UG FOR 415 Environmental Soils Spring 2009

Time: T/TR 12:40 — 2:00 pm, DHC 120
Professor: Cory Cleveland Email: Cory.Cleveland@umontana.edu Phone: 243-6018

Course Web Site: Blackboard (http://umonline.umt.edu/)

Office hours: T 2:00 — 3:00 pm in SC 464 and by appointment

Course Description: Healthy soils provide the foundation for all healthy terrestrial ecosystems. They provide
us with the food, fuel and fiber that fuel the human enterprise, filter water, store carbon, cycle nutrients, and
perform countless other critical ecosystem functions. However, when people till intensively till fields, clearcut
or burn forests, mine for energy or minerals, etc, they can damage or destroy topsoil that took centuries to
accumulate.

In this course, we will examine the physical, chemical and biological properties of soils and how they function.
After a brief look at these basic properties, we will take a closer look at a number of soil processes and how they
affect, and are affected by global change. In addition, we will consider a number of contemporary topics
including the potential effects of climate change on soils, plant-soil interactions, and the consequences of large-
scale biofuel production from biomass on soil processes, among others. The course will involve some lecture,
discussion and presentations by both me and you.

Prerequisites: U FOR 210 N or equivalent (for undergraduates). Graduate students should also have completed
an equivalent introductory soils course at another institution. If you have not, please come talk to me.

Textbooks: Unfortunately, there is not a single textbook that adequately covers this class, but there are two that I
will draw from heavily, and that you should consider purchasing.

An Introduction to Soils for Environmental Professionals by Duane Winegardner, Lewis Publishers, 1995.
Soil Microbiology, Ecology and Biochemistry by Eldor A. Paul, Academic Press, 2007.
Both of these books should be available at the UM Bookstore, and on reserve in the library.

In addition, the textbook reading will be supplemented by readings from other sources, including the primary
literature. These readings will be available as .pdf files on the course web site. You should print them out, read
them, and bring them with you to class every day.

I will expect a lot from each of you in this class. The course will include some lecture, but also plenty of
discussion of key topics. Thus, we will work from the both the texts and from the primary scientific literature.
We will focus on the fundamentals of soil science in the first 1/3 of the class, and spend the remainder of the
course covering a variety of key environmental issues that affect — and are affected by — soil processes. Finally,
note that part of everyone’s grade is determined by class participation. These are easy points to get —
come to class, come to class prepared, ask questions, and participate in discussions. While we are on the
subject of preparation...

Class Preparation: This is a senior/graduate-level class. That means the course will consist of a mix of lectures
and some discussion. The only way that works is if YOU COME TO CLASS PREPARED EVERY DAY,
and you are willing and able to participate! First and foremost, that means you must keep up with the reading.
For undergraduate students, I will assign virtually NO additional homework, but you should treat the reading as
formal (i.e., graded) assignments. There may be quizzes periodically to encourage you to come prepared.



Grading:

Undergraduate students: Graduate students:
Midterm exam: 25% Midterm exam: 25%
Final exam: 25% Final exam: 25%

Final paper: 25% Final paper: 25%
Class presentation: 15% Final presentation: 10%
Class participation: 10% Class participation: 15%

Finally, the usual rules concerning academic honesty apply here. As per University rules, academic
misconduct is subject to penalty by the course instructor (me) and or disciplinary sanction by the
University. Familiarize yourself with the Student Honor Code, and make sure that you adhere to all
aspects of it:

http://ordway.umt.edu/SA/VPSA/index.cfm/name/StudentConductCode.

