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Summer 2016                                                           
 

  

 

The Forest Restoration Alliance is restoring healthy forests and landscapes in 
eastern America by researching and addressing invasive pest threats to hemlocks, 

firs and other native trees. 

 

FRA Has New Website 
View our new website at http://threatenedforests.com/ 
Expect frequent updates. Also like us on Facebook. 
  

 

New Postdoc at URI Working on Hemlock Resistance 
 

 

Chad Rigsby is working with Drs. 
Evan Preisser and Richard 
Casagrande at the University of 
Rhode Island. He received his B.S. 
in Biology from Wittenberg University 
(Springfield, OH) in 2011 and his 
Ph.D. in Environmental Sciences in 
May 2016 from Wright State 
University (Dayton, OH). At Wright 
State Chad worked as part of a 
collaborative effort with labs at The 
Ohio State University to address ash 
resistance to emerald ash borer and 
how resistance can be used as part 
of a holistic management strategy for 
invasive insects. To date, Chad has 
co-authored 12 publications and is 
generally interested in issues 
associated with invasive-novel host 
interactions. 
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The main goals of this research are (1) to understand hemlock resistance strategies 
and why certain hemlock genotypes are resistant to hemlock woolly adelgid, and (2) 
develop rapid, high-throughput screening methods to assess adelgid resistance of 
individual forested settings. Experiments have been initiated that will allow for the 
identification of general constitutive and hormone-induced chemical and physiological 
defense mechanisms in adelgid-resistant and adelgid-susceptible hemlock 
genotypes. The work is funded by the Pennsylvania Department of Conservation and 
Natural Resources 

 

Fir/BWA Resistance Test 
FRA completed an initial infestation of firs with balsam woolly adelgid in a study we 
are conducting in collaboration with the NCSU Christmas Tree Genetics Program.  
Included in the study are multiple grafts each from 30 elite Fraser fir genotypes that 
are beginning to supply the most advanced generation of Christmas tree seed for NC 
Christmas tree growers, 7 mature Fraser fir trees that survived the initial massive 
mortality from BWA in Great Smoky Mountains National Park, and two exotic fir 
species (one is the native host of BWA, and the other is known to be resistant).  The 
plants were grafted in the spring of 2014, and we started infesting the trees 
intentionally with BWA in early May 2016.  BWA crawlers hatched from the infested 
logs placed over the containerized trees for six weeks from the time the logs were 
first put in place.  We monitored the emergence of crawlers using yellow sticky cards 
placed throughout the test, exchanging the old cards for new weekly to be able to 
track densities over time.  Students enrolled in a biology course at Haywood 
Community College are utilizing the monitoring cards in a collaborative learning 
experience by helping us quantify the density and uniformity of the exposure of the 
study trees to BWA. 

 

  

 

  

 

Upper left: Plants during the infestation phase showing a yellow sticky card. 
Upper right: Trees following removal of infested logs. 
Bottom: Close-up of BWA crawlers on a yellow sticky card during the first week of 
adelgid exposure. 



 

Mountain Xpress Highlights Hemlock Restoration Initiative 
Read more at: https://mountainx.com/news/local-nonprofit-declares-war-on-the-
hemlock-woolly-adelgid/ 

 
 

  

 

Protecting the ‘Redwoods of the East’: Hemlocks treated on state-owned property 
Read more at: http://info.ncagr.gov/blog/2016/03/09/protecting-the-redwoods-of-the-
east-hemlocks-treated-on-state-owned-property/ 

 

Fund for Haywood County Supports FRA 
 

 

The Fund for Haywood County, an 
affiliate of The Community 
Foundation of Western North 
Carolina (CFWNC) recently 
presented a check for $3,783.00 to 
the Southwestern North Carolina 
Resource Conservation & 
Development Council and to the 
Forest Restoration Alliance project 
that is working with other 
organizations to research trees that 
are naturally resistant to the hemlock 
woolly adelgid in order to restore 
hemlocks to their native environment 
and to the nursery industry in 
Western North Carolina. 

 

 

FRA Receives NCNLA Grant 
The NC Nursery and Landscape Association has awarded FRA a grant to support a 
project that will release to cooperating nursery operators hemlock seed, rooted 
cuttings or seedlings for use as landscape ornamentals. The seed, cuttings or 
seedlings will be either offspring of hemlock trees that survived an HWA epidemic in 
the wild, or hybrids of Carolina hemlocks with other hemlock species known to be 
resistant or tolerant of HWA. These trees will be followed through time for multiple 
years to evaluate their resistance or tolerance to HWA. 

