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il Eight barley (Hordeum vulgare L.) landraces were tested for resistance to powdery

‘ mildew (Blumeria graminis f. sp. hordei) and new sources of resistance were

| identified. Landraces were collected in 5 expeditions in 4 countries: Jordan (2 land-

races), Egypt (2 landraces), Libya (3 landraces) and Tunisia (1 landrace). Seed

I samples of these landraces were kindly provided by International Centre for

Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria. In 1998 all

d tested landraces showed resistance to natural infection of powdery mildew in

IHAR, Radzikow, Poland. From these landraces 18 single-plant lines were selected

| and tested at the seedling stage with 23 differential isolates of powdery mildew.

The isolates were chosen according to their virulence spectra as observed on the

"Pallas’ isoline differential set and on 8 additional differential cultivars. These

“ isolates had collectively virulences to all major resistance genes used in the past

H‘ and currently in Europe. Six lines (155-2-1, 469-2-5, 805-2-3, 806-1-1, 806-2-2,

806-3-4) showed resistance to all isolates used. These lines were characterised by

resistance reaction type 2 which was observed for inoculation with most isolates.

1 However, expression of infection types 0, 1 and 2 for the isolates tested indicated

w that some of these lines may have more than one allele for resistance. Twelve

(66.7%) lines expressed infection type 2 for inoculation with more than 50% of

J the isolates. Only 2 lines showed resistance infection type O for most isolates used.

‘ “\ About 86.1% of all infection types observed among tested lines were classified as

I powdery mildew resistance. The most frequent (66.4%) resistant infection type

was 2. The infection type 0 (immunity) occurred with frequency 16.8% and infec-

tion type 1 (hypersensivity) with frequency of 2.9%, respectively. In 15 tested lines

it was impossible to determine which specific allele or alleles for resistance are

present. Allele Mlat was postulated to be present in 2 lines in combination with

other unknown gene or genes. The presence of allele combination of Mlal3,

MI(Ru3) was postulated in one line. The use of identified sources of resistance to
\ powdery mildew in barley breeding was discussed.
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INTRODUCTION

Barley (Hordeum vulgare L.) is the fourth most important cereal crop in
the world, after wheat, maize and rice. In European Union (EU) barley is the
second (after wheat) most important cereal crop with about 32% (about
10 898 000 ha) of EU total cereals acreage. In the Czech Republic barley is
of great economic importance and it is grown on 543 696 ha (34.9% of total
cereals acreage) (Rasmusson, 1985; Dreiseitl, Jurecka, 1996,
1997: Atzema, 1998; Anonymous, 2000). In West Asia and North
Africa (WANA) region barley is often grown in marginal agricultural areas
with low annual precipitation (often less than 220 mm). Landraces in this
area are important as they are often the only rain-fed crop possible and they
are cultivated on mountain slopes at elevations higher than other cereals
(Rasmusson, 1985; Ceccarelli, Grando, 1999; Ceccarelli et
al., 2000).

Powdery mildew, caused by the pathogen Erysiphe graminis (DC.)
Golovin ex Speer f. sp. hordei Em. Marchal (synamorph Blumeria graminis
DC. f. sp. hordei Em. Marchal), is one of the most destructive foliar diseases
of barley in central and western Europe, WANA region, Japan and the eastern
and southern barley producing areas of North America (Rasmusson,
1985; Czembor, 1996; Atzema, 1998). In countries where mildew is
a problem, yield losses in experimental tests usually exceed 25%, although
average losses in barley production are smaller and about 10% (Zwatz,
1987; Schally etal, 1995; Atzema, 1998). Yield reduction is due to
loss of functional green leaf area, reduced root growth, reduced kernel weight,
smaller numbers of kernels per spike and tillers per plant. Reduction in
quality characteristics is particularly detrimental for malting barley (W o1 e

1984; Wolfe, McDermott, 1994).

The total number of about 280 000 of barley accessions (many of them
landraces) is estimated to be in ex situ germplasm collections world-wide
(Kniipffer, Hintum, 1995). Barley landraces constitute a rich genetic
resource, and many examples of their successful use have been reported
(Alemayehu, 1995; Valkoun et al., 1995; Czembor, 1996;
Jgrgensen, Jensen, 1997). However only for less than 2 per cent of
barley landraces the attempts were made to identify powdery mildew resis-
tance genes using differential lines and isolates. These types of studies were
mostly conducted in Germany, Denmark and Sweden and on smaller scale in
other countries, such as Czech Republic, The Netherlands, USA and Poland
(Honecker, 1938; Ralski, Mikolajewicz, 1958; Briickner,
1964; Nover, Lehmann, 1973; Wiberg, 1974; Czembor, 1976,
1996, 1999, 2000; Czembor et al, 1979; Lehmann, von Both-
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mer, 1988; Negassa, 1985; Leur et al., 1989:; Leijerstam, 1996;
Jprgensen, Jensen, 1997, Lehmann et al.,, 1998; Czembor,
Czembor, 1999a; Jénsson, Lehmann, 1999). Based on these
raports it may be assumed that barley landraces collected in Mediterranean
region may possess mildew resistance genes different from those which al-
ready have been introduced into barley cultivars. Such genes would be of
value in the further diversification of resistance genes available to breeding
programs (Czembor, 1996, 1999, 2000; J¢rgensen, Jensen,
1997).

About 80 years ago Vavilov proposed that the Mediterranean region is
major centre of crop origin. This hypothesis is supported by the ric‘:mss of
crop diversity, including barley, of this part of the world. In the most accepted
theory, postulated by Kornicke and Werner (1885), barley was de-
rived from its wild ancestor H. spontaneum C. Koch. when Neolithic men
selected spikes with tough rachis (Perrino 1988; Bothmer et al., 1995;
Will i-am S, 1995; Ladizinsky, 1998; Zohary, 1999). The original
area of cultivation and the centre of origin of H. vulgare L. is assumed to be
the area of the Fertile C
Breasted in 1916 refe

cent. The term Fertile Crescent

coined by James
C nt-shaped region of the rich farmland that
stretches from the Mediterranean Sea to the Persian Gulf through the Tigris
and Euphrates valley (Nesbitt, 1995; Willcox, 1995). A;chaf:(ﬂo‘*icai
evidences indicate the earliest signs of cultivation of bariey' in this x”c‘:gign in
the 9th millennium B. C. (Tell Mureybet, Syria) and its domestication around
8000 B.C. (Jerycho, Israel). Also most probably barley was the first domes-
ticated cereal and until around 2000 B.C. it was more commonly grown and
higher valued than wheat in such ancient countries as Egypt and Summer
(Williams, 1988; Harlan, 1995; Willcox, 1995; Haywood et
al., 1997).

