
Second Wednesdays | 1:00 – 2:15 pm ET
www.fs.fed.us/research/urban-webinars

USDA is an equal opportunity provider and employer.

http://www.fs.fed.us/research/urban-webinars/


Leila Pinchot
Research Ecologist

USDA Forest Service

cornelia.c.pinchot@usda.gov

Carrie Pike
Regeneration Specialist

USDA Forest Service

carolyn.c.pike@usda.gov

Charlie Flower
Research Ecologist

USDA Forest Service

charles.e.flower@usda.gov



Breeding and restoring the next 
generation American Elm

Cornelia (Leila) Pinchot, Charles Flower, Kathleen Knight, James Slavicek



Outline

• Background:
• American elm ecological and cultural value

• Dutch elm disease and its impacts

• Historical efforts to restore the species

• USFS NRS efforts to restore American elm
• Develop DED-tolerant populations

• Develop strategies for reintroducing elm to wildland and urban environments
• Highlight two studies



U.S. Geological Survey. 1999. Digital representation of E.L. 
Little 1971 "Atlas of United States Trees"

American Elm (Ulmus americana)



From Tallemy and Shropshire, 2009, Conservation 
Biology 23(4):941-947. 

Elm sphinx moth, Ceratomia amyntor

Double-toothed prominent moth, Nerice bidentata



Wildlife that utilize American elm

Purple finch Ruffed grouse Northern bobwhite Gray squirrel

Yellow-rumped warblerNorth American porcupine American wood duck



“Universal element of the American urban landscape”

“If the American dream had a home, it would be tucked 
beneath the sunshot canopy of elm street, USA.”

-Thomas Campanella, “Republic of Shade”



Elms at the University of Illinois, from “Dutch elm disease in Illinois”, by J.C. Carter



Field elms in the Connecticut Valley – Albert Bierstadt, 1862



Elm in the New York Times

NYT Feb 13, 1902 NYT April 21, 1931 NYT May 20, 1941





Scanning electron micrographs of mycelial

growth of O. ulmi in elm xylem vessels. 

www.dutchelmdisease.org

Dutch elm disease (DED)
Caused by Ophiostoma ulmi and Ophiostoma novo-ulmi

Xylem discoloration caused 
by DED

NYT Sept 30, 1956



Dr. Christine Buisman

Dr. Marie Beatrice Schol-Schwarz
and Dr. Johanna Westerdijk

Ulmus x hollandica
‘Bea Schwarz’

Ulmus minor
‘Christine Buisman’

DED pioneers





Vectors of Dutch Elm Disease

Native elm bark beetle Smaller European elm bark 
beetle

Horizontal maternal gallery with 
radiating larval galleries

Vertical maternal gallery with 
radiating larval galleries

P. Svihra, apsnet.org



Sherif SM, Shukla MR, Murch SJ, Bernier L, Saxena PK. Simultaneous induction of jasmonic acid and disease-responsive genes signifies tolerance 
of American elm to Dutch elm disease. Scientific reports. 2016 Feb 23;6:21934.



Early DED control efforts

The Gazette



Photo credit: University of Wisconsin Extension

By 1960, over 40 million American elm trees had died

Impacts of Dutch Elm Disease on the American Elm

From “Dutch elm disease in Illinois”, by 
J.C. Carter



American elm breeding efforts

• Research on American elm has focused primarily on the identification of 
selections that can withstand the DED pathogen. 

• More than 100,000 American elm trees have been tested for resistance to 
DED, with very few exhibiting adequate levels of tolerance:

• Cornell University and Boyce Thompson Institute 
• 16 of 21,000 inoculated seedlings demonstrated decent tolerance

• The University of Wisconsin began a research and breeding program 
1950s

• Extensive research resulted in 6 select trees known as “American 
Liberty Multiclone”

• The National Arboretum of the Agricultural Research Service
• New Harmony and Valley Forge

• The University of Guelph: Elm Recovery Project
• The Morton Arboretum

• Bred other Ulmus species for replacement
Denny Townsend, ARS



Commercially available American elm with increased DED-tolerance

Princeton

Valley Forge Colonial Spirit

Jefferson

Prairie Expedition St. Croix

New Harmony



American Elm Restoration Research

Primary Goal: Produce genetically diverse, DED-tolerant American 
elm for reintroduction in forests and urban areas

1. Identify additional DED-tolerant American elms for horticultural 
selections

2. Identify additional DED-tolerant American elms for seed orchards for 
restoration plantings

3. Test resistance of DED-tolerant elms to different strains of the DED 
fungus

4. Develop guidelines for reintroducing elm to rural and urban areas

5. Identify genes responsible for DED tolerance

6. And more!



Identify Additional DED-tolerant American elms: Survivor elms from 
partners and website

824 Submitted elms

Large survivor elms in the North 
Eastern US identified by C. Marks



“West Springfield #4” elm in Massachusetts

Propagate clones of survivor trees

• We have a residual bank of elm material 
and have recently sourced 41 survivor elms 
from New England, Michigan, and Ohio 
which were propagated from 2016-2017.



