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SCREENING FOR AND INHERITANCE OF RESISTANCE TQO BARLEY LEAF
STRIPE (Drechslera graminea)

J.P. Skou and V. Haahr

Abstract. Barley leaf stripe caused by Drechslera graminea (tel-
eomorph: Pyrenophora graminea) gained renewed importance after
the ban of seed dressing with organic mercurials. Interest rose
for breeding resistant varieties in order to keep the disease
down without the use of chemicals. To meet this goal 1029 varie-
ties and lines from different Nordic barley collections were
screened for reaction to leaf stripe. The monogenic and semi-
-dominant inheritance, named the Vada-resistance, was confirmed
in an analysis of chromosome-redoubled monoploids produced with
the bulbosum-technique. The plants were infected spontaneously
from diseased plants in the field or by a monospore culture
using the sandwich method with the seeds inoculated between two

layers of mycelium-overgrown agar plates.

A new, uncommon symptom was uncovered. Absolute resistance or
immunity in the strict sense hardly exists, as even the highly
resistant barleys may now and then attract the disease. However,
both host and pathogen struggle in these cases that result in

dwarfing, tillering plants with weak leaf stripe symptoms.

The overall results of field inoculation revealed that 42.a%
barleys had 0-10% attack and 6.7% of these had no attack al all.
The reason for the low or zero attack percentage is the wide us
of several relatively resistant old barleys in breeding the
northwest European "family" of barleys. & subsequent test of

(Continues next page)
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selected, resistant barleys inoculated with the monospore cul-

ture separated them into different levels of resistance.

The resistance of about 50-100 barleys was traced through the
pedigrees. In five series of closely related varieties levels of
resistance were found that suggested the existence of different

sources.

The most common leaf stripe resistance, the Vada-resistance, was
found to be a one-gene conditioned semi-dominant resistance
which by chance have been bred into the northwest European bar-
leys together with - but independent of - the Laevigatum powdery
mildew resistance via 'Vada' and 'Minerva'. This suggests this
resistance to occur in many varieties descending from 'Vada' and
'Minerva'. Further, that it may easily be bred into other bar-

leys.

Disquised behind this resistance, susceptibility modifying fac-
tors were found that suggest the existence of partial resist-

ance.

Other highly resistant northwest European barleys, e.g., 'Fre-
ja', apparently possess two additively acting genes. A few other
highly resistant varieties without any known genetic background
were found in the northwest European barleys - including 'Tys-
tofte Kors', which seems to be the first barley variety in the

world described as resistant.

Further, a relatively large number of barleys tested that origi-
nate from other continents and Russia were found to be highly

resistant to leaf stripe.

Crossing a resistant with a susceptible variety has now and then
led to a variety with an intermediary level of attack, and in
other cases transgressive effects have led to varieties with
either a higher level of resistance or susceptibility than in
their parents.

(Continues next page)




A series of susceptible related varieties and lines with 15-80%
attack come from Finland, Norway and Sweden. They descend mainly
from 'Asplund', 'Maskin', and 'Svaléf Vega'. The genes or sus-
ceptibility promoting factors in these varieties obviously have
an additive effect. The infection level of more than 50 barleys
may be explained by assuming they have five or six genes with
one to three or four genes in each variety. Of the basic varie-
ties only 'Maskin' is supposed to posess two genes, and no sin-

gle gene conditions more than 40% attack.
On comparing the results presented with those of several others,

we gain strong support for the findings of physiological spe-

cialization in the pathogen on a world-wide basis.
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1. INTRODUCTION

~—- For many years, attacks with barley leaf stripe (anamorph:
Drechslera graminea (Rabenh.) Shoem.; teleomorph: Pyrenophora
graminea Ito & Kuribay.) were nearly non-existent in Denmark due
to an extensive use of seed treatment with organic mercurials
since the 1930s. The disease gained renewed importance, how-
ever, after this treatment first became reduced and later for-
bidden because it frequently reaches infection levels that re-
quire chemical treatment of the seed in order to avoid a yield
reduction (JBRGENSEN, 1976/77, 1979).

Previously, screening for resistance to leaf stripe to a larger
extent has been performed in USA (SUNESON and SANTONI, 1943;
SHANDS and ARNY, 1944; KLINE, 1971, 1972; METZ and SHAREN, 1979)
and Canada (TEKAUZ, 1983; LOISELLE, 1985), and to a lesser ex-
tent in India (MOHAMMAD and MAHMOOD, 1973), Sweden (KRISTIANSSON
and NILSSON, 1975; NILSSON, 1975, and Denmark (KNUDSEN, 1980,
19813 SMEDEGAARD-PETERSEN and JARGENSEN, 1982). These investiga-
tions wuncovered a markedly varying number of resistant wvarie-
ties. The heredity of resistance was treated to only a limited
extent in these investigations.

On this background we decided to screen a large number of “ar -
leys in Nordic collections for resistance to leaf stripe, and ta
analyse pedigrees of barleys in order to see bhow resist-nce
might be inherited. Further, a single cross of a highly resist-
ant and a susceptible variety was analysed genetically. Resuits

of these investigations are presented below.

2. MATERIAL AND METHODS

L[]
The barleys tested (Hordeum vulgare L. s.1.) were provided by
several Nordic barley breeders and institutions as outlined in
Tab. 1. Most of these varieties and lines are now deposited in
the Nordic Gene Bank, Alnarp, Sweden. Given in round figures,
900 of these barleys originate from Furope. °f these 650 are

northwestern FEuropean varieties and 250 morphuvluyg.cal variants

-



including “botanical barleys" of #. vulgare collected
different localities by various persons and designated
complex epithets (nomina synonyma, illegitima vel

pointing to their special characteristics.

Table 1. The tested barley varieties and lines as

provided by Nordic barley breeders and institutes.

at many
with old,

invalida)

Name and institute Abbre- No. of
viation entries

R. Aikasalo, Hankkija Plant Breeding Hja. 13
Institute, Finland

S. Andersen, Dept. of Crop Husbandry and Plant KVL 787
Breeding, The Royal Veterinary and Agricul-
tural University, Copenhagen, Denmark

J.C.N. Knudsen, Axel Toft Durup A/S, Denmark JK 23

P. Lundin, Weibulls A/B, Landskrona, Sweden W 22

R. Manner, Institute of Plant Breeding, Jo. 32
Jokioinen, finland

B. Nilsson, Svalaf A/B, Sweden Sv. 38

J. Rasmussen, Government Research Station, Tys. 11
Tystofte, Denmark

E. Strand, Dept. of farm Crops, Agricultural NLH 53
University, As, Norway

1. Témasson, Agricultural Research Institute, Ice. 8+
Keldnaholt, Iceland

The Rise Collection, Roskilde, Denmark Rise 42
(provided by many persons)

Total 1029

’

* Only three are _real Icelandic varieties, two originate from the fFaroe 1Is-

lands but were grown on lceland for about 40 years, and the

are Swedish varieties.

last three

i1




A hundred came from other continents and about 20 are of unknown
origin. A few of the varieties were provided from more than one

source, and in that way have supported the results found.

Only 'CI 6944' from Afghanistan is to be mentioned separately.
It is provided by B. Nilsson, Sweden, as the most susceptible
line ever seen (pers. comm.). For this reason it was used as
parent for the investigation of the inheritance of the resist-

ance in the variety 'Zita'.

The pathogen used for inoculum in the field constituted a popu-
lation as it came partly from infected seeds in the collectian
of barleys received and partly from a heavily infected sample of
'Lami' barley (KNUDSEN, 1980). The inoculum was propagated in
‘Lami' and 'CIl 6944' without selection. A monospare culture was
isolated from 'Carlsberg II' (Ax-48, 1977) at Rise for inocula-
tion using the "sandwich method" in the greenhouse (see below as
wellas KNUDSEN, 1986, who also wused a culture from this mate-
rial). This culture may not necessarily be a part of the above-

-mentioned population.

In 1982 and 1983 about 1,000 and 180 varieties and lines were
inoculated in the field, respectively. Twenty~-t..c. kernels  of
each were space sown in two rows of one m. four rows of a 1:1
mixture of the infected 'Lami' and 'CI 6944' were sown 4t Liee
ends of the rows with test-barleys. The wi«le area was sucrrour.-
ed by a 2.5 m belt with infected 'Lami'. This gave a high 10 -
lum potential and close to 100% infectir w . n s . .Licd L

most susceptible varieties.

Twenty-five to 30 randomly selected spikes of ecach  varre! .
line were harvested. This was subsequentiy sorec o fo i f
stripe reaction in the greenhouse at room temperature. The Lyr-
nels were germinated in an incubator on moistpned filter paper
after the method of PORTER (1939), but modified to 9-10 davs ot
9-10°C (c.f., e.q., TFVIOIDALE and HAIL, 1976 after verifir -
tion of the method in order to ensure the highest possible level
of attack. Thirty of the pregarminated koirne ;s wo- qaown %!

peat-rich sotl in 16 em pots without ¢ v = - e st o f




- 10 -

the barleys from the 1982 inoculation, and 25 kernels per pot

were sown in four replicates for the test of those from the 1983

inoculation (Fig. 1).

—————

.‘!“'r.r' if

Figure 1. A general impression of the arrangement of experiments

for screening resistance to barley leaf stripe in the greenhouse.

Inoculation with the monospore culture was performed by placing
150 healthy, untreated seeds between two mycelium-over-grown
agar plates (the "sandwich method" (Fig. 2)) (cf. SHANDS, 1934;:
HUSTON and DSWALD, 1948; KNUDSEN, 1986). After germination as
mentioned above, the plants were transferred to the peat-rich
soil in 28.5 x 46 cm trays without replicates. One hundred and

seventy-nine barleys were selected for this‘test.

The plants were kept free from powdery mildew by spraying with
Bayleton (25% triadimefon WP) both in the greenhouse and in the

field. This fungicide does not affect the zttack of leaf stripe.




S

Figure 2. Germinating barley seeds between two mycelial layers of

a monospore culture of Drechslera graminea, I.e. the sandwich method.

The percentage of attack was measured at growth staqe 10-10.5
{ef. LARGE, 1954/55) in the greenhouse, but in the last experi-
ment with varieties and lines in the greenhouse where the attack

was also measured at stage 1-2.

Several experiments have revealed an almost continuous variation
from full susceptibility to full resistance to leaf stripe among
the barley varieties, leaving the impression that several or
many genes may be involved (cf. KNUDSEN, 1980:; SMEDIGAARD-PETER-
SEN and JBRGENSEN, 1982). It is, however, difficult to analyse
the inheritance as the disease severity can be obtained ool 10
terms of per cent diseased plants or ability to escape the dis-
ease. IThis makes differentiation in Fl and f2 impossible. This
problem may be overcome by using chromosome-redoubled monoploirds
from an Fl (the bulbosum-technique which makes it possible to
obtain completely homozygotic lines (JENSEN, 1977),. The ana-
lyses of inheritance may then be made on the necessary number ol
plants of each genotype and repeated under different condition:.

(The details are given in Chapter 5).

aa. )
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As far as possible, the barley varieties and lines are set up in
a number of pedigrees according to their closer relations. These
are conferred with pedigree registers and outlines of inherit-
ance (STARK, 1948; AUFHAMMER et al., 1958, 1968, 1976; HORNE,
1959 and following years; WIEBE and RIED, 1961; TORP et al.,
1978; BAUM et al., 1981, 1985; ARIAS et al., 1983; MULTIMAKI and
KASEWA, 1983; LARSEN, 1986) and personal communicatiaons from
several breeders (Figs 6-12). These figures are formed as chess-
boards, and the barleys are listed alphabetically (Tab. 3) in
order to make it easy to find their position in the figures. for
instance, Alfa 9:1A means that this variety occurs at position
1A in Fig. 9. Underlined positions (Tab. 3) indicate where the
ancestors to a variety or line is given. Varieties or linec
marked with an asterisk in the table and surrounded by a dotted
line in the figures were not tested in the present investiga-

tions.

Differentiation of levels of resistance or susceptibility was
limited to the following rough scale due to the amount of

plants tested of each variety or line:

% diseased

Designation

plants

0-<5 Highly resistant when the barley
had this level in both tests

0-<5 Resistant when the bariey was
only tested after field inoculation

6-15 Moderately resistant

16-40 Susceptible

41-100 Highly susceptible

The first two levels are taken strictly. Between the three last
levels there may be some overlapping. This is taken into consid-
eration in the pedigree analysis - especially concerning the oc-

curring additive effects.
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3. SYMPTOMS

3.1. Results

Barley leaf stripe is a one-year-cycled seed-borne disease faor
the reason that D. graminea can be transferred only from one
plant to another via the seeds. Further, the disease can develop
only if the fungal hyphae via coleorrhiza reaches the embryonic
leaves before the seminal roots break through coleorrhiza during
germination (cf. SKOROPAD and ARNY, 1956; PLATENKAMP, 1976).
These peculiar requirements for attack are very sensitive to en-
vironmental conditions and constitute the reason why the most
characteristic Ffeature of leaf stripe is the ability to escape
the disease and why resistance or susceptibility can be measur-
ed only as a percentage of attack or escape. It has been said in
this connection that the resistance appeared to be a form of
hypersensitivity (SKOROPAD and ARNY, 1956; SMEDEGAARD-PETERSEN,
1976).

Generally, the disease is characterized as systemic in the sense
that all parts of a sick plant contain the fungus and may devel-
op the symptoms, and further that these plants are smaller

(stunted), paler green, less vigorous than the healthy ones, and

sterile.

These facts were also valid in the present investigations but
with characteristic exceptions, especially concerning the very
resistant varieties and lines.

f
Regarding the resistant barleys, it is not only obvious thn¢
they are better able to escape the disease, but also that al
least the most resistant varieties have the ability to get r1d
of a leaf stripe attack once attracted (Tab. 2). Besides this,
our studies of the inheritance of the Vada-resistance (cf. Chap-
ter 5) disclosed that the very few attacked plants in the
highly resistant lines - instead of the common leaf stripe symp-
toms - displayed unique, characteristic symptoms under certain
conditions. The leaf stripe became visible only as a single,

narrow, yellow streak an the middle of the leat biade, and this




Figure 3. The common symptoms of barley leaf =stripe on the
redoubled monoploid No. 97 with the growth type of 'Zita'.

streak did not always reach the brown stage. Plants with that
symptom were darker green than the healthy’ nnes and rather
dwarfed than merely stunted, as was the rase with plants with
the common leaf stripe symptoms (fig. 4). Further, these plants
tillered in many cases in contrast to what 1s the normal when 25
plants are grown in lé6-cm pots. The shoots did not extend unless

the plants were transplanted to other pots, however. There they
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either died, continued tillering or developed into normal plants
either with or without weak leaf-stripe symptoms. These symptoms

were later found also in other highly resistant barleys.

Table 2. Examples of barley varieties getting rid

of leaf stripe once attracted.

Percentage of plants
with symptoms at

Variety
stage 1-2 stage 10-10.5
Uffe Sejet 4.4 0
Koru 5.2 0
Modia (two samples) 5.6 0
Georgie 9.9 0
vValkie 11.1 0

Regarding the susceptible barleys, the diseased plants developed
the leaf stripe symptoms (Fig. 3) with the exception of a few
plants that died early in the development and of a few others
where the disease was not systemic as one or two shoots extended
and produced an ear. We were, however, unable to distinguish
whether or not any difference occurred in this respect concern-

ing the levels of susceptibility.

As in the case of susceptible barleys, plants in the highly re-
sistant varieties may die early in the development, even before
or soon after the seedling leaves emerge. This tendency <eems

even more pronounced in these cases.

Plants of the susceptible barleys may also be oppressec or
dwarfed, and the result of a transfer of such plants to other
pots could hardly be distinguished from that with the tillering
dwarfs of the highly resistant barleys. These cases were rare

exceptions and not the rule. ,

The dwarfing-tillering symptom was most pronounced in the pots,

less in the trays, and barely distinguished in the field.




Figure 4. Comparison of the common and the dwarfing symptoms of

barley leaf stripe. Left, the redoubled monoploid ('Zita' x 'Cl
6944') No. 94 with common symptaoms on the bunch to the right.
Right, the redoubled monoploid No. 35 with the dwarfing symptoms
on the bunch to the right. Type of growth is that of 'Cl 6944,

3.2, Discussion

RAUN (1900) described the barley leaf stripe symptoms so clearly
and in so much detail that it has never been improved an. Con-
cerning the susceptible barleys, our results are in complete

agreement.

In the description, RAVN (1900) presented figures as well as
drawings that show bow much weaker and redured in height were
the diseased plants compared to the healthy ones. Several later
authors wuse the term "stunting" for this phenomenon (e.g.,
CHRISTENSEN and GRAHAM, 1934; ELLIS and WALLER, 1973; TEKAUZ and
CHEIKO, 1980). This indicates why the specification is invalid
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in connection with the dwarfing-tillering plants in the case of

attack in the highly resistant barleys (not considered in SKOU
and HAAHR, 1984).

Qur observations of diseased plants with one or two healthy
shoots are in agreement with RAVN (1900) and DRECHSLER (1923)
who mention such cases in connection with a discussion of the
analogy of leaf stripe with the systemic smut diseases of cere-

als.

Dur results indicate that complete resistance or immunity to
leaf stripe hardly exists, as even plants of the most resistant
barleys may be attacked. However, when this happens both host
and pathogen struqgle because of the mutual effects. In this
connection, the impression was often given that the dwarfing-
tillering plants formed only lateral shoots. The explanation for
this might be a killing of the main shoot at the stage of dif-
ferentiation. This suggests a close agreement with SMITH (1929)
who summarized his results 1) in death/when meristem was invad-
ed, 2) in leaf stripe when there was é lateral invasion, and 3)
in escape. He noted in this caonnection that “death may come with
varying speed, leaf stripe may be déveloped to varying degrees,
and escape may be temporary or permanent”". For these reasons
there may be transitions between the three possibilities which
may lead to the situation we observed. further, it points to two
types of escape: 1) the case where the plants appea: healthy
during the whole growing period, and 2) when plants get rid of

the disease once attracted (cf. Tab. 2 and Chapter %).

CHRISTENSEN and GRAHAM (1934) note that deviations from the syu-
temic attack were due to the varieties in question rather = . an
to the isolate of the pathogen applied. Stunting was wmnre oro-
nounced in 'Svansota' than in 'Minsturdi', but they found con-
siderable evidence that the degree of stunting was influenced by
the race of pathogen involved (cf. KNUDSEN, 1986). The degrec of
stunting could probably also be influenced by the growing condi-
tions as we found less stunting of the infected plants under the
controlled conditions in the greenhouse than in the field; fur-

thermore, it is likely that the degree of stunting i, affected
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by the attack on the root system (cf. RAVN, 1900, STELZNER,
1934).

The inoculum potential and the incubation conditions influence
the results strongly. The stronger the conditions, the more
severe will be the seedling infection and post-emergence death
(ELLIS and WALLER, 1973) and the lesser the escape. So, in our
experiments, the inoculation in the field followed by testing in
the greenhouse appeared less intensive than did the inoculation

using the sandwich method.
Finally, it is questionable if the disease can occur to a larger
extent in a latent stage and in this way cause yield loss as

found by ZADE (1932). At least, we have not found these results

verified anywhere.

4. SCREENING FOR RESISTANCE
4.1. Results

4.1.1. Disease screening

The barley samples received had not been seed dressed with chem-
icals for disease control in prior years:; this gave us the first
possibility for a rough screening for resistance to leaf stripe.
In the following years, all 1029 barleys were screened in the
greenhouse on the basis of inoculation in the field as described
under Material and Methods. The most severe attacks on the bar-
leys in these experiments were then set up in groups with 5%
differences in attack (Fig. 5). This shows that a large number
of the barleys had a considerable degree of resistance. Not less
than 436 (42.4%) had 10% attack or less, and of these 69 (6.7%:

were not attacked at all.

One hundred and sixty-six of the most resistant of these barleys
(0-5% attack) and 13 others that were more or less susceptible
were selected for testing with the sandwich method. Of these

barleys 43.6% - mainly those without attack after the field in-




nN N
- - S N

L]

H)

£

b

€

1

-

2

Etah

2 100

H

<~ 80

|

o

« 60

°

-

8 a0

£

z 20 d

o ©° o

R : ° 9 9 9 4 o 8 o3 —

N . N N ¢ 2 “

0o 15 11-15 21-25 31-35 4145 5§1-55 61-65 71-75 81-85 91-95
Percentage of attack with Drechslera graminea

Figure 5. Distribution of 1029 and 166 barleys plotted as to level of at-

tack with barley leaf stripe in the greenhouse, (®) upon Jinoculation in

the field, and (O) upon inoculation with the sandwich method, respectively.
oculation - were still highly resistant. To a wvarying extent

many were more susceptible under these conditions than after the

field inoculation, and only one had significantly less attack.

4.1.2. Pedigree analyses

As hundreds of the northwest European barleys are more at leons
closely related we had here a good possibility to see if the re-
sults obtained exhibited any line or lines of inheritance onf
reaction to barley leaf stripe. Towards this nim we set . p thense
barleys according to their closest relat.cnn om0 b oy

formed as chess-boards (Figs 6-12). We then list-~d alphabetiral-
ly the tested barleys as well as those untested but mentione: in
the pedigrees (Tab. 3) in order to fac:litate the finding of
their positions. For each variety and line the percentaar nf at-
tack is given after the name or number, and the figqures for 1n-
oculation in the field and for inoculation in the sandwich test
are separated by an inclined quoin: field inoculatiaon/sandwich
inoculation. The result presented in the pediqree is the same

as that occurring in the sample that was provided directly from
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the breeder in the few cases where there were significant dif-

ferences between two or more samples of the same variety.

4.1.2.1., Highly resistant barleys

Only twenty-one (fifteen descend from 'Vada' or 'Minerva', two
from 'Opal' and 'Seger', two from a Bohemian landvar., one from
a Finnish landvar., and one as contamination in 'Kenia') of the
more or less interrelated northwest European barleys may be re-
garded highly resistant when this term is limited to those with
less than 5% (max. 4.9%) attack after both methods of inocula-
tion. Quite a number with this level of resistance were found in

other sources (Tabs 4-6), however.

A. 'Vada' derivatives. Fifteen of these highly resistant barleys
may be traced back to a cross made in 1928 (DROS, 1957) in the
Netherlands between 'Svalof Gull' (Gold, Guld, Kulta) and Hor-

deum laevigatum (a so-called botanical species, taxonaomically a
nomen invalidum), the donor of the Laevigatum powdery mildew re-
sistance (figs 6:4-5A and 7:4-5A). The cross resulted in the
varieties 'Vada' (fig. 6:1-8A), and 'Minerva' (fFig. 7:1-8A) of
which the former never became attacked 1n our experiments and

the latter had 10% attack after field inoculation.

