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Abstract — Seventy two wheat cultivars and breeding lines were tested for at least two years in up to ten European coun-
tries for resistance against leaf rust under field conditions. In addition, seedling resistance was determined with loc
races and with defined isolates to postulate resistance genes. Nine entries (Batis, Capo, RE9001, RE9801, Terza, Toro
Titlis, Barra, Beaufort) were highly resistant at all locations, and were regarded as excellent sources of resistance fi
breeding programs. Two thirds of the 72 entries possess adult plant and/or partial resistance. Cultivars withrit® gene O
differed greatly in disease response showinglthE® alone does not provide adequate resistance in Europe L&he D
provided generally good adult plant resistance but seedlings with this gene were moderately susceptible. Many of th&
wheat cultivars/lines investigated possess unidentified adult plant resistance gene(s). Seedling resistance was attributafyi@
mostly to the genelsrl, Lr3a, Lr3ka, Lr10, Lrl4a, Lr17b, Lr26r Lr26.

Triticum aestivum/ Puccinia recondita/ wheat / leaf rust / resistance
Résumé— Résistance du germplasme de blé d’hiver européen a la rouille des feuillPendant au moins deux ans,

72 cultivars et lignées de sélection avancées de blé ont été testées aux champs dans dix pays européens pour évalugpla
résistance a la rouille des feuilles. De plus, la résistance a été évaluée lors d’essais en laboratoire sur des plantules infee

atics and
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tées avec des isolats de formules virulence/avirulence connues pour postuler des genes de résistance. Neuf d’entre elle
(Batis, Capo, RE9001, RE 9801, Terza, Toronit, Titlis, Barra, Beaufort) ont montré une tres forte résistance sur tous les
sites et ont été considérées comme des sources de résistance excellentes pour les programmes de sélection. Deux tie
des 72 entrées possédaient une résistance a I'état adulte et/ou une résistance partielle. Les cultivars contenant le gér
Lrl3 ont montré des réactions trés différentes a la maladie ; il semble donc que lel@seul ne procure pas une
résistance d’'un niveau suffisant en Europe. Le §&B@ a permis une bonne résistance des plantes au stade adulte tan-

dis qu'au stade plantule une sensibilité moyenne a été observée. Un grand nombre des cultivars de blé analysés posseé
des génes de résistance encore inconnus qui sont exprimés au stade adulte. La résistance au stade plantule a été attrib
principalement aux géenésl, Lr3a, Lr3ka, Lrl10, Lrl4a, Lr17b, Lr20uLr26.

Triticum aestivum/ Puccinia recondita/ blé tendre / rouille des feuilles / résistance

1. Introduction effective race-specific genes with high levels of
partial resistance.

Knowledge of pathogenic variability in the
pathogen population is an important prerequisite
for resistance breeding. European surveys of viru-

) . ) lence inPrt have been carried out for decades in
hot cause severe ep|dem|cs.|n th_e continent every many countries, to monitor changes in the race
year, the disease reaches epidemic levels in Severalcomposition. Initial data on the pathogenicity of
areas every year and causes Severe Ios_ses. Severlgrt’ across Europe, with respect to seedling resis-
epidemics were recorded recgntly in SWlt;erIand, tance genes, are now available [8,10].

Hungary, Germany, Romania, and regions of
France and ltaly. Preliminary studies have indicated that many
European wheats possess additional APR. In a
study at the Swiss Federal Research Station for
Agroecology and Agriculture Zurich-Reckenholz
carried out between 1988 and 1994, the occurrence
"of APR was examined in 250 European winter
wheat varieties and breeding lines by comparing
eedling and adult plant responses [19]. This study
howed that 86% of the entries had a component of
APR to leaf rust. Gaining a better understanding of
these APRs will be important for future attempts to
achieve durable resistance to leaf rust, and in main-
taining diversity in the resistances deployed by
European breeding programs.

