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Abstract This study applied two methods to assess
intra-collection duplication within 339 Nordic oat
(Avena sativa L.) accessions preserved by Plant Gene
Resources of Canada (PGRC). Putative duplicates,
that is accessions carrying a similar accession name,
were grouped into 52 duplication groups and included
230 of the 339 Nordic oat accessions. A field
assessment based on visual inspection of field plots
was conducted during two growing seasons to detect
distinct phenotypes within each duplication group.
Simultaneously, a descriptor assessment using seven
characters with altogether sixteen character states was
used in both years for the same purpose. The combined
results of both assessments and both years indicated
that among the 230 accessions in duplication groups
only 118 could be identified as distinct. This would
allow for a reduction of 33% of the Nordic oat
accessions at PGRC. The field assessment method
detected fewer (75%) distinct accessions than the
descriptor assessment (84%), when considering all
accessions identified as distinct as 100%. Repeatabil-
ity between years was higher in the field assessment
(70%) than in the descriptor assessment (64%). The
field assessment requires an experienced germplasm
evaluator, but allows for handling large numbers of
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germplasm accessions and for detecting functional,
fitness related, and user-relevant diversity. Combining
field assessment with descriptor assessment and more
sophisticated methods on selected subgroups may be
the most efficient method for determination of internal
duplication in genebank collections. Bulking pheno-
typically similar accessions within duplication groups
is preferable to eliminating duplicate accessions when
collection rationalization is required, as it reduces the
risk of loosing diversity.
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Introduction

The Canadian national seed genebank, Plant Gene
Resources of Canada (PGRC), preserves with more
than 27,000 accessions of the genus Avena L. the
largest oat collection in the world. More than 10,000
accessions are A. sativa L., which covers the cultivated
hexaploid taxa (Diederichsen 2008). Based on an
agreement with the International Board for Plant
Genetic Resources (IBPGR, now: Bioversity Interna-
tional), PGRC was assigned the task of maintaining the
world base collection of this genus. Therefore, a large
amount of duplication exists between the oat collection
at the PGRC genebank and other ex situ collections
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around the world. For example, based on passport data,
81% of the PGRC oat collection is duplicated in the
National Small Grain Collection of the United States
Department of Agriculture (Diederichsen et al. 2001).

Fowler (2007) pointed at the large increase in
genebank accessions world-wide between 1984 and
1996 from 2 million to about 6.5 million accessions,
and that most of this increase is due to the fact that
“...genebanks were trading samples back and forth
with each other in a totally uncoordinated and
basically unknown way....” He wused the term
“hyper-inflation” for this development as it indicates
a high amount of redundant material. Van Hintum
and Kniipffer (1995) made a similar statement: “Most
collections in genebanks are still rather haphazard.”
The historical genebanks in Russia (N.I. Vavilov
Institute St. Petersburg) and Germany (Gatersleben
genebank at Leibniz Institute of Plant Genetics and
Crop Plant Research) had a systematic approach to
germplasm acquisition (Hammer 1993). However,
several of the genebanks that emerged after the 1960s
may have more un-coordinated duplication within
and among the collections and duplication deserves
some attention.

For budget reasons, the pressure on genebank
collections to rationalize their operations is growing
(Hammer 2003). Therefore, the core collection prin-
ciple and other strategies to optimize the composition
of genebank collections have recently received
increased attention (Sackville Hamilton et al. 2003;
van Treuren et al. 2008). To rationalize germplasm
preservation efforts globally, it will be essential to
address the issues of duplication within and among
genebanks systematically (van Hintum and Visser
1995; van Hintum 2000). Crop specific networks
within the European context (European Cooperative
Programme for the Conservation and Exchange of
Crop Genetic Resources, ECP/GR) and recently on a
global scale (Global Crop Diversity Trust in Rome)
will have to assess duplication among and within ex
situ collections in order to gain a more objective
overview of the diversity preserved in genebanks.

