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Abstract The objective of this paper was to measure
resistance to Puccinia coronata f.sp. avenae (Pca) in a
set of 63 previously uncharacterised new and histor-
ical oat cultivars representing 120 years of Polish oat
breeding. The distinctiveness of the obsolete and
modern gene pools led to the expectation that the
earlier cultivars could be a valuable source of useful
resistance genes discarded during subsequent breed-
ing. The plant material was tested at the seedling stage
using 14 Pca pathotypes and at the adult plant stage
under natural infection conditions in 3 years of field
observations. In all, 23 genotypes displayed an
immune response to at least one Pca pathotype in the
test at the seedling stage, however, most of them were
susceptible to crown rust infection in the field. The
most resistant, presenting immunity to 9 out of 14
P. coronata isolates, was Celer. The infection profile
of this cultivar corresponded to the pattern of reference
line Pc39. An allelism test confirmed that the
resistance of both the Pc39 line and Celer is condi-
tioned by either the same locus or by tightly linked
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genes. The infection analysis also demonstrated that
some of the newest cultivars (Elegant, Komfort and
Harnas$) showed a relatively high level of resistance in
each year of field trials, despite being completely
susceptible at the seedling stage. Further research will
be required to evaluate the source, durability and
suitability of this resistance. The study did not find any
novel resistance to crown rust in the historic cultivars.
However, results provide a new insight into adult plant
stage resistance in Polish modern cultivars. The
resistance of these cultivars is the result of many
years of selection in breeding programs and provides
an excellent base for future work.
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Introduction

At the beginning of the last century, oat was one of the
most widely grown cereals in the world. Currently, it is
cultivated on a much smaller acreage of approx. 10.2
million ha, which is 4.7% of the acreage occupied by
wheat (218 million ha) (http://www.fao.org/faostat/
en/#data/QC). In the past, it owed its popularity
mainly to horse feeding, but the mechanization of
agriculture and transport significantly reduced the
number of these animals, which also resulted in a
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lower oat production (Spiss 2003). Before World War
II, oat in Poland was cultivated on 2 million ha.; in the
1960s it was grown on over 1.5 million ha, but cur-
rently, despite its valuable nutritional attributes, oat is
grown on less than 0.5 million ha (Spiss 2003). Nev-
ertheless, as of 2018 Poland is the fourth ranked oat
producer in the world by harvested grain, after Russian
Federation, Canada and United States (http://www.
fao.org/faostat/en/#data/QC).

Oat breeding in Poland is of a similar vintage to that
of Germany, United Kingdom and Sweden, and dates
back to the end of the nineteenth century. Until World
War II, during which all breeding materials were lost,
the quality of Polish cultivars were comparable to
other European oats (Swierczewski and Mazaraki
1993). After World War II Polish oat breeding had to
be thoroughly rebuilt. The bases for further breeding
programs were German cultivars introduced as com-
pensation for destroyed breeding materials and oat
genotypes from all over Europe (Swierczewski and
Mazaraki 1993). Studies of genetic variation within
Polish oat cultivars shows that diversity within
obsolete as well as modern gene pools is quite narrow.
However, there are large differences between these
two pools, meaning that the earlier oat varieties could
be a valuable source of useful genes. Such germplasm
may be much more easily introduced into breeding
programs than wild-related species. Significantly, both
pedigree studies and genetic analyses indicate that
only few of them have been used in the creation of
modern cultivars (Paczos-Grzgda 2004, 2007; Bocz-
kowska et al. 2015; Boczkowska and Onysk 2016).

