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ABSTRACT" The traveler took the opportunityto participatein a mini-
sabbaticalat the Instituteof Terrestrial Ecology (ITE) in
Edinburgh,Scotland,as a part of planned"travelto Glasgow,
Scotland, to attend the InternationalConference on Acidic
Precipitation. The purposeof the sabbaticalwas to provide
qualitytime for study and interchangeof ideaswith scientists
at ITE working on physiologicaleffectsof acidic deposition
and to allocatesignificanttime for writing and synthesizing
of resultsof physiologicalstudiesfrom the National Forest
ResponseProgram'sSpruce/FirResearchCooperative. The study

i! focusedon the very significantcytologicaland physiological
effectsof calciumdeficiencyin trees,a responsethatappears

masct°nuberamplifiedin spruce by acidic deposition. Three
i iptswere produced,two of which have beensubmittedforfinalprepublicationreview. Two talks were presented,one at
_I ITE,and the secondat the InternationalConferencein Glasgow.
-II The utilizationof a criticalmass of time for uninterrupted

I work and study proved both productive and scientifically
- stimulatingfor the traveler.

,
:| SUMMARYOF ACTIVITIES, INCLUDINGTRAVELER'SROLE

] Interactionswith researchersat the Instituteof Terrestrial Ecology

i (!TE) were an importantaspect of this trip. The team at ITE has been
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actively,involvedinresearch concerningthe effects.onwinter hardiness
of foliar exposure of red spruce to acid mist. This work has been an
importantpart of the researchcor_ductedby the National Forest Response
Program's Spruce/Fir .ResearchCooperative. Since the traveler was
responsiblefor synthesizingmaterialconcerningphysiologicalaspectsof
this research into a forthcomingbook chapter,his stay at ITE provided
an opportunity,for interchange of concepts and results with this
interdisciplinarygroup. The traveler shared results of Oak Ridge
National Laboratory (ORNL) field and greenhouse studies on integrated
plant physiologicalresponses of red spruceto acidic deposition and

.e_igaged in numerous .informaldiscussions concerning mechanisms of
responsesobservedin ORNL and ITE studies. Interactionswith the staff

led to increasedunderstandingof the traveler'sor.iginalconcepts of
membrane-mediatedeffects of acid deposition, specifically calcium-
mediated changes in membrane permeability. _Whileat ITE, the traveler

, "Ph 'presenteda formalseminarentitled yslologicalPerspectiveson Effects
of RegionalAir Pollutionand Global EnvironmentalChangeon 'Forests."

,

The travelerattendedthe initialday of an InternationalUnion of Forest
ResearchOrganizationssymposiumentitled"EcologyofMixed SpeciesStands
of Trees" at Harriot Watt University in Edinburgh on September 2.
significant interactionsbetween tree species in rooting and growth
patterns detected in the long-termGisburn experiment in England have
importantimplicationsfor much-neededmixed species afforestationand
silvicultureon steep hills inthe Scottishhighlands. These resultsalso
relate tothe need for better,understandingof multilevelcompetitive
interactionsin our own mixeddeciduous forests.

While at ITE the travelerworked on the followingmanuscripts"

I "Growthand Physiologyof Red SpruceSaplingsin Relationshipto Acid
Deposition in High Elevation Stands" (S. B. McLaughlin and
M. G. Tjoelker). The manuscriptwas written,reviewed,revised,and
submittedas an invitedpaper to Forest Ecoloqv and Management and

i will be included with 29 other papers in a special issue of that_ journal in this subjectarea from the Acid DepositionConference.
I

i 2. "Changes in Soil and Wood Chemistry as an Indicatorof Long ;Term
Effects of Acid Deposition'on Forests" (E. A. Bondietti and

' S.B. McLaughlin). The secondreviewer'scommentswere incorporated,

ii and the manuscriptwas submittedas a chapterfor the synthesisvolume
•- of the ElectricPower ResearchInstituteIntegratedForest Study (in

review).

1 3. "Effects of Acid Deposition on Carbon Allocation and Related
PhysiologicalProcesses"(S. B. McLaughlinand R. Kohut). The first
42-pagedraft was writtenand with coauthor'ssectionswill form the
first draft of a book chapter.
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The traveler arrived in Glasgow on September 16 for the Fourth
International Conference on Acidic Deposition° His paper (abstract
included in Appendix C) summarized four years of research on responses of
red spruce to regional air pollution. This work built on initial regional
studies of tree growth patterns in the high-elevation spruce forests of
the eastern United States and followed a sequence of .hypothesis
development and testing that led to the conclusion that acid deposition
is currently amplifying natural patterns of base cation turnover and
retention. Field and greenhousestudies indicate that calcium deficiency
is currently occurring at high-elevation Appalachian forests and that acid
deposition has exacerbated natural or induced nutrient deficiency,
resulting in impaired carbon economy and growth reduction.

The conference was attended by over 600 participants, who listened to a
series of plenary talks that characterized the significant progress made
in documenting the effects of ambient levels of. acid rain on many
components of both terrestrial and aquatic ecosystems. Major themes of
the conference were relationships between patterns and processes
controlling wet and dry deposition of pollutants and effects on soils,
vegetation, aquatic systems, and building surfaces.

