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Introduction to Bioenergy Plots

Kellogg Biological Station (KBS), a field station of Michigan State University, has had a long-standing partnership with K-12 schools and teachers throughout southwest Michigan.  Recently, leaders of KBS’s GK-12 program, a project funded by the National Science Foundation, sought a way to bring the cutting-edge research carried out at the field station directly into K-12 classes.  From this idea, the schoolyard research network was born - a network of >300 research plots located across 22 school yards and replicated at the biological station, where students will work alongside scientists to collect long-term data and answer questions relevant to their daily lives.  The research plots have a bioenergy theme and mimic long-term, collaborative research at the KBS Long Term Ecological Research site and Great Lakes Bioenergy Research Center.  

The overarching question we seek to answer using these data is: 

Can we grow grass or flowers for our fuel and save the butterflies too? 

Or, as scientists would ask:

Can we maximize bioenergy productivity while maintaining ecosystem functioning?

Project goals
· Provide a simple way to bring empirical lessons of many varieties into the classroom.

· Conduct an experiment whereby students, teachers, and scientists collaboratively answer novel scientific questions, while fulfilling Michigan Grade-Level Content Expectation standards.  

· Provide students and teachers with the opportunity to do real science—to ask questions for which we don’t yet know the answers and conduct experiments to find them out!

In order to fulfill these goals, teachers from across all 11 of our partner districts have collaborated with GK-12 project leaders and fellows to define questions, design experiments to test hypotheses, and create lesson plans that both meet the GLCEs and incorporate standardized protocols which will be used to collect data.  In Spring 2010, partner teachers and GK-12 leadership created the experimental design shown in the following schematic.  
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2x2x2 factorial design - manipulating plant diversity, fertilization, and harvesting

Twenty-two schools prepared and seeded plots in Fall 2010.  Each school has two or more blocks consisting of eight plots per block.  Each plot has a different treatment.   As shown, a plot will consist of either a prairie plant mix or switchgrass and it will either be fertilized or not and mowed (harvested) or not.  In this way, each plot within a block will have a unique treatment.  We can then compare these plots across blocks within a schoolyard, among schoolyards, and among treatments.

These plots will give teachers and students a way to participate in the scientific process. This involves asking a question about the way the world works, creating a hypothesis that includes predictions about outcomes of an experiment, and designing an experiment to test this hypothesis. At the 2010 summer GK-12 workshop, partner teachers were presented with a rough draft of the experimental design and asked to brainstorm questions which they and their students could answer using data from such a design. These questions are included in the introductory materials in this binder.

We used these questions to guide the decision about what sort of data we wanted to collect.   The question list reflects the general group interest in understanding how the treatments would affect diversity at multiple scales, species composition of plant and insect communities, acquisition and cycling of nutrients, and total plant mass produced.  The group was also interested in understanding how external factors such as soil type or the way nearby land is used could affect the plots. In order to gather the maximum amount of information about what processes are going on in the plots with minimum school-time effort, we have narrowed down our core data collection to the following:

· Soil composition, nutrients, and pH

· Biomass of plants

· Plant and invertebrate biodiversity

· Local and regional land use surrounding plots

Using these data, we will be able to analyze plant and insect responses to the treatments—fertilized or not, harvested or not, and switchgrass versus prairie—as well as to local or regional factors that vary among school districts, such as soil type or how much pavement is nearby compared to grass or woods.  Questions that can immediately be addressed with the data gathered are in the top section on the question sheet.  Questions that will require the collection of auxiliary data are listed below these core questions.  A few example questions include:

· Do plants yield more biomass when they are grown as a mixture of plants (prairie) rather than a monoculture (switchgrass)?

· Does the soil composition affect plant biomass when we compare across schools?

· Does fertilization impact species diversity in the mixed prairie plots?

· Does the amount of pavement near the plots versus forest or grass impact insect biodiversity?

Note that with the plots we can answer questions about how a given treatment may affect a response variable, such as plant community diversity, but we will also be able to look at how treatments interact – such as, does fertilization increase biomass of mixed prairie or switchgrass more? In the coming semesters, teachers, students and fellows will work together to see what measurements from the plots can be used to address these questions.

It is our hope that the materials in this binder will be a benefit not only to teachers and classes collecting data from these plots, but also to any teachers who wish to use the plots to ask auxiliary questions or to use data from the plots for lessons.  Detailed information on questions that can be asked using these plots, protocols for collecting the data, and lesson plans, which ask questions using the plots and/or incorporate the collection of data can be found within this binder. 
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