Rusts are known as the most destructive of cereal
diseases and historically have caused devastating yield
losses worldwide (Chaves et al. 2008; Fetch et al.
2011). In oats, crown rust (Puccinia coronata Cda. f.
sp. avenae P. Syd. & Syd., Pca) is considered the most
important foliar disease leading to great yield and
grain quality losses (Simons 1985). The most common
disease control method in Poland is the use of
chemical plant protection products. However, fungi-
cides are a serious threat to the natural environment.
Moreover, the high cost of chemical protection in
comparison to low price of oat grain on the market
make such treatment unprofitable (McCallum et al.
2007). Thus plant breeding directed at genetic resis-
tance is an alternative and highly promising approach
(Gnanesh et al. 2014).
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Breeding disease resistant cultivars is a long and
laborious process. Usually recurrent back-crosses are
required to eliminate transmission of unfavourable
traits from the resistant donor into the new cultivar
(Pradesh et al. 2013). Selection of resistant genotypes
can be carried out using either physiological tests or
marker-assisted selection (MAS) (Miedaner and
Korzun 2012; Miedaner 2016). There are close to
100 P. coronata resistance genes identified (CDL
2018) however, the number of molecular markers
useful in breeding is very limited. Most of the reported
markers (RAPDs, AFLPs, and DArTs) are dominant
and are not ideal for high-throughput genotyping,
nevertheless, both major and minor R genes have been
utilised in breeding for resistance to crown rust
worldwide (Cabral et al. 2014). The highly variable
nature of P. coronata (Chong and Zegeye 2004;
Carson 2008, 2011; Chong et al. 2008, 2011; Menzies
etal. 2015; Paczos-Grzgda and Sowa 2019) allows it to
eventually overcome major gene-for-gene resistance,
so constant replacement of these genes is required.

Characterizing historic breeding programme mate-
rial may provide valuable information about pedigrees
and lead to recovery of germplasm of use to current
programmes. In this paper the crown rust resistance
spectrum of oat cultivars developed throughout
120 years of Polish oat breeding was studied. The
resistance of a diverse set of 63 new and historical
Polish oat cultivars was tested at seedling as well as
adult plant stage.

Materials and methods
Plant material

Plant material consisted of 63 Polish oat cultivars
(Avena sativa L.) of which 21 were cultivars registered
in Research Centre for Cultivar Testing (COBORU)
(http://www.coboru.pl). The remaining genotypes
were historical oat cultivars from the collection of
Institute of Genetics, Plant Breeding and Biotechnol-
ogy, University of Life Sciences in Lublin, Poland as
well as the National Centre for Plant Genetic
Resources (Radzikow, Poland). Oat cultivars regis-
tered in COBORU after 2012 were tested as lines
obtained directly from breeding companies.

The differential near-isogenic lines Pc14, Pc36,
Pc51, Pc52, Pc70, Pc71 were developed at lowa State
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University, USA, and the lines Pc35, Pc38, Pc39,
Pc40, Pc45, Pc46, Pcd48, Pc50, Pc54, Pc55, Pc56,
Pc57, Pc62, Pc63, Pco64, Pc68, Pc9l, Pc94, Pc96,
Pc97,Pc98, Pc101, Pc103-1 and Pc104 were created at
the Cereal Research Centre AAFC Winnipeg, Canada
(Carson 2011; Chong et al. 2011; Menzies et al. 2015).
Pc58, Pc59, Pc60 and Pc61 were represented by TAM-
0-301, TAM-0O-312, Coker227, and Coker234,
respectively (Simons et al. 1978).

Pathogen isolates

Crown rust resistance of Avena genotypes was tested
using 14 P. coronata isolates (Table S1). Isolates were
selected from a wide collection of single-pustule
isolates derived from populations collected in central,
southern and south-eastern Poland in the years
2013-2015 (Fig. 1) according to the method described
by Sowa et al. (2016). The virulence of each isolate
was determined on a set of 35 differential oat lines
with different resistance genes (below).

o
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o

Smitowice

The crown rust resistance tests

The host—pathogen test (Hsam et al. 1997) was
conducted on three leaf fragments, each from a
different seedling of one Avena genotype, as described
in Sowa et al. (2016). Seeds were grown for 10 days in
plug trays filled with a universal substrate containing
peat. 3-cm-long leaf fragments were placed onto
12-well culture plates with agar (0.6%) containing
benzimidazole (3.4 mM). In each well a single leaf
fragment of susceptible cultivar Marvelous was used
as infection control. Inoculations were performed in a
settling tower by applying 500-700 spores of P.
coronata per 1 cm?. Plates were incubated for 10 days
in a phytotron at 18 °C with 70% humidity and light
intensity of approximately 4 kLx for a 16-h photope-
riod. Assessment of crown rust disease symptoms was
performed after 12 days using 0—4 infection type (IT)
qualitative scale, which were transformed to S, MS,
MR, R, and HR, where S = 4 = susceptible (large to
moderately large pustules with little or no chlorosis);

