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Abstract
Phytophthora ramorum causes ramorum blight on Viburnum species, which are commonly grown as ornamentals. This study evaluated 
24 different species or cultivars for susceptibility to P. ramorum. Whole plants were inoculated with an NA1 isolate of P. ramorum and 
placed in dew chambers at 20C (68F). After 5 days, the percentage of necrotic leaves for each plant and the percentage of necrotic area 
for each leaf were calculated. The percentage of necrotic leaves per plant ranged from 96.1% (V. tinus) to 7.9% (V. opulus ‘Notcutt’) 
and the percentage of necrotic leaf area ranged from 73.0% (V. × carlcephalum ‘Cayuga’) to 2.4% (V. trilobum ‘Wentworth’). In 
addition, six species or cultivars were evaluated for their susceptibility to a EU1 isolate of P. ramorum. The isolate had a signifi cant 
effect on three of the six species or cultivars tested, although one isolate did not always yield the greatest necrosis. Evergreen species 
and cultivars had a higher percentage of necrotic leaves and higher percentage of necrotic leaf area than semi-evergreen or deciduous 
species and cultivars. All Viburnum species and cultivars showed some degree of susceptibility to P ramorum.

Index words: host range, ornamental, ramorum blight, sudden oak death.

Species used in this study: Allegany lantanaphyllum viburnum (V. × rhytidophylloides ‘Allegany’); arrowwood viburnum (V. 
dentatum); blue muffi n arrowwood viburnum (V. dentatum ‘Blue Muffi n’); Burkwood viburnum (V. × burkwoodii); Cayuga hybrid 
viburnum (Viburnum × carlcephalum ‘Cayuga’); Chesapeake service viburnum (V. utile ‘Chesapeake’); Conoy Burkwood viburnum 
(V. × burkwoodii ‘Conoy’); Cree leatherleaf viburnum (V. rhytidophyllum ‘Cree’); Cunningham’s white rhododendron (Rhododendron 
‘Cunningham’s White’); dwarf Koreanspice viburnum (V. carlesii ‘Compactum’); Erie linden viburnum (V. dilatatum ‘Erie’); European 
snowball viburnum (V. opulus ‘Roseum’); fragrant snowball viburnum (V. × carlcephalum); Judd viburnum (V. × juddi); laurustinus 
viburnum (V. tinus); linden viburnum (V. dilatatum); Maries doublefi le viburnum (V. plicatum var. tomentosum ‘Mariesii’); Mohawk 
Burkwood viburnum (V. × burkwoodii ‘Mohawk’); Notcutt European cranberrybush viburnum (V. opulus ‘Notcutt’); Prague viburnum 
(V. × pragense); Sarcoxii hybrid viburnum (V. × burkwoodii ‘Sarcoxii’); Shasta doublefi le viburnum (V. plicatum var. tomentosum 
‘Shasta’); summer snowfl ake doublefi le viburnum (V. plicatum var. tomentosum ‘Summer Snowfl ake’); Wentworth American cranberry 
viburnum (V. trilobum ‘Wentworth’); willowwood lantanaphyllum viburnum (V. × rhytidophylloides ‘Willowwood’).
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Signifi cance to the Nursery Industry
Viburnums are important landscaping shrubs to the nurs-

ery industry. While they are considered relatively pest-free, 
they are in a high risk host group for P. ramorum, the causal 
agent of sudden oak death. However, variations in suscepti-
bility are expected since there are more than 160 Viburnum 
species. Whole plants of 24 commercially available Vibur-
num species or cultivars were tested by inoculation followed 
by evaluation of the number of symptomatic leaves and area 
of symptomatic tissue on each leaf. All plants tested exhibited 
some symptoms; however, some had more severe symptoms 
than others. Based upon the two evaluation criteria, the 
most susceptible species and cultivars were V. tinus and V. 
× carlcephalum ‘Cayuga’, while the most tolerant were V. 
opulus ‘Notcutt’ and V. × rhytidophylloides ‘Willowwood’. 
This research is important as it increases our knowledge on 
which plants should be avoided in pathogen infested areas 
and it identifi es more tolerant or resistant species and culti-
vars that can be used in a breeding program to develop new 

tolerant varieties, helping reduce the risk of long distance 
spread of this pathogen.