Leaf rust, caused blPuccinia reconditaf. sp.
tritici (Prt), is one of the major diseases of wheat
(Triticum aestivunL.) in Europe. Although it does

Breeding wheat cultivars with resistance to leaf
rust is the most effective and environmentally
sound approach to prevent yield losses. Up to now
more than 40 leaf rust resistance genes have bee
characterized [7]. Most of these genes are
expressed throughout the whole life of the plant
(seedling resistance), however some are expresse
at adult plant growth stages only (adult plant resis-
tance; APR). Adult plant resistance to leaf rust in
wheat can be under oligogenic or polygenic control.
Examples are known in which APR is governed by
single genes which confer hypersensitivity (e.g.
Lrl12, Lr13, Lr22B, and many of these have been
overcome by the development of corresponding  The present paper reports on a coordinated
virulence in the pathogen [11]. In contrast, the European study to determine the resistance to leaf
geneLr34 confers partial resistance to leaf rust and rust in wheat cultivars and advanced breeding lines
has proven durable [15]. Partial resistance is a known to possess some resistance to local popula-
form of moderate resistance in which a hypersensi- tions of Prt. The postulation of seedling resistance
tive reaction does not occur [14,16]. Promising genes was an important prerequisite in allowing an
ways to achieve durable resistance include pyra- estimate of the level of APR and/or partial resis-
miding race-specific resistance genes, combining tance for each genotype. Together with the viru-
seedling resistance and APR genes, and combininglence surveys, the nursery data identified
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resistances that were effective across Europe. Therows or micro-plots with one to four replications.
nursery also identified current wheat genotypes In most cases, plots were infected by naturally
with different types of resistance (seedling, adult, occurring inoculum and no effort was made to
partial) that were widely effective in Europe. These identify the pathotypes present. Where artificial
genotypes should be useful as donors of resistance. inoculations were performed, only local races that

represented the population of the respective coun-

) try were used. Leaf rust was recorded one to sever-

2. Materials and methods al times, using either a 1 to 9 scale (1 = no symp-
toms, 9 = fully diseased) or a modified Cobb’s

2.1. Plant material _
To make data comparable, the coordinator
(Winzeler, FAL-Reckenholz) rated the entries,

according to their scores and the score of the sus-

ed cultivars or breeding lines for inclusion in the ceptlbl\l/?Rcheck(,j as rei3|stant (R_)t,)lmo&egatelyé resis-
test. The cultivars selected were regarded as pos-@nt (MR), moderately susceptible (MS) and sus-

sessing some resistance to leaf rust, and as such di¢€Ptible (S). The resistance level of the entries was
not represent the average level of resistance in par-€valuated on the basis of the number of ratings in
ticipating breeding programs. The experiments the four classes of reactions.

were coordinated by the Swiss Federal Research

Station for Agroecology and Agriculture FAL-
Reckenholz (Winzeler), where seed was collecte
and redistributed, and data were collated and ana-

lyzed. As with field tests, the number of seedling tests

The number of entries increased from year to Varied from year to year: in 1996, there were 15
year (1996, 25; 1997, 52; 1998, 69; 1999, 86 _seedllng tests in flve coun.trles D, I, CZ, CH, H);
entries) because of increases in the number of par-in 1997, 23 seedling tests in four countries (D, I, P,
ticipants and in the number of entries per partici- CZ); in 1998, 27 seedling tests in five countries (D,
pant. In total 103 entries were tested between 1996 I, UK, P, CZ); and in 1999, 36 seedling tests in
and 1999, including one susceptible standard. Thirty 5 countries (D, UK, P, CZ, H). The methods used
one cultivars were tested for one year only and were to determine seedling disease response varied
therefore not considered in the analysis of the data. between collaborators. Isolates or isolate mixtures
Thirty one, twenty five and sixteen cultivars were that were representative of the leaf rust population

The multilocation test was conducted over four
years, from 1996 to 1999. Each participant select-

d 2.3. Seedling tests

tested for two, three and four years, respectively. of the respective countries were used. Scoring was
done either by a 1 to 8 scale (1 = completely resis-
2 2 Field tests tant, 5 = intermediate or heterogeneous response,