/|
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Fig. 1 The geographical locations in Poland where oat crown rust isolates were collected
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MS = 3 = moderately susceptible (moderately large
pustules surrounded by extensive chlorosis); MR = 2,
2 N, 12C, ;1C = moderately resistant (small pustule
surrounded by chlorosis or necrosis); R = ;-N, ;C,
;4 C, ;1N = resistant (chlorotic or necrotic flecking);
and 0 = HR = highly resistant (no visible reaction)
(Sowa et al. 2016, see Nazareno et al. 2018 for an
illustration). Reactions to the crown rust isolate
infections were grouped into two classes: phenotypes
described as S and MS were considered as susceptible,
and the remainder as resistant. On the bases of these
classes, infection profiles (IP) describing distinct
patterns of response to crown rust isolates infection
were determined. The infection profiles (IP) of the
screened cultivars were then compared with the IPs of
the differential lines with Pc genes used to evaluate
virulence of P. coronata isolates.

Scores of infection were transformed into a 0/1
matrix that recorded the susceptibility (0) or resistance
(1) to crown rust in order to perform hierarchical
analysis. Data were used to conduct clustering and
construct a dissimilarity dendrogram based on the
unweighted pair-group method (UPGMA) in Xl1Stat v.
2014.1.01 Excel add-in software. Groups and sub-
groups were determined using Dice coefficient (Dice
1945).

Allelism test

Celer was crossed with the Pc39 reference line. F;
plants were selfed and 96 F, plants used for allelism
tests conducted as above. One leaf from each seedling
was cut into four 3-cm-long fragments. Seedling
progeny and three seedlings of each parent were tested
with four P. coronata pathotypes (4.2, 11.1, 12.2,
13.3).

Field experiments

Field experiments were used to evaluate P. coronata
crown rust resistance of tested cultivars in adult plants.
Experiments were carried out at the experimental farm
of the University of Life Sciences in Lublin (Czestaw-
ice 51°18 N, 22°15 E) in 2012, 2013 and 2014 using
1 m rows arranged in a randomised block design, with
three replications. About 30 seeds were sown in each
row. The plants were cultivated in a crop rotation
system after sugar beet, using the recommended
fertilizer inputs and allowed to become naturally
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inoculated with uredospores of P. coronata. Every
second plot one row of the susceptible cultivar
Marvelous was planted to ensure that each entry had
an equal chance to get secondary infection.

Crown rust severity was assessed three times during
the growing season by visual inspection of leaves
according to the 0-9 scale proposed by McNeal et al.
(1971). The highest degree of infection was recorded.
Infection score of 0—4 was cosidered as resistant; 5-6,
intermediate and 7-9, susceptible. Obtained data were
subjected to one-way ANOVA followed by Newman-
Keuls test at 0.05 probability level in Statistica
Software 13.1 (Tibco Software Inc. 2017).

Results

Fourteen P. coronata isolates (Table S1) were used for
the host—pathogen tests and screening of seedling
resistance of 63 Polish new and historic oat cultivars.
The virulence of each isolate was determined on a set
of 35 differentials. These were the most diverse
pathotypes selected from a wide collection of single-
pustule isolates derived from populations collected in
central, southern and south-eastern Poland in the years
2013-2015 where the level of virulence against
reference Pc genes ranged between 23 and 66%. The
most aggressive isolate (3.2) overcame the resistance
of 23 out of 35 tested lines, while the two least
aggressive (4.2 and 107.2) were virulent against 8
reference lines. The diverse virulence profile of
pathotypes differentiates 25 Pc reference oat lines,
each showing a unique infection profile (IP_16-IP_36,
IP_38-1P_40, IP_42) (Table S2). Of the remaining
lines, three infection patterns can be determined. The
first group consists fully resistant lines Pc52, Pc59,
Pc60, Pc68, Pc71 and Pc91 (IP_43). The second group
containing genes Pc57 and Pc104 were overcome by
isolates 94.1, 94.2 and 132.1 (IP_41), and the third
group including lines Pc51 and Pc101 were overcome
by 3.2, 94.1, 94.2 and 132.1 crown rust pathotypes
(Ip_37).

