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In a study of résistance to powdery mildew, we investigated three popu
lations of Hordeum spontaneum using leaf segment test. For comparison 
of the reactions, we used 44 barley lines as differentials representing most 
of the résistance used in barley breeding. The H. spontaneum accessions 
were infected with 21 isolâtes selected fortheir reactions on the differential 
barleys. The results of H. spontaneum collections did not show any simi
larités with differential barleys used. Résistance reactions were very rare. 
There was no résistance to 13 out of the 21 isolâtes. Horizontal résistance 
was noticed in most of H. spontaneum lines. 

[Évaluation de la résistance à l'oïdium dans des populations d'orge sau
vage {Hordeum spontaneum L) de la région égéenne de la Turquie] 

Dans une étude sur la résistance à l'oïdium, nous avons évalué trois 
populations de YHordeum spontaneum à l'aide d'un test sur des portions 
de feuilles. Afin de comparer les réactions, nous avons utilisé 44 lignées 
différentielles d'orge qui représentent l'essentiel de la résistance utilisée 
dans les programmes d'amélioration génétique de l'orge. Les obtentions 
de VH. spontaneum ont été infectées par 21 isolats choisis en fonction de 
leurs réactions sur les orges différentielles. Les résultats avec les échan
tillons de Y H. spontaneum ont été très différents de ceux obtenus avec les 
orges différentielles. Les réactions de résistance ont été très rares. Il n'y 
a pas eu de résistance envers 13 des 21 isolats. Une résistance horizontale 
a été remarquée pour la plupart des lignées de Y H. spontaneum. 

INTRODUCTION 

Powdery mildew caused by Blumeria 
graminis f. sp. hordei Em. Marchai is 
one of the principal foliar diseases of 
barley (Hordeum spontaneum L.) in 
Europe and Turkey. This disease has 
been controlled in Europe by the use of 
host résistance gènes and of fungicides. 
In order to hâve résistance to the dis
ease, varieties with race-specific résis
tance gènes hâve been regularly intro-

duced since early sixties (Lôwer et al. 
1997). Generally, the most extensively 
used résistance gènes hâve remained 
effective for only a few yr until an in-
crease in the frequency of correspond-
ing virulence gènes of the pathogen was 
observed, then the varieties with the 
résistance gènes in question became 
increasingly more susceptible to pow
dery mildew (Brown and Joergensen 
1991; Fischbeck and Jahoor 1991; Ja-
hoor and Fiscbeck 1987a; Jiang et al. 
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1984; Moseman et al. 1985). On the 
other hand, natural populations of wild 
progenitors of crops hâve coevolved 
with their parasites in the origin, so 
they hâve been regarded as potentially 
valuable sources for disease résistance, 
due to continuous assaults by the plant 
pathogens. In order to improve the stra
tégie use of résistance, it is necessary 
to find a new résistance gène in wild 
barley populations (Jahoor and Fisch-
beck 1987a; Nevo 1986; Nevo et al. 
1979). Wild barley is abundant and wide-
spread over many régions in Turkey 
(Braun and Turgut 1995) and is an im
portant source for résistance to obligat-
ed parasites (Jahoor and Fischbeck 
1987b; Moseman and Joergensen 1973; 
Segal et al. 1987). 

Large number of Hordeum spontane
um accessions collected from natural 
populations in Israël were studied and 
it was reported that many of them were 
either résistant or showed low infection 
to field infection by powdery mildew in 
Germany (Fischbeck et al. 1976). Ja
hoor and Fishbeck (1987a) searched 
résistance gènes in 42 barley lines de-
rived from the F7 génération of crosses, 
between barley cultivars and différent 
accessions of H. spontaneum collected 
in Israël and concluded that natural 
populations of H. spontaneum formed 
a large pool for mildew résistance which 
has not been used yet against virulence 
gènes of powdery mildew (Bothmer and 
Joergensen 1986). 

The objective of this study was to 
describe occurrence and frequency of 
résistance gènes in natural population 
of H. spontaneum at three différent mi
cro-sites in the Aegean région in Tur
key. 

g MATERIALS AND METHODS 
00 
Z 
2 The material of study consisted of 200 
o seed samples of Hordeum spontaneum 
H collected at différent locations on the 
g West Coast of Turkey in September 
£ 1998. The seeds were planted in Janu-
£ ary 1999 at the expérimental field ofthe 
x Dalaman Plant Production Center and 
°" harvested in May. 

Brief descriptions of the popula
tions at three micro sites 
Bornova population: The population 
was collected on the slope of dranage 
canal that was 1.5 m wide and 150 m 
long, nearthe expérimental field ofthe 
Field Crop Department of Agricultural 
Faculty at Aegean University. The dis
tance from the micro site to Lzmir bay 
was approximately 10 km with altitude 
of 40 m. 

Meryemana population: Th is popu lation 
was established in the Virgin Mary 
House in the National Park locatéd on 
the top of a hill at Selçuk-lzmir pro
vince. The distance from this micro site 
to Selçuk was approximately 15 km and 
altitude was 500 m. The area of the 
population was 1 m wide and 140 m 
long. 

