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TITLE: Assessment of Butternut Health on Public and Private Lands in the Eastern
United States

LOCATIONS: NEW ENGLAND, NEW YORK, GEORGIA, TENNESSEE, and NORTH CAROLINA

DURATION: TWO YEARS FUNDING SOURCE: BASE (EM)

PROJECT LEADERS: D. R. Bergdahl, Professor S. E. Schlarbaum, Professor
Department of Forestry Dept. of Forestry, Wildlife & Fisheries
University of Vermont The University of Tennessee
Burlington, VT 05405 Knoxville, TN 37996-4563
802 656 2517 865 974 0200
dale.bergdahl@uvm.edu tenntip@utk.edu

COOPERATORS: C. L. Ash, Plant Pathologist, FHP F. T. van Manen, U.S. Geological Survey
USDA Forest Service, Southern Appalachian Field Branch,
271 Mast Rd Durham, NH 03824 Knoxville, TN 37996-4563, 865 974 0200
603 868 7704, cash@fs.fed.us vanmanen@utk.edu

OVERALL OBJECTIVE: Assess the health of butternut in the eastern United States

SPECIFIC PROJECT OBJECTIVES BY PI:

1. Assess butternut canker disease incidence and severity (VT& TN PI’s).

2. Assess and monitor mortality of butternut due to butternut canker disease (VT).

3. Locate and monitor healthy butternut trees for potential genetic studies (VT & TN).

4. Develop and test a GI1S-based predictive model for selected National Forests to determine
habitat characteristics of butternut (TN).

5. Conduct analyses to determine if disease severity is associated with specific
site/environmental conditions (VT & TN).

JUSTIFICATION: The butternut canker fungus (Sirococcus clavigignenti-juglandacearum Nair, Kostichka, and
Kuntz) (SCJ) is believed to be an exotic pathogen that has had a serious biological, ecological, and economic impact
on butternut (Juglans cinerea) throughout its range in eastern North America during the past 30+ years. Forest
inventory data for North Carolina and Virginia indicate that butternut canker disease is the most likely cause of the
77% decrease in number of butternut trees inventoried between 1966 and 1986. A limited Wisconsin survey revealed
that 91% of the live butternut trees were diseased and 27% of the total population was dead in 1993. The USFS has
established butternut management and harvesting guidelines, and recently, the federal government placed butternut on
their “sensitive species list” due to the impact of this exotic pathogen.

In the Northeast (NE), limited information is available on the health status of butternut. However, in Vermont
(1993-96), a total of 1317 living butternut trees were evaluated on 18 permanent plots, and 94% of the trees examined
were cankered, with incidence ranging from 68 to 100% among sites. Initial severity ratings also varied among sites,
but initial mortality levels were quite low except for those sites with high severity ratings where mortality approached
25%. Only 6% of the trees appeared healthy and of these less than one-third have been designated as candidates for
grafting and future genetic work. This selection process has been in cooperation with Dr. Mike Ostry (USDA FS, St.
Paul, MN).

DESCRIPTION:

a. Background: The incidence, severity, and rate of mortality of butternut due to infection by SCJ have not been
adequately assessed. Butternut is not significantly represented in the national forest health-monitoring (FHM) network
of plots, but where the species occurred in 1991, there appears to have been significant mortality by year 2000
(Butternut FHM plot data, C. Barnett, USDA FS). Therefore, our proposed butternut assessment will provide a
significant amount of new information on the health status of this “sensitive species” and will significantly
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complement FHM detection and monitoring efforts on both public and private lands throughout the Eastern region.
This study also will provide a more accurate assessment of butternut health on different sites including riparian zones,
which is quite limited in FHM and FIA datasets. Following our previous inventory and assessment of butternut, we
intend to expand our study to include the rest of New England, New York, Georgia, Tennessee and North Carolina,
which will significantly add more trees and sites to our existing database and thereby provide for a more accurate
assessment of butternut health in the region.

b. Methods: Our previous assessment methods can be used to assess and monitor changes in butternut health
throughout its range. All inventoried trees (standing living and dead, and dead and down) will be numbered and GPS
locations recorded to provide a GIS database designed for long-term evaluation and monitoring efforts. Individual tree
data will include basic forestry measurements such as DBH, crown class, crown diameter, etc. as well as a health
assessment. This health assessment will evaluate crown condition (dieback, density, and transparency per FHM
guidelines), epicormic branching, root health (cankering and root rot), stem health (number of cankers, heart rot, etc).
All data will be compiled and analyzed to assess variations in incidence, severity, and mortality of butternut on
different sites or as influenced by environmental conditions.

