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Rhamnus lycioides in Tunisia is a new aecial host of oat crown rust
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Abstract

Puccinia coronata was not previously described on Rhamnus spp. in Tunisia. Three sites in the northwest of
Tunisia, where Rhamnus is reported to be abundant, were surveyed for the presence of pycnia and aecia of
oat crown rust caused by Puccinia coronata f. sp. avenae. Two Rhamnus species (R. lycioides and
R. alaternus) were encountered in the sites. Pycnia with viable pycniospores and aecia with viable
aeciospores were found on R. lycioides. However, no characteristic structures of crown rust were found on
R. alaternus. Aeciospores collected from leaves of R. lycioides were used to inoculate oat plants usually
susceptible to oat crown rust. Typical uredinia containing oat crown rust urediniospores appeared on the
leaves of these plants. Moreover, the sixteen Pc-gene differential oat lines, used by oat researchers to study
the virulence pattern in oat crown rust populations, were artificially inoculated with aeciospores from
R. lycioides. These inoculated lines showed resistance/susceptibility similar to the registered resistance level
of these lines to crown rust under field conditions in Tunisia. These results indicate that R. lycioides, a
common and endemic part of the vegetation in the northwest of Tunisia, is a new aecial host of oat crown
rust. The aeciospores produced on this forest plant could constitute the source of the virulence diversity
already detected via the Pc-gene line trials.

Oat crown rust, caused by Puccinia coronata f. sp.
avenae, is considered the most widespread and
damaging disease of oats (Avena sativa) in Tunisia.
The most important oat crown rust resistance
sources used elsewhere are based on a set of 16 Pc-
gene lines exhibiting race-specific resistance
(Chong et al., 2000). These 16 single gene oat lines,
with seedling resistance genes Pc38, Pc39, Pc40,
Pc45, Pc46, Pc48, Pc50, Pc51, Pc52, Pc54, Pc56,
Pc58, Pc59, Pc62, Pc64 and Pc68 are used to re-
veal the diversity in virulence phenotypes of oat
crown rust. Trials conducted in Tunisia on these
Pc-gene lines during three cropping seasons (2000,
2001 and 2002) showed that the majority of the

lines were susceptible to Tunisia�s oat crown rust
populations (Allagui et al., 2002). The limited
durability of the Pc-gene resistance is strongly
related to frequent changes in virulence pheno-
types of the pathogen. In North America and
northern Europe, R. cathartica is the most
important aecial host for the sexual stage of Puc-
cinia coronata serving not only as a source of pri-
mary inoculum, but also as the origin of new
pathogenic races through genetic recombination
(Simon, 1985; Leonard, 2002). Rhamnus cathartica
has not been reported as a native forest plant in
Tunisia (Pottier-Alapetite, 1979). The objective of
this investigation was to examine the Rhamnus
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species in the regions where oats are usually in-
fected and to determine if these species are aecial
hosts for oat crown rust.

A phytoecologic Tunisian map (Schonenberger
and Gounot, 1965) was used to localize the areas
of Rhamnus species. Three sites where Rhamnus is
abundant in the northwest of the country were
selected to determine the presence of pycnia and
aecia on the leaves. These sites, about 60 km from
each other were : (1) El Guelta Essafra (close to a
nursery of forest plants, 17 km from Tabarka), (2)
A site 33 km off the Nefza – Beja road (Aouled
Ahmed locality) and (3) Sedjnen (near the INRAT
station). Surveying was done in these areas during
March, April and May 2003 and 2004. Leaves,
flowers, fruits and stems of Rhamnus plants were
examined to identify the species according to the
Pottier-Alapetite (1979) and Bonnier (1964)
descriptions. Particular fungal structures such as
pycnia and/or aecia collected from the leaves were
also analysed microscopically in the laboratory
and compared to the Viennot-Bourgin (1949) rust
classification.

Two Rhamnus species were found in the areas
surveyed: R. lycioides (common name: Ktam) and
R. alaternus (common name: Ibaggas). These
evergreen shrubs or small trees are dioecious
plants characterized by deciduous leaf-like pus-
tules, simple leaves, regular flowers having little or
no developed petals and fused sepals. The fruit is a
drupe with 2–4 seeds. Rhamnus lycioides is less
than 3 m in height in El Guelta Essafra and
shorter (50 cm to 2 m) in Aouled Ahmed. Their
leathery and glabrous leaves are pointed at the tip
with only one prominent midrib on the abaxial
side, from which smaller lateral veins branch off in
a network pattern. This species opens its yellowish
to greenish sessile flowers in May–June. Their
immature fruits are green becoming yellowish
green at maturity. Rhamnus alaternus is less than
4 m tall having erect stems, tough leaves with 2–3
prominent lateral veins on the abaxial leaf surface,
small flowers on small bracts and red fruits turning
black during ripening.