Emiralem population: The popu-lation 
was along Emiralem-Manisa 
highways side slope, nearby Gôktepe 
Village. The area of population was 
1 m x 130 m and altitude 40 m. 

Differential set of monogenîc 
résistant barley lines 
Pallas near isogenic lines of barley (Koel-
ster et al. 1986) and other lines from 
Ris0 National Laboratory, Denmark, 
were used as a differential set for com-
parison with the résistance reaction of 
the wild barleys. In addition, we includ-
ed 14 lines with résistance derived from 
H. spontaneum collected in Israël (Ja
hoor and Fischbeck 1987b). 

Fungal material 
Ten test isolâtes of Blumeria graminis 
f. sp. hordei provided by J.H. J0rgens-
en, six isolâtes produced from cleisto-
thecia ofthe pathogen and five isolâtes 
from three pathogen populations ex-
amined in this study were used for dif-
ferentiation. Thèse test isolâtes were 
selected according to their infection 
types (Table 1) to the differential barley 
set (Table 2). 

Résistance test 
Test isolâtes were used to identify ré
sistance in wild barley populations. The 
leaf segment test was carried out using 
detached primary leaf segments of 10 
d old H. spontaneum seedlings. Prima
ry leaves of young barley plants were 
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Table 1. Infection types of Erysiphe graminis isolâtes on barley lines (according to Welz 
(1986)) 

Infection score Symptoms 

No infection, no necrotic lésions 
Necrotic flecks, few mycélium, no sporulation 
Few necrotic flecks, little sporulation 
Médium sporulation 
Full sporulation 

clipped and eut in three segments. One 
segment of each line was laid into one 
Pétri dish, giving 25 segments with 
différent H. spontaneum plants and the 
control variety, Manchuria. The leaf 
segments were put on water agar con-
taining 30 JIL L1 Benzimidazole (and 
5 g agar, allowing the leaves to stay 
green for approximately 3 wk), and kept 
under standard conditions (17-18 °C; 
14/10 h day/night). Thèse were also the 
incubation conditions for the pathogen 
when inoculated ontothe leaf segments 
in the Pétri dishes. 

Inoculations were performed at a 
stérile clean bench using a settling tow-
er (tin cylinder diam 180 mm, 300 mm 
height, open at one side) with a small 
hole close to the upper side of the tow-
er. This cylinder was put over an opened 

Pétri dish conta in ing 26 line segments. 
Through the hole at the upper side of 
settling tower one segment with one 
single spore colony was held and its 
conidia were blown into the tower. 
There the conidia could settle down in 
still air on the leaf segments. After in-
cubating the closed Pétri dishes for nine 
d under standard conditions, the leaf 
segments were evaluated for infections. 
If any mycélium were visible on leaf 
segment of the control variety, we as-
signed this as a successful infection, 
indicating the présence of the respec
tive virulence factor in the tested iso-
late. 

The reactions were evaluated accord
ing to infection types as described by 
Welz (1986) (Table 1). The list of the 
barley lines that had been used as dif-

Table 2. List of the barley lines used as differentials in the détermination of the virulence 
of the test isolâtes and résistance gènes 

Line Gene(s) Line Gene(s) 

1 P 01 Mla1, Mla(AI2) 23 Nigrate Mla30 
2 Manchuria Iso 1R Mla1, Mla(AI2) 24 Turkey 290 Mla31 
3 Black Russian Mla2, Mla(BR2) 25 Sv 83380 MI(Ab) 
4 P 02 Mla3 26 Atlas Mlat 
5 Gunnar Mla3, Mla(Tu2) 27 Goldfoil Mlg 
6 Gopal Mla5 28 Deba Abed Mlg, MI(CP) 
7 P 03 Mla6, Mla14 29 P21 Mlg,? 
8 P 04A Mla7, Mlk1 30 P24 Mlh 
9 P 04B Mla7 31 Line 81882 Mlhb 
10 Manchuria Iso 26R Mla7, Mla(LG2), Mla(LG3) 32 Herta MI(He), Mla8 
11 Manchuria Iso 10R Mla7, Mla(Mu2) 33 P17 Mlk1 
12 Triumph Mla7, Mla(Tr3), MI(Ab) 34 Nakaizumi -Zairai Mlk2 
13 Calsberg II Mla8 35 Kairyo Bozu Mlkb 
14 P 08B Mla9 36 Pallas 23 MILa 
15 P 09 Mla10, Mla(Du2) 37 Pallas 18 Mlnn 
16 A222 Mla11 38 Pallas 22 Mlo5 
17 P10 Mla12, Mla(Em2) 39 Pallas 19 Mlp 
18 P11 Mla13, Mla(Ru3), Mla(Ru4) 40 Russian 74 Mlr74 
19 P12 Mla22 41 Russian 81 MI81 
20 P13 Mla23 42 Pallas 14 Mira 
21 Engledow India Mla24 43 Pallas 15 Ml (Ru2) 
22 RS1-8 Mla27 44 Manchuria Control 
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ferentials in the détermination of the 
virulence of the test isolâtes and of the 
présence of résistance gènes is présent
ée! in Table 2. 

