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SUMMARY - A throughfall displacement experiment is being performed in a mixed-age upland-oak
forest on the upper slopes of Walker Branch Watershed in eastern Tennessee to investigate the
effects of decreased and increased rainfall on individual species and ecosystem processes at the
spatial scale of forest stands. Approximately 25% of the throughfall on the "dry" plot will be
collected in polyethylene troughs suspended above the forest floor and the water transferred by
gravity through pipes across the control plot for distribution onto the "wet" plot. Each plot is
approximately 0.6 ha in size. The 25% reduction in soil moisture anticipated for the dry plot is
equivalent to the driest growing season of the 1980's drought, which was correlated with sapling
mortality and reduced growth of yellow poplar on the watershed. The experimental treatments will
last at least 5 years. A wide range of biological and chemical characteristics of forest stands will be
investigated, including: forest growth and physiological responses of major tree and understory
species, leaf area index, herbivory, litter fall, understory competition, litter decomposition, soil
organic matter and microbial populations, nutrient availability, soil and soil solution chemistry, and
biogeochemical cycling processes. Data on vegetation growth, mortality, and reproduction will be
used in existing models of community structure to produce estimates of potential changes in species
composition over longer time periods resulting from wet versus dry experimental scenarios.

1. INTRODUCTION

Increasing concentrations of greenhouse gases in the atmosphere are expected to induce
a 3-5 C increase in average global temperatures in coming years. Such a global temperature
increase is expected to alter "normal" patterns of precipitation which may lead to subsequent
changes in ecosystem productivity, biogeochemical cycling, and water resource availability (1).
Anticipated increases in temperature associated with accumulation of greenhouse gases may
threaten future water availability because warmer temperatures may increase evapotranspiration
(2). Forests throughout the United States could experience severe impacts from climate change,
especially in the southern states where the greatest increase in potential evapotranspiration is
expected (3). At a regional or global scale, interactions between vegetation and the hydrosphere
can alter atmospheric processes, moderating or feeding back on "greenhouse" climate change
processes (4).

The actual directions and magnitudes of expected changes in precipitation patterns are
highly uncertain, and specific scenarios for regional climate change do not exist. Given this
uncertainty, manipulative field experiments can play a role in the identification of important
ecosystem responses that might result from future increasing or decreasing levels of precipitation.
Changes in forest ecosystem processes resulting from climate change are likely to result from
several environmental variables including changing precipitation and temperature patterns and
direct effects of elevated carbon dioxide concentrations. There is a need to understand how
projected climate change phenomena might impact forest productivity and associated social and
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economic concerns. Manipulative experiments represent an approach by which some of this
information can be obtained.

Individual tree growth data collected over the past 25 years on the Walker Branch
Watershed allow us to contrast patterns of growth during the characteristically "wet" 1970's with
the "dry" 1980's. The data show species-specific responses; yellow poplar {Liriodendron tulipifera
L.) basal area growth rates were 30-50% lower in the dry 1980's, whereas the basal area growth
of oak species {Quercus spp.) remained nearly constant (Fig. 1). Although low soil water
conditions during the dry 1980s represents a plausible factor responsible for altered growth of
yellow poplar, additional factors may have also been involved (e.g., stand development, insect
herbivory, air pollutants, etc.).

Because moisture has often been invoked as the primary factor limiting forest productivity
(5) and because data from Walker Branch Watershed suggest a relationship between low moisture
conditions and decreased growth, this project is studying the impact of moisture changes on forest
ecosystem processes. Furthermore, because oak-hickory and northern hardwood zones have been
identified as critical vegetation zones that are likely to show early response to climate change, the
upland oak forest found on the Walker Branch Watershed serves as a good example of one of
these critical and commercially valuable vegetation systems. Information from this
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Figure 1. Growth (basal area increment per tree) of yellow poplar and oak species on Walker
Branch Watershed in the comparatively wet 1970's versus in the comparatively dry 1980's. Yellow
poplar showed a significantly lower growth rate in the drier decade.



manipulative experiment will begin to indicate the magnitude of responses that one might expect
from a forest ecosystem under two plausible climate change scenarios, and provide the basis for
an assessment of the potential socioeconomic costs associated with future modifications of mixed
hardwood forests in the eastern United States.