No characteristic structures of crown rust were
found on the numerous R. alaternus plants
observed (almost 100 trees per site). On R. lycio-
ides, brown to dark circular spots were found on
the upper surface of the leaves. The diameter of
these spots varied from 1 to 5 mm (Figure 1). On a
binocular microscope, 1–4 black points were seen

on the surface of each spot. Microscopic obser-
vation showed that these points were pycnia
(30 lm diam) containing typical pycniospores
(Figure 2). In addition, orange-yellow pustules
with aecia were found, mainly on the abaxial side
of the leaves as well as on young shoots and foliar
buds. Many young leaves with numerous aecia
were hypertrophied in a blister-like manner
(Figure 3). The aecia were surrounded by peridia
and contained typical aeciospores formed in chains
(catenulate spores). The aeciospores were yellow,
strongly verrucose, 22.5–32.5� 15–20 lm having a
cell wall 2.5 lm thick. Cytoplasm and cell walls of
these aeciospores showed a great morphological
similarity to previously published descriptions of
these spores (Weber and Davoli, 2002; Littlefield
et al., 2005). Figure 4 illustrates aeciospores before
and after germination in distilled water for 4 h at
20 �C. Some aecia were found on R. lycioides
leaves at the beginning of March, but primary
infection occurred in April. In late May, as the
weather becomes dry and warmer, the infected
organs darken before withering and death. Several
R. lycioides plants were highly infected, but these
infected plants were relatively rare compared to
healthy ones. For example, only three infected
plants were found in an area of almost 40 m2 at
the Aouled Ahmed site. These results suggest the
presence of both resistant and susceptible plants of
R. lycioides.

Aeciospores collected in a mixture from the
leaves of several R. lycioides plants using a spore
collector (Geoff Harms, University of Minnesota)
were used within 2 days to inoculate the seedling
stage (two true leaves) of 16 Pc-gene oat lines and
the susceptible oat variety Av.95 (Table 1). These
aeciospores were suspended in 250 ml distilled

Figure 1. Pycnia on R. lycioides leaves. Bar = 1 cm.
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water mixed with a drop of Tween-20 surfactant.
The concentration of aeciospores was around
82,000 ml)1. A sample (10 ml with three replica-
tions) from the spore suspension was incubated for
4 h at 20 �C to test the viability of the aeciospores.
This test showed that the average germination of
these aeciospores was 19.6%. Plant inoculation
performed in May was made with a hand driven
atomizer (1 l) by spraying the aeciospore suspen-
sion above the seedlings to form numerous drop-
lets on the leaf surface until run-off. After
inoculation, seedlings in pots maintained at near-
saturation were incubated for 24 h in the dark at
16–20 �C then kept under greenhouse conditions
(temperature 20–24 �C, photoperiod 14 h and
relative humidity 70%). Infected plants were
scored 11 days after inoculation (May 17, 2004)
using a scale ranging from 0 to 4 (Chong et al.,
2000). On this scale: 0 = no uredinia or other
macroscopic signs of infection; ; = no uredinia,
but necrotic or chlorotic flecks; 1 = small uredinia
surrounded by chlorosis or necrosis; 2 = small to
medium-size uredinia in chlorotic areas;
3 = medium-size urdinia in chlorotic areas and
4 = large uredinia without necrosis or chlorosis.
This experiment was done to demonstrate the
pathogenicity of the aeciospores on various oat
genotypes.

Four to seven days after inoculation with
aeciospores collected from R. lycioides, well-
developed uredinia with typical oat crown rust
urediniospores appeared on the leaves of the sus-
ceptible oat cv. Av 95. The Pc-gene oat lines
inoculated with these aeciospore populations pro-
duced different reaction types 11 days after inoc-
ulation (Table 1). Lines Pc40, Pc45, Pc46, Pc48,
Pc52, Pc54, and Pc56 were highly susceptible
showing large uredinia without chlorosis or

necrosis (infection type 4). Lines Pc39, Pc50, Pc51,
Pc59 and Pc64 were slightly less susceptible with
medium-size uredinia in chlorotic area (infection
type 3). Lines Pc58 and Pc62 were moderately
resistant (infection type 2) with small uredinia. The

Figure 3. Aecia and aeciospores on leaves and stem of

R. lycioides. Note the blister and deformation produced by

the fungus. Bar = 1 cm.