'Gull' 14/52 (Fig. 6:5A and cf. lab. 3) was susceptible in our
screenings. Besides being parent of 'Vada' and 'Minerva’, it was
parent of the sister varieties 'Opal’, 'Kenia' and 'Maja'. fur-
ther, the pedigree analysis disclosed it as parent in several
other cases but it resulted in no cases in highly resistant wva-
rieties. A line of H. laevigatum was also included 1in our
screening where it came out with 15% leaf stripe after field in-
oculation. So, the high resistance could neither come from this
line. In the pedigree analyses, H. laevigatum appeared further
in two cases, namely in one where 'Gull' 14/52 x H laevigatum
(Fig. 9:2CE) ends up in an untested variety and in another where
'Jo 0758' x H. laevigatum gave the highly resistant 'Jo 1341°'
4/1 and the significantly more susceptible 'Jo 1394'13/- (fiq.
11b:8AB). 'Jo 0758' is untested but back in the ancestors occur

'Bethge III1' 7/- which is related to highly resistant wvarieties
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Table 3. List of barley varieties and lines {n the figures of pedigree and tables. underlined positions

in the pedigree figures indicate where the ancestors are presented. uUntested barleys are marked with an

asterisk,

of supplementary interest for the relations In the pedigrees are Inserted in brachets after the

Barleys In brachets are mentioned only in the text.

tal name. The accession number of the barleys in our collection 1s glven In brachets.

The parents of some varieties and lines

varie-

Varieties and lines

Flgures / Tables

varleties and Ltines

Figures / Tables

* Abacus

* Abed 0625 (8yg 191 = c-rlsberg’)

x (Long Glumes x Emir x Lofa)

-

Abed 3371

Abed Archer (255)
abyssinlan (588)

Abyssintan 39 (782)

Adolphe Bungener, Secobra (4aq)
Agio, Cebeco (a3t)

Agneta Sv. (834, 1025)

{aka Sinrikt)

Akka W (921, 1055)

Albett W (a4, 858)

Albert Busser, Secobra (443)
Alblon W (1059)

Alf, Carlsb. (839)

Alfa, St. Xontrol. (254)
Algerian (62a)

Ali. 297 (Proctor x Ingrid)
Riva Sv. (859, 1026)

* Am,

* Amer. smgoth-gwned

Amsel Helne (779)

Andle

Anla Sejet (783}
Anna Abed (860}
Anoldium (628)
Ansgar w (819, 1060)
Arabian (799)

Aramiy, Cebeco (842)

Archer

Archer 23 (256)

Archer 3% (257)

Archer 217 !238)

Archer, stiff straw (259}

Archer Goldthorpe 4-51
(Irish Archer x Goldthorpe)
Arlana (C1 252a) (760)
Atk Royal, RPB UK (@85)
Arla w (791, 10%))

Arla »
rla w, »

Arllngton (487)

Armelle
Arra, Jo. {Jo 118a) (94a)
Asplund Sv. (13)

Atlas (620)

{Australlan Chevalller)
(Australtian Eariy)
(Australtsche Fruhe)

6:5F

6:4D€

6:58C 7:8C0
12:3€0

Tabs 10, 1}
Tab. 10

Tab. 8

9:1C 9:38C
113:20 Tab. 9
p. 40

$:78

B:6EF Yab. 11
Tab. 8

8:3CD Tab. 11
27:58 Tab. 11
2:14

9:7EF 10:7E
7:5¢C

6:1CD 6:3B Tapn. 11
1ib:3A

10: 4DE

10:8¢C

1ta:28

6:4E Tab. 11

Tab. 8

8:3-48BC 9:5E Tap. 1}
9:18 9:38

7:548 9:48C Tab. 11
12:20 12:30

lz:28¢C

B

Tab. 10

6:50E 9:748 Tab. 1)
8:6C0 8:8CD 9:788 10;18¢C
13

Tab. #

6:5¢C

11b:aB tab. 9

10:18 1la:)AB )la:1DE
112:3C0 113:60E

Vib:6C Yab, 9
Tabs 10, 11
p. S4

p. 54

p. 54

* B/78-1
* Baladl 16
Balder W (260, 1066)

Balkan (589)
Bavaria, Ackerm. (488)
Bay (464)
(Bearer, ct. Plush)

Benedicte W (1069)

Bente W (1051, 1075}

Beorna, Cereal St. Elre (44s)
» Bestehorn Diamant

Bethge 11 (. -")

Bethge 111 (491)

fethge 111, mutant
Bethge X111 (492)
* fBetins

Betzes (899)
Betzes (CI 6398)
8inder Abed (261}

(Binder Abed 12 (481))
{Binder Abed 35 (4B82))
Bine PF (83%)

Birgitta Sv. (856, 1024)

Birka w (B861)

Blocne (45, 988)

Black Hull-less (62%)

Black Mull-less (C1 2277) (89%)

Black kern. 2r.
Black Russian (763)
Black smooth-awned (76

Bode, vagenes Norway (1011)

@ohemian lacdvar,
Bomi Abed (784)
Bonus Sv. (262, 852, 1ND3d)

Bordia

Brage Sv. (263, 1723)
Breuns Frankea ltI (a94)
* Breuns Heinrlich

Breuns Wisa (686)
Brewers Favorite (221)
Brio Sv. (46)

8yg 191 (191)

Ca's PF (RL2)

Contlnues next page

7:1C0

8:588 9:6B

6:2RB 6:7DE 7:78 6:2C
8:48C 8:5C 9:10€E 9:3€
10:20 11b:3F

tab. 8

9:5AB 10:6-7DE

12:80

12:8C0
12:8Cp tav. 11
6:2C0 8:4A B:2B B:48
8:58 9:4a 10:1-24
10:6A 10:18C

4

-

7:6EF B:60F 10:3A8
Tab. |]

Lha- 3€¢

Tabs 8, 11

Tabs B, 1)

7:i4A8

118:4aB 1ia: -Et
116:3(D Tabs 9, 11l
6:68C 6:6DE

12:68

9:78C

9 86C

10288

fab. 8

Tab. 1C

6:3C0 7:10€ 7:2C 8:2e¢
9:5C 3:6E 9:68

Tat . 1o, 11



Table 3 continued

verieties end lines

Figures / Tables

varietles end lines

flgures / lables

* Combrinus
Cemton (420)
Carins, Ackerm. (863)
Carlsberg, Carlsb. (265)

Carlsberg II, Carlsb. (434)
® Ceres

Cerise, RPB UK (0863)

Churlottetuwn du (733)

Chevallter (267)

Chevallier 11 Sv. (757)

Chevalller Tys. (266)

Chevron (C1 t111) (622)

Cheyney (269)

Chinese Black (Cl 1969) (8%0)

Chirley (748)

C1 36%a (8aB)

€1 4623 (849, 094)

C1 6%a4

Cilla W (865, 10%8)
* Clara ¥

Claret, RPP UK (B866)

Claudia, T, Heldenr. FRG (867)
Clermont, INRA France (820}
Club Marfout

Coast (introduced from Spain)

Colsess (Coast x Success)
Colsess 1v (472)

Compana (€1 5a38) (732)
Cornutum (CI! 2215) (845, 891)
Crlewener N.2. (497)
Criewener 96 (498)

Criewmanes 403 (496}

* Crusader

Dampier (Research x 011§}
Dana, Carlsb. (733)

Panish landvar.

Danpso Carlsb. (838)
Danublia, Ackerm. (275, 500)
Oeba Abed (751)

Deficlens (781)

De 698 (968)

Delte

Denso Abed (435)

Dlamant (273)

Dina Aved (836)

Domen, Moystad Norway (60t, 962)

Donarle, Ackerm. (a83)
Dore Sv. {49)
Dornburger Eve (501)
Dorsett (46))

Drake Sv. (271}

9:30E

1 8

Tab. 8
6:3€F 6:48 9:28C 9:6EF
10:58 12:4€ Tab. 11

10:58

L0:1DE 12:2EF 12:6C0

Teb. 5
Tabs 4, 11

Tubs 4, 11

Chapter 5

8:3€C Tab. 11

8:30 6:4B 9:8C 9:8E
§:6EF

6:78 Tab. 11

6:6C0 11a:5DE Tab. 9
tab. 8, p. 77
1ib:5-6€

11b:6F, p. 56

Jabs 8, 1}

Tabs 10, 11

Tabs 5, It

Tab. 10

Tab. 10

1D:IDE 10:2-BA

6:38¢

10:5€

10:60

12:2€F

10:60

9:58C 10:4-70

6:78C 9:4A 10:78 10:8CO
Tab. 10

1la:48 119:84 11b:4-34
Tab. ¢

2:3¢

7:7-86C 10:78C
12266

1018C Tab. i1
Bi2EF 11a:dA

11a:78 11a:7-88
11b:4A Tab. 9
7:78C 9:3A8
10:3C 1le:tF

10:70€

Tebs 7, 11
10:3A

Orost PF (433)
Drost A PF (710)
orot PF (272)

DS 295

Ouks Sejet (823)
Ouplex (619)
Dgnnes (274)
Earl, PBI UK (417,
tuda sv. (50)

€dda 1l Sv. (451, 1020)
€lbo PF {794)

Emir, Cebeco (78%)
Englisn Archer (459)
€nglisn landvar.

Erpll (695)

Erfurter 1335 (223)
Erie (62))

Erika, Schwelgers (554)
Etu, Jo. (928)

Europa, Hege FRG (B868)
Eyropa {(Neth.)

Eva Sv. (1021)

* Fan

Fero, @tofte (276}

Fg 672 (993)

fFinne (5!, 975)

Finnisn landvar.

Finser {967

Fischers Wirchenblatter Il (505)
fischers Wirchenblatter LIl (506)
firlbecks 111 (504)

Flavina W (1062;

Flynn (475)

flapya (603, 99%)

foma Sv. (777, 1022)

Forus, Forus Morway (973}
Forus 8onus (1007)

Franks Hohenloher (507)
Frankenthaler Pfélzer {(508)
Freja Sv. (278, 902, J018)

* fFrisia

Frag (605)

calore (C.A.N. 1126) (409, &09)

Gasell w (1067)

Getami (CI L413) (888)

Georgle RPB UK (830)

Georgine, Scn-qqers MOO0S -
burger {561}

Gitte PF (B2a4)

Glabron (460)

CGlabran (Cl 4577) (476}

Goldkorn Sv. 178 (%63)

Golden Archer (288)

10:¢-7¢
10:2C

lla:4D

10:5A8 Tab. 11

tabs 8, 11

Tab. 10

6:3C 8:1C 12:3C
1la;ly i1L: /A labs 9,
11a:2BC Tabs 2, 11

6:88 10:7¢C

6:30€ 9:3C Tab. 1t
12:18C

172:1C0

Tab. 8

Tabh. 8

Tabs 8, 11

lo:78

1la:4B 11b:3A Tab. 9
9:30 Tab. 11

6: 780

8:7¢ 10:38

12:6E

9:18

11a:4BC 11b:4:-5C Tab.
Tab. /

1la:1A 1la:6D€

Yan. 1D
Tab. 6
Tab. 8

6:7CD 7:7AB 10:2EF
Tab. 11

9:4C Tab. 11

Tabs 8,11

Tab. 10

1o:s¢c0

11a:3C Teb. 9
1lg:iDE Tab. §
12:88C

Tab. 5

8:1A8 10:48C Tab. 11
6:6t 11a:2E

1la:iC 11e:3BC 11:aC
Tab., 9

L11b:SE Tab. 1}
8:588 9:4C0

Tabs 7, 11

6:3548 febs 2, 11

Continues next page
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Tabie 3 continued

Varieties snd lines

Figures / Tables

varle

ties and lines

flgures / Tables

.

Colden Drop (283, 284)

Golden Melon (285)

Golden Promise, Wiln UK (832)

Goldfoil

Goldthorpe (286)

Colf, RPB UK (1068)

Golist, Forus Norway (600, 964)

Gottland landvar.

(Granat)

Guls Abed (828)

Gull, mutant

Gull Sv.
(853,

(Gold, Guld, Xulta)
1019)

Gunhild PF (844)
(1016)
(1074}

Gunilla Sv.

Gunnar Sv.

H. 1035 (976)

H. 2149 (Helnes Halsa 1
x Heine 501)

K., 4242

H. 8139 (971}

H. 181-49% (972)

Hafnias, Cerlsd. (692)

Haga W (1052)

Hallkko (511}

(Hallkongerste (512))

Hanna (313)

Hannchen (392, 393)

Harde W (1050)

Harnbarley (516)

Harry % (870)

Hassan

Havila, Cebeco (871)

Hells Franken (selec. from
Frankonian barley) (517)

(Hells Hanna (626))

Heimdal Sv. (294)

0533 (cf.

Helne 4808

Heine HP 5466 helow)

Heines Flo. 162%-%6
Haha (H.

1) (%19)

Heines Hanna

x H. Halsa

Helnes Haise

Helnes Halsa
Heisa 11 (aa?)
Henne (CI 9532) (903)
(837, 1013)

Helines
Helnes

Hellas Sv.

Helsi (520)
Merse, vollsbek Norwey (16, 986)

12:50E Tab. 11

12:6DE
10:28C
1:3¢C
12:3¢€0
5:80

Jla:3E 11b:2D Tab. 9
10:2-34

p. 63

9:4DE Tab. 11

8:6C0

6:5A 7:5-6R 7:68C 8:148
B8:5A 9:54 9:2-3C0
10:5-6A 10:348 10:1C
10:20 1la:2CD 11b:68
Tab. 1l

9:7€F Tab. 1l

7:6E 8:7C0

11a:7C

11a:50 Tab. 9

6:4C

&£:3CD

6:28C
1la:5€EF Tab. 9
10:48
12:28

Tab. 8

p. 56

8:78 1D:68 10:1D
11a:7-8C Tab. 11
8:18C 10:7A Tab. 1
8:3-4EF B:6C
Tab. 7

Tab. 11
10:4CD 10:6-7€

10:6-78
10:80
10:6C

10: 4EF
10:3€F 10:5€F 10:68C
10:8C
10:8EF Tab. 11
10: &EF
7:90E 7:5DE 9:58C

Tabs 9, 11

10:35EF 10:6AR

10:6-74
118:1C0 Teb. 9

Her

Hja.
Hia.
Hia.
Hla.
s Hja.
Hla,
Hia.
Hia.
Hja.
Hla.

T = = x

x

=

* T X T T X T T T T X T T T T T x

HP

Hum
Hir
ica
Imm
Imp.
Inp
Iap

ta w {295, 854)

Rapo (912)
Eero {91))
Paokko (914)
673 (911)

12251
60308
70185

(919)
(916}
91
{91%)

71384
72802
77061 (918)

(233)
(350)

(386)

distichum L.
distichum L.
distichum L.
distichum L. v. deficiens (421)
distichum L. v.

{201)

nigr

trif
distichum L. ssp. zeocr. (208)
hexasticum (109)

laevigatum (704)

macrolepis (34)
sativum Jess.

spontaneum, mildew resistant
spontanceum W, 206

tetrasticum v. aegic. (6)

tetrasticum v. nigr. Cev. {(170)
vulgare (136)
vulqare (139)
vulgare {160}
vulgare L., violet, nacket (157}
vialet, nacket (173)

{98)

vulgare L.,
vulgare L. v. hex.
vulgare, nacket (8)
vulgare v. macrolepis (106)
vulgare v. nigrum (j68)

vulgare v. polysi. (10a)
5466 (Halle 2369 x M. 055)7‘
es Archer (als)

nings Sommergerste (523)

w {872, 1054)
endorfer Cardus (524)
als, CCB N (780)
erial (297)

7534)

roved Arivat (CI (904)

Inga Abed (1071)

Ing

* Ing

rid w (685, 1047}

cid "| "

* Ingrid ", ¥

7:1CD 7:28 8:20¢€ 8:548
B 9:5C 9:60 9:828

10:70 118:38 11b:2DE

i1a:288

7:6C 1a:2-3A8 11a:6A
11a:6C0 Teb. 9
11a:3C Tab. 9

lla:38C

lta:6DE Tab. 9
11a:3C0 Tab. 9

11a:2-38C
11a;68
Tab. &
Tab. 6
Tab. 6
Tab. 7
Tab. 6
Tab. 6
Tab. 7

6:4-5A 7:4-5A 9:2-3DE

11b:8AB
Tab. 7
11b:3C
9:6CD
10:30
Tab. 6
Tab. 6
Tab. 7
Tab. 6
Tab. 7
Tab. 7
Teb. 7
Tab. 7
Tab. 6
tab. 7
Tab. 6
Tab. 7
6.5€ 9:63

Tab. B

B:5¢ lab 11

Tab. 8

9:3€ 10:3EF

10:1€ 10:3E 12:7-88
Tab. 8

2:4c0

6:8CD 7:1E 7:2C0
7:30 7:6A8 8:28C 9:5E

9:BEF 11b:2C LIb:2€E
Tab. 1}
8:5¢

B:3-arD

Continues next page
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Table 3 continued
Varieties and lines Figures / Tables varleties and lines Figurtes / Tables
® Inls ((Nors x WMR II) 7:5¢C Jo 1347 (957)
x (voldagsen x Ingrid)) Jo 1352 (954) 9
Inka (680) Tab. 10 Jo 1364 (958)
Invincible, Gartons (225) 12:60E Jo 1372 (959)
Iows M (413) Tab. 7 Jo 1381 (943)
Irish Archer (298) 12:28C Jo 1394 (942)
* Irish Goldthorpe 1g:2¢C Jotun, Norway (300, 1003)

Isarla, Ackerm. (299, a8a)

Ishtar (Cl 1615) (889)
*J. 5

J 1534 (1010)

Jadar, fForus Norway (57, 1014)

Jadar 11, Forus Norway (607, 985)

JaeTbygQQ
Jarle, vollebek Norwsy (996)
Jarl Sejet (873)
(874,

Jenny Sv. 1028)

Jessica Sv.

8:2CD 9:28 9:38 9:48
9:58 9:60E 9:88 10:2€F
10:4€ 10:5€ 10:70
10:7A6 10:80€

Tabs 5, 1l

7:5C

8:8C

118:3D

113:30 Tab. 9

1ia:3t

lia:aC Tab. 9

7:28¢

7:5E Tab. 11

6:200

Jonna PF(875)
Jult Abed (58)
Jupiter, PBI UK {876)
Jamtland landvar.
Kajsa Sv. (10a2)

(kalkreuter)

Kamet Mugi (CI 2253) (8s6, 892;
(910)

Kenia Abed (301)

Karrl, Hia.

Keti, Carlsb. (1073)

Kilta, Jo. (929)

Lla:4€ Tab. 11
6:2€F Tab. 11
tla:LEF

11a:20€

6:6CD 7:38C 2:1-8AB

9:10D 9:2-30 9:60

10:2B 10:48 10:6D
10:6C 11a:7-8D
7:5¢

105160 Tab. 5

Jet (from Ethiopia) (465) 11b:28 Tab. 1} Kindred (466) Tabs 10,11
* Jo 0263 11b:6B Klementina (922} tab. 10
* Jo 0490 115:2C 11b:3E wneifel (526) 9:3AB 10:58 10:8BE
* Jo 0554 11b:24B Koosdorfer fr. Zaya (533} ¥ab. 7
* Jo 0599 1lb:7CD Koru, RPB UK (877} 6:40 Tab. 2
® Jo 0650 Lib: 3E kcafts Ried (528} tat. 8
* Jo 0662 11b:3E Kredlers Oberphdlzer (530} Tab. 8
* Jo 0717 11b:3EF * Krim barley B:4EF 10:7-8E
* Jo 0720 1ip:78C Kristina Sv. (798, 851, 1017} 7:20€E 7:8EF })
* Jo 0758 lib:8A 118:7€D Tabs 9, 1
* 20 D774 Hb:7cD Kron PF {302) 10:40
* Jo 0877 1ib:20 * Kungs 9.8
* Jo 0888 lib:2c Kwan {623) Tabs 10, 1t
* Jo 0893 11b:20 Lamt Selet (818) 23288 Yab. 11
Jo 1012 (940) 116:20 Tab. 9 * Lashkego Tibetansky 118:7-848
Jo 1082 (935) 11b:648 * Lauda 6:80
Jo 1103 {934) 11b:4DE Lenta, Carlsb. (303) 10:2A8 10:48
Jo 1119 (941) 1ib:aEF * Lion (Black barbless) 110:5-6C 11b:SDE
* Jo 1155 11b:3D Lise, As Norway (998) 112:5CD 1la:5€F Tab. 9
Jo 1182 (538) 11b:7D Ltota Abes (790) 6:3EF 7:2E 7:3B Tab. Il
* Jo 1215 11b;8C0 Lone PF (797) 2:70€
Jo 1220 (952) 116:2-30 Lang Glumes (USA) {7648} 6:3CD 7:at¥
Jo 1252 (9a7) 11b:4C Teb. 9 * Lud 6:58C
Jo 1279 (946) 11b:3A8 Teb. 9 * Luke 6:48
Jo 130% (951) 11b:2-30€ Lyallpur (706) 10:80 tla:548
Jo 1310 (930) 11b:2-38 ® Lyallpur 2 8:208 10:%AB
Jo 1315 (937) 11b:8CD te 1611 (969) 8:88
Jo 1316 (953) 11b:7-88C M 268 (1009) 11a:4BC 11b:5%A8 Tab. 9
Jao 1328 (949) 116:48 * M 63199 9:7F
Jo 1330 (943%) tib:4C0O Tab, 9 * Magnl? 104 QUaslrestia NedaA 6:68C
Jo 134l (936) 11b: 84 x Quinn) x (Malteris N!dl‘
Jo 1343 (948) 11b:350E Tabh. 9 % Ositls, French))
Jo 1344 (939) 11b:38C Magnum, Miln U+ (678) 6:688
Jo 1943 (9%3) 1y 3¢ {Mahndorter Hanna (536)) p. 4%
fontinues nest page




Taole 3 continued

varfeties and lines

fFigures 7/ Tables

varieties ang lines

Flgures / Tables

Ma ja Abed (304)

Mala Abed (793)
® Manchuria

{Manchurian s Manchuris (7))

Manchurlan landvar.
v.d.H,
(758, 853,

“andollin, Nt {879)

Mar! Sv. 920, 1032)

PBI UK (780)
(801}
(802)

Marls Baldric,

4
morocco x Pallas
Morocaline x Pnllas.

Maskin, Moystad Norway (602)

Maythorpe, PBI UK (687}

Maythorpe, mildew resistant
Mentor Abed (679)
{Mettes Hanna (538))

Mianwall (617)

Michigan 2r.

Midas, Miln UK (821}

Mildew resistant A
minerva, fonds BVL NL (696)

Hink Maris, PBI ux (822)

Minnesota 4%0 ((Llan
x Manchuria) a Sandrel)
(Minsturdl)
Mirjam Sejet (840)
(Mittlauer Hanna (539))
(mjes (67, 983))
Modis (CI 2483) (615,
Sv. (815,

Montcala (440)

8a7)
Mona 1045)

Monte Cristo (618)

¢ Moosburger Rhiitia
(Moravia (542}))

* Moravian landvar.
Horgenrot, Nordsaat (54)

Murasekl Mochi (C1 5899) (850, 895}
Millers Messdorfer GColdthorpe (543)

® myllers D6%
Markesort 710 x 11 (809)

(811)

Markesort e,v (8l14)

Mp 7%-278 {(978)

Merkesort fr. v.

Mgyar, Moysted Noresy (805, 970)

Naked Bsrley (Sophiehs),
Denmerk) (456)

Nakte Hadaska (736)

Mickte v. Nepal (9)

(Nea.)