GIS data sets will include information on soils, moisture relationships, site geology, land use/cover, various
topographic layers, etc. These layers will be used to determine habitat conditions for butternut. Butternut locations
and habitat conditions will then be used to calculate the Mahalanobios distance statistic as an index of butternut habitat
suitability. This habitat suitability model will be tested using a bootstrapping technique that predicts distance values
for butternut locations. A multivariate regression model will be used to determine the relationship between health
conditions and habitat characteristics.

This cooperative study will expand assessment of butternut to include trees on both public and private lands
throughout the eastern range of this species in the US. Our State cooperators will assist in locating butternut trees for
intensive survey on both public and private lands. Federal cooperators will assist with locations on Federal lands and
will participate in data assessment.

c. Products: The above project objectives are designed to establish and maintain a GPS/GIS database that will enable
us to monitor and reassess the health status of butternut over time. New information from this study will help to better
understand the threat this exotic pathogen poses to butternut and will support development of new butternut
management guidelines for this “sensitive species.” The location of disease-resistant trees will be noted and the
information sent to our cooperators and Drs. Ostry (northern states) or Schlarbaum (southern states) for inclusion in
breeding programs and future restoration efforts. Also, this study will provide valuable information on severity of
butternut canker disease for different sites and will form a basis to assess site conditions relative to potential impact on
butternut health.

Results of this research will be published in a regular and timely manner as research abstracts, proceedings
papers, and/or in peer-reviewed manuscripts as well as presented to the Forest Health Monitoring Workshop as a
poster. Presentations at the Northeastern Forest Pathology Workshop, and Northeastern Division of the American
Phytopathological Society and selected forest health and ecological meetings in the South are planned. In addition,
these butternut data will be offered for inclusion in a Forest Health Monitoring program database.

d. Schedule of Activities (VT):
Year 1: Work with state cooperators to establish potential sampling locations. Train field personnel and
establish data management system. Begin site visits and field sampling (initial) /data
entry/management/assessment/quality assurance. Progress report/FHM workshop poster

Year 2: Continue field sampling (extensive). Data entry/management/assessment/quality assurance
Final report/FHM workshop poster/publications/other technology transfer activities including development of
a discussion session for all cooperators and other interested personnel.

Schedule of Activities (TN):
Year 1: Compile butternut locations and generate predictive models based on known locations. Train field
personnel for field assessment, establish data management system and begin field assessment based on
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predictive models. Data entry/management/assessment/quality assurance. Graft putative resistant butternuts.
Progress report/FHM workshop poster.

Year 2: Continue field assessment. Data entry/management/assessment/quality assurance. Test whether tree
health is influenced by habitat conditions. Determine potential butternut restoration sites. Graft putative
resistant butternuts. Final report/FHM workshop poster/publications/other technology transfer activities.

e. Attachments: Progress/Accomplishments/List of Cooperators:
FHM butternut project in Vermont (Pilot study). (Results to-date presented as 2 abstracts. A final report will
be submitted following our project end date of 9/30/05).

Accomplishments and current studies at the University of Tennessee (See Attached).

COSTS: (Vermont PI) Requested Other
Item FHM EM Source Source
Funding Funding
YEAR (1of2)
Administration Salaries 30,675 In-kind Cooperators/UVM
Overhead* 11,963
Travel 7,000 In-kind Cooperators
Procurement Operating 5,200
Total Direct Costs 54,838
Other Costs Indirect** 16,177
Total (yr 1 of 2) 71,015 +20% Coop Match UVM
YEAR (20f2)
Administration Salaries 32,516 In-kind Cooperators/other
Overhead* 13,006
Travel 9,000 In-kind Cooperators
Procurement Operating 4,200
Total Direct Costs 57,722
Other Costs Indirect ** 17,323
Total (yr 2 of 2) 75,045 +20% Coop Match UVM
* Overhead = Fringe ** Indirect costs @ 29.5 % (May be negotiated with UVM as match)
Costs: (Tennessee P1)
Requested Other
Item FHM EM Source
Funding Funding Source
Year (1 of 2)
Administration Salaries 17,500 In-kind uT
Fringe 5,950*
Travel 10,000 In-kind uT
Procurement Operating 7,000
Indirect 7,079~
Totals (yr 1 of 2) 47,519 +20% Coop Match UT
Year (2 of 2)
Administration Salaries 17,500 In-kind uT
Fringe 5,950*
Travel 5,000 In-kind uT
Procurement Operating 5,000
Indirect 5,854~
Totals (yr 2 of 2) 39,304 +20% Coop Match UT