Introduction
Viburnum species (Dipsacales) are one of the most popular 

fl owering landscape shrubs in the United States. In 2006, 
sales of broadleaf evergreens and deciduous shrubs, includ-
ing viburnums, were $839 and $648 million, respectively, 
in the United States (29). Viburnums are relatively easy to 
grow and have a variety of attractive characteristics including 
constant leaves in evergreen species, fragrant fl owers that at-
tract butterfl ies and bees, and production of berries that may 
be consumed by birds and other animals. They also can be 
grown in a wide range of climates, having centers of species 
diversity in eastern Asia and Latin America (32).

Most viburnums are relatively pest-free and have few 
serious foliar diseases. However, with the discovery of 
Phytophthora ramorum causing ramorum blight or ramorum 
shoot dieback on different Viburnum spp. and cultivars (19, 
30), there has been interest in the role that viburnums may 
play in the epidemiology of this pathogen. Phytophthora 
ramorum is also the causal agent of sudden oak death, caus-
ing mortality of oak and tanoak trees in forests of the western 
United States. Ornamentals are believed to play an important 
role in the long distance spread of this pathogen (13). The 
entire Viburnum genus has been placed on the P. ramorum 
host list (27), having been grouped into one of the fi ve high 
risk genera that includes Camellia, Kalmia, Pieris, and 
Rhododendron (28). However, since there are approximately 
160 Viburnum species, a range of susceptibility is expected. 
Therefore, it is important to identify which individual spe-



198 J. Environ. Hort. 28(4):197–202. December 2010

cies or cultivars are more resistant to this disease in order 
to minimize risk of pathogen dispersal on container-grown 
nursery stock and could be utilized in a breeding program.

Previous studies regarding the susceptibility of some 
Viburnum species and cultivars to P. ramorum have been 
conducted using detached leaves (9, 10, 18). Detached leaf 
bioassays can generally indicate host susceptibility, but the 
method is highly artifi cial and of doubtful accuracy (4, 20). 
The objective of this study was to compare differences in 
susceptibility to P. ramorum among Viburnum species and 
cultivars using whole plants rather than detached leaves. 
Inoculation of whole plants of different Viburnum species 
and cultivars was done using P. ramorum zoospores. The 
percentage of leaves per individual plant that became ne-
crotic and the percentage of necrotic leaf tissue area for each 
necrotic leaf were evaluated, allowing species and cultivars 
to be compared for susceptibility to P. ramorum using two 
different criteria.

Materials and Methods
Plant materials. Twenty-four Viburnum species or culti-

vars were selected for this study based upon availability and 
taxonomic relatedness. Viburnum species and cultivars were 
obtained from greenhouse production plants at Angelica 
Nurseries, Inc. (Kennedyville, MD) or from cuttings from 
the United States National Arboretum (Washington, DC). 
The species or cultivars used are listed in Table 1. All plants 
were maintained in the greenhouse in 10 cm (4 in) pots. For 
deciduous species or cultivars, the plants were used only 
after the leaves were fully expanded and allowing them some 
time to mature (minimum of 1 month time). For evergreen or 
semi-evergreen species or cultivars, plants were tested after 
the new growth fl ush to allow fully expanded leaves time 
to mature (minimum of 1 month). Plants selected for testing 

were uniform in size. If not uniform, plants were pruned to 
10 to 20 total leaves. Uniform Rhododendron ‘Cunningham’s 
White’ rooted cuttings in 5 cm (2 in) pots, obtained from a 
commercial nursery, were trimmed to leave approximately 10 
to 20 leaves per plant and used as a positive control because 
its susceptibility to P. ramorum is well documented (25).

Pathogen isolates. Phytophthora ramorum isolates WSDA-
1772 [lineage NA1 (8)] originally isolated from Viburnum 
plicatum var. tomentosum ‘Mariesii’ in Oregon, and PRN-1 
[lineage EU1 (8)], originally isolated from Rhododendron sp. 
in The Netherlands, were used in this study. These isolates 
were selected since they had been used in a previous study 
(31) with consistent results and infection. The isolates, which 
were maintained on 20% clarifi ed V8 agar at 20C (68F), 
were occasionally re-isolated from infected plant tissue by 
surface-sterilizing the inoculated leaves and plating onto 
PARPH+V8 selective medium (6).