7:1C 7:4AB 7:68 B:6C
8:70 9:28 10:1-848
10:268C 10:20 10:4C0
10:6BC 12:4E

7:38C Tab. t1
1lb:5-60

11a:68C
7:4A8 Tab. 11
7:68 7:6DE B:6EF 10:38

11a:2a 1la:7R lla:7C

Iib:7A8 Tab. 11

8:148
Tab. 10
Tab. 10

B8:2EF 11a:1C 1la:3BC
11a:6€0 Tap. 9
10:28C

6:1EF

10:20€

p. as

Tab. 10

11b:50

6:26F 6:4EF
6:1EF

7:1-88 7:1EF
9:4A

[RLERTa))

Tabs 2, <. 1
7:60 Tab. 1)
Tabs 10, It

7:6C0 8:3C0 8:5C0 9:78C
9:80 118:2C0 Tab. 11
9:28C

p. 4%

10:10

10:4C0

Tabs 5, 11

12:5c0

&:7EF

11b:4-5C0 Tab. 9
AaAB Tab. 11

6

P. a7

Nery Sejet (84))
New Cross (543)
Newal (a4l)

Nigrate
Nordal, Carlsb. (Bié)
(Nora = lsaria Nova)

Nordlys, vagenes Notmay ($7a)

Norrbottens landvar.

Norwegian landvar.

0.A.C. 21 (select. from Mand-
sheuri) (72)

Ochsenhauser Ris (548)

(Oderbrocker)

oain, Carlsb. (880)

0galitsu (627)

0llL, Hia. (439)

Opal Abea (309)

opal B Sv. {310)

Ositis {(videgdrd) (800}
atra, PBS Tammisto SF (90%9)
pPasvo, Jo. {(930)

Pallas Sv. (742, 1031}
Paming W (961

pannier (CI 1330) (898}

patrick w {1065)
Pauline

Peatland

Fendo PF (789)

Peragis 3a

Peragls Neuzucht (5%0)
pPeragls Saxonis (551)
Pernilla Sv. (1027)

Perttu

Peruvian (707}

Pf 20377489

PF 203/7748

PF 12321

Pfiugs Intensiv

His. (318)

P8BS Tammlsto SFf (908)

Piikkio,
Pirkks,
Pirol
Piroline, Heine (&76)
(Pistyjarven)

Prk-M 5 (1005)

Pu-P 58 (394)

Pk-P 693 (992)

Plumage

Plumsge Archer, Guinness 1k (227)
Plumage Archer 2%

Plush (Lion x Bearer) (4¢9)

7:2C Yab. 1t

o

12:
11b:6C Tab. 10
9:3f 10:3E
10:6CO Tab. 11}
p. 48
11a:tF L1b:2R Tab. 9
10:4-%4 10:38C lla:18
8:88C 1la:1CD
1ta:20E tlp:SE
Hib:68C Tab. 1)
Tat 10

p. 17

7.30€

Tatb. 10

10:1AB tla:l8 lla.shB

Hib.6B 11t 78 Tab. 4!
7:48 8:)-8AB 8:2(0
10:1¢ 10:38 J0:aH0
LIk 30F

B:20f 1la:3a

Tab S

1:6¢

tat. %

11a:20 t1b:aln

7 WCi TI4DF 7:SOF
@oal %05 Tabs 9, 1)

10:50 10:88C JU 8D

6:6AB 9:%BC 10:50 Tab. 11
p. 63
11b:58 Tab. 9

11b:448 Tab. 5

7:%0D 9.6BC 10.6F }12:20€
129
1l6:60 Yab Tt

Cantinues next pesge




Table 3 continued

varietlies and lines

Figures / Tables

varieties and lines

Fiqures / lables

Polar (746, 1013)
Poaa, Jo. (931)
Prentice

Prentice Aped {313)
Prentice Tys. (312)
Presto Sv. (60a4)
Primus Sv. (1030)
Primus 11 Sv. (228)
Prinsesse Sv. (232)

Prior (syn. Australian Early a.o.)

Prisca w (1056)
Proctor, PBI UK (596)

(Pr .-.owetz Hanna)
Puke W (316)

Puke I1 W (317)
Rabat (61a)
Refoma Sv. (10a1)
Refsum (319, 98%)

Regal 1865 (477

Regal (tion =z Nanrhurltz) {CI 5030)

(Research, cf. Dampier)
(Rex (velvet x Hannchen))
(Rex Abeg (320))

Rex 11 (429)

Ricardo (762)

Rigel Abed (321)

Riks W (400, 1049)

Ringve, Vollebek Norway (1006)

Roland W {1061, 1076)
fupal Sv. (817, 1040)
Rupee

Rysslan 2

R 27 (select. from Crimean

landvar., USSR)
Salka PF (806)
Salve Sv.(1043)
Sammy Sv. (103%)
Scandinsvian landvar.
Scots Bere (592)
Scots Comson (593)
Scottlsche Annot (324)
Seed cample
Seger Sv. (Sejr, victory,
voitto) (323)
Sejet 51/1732 (678)
Senat Sv. (10%a)
Seta Sejet (7p6)
(Shincikdl)
(Shira Chinko)
Slgur (923)
Si)je, Jo. (932)
Sisbs Sv. (1079)

Tab. 8

118:3D }13:6E Tab. 9
12:20 12:30

10:58C 12:4DE

12:6¢
lla:4€ Tab. 9
10:3-44 Tab. L1
10:3-44 Tab. 11

141]

1

10:aD 10:5€, p, 54
9:8CD Tab. 11
6:1C0 6:50E 7:3C 9:68
10:60€ Tab. 11

P. 45

10:2-3A

10:1-24

Tab. 8

10:5C0

Tab. 10

116t tan. )1

p- 56, 8}

p. T8
p- 39, 40, 74
Jab. a
Tab. &

9:248 10;28 10:6-7CD

Jla:6EF
6:3B 8:4AD 8:5B 9:6A8
10:70

112:4D Tab. 9

123388
Tab. 5

1la:10E

6:2BC 7:4C B:18 §0:3C
10:4C 119:5C0 11:28¢C
1:1c0

9:5C0 Tab. 11

2:18¢

0. 40

p. 40

Tab. 10

11b:28 Tab. 9

1:28C Ten. 11

Sirl PF (795)
&-rowed, naked (12)
S)8w (1000)

Sold, As Norway (966}
Sort byg (a23)

Spaln (738)

Spattan (697}

* Spratt

Spratt Archer

Spratt Archer 37-3 (4lé)

Spratt Archer 37-4 (328)

Spratt Archer 37-6 (432)

Stanawell, Gartons (229)

Stange, As Norway (960, 963)

Stallar w (329)

Stallar 11 W (a37)

Stella Sv. (1137)

Stensgdrd (330)

Sterling (331)

Stewart (C1 6112) (B%&)

St jernebyg (796)

Strengs Franken (syn. of Strengs
Hadastreng) (556}

Strengs Franken 11 (557)

Strengs franken Il (558}

Strengs Hadostreng (Hado x Streng)
(559)

Stavring (458)

ST 1119-%9

Sultan, Cebeco (792)
Sune Sejet (1077)
Susan PF {881)

Suvl, Jo. (Jo 0747) (933)

s Sv. 2148
(Sv. €0210)
* Sv. 60718

Sv. 686433 (cf. p. a7)
Svalér (560)

Svanhals Sv. {230, 1029)
(Svansots)

Swallow Helne (778)
S¥rla w (1057}

(Serum (98s))

Ta 043869

Ta D386
Ta b7990

Ta b7990 (xR}
Tammi, PRS Tammist: SF (80, 907)

Tempar {928}
Tasrn Sv. (1078)
Teemu, Ja. (934}
Tellus w (1064)
Tellus Dl L]

8
Tab. 10
7:688
Tab. 8

fabs 10, 11
116350 Yab. 11}
12:28
8:18C }

12:348
12:38C
9:18C 12:3CD

B:4DE 9:3CE
8:2c0

Tab. 8

12:14

9:2€0 Tab. 11
7:2-3DE

9:20 tab. 11

116:28 11b:3A8 1ib:7CD
p. 47

11a:5€

7:30¢€

Tap. 10

6:78C 10:1DE 1la:7-8CD
p. 17

9:48

11a:88 Tab. 11

p. 56

113:68 11b:1E
113:60 11b:F
1la:2A

11a:2AB

8:7DE 10:18

112:188 1la:2C
11b:2A 11b:7C

Tab. 10

7:5€

JETTFIY]
8:3-40E B8:58C 8:3DE
8:68

Cont irues next page
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Table 3 continued

Varieties end lines Figures / Tables Varieties and lines HJures 7/ lstles

* Tellus “l [] * volls (Breuns MWisa 9:HBC 9:68L

* Tellus n‘o w x Heines Halsa I)

Tern, Hefne (803) 10:7-8C Tab. 11 {Vulkan) p} €3

* Tervekangss 11b:78 Vyatka 1009 (88) Tab. 10
Tibetania (568) tab. 8 va 13002 (990) 1lb:18 Tab. 9
Titen (438) 11b:60E Tab. 11 V4 14047 (1002) 110:18C Tab. 9
Togo, Carlsb. (882) 7:5C Tad. 1L va 17128 (1012) 11b:C0 Tab. 9
(Tokushima Mochi} p. 40 ve 17165 (997) 110:)DE Teb. 9
Torkel w (883) 9:70€ Tab. 11 ve 17236 (995) 1ib:)E Tab. &
Trebl (C1 936) (4as) L1b:6E Tab. 11 * w5853 9:8C 9:8F
Trebi 101 (473) Teb. 8 * W 5925 12:188
Trebi 628 (47a) Tab. 8 * W 5926 (Proctor x (Balder x ((Bal- 9:7D
Tregal (462) 11b:6E Tab. 11 der x 0pal) x (Proctor x Ingrid)))

* Triple awn lemma 9:50€ warrior {C! 6991) (900) 11b:6EF Tab. 11
Triumpt, (Trumph, DDR) (884) Tabs 10, 11 » welhenstephan mildew resist. I CP 10:2E 10:4E
Trofimovskajas (698) tab. & (WMR | CP)

Tron Sejet (829) 9:4EF 10:3€F Tab. 11! welhenstephan mildew resist. 11l 7:7-8CD 10:2€ 10:68C
Trysil (83) Tab. 7 (WMR 11) (577) 10:78

(Trysil (979)) p. &1 * wefhensteghan mildew resist. B:af

Tunga, Vollebek Norway (1004) Tab. 10 source unknown (WHMR)

Tyra PF (825) 10:70 Tab. 11 * weihenstephaner 259 (Weinh. 259) 7:7€C0

Tystofte 25 (84) Tab. 7 wWelisse Erfurter (578) Tab. 5

Tystofte Kors (62, 886) Tabs 5, 11 Welam W (833, 1048) 9:86F Tab. 1)

uffe Sejet (107D) 7:2-3C0 Tab. 2 white Gatami (CI 920) (e87) tabs a4, 11

* Unlkum Hind, 11b:78C white Smyrna (579) fabs 10, 11

* union 6:8D 7:7-88 wing W (804, 1046) 8:248 9:5EF Tab. 11

* Universe 6:68 * Mong 6:1DE
vada, Fonds BVL NL (731) -BAB 6:2(0D 6:5€ Tab. 11l wurla, Sweden {580) Tab. 10
velkie (629) Tabs 2, & * Wi 5749 7:80
vania ¥ (1N4Y) Tah. R vak Marls, PAT ux (897) 9:48 9:6C Teb. 11

* vankkur§ 118:1A 11b:2AB 11b:78 Ymer Sv. (337, 1036) 10:4C 10:5C 10:5F
vantage, 8randon (442) 11b:6C Tab. 11 vYribas, Desprez (1072) 9:68

* vatongs 7:30 Yrjar, vollebek Norway (9589) 11a:48¢C Tab. 9
varde, vidars. Norwsy (606, 987) 1e:1E 1la:4B 11b:30 2Zeiners Deutschmeister (581) Tab. 10O

Tab. 9 Zeiners Franken (582) Tab, 10
Verunds, Fonds BYL NL (843) 6:68 Tab. Il Zeliners frankenperle (%83) 10:40€E
vegs Abed (837) 2:2 Tabs 6, 11 Zelners lmmune (589%) Tadb, 7
vegs Sv. (86) 8:68C 10:38C 1ia:1BC Zelners Unlversel (587) Tab. 8
118:5D 11b:2CD Tab. 9 * Zephyr 6:48C 6:5EF
Velvet (479) Tats 10, 11 Zita PF (807) 6:18 Tab. 11
Velvet (CI 4252} (Luth x (Man- Tab. 11, p. 82 Asa Sv. (452, 1044) 10:3C 11a:20¢
churis x Lion)) (906) Tadbs 9, 1
{Velvet C.A.N. 1133) (Al1)) p. 80 9-v-19 (717} Tab. &
(velvet Ottawa (480)) p. 80 9-v-19 (2)8) Tab. 6
(Velvet 447 (478)) p. 80 13-v-19 (7117) Tad. 6
velvon, USDA (a70) 11b:6E Tab. 11 * (13-v-19 (720)) p. 4l
Vena, As Norway (1001) 114:58 Tad. 9 23-v-18 (730) Tab, ¢
victoria (Bot. Garden, Tab, 8 * 57/510-44 11a: 7AB
Belfast) (335) * 30-88 ’ 9:5¢C
Vigdis, vollebek Norway (982) 11a:58C Tab. 9 ' 65-48 7:38
visir Sv. (1033) 7:3EF ® 6-TOw barley 10:2-34
vogels mildew resistant (573) Tab. 7 ¢ g-70w line Lla:5E
(Voldaksen) p. 48 * 6-tow, naked Tab, &
L)
¥ - ——




Figs 6-12. The inheritance of resistance to leaf stripe is outlined in eight
series of pedigrees according to the closest relations of the barleys. 6.
The ‘'vada' series, 7. The 'Minerva' series, 8. The 'Opal' series, 9. The
‘Kenjia' series, 10. The 'Maja' series, lla and 1lb. The ‘'Alplund'/'Maskin’'
series, 12. Other series. The names of varieties together with the percent-
age of attack are placed in boxes with dot-and-dashed and full-drawn lines
for wuntested and tested barleys, respectively. The percentage of attack
after inoculation in the field and after the sandwich method 1is separated
by an inclined quoin. The highly resistant barleys are set off in hatched
boxes. Finding of the position of the single varieties or lines facelitates

by referring to the coordinates.




The Vada Series
A M B , C , D N E

Proctor 0/49] [Wong] rll!lldev:'JresxstJ

I F s

1

p—— —
.Jessica,

1

|

l
pp——

] ‘—@ i§_‘!~§,1_4:8.5 MTong (;min.es 17/-) [Emir 3/20] [Lofa 2/51 ] {

—_— I

|

|

I

Byg 1915/22 Carlsberg® 10/~
- J
—

1
J

]

_________ 0625 [Midas 2i/-

»
igatum

aevi

L [a

—1
n
L
o T s T T e

S .___

(Bordie_ (Bordia_ Frisia

o ——

7 Claudia 7/- ] [Firlbecks I110/- | [Balder 1z/-] Mullers D89, Lo

Figure 6
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The Minerva Series

- ,,,7,6, e ,B,, e _J_‘,,___(:_._’.‘er, ,2,,7._,,, R G E - F
Maja 5/26] ‘B/78-1;
1 a Black kern, 2r. L;:__,J__ jet 1732 /-]
3 . iinerya /- (Anla /) Setace/) [Herta®7/-] By 1975/7) (lngrid /) Minervaro/-
l e !
o (amrEr) Jarises]

istina 10/ [[ofaz/5t

2 H{E!Erva 10/] [ﬁta%@ﬂ%ﬁﬂa

|Mu'L_ m12/-] Sxmba 3/18} Neg

‘ Kenia 5/-] Plumage Archer 3/-
; — .

f 3 Mmervaw/- Proctor 0/49) Elngrid B/- ,'fs‘jv_’_lésga;_aa,
, 65-44] raz/sx TATYYA

andolm L 7/-]

- T ew

i
]

4.
g
2 )
5 Glumes 17/-]
F : 'é 7 isirs/-|
‘ ; Hellas®15/-] [Kristinaio/-

E ‘ ...... Taarn7/—J |
.3 ~ S I,
© . (Ingrid &/- ﬁm aﬁ@ Otra zaﬁ ﬂfonte Cristo 20/~ @ [Birgitta i5/27]
6 'Sold 7/-| gfan tange 3/57) ﬁ ﬁro 13/~] Mone i6/-] Gumllagz—]
,,,,,,, [Pernilla 10/~ ]
Maja 3/26] [Gull 14/52 Scand landvar
it
-Mirerva1o/-) [Balder 12/- |
et
(Bine 13/-]
7
Firlbecks Il 10/-] "Donaria 3/i2] Wenh 259
oL
~f'Mlnerva10/-{ Union [Denso Abed 2/2z] ﬁVMR Iie/-]
g T =
S
Pau}me [Abed 3 33’?1 12/~ ] W 5749
. ~ g e T
8 LBente 7/=1
. SR o i E
A B C D E F
Figure 7
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The Opal Series

A l B . C , D L E , F
4 (Gull 14/52] [Hannchen 17/54] xl
‘ e —|
3
1 1
i
|
4 [Maris_Baldric 16/-] [Earl 30/- | -
o
-3
-{Opal 7/-) (Binder 19/-] [Balder 12/-] (Opal 7/}« {Opal B7/-) [Maskin 7/~ |
e — o ,
2 ; : 12
trengs Strengs Franken II 23/-] i
Hadostreng 6/-| [Herta®7/-] [Byg 1915/z2; }
-— 7 r
?
3 ' 3
1 .
1 .
|
L I |
3 -—c@pa];/—] [Binder 10/-] = \
L ‘ - ﬁ :
4 "] Rika 9/78 L M‘LIZA ST 4
£ T (Heils Franken 7/-] : Krim barley’
m :Clara; T i |
| [Strengs Frenken [23/5  {WMR) ‘
- o] | |+{Opal 7/-] (Binder 16/-] [Balder 12/~ T ] ’T'
~
: ‘
L 5| l3 — Udajo/ Hamyero |
H S Gasell5/7i ﬁ'elluszxz/":ﬁj [Monte Cristo 20/~} ) 1 B 5
,\ 1| Daladi1e Tellus T, L
. Tell\.{sD, (Ariafz0/- H ‘
‘ 6 Birka 42/-] (Harda 10/-} 3 6
: |
] {Opal /-] [Vega V.57 i‘cl@ilij'iz'iﬁ,t’;f [Birgitta 157271 Mari 8745
— ———3 T O e i
L [Eva 7/-] {Salve 15/-i
l , | 5
{
Pernilla to/- |
[—eLOpal 7/-] Hanna 7/-) (Svanhals 2i/-| [Maja 3/26] [Tammi 29/~ X
. L =T — T L
apnnee e eengeeeaann (Arla20/-! ‘ |
iNorweg. landvar. ;
8 | Opal 7/-] [Jotun 22/-] 8

mut.
7= : *S know
1o 1611 77/-] [ J 1534 _15/- ] ource unknown
T T T T . N
Figure 8
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The Kenia Series
A B ‘ C_ L D 1 E 4 F

-~ = Kenia 5/-" "Sprat Archer 37-6:7/-;

seiect  aelect

1. &% Foro:/~ Beorna t/~ 1
~<Kenis?5/ Arabian 5/  Kgio s/ 'Kenla s/ ' (Balder i7/-
uKema 5/- lﬁau/zw . ?Si:iml}i;’z-f fs' A:n‘cjajb'/ =
W— 'merg /- T[S_u—is_a}nﬁ_

o

SRS
Georgme 21/ ] H(verma '>/-j [Gull 14/52] 'H. hevxqa(um

————y—-

‘Kneifel M@L/" ‘Ha S ) Cambrinus
| ‘ rE pa 10/-}
. Tt T"’f Emir 3/20 ‘Enlpala 41/-" Nigrate

————— ’@s‘gﬁ:{/v—ﬂ Gula Abed 30, - ‘l'ron T

o ]' - T
4 3 ink 13/~ | [Yak 4/ ﬁ [Aramir 21/-] [Flavina i/ Patrick 3/54] 4
e
V) i -
&, KRRV (et
- Stallar 11 31/-; \Herta /- ] Pallas </’
g ’ Hellas IS/A—] [Pallas®+/-] 'l’npie-uv]m lemma_
= : e —
= —_— fﬂ{B‘ega“ 7/-] [Senat a/-] Byg 1915/22 | lnxrxd e/~ "Wing 7/69°
5 3 A Tsenat o) Bg L & 5
4 e
; Bavmawu ubiaH/ "Ansgar 11/6’
il Kenin 57-] [l.saria 27/- 1
!
6 : . ?ribn 17/-1
L 6
1o Kenh 5/ [Plumm Arc er 3/-1 me_nt%j ['sann z7/"

r_roctoro/m Volln ‘H. spontaneum, mr.

i [Ark Royal 7/ [fnmmz 7/—7 |
‘ \ (Arla%z0/- | [Monte Cristo? fg{::_}_ | {Lone 19/- [Algerian 19/ ‘U 63190

[Gitte #7-] Gunkid /-

W 5926" 1 I
«Torkel 7/33

— - 1 . ’lngnd 8- 1 Kungs

Figure 9




Hannchen '~

Best. Diamant Gottland landvar.

MHanne 7 - we «Kneifel It -

Criewener 403 /88 ee.

z

Gull a2

Primus T 13/~

Gull 14152

Iy
H

g

6r. barley Puke I:1/-'

Norrbottens Primus 3/

Binder

Puke: /-

Drake =i, -

14/

The Maja Series
B C D E F

Chevallier »# 'Imperial s
o« - Asplund /- Binder 10/-, 'Gull 14/52 ‘Moravian landver. Best. mz
-«Maja 4 Tammj = - Opal > Henna 7 - _ 'Svanhals:: -

Arh 20/-

'Qri,nﬁ_u_rr 403 i/s0  Pllugs Intensiv
. . WMR I CP ‘lsaria ./
-Majaisie Kemta® - Mafa /2 Irish Goldthorpe Waja'd/2c] o

Lenta o/ 'Rl'iol 17/- j(ny‘lhor'}'o e/ WA o) - Brouns Wise .~
Golden F:Euomhc vo/- “Stallar 17/ r 1oy -, Firlbecics Hil 19/

H','P‘"": H 204 @Pfﬁ,‘l“}!'j Edﬂu 'Huu .

Norrbottens landver. Nigrate “Tmpale 5/
-«Maja 6 Opel »/- "Vege Sv.37/-  Segers-' Bonus :s’ p R ’
Birgitta1v/27 ‘Margess  Dore < *¢ Kilta /-
Bva? S.jvl. 18/- ' Row 2/09’

‘Tron /-

Waja3/2s, Amner. smooth-awn.
2z

'Isaria :/- Heines Hanna -
-«Maja s 2o iKenias/  Opal °/  Segers/-

Lente v . Kron o - WMR I CP Heines Haisa
- Hodnia s " Trmer =2 - Heils Fraaken ? - Prior
"/~ "Bonus 15/ - Worgenrot ( -' Zeiners Frankeriperle 1/~ Hetnes Haisa 11 -
R:foc::?.:/ ‘ Pirel Isaria -7 Heines Hanne -
Piroline = -

-uMaja3 s Premtice Abed " - . Heines Haisa |
Ly.l!’zur. 2 V}Cu;h:bgr" /- :Yn,“’}" - Sterling :~- Dampier Prior Ymer -
Pukse z07- ‘Carlsbarg M+ .

