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Quarterly Report for October 1 – December 31

ORNL Team 2 (Garten and Ashwood)

Accomplishments

Progress during the last quarter of 2000 (Oct 1 - Dec 31) was devoted to preparing for and attending SEMP related meetings.  On November 6th, Chuck Garten presented a paper at the ASA/CSSA/SSSA session on "Military Installation Land Use and Planning" entitled "Effect of Land Use on Soil Organic Carbon and Nitrogen Dynamics at Fort Benning, GA" in Minneapolis, MN.  On November 14th, Chuck Garten presented a talk at the SEMP Research Coordination Meeting in Columbus, GA, entitled "Disturbance of Soil Organic Matter and Nitrogen Dynamics:  Implications for Soil and Water Quality."  On November 30th, Chuck Garten presented a one-hour progress report during a meeting of the SEMP Technical Advisory Committee at the Hyatt Regency Crystal City in Arlington, VA, on work accomplished by ORNL Team 2 during the first year of funding.

Other progress during the last quarter of 2000 was related to planning and revising the research agenda for ORNL Team 2 in 2001.  We held informal discussions with key personnel at Fort Benning as part of the planning process.  Research tasks for ORNL Team 2 in 2001 were described in a December 19th e-mail to Hugh Westbury at Fort Benning.  We will be working closely with Hugh in early 2001 to schedule field sampling activities at Fort Benning.

Problems/Concerns

None at this time beyond those already identified during the SEMP Research Coordination Meeting in Columbus, GA (11/2000).

Completed Milestones

Participate in Fort Benning workshop and SSSA meeting (planned 11/2000 and completed 11/2000)

Presentation to SEMP TAC (planned 11/2000 and completed 11/2000)

ORNL Team 2 (Garten and Ashwood)

Quarterly Report for January 1 - March 31

Accomplishments

Progress during the first quarter of 2001 (Jan 1 - Mar 31) was mostly devoted to preparing a technical report and a brief manuscript for publication based on the first year's work by ORNL Team 2 at Fort Benning.  A draft manuscript was written that summarized an analysis of changes in soil quality along disturbance gradients originally established by ORNL Team 1 (Dale and Mulholland).  The manuscript is still in preparation and when completed it will be submitted for publication to Ecological Indicators following technical reviews at ORNL and Fort Benning.  The longer technical report is also still in preparation and will include an analysis of soil carbon and nitrogen under different land use/land cover categories at Fort Benning completed as a result of soil sampling in 2000.

Plans are also being made for a spring 2001 sampling campaign by ORNL Team 2 at Fort Benning.  Chuck Garten and Tom Ashwood visited Fort Benning on March 26-28 to discuss site selection for the 2001 sampling effort with Hugh Westbury and Natural Resources Management staff at the Fort Benning.  Plans for spring soil sampling are evolving to include several tasks.  The first task is a more detailed assessment of changes in soil quality along disturbance gradients located in the vicinity of Underwood Road.  This area is a candidate for major, multi-year NRCS restoration efforts.  The second task is an examination of the recovery of soil organic matter and nitrogen availability in previously barren areas that have been restored by NRCS to grass cover in 1999 and 2000.  The third task involves sampling 1-, 6-, and 11-year old sites where forestry management practices were implemented in response to pine beetle outbreaks.  As a final task, ORNL Team 1's experimental area in training compartment K11 will be visited for preliminary soil sampling.  These sampling activities are consistent with ORNL Team 2's objectives for the second year of work in SEMP.  An analysis of changes in soil organic matter and nitrogen along gradients of soil disturbance and recovery will enable ORNL Team 2 to more fully evaluate disturbance threshold concepts.
QUARTERLY REPORT (April-June 2001)

ORNL Team 2:  Chuck Garten and Tom Ashwood

SPRING FIELD WORK

ORNL Team 2 made a trip to Fort Benning during the week of 30 April - 04 May 2001 for field work.  The field trip had three objectives:  (1) preliminary soil sampling at K11 Experimental Disturbance Site, (2) additional soil sampling along existing disturbance gradients and at sites where NRCS restoration activities are underway, and (3) soil sampling at sites harvested to control southern pine beetle damage.

