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Unit Name: Nitrogen in our Soils and Lives

Unit Rationale:

This unit has been designed to expose students to the nitrogen cycle and learn how nitrogenis a .
vital component of human existence. More and more evidence is coming forward that provides
information on how humans are changing the natural cycles of our planet. The movement and levels of

nitrogen in various reservoirs is no exception. Today ‘going green’ is becoming important.
Understanding the Earth’s cycles, sources of pollution, and the policy that prevents pollution is
necessary. An understanding of the Nitrogen cycle will be helpful not only in college but also in future

careers

Targeted Grade Level: 10" — 11" grades

Anticipated Number of Class Sessions Needed: 3 weeks (15 class periods / 2 laboratory times) + 1 day
for cumulative exam at the end of the unit

Length of Each Session: 1 class period

Supplies Needed for Unit:

Lesson 1.

- Computer and
Projector

- Blank Paper

- Markersor
Colored Pencils

- Nitrogen Cycle
Worksheet

Lesson 2.

- Computer and
Projector

- Nitrogen Cycle
Diagrams

- Cups

- Pencils

- Celery

- Knife

- Papertowels

- Water

- Food coloring

- Legume and non
legume plants
grown

- Note cards with
key terms

- Ice cubes to melt

Lesson 3:

Lesson 4:

Lesson 5:

Apparatus to boil
water

Lesson 2
PowerPoint
worksheets

Computers with
internet access
for 1-2 students
/ computer
Computer and
Projector for
teacher use
Web Soil Survey
Worksheets
Shovels

Small Ziploc bags

Computer and
Projector
Homework
Assignment
Handout

Computer and
Projector

Lesson 6;

lesson 7:

Copies of article
and worksheet
Matching Game
pieces —encugh
for students to
form # groups

Computer and
Projector

Bare Spots
Booklet copies

Computer and
Projector
Handouts of
Research Project,
Topic List and
Presentation
rubric




Lesson 8.

Computer and
Projector

Soil Lab
Directions copies
Soil Lab
Worksheet
copies

Scientific Paper
handouts
Enough 50 mL
centrifuge tubes
for each student
to have 2

5.6 grams of
Calcium Chloride
1 gallon of
distilled water
Scale
Merckquant
Nitrate test

strips for each
student to have
2

Caiculators
Transfer pipets
for each student
to have 2
Extraction tubes
for each student
to have 2
Universal
extraction
solution
Ammonia test
solution

Fitter paper for
each student to
have 2

Plastic funnels
for each student
to have 1

Lesson 9;

Lesson 10:

Spot plates for
each student to
have 2
Ammonia cotor
chart

Computer and
Projector
School Yard
Report Card
handouts

Computer and
Projector
Worksheets for
PowerPoint
Handouts for
Review




Pennsylvania Academic Standards and Assessment Anchors:

4.1.10.A: Describe changes that occur from a stream’s origin to its final outflow. Identify Pennsylvania’s
major watersheds and their related river systems. Describe changes by tracing a specific river’s origin
back to its headwaters including its major tributaries.

4.1.10.D: Describe the multiple functions of wetlands. Describe wetlands in terms of their effects (e.g.,
buffer zones, prevention areas, etc.} Explain how a wetland influences water quality and water
retention.

4.1.10.E: ldentify and describe natural and human events on watersheds and wetlands. Describe how
natural events affect a watershed (e.g., drought, floods). Identify the effects of humans and human
events on watersheds.

4.2,10.A; Explain that renewable and nonrenewable resources supply energy and materials. ldentify
alternative sources of energy. Identify and compare fuels used in industrial and agricultural societies.
Compare and contrast the cycles of various natural resources.

4.3.10.A: Describe environmental health issues. identify the effects on human health of air, water and
soil pollution and the possible economic costs to society. Explain the costs and benefits of cleaning up
contaminants.

4.3.10.B: Explain how multiple variables determine the effects of pollution on environmental health,
natural processes and human practices. Explain how human practices affect the quality of the water and
soil. Identify local and state environmental regulations and their impact on environmental heaith.

4.4.10.B: Assess the influence of agricultural science on farming practices. Compare the practices of no-
till farming to traditionat soil preparation {e.g., plow, disc). Analyze and explain the various practices of
nutrient management on the farm. Analyze and explain how farm efficiencies have changed human
nutrition.

