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POWDERY MILDEW RESISTANCE IN RECOMBINAT LINES
ORIGINATING FROM CROSSES BETWEEN HORDEUM

VULGARE AND HORDEUM BULBOSUM

ABSTRACT

Six recombinant lines obtained from crosses and backcrosses of barley cultivars (backcrossing parents) and
accessions of H. bulbosum were tested with 18 differential isolates of Blumeria graminis f.sp. hordei. Based
on screening tests it was concluded that resistance to powdery mildew is present in all tested recombinant
lines. Outstanding resistance to powdery mildew was identified in line 81882/83/3/2/9. This line showed re-
sistance reaction 2 for inoculation with all isolates used. In 2 lines (81882/83/3/2/9 and 4176/n/3/2/6) it was
not possible to postulate presence of known resistance genes for powdery mildew resistance. However based
on fact that these lines comes from cross of cultivar Vada which expresses very limited resistance to powdery
mildew with accession S1 (H. bulbosum) it may be concluded that expressed resistance comes from H.
bulbosum. Moreover we can postulate presence in line 81882/83/3/2/9 of gene or genes which determine re-
sistance reaction 2 for powdery mildew. In 4 other lines originating from cross of cultivar Emir and H.
bulbosum the presence of unknown genes together with Mla12 was postulated. Most probably gene Mla12
postulated to be present in these lines originate from barley cultivar Emir and unknown gene or genes postu-
lated originate from H. bulbosum parents. The possibilities to use hybrid lines with identified resistance to
powdery mildew originating from H. bulbosum, especially line 81882/83/3/2/9 resistant to infection with all
isolates used, in barley breeding programmes were discussed.

Key words: Hordeum bulbosum, powdery mildew, Blumeria graminis f.sp. hordei, recombinant lines, resistance
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INTRODUCTION

Barley (Hordeum vulgare L.) is the fourth most important cereal crop in
the Word and In many regions of the word in which it is the most important
crop. In North Africa, Central Asia and South America barley is grown in
places where other cereals are not suitable for farming due to harsh environ-
mental conditions such as high altitude, low rainfall (<300 mm annually),
or soil salinity (Bothmer et al., 1995, 2003a; Fischbeck, 2003; Czembor,
1996, 2005) and is often attacked by barley powdery mildew fungus
(Erysiphe graminis DC. f. sp. hordei Em Marchal - synamorph Blumeria
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graminis DC. Golovin ex Speer f. sp. hordei). The primary loss from pow-
dery mildew is reduced yield, which can reach up to 20% - 30% (Lim and
Gaunt, 1986; Ceccarelli et al., 1995; Jrrgensen, 1994; Zine Elabidine,
1992). In addition to yield losses powdery mildew infection results in low-
ering of quality characteristics. This is especially detrimental for malting
barley (Griffiths, 1984; Balkema-Boomstra and Masterbroek, 1995).

Powdery mildew on barley is considered as one of the most clearly char-
acterized system of host-pathogen genetic interactions. Since 1907, when
Biffen started genetic studies of barley resistance to powdery mildew, in
barley more than 100 mildew resistance loci have been identified. In Eu-
rope, the use of specific resistance genes to control barley powdery mildew
began in the 1930s with the work of Honecker which was stimulated by an
extraordinarily heavy attack of this pathogen in Germany in 1929 (Biffen,
1907; 1991; Honecker, 1938: Jrrgensen, 1994; Czembor, 2005). Since that
period, barley cultivars with effective genes for resistance to major patho-
gens has been an efficient means for controlling major diseases and pre-
venting yield losses (Czembor, 1996, 2005; Fischbeck, 2003; Weibull et
al., 2003). Barley breeders commonly used such resistance genes as Mla6,
Mla7, Mla9, Mla12 and Mla13 belonging to the Mla locus and the resis-
tance alleles Mlk, Mlg, MlLa, Mlh and Mlra. However, virtually all of these
genes were gradually overcome by virulent races within 4-5 years when
cultivars containing them were used on a large acreage (Munk et al., 1991;
Jrrgensen, 1994; Czembor and Czembor, 1998, 1999b) Because of this fact,
barley breeders, geneticists and plant pathologists are looking for new effi-
cient sources of resistance to powdery mildew to combine them with al-
ready used in modern cultivars in order to increase the resistance durability
(Honecker, 1938; Ralski and Miko³ajewicz, 1958; Nover and Lehmann,
1973; Wiberg, 1974; Czembor et al., 1979; Czembor, 1976, 1996, 2005;
Negassa, 1985; Lehmann and von Bothmer, 1988; Leur et al., 1989;
Leijerstam, 1996; Jrrgensen and Jensen, 1997; Lehmann et al., 1998;
Czembor and Czembor, 1999a; Czembor and Johnston, 1999; Jönsson and
Lehmann, 1999; Czembor and Frese, 2003; Bonman et al., 2005; Shtaya et
al., 2006c).