Zoospores were used as inoculum and prepared as de-
scribed by Widmer (31). Five 4-mm plugs of each isolate 
were added to individual 60-mm plates containing sterile 
20% V8 broth. Cultures were incubated 3 days in the dark at 
20C (68F). The resulting mycelium was rinsed three times in 
sterile 0.1 mM 2-[N-morpholino]ethanesulfonic acid (MES) 
buffer, pH 6.2 (herein referred to as MES buffer) one day 
before inoculation and maintained overnight at 20C (68F) in 
the dark. Zoospores were induced to release from sporangia 
by placing the cultures at 4C (39F) for 30 min, followed by 
incubation at room temperature. After 30 to 45 min, released 
zoospores were fi ltered through four layers of cheesecloth 
into a beaker. The concentration of the zoospore suspension 
was determined by diluting the suspension in MES buffer, 
vortexing to induce encystment, and counting encysted zoo-
spores on a hemacytometer. The inoculum suspension was 
adjusted to a fi nal concentration of 50,000 zoospores/ml by 

Table 1. Viburnum species and cultivars evaluated for susceptibility to Phytophthora ramorum.

    Foliage
Species Cultivar Section characteristic Isolate tested

V. × burkwoodii — Lantana Semi-evergreen WSDA-1772
V. × burkwoodii (V. × burkwoodii × V. carlesii) Mohawk Lantana Evergreen WSDA-1772
V. × burkwoodii (V. × burkwoodii × V. carlesii) Sarcoxie Lantana Semi-evergreen WSDA-1772; PRN-1
V. × burkwoodii (V. × burkwoodii × V. utile) Conoy Lantana Evergreen WSDA-1772
V. × carlcephalum (V. × carlcephalum × V. carlesii) Cayuga Lantana Deciduous WSDA-1772
V. × carlcephalum (V. carlesii × V. macrocephalum) — Lantana Deciduous WSDA-1772
V. carlesii Compactum Lantana Deciduous WSDA-1772
V. dentatum — NW Odontotinus Deciduous WSDA-1772; PRN-1
V. dentatum Blue Muffi n NW Odontotinus Deciduous WSDA-1772
V. dilatatum — OW Odontotinus Deciduous WSDA-1772
V. dilatatum Erie OW Odontotinus Deciduous WSDA-1772
V. × juddi (V. carlesii × V. bitchiuense) — Lantana Deciduous WSDA-1772
V. opulus Notcutt Opulus Deciduous WSDA-1772
V. opulus Roseum Opulus Deciduous WSDA-1772
V. plicatum Summer Snowfl ake Pseudopulus Deciduous WSDA-1772
V. plicatum var. tomentosum Mariesii Pseudopulus Deciduous WSDA-1772; PRN-1
V. plicatum var. tomentosum (V. plicatum var. tomentosum 
 × V. plicatum var. tomentosum ‘Mariesii’) Shasta Pseudopulus Deciduous WSDA-1772
V. × pragense (V. rhytidophyllum × V. utile) — Lantana Evergreen WSDA-1772
V. × rhytidophylloides (V. rhytidophyllum × V. 
 × rhytidophylloides) Allegany Lantana Semi-evergreen WSDA-1772; PRN-1
V. × rhytidophylloides (V. rhytidophyllum × V. 
 × rhytidophylloides) Willowwood Lantana Deciduous WSDA-1772; PRN-1
V. rhytidophyllum Cree Lantana Evergreen WSDA-1772
V. trilobum Wentworth Opulus Deciduous WSDA-1772
V. tinus — Viburnum Evergreen WSDA-1772; PRN-1
V. utile Chesapeake Lantana Evergreen WSDA-1772
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pipetting a specifi c amount in MES buffer. At least 200 ml 
of inoculum was prepared, depending upon the number of 
plants to be inoculated.

Viburnum susceptibility. All Viburnum species and culti-
vars were inoculated with P. ramorum isolate WSDA-1772 
in a randomized complete design. Due to limited space in the 
dew chambers, plants were inoculated in groups consisting 
of at least two species or cultivars, which were randomly 
selected. Based upon instrument recordings, it was as-
sumed that temperature and dew were not variable between 
experimental runs or dew chamber used. The use of these 
dew chambers for susceptibility studies has been validated 
in past tests (23, 25). For each group, four plants of each spe-
cies or cultivar and one rhododendron were inoculated with 
the zoospore suspension until run-off using a hand-pump 
sprayer. Inoculum was applied to the whole plant and both 
leaf surfaces were sprayed as uniformly as possible. One 
non-inoculated plant of each species or cultivar was treated 
with MES buffer alone as a negative control.