Wild progenitors of barley were exploited in Fertile Crescent (e.g. Nahal
Oren in Israel, Abu Hureira in Syria — 12 000 B.C.) for at least several
thousand years before the appearance of domesticated barley. During this
‘”?"’. wild barley was harvested in premature stage before shattering seed and
this is practised until now in some mountain regions (e.g. Nepal) (Bothmer
et al_., 1995; Willcox, 1995; Haywood et al, 1997). The wild barley
Spf:cws H. spontaneum, H. bulbosum, and H. murinum grow abundantly in
this region often on the edge of a cultivated fields with H. vulgare (Both -
m§r etal, 1995; Hawkes, 1995). These species are represented by popu-
lations greatly varying in morphology and growth habits. The H. bulbosum
and H. murinum are introgressing occasionally with H. spontaneum and H.
Spontaneum may cross with domesticated barley (Ey al etal., 1973; Both-
mer etal, 1995; Hadjichristodoulou, 1995; Asfaw, 1999). The

Cresce
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mentioned Hordeum species in WANA region annually support outbreaks of
powdery mildew of barley (Eyal et al, 1973; Czembor, 1996). The
concept of correlated host-pathogen evolution implies that genetic diversity
in the populations of the indigenous Hordeum species is matched by diversity
in populations of E. graminis f. sp. hordei. This concept was proved to be
true in many studies (Eyal et al, 1973; Wolfe, 1988; Jana, Nevo,
1991: Finckh, Wolfe, 1997a; Brown, 1999). Consequently, barley
landraces collected from Jordan, Egypt, Libya and Tunisia may be source of
the resistance to powdery mildew due to their high degree of diversification
resulting from the long co-evolution with populations of pathogen.

The objective of this study was to determine the identity of powdery
mildew resistance genes in selections from barley landraces collected in Jor-

dan, Egypt, Libya and Tunisia.
MATERIAL AND METHODS

Plant material

Eight barley landraces were used in this study (Table I). Seed samples of
landraces were kindly provided by Dr. J. Valkoun and Prof. S. Ceccarelli
(International Center for Agricultural Research in the Dry Areas — ICARDA,
Aleppo, Syria). The landraces were collected between 1981-1990 during
5 expeditions ICARDA collection code JOR 81-3, JOR 85, EGY 87, LBY
81, TUN 90-2) in Jordan, Egypt, Libya and Tunisia. Under Central Poland
field conditions the landraces showed low resistance to lodging and were

intermediate in heading date.

Pathogen

Twenty-three isolates of E. graminis f. sp. hordei were used in this study
(Table II). The isolates were kindly provided by Dr. H. J. Schaerer (ETH,
Zurich, Switzerland) and originated from collections of the Risg National
Laboratory, Roskilde, Denmark; Danish Institute for Plant and Soil Science,
Lyngby, Denmark and Edigenossische Technische Hochschule — ETH, Zu-
rich, Switzerland. In addition 4 isolates from collection in Plant Breeding and
Acclimatization Institute — ITHAR, Radzikéw, Poland were used. The isolates
were chosen according to differences in virulence spectra that were observed
on ’Pallas’ isoline differential set (Kolster et al., 1986) kindly provided
by Dr. L. Munk (Royal Agricultural and Veterinary University, Copenhagen,
Denmark) and on 8 additional differential cultivars. Isolates were purified by
single pustule isolation. Young seedlings of the cultivar "Manchuria’ (CI
2330) were used to maintain and propagate all isolates used. Isolates were
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tested frequently on host differentials to assure their purity throughout the
experiment.

Inoculation and Disease Assessment

In greenhouse tests the plants were grown with 16 h light and 8 h dark at
16-22 °C. During this testing the plants were grown in plastic pots (5 cm
upper diameter) filled with a mixture of Radzikéw sandy soil and peat in
a3 : 1 ratio. At least 10 plants from each selected line were tested together
with seedlings of the cultivar "Manchuria’ CI 2330 (used as susceptible con-
trol) and differential set (to assure the purity of the isolates). The inoculation
was carried out when plants were 10-12 days old (two 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 on the primary leaf
of the seedlings. This scoring was done according to a 0—4 scale adopted from
Mains and Dietz (1930) (Table III). This scale was broadened by includ-
ing score 0(4) describing infection type characteristic for gene mlo. This
modification was done, because this gene was not known in the time of
developing of this scale (mlo gene was described in 1942) and because this
gene is of great importance in Europe (it is present in about 20% of cultivars
grown in Central Burope) (Schwarzbach 1997, 1998; Atzema, 1998;
Czembor, Czembor, 1998, 2000). Seedlings were classified into sus-
ceptible or resistant groups. Plants with infection types 0-2 were classified
as resistant, while plants that scored 3 and 4 were classified as susceptible.

Resistance tests

This investigation was conducted during 1998-2000 at IHAR, Radzikow,
Poland. During summer 1998 about 90 plants per each of 8 landraces were
grown in the field (Table I). These plants were evaluated for reaction to
natural infection of E. graminis f. sp. hordei and from each landrace 1-5
resistant plants were selected. In October 1998 progeny of selected plants
(about 30 plants per line) were grown in the greenhouse and tested again for
resistance to powdery mildew using isolate R 303a. R 303a isolate repre-
sented the most avirulent isolate available allowing the expression of a maxi-
mum number of resistance genes. During this testing from progeny of each
single-plant line again 1-5 resistant plants were selected and 18 lines were
created. These tests showed that lines selected from 3 landraces were hetero-
genous for mildew reaction. During the same winter (1998-1999) selected
plants were propagated in the greenhouse. Next, during summer 1999 these
single-plant lines were propagated under field conditions. During the winter
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111. Description of infection types and codes used (adapted from Mains and Dietz, 1930)

Ini;:‘)ieiﬂn Symptoms
0 No visible symptoms (immunity).
04) Sparse small colonies originating from the stomatal subsidiary cells.
1 Necrotic flecks
2 Frequent chlorosis. Reduced mycelial growth. No or very scare sporulation.
3 Moderate mycelial growth
4 Profuse sporulation of well developed colonies and sometimes green islands.

of 1999-2000 these lines were tested in greenhouse with 23 isolates (includ-
ing R 303a) (Table IV).

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 dif-
ferential lines. The lines giving the same reaction spectra with all isolates
were classified in the same group. Identification of resistance genes was made
by eliminating resistance genes not present in tested lines. The next step was
determination of postulated and possible resistance genes present and was
done on the basis of the gene for gene hypothesis. In the case when a com-
patible reaction (scores 3 and 4) was observed with one given isolate, it meant
that the cultivar did not possess the resistance alleles for which the isolate
was avirulent. Incompatible reactions (scores 0-2) with isolates possessing
only one avirulence allele among the remaining possible resistance alleles
made it possible to postulate that the matching resistance allele was present
(Flor, 1956; Dreiseitl, Steffenson, 1996b, Dreiseitl et al.,
1996; Dreiseitl, Jgrgensen, 2000).