The response of the 63 analysed cultivars on 14 Pca
isolates infection ranged from S to HR (Table 1,
Table S3). In all, 23 genotypes displayed immune
response to at least one Pca pathotype. Five cultivars,
Bajka, Furman, Rajtar, Szakal and Zuch, showed
resistance to one isolate. Two cultivars, Cacko and
Deresz, were resistant to two isolates. The resistance
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Table 1 Characteristics of A. sativa cultivar reactions to inoculation with 14 P. coronata isolates at the seedling stage described by

infection profiles 1-16

P. coronata race
A . Year of
vena sativa . . .
cultivar R I (R s N AR A R . B ol = Infection X registration/

Al e e[S lw| =|a|d| ||| <] 5| | Profile Pedigree removing from

o — — — — — o — (] -+ — a N o n .
M . {ap) National Variety

arvewus s|s|s|s|s|s|s|s|s|s|s|s]|s]|s Register

Control cultivar
Celer R | R S R S S R |[MS| R | R [HR| R [ R |MS 16 GoralxKR-KOR 2000/2020
Sprinter RIR|S|R|MS|S|R|S|R|R|R/|[R|MS|MS 15 (FlamingsnovaxSwan mut.)*Dukat 2000/2010
Borowiak R|R|S|R|S S| R |MSIMS| R | R | R [R |MS 14 GoralxSantor 1998/2010
Slawko R|R|R|R[R|RIMSIR|R|S|S|S|S]|S 13 MustangxSwan mut. 1993/2020
Nawigator HR| R |HR |HR |[HR [HR| S R |[MS| S R S S S 12 Not available 2015/2025
Arden R|R|R|R|[R|HR|[R MS| S S S S S S 11 DereszxSzakal 2010/2020
Bohun HR{R |[HR| R | R | R | R | S |MS|S|S|S|S]|S 11 LP 8675xSTH 110/86 2002/2012
Grajcar R | R |H|/HR| R | R |[R S |[MS| S |[MS| S S S 11 KomesxKR 81-1122 1997/2010
Koneser R|R|R|R|[R|HR|[R MS| S S S S S S 11 Szakalx(JaworxDukat) 2007/2017
Haker R|R|R|R|R|MS|R[MS|S|S|S|S|S|S 10 Not available 2010/2020
Skrzat R | R |HR|/HR| R |[MS| R | S [MS| S S S S S 10 Komes>xMaris Tabard 1996/2004
Maczo R| R MSMSIMS| R [MS| R | R | R S |MS| S S 9 Not available 2010/2020
Chwat R R|R|R|[R|R|MSMS/MS|S S S S S 8 Dukatx(FlamingsnovaxSwan) 2000/2010
Krezus HR| R |[HR| R [ R [HR| S [MS|MS| S S S S| S 8 Goralx((FlamingsnovaxSwan mut.)xDukat)) 2005/2015
Paskal HR| R | R |[HR|[HR | MS|MS | MS| R S S S S S 7 Chwat x Bingo 2015/2025
Stoper R|R|R | MS| R |MS|HR| S [MS| S S S S S 6 (FlemingsnovaxSwan mut)xDukat 2003/2013
Cacko MS |MS| R - |MS| R - - |[MS| S S |MS| - S 5 AdamxAdamo 2000/2010
Deresz S| MS| R[S |MS|R |MS|S|MS|S|S|S|S|S 5 Maro/MGH 978.2 2000/2010
Furman R S S S S S S S S S S S S S 4 KwantxJawor 2006/2016
Rajtar S|S|R|S|S|MS|S|[S|S|S|S|S|S|S 3 RamiroxJawor 2004/2014
Szakal MS| S IMS|MS| S |[MS|MS| R | S S S S S| S 2 (FlamingsnovaxSwan mut.)xDukat 2000/2010
Zuch S S S [MS| S S S R S S S S S S 2 VuschxSzakal 2008/2018
Bajka S S IMS|MS| S |[MS| R |[MS|MS| S S S S S 1 KR 8543%[(RandomxKR 316)xPerona)] 1997/2007

