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1.
ACCOMPLISHMENTS SUMMARY

1.1
ORNL Team 2 had accomplishments during FY03 in the areas of: 

(1) meetings, presentations, and publications, 

(2) field sampling, data analysis and interpretation, and 

(3) model research and development for the purpose of predicting thresholds in soil quality to ecosystem recovery and sustainability at Fort Benning, GA.

1.2
Meetings, Presentations, and Publications

During FY03, ORNL Team 2 delivered two presentations to advisory committees, presented a poster at the SERDP Partners in Environmental Technology Symposium in Washington, DC, revised two manuscripts for peer-reviewed journals, prepared a proposed expansion of research scope at the request of the SEMP TAC, published a peer-reviewed article in the journal Ecological Indicators, participated in the SEMP Research Integration Meeting in Gainesville, FL, and prepared a research close-out plan.  In addition, required SEMP quarterly reports, an FY02 annual report, an FY02 executive summary, and an FY03 research execution plan were completed and submitted on-time to the SEMP program office.

1.3
Field Sampling, Data Analysis, and Interpretation

During FY03, ORNL Team 2 completed post-disturbance soil sampling at the K-11 experimental site on Fort Benning, completed a summary of data for all soil samples collected by ORNL Team 2 at Fort Benning, submitted metadata and data files to the SEMP Data Repository for soil samples collected at Fort Benning prior to December 2002, prepared photographs of 129 sampling sites at Fort Benning for transmittal to the SEMP Data Repository, and provided assistance to SREL researchers by analyzing their soil samples for carbon and nitrogen.  The preparation and laboratory analysis of post-disturbance soil samples collected at the K-11 experimental area was continued into FY04.

1.4
Model Research and Development

During FY03, ORNL Team 2, revised a spreadsheet model for predicting thresholds of soil quality to ecosystem recovery at Fort Benning to account for differences in soil type, and continued to refine a Stella® multi-compartment model to predict the dynamics of plant biomass and soil quality under different management scenarios.  The latter model has been used as part of an analysis of recovery potential and sustainability of forest ecosystems under different regimes of forest harvesting and prescribed burning.  Progress was also made toward the development of a GIS-based model for predicting potential excess nitrogen at the landscape scale on Fort Benning.

2.
BACKGROUND

2.1
The deterioration of soil quality can lead to dramatic and long-term changes in terrestrial ecosystems, but little is currently known about what thresholds may exist that prolong or prohibit the recovery of soil quality following ecosystem disturbance.  The mission of this project, within the framework of the SERDP Ecosystem Management Project (SEMP), is to evaluate the short- and long-term effects of land use change and terrestrial ecosystem disturbance on two key measures of soil quality:  soil organic matter (i.e., soil carbon) and soil nitrogen dynamics.

2.2
ORNL Team 2 is conducting studies of soil carbon and nitrogen dynamics across a range of spatial scales at Fort Benning, GA.  The most intensive studies are being performed in the K-11 training compartment in association with an experiment on the effects of heavy vehicle disturbances.  Broader scale studies, at the installation level across both upland and lowland terrain, involve sampling sites that have been distributed to varying degrees by military activities.

2.3
These studies are focused on the effects of military and forestry disturbances on key measures of soil quality as well as the potential recovery of soil quality following site disturbance.  Our science questions are:  

(1) can soil carbon and nitrogen dynamics be used to identify nutrient resource thresholds to recovery of desired future ecosystem conditions at Fort Benning?, 

(2) how do disturbances associated with military activity and forestry affect measures of soil quality?, and

(3) which soil attributes and processes are good candidates for indicators of ecosystem disturbance and the identification of thresholds to recovery or sustainability?

3.
OBJECTIVES

3.1
Ecosystem recovery and sustainability are important elements of conservation efforts on military lands.  Carbon and nitrogen are important determinants of soil quality, which ultimately affects the recovery and sustainability of terrestrial ecosystems following ecosystem disturbance.  The objectives of this research are to develop models of soil carbon and nitrogen dynamics, to predict soil quality thresholds to ecosystem recovery, and to evaluate the potential for recovery and sustainability of soil quality associated with different types of disturbance and land management practices.

