of Botany, 36,
901–904.

Hüseyin, E. (2004b). Cumminsiella mirabilissima on Mahonia
aquifolium in Turkey. Mycotaxon, 90, 125–127.

Hüseyin, E. (2004c). Kuehneola uredinis (Uredinales) on
species of Rubus in Turkey. Mycotaxon, 91, 149–151.

Hüseyin, E. & Kırbağ, S. (2003). A new Puccinia on endemic
Phryna. Pakistan Journal of Botany, 35, 477–478.

Hylander, N., Jorstad, I., & Nannfeldt, J. A. (1953). Enumerato
Uredinearum Scandinavicarum [Enumeration of Uredi-
nales of Scandinavia]. Opera Botanica, 1, 1–102.

92 Phytoparasitica (2010) 38:81–93

dx.doi.org/10.1094/PHP-2007-0423-01-BR
dx.doi.org/10.1094/PHP-2007-0423-01-BR


Ignataviciute, M. & Minkevicius, A. (1993). Mycota Lithuaniae
V. Uredinales 2. Genus Puccinia. Lithuania: Lietuvos
Botanikos Institutas.

Jorstad, I. (1960). Iranian plants collected by Per Wendelbo in
1959. II. Uredinales and some other parasitic fungi. Arbok
for Universitetet i Bergen, Matematisk-Naturvitenskapelig
Serie, 11, 1–33.

Jorstad, I. (1962). Investigations on the Uredinales and other
parasitic fungi in Mallorca and Menorca. Skrifter av det
Norske Videnskaps-Akademi i Oslo I Matematisk-
Naturvidenskapelig Klasse, 2, 1–73.

Jorstad, I. & Nannfeldt, J. A. (1958). Additions and corrections
to “Enumeratio Uredinearum Scandinavicarum”. Botaniska
Notiser, 111, 306–318.

Kabaktepe, Ş. & Bahçecioğlu, Z. (2006). Microfungi identified
from the flora of Ordu Province in Turkey. Turkish
Journal of Botany, 30, 251–265.

Kern, F. D. (1972). A revised taxonomic account of Gymno-
sporangium. University Park, RA, USA: The Pennsylva-
nia State University Press.

Kırbağ, S., Civelek, S., & Hüseyinov, E. (2001). A new
Puccinia on Centaurea from Turkey. Mikologia i Fitopa-
tologia, 35(6), 20–21.

Koshkelova, E. N. & Frolov, I. P. (1973). Microflora of Kopet-
Dag lowland and Central Karakum (micromycetes).
Ashkhabad, Turkmenistan: Ylym.

Kranz, J. (1965). A list of plant pathogenic and other fungi of
Cyrenaica (Libya). Phytopathology Papers, 6, 1–24.

Kuprevich, V. F. & Ulijanishchev, V. (1975). Key to the rust
fungi in SSSR. Minsk, Belarus: Nauka i Tekhnika.

Mathur, R. S. (1972). Checklist of Iraqi Uredinales. Iraq
Natural History Museum Publication, 29, 1–32.

Mujica, F. & Vergara, C. (1945). Flora fungosa Chilena. Indice
preliminar de los huespedes de los hongos chilenos y sus
referencias bibliograficas [The fungal flora of Chile].
Santiago, Chile: Imprenta Stanley.

Oersted, A. S. (1866). Impodningsforsög hvorved det bevises,
at der fin et generationsskifte sted mellem den paa enens
grene synltende Baeverust (Podisoma juniperinum) ok den
paa rönens blade voxende Hornrust (Roestelia cornata).
Overs. Danske Vidensk. Selsk. Forhadl, 3–4, 185–196.

Pantidou, M. E. (1973). Fungus-host index for Greece.
Kiphissia, Greece: Benaki Phytopathological Institute.

Pekel, F. O. & Azaz, A. D. (2003). Parasitic fungi determined
on the flora of Akdağ (Olur-Erzurum). Erzincan Eğitim
Fakültesi Dergisi, 5, 75–81.

Petrova, R. D. & Denchev, C. M. (2004). A taxonomic study of
Phragmidiaceae (Uredinales) in Bulgaria. Mycologia Bal-
canica, 1, 95–115.

Ritz, C. M., Maier, W. F. A., Oberwinkler, F., & Wissemann, V.
(2005). Different evolutionary histories of two Phragmi-
dium species infecting the same dog rose hosts. Mycolog-
ical Research, 109, 603–609.

Sadravi, M., Ono, Y., Pei, M., & Rahnama, K. (2007). Fourteen
rusts from northeast Iran. Journal of Plant Pathology, 89,
191–202.

Savile, D. B. O. (1970). Some Eurasian Puccinia species attacking
Cardueae. Canadian Journal of Botany, 48, 1553–1566.

Savulescu, T. (1953). Monografia Uredinalelor din Republica
Populara Romana [Monograph of Uredinales of Romania],
vol. II. Bucharest, Romania: Editura Academiei Republicii
Populare Romane.

Simonyan, S. A. (1981). Mycoflora of the botanic gardens and
arboreta of the Armenian SSR. Armenia: Hayka.

s’Jacob, J. C. (1955). Research on the susceptibility of flax to
flax rust (Melampsora lini). Euphytica, 4, 107–115.

Smith, I. M., Dunez, J., Lelliott, R. A., Phillips, D. H., &
Archer, S. A. (1988). European handbook of plant
diseases. London, UK: Blackwell Scientific Publications.

Tamer, A. Ü., Şahin, N., & Uğurlu, E. (1998). Türkiye’de
belirlenen pas mantarları [Turkish rust fungi]. In: XIV
Ulusal Biyoloji Kongresi. Bitki ekolojisi-Bitki sistematiği
seksiyonu. Samsun, 1, 395–408.

Ulijanishchev, V. I. (1978). Opredelitel’ rzhavchinnykh gribov
SSSR [Classification key of the Uredinales of the USSR].
Leningrad, Russia: Nauka.

Ulijanishchev, V. I., Babajan, D. N., & Melia, M. S. (1985).
Opredelitel’ rzhavchinnykh gribov Zakavkazja [Classifi-
cation key of the Uredinales of the Transcaucasia]. Bakü,
Azerbaijan: Elm.

Wilson, M. & Henderson, D. M. (1966). British rust fungi.
Edinburgh, UK: Cambridge University Press.

Phytoparasitica (2010) 38:81–93 93


	Description of the rusts from Kemaliye (Erzincan, Turkey)
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