RESULTS

All 8 tested barley landraces (at least one plant) expressed resistance to
natural infection of E. graminis f. sp. hordei occurred in Central Poland. Also
all 18 single-plant lines derived from these landraces expressed resistance to
powdery mildew (Table IV). Six lines (155-2-1, 469-2-5, 805-2-3, 806-1-1,
806-2-2, 806-3-4) showed resistance to all isolates used. These lines were
C_haracteriscd by resistance reaction type 2 which was observed for inocula-
tion with most isolates. However, expression of infection types 0, 1 and 2 for
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Conclusions about presence of putative known genes in the lines were
made by checking infection types patterns of the isolates expressed by tested
lines with those expressed on differential lines (Tables 1, IV). Based on this
analysis of data, it was concluded that allele Mlat was postulated to be present
in 2 lines in combination with other unknown gene or genes. The presence
of allele combination Mlal3, MI(Ru3) was postulated in one line. However,
in 15 tested lines it was impossible to determine which specific allele or
alleles for resistance are present. Most probably these lines possess genes not
represented in differential used in the present experiment.

DISCUSSION

Geneticists, plant pathologists and breeders working with barley are con-
stantly looking for gene pools from which new genes can be introduced into
existing cultivars in order to improve their resistance to major diseases in-
cluding powdery mildew. Such gene pool are barley landraces, especially
those originated from origin centres of barley, such as Mediterranean region,
and most of the powdery mildew resistant genes used commercially (e.g.
Mlal, Mia3, Mla6, Mla7, Mla9, Mlal2, Mlal3, Mlat, Mik, Mlg, Mlh and
Mlra) are derived from these landraces (Czembor, 1976; Kolster et al.,
1986; Jgrgensen, 1994). This was confirmed in this study. All 8 inves-
tigated landraces expressed resistance to natural infection of E. graminis {.
sp. hordei in Central Poland. Testing of 18 single-plant lines with 23 differ-
ential isolates showed that all these lines possessed a resistance allele or
alleles for powdery mildew. However, only six lines (155-2-1, 469-2-5, 805-
2-3, 806-1-1, 806-2-2, 806-3-4) showed resistance to all isolates used. These
lines were characterised by resistance reaction type 2, which was observed
for inoculation with most isolates. Based on the fact that isolates used in this
experiment had collectively virulences to all major resistance genes used in
the past and currently in Europe, it may be concluded that these lines showed
high level of resistance to the powdery mildew virulence genes occurring in
Europe. Therefore this germplasm should be very useful in barley breeding
programs as new sources of resistance to powdery mildew. The frequency of
landraces possessing resistance to all isolates of powdery mildew in the pre-
sent study was 50% and is higher than that found in other studies
(Honecker, 1938; Ralski, Mikolajewicz, 1958; Brickner,
1964;: Nover, Lehmann, 1973; Wiberg, 1974; Czembor, 1976,
1996, 1999, 2000; Czembor et al., 1979; Negassa, 1985;
Lehmann, von Bothmer, 1988; Leur etal., 1989; Leijerstam,
1996; Jgrgensen, Jensen, 1997: Lehmann etal, 1998; Czem-
bor, Czembor, 1999a; Jénsson, Lehmann, 1999). This may re-
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Jate to differences in various methods and isolates of powdery mildew used
for screening landraces for resistance among the different studies.

Many barley landraces display high level of genetic diversity and in some
studies more than 50% of tested landraces were found to be genotypic mix-
tures (Bernardo etal, 1997; Demissie, Bjgrnstad, 1997; As-
faw, 1999). The genetic heterogeneity within the barley landraces is due to
a low level of outcrossing occurring in barley (Alard, 1988; Had-
jichristodou lou, 1995). This was confirmed in this study by the fact
that 3 landraces (37.5%) were heterogeneous in preliminary tests for mildew
reaction. Similar or lower powdery mildew resistance heterogeneity of barley
was observed in other studies (Nover, Lehmann, 1973; Czembor
1996). All countries from which originated tested landraces are characterise(i
by big contrast in their natural conditions due to mountainous character of
their topography and different climate due to the transitional location between
the Mediterranean winter-rain zone and the Sahara desert. These environ-
mental conditions allow for the expression of a wide array of genes and
a wide diversity of wild and domesticated barley (Negassca, 1985;
Cze m bor, 1996; Asfaw, 1999). Collection missions in Mcdilerranem;
countries are recommended because landraces of major crops in these coun-
tries are subject to genetic erosion due to drought and desertification (Per -
rino et al, 1986; Anishetty et al., 1995; Valkoun et al., 1995;
Zine Elabidine et al., 1995). -

The used fungicides and resistant cultivars are available for the effective
contr(?l of powdery mildew. During last thirty years fungicide control of E.
gramtm:s f. sp. hordei has been used to reduce the severity of powdery mildew
in 1.he field. However, many pathotypes of E. graminis f. sp. hordei, that are
resistant to commonly used fungicides, have been identified. Also, fungicide
cost ar}d environmental concerns regarding pesticide use have led to a gradual
reduction in their use for control of powdery mildew (Brown, Izanc,
tla9n9ct a(:;: L;tzlf];ltil\/(cuau pe r‘s ,1994; Brown, 1996): Breeding for resis-

; : : pproach to control of powdery mildew, has been very
successful, inexpensive and environmentally safe (Czembor, Czem-
bor, 1998, 1999b, 2000). ,

. .Ge‘nelic studies of barley resistance to powdery mildew started by
E:}1, fgtei:tigl ?ﬁg;::ivoenrges‘éhc?d inlcharacterizatiQH of the powder){ mildcxy/bar-
B e s. u‘xr?nt Y, p‘()wd‘cry mildew on bgrl;y is co.nmdered
1y gldes nown system of host—pathqgen Agf:net.lc interactions and
L mld ew.lresmtancc genes have been 1d§nllllcd in barley cultivars,
Ly flnl zm d or related Hordeum species {J grgensen, 1994;
P or, 9)6). In Europe, .lhc use of spcth resistance genes to control

Y powdery mildew began in the 1930s with the work of Honecker and
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it was stimulated by an extraordinarily heavy attack of this pathogen in
Germany in 1929. In the 20th century, about 36 genes for specific resistance
have been used in Europe in more than 700 cultivars since the first gene, Mlg,
was introduced on a large scale in the 1930s (W olfe, Schwarzbach,
1978; Brown, Jgrgensen, 1991: Jensen, Jorgensen, 1991;
Czembor, Czembor, 1998, 1999h, 2000). However, resistance con-
ferred by most of these genes has not been effective for more than a few years
with the exception of genes mlo and Mi(La) (Schwarzbach, 1997, 1998;
Munk et al, 1991; Atzema, 1998). This was caused by high level of
pathogenic variability encountered in natural populations of E. graminis f. sp.
hordei. ITn many investigations it was proved that E. graminis f. sp. hordei is
able to develop many new races and that its spores are spread by wind eby
the million over large distances across Europe (Véchet, Kocourek,
1986; Dreiseitl, Steffenson, 1996a; Dreiseitl, 1997, 1998;
Limpert etal, 1999: Hovmgller et al., 2000).