Duplication of accessions within a genebank is not
unusual, in particular in older cultivars or landrace
material. Such duplication is confusing to genebank
clients and a burden both for curator and genebank
budget. However, not all duplicates are true dupli-
cates. According to the terminology of van Hintum
and Kniipffer (1995) duplicates can be (1) identical
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duplicates (genetically identical) or (2) common
duplicates (derived from the same initial population).
In living collections evolutionary processes can not
be avoided and the term “maintenance breeding”
points at the fact that reselection to original cultivar
types is often necessary when breeders want to
maintain their material over several generations. Only
a few genebanks have voucher samples of each
accession that, similar to botanical nomenclatural
typus specimens, can serve as reference when con-
ducting true to type verification of material form
different regeneration cycles or origin (Hammer
1993). It may be a good starting point for each
genebank to come to terms with internal duplication
before approaching duplication among genebanks.

Despite the high cost, molecular methods have
recently received more attention for investigating
redundancy in germplasm collections (Virk et al.
1995; Zeven et al. 1998; Phippen et al. 1997; Fu
2006). Lund et al. (2003) demonstrated the use of
molecular methods for investigating duplication
groups in Nordic barley. Van Treuren et al. (2008)
showed that diversity of relevance for plant breeders
may be missed when exclusively relying on molec-
ular assessments of diversity for managing a lettuce
germplasm collection.

Oat from the Nordic countries has historically
contributed significantly to oat breeding in Canada
and the United States (McKenzie and Harder 1995;
Stanton 1955), as well as in many European countries
(Zade 1918; de Haan 1954). Therefore, this group
was selected for the study. Two low-cost methods
that have the capacity to be applied to large numbers
of germplasm accessions were chosen for duplication
assessment. The objectives were to evaluate the two
methods for assessing distinctness among potential
duplicates in germplasm collections and to discuss
the results from a genebank perspective.

Materials and methods

All 339 accessions from the PGRC oat collection
with the species identification A. sativa and with a
Nordic country of origin were selected for this
experiment. This resulted in 234 accessions from
Sweden, 68 from Finland, 30 from Denmark and 7
from Norway. These accessions were grouped by the
information recorded in the passport data as
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“accession name”, which contains in the PGRC
database the cultivar name, the landrace name, the
breeding line code, or other accession identifiers. The
majority of the accessions had a cultivar name (284
accessions), followed by breeding lines (43 acces-
sions), landraces (7 accessions) and unknown status
(5 accessions). For 196 of the accessions with cultivar
names, a year of release of the cultivar in one of the
Nordic countries was available (Nordic Genebank
2008); the cultivars were released between 1894
(‘Ligowo’ from Sweden) and 1981 (‘Veli’ from
Finland). The 339 accessions were grouped into
potential duplication groups based on the recorded
accession names. For example, there were five
different accessions that had the accession name
‘Seger’, which is a cultivar that originated from the
Swedish Plant Breeding Station at Svaldv. It goes
back to a single plant selection made in 1892 and was
released as a cultivar in Sweden in 1908 (Stanton
1955). Possibly, all ‘Seger’ accessions are duplicates.
In addition to these, there were 15 accessions that had
the accession name ‘Victory’, which is the English
translation of the Swedish name. The cultivar ‘Seger’
was marketed in North America after 1908 as
‘Victory” (Stanton 1955). The English name was also
used in the Netherlands (de Haan 1954), although one
accession included in this duplication group had the
Dutch name ‘Zegehaver’, which translates to “victory
oat”. Furthermore, there were five accessions with
the name ‘Swedish Victory’, which probably refers to
the same original Swedish oat cultivar. One accession
had the name ‘Pobeda’ which is Russian for “vic-
tory”. As a result, all 27 accessions were placed in
one duplication group that received the most authen-
tic name, which in this case was “Seger”. Spelling
variations of a name also frequently occurred. Other
large duplication groups were “Guldregn I” (18
accessions), “Sol II” (12), “Guldregn II” (11) and
“Orn” (8). In total, the 339 A. sativa accessions
preserved by PGRC consisted of 109 accessions
which were unique based on accession names, and of
54 putative duplication groups, each of them includ-
ing two or more accessions, accounting for the
remaining 230 accessions (Table 1).

