Downstream Effects
Principles:
· First generation grain-based systems promote existing ecosystem problems and result in a multitude of undesirable downstream consequences

· We can do things currently to improve environmental performance/ ecosystem services of grain-based systems (BMP) at the field or watershed scale (e.g. apply an ecosystem-based approach to designing and managing multifunctional agroecosystems)
· Perennializaion promotes delivery of ecosystem services

· Landscape diversity promotes environmental performance and ecosystem services
· Ecosystem management needs to consider the design of high-performing landscapes – those with several ecosystem services and providing multiple benefits
Concepts:
· Use Millennium Ecosystem framework to define ecosystem services:  energy, food, fiber, and natural resources, etc. Using this framework can help us to design systems/ag landscapes that meet multiple goals of food, fuel and environmental performance/ecosystem services.  We need to recognize that the specific ecosystem goods and services which we are aiming to optimize will vary across the landscape depending on the productive capacity of the land, needs and desires of local practitioners and stakeholders as well larger scale social processes (societal goals–> economics, government regulations and policies)
· Air:
Global warming potential

Particulate matter 10, 5

VOC 

Mercury
Ammonia

Methane

Carbon Dioxide

NOx

Phosphorus

· Water:
Supply

Flooding

Quality

Recharge
Pesticides

Sediment
· Soil:
Quality

Erosion

Nutrients cycling

SOC

· Habitat:
Structural composition

· Functional traits of biofuels:
Individual and community levels
Functional remediation

Seasonal water use

Nitrogen-fixing 

Biomass producer

Flood/ drought tolerant

Root characteristics

Phytoremediation

Biochemical/ nutrient services- translocation

Perennials
Soil requirements – soil site- below ground requirements-restoration

Productivity – pollinators/ natural enemies

Health - disease susceptibility

Habitat provision

Knowns and Unknowns:
· Ecosystem Concepts:

· Biofuels expands the demand for biomass production by adding an additional market for agricultural products. This offers an opportunity to re-configure these systems and address many of the problems (environmental and social).  Applying ecosystem concepts could be extremely useful in designing and managing multifunctional agroecosystems. An ecosystem-based conceptual framework has been applied successfully in other cases of natural resource management and offers many advantages over the traditional component-oriented approaches which focus on field-scale production.
How to implement an ecosystems approach?

· Net Primary Production:
· We are trying to increase production— NPP. When you change the NPP of an ecosystem, water and nutrient dynamics are altered.  Usually, with increased NPP the rate of nutrient cycling, internal fluxes increases.  

Do we really think we can capture a larger proportion of NPP to divert to biofuels without increasing the rate of environmental degradation? 
What are the consequences of diverting a greater proportion of NPP and is society prepared to accept these losses or consequences?

How much Net Primary Productivity (NNP) we can harvest?

· Technology: 

· Gasification routes are more flexible about the kinds of feedstocks that can go into production.  Cellulosic is more dependent on biology - once they are developed they will be able to handle any type of feedstock equally well. Cellulosic is fundamentally different from grain-based ethanol production.
How does technology impact what we know about ecosystem services?  
· Best Management Practices:
· Farmers and others are influenced by current federal initiatives pushing biofuels, and so other groups, such as environmental organizations have difficulty encouraging farmers to practice BMP
· Bring industry to the table so that regulations can help incorporate BMP into mainstream farming. Dairy Accord in Australia did just that and made riparian buffers mandatory in farming systems. Can we do the same to push BMP.

· Lieberman has initiated a sweeping policy that might influence every aspect of economy including agriculture
How would making fertilizer more expensive effect things?

· Global Scale:
· Ecosystem services that include societal benefits (food and energy, NR), not just to ecosystem. Not clear where you draw the boundaries. If we don’t damage soil and water in Iowa but damage is caused in Amazon, this is a problem. The language is too US-centric. We don’t have models (i.e. economic) to optimize all this at a global scale. We cannot assume good stewardship at local level will be good stewardship globally. 
· Because the grain commodities that are produced in the US are part of the global market, it is necessary to distinguish between local, regional and global scale ecosystem services.  Local ecosystem services include Phosphorus flows, water quantity and quality, supporting services such as natural enemies and pollination.  Ecosystem services at the global scale can be impacted through GHG regulation, commodity flows and the resulting consequences of production decisions on land use in other regions.
What about consumption issues?
· Design Principles:
1. Assign land use to optimize ecosystem services:
· Consider in concert:  plant functional traits, land capability, environmental risk

· Avoid cropping practices that damage soil and water

· Plant functional traits: 

· Response to the environment: soil fertility/edaphic requirements, flood/drought tolerance, disease/pest resistance

· Effect on ecosystem functions: biomass production potential/timeframe of production; phenology– Annual/perennial, timing of maximum biomass production/senescence; nutrient use efficiency; nutrient supply– N fixers, micorrhizal; ground cover- erosion, weed suppression; natural enemy habitat, pollinator habitat; rooting– timing of growth, root architecture (deep rooting may be desired in some cases); GHG emissions
2. Encourage diversity:
· Rotation in time

· Configuration in the landscape, 

· Avoid monoculture landscapes

3. Encourage perennialization:
· Intensification of rotations (cover crops, winter and summer crops)

· Use perennials 

· Avoid bare soil

4. Use monitoring for adaptive management for ecosystem services – don’t assume outcomes
5. Adopt known BMP’s (fertilizer management, tillage etc)

Scenarios: 
· Scenario 1 –  Field Scale in the Mississippi Alluvial Valley (2010)

Existing technology – the green solution: This scenario assumes that we still have a landscape that is dominated by corn-soybean based cash grain systems (corn-corn-corn,
corn-soybean, corn-soybean-small grain) 

We laid out options for altering current grain-based system structure to improve environmental performance and delivery of ecosystem services:
· Management strategies:

Adaptive management

Monitoring

Mass balances as part of fertilizer management feedback

Farm plan
· Rotational diversity:
Expand functional groups of cash crops included in rotation

Add additional functional groups to provide supporting ecosystem services: i.e. cover crops

Longer-term– crop selection; consider functional traits
· Fertilizer management:







Rate, timing, placement

Precision applications

Chemical inhibition of microbial transformations that lead to losses

New formulations that slow the release of inorganic Nitrogen
· Scenario 2 – Watershed Scale in Central Minnesota (2030) See Figure One
Research Areas:

· Modeling:
· Indicators for ecosystem services: biocontrol and modeling 
· Effects/ use of nutrients, fast vs slow release
· Air/ water feedbacks
· Nitrofication: N management for slow release, denitrofication profile for optimized systems, legacy effect
· Portfolios of species, cropping systems, indicators
· Economic: (i.e., accumulation of feed stock in forests)

· Integrated social, political and biophysical systems
· Land use change such as cropland conversion and reversion to successional vegetation communities

· Ecosystem Services: 

· Perrenialization, diversification on systems
· Optimal spatial distribution of feedstocks

** The group decided to have Laurie Drinkwater take the lead on writing a paper based on the group’s discussion and her own research.