. Heines Hanna /- Heines Haisa 1 Heine 4808 'Dana /-

T e Kenia >/- Plumage Archer /.
‘Heines Haha '+ ~ 'WMR Oe - ‘Nordal 17/ - .

Proctor ¢ w
Panproi: -

. u'uq'l..?l/?g Peragis 3¢ vd: /e Renins -
‘ . * ‘Dapubjar+ -; Bavarie 7, - Heils Pranken : -

Drot 7/~ Heimdals - “Rigel:> ' DBroste/-’ ) .
. st —- ‘Isaria /- Merpleirger Toa -
|..n! Fad m R fe/- !Dmv.o 2/22) - . !o/vnw 1 by 3 N
Trikars - Dobaiz - Drosta - . ‘ﬁ’}e“"""" Merian >
Ribo«/- Pendo~  Tyra -/
Tornuk‘-h' Rrim barley
. N . . isaris ¢’/  Russian 2
<M »» Lyallpur+: - Pirol Heines Haisa 1 Pirol Hetne 0353° R 22 Koetfel:
Am!.fl 33/ Deba:2/- ’
Dine -
B C D E F
Figure 1Y
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The Asplund/Maskin Series I
A ) B A C A D A E _ F

‘Seed sampl. Jamtland var

o o I R GRS R N . s .
+_Olli /-] /Asplund 57/- | [ Vega §V -, [Maskip +7/- ‘Asplund »7/ Dore /71

T DS G Ll :
Edda 5%/) Frmg 15/ [Herse 50/-! Forus Honus 1o/~ Varde /- Nordlys-
) Edda 1" 41/~ Monte Cristo 0/~ Asa2/6o Frisia

Ta b79900XR) T g !
Hia. Aapo7/-| | Agneta e/ Kajsa 1/- 2
Mari#/+  Otrazy/-] Andie]  Tammi /-] (Gull 14/52. 0AC 21 15 -
S - 2 ‘ ' v

Hja. Eero 13/-:

Goliat 70/-
rsdan - Q°h9—§ / 3

(Masidns7/-]  [Asplund 37/  iadar 7/ -Jaerbyg Bjerne «
T — o I, T

Herta 7/-" [Freeg 42/7) | Forus 21/~ Jadar 31/
Kristina 10/~ [Mayjer 10726’ ™
Do 69B 43/~ [Fg 672 /-]

P
'
|

L ‘Ringve 19/-
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(cf. Fig. 12:7-8BD) and '01li' &4/- (Fig. 11b:6-7AC). They have
both the same level of resistance as 'Jo 1341' 4/1 after inocu-
lation in the field. So, there is a chance that one of these re-
sistances is carried along to 'Jo 1341' 4/1 instead of the sus-
ceptibility which is equally present in the ancestors and may

partly occur in 'Jo 1394' 13/-.

On the basis of this analysis, we find it most probable that

this high resistance originates from #. laevigatum.

This leaf stripe resistance came apparently by mere chance into
the barley breeding together with the Laevigatum resistance
(gene M1-(La)) to powdery mildew (Erysiphe graminis DC. f. sp.
hordei Em. Marchal). The two diseases are, however, independent-
ly inherited as the resistance to leaf stripe occurs in only 15
out of 35 tested MI-(La) powdery mildew resistant varieties. We
propose the term "Vada-resistance" for this resistance that s»
often became transferred to the offspring. One Vada-resistant
line ('Jo 1341', see below) was found without the Laevigatum
resistance. Ten others have another type of resistance to leaf

stripe and the last ten are susceptible or highly susceptible.

The Vada-resistance was first observed in the formerly widely
grown variety 'Zita' 0/2 (KNUDSEN, 1980) (Fig. 6:1B). Other
Vada-resistant varieties and lines were traced during the estab-
lishment of the pedigrees (fFigs 6, 7, 11lb). The Norwegian line,
'H. 8139' 0/2 (Fiqg. 6:2BC) came from the Pajbjerg line 12321
which is a sister line to 'Zita' (Fig. 6:2B) and 'Jessica Sv.',
the parents of which both have 'Vada' as one of their ancestors
(Fig. 6:1-2CD). 'Jupiter' 2/0 came from 'Bet.na’', ~elected ac &
mutant in 'Vada', and the susceptible 'Midas' 21/- (Fig. 6:2L1 ).
'‘Vada' 0/0 x 'Sv. 2148', which is most likely less resistant,
gave 'Alva' 1/0 (Figs 6:1CD, 6:3B). 'Vada' 0/0 x 'Crusader' gave
'‘Luke', and 'Vada' (0/0 x 'Zephyr' gave ‘the highly resistant
'Georgie’ 0/0 and 'Lud'. Neither 'Luke' nor 'Lud' were tested,
but 'luke' x ('Lud' x 'Armelle'), however, resulted in the high-
ly resistant sister varieties 'Cerise' 0/1, 'Golf' 0/0, and
'Koru' 0/0 (Fig. 6:4-5D) which for these reasons we believe hauve

the Vada-resistance.

il
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'Jonna’ 0/0 (Fig. 6:8BC) may have the Vada-resistance, but this

requires that 'Salka' 10/~ i('Vada' 0/0 x 'tlbo' 4/-) is or has
been heterogenous. If this is not the case it must have got the
resistance from ‘'Union' or the Heine line wvia ‘'lauda' (f1gq.
6:8AE ).

B. 'Minerva' derivatives. A few varieties may have the Vada-re-

sistance derived from 'Minerva' 10/-, but this requires that
this variety is or has been heterogenous (cf. the discussion.
'Minerva' 10/- x 'Bonus' 18/- gave the highly resistant "Bami*
3/0 though none of the parents had a comparable resistance, and
a cross between the susceptible 'Aramir' 21/- and 'Bomi' 30 re-
sulted in the highly resistant 'Havila' 0/1, and the highly re-
sistant 'Alf' 0/1 is a mutant in 'Bomi' 3/0 (Fig. 7:4-5AB..

Also 'Uffe Sejet' 0/0 may have got 1ts resistance from 'Minerva'
10/- as it may have come neither from 'Kristina' nor from the
complex crossing, ('Byg 191'* 5/22 x 'Herta'® 7/-) x ‘'Ingrid’
8/-. The level of resistance in the brother variety 'Sune Sejet'
6/- may have come from this complex or from 'Minerva’' 10/- (Fig.

T:2AE) .

C. Other highly resistant barleys 1. Another six highly resist-

ant barleys were traced in the interrelated northwest European
series. ‘Opal' 7/- x 'Seger' 5/- ('Victory',,'Sejr"', 'Voitto')
resulted in the highly resistant variety 'fFreja Sv.' 2/1. How-
ever, as neither its parents nor their ancestors had that level
of resistance, it may suggest an additive or transgressive ef-
fect from the parents (Figs 8:1AB, 10:4BC). An analogous situa-
tion holds for the tinnish line 'Jo 1345' 0/5 (fig. 11b:2-3C).

The highly resistant 'Alfa' 2/1 should, according to the breed-

er, be a selection 1n the more susceptible 'Kenia' 5/-, but its
’
* Byg 191 = Barley 191 (Eng.) = pallidum 191 (French) = "Hordeum pallidum
cevada vulgare®™ = No. 191 in the barley collection at the Royal veteri-

nary and Agricultural University, Copenhagen. Used as donor of nematode

resistance (ANDERSEN, 1961).
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real relationship is questionable and will be discussed btelow

(Fig. 9:1A).

'Prisca' with 3 and 5.3% attack after the two methods, regpec-
tively, may or may not belong to the highly resistant barleyu,
but it is impossible to trace this pattern of resistance 10ty
complex ancestry (fig. 9:8A-E, and cf. the following section: D.

The 'Opal', ‘'Kenia', and 'Maja' series, p. 49).

D. Other highly resistant barleys Il. Forty other highly resist-

ant barleys were not interrelated with the northwest Fturopean

barleys (Tabs 4-6). Almost the only we know aboult them is that
some of them have been tested also by others. This will be dis-

cussed below.

'Rex II' 0/0 from Denmark belongs between the ten most restistant
of these barleys (Tab. 4). It was selected as especially nema-

tode-resistant in the nematode-resistant 'Rex Abed' by Professor

Table 4. Percentage of attack of barley varieties and lines
other than those of the interrelated northwest European series

highly resistant to leaf stripe.

VVarieties, lines Inoculation Inoculation
and places of origin in the field with the
sandwich
method
Black Russian (CI 2202) (USSR) 0
Modia (CI 2483) {(Urugquay) two samples 0 0
Ndckte v. Nepal (Nepal) 0 0
Rex 11 (Denmark) 0 0
Ricardo (CI 6306) (Uruguay) 0 0
Trofimovskaja (Armenia) 0 0
Valkie (CI 5748) (USSR) 0 0
White Gatami (Cl 920) (China) 0 0
Cl 3694 (Egypt) 1.0 0
CI 4623 (Japan) three sample- 0.7 0
Average 0.2 0




YTable 5. Percentage of attack of barley varieties and lines
other than those of the interrelated northwest European series

highly resistant to leaf stripe but different from zero attack.

Varieties and places Inoculation Inoculation
of origin in the field with the
sandwich
methaod
Cheyney ( - ) 2.0 0
Chirley (Iraq) 4.0 2.5
Cornutum (C1 2215) (U.S.D.A.) 0.5 1.0
two samples
Frankenthaler Pfalzer (Germany) 0 1.6
Ishtar (CI 1615) (China) 0 3.4
Murasaki Mochi (CI 5899) (Japan) 1.5 1
two samples
Nakte Hadaka (Japan) 0 3.
Osiris (Sweden) primitive 6r. 1.
Scottishe Annot ( - ) 3.0 0.7
Tystofte Kors (CI 918) (CI 6503) 0 4.5
(Denmark) two samples
Weisse Erfurter (Germany) 2.0 4.9
Average 1.3 2.5

C.A. Jorgensen. 'Rex Abed' had a 10% attack after field inocula-

tion.

Eleven other barleys that tend to be a little less resistant to
leaf stripe (Tab. 5) than the above-mentioned ten originate from
almost as many different localities. 'Osiris' is a primitive,
nematode-resistant barley collected by Videgdrd in Sweden. It
has neither anything to do with the French nor the German 'Osi-
ris' (cf. ARIAS et al., 1983). 'Nakte Hadaka' originates from a
cross between 'Tokuskima Mochi', selected in 'Shiro Chinko', and
'Aka Shinriki' selected in 'Shinriki' (BAUM et al., 1985).

Based on our study of the literature, the old Danish wvariety
'Tystofte Kors' (Tab. 5) appears to be the first variety in the

world that is described as resistant to leaf stripe. It is still
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resistant in our experiments as well as those in USA and Canada
(cf. the discussion). According to MORTENSEN (1909) and IVERSEN
(1915) 'Tystofte Kors' should be the same as or selected in
'Tystofte 25' (Tab. 7). They are both highly resistant after
inoculation in the field, but the former had 4.5 and the latter
18.2% attack in the sandwich test (Tabs 5 and 7).

In 1958 J. Sandfaer (Rise, Denmark) got seeds of ten pairs of
6-rowed vs. 2-rowed isogenic barley lines from G.A Wiebe
(Beltsville, USA). The lines designated 9-v-19, 13-v-19, and
23-v-18 were highly resistant to leaf stripe both as 6- and as
2-rowed. Four of them were tested by both methods (Tab. 6).
These isogenic lines were made either in 'Manchuria' or in 'Bet-
zes' (J.G. Moseman, Beltsville, USA, pers. comm.). The former
were not tested in our experiments whereas 'Betzes' (CI 6398)
was highly resistant in the sandwich test (Fig. 12:8CD). These
isogenic lines might presumably have got their resistance from

'Betzes'.

The Latin names of the botanical barleys were given by the col-
lector who in most cases deposited them in the Botanical Garden
of Copenhagen in 1939 (Tabs 6 and 7).

Tab. 7 contains 21 barleys which were highly resistant to the
inoculation in the field. A few of them were moderately resist-
ant after inoculation with the monospore culture using the sand-
wich method, whereas the others were susceptible or highly sus-

ceptible.

Two samples of the old Norwegian land variety 'Trysil' were in-
cluded in our screening. No. 83, which have been in the KVL col-
lection for many years, and no. 979, which was recently provided
by Professor Erling Strand. No. 83 had 1% and 11% attack after
inoculation in the field and with the sandwich method (Tab. 7),
respectively, whereas no. 979 had 84% attack after 1inoculation
in the field. Therefore, it may wonder if these two samples be-
long to the same variety. The hicnly resistant varieties 'Piik-
kio', 'Bethge II', 'Franks Hohenloher', and 'Betzes' are delt

with in the following section.




Table 6. Percentage of attack of botanical barley and experimental

lines (cf. Material and Methods) highly resistant to leaf stripe.

Names or designation

Inoculation Inoculation

b: and places of origin in the field with the
sandwich
method
P Black smooth-awned ( - ) 2.0 4.1
‘ H. distichum L. (Dijon) 2.0 2.1
H. distichum L. (Nantes) 3.0 4.7
H. distichum L. (Pavia) 0 0.8
i H. distichum L. var. nigrum 1.0 1.4
x trifurcatum ‘Tabor)
f H. distichum L. spp. zeocrithum L. 2.0 2.9
(Vogt)
H. tetrastichum var. agricrithum a 0.7
(Delft)
H. tetrastichum var. nigrum Cev. 0 2.8
(Ltisbon)
H. vulgare L. (Metz) 1.0 2.2
' H. vulgare L., naked (Manchester) 0 n.7
{ H. vulgare L. var. nigrum (Cluj) n 4.%
Markesort 710 x 1i (Denmark) 5.0 0
Merkesort e, v (USA) 0 0
Merkesort Tr., V (J. 1293) (Wales) 0 0
Naked barley (Sophiehej, Denmark) 3.0 3.5
9-v-19 (Wiebe, USA) 67t 0 0.7
9-V-19 (Wiebe, USA) 2Zr 4.0 1.9
13-v-19 (Wiebe, USA) 6r 0 0
23-v-18 (Wiebe, USA) é6r 4.0 0
Average 1.4 1.7
4.1.2.2. Moderately resistant barleys
A relatively large number of barleys were moderately resistant

or

moderately susceptible in all the

possible to trace the heredity of the

nificance for many of these barleys.

series (figs 6-12). It s

resistance or susceptibil-

ity from ancestors to offspring with a reasonable degree of sig-
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Table 7. Percentage of attack of barleys resistant to leaf
stripe after inoculation in the field but susceptible when

inoculated with a monospore culture by the sandwich method.

Names or designation

Inoculation

Inoculation

and places of origin in the field with the
sandwich
method
Dorsett (CI1 4821) (selected 0 6
from Chinese Ottawa 60)
H. vulgare L. (Vilno) violet, naked 0 8
M. lowa (USA) 0 9
H. vulgare L. (Oslo) violet, naked 0 11
Trysil (Norway) 1.0 11
H. vulgare L. var. hexastichum 0 14
(Leipzig)
Harnbarley (Gatersleben) 1.0 15
Peragis (Saxonia) 0 17
H. vulgare L. var. macrolepis (Vogt) 1.0 17
Tystofte 25 (Denmark) 1.0 18
H. hexastichum L. (Rouen) 1.0 23
Zeiners Immune (Gatersleben) 0 26
H. distichum L. var. deficiens { - ) 0 28
H. vulgare L. (Lisbon) 0 36
H. vulgare L. var. macrolepis 0 37
(Kaunas)
Vogels mildew resistant 62/125 0 38
(Germany)
Koosdorfer fr. Zaya (Gatersleben) 1.0 38
Finne (Norway) two samples 0 40
Gatami (CI 1413) (Australia) 0 41
H. vulgare L. var. polystichum a 52
(Marbourg)
H. vulgare L. (Lyon) 0 80
Average 0.3 26.9

A. Series of old barleys. The breeding of barley was

initiated

in the second half of the 19th century bv selection in the het-

erogenous local barleys or land varieties.

On picking up heal-

thy-looking plants from fields with a certain level of disease-
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-pressure may now and then have resulted in selecting of resist-

ant plants. This may be the reason why several old varieties
have a reascnable level of resistance. The 'Archer', ‘Chevalli-
er', and 'Bethge' series presented in Fig. 12, and the 'Hanna'

series included in Fig. 10 may constitute such examples.

Selections in 'Archer' (Fig. 12:1-4AF) have apparently resulted
in different levels of resistance or partial resistance, and
selections after the crosses with either 'Spratt' or ‘'Plumage’
did not make any change in this apart from ‘Earl’ 30/- which is

susceptible (fig. 12:3C).

The level of attack in 'Carlsberg' 10/- ('Prentice Abed' «x
‘Maja') may be traced back to 'Archer’ via 'Prentice Abed' 8/-
and 'Prentice' as the other parent 'Maja' 3/26 had a lower level

of infection after inoculation in the field.

Selections in 'Chevallier’ 7/- (Fig. 12:5-6AFE) resulted ob-
viously in different levels of resistance comparable to those of

‘Archer'.

'Chevallier' 7/- x 'Imperial' 16/- (cf. the 'Chevallier' and
'Bethge' series in Fig. 12) gave 'Bestehorn Diamant' (Fig. 10:
1DE) from which were selected both 'Svanhals' 21/- (Fig. 10:1DE)
and 'Primus' 38/- (Fig. 10:3-4A). The different levels of attack
on these two varieties are hardly surprising when seen on the

background of the apparent heterogenicity of 'Chevallier'.

'‘Bethge II' 1/3 (fig. 12:7-88C), which is selected from a Bohe-
mian land variety, is highly resistant and its cross with the
susceptible 'Imperial' 16/- resulted in the highly resistant
'Franks Hohenloher' 0/3. 'Betzes' (CI 6398) -/1.4 suggests to
have its resistance fram 'Bethge I11' 1/3, tco. A second sample
of 'Betzes' proved susceptible. The two sfamples have the same

isoenzyme pattern.

The 'Hanna' or 'Gld Hanna' land variety, whatever it may be
(Fig. 10:5-8BA), must have been heterogenaus in several charact-

ers. It constitutes the starting point for a large part of the
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barley breeding in Europe through the mass selection in it, cof,
PLARRE and HOFFMANN (1963) and the detailed outline presented

below of the varieties included in our screening:

Moravia 33/- Heils Hanna 27/-
Heines Hanna 36&/- Mahndorfer Hanna 11/-
Hannchen 17/54 Hanna 7/- Kneitel 11/-
Criewener 403 1/68 Prosk tz Hanna - Mettes Hanna 10/-

Mittlayer_Hanna 19/-™ o ie; 12 10/- ——Binder 10/- —» Binder 35 10/-

Of these selections, 'Moravia' has been mentioned as synonymous
with 'Hanna' (cf. BAUM et al., 1985; and fFig. 10:1D}). At least
three levels of resistance were found among these selections

after inoculation in the field. About half had 10% diseased

plants including 'Hanna' itself as it appears today and 'Binder
Abed' with 'Binder Abed 12' and 'Binder Abed 35'. Only ‘'Hann-
chen' and 'Criewener 403' were tested with the monospore cul-

ture. In this connection compare 'Criewener N.Z.' and 'Criewener
96 (Tab. 10).

The highly resistant 'Piikkio' 3/3 (Fig. 10:7A), which is syno-
nymous with 'Pukkionohra' according to BAUM et al. (1985%), is
selected in a Finnish land variety (Note a typing fault: u wvs.

iiy -ohra = barley).

'Piikkio" 3/3 x 'Binder Abed' 10/- gave 'Helmi' 14/- with the
level of attack equal to that of the latter parent. 'Puke' 17/-
x 'Binder Abed' 10/- gave 'Puke II' 11/- (Fig. 10:1-3A) which
had also the level of attack of 'Binder Abed' 10/-.

'"Primus' 38/- x 'Gull' 14/52 (fFig. 10:2-4A) gave 'Primus I1°
19/- which may have its level of susceptibility from either

the heterogenous background of 'Primus' or from 'Gull'.

B. The 'Vada' series. 'Anna Abed' 11/- (Fig. 6:4f) has probably

its moderate resistance from 'Carlsberg' 10/- via 'Abed D625' as
it has less likely come from 'Midas' 21/-. 'Claudia' 7/- (Figq.
6:78) seems to be intermediary between the resistance of the

parents. ‘'Varunda' 2/51 (Fig. 6:8B) is almost as resislant as
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the 'Vada' parent after inoculation in the field but opposite to
this it is very susceptible after inoculation with the monospore
culture using the sandwich method. 'Salka' 10/- (fiqg. 6:88)
seems to have been heterogenous as mentioned above. 'Salka' must
have got this condition from 'Elbo' 4/-. 'Elbo' 4/- and 'Pendo’
7/- are sister varieties after 'Drost' 19/- x 'Rika' 9/78 (f.g.
10:7CD) both of which may carry the heterogenicity from ‘Kenia'
5/- as discussed below. The background for the level of resist-
ance in 'Roland' 12/- (Fig. 6:5AB), 'Claret' 14/- (Fig. 6:6tFf),
and 'Magnum‘' 6/- (Fig. 6:6B) cannot be traced on the basis of

the present results.

C. The 'Minerva' series. The levels of resistance in the sister

varieties 'Mirjam' 12/-, 'Simba' 3/19, and 'Nery' 8/- from Sejet
(Fig. 7:2AC) may be traced back to the ancestors. 'Mirjam' and
'Nery' are equal to either 'Minerva' 10/-, 'Herta' 7/- or 'Ing-
rid' 8/- whereas 'Simba' 3/19 is equal to 'Byg 191' 5/22. 'Sune
Sejet' 6/- (Fig. 7:3Dt) may have its resistance from the same
source or from 'Kristina' 10/~ (Fig. 7:2DE), but it is different

from the brother variety 'Uffe Sejet' 0/0 as mentioned above.

'Proctor' 0/49 (Figs 6:5DE and 9:6B) may be conditioned with re-
sistance genes from either 'Kenia' 5/- or 'Plumage Archer' 3/-,
and may be regarded as a transgressive product of these qgenes.
I[f this is the case, 'Ark Royal' 7/- (Fig. 9:7AB) and 'Sammy'
7/- (Fig. 9:7BC) may have their resistance gene from 'Proctor'
0/49 though they could have got their resistance from the wun-
tested 'HP 5466' (cf. Tab., 3) and 'Volla' X 'H. spontanecum,

m.r.', respectively.