8 = completely diseased) or according to the scale
The number of field tests varied from year to of Stakman et al. [18]. To make results comparable,

year: in 1996, there were nine field tests in six the coordinator grouped the results into three lev-
countries (D, I, UK, CZ, CH, H): in 1997, ten field €ls: resistant, intermediate (heterogeneous or inter-
tests in eight countries (F, D, UK, I, CH, P, CZ, H); mediate response) and susceptible. For entries that
in 1998, 14 field tests in 9 countries (F, D, UK, |, were resistant in more than 75% of the seedling
CH, P, A, CZ, H); and in 1999, 13 field tests in 10 tests we assume that seedling genes are predomi-
countries (F, D, UK, |, CH, P, CZ, H, E, RO). The nantly responsible for the expression of resistance
methods used to test entries for leaf rust resistancein the field. Entries which were susceptible in at
differed between collaborators. All experiments least 80% of tests, but which displayed resistance
were sown in fall, and entries were grown as single in field tests, were classified as possessing APR.

Scale (% diseased leaf area and disease response).

Plant Genetics and Breeding
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2.4. Determination of resistance genes data concerning the response of the entries in dif-
ferent environments. This permitted some general

Additional seedling tests were conducted at the conclusions to be_ made _in relation to the diversity

Plant Breeding Institute Cobbitty (Park). These and nature of resistance in the wheats tested.

tests examined all entries in the 1997 and 1999

nurseries. Postulation of seedling resistance genes _ .

was accomplished by testing nursery entries with -1 Fiéld tests in Europe

an array of pathotypes of known contrasting patho-

genicities (Tab. I). The methods used to raise and  The entries were tested in 16 to 44 different

inoculate seedlings followed those outlined by environments across Europe during two to four

Park et al. [13]. A set of additional genotypes, years. One environment is defined as one location

comprising key differentials, was included for each per year. According to the number of ratings in the

test to ensure purity and correct identity of the iso- four classes of reactions (R, MR, MS and S) the

lates used, and also to permit comparisons betweenentries were assigned to six groups (Tab. II).

the phenotypes observed with those produced by Group | consisted of the most resistant

known resistance genes. In several cases results forcyltivars/lines and included Batis, Capo, RE9001,

individual genotypes included in both nurseries RE9801, Terza, Toronit, Titlis, Barra and Beaufort.

differed, and in these cases, the results of the 1999These entries displayed a resistant or moderately

nursery are presented. resistant reaction in all tests, indicating that the
high level of resistance of these entries was effec-
tive across Europe. These cultivars are therefore

3. Results and discussion excellent sources of resistance for use in breeding
programs, particularly as the resistance is already
present in an adapted and current genetic back-

A total of 72 genotypes were tested over the four ground. The 18 entries of Group Il also displayed
year period (Tab. II), providing an extensive set of good levels of resistance, but in contrast to those in

Table I. Virulence attributes of Australian cultures Bficcinia reconditéf. sp. tritici used to postulater genes in
European wheats.

Pathotypé Accession Numbér Virulence

10-1,2,3,4 720469 Lrl, Lr2a, Lr2c, Lr10, Lrl4a, Lr15, Lr17k Lr20, Lr23

26-(Fe 640157 Lr2c, Lr10, Lr17b

53-1,(6),(7),10,19¢ 810043 Lr10, Lr13, Lr16, Lr20

53-(6),(7),9,10,14¢ 870115 Lrll, Lrd13, Lr16, Lr17b, Lr26

64-1,3 710208 Lrl, Lr2c, Lr10, Lrl4a, Lr17b, Lr20

64-(6),(7),(10),11 900053 Lr1, Lr10, Lr16

76-1,3,5,18¢ 890171 Lr2c, Lr3a, Lr3bg, Lr3ka, Lr10, Lr13, Lrl4a, Lr17b, Lr20
104-2,3,6,(7),9¢ 840412 Lrl, Lr2c, Lr3a, Lr3bg, Lr10, Lrl4a, Lr17b, Lr23, Lr26, Lr27+Lr31
104-1,2,3,(6),(7),9,1 970188 Lrl, Lr2c, Lr3a, Lr3bg, Lr10, Lrl4a, Lrl6, Lr20, Lr23, Lr26
122-1,2,3,(6),(7),1%¢ 910067 Lrl, Lr2a, Lr2c, Lr3a, Lr3bg, Lr10, Lrl4a, Lr16, Lr20, Lr23

aSee Mcintosh et al. [7] for a description of pathotype designation.

b Plant Breeding Institute Cobbitty accession number.

