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In the past centuries elms (especially Ulmus × hollandica) have been dominant
and largely appreciated trees in cities and rural landscape in the Netherlands.
As a result of two Dutch Elm Disease (DED) epidemics in the 20 th century these
trees largely disappeared from the landscape. Despite the introduction of new
cultivars with enhanced DED-resistance, by the end of the 20 th century the elm
had disappeared from the top 20 list of trees produced by Dutch nurseries.
New cultivars with increased resistance to DED are used to a limited extent
only, due to a lack of confidence in their resistance among urban foresters and
landscape managers. This paper reports on a study aimed at restoring the posi tion of elm as a street tree in the Netherlands by providing information on re sistance of the currently available cultivars to Ophiostoma novo-ulmi causing
DED. All elm cultivars currently on the Dutch market were compared in an ino culation test. In 2007 a field experiment including 18 cultivars, one species
and 10 non-released clones from the Dutch elm breeding program was established. Two cultivars were used as reference clones: “Commelin” (relatively
susceptible) and “Lobel” (relatively resistant). In 2008 and 2009 the elms
were stem-inoculated with O. novo-ulmi and disease development was assessed throughout the summer and the following year. Clear differences among
cultivars in the resistance to O. novo-ulmi were found, with “Columella”,
“Sapporo Autumn Gold”’ and “Rebella” being highly resistant and significantly
different from “Lobel” and “Regal”, “Urban”, “Belgica”, “Den Haag”, and the
U. laevis seedlings being the most susceptible and comparable to “Commelin”.
The non-released clones performed similarly to “Lobel’”or even better. The
ranking of cultivars based on their level of resistance to O. novo-ulmi in the
field test corresponds well with previous experiences from urban green practices. Our conclusion is that a wide range of cultivars with a good to excellent
level of resistance are currently available, with a broad genetic base due to
different parentage and the use of exotic germplasm in the crossings. Such
broad genetic background may contribute to the stability of resistance in the
case new forms of the disease appear. The non-released clones performed well
as compared to the released cultivars, thus giving good opportunities to further broaden the current range of cultivars on the Dutch and European markets.
Keywords: DED-resistance, Elm Cultivars, Ulmus, Inoculation Test, Ophiostoma
Novo-ulmi

Introduction

In the past centuries elms (Ulmus spp.) became a very important part of the landscape
in large areas of the Netherlands. Elms have
a combination of highly valued characteristics such as no specific requirements concerning soil type, the ability to resist (sea)
winds, the very good recovery from mechanical damage, its adaptability to city conditions including its ability to endure de-icing
salts and closed pavements and its much ap-
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preciated open crown. In fact, the elm is the
ideal street and landscape tree in large parts
of the Netherlands. This made the elm, and
especially U. × hollandica cultivars, the dominant tree in the coastal areas and cities in
the western part of the country at the beginning of the 20th century. The spread of Dutch
elm disease (DED), caused by Ophiostoma
ulmi (Buisman) and later Ophiostoma novoulmi (Brasier) during the 20 th century however resulted in millions of trees being lost
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(Hiemstra et al. 2006). Since 1928, elm breeding for resistance to DED has resulted in
the release of several more or less resistant
cultivars to the European market. Especially
in the Netherlands - where the first cultivar
(“C. Buisman”) was released in 1936 - and
the USA, large and long-term selection programs have been performed resulting in a
number of hybrid clones with moderate to
very good resistance. Also, more recently,
other European programs on elm breeding
were set up, e.g., in Italy, Spain and France
(Mittempergher & Santini 2004). Today a
wide range of clones of different DED-resistance and different parentage is available on
the market. However, the use of these new
elm cultivars in the Netherlands is still limited. “Vegeta” and “Commelin” elms that
were planted in very large numbers in the
second part of the twentieth century because
of their level of resistance to DED caused by
O. ulmi were attacked by O. novo-ulmi. Apparently, the lasting problems with DED in
these earlier released cultivars, such as the
sanitation costs for removing and replacing
diseased and dead trees, has led to a lack of
confidence in the resistance of newly released cultivars among urban foresters and
landscape managers. As a result and despite
its glorious past, around the year 2000 the
elm was not even listed in the top 20 of
street trees produced by Dutch tree nurseries
(Geurts & Hiemstra 2002). However, the
outcome of a survey among Dutch trees nurseries was that there is no other species that
can replace the elm and it was concluded
that confidence in the elm should be restored. None of the substitute tree species has
the same set of characteristics that makes the
elm so well-suited as a street tree; therefore
the best replacement for the classical Dutch
elm is still an elm, provided it is resistant to
DED (Hiemstra et al. 2006). This paper reports on a study aimed at restoring the posi-
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Tab. 1 - Cultivars and clones included in the trial and their parentage. (*): According to
Heybroek et al. (2009) and references herein: 5 = very good; 4 = good, 3 = moderate, 2 =
low, 1 = minimal, n.a. = not available. (**): Good field resistance due to unattractiveness to
the DED vector (Scolytus).
Clone/
Species
Commelin
Groeneveld
Lobel