Many strategies for effective use of resistance genes in order to Increase
their durability were developed. Such strategies are: use of multiline cultivars,
combining (pyramiding’) different resistance genes into one variety and de
ploying many cultivars with different resistance genes over space (e.g. culti-
var mixtures) and time (winter versus spring barley) (Czembor, Gacek,
1990, 1995; Finckh et al,, 1996: Finckh, Wolfe, 19974, b, 1998)
However, there are resistance genes which have not been exploited, and new
sources of resistance are still being found in barley landraces and wild rela-
tives (Dreiseitl, Bockelman, 1997,1998; Czembor, 1999, 2000;
Dreiseitl, 1999). Such new sources of resistance to powdery mildew have
been described in this study.

Modern plant breeding started in the second half of 19th century when
a few farmers and landowners (e.g. Knight in England, Rimpau in Germany,
Janasz in Poland, Vilmorin in France) started selection of attractive plants
from landraces based upon their phenotypic variation (Janasz, 1893; Jen-
sen, 1988; Zeven, 1996). During this activity often only one line was
selected as a new cultivar and the landrace from which this line was selected
was no longer maintained. This caused within the last 100 years great genetic
erosion in major crops including barley. The subject of conservation of land-
races for the first time was discussed at the Agriculture and Forestry Congress
in Vienna in 1890 but without results. In 1927, 37 years later, during the
International Agricultural Congress in Rome, it was recommended that par-
ticipants should start the conservation of landraces in their native countries
and organise Gene Banks (Zeven, 1996). The large scale landrace cultiva-
tion of barley in Europe practically ceased in the 1950s and today in most
European countries landraces of major crops exist only in Gene Banks
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(Hammer et al 1996; Jana, 1999; Ceccarelli et al, 2000). How
ever, in th.e Mediterranean region (especially in West Asia andv’North Afrim)—
farmers still rely on landraces because powdery mildew and other disefl‘( ;
rarely develop to levels that significantly damage the yield (Ceccar -(lble'S
et al., 1987, 1995, 2000; Czembor, 1996; Ceccarelli Grancdol
1999)._ Most probably it is due to the stabilising effect of interx’nediatc resi -
tance in landraces, which is sufficient to control the limited disease develob
ment (Leur et al, 1989; Alemayehu, 1995; Ceccarellip—
Grando, 1999). This corresponds with the fact that majority (66.4%) o’f
sources described in the present study expressed intermediate resista.nce (in
fection type 2) for most isolates used. Also this is in agreement with re lt-
in other studies (Honecker, 1938; Ralski, Mikolajewicz lS9L;SS'
Briickner, 1964; Nover, Lehmann, 1973;: Wiber T” 1974:
Czembor, 1976, 1996, 1999, 2000; Czembor et af. 1979; Ncé:j’ ass ,
_1985; Lehmann, von Bothmer, 1988; Leur ’et al ’ 1989g'([S,5€'l’
jerstam, 1996; Jorgensen, Jensen, 1997; Lehr;iann’et ill_
1998; Czembor, Czembor, 1999a; Jonsson, Lehmann 199‘9',
Probably. landrace populations evolved intermediate resistance mccjhan").
becapse 1'ts lower cost in terms of energy requirement in comparison to im-
munity (infection type 0) (Smedegaard-Petersen, Stolen l9l8n(l)t
?Ie %las sa, ‘1985).. Alst? immunity is much more effective selective n’]ediun;
for the cgrrespopdmg virulence than other types of resistance. Consequentl
intermediate resistance in landraces enabled them to survive ;1t ank( qt' o
level (Nggassa, 1985; Czembor, 1996; Atzema 1998) e
Infectlon. type 2 is different from infection types cor;ferrcd ‘b most of
poyvde.ry mildew resistance genes used in Europe. These genes coni‘fer most;)
lsntfecft;on type 0 and 1 (Brown, Jgrgensen, 1991; Dreisei tly
sei 2?)88)012’ 1996b; DYeiseill etal.,, 1996; Dreiseitl, J(brgen,—
array, 2 iqoi tarley accessions expressi.ng intermediate resistance to a wide-
e siab? es, as (’)bser\{cd for 12 lines (66.78%) in this study, provide
e 19(;;651stdncc in barley cultivars to powdery mildew (Par-
- é)f th_‘,‘wZadoks, 1993; Czembor, Gacek, 1995). Good
e e;s ’l;h(.iep-lo‘)./mcnt of Mi(La) resistance gene conferring 2 or 3
o despip;e .the ;‘sqcltcst;lst?n.ce gene has been cffectlvc for more than 10
et 1‘\/[ at it has been present in many barley cultivars
. ‘pe (' unk etal, 1991; Jgrgensen, 1994).
i Wit;e ]:{ted lines the presence of unknown genes alone or in combi-
T e (;:vgq%ene; \Ac/lere pO.Stl.llzl(Cd. Prcscnce_ of a high number of
A arley landraces is in agreement with findings from other
el necker, 1938; Ralski, Mikolajewicz, 1958;
ner, 1964; Nover, Lehmann, 1973; Wiberg,, 1974;
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Czembor, 1976, 1996, 1999, 2000; Czembor et al, 1979; Negassa,
1985; Lehmann, von Bothmer, 1988; Leur et al., 1989; Leijer-
stam, 1996; Jgrgensen, Jensen, 1997; Lehmann et al, 1998;
Czembor, Czembor, 1999a; Jonsson, Lehmann, 1999). These
genes for resistance to powdery mildew should be a relatively easy incorporated
into a barley breeding programs by crossing lines Jana, 1995, Czembor,
1996). Also, by using barley landraces in breeding programs it is possible often
to incorporate other desirable agronomic traits, e.g. good adaptation to dry land
conditions (Ceccarelli etal., 1995,2000; Hadjichristodoulou 1995;
Ceccarelli, Grando, 1999; Havaux, Tardy, 1999).

Determination of powdery mildew resistance genes based on tests per-
formed on seedlings using isolates with different virulence spectra is effective
and sufficient for breeders’ and pathologist’ needs (Dreiseitl, 1996;
Dreiseitl, Steffenson, 1996b; Czembor, Czembor, 1998,
1999b, 2000; Dreiseitl, Jgorgensen, 2000). However, it may not
always predict adult plant resistance. Because of this screening germplasm
for disease resistance should be conducted using seedlings and adult plants.
This was done in the present study. Confirmation of putative resistance genes
or alleles can only be established through evaluation of progeny from crosses
and backcrosses among appropriate genotypes. Also different levels of partial
resistance in tested lines may influence the postulation of presence of specific
resistance genes (Jgrgensen, 1994; Czembor, 1996).