4.6.10.A: Explain the biotic and abiotic components of an ecosystem and their interaction. Compare and
contrast the interactions of hiotic and abiotic compeonents in an ecosystem, Analyze the effects of




abiotic factors on specific ecosystems. Identify a specific environmental impact and predict what change
may take place to affect homeostasis. Examine and explain how organisms modify their environments to
sustain their needs. Explain how erosion and sedimentation have changed the quality of soil related
habitats.

4.6.10.B: Explain how cycles affect the balance in an ecosystem. Describe an element cycle and its role in
an ecosystem. Explain the consequences of interrupting naturat cycles.

4.8.10.C: Analyze how human activities may cause changes in an ecosystem. Analyze and evaluate
changes in the environment that are the result of human activities. Compare and contrast the
environmental effects of different industrial strategles {e.g., energy generation, transportation, logging,
mining, agriculture).

4.8.10.D: Explain how the concept of supply and demand affects the environment. |dentify natural
resources for which societal demands have been increasing. identify specific resources for which human
consumption has resulted in scarcity of supply (e.g., buffalo, lobsters). Describe the relationship
between population density and resource use and management.

4.9.10.A: Explain why environmental laws and regulations are developed and enacted. Explain the
positive and negative impacts associated with passing environmental laws and regulations. Understand
conflicting rights of property owners and environmental laws and regulations. Analyze the roles that
local, state and federal governments play in the development and enforcement of environmentai laws.
Identify local and state environmental regulations and their impact on environmental health,




Names of Lesson Titles:
1. The Nitrogen Cycle: Introduction to the Unit and Nitrogen in our soils (1 day)
2. The Many Transformations of Nitrogen, Their Relationship with Plants and Eutrophication (2
days — on 2™ day finish experiments and give quiz)
Web soil Survey (1 day)
Haber-Bosch Process {1 day)
The Effect of Excess Nitrates on the Health and Lives of Humans {1 day)
Environmental Policy and Regulaticns Related to Nutrient Management (1 day)
Smarter Farming Techniques and Alternative Energy Production Using Nitrogen {3 days-1
day for PowerPoint, project explanation and library research, 1 day for research in the
computer fab or library, 1 day for presentations)
8. Ammonium and Nitrogen in Our Local Soils (1 day)
9. The State of the Chesapeake Bay (2 days — 1 day for PowerPoint and 1 day for Report Card
group work)
10. The Malthusian Dilemma and Review of the Unit (2 days — 1 day for PowerPoint and 1 day
for quiz and review group work)

No s w

Unit Goals:
Upon completion of this 3 week unit on the nitrogen cycle, students will:

Understand the importance of nitrogen to our environment and to cur health.
Understand the nitrogen cycle.

Recognize how humans are changing the nitrogen cycle.

Understand the benefits and drawbacks to certain farming techniques.

Know the policies and regulations surrounding nutrient management,

Be able to test and read the level of nitrate and ammaonium within soil.
Understand the possible use of biofuel and biogas for energy production,

No v s wN e




Specific Daily Learning Objectives Addressed:
Lesson 1: The Nitrogen Cycle: Introduction to the Unit and Nitrogen in our Soils
Upon completion of class instruction, students will be able to:
1. Identify the components of the Nitrogen cycle to 90% accuracy.
2. Demonstrate knowledge of Nitrogen cycle in creative form to teacher satisfaction.
3. Define vocahulary terms to 80% accuracy.

Lesson 2: The Many Transformations of Nitrogen, Their Relationship with Plants, and Eutrophication
Upon Completion of class instruction, students will be able to:
1. Define vocahulary terms to 80% accuracy.
2. Identify the components of the Nitrogen cycle to 100% accuracy.
3. Complete a lesson quiz with 80% accuracy.

Lesson 3: Webh Soit Survey
Upon completion of class instruction, students will be able to:
1. Manipulate the sail survey to complete worksheets to 90% accuracy.

Lesson 4: Habher-Bosch Process
Upon completion of class instruction, students will be able to:
1. Explain the Haber-Bosch process to teacher satisfaction.
2. Compose a 2 — 3 page paper by doing research to teacher satisfaction.

Lesson 5: The Effect of Excess Nitrates on the Health and Lives of Humans
Upon completion of class instruction, students will be able to:
1. Read and answer questions about a scholarly article.
2. Apply information learned form a PowerPoint to a learning card activity.

Lesson 6: Environmental Policy and Regulations Related to Nutrient Management
Upon completion of class instruction, students will be able to:
1. ldentify environmental policies and nutrient management practices to teacher satisfaction.
2, |dentify and fix schoolyard bare spots to teacher satisfaction.

