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This session presents preliminary results from new research on agricultural row–crop and biofuel
cropping systems conducted at the recently established Great Lakes Bioenergy Research Center
(GLBRC) and Long–term Ecological Research (LTER) field sites at the MSU W.K. Kellogg Biological
Station (KBS) in S.W. Michigan.
The session will present results and recommendations from work that has investigated the environmental
impacts of maintaining current and introducing proposed new biofuel cropping systems into the Michigan
agricultural landscape, as well as the effects of various management practices on farm productivity and
energy efficiency as it relates to the ongoing food versus fuel debate.
We will also discuss some of the socio–economic factors and farmer outreach strategies that must be
considered for the effective implementation of proposals from this research, and a fertilizer–based
greenhouse gas mitigation protocol recently submitted to the international carbon registries that can
provide an economic and environmental benefit for local farming communities in the US carbon market.
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Land use change, primarily the expansion of annual cropping systems into forests and grasslands, is
deemed responsible for 20–25% of the increase in atmospheric carbon dioxide (CO2) that has occurred
over the past 150 years. In this study we used the eddy covariance (EC) technique to examine annual
CO2 fluxes at seven agricultural sites in the US Midwest. The experimental sites are located in southern

Michigan in the northeast portion of the US Corn Belt at the MSU W.K. Kellogg Biological station (KBS).
Of the seven field sites, three had been under continuous corn and the other four were managed as
conservation prairies during the past 20 years. In order to study the effects of land use change, during
May 2009 six of the fields (three conservation prairie and three corn) were converted to soybean
cultivation, with the remaining site left as a managed prairie for reference. In early May, herbicide
(Glyphosate- Roundup) was applied to kill the vegetation before planting all six sites to soybean. Soybean
was planted to ‗homogenize‘ the fields prior to their conversion to biofuel cropping systems in 2010 (data
not presented).
Preliminary results obtained from the EC tower show the temporal trend of CO2 flux across the sites: the
corn fields were substantially carbon (C) neutral during winter while the prairies were C sources, with
average emissions of 15 g C m-2 month-1 between December 2008 and March 2009. In April 2009, when
the corn fields continued to be a source of CO2, the prairie sites switched from a source of C to a sink for
C. Two days after herbicide application, in early May, the prairie sites switched back from a sink for C to a
source of C. After sowing to soybean (middle of June) all sites continued to show emissions of C until the
end of June. In July, due to photosynthetic activity associated with soybean cultivation, the sites
previously cultivated with corn became C sinks, with C accumulation values ranging from 15 to 50 g C m2 month-1. Conversely, due to strong C emissions, the conversion from prairie to soybean resulted in
those sites remaining a C source. The temporal variation of CO2 absorption/emission at the prairie
reference site showed the typical trend for an unmanaged ecosystem, with low emissions of C during
winter and C sequestration in spring and summer due to photosynthetic activity. Data from the remainder
of the growing season in 2009, along with the effects of land–use conversion on annual ecosystem C
balance will also be presented.
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The motivation for renewable fuels is not only energy independence but also climate change mitigation,
which has been hailed as ‗the defining challenge‘ by the United Nations. One of the most uncertain
consequences of climate change includes effects on the hydrological cycle and therefore, the global
availability of water. The water footprint of a crop almost always determines where it can and cannot be
grown; and biofuel crops are no exception. Water use may prove to be a central issue in the global and
local development of the biofuel industry. While most studies on biofuel water use only take into account
the processing phase, feedstock cultivation may account for more than 90% of the life-cycle embedded
water for fuels. We are studying water use and production efficiency of biofuel crops at different stages
and over a prolonged period of cultivation, revealing patterns of water replenishment and use, and
potential water limitations to biomass accumulation. A comprehensive understanding of water productivity
and water quality implications in biomass production is necessary to develop a sustainable biomass
economy. Here, we present preliminary results from recently established bioenergy cropping systems at
the Great Lakes Bioenergy Research Center (GLBRC) intensive field site at the MSU W.K. Kellogg
Biological Station (KBS).
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The continuing use of fossil fuels has had an increasingly detrimental impact on atmospheric composition,
and global climate and ecosystem functioning. Current US legislation for largescale production of
renewable energy from agriculture, or biofuels, has focused attention on the energy efficiencies
associated with different agricultural systems and their production goals. In this study, we examined 17
years of detailed data on agricultural practices and crop yields to calculate an energy balance for different
cropping systems under both food and fuel production scenarios. We compared four grain systems and