Barley genepool can be divided in three parts (Bothmer et al., 1995;
2003b). In the primary genepool of barley are H. spontaneum and H.
vulgare (Nevo, 1985). H. spontaneum was used successfully in many
breeding programmes to transfer of new disease resistances and tolerance to
abiotic stress (Lehmann, 1991; Brian et al., 1995; Eglinton et al., 1999;
Fischbeck, 2003; Backes et al., 2003; Pickering and Johnston, 2005). In the
secondary genepool of barley is only one species which is bulbous barley
grass (H. bulbosum L.) (Pickering et al., 1999, 2004b; Bothmer et al.,
2003b; Pickering and Johnston, 2005). It is perennial and occurs in the
Mediterranean region, West Asia, Caucasus Mountains and part of Central
Asia including Iran, Afganistan, Turkmenistan, Uzbekistan, Kazakhstan. It
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occurs as both diploid and autotetraploid cytotypes. It normally requires
vernalisation to flower and has a strong self-incompatibility system based
on two loci (Lundqvist, 1962; Bothmer et al., 1995). In the tertiary genepool
of barley are 29 Hordeum species. These species are diploid, tetraploid and
hexaploid forms and they are found in North and South America, Europe,
the Middle East, Central Asia and South Africa (Bothmer et al., 1995). In
some breeding programmes attempts have been made to use these species in
crosses with H. vulgare but with very limited success (Bothmer et al., 1995,
2003; Pickering and Johnston, 2005).

Bulbous barley grass during last 40 years has been used mainly to obtain
doubled haploids (Kasha and Kao, 1970; Pickering and Johnston, 2005).
Over years this technique was much improved and now the interspecific
cross is often used in conjunction with androgenesis to obtain a reliable
source of haploids (Pickering and Devaux, 1992; Pickering et al., 1999). H.
bulbosum was described as species with very high level of resistance to bar-
ley pathogens including powdery mildew (Xu and Snape, 1989; Zeller,
1998; Pickering et al., 2004b; Pickering and Johnston, 2005). Despite of
these observations, the number reports on genetic investigations on H.
bulbosum and on successful transfer of resistance to major pathogens from
H. bulbosum to H. vulgare is very limited (Pohler and Szigat, 1982; Szigat
and Szigat, 1991; Zhang et al., 2001; Pickering and Johnston, 2005). In
these reports hybrid lines of H. bulbosum × H. vulgare expressed
resisstance to such diseases as leaf rust, powdery mildew, scald, septoria
specled leaf blotch, BaYMV/BaMMV and stem rust (Pickering et al., 1987,
1995, 2000a, 2006b; Xu and Snape, 1989, Xu and Kasha, 1992, Michel et
al., 1994, Steffenson, 1998, 1999; Walther et al., 2000; Ruge et al., 2003,
2005; Fetch et al., 2004, Shtaya, 2007).

Major obstacle for limited use of H. bulbosum as source of resistance in
barley breeding programmes are pre and post fertisilation interspecific
crossability barriers. These barriers include: pollen tube-stylar incompati-
bility, endosperm degeneration, chromosome instability, low chromosome
pairing and certation effects (Kasha and Kao, 1970, Pickering and Hayes,
1976; Pickering, 1980; Xu and Snape, 1988; Thörn, 1992a, 1992b; Zhang et
al., 1999, 2002; Pickering et al., 2005). Some of these barriers can be solved
by careful selection of parental genotype and the environment in which to
carry out crosses (Pickering, 1981, 1983, 1984, 1994; Thomas and
Pickering, 1985; Pickering and Rennie, 1990; Pickering et al., 2004a,
2004b, 2006a). Pickering and his co-workers described hybrids H. vulgare
x H. bulbosum and their backcrossing to H. vulgare (Pickering, 1987, 1988;
Pickering et al., 1994, 1995, 2000a, 2000b). Several of the recombinant
lines showed improved resistance to major pathogens of barley including
leaf rust (Pickering et al., 1995, 2000a; Pickering, 2000).