Lesson 7: Smarter Farming Techniques and Alternative Energy Production using Nitrogen
Upon completion of the class instruction, students will be able to:
1. identify best management practices and biogas to teacher satisfaction.
2. Write a scholarly paper and give a presentation to teacher satisfaction.
3, Be able to evaluate peers presentations in a formal setting to teacher satisfaction.

Lesson 8: Ammonium and Nitrogen in Qur Local Soils
Upeon completion of class instruction, students will be able to:
1. Perform tests and analyze results from a Nitrate-Nitrogen Quick Test with 80% accuracy.
2. Perform test sand analyze results from a Ammonia Nitrogen Test with 80% accuracy.
3. Write a scientific lab report to teacher satisfaction.




Lesson 9: The State of the Chesapeake Bay
Upon the completion of class work time, students will be able to:
1. Work cooperatively in a group setting. ,
2. Be able to use the information learned about the Chesapeake Bay to evaluate the school
with a Schoolyard Report Card.

Lesson 10: The Malthusian Dilemma and Review of Unit
Upon the completion of this unit, students will be able to:
1. Recall lesson information to complete a quiz to 80% accuracy.
2. Recall unit information to complete a unit test to 80% accuracy.

Unit Assessments:
Throughout this unit there will be several formative assessments:
- Worksheet to be completed with soil survey (Lesson 3}
- Worksheet to be completed with Lesson 1,2,5,10
- Formation of student version of Nitrogen Cycle
- Participation in class activities and group work
- 2 quizzesin Lessons 2 and 10
- Schoolyard Report Card and Bare Sports worksheets
- 2-3 page paper on Haber-Bosch Process
- Card game from Lesson 5
- Completion of research project (5 page paper) and 3-5 minute presentation for Lesson 7
- Participation in lab and writing of scientific paper for Lesson 8
- Lesson Review worksheets and presentations at the end of the unit

The summative assessment will be done individually:

- Students will have 1 class period to complete 35 test questions covering the material from
this unit. Comprised of multiple choice, fill in the blank, matching questions, and short
answer. (60 points)




Exceptional Children Strategies/ Accommodations/ Adaptations:
There are several accommodations and adaptations that can be made with this unit.
1. Provide written instructions for all activities.
2. Offer preferential seating for students with visual or hearing impairments,
3. Assessment accommodations by offering additional time, separating students around
the room to reduce distractions.
4. Use different modes of presenting the information.

A Specific Science and/ or Math and/ or English Enhancement:
There are three writing assignments within this unit:
- Homework paper for Lesson 4
- Research project paper for Lesson 7
- Scientific Lab Report for Lesson 8
Math is built into this unit through:
- Interpreting data resuits for Lesson 8




Nitrogen Cycle Exam

Name:

1. What are the two forms of Nitrogen that exist in the seil? (2 points)

2. Draw a diagram of the Nitrogen Cycle. (8 points}

3. Why is the nitrogen cycle important? (2 points)




4. What is the difference between Mineralization and Immobilization? (2 points)

5. How can you tell is plants are suffering from Nitrogen deficiency? {2 points)

6. What is the most deminant type of soil around the school? Recall the Web Soil Survey
worksheet, {1 point)

7. What is the primary ingredient in artificial fertilizer? (1 point)
a. Potassium
b, Phosphorus
c. Nitrogen

d. Ammonia




8. Explain the Haber-Bosch Process. {5 points})

9, Write out the symbols for Nitrate and Nitrites. {2 points)

10. True / False - Nitrates cannot convert to nitrites in nature and vice-versa. {1 point)

11. Are nitrates and nitrites water soluble? If so, how do they move within the environment? {2
points)

12. What does REAP stand for? (1 point}




13. Name 2 sources of pollution for the Chesapeake Bay. (2 points)

14. What are the 2 ways that nitrogen can be lost in an agricultural system? (2 points)

15. What is the best way to minimize nitrogen loss? {1 point)

16. What does BMP stand for? (1 point)

17. List 2 items involved in taking a good soil sample. (2 points}




18, What is the difference between point source pollution and non-point source pollution? (1
point)

19, In 1798, wrote an Essay on the Principle of

Population. (2 points)

20. There will be an issue if population increases { arithmetically / geometrically } and food
production increases { geometrically / arithmetically ). (2 points)

21, Define a cultivate system. {1 point)