‘Tested for pathogenicity on differential genotypes with the resistance lgends?2a, Lr2c, Lr3a, Lr3bg, Lr3ka, Lr9, Lr10, Lrl1,
Lr13, Lrl4a, Lrl5, Lrl6, Lrl7a, Lrl7b, Lrl9, Lr20, Lr21, Lr23, Lr24, Lr25, Lr26, Lr27+Lr31, Lr28, Lr29, Lr30.

dUsed in tests of the 1997 nursery.

€Used in tests of the 1999 nursery.
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Table II. Results of the multilocation test for leaf rust resistance. Field and seedling tests were performed in Europe.
For field tests entries were rated as resistant (R), moderately resistant (MR), moderately susceptible (MS) or susceptible
(S). For seedling tests entries were rated as resistant (R), intermediate (not shown) and susceptible (S).

Group Entry Origin No. of Field tests Seedling tests Type of Postulated
years No. of environments No. of resistance Lr genes
tested Tested R MR MS S tests %R %S

I BATIS D 4 43 39 4 0 0 98 12 84 adult 13
CAPO A 2 25 25 0 0 0 62 8 81 adult 13+
RE9001 F 2 24 23 1 0 0 60 22 63 addit+ 37
RE9801 F 2 23 18 5 0 0 63 21 62 adult+ 37 (+14a?)
TERZA CH 3 35 33 2 0 0 86 40 45 seedlimg+  10+37
TORONIT CH 3 33 27 6 0 0 8 45 35 seedling+  20+26
TITLIS CH 3 35 32 3 0 0 8 75 13 seedling 10+37
BARRA I 3 31 29 2 0 0O 86 84 10 seedling 3a+13+26+?
BEAUFORT UK 2 22 20 2 0 0O 49 82 8 seedling  26+37

Il JOSEF A 2 24 12 6 6 0 63 3 92 adult 13
BONTARIS D 2 25 19 4 2 0 63 5 89 adult 13
RENAN F 3 35 29 14 2 0 84 10 87 adult 37
TRANSIT D 4 44 35 8 1 0O 98 14 80 adult 13+
ESTICA F 3 35 31 3 1 0O 80 15 76 adult+  13+14a+?
RE9601 F 2 24 20 3 1 0O 60 17 70 adult+ 37 (+14a?)
KUNSAG H 2 24 13 7 4 0 61 23 67 adult+ ?
P8634 A 2 24 21 2 1 0 63 17 67 adult+ 13+
MOB 2860/90 P 3 35 27 6 2 0 85 33 55 adult+ 3a+13
KALASZ H 2 22 14 5 3 0 60 42 50 adult+ 13+
PANDA P 3 33 21 7 5 0 84 43 50 adult+ 3a+
LONA CH 3 30 13 10 7 0 83 40 42 adult+ 13+20
PANDAS I 3 29 22 6 1 0O 85 55 38 seedling+ 3a+13
BRIGADIER UK 3 30 17 9 4 0 82 48 34 seedling+ 13+26+37
VICTO F 3 25 20 4 1 0O 85 54 34 seedling+ 1+3a+?
CHARGER UK 2 24 19 2 3 0 61 43 31 seedling+ 10+13
FIOCCO I 4 37 32 3 2 0 100 69 23 seedling+3a+13+26+?
REAPER UK 3 34 25 7 2 0 82 67 16 seedling+ 10+13+

1 FORNO CH 4 44 37 5 1 1 98 3 92 adult 1l4a
WILGA P 3 31 22 8 0 1 81 26 68 adult+ 26
RE9615 F 2 25 22 2 0 1 59 25 56 adult+ 13%+
PEGASO I 4 39 36 1 1 1 99 55 36 seedling+ 10
PIKO D 2 24 19 3 1 1 61 52 34 seedling+ 13
RAPOR F 2 23 18 4 0 1 59 49 27 seedling+ 13+37
TREMIE F 2 22 17 4 0 1 59 69 22 seedling+ 10+13