All accessions were spring-sown at the Agricul-
ture and Agri-Food Canada Saskatoon Research
Centre experimental farm at Saskatoon, Saskatche-
wan, Canada (52°10’ N, 106°41’ W, altitude 501 m
above sea level) on loamy, dark chernozemic soil in

2003 and 2007. Random seed samples of 7 g from
each accession were sown in single rows of 3 m
length without replication. After 20 rows (2003) or
24 rows (2007), single rows of the Canadian oat
cultivars ‘CDC Pacer’ and ‘AC Assiniboia’ were
planted in alternation, in order to detect major plot
location effects on the plants’ performance during
cultivation.

In 2003, the accessions were planted in the field in
alphabetical order based on the accession name or
based on the name of the duplication group into
which they belonged. Within the duplication groups,
the accessions were ordered by their accession
number in the Canadian genebank. In 2007, the
accessions were planted in random order, but the
accessions belonging to each duplication group were
planted in neighbouring plots. Within the duplication
groups, the order of the accessions was randomized.

Two methods for assessing the genetic distinctness
of accessions belonging into the same duplication
group were applied.

Field assessment of diversity

In each growing season, the same evaluator inspected
the plots at two plant development stages (heading
and early maturity) and visually investigated each
single row belonging to a duplication group for
phenotypical differences. Any observed phenotypic
differences in plant characters were recorded. Acces-
sions that appeared similar within a duplication group
were assigned the same letter code. In some dupli-
cation groups no differences were detected, i.e. all
accessions were assigned the letter “a”, while in
other duplications groups two, three or more plant
types (“b”, “c”,...) could be distinguished. The
results of the field assessments in the two years were
considered separately and then combined. Any
accessions that appeared differently in one of the
two years or in both years received a different letter
code for this combined assessment.

Descriptor assessment of diversity

At plant maturity, the following panicle descriptors
were rated: panicle type, panicle erectness and
panicle density. Five panicles were harvested sepa-
rately from each single row and on the seeds of these
panicles the following characters were rated: lemma
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Table 1 Duplication groups of 230 Nordic oat accessions at Plant Gene Resources of Canada (PGRC) and the number of distinct
accessions within each duplication group detected by different assessment methods in two growing seasons

Name of Number of  Origin Year of Field assessments Descriptor assessments Assessments
duplication accessions  country release combined
group in group 2003 2007 Years. 2003 2007 Years'
combined combined
Awnless 3 Sweden - 1 3 3 2 2 3 3
Probsteier
Bambu 4 Sweden 1934 2 2 3 2 4 4 4
Bambu II 6 Sweden 1949 1 1 1 2 3 4 5
Beseler 11 4 Denmark — 1 1 1 1 1 1 1
Black Great 2 Sweden - 1 1 1 1 2 1 1
Mogul
Blenda 7 Sweden 1950 1 1 1 2 2 3 3
Blixt 2 Sweden 1954 1 1 1 2 1 2 2
Eho 3 Finland - 2 2 2 1 1 1 2
Eko 3 Sweden 1922 1 1 1 2 1 1 1
Esa 7 Finland - 2 2 2 2 3 4 4
Gul 2 Denmark - 1 1 1 2 1 2 2
Gul Naesgaard 3 Denmark 1905 2 2 2 1 1 1 2
Guldregn 1 18 Sweden 1903 3 2 4 1 1 1 4
Guldregn 11 11 Sweden 1927 1 1 1 1 1 1 1
Guldregn III 2 Sweden - 1 2 2 1 1 1 2
Hein II 2 Norway - 1 1 1 1 1 1 1
Hvitling 2 Sweden 1897 2 2 2 1 2 2 2
Juha 2 Finland - 1 1 1 1 2 2 2
Kron 4 Sweden 1956 2 1 2 1 1 1 2
Kyto 4 Finland - 2 2 2 2 3 4 4
Max 3 Denmark — 1 1 1 1 1 1 1
Minor 2 Denmark 1941 1 1 1 1 1 1 1
Nina 3 Sweden 1966 1 1 1 1 1 1 1
Nip 2 Sweden 1954 1 1 1 1 1 1 1
Nova 2 Denmark - 1 1 1 2 2 2
Opus 2 Denmark 1945 1 1 1 1 1 1 1
Opus III 2 Denmark - 1 1 1 1 1 1 1
Orion III 6 Sweden 1945 1 1 1 2 1 2 2
Orn 8 Sweden 1930 2 2 2 2 1 2 3
Osmo 2 Finland - 1 2 2 2 2 2 2
Ponta 2 Sweden 1968 1 1 1 1 1 1 1
Primus II 3 Sweden 1948 1 2 2 2 3 3 3
Probsteier 5 Sweden - 3 4 5 1 3 3 4
Puhti 2 Finland 1978 1 1 1 2 2 2 2
Reima 2 Finland - 1 1 1 1 1 1 1
Risto 3 Sweden 1970 1 2 2 2 3 3 3
Ryhti 2 Finland 1970 1 2 2 1 2 2 2
Same 3 Sweden 1941 1 1 1 1 1 1 1
Sang 3 Sweden 1974 1 2 2 1 2 2 3
Seger 27 Sweden 1908 4 4 6 3 5 4 8
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Table 1 continued
Name of Number of  Origin Year of Field assessments Descriptor assessments Assessments
duplication accessions  country release combined
group in group 2003 2007 Years. 2003 2007 Years.
combined combined
Selma 2 Sweden 1968 1 1 1 1 1 1 1
Sirius 2 Sweden 1932 1 1 1 1 1 1 1
Sisu 4 Finland 1953 1 1 1 1 1 1 1
Sol 3 Sweden 1939 1 1 1 1 2 2 2
Sol I 12 Sweden 1942 1 1 1 2 2 3 3
Star 7 Sweden 1927 1 2 2 2 2 2 3
Stormogul 2 Sweden 1901 2 1 2 1 1 1 2
Stormogul II 3 Sweden 1931 2 1 2 1 1 1 2
Tammi 3 Finland 1938 1 1 1 2 1 2 2
Titus 4 Sweden 1964 1 1 1 1 1 1 1
Trio 5 Sweden 1943 1 2 2 1 2 2 2
Wasa 3 Finland - 1 3 3 1 1 1 3
Weibulls 16004 3 Sweden - 1 1 1 1 2 2 2
Weibulls 16385 2 Sweden - 1 1 1 1 2 2 2