22. How much cropland does industrial agriculture account for? (1 point}

a. 25%
b. 50%
c. 75%
d. 100%

23, founded the Green Revolution. {3 points}




24, True / False : In soils, phosphorus has a mass 10 times larger than nitrogen. (1 point)

25. How do legume crops reduce fertilizer use? {2 points)

Match the term to its definition: {10 points)

1. Dark material that buiids up as plants and animals decompose

2. Movement of Nitrogen in different chemical forms

3, Oxidation of ammonium into nitrite and then into nitrate

by microorganisms

4. Loss or removal of nitrogen

5. Mutually beneficial relationship between the host and the

parasite

6. Changes take place in a body of water after inputs of nitrogen

7. Colorless, pugnet, suffocating, highly water soluble

8. Plants need to grow, natural material in soil, water soluble

9. Transitional form of nitrogen, quickly converted

10. Water flows on the earth’s surface into nearby bodies of water

Terms

Runoff Nitrification Denitrification
Ammonium Nitrites Nitrates
Nitrogen Cycle Organic Matter

Symbiotic Relationship Eutrophication




Nitrogen Cycle Exam Answers

1.

10.
11.

12,

13,

14,

15,

16.

17.

18.

19.

20.

Organic and Inorganic
Compare cycle drawn by students based upen cycle found in PowerPoint

Shows how Nitrogen is recycled throughout the environment, How plants gets usable Nitrogen,
Relationship between bacteria and plants

Mineralization — when a lot of organic nitrogen in the soil it is converted into inorganic nitrogen
— carried out by microorganisms, Immobilization — opposite of Mineralization — inorganic
nitrogen converted into organic nitrogen

Reduced piant growth, leaves are pale green and yellow at tip or turn brown and die
Answer will vary
D - Ammonia

Synthesis of ammonia {NH3) gas from its elemental nitrogen {N,) and hydrogen (H,} to create
fertilizer

NO; and NO,

True

Yes. They have a high potential for entering surface waters when it rains. They can dissclve in
runoff and entre streams or lakes. They can also leach through the soil and enter the
groundwater.

Resource Enhancement and Protection Program

tncrease impervious cover, agriculture, sewage, stormwater, air pollution
Saturated soil and leaching of nitrate and other nutrient cations

Apply when crop is ready to utilize the nitrogen or suitable application rates
Best Management Practice

Correct timing, clean sampling equipment, sample each unique area separately, take soil core to
appropriate depth, mix sample cores well, label and package sample correctly

Point-source = attributed to a specific location — non-point = no specific location
Thomas Malthus

Geometrically, arithmetically




21. Areas where at least 30% of the landscape is in croplands, shifting cultivation, confined livestock
production or freshwater aguacuiture

22. A-25%
23. Dr. Norman Borlaug
24. False.

25. Symbiosis with bacteria {Rhizobia) attached to the roots of the plant, Biological nitrogen
fixation, Take nitrogen right out of the atmosphere and fix for plants use

Matching (1 point each)

1. Organic Matter 6. Eutrophication
2. Nitrogen Cycle 7. Ammoniu.m

3. Nitrification 8. Nitrates

4. Denitrification 9, Nitrites

5. Symbiotic Relationship 10. Runoff




Terms to Know
Ammonium

Crop rotaticn
Cultivated system
Decomposition
Dentitrification
Eutrophication
Immobilization
Leaching
Mineralization
Nitrates
Nitrification
Nitrites

Nitrogen Cycle
Nitrogen Fixation
Non-point source
Organic Matter
Point source
Root Nodules
Runoff

Symbiotic Relationship
Uptake

Volatilization




The Nitrogen Cycle

The Nitrogen Cycle — good overview of nitrogen cycle and biological and chemical components
http://users.ren.com/ikimball.ma.ultranet/BiologyPages/N/NitrogenCycle himl

IHlinois State Water Survey - nitrogen cycle information, properties of nitrogen
http://www.sws.uiue.edu/nitro/biogeo.asp

The Nitrogen Cycle — basic information about the nitrogen cycle, does not include uses and health issues
hitp://users.ren.com/ikimbail.ma.ultranct/BiologyPages/N/NitrogenCyele . html A

Nutrient Cycles — Trinity College in Australia, Other information on Australian topics.
htip://www.trinity. wa.edu.aun/pldutfvre/subjects/science/cyete htm

Harrison, J, A., 2003, The Nitrogen Cycle: Of Microbes and Men, Visionlearning Vol. EAS-2 (4).
http//www.visionlearning.com/library/module  viewer.php?mid=98