* Qverhead = Fringe “Indirect costs @ 17.5% (May be negotiated with UT as match)
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Attachments:
Vermont PI: Progress/Accomplishments: FHM butternut project in Vermont (Pilot study)

The butternut canker fungus (Sirococcus clavigignenti-juglandacearum Nair, Kostichka, and Kuntz) (SCJ) is
believed to be an exotic pathogen that is having a serious impact on butternut (Juglans cinerea) health throughout
Vermont. The following is a brief summary of progress to-date on our current project (2002-04) titled: Assessment of
the rate of progression of butternut canker disease. The initial phase of this project was designed to reassess incidence,
severity, and mortality of all 1300+ butternut trees located on 18 permanent plots originally established in 1993-96.
The latter phase (2003-05) was expanded to add plots to include all counties throughout Vermont. In 1993-96 we
found that butternut trees generally grow on both upland and riparian sites in small groups rather than as scattered,
individual trees. These trees had an average DBH of about 15 inches. We also found a high degree of cankering
(90+%) and tree mortality that averaged about 12% (range 0-26%). Also, regeneration (seedlings, saplings) for all
practical purposes, was lacking which is probably due to extensive crown dieback and therefore reduced seed
production. Results from our reassessment of permanent plots indicated that while incidence had not substantially
changed, severity had significantly increased. In general, crown ratios and crown densities have decreased, and crown
transparency has stayed the same; however, crown dieback has substantially increased since the early assessment.
Also, Armillaria and other root rots as well as evidence of heart rots and other forms of stem decay, had substantially
increased since the initial inventory. Mortality levels are now at 40+% and we believe that this high rate of mortality
(an increase of 30+% in 8+ years) is highly significant and an indication of how rapidly we are losing this tree species.

During the latter phase of this project, we expanded the survey and assessment to include trees growing on
both upland and riparian sites throughout Vermont. This has resulted in the assessment of 944 additional trees to-date
from 13 of 14 counties in Vermont. Only Grand Isle County is missing as this area is mostly agricultural and butternut
trees are rare; however, when found they are usually diseased and in various stages of decline. In 2003-04, tree
mortality rates (standing dead trees only) ranged from 15.7% (Lamoille Co.) to 67.1 % (Caladonia Co) with a
statewide average of 45.9%. In addition, dead and down trees were also noted in all counties but not tallied as part of
this assessment. Both stem cankering and percentage of stem girdling appeared higher for riparian sites, but mortality
levels were higher for upland sites. This higher mortality level for upland sites may be explained by the higher
incidence of Armillaria and other root rots on these sites.

The above abstract only highlights some of our progress to-date on this butternut assessment project. A more
detailed final report is in preparation and will include a Master’s Thesis that focused on the reassessment portion of
this project. Upon completion of the final report, a poster will be prepared for presentation at the annual FHM meeting
this coming year.

The following NEDAPS abstract will be published in Phytopathology following presentation at the annual
meeting of the Northeastern Division of the American Phytopathological Society (October 2005).

Impact of Sirococcus clavigignenti-juglandacearum on health of butternut. T. Schmalz and D.R.

BERGDAHL. University of Vermont, Burlington, VT 05405.

Butternut canker, caused by Sirococcus clavigignenti-juglandacearum (SCJ), results in extensive decline and
mortality of butternut (Juglans cinerea) throughout its range in North America. On permanent plots in
northern Vermont, SCJ infection and butternut mortality rates were 92% and 12%, respectively (1993-1996).
Reduced crown vigor and secondary pathogens, especially Armillaria sp., were associated with SCJ infection.
In 2001-02, SCJ infections increased to 96% and tree mortality to 41%. When examined in 2002, trees that
exhibited main stem or root cankering in 1996 were more likely to be dead and have Armillaria root rot and
increased epicormic branching compared to uninfected trees, especially in understocked stands. Suppressed
trees were most likely to die, and dominant trees had highest rates of Armillaria root rot, other root rots, and
heart/trunk rots. Logistic regression models found mortality was significantly associated with canker presence,
root rots, crown class, and stocking level (P < 0.05). Butternut canker plays a significant role in increased
mortality, occurrence of secondary pathogens, and reduced overall health of trees.