In general, results of this study are in agreement with those of other
investigators, in which barley landraces possessed mildew resistance genes
different from genes present in cultivated varieties (Honecker, 1938;
Ralski, Mikolajewicz, 1958; Briickner, 1964; Nover,
Lehmann, 1973; Wiberg, 1974; Czembor, 1976, 1996, 1999, 2000;
Czembor et al, 1979; Negassa, 1985; Lehmann, von Both-
mer, 1988; Leur et al., 1989; Leijerstam, 1996; Jgrgensen,
Jensen, 1997; Lehmann et al, 1998; Czembor, Czembor,
1999a; Jonsson, Lehmann, 1999). This investigation identified new
sources of resistance to barley powdery mildew in lines selected from barley
landraces collected in Jordan, Egypt, Libya and Tunisia. These new sources
confer resistance to all or a large number of powdery mildew virulence genes
prevalent in Europe and may contribute significantly to the diversity of the
powdery mildew resistance gene pool available for barley breeders.

Acknowledgements

Authors thank Dr. J. Valkoun and Prof. S. Ceccarelli (International Center
for Agricultural Research in the Dry Areas — ICARDA, Aleppo, Syria) for

44 SCIENTIA AGRICULTURAE BOHEMICA, 32, 2001 (1): 29-51

kind pro.vi.ding seed samples of barley landraces from Jordan, Egypt, Libya
and Tunisia, Dr. H. J. Schaerer (Edigenossische Technische Hochschule —
ETH, Zurich, Switzerland) for the powdery mildew isolates and Dr. L. Munk
(Royal Agricultural and Veterinary University, Copenhagen, Denmark) for
the Pallas near-isogenic lines.

References

ALARD, R. W anctic changes associated with the evolution of adaptedness in cultivated
plants and their wild progenitors. J. Heredity, 79, 1988: 225-238.
ALEMAYEHU. F.:'Gcnelic variation between and within Ethiopian barley landraces with em-
phasis on durable disease resistance. [Ph.D. thesis.] Plant Breeding Dep., Wageningen Agricul-
tural University, The Netherlands, 1995.
AN[SHET’TY, N M. - TAO, K. L. — RINGLUND, K.: United Nations’ FAO supports genetic
resources activities throughout Mediterranean Region. Diversity, //, 1995: 41.
ANONYMOUS.: FAO Statistical Databases (FAOSTAT). 2000.
ASFAW, Z.: The barley of Ethiopia. In: BRUSH, S. B. (ed.): Genes in the Field. Ottawa
Canada, IPGRI, IDRC, Lewis Publishers 1999: 77-107. ‘
ATZEMA, J. L Qllrzllwilily of mlo resistance in barley against powdery mildew caused by
Erysiphe graminis f. sp. hordei. [Ph. D. thesis.] Swiss Federal Institute of Technology, Zurich
1998. o ’
BERNARDO, A. - LUQUE, A. - CUADRADO, A. - NEGRO, A. - JOUVE, N. — SOLER
C.: The assessment of genetic variation in Spanish primitive cultivars of barley, Hordeum
vulgare L., by a combination of isozymes and hordeins. Genet. Resour. Crop Evol., 44, 1997:
217-226. S -
BIFFEN, R. K.: Studies on the inheritance of disease resistan SCi i
; ce. J. Agr. Sci,, i 2

ey gr. Sci., Cambridge, 2,
BOTHMER VON, R. — JACOBSEN, N. - RIKKE, C. B. - JORGENSEN, B. - LINDE-
I;All;gSEN, L. An Ecogeographical study of the genus Hordeum. IPGRI, Rome, Italy, 1995:
BROWN, J. K. M.: Fungicide resistance in barley powdery mildew: from genetics to crop
i;o:ieictlon. In: KEMA, G. H. J. - NIKS, R. E. - DAAMEN, R. A. (eds.): European and
2569 1:lze6r7ranean Cereal Rust and Powdery Mildews Conference. The Netherlands, Lunteren 1996:
iRQWN, A. H. D.: The genetic structure of crop landraces and the challenge to conserve them

situ on farms. In: BRUSH, S. B. (ed.): Genes in the Field. IPGRI, IDRC, Lewis Publishers
1999: 1-280, ' ‘
B
baerOWN,:JA K M. - JORGENSEN, J. H.: A catalogue of mildew resistance genes in European
Paney varieties. I'n: JORGENSEN, J. H. (ed.): Integrated Control of Cereal Mildews: Virulence
BRgms and Their Change. Roskilde, Denmark, Riso National Laboratory 1991: 263-286.
I-]sgNN‘ L. R. - KANE, H.: Full House. London. L. Starke, W. W. Norton and Company 1994:
BRU . ; -
phy[:iclKN'EK F.: Erysiphe graminis DC. on barley V. The resistance of barley varieties to
o _tO. ogical races of Erysiphe graminis DC. detected in Czechoslovakia and the possibility to

1tin breeding for resistance. Rostl. Vyr., 10, 1964: 395-408.

Yo
IENTIA AGRICULTURAE BOHEMICA, 32, 2001 (1): 29-51 45



CECCARELLI, S. — GRANDO, S.: Barley landraces from the Fertile Crescent: A lesson for
plant breeders. In: BRUSH, S. B. (ed.): Genes in the Field. Ottawa, Canada, IPGRI, IDRC,
Lewis Publishers 1999: 51-76.
CECCARELLL S. - GRANDO, S. - LEUR VAN, J. A. G.: Genetic diversity in barley landraces
from Syria and Jordan. Euphytica, 36, 1987: 389-405.
CECCARELLI, S. - GRANDO, S. - LEUR VAN, J. A. G.: Barley landraces of the fertile
crescent offer new breeding options for stress environments. Diversity, /1, 1995: 112-113.
CECCARELLI, S. - GRANDO, S. - TUTWILER, R. - BAHA, J. - BAHA, A. M. - MARTINI,
A. M. — SALAHIEH, H. - GOODCHILD, A. — MICHAEL, M.: A methodological study on
participatory barley breeding 1. Selection phase. Euphytica, /11, 2000: 91-104.
CZEMBOR, H. J.: Sources of resistance of barley to Erysiphe graminis f. sp. hordei. Hod. Rosl.
Aklim. Nas., 20, 1976: 467-490.
CZEMBOR, J. H.: Presence and expression of resistance genes to powdery mildew of barley
in selections from Tunisian barley landraces. [Ph. D. thesis.] Department of Plant Pathology,
Montana State University, Bozeman, USA, 1996.
CZEMBOR, J. H.: Resistance to powdery mildew in barley landraces from Tunisia. Plant
Breeding and Seed Science, 43(2), 1999: 49-63.
CZEMBOR, J. H.: Resistance to powdery mildew in barley (Hordeum vulgare L.) landraces
from Egypt. Plant Genetic Res. Newsl., 2000 (in press).
CZEMBOR, J. H. - CZEMBOR, H. J.. Powdery mildew resistance in cultivars of spring barley
from Polish Register. Plant Breeding and Seed Science, 42(2), 1998: 87-99.
CZEMBOR, J. H. - CZEMBOR, H. J.: Resistance to powdery mildew in barley landraces
collected from Jordan. Plant Breeding and Seed Science, 43, 1999a: 65-80.
CZEMBOR, J. H. - CZEMBOR, H. J.: Powdery mildew resistance in cultivars of winter barley
from Polish Register. Plant Breeding and Seed Science, 43: 1999b, 65-75.
CZEMBOR, H. J. - CZEMBOR, J. H.: Resistance to powdery mildew in barley cultivars and
breeding lines included in 1998-2000 Polish registration trials. Plant Breeding and Seed
Science, 2000 (in press).
CZEMBOR, H. J. - GACEK, E.: Selected problems of the disease resistance breeding of cereals.
Biul. IHAR, 173—174, 1990: 53-62.
CZEMBOR, H. J. — GACEK, E.: Systems for increasing durability of disease resistance in
cereals. In: ARSENIUK, E. - GORAL, T. - CZEMBOR, P. C. (eds.): Plant Resistance to
Diseases, Pests and Unfavorable Environmental Conditions. ITHAR Radzikéw, Poland, 1995:
39-48.
CZEMBOR, H. J. - GACEK, E. - KUDLA, M. M.: Sources of resistance to barley mildew
Erysiphe graminis f. sp. hordei. Hod. Rosl. Akl. Nas., 23, 1979: 337-355.
DEMISSIE, A. — BIORNSTAD, A.: Geographical, altitude and agro-ecological differentiation
of isozyme and hordein in genotypes of landrace barleys from Ethiopia — implications of
germplasm conservation. Genetic Res. and Crop Evol., 44, 1997: 43-55.
DREISEITL, A.: Resistance of winter wild barley to powdery mildew. In: Proc. of Disease
Resistance and Cereal Leaf Pathogens Beyound the Year 2000. Martina Franca, Italy, 11-12
Nov. 1999. 32 pp.
DREISEITL, A.: Posouzeni metod studia populaci padli travniho pfi zjistovdni stavu populace
Erysiphe graminis £.sp. hordei v roce 1997 (Comparison of methods to study powdery mildew
and monitor the population of Erysiphe graminis f.sp. hordei in 1997). Plant Protect. Sci., 34,
1998: 33-38.