On April 30th, ORNL Team 2 sampled soils at both the proposed low intensity and high intensity experimental areas in compartment K11.  Two transects were placed perpendicular to the streams that bisect each experimental area.  Soils were collected to a 40-cm depth at four near-stream and upslope locations on each transect.  Organic horizons above the mineral soil were also sampled.  Photographs and GPS coordinates were taken at each sampling location.  The preliminary soil samples will be used to determine variability in measures of soil quality at the K11 Experimental Disturbance Site.  Estimates of variability are needed to design more intensive pre-treatment soil sampling at the experimental site and to determine the number of pre-treatment samples required to detect changes in soil quality as a result of planned heavy vehicle traffic.  Additional pre-treatment soil sampling by ORNL Team 2 (scheduled for October 2001) will be used to define the baseline for soil quality prior to experimental disturbance.

On May 1st, ORNL Team 2 sampled soils along disturbance gradients in the vicinity of Underwood Road and Box Springs Road.  Two control sites (i.e., forested areas), 2 medium-use sites, and 2 heavy-use site were identified for the purpose of verifying changes in soil quality with varying degrees of disturbance by heavy vehicle traffic.  Additional soil sampling was conducted at 4 NRCS restoration sites.  Two of the restoration sites had been planted in long-leaf pine and the remaining 2 were recently planted in herbaceous grasses to minimize soil erosion on heavily disturbed soils.  The purpose of sampling along the disturbance gradient and at the restoration sites was to verify changes in soil quality that were  measured by ORNL Team 2 during the first year of work along disturbance gradients previously established by ORNL Team 1 (Dale et al.).  In addition, beginning in 2001, Fort Benning plans to restore disturbed land in the immediate vicinity of Underwood Road and Box Springs Road.  Soil sampling by ORNL Team 2 will be used to define a baseline for soil quality in the disturbed areas prior to planned remediation.  ORNL Team 2 intends to conduct follow-up sampling at various times following restoration along Underwood Road and Box Springs Road to determine the rate of recovery of soil quality following site restoration.  Photographs and GPS coordinates were taken at each sampling site.

On May 2nd through May 4th, ORNL Team 2 collected soil and litter samples at 10 sites that had been harvested to control southern pine beetle outbreaks at Fort Benning.  Three of the sites were 10 years old, 5 of the sites were 5 years old, and 2 of the sites were 1 year old.  At each study site, control soil samples were collected from a near-by unharvested forest.  The purpose of this soil sampling was to determine the immediate effects of forest harvesting on measures of soil quality and the historical changes in measures of soil quality following forest clearing.  The data from this task should also be useful in our efforts to ascertain rates of recovery following soil disturbance.  Photographs and GPS coordinates were taken at each sampling site.

LABORATORY WORK

Laboratory work on the Spring 2001 soil samples from Fort Benning was started during this past quarter.  The dry mass and the carbon and nitrogen stocks in organic soil horizons was determined at each study site.  Surface mineral soil samples (20 cm deep) from each site were treated to determine concentrations of extractable inorganic soil N.  Surface mineral soil samples are currently undergoing incubations in the laboratory to determine potential net soil N mineralization and nitrification (soil N availability) at each study site.  Determinations of particulate organic matter in surface mineral soil samples are also underway.  Mineral soil samples are being cut into 10 cm increments to determine the vertical changes in soil C and N concentrations and stocks to a depth of 40 cm.  Work during the first year by ORNL Team 2 indicated that these latter measurements are valuable indicators of change in soil quality.

REPORT PREPARATION

A draft ORNL technical manuscript entitled, "Land Use/Land Cover Differences in Soil Carbon and Nitrogen Dynamics at Fort Benning, Georgia:  Implications for Soil Quality" has been prepared and is ready for ORNL internal review.  The approximate 100-page report describes results from the first year of research by ORNL Team 2 and the effects of soil disturbance and land use/land cover on various measures of soil quality at Fort Benning.

During this report period, and as part of the report preparation, Tom Ashwood undertook an analysis of past fire history at Fort Benning.  Fire maps from the ECMI Data Repository were compiled and summarized.  The number of controlled burns and wildfires in particular training compartments was determined to explore possible relationships between fire frequency and the production of refractory soil C (charcoal) at ORNL Team 2 study sites.