Environmental Impacts

Eutrophication — Site sponsored by Educational Network on Climate

Site describes impact of overload of nutrients on the environment, particularly the ocean and the impacts
of eutrophication
http://www.atmosphere.mpg.de/enid/440f6a03086e972¢952f1e3e3e99955¢,55a304092d09/1 6¢.html

Natural Resource Conservation Service — The Soil Biology Primer — Bacteria and soil nitrogen
http://soils.usda.gov/sqifsoil quality/soil biology/bacteria.html

Alberta Government, Environment, Algal Blooms — good resource on causes of algal blooms:
htip://www3.eov.ab.ca/env/water/swg/brochures/algalblooms . htmi

National Health Museum, Sewage systems
hitp://'www.accessexcellence.org/AE/AEPC/WWC/199 1 /sewage.htm]

Verstraeten, [, M., Fetterman, G. S., Scbree, S. K., Meyer, M.T., and Bullen, T.D., 2004, Is Septic Waste
Affecting Drinking Water From Shallow Domestic Wells Along the Platte River in Eastern Nebraska?:
USGS Fact Sheet 07203 http://water.usgs.gov/pubs/[s/1s07203/

Natural Treatment System San Diego County, CA — natural treatment system for dry weather runoff —
successfully removes nitrogen
http://www.naturaltreatmentsystem.org/what htm]

Goolsby, D. A. and Battaglin, W. A., 2000, Nitrogen in the Mississippi River Basin — estimating sources
and predicting flux to the Gulf of Mexico: USGS Fact Sheet 135-00.
http://ks.water.usgs. gov/Kansas/pubs/fact-sheets/fs. 135-00.html

Self, J. R, and Waskom, R.M., 1998, Nitrates in Drinking water: CSU Extension — Agriculture -- Crops
00517, http://www ext.colostate,cdu/pubs/crops/00517.html

Science Museum of Minnesota, 2004, Hypoxia for Kids http://www,smm.org/deadzone/




Spokes, L., 2003, The Oceans Basics, Unit 2 Nutrients in the Ocean: ESPERE encyclopedia,
hitp:/Awww . atmosphere. mpg.de/enid/2a5b6a7b2ed63ac7bbobied 88461348, 55a304092d09/0a. htinl

USGS, 2004, Hypoxia in the Gulf of Mexico and Related USGS Activities
http://toxics.usgs.gov/hvpoxia/

U.S. EPA, 2004, Mississippi River Basin Challenges, Hypoxia,
http://www.epa.gov/msbasin/hypoxia.htm

Water and Rivers Commission, 1997, Water Facts River and Estuary Pollution: Government of Western
Australia

http://portat.environment. wa.gov.au/pls/portal/docs/PAGE/DOE. ADMIN/FACT SHEET REPOSITO
RY/WRCWFO3.PDF

Kosal, E., 2003, The Fish Kill Mystery: National Center for Case Study Teaching in Scicnce:
http:/fwww.sciencecases.org/fishkill/fishkill.pdf

Health Issues

lowa — increased risk of bladder cancer related to nitrate
http://waternet.com/news.asp?mode=4 &N [D=2169(

Iowa Women’s Health Study :
hitn:/fwww cancer.umn.cdw/page/research/prevents. html

Cancer Risk from Exposure to Nitrites and Nitrates — abstract on study
http://infoventures.com/cancer/canlit/etii 195a.html

Nitrates in water not linked to pancreatic cancer Reuters news site
hitp:/fwww cancer.sutterhealth.org/health/healthinfo/reutershome top.cfin?tx=article& id= 16612

BBC News, 2002, Cancer concern over vegetable nitrates (plants grown in greenhouses), Scotland,
hitp://mews.bhe.co.uk/1/hifscotland/1824 | 56.stm

Allied Kenco Sales — Meat preservation — Information on nitrate and nitrite
http://www.alliedkenco.com/data/data_sheets/nitrite_and nitrate.htm

Nitrate in water tied to colon cancer risk in some, Amy Norton, Reuters Health
Posting Date; November 27, 2003
http/www.oncolink org/resources/article.cfim?e=3& s=8&s5=23& Year=2003 & Month=1 1 &id= 1 0295

Nitrate in Drinking Water Associated With Increased Risk for NHL — National Cancer Institute site:
http://cancerweb.ncl.ac.uk/cancernet/600355 himl