Grey shading indicates resistance to the infection

of Stoper was not overcome by five isolates. Six
varieties Chwat, Haker, Krezus, Paskal and Skrzat
showed resistance to six isolates. Arden, Bohun,
Grajcar and Koneser were resistant to seven isolates,
whereas cultivars Borowiak, Nawigator, Stawko and
Sprinter showed resistance to 8 isolates. The highest
level of resistance to crown rust was presented by the
cultivar Celer, which was resistant to 9 out of 14
P. coronata isolates.

Based on the reaction to 14 Pca isolates inocula-
tions, 16 infection profiles (IPs) of screened genotypes

were determined. A highly virulent response to all of
the crown rust races, assigned as IP_0, was presented
by 40 Avena cultivars. The remaining genotypes could
be grouped into some identical IP sets. Szakal and
Zuch were resistant to Pca race 124.1 (IP_2). Cacko
and Deresz showed resistance to 11.1 and 12.2 (IP_5).
Chwat and Krezus were resistant to 11.1, 12.2, 15.1,
23.1, 107.2, 132.1 (IP_8). Haker and Skrzat were
resistant to the 12.2, 15.1, 22.1, 23.1, 107.2, 132.1
(IP_10). Arden, Koneser, Bohun and Grajcar dis-
played resistance to Pca races 11.1, 12.2, 15.1, 22.1,
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23.1, 107.2 and 132.1 (IP_11). Cultivar infection
profiles were compared with Pc differential line
responses to inoculation with the same isolates. Only
cultivar Celer (IP_16) presented a profile which
corresponded to the pattern of line Pc39 (resistance
t04.2,13.3,22.1,23.1,26.1,94.1,94.2,107.21 132.1).
These relationships are displayed in a dissimilarity
dendrogram based on the Dice coefficient (Fig. 2).
The cluster analysis identified two distinct clusters
composed of 40 genotypes of IP_0 and 23 displaying
immune response to at least one crown rust pathotype.
Within the second cluster two subgroups can be
distinguished, the first composed of five cultivars of
IP_2,1P_3 and IP_5 and the second including eighteen
remaining cultivars and line Pc39. All cultivars with
identical infection profile have a dissimilarity value of
zero. Additionally, clusters with a dissimilarity coef-
ficient < 0.2 can be identified. Cultivars characterized
by IP_11 cluster with Chwat and Krezus (IP_8). Haker
and Skrzat (IP_10) group with Stoper (IP_6), Naw-
igator (IP_12) cluster with Stawko and Celer—Iline
Pc39 group with Borowiak (IP_14) as well as Sprinter
(IP_15).

Within the Celer/Pc39 F, population no phenotype
segregation was observed. Both parental forms and F,

25 4

progeny plants showed resistance against isolates 4.2
and 13.3 and susceptibility to infection with isolates
11.1 and 12.2.

Every year in field experiments conducted in
Czestawice infection of the control cultivar Marvelous
was at the highest level of the 10-point scale of
McNeal et al. (1971). 75% of tested cultivars were
scored as susceptible (Fig. 3). Nine cultivars, Arden,
Bohun, Haker, Stoper, Arab, Dukat, Hetman and
Romuluspresented intermediate resistance. Eight
remaining cultivars, Elegant, Nawigator, Borowiak,
Celer, Paskal, Komfort, Sprinter and Harnas were
scored as resistant, with an average infection score not
exceeding 4. Newman-Keuls test confirmed statisti-
cally significant difference between these resistant
cultivars and the rest of genotypes (Table S4).