Origin Provenance or parentage
NL
NL
NL

Dodoens

NL

Plantijn

NL

Clusius

NL

Columella
1028

NL
NL

1043
1111
1236
1241

NL
NL
NL
NL

1304
1312
1315

NL
NL
NL

1322

NL

1324

NL

Belgica
Den Haag
Cathedral
New Horizon
Regal

B
NL
US
US
US

Rebona
Rebella
Sapporo Autumn Gold
Homestead

US
US
US

Pioneer
Urban

US
US

U. laevis

NL

US

U. x hollandica “Vegeta” x U. minor
U. glabra (no. 49) x U. minor no. 1
(U. wallichiana x U. glabra “Exoniensis”)
x “Bea Schwartz” selfed)
(U. glabra “Exoniensis” x U. wallichiana)
selfed
(U. glabra “Exoniensis” x U. wallichiana)
x U. minor
(U. glabra “Exoniensis” x U. wallichiana)
x “Bea Schwartz” selfed
Plantijn selfed?
((U. wallichiana x U. minor) x (U. pumila
x U. minor)) x Plantijn
U. davidiana var. japonica selection
Plantijn x Dodoens
Plantijn x Wredei
Lobel x ((U. pumila x U. davidiana var.
japonica) x U. pumila))
(U. glabra x U. minor) x Commelin
((U. pumila x U. minor) x Commelin)) OP
((U. wallichiana x Commelin) x (Dodoens
x (U. glabra x U. minor))
U. minor x (U. pumila x U. minor)
x U. minor
(U. wallichiana x Commelin) x Dodoens
x (U. glabra x U. minor)
U. x hollandica
U. pumila x “Belgica”
U. pumila x U. davidiana var. japonica
U. davidiana var. japonica x U. pumila
Commelin x (U. pumila x U. minor Hoersholmiensis)
U. davidiana var. japonica x U. pumila
U. america x U. parvifolia
U. pumila x U. davidiana var. japonica
U. pumila x ((Commelin) x (U. pumila
x “Hoersholmiensis”))
U. x hollandica selection
(U. x hollandica “Vegeta” x U. minor)
x U. pumila
The Netherlands

tion of the elm as a street tree in the Netherlands by providing information on the level
of DED-resistance of the currently available
elm cultivars. The objective was to compare
in one inoculation test all cultivars released
from the Dutch breeding program and from
foreign breeding programs available in the
Dutch tree nursery market. From the Dutch
elm breeding program which was put on
hold in 1992, six cultivars issued between
1963 and 1989 with moderate to very high
resistance, were included (Heybroek 1993).
The USA breeding programs also have resulted in new cultivars (Mittempergher & Santini 2004, Smalley & Guries 1993), with se-
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Year
Resistance
released to DED*
1960
2
1963
3
1973
4
1973

4

1973

4

1983

4

1989
-

5
n.a.

-

n.a.
n.a.
n.a.
n.a.

-

n.a.
n.a.
n.a.

-

n.a.

-

n.a.