IV TAMARO CH 4 44 20 10 8 6 100 3 96 adult/partial l4a
GOBE H 2 16 6 5 2 3 36 3 94  adult/partial not tested
LINDOS D 4 4 24 11 6 3 101 4 93 adult/partial 13
RUNAL CH 4 44 14 12 7 11 98 4 93 adult/partial 13
COMPASS A 2 22 13 3 4 2 63 3 90 adult/partial 13
CAXTON UK 3 3 21 9 3 1 84 11 87 adult/partial 13
P7852 A 2 24 13 6 4 1 62 11 82 adult/partial 13+
CONTRA D 4 40 20 11 6 3 97 15 81 adult/partial  13+17b
ZUGOLY H 2 16 6 3 2 5 36 17 81 adult/partial ?

Plant Genetics and Breeding
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Table Il. Continued.

M. Winzeler et al.

Group Entry Origin No. of Field tests Seedling tests Type of Postulated
years No. of environments No. of resistance Lr genes
tested Tested R MR MS S tests %R %S

IV AZTEC F 3 32 17 9 5 1 84 12 80 adult/partial 13

(cont.) MIKON D 2 24 14 4 4 2 50 19 80 adult/partial  3a+13
GARABOLY H 2 16 8 3 3 2 37 19 78 adult+/partial ?
PINKA H 2 18 8 4 2 4 60 20 75 adult+/partial 3a+?
VIGINTA Ccz 4 40 15 13 4 8 97 20 73 adult+/partial 3a
ALIDOS D 4 44 22 8 9 5 97 18 72 adult+/partial 14a
STH89 P 3 35 24 5 3 3 86 24 69 adult+/partial 3a+13
CHD236/90 P 2 24 19 2 1 2 60 25 65 adult+/partial 13+26°
RE8714 F 2 24 21 O 2 1 55 24 56 adult+/partiaBa+13+37
KENDE H 2 24 8 5 3 8 57 39 54 adult+/partial 3a
DAVID H 2 16 8 4 0 4 36 36 53 adult+/partial ?
SMH4070 P 3 35 23 7 4 1 86 42 52 adult+/partial 13
VLADA Cz 3 34 13 7 1 3 86 49 40 seedl.+/partial 1+3a+13
SIRIA Cz 3 34 13 10 8 3 85 44 35 seedl.+/partial 10+13
HEREWARD UK 4 4 30 7 3 4 94 41 31 seedl.+/partial 10+13
ORTOP F 2 25 17 5 1 2 63 43 33 seedl.+/partial 10+13
DANIS CH 4 4 26 7 6 5 99 49 28 seedl.+/partial 10+13
TALTOS H 2 18 9 7 1 1 37 51 35 seedl.+/partial 3a+26
BLAVA Cz 3 31 24 4 2 1 86 52 34 seedl.+/partial 3ka
SMH2788 P 2 24 15 4 1 4 63 56 35 seedl.+/partial 1
REPCE H 2 24 12 4 4 4 62 58 27 seedl.+/partial 1+3a
BOVAL CH 4 4 27 10 4 3 97 65 20 seedl.+/partial0+13+14a
RIALTO UK 2 24 12 3 6 3 61 72 20 seedl.+/partial0+13+26

\% SPARTA Ccz 3 31 5 2 5 19 86 49 48 seedling/susc3a+13+26
BOKA cz 3 34 8 9 8 9 82 2 93 partial/susc. 13
BORENOS D 3 35 5 4 6 20 8 5 94 partial/susc. 13+
KONTRAST D 4 4 8 7 14 15 99 4 95 partial/susc. None
ALCEDO D 3 35 3 2 9 21 83 0 99 partial/susc. None

VI ARINA (susc) CH 4 44 1 0 2 41 100 9 90 susceptible 137

ladult+: Adult plant resistance acting together with seedling resistance.
2seedling+: Seedling resistance acting together with adult plant resistance.

Sheterogeneity within cultivar for the presence/absence of gene.