46 SCIENTIA AGRICULTURAE BOHEMICA, 32, 2001 (1): 29-51

z)c};fjll)syljsl"fslﬁbzanény v popula%‘i padli travniho na je¢meni v Ceské republice (1993-1994)
g e barley powdery mildew population in the Czech Republic /1993-1994/ 3
Rostl., 33, 1997: 281-296. ' ) - Ot
REISEITL, A. — : i
BSDA b !?(?ICI‘(.ELMAN, H. E.: Powdery mildew resistance in the first part of the
arley co ection. Barley Newsletter, 4/, http://wheat.pw.usda.gov/ggpages/Bar
Newsletter/41/dredeiseitl.html, 1997. o it Catiey
ISEITL - : i
82]})3A WiTld ,bA:l B‘Olc‘K‘ELMAN, HAVE.. Powdery mildew resistance in the second part of the
arley collection. Barley Newsletter, 42, http://wheat.pw.usda.gov/ggpages/Bar
Newsletter/41/dredeiseitl.html, 1998. e
DREISEITL, A. - JORGENSEN, J. H.: Powdery mi i
ENSEN, J. H.: cry mildew resistance i ech ¢ vak
cultivars. Plant Breed., //9, 2000: 203-209. ) v mesimeein Chmelovik by
D()];EISII;Z)LLDA— ‘JURECKA‘ D.: Vyskyt chorob je¢mene jarniho v Ceské republice v letech
19891995 (Disease occurrence on spring barley in the Czech Republic in 1989—1¢ 95).
Rostl., 32, 1996: 221-229. ' e Ode

DREISEITL? A,,‘— JURECKA, D.: Vyskyt listovych chorob je¢mene ozimého v Ceské republi

et 1?89*“% (Leaf disease occurrence on winter barley in the MC7‘:‘: 2 ,,,L‘Sl--&\ E»L,EM[,M,ICD
1996). Ochr. Rostl., 33, 1997: 177-186. iR ierrh, S i L
DREISEITL, A. - STEFFENSON, B. J.:
Republic and North Dakota in 1995
Rusts & Powdery Mild C

DREISEITL, A. — STEFFENS Postulati
: JFFEN! ! Postulation of powdery mildew resistance genes i
North American barley cultivars. Barley Newsletter, 40 il()%b' ‘Sy”]j:)l()“w e e
DREISE - EF N, i igs
" SI"I;:;, Ab.' } SrT!‘:FEENSON, B. J. - JORGENSEN, J. H.: Diversity of the Czech and
e pB g F‘l\l\lcRy cultivars to powdery mildew and leaf rust. In; SCOLES, G R()Qﬁy

v B o= BAIRN, C. (eds.): V Int. Oat Conf F B s tienatts s,

' - sy ; . and VII Int. Barley Genetic
University of Saskatchewan, Saskatoon, Saskatchewan, Canada, 1996: 233 ”);i e syme
EYAL, Z. - Y - 2 : ’ B
URMAN, R. - MOSEMAN, J. G. — WAHL, I.: Use of mobile nurseries in

phytogenicity studies of Erysiphe graminis hordei
1973: 13307};334. of Erysiphe graminis hordei and Hordeum spontaneum. Phytopathol., 63,

Q'i» ‘tnre< f harle ni 3
: Structures of barley mildew populations in the Czech
In' Proc: of ~ Oth - 2 . ;
. In: Proc. of the 9th European and Mediterranean Cereal
sran The Ne T~ . ~
ce, Lunteren, The Netherlands, 2—-6 September 1996a: 153
N, B. J.: s in

FINCKH, - : iodi

Consequeni\;fk : WOLFE, M. S The use of biodiversity to restrict plant diseases and some

- or farmers and society. In: JACKSON, L. E. (ed.): Ecology in Agriculture
lego, Academic Press 1997a: 203-237 ‘ ® rculture. s

FINCKH, M. R. - —_

pa(hogen’ana EiscaZO}Fi:dkTS[jEDBlvgmy of host resistance within the crop: effects on host

: . In: , H. (ed): Resi G i i ,

i s 1007k A (ed): Resistance of Crop Plants Against Fungi. Jena,

FINCKH _ iversifi

e or Ply N{]}; WOLFE, M. S.: Diversification strategies. In: JONES, D.G. (ed.): Epidemiol-

o ant Diseases. Dordrecht, Kluwer Publishers 1998: 231-259. N

Ecologicz’lll\i/,[{t R. ‘—A GACEK, E. S. - NADZIAK, J. - WOLFE, M. S. - CZEMBOR H. J.:

s DAAME;raLtlons in cereal cultivar mixtures in Poland. In: KEMA, G. H. J NIKS' R
4 , R.A. (eds.): Euro edi i ind Powder -

ot D pean and Mediterranean Cereal Rust i

FLOf{rence. Lunteren, The Netherlands, 1996: 272-274 vt and Powdery Mildews

H.H.: The ¢ - '
2054 : The complementary genetic systems in flax and flax rust. Adv. Genet., 8, 1956:
GULLINQ,

e KUIJPERS, L. A. M.: Social and political implications of managing plant

h C .. .
restricted fungicides in Europe. Annu. Rev. Phytopathol., 32, 1994: 559-579