Powdery mildew resistance ion lines originating from crosses … 87



The objective of this study was to investigate powdery mildew resistance
in recombinant lines obtained from crosses between H. bulbosum and
H. vulgare.

MATERIALS AND METHODS

Plant material

Six recombinant lines obtained from crosses and backcrosses of barley
cultivars (backcrossing parents) and accessions of H. bulbosum were tested
(Table 1). In addition 2 cultivars (Emir and Vada) which were backcrossing
parents for specific recombinant lines were tested. Recombinant lines were ob-
tained at New Zealand Institute for Crop and Food Research, New Zealand
(Pickering 1987, 1988; Pickering et al., 1987, 1998, 2000a). In progeny of line
172N2 albinos plants were present.

Pathogen

Eighteen isolates of B. graminis f. sp. hordei Em Marschal were used
(Table 2). They originated from the collections in Risø National Labora-
tory, Roskilde, Denmark; Danish Institute for Plant and Soil Science,
Lyngby, Denmark; Edigenossische Technische Hochschule – ETH, Zu-
rich, Switzerland provided kindly by Dr. H. J. Schaerer (ETH, Zurich,
Switzerland) and IHAR Radzików, Poland. The isolates were chosen ac-
cording to differences in virulence spectra that were observed on the
Pallas isolines differential set (Krlster et al., 1986), provided by
Dr. L. Munk (Royal Agricultural and Veterinary University, Copenhagen,
Denmark). They were purified by single pustule isolation and were main-
tained and propagated on young seedlings of the powdery mildew suscepti-
ble cultivar Manchuria (CI 2330). Frequent virulence checks were made to
assure the purity of isolates throughout the experiment.
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Table 1
Recombinant lines, their pedigrees and chromosome location of H. bulbosum introgression

Lp. Line H. vulgare
parent H. bulbosum parent Chromosome location of H.

bulbosum introgression

1 81882/83/3/2/9 Vada S1 2HS

2 4176/n/3/2/6 Vada S1

3 38P18/5-13/1-9 Emir HB2032 2HL

4 102C2/18 Emir HB2032 2HL

5 120G5a/17 Emir Cb 2920/4 × Cb 2929/1) 6HS (+7HS?)

6 172N1 Emir Cb 2920/4 × Cb 2929/1) 6HS (+7HS?)
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Disease Assessment

After 8 – 10 days of incubation, the infection types were scored accord-
ing to a 0 – 4 scale developed by Mains and Dietz (1930) (Table 3). The
seedlings were classified into susceptible or resistant groups. Plants scored
0 – 2 were included into resistant group and plants scored 3 and 4 were in-
cluded in the susceptible group.

Resistance tests

From five to ten plants per each recombinant line were tested with 18 iso-
lates of powdery mildew (Table 4). Testings was conducted in the IHAR
Radzików greenhouse. The plants were grown with 16 h lights and 16-22°C
range of temperature. The inoculation was carried out when plants were 10 –
12 days old (2 leaf stage) by shaking or brushing conidia from diseased plants.
After 8-10 days of incubation the disease reaction types showed by seedlings
were scored.

Postulation of resistance alleles

Hypotheses about the specific resistance genes present were made from the
comparison of the reaction spectra of the tested lines with those of differential
lines. Identification of resistance genes was made by eliminating resistance
genes not present in tested lines. Next step was determining the postulated and
possible resistance genes. It was done on the basis of the gene for gene hypoth-
esis (Flor, 1956).