Group |, they were rated as MS in one to seven
environments. The seven entries of Group Il were
rated as MS or S in one or two environments only,
both of which were characterised by an exception-

were classified as S or MS in several environ-
ments. The susceptibility of these lines in some
environments may be due to the occurrence of vir-
ulent pathotypes, the presence of true partial resis-

ally high disease pressure. We therefore concluded tance which is poorly expressed under high disease
that the Group Il genotypes also possess valuable pressure, or the presence of resistance which is

levels of resistance. The largest group, with 32
entries, was Group |V, which included entries that
were rated as R in most environments, but which

expressed only under certain environmental condi-
tions. Group V comprised five entries that were
predominantly MS or S. The resistance of these
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entries seems to be of limited value. The variety tests in France have indicated the presence of viru-
Arina (Group VI) was included in all experiments lence forLrl3, but do not support the presence of
as a common susceptible check. Lr13in Arina (Goyeau, unpublished data). The dif-
ferent field disease responses observed for cultivars
with Lrl3 in the present study suggest that either
the frequency of virulence fdrrl3 varies across
, , . Europe, and/or that additional genes (possibly
The results of seedling tests with representative ypigentified APR genes or quantitative trait loci,
European pathotypes were used to classify the oTL) are present in the cultivars which displayed
resistance of entries which displayed resistance in pigher resistance in the field. For these reasons the
the field as either predominantly APR (susceptible fig|q resistance stated for13 should be questioned
in more than 80% of seedling tests) or predomi- 4nq jntensive research work is needed to find a
nantly seedling resistance (resistant in more that meaningful explanation. Our hypothesis is a3
75% of seedling tests). In most cases the classifica- g g gene with low effectiveness in both seedling
tion showed that seedling and adult plant resistance gng adult stages. In Australia, the occurrence of a

3.2. Seedling reaction in European tests

acted together. In some cases there was evidence ofe\ pathotype with virulence fdrrl3 resulted in

a quantitative expression of resistance in the field,
suggesting the presence of partial resistance.
However, further tests are needed to verify this.

Using these criteria, Batis, Capo, Josef,
Bontaris, Renan and Transit (Groups | and II), and
Forno (Group IllI) had high levels of APR. In
Group | Titlis, Barra and Beaufort had strong

severe rusting of cultivars such as Sunstar, which
were protected only birl3 [12]. The gene is still
nonetheless important since it has in combination
with other genes continued to provide protection
against most pathotypes. More recently, several
long season winter wheats withi13 andLr17b
have developed high levels of leaf rust in Australia

seedling resistance whereas other entries seemed talue to the occurrence of two new pathotypes which

combine seedling and adult plant resistance.

3.3. Presence of specific resistance genes

Forty two of the 72 genotypes (58%) possess the
genelLrl3 alone or in combination with other
seedling genes. The high incidence of this gene in
the entries submitted to the multilocation test sug-
gests that this gene may provide some protection
against leaf rust. However, this clearly does not
apply to allLr13 genotypes, as some developed sig-
nificant levels of leaf rust. For example, Batis
(Lr13) was resistant in all field tests, whereas Josef
was rated as S or MS at 25% of the locations.
Similar observations were made for other geno-
types, including Lindos, Runal, Compass, Boka and
Borenos, with the latter two cultivars rating as S at
50-74% of locations. In addition, seedling tests

combine virulence for both of these genes (Park,
unpublished). Interestingly, botbrl3 virulent
pathotypes are avirulent on the Thatcher isogenic
line carryingLrl3, because they are avirulent for
Lr22b, an APR gene present in Thatcher and hence
also present in all of the Thatcher NIL series
(except presumably Thatchdmr22a) [11]. The
good field resistance of Thatché&rd3 in some
European regions reported by Mesterhazy et al. [8]
may also be due to the effectlaR2h.

Another gene which confers APR lis37 [2].
This gene originated froregilops ventricosaand
is linked to resistances for stem rust, stripe rust and
eyespot or strawbreaker disease (caused by
Pseudocercosporella herpotrichoide8]. The
resistance was first deployed in several French
wheats and later in cultivars from other European
countries. Nine cultivars withr37 were identified

conducted in Australia suggested the presence of amongst the nursery entries, and in all but two of

Lrl3 in Arina, the fully susceptible check cultivar

that was susceptible at 98% of the locations tested.

