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INTRODUCTION

Phytophthora ramorum causes Sudden Oak Death, a
disease responsible for mortality of tanoak (Lithocarpus
densiflorus), coast live oak (Quercus agrifolia) and California
black oak (Q. kellogii) along the California coast and up into
Oregon (Rizzo et al, 2002a; Werres et al, 2001). P.
ramorum has been found to have a wide host range, with 23
species in 12 plant families currently determined to be
naturally infected by the pathogen (Davidson et al, 2002,
2003; Maloney et al, 2002). Several oak species have been
previously tested by stem inoculation and found to be
susceptible to P. ramorum (Rizzo et al, 2002a; 2002b).
Oaks in the red oak group were found to be more
susceptible than those in the red oak group (Rizzo et al,
2002b). To assess the threat potential of P. ramorum to
Eastern U.S. oak forests, we performed artificial stem
iInoculations of 9 different oak species, sugar maple, and
black walnut and foliar inoculations of 8 oak species.

RESULTS

MATERIALS AND METHODS

Stem inoculations. 2-3 year-old seedlings of coast live oak
(Quercus agrifolia), northern red oak (Q. rubra), white oak
(Q. alba), cherrybark oak (Q. pagoda), chestnut oak (Q.
prinus), laurel oak (Q. laurifolia), live oak (Q. virginiana),
water oak (Q. nigra), willow oak (Q. phellos), sugar maple
(Acer saccharum) and black walnut (Juglans nigra) were
iInoculated by placing 6 mm-diameter agar plugs cut from the
margin of 10-14 day-old cultures of P. ramorum isolate 0-16
(Rizzo Pr-6, from coast live oak in California) into stem
wounds ca. 5 cm above the soil line and covering with
parafilm. Controls received agar plugs containing no P.
ramorum. Seedlings were then incubated in a containment
greenhouse cubicle at 20 C for 72-76 days, at which time
results were assessed.

Foliar inoculations. 2-3 year-old seedlings of coast live
oak (Quercus agrifolia), northern red oak (Q. rubra), white
oak (Q. alba), cherrybark oak (Q. pagoda), chestnut oak (Q.
prinus), live oak (Q. virginiana), laurel oak (Q. laurifolia) and
tanoak (Lithocarpus densiflorus) were inoculated by placing
branches containing at least 15 leaves each into a plastic
bag containing 5000 sporangia/ml of P. ramorum isolate O-
16, and shaking. Seedlings were then placed in a dew
chamber at 20 C in darkness for 7 days. The amount of
affected leaf tissue was determined by scanning detached
leaves and measuring leaf and lesion areas with ASSESS
Image Analysis software (Lamari, 2002).

Oak trees in greenhouse cubicle at 20 C for stem inoculations.

Lesion areas of stem-inoculated seedlings ranged from 0.68 to 3.20 cm?
(TABLE 1). Since stem diameters varied substantially for different tree
species, lesion areas were also corrected by dividing by the stem diameter.
P. ramorum was isolated from all species on PARP selective medium from
the edges of stem lesions and at points up to 4 mm away from lesion
edges. P. ramorum was similarly isolated from leaf lesions from all 8
species in the foliar inoculaitons. Chestnut oak was the most susceptible
species to both stem and foliar inoculation, while other species varied in
susceptibility to P. ramorum. (TABLES 1 and 2).

TABLE 1. Results of stem inoculation of 11 forest species (9 oaks plus
sugar maple and black walnut) with isolate 0-16 of Phytophthora
ramorum. Seedlings (2-3 years old) were incubated in a greenhouse
cubicle at 20 C for 72-76 days.

Species n Les. area (cm?) Corr. Les. Area (cm?)’
Chestnut Oak 50 3.20a 3.29 a
White Oak 50 2.80Db 3.18 a
Northern Red Oak 50 2.16 C 2.08Db
Laurel Oak 50 1.76 d 1.62 c
Cherrybark Oak 50 1.55d 1.82 bc
Willow Oak 50 1.16 e 1.25d
Water Oak 50 1.16 e 1.26 d
Black Walnut 50 1.10 e 1.16 de
Live Oak 50 1.08 e 1.18 d
Sugar Maple 50 0.94e 091e
Coast Live Oak 150 0.68 f 1.29 d
Controls 130 0.15¢ 0.24 1

“corrected by dividing lesion area by stem diameter
means followed by the same letter do not differ significantly by the
Waller-Duncan K-ratio t test (kratio=100)

*
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Stem lesions caused by P. ramorum on northern red oak (above, left) and
coast live oak (above, right) following 72-76 days of incubation in a 20 C
greenhouse cubicle. Topmost stem in each picture is a control.
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Stem lesions caused by P. ramorum on sugar maple (above, left) and
black walnut (above, right) following ca. 2 months of incubation in a 20 C
greenhouse cubicle. Bottommost stem in each picture is a control.
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Scans of foliage lesions on chestnut oak (left) and tanoak (right).

TABLE 2. Results of foliar inoculation of 8 oak
species with sporangia of isolate 0-16 of
Phytophthora ramorum. Seedlings (2-3 years old)
were incubated in a dew chamber at 20 C for 7

days.

Species n Percent disease
Chestnut Oak 26 17.0a’
White Oak 22 05b
Northern Red Oak 29 2.1b
Cherrybark Oak 13 0.2Db
Laurel Oak 18 1.6b
Live Oak 9 0.6b
Tanoak 25 13.2 a
Coast Live Oak 40 2.8b

" means followed by the same letter do not differ
significantly by the Waller-Duncan K-ratio t test
(kratio=100)

Isolation of P. ramorum on PARP medium from northern red
oak (above, left) and sugar maple (above, right).

CONCLUSIONS

e P. ramorum is able, under containment
greenhouse conditions, to cause lesions In
stems of 10 different Eastern forest species.

e P. ramorum was isolated from necrotic tissue
of all species tested, and from tissue up to 4
mm from the edges of stem lesions on most
species.

e P. ramorum was able to infect foliage of the 8
oak species tested, even though foliar disease
IS not commonly observed in nature for species
such as Q. agrifolia (coast live oak)

e Further research is needed to assess the
likelihood of P. ramorum infecting Eastern
forest species under natural conditions.

ACKNOWLEDGMENTS

We thank Steve Oak, U.S. Forest Service, for supplying oak trees used in these
experiments, and Sandra Anagnostakis for supplying black walnut and sugar maple trees.
We also owe thanks to Craig Cavin, USDA-ARS, Ft. Detrick, MD for excellent technical
assistance.

Commercial Endorsement Disclaimer
The use of trade, firm, or corporation names on this page is for the information and convenience of the reader. Such use does not constitute an official endorsement or approval by the U.S.D.A.
Agricultural Research Service, NAL or BIC of any product or service to the exclusion of others that may be suitable.

USDA Nondiscrimination Statement

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, gender, religion, age, disability, political beliefs,
sexual orientation, and marital or family status. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program information
(Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at 202-720-2600 (voice and TDD). To file a complaint of discrimination, write USDA, Director, Office of Civil Rights,
Room 326-W, Whitten Building, 14th and Independence Avenue, SW, Washington, DC 20250-9410 or call (202) 720-5964 (voice or TDD). USDA is an equal opportunity provider and employer.
The use of trade, firm, or corporation names in this page and linked publications is for the information and convenience of the reader. Such use does not constitute an official endorsement or
approval by the United States Department of Agriculture of any product or service to the exclusion of others that may be suitable.