3.2
The objectives of the study are being accomplished through the following research tasks that were set forth in the original proposal:

1.  characterize the effect of disturbances and land cover on key measures of soil quality (i.e., describe how soil carbon and nitrogen dynamics are affected by current DoD land use activities and natural disturbance regimes),

2.  determine whether there are thresholds associated with natural and/or anthropogenic disturbance that establish the potential recovery of soil quality following site disturbance (i.e., describe how current DoD activities and/or land use activities affect the potential for short- to long-term recovery of soil quality in disturbed environments),

3.  build simple dynamic models of soil carbon and nitrogen for different land cover categories to predict the recovery of soil quality on disturbed lands,

4.  conduct long-term field experiments to calibrate and test models used to predict the recovery of soil quality (including soil carbon sequestration) following disturbance caused by DoD activities, and 

5.  use existing GIS resources as a tool for analysis of spatial patterns of soil carbon and nitrogen and as a basis for predicting the effect of site disturbance and/or land cover change on soil quality and nonpoint sources of nitrogen to surface water drainages.

4.
APPROACH

4.1
The approach to the research involves a combination of field studies and systems modelling.  Field measurements from disturbance gradients, different land cover categories, and forest chronosequence sites have been used to build mathematical models for predicting system response to disturbance and identifying thresholds to recovery following ecosystem disturbance.  The models and the field data will also be used in combination with GIS data for a landscape level analysis of soil carbon and nitrogen stocks.

4.2
Field measurements of soil density, soil carbon, and soil nitrogen dynamics have been made in ecosystems along gradients of disturbance and under different land cover types (e.g., forests, old-fields, disturbed, and undisturbed lands) at Fort Benning, GA.  Soil samples are usually collected to a depth of 40 cm and are divided into surface litter (O-horizon) and mineral soil.  The mineral soil is further subdivided into 10 cm increments.  The various portions are analyzed for total carbon and nitrogen concentrations.  Soil nitrogen availability is determined by measuring potential net soil nitrogen mineralization under laboratory conditions.  Soil carbon inventories are further partitioned into labile, organomineral, and refractory pools using laboratory techniques.

4.3
Soil samples have been collected along disturbance gradients, under different land covers, along forest chronosequences, and at forest sites used for disturbance experiments.  Information and data from the field studies has been incorporated into mathematical models of soil carbon and nitrogen dynamics.  These models allow prediction of the recovery of soil quality at Fort Benning following site disturbance.  The models also allow us to explore disturbance thresholds that possibly impact the potential for short- and long-term recovery of soil quality following site disturbance.  We have also measured soil carbon and nitrogen stocks under different land cover types for the purpose of mapping key measures of soil quality using a geographic information system.

5.
PROGRESS SUMMARY FOR FIELD RESEARCH (FY03)

5.1
Field Studies at K-11 Experimental Site

During this report period, ORNL Team 2 completed post-disturbance soil sampling at the experiment in the K-11 training compartment.  Soil sampling was conducted in mid-June and coordinated with plant sampling by ORNL Team 1 (Dale et al., CS-1114C-99).  ORNL Team 2 collected paired soil cores (to a 30 cm soil depth) at seven disturbed locations and seven control points.  Samples were also collected for analysis of potential net soil nitrogen mineralization inside and outside the areas of soil disturbance.  John Dilustro from SREL (Collins et al., CS-1114E-00) placed sampling points for soil respiration at some of the same locations where ORNL Team 2 collected soil samples.  

Mass of the O-horizon was significantly reduced at K-11 along the treatment transect (257 g m-2) compared to the control transect (640 g m-2) (P < 0.01).  Thus, the treatment caused a substantial reduction in forest floor organic matter.  Surface (0-10 cm) soil density under the treatment transect was significantly greater than that under the control transect (P < 0.05).  The mean (±SE) densities of surface soil samples from the treatment and control transects were 1.43 ±0.03 and 1.28 ±0.06, respectively.  Although soil densities for increments deeper than 10 cm tended to be greater under the treatment transect, the differences were not significantly different from the controls.  Soil compaction from heavy vehicle traffic at K-11 was primarily limited to the surface mineral soil layer and produced an increase of approximately 12% in surface soil density.

The post-disturbance soil samples are currently being prepared for analysis of total soil carbon and nitrogen concentrations and stocks, carbon and nitrogen in particulate organic matter and mineral-associated organic matter, and soil nitrogen availability.  The soil cores (n = 28) were cut into 10 cm increments, air-dried, and weighed.  The soil samples will be crushed, sieved, and prepared for elemental analysis in early FY04.  Post-disturbance soil cores from K-11 were also prepared for laboratory incubations to determine differences in potential net soil nitrogen mineralization between disturbed and control sites.  We will test for differences in measures of soil quality between disturbed soils and their controls using analysis of variance.  Data collected in the post-disturbance environment will also be compared with data from pre-disturbance soil sampling conducted in previous years at the same location.