Scion is grafted onto 
existing rootstock

Cuttings are taken from grafted 
material and new clones are generated

Elm Propagation Techniques



Controlled pollinations



After 5-7 years of growth, trees are inoculated with DED to test tolerance



Lower Midwest survivor elms
Dale Lesser, farmer

• Clones of 22 survivor American elms were planted in 
complete replicate blocks in Delaware, OH and 
inoculated with DED ~ 10 years after planting



Upper Midwest survivor elms
Chippewa National Forest

• 2007-2009 Crosses between 4 survivor American elms and 4 DED-
tolerant elms were made and planted in completely randomized 
block design replicated in 3 sites in MN and 1 in OH

In collaboration with Gary Swanson, Region 9, Chippewa NF

http://www.fs.fed.us/r9/forests/chippewa/maps/location_map.php
http://www.fs.fed.us/r9/forests/chippewa/maps/location_map.php


Upper Midwest survivor elms
Chippewa National Forest

Selection
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American elm reintroduction
across the rural to urban gradient



“If ecosystems are viewed as open and dynamic, re-creation of some 
historic condition becomes an exercise in nostalgia.”

- Richardson, David et al. 2007 "Riparian vegetation: degradation, alien plant invasions, and restoration prospects." Diversity and 
distributions 13(1): 126-139.



Reintroduction of elm to rural ecosystems

• American elm as a component of restoration 
strategies:

• Emerald ash borer impacted floodplains 

• Formerly grazed riparian corridors 

• Reclaimed minelands

EAB impacted floodplainGrazed riparian corridors



Modern ecological relevance of American elm

Looney CE, D’Amato AW, Palik BJ, Slesak RA. Overstory treatment and planting season affect 

survival of replacement tree species in emerald ash borer threatened Fraxinus nigra forests in 

Minnesota, USA. Canadian Journal of Forest Research. 2015 Aug 19;45(12):1728-38.



“The models showed that many species 
currently dominating the Northwoods, 
quaking aspen, balsam fir, balsam 
poplar and paper birch, may lose 
substantial habitat due to warming and 
varied hydrological conditions, and thus 
are less suitable as long-term 
replacement species. Species 
including American elm, American 
basswood, red maple, bur oak, and 
boxelder may be able to colonize 
areas vacated by the loss of black 
ash.”



Reintroduction of elm to urban/suburban ecosystems

• Unique challenges:
• Harsh conditions

• Compaction

• Contaminated soil

• Heat island effect

• Construction

• Vandalism

• Competition from invasive species

• Aesthetic and structural requirements

• Require higher levels of disease tolerance

• Require higher levels of success

Photo by Christian Marks, TNC



Using elms to enhance urban riparian forests across Columbus, OH

Urban riparian corridor heavily invested with Amur honeysuckle

Columbus, Ohio



Using elms to enhance urban riparian forests across Columbus, OH

In collaboration with S. Matthews, A. Fotis, City of Columbus, Columbus Recreation and Parks Dept.

• Overarching research goal to control invasive shrubs, enhance biodiversity and 
habitat quality.

• Enhance ecosystem function via removal of the invasive understory.
• Investigate the relationships between vegetation structural complexity and avian 

abundance/behavior.
• Reintroduce native woody plant material (elm, bur oak, pawpaw, musclewood, 

coralberry, nannyberry).
• Determine strategies and guidelines for riparian restoration.



Using elms to enhance urban riparian forests across Columbus, OH

Honeysuckle removal (followed by chemical treatment)



Using elms to enhance urban riparian forests across Columbus, OH

Honeysuckle removal and seedling planting



Using elms to enhance urban riparian forests across Columbus, OH

• Evaluating:

• Survival and growth among planted seedlings 
(elm, bur oak, paw paw, spicebush, nannyberry, 
and musclewood)

• Vegetation dynamics across treatments and over 
time 

• Changes in structural complexity using handheld 
LIDAR among treatments and over time

• Wildlife use and impact across treatments 



Test newly developed DED-tolerant elms across an urbanization gradient

In collaboration with V. D’Amico, T. Trammel, L. Roman, K. Nislow, City of Columbus, Columbus Recreation and Parks Dept.

• Many of the newly developed DED-tolerant American elms have 
not been tested for tolerance to urban stressors. 

• We are working with municipalities across 3 cities to investigate 
the tolerance of these elms. 

• Columbus, OH
• Philadelphia, PA
• Newark, DE

• We will investigate how urbanization metrics and a variety of other 
factors drive elm tree establishment and growth.

Potential planting sites in Columbus, OH



Future Directions

• Continue to identify and test 
potentially DED-tolerant 
material.

• Investigate differential 
virulence/pathogenicity of DED 
from around the US.

• Understand gene flow 
associated with our DED-tolerant 
restoration plantings.

• Continue investigations into 
DED-resistance genes.



The Manton Foundation

Dale Lesser

The Nature Conservancy

The Columbus Metro Parks

Friends of the Lower Olentangy Watershed

Finger Lakes National Forest; Chippewa National Forest 

USFS, State and Private Forestry - Linda Haugen
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