one forage system in the US Midwest: corn (Zea mays) – soybean (Glycine max) – wheat (Triticum
aestivum) rotations managed with (1) conventional tillage, (2) no till, (3) low chemical input, (4)
biologically-based (organic) practices, and (5) continuous alfalfa (Medicago sativa). We compared the
energy balances under two scenarios: all harvestable biomass used for food versus all harvestable
biomass used for biofuel production.
Among the annual grain crops, the average energy costs of farming for the different systems ranged from
4.8 GJ ha-1, for the organic system to 7.1 GJ ha-1 for the conventional tillage system. The energy cost of
the no-till system was also low (4.9 GJ ha-1) and the low chemical input system intermediate (5.2 GJ ha1). For each system, the average energy output for food was always greater than that for fuel. Overall
energy efficiencies for output: input ratios ranged from 10 to 16 for conventional and no-till food
production, respectively, and from 7 to 11 for conventional and no-till fuel production. Alfalfa for fuel
production had an efficiency similar to that of no-till grain production for fuel.
Our analysis points to a more energetically efficient use of cropland for food than for fuel
production, and large differences in efficiencies attributable to management.
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Prior presenters in this symposium session have discussed research efforts that may inform mitigation
management. Here, we broaden the discussion to recognize some socio-economic factors that should be
considered for research results to be effectively implemented. Farmers stand to be greatly affected by the
changing environmental and policy climates. Changes in temperature and precipitation patterns will affect
plant growth, yields, and insect and disease outbreaks. Shifts in policies will provide market incentives,
but may also implement a mandatory cap and trade market for greenhouse gas emissions. Field crop
agriculture plays a key role in climate change. While growing and harvesting field crops contributes to
greenhouse gas emissions through practices such as fertilizer application and soil tillage, farmers can
help to mitigate climate change by using techniques that increase soil carbon sequestration and reduce
greenhouse gas emissions. For agriculture to contribute towards climate change mitigation, farmers need
to be engaged in the process. They need knowledge and skills to adapt to the changing climate and to
implement techniques that mitigate climate change. Impediments to doing so include their perception of
climate change and the real and perceived difficulties they face adopting climate mitigation farming
strategies. In order to overcome these impediments, innovative outreach efforts in combination with
economic incentives may be needed. Here we discuss these issues and current education and outreach
activities we are pursuing to address them.
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Proposed Federal legislation (Kerry–Boxer: S 1733) provides significant opportunities (1.5 billion metric
tons) for regulated (capped) industries that cannot meet greenhouse gas (GHG) reductions to purchase
domestic offset credits from projects in sectors outside the cap that mitigate GHG emissions and store
carbon (C). Agriculture has been proposed as a major potential contributor to this offset market. However,
despite the significant potential for GHG mitigation within agriculture, very few high-quality and widely
approved methodologies for quantifying agricultural GHG benefits have been developed for mitigation
programs and markets.
Nitrous oxide (N2O), the major GHG emitted by US agriculture, with its global warming potential (GWP) of
298 (compared to 1 for CO2), is a major target for offset project development, due to the high payback
associated with its emission prevention. Soil management activities, such as nitrogen (N) fertilizer

application account for ~70% of total US N2O emissions. Higher N inputs typically increase productivity,
but may also lead to elevated N2O emissions. Knowledge of the trade–offs between N2O emissions, N
fertilizer input, and crop yield is essential for informing management strategies that aim to reduce the
agricultural N2O burden without compromising productivity and economic return.
Fertilizer N rate has been found to be the best single predictor of N2O emissions in row–crop agriculture
in the US Midwest. We use this relationship to propose a transparent, scientifically robust protocol that
can be utilized by developers of agricultural offset projects for generating fungible GHG emission
reduction credits. By coupling predicted N2O flux with the recently developed maximum return to N
(MRTN) approach for determining economically profitable N input rates for optimized crop yield, we
provide the basis for incentivizing N2O reductions without affecting yields.
Although other management and environmental factors can influence N2O emissions, fertilizer N rate can
be viewed as a single unambiguous proxy—a transparent, tangible, and readily manageable commodity.
Our protocol addresses baseline establishment, additionality permanence, variability, and leakage, and
provides for producers and other stakeholders the economic and environmental incentives necessary for
adoption of agricultural N2O reduction offset projects. The protocol, if widely adopted, could reduce N2O
from fertilized row-crop agriculture in the Midwest by more than 50%.
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