A simple model of forest soil C dynamics was developed as a part of the ORNL technical report and the model was used to predict the recovery of labile and organomineral soil C stocks on barren land through ecological succession at Fort Benning.  The development of soil C stocks is fundamental to the recovery of soil quality following soil disturbance by military training activities.  The model is preliminary but represents a foundation for the modelling of soil quality that was identified as a task by ORNL Team 2 in their proposal and planned statement of work.  Much research and development remains to be done with the model, but preliminary simulations suggest that modelling may be a practical method for the identification of disturbance thresholds in soil quality.

MILESTONES

1.   Establish new study sites along disturbance/recovery gradients (completed May 6, 2001)

2.
Prepare open-literature publication from first year's work (a draft manuscript was completed in June, 2001, that will be published as an ORNL technical report; open literature publications will be developed later from this technical report following peer review)

QUARTERLY REPORT (Jul 1 -Sep 30, 2001)

ORNL Team 2:  Chuck Garten and Tom Ashwood

During this report period, some samples from FY01 field work were still undergoing laboratory analyses for measures of soil nitrogen dynamics (i.e., laboratory measurements of net soil nitrogen mineralization and nitrification).  Most of the laboratory analyses for measurements of soil quality at Fort Benning in FY01 have been completed but not yet subjected to statistical analysis.  Consequently, the interpretation of these data will not be finished until sometime in FY02.  Preliminary soil sampling at the K11 Experimental Disturbance Area indicates that there are upslope and near-stream differences in soil carbon and nitrogen stocks that will have to be accommodated in the experimental design to determine the effects of heavy vehicle traffic on soil quality.  Preliminary results from sampling along disturbance gradients in FY01 tend to verify the differences in soil quality that were observed along disturbance gradients in FY00.

During this quarter, two reports were submitted to the SEMP project leader and Fort Benning personnel for their review.

The first manuscript was entitled Effect of Military Training on Indicators of Soil Quality at Fort Benning, Georgia.  The purpose of this research was to investigate the effects of soil disturbance on several key indicators of soil quality at Fort Benning.  Military activities that result in soil disturbance include infantry, artillery, wheeled, and tracked vehicle training.  The soil samples were collected along a disturbance gradient that included:  (1) reference sites, (2) light military use, (3) moderate military use, (4) heavy military use, and (5) remediated sites.  With the exception of surface soil bulk density, measured soil properties at reference and light military use sites were similar.  Relative to reference sites, greater surface soil bulk density, lower soil carbon concentrations, and less carbon (C) and nitrogen (N) in particulate organic matter (POM) were found at moderate use, heavy use, and remediated sites.  Studies along a pine forest chronosequence indicated that POM-C stocks gradually increased with stand age.  An analysis of soil carbon:nitrogen ratios, as well as soil carbon concentrations and stocks, indicated a higher soil quality at moderate military use and remediated sites relative to heavy military use sites.  Measurements of soil carbon and nitrogen are ecological indicators that can be used by military land managers to identify incipient changes in soil quality and to rank training areas on the basis of soil quality.  Once the reviews are completed, the manuscript will be sent to the journal "Ecological Indicators."

The second manuscript was entitled Land Use/Land Cover Differences in Soil Carbon and Nitrogen Dynamics at Fort Benning, Georgia:  Implications for Thresholds of Soil Quality.  The report summarized data from field studies in FY00.  The goal of this research was to investigate the effects of soil disturbance and land use/land cover on various indicators of soil quality at Fort Benning, Georgia.  Military activities at Fort Benning that result in soil disturbance include infantry, artillery, wheeled, and tracked vehicle training.  More than 40 sampling sites at Fort Benning were classified into one of five major land use/land cover categories:  (1) deciduous forest, (2) mixed forest, (3) evergreen forest/plantation, (4) transitional land, and (5) barren land.  There were significant land use/land cover differences in soil bulk density.  The greatest surface soil compaction was measured under evergreen forests, transitional, and barren land.  Extractable soil ammonium was significantly greater under deciduous and mixed forests than under barren land.  Extractable soil nitrate was significantly greater under barren land than under forests.  Land use/land cover differences in soil N availability were statistically significant and net N mineralization in soils from deciduous forests, mixed forests, and transitional lands was generally greater than that in soils from evergreen forests and barren land.  Stocks of labile soil carbon (i.e., carbon in O-horizons plus POM corrected for refractory soil carbon) increased in the following order:  barren < transitional land < forests.  A small and highly variable part of total soil carbon was comprised of refractory soil carbon that had properties similar to charcoal.  Stocks of organomineral soil carbon and total soil carbon were similar under forests and transitional land cover and were greater than those under barren land.  Because of a strong connection between soil organic matter and soil quality, models of soil carbon dynamics can be used to predict the recovery of soil quality when barren land is remediated by forest establishment.  Once the reviews are completed, the manuscript will be published and distributed as an ORNL technical manuscript.