5.2
Field Data Summarization  

In FY03, ORNL Team 2 completed a summarization of measures of soil quality for over 100 sites under perennial vegetation and at 20 sites where there has been recent soil disturbance at Fort Benning.  Simple descriptive statistics have been used to summarize measures of soil quality (e.g. soil carbon and nitrogen levels and soil nitrogen availability) and the following comparisons were completed:

(1) comparisons of clear-cut and control forest soils at various times (1, 6, or 11 years) after clear-cutting,

(2) comparisons of riparian and upland sampling sites in the K-11 training compartment in April and October 2001,

(3) comparisons along a chronosequence of longleaf pine stands (10, 12, 56, 70, 75, and 82 year old stands),

(4) comparisons of different land cover categories (e.g., barren sites, old-fields, pine forests, and deciduous forests),

(5) comparisons of young (n = 11) and mature (n = 16) pine stands, and

(6) comparisons of old field and forest sites on soils with differing sand content.

One of the interesting patterns to emerge from these comparisons is the influence of sand content on measures of soil quality.  Sand content in 129 soil samples collected at Fort Benning ranged from 12 to 95%.  The mean sand content was 70% and two-thirds of the samples collected had a sand content that exceeded the mean.  For the purpose of comparisons, each soil sample was binned into one of two categories (i.e., “less sandy” or “more sandy”) based on whether the sand content was less than or more than 70%.  Old field and forest sites on less sandy soils have significantly greater soil carbon and nitrogen stocks than those on more sandy soils.

The mean potential net soil nitrogen mineralization rate, expressed on an annual basis, was greater for soils with more than 70% sand content.  More sandy soils under perennial vegetation had a significantly (P <0.001) greater fraction of soil carbon in POM and significantly (P <0.05) greater stocks of surface mineral soil POM carbon than less sandy soils.  Particulate organic matter is a highly labile carbon pool that may be important to nitrogen retention and availability in some soils.  Higher potential net soil nitrogen mineralization rates in more sandy soils at Fort Benning are attributed to the greater amounts of labile soil organic matter.  

During FY03, metadata and data files for soils collected at Fort Benning through 2002 by ORNL Team 2 were transmitted to the SEMP Data Repository.  The data file contained 114 variables from 129 study sites (20 barren sites and 109 sites under perennial vegetation).  Digital photographs of the study sites were organized and a metadata file was prepared that describes the image data set.  These data files are currently being used in the SEMP Research Integration effort.

6.
PROGRESS SUMMARY FOR MODELING (FY03)

6.1
Threshold Model Research and Development

The objective of the first modeling task is to use simple models of soil carbon and nitrogen dynamics to predict nutrient thresholds to ecosystem recovery on degraded soils at Fort Benning.  The model calculates aboveground and belowground biomass, soil carbon inputs and dynamics, soil nitrogen stocks and availability, and plant nitrogen requirements.  A threshold is crossed when predicted soil nitrogen supplies fall short of predicted nitrogen required to sustain biomass accrual at a specified recovery rate.  

Four factors were found to be important to development of thresholds to recovery:  (1) initial amounts of aboveground biomass, (2) initial soil carbon stocks (i.e., soil quality), (3) relative recovery rates of biomass, and (4) soil sand content.  Thresholds to ecosystem recovery predicted by the model should not be interpreted independent of a specified recovery rate.  Initial soil carbon stocks influenced the predicted patterns of recovery by both old field and forest ecosystems.  Forests and old fields on soils with varying sand content had different predicted thresholds to recovery.  

Soil carbon stocks at barren sites on Fort Benning generally less than predicted thresholds to 100% recovery of desired future ecosystem conditions defined on the basis of aboveground biomass (18000 versus 360 g m-2 for forests and old fields, respectively).  Calculations with the model indicated that re-establishment of vegetation on barren sites to a level below the desired future condition is possible at recovery rates used in the model, but the time to 100% recovery of desired future conditions, without crossing a nutrient threshold, is prolonged by a reduced rate of forest growth.  Predicted thresholds to ecosystem recovery were less on soils with more than 70% sand content.  The lower thresholds for old field and forest recovery on more sandy soils are apparently due to higher relative rates of net soil nitrogen mineralization in more sandy soils.  Calculations with the model indicate that a combination of desired future conditions, initial levels of soil quality (defined by soil carbon stocks), and the rate of biomass accumulation determines the predicted success of ecosystem recovery on disturbed soils. 