RESULTS

All 6 lines tested possessed resistance to powdery mildew. Line
81882/83/3/2/9 was resistant to infection with all isolates used and tested
plants expressed resistant reaction 2 for infection with all isolates. In this line
and line 4176/n/3/2/6 the presence of unknown gene or genes for resistance
was postulated. In 4 other lines (38P18/5-13/1-9, 102C2/18, 120G5a/17 and
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Table 3
Description of infection types and codes used (Mains and Dietz, 1930).

Infection type Macroscopic symptoms

0 No visible symptoms.  (Immunity).

1 Necrotic flecks, usually minute. Chlorosis often present. No mycelial growth.  No
sporulation.  (Hypersensitivity).

2 Necrotic flecks, often with chlorosis. Reduced mycelial growth. No or scare sporulation.

3 Necrotic flecks or small necrotic areas. Frequent chlorosis. Moderate mycelial growth,
moderate sporulation.

4 Profuse sporulation of well developed colonies and sometimes green islands.
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172N1) the presence of unknown genes for resistance together with gene
Mla12 was postulated. In one line 4176/n/3/2/6 heterogenous resistance reac-
tions (0 and 4) were expressed after inoculation with one isolate of powdery
mildew.

DISCUSSION

Wild relatives of the cultivated crop plant including barley can be used as
source of useful characteristics for breeding. These characteristics include re-
sistance to biotic and abiotic stresses (Pickering et al., 1987, 1995, 2000a; Xu
and Kasha, 1992; Michel et al., 1994; Walther et al., 2000; Thomas, 2003;
Ruge et al., 2003). Currently, powdery mildew of barley is one of the most
common and most widespread disease of barley causing significant yield
losses. However, this disease opposite to leaf rust was, for a long time, not im-
portant factor in barley production. In Europe the first devastating epidemic of
barley powdery mildew was observed in Germany on winter barley in 1901
and on spring barley in 1903 (Wolfe and Schwarzbach, 1978). Most probably it
happened because modern agricultural methods were introduced by German
farmers. These methods included the use high crop densities, the application of
nitrogen fertilizers and on the large scale cultivation of uniform varieties
(Wolfe and Schwarzbach, 1978; Wolfe, 1984).

However breeding for resistance to powdery mildew of barley is faced with
a highly mobile pathogen, whose gene-pool forms an almost infinite source of
genetic variation (Müller et al., 1996; Limpert et al., 1999, 2000; Czembor and
Czembor, 2004). A number of genes for specific resistance have been used in
commercial barley varieties since the first gene, Mlg, was introduced on a large
scale in the 1930s in Germany (Wolfe and Schwarzbach, 1978; Jørgensen,
1994; Wolfe and MacDermott, 1994). In this century in Europe more than 700
cultivars of barley have been used with different combinations of 36 alleles for
race-specific resistance to powdery mildew. However, 28 of these alleles are
closely linked or allelic, which limits the possible number of gene combina-
tions in breeding of new varieties (Brown and Jørgensen, 1991; Jørgensen,
1994; Wolfe and McDermott, 1994). Almost all of these genes were succes-
sively overcome by the appearance of pathotypes with matching virulence.
These varieties had to be discarded because they were the far too disease
susceptible to be of any further value. This susceptibility was mainly due to
a host erosion of partial resistance during breeding for race-specific resistance
(Vertifolia effect) (Wolfe and Schwarzbach, 1978; Jørgensen, 1994; Wolfe and
MacDermott, 1994).

Presented study confirmed findings of other investigators that hybrid lines of
H. bulbosum x H. vulgare possess resistance to major pathogens of barley in-
cluding powdery mildew (Pickering et al., 1987, 1995, 2000a, 2006b; Xu and
Kasha, 1992; Michel et al., 1994; Pickering et al., 1999, 2004b; Walther et al.,
2000; Ruge et al., 2003; Pickering and Johnston, 2005; Shtaya et al., 2007).
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Based on screening tests it may be concluded that resistance to powdery mil-
dew is present in all tested recombinant lines. Outstanding resistance to pow-
dery mildew was identified in line 81882/83/3/2/9. This line showed resistance
reaction 2 for inoculation with all isolates used. In 2 lines (81882/83/3/2/9 and
4176/n/3/2/6) it was not possible to postulate presence of known resistance
genes for powdery mildew resistance. However based on fact that these lines
comes from cross of cultivar Vada (with very limited resistance to powdery
mildew) with accession S1 (H. bulbosum) it may be concluded that expressed
resistance comes from H. bulbosum. Moreover we can postulate presence in
line 81882/83/3/2/9 of gene or genes which determine resistance reaction 2 for
powdery mildew. In 4 other lines originating from cross of cultivar Emir and H.
bulbosum the presence of unknown genes together with Mla12 was postulated.
Most probably gene Mla12 postulated to be present in these lines originate
from barley cultivar Emir and unknown gene or genes originate from H.
bulbosum parents.