Inoculated plants were placed immediately in a dew cham-
ber maintained at 100% relative humidity at 20C (68F) in the 
dark. After 5 days, the plants were removed and evaluated for 
symptoms. Quantifi cation of necrosis was done by detaching 
the leaves from each plant and scanning them using an HP 
Scanjet 5500C model fl atbed scanner (Hewlett-Packard; Palo 
Alto, CA). The percentage of necrotic leaf surface area for 
each leaf, including the controls, was calculated using AS-
SESS software (APS Press; St. Paul, MN). For the inoculated 
plants, a leaf was considered positive for necrosis if the leaf 
had a higher percentage of necrotic leaf surface area than the 
control average for that particular species or cultivar. Each 
species or cultivar was tested in three different groups for a 
total of 12 plants each.

P. ramorum isolate comparison. Suffi cient plant material 
was available to test only V. dentatum, V. × burkwoodii (V. × 
burkwoodii × V. carlesii) ‘Sarcoxie’, V. × rhytidophylloides 
‘Allegany’, V. × rhytidophylloides ‘Willowwood’, V. plicatum 
var. tomentosum ‘Mariesii’, and V. tinus for susceptibility to 
P. ramorum isolate PRN-1. The inoculation trials were set-up 
and analyzed as described above.

Statistical analyses. To avoid pseudo-replication, the 
mean percentage of necrotic leaf area for each plant was 
used as the subsample (5). Data for the percentage of leaves 
per plant that were necrotic and the percentage of necrotic 
area of each leaf failed the normality test based on the 
Shapiro-Wilk test (P ≥ 0.05) and were transformed using 
arcsine square root (7). Transformed data for the percentage 
of leaves per plant that were necrotic passed the subsequent 
Shapiro-Wilk test for normality and were analyzed further 
using PROC MIX in SAS for Windows (version 9.1). Cultivar 
data were compared using Duncan’s multiple range test (α = 
0.05). However, the transformed data for the percentage of 
necrotic leaf area of each leaf also failed the Shapiro-Wilk 
test. Therefore, the non-parametric Kruskal-Wallis test using 
PROC NPAR1WAY in SAS for Windows was conducted on 
the ranked values (21). A post hoc non-parametric multiple 
comparison was performed according to Dunn’s method 
as listed in Hollander and Wolfe (12) using a SAS macro 
(14). Non-transformed data are presented for clarity in the 
presentation.

Results and Discussion
In this study, viburnum susceptibility was evaluated 

only by inoculating the above-ground plant parts. Although 
P. ramorum does have an important soil phase (22), it is 
generally considered an above-ground pathogen. As such, 
susceptibility studies are generally conducted on leaves or 
inner bark (e.g. 3, 9, 11, 18, 23, 24, 25). For all plants tested, 
necrosis was observed only on the foliage and never on stems. 
However, data were collected only 5 days after inoculation, 
which may not have been enough time for necrotic symptoms 
to develop on the stems (16).

Results demonstrated a wide range of susceptibility of the 
Viburnum spp. or cultivars to P. ramorum (Figs 1A & 1B). 
Considering both percentage of necrotic leaves per plant and 
percentage of necrotic leaf area, the most susceptible species 
or cultivars tested were V. × carlcephalum ‘Cayuga’ and V. 
tinus, while the most tolerant were V. × rhytidophylloides 
‘Willowwood’ and V. opulus ‘Notcutt’. In general, the wide 
range of susceptibility to P. ramorum among Viburnum spe-
cies or cultivars was similar to that reported by Grunwald et 
al. (10) using detached leaves. However, different reactions 
among commonly tested species or cultivars were noted 
between the two studies. Results from this study highlight 
the importance of doing whole plant testing for assessing 
susceptibility rather than relying on necrosis observed on a 
detached leaf. For example, V. × carlcephalum exhibited a 
high necrotic leaf area but was statistically included in the 
group with the fewest number of necrotic leaves (Figs. 1A 
& 1B). Some cultivars or species, such as V. dentatum ‘Blue 
Muffi n’, V. opulus ‘Roseum’, and V. carlesii ‘Compactum’ 
had a comparatively high percentage of necrotic leaves, but 
had among the lowest percentage of necrotic leaf area. These 
results are very important because lesion size alone has not 
been correlated with quantity of spore production (17, 26), 
which has epidemiological implications. Therefore, percent-
age of necrotic leaves becomes an important component 
that would be missed in a study where disease is assessed 
only on detached leaves in evaluating the susceptibility of 
a species or cultivar.