colour, lemma hairiness, dorsal awn on lemma,
kernel covering and spikelet separation (Table 2).
Letter codes were assigned to each distinct combina-
tion of single character states observed within a
duplication group in the same way as described above

for the field assessment. The results of descriptor
assessments in the two years were considered and
then combined, so that any accessions that appeared
differently in one of the two years or in both years
received a different letter code.

Table 2 Characters and character states applied for morphological assessment of phenotypic diversity within duplication groups of
Nordic oat accessions in the Plant Gene Resources of Canada collection

Character Character states Code
Panicle type Equilateral or intermediate 1
Unilateral 9
Panicle erectness Drooping 3
Semi-erect 5
Erect 7
Panicle density Lax or intermediate 1
Dense 9
Lemma colour Dark (including black, black and white, black and brown, brown, brown and white, grey and red) 1
Light (including tan, white/amber and yellow) 2
Lemma hairiness Glabrous 1
Pubescent 9
Dorsal awn on Non or weak awn (including subgeniculate or straight awn) 1
lemma Strong awns (geniculate awns) 3
Kernel covering Sativa-type (kernel covered by lemma and acrofracture of rachilla) 1
and spikelet Hull-less type (kernel hull-less) 2
separation . . .
(Oat type) Byzantina-type (kernel covered by lemma and basifracture or heretofracture of rachilla) 3

@ Springer



592

Genet Resour Crop Evol (2009) 56:587-597

Combined field and descriptor assessment

For obtaining an overall rating of genetic distinctness
of accessions within a duplication group, the com-
bined results of the field assessments and the
combined results of the descriptor assessments were
combined. Accessions within a duplication group that
differed in one or both of the assessments received a
different letter code, resulting in an overall assess-
ment of distinctness within each duplication group.

Results

The field assessments showed that plant height, leaf
colour (green vs. bluish green), lodging, panicle
length, lemma length and earliness were useful
characters to distinguish phenotypes by visual inspec-
tion of the plots. Additionally, panicle type
(equilateral vs. unilateral), panicle density, lemma
colour and oat type, which were also used in the
independently conducted descriptor assessment
(Table 2), were occasionally recorded as indicating
phentotypic differences when doing the field assess-
ment. None of the accessions showed intra-accession

diversity for the investigated characters, however, a
careful analysis of more single plants per accessions
would possibly find such differences.