During FY03, ORNL Team 2 also revised a multi-compartment model of soil carbon and nitrogen dynamics, developed with Stella® modeling software.  The model has been used to simulate various land management practices at Fort Benning.  These scenarios include maintenance of forest cover, forest recovery on barren soils, and forestry with a variable interval of prescribed burning.  Mean (±SE) measured soil carbon stocks at 8 barren sites on Fort Benning were 700 (±240) g C m-2.  This amount of soil carbon was used as an initial condition for predicting recovery to desired future ecosystem conditions defined on the basis of aboveground biomass (18000 and 360 g m-2 for forests and old fields, respectively).  With no limiting factors, forest biomass achieved steady state in approximately 50 years.

Model simulations indicated that prescribed burning with less than a 5-year return interval reduced predicted soil carbon and nitrogen stocks (soil carbon under a 1-yr cycle was 66% of that under a 3-yr cycle and 58% of that under a 5-yr cycle).  At sites with low soil nitrogen availability (i.e., less sandy soils), the model predicts more frequent burning promotes forest recovery on barren soils by stimulating N-fixation.  If annual N-fixation is small (<5 g m-2), a 3-year return interval for prescribed fires reduces the predicted rate of forest recovery on barren soils.  Sensitivity analysis indicated the following parameters are important to model predictions:  soil carbon turnover times, root turnover, maximum N-fixation, within tree nitrogen translocation, net soil nitrogen mineralization, and tissue nitrogen concentrations.  In the absence of prescribed burning, there is no apparent N-fixation threshold to ecosystem recovery at sites with either low or high soil nitrogen availability.  With a 3-year burn interval, a threshold in N-fixation to forest recovery is apparent on both less sandy and more sandy soils.  Experimentation with the model revealed that interactions between fire, N-fixation, and soil nitrogen availability can give rise to complex predicted patterns of ecosystem recovery.

6.2
Spatial Modeling of Potential Excess Nitrogen

The objective of the second modeling task is to derive annual and seasonal estimates of potential excess nitrogen (PEN) on Fort Benning.  A general, mass balance approach in a spatial modeling context originally developed for the Neuse River Basin in North Carolina was used to calculate PEN, which is the difference between nitrogen inputs (atmospheric deposition, fertilization, and soil nitrogen mineralization) and nitrogen outputs (plant uptake, volatilization, and denitrification) at the landscape scale.  Atmospheric nitrogen deposition was obtained from monitoring stations that are part of the National Atmospheric Deposition Program/National Trends Network (NADP/NTN) surrounding Fort Benning.  Other nitrogen cycling processes have been estimated on the basis of land cover using a 1998 land cover map from the University of Georgia in combination with field and literature data.  In one version of the model, field data from Fort Benning were used to estimate the net soil nitrogen mineralization flux.  In a second version of the model, net soil nitrogen mineralization was calculated using a soil nitrogen inventory map that was derived from USDA Natural Resources Conservation Service National Soil Characterization Database and the State Soil Geographic (STATSGO) database.  In both versions, map algebra was used to generate annual and seasonal maps of PEN.  The PEN maps were compared and the difference map suggested that the soil nitrogen map approach provides results that are consistent with the surface steam network. 

We are in the process of estimating PEN loading to streams on Fort Benning by using an empirical, nutrient transport, hydrological model. This approach initially assumes overland flow, but the model then uses the concept of vegetated filter-strips as traps for nutrients to estimate delivery ratios for nitrogen.  This model requires spatial data on surface roughness [mean particle diameter and Manning’s roughness coefficient (n)], slope angle, and distance of flow to calculate the delivery ratio.  Mean particle diameter has been derived from STATSGO soil texture data and estimates of mean particle diameter based on soils data from Fort Benning.  The appropriate n value was assigned to each land cover type in the 1998 Land Cover map.  The result will be an estimate of the trapping efficiency of the land surface.  One minus the trapping efficiency is equal to the delivery ratio.  The delivery ratio is then related to flow path and the accumulation data that is derived from a digital elevation model.  The end products are spatial maps that show the calculation of total seasonal and annual loads of nitrogen to surface receiving waters at Fort Benning.  We plan to complete this modeling task for Fort Benning in FY04.