Results of the test comparing two different P. ramorum 
isolates on six different Viburnum species and cultivars were 
not consistent (Table 2). For V. dentatum (H = 5.326, 1 d.f., 
P = 0.0210), isolate WSDA-1772 had a higher percentage 
of necrotic leaf area, while isolate PRN-1 caused higher 
necrosis in leaves of V. × burkwoodii (V. × burkwoodii × V. 
carlesii) ‘Sarcoxie’ (H = 13.186, 1 d.f., P = 0.0003) and V. × 
rhytidophylloides ‘Allegany’ (H = 4.364, 1 d.f., P = 0.0367). 
No differences were observed among V. × rhytidophylloides 
‘Willowwood’ (H = 1.524, 1 d.f., P = 0.217). V. plicatum var. 
tomentosum ‘Mariesii’ (H = 1.095, 1 d.f., P = 0.295), and V. 
tinus (H = 3.203, 1 d.f., P = 0.0735). Based upon these results 
and from other studies that compared differences in lesion 
development between European and North American isolates 
(2, 10, 15), it is diffi cult to conclude if there are differences 
in pathogenicity among different pathogen lineages.

When data were analyzed after grouping plants according 
their leaf shedding pattern (evergreen, semi-evergreen, or 
deciduous), this trait signifi cantly affected the percentage of 
necrotic leaves per plant (P < 0.0001) and the percentage of 
necrotic area per leaf (H = 42.57, 2 d.f., P < 0.0001). The data 
are graphically displayed in Fig. 2. Using both of the above 
criteria, the evergreen species or cultivars were more suscep-
tible to P. ramorum. Evergreen species or cultivars consisted 
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of mainly mature (> 1 year old) leaves with some (< 20%) 
new growth. These results are in contrast to the report by 
Tjosvold et al. (24), who observed that deciduous azaleas 
were generally more susceptible than evergreen azaleas. Ac-
cording to previous studies involving different plant species 
(3, 11), younger leaf tissue was found to be more susceptible 
to P. ramorum than older tissue. However, Viburnum species 
do not appear to follow this pattern. The deciduous species or 
cultivars have younger overall leaves than the mixed leaf ages 

found on evergreen or semi-evergreen species, which should 
have been more susceptible. Although Balci et al. (1) found 
that younger tissue of Quercus spp. was more susceptible to 
different Phytophthora spp., they also found that susceptibil-
ity of evergreen species remained the same whether young 
or mature leaves were inoculated. In the present study, in-
dividual leaves on each evergreen or semi-evergreen plant 
were not tagged to indicate whether they were older mature 
leaves or from the present growing season.

Table 2. Affect of Phytophthora ramorum isolate on selected Viburnum species and cultivars.

 Necrotic leaves per plant (%)z Necrotic leaf area (%)y

 Isolatex Isolate

Viburnum spp. or cultivar PRN-1 WSDA-1772 PRN-1 WSDA-1772

V. × rhytidophylloides ‘Allegany’ 52.9A 26.6B 13.8* 5.6
V. dentatum 44.0A 51.5A 6.1 33.6*
V. plicatum var. tomentosum ‘Mariesii’ 73.4A 57.2A 20.5 24.0
V. × burkwoodii ‘Sarcoxii’ 80.3A 54.9B 59.0* 27.8
V. tinus 93.1A 96.1A 47.4 66.3
V. × rhytidophylloides ‘Willowwood’ 36.7A 12.4B 12.9 4.9

zMean percentage of necrotic leaves per plant. Numbers followed by the same letter for each Viburnum species or cultivar is not signifi cantly different ac-
cording Duncan’s multiple range test (α = 0.05).
yMean percentage of necrotic leaf area per leaf. Numbers followed by * are signifi cantly higher than the comparable isolate for each Viburnum species or 
cultivar according to Kruskal-Wallis nonparametric test (α = 0.05).
xPhytophthora ramorum isolate PRN-1 (lineage: EU1) or WSDA-1772 (lineage: NA1) used to inoculate the selected Viburnum species or cultivar.