Discussion

The current work presents the characteristics of
resistance to P. coronata in a set of 63 new and
historical Polish oat cultivars. Material selection was
based on the assumption that old varieties might be a
rich and underutilized source of diversity. Nine

20

15 -

10 4

Dice dissimilarity

Niemierczatiski Najuczeénieiszy (0) 1833

Fig. 2 UPGMA dendrogram of 63 polish oat cultivars and
Pc39 reference line based on the similarity of infection obtained
by 14 P. coronata isolates inoculation. Each cultivars name is
followed by infection profile IP at the seedling stage (in
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brackets) as well as the year of registration. Cultivars currently
registered in Research Centre for Cultivar Testing (COBORU)
are marked with *
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Fig. 3 Characteristics of A. sativa cultivar reactions to natural
infection of P. coronata at the adult plant stage according to the
0-9 scale proposed by McNeal et al. (1971). Each cultivars
name is followed by infection profile IP at the seedling stage (in

Proporc

Niemierczariski Najwczesnieiszy

cultivars represented the period of breeding before
World War II. Most of them were the selection from
Polish (Sobieszynski, Jagietto) or foreign (Antoninski
Z6tty, Teodozja) landraces. Despite many efforts of
Polish breeders, for many years after the war the Polish
market was dominated by foreign cultivars, Flam-
ingsweiss and Romulus (East Germany), Diadem
(Czechoslovakia), Leanda and Perona (Netherlands)
(Krdl and Mucha 1977). The first postwar Polish
cultivar, which immediately took over 60% of the
Polish market, was Dragon, registered in 1982
(Swierczewski and Mazaraki 1993). This cultivar
began a new era in Polish breeding, with a few new
cultivars registered every year. Currently, about 90%
of Avena sativa cultivars on The Polish National List
of Agricultural Plant Varieties of COBORU (http://
www.coboru.pl) has been developed by Polish
breeders. Out of cultivars released after 1982, more
than 50 were selected based on their importance to the
current studies.

P. coronata isolates used in host—pathogen tests
were selected from a wide collection of single-pustule
isolates derived from populations collected in Poland
in the years 2013-2015 (Paczos-Grz¢da and Sowa
2019). To differentiate crown rust resistance condi-
tioned by R and adult plant resistance (APR) genes,
genotypes were screened at the seedling and adult

il

brackets) as well as the year of registration. Cultivars currently
registered in Research Centre for Cultivar Testing (COBORU)
are marked with *

8388

plant stage as R genes mostly function at all growing
stages, whereas APR function mainly at the adult stage
(Periyannan et al. 2017). In all, 23 genotypes displayed
immune response to at least one Pca pathotype in the
test at the seedling stage, however, most of them were
susceptible to crown rust infection in field studies.
Such resistance may be determined by race-specific
genes or genes effective only at the seedling stage,
which are not expressed or are ineffective at the adult
stage.

Almost all susceptible genotypes were historic and
modern cultivars registered in COBORU before the
year 2000. However, some modern cultivars, such as
Berdysz, Bingo, Komfort, Siwek and Harnas were also
fully susceptible. In contrast, a very high level of
resistance was presented by the recent varieties Arden
and Nawigator. The most resistant, presenting immu-
nity to 9 out of 14 P. coronata isolates was Celer. This
cultivar was developed in the breeding station in
Borowo and one of its parental genotypes is Goral. Our
results indicate that this cultivar was not the source of
resistant alleles, as it was susceptible in both growing
stages. The second parental component of Celer was
the KR-KOR, a line derived in the Krukanice Plant
Breeding Station. This station was one of the locations
of field trials of Pc reference lines conducted in Czech
Republic (Sebesta and Harder 1983), so possibly some
of these lines were used as a breeding component.
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Goral along with Santor were also parental forms of
Borowiak. Borowiak presented one of the highest
levels of resistance in both growing stages, with its
parental forms being completely susceptible, so the
resistance of Borowiak may be quantitative, condi-
tioned by many genes of minor effect.

