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Introduction
Climate change is considered a principal environmental concern for the Nation. To understand the potential impact of climate change and inform decision makers, the U.S. Climate Change Science Program (CCSP) completed a strategic plan during FY 2003 that will guide global change research over the next decade.  The strategic plan was prepared by Federal agency program leaders and incorporates input from Government scientists, university researchers, industry representatives, consumers, and other stakeholders.  The President assigned the Secretary of Agriculture two tasks: develop science-based incentives for agricultural and forest land managers to maintain productivity while storing carbon on the land and minimizing greenhouse gas emissions; and develop accounting rules and guidelines for estimating and reporting terrestrial carbon sequestration.  Agricultural Research Service (ARS) scientists and National Program Leaders played a central role in the development of the CCSP long-term plan and the USDA response to the Presidential directive.  ARS has provided leadership during government-wide efforts to support the goals of the CCSP by crafting critical research objectives, guiding interagency working groups, and eliciting stakeholder input.  ARS global change research objectives continue to be the development of agricultural management practices that minimize net greenhouse gas emissions, store carbon in the land, and maintain agricultural productivity. 

 

The ARS Global Change National Program includes the following components:

1. Carbon Cycle and Carbon Storage

2. Trace Gases

3. Agricultural Ecosystem Impacts

4. Changes in Weather and the Water Cycle at Farm, Ranch, and Regional Scales 

Carbon Cycle and Carbon Storage

Goals of this component are to describe the current and potential future roles of agriculture in the global carbon cycle.  Replacing carbon from carbon-depleted, cultivated soils may mitigate projected increases of atmospheric carbon dioxide.  Research is needed to determine if management practices favoring carbon storage also affect yield or profitability via interactions with other soil factors including temperature, water status, and nutrient cycling.  This knowledge is intended to provide producers and policy-makers with decision-making criteria during changing climate conditions, to assure economically and environmentally sound actions.  The following are highlights of research results reported by ARS scientists during 2005 under the Carbon Cycle and Carbon Storage research component:

Shelterbelts store carbon both above and below ground.  The potential of agroforestry to contribute to carbon sequestration has been suggested, but not previously documented.  Previous estimates have focused solely on aboveground woody biomass.  Thirty-five years after a red cedar/scotch pine shelterbelt was planted in northeast Nebraska, ARS scientists from Ames, Iowa, measured the amount of C present in surface soil and plant litter and compared it to soil of adjacent agricultural fields.  The shelterbelt had accumulated 2.25 tons of carbon per acre in the soil and litter during the period.  Based on previous measurements of carbon accumulated in aboveground woody biomass, soil accumulation represented 25% of the total carbon storage. 

Rising atmospheric CO2 affects root system development.  ARS scientists in Ft. Collins, Colorado, evaluated root growth in a short grass prairie exposed to doubled CO2 concentrations and found that it resulted in an increase in root biomass, as well as increases of root diameter and branching.  These results suggest that root systems under elevated CO2 may be better able to mine nutrients and water from the soil, which could improve their ability to survive drought.

Trace Gases

The goals of this component are to understand agricultural sources and sinks of trace gases, determine the effects of trace gases on agricultural production, and to develop methods for limiting trace gas contributions from agricultural sources.  Research is needed to resolve conflicts between environmental and economic goals, such as developing economical and environmentally sound methods for manure storage, developing feeds and feed additives that minimize methane production during digestion, and optimizing the use of nitrogen-fixing leguminous plants as a way to replace some applications of manufactured fertilizers.  Additional research will focus on developing systems for crop and animal agriculture that minimize trace gas emissions while preserving productivity.  A synthesis of information from this component will be conducted by developing models with test data to estimate agricultural emissions at various spatial scales.  Highlights of research results reported by ARS scientists during 2005 under the Trace Gases research component are:

Elevated CO2 protects plants from the negative effects of ground level ozone.  Elevated ozone, a major pollutant produced by fossil fuel consumption, suppresses photosynthesis and reduces seed yield in ozone-sensitive peanut varieties.  Measurements by ARS scientists in Raleigh, North Carolina, showed that these effects are fully countered by elevated CO2, indicating that the net effect of atmospheric changes on peanut production will depend on the relative increases of ozone and CO2 and the ozone sensitivity of the peanut varieties grown.  These results will be useful in predicting peanut response to climate change and in choosing proper peanut varieties for specific locations. 