Fig. 1. (A) The mean percentage of necrotic leaves per plant and (B) the mean percentage of necrotic leaf area for each leaf of tested Viburnum 
spp. and cultivars. Bars with the same letter were not signifi cantly different according to (A) Duncan’s multiple range test (α = 0.05) or (B) 
Kruskal-Wallis nonparametric test (α = 0.05) followed by a nonparametric multiple comparison. Values for Rhododendron ‘Cunningham’s 
White’ are added for comparison purposes only. Abbreviations correspond to species or cultivar tested and are as follows: notcutt = V. 
opulus ‘Notcutt’; carlcephalum = V. × carlcephalum (V. carlesii × V. macrocephalum); willowood = V. × rhytidophylloides (V. rhytidophyllum 
× V. × rhytidophylloides) ‘Willowwood’; wentworth = V. trilobum ‘Wentworth’; summer snofl  = V. plicatum ‘Summer Snowfl ake’; dilatatum 
= V. dilatatum; allegany = V. × rhytidophylloides (V. rhytidophyllum × V. × rhytidophylloides) ‘Allegany’; cree = V. rhytidophyllum ‘Cree’; 
pragense = V. × pragense (V. rhytidophyllum × V. utile); erie = V. dilatatum ‘Erie’; shasta = V. plicatum var. tomentosum (V. plicatum var. 
tomentosum × V. plicatum var. tomentosum ‘Mariesii’) ‘Shasta’; conoy = V. ×burkwoodii (V. × burkwoodii × V. utile) ‘Conoy’; burkwoodii 
= V. × burkwoodii; mohawk = V. × burkwoodii (V. × burkwoodii × V. carlesii) ‘Mohawk’; juddi = V. × juddi (V. carlesii × V. bitchiuense); 
compactum = V. carlesii ‘Compactum’; roseum = V. opulus ‘Roseum’; dentatum = V. dentatum; blue muffi n = V. dentatum ‘Blue Muffi n’; 
mariesii = V. plicatum var. tomentosum ‘Mariesii’; chesapeake = V. utile ‘Chesapeake’; sarcoxii: V. × burkwoodii (V. × burkwoodii × V. 
carlesii) ‘Sarcoxii’; tinus = V. tinus; cayuga = V. xcarlcephalum (V. × carlcephalum × V. carlesii) ‘Cayuga’; rhododendron = Rhododendron 
‘Cunningham’s White’ (control).
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The specifi c growth chambers used in the experiment did 
not have a signifi cant impact on the percentage of necrotic 
leaves per plant (P = 0.291). The rhododendron positive con-
trols showed results (Figs. 1A & 1B) comparable with those 
obtained from previous studies (23, 25), thereby validating 
the effi cacy of the pathogen over the course of the study.

Results from this study demonstrate that all Viburnum 
spp. and cultivars tested were susceptible to some degree 
to P. ramorum infection. This study also demonstrates the 
importance of using whole plants in susceptibility studies. 
In addition, this research provides a better understanding 
of possible resistance or tolerance in Viburnum species and 
cultivars that might be used in areas infested now, or in the 
future with P. ramorum, as well as cultivars that might func-
tion in limiting the spread of this invasive pathogen.

Literature Cited

Balci, Y., S. Balci, W.L. McDonald, and K.W. Gottschalk. 2008. 1. 
Foliar susceptibility of eastern oak species to Phytophthora infection. 
Forest Pathol. 38:320–331.

Brasier, C. 2003. Sudden oak death: 2. Phytophthora ramorum exhibits 
transatlantic differences. Mycol. Res. 107:258–259.

Denman, S., S.A. Kirk, C.M. Brasier, and J.F. Webber. 2005. 3. In vitro 
leaf inoculation studies as an indication of tree foliage susceptibility to 
Phytophthora ramorum infection in the U.K. Plant Pathol. 54:512–521.

Dorrance, A.E. and D.A. Inglis. 1997. Assessment of greenhouse and 4. 
laboratory screening methods for evaluating potato foliage for resistance 
to late blight. Plant Dis. 81:1206–1213.

Fernandez, G.C.J. 2007. Design and analysis of commonly used 5. 
comparative horticultural experiments. HortScience 42:1052–1069.