Both the field assessments and the descriptor
assessments for phenotypic distinctness showed that
within many duplication groups more than one
phenotype could be distinguished. However, both
assessments also indicated redundancy of material in
the duplication groups (Table 1). The combined
consideration of both assessment methods is the
most careful estimation of distinctness this study
allowed for. It resulted in the recognition of 118
accessions with distinct phenotypes among the 230
accessions  belonging to duplication groups
(Table 3). This indicated that 51% of the accessions
were redundant when considering all duplication
groups together.

The field assessments alone detected 89 of these
118 distinct phenotypes and the descriptor assessment
detected 99 distinct phenotypes. When relying on
only one year of field or descriptor assessment, fewer
distinct phenotypes were detected (Table 3). The
field assessment in 2007 resulted in discrimination of
nine more phenotypes than the assessment of 2003.
Not all accessions within a duplication group that

Table 3 Diversity detected in 54 duplication groups of Nordic oat cultivars covering 230 accessions by different assessment

methods in two growing seasons

Field assessments Descriptor assessments Combined
assessments
2003 2007  Years combined 2003 2007  Years combined
Number of distinct accessions 71 80 89 74 88 99 118
Relative amount of total diversity detected 60% 68%  75% 63% 15% 84% 100%

Field assessments

Descriptor assessments

Combined assessments

2003 2007 2003

18 63
20%

70%

Combined: 89 (75%)

Fig. 1 Set diagrams showing absolute and relative (%)
numbers of distinct accessions within 54 duplication groups
of Nordic oat comprising 230 accessions in total. The years of
assessment and the assessment methods are indicated. The
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64%

Combined: 99 (84%)

2007 Field Descriptor
b/
9 58%

All combined: 118 (100%)

overlapping area (intersection) of the two sets contains the
number of accessions that was detected as distinct in both years
or by both assessment methods. The union of two sets
represents the combined assessments
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were phenotypically different in one year appeared
different in the other year; in other words, not all of
these accessions were consistently detected as being
distinct in both years (Fig. 1). Similarly to that, in the
descriptor assessment, combination of two years of
descriptor assessments resulted in detection of more
distinct phenotypes than only using the results of
one year (Fig. 1).

Combining the field assessments and the descriptor
assessments again increased the detection of distinct
phenotypes. The percentage of accessions that were
consistently detected as distinct in both years were
used as an indicator of the repeatability of the applied
assessments. Figure 1 shows these numbers. While
the combined descriptor assessments detected more
distinct accessions than the combined field assess-
ments (99 vs. 89 accessions), the repeatability was
lower in the descriptor assessments (64% vs. 70%).
When considering both years combined, 84% of the
total diversity that was detected could be identified by
the descriptor assessment alone, while the field
assessment alone detected only 75% of the total
diversity (Table 3).

The number of accessions within a duplication
group ranged from two in 21 duplication groups to 27
in the “Seger” duplication group; the number of
phenotypically distinct accessions ranged from one,
which meant phenotypical similarity of all acces-
sions, to eight (Table 1). The maximum number of
eight distinct phenotypes was found within the
“Seger” duplication group. An association of number
of accessions within a duplication group and the
number of distinct phenotypes detected could be
expected and was also found, but there were also
duplication groups with several accessions that were
phenotypically similar (Fig. 2). An example for the
latter was the group “Guldregn II” with eleven
accessions that could not be distinguished from each
other. The other extreme represented the group
“Bambu II” consisting of six accessions representing
five different phenotypes.

Discussion

A morphological approach for assessing diversity as
applied here may be useful when dealing with large
collections and for capturing functional diversity
(Love and Spaner 2007). The two approaches taken
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Fig. 2 Number of distinct accessions and number of acces-
sions within 52 duplication groups of Nordic oat. Many dots
represent several value pairs. Some names of duplication
groups are shown

for assessing the distinctness of phenotypes in this
study have a fundamental difference. The descriptor
assessment is a very traditional method. Assess-
ments are made using an a priori fixed list of
descriptors.