National Ag Safety Database — Virginia Cooperative Extension Scrvice, Nitrates in Houschold Water,
Publication Number 356-484, October 1996
hitp://www.cde.gov/nasd/docs/d00 1 201-d001300/d001233/d001233.pdl

ATSDR-CDC -~ Health Consultation - FORT PECK INDIAN RESERVATION, POPLAR,
ROOSEVELT COUNTY, MONTANA Survey and discussion of health problems related to water
quality contamination

http://wwyw.atsdr.cde gov/HAC/PHA/fortpeck/fpi_pl.html

Agency for Toxic Substances and Disease Registry {ATSDR) — Center for Disease Control site:
Information on nitrate in water and methemeglobinemia
hitp://www.atsdr.cde.gov/HEC/CSEM/nitrate/clinical_evaluation.hitmil

Allison, C. D., 1998, Nitrate Poisoning of Livestock, Guide B-807Allison,
hitp /A www.cahe nmsu.edu/pubs/ b/b-807.huml

Zublena, J. P. and Cook, M. G., 1993, Pollutants in Groundwater: Health Effects Inorganic Chemical
Effects, Health Concerns from Nitrate: North Carolina Cooperative Extension Service Publication AG-
439-14 — information on health impacts of nitrate on humans and animals,
http:/Awww.sail.nesu.edu/publications/Sollfacts/AG-439-

144 norganic Chemical Effects: Health Concerns_[rom_Nitrate

Risk Assessment Information System — nitrates — toxicity summary for nitrate
hitp://risk lsd.ornl.gov/tox/profites/nitrates_f V 1.shtm]

Environmental Health Perspectives, NIH, Nitrogen Cycling Out of Control, Scott Fields, July 2004,
Good summary of nitrogen cycle interactions with human,
http://chp.niehs.nih.gov/members/2004/1 12- [(/EHPY [2pa556PDE.PDF

Physicians for Social Responsibility, 2004, NITRATE, What Health Care Providers Should Know: PSR
Drinking Water Fact Sheet# 9
http://www.envirohealthaction.org/upload files/DWNitrates. pdf

Maryland Department of the Environment, 2004, Top Ten Sources of Nitrogen Oxides (NOx) in the
Baltimore Arca 1990
http:/ftexton]y.mde.state.md.us/Air/air_information/TopTenNOx.asp

Robson, S,, 2003, Nitrate and nitrite poisoning in livestock: New South Wales Department of Industries,
Agriculture, Agfact A0.9.67,
htep://www.agric.nsw gov au/reader/an-health/a0967 htm

Scanlan, R. A., 2003, Nitrosamines and Cancer,
http//lIpi.oresonsiate.edu/f-w00/nitrosamine.html

Kendall, P., 1997, Diet Can Reduce Risk of Cancer
htip://www.ext.colostate.edu/pubs/colurnnnn/nn9704 30, html




American Cancer Society (ACS), 2004, The Facts about Secondhand Smoke
http//www.cancer.org/docroot/COM/content/div. TX/COM 11 2x The Facts about Secondhand Sm
oke. asplsitearea=COM

Resources

World Resources [nstitute Earth Trends — database of global information on population, water resources,
agriculture http://earthtrends.wri.org/

Nitrogen the Family — basic chemical facts about nitrogen
hitp://www.carondelet.pvt.k12.ca.us/Family/Science/Nitrogen/thefamily. himl

The University of Reading tutorial on nitrogen cycle — includes review questions and essay topics
http:/Awww.ectim.rdg.ac. uk/nutrient htmhtp:/Awww.ecifm.rde.ac.uk/nutrient.hom

Rutgers University: Building A Learning Community in Science and Mathematics
through Educational Partnerships — nitrogen cycle lesson plan using aquarium.
hitp:/fimsle rutgers.edu/nsfgk 12/

USGS Water Posters — groundwater basics, water quality poster for the classroom, free.
http://water.usgs.gov/outreach/CutReach.html

USGS Nutrients in the Nation's Waters--Too Much of a Good Thing?

