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Abstract

This session will build participants’ understanding of the importance of soil food webs by directly measuring carbon dioxide production due to soil organism respiration in samples from a variety of habitat types. Differences between annual and perennial crop field soils, as well as those from forests and lawns, will be used to highlight the important differences in carbon storage rates among these soil types.    

A. Big Ideas: The Scientific Content


1. Organic carbon exists in various forms in nearly all soils on earth, and it remains there until soil organisms are able to digest it and release mineralized carbon as either CO2 or CH4.

2. The type of plant communities, and human management thereof, growing on each soil is tightly related to the forms of organic carbon that remain in that soil. Management that increases soil disturbance (i.e. – tillage) will promote faster rates of decomposition and thus shorter carbon storage times in soil.

3. There is currently much interest in alternative agricultural systems in the U.S., specifically perennial crops that may form effective feedstocks for bioethanol production. These changes would increase the amounts of carbon that could be stored in soils.

Connections to MSP Carbon Strand: 

a. Deals with oxidation of organic carbon, as well as human power systems and global carbon cycling.


b. In terms of energy, deals with release of stored chemical energy for organisms to use and as heat. For matter, focus is on transition from solid organic carbon in soils to gaseous carbon in the atmosphere as CO2.


c. The primary scale is atomic-molecular, but interacts with larger scales. 
Connections to MI GLCEs:

HS Science: E1.1/B1.1 (Scientific Inquiry), E2.3A (Carbon Biogeochemistry), E2.4 (Resources and Human Impacts), C5.8 (Carbon chemistry)


MS Science: P.PM.M.1 (Chemical Properties), S.IP.M.1 (Inquiry Process), L.OL.M.5 (Producers, Consumers and Decomposers), E.SE.M.1 (Soil)
B. Your learning goals, defined in terms of teachers’ practices


1. Know how to measure CO2 production from soil respiration with at least two methods.


2. Be able to identify some of the major groups of organisms active in soil food webs, and their connection to global carbon cycling.


3. Be able to explain how different plant communities affect the amount and type of organic carbon stored in their soils.


4. Be able to predict how changes in human management practices of various communities are likely to affect soil carbon respiration rates in their soils.

C. Materials

Mason jars w/ lids (54)
25mL burets w/ stands (5)

Safety glasses (16)

50mL beakers (15)

30mL centrifuge tubes w/ stoppers (54)

1.5kg soil from each of four habitats (lawn, corn field, forest, mixed grasses)

1M NaOH (1 L)

1M HCl (500mL)


Dropper bottles of phenophthlein (5)

Dropper bottles of 50% BaCl2 (5)




Balance

Shovel and buckets for collecting




Vernier probes for demonstration
D. Activities of the Session

The main activity will be a titration lab determining the CO2 production from soil microcosms caused by microbial respiration. A class demonstration using Vernier probes will measure the same variable as a comparative method. A brief introduction to global carbon cycling and soil ecosystem components will precede the lab work.
E. Assessment

1. Explain any differences or similarities in soil respiration rates between the four soil (habitat) types.

2. Where would you expect rates of CO2 production to be higher? Why?

a. Swamp


Prairie



b. Temperate Forest

Tropical Forest



3. Our experiment was a microcosm of larger soil ecosystems. As a model, how is it realistic and how is it unrealistic?
4. Circle all correct answers. In most terrestrial ecosystems, soil respiration…                                                                                                                        A) happens when rocks break down.                  
B) is not linked to decomposition rates.                                                                                      
C) typically decreases as soil moisture increases.                                                                  
D) refers to respiration by organisms living in the soil.                                                           
E) typically decreases as temperatures increase.                                                                       
F) includes gases from plant roots.
5. What would happen to the carbon cycle if all decomposers suddenly died and were not replenished? Decide whether each statement is true (T) or false (F).

T  F  Carbon would accumulate in organic matter.

T  F  There would be more carbon in the soil for plants to absorb.

T  F  Carbon would cycle more rapidly without decomposers.

T  F  Carbon in the atmosphere would increase.
F. Resources

- Lab protocol handout (4pp)

- “Description of Soil Microbe Community” Handout
- Carbon Cycle Diagram
G. Plans for Modifying This Module for K-12 Use 

This protocol could be used without modification by high school chemistry and/or biology classes. For younger grades, an exploration of soil carbon content and decomposition could be accomplished by simply allowing soil samples to decompose for 1-2 months in the classroom. A comparison of final vs. initial weights would allow students to see differences in soil carbon content.
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