SCIENT]
A AGRICULTURAE BOHEMICA, 32, 2001 (1): 29-51 47



HADJICHRISTODOULOU, A.: Evaluation of barley landraces and selections from natural
outcrosses of H. vulgare ssp. spontaneum with ssp. vilgare for breeding in semi-arid areas.
Genet. Res. and Crop Evol., 42, 1995: 83-89.
HAMMER, K. - KNUPFFER, H. - XHUVELL L. - PERRINO, P.: Estimating genetic erosion
in landraces — two case studies. Genet. Res. and Crop Evol., 43, 1996: 329-336.
HARLAN, J. R.: Agricultural origins and crop domestication in the Mediterranean region.
Diversity, 11, 1995: 14-16.
HAVAUX, M. — TARDY, F.: Loss of chlorophyll with limited reduction of photosynthesis as
an adaptive response of Syrian barley landraces to high-light and heat stress. Aust. J. Plant
Physiol., 26, 1999: 569-578.
HAWKES, J. G.: Centers of origin for agriculture
to the present day. Diversity, 11, 1995: 109-111.
HAYWOOD, J. - CATCHPOLE, B. - HALL, S. - BARRAT, E.: The Cassell Atlas of World
History. Abingdon, UK, Andromeda Oxford Ltd. 1997. 416 pp.
HONECKER, L.: Uber die physiologische Spezialisierung des Gerstenmelt
fiir die Immunitetsziichtung. Ziichter, 10, 1938: 169-181.
HOVM@LLER, M. S. - CAFFIER, V. - JALLI, M. — ANDERSEN, O. - BESENHPFER, G.
_ CZEMBOR, J. H. - DREISEITL, A. - FLATH. K. — FLECK, A. - HEINRICS, F. - JONS-
SON, R. — LIMPERT, E. - MERCER, P. — PLESNIK, S. — RASHAL, I. — SKINNES, H. -
SLATER, S. — VRONSKA, O.: The Eurpean barley powdery mildew virulence survey and
disease nursery 1993-1999. Agronomie, 2000 (in press).
JANA, S.: Some recent issues on the conservation of crop genetic resour
countries. Genome, 42, 1999: 562-569.
JANA, S. — NEVO, E.: Variation in response to infection with Erysiphe graminis and Puccinia
hordei in some wild barley populations in a centre of diversity. Euphytica, 57, 1991: 133-140.
JANASZ. A.: Description of a Farm in the Kingdom of Poland Cultivated Chiefly for the
Production of Seeds of Improved Agricultural Crops — The World’s Colombian Exposition at
Chicago. Chicago, USA, 1893: 1-4.
JENSEN, N. F.: Plant Breeding Methodology. A Wiley-interscience Publication. New York,
USA, John Wiley and Sons 1988.
JENSEN, N. F. - JORGENSEN, J. H.: Resistance to powdery mildew in spring barley varieties
and their distribution in Denmark 1977 to 1989. In: JORGENSEN, J. H. (ed.): Integrated
Control of Cereal Mildews: Virulence Patterns and Their Change. Ris@ National Laboratory,
Roskilde, Denmark, 1991: 257-262.
JONSSON, R. — LEHMANN L.: Use of new gene sources for resistance in barley breeding.
Sveriges Utsadesforenings Tidskrift, 109, 1999: 146-159.
JORGENSEN, J. H.: Genetics of powdery mildew resistance in barley. Crit. Rev. Plant Sci.,
13, 1994: 97-119.
JORGENSEN, J. H. - JENSEN, H. P.: Powdery mildew resistance in barley landrace material.
I. Screening for resistance. Euphytica, 97, 1997: 227- 233.
K@LSTER, P. - MUNK, L. - STOLEN, O. - LAHDE, J.: Near-isogenic barley lines with
genes for resistance to powdery mildew. Crop Sci., 26, 1986: 903-907.
KORNICKE, F. - WERNER, H.: Handbuch der Getreidebaues. Berlin, Verlag von Paul Parey

1885.

diversity in the Mediterranean: from Vavilov

aues als Grundlage

ces in developing

48 SCIENTIA AGRICULTURAE BOHEMICA, 32, 2001 (1): 29-51

KNUPFFER, H. — HINTU
 ODKIN, T BROW]I\\I/I ZA:;I T. J. L.: The barley core collection: an international effort
B tlcton e Pt AH. D. -~ HINTUM VAN, T.J. L. - MORALES, E. A. V. (eds )i
E ant Genetic Resources. IPGRI, A Wiley-Sayce Publication 19'95- l7'l l7l8>
S , G.: How many tough-rachi S i . P
o o w0, 5, 1995 4”7414% Is mutants gave rise to domesticated barley? Gen.
LEHMANN, L. - BOTHMER VON
, R.: Hordeum sponta C
sourc; for barley breeding. In: JORNA, M. L. — SILOO;E:IIZIK?S lLII_ndAmLJ‘:S - d e
Breeding Related to Integrated Cereal Production. Pudoc, Wageni oo ety Gt
ey s geningen, The Netherlands, 1988:
LEHMANN, L. — JONSSO -
pOWdery o fN, R. — GUSTAFSSON, M.: Identification of resistance genes to
_ _ rom Hordeum vulgare ssp. spontaneum and land races

Sveriges Utsadesforenings Tidskrift, /08, 1998: 94—101 ‘ A T O
LEIJERSTAM, B.: Sources of resistan :
- , : s ce to powdery mild Erysi, craminis f
in barley. Sveriges Utsadesforenings Tidskrift, /06 )’1(3216 e()‘iég’)“]”“’ it - sp- hordet
LEUR, VAN J. A. G. - ’ : ;
- e CECCARRELLI, S. — GRANDO, S.: Diversity for disease resistance

y races from Syria and Jordan. Plant Breeding, /03, 1989: 324-335 erisanee
LIMPERT, E. - GODET, F. - MULLE i ereal s acrose

) , F. R, K.: Dis ereal mi

B Moorciogy, 97, 1999; 203 303 ispersal of cereal mildews across Europe. Agric.