By David K. Mueller and Dennis R. Helsel, U.S. Geological Survey Circular 1136; Published 1996,
Excellent discussion of sources of nitrogen and phosphorous contamination,
http://waler.usgs.gov/nawqa/circ-1136/cire- I | 36main.htm/

USGS: Nitrate in the Ground Waters of the United States--Assessing the Risk
By Bernard T. Nolan and Barbara C. Ruddy, USGS FS-092-096, online
http://water.usgs. gov/nawqa/FS-092-96.hm}

Environmental Health News archives of articles dealing with nitrate issues
hitp://www.environmentalhealthnews.org/archives.jsp2sm=&tn=0subject&lv=nitrate& ss:= |

USGS, 1999, The Quality of Our Nation's Waters, U.S. Geological Survey Circular 1225, Nufrients and
Pesticides, hitp://water,usgs. pov/pubs/cire/cire 1225/,

Vision Learning module on Nitrogen Cycle — good source of links and background information.
hitp://www.visionlearning. ecom/library/module viewer.php?c3=&mid=98&]=

Self, J. R. and Waskom, R. M., 1998, Nitrates in Drinking Water: Colorado State University
Cooperative Extension 00517, http://www.ext.colostate.edu/pubs/crops/00517.htm|

Wisconsin Paper Council, 2004, Paper in Wisconsin, http://www.wipapercouncil.org/

Paper online, hitp://www. paperonline.org/




Stevens, W. K., 1996, Too Much of a Good Thing Makes Benign Nitrogen a Triple Threat: Current
Topics in Chemistry, New York Times, Dec. 10, 1996.
http://cwx. prenhall.com/bookbind/pubbooks/blb/chapterd/medialib/topics/04current2. html

Uses and Sources of Nitrogen

Zmaczynski, R., 2004, Haber-Bosh Process for Fertilizer manufacture: Good site
http://www.princeton.edu/~hos/mike/texts/readmach/zmaczynski htm

Plambeck . J. A., 1996, Chemical Gateway — Explosives and Fertilizers
hitp:/Awvww . psigale.ac.uk/newsite/reference/plambeck/chem 1/p01263.htm

Trinitrotoluene - TNT
htin://www.ch.ic.ac.uk/vehemlib/mim/beistol/int/int_text.htm

Environmental Science Published for Everyone Round the Earth (ESPERE) ~ Information on
eutrification of oceans, worksheets and web links provided. Go to Climate Encyclopedia and then
Oceans, basic.

http://www.atmosphere. mpg.de/enid/1442

Nitrite in Meat, Richard J. Epley, Paul B, Addis and Joseph J. Warthesen, FS-00974  Revised 1992,
University of Minnesota Extension Service
hetp:/Swww.extension.umn.edu/distribution/nutrition/DJ09 74 himthtp://www.extension.umn.edu/distrib
ation/nutrition/DJOY74 himl|

Allied Kenco Sales — Meat preservation — Information on nitrate and nitrite
hitp://www.alliedkenco.com/data/data sheets/mitrite and nitrate.htm
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Experiments

Orchard Project
Test for nitrogen gas in the atmosphere: hitp://wwy.orchardproject.org/nitrogen.htm

THE NITROGEN CYCLE: PRINCIPLES OF BIOREMEDIATION by Mark Murdock:
Experiments dealing with soil nitrates and bacterial effects on nitrate content in soils
hitn://www.che.wsu.cdu'home/modules/98modules/murdock/NSF-WSU MODULE htm - actl

Calculating Fertilizer Rates from Soil Test Recommendations, C. Owen Plank, Univ, Georgia
Cooperative Extension Service, How to estimate fertilizer use for lawns
- hp//www cropsoil.ura edu/lawn/

Ohio State Curriculum on Factors affecting nitrates in groundwater
http://www-cms.ag.ohio-state.edw/AgScil.Ps.htm! Environmental Science lesson plan Activity 3-3 has
activity on nitrate leaching related to amount of fertilizer applied, placement of fertilizer, and role of
plant matter and leaching of nitrate. Looks like a great experiment.




Daily Plan 1
Title:
Nitrogen in our Soils and Lives
Instructional Area:
The Nitrogen Cycle: Introduction to the Unit and Nitrogen in our Soils
Situation:

Students will be given the facts about the nitrogen and how it’s a component of the soil, works
with plants and functions within in the nitrogen cycle.

PA Academic Standard(s) Met:
4.6.10

4.8.10

Materials Needed:

Computer and Projector

Blank Paper

Markers or Colored Pencils
Nitrogen Cycle Worksheet
Interest Approach:

Students will be making their own nitrogen cycle diagrams. The diagram can be graded, hut the
teacher should leave hints that a nitrogen cycle diagram may be on a quiz or exam. This will
encourage the class to put in the proper amount of effort into creating an effective diagram.