1936
1994
1995
1983

1
3
4-5
5
4

1994
2011
1975

5
n.a.
4

1984

4-5

1984
1976

4
3

-

**

veral of them being used in the Netherlands
lately in landscape and urban forestry. At the
start of the study in 2005 eight cultivars from
the USA were available in the Netherlands,
which were all included in the study, together with an unnamed clone being considered for release. These are believed to have a
high resistance based on tests in the USA,
but have never been tested under Dutch conditions or compared to such a large number
of Dutch cultivars in one test. More recently,
several new cultivars with good resistance
were issued in Italy (Santini et al. 2002,
2007, 2012) and Spain (Martin et al. 2014).
However, in 2005 these cultivars were not
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yet available on the Dutch market and subsequently not included. In 2002 and 2006,
INRA (France) released the cultivars “Wanoux” and “Nanguen” (Pinon et al. 1998,
Pinon 2007). Both originate from the Dutch
breeding program, but were not released due
to the fact that they were thought to be of
less interest for the Netherlands based on results from previous adaptability trials. As a
consequence they were not available in
Dutch tree nurseries in 2005 and therefore
not included in the test. Additionally, 10 unreleased selections from the Dutch breeding
program were compared with the available
cultivars in order to investigate whether these clones have an increased resistance compared to the currently available cultivars.

Material and Methods
Plant material and experimental design
The field test comprised of 18 cultivars,
one species and 10 new unreleased selections from the Dutch breeding program (Alterra, formerly known as the Dorschkamp Institute). Cultivars included were all those
with moderate to high DED-resistance and
available in 2005 in the Dutch tree nursery
market. These included nine hybrid cultivars
developed in the USA, but not yet tested under Dutch conditions and six hybrid cultivars
from the Dutch breeding program. Additionally, the historical elm cultivar “Den Haag”
was included, as it is highly appreciated by
some city foresters in the Netherlands because of good field performance, and U. laevis as it is rather popular in the Netherlands.
It has some form of field resistance due to its
unattractiveness to the beetle, which acts as a
vector for the fungus. For reasons of comparison, the old historical non-resistant cultivar
“Belgica” was also added. Finally, 10 new
and not yet released selections, mainly complex hybrids from the Dutch breeding program (Heybroek 1993) and currently tested
in adaptability tests by Alterra were included
in the trial. The two Dutch hybrid clones
“Lobel” and “Commelin”, with known DED
response from earlier inoculations tests performed by Heybroek (1993) were added as
reference clones for respectively good and
low disease resistance. The selected cultivars
and clones and their parentage are shown in
Tab. 1. The plants were propagated by soft
cuttings (USA cultivars, as these cultivars
are always sold as own-rooted plants) or
graftings on an U. glabra rootstock (all other
cultivars and the new Alterra selections) in
2006. For the species U. laevis seedlings
were used. In April 2007 these plants were
planted in a field trial at a tree nursery in
Ommeren, the Netherlands (51° 56’ N, 5°
29’ E) on a clay soil (river deposit) at a spacing of 1 m within and 1.35 m between
rows. The plants were planted in a randomized block design with nine blocks and
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four ramets of each clone per block. After
planting the plants were watered several times, nevertheless the very dry weather conditions in the spring of 2007 resulted in a
substantial loss of plants in the first season.
These plants were replaced by spare plants
from another part of the field in April 2008.
The soil was kept free from weeds by using a
herbicide until the canopy closed. No regular
pruning was done, only some low branches
were removed to enable better access to the
field and when needed to maintain stability
of the trees. Finally, at the start of the experiment 976 plants in total were available for
inoculation.

