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Abstract:

Mature Fraser fir (Abies fraseri [Pursh] Poir) stands have been almost completely eliminated during the past 50 years due to the introduction of the balsam woolly adelgid (BWA) (Adelges piceae Ratz.). Fortunately, an on-going inventory conducted by the National Park Service has identified a limited number of healthy mature Fraser fir trees surviving in the Great Smoky Mountains National Park. We propose to collect cuttings from these trees, clone them via grafting and determine if they are truly BWA resistant. If so, the mechanism(s) of resistance will be investigated and, if plausible, this resistance will be used to accelerate restoration of the southern spruce-fir ecosystem.

Background:

The balsam woolly adelgid (BWA) is an introduced pest of true firs (Abies spp.) in North America. Although European firs are not seriously affected, North American firs frequently experience either crown dieback or tree death, or both.  The adelgid was discovered in the southern Appalachians in 1955 infesting Fraser fir on Mt. Mitchell, NC.  Since then it has been found throughout the Fraser fir range (Amman and Speers 1965).  Fraser fir is considered one of the most susceptible North American fir species (Mitchell 1966). In a 1988 survey, tree mortality ranged from 44% on Roan Mountain, which has 10% of the total spruce-fir type in southern Appalachia, to 91% in the GSMNP, which contains 74% of southern Appalachia's spruce-fir type (Dull et al. 1988). Today with few exceptions, BWA has eliminated mature Fraser fir stands. Environmental stressors such as acidic deposition and ozone have accelerated this process.

Predators, the only significant biological control, have been released in the past with minimal success. Those predators that became established did comparatively little to affect balsam woolly adelgid populations because they primarily fed only on the egg stage (Amman 1970).

Research on the resistance mechanisms of Fraser fir to balsam woolly adelgid infestation at N.C. State University has determined that Fraser fir trees produce variable amounts of juvabione, which is an analog of juvenile hormone, an insect growth regulator (Zhang 1994). This research suggests that some trees have quantities of juvabione in the bark tissue, where BWA feed, that are much higher than the average (Fowler 1999). The quantification of juvabione in the outer millimeter of bark suggests that feeding adelgids come into direct contact with endogenous levels of the substance in Fraser fir. 

Surveys in the GSMNP by park personnel of the Resource Management and Science Division have shown that some areas of mature fir have survived (Kloster 2001).  A fir-mapping project begun in 1997 to determine if any sizeable live fir stands remained after infestation by BWA.  Interpretation of 1992 infrared aerial photos was used to determine locations of potential hectare-sized fir areas. Field surveys revealed only six areas meeting these criteria: Big Butt Mountain, Old Black, Mt. Leconte, Mt. Kephart, Mt. Guyot, and Mt. Black. Fourteen additional locations were surveyed containing smaller fir stands.  These surveys revealed some mature fir, which appear to be healthy despite 40 years of adelgid exposure. Surveys are continuing within the park to locate other remaining mature fir.  

N.C. State University established a Fraser fir progeny test at Purchase Knob in 1983 as a research Christmas tree plantation (Arnold et al. 1994). The plantation has 90 families of Fraser fir and the entire plantation is currently infested with BWA.  Based on a preliminary survey of the degree of infestation, it is clear that certain trees have escaped serious infestation while neighboring trees are heavily infested or dead.  

The above results suggest that a small portion of the Fraser fir population may possess the means to resist or tolerate a BWA infestation. If verified, this resistance could be useful in accelerating the restoration of the southern spruce-fir.

Objectives: The objectives of this research are to:

	Near-Term:
	Assemble a population of Fraser fir genotypes with putative BWA resistant 



	Intermediate-Term:
	Challenge putative BWA resistance under controlled conditions and if, encouraging, investigate the mechanism of resistance  



	Long-Term:
	Aid natural selection in re-establishing Fraser fir populations with BWA resistance, if plausible




Methods:

Near-Term In May 2002, we will collaborate with NPS employees Kristine Johnson and Marion Kloster to locate healthy mature Fraser fir trees that have been identified in the Inventory and Delineation of Fraser Fir Stands at GSMNP (Kloster 2001). Professional tree climbers from Appalachian Arborists (Asheville) have been contracted and will climb and cut 20 branch tips (4”-6” in length) from the upper third of the crown of selected trees. These shoots will be kept cool and moist and the week following collection, grafted onto 3-1 Fraser fir rootstock at the N.C. Division of Forest Resources’ Linville River Nursery. 