2. OBJECTIVES

The primary objective of this field experiment is to provide experimental data applicable
at the level of whole forest stands that can be used to better understand how upland oak forests
of the United States would respond to potential changes in precipitation patterns. The study is
evaluating the effects of supra- and sub-normal levels of precipitation on important processes
driving carbon, nutrient, and water cycling budgets, and identifying ecosystem processes that are
sensitive to changing precipitation inputs.

The well-known effects of soil water conditions on nutrient availability, plant growth, and
forest stand productivity suggest that we could see major changes in these critical ecosystem
properties over periods as short as a few years. Associated with altered precipitation, we also
expect to see changes in the chemical composition of leaves of individual species, and of the
aggregate forest canopy such as altered leaf ligninrnitrogen ratios, and changes in microbial
biomass and activity in response to an altered soil microclimate and altered quantity and quality
of organic matter inputs (Fig. 2). Several hypotheses associated with biogeochemical cycling,
nutrient acquisition, and forest stand productivity will be investigated.

If community composition is the result of overlapping distributions of individual species,
the effects of altered precipitation on the physiological processes, biochemistry, and life history
parameters of individual species are likely to alter their competitive interactions, responses to
stress, spatial distribution, and thus the species composition of the community (6). Theoretically
based models for examining the effects of altered environmental conditions on community
structure are available (7, 8, 9). The mechanistic nature of these models allows them to use
physiological inputs for different species as a basis for predicting the outcome of competition
under different environmental conditions. Several hypotheses regarding species- specific growth
responses and long-term changes in interspecific competition will be tested with results from the
planned experiment.

3. SITE DESCRIPTION AND EXPERIMENTAL FACILITIES

The Walker Branch Watershed is located within the Ridge and Valley Province in eastern
Tennessee at latitude 35°58' N and longitude 84°17' W. It is situated on a ridge at elevations
between 265 and 350m, and is underlain by deeply weathered (30m) chert-rich dolomites. The
climate is typical of the humid southern Appalachian region. Mean annual precipitation is
approximately 139 cm, falling mostly as rain. Mean annual temperature is 14.5 C, with a July
mean of 25.1 C and a January mean of 4.4 C. There are about 200 frost-free days in the year.
Upland soils on the watershed are mostly Typic Paleudults formed in the residuum and colluvial
deposits. The vegetation is primarily oak-hickory (Quercus spp.-Caiya spp.) with scattered pine
(Pinus echinata Mill, and P. virginiana Mill.) on the ridgetops, and mesophytic hardwoods
(predominantly Liriodendron tulipifera L. and Fagus grandifolia Ehrh.) in protected coves and
stream bottoms. The mean basal area is 23 m2ha"'(10).

The experimental site is a 2-ha upland oak stand located on the upper slopes of the
watershed (Fig. 3). This area has a SSE aspect and is characterized by a generally uniform slope,
consistent soils, and a reasonably uniform distribution of vegetation. This site was selected to lie
near the topographic divide of the watershed so that lateral flow of water from upslope soils would
not confound attempts to create a reduced soil moisture treatment. A southern aspect was chosen
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Mgure 2. Flow diagram showing how changes in throughfall amounts might impact physiological processes in vegetation and/or nutrient-cycling
>rocesses in soils. Long-term modifications in processes at either the vegetation or soil level are expected to drive changes in forest stand species
omposition.
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Figure 3. Topographic map of the experimental area showing the location on the watershed
(inset) and boundaries for the treatment plots (2 ft = 0.6 m contour interval).

to maximize the impacts of the reduced moisture treatment. Soils are predominantly Fullerton
series Typic Paleudults formed in Knox Group residuum, with small areas of Minvale series (Typic
Paleudults) and Shack series (Fragic Paleudults) formed in colluvium (Fig. 4). Depth to bedrock
is approximately 30m.

>KNOX GROUP RESIDUUM
''Copper Ridge, Fullerton

Figure 4. Soils map for the experimental area.
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Figure 5. Soil water content (%) in September, 1991, the driest point in the 1991 growing season.

Results of a survey of soil moisture variability across the experimental site are shewn in
Fig. 5. Measurements of variability in soil water content will be conducted throughout the
duration of this experiment. Stand basal area across this site averages 20-25 rrrha"1 (Fig. 6).
Figures 3-6 suggest a possible spatial correlation between soil type or slope position, soil moisture,
and basal area.
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Figure 6. Basal area (m2ha"', at breast height) in summer, 1991 across the experimental site.