If Arina does indeed carryrl3, virulence for this
gene must be widespread in Europe. Results from

these, other gene(s) were detected. Hence, it is dif-
ficult to assess the effectiveness of this gene alone
to current leaf rust pathotypes in Europe. The line
RE9001 and Renan appeared to camy7 alone,

Plant Genetics and Breeding
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where it provided low resistance in seedling and Europe, but possessed some resistance at some
full resistance in adult stage. Several Australian field sites.

wheat cultivars withLr37 alone also display high
levels of resistance under field conditions [7]. The
significance of the differences observed in the
response of entries withr37 either singly or in
combination with other genes is difficult to assess,
but may relate to differences in ratings between
cooperators, differences in environmental condi-
tions between field sites, and/or the presence of
additional resistance genes. Virulencelfd87 has

not been recorded in Europe to date.

The results obtained from the present study
allow several conclusions to be made. It would
seem unlikely that the common occurrence of
Lrl3 and several uncharacterized resistance genes
is due to chance. There is evidence that the
uncharacterized resistance genes play a significant
role and therefore more research is needed to char-
acterise them genetically. We are convinced that
leaf rust research needs to pay more attention to
APR, as suggested by Knott [5] for stem rust

It is clear that APR is common in many of the research. Increased effort in understanding resis-
cultivars investigated (Tab. Il), particularly in  tance to leaf rust in European wheats will provide a
cases where seedlings were mostly susceptible andstronger basis for breeding cultivars with higher
adult plants mostly resistant. Using these criteria, and more durable resistance. The present study has
40 of the 72 cultivars were classified as having also shown that not all gene combinations are suc-
APR. As already discussed, the genetic basis of cessful, and so care is needed if attempts are to be
this resistance is not clear, particularly because of made to pyramid resistance genes in new cultivars.
the doubts concerning the effectivenes&rdf3. In CIMMYT, Mexico has undertaken research in
many cases, it is suspected that QTL may con- recent years to target partial resistance to leaf rust,
tribute to the resistance observed. Another gene and further research on partial resistance in
that could be present in the entries testeldrsl. European wheats might also have greater signifi-
The genelr34 is thought to be present in many cance in the future. Considerable experience in
wheat cultivars, including some produced by CIM- working with partial resistance to rusts in cereals
MYT [4], in South America [1], Australia [7], already exists in European laboratories [16].

China [17], and India [9]. The pedigrees of many  ginajly many European wheat breeders do not
wheats reported as carrying this gene can be tracedy e the direct support of rust resistance genetics
back to Frontana and other wheats from South .54 rams rust screening facilities and research
America, which in turn may have resulted from the 5imeq at monitoring pathogenic variability in the

use of Chinese Spring, also regarded as having : :
.9 pathogen population. Future attempts to incorpo-
Lr34, by South American breeders [4]. The occur- 4q resistance to leaf rust into European wheat cul-

rence ofL.r34 in European wheats is less clear. Itis ar5 would benefit greatly from increased efforts
believed that.r34 is present in Bezostaja 1 [7], i, these areas, and from an integration of these
and so it is possible that derivatives of this cultivar activities into the breeding programs.

could carry this gene. Manninger [6] concluded
that Lr34 was common in a collection of Acknowledgements: The authors acknowledge the
Hungarian wheat cultivars. Further work is needed support by the COST Action 817, which enabled the

to gain a better understanding of the possibile dis- €xtensive network of cereal workers to meet and
tribution of this gene in European wheats exchange ideas and to organize the multilocation test
) reported in the present paper. We are very grateful for

The existence of partial resistance in the culti- the inspiring and effective leadership by Chairperson
vars tested is difficult to assess on the basis of the Hanne @stergérd in this Action.
data collected and tests as suggested by Rubiales
and Niks [16] are needed to examine this in greater Appendix
detail. The cultivar Alcedo is of interest for such
tests as it lacked detectable seedling resistancepavel B\rtos Research Institute of Crop Production,
genes in tests conducted in both Australia and 16106 Praha-Ruzyne, Czech Republic
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