The high susceptibility in 'Proctor' 0/49 after inoculation with
the monospore culture was obviously transferred to 'Lofa' 2/51
and to 'Inga' 3/50 (Fig. 7:4CD) via 'Mala' 4/- (Fig. 7:3BC).
Further, the 'Proctor' genes may have beer! transferred to 'Ket:'
1/31 (Fig. 7:5C) via 'All. 297' ('Proctor' x 'Ingrid') though 1t
may have instead the conditions from 'Rupal' 3/25 (Fig. 7:5CD).
In this connection, it should be mentioned that two samples of
'Rupal' were included in the screening, 'Rupal' 17/- (No. 817)
and 'Rupal' 3/25 (No. 1040) of which the latter are provided




from the breeder. They differ, bowever, 1n tsoensyme  pattern,

Confer the following outline:

Maja 3/26 Kenia 5/- Plumage Archer 3/-
| S— T J | T —
Rige!) 17/- Proctor 0/49 Ingrid 8/-

1 r—-——];——-'
Denso 2/22 Rugal 3/25 Mar: 8/45

Minerva 10/-

Keti 1/31 Stange 3/52

Mala 4/:  Lota 2/51
Goldfoil - Vatonga -

The larger attack 1n 'Mandolin’ 7/~ (Fig. 7:4AB: than n ‘lot;’

2/51 may have come from the unknown '65-44', 'Odin 0 - g,
7:3DE)  may have 1ts resistance from 'Ingrid' 8 - but bt maght
have come from 'Sv. 66433' {i'Nem.' x 'Sv. 60210 x Lang
Glumes' 17/- x 'Pallas' 4 -: as well. Compare  "Visgp’ Frg.
T:5EF ),

IThe crossing between "Maja’ 3726 and the probably resistant P o=
duct of  'Seger Sv.' 5. - x 'Upal' 7 - gave ‘Bonus' 8- and
‘Ymer' 22/- (Figs 7:4AC and 10:4BDY which mav be explained  tiom
a probable heterogenceity 1n "Maja' as discussed telow. AT
8/45 and 'Pallas' 4/- are X-ray mutants in ‘Bonus' Frg.e 7:4-
6BC). Besides this, 'Bonus' seems to have a one-gene condit poted
susceptibility where 1t is 1nvolved in the Asplund Maskin seree
(Tab. 9, and finally, 'Bapus' 1B.- x 'Minerva' 10 - gave  the
highly resistant variety 'Bomi' 3/0 which 1s referred undes th

Vada-resistance (Fiqg. 7:%B).

Four samples of 'Mari' were included 1n our sereening, Mo

22/- (No. 758, KVi), 'Mari' 43/- {No. 853, Rise:, ‘Mar ! 27

(No. 920, Iceland), and 'Mari' B8/45 (Nao. 1032, Svalof! of which
at least the Svaldt sample from the breeder is  different from
the others. The sister varieties 'Sald' 7/- and 'Stange’ 3042
from ‘'Ingrid' 8/- x 'Mari' 8/45 are equal to the parents (F1q.
7:6AB), and 'Mona' 10/~ from 'Monte Cristo' 20/- backcrossed twn
times to 'Mari' B/45 most likely have its resistance from the
latter variety (fig. 7:6Dt), but a Kt sample of 'Mona’ with 17%
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diseased plants make it questionable and points back to the sus-

ceptible KVlL sample of 'Mari'.

The origin of 'Gunilla' 17/- is rather complex (Fig. 8:7CD it
is so closely connected with 'Birgitta' 19/27, however, that 1t
is likely that its susceptibility comes from this variety. 'Per-
nilla' 10/- (Fig. 7:6E) from the crossing of 'Gunilla' 17/- x
('Birnitta' 19/27 x 'Mari' 8/45) may likewise have the resist-
ance of 'Mari' 8/45.

The other barleys with 'Mart' as one of the ancestors are men-

tioned under the series to which they belong.

Two samples of 'Pallas' were included in our screening, 'Pallas’
24/- (No. 742, KVl ) and 'Pallas' 4/- {No. 1031, Svalof}, with a
difference like that found in 'Mari'. 'Pallas' 4/- crossed with
'Herta' 7/- gave 'Hellas' 15/- (Fig. 9:5BC) which may hardly be
explained wunless 'Pallas' have been heterogenous as could be
suggested on that mentioned above. ‘tTaarn' 7/- (Fag. 7:5t from
a product of 'Pallas' 4/- x ‘Hellas' 15/- and ‘'Kristina' 10/-
may equally well have its level of attack from 'Pallas' and
'Kristina'. 'Jenny' 0/18 has the same parents but its level of
attack can hardly be explained on this basis when one takes note
of the sample received from the breeder. Another sample (cf.
Tab. 3) of ‘'Jenny' tested was on a level with ‘'Taarn'. The
closely related 'Senat' 8/- (fFig. 9:5CD) constitutes a compara-

ble case.

'Visir' 5/- may have its level of resistance from 'Pallas' 4/-
(Fig. 7:5€F), whereas the background for the resistance in

'‘Togo' 7/- (Fig. 7:5C) cannot be traced as this variety is the

result of 'J5' back-crossed three times into 'Pallas' 4/- and
this again five times into "Inis' (('Nora' x 'WMR
IT') x ('Voldagsen' x 'Inqgrid')) which is not included in our

screening.

'Balder' 12/- (Fig. 7:7B) has its level of resistance from

either 'Gull' 14/52 or a Scandinavian land variety, and 'Bine'
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13/- (Fig. 7:7B) may have its resistance from either 'Balder’
12/- or 'Minerva' 10/-.
The background for the level of resistance in ‘'Bente' 7/- ({Ffig.
7:8C) cannot be traced in the present screening. 'Balder' 12/-

x 'Maja' 3/26 gave 'Stallar W' 17/- (fig. 10:2D) with a resist-
ance equal to the sum of those of the parents, but it might come
from the more susceptible component in 'Maja', cf. the following

section.

D. The 'DOpal', 'Kenia', and 'Maja' series. 'Binder' 10/- «x
‘Gull' 14/52 gave 'Opal' 7/-, 'Kenia' 5/-, and 'Maja' 326 ‘fFigs
8:1-BA, 9:1-8A and 10:1-7A) that are transgressively lower than

the parents. They appear uniform but at least 'Maja' and 'Kenia'
may originally have been heterogenous as a selection in ‘'Maja’
gave 'Drot' 17/- (Fig. 10:6AB), and selections in 'Kenia' gave
'Alfa' 2/1 and 'fFero' 5/- (fFig. 9:1AB) of which the former may
be regarded significantly lower than 'Kenia'. To this we note
that '‘Maja' 3/26 x 'Kenia' 5/- gave 'lLenta' 9/-, ‘Drost’ 19/~
and ‘'Rigel' 17/- (Figs 10:2AB, 10:6-78BC) of which the last two
are significantly more susceptible than the parents. Ffurther,
selection in them gave 'Drost A' 4/- and 'Denso Abed' 2722 !Fig.
10: 6BC), respectively, and these varieties are in close accord-
ance with the resistance of the parents of those in which they
are selected. As 'Drost' and 'Rigel' are on the same level as

'Drot', it is likely that they have come from the more suscepti-

ble component in 'Maja', and that 'Drost A' and 'Denso Abed'
have come from the other or are real crossings between 'Maja',
and 'Kenia'. The —conclusion is that. as thev appear todav.
'Opal’, 'Kenia', and 'Maja' have most likely the same gene for

resistance to leaf stripe after inoculation with a pcpulation of
the pathogen in the field. At the time, however, when the tested
offspring was bred, 'Maja' have had two comoonents conditioning
about 5% and 15-20% diseased plants, respectively.

’
'Beorna' B8/- (Fig. 9:1BC) obviously has the resistance from
'Kenia' 5/-.

'Opal B' 7/- (Fig. B:2E), which is selected in 'Opal' 7/-, does

not raise questions.
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These results lead to the suggestion that ‘Deba Abed' 12/-
('Denso  Abed*' 2/22 x 'Weihenstephan Mildew Resistant I {WMR
11) 6/-) and 'Claudia' 7/- ('Deba Abed' 12/- x 'Vada' 0/0) might
have their resistance from WMR Il (Figs 6:7B, and 10:7B).

'Gull' 14/52 x 'Hannchen' 17/54 gave the resistant 'Seger' 5/-
(Fig. B:1AB) though they appear equally susceptible, which sug-
gests that these old varieties have been heterogenous. 'Seger'
5/- x 'Opal' 7/- gave 'freja Sv.' 2/1 (Fig. 8:1AB) (provided
from three sources) which suggests the possibility that resist-
ances may act transqgressively. On the other hand, the <crossing
between 'Freja Sv.' 2/1 and 'Lenta' 9/- {(fraom 'Maja' x 'Kenia')
gave 'Hafnia' 76/- (Fig. 10:4AC) from which we conclude that
the genes in 'Freja Sv.' and 'Lenta' are different, inherited
independently, and not given to the offspring in the present
case; thus, it is highly susceptible. further, this means that
the resistance gene in 'Seger Sv.' is different from that in
‘Opal', 'Kenia®' and 'Maja'. This statement is problematic, how-
ever, as 'freja Sv.' has the Opal and the Seger genes, and
‘Lenta' the Opal gene from both parents. for this reason the
of fspring should have the Opal gene. Therefore, the explanation
may be that 'lenta’ has at least one gene from the more suscept-

ible component of either 'Kenia' or 'Maja' mentioned above.

'Maris Baldric' 16/- (Fig. B8:1AB) must have its susceptibility
from 'Spratt Archer' but if the level of susceptibility 1in
'Earl' 30/- (Fig. 8:1C) is characteristic for that old wvariety,
'Maris Baldric' may be regarded as intermediary between the par-

ents.

‘Balder' 12/- x {(Opal' 7/- x *Binder’ 10/-) gave ‘'lIngrid' 8/-
which is equal to any of the ancestors (fig. 8:2BC). The reason
for this equality may be that they have the same gene.

'Wing' 7/69 (Fig. 8:2AB) from 'Lyallpur 2' ©back-crossed six
times into 'Ingrid' 8/- have most likely its resistance to leaf
stripe after inoculation in the field from 'Ingrid' and probably

also, on the basis of the relations outiined below, the suscept-
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ibility after inoculation with the monospore culture using the

sandwich method:

Herta 7/- Rika 9/78 Opal 7/- Binder 10/- Batder 12/- Strengs Franken (lI_23/- WMR -/-

Strengs
Emir 3/20 Gasell 5/71 Hadostreng 6/- Ingrid 8/- Tellus 2/76 Lyalipur 2 -/-
LT—__—_T—J = ]
[
Flavina 11/- Patrik_3/54 Cilla 17- Herta® 7- Byg 191 5/22 Wing 7/69
__'—l
AlbionI 3/80 Ansgar 11/68

"Torkel' 7/33 and 'Welam' 7/32 (Fig. 9:8DF) are so closely re-
lated with 'Clara', 'Ingrid' 8/~ and 'Gasell' 5/71 that they
very likely belong to the outlined resistance group. Ffurther,
'Prisca' 3/5 (Fig. 9:8(CD) is on about the same level of resist-
ance after inoculation in the field, whereas it must have got
its resistance to the monospore culture from elsewhere. Also
'"Elbo 4/-, 'Pendo' 7/-, and '"Tyra' 10/- (Fig. 10:7CD) may belong

to this group.

This pattern of resistance and susceptibility may be traced back
to old barleys. 'Herta' 7/- and 'Rika' 9/78 are sister varieties
after 'Kenia' 5/- x 'lIsaria' 27/- (fiqg. 10:7D} and 'Kenia' 5/-
is sister wvariety to 'Opal' 7/~ and 'Maja' 3/26 (Figs 8-10:
after 'Binder' 10/- x 'Gull' 14/52. further, 'Gull' 14/52 and
'Maja' 3/26 are ancestors of 'Balder' 12/- (fig. 7:7B). ‘Emir’
3/20 (Fig. 9:3C) is closely related with this group of barleys.
Crossed with 'Gasell' 5/71 it gave 'Patrik' 3/54 (Fig. 9:4D)
which appear intermediary between the parents. The field resist-
ance against powdery mildew in 'Strengs Ffranken 111' 23/-
(EWERTSON, 1974), the specific powdery mildew resistance Weihen-
stephan, Lyallpur and Monte Cristo, and the nematod resistance
from 'Byg 191' were bred into this group of barleys but the
several backcrosses made have obviously eliminated their reac-
tion to leaf stripe from the resulting varieties. Only the sus-
ceptibility of 'Cilla' 17/- (Fig. 8:3C) appevars high compared

with the other varieties of the group.

An analogous and related group of varieties around 'Proctor'
0/49 and 'Ingrid' 8/- is outlined in a previous section (C. The

'‘Minerva' series).
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'‘Pamina' 8/- and 'Albert' 14/-, 'lIda' 16/- and 'Harry' 33/-, and
‘Harda' 10/- and ‘Birka' 42/- descend from ‘Tellus' 2/76 (Figqg.
B8:5-6AF) into which were bred Monte Cristo resistance to powdery
mildew and/or to dwarf rust from 'Baladi 16'. Susceptibility
from them or from 'Arla’' 20/- (Fig. B8:8CD) to leaf stripe are
apparently vcarried along to at least 'Harry' 33/- and ‘Birka'
42/-.

'Maja' 3/26 x ('Opal' 7/- x 'Vega Sv.' 37/-) qgave 'Birgitta'
19/27 (Fig. B8:6DE) which may be regarded as intermediary. How-
ever, as 'Vega Sv.' probably has a one-gene conditioned suscept-
ibility (cf. Tab. 9), we must take into account that the sus-
ceptibility of 'Birgitta' is connected with the heterogenicity
of 'Maja'. 'Birgitta' 19/27 x 'Mari' 8/45 gave 'Salve’' 15/- and
'Eva' 7/- (Fig. 8:7EF) that is equal to each of the parents con-

cerning the attack after inoculation in the field.

'Sultan' 7/- and 'Susan' 7/- (Fig. 9:2CD) are so closely related
with 'Kenia' 5/- via 'Agio' 9/- ('Kenia' 5/- x 'Georgine' 21/-)
(Fig. 9:3BC) that they are most likely conditioned by the re-

sistance gene from this variety.

'Maja' 3/26 x 'Prentice Abed' 8/- gave 'Carlsberg' 10/- (fg.
10:5B) which is equal to the latter parent, but it must have
been somewhat heterogenous as a selection in it gave ‘'Carlsberqg
I1I1' 17/- which has the same susceptibility as the more suscepti-
ble component in 'Maja' mentioned above. ‘'Carlsberg' 10/- «x
'Rigel' 17/- gave 'Karri' 19/- (Fig. 9:2B), but even though its
susceptibility 1is the same as that of 'Rigel' it may come from
that part of 'Carlsberg' which led to 'Carlsberg II' (Fig. 10:
58). 'Carlsberg' was withdrawn from the market between 1952 and
1954 due to heterogenicity and replaced with the selected
'Carlsberg 1I' 17/-. 'Lone' 19/~ (fFig. 9:7DE) is the product of
"Herta'® 7/- x 'Byg 191' 5/22 backecrossed’ five times into
'Carlsberg' 10/- why it should most likely carry the level of
attack in this variety but in fact it carries that of ‘'Carls-
berg II' 17/-. The product of 'Carlsberg' 10/- x 'Ymer' 22/- was
'Dana' 7/- (Fig. 10:6D) with ‘'Carlsberqg'’s resistance, and
‘Dana’ 7/- x 'Heine 4808' gave 'Nordal' 17/- (fig. 10:6CD)
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which obviously has its susceptibility from 'Heines Haha' 14/-.
This variety must contain resistance genes from either ‘'Isaria'

27/- (of 'Danubia' 14/- x 'Bavaria’' 17/- 'fig. 9:5B)) or 'Hei-
nes Hanna' 36/- via 'Heines Haisa I' (Fig. 10:6B and 10:5EF).
"Dana' 7/- x 'Proctor' 0/49 gave 'Danpro' 12/- which is hardly
different from 'Dana' (Fig. 10:6D).

'Europa’ 10/- (Fig. 9:3D) may equally well carry the resistance
from either 'Kenia' 5/- or 'Balder' 12/~ via 'Hassan' and 'Cam-

brinus', respectively.

'Gunhild' 11/- is probably ceonditioned by a resistance gene from
line 'M 63199' as it may hardly have it from the product of
'Lone' 19/- x 'Algerian' 19/- (Fig. 9:7€fF). 'Europa' 10/- {t1q.
9:3D) may equally well carry the resistance from either ‘'Kenia'

5/- or 'Balder' 12/- via 'Hassan' and 'Cambrinus', respectively.

‘Swallow' 7/- (Fig. 9:4B) must be conditioned by a resistance

gene from 'Donaria' 3/12 - with a level of attack which is si1g-
nificantly lower than that of each aof its parents {('Kneifel'
11/- x 'lsaria' 27/-) - as it is unlikely that the resistance
has come from the highly susceptible 'Piroline' 68B,- (t1g. 9:
3BC). ('Swallow' 7/- x 'Emir' 3/20) x 'Deba Abed' 12,- gave

'Maris Yak' 4/- and 'Maris Mink' 13/- that may be vconditioned
by a gene from one of the parents each. On the other hand,
'Yriba' 17/~ from 'Maris Yak' 4/~ x ('Rika' 9/78 x 'Baladi 16"

may be explained only as being conditioned by two genes unless

it has a gene from the untested 'Baladi 16°'.

'Isaria’ 27/- ('Ackermanns lIsaria') is one of the most widely
used wvarieties in the barley breeding. Concerning the reaction
to leaf stripe it is obviously conditioned by genes from each of
its parents 'Danubia' 14/- and 'Bavaria' 17/- (Figs 9:5B and 10:
6-7DE). The resistance level of the latter is brought along to
'Dornburger Eva' 18/- ('Bavaria' 14/- x 'Heils Ffranken' 7/-)
(Fig. 10:7D). 'Strengs Franken 1I' 23/- ('lsaria' 27/- x
'Strengs Hadostreng' 6/-) may have the genes from 'lsaria' (Fig.
B8:2DE). The same may be the case with 'Georgine' 21/- ('lsaria’

27/~ x 'Moosburger Rhiatia') (Fig. 9:2-3BC), whereas the resist-
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ance of 'Donaria' 3/12 ('Ackermanns Donaria') cannot be explain-
ed from the parents ('Kneifel' 11/- x 'lsaria' 27/-) reaction
to leaf stripe (fig. 9:3AB). 'lIsaria' 27/- x 'Kenia' 5/- gave
'Herta' 7/-, ‘Rika' 9/78, and 'Stallar 11' 31/- (Fig. 9:4B and
9: 6AB). The first two have the resistance of 'Kenia' 5/- while
'Stallar I1' 31/- have that of 'Isaria' 27/- or the sum of both

the parents reaction to leaf stripe.

'‘lsaria’ 27/- x '"WMR 1 CP' (from 'Criewener 403' 1/88 x 'Pflugs
Intensiv') gave 'WMR II1' 6/-, 'Firlbecks III1' 10/-, and 'Breuns
Wisa' 20/- (fFig. 10:2DF). The former two mav have their resist-
ance from 'WMR I CP' but 'Firlbecks IIl' 10/- equally well have
one of 'Isaria'’s resistance genes. 'Breuns Wisa'’s 27/- reac-
tion to leaf stripe is hardly different from that of ‘'Isaria'
27/- but it cannot be left out of account that it has a resist-
ance gene from each of the parents. 'Erika' 16/- ('Schweigers
Erika') may have one of 'Isaria'’s 27/- resistance genes or it
may be intermediary between the parents 'Isaria' 27/- and 'WMR
IT1' 6/- (Fig. 10:6AB). 'Mentor' has its level of resistance from
either 'Balder' 12/- or 'WMR I11' 6/- (Fig. 10:2DE). Both 'WMR I
CP' and 'lIsaria' 27/- may be involved in the resistance of 'Hei-
mes Haisa I1' 10/- (Fig. 10:4EF). 'Morgenrot' 11/- and ‘Zeiners
Frankenperle' 11/- are sister varieties. Their reaction to leaf
stripe might have come from 'Heils Franken' 7/- but we cannot

know if it might equally well have <come from the wuntested

'Prior’ (syns 'Australian Early', 'Australische Frihe', and
'Australian Chevallier'). ‘fFoma' 14/- and 'Refoma' 10/- are
equal to 'Morgenrot' 11/- and not to the other parent, 'Ymer'
22/- (Fig. 10:4-5CE). k

E. The ‘'Asplund'/'Maskin' series. '011li' 4/- (Fig. 1la:lA},
'Dore' 4/73 (Fig. 1la:1F), 'Jadar' 7/33 (Fig. lla:3E), and
'Juli' 0/13 (Fig. 1la:4E) have their resistance from old land-
varieties. ‘'Asplund' 37/- (Asp 37) x '011li' 4/- gave 'Tammi'
29/- with a level of attack between the parents (Fig. 1la:1AB).

If this 1is correct, the genes from both 'Asplund' and '011i°
should be present in 'Tammi', and nothing in the use of 'Tammi’
as crossing partner conflicts with that. 'Hja. Aapo' 7/-, that
is an X-ray mutant (Ta b7990 (XR)}) in a selection (Ta b7990) in
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'Tammi' 29/-, may then have its resistance gene from '0Olli' 4/-
(011 4) (Fig. 11a:2AB). 'Otra' 23/- from 'Tammi' 29/- x ‘'fdda’'
34/- is hardly different from 'Tammi' and may then have the
genes Asp 37 and 011 4. 'Hja. Eero' 13/- suggests te have the
resistance from 'Mari' 8/45 as the genes conditioning the reac-
tion to leaf stripe in 'Otra' 23/- ('0l1li' 4/- and ‘'Asplund’
37/-) are too different from that of 'Hja. Eero' 13/- (Fig. lla:
2-3AB). 'Hja. 77061' 9/- (Fig. 1la:6A) is intermediary between
the parents 'Hja. Eero' 13/- and '011i' 4/-. 'Ringve' 19/- (figq.
11a:4D) may have its level of attack from either 'Rigel' 17/- or
'Jarle' 14/-. from the former it may be traced back to the more
susceptible component in 'Maja' 3/26, and from tne latter back
to Mas 18 - one of the suggested genes in 'Maskin' 47/- (¢cf. the
analysis of the susceptible barleys of the ‘'Asplund'/'Maskin'
series below). 'Gunnar' 9/- may almost equally well havo its re-
sistance - after inoculation in the field - from either 'Mari’
B/45 or 'Kristina' 10/- (Fig. 11a:7AD). 'Sarla' 7/- may have the
resistance from 'Opal B' 7/- via 'Domen' 29/- but the series of
ancestors listed (Fig. lla: 7-BAD) leave also other possibili-

ties.

'‘Herta' 7/- x 'Jo D490' (‘'Seger' 5/- x 'Vega Sv.' 37 - qat
three untested lines ('Jo 0888', 'Jo 0893', and 'Jo NB77' . 1
0888' x 'Ingrid' 8/- gave the highly resistant 'Jo 134%' 11 ',

The basis for this may be explained as follows: 'Herta' 7 - vt

'Ingrid' 8/ have after all probability the 'Opal’ reststan e
gene which 1, different from that of 'Seger'. further, it )
very likely that 'Jo 0888' is constituted with both the '(pal’

and the 'Seger' gene. This leads to the same gene-combinat ian o

that which gave the highly resistant 'fFreja Sv.' 2/1 {cf. tq.