For the identification of the infection, 
the infection assesment was trans-
formed into a binary code (Habgood 
1970). Infection types 3 and 4 (compat
ible) were transformed to 1, while the 
rest were transformed to 0. Comparing 
thèse infection reading with Table 3, we 
inferred which résistance gènes were 
effective most probably in the wild 
barley plants. 

RESULTS AND DISCUSSION 
When accessions of H. spontaneum 
from three différent locations in Turkey 
were inoculated with isolâtes of B. 
graminis f. sp. hordei, it was found that 
the progenies were susceptible; slow 

mildewing occurred frequently. The 
reaction pattern of ail H. spontaneum 
accessions was clearly différent from 
reaction of the known gènes for mildew 
résistance included in this study. Our 
infection data confirmed that the résis
tance factor(s) in wild barley were non-
specific for the pathogen. Since the 
majority of the H. spontaneum acces
sions showed distinctive variation in 
résistant reaction types against mildew 
cultures, the study did not support the 
assumption that différences in résistant 
reaction types against distinct mildew 
cultures are sufficient to indicate the 
présence of supplementary gènes for 
mildew résistance in a given génotype 
of the host. The natural population of H. 
spontaneum in Turkey is regarded as a 
large gène pool for powdery mildew 
that is not yet used in cultivated barley. 
Il has been concluded that H. spontane-

Table 3. Examples of some Hordeum spontaneum accessions and their reactions against 21 
isolâtes, 16 days after inoculation 

c 
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111 
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120 
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Control 

M: Meryemana; B: Bornova; E: Emiralem. 
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um may be a useful genetic resource 
for breeding résistance to powdery 
mildew. 

Only few résistance reactions to the 
test isolâtes could be observed. None 
of thèse reactions were identical with 
the reactions on the differential barley 
Unes, suggesting unknown résistance 
alleles were présent. The H. spontane
um samples showed a reduced number 
of colonies compared with the suscep
tible control Manchuria. The infection 
of wild barleys was also slowed down 
significantly, with the assessment hav-
ing to be done 14-16 d after inoculation, 
instead of 8-9 d with commercial vari-
eties. 

After 14-16 d of incubation, few résis
tance reactions indicate some major 
gène reactions, which are most likely 
unknown résistance gènes. Even résis
tance reactions like those derived from 
Israeli H. spontaneum collections could 
not be found, indicating a différent 
coevolution in Israël and Turkey. Thèse 
résistant reactions from Israël H. spon
taneum showed important différences 
mainly in comparison with the fréquent 
susceptibility found in the Turkish sam
ples. Neither the corresponding résis
tance to the virulence found in the 
mildew tests from cleistothecia of pop
ulations were detected nor any other 
résistance from the large differential set 
of barley lines. 

The observations of delayed infec
tion and reduced colonies clearly indi
cate the présence of horizontal résis
tance in thèse wild barley populations. 
The assessment of leaf segment test 
was delayed compared with the control 
variety, Manchuria under the same 
conditions due to slow infection and 
growth of the colonies. The reduced 
number of colonies was clearly visible, 
but due to the high infection density, an 
exact quantification was impossible. For 
assessment of horizontal résistance it 
may also be better to use seedling test 
rather than leaf segment test in which 
the leaves decay rapidly when incubat-
ed for more than 2 wk. 

Wild plant populations are probably 
protected from the severe effects of 
parasite attacks by their genetic diver-

sity in relation to the various forms of 
résistance and tolérance. 

One possible hypothesisforthe prés
ence of a high amount of horizontal 
résistance and its advantage may be 
the climatic conditions that thèse pop
ulations expérience. The végétation 
period of wild barley in this région is 
very short, only about 10 wk. During 
this period, there are about 5-6 wk of 
favourable conditions for powdery mil
dew, due to increasing températures at 
the end of April. This means that only 
a very limited number of générations 
with limited amount of offsprings can 
be produced successfully, which may 
be enough to avoid a mildew épidémie. 
Horizontal résistance to local isolâtes is 
more stable under sélection than verti
cal résistance. Because of this reason, 
horizontal résistance may be a better 
defence strategy under the ecological 
conditions in wild barley growing areas 
in Turkey. 

In conclusion, horizontal résistance 
can be effectively used to barley breed
ing programs. There are no crossing 
barriers between cultivated barley and 
H. spontaneum and they also share the 
same genome»(Bothmer and Joergens
en 1986). 

Furthermore, this présents plant 
breeders with particular di f f icul tés 
when deploying new sources of résis
tance. In the future, it will be interesting 
to observe the effect of horizontal résis
tance on sélection for common viru
lences. The area of barley varieties with 
horizontal résistance can be increased 
rapidly. 
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