Inoculations
Four independent inoculations with Ophiostoma novo-ulmi were performed on different replicates of the same plant material,
thus each tree was inoculated once. In both
2008 and 2009 two inoculations were carried
out, the first in June and the second in July,
coinciding with the period in which elms in
the Netherlands are at their greatest susceptibility to the fungus. For each inoculation, 9
plants per clone were used (one in each
block). Inoculations were performed with an
aggressive well-known tester isolate H328
belonging to the subspecies O. novo-ulmi
ssp. novo-ulmi, formerly known as the EAN
race (kindly provided by C. M. Brasier, Forestry Commission, UK). The conidial suspension was prepared according to the method by Tchernoff (1965), modified according to Sutherland et al. (1995). The inoculum consisted of a conidial suspension of O.
novo-ulmi (106 spores ml-1). Inoculations were performed using the Dutch inoculation
method (Heybroek 1993), by forcing a knife
with a drop of 0.12 ml inoculum on it into
the vascular xylem of the lower stem at 3050 cm height. This severe method ensures
that even clones with reasonable resistance
may develop some disease symptoms and
that maximum differentiation in resistance
level between clones can be obtained. Inoculations were performed in the morning only
on dry and sunny days to be sure that the
inoculum was absorbed by the trees very easily. Knowing that symptoms are influenced
by the vigor of the clone and ramet (Santini
et al. 2005), care was taken to inoculate well
established and vigorously growing plants
only. Trees with low vigor (shorter < 1 m) or
incomplete bud burst were excluded from
inoculation and dropped from the experiment. Also replacement trees, planted in
2008, were not inoculated in 2008 but left
for inoculation in 2009. The average stem
diameter of the clones measured at 1m
height in April 2008 prior to inoculation varied from 4.5 cm to 17.5 cm. Eventually, 116
of the 976 plants available in Spring 2008
were not inoculated, because they died during the experiment prior to inoculation or
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showed low vigor (shorter < 1m). During the
first inoculation, a number of spare plants at
another part of the field were inoculated with
water.

Assessments
Typical symptoms for Dutch elm disease
are wilting, yellowing of the leaves, leaf fall,
formation of “shepherd’s crooks” and dieback of twigs. To evaluate symptom development in the trees, the percentage of defoliation 4 and 8 weeks after inoculation, disease index 4 and 8 weeks after inoculation,
and recovery ability of trees one year after
inoculation were assessed. The disease index
was based on a scale with 9 infection classes,
expressing the extent of wilting and twig
dieback in the tree. Classes were defined as
follows: 0 = no symptoms; 0.5 = start of leaf
necrosis; 1 = yellowing and/or wilting of
leaves, but no dieback of twigs; 1.5 = severe
leaf fall and/or dieback of the tips of the
twigs or inner twigs of the crown; 2 = partly
or completely dieback of young top twigs
with or without formation of “shephard’s
crooks”; 2.5 = dieback to the base of this
year’s shoots and/or massive occurrence of
diseased twigs; 3 = dieback of 1-year old
shoots as well as partly two-year-old shoots
(up to halfway); 3.5 = dieback of 1-year old
shoots as well as older shoots; 4 = severe
dieback (more than half of the tree is dead).
During the next growing season following
inoculation of trees, the ability to recover
was assessed based on the percentage of defoliation of the restored foliage and proportion of crown mortality. Mortality in the
crown was assessed using 5 classes: 0 =
healthy, no crown dieback; 1 = dieback in <
25 % of the crown; 2 = 25-50%; 3 = 5175%; and 4 ≥ 75 % of the crown shows
dieback.
As symptoms in the more susceptible clones usually increase with time, symptoms
were also recorded 12 weeks after the first
inoculation. In the following three inoculations, defoliation and disease index were
only assessed 4 and 8 weeks after inoculations.

Data analysis
The disease index, defoliation (%, rounded
to nearest decimal) and crown mortality observations are ordinal variables and to test
differences between clones would normally
be analyzed with a Chi square test or generalized (log) linear or ordinal-logistic model
(GLM). However, the counts in some combinations (e.g., clone x disease index class)
were very low or even zero, which hamper
such analysis. Additionally, our interest lies
in the ranking and grouping of the clones
based on their level of resistance. Therefore,
in order to analyze the ranking and grouping
of the clones according to their performance
for defoliation, disease index and crown
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mortality a Monte-Carlo randomization test
was used (Manly 2007). A χ2 statistic was
calculated (χ2observed) on the basis of observed
data in a two-way table, obtaining an estimated probability for each class. Using the
clone totals for each and the calculated probabilities, simulated frequencies were calculated. For each test this was done 10000
times to get an simulated distribution of χ 2. If
the χ2observed was in the upper or lower 2.5%
tail then significance was inferred (p < 0.05,
two-tailed). In order to rank the clones they
were classified according to their average
score for disease index, defoliation or crown
mortality. To make groupings, inclusion or
exclusion of only adjacent individuals were
considered. Using the above tests, maximum
sized groups of clones containing no significant differences between the clones within
that group were obtained. All symptom assessments were performed by two independent observers. For the statistical analysis
only the maximum (index, percentage) value
was used (bias to classify clones to be more
susceptible). Initially, the analysis was carried out separately for each inoculation.
However, in the third inoculation (performed
in June 2009), the two control cultivars “Lobel” and “Commelin” with known levels of
resistance which were included in the trial to
investigate whether the four inoculations
were successful, showed substantially less
symptoms than expected. Subsequently, it
was concluded that the third inoculation was
not successful and the analysis was performed excluding this inoculation (a total of
668 plants). Additionally, Spearman’s rank
correlation coefficient was calculated for the
different parameters considered (percentage
of defoliation, disease index, crown dieback
and diameter of the plants).