8:1AB and 11b:2-3BE). Further, we have here the opposite case of
that with 'Hafnia' 76/- where we suppose that 'Seger' 5 -
'Lenta' 9/- gave a variety without any of the resistance qenes

and therefore is susceptible. A selection in.'Jn 0893' qgave .o
1220' 9/- and the cross 'Jo 0877' x 'lngrid' 8/- gave 'Jo 1309
7/-. Both these lines are in agreement with that just stated and
indicate why they support the explanations given (fiq. 1lb:2-
3DE).
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*Jo 1119' 12/- (Fig. 11b:4EF) might have tne same gene combina-
tion for reaction to leaf stripe as 'Jo 1345'. The 'Opal' qene
from ‘Opal' 7 x 'Perttu' (Fig. 11b:3DE) and the 'Seger' qene
from 'Jo 0490' x 'Balder' 12/- (Fig. 11lb:3Ef) but it has more
likely the resistance from 'Balder' 12/-.

'Jo 1381' 4/- from 'Ctu' 77/- after three backcrasses into
'Am.'. Thus, it must have its resistance from 'Am.' whatever 1t

might be (Fig. 11b:3-4A).

F. Other moderately resistant barleys. A group of varieties from

U.S.A. and Canada were bred into Finnish barleys ‘Fi1g. 1lb:%-
6CF)Y. A cluster of these varieties came out of the screening

with a low level of attack after inoculation in the field.

‘Lion' backcrossed two times to 'OAC 21' 15/- gave 'Galore' 4. -
and (‘Lion' x ‘'Coast') x 'Trebi' 10/- gave 'Velvon' 4/-. 'Treb:’
10/- «x 'Colsess’ ('Coast' x 'Success') gave ‘'Warrior' 315

whereas 'Trebi' 10/- x 'Glabron' 55/- gave 'Titan' S57/- but 'Ti-
tan' 57/- x 'Regal' (Cl 5030) gave 'lregal' 14/-. 'Reqgal 1B65"'
was included in our screening and came out with 15% attacrk equal
to that of 'Tregal' 14/- but we do not know how or if ‘'Regal’
(CI 5030) and 'Regal 1B65' were related. 'Trebi 101' 4/- and
'Trebi 628' 3/- may be related to 'Trebi' 10/- (CI 936, cf. fig.
11b:6E). They came all from Turkey.

Finally, a series of barley - primarily those which could
neither be included in the pedigrees (fig. 6-12) nor were tested
by others (Tab. 11) - came out of the screening as resistant or
moderately resistant after inoculation with the population of
the pathogen in the field (Tab. 8). Most of these barleys are
mentioned in the literature (cf. ARIAS et al., 1983 and BAUM et
al., 1985). The Norwegian varieties 'Mjes' 7/66 and 'Serum' 4/43
belong to this group but they were also tested with the mono-
spore culture to which they proved very susceptible. 'Goldkorn
Sv. 178' 4/- is probably related to 'Gull' 14/52 (fig. 6-10}V,
'Halikko' 4/- is probably the same as 'Halikongerste' 12/-. Tlhe
'Polar' 5/- (No. 1013) included in Tab. 8 is a sample provided

by professor E. Strand, Norway. Another sample designated




Table 8. Percentage of attack of barleys resistant or moderately resistant to

leaf stripe after inoculation with a population of the pathogen in the field.

Percentage

Varieties, ancestors and places of origin cf attack
Adolphe Bungener {(Comtesse x BO&4) 7
Albert Busser (Baronne x Bohemia 2) 3
Anoidium (Argentina) 4
Arlington (Gatersleben) 6
Balkan {(Gatersleben) 4
Black Hull-less (Central Asia) 10
Brewers Favorite (America) 10
Carina {((Union x Inis) x Volla) 11
Charlottetown 80 (CI 2732) (Prince Edward Island) 8
Chinese Black (€I 1969) (Canada) 7
Colsess 1V (CI 5979) 10
Duplex (Russia) 15
trbil (Iraq) 11

Erfurter 1395 (Germany)
tErie (Goldfoil x Alpha)

Fischers Wirchenblatter 11 (Germany)
Fischers Wirchenblatter 111 (Germany)
Flynn (CI 1311) (Club Mariout x Lion)
Goldkorn Sv. 178 (Gatersleben)
Halikko (= Halikon (7)) (finland)

Hornings Sommergerste (Poland)
Immendorfer Cardus (Zellendorf)
Improved Arivat (CI 7534) (USA)
Kamet Mugi (Cl 2253) (Japan)
Krafts Reid (Germany)

Kredlers Oberphilzer (Germany)
Peragis Neuzucht {(Germany)

Polar (select. in Brnesbygg) (Norway)
Rabat (Marocco)

6-rowed, naked ( - )

Sort byg (black barley) ( - )

Stella Sv. (select. in land var.) (Sweden)
Stensgard (Denmark)

Stewart (Cl 6112) (select. in Coast) (USA)
Stovring (Denmark)

Tibetania ( - )

Trebi 101 (Turkey)

Trebi 628 (Turkey) '
Vanja (W25-69 x W 4-69)

Victoria (= Seger) (Belfast)

Zeiners Universal (Germany)
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'Polarbyg' (No. 746) from the KVL collection had 43% attack

after inoculation in the field.

4.1.2.3. Susceptible and highly susceptible barleys

A. The 'Vada' and 'Minerva' series. The susceptibility of 'Mi-
das' 21/- (Figs 6:2EF and 6:4EF) was neither bred into 'Jupiter'
2/0 nor to 'Anna' 11/-. 'Clermont’' 30/- (Fig. 6:6CD) must have

its susceptibility from either 'Bordia' or 'fFresia' and it might
have been brought to 'Armelle' but not further. 'Sejet 1732'
48/- (Fig. 7:1CD) must have at least the main part of its sus-
ceptibility from 'B/78-1'. Crossed with a black-seeded two-rowed
barley line it gave 'Anla' 22/- and 'Seta' 68/-. An explanation
for this is that the black-seeded barley has contributed with a
gene conditioning some susceptibility that acted additively with
that of 'Sejet 1732' 48/-. If this is the case, 'Anla' 22/- may
have qot its level of attack from the black-seeded barley,
whereas 'Seta' 68/- has its susceptibility from both parents
(Fig. 7:1BC). If this explanation holds, it is strange that
'Anla' 22/- x 'Minerva' 10/- has given 'Lami' 50/-. However,
this susceptibility was present in one of the grandparents of
‘Lami' ('Sejet 1732' 48/-). This situation reminds one of that
ment ioned several times in connection with 'Maja'. The suscept-
ibility of the related variety 'Jarl' 30/- may be caused by ad-
ditively acting genes, e.g., those of 'Minerva' 10/- and ‘'Anla’'
22/- (Fig. 7:1-2AD).

The susceptibility of 'Vega Abed' 22/- (Fig. 7:2E) is dealt with
below together with 'Kristina' 10/-.

B. The 'Opal', 'Kenia', and 'Maja' series. The susceptibility of

'Benedicte' 20/- (Fig. 8:4DE) cannot be traced in the ancestors
unless it comes from the complex origin of 'Ingrid M9' (Jergen
Léhde, pers. comm.). 'Strengs franken I1I11' 23/- must have most
or all its susceptibility from 'Krim Barley', as it may hardly

have come from 'Heils Franken' 7/- (Fig. 8:4DE).

'Arla' 20/- (Fig. B8:8CD) may have its susceptibility from ‘Tam-

mi' 29/- though this variety seems conditioned by two genes but




- 59 -

it may have come from 'Svanhals' 21/- or may be an additive ef-
fect of more genes. It is questionable if 'Akka'’s 14/- ('Monte
Cristo' 20/- x 'Arla'® 20/-) (Fig. 9:7B) reaction to leaf stripe
is different from that of 'Arla' 20/-.

The high susceptibility of 'Le 1611' 77/~ cannot be traced in
the parents (Fig. 8:8B) but it might be a result of loss of two
independently acting genes as is suggested to be the case with
‘Hafnia' (Fig. 10:4B, cf. above). 'Piroline' 68/- (Fig. 10:5D)
may constitute an analogous case which may be supported by the
fact that its susceptibility is not brought further to the test-
ed offspring, 'Swallow' 7/- (Fig. 9:4B) and 'Sterling' 15/-
(Fig. 10:5D). 'Gitte' 60/-, which most likely should bhave the
resistance genes from 'Herta' 7/- and 'Carlsberg' 10/- (Fig. 9:
6-7DF), may constitute one variety more with loss of two inde-

pendently acting resistance genes.

'Gula Abed' 30/- (Fig. 9:4DE) may have its susceptibility from
'‘Impala' 31/- which 1s conditioned by genes from either 'Balder'
12/~ plus ‘'Breuns Wisa' 20/- or 'Heines Haisa I', but it may
alsoc have it from 'Imperial' 16/- «x ‘4. spontaneum H. 204'
(Fig. 10:3DF). So, 'lImpala' 31/- probably is conditioned by two
genes which makes it reasonable to suggest that 'Tron' 16/- has
its gene from this source, but it may logically also have got it

from the untested 'Nigrate'.

We suggest, too, that 'Aramir' 21/- (Fig. 9:4BC) has its sus-
ceptibility from 'Breuns Wisa' 20/- or 'Heines Haisa I' via
'Volla' ('Breuns Wisa' 20/- x 'Heines Haisa I' (cf. Tab. 3)).
The tested ancestors of 'Heines Haisa I' show that it must bhave

a high degree of susceptibility after all.

The susceptibility of 'Siri' 27/- (Fig. 9:5C) must have come
from the unknown line '50-88'. 'Isaria' 27/- (Fig. 9:5AB) is
most likely conditioned with two genes for reaction to leaf
stripe, i.e. one for each of 'Bavaria' 17/- and 'Danubia' 14/-
(cf. the previous section). 'Breuns fFranken [I11' 16/- (Fig. 9:

7BC) might be conditioned with one of these genes.
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The probability that 'Amsel Heine' 5%/~ (Fa1gy. 10:8C has 1tg
susceptibility wvia ‘'Heines Haisa 1' 1is higher than that from
‘Lyallpur' 47/- as it can hardly have come from 'Pirol*' ('WMR 1
CP' x 'Morgenrot' 11/-) - brother af 'Piroline' 68/- - 1f the
gene conditioning suggested above is the case. 'Dina Abed’ 57/ -
from 'Amsel Heine' 33/- x 'Deba Abed' 12/- may have the same
susceptibility as the former parent. The inheritance of 'Amsel
Heine' 33/- is, however, questionable as it has the Laevijatum-
-resistance to powdery mildew which does not occur in the an-
cestors referred in the literature. 'Tern' 21/- ‘tig. 10:4C

may also have got its susceptibility via 'Heines Haisa |' but
it may also have qot it from 'Kneifel' 11/- and ‘'lIsaria' 27,-
via 'Heine 0553' or from the unknown lines occurring between
the ancestors. 'Duks' 26/- (Fig. 10:5AB) has probably 1ts sus-
ceptibility from 'Lyallpur 2' which is suggested a selection 1n

‘Lyallpur' 47/-.

C. The 'Asplund'/'Maskin' series. It proved possible with the

pedigree analyses to explain the most probable gene-combinations
for the inheritance of the susceptibility in a rather large num-
ber of the varieties and lines in the 'Asplund'/'Maskin' series
(Fig. 1la and 1lb). The basic genes for the explanations come
from the following varieties with the proposed gene symbal set
in brackets: ‘'Asplund' (Asp 37), 'Maskin' (Mas 18 + Mas 29,
'Vega Sv.' (Veq 37), 'Bonus' (Bon 18), and '011i' (011 4 icf,
the percentage of attack in Tab. 9). These genes appear monoqen-
ic inherited except in 'Maskin' which seems conditioned by the
two mentioned genes and for example the case of 'Tammi' 29:/-
and 'Otra' 23/- (Fig. 11a:1AB) of which the former apparently 1s
intermediary between '011i' 4/- and 'Asplund' 37/- and the lat-
ter either with the same genes or with those of '011i' 4/- and
'tdda' 34/-. '£dda'’ 34/- must have its susceptibility from
either 'Asplund' 37/- or 'Vega Sv.' 37/-. The various combina-
tions of these five or six genes are seen as "addilive suscepti-
bility promoting factors" (Tab. 9) giving different levels of

partial resistance and not as the abscence nof resistance genes.

Used in this way, the level of susceptibility in most, if not
all, cases 1is based on one or up to four genes which may be

traced back in the ancestors.




lable 9. Proposed additive susceptibility promoting factors (ASPF}

on the susceptible varieties and llnes of the Asplund/Maskin series.

Proposed ASPF Alternative ASPF
variety or line Asp. Mas. Mas. veg. Bon. oOthers Asp. Mas. Mas. veqg. Bon. Cle. Others Pedigree
37 29 18 37 18 37 29 18 37 18 30 position
Asplund 37/- . Jla:Ine
Maskln 47/- . . tta: g
vega Sv. 37/- . Ma:isc
Bonus 18/- d 740
Clermont 30/- . 1la:50t
Agnets 70/- . (*) . 118:20
Arra 56/- . . . . PR 11b:4B
Bade 24/- . . Jib:2a
De 698 43/- . A Pt a-5A
Domen 29/- . (e) (0pa 7) lia
Edca 34/- . . 1la:18
€doa 11 al/- . . tla:2aC
Etu 77/- . . - . . . tla:a8
Forus 21/- . 1la:3C
Forus Bonus 18/- b 1la:lDE
Frag 48/- . . 1la:ic
Fg 672 33/- . 1la:aBl
Colist 70/- . . tla:3E
Herse 60/- . . Lla:1ch
H 1035 50/~ . * . . 11390t
|
H 181-49 69/~ . . . . . tla:sEfF
Hia. Pokko 75/- . . - - lla:slhd
Hija. 673 21/- () (o1l &) te) 1la:3¢
Hja. 2018% 56/- . . . 1la:60€E
Hia. 71383 Y47- . . - . 1la:%p
Jadar 11 31/- . 11a:30
Jarle la/- . . lla:aC
Jo 1012 33/- . . . . 11p:20
Jo 1252 s0/- . . . . ) JRE- XYY
Jo 1279 37/- . . {*) 11b: 3aB
Je 1330 76/- . . - lib:acp
Jo 1343 al/- . 4 te) 1ib:aGE
Jo 13%2 15/- . . Vo3
Kilta an/- . 105300
Kristina (10/-, 22/-) . Mari lla:an
Lise 57/- . . l1a:5rD
N 268 33/- . Lla:agl
Mg 75-278 39/- - . . Lib:4-50D
Nordliys 60/- . . IRIENY
Otra 23/~ . it a) 118:28
Pirkka 65/~ . . . . Lia:6C
Pk-M 5 tas- . 11b:58
Pk-P $8 19/~ . . [RLSRTY:]
Pomo %4/- . . . . (o) Lla:6€
Presto 30/- . lla:4t
Ringve 19/- L4 hd 1la:ap
Silje 6%/- . . 116:28
Tammi§ 29/- () o1l &) lla: 188
vatrde 79/- . . * lia:lt
vegs Abed 22/- . it
¢ —
vena &8/- . . (Lyallpur 47/-) 1la:5%8
vigals 38/80 . 11a:58C
vé 13002 17/- . lib:ls
¥8 14047 20/- . Lib:a8C
vl 17128 la/- . 1b:ico
vA 17165 60/- . . . 11b:1DE
vh 17236 20/- . 116 1€
vrjar 63/- ¢ d 11a:4BC
Ase Sv. (2/69, 32/89) . hote 10:3¢
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The crosses 'Asplund' 37/- x 'Maskin' 47/- resulted 1n ‘'forus
Bonus' 18/-, 'fraeqg' 48/-, 'Herse' 60/-, and 'Varde' 79/- that
then should be conditioned by the genes as follows. 'forus
Bonus' (Mas 18), 'Frzqg' (Mas 18 + Mas 29), 'Herse' (Asp 38 + Mas
29), and 'Varde' (Asp 37 + Mas 18 + Mas 29) (cf. Fig. 1la:1-2CE>

'Domen' 29/- from 'Maskin' 47/- x 'Opal B' 7/- (Fig. 1la:3A) ap-
pear intermediary between the parents which means that it has
genes from both of them (i.e. Mas 18, Mas 29 and Opa 7). If this
is correct it is neither surprising that 'PK-P 58' 19/- has the
Mas 18 gene nor that 'PK-P 693' 5/- has the Opa 7 gene (Figq.
11b:4AC) but if 'De 69B' 43/- is a mutation sensu stricte In
‘Domen' 29/- for other characters than the reaction to leaf
stripe it should come out with the same level of attack as 'Do-
men', instead it came out on the same level as the grandparents
*Maskin' 47/-. For the same reason the mutant 'fqg 672' 33/- 1n
'Fraqg' 48/- should be attacked on the same level as 'fraeq' (fig.
11b:4-5C), but it came out at the level of Mas 29. Still, ac-
cording to the intermediary appearence of 'Domen' 29 -, 1t 15
not surprising that 'M 268' 33/- and 'PK-M5' 14/~ after the
cross 'De 69B' 43/- x 'Fqg 672' 33/- came out with Mas 29 and Mas
18, respectively. 'Tammi' 29/- ('01lli*' 4/- x 'Asplund’ 37/-} and
‘Otra' 23/- ('Tammi1' 29/- x 'fdda' 34/-) rconstitute a comparable

case.

'Jo 1310' 46/- is intermediary between the parents, 'Jet' 57/- «x
‘Ingrid' 8/-, which means that the line is conditioned with both
genes like the case with 'Tammi' 29/- from 'Asplund’ 37/- x '0l-
1i' 4/- (figs 1la:1AB, 11b:2BC).

'Goliat* 70/- from ('Asplund' 37/- x 'Jaerbyg'} x 'Bjerne' 8/-

must have about "half of its susceptibility" from the last two
partners in the crossing, but this requires either that by far
the most come from 'Jaerbyg' or that 'Bjerfie’' has been hetero-
geneous (Fig. 11a:3Cf). 'Jo 1012' 33/- from 'Goliat' 70/- x 'Jo
0490' ('vega Sv.' 37/- x 'Seger' 5/-) may be conditioned by Asp
37 or Veg 37 (fig. 11b:2CD).
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The supposed occurrence of three genes for the reaction to leaf
stripe in 'Domen' 29/- makes it equally possible that 'Mayjar"
10/28 has its resistance from 'Domen' 29/- and 'Herta' 7/- (fiq.
1la:3-4AB), not least because the gene in 'Herta' and 'Opal B8'
in all probability is the same. ('Vega Sv.' 37/- x 'Seger' 5/-)
x 'Bonus' 18/- (Fig. 10:3BD) gave 'Kilta' 40/- which most likely
has the Veg 37 gene. 'Vega Sv.' 37/- x 'Dore Sv.' 4/73 gave 'Asa
Sv.' (Fig. 10:3C) of which two sources were tested. They were
'Asa Sv.' 32/89 and 'Asa Sv.' 2/69 equal to each of the parents
after inoculation with the population of the pathogen in the

field, but both very susceptible after 1noculation with the

monospore culture. fhis may nuggest that 'Asa Sv.' has two com-
ponents like 'Maja'. 'lLdda’ 34 °- from 'Veqga Sv.' 37/« x ‘'Asp-
lund’ 37/- may have the gene from any of the parents {(Fi1g.1la:

1AC) and 1t might for this reason be the same gene.

'Agneta' 70/- (Fi1qg. 1la:2D from [ 'Monte C(risto' 20 - four
times backcrossed to 'tdda I1' 41 '- fa selection 1n ‘'bdda'’ x
('Asa Sv.' x 'Frisia' ({'Granat' x 'Pisthyjarven'’ x {‘Vulcan’' «
‘Kalkreuter')}) might have its susceptaibility from ‘tdda’ 4 -

and the susceptible component of 'Asa Sv.' 32/89 but in that
case would Asp 37 and Veq 37 be different genes. The resistance
in 'Kajsa' 4/-, sister to 'Agneta', fits surprisingly with the
field resistant 'Asa Sv.' 2,69, but in any event the whole prob-

lem may come from the complex ortqgin of 'frisia’

'Paavo’ 70/- (Fig. 11a:2D) is not 1included in Tab. 9 because the
level of attack cannot be explained from the attacks on the an-
cestors unless the 0ll 4 gene in 'Tammi' 29,/- (01l 4 + Asp 37)
is lost in the crossings, and further that it contains a gene
from each of the two other varieties,'Gull"' 14/52 and 'OAC 21°
15/-. 'Hja. 673' 21/- (Fig. 11a:3C) may be conditioned by one ar
both of these genes or those of 'Otra' 23/- (011 4 + Asp 37).
'Pomo' 54/-, conditioned with the Veg 37 and Bon 18 genes, gave
line 'Hja. 71384' 74/- after crossing with 'Hja. 673" 21/- and
its level of attack is the sum of those of the parents but this
would mean that it has Otr 23 (intermediary of Asp 37 and O0Il1
4), and for this reason 'Hja., 71384' might equally well be con-
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ditioned with Veg 37 from 'Pomo’ and Asp 37 without 011 4 from
'Hja. 673' which is the other parent (fig. 11a:2-3CD).

The untested 'Hja. 12251' must have contributed considerably to
the susceptibility of 'Hja. 60308' 52/- (Fig. 11a:3BC). The same
may hold for the untested 'Andie' concerning the susceptibility
of 'Hja. 72802' 36/-, but it is quite as possible that it con-
tains Asp 37 (Veg 37) from 'Otra' 23/- without the 011 4 gene
(Fig. 11a:38C).

"Asplund' 37/- x 'Jadar' 7/33 gave 'Jadar II' 31/- and ‘'forus’
21/- (fFig. 1la:3-4CD) of which the former suggests to have the
Asp 37 gene and the latter Mas 18.

Two samples of 'Kristina' were tested. One with 10% and the
other with 22% attack after inoculation in the field. They agree
with one of the parents each, i.e. 'Domen' 29/- with Mas 29 and
'Mari' 8/45. The use of 'Kristina' as crossing partner may sup-
port the suggestion that it may consist of two components (cf.
'Vega Abed' 22/- (Fig. 7:2DE), 'Jenny' 0/13 (Fig. 7:5Ef), and
'Gunnar' 9/- (Fig. 1la:7C)).

"Etu' 77/~ (Fig. 1la:4-5B) from 'Bonus' 18/- x 'Varde' 79/- has
either the same three genes as 'Varde' or these genes with Mas
18 exchanged by Bon 18. 'Ftu' 77/- x 'Otra' 23/- gave 'Jao 1279
37/- which after all must have the gene Asp 37 (Fig. 11b:3AB).
'Otra' 23/- x 'Varde' 79/- resulted in 'Arra‘' 56/- with the
genes Asp 37 + Mas 18 or Mas 29 + Otr 23 (= Asp 37 + 011 4>, 'Jo
1252' with the same genes, 'Jo 1330' 76/- with Asp 37 + Mas 18 +
Mas 29 as in 'Varde' (but not Otr 23), and 'Jo 1343' 41/- with
Asp 37 or Mas 18 + Otr 23 (Fig. 11b:3-4BE). 'Jo 1352' 15/- may
have either Bon 18 from 'Bonus' 18/- or Mas 18 from 'Varde' 79/-
(Fig. 11b:4BE).