Figure 2. Microscopic observation in lactophenol cotton blue stain of the pycnia (left) and pycniospores (right) from R. lycioides

leaves. Bar (left) = 10 lm, bar (right) = 1 lm.
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lines Pc38 and Pc68 were highly resistant to these
aeciospores populations (no pustules), although
some necrotic flecks developed on the Pc38 line.

Our survey in 2003 and 2004 in three sites in
northwest Tunisia showed the presence of two
Rhamnus species, R. lycioides and R. alaternus.
Pycnia and aecia were found on R. lycioides during
the spring (March, April and May). The infected
young leaves and twigs showed hypertrophic blis-
ter-like deformations. Aeciospores collected from
R. lycioides produced the typical symptoms of oat
crown rust on susceptible oat plants. This result
suggests that R. lycioides in Tunisia is a new aecial

host of oat crown rust involved in the infection of
oats. This aecial host may release aeciospores with
pathogenic diversity that might overcome oat
crown rust resistance genes in commercial oat
fields. Unlike R. cathartica in other countries, little
is known about R. lycioides as an aecial host of
oat crown rust. In the Mediterranean region,
R. lycioides can be found in the mountains of
North Africa, France, Sicily and Greece, but this
species is poorly documented as an aecial host of
oat crown rust in these countries mainly because of
a lack of surveying the oat crown rust fungus on
the forest Rhamnus species. Rieuf (1971) indicated
that R. lycioides was an alternate host of P. coro-
nata in Morocco without any information con-
cerning other countries such as Tunisia. Simon
(1985) pointed out that R. frangula and R.
lanceolata in the USA were occasionally reported
as oat crown rust alternate hosts and Cornu (1880)
obtained heavy infection on young oat plants
using aeciospores from R. cathartica and R. olo-
ides. During our survey, no characteristic struc-
tures of crown rust were found on R. alaternus in
Tunisia, although this species together with R.
palaestina were reported as aecial hosts of oat
crown rust in the Palestine region (Rayss and
Hebelska, 1942; Rayss, 1951, in Anikster and
Wahl, 1979).

A spore suspension from different aecia was
used in a mixture in the inoculation experiments in
order to confirm the pathogenicity of the ae-
ciospores on oats and the ability to attack differ-
entially the 16 Pc-gene oat lines used as reference
material in oat crown rust genetic resistance. Our
objective was not to select from a single aecium
more or less virulent aeciospores to particular

Figure 4. Microscopic observation of aeciospores stained by lactophenol cotton blue, (left) before germination and (right) after

germination in distilled water 4 h after incubation at 20 �C. Bar (left) = 15 lm, bar (right) = 20 lm.

Table 1. Reaction of differential Pc-gene oat lines at the seed-

ling stage in the greenhouse to inoculation with aeciospores col-

lected from Rhamnus lycioides

Pc-gene lines Infection type*

Pc38 ;

Pc39 3

Pc40 4

Pc45 4

Pc46 4

Pc48 4

Pc50 3

Pc51 3

Pc52 4

Pc54 4

Pc56 4

Pc58 2

Pc59 3

Pc62 2

Pc64 3

Pc68 0

Av 95 4

*Reactions were scored according to 0–4 scale. ; No uredinia,

but necrotic or chlorotic flecks.
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Pc-gene oat lines. It was found that reaction of the
Pc-gene oat lines to inoculation with the popula-
tions of aeciospores was not significantly different
from the reactions registered in natural uredinio-
spore oat crown rust infections (Allagui et al.,
2002; Allagui and Chakroun, 2004). This suggests
a virulence similarity between the populations of
aeciospores and that of the uedinospores, as seen
with the reaction of the Pc-gene oat lines. Such
virulence similarity on different single-gene oat
lines was also reported for uredinial isolates from
cultivated oats and aecial isolates from R. cathar-
tica in natural habitats (Leonard et al., 2004).

From an epidemiological point of view,
urediniospores on volunteer and wild oat plants
could initiate oat crown rust epidemics as early as
November because early plantings are highly
receptive to early oat crown rust attack, particu-
larly in Tunisia�s coastal area away from the
mountains harbouring the Rhamnus species
(Allagui et al., 2002). However, in the northwest of
Tunisia (Beja and Jendouba), aeciospores are
likely to initiate oat crown rust epidemics because
the disease frequently appears on commercial oats
in April and May when aeciospores are released.
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