In presented study seedling resistance tests were used in order to describe in-
fection types expressed by barley plants after inoculation with differential iso-
lates of powdery mildew. This kind of testing as sufficient for screening for
disease resistance and it is used commonly in many breeding programs to pos-
tulate the presence of specific genes for resistance in modern cultivars and to
screen for new sources of effective resistance (Parlevliet, 1976; Jin et al., 1995;
Brooks et al., 2000; Shtaya et al., 2006b; Czembor and Czembor, 2007a,
2007b; Czembor and Bladenopoulos, 2007). However, by using this kind of
tests it is not possible or at least it is difficult to identify and describe partial re-
sistance. For description of this kind of resistance we need conduct additional
to infection type measurements of characteristics for this kind of resistance. In
addition, partial resistance is generally better expressed at the adult plant stage
(Parlevliet and van Ommeren, 1975; Smit and Parlevliet, 1990; Martinez et al.,
2001; Shtaya et al., 2006a; Ochoa and Parlevliet, 2007). It will be very interest-
ing if further studies of described hybrid lines will also include parameters de-
scribing partial resistance and extension of resistance studies to plants at adult
stage. Final determination of the number of resistance genes and the type of
their action in tested hybrid lines may be established by crosses and backcross-
es among appropriate genotypes (Jin and Steffenson, 1994; Czembor, 1996,
2005; Czembor and Czembor, 2001; Czembor et al., 2006).

The durability of the resistance genes to powdery mildew present in barley
cultivars may be increased by using many different strategies for deploying re-
sistance genes (Parlevliet, 1983; Wolfe, 1984, 1993; Finckh et al., 1996, 1999,
2000). These strategies are: combining partial (minor genes) and race-specific
(major) resistance genes, multiline cultivars, partial resistance, combining dif-
ferent race-specific resistance genes into one cultivar and deploying many
cultivars with different resistance genes in space (e.g. cultivar mixtures) or
time (winter versus spring barley) (Parlevliet, 1983; Finckh et al., 2000; Brown
and Hovmøller, 2002; McDonald and Linde, 2002). Very important for dura-
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bility of resistance to powdery mildew in agricultural practice is proper use of
new sources of resistance to this pathogen including those described in this pa-
per (Brown and Hovmøller, 2002; McDonald and Linde, 2002; Czembor,
2005).

Many scientists expressed view that genetic base of cultivated varieties is
limited and that breeders are restricted to crossing within the primary
genepool, which consists of H. vulgare (in form of modern cultivars and land-
races) and its closest diploid relative, H. spontaneum (Czembor, 1996, 2005;
Russell et al., 2000; Pickering and Johnston, 2005). However presented study
showed that secondary barley gene pool can be source of very valuable charac-
teristics for barley breeding. Broadening of genetic base of cultivated barley
varieties and description of new sources of resistance are also important be-
cause future strategies for the control of barley pathogens will have to focus in-
creasingly on more ecologically acceptable pest control methods. Any usage of
chemicals (pesticides, fungicides, herbicides, and mineral fertilizers) in agri-
culture is increasingly criticized in societies of many countries. Breeding for
resistance represent such ecologically safe method. In addition to ecological
also economical arguments (use of fuel, labour, special machines) and devel-
opment of fungicide resistance in population of powdery mildew are in favour
of breeding for resistance versus chemical control (Gullino and Kuijpers,
1994; Brown, 1996; Nierobca et al., 2003). Hybrid lines with identified resis-
tance to powdery mildew originating from H. bulbosum, especially line
81882/83/3/2/9 resistant to infection with all isolates used, should be used in
breeding programmes to provide farmers with cultivars with highly effective
resistance to this disease.
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