Overall, substantial progress has also been made in understanding changes
in physiological processes associated with these effects on both physical
and biological systems. However, muchresearch effort is still needed to
adequately understand the mechanisms underlying these process-level
changes, and this information is vital to predicting the consequences of
long-term, mu!tifactored stress regimes on forest growth and vigor.
Unfortunately, many of the studies will be curtailed with the

- decommissioning of the National Acid Precipitation Assessment Program.
The important understanding that has been gained, however, should be a
valuable base in considering forest responses to a variety of stresses in
which pollution and other aspects of global change may be involved.

There is, for example, increasing evidence of pollution-induced
enhancement of susceptibility of trees to insect attacks. The traveler
had been formulating research plans for addressing the question of the
potential predisposition of Fraser fir in the southern Appalachians to
anthropogenically derived nutrient imbalances. Based on discussions with
Dr Nigel Bell of Imperial College in London, he found considerable
support for those concepts. The group at Imperial College has substantial
experience in assessing the effects of stress on aphid-plant interactions
and would be a potential source of collaborative interaction should such
a project develop. Further contact with this group is planned.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

:: bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or reprenents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

- mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of att',hors expressed herein do not necessarily state or reflect those of the
, -:,^.4 e+..e.,, GOu_rnmen! or any al_ency thereof.
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APPENDIXA

ITINERARY

August 5 TravelfromOak Ridge,Tennessee,to Edinburgh,Scotland

August 6-1,1 Work/study at the Institute of Terrestrial Ecology
(ITE),Edinburgh,Scotland

' August 12-19 Personal travel during off-duty hours including
|i fivedays of vacation in northeastern Scotland and

EngIand
August 20- Work/studyat ITE, Edinburgh,Scotland
September 15

September16 Travel to Glasgow, Scotland, for International
Conferenceon AcidicDeposition

September17-20 InternationalConferenceon Acidic Deposition

September21 Travelfrom Glasgow,Scotland,to Oak Ridge,Tennessee
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APPENDIXB

PRINCIPALCONTACTSAT THE INSTITUTE OF TERRESTRIALECOLOGY
EDINBURGH,SCOTLAND

i IVta.iorTopic Area

_- Dr. Melvin G. Cannell GlobalClimateChange

Dr. Neil J. Cape Physiologicaland chemicalmarkers

Dr. David Fowler Depositionprocessesand physiological
responses

Dr. Lucy J. Sheppard Chemicaland physiologicalaspectsof
acid mist effectson winter injury

Dr. John Thornley Whole plant models of carbon and
nitrogenutilizationi
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APPENDIXC

ABSTRACTOF AUTHOR'SPRESENTATIONAT
INTERNATIONALCONFERENCEONACIDIC DEPOSITION

Growth.and Physiology of Red Spruce Saplings in Relationship to Acid
Deposition in High Elevation Southern Appalachian Red Spruce Stands

S. B. McLaughlin, C. P. Andersen, N. T. Edwards,
li P.J. Hanson,M. J. Tjoelker,and W. K. Roy

I 'Exploratory studies were initiated at two high-elevation red spruce (Pices
rubens Sarg.) stands in the Great Smoky Mountains of eastern Tennessee to
evaluate the magnitude and physiological basis of differences in growth
decline at high elevations. Increment core data indicated that conditions
have become relatively less favorable, for mature trees at the upper site
during the past 20 years. Annualheightgrowthof saplingtrees has been
40% lessat that site comparedto a similarsite215 m lower in elevation_
Seasonalmeasurementsof net photosynthesis(Ps)anddark respiration(Rs)
ratesof saplingsindicatedthatreducedsaplinggrowthrates at the upper
sitewere associatedwith increasesin Rsand lessfavorablePs'Rs ratios.
Reduced foliar calcium and magnesium, reduced foliar chlorophyll,
increasedfoliar aluminum,and 50% lower ratios of Ca'Al were found at
the upper site, where rainfallwas 30% higher. Tissueand soil aluminum
levels that are in the range of those associatedwith aluminumtoxicity
to red spruce provided preliminary indication that current high
atmosphericinputsof the stronganionsSO4 and NO3 to acidicsoilsmay be
adverselyaffectinggrowth and physiologyof trees at the high-elevation
site. Followupstudiesof the observedpatternsof Ps:Rs during a second
growing season at three elevations on three mountains revealed a
consistent reduction of Ps'Rs by about 50% at high-elevationsites
compared to low- and medium-elevationsites. Subsequent greenhouse
studiesinvolvingred spruceseedlingsgrownon soilfrom a high-elevation
site indicatethat acid rainand acidmist in the acidityrange of current
ambient levels at high-elevation sites can substantially reduce
photosynthesis,increaserespiration,reduce growth, and limit rooting
depth. Soil amendmentsof Mg and Ca can partiallyoffset this effect.
Positiveeffectsof acid depositionon net photosyntheticrates noted at
highersoil fertilitywere reversedwhen seedlingswere exposedto acid
depositionunder unamendedsoils of low fertility.
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