Ferguson, A.J. and S.N. Jeffers. 1999. Detecting multiple species 6. 
of Phytophthora in container mixes from ornamental crop nurseries. Plant 
Dis. 83:1129–1136.

Gomez, K.A. and A.A. Gomez. 1984. Test for homogeneity of 7. 
variance, p. 467–471. In: K.A. Gomez and A.A. Gomez (eds.). Statistical 
Procedures for Agricultural Research. 2nd edition. Wiley, New York.

Grünwald, N.J., E.M. Goss, K. Ivors, M. Garbelotto, F.N. Martin, 8. 
S. Prospero, E. Hansen, P.J.M. Bonants, R.C. Hamelin, G. Chastagner, S. 
Werres, D.M. Rizzo, G. Abad, P. Beales, G.J. Bilodeau, C.L. Blomquist, 
C. Brasier, S.C. Brière, A. Chandelier, J.M. Davidson, S. Denman, M. 
Elliott, S.J. Frankel, E.M. Goheen, H. de Gruyter, K. Heungens, D. James, 
A. Kanaskie, M.G. McWilliams, W. Man in ‘t Veld, E. Moralejo, N.K. 
Osterbauer, M.E. Palm, J.L. Parke, A.M. Perez Sierra, S.F. Shamoun, N. 
Shishkoff, P.W. Tooley, A.M. Vettraino, J. Webber, and T.L. Widmer. 2009. 
Standardizing the nomenclature for clonal lineages of the sudden oak death 
pathogen, Phytophthora ramorum. Phytopathology 99:792–795.

Grunwald, N.J., M. Kitner, M.M. Larsen, and R.G. Linderman. 9. 
2006. Evaluat ion of Viburnum cult ivars for suscept ibil ity to 
Phytophthora ramorum, 2005. Accessed March 23, 2010. http://www.
plantmanagementnetwork.org/pub/trial/bctests/vol21/.

Grunwald, N.J., M. Kitner, V. McDonald, and E.M. Gross. 10. 
2008. Susceptibility in Viburnum to Phytophthora ramorum. Plant Dis. 
92:210–214.

Hansen, E.M., J.L. Parke, and W. Sutton. 2005. Susceptibility of 11. 
Oregon forest trees and shrubs to Phytophthora ramorum: A comparison 
of artifi cial inoculations and natural infection. Plant Dis. 84:63–70.

Hollander, M. and D.A. Wolfe. 1973. Nonparametric Statistical 12. 
Methods. Wiley, New York.

Ivors, K., M. Garbelotto, I.D.E. Vries, C. Ruyter-Spira, B.T. Hekkert, 13. 
N. Rosenzweig, and P. Nonants. 2006. Microsatellite markers identify three 
lineages of Phytophthora ramorum in U.S. nurseries, yet single lineages in 
U.S. forest and European nursery populations. Mol. Ecol. 15:1493–1505.

Juneau, P. 2004. Simultaneous nonparametric inference in a one-14. 
way layout using the SAS system. Accessed March 23, 2010. http://www.
lexjansen.com/pharmasug/2004/statisticspharmacokinetics/sp04.pdf.

Kaminiski, K. and S. Wagner. 2008. In vitro inoculation studies 15. 
for estimating the susceptibility of ornamental plants to Phytophthora 
ramorum. J. Phytopathol. 156:480–486.

Lewis, C. and J.L. Parke. 2006.16.  Pathways of Infection for 
Phytophthora ramorum in Rhododendron. In: Proceedings of the Sudden 
Oak Death Second Science Symposium (S.J. Frankel, P.J. Shea, and M.I. 
Haverty, eds.). p. 295–297. USDA Forest Service Gen. Tech. Rep. PSW-
GTW-196, Albany, CA.

Linderman, R.G. and E.A. Davis. 2007. Comparative host 17. 
susceptibility and sporulation potential of Phytophthora ramorum on 
species, cultivars, and hybrids of camellia. Accessed March 23, 2010. http://
www.plantmanagementnetwork.org/pub/php/research/2007/camellia/.

Linderman, R.G., E.A. Davis, and J.L. Marlow. 2006. Response of 18. 
selected nursery crop plants to inoculation with isolates of Phytophthora 
ramorum and other Phytophthora species. HortTechnology 16:216–224.

Parke, J.L., R.G. Linderman, N.K. Osterbauer, and J.A. Griesbach. 19. 
2004. Detection of Phytophthora ramorum blight in Oregon nurseries and 
completion of Koch’s postulates on Pieris, Rhododendron, Viburnum, and 
Camellia. Plant Dis. 88:87.