 

Holman Describes How Forests Help 
A recent editorial in the Raleigh News & Observer by Bill Holman (Director of the NC 
Conservation Fund and the Chair of the FRA Board) describes how forests mean 
prevention (of floods). 
Read more: http://www.newsobserver.com/opinion/op-ed/article90608537.html 

Report a Survivor Tree 
By locating surviving Fraser firs, Eastern and Carolina Hemlocks, the Forest 
Restoration Alliance learns more about adelgid resistance and can take cuttings to 
propagate adelgid-resistant plants. If you know of a hemlock or a fir that appears 



 

healthy, even if infested go to;     
http://threatenedforests.com/locate-a-survivor/ 

   

 
  

  

 
 

Donate Here 

 

 

Your gift to the Forest Restoration Alliance (FRA) Fund will support our research and 
outreach activities. FRA fundraising operates under the auspices of the NC 
Agricultural Foundation, Inc., and all donations are tax deductible. 
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Spring 2016                                                           

 

  

 

The Forest Restoration Alliance is restoring healthy forests and landscapes in eastern America by researching and addressing invasive pest threats to hemlocks, firs and 
other native trees. 

 

Forest Restoration Alliance (FRA) Featured in Our State Magazine  
 

 
 

 A Light in the Forest on page 184, authored by Eleanor Spicer Rice, describes the work of the Forest Restoration Alliance. For the full story 
see https://www.ourstate.com/fred-hain-is-bringing-hope-to-the-hemlocks/ 
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FRA Teams Up With Haywood Community College 

 

 

FRA has been awarded a grant from The Fund for Haywood County. The funds will be used to work with faculty and students to evaluate survival and 
development of trees and the adelgids infesting the trees.  A variety of opportunities will be available to students from lab exercises to long term projects that 
could serve as the basis of an honors project.  Students will receive some orientation to the project and information about hemlocks, firs and adelgids.  This 
collaboration sits at the intersection between education, research, and entrepreneurship, and will be a valuable contribution to the student’s education.  

 
 

 

Testing for Fir Resistance to Balsam Woolly Adelgid (BWA)  
 

  

 

In cooperation with the NC State University Christmas Tree Program, FRA is testing selected families of fir trees for resistance to BWA. Some of these families came from 
Fraser firs that survived the BWA infestation in the Great Smoky Mountain National Park. The photos show infested Fraser fir logs positioned over the selected fir families 
in our recently completed second greenhouse at the Mountain Research Station, Waynesville, NC. BWA crawlers drop onto the seedlings and attempt to infest them. 

 
 

FRA Participates in Forestry Day in the 
NC Legislature 

  

On May 3rd Fred Hain and Bill Holman of FRA attended Forestry Day in the Legislature in downtown Raleigh sponsored by the NC Forestry Foundation. All 
Representatives and Senators from western NC were given a letter that described the mission and goals of FRA and a copy of the Our State article. FRA also asked the 



 

legislators to restore funding to the Forest Development Fund, which supported forest restoration efforts by the NC Forest Service. Forestry Day is an annual event. 
    

 
 

Donate Here  

 

 

Your gift to the Forest Restoration Alliance (FRA) Fund will support our research and outreach activities. FRA fundraising operates under the auspices of the NC 
Agricultural Foundation, Inc., and all donations are tax deductible. 
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Fall 2015                                                           

 

  

 

The Forest Restoration Alliance is restoring healthy forests and landscapes in eastern America by researching and addressing invasive pest threats to hemlocks, firs and 
other native trees. 

 

New Name, Same Mission: 
Forest Restoration Alliance 

  

 

The Alliance for Saving Threatened Forests changed its name to the Forest Restoration Alliance. At the October meeting, the Board of Advisers unanimously voted to 
change the name, noting that Forest Restoration Alliance more succinctly reflects the organization's purpose and practices. The name change represents an expansion in 
the organization's outreach and leadership, not a change in mission or activities. 
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National Arboretum hybrid hemlocks planted at the Upper Mountain Research Station 
near Laurel Springs, NC. These are hybrids between Carolina and Chinese hemlocks. 
They were planted 3 years ago and the survival and growth have been outstanding. 

