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Our Goal

• Produce genotypes resistant to or tolerant of adelgids

– Short term:  nursery and landscape industries

– Long term:  species restoration

 

 

Our Strategies

• Host resistance

– Find and exploit native resistance

– Hybridize with resistant and tolerant exotic hemlocks

 



 

Native resistance

• Search for native resistance

– Eastern and Carolina hemlock

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



Native resistance

• Search for native resistance

– Eastern and Carolina hemlock

– Plan to begin screening ornamental cultivars as well

• Screening process

– Site visit

– Collect cuttings

 

 

 



 

Wilkes County, North Carolina

 

 

Blue Ridge Parkway

 



 

Blue Ridge Parkway

June 2009Google April 2015

 

 

New Jersey “Bulletproof Stand”
Mark Mayer

 



 

 

 

 



 

Native resistance

• Search for native resistance

– Eastern and Carolina hemlock

– Plan to begin screening ornamental cultivars as well

• Screening process

– Collect cuttings

– Propagate

– Infest

– Evaluate
• Assess plant and adelgid health

 

 

Methods

• Grafted Spring 2014

• Infested Spring 2016

• All rootstock branches removed and stem coated with 

canning wax

• Infested Fraser fir bolts placed just above level of tallest 

study trees

• Bolts moved and rotated every 2-3 days until crawler 

emergence ended, then removed

• 50% shade cloth over study

• Control trees covered with organza, treated with foliar 

spray and media drench of Safari
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Native resistance

• Currently propagating rooted cuttings from over 130 potentially 

resistant/tolerant trees

• Genotypes screened as resistant/tolerant will be crossed, and the 

full-sib as well as additional OP progeny will be tested

• University of Rhode Island has tested rooted cuttings from several 

“Bulletproof stand” trees and has now established field studies with 

the most promising genotypes (began searching in 2005)

– One field study location is in western NC

 

 



Interspecific hybrids

• Non-native/exotic hemlock species we are working with:

• Chinese (Tsuga chinensis) – Resistant
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Interspecific hybrids

• Non-native/exotic hemlock species we are working with:

• Chinese (Tsuga chinensis) – Resistant

• Northern Japanese (T. diversifolia) –

Resistant/tolerant

• Southern Japanese (T. sieboldii) – Tolerant (native 

HWA host)
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Interspecific hybrids

• Grow viable seed and screen progeny

• Backcross with native hemlock to decrease proportion 

of Asian hemlock genes

• Some crossing barriers appear to exist

• Most successful hybrid is T. caroliniana x chinensis

• T. caroliniana more closely related to Asian 

hemlocks than to T. canadensis

 

 

T. chinensis x caroliniana

 



 

Interspecific hybrids

• U.S. National Arboretum has been working to breed 

hybrids since the early 1990s

• We are cooperating on a test of hybrid hemlocks at 

the Upper Mountain Research Station                      

in Laurel Springs

 

 

Establishing field trial for US National 

Arboretum hybrids, October 2011

 



 

 

 

 



 

Somatic embryogenesis

• We are working the Merkle Lab at the University of 

Georgia on somatic embryogenesis (SE)

• SE may be able to help overcome crossing barriers 

through embryo rescue

• Could be instrumental in producing hybrids with 

eastern hemlock

• Currently testing plants produced to verify hybrid status 

using DNA fingerprinting

 

 

SE applications for hemlock resistance

• Propagate hybrids with resistant Asian species for 

clonal testing

• Propagate clones derived from seeds of surviving, 

potentially resistant or tolerant native hemlocks for 

testing

• Rapidly bulk up numbers of selected clones from 

cryostored cultures for distribution 

 



 

Germinating Carolina hemlock somatic embryos

 

 

T. Caroliniana x chinensis emblings

Scott Merkle

 



 

T. caroliniana x chinensis and T. caroliniana x sieboldii clones 

 

 

Future work

• Develop high throughput screening pipeline

• Continue attempting novel hybrid crosses

• Shorten generation times

• Stimulate pollen and cone production (floral 

induction)

• Develop more rapid assessment for resistance 
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