8.
PROJECT CLOSE-OUT

The project has a scheduled completion date of February, 2004.  The following tasks have been identified as the project close-out plan:

•  Progress report to TAC - Oct. 2003 (completed)

•  Submit photos of 129 study sites to SEMP Data Repository

• Complete experimentation and testing of Stella Model - Nov. 2003 (completed)

• Present poster at Partners in Environmental Technology Symposium (SERDP/ESTCP) - Dec. 2003 (completed)

• Annual report for 2003 (completed)

• Complete preliminary spatial analysis of soil C, N, and PEN - Jan. 2003

• Final report to TAC - Spring 2004

• Continue working on manuscripts (1 submitted and 5 in preparation)

9.
PRODUCTS

During FY03, ORNL Team 2 completed the following presentations and papers:

Garten, C.T., Jr., and T.L. Ashwood, “Disturbance of soil organic matter and nitrogen dynamics:  implications for soil and water quality”, Platform presentation at SERDP Scientific Advisory Board Meeting, Oct. 2002, Washington, DC.

Garten, C.T., Jr., and T.L. Ashwood, “Disturbance of soil organic matter and nitrogen dynamics:  implications for soil and water quality”, Platform presentation at SEMP Research Coordination Meeting, Oct. 2002, Columbus, GA.

Garten, C.T., Jr., and T.L. Ashwood, “Resource threshold modelling based on soil carbon and nitrogen dynamics at Fort Benning, GA”, Poster presentation at 2002 Partners in Environmental Technology Technical Symposium and Workshop, Dec. 2002, Washington, DC.

Garten, C.T., Jr., T.L. Ashwood, and V.H. Dale.  2003.  Effect of military training on indicators of soil quality at Fort Benning, Georgia.  Ecological Indicators 3:  171-179.  

Garten, C.T., Jr., and T.L. Ashwood.  2003.  Land cover differences in soil carbon and nitrogen at Fort Benning, Georgia.  Applied Soil Ecology (submitted June 2003).

Dale, V.H., D. Druckenbrod, L. Baskaran, M. Aldridge, M. Berry, C. Garten, L. Olsen, R. Efroymson, and R. Washington-Allen.  2003.  Vehicle impacts on the environment at different spatial scales:  observations in west central Georgia.  Journal of Terramechanics (submitted November 2003).

Garten, C.T., Jr.  2003.  Modeling soil quality thresholds to ecosystem recovery at Fort Benning, Georgia, USA.  Journal of Applied Ecology (completed and awaiting submission).

10.
MILESTONES

Milestones for FY03 and their current status are summarized below.

1.  Nitrogen mineralization study in collaboration with CS-1114E-00 (SREL, Collins); scheduled Completion Date:  Mar. 2004 -- The purpose of this task is to summarize data on potential net soil nitrogen mineralization rates from different land cover types at Fort Benning.  SREL and ORNL Team 2 are using the same method for laboratory determinations of soil nitrogen availability at their respective study sites.  As a point of collaboration, SREL and ORNL Team 2 decided to compare and compile their respective data sets in order to broaden our understanding of factors controlling soil nitrogen availability across the installation.

2.  Complete an analysis of soil carbon and nitrogen (including soil nitrogen dynamics) for all soil samples taken at Fort Benning prior to Dec. 31, 2002; scheduled Completion Date:  June  2003 -- The milestone was completed.

3.  Submit data on soil carbon and nitrogen concentrations and stocks and net soil nitrogen mineralization potential to the SEMP Data Repository on the ECMI web site for all ORNL Team 2 study sites; scheduled Completion Date:  Sep. 2003 -- The milestone has been completed.

4.  Evaluate and interpret the importance of different land cover categories as nonpoint sources of nitrogen to surface receiving waters (i.e., complete calculations of potential excess nitrogen under different land cover categories); scheduled Completion Date:  Sep. 2003 -- The milestone was completed.

5.  Revise two manuscripts presently submitted for publication and resubmit to technical journals for publication; scheduled Completion Date:  Sep. 2003 -- The milestone was completed.

6.  Participate in research integration effort; scheduled Completion Date:  Continuous -- The milestone is ongoing.