The field assessment is based on a different
principle than the descriptor assessment, because
the characters used for assessing the distinctness of
two or more accessions are not a priori defined. The
observation skills and experience of the person
conducting the assessment influence the results of
the field assessment. A more experienced evaluator
may detect differences among the accessions that the
untrained eye may overlook. The characters that are
used to distinguish among accessions are only
a posteriori known and as such are part of the results.
The experience factor might explain, why the
assessments in 2007 resulted in more distinct acces-
sions that the assessments in 2003, as the skills of the
evaluator had increased over that time. Although well
established terms, the factor of experience for skilful
plant breeding has only recently received scientific
attention and first steps to investigate the role and
function of the so-called “breeder’s eye” were made
(Timmermann 2006, 2007).

Quantitative characters such as plant height, leaf
colour, lodging, panicle length and lemma length
were found being useful for detecting distinct acces-
sions in the field assessment. These characters were
purposely not included in the descriptor assessment
because they are very difficult to assess when
absolute measurements are taken and need to be
compared. Replicated field trials would be required to
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test for statistically significant differences and it is
realistically impossible to accomplish this given the
large amount of germplasm in genebanks (Yang et al.
1991). It seems more realistic to use the trained eye
and perception of a person familiar with the crop to
assess differences in quantitative characters in the
field for the purpose of detecting differences in these
traits.

A principal question is, whether combination with
other methods of assessment, including more descrip-
tors, or replication in a third year, would further
increase the amount of phenotypes distinguished. The
answer is certainly yes. Rodionova (1974) pointed at
the possibility to classify a given oat cultivar into
different botanical varieties depending on the grow-
ing season because the formation of lemma awns is
influenced by environment. The results from the
present study also show that replication of the field
and descriptor assessment in different years is useful
for obtaining better assessment results.

It is important to notice that even modern
cultivars are often not genetically completely homo-
geneous and growing seeds of the same cultivar for
some years in different environments may result in
different allelic compositions of such duplicates due
to genetic shift (selection) or genetic drift (random).
The usefulness of intra-accession diversity in phe-
notypically homogeneous genebank preserved
landrace accessions when re-introducing such gene-
bank material into on-farm situations was recently
demonstrated in lentil which, similar to oat, is a
self-pollinating species (Horneburg and Becker
2008).

Van Hintum and Kniipffer (1995) introduced the
term “common duplicates” for accessions that trace
back to the same initial population but may have
altered genetic identities (allelic compositions) and
they distinguish them from “identical duplicates”.
Sensitive methods for assessment of genetic diversity
will pick these differences up. Van Treuren et al.
(2001) stated that molecular variance needs to be
interpreted and a decision is required “... to evaluate,
whether samples display sufficient genetic variation
in order to consider them distinct”. The question
from a conservationist’s perspective clearly is,
whether nearly similar accessions deserve to be
considered and preserved as separate entries, in
particular if the differences have no phenotypic
impact and therefore probably no selective value.
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Van Hintum et al. (2002) provided a thorough
discussion regarding the splitting and lumping (bul-
king) of genebank accessions and reported that the
Centre for Genetic Resources in The Netherlands
(CGN) created so-called “umbrella varieties” of
cabbage (Brassica oleracea L.) landraces that were
similar in appearance. For the PGRC oat collection, a
similar approach might be feasible by combining
those accessions that appeared similar within a
duplication group. However, in a self pollinating
species the population dynamics are different. Bul-
king the similar phenotypes within the 52 duplication
groups of all 339 Nordic oat accessions in PGRC
would result in a reduction to 227 accessions, which
equals a reduction by 33%.

The risk of eliminating diversity, i.e. gene erosion,
when discarding potential duplicates can not be
excluded and bulking may be preferable for reducing
the total number of accessions. Bulking means in this
context creating phenotypically homogeneous, but
potentially genetically still heterogeneous bulk-acces-
sions. The strategy could be described as
“phenotypical homogenization of accessions”, which
can be the result of separating accessions as sug-
gested by Lehmann and Mansfeld (1957) or of
bulking of phenotypically identical duplicates.