Class Date Topic Required Reading Class Leader
#
1 1/27  Course Introduction & Overview Winegardner Ch. 1 CcC

The Soil Environment

2 1/29  The Soil Environment: Mineralogy =~ Winegardner Ch. 3, Richter & CC
Markewitz 1995

3 2/3 The Soil Environment: Soil Physics ~ Winegardner Ch. 4 & 5 CC

4 2/5 The Soil Environment: Chemistry Winegardner Ch. 6 CcC

5 2/10  The Soil Environment: Biology Winegardner Ch. 7, Paul Ch. CC
5,6&7

Soil Ecology & Biogeochemistry

6 2/12  Soil Ecology Paul Ch. 8 & 9 CC
7 2/17  Soil Biogeochemistry: Carbon Paul (2007) Ch. 12 CcC
8 2/19  Soil Biogeochemistry: Nitrogen Paul (2007) Ch. 13 & 14 CC

(Campus Climate Exchange)

9 2/24  Soil Biogeochemistry: Phosphorus Paul (2007) Ch. 15, Walker CC
et al. and Syers (1976)
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Global Change & Soils

Soil & Ecosystem Development: The

State Factors

Climate Change and Soil Processes

I: Temperature

Climate Change and Soil Processes

II: Precipitation

Plant Species — Soil Interactions

Invasive Species and Soil Processes

Humans: Land use change and soils

Humans: Land use change & erosion

I: Water

Humans: Land use change & erosion

II: Wind

Contemporary Issues in Soil
Science

Atmospheric Deposition: N

Spring Break
Spring Break

Atmospheric Deposition: N & P
interactions

Elevated CO,

Soils Under Fire

Logging & Soils

Soils & Ecological Restoration

Suggested References

Amundson & Jenny (1991);
Amundson & Jenny (1997)

Paul Ch. 2, Davidson &
Janssens (2006), Melillo et al.
(2002), Groffman et al. (2001)

Davidson et al. (2004)
Paul Ch. 10, Wardle et al.
(2004), Hooper et al. (2000)

Vitousek et al. (1987),
Reinhart & Callaway (2006)

Richter (2007)

Montgomery (2007), National
Geographic (Sept 2008)

Reynolds et al. (2001)

Aber et al. (1998) Bowman et
al. (2008)

Gress et al. (2007), Menge and
Field (2007)

Hungate et al. (2004),
deGraaff et al. (2006)

Certini et al. (2005), DeLuca
and Sala (2007), Erickson &
White (2008)

Harmon et al. (1990), Ares et
al. (2007), Cullen et al. (1991)

Seastedt et al. (2008); Gundale
et al. (2006), Baer et al. (2005)

Class Leader

CC



26 4/23  Soils as C Sinks Robertson et al. (2000); Lal
(2004a, 2004b)

27 4/28  Biofuels: What’s Happening Fargione et al (2008);
Underground? Searchinger et al. (2008); Field
et al. (2008)
28 4/30  Soils and Remediation Chaney et al. (1997), Giller et
al. (1998)
29 5/5 TBA
30 5/7 TBA

Required and Suggested References (Available as PDFs for download on Blackboard):

Aber, J. 1998. Nitrogen saturation in temperate forests- Hypotheses revisited. BioScience 48:
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Davidson, E. A., F. Y. Ishida, and D. C. Nepstad. 2004. Effects of an experimental drought on
soil emissions of carbon dioxide, methane, nitrous oxide, and nitric oxide in a moist
tropical forest. Global Change Biology 10:718-730.



Davidson, E. A., and 1. A. Janssens. 2006. Temperature sensitivity of soil carbon decomposition
and feedbacks to climate change. Nature 440:165-173.
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stands of the inland northwest. Ecology 87:2511-2522.

Erickson, H. E. and R. White. 2008. Soils under fire: soils research and the Joint Fire Sciences
Program. USDA.

Fargione, J.,J. Hill, D. Tilman, S. Polasky, and P. Hawthorne. 2008. Land clearing and the
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soils exhibiting differing nitrogen availabiltiies: What lies beyond nitrogen saturation.
Ecology 88:119-130.
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2001. Colder soils in a warmer world: A snow manipulation study in a northern
hardwood forest ecosystem. Biogeochemistry 56:135-150.
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Melillo, J. M., P. A. Steudler, J. D. Aber, K. Newkirk, H. Lux, F. P. Bowles, C. Catricala, A.
Magill, T. Ahrens, and S. Morrisseau. 2002. Soil warming and carbon-cycle feedbacks to
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