A. sativa cultivars were analyzed in terms of the
infection patterns similarity. Some varieties were
characterized by the same IP, which may indicate a
common origin. Szakal and Zuch were resistant to the
same pathotype, 124.1 with Zuch being the progeny of
Vusch x Szakal. Moreover Chwat with the pedigree
Dukat x (Flamingsnova x Swan) and Krezus result-
ing from  crossing the  Goral x ((Flam-
ingsnova x Swan mut.) x Dukat)) were also
resistant to the same isolates 11.1, 12.2, 15.1, 23.1,
107.2 and 132.1 (IP_9). In addition, the same infection
profiles were observed for Cacko and Deresz (IP_6),
Haker and Skrzat (IP_11), as well as Arden, Koneser,
Bohun and Grajcar (IP_12). However, the infection
patterns of these genotypes did not correspond to any
of the reference line infection patterns. This resistance
might be polygenic or conditioned by allelic forms of
known genes or genes not yet described. Only Celer
presented an infection profile (IP_16) corresponding
to the pattern of line Pc39 suggesting the presence of
Pc39 in this cultivar. An allelism test conducted to
verify this postulation indicates that the resistance of
the Pc39 line and Celer is conditioned by either the
same, allelic or tightly linked gene with less than 1%
recombination. This result also confirms the reliability
of the detached leaf assay used.

The above data has been supplemented with field
experiments conducted in Czestawice. This is the
location hosting field trials of a number of Avena
genotypes with different Pc genes, leading to an
expectation of high selection pressure and diversity
within the occurring crown rust populations. Each year
based on the level of rust infection of control cultivar
Marvelous severe infection was observed. The major-
ity of genotypes presented fully susceptible pheno-
types in both growing stages. High levels of resistance
frequently incur yield penalties (Brown 2002; Brown
and Rant 2013; Ning et al. 2017) so it is possible that
selection for yield as a priority may have led to
elimination of some resistances during breeding. In a
breeding programme resistance rarely is the most
important target. Polish breeding stations conduct
resistance selection mainly in the field. This strategy
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favours selection of resistance conditioned by genes of
small effects determining less and slower pathogen
growth (Niks et al. 2015). This type of resistance may
be present in some of the newest cultivars Elegant
Komfort and Harnas, which were completely suscep-
tible at the seedling stage, however showing relatively
high level of resistance in each years field trials.
Further research will be required to evaluate the
source, durability and suitability of this APR.

This study is a part of the continuing effort to
support and refine strategies for oat breeding programs
(Sowa et al. 2016; Sowa and Paczos-Grzeda 2014;
Paczos-Grzeda et al. 2018a; b; Paczos-Grzgeda and
Sowa 2019). The highly variable nature of P. coronata
requires periodic monitoring of the occurrence and
impact of pathogen populations as well as evaluating
the effectiveness of resistance in breeding materials.
The study demonstrates that screened historic culti-
vars are not a good source of new genes providing
resistance to crown rust, however analyzed materials
represented only a small part of old European oat
genepool. Old oat cultivars developed in distinct
breeding programs worldwide may exhibit different
genetic diversity due to the local breeding strategies as
well as historical and regional trends (van de Wouw
et al. 2010; He and Bjgrnstad 2012). This genepool
may be potentially wider, as a significant loss of
diversity occured at the transition from landraces and
old cultivars to modern varieties (Nersting et al. 2006;
He and Bjgrnstad 2012). Novel and broad spectrum
crown rust resistance were identified within Spanish
(Sanchez-Martin et al. 2012; Montilla-Bascon et al.
2013, 2015) and Egyptian (Sanchez-Martin et al.
2017) oat landraces. Thus the possibility of uncover-
ing the effective resistances harbored in obsolete,
unexploited resources is not excluded.

The infection analysis gave also a new insight into
the resistance of Polish modern cultivars in the adult
plant stage. Resistance of these cultivars being the
result of many years of selection in breeding programs
can be valuable and promising for future work.
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