Parke, J.L., M.L. Roth, and C.J. Choquette. 2006. Detached-leaf 20. 
assays with Phytophthora ramorum: Are they valid? In: Proceedings of 
the Sudden Oak Death Second Science Symposium (S.J. Frankel, P.J. 
Shea, and M.I. Haverty, eds.). p. 535. USDA Forest Service Gen. Tech. 
Rep. PSW-GTW-196, Albany, CA.

Shah, D.A. and L.V. Madden. 2004. Nonparametric analysis 21. 
of ordinal data in designed factorial experiments. Phytopathology 
94:33–43.

Shishkoff, N. 2007. Persistence of 22. Phytophthora ramorum in soil 
mix and roots of nursery ornamentals. Plant Dis. 91:1245–1249.

Shishkoff, N. 2007. Susceptibility of some 23. Lilac cultivars and other 
members of the Oleaceae to Phytophthora ramorum. Accessed March 23, 
2010. http://www.plantmanagementnetwork.org/pub/php/research/2007/
lilac/.

Tjosvold, S.A., S.T. Koike, J.M. Davidson, and D.M. Rizzo, 2002. 24. 
Susceptibility of azalea (Rhododendron) to Phytophthora ramorum. 
Accessed March 23, 2010. http://danr.ucop.edu/ihrmp/sodsymp/poster/
poster45.html.

Tooley, P.W. and M. Browning. 2009. Susceptibility to 25. Phytophthora 
ramorum and inoculum production potential of some common Eastern 
forest understory plant species. Plant Dis. 93:249–256.

Fig. 2. The effect of viburnum leaf shedding pattern on the mean 
percentage of necrotic leaves per plant and the mean percent-
age of necrotic leaf area for each leaf. Bars with the same letter 
were not signifi cantly different according to Duncan’s mul-
tiple range test (α = 0.05) for the mean percentage of necrotic 
leaves per plant or to Kruskal-Wallis nonparametric test (α = 
0.05) followed by a nonparametric multiple comparison for 
the mean percentage of necrotic leaf area for each leaf.

Necrotic leaves Necrotic leaf area

P
er

ce
nt

0

20

40

60

80

100

Evergreen species
Semi-evergreen species
Deciduous species

a

b
b

a

b
b



202 J. Environ. Hort. 28(4):197–202. December 2010

Tooley, P.W. and M. Browning. 2010. Factors affecting onset of 26. 
sporulation in Phytophthora ramorum. In: Proceedings of the Sudden Oak 
Death Fourth Science Symposium (S.J. Frankel, ed.), pp. 373–374. USDA 
Forest Service Gen. Tech. Rep. PSW-GTW-196, Albany, CA.

USDA-APHIS. 2010. APHIS list of regulated hosts and plants proven 27. 
or associated with Phytophthora ramorum. Accessed March 23, 2010. 
http://www.aphis.usda.gov/plant_health/plant_pest_info/pram/downloads/
pdf_fi les/usdaprlist.pdf.

USDA-APHIS. 2010. 28. Phytophthora ramorum nursery survey 
manual. Accessed March 23, 2010. http://www.aphis.usda.gov/plant_
health/plant_pest_info/pram/downloads/surveyplan/surveymanual.pdf.

USDA-NASS. 2007. Nursery Crops, 2006 Summary. Accessed 29. 
March 23, 2010. http://usda.mannlib.cornell.edu/usda/current/NursProd/
NursProd-09-26-2007.pdf.

Werres, S., R. Marwitz, W.A. Man in ’t Veld, A.W.A.M. de Cock, 30. 
P.J.M. Bonants, M. de Weerdt, K. Themann, E. Ilieva, and R.P. Baayen. 
2001. Phytophthora ramorum sp. nov., a new pathogen on Rhododendron 
and Viburnum. Mycol. Res. 105:1155–1165.

Widmer, T.L. 2009. Infective potential of sporangia and zoospores 31. 
of Phytophthora ramorum. Plant Dis. 93:30–35.

Winkworth, R.C. and M.J. Donoghue. 2005. 32. Viburnum phylogeny 
based on combined molecular data: implications for taxonomy and 
biogeography. Am. J. Bot. 92:653–666.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