MAINS, E. B. - DIETZ, S. M.: Physi i
, S. M.: Physiologic forms y i ) ]

B ot 30 130: 2297235 ms of barley mildew, Erysiphe graminis hordei
MUNK, L. - JENSEN, H. P. - JORG

. ISEN, H. P. - ENSEN, J. H.: Virulence and disease i g
g(;\;;({ijr{wri?:jldcw m.Dcnmark 1974-1989. In: JORGENSEN, J. H. (cdlj‘e‘;:ltes’er‘;:ntiycm o
5 / ews: Virulence Patterns and Their Change. Risg Nati 'l' Tator Onm?l o

e ional Labolatory, Roskilde,

NEGASSA, M.: Geo ic distributi

, M.: graphic distribution and genotypic diversi i
dew of barley in Ethiopia. Hereditas, /02, 198gS: lly"l:i;llwelsny o esTRanoetp powdery il

NESBIT, M.: Clues to agricul igins i
, M.: tural orig i
. g ural origins in the Northern Fertile Crescent. Diversity, /1, 1995:
NOVER, 1. - LEHM : i i
L Prufun:\ll\f;ncso(r)n.. Resistenzeigenschaften im Gersten- und Weizensortiment Ga
. P mergersten auf ihr Verha vege chltz ) e
IP):RIfJ sp. hordei Marchal). Kulturpflanze, 2/ )97;1”;2&;9%16@“ e Pl gl
EVL : at i istan  goneral ou
e IJETE, J(CIEEiS )Wgat 1;_?urab]e resistance, a general outline. In: JACOBS, TH. - PAR
- e E. .): Durabilit isease Resistanc . " - d
o s y of Disease Resistance. The Netherlands, Kluwer Academic
PERRINO, P.: The diversity in V

% 105 avilov’s Mediterranean Gene Center. Kulturpflanze, 36, 1988:

PERRINO, P, — A-Al C
» P. = POLIGNANO, G. B. - SU
germpl ; . G. B. - SUI-KWONG, J. - KHOUYA- : St
RA galsm in Southern Morocco. Plant Genet. Res. Newsl., 65 1982 26-28 e Bl
- ‘ : ., 05, 1986: 26-28.
KI, E KOLAJEWICZ, T.: Studies on susceptibility of barley varieties to powdery

mildew (Epvg; i
RASMU(SS’ngz)h; graminis ED.C. f.sp. hordei Marchal). Hodowla Roslin, 2, 1958: 313-332
; » D. C.: Barley. American Society of Agronomy, Crop Sciencé SocicAt); o% Aln:fl

Ca. Madis T B :
SCHALLYOH;_{WIS;(]);Sln’ Soil Science Society of America Publishers 1985
> H. = ZED 5 i s i
EBRAUER, R. - ZWATZ, B.: Virulenzananlyse am Beispiel Sommer-

Eerst-Mehltay in (9

; au in Osterreich unt i
. er Nutzung der Koll SS
o B o mish e 2ot 1955: 52-6(; ektionssysteme Sporenfall und Pflanzen-

SCIENT
I
A AGRICULTURAE BOHEMICA, 32, 2001 (1): 29-51 49



SCHWARZBACH, E.: Epidemiologic aspects of the mlo gene for resistance of barley to pow-

dery mildew. Genet. a Slecht., 33, 1997: 55-59.
SCHWARZBACH, E.: The mlo based resistance of barley to mildew and the response of

mildew populations to the use of varieties with the mlo gene. Czech J. Genet. Plant Breed., 34,

1998: 3-10.
SMEDEGAARD—PETERSEN, V. — ST@LEN, O.: Resistance against barley powdery mildew
associated with energy-consuming defense reactions with reduce yield and grain quality. Kgl.
Vet Landbohgjsk. Arsskr., 1980: 96-108.

VALKOUN, J. - ROBERTSON, L. D. - KONOPKA, J.: Genelic resources at the heart of
ICARDA mission throughout the Mediterranean region. Diversity 11, 1995: 23-26.
VECHET, L. - KOCC REK, F.: Study of the course of Erysiphe graminis f. sp. hordei
epidemic. Ochr. Rostl., 1986: 25-31.
WIBERG, A.: Source i

to powdery mildew in b

igins of agriculture from carly Neolithic sites

he conservation of ge

and human perspective: past and p

ontrol powaery mildew. Plant

. relations. Kulturpflanze, 36, 1983

hetics of plant pathogen interactions: tht

1OTT, J. M.: Population ge

WOLFE, I g
raminis—Hordeum vulgare pathosystem. Ann. Rev. Phytopath., 5

example of the Erysiphe g
1994: 89-113.

WOLFE, M. S. - SCHWARZBACH, E.: The recent history of the evolution of barley powdery
mildew in Europe. In: SPENCER, D. M. (ed.): The Powdery Mildews. London, New York
San Francisco, Academic Press 1978: 129-157.

7ZADOKS, J. C.: Comments on the history of thinking about resistance of plants against insects,
nematodes, fungi and other harmful agents. In: JACOBS, TH. - PARLEVLIET, J. E. (eds
Durability of Disease Resistance. The Netherlands, Kluwer Academic Publishers 1993: 11-22.
ZEVEN, A. C.: Results of activities to maintain landraces and other material in some European
countries in situ before 1945 and what we may learn from them. Genet. Res. and Crop Evol,
43, 1996: 337-341.

ZINE ELABIDINE, F. — MELLAS, H. - RH’RIB, K.: Erosion of Morocco’s great genciic
wealth cause for concern. Diversity, /1, 1995: 82-83.

ZOHARY, D.: Monophyletic vs. polyphyletic origin of the crops on which agriculture Was
founded in the Near East. Genet. Res. and Crop Evol., 46, 1999: 133-142.

ZWATZ, B.: Analyse der Resistenzfaktoren und Virulenzfaktoren im Wirt-Parasit-System Som-
mergerste-Sorten und Mehltau (Erysiphe graminis D. C. f. sp. hordei) in Osterreich. Bodenkul-
tur, 38, 1987: 341-349.

Received for publication on August 2, 2000
Accepted for publication on November 20, 2000

50 SCIENTIA AGRICULTURAE BOHEMICA, 32,2001 (1): 29-51

CZEMBOR, J. H. (Plant Breedin i
. ; . g and Acclimatizati i i
Genetics Department, Radzikéw, Blonie L}%‘IT;HA;;C‘“O“ fretitute, Plant Breeding and

Odolnost vici padli travnimu ve vybé

) béru z kraiovy o 4 Bl ;
e Try, Tibyes Tuniikaf'u z krajovych odrid je¢mene ziskanych
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Bylo testovdno osm krajovy ud jec
E ; 10 08 ych odrid jeCmene (Hord e
vgcin;())a(tl.h I;ra\./mrfm (Blumeria graminis f. sp. horclei)(slzyvll;li?ilitlélr;.) rl:g (?doclim)St
sti. ( q b
Zéﬁsko 5 krr?%\\/,eé oddrund(f byly odebrdny na péti expedicich ve étyfccl)], zem?clf' }?e
e i]qajo\ij r(;xd y)d ;Sgi//pt (2 krajové odridy), Libye (3 krajové Odl.‘fld);
: é rida). Vzorky semen téchto krajovy )
s ! : a). Vzorky se jovych odrad né d
Xlzﬁgsrgi?:cczn:;ti:lgg% zen?cd.cllsky vyzkum v suchych oblastech (?énx;lg]())(ljj\])o
I » Syrie. V roce projevily vSechny testované krajové ré aci
pr’lcrﬁzle?:.:’ 1§fci,kc1 zpus’obené padli travnim v [HARu, Radzgl(()g\i/O(Pl’gfgo()dl(;ln'oﬁ ot
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infekee aci u vice nez 50 % izolatt. Jen 3 Tivies sty b1
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