Measuring the impact of farming practices on greenhouse gas emissions.  ARS has developed a program known as GRACEnet (Greenhouse gas Reductions through Agricultural Carbon Enhancements network) involving laboratories in every major agricultural region of the country.  Scientists in the project are measuring changes in soil carbon and emissions of methane and nitrous oxide in contrasting farming systems.  At each site, one system is farmed using standard practices for the region, while a second system is managed with practices designed to maximize carbon storage, and a third uses methods intended to minimize total greenhouse gas emissions.  The results will be used to develop regionally applicable guidelines for Best Management Practices (BMPs) to help minimize projected changes in climate.

Agricultural Ecosystem Impacts

Plant growth, yield, and water-use efficiency have been shown to increase with increasing atmospheric carbon dioxide, and are expected to continue increasing as carbon dioxide levels rise.  However, the effects of the interaction of increasing atmospheric carbon dioxide with other aspects of global change such as increased air temperature, higher ozone concentrations, and higher UV-B radiation levels have not been adequately investigated under field conditions.  The impact of increasing atmospheric carbon dioxide and other projected climate changes on pests (weeds, pathogens, insects and other arthropods) and the effectiveness of pesticides under changing global conditions are largely unknown.  The interactive effects of multiple stressors on cropping systems and grazinglands will be the primary research topic for this component.  An emphasis on the development and testing of models against field data from this research component will improve our ability to predict future impacts of global change on agricultural productivity, thus providing tools to help agriculture adapt to changing physical environments.  Research results of the Agricultural Ecosystem Impacts component from 2005 include:

Night-time CO2 concentrations affect multiple plant processes.  Many studies of the impact of future CO2 levels on plants have been conducted by growing the plants in CO2-enriched air, but enrichment is usually only maintained during daylight, on the assumption that photosynthesis is the only affected process.  ARS research at Beltsville, Maryland, has shown that, contrary to previous assumptions, CO2 concentration in the dark affects a number of plant processes, including respiration, translocation, and nitrate reduction.   The results will help researchers design more realistic field and laboratory experiments to predict the response of crops to rising atmospheric CO2 levels. 

Modifications of plant proteins induced by elevated CO2.  ARS researchers at Beltsville, Maryland, have identified six proteins in Arabidopsis plants that are affected by increased concentrations of CO2.  These findings indicate that, in addition to increasing photosynthesis, the rising level of CO2 in the atmosphere will directly affect genes involved in plant defense mechanisms and in the regulation of plant development.  Results from these experiments and others like them will be useful in predicting plant response to future increases in atmospheric CO2. 

Changes in Weather and the Water Cycle at Farm, Ranch and Regional Scales

General circulation models (GCMs), used to simulate climate responses to rising greenhouse gas concentrations, forecast that precipitation changes will accompany rising temperatures.  Further, the magnitude of the precipitation changes is expected to vary geographically.  The variability of episodic weather events is also predicted by GCMs to increase with global warming, such that droughts, floods, storms, and periods of excessive heat or cold may occur more frequently.  This variability introduces more uncertainty and risk into agricultural production with potential impacts on agricultural operations, availability of agricultural water supplies, and increased crop insurance costs and disaster payments.  Much of the research required to address these issues involves projection of climate and weather changes through models at many different spatial scales.  Improved weather and climate predictive capabilities will enable decision makers to help mitigate the negative impact of climate variability and derive benefits from the positive aspects of climate variability.  Research reported during 2005 for this component include:

Improved utility of seasonal air temperature forecasts for agricultural applications: Agriculture and water resource management decisions require weather and climate forecasts as part of their decision-making criteria.  A procedure was developed that extends the utility of the National Oceanographic and Atmospheric Administration’s (NOAA) seasonal air temperature forecast to a broader range of agriculture and water resources management decision-making.  The seasonal overlap of NOAA’s forecasts led to ambiguities in forecast interpretation, and the 3-month forecast period was often too long for effective and practical applications to agriculture and water resource management decisions.  A methodology to disaggregate NOAA’s 3-month overlapping seasonal temperature forecasts into non-overlapping 1-month forecasts was developed at the Grazinglands Research Laboratory, El Reno, Oklahoma.  The disaggregated forecast is in a form more applicable to the decision-making by agriculture and water resource managers and is expected to lead to increased use of the forecasts.  Increased use of the forecasts is expected to help agricultural producers and water resources managers adapt to changing weather patterns associated with global climate change. 