During 2002, cuttings from putatively resistant trees from the Clingman’s Dome/Mt. Buckley/Mt. Love and Mt. Sterling areas will be collected. In these areas, we hope to collect from the six trees tagged during the inventory as well as other healthy trees for a total of up to 20 trees. Additional collections will be requested during 2003-04 to sample other, more difficult to access areas.

Intermediate-Term To verify resistance, select trees will be clonally multiplied by collecting scions from the nursery grafts and re-grafting onto potted rootstock in N.C. State University greenhouses. Bark patches containing 10-15 BWA wool masses will be attached onto the grafts. Infestations will be repeated and techniques refined, if necessary, to achieve egg production resulting in crawlers moving from the infested patch onto the graft. Graft growth, health and (needle) water potential as well as adelgid reproduction and health will be assessed periodically over a two-year period. Analyses of variance will be used to analyze differences between the putative resistant and control susceptible clones.

If evaluations reveal that the selections are indeed resistant, juvabione concentrations between the putative resistant and control susceptible clones will be compared. Additionally, we hope to used a new technique, metabolic profiling, to attempt detection of chemical differences between putatively resistant and susceptible Fraser fir trees. Metabolic profiling (Fiehn et al. 2000, Glassbrook at al. 2000) is a new method that has received attention in functional genomics research. The identification and approximate quantification of small chemical compounds extracted from cells can provide a large amount of information on metabolism, physiology, and mutations. The samples will be extracted and prepared by several methods, then chromatographically separated. Several hundred peaks can often be observed and the identity of the chemicals associated with many of the peaks will be determined from compound libraries that contain diagnostic mass spectra. Metabolic profiling does not require that all peaks be identified in advance for the method to be useful. The data in profiles run under standard conditions can be reduced by principal components analysis to identify trends among samples that would not be apparent from the quantification of a single compound. If this new approach reveals promising chemical differences between resistant and susceptible trees, then we will work to characterize the chemical differences associated with resistance. Other methods of investigating resistance mechanisms will also be employed, if deemed necessary.

Long-Term If BWA resistance is confirmed in a number of selections, these trees may be useful in accelerating the re-establishment of natural Fraser fir stands in GSMNP. Various methods of accomplishing this goal such as establishing a BWA resistant seed orchard to produce resistant seedlings and establishing grafts in the natural stands will be investigated and, if acceptable to the NPS, implemented.

Products: Clonal archives of any genotypes with proven BWA resistance will be maintained on university field stations and/or (if desired) NPS land. In the long-term, we hope to produce BWA resistant Fraser fir seedlings or grafts

Schedule: All field collection in GSMNP will be completed during May 13-17. We anticipate seeking permission in 2003-04 to collect additional material from more remote areas. The intermediate-term objectives of this study will require three to five years to complete. The long-term objective is contingent on the success of the preceding objectives and will require decades to successfully implement.

Budget: The North Carolina Agricultural Research Service will fund the near-term objective of this proposal. The North Carolina Agricultural Research Service and a USDA Special Grant, Integrated Biotechnological and Genetic Systems for Enhanced Forest Productivity and Health, will fund the intermediate- and long-term objectives of this proposal.
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Supporting Documentation and Special Concerns:

Safety Professionals from Appalachian Arborists have been contracted to minimize potential dangers from tree climbing. The firm has appropriate workers’ compensation and insurance coverage.

Access to study sites All sites will be assessed by hiking from park roadways.

Use of mechanized and other equipment Only low impact climbing equipment and pole pruners will be employed. No major impact on vegetation is expected. Branch tips will be removed in the upper third of the crown and so should not be obvious and new branch leaders will develop from basipetal buds.

Chemical use No chemicals will be employed (other than water).

Ground disturbance Negligible ground disturbance is expected.
Animal welfare No animal impact is expected.

NPS assistance Kristine Johnson and Marion Kloster from GSMNP Resources Management and Science Division have agreed to assist in locating select trees.

Wilderness “minimum requirement: protocols Not applicable.