A decision which entry in a duplication group
most authentically represents the cultivar name it
carries would be very desirable. Reducing the number
of entries in a duplication group to distinct pheno-
types does not resolve this problem since these
distinct accessions all carry the same accession name.
If the accession has the status of a landrace, then it
may well be that all distinct types can claim to be
authentic, because the accession name is not closely
associated with a single genotype. Using the termi-
nology of van Hintum and Kniipffer (1995) this
would fall in the category of “partly duplication”.
This relates to the fact that genebank accessions can
be heterogeneous for morphological characters: that
is, the inherent accession diversity may not allow
unambiguous assessments for distinguishing between
two or more members of a duplication group.
Landraces and older cultivars are more likely to
represent such populations. The duplication group
“Probsteier” pointed in this direction. The five
entries of “Probsteier” had four distinct phenotypes
and the three entries of “Awnless Probsteier” had
three different phenotypes. All these entries may
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claim the same degree of authenticity. The true origin
of the landrace ‘Probsteier’ is a small region of
northern Germany called “Probstei”, and ‘Probsteier’
oat was widely cultivated in the Nordic and other
countries (Zade 1918; de Haan 1954). ‘Awnless
Probsteier’ is a selection made from the landrace at
Svalov in 1892 (Stanton 1955). Zade (1918) reported
17 oat cultivars directly or indirectly selected from
the landrace ‘Probsteier’ without involving crosses,
providing evidence of a tremendous amount of
variation in this landrace. Grau Nersting et al.
(2006) demonstrated the diversity of oat landraces
historically cultivated in the Nordic countries. It is
probably impossible or a mistake to declare one
single accession of the PGRC collection of such a
landrace-cultivar as the most authentic representative.
Even if these accessions are common or partial
duplicates in the terminology of van Hintum and
Kniipffer (1995), they should be kept as separate
genebank accessions.

In older cultivars, several phenotypes may carry
the same cultivar name. Besides genetic heterogene-
ity in the original cultivar or landrace, such diversity
may also be due to the fact that prior to variety
protection, seed traders used unprotected but well
known names for selling different types of seed under
a fashionable cultivar name. Stanton (1955) men-
tioned this for oat in the United States in the first half
of the 20th century.

In some cases it may be easy to declare certain
phenotypes within a duplication group as not authen-
tic. Amongst the four entries of the duplication group
“Bambu” one accession was hull-less. This points at
a mistake: the hull-less type can not be considered a
legitimate representative of ‘Bambu’, as this cultivar
does not even have any hull-less oat in its pedigree
(Nordic Genebank 2008). A suspicion was that more
distinct phenotypes would be found in duplication
groups of older cultivars, because they might not
have been as genetically homogeneous to start with
and they had more time to evolve differently when
received from different sources. Such an association,
however, was not found in the Nordic oat accessions
at PGRC (Fig. 3).

This study provides clear evidence that bulking or
eliminating accessions in duplication groups identi-
fied using passport data only is not appropriate, as
distinct accessions would be merged or lost, respec-
tively. Van Hintum and Kniipffer (1995) came to the
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Fig. 3 Number of distinct accessions and year of release of the
cultivar name of the duplication group within 35 duplication
groups of Nordic oat. Some cultivar names of duplication
groups are shown

same conclusion. The field assessment method might
be a very useful approach for a primary assessment of
duplication, in particular if the budgets are limited
and rationalisation pressure is high. The field assess-
ment for distinctness by a trained evaluator should
allow differences in quantitative or qualitative char-
acters to be detected that enhance or decrease the
fitness of an accession in comparison to putative
duplicate accessions. These characters are particu-
larly important when bulking accessions, as they
would enhance or decrease the proportion of these
particular genotypes within the newly created acces-
sions during subsequent regeneration of these
composed populations. To make decisions regarding
genebank accession management based on functional
diversity, and in particular based on characters that
impact the fitness of a distinct genotype, is definitely
meaningful. The descriptor assessment can be used
simultaneously with the field assessment for refining
the results. The descriptor assessment method
requires more resources than the field assessment
method. The descriptor assessment is more objective
in the traditional understanding of science. The
combination with molecular methods as applied by
Zeven et al. (1998), albeit on a smaller number of
accessions, is certainly useful. The field assessment
method might be criticized as being subjective, but
relying on an experienced germplasm evaluator and
his or her decisions may be as practical and efficient
as relying on experienced plant breeders, who are
steadily making similar decisions.
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