 

 

 
 

 

 

Bulletproof hemlocks being planted in Maryland. In 2016, Forest Restoration Alliance will 
be doing a similar planting at the Mountain Research Station in Waynesville. These are 
rooted cuttings from the apparently resistant hemlocks of the bulletproof stand in NJ. 
These plantings will test their resistance and survivability in various locations. 

 

 

This year the Forest Restoration Alliance established a Board of Advisers: a 
diverse body of community, industry and scientific leaders who will shepherd 
growth over the next decade. 
 
The goal of the Forest Restoration Alliance is and has been to create forests and 
landscapes with resilient trees that support the ecological, commercial, 
recreational, and aesthetic values of eastern America. To achieve this goal, we 
research and breed hemlocks, firs, and other native trees that are resistant to 
invasive forest pests. 
 
In 2015, we completed our first planting of hemlock trees in a natural setting. This 
successful planting indicates we have the silviculture resources necessary to 
restore resistant hemlocks in areas decimated by the hemlock woolly adelgid. 
 
At the Mountain Research Station in Waynesville, NC  we expanded our capacity 



 
 

 

The Chemical Biology of Resistance in Firs 

 

Recent research at NC State University is increasing our understanding of the chemistry of biological resistance in firs to the balsam woolly adelgid. Ethan Bucholz, a 
recently graduated Masters of Science student of the NCSU Christmas Tree Genetics Program, investigated the relationship between chemicals in fir species and their 
resistance to the balsam woolly adelgid (BWA). Initial comparisons of gas chromatographic (GC) profiles of extractives (acetone-soluble) from stem tissue of resistant 
Veitch fir and susceptible Fraser fir consistently revealed a markedly higher amount of bornyl acetate (BA) in Veitch fir. 
 
Employing a protocol he developed to vary the volatile BA concentration in the headspace of vessels, Ethan compared the effect of five concentrations of BA (bracketing 
those measured for Veitch and Fraser fir) on the reproduction of BWA and a surrogate, the green peach aphid (GPA). While there was a negative relationship between the 
volatile BA concentration and vivipary (live birth) of GPA, no relationship was found for eclosion of BWA eggs.  However, defoliated Veitch fir branches in the same vessels 
resulted in a significant decrease in BWA fecundity, demonstrating the negative effect of Veitch fir volatiles on the reproductive abilities of BWA. The effect of BA on other 
life stages of BWA remains to be investigated. 
 
In a further study, Ethan sought to discover other chemicals that may be associated with BWA resistance in firs. He developed chemical profiles of the volatiles of 17 fir 
species via solid-phase micro-extraction (SPME) GC analysis of branch samples provided by three arboreta. This information was used in a partial least squares 
regression analysis to predict these species. The regression explained most of the variation in the susceptibility ratings and identified the following chemicals among 
others being predictive of BWA susceptibility: beta-phellandrene, caryophyllene, alpha-pinene, beta-myrcene, camphene, delta-carene and d-limonene. Future research 
should be directed toward understanding the effect of these candidate chemicals on various life stages of BWA. 

 

This subtraction 

gas chromatogram (Veitch fir minus Fraser fir) demonstrates a higher bornyl acetate signal from BWA-resistant Veitch fir relative to BWA-susceptible Fraser fir. 

 
 

 

Forest Restoration Scientists Recognized for Contributions and Achievements 
 

 

Dr. Richard Casagrande, Department of Plant Sciences and Entomology, University of 

Rhode Island was the 2014 recipient of the L.O. Howard Distinguished Achievement 

Award presented by the Eastern Branch of the Entomological Society of America. 

 



 

 

Dr. Lynne Rieske-Kinney of the Department of Entomology, University of Kentucky was 

presented with the A.D. Hopkins Award in Recognition of Distinguished Achievement by 

the Southern Forest Insect Work Conference. 

 

 

 

Dr. Fred Hain, Department of Entomology, NC State University  received the 2014 Award 

of Excellence for Outstanding Contribution to Entomology by the NC Entomological 

Society. 

 

 
 

Donate Here  

 

 

Your gift to the Forest Restoration Alliance will support our research and outreach activities. The Forest Restoration Alliance fundraising operates under the auspices of 
the NC Agricultural Foundation, Inc., and all donations are tax deductible. 
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