Results
Methodological aspects
Symptoms developed only in inoculated
trees, while none of the untreated control
trees (inoculated with water) showed disease
symptoms. One of the four independent inoculations performed (2 June 2009) was not
successful, resulting in substantially less
symptom development in both “Lobel” and
“Commelin” reference cultivars as compared
to the other tree inoculations (Fig. 1). Furthermore, their symptom development was
less than expected based on results from previous inoculation tests performed in the
Dutch breeding program (disease index
range over the past 5 inoculation tests: “Lobel” d.i. = 1.3-3.0 and “Commelin” d.i. =
2.2-3.3, unpublished results). The limited
symptom development after the third inoculation may be likely due to the conidial suspension used, whose concentration was considerably lower than in the other three inoculations (8·104 con. ml-1 instead of 1·106 con.

iForest (2015) 8: 158-164

Buiteveld J et al. - iForest 8: 158-164
ml-1). Because of the limited symptom development, data of this third inoculation were
discarded from further analyses.
When comparing the three dates of symptom assessment, first symptoms were visible
in most clones 4 weeks after inoculations,
which further developed in some of these
clones. Differences in symptom expression
between the clones were very clear 8 weeks
after inoculations (Fig. 2a, Fig. 2b). Since
symptoms were rather constant 8 weeks after
inoculation and the assessment date corresponded with evaluation dates reported by
other studies (Santini et al. 2005, Pinon et al.
2005, Solla et al. 2005), it was decided to assess symptoms after 4 and 8 weeks in the
subsequent inoculations.

Differences in DED symptom
expression between clones

Fig. 1 - Differences in symptom expression (disease index after 8 weeks) between the four
inoculation dates for the two control clones “Lobel” and “Commelin”.

Defoliation and disease index
Clear differences in the percentages of defoliation were already visible among clones
4 weeks after inoculation (Tab. 2). “Colu-

Fig. 2 - Disease index (A)
and defoliation (B) assessed
4, 8 and 12 weeks after inoculation (2 June 2008).
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Tab. 2 - Average percentage of defoliation of the clones tested 4 weeks, 8 weeks and one year after inoculation (average of 3 inoculations).
Values with the same letter do not differ significantly (p < 0.05).

Clone
1241
1315
1304
Columella
1322
1043
1111
1028
Sapporo Autumn Gold
1236
1324
Lobel
New Horizon
Plantijn
Homestead
Dodoens
Clusius
1312
Rebona
Rebella
Cathedral
Pioneer
Groeneveld
Regal
Urban
U. laevis
Commelin
Den Haag
Belgica

# of
plants
8
26
27
26
15
3
27
22
22
20
20
24
27
28
24
27
24
14
24
27
24
26
27
24
27
26
27
26
26

%
0
2.7
4.4
5.8
6
6.7
8.1
8.2
8.6
9
10.5
10.8
14.8
15.7
15.8
16.7
18.3
19.3
20.8
21.1
29.6
30.8
31.1
32.9
33.3
36.2
43.7
49.6
60.4