Our final project report in the form of a poster will be submitted after the project end date (extended to
9/30/2005). Please contact me if you have any questions or need additional information.
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Tennessee Pl: Accomplishments and current studies at the University of Tennessee

The University of Tennessee’s Tree Improvement Program (UT-TIP) has dedicated a substantial amount of
effort working with cooperators to restore butternut to the forests in an efficient manner. Study areas include:
genetics, ecology, pathology, and dendroecology. Researchers have taken a landscape approach to successfully
delineate butternut habitat in the Great Smoky Mountains National Park (van Manen et al. 2002) and identify potential
butternut restoration sites in Mammoth Cave National Park (Thompson et al., In press). The UT-TIP is also in the
process of refining and developing GIS-based models to define ideal habitat conditions in various National Forests and
multiple National Parks. Since 1993, surveys for surviving butternuts have been conducted on state, federal and
private lands in Tennessee, North Carolina, Georgia, and other southern states. These surveys have produced a large
data base that can be used for modeling and other studies. In addition to the spatial modeling approach, researchers
have worked to develop a butternut canker classification system, which consists of a scoring procedure, to assess the
severity of butternut canker disease. Also, researchers are using FHM guidelines for determining crown condition, so
that impacts that may or may not be related to butternut canker disease can be assessed.

Thompson, L. M., F. T. van Manen, S. E. Schlarbaum, and M. DePoy. 2005. A Spatial Modeling Approach to Identify
Potential Butternut Restoration Sites in Mammoth Cave National Park. Restoration Ecology 00:00-00. (In
press).

van Manen, F. T., J. D. Clark, S. E. Schlarbaum, K. Johnson, and G. Taylor. 2002. A model to predict the occurrence
of surviving butternut trees in the southern Blue Ridge Mountains. Pages 491-497 in J. M. Scott, P. J.
Heglund, and M. L. Morrison, editors. Symposium on predicting species occurrences: issues of scale and
accuracy. Island Press, Covelo, California.

FOREST HEALTH COOPERATORS -7 STATE AREA-NEW ENGLAND AND SOUTHERN REGION

CONNECTICUT

Lou Magnarelli and Peter Trenchard

CT Agricultural Experiment Station

P.O. Box 1106

123 Huntington Street, New Haven, CT 06504-1106

Phone: (203) 974-8481, Fax: (203) 974-8502, E-Mail: louis.magnarelli @po.state.ct.us
peter.trenchard @po.state.ct.us

MAINE

David Struble

ME Department of Conservation

Maine Forest Service

22 State House Station, Augusta, ME 04333-0022

Phone: (207) 287-4981, Fax: (207) 287-8422, E-Mail: dave.struble@maine.gov

MASSACHUSETTS

Charles Burnham

MA Department of Environmental Management

Division of Forests & Parks

Region 4 Headquarters

P.O. Box 484, Amherst, MA 01004-0484

Phone: (413) 256-1601, Headquarters: (413) 545-5993, Fax: (413) 545-5995 (Headquarters)
E-Mail: charlie.burnham@state.ma.us

NEW HAMPSHIRE

Jennifer Bofinger

NH Dept. of Resources & Economic Development
Division of Forests & Lands
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P.O. Box 1856
172 Pembroke Rd., Concord, NH 03302-1856
Phone: (603) 271-7858, Fax: (603) 271-7577, E-Mail: jbofinger@dred.state.nh.us

NEW YORK

Jerry Carlson

NY Dept. of Environmental Conservation

Division of Lands & Forests

625 Broadway, Albany, NY 12233-4253

Phone: (518) 402-9425, Fax: (518) 402-9028, E-Mail: jacarlso@gw.dec.state.ny.us

RHODE ISLAND

Cathy Sparks

RI Dept. of Environmental Management

Division of Forest Environment

1037 Hartford Pike, North Scituate, RI 02857-1030

Phone: (401) 647-3367, Fax: (401) 647-3590, E-Mail: csparks@dem.state.ri.us

VERMONT

H. Brenton Teillon

Forest Resource Protection

VT Dept. of Forests, Parks & Recreation

103 S. Main Street, 10 South,

Waterbury, VT 05671-0602

Phone: (802) 241-3676, Fax: (802) 244-1481, E-Mail: brent.teillon@anr.state.vt.us

SOUTHERN NATIONAL FOREST AND FOREST HEALTH COOPERATORS

STATE AND PRIVATE FORESTRY - FOREST HEALTH
William E. Jones, Forest Pathologist

USDA Forest Service

State and Private Forestry

PO Box 2680

Asheville, NC 28802

Phone: (828) 259-0526; email: wejones@fs.fed.us

SOUTHERN REGION - GENETIC RESOURCES PROGRAM
Barbara Crane, Regional Geneticist

USDA Forest Service, Southern Region

720 Peachtree Rd NW, Suite 816N

Atlanta, GA 30309

Phone: (404) 347-4039; Email: barbaracrane@fs.fed.us
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