*Asplund' 37/- x 'Juli Abed' 0/13 gave 'Presto’ 30/- with the
Asp 37 gene (Fig. 11a:4-5DE). ‘Varde' 79/- x 'Jarle' 14/- qave
'Yrjar' 63/- which must have Mas 1B whith the two parents have

in common and further Asp 37 (Fig. 11la:5C).
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'Vigdis' 38/80 and 'Lise' 57/- from ('Asplund' 37/- x 'DS 295')
x 'Varde' 79/- might of course have genes from the unknown 'DS
295', but it is likely that 'Vigdis' has the Asp 37 gene which
the two varieties involved have in common and that ‘'lLise' has
Asp 37 + Mas 18 (Fig. 1la:5AE). 'H 1035' 50/- from 'Lise' 57/- x
'Clermont' 30/- may have either Asp 37 + Mas 18 or Cle 30 + Mas
18 (fig. 11a:5CE). 'Lise' 57/- x 'Sv. 60718' gave 'H. 181-49'
69/- which necessarily has some of its susceptibility from the
latter parent (Fig. 1la:5EF). It is most likely that 'Vena’
48/- bhas Asp 37 from 'Vigdis'® 38/80 x 'Lyallpur' 47/-, but in
any case 'Vena' must have some of its susceptibility from

'Lyallpur' (fig. 11la:5AC).

A mutation in 'Freq' 48/- x 'Paavo' 70/- gave 'Me 75-278' 39/-
(Fig. 11b:4-5CD) which may be explained as having a gene from
each of the parents or Asp 37 back from 'Tammi'. If the untest-
ed 'Vankkuri' is conditioned like the brother wvariety 'Tammi’
29/~ (Fig. 1la:1A) it is quite natural that 'Teemu' 24/~ (Fig.
11b:2AB) (('Vankkuri' x 'Tammi' 29/-) x 'Suvi' 46/-) has the
same level of attack, not least considering the close relation-
ship of 'Suvi'. On the other hand the attack of 'Jo 1082' 59/-
(Fig. 11b:5-6AB) ('011li' 4/~ x 'Vankkuri') may be explained only

as a loss of genes like the case with 'Hafnia' (Fig. 10:4B).

'Suvi' 46/- x 'Otra' 23/- gave 'Jo 1328' 46/- which must have
Asp 37 according to that stated above plus something else as in
"Suvi' 46/- (Fig. 11b:3-4AB).

'Jo 0490' ('Seger' 5/- x 'Veqga Sv.' 37/-) x 'Suvi' 46/- produced
'Silja' 65/- which may have the gene Veg 37 + another gene or
genes from 'Suvi', but certainly not the “"pure™ Asp 37 (Figq.
11b:28C).

'Jo 1315' 33/- is a "third-generation" sel%ction in  'Tammi'
29/- which have kept the same level of susceptibility (Fig.
11b:7-8CD).




*Jo 1344' 55/- from 'Otra' 23/- x H. sativum Jess. must in one
way or another have a large part of its susceptibility from the
latter of the parents (Fig. 11b:4BC).

'"Pomo' 54/~ from (('Seger' 5/- x 'Vega Sv.' 37/-) x 3 six-rowed
line) x ‘Bonus' 18/- might well have its susceptibility from
the unknown six-rowed line, but it is very likely that it has
the genes Veg 37 + Bon 18 from the known involved susceptible
varieties (Fig. 11a:5-6CF). 'Pirkka' 65/~ x 'Pomo' 54/- resulted
in 'Hja. Pokko' 75/- and 'Hja. 70185' 56/- that may have a gene
conditioning susceptibility from one parent each if single genes

are involved (Fig. 1la:6CE).

'Pirkka' 65/- may have the genes from 'Maskin' 47/- + something
else but it may equally well be conditioned by genes from a Man-

churian or a Finnish land variety (Fig. 11a:6C).

‘Nordlys' 60/- cannot be explained from the level of attack on
the parents 'Asplund' 37/- x 'Dore Sv.' 4/73. It may contain Asp
37 for one part, but the other part cannot come from 'Dore Sv.

as 1t appears in the present experiments (Fig. lla: 1f

The attack on the tested offspring of 'Nordlys' 60/- x 'Pirkka’
65/- might be explained from the known genes involved (fiqg.
11a:6BE), but if no backcrosses were made after crossing with
the land varieties in breeding their parents, they may equally
well be conditioned by something else. The varieties or lines
in question are 'Bode' 24/-, 'V& 13002' 17/-, ‘'Va 14047' 20/-,
'va 17128' 14/-, 'Va 17165' é0/-, and 'V3 17236' 20/- with only
one on the same level as the parents (Fig. 11b:1AE). The others

might contain Mas 18 or Bon 18.

D. Other susceptible and highly susceptible barleys. A graup of
I

related American barleys occurring in the ~collection were
screened together with the other barleys. They are moderately
resistant, as indicated above, or susceptible to very suscepti-
ble after inoculation with the population of the pathogen in
the field. The group was bred into 'Suvi' 46/~ wvia '0AC 21°'
15/- (Fig. 11b:6-7BC). 'Suvi' 46/- may have part of its suscept-




Table 10. Percentage of attack of barleys susceptible or very susceptible to

leaf stripe after inoculation with a population of the pathogen in the field. J

Varieties, ancestors
and places of origin

Percentage =
of attack

Abyssinian (Ethiopia)
Abyssinian 39 (CI 7224) (Egypt)
Ariana (CI 2524) (Africa)

Atlas (select. in Coast)

Brio Sv. (Sweden)

Caja PF (PF M-13 x PF 62 6/6-4)

Chevron (CI 1111) {(Switzerland)

Compana (Cl1 5438) (from composite cross)
Criewener N. Z. (Gatersleben)

Criewener 96 (Gatersleben)

Deficiens (CI 2325) (Ethiopia)

Dennes (Norway)

Finset (Norway)

Floya (select. in Brnesbygg) (Norway)
Fleya Vollebek 1954 (Norway)

Inka (Houtres x (Rundkorn mut. x Voldagsen))

Kindred (select. in Wisconsin Pedigree of
Oderbriker x Lion)

Klementina (lceland)

Kwan (India)

Mianwali (Canada)

Morocco x Pallasa 4
Morocaine x Pallas

Montcalm (USA)

Ochsenhaus~r Ria (Germany)
Ogalitsu (CI 7152) (U.S5.D.A.)

Pannier (CI 1330) (China)
Peruvian (Peru)

Refsum (Norway)

Scots Bere (Scotland)
Sigur (Iceland)

Sjak (Norway)

Spain ( - )

St jernebyg (Faroe Islands)
Svaldf (Sweden)

fampar (faroe Islands/lceland)

Triumph (Trumph) (DDR)

Tunga (Norway)

Velvet ((Manchuria x Lion) x Luth)
White Smyrna (Turkey)

Wurla (Sweden)

Zeiners Deutschmeister (Germany)
Zeiners franken (fFrankonia)

Average




ibility from this source. further, 'Suvi' 46/- x 'Titan' 57/-
gave 'Jo 1182' 57/- (Fig. 11b:6-7CD) with a susceptibility that
could come from any of the parents. 'Titan' 57/- most likely
has its susceptibility from 'Glabron' 55/- which again suggests
that it comes from 'Manchuria' (Fig. 11b:6DE). 'Vantage' 50/-
may have its susceptibility from more sources including ‘'Newal'

19/- and 'Plush' 27/- (Fig. 11b:6CD, cf. Tab. 3).

Many other barleys belonging to this susceptible group were
screened. Here will be mentioned only those varieties that could
not be placed in the pedigrees but which occur in the used 1it-
erature or are provided for the screening (Tab. 10). Relatively
many of these susceptible barleys come from Nordic countries as
did the susceptible and very susceptible varieties set up in

the 'Asplund'/'Maskin' series of pedigree (Fig. 1la and 11b).

'‘Caja PF' has the Laevigatum-resistance against powdery mildew
which suggests that it belongs to the 'Vada' or the 'Minerva'’
series but its background cannot be traced exactly. The tuwo
'Criewener' barleys may be old varieties related to 'Criewener
403' 1/88 (Fig. 10:1-2DE, cf. the selections in 'Hanna' above).
The two Moroccan barleys must have been very susceptible to leaf
stripe since the products are still susceptible and very sus-
ceptible, respectively, after four backcrosses to the moderate-
ly resistant 'Pallas' (fig. 7:4C). finally, the very susceptible

'Triumph' is a widely grown variety at present.

4.2. Discussion

4.2.1. The material

The wvalue of the screening is stronqgly dependent on the purity
of the barleys., In order to maintain the barleys in the collec-
tions a smaller or larger number were sown side by side at years
interval. Under such conditions the possibility cannot be over-
looked that spontaneous crossings may occur as well as an inter-
contamination in the field, nor during threshing. For these rea-

sons attacks on the level of 1-2% need not be characteristic for
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a variety. In some experiments it may be difficult to distin-
guish among symptoms of the common leaf stripe and the dwarfing
symptoms. This is why a small percentage of attack may be noted

in the highly resistant varieties.

4.2.2. The significance

Much was done in order to make uniform conditions with close to
100% inoculation and maximum attack. further, the presented re-
sults are based on the highest level of attack on each of the
barleys. However, the level of significance may be questioned 1n
this very heterogenous material with attacks varying fram 0-100%
after inoculation either with a population of the pathogen 1n
the field or with a monospore culture using the sandwich method,
and further because parts of the screening were made on a small
number of plants. For these reasons, we differentiated oanly a
few levels of resistance or susceptibility as indicated in the
section on material and methods. This is considered 1n the pedi-
gree analysis which is based on the degree of agreement between

ancestors and offspring and may be regarded as the most probable

pattern of inheritance. This is supported by the fact that sam-

ples of the same variety provided from different sources in most
cases had the same level of attack. further, sister wvarietics
normally are in accordance with their parents, but possible ex-
planations are given when deviations occur. Some unexplainable
cases appear where significantly different levels of attack oc-
curred between different samples of the same variety. In these
cases we decided to use the sample in the pedigrees set-up that
we received from the breeder, though in some cases it had been
easier to explain the results if we had used the other sample,
The most extreme differences seen were the two A-ray mutants in
'Bonus! 18/-, 'Mari' with 8% vs. 43%, and 'Pallas' with 4% wvs.
24% attack in the sample from breeder and elsewhere, respective-
ly.

It also makes it difficult to speak about differences where two
or more varieties with the same level of attack are suggested to
have different genes. Situations that occur both 1n  resistant

and susceptible barleys are discussed below.
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4.2.3. Inoculation with a population or a monospore culture

The difference between the results after inoculation n the
field and the sandwich method is obvious. The main reasons may
be that in the former case it is made with a population of the
pathogen spread with conidia from the attacked plants to the
young seeds of the test barleys over a certain peritod of time,
and in the latter of inoculation with mycelium from a monaspore
culture. fFurther, this culture is derived from a diseased plant
collected before the experiments were initiated. for this rea-
son, it not necessarily belongs to the population used for inoc-

ulation in the field.

The set-up of the pedigrees is based exclusively on the field
inoculation because the sandwich test has nat been used to =
sufficient extent for setting pedigrees up 1n this context. Two
series, however, of closely related varieties indicate tha
analogous inherited connections could be set up on the basys  of
the sandwich method (cf. p. 47 and 51, Both af them muy be
traced back to the 'Opal', 'Kenia', 'Maja' series and from them

back to 'Binder Abed', selected in 'Hanna'.

The varieties tested in the two series are characterized as  1o-
sistant or moderately resistant after the field 1noculation,
whereas they are susceptible or very susceptible after the sand-

wich method. Though selected in the susceptible 'Rigel’, ‘Nencino

Abed' appears equal to its grandparent 'Maja’'. The reason for
this will be explained below. The very high field resistance ot
'Proctor' may be conditioned by an additive effect of &4  qgene
from each parent; it then constitutes a case analogous to ‘'tre-
ja'. The two varieties are, however, extremely different aftter

exposure to the monospore culture. 'Stange' 1s transgressivels

more resistant than its parents.

By comparing the results of the two methods as theyv appear 1N
these two series and 1n the pedigrees that érp set up an bigs 6-
12 it is obvious that some barleys were highly resistant after
both methods, others were resistant or moderately resistant
after field inoculatian, but susceptible or very suseceptible

after inoculation with the monospore culture, and sti1ll nthers
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were susceptible or very susceptible after both methods. 0On this
basis we conclude that the resistances corresponding to the two
methods are governed by different genes. This is most clearly
seen in Tab. 7 where all the barleys are highly resistant after
inoculation in the field, whereas the range of susceptibility
after the sandwich method is 6-80% attack. In some highly re-
sistant varieties the genes might be the same as no differences
may be seen. Apart from this, the barleys are nearly always more
susceptible after the sandwich method and in only one case more

resistant.

4.2.4. Complex breeding

The reaction of the more or less closely interrelated barleys
that are included in pedigrees (Figs 6-12) cannot always be ex-
plained because of random vartiation, the complexity of their an-
cestors, and because not all are tested. The most complex back-
ground occurs in the case of a number of varieties from Weibulls

into which resistance to dwarf rust (Puccinia hordei Otth), Wei-

henstephan, and Monte Cristo powdery mildew (Erysiphe graminis
DC. f.sp. hordei Em. Marchal) resistance are bred via 'Tellus
Dl', 'Tellus Ml' 'Ingrid Ml', ‘Arla Ml', and an unknown source
of Weihenstephan resistance (Fig. B:5-6BF) (cf. EWERTSON, 1974,
1979, 1983). Another example is where nematode resistance was
bred into the barleys via 'Byg 191' (Barley 191 (English) = pal-
lidum 191 (French) = Hordeum pallidum cevada vulgare {(nomen in-

valitdum, a primitive barley No. 191 in the collection at The
Royal Veterinary and Agricultural University, Copenhagen)) (cf.
the pedigrees and ANDERSEN, 1961), but there are several other

self-explanatory examples.

4.2.5. The Vada-resistance ’

The main part of the highly resistant barleys found in northwest
furopean collections has 'Vada' as ene of its parents (Fig. 6).
This facrt was first observed by KNUDSEN (1980) without a test

for the inheritance.
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‘Vada' came from 'Gull Sv.' 14/52 x H. laevigatum. The resist-
ance may hardly have come from the former parent if it is homo-
genous, nor from that line of H. laevigatum we tested here as
it had 15% attack with leaf stripe. H#. laevigatum, however, is
known to be heterogenous (cf. SHEWRY et al., 1979; LINDE-LAURSEN
et al., 1982). Therefore, it is likely that this resistance came
from this source. This is further supported by the origin of the
highly resistant barley line 'Jo 1341' 4/1 from Finland as #.
laevigatum x 'Jo 0758' though the chance that the latter parent
may have carried the field resistance from either 'Bethge II1'
7/- (12.5%) or '0O11i' 4/- (6.25%) (Fig. 11b:7-8AB) cannot be

left out of account.

The probability that 'Bomi', 'Alf', Havila', and Uffe 'Sejet’
carry the Vada-resistance may be explained only indirectly. DROS
(1957) mentioned that 'Minerva' 10/- was brought on the market
without further selection, whereas the selections for the sister
variety 'Vada' were discarded in the first instance, and a bet-
ter one was selected and brought on the market as 'Vada'. This
may or may not indicate the possibility of more heterogenicity
in 'Minerva' than in 'Vada'. Further, LINDE-LAURSEN et al.
(1982) mention some heterogenicity in 'Minerva'. 'Bonus' 18/-
may have been composed of a resistant and a more susceptible
component as discussed below in connection with 'Maja'. Nothing
else can be stated on the basis of the pedigree that could con-
tribute to the high resistance of the three first-mentioned
varieties nor in the ancestors of 'Uffe Sejet' (Figs 7:2AE, 7:
4-5AC).

4.2.6. Other resistant barleys

Apart from those with the Vada-resistance, each of the few high-

ly resistant barleys in the pedigrees has a background of its

own. The resistance of 'Freja' 2/1 seems conditioned by two
genes: one from 'Opal'-'Maja', which likely carries the same
gene for resistance, and one from 'Seger' 5/- (Fig. 8:1AB).

These are termed Opa 7 and Seqg 5, respectively. 'Jo 1345' 0/5
constitutes a comparable case as 'Herta' 7/- and 'Ingrid' 8/-

carry the same gene as 'Opal' 7/- (Opa 7), so it cannot have
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come from 'Vega Sv.' 37/- (Veg 37) (Fig. 11b:2-3BD, cf. 'Victo-
ria' in Tab. 8). The explanation of why we regard ‘'freja' 2/1
and 'Jo 1345' 0/5 as significantly more resistant than their
parents lies in the high level of resistance in ‘freja’' in three
samples obtained from different collections, and in that ‘'DOpal’
7/-, 'Herta' 7/-, and 'Ingrid' 8/-, each with the same gene (Opa
7) are equally attacked.

‘freja' 2/1 x 'Lenta' 9/- gave the highly susceptible variety
'Hafnia' 76/- which should indicate that it is without any re-
sistance genes from the parents but as 'tenta' 9/- from 'Maja'
3/26 x 'Kenia' 5/- after all should carry the Opa 7 gene; this
gene should be in both parents if the suggestions on 'Freja' are
correct. Thus, 'Hafnia' 76/- should carry this resistance gene.
This might invalidate our supposition unless the reaction of
'Lenta' has something to do with a previously existing heteroge-
nicity of 'Maja' and 'Kenia' which is discussed below (Fig. 10:

48C) .

According tao the breeder, 'Alfa' 2/1 should originate from a
selection in 'Kenia' 5/- but there are several indications that
it has not much to do with 'Kenia'. ANDERSEN (1961) supposed
'Alfa' to be a mutation in 'Kenia', but as it is different in
other characters than just the nematode resistance this can
hardly be the case; rather it is a question of contamination
(Per Lundin, pers. comm.). As indicated by NIELSEN and FRYDEN-
BERG (1972) 'Kenia' appears completely monomorphic today, where-
as both the selected varieties 'Alfa' 2/1 and 'fFero' 5/- (fig.
9:1AB) deviate from 'Kenia' in chromosome banding (LINDE-LAURSEN
et al., 1982). These facts indicate that 'Kenia' originally may

have been heterogenous.

The highly resistant 'Piikkio' 3/3 (Fig. 10:7A) is a Finnish
land variety from 1922 (MULTIMAKI and KASEWA, 1983).

It is clear that 'Franks Hohenloher' 0/3 carries the resistance
from 'Bethge I1' 1/3, and after all it is likely that ‘'Betzes'
~/1.6 (CI 6398) has this resistance. The resistance of this sam-
ple of ‘'Betzes' is in agreement with KNUDSEN (1986). We also
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tested another sample of 'Betzes' which had 17% attack after
field inoculation and 8% after the sandwich method. This 1s the
only case where the susceptibility after the sandwich method ap-
pears significantly lower than after the field inoculation (f1iq.
12:7-88D).

OQutside the connections with the barleys in the pedigrees, we
found a relatively high number of highly resistant and resistant
barleys (Tabs 4-6). Not much is known about these barleys apart
from the observation that several of them also were found re-

sistant by other authors (Tab. 11).

'"Rex II' (Tab. 4) is a nematode-resistant selection made in 'Rex
Abed' 10/- by Professor C.A. Jergensen (cf. ANON., 1948, where
it is designated 'K.V.A.L.', and ANDERSEN, 1961). 'Rex Abed' was
selected in old Danish barley in 1918 by the breeder H.A.B. Ves-
tergaard (IVERSEN, 1919/20; ANDERSEN, 1961). It has nothing to
do with the Canadian 'Rex' ('Velvet' x 'Hannchen', WIEBE and
RIED, 1961) as formerly assumed (SKOU and HAAHR,1985).

'Tystofte Kors' 0/4.5 (Tab. 5), originally designated 'Tystofte
25' 1/18 (Tab. 7), was described as a cross between 2-rowed and
6-rowed "old Danish barley" (MORTENSEN, 1909; IVERSEN, 1915).
After field inoculation, the two samples behave equally well,
but they might possibly be different after the sandwich method.
The leaf stripe resistance in 'Tystofte Kors' was observed al-
ready in 1910 (MORTENSEN et al., 1911) and by comparing this
with the resistance of other barleys it is noted that usually it
is least attacked (LIND et al., 1917), or so to speak, is nearly
always free of the disease (LIND and RAVN, 1918). Though, these
results were based on spontaneous infection, these observations
may be reqarded very realistically because of the usually very
high inoculum potential at that time with up to 50% attack on
susceptible varieties (LIND et al., 1916;'LIND and RAVN, 1918;
STAPEL et al., 1976). As far as we have scanned the literature,
'Tystofte Kors' seems to be the first barley variety in the
world described as resistant to leaf stripe, and it is still re-
sistant, not only in Denmark but also in U.S5.A. (SHANDS and
ARNY, 1944) and Canada (LOISELLE, 1985).
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Varieties with 'Maja' and/or 'Kenia' as parents and those sel-
ected in these two varieties appear with two levels ot attack -
apart from that of 'Alfa' mentioned above - one level equal to
that of the parents and another significantly higher. Ffurther,
selections i1n the latter, susceptible group - 'Denso Abed' and
'Drost A' - exhibit a level of resistance equal to that of their
grandparents. Analogous heterogenicities were found by NIEISEN
and FRYDENBERG (1972 and | INDE-LAURSEN et al. (1982) who note
that 'Opal', 'Maja', and 'Keni1a' from 'Binder' x 'Gull Sv.' dif-
fer from theitr parents as they are known today and refer to
heterogenicity in  'Binder’ (NIFLSEN and [FRYDENBERG, 1972).
'Maja’ and 'Kenia' are also mutually different ‘SHEWRY et al.,
1979). These facts should surprise no one as it 1s common prac-
tice in the breeding that the best lines selected after a cross
are bulked to make the new variety, and this is why 1t may be
regarded as natural that properties not selected for may show up
in the new varieties. Therefore, these results support the s1qg-

nificance of the experiments rather than confuse them.

'Bonus' 1B8/- may originate from the more susceptible part of the
original 'Maja', but also this variety is supposed to be hetero-
genous, as after X-ray treatment it produced 'Mar:' 8,45 and
'Pallas' 4/- that are selected for other characters than resist-
ance to leaf stripe. For this reason, the characters concerning

this disease must have been present in the ancestor ‘cf. LINDI-

-LAURSEN, 1978; LINDE-LAURSEN et al., 1982). In this context 1t
should be mentioned that three other samples of 'Mar:i' ine luded
in our tests proved susceptible with 22-43% attack iti1qg. 7:4-
6BC) .

4.2.7. Open flaowering

formerly, infe~tion through open flowers was widely discussed
but difficult to prove (cf. FUCHS, 1930; ISENB CK, 19300, SUNE -
SON (1946}, on the other hand, got excellent results by 1nocula-
tion through the open male sterile flowers. On the basis of this
way of spreading and pathogenesis of the disease (cf. PLATEN-
KAMP , 1976; TEVIOIDALE and HALE, 1976) it should be expected

that varieties with a pronounced tendency to apen flowering were
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more susceptible to leaf stripe than those that almost exclu-
sively have closed flowers. This is not always so, however.
‘freja’' 2/1 and 'Herta' 7/-, which are highly resistant and re-
sistant, respectively, have a rather large tendency to flower
with open Fflowers because of their large lodiculae, whereas
‘Svanhals Sv.' 21/- (Fig. 10:1DE) with small lodiculae and near-
ly exclusively closed flowers is rather susceptible (cf. PEDER-

SEN and JARGENSEN, 1965).