mella”, “Sapporo Autumn Gold” and most of
the Dutch unreleased clones showed less
than 10% leaf fall, while the susceptible old
cultivar “Belgica” already showed more than
50% leaf fall. Such differences became more
pronounced after 8 weeks (Tab. 2). “Columella” and the Alterra clone 1315 still showed hardly any leaf fall, while leaf fall in the
susceptible clones, such as “Belgica”, “Commelin” and the U. laevis seedlings, became
very severe with percentages up to 90. Changes in ranking after 8 weeks were limited,
except for “Rebella” that did not show increased defoliation after 8 weeks, and moved
15 places upward in the ranking. Comparison of the disease index (combined rating of
wilting and twig dieback) after 4 and 8
weeks (see Tab. S1 in Appendix 1) also showed that in most clones symptoms progressed with time. After 8 weeks pronounced
differences among clones in disease index
were visible, ranging from clones with almost no or very limited symptoms to clones
with severe symptoms. The resistant cultivar
“Columella” and several Alterra clones
(“1241”, “1322”, “1315”, “1043”, “1304”,
“1028”), which hardly showed any symptoms or only wilting and leaf necrosis after 4
weeks, still were hardly diseased after 8
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after 4 weeks
Sign.
Rank
a
1
a
2
ab
3
abc
4
abc
5
abc
6
abc
7
abc
8
abc
9
abcd
10
abcd
11
abcd
12
abcd
13
abcd
14
abcde
15
abcde
16
abcde
17
abcde
18
abcde
19
bcde
20
cdef
21
cdef
22
cdef
23
def
24
ef
25
ef
26
fg
27
fg
28
g
29

%
17.5
5
26.7
4.6
20
16.7
41.1
19.5
29.1
23.5
40
32.9
35.9
45.4
42.5
55.2
46.7
46.4
44.6
18.9
41.3
44.6
61.9
72.9
73.7
90.8
84.4
83.1
88.8

Defoliation
after 8 weeks
Sign.
ab
ab
ab
a
ab
ab
c
ab
ab
ab
bc
ab
b
defg
d
fgh
efgh
defgh
de
ab
d
def
fghi
fghij
ghij
j
ij
hij
j

weeks (disease index < 1). As expected, very
susceptible clones such as “Belgica” and
“Commelin” and the U. laevis seedlings showed severe symptoms after 8 weeks (disease
index > 2.5). Again, differences in clone
ranking after 4 and 8 weeks were limited, except for a few clones. “Rebella”, “New Horizon”, “Cathedral” and “Rebona” did not
show any substantial increase in disease index score and rose in ranking after 8 weeks,
while “Dodoens”, “1111” and “1312” descended in ranking.
Recovery
Assessment of defoliation in the next year
(including branches with no leaves because
of death of shoots) showed that most clones
had a similar percentage of affected (defoliated and dead) shoots, as in the first year
after 8 weeks. Most clones with clear symptoms in the season of inoculation were not
able to form new foliage in the next season.
Clones hardly showing any leaf fall in the
year of inoculation, neither did show symptoms in the subsequent year. In a few American clones (“Rebella”, “New Horizon”,
“Sapporo Autumn Gold”, “Rebona” and
“Cathedral”) part of the affected branches recovered in the next growing season (Tab. 2).
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Rank
4
2
9
1
7
3
14
6
10
8
13
11
12
19
16
22
21
20
17
5
15
18
23
24
25
29
27
26
28

%
16.3
5
24.8
5.4
22.7
13.3
44.4
19.1
18.2
19.5
37
35.4
21.1
51.1
46.7
55.9
48.3
49.3
21.3
5.6
22.9
43.1
60.7
72.5
71.9
90.8
84.8
82.3
88.8

after 1 year
Sign.
Rank
abcd
5
a
1
de
13
ab
2
bcd
11
abcd
4
efgh
17
abcd
7
abcd
6
abcd
8
ef
15
def
14
abcd
9
efghij
21
efghi
18
efghij
22
efghi
19
efghi
20
bcd
10
abc
3
cd
12
efg
16
efghij
23
fghij
25
fghij
24
j
29
hij
27
ghij
26
ij
28