The experimental site has been divided into three treatment plots, laid out side-by-side
along the slope of the 2-ha stand. Each treatment plot is approximately 80x80m (0.6 ha). The
size of the treatment plots was dictated by the amount of uniform space available along the slope
and was chosen to match the historical surveying grid (264x264 foot units) which is the reference
system for previous soil and vegetation surveys on the watershed. Each plot is divided into 100
26x26 foot (approx. 8m) plots whose intersections provide the location for repetitive,
nondestructive assessments of stand characteristics (e.g., soil water, leaf area index, basal area).

The experimental manipulation of water wiil be facilitated by a gravity-driven transfer of
throughfall precipitation from one experimental plot to another. This approach was selected to
minimize the need for electrically driven equipment and therefore reduce costs and increase
reliability. The manipulation is designed to intercept and remove 25% of the throughfall on the
dry plot, transfer it across the control plot, and increase the throughfall on the wet plot by the
same amount. The 25% reduction is equivalent to the driest growing season of the 1980's drought
(range from 12-27%). The duration of experimental treatments is planned for a minimum of five
years to allow potentially small annual effects to produce cumulative effects over time.

A schematic of the throughfall displacement system is shown in Fig. 7. Throughfall will
be intercepted in 968 subcanopy troughs (0.6x3m) suspended approximately 1.5 m above the
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Figure 7. Schematic diagram of the trough and piping network that will transport 25% of total
throughfall from the "dry" experimental plot across the control plot to distribution pipes extending
the width of the "we!" plot



forest floor of the dry plot. The troughs will be arranged in 21 rows of 44 troughs. An additional
row of 44 troughs at the top boundary of the control plot will intercept throughfall for the
uppermost reach of the wet plot.

Throughfall from each row of troughs will be collected in a 4-inch (10-cm) PVC pipe to
move the throughfall across the control plot to the wet plot, where a reducing tee will funnel the
water to an 80-m distribution manifold constructed of 2-inch (5-cm) PVC pipe. The distribution
lines will be constructed to ensure reasonably uniform distribution of the throughfall over the
surface of the wet plot.

"Dummy" troughs not connected to the transport piping will be constructed on several
subplots of the wet and control plots to test for effects caused by trough-induced microclimate
changes.

Because many of the major responses to the treatments are expected to occur at the level
of the upper canopy (e.g., photosynthesis, transpiration, insect herbivory), a major effort is being
made to obtain funding for a canopy access system. With the objective of minimizing soil and
vegetation disturbances, a preliminary concept has been developed which would employ a cable
car with lateral and vertical movement capabilities suspended from a single cable "transect" across
the middle of all three treatment plots (Fig. 8).

Figure 8. Schematic diagram of a canopy access system. The system would be made up of a cable
car with the capacity to move along a "transect" across the entire experimental area. The cable
car would enable two scientists to collect data from multiple, individual tree canopies on all three
treatment plots.
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Figure 9. Schematic locations of fixed-position installations of monitoring equipment or sampling
locations.

Many measurements will be needed to document experimental treatments and their effects
and to use to parameterize and test models. Fig. 9 shows the locations for equipment and
sampling installations. This placement will allow analysis of effects while accounting for some of
the slope-position/soil-type differences noted in Figures 3-6. In addition, many other measures of
ecosystem components and processes will be made. Many of the types of measurements planned
are summarized below.

Environmental measurements
• precipitation, throughfall, air and soil temperature, relative humidity, radiation, wind speed
• precipitation, throughfall, and soil solution chemistry
• trace gases

Biogeochemical cycling
• soil nutrients and organic matter
• litter quantity and quality, litter decomposition rates
• N mineralization
• N uptake
• stem sequestration
• microbial biomass

Vegetation growth
• phenology - budbreak, stages of leaf out, growth of spring ephemerals, tree seedling

germination, budset, timing of leaf senescence
• leaf area index
• litter and seed fall
• tree growth
• sapling growth and survival
• rooting density
• root growth



Physiology
foliar CO2 and H2O exchange
stem respiration rates
forest floor respiration rates
water relations
transpiration
dormant season carbon storage

4. PROGRESS

A full-scale pilot line of collectors and distribution piping has been constructed, tested, and
subsequently modified slightly in design. The project was peer reviewed in February, 1992, and
many of the peer-review suggestions are being incorporated into the design. Lines for the transfer
and distribution piping are currently being surveyed and the piping installed. First-year, baseline
measurements of the forest-soil system are underway. It is anticipated that the troughs will be
installed and the treatments commenced in the spring of 1993.
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