4.2.8. Partiel resistance and additive susceptibility promoting

factors

Lining up the results after increasing susceptibility, KNUDSEN
(1980) got a continuously steep increasing level of attack that
made him suppose that many genes might be involved to give a
range from zero to almost 100% attack. The presented results
give so many examples of explainable hereditaries concerning re-
sistance and susceptibility to leaf stripe that it cannot occur
merely by chance. This allows us to suppose that only a rela-
tively small number of genes are necessary to make the broad
range of attack. This supposition is plausible because of the
examples of additive effect of resistance, intermediary effect
of either resistance or susceptibility, and additive effect of
susceptibility that are explained on the basis of the pedigrees
(Figs 6-12). The most striking evidence of "additive suscepti-
bility promoting factors” (ASPF) or the opposite if we consider
resistance is set up in Tab. 9 where the level of attack on more
than 50 varieties may be explained on the basis of five or six
genes 1n varying combinations of one to three or four genes in
each wvariety. None of these genes condition more than 40% at-
tack, but they are responsible for 15-8B0% attack. The genes are
named after the basic varieties and their level of attack apart
from that of 'Maskin' 47/- in which we assume two genes (Mas 29

and Mas 18) are present "in order to get the table working".

"lTammi' 29/- from '011i' 4/- x 'Asplund' 37/- (Fig. 1la:1AB) ap-
pears intermediary between the parents. For this reason it carry
both qgenes (011 4 and Asp 37)., 'Otra' 23/- from 'Tammi' 29/- x
'Fdda’ 34/- (Fig. 11a:1-2AB) is on the same level and then is




suggested to carry either the genes 011 4 and Asp 37 or 011 4
and Veg 37. These combinations were traced in the later off-
spring. In this context it should be mentioned that SHANDS and
ARNY (1944) found 20% attack in the '0lli' x 'Asplund' cross.

There are two problematic cases in the pedigrees because of two
significantly different samples of each of 'Kristina' (10/-,
22/-) and 'Asa Sv.' (2/69, 32/89). The former level of attack in
each is that on the sample provided from the breeder. It |is
shown as striking, however, that both 'Kristina' 10/- and 'Kris-
tina' 22/- could come from its parents, 'Mari' B8/45 x 'Domen’
29/- (Fig. 1la:4A). Further, that 'Vega Abed' 22/- from ‘'Lofa
Abed' 2/51 x 'Kristina' is reasonable if its level of attack is
22%. 'Agneta' 70/- may have only the gene Veg 37 if the sample
of 'Asa Sv.' with 32% attack is one of the ancestors (Fig 1la:
2D). This causes us to assume that 'Kristina' and 'Asa Sv.' have

been heterogenous.

4.2.9. Comparison of the results with those of other outhors

Additive effects comparable with our results were observed by
ARNY (1945b) who found three factors involved in the resistance
of 'Oderbricker' and that two varieties may have factors in com-
mon, by PRASAD (1974) who found a cumulative effect of genes for
resistance to leaf stripe, and by SUNESON (1950) who concluded
that the resistance may be dominant or recessive and 1involves
more than six genes. further, he found that the resistance of
'Club Mariout' may be conditioned by at least two genes in a

"multiple gene action".

Several other authors have screened series of barleys for re-
sistance to leaf stripe and in many cases the same varieties
have been involved. The nine largest of these investigations are
surveyed in Tab. 11 in order to facilitate comparison of simil-
arities and differences though it may be done only in general
terms because of differences in methods and inoculation poten-

tial.




Table 11. Comparison of the different author's screening of barley

varieties for resistance to barley leaf stripe. Percentage of attack.
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Table 11 continued
Name Ie 11 111 Iv v vI vil vIilg 1x
r s
66 Black Hull-less
(see no. 28) 10 27
&7 Europa (Germany) 10 37.3
68 Golden Drop 10 26
69 Mona Sv. 10 1.6 14.2 9
70 Krilstina Sv. 10 10.7 16
71 Colsess IV (L1 5979) 10 68
72 Gunhild 11 10.3
73 Apna Abed 11 15.3
73 Flavina 1 6.6 18.0
75 Ansgar W 1 68.1 1.4 15.5
76 Mirjam Sejet 12 4.4 20.5
77 Tregal la 11.4
78 Albert ta 15.5
79 Gull Sv. 14 52.0 33
a0 Bay 15 [
8l Regal 1865°+ 15 0
82 Hellas 15 4.8 36
83 Duplex 15 43
84 0.A.C. 21 15 83 35.6
8% laa 16 5.0 16.2
86 Carlsberg II 17 4.8
87 white Smyrna 17 7
88 Ccilla 17 3.9 22
89 Tron Sejet 17 9.4 .0
90 Nordal 17 -6
91 Mannchen 17 54.0 7 1]
92 Atles 18 [} 16.6
93 Bonus Sv. 18 4.3 3.6 16
94 Newal 19 18 2.
95 Primus 11 19 14.1
96 Airgitta Sv. 19 27 34
97 Monte Crlsto 20 35
98 Tern zt 2.9 8.7
99 Aramir 21 5.0 26.1 i5.2
100 vege Abed 22 2.5 20.0
101 Spartan 25 14 o [
102 Kindred 26 83 28.8
103 Duks 26 0.3 5.1 21.3
104 Compana (CI 5438} 26 0 1.
105 Montcalm 28 29.8
106 Plush 27 51 27.0
10?7 Gula Abed 30 3.4 28.2 .
108 Abyssinian 33 > a5
109 Harty 33 7.5 33.3
110 £dde Sv. 34 61.0 54.6
111 Dina Abed 37 8.9 22.7
112 Primus 38 9.0
113 Chevron (CI 1111) 40 7
114 Edda 11 Sv. 4l 62 83
115 Birka 42 18.3
116 Spain 43 23
117 Trlumph m 5.6
118 Caja PF 50 32.2 30.1
119 vantage 50 3.3
120 Laml Sejet 50 18.0 1.2 M
121 xwan 53 16
122 Glabron 55 30
122a Glabron (Cl1 4577) 27
123 fitan 57 10 0
124 Jet 57 93
125 Piroline 68 [ 50.
128 Pannier (C1 1330} 83 38.6 92
127 velvet (Cl 4252) 90.5
128 velvet 23 76.0 16.7 4% 1]

®* The columns headed with Roman numbers present
f:
1981 (Denmark).
V1: NILSSON, 1975 (Sweden).

u

*¢ we have tested 'Regal 1865', whereas KLINE tested 'Regal’ CI 5030 (cf. Fig.

inoculatlion in the field;
1v: SMEDEGAARD-PETERSEN and JERGENSEN,

.S.AL). IX: METZ and SHAREN,

s: inoculatlion with the sandwich method). 11: KNUDSEN,

VII: SHANDS and ARNY,

1948

1979 (Montans, U.S5.A.).

Elight lines with 45-84% diseased plants,

(wisconsin, U.S.A.).

VIIL:

11b:6E) .

comparable results of different authors. I:

The present experiments

1980 (Denmark). 111: KNUDSEN,

KLINE,

1972

1982 (Denmerk). V: KRISTIANSSON and NILSSON, 1975 (Sweden).

(Notth Carolina,
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The most general agreement exists concerning the highly resist-

ant and resistant varieties, though there are exceptions, e. g ,
'Georgie' (Tab. 11 no. &), 'Juli Abed' (Tab. 11 no. 12}, and
'freja Sv.' (Tab. 11 po. 22). The incculum potential in 1[I

(KNUDSEN, 1980) has been rather low, but in spite of that these
results are in close agreement with ours. The reason for this
may be that both are based on inoculation in the field and in
the same country - and may be the same population of the patho-
gen. When monospore cultures are involved, it is obvious that
there are more or less pronounced differences from one author to
another, and this is an indirect indication of physiological
specialization in the pathogen. It is, however, in accordance
with the results of analyses of physiological specialization
found by several authors (CHRISTENSEN and GRAHAM, 1934; ARNY,
1945a; KLINE, 1972: NILSSON, 1975; SMEDEGAARD-PETERSEN and JOR-
GENSEN, 1982; TEKAUZ, 1983; KNUDSEN, 1986). In contrast, KLINE
(1971) found nothing pointing to a pathogenic specialization

concerning winter barley.

In connection with Tab. 11 (cf. no. 127 and 128), it should be

ment ioned that we tested five samples of 'Velvet':

'Velvet' (C.A.N. 1133) 3/6.7
‘Velvet' 23/76

'Velvet Ottawa' 36/-

‘Velvet 447 39/-

'Velvet' (CIl 4252) -/90.5

An isoenzyme test on the resistant 'C.A.N. 1133' and the highly
susceptible 'CIl 4252' revealed a different pattern (Gunnar Niel-
sen, pers. comm.). ISENBECK (1930) found 17.7% attack on 'Vel-
vet', whereas KLINE (1972) found zero at‘ack, and SHANDS and
ARNY (1944) found 45% attack on 'Velvet' 4(CI 4252) which, when
crossed with 'Tystofte Kors' (CI 918B) with 2% attack, gave a
product with zero attack which suggests a dominantly conditioned
resistance (cf. Tab. 5 and the discussion above). CHRISTENSEN
and GRAHAM (1934) indicated 20% attack on 'Velvet' as an average
of the cultures that attacked this variety. Their level of at-

tack, however, seems rather lower than ours, but the general




line of comparable varieties, 'Black Hull-less', 'Glabron',
‘Spartan', and 'Trebi' (CI 936) follow the same pattern as our
results (cf. Fig. 11b and Tab. 11). KNUDSEN (1986) who used the
sandwich method found *Velvet' (Cl 4252) susceptible to seven
northwest FEuropean isolates of the pathogen and resistant to
five isolates from Tunesia and Morocco. 'Betzes' (CI 6398) was
susceptible to an isolate from Wales and highly resistant to
eleven other isolates. 'Havila' and 'Zita' with the Vada-resist-
ance were susceptible to a fFinnish and a Moroccan isolate and
highly resistant to all others. 'Lofa Abed' was susceptible to a
Danish isolate - the same Ax-48 isolate as 1t was susceptible to
in our experiments - and highly resistant to all the others.
'Lami' and 'Warrior' were generally susceptible. 'Glabron' and
'Velvet' were resistant in India, whereas 'Hannchen', 'Pannier’
and 'Spartan’' varied from highly resistant to susceptible de-
pending on the isolate of the pathogen (MOHAMMAD and MAHMOOD,
1973). LOISELLE (1985) found only 0.33% resistant barleyvs out of

6999 tested. The following ten of his resistant varieties were

also tested by us (our percentage of attack in bracket;: 'Bav®
(15/-), 'Chevron' (40/-), 'Dorsett' (0/6.2), 'Glabron' (55%/-
'Tystofte Kors' (0/4.5), 'Modia' (D/0), 'Murasaki Mochi’ (1.5

1.7), ‘'Titan' (57/-), 'Velvon' (4/-), ‘Warrior' (3/1%', and
'White Gatami' (0/0). TEKAUZ (1983) found ‘'Betzes' (CI 6398°

highly resistant as it was in our experiments (Fig. 12:8CD .,
'Birka' was susceptible to very susceptible, and 'Herta' and
‘g1l varied from 4.1 to 30.3% and from 2.0 to 51.2%, respec-

tively, whereas in our experiments they are regarded resistant.

ISENBECK (1930) had 'Heils Franken' resistant and 'Bavaria',
'Isaria', and ‘'Velvet' susceptible in agreement with our re-
sults. SUNESON and SANTONI (1943) had 'Atlas', 'Hannchen', and
‘Trebi' considerably more susceptible than they were in our ex-
periments. HABGOOD (1972) found 'Anoidium' and 'Proctor' as qood
to moderately resistant; in agreement with this we found 4 - and
0/49% attacks, respectively. FROGNER (1978) found 'Stange' field
resistant, and MAGNUS (1979) found ‘Lise' very susceptible. We

can aqree with both results,

i)




ARNY (1945a) tested three lines of 'Atlas' and found them all
resistant to two isolates of the pathogen and susceptible to
one. Finally, DICKSON (1956) notes that 'Glabron', ‘'Hannchen',
'Newal', 'Regal', 'Spartan', 'Trebi’', and 'Velvon' were "resist-
ant enough for practical stripe control"”. We can aqree only in

the observation concerning 'Velvon'.

5. INHERITANCE OF THE VADA-RESISTANCE

5.1. Material and method

The Vada-resistant 'Zita' (Fig. 6) was crossed with the highly
susceptible 'Cl 6944' (Fi1g. 13) and the bulbosum-technique was
used on Fl for production of a series of redoubled monoploids to
form the basis for an analysis of the inheritance of the resist-

ance.

This technique - described in detail by JENSEN (1977) - is sum-

martzed as follows:

1. First crossing using the varieties to be analysed.
2. lsoenzyme test on half kernels of Fl to ensure
hybridization.

5. Sowing the other half of the F. kernels.

4. Second crossing: Fl plants x Hirdeum bulbosum L.

5. Initi1ation of embryo formation and rejecting the
bulbosum chromosome followed by culturing of the
resulting monoploids (haploids}).

6. Chromosame redoubling with colchicin.

7. The homozygotic chromosome redoubled plants, the
doubled monoploids, were prapagated separately

and used for the experiments.

8y this procedure, the genes from the parents should be uniform-
Iv distributed between the doubled monoploids if a fairly high

number are produced.

S



Reciprocal crossings were made and 101 chromosome redoubled

monoploids were made from the Fl plants.

Inoculation of the 101 lines in the field was made by sowing
leaf stripe infected seeds in every second row and the lines 1in
petween. The test for resistance was performed in the greenhouse
with four replicates of 25 plants per pot. The 101 lines were
tested also with disease-free seeds inoculated by the sandwich
method as described above with 150 seeds sown per line in one

tray and without replications.

A statistical analysis was made on the square-root-transformed
data of the redoubled monoploids (cf. MOSTELLER and TUKEY,
1949).

5.2. Results

9.2.1. Expression of the resistance

The first crossings were made in the field in the presence of

leaf-stripe-diseased plants that produced conidia. Later, when

flgure 13. Barley leaf stripe. Two plots with the vVada-resistant
fi*a’ in the rear, without any attack, anc¢ two with the highly
entitle °Cl 6944' {n front, without any healthy plants. Both

ar.#’ »x aere exposed equally to inoculum.




i

the resulting hybrids were gqrown 1n the greenhouse, (H.0% ot
them got leaf stripe which they should not have 1t the Uada-
-resistance 1s one gene conditioned and dominant . However, a7 we
could neither know anything about the level of 1noculation  nog
if reciprocal crossings would give equal results, we decided o
test a series of reciprocal crossings by use of the candwich
method in order to ensure the highest possible 1noculum  pnten-
tial. The results were 23.5% leaf stripe far '/7ita’ L
6944 9 and 28.0% for 'Zi1ta' ¢ x 'Cl 6944’ * that are not sl-
nificantly different. *Z2ita' and 'Cl 6944’ had 0% and 9R. 1% o, -
eased plants, respectively, 1n this test. This (ntermediate rx-
pression of the disease on the '1 hybrids suqgests that the 1e-
sistance is semi-dominant. It 13, however, also possible thiat
the Vada-resistance is recessive and that the results are an ex.-
pression of partial resistances disguised behind the "major” 1s.

sistance gene in 'Zita', compare the analvsis below.

The level of attack was measured a month befare and at  haryeot
at growth stage 10-10.5 in order to get an impression of the
earliness of the symptoms. Some of the resistant redoubled mono-
ploids, that were characterized by having a number of dwarfinyg
plants at harvest, showed weak symptoms already a month earlieg

but the symptoms had disappeared in a few of them agaic at har-

vest. In five susceptible redoubled monoploids nothing was ren
a month before harvest, whereas 15 had weak symptoms, i had
clear symptoms, and four had very pronounced symptaoms. [he |r\ .
els of the three last categaries were in cancardance with the

severity of the attacks at harvest,.

5.2.2. Disease reaction of the redoubled mcnoploids

The test after field inoculation included two samples af each ot
the original parents and was performed with four replicateq of
25 kernels sown per pot. One of the two samples of '/ita' hany
one diseased plant and the other none. A comparisnn of the |ao-
enzyme pattern of the diseased olant and '/i1ta' showed a clear
deviation which made us conclude that thias plant had nothing to
do with 'Zita', The two samples of 'C1 6944 had BR2% and AB8%

diseased plants, respectively. In this test the 10l linea had
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either a large number of diseased plants with the common leaf
stripe symptoms or a smaller number of dwarfing, tillering
plants with only weak symptoms ‘cf. Chapter 3). In 12 of the
samples with dwarfing, tillering plants, only one or two plants
were characteri1zed as diseased, and obviously 1n only four had
there been a considerable number with each symptom (set n
brackets 1n Fig. 147, These results indicate that we are dealing
with two fundamentally different expressions of the disease
which 1s further explained by plotting the square root of the
number of plants with each of the two symptoms 1n the redoubled
monaoploids aqgainst each other 1n a system of co-ordinates (cf,
MOSTEILER  and TUKFY, 1949 ‘fig. l4). If the two sets of symp-
toms were related, they should spread from the mean within two
times the standard deviatijon, but 1n the present case only those
with no symptoms lay within this area. Apart from the [ samples
ment inned above, the redoubled monoploids had epither the dwarf -
ing sympltoms or the common leaf stripe symptoms alooe. This

means that the redoublsad monoploids are eather highly resistant

™ 2104 .-
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or highly susceptible and in both cases with mechanism(s) behind
that modifies the reactions. Further, on this basis the propor-
tion of resistant to susceptible plants 57:44 is not different

from 1:1 indicating a one-gene conditioned resistance.

Two of the redoubled monoploids were lost due to a poor seed
setting. The remainder 99 redoubled monoploids were tested with
the sandwich method together with six replicates of each of the
original parents. Of these 'Zita' had zero attack and on an
average 'Cl 6944' had 98.1% attack. Only very few dwarfing
plants were detected. This explains why there was nearly exclu-
sively zero attack or a high percentage of attack in a 56:43
proportion, which is not different from 1:1, in agreement with

the former experiment.

Ihe percentages of attacks in the two experiments were plotted
against each other in a system of co-ordinates in order to see
how well they are in agreement (Fig. 15). Again, the redoubled
monaplocds are clearly separated 1n a highly resistant group and
a  highly susceptible aone. The former group 1s spread along the
nrdinate because the dwarfing plants 1n the test after field 1n-
nculation were regarded as diseased 1n thi1s context. The sus-
reptible  group spread around the upper end of the axi1s between
the  1esults  with the two original parents (marked with *', A
statastical analysis of this group shows a high level of signat-
Eanee P 0.001 of differences between the liner, and fur-
thermore a correlation coefficient of 0.58. This means that twa
thirds  of the varitation are due to the methods., The last third
meyit have other causes, This third, however, 15 s1gnifaicant
enough Yo suggest that 1t has a genetical basis that may be con-
srdered  varavsatcons an partaal resaistance, This partaal teseat -
ance muat have come from '/ita' hecauae the ather parent 14  the

bty vusceptable U 69440,

! Dincasaion

fhe inferting af the 0 hybrid 1o the pregent inveast ygat 1on

Shiien that the \gda-rtesistance a8 neather daminant nor reces -




% attack aftter natural inocuiation in the field
8 3 & 2 3 8 g
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% atteck after i eti with the dwich

Figure 15. Field inoculation versus mycelisl fnoculation from a
monospore culture using the sandwich method for differentiation
of resistance and susceptibility to barley leaf stripe fn 99
chromosome redoubled monoploids produced with the bulbosum-
-technique after the crass of 'Zits' ano 'CIl 6944'. The aster-

{sks indicate the attack on 'Zita' and 'Cl 69aa4a’', respectively.

sive, but may be different 1n other caseg. ARNY 1945%b found
that 1t depends on the varieti1es crossed and the number of genes

1tnvolved., SUNESON (1946 crorsed a sunceptible male sterale bhar-

ley with si1x varietjes and found from 6 to 60% attack with leat
stripe 1n the ’1 praoduced, but as none nt the pollen parente

were tested nothing can be aard about the level of dominance or

recessiveneas. Later he (QUNESON, 1950 found moat  trequent )y

that incomplete dominance occurred, but partial dominance,
dominance of suaceptibility and "weak reaistance” awlno were pre-

aent. lTheae findings are i1n agreement with our results,

At firat we uned the term "stunted” when we observed the amall,
talleraing pliants with weak asymptoms | SKOU and HAAHR, 1984 byt

an  this term 15 used 1n connection with the common svmptoms  of
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barley leaf stripe, we decided instead tou use the term '"dwarf-
ing, tillering" for the symptoms now and then accurring on the
highly resistant plants. 1t was characteristic i1n the 1test of
the redoubled monoploids that none of the highly susceptibie
lines had any dwarfing, tillering plants, whereas the bhighly re-
sistant lines had either zero attack, a few dwarfing, tillering
plants, or a few plants of both categories (SKOU and HAAHR,
19843 cf. Chapter 3). In the last case, 1t might be a questian
of the ability to distinguish the two sets cf symptoms.

The level of resistance to bariey leaf stripe can be tecced anly
ir terms of percentage of attack 1n occurring as an abilaty to
escape the disease. In nrder to overcome this difficulty we used
the Dbdulbdosum-technique because 1t leads 1nstantly to complete
romozygotic redoubled monaoploid lines and because 1t I miuch
less time consuming than breeding unt:1l |, or l“ generat1ons are
reached. On this basis we uncaovered a single-gene conditioned
resistance 1n 'Zita' which we termed Vada-resistance because o

the ori1gin of the source.

[SENBECK  71930) tested l,

breadth 1n levels of attuck depending on the varieties  crosaed,

and 54 generati1ons and qgot B latge

These crossings covered the whole area from zero to more  than
60% attack, SHANDS and ARNY 1944 tested many crossings, haot
it 15 unclear which filial generat ion was in quest ion, The,
aelected resistant, qusicept thle and 1ntermediary lines abt ey
the crossing. These experiments were continued 1n the extenacive
studies  of  ARNY (194%b who tested from 'X to . Naturally,
the clearerst results were on 6‘, with the lines spread over g f
ferent levels of attack as i1n the case 1n the experiments ot
I5ENBE UK C19%0 0, On this basis, he uncovered two types of e -
sistance and two typed of aqusceptability which an qome  aser
were  condit soned by more than ore gene. turther, Crosautg ot

npen  flowering male stetile harley with " Trebt' pointed ta o

one-qene condit roned resastance SUNESON, V00

The analynia of the U 'a-rearatance diacliosed a wobstantial var -
1ation an pattial reny ‘ance disqguised n "Jita' wheie 1t cannot

he Papreaaed hecaune the "major gene” wil! condaition almost sero
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attack. It may be expected that these factors are also present
in at least some of the highly resistant redoubled monoploids.
This or these factors or qgenes behave like those that condition
partial resistance to other diseases (cf. PARLEVIIET, 198];
KNUDSEN et al., 1986).

In itself such a partial resistance will be only of academic
interest 1n connection with the analysis of the i1nheritance be-
cause the resulting disease levels will be unacceptable 1n any

instance.
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