A similar picture may be drawn from the
data for crown dieback after 1 year (Tab. S1
in Appendix 1). The same five cultivars were
able to produce new shoots and showed
flushing in at least 75% of the crown. However, complete recovery was not seen in these clones, as part of the affected branches
died. Eight weeks after inoculations, Alterra
clone “1241” expressed less symptoms than
many other clones, but one year later its
crown dieback did not significantly differ
from many other clones. “Columella” showed significantly less crown dieback than
many others (Tab. S1 in Appendix 1), and
performs similar to “Sapporo Autumn
Gold”, “Rebella”, “Rebona”, “Cathedral”
and “New Horizon” and some of the Alterra
clones (“1043”, “1315” and “1322”).
Correlations between different parameters
A strong Spearman’s rank correlation coefficient was found between the percentage of
defoliation and disease index assessed after 8
weeks (rs = 0.975, p < 0.001), indicating that
clones with a high score for percentage defoliation in general also had a high score for
disease index. Disease index after 8 weeks
and crown dieback in the next season were
also significantly correlated (rs = 0.847, p <
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0.001). Thus both parameters are good for
ranking the level of resistance to O. novo-ulmi in individual clones. Also, a weak and
positive (though not significant) relationship
was found between the mean pre-inoculation
diamater of clones (June 2008) and 8-weeks
disease index and crown dieback after one
year (rs = 0.32, p > 0.05 and rs = 0.18, p >
0.10, respectively).