ORNL Team 2 continued to develop an approach to the determination of thresholds for soil quality based on simple mathematical models of soil carbon and nitrogen dynamics.  The modelling incorporates the concept of desired future conditions based on targets for aboveground biomass and litterfall.  Initial conditions are specified for different soil carbon pools as they indicate existing levels of soil quality.  The model user then specifies the rate of recovery and the extent of recovery to the desired future state.  The model calculates belowground and aboveground biomass as well as the carbon inputs to soil.  Soil carbon dynamics and stocks are calculated on the basis of carbon inputs and turnover times of various soil pools.  Soil nitrogen stocks are calculated on the basis of soil carbon:nitrogen ratios.  The model calculates potential excess nitrogen (i.e., available soil nitrogen) on the basis of predicted soil nitrogen stocks and measured potential net soil nitrogen mineralization rates.

Thresholds for soil quality are determined in this model on the basis of a comparison of system nitrogen requirements with potential excess nitrogen.  If ecosystem nitrogen requirements exceed supplies, then the system is not sustainable.  Simulations with the model indicate that there are various sets of conditions where soil carbon stocks become too low to achieve any recovery to a desired future state because:

(1) the inputs to soil carbon can not sustain soil organic matter and thus soil quality progressively deteriorates, or 

(2) soil nitrogen availability falls below the nitrogen requirements of biomass and the desired future state can not be achieved.

The model is still under development as a result of research during FY01.  Additional work with the model will incorporate data from prior soil sampling by ORNL Team 2 as well as data from the disturbance experiment planned by ORNL Team 1 (Dale et al. -- Indicators of Ecological Change) at training compartment K11.  To the extent possible, ORNL Team 2 will collaborate with SREL (Collins et al. -- Thresholds of Disturbance:  Land Management Effects on Vegetation and Nitrogen Dynamics) to develop a means for extrapolating laboratory measurements of net soil nitrogen mineralization potential to field estimates.  The latter information would be particularly helpful in parameterizing and calibrating ORNL Team 2's model of soil carbon and nitrogen dynamics.

During the last quarter of FY01, ORNL Team 2 also spent time developing a research execution plan for FY02.  ORNL Team 2 is planning to reschedule work outlined in the original proposal for FY 02 (Year 3) and FY 03 (Year 4).  According to the original proposal, work during the third year (FY 02) was to be devoted to the use of available GIS data layers in combination with field data to analyze spatial patterns in soil carbon and nitrogen stocks and evaluate the role of disturbance as a nonpoint source of N loading to surface waters at Fort Benning.

Three factors have prompted the proposed changes:

(1) recent modelling of soil carbon and nitrogen dynamics indicates that there are important opportunities for the advancement of our understanding of thresholds to soil quality by focusing ORNL Team 2 efforts on a revised set of research priorities,

(2) research results from Year 1 (FY00) indicate no significant land use/land cover differences in soil carbon and nitrogen stocks (with the exception of barren land), thus mapping and spatial analysis of soil carbon and nitrogen stocks needs to be deferred until other spatial relationships (e.g., soil texture) can be elucidated or until we have a better understanding of land use/land cover differences in soil processes, and

(3) clarification of the ORNL Team 1 (Dale et al. -- Indicators of Ecological Change) schedule for experimental work in training compartment K11.

The revised priorities and new objectives for FY 02 were divided into field tasks and modelling tasks.  Modelling tasks were identified in the original proposal as a research objective for the fourth year of the project (FY 03).  Thus, we are, in effect, planning to accelerate the research agenda for the modelling task and planning to defer the research agenda for the GIS synthesis task.