Discussion

This inoculation test is one of the few studies that compared a large number of wellknown cultivars for resistance to O. novoulmi in a common field experiment. Disease
scores from different experiments are difficult to compare because the variation in disease symptoms may be caused by many factors, e.g., age of material tested, isolate of
the fungus, inoculation method, tree growth
and weather conditions (Mittempergher &
Santini 2004, Sutherland et al. 1997). By
combining all available cultivars and clones
in one field test many of these factors were
excluded. Moreover, to further reduce the
amount of variation even more clones were
propagated under the same conditions as far
as possible, material of the same age was
used, and all plants were infected with the
same isolate. Although variation in symptom
development in field tests might still be large
as compared to controlled conditions (Smalley & Guries 1993), it is assumed that the
differences observed in this field test among
the inoculated clones are related to their genetic background. Despite the limitations of
the study, such as the use of only one isolate
and the limited number of plants for some
clones, our results clearly revealed large differences in the resistance level between individual cultivars and clones. The ranking of
cultivars for their level of resistance to O.
novo-ulmi confirms, with a few exceptions,
earlier evidence from the literature and experience from plantings in the Netherlands, as
summarized in Heybroek et al. (2009). The
few exceptions are “Regal”, “Den Haag” and
the U. laevis seedlings. “Den Haag”’ and the
U. laevis seedlings are known as tolerant
elms in Dutch plantings in practice. In our
study, U. laevis seedlings were not resistant
to O. novo-ulmi; the relatively high field resistance of U. laevis is due to other factors
such as their unattractiveness to the vector
Scolytus beetle (Webber 2000). “Regal” is
known as a cultivar with very good resistance in the USA (Guries & Smalley 1990)
or as good as “Lobel” in France (Pinon
2007). Nonetheless, “Regal” significantly
underperformed “Lobel” in this study. On
the other hand, the superiority of “Sapporo
Autumn Gold” over the Dutch cultivars “Lobel”, “Plantijn”, “Clusius” and “Dodoens”,
which are known as cultivars with good resistance, is in agreement with earlier tests
(Green et al. 1985, Pinon et al. 1998). As-
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sessment based on 4- or 8-weeks disease
symptoms compared to symptoms in the following year gives a slightly different ranking
because different patterns of disease development are visible. A large group of cultivars and clones showed the same ranking
over the whole period of assessment. Another group of cultivars, namely “Cathedral”,
“New Horizon”, “Rebona”, “Rebella” and
“Sapporo Autumn Gold”, from the University of Wisconsin (USA) breeding program
clearly behaved differently. They initially react with relatively high disease index and
high levels of defoliation (4-weeks after inoculation). However, these cultivars recovered well later on in the same growing season,
showing flushing of dormant secondary buds
and hardly exhibiting crown dieback in the
following year. The most remarkable recovery was shown by “Rebella”. In urban
plantings the degree of crown damage in the
following year is the principal trait of interest for managers, thus the initial disease response in these five cultivars, especially
“Rebella”, should be of less concern and
they could be considered as highly resistant.
As our main objective was to rank cultivars
for their resistance to O. novo-ulmi instead
of assessing their level of resistance in real
situations, a severe method of inoculation
was chosen. The advantage of the Dutch
method (wherein a high-dose inoculum is directly brought into the xylem of the lower
part of the trunk) is that it leads to strong
symptoms, thereby giving conservative estimates for the level of resistance. This also
means that, in practice, when these clones
are infected in a natural way, they are likely
to show even less symptoms than in this test.
Consequently, this study has shown that in
the present-day assortment there are many
cultivars with a good or very good (i.e., better than the reference clone “Lobel”) level of
resistance.
Resistance to DED is under control of
many genes and can be accumulated through
subsequent crossings and back crossings.
This study suggests that the general level of
resistance of released cultivars has increased
over time. Comparison of the crown dieback
index with the date of release of the cultivars
shows a moderate negative correlation (rs =
-0.71, p<0.005), suggesting that cultivars released lately have indeed a higher level of
resistance. Whether this trend is due to the
incorporation and/or accumulation of resistance genes from the Asian germplasm
through the production of more complex hybrids, is difficult to say. For instance, the
Dutch breeding program initially focused on
crossing native European species (U. glabra
and U. minor) and their hybrids (U. × hollandica), and the first releases were firstgeneration hybrids or backcrosses between
these species (“Groeneveld” and “Commelin”). Lately, advanced generations of hy-
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brids were produced including Asian germplasm. This next generation of released hybrids (namely “Clusius”, “Lobel”, “Dodoens” and “Plantijn”) all have an U. wallichiana grandparent (1/4). Also the latest cultivar of the Dutch breeding program, the
highly resistant “Columella”, is an offspring
from “Plantijn” and a next-generation hybrid
with 50% U. minor, 25% U. glabra and 25%
U. wallichiana parentage (Heybroek 1993).
Furthermore, “Urban”, “Regal” and “Homestead” cultivars are complex hybrids obtained by crossing U. glabra and U. minor in
combination with U. pumila as a source of
resistance. However, these hybrids have
varying success for DED-resistance. As a
consequence, it may be hypothesized that the
improved resistance showed by the newly released cultivars could be due to the enhanced use of Asian germplasm in the recent
decades. We see that the most recently released cultivars are mainly F1 hybrids between
Asian species, namely the American cultivars “Rebona”, “Cathedral”, “New Horizon”
and “Rebella”, which have been released
since the nineties and have a comparable
level of resistance as “Columella”. All are
products of crossings between U. pumila and
U. davidiana var. japonica or U. americana
and U. parvifolia. Of the 18 elm cultivars
tested in this study, eight have U. pumila
parentage varying from 1/4 to 5/8. In these
cultivars U. pumila is used as a source of resistance genes, although from different accessions or provenances. Our results revealed a substantial difference in resistance to
O. novo-ulmi among the above cultivars.
Variation in DED-resistance is large within
most Asian species (Smalley & Guries
1993). This study confirms that the use of U.
pumila not necessarily lead to highly resistant cultivars, depending on the accession
used as a source of resistance. Also the nonreleased Alterra selections included in this
test are almost all complex hybrids obtained
from crossings between native and Asian
species (mainly U. wallichiana - Tab. 1).
One out of this group (clone “1304”) has a
parentage with only U. glabra and U. minor,
demonstrating that it is possible to improve
disease resistance by making complex hybrids of purely native European elms.

Conclusion

The Dutch and American cultivars tested in
this study show a large variation in resistance to O. novo-ulmi. In general, their level of
resistance corresponds well with the results
from breeding trials, other inoculation tests
and experiences from plantings in urban
green. Furthermore, a considerable number
of cultivars with good to excellent resistance
to O. novo-ulmi are available from the Dutch
nursery market. This provides good opportunities for the use of elms as street tree in the
future. The widely varying genetic back-
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ground of these cultivars is a positive aspect
concerning the stability of the observed resistance against O. novo-ulmi in the case new
forms of the disease appear. Additionally,
several of the unnamed Alterra clones performed well as for resistance compared to
the currently available cultivars in the tree
nursery market. Such clones have been under evaluation in adaptation trials over the
past two decades. Some of these clones have
nice architectural characteristics and may be
released in the future to further broaden the
current range of cultivars for the Dutch and
European market.
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with the same letter do not differ significantly (p < 0.05).
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