Objectives:

1. The students will have personally made a study tool that will accompany them
throughout the unit and can easily be referred to if the student has questions about a
specific part of the cycle.

2. The students will have gained a thorough understanding of the nitrogen cycle by
creating their own version on paper.




Content:

Teacher Wiil Do:

Teacher prepares to
present the PowerPoint.
Teacher writes on the
chalkboard all of the
answers to the initial
question they ask.
Teacher starts

PowerPoint presentation.

Teacher passes out blank
paper to each student
and distributes markers
or colored pencils.

Teacher Will Say:

1.

We are starting a new
unit today. What can
anyone tell me about
nitrogen?

The nitrogen cycle is
incredibly important to
our planet and
unfortunately more
evidence is coming
forward that humans are
having a dramatic effect
on this cycle.

There are notes on what
to say during the
PowerPoint included.
Now you are all going to
create your own study
tool. | want you to take
alt of the information on
this slide and create a
diagram. This will solidify
the diagram in your mind
and make it much
clearer. Make it as
colorful and fun as you
want and remember this
diagram may be
extremely useful come
exam time.




Review / Conclusion / Opportunity to Learn:

1. The objective of the class w;s to gain a thorough understanding of the nitrogen
cycle and all of its components.

2. All the diagrams will be handed in to the teacher for a grade if the teacher so
chooses. This will allow the teacher to gain an understanding of how well the class
understands the nitrogen cycle.

3. An alternative to collecting the diagram would be to have a quick quiz the following
day to by asking the students to recreate the diagram.




The Nitrogen Cycle Lesson 1: Worksheet

1. Organic Matter : Dark material that builds up as plants and animals
decompose

2. The two forms of Nitrogen that exist in the soil are:
a. Organic
b. Inorganic
3. Bacteria converts Nitrogen in the soil in two ways:
a. Convert atmospheric Nitrogen into inorganic forms

b. Convert organic Nitrogen from wastes into inorganic forms

4. Symbiotic Relationship : Mutually beneficial relationship between the host and
the parasite. In this case, a mutually beneficial
relationship between the bacteria and the plant.

5. Nitrogen Cycle : Movement of Nitrogen in different chemical forms

6. Nitrogen Fixation : Convert atmospheric nitrogen gas into forms used by
plants

7. Nitrification: Oxidation of ammonium into nitrite and then into
nitrate by microorganisms

8. Denitrification : Loss or removal of nitrogen

9. Leaching: Various chemicals dissolved and carries to groundwater




10. Runoff : Water flows on earth’s surface into nearby bodies of
water

11. Eutrophication : Changes take place in body of water after inputs of
nitrogen

12. Ammonium : Colorless, pungent, suffocating, highly water-soluble

13. Nitrates : Plants need to grow, natural material in soil, water

soluble

14. Nitrites : Transitional form of nitrogen, quickly converted




The Nitrogen Cycle Lesson 1: Worksheet

: Dark material that builds up as plants and animals
decompose

2. The two forms of Nitrogen that exist in the soil are:

d.

3. Bacteria converts Nitrogen in the soil in two ways:

d.

: Mutually beneficial relationship between the host and

the parasite. In this case, a mutually beneficial
relationship between the bacteria and the plant.

: Movement of Nitrogen in different chemical forms

: Convert atmospheric nitrogen gas into forms used by

plants

: Oxidation of ammonium into nitrite and then into

nitrate by microorganisms

: Loss or removal of nitrogen

: Various chemicals dissolved and carries to groundwater




10.

11.

12,

13.

14.

: Water flows on earth’s surface into nearby bodies of

water

: Changes take place in body of water after inputs of

nitrogen

: Colorless, pungent, suffocating, highly water-soluble

: Plants need to grow, natural material in soil, water

soluble

: Transitional form of nitrogen, quickly converted







wWhat do we know ahout soils?

Main uses

this is important because it

- Medium for growing plants and trees -

provides food and shelter for humans and animals

- Solid Foundation for building homes

- Natural filter for water




How many of you have seen this diagram before?

Does it make sense to you?

- Air helps to create pore space

Can someone explain why there is air in the soil?

- Allows roots to grow

- Hold water

What is organic matter?

- The dark material that builds up as plants and animals decompose

- Full of nutrients

Where would Nitrogen fit in this chart?

- Organic Matter



Why would nitrogen be released as plants and animals decompose?

- Nitrogen is in the plants and animals as part of proteins and other
structures

- As they die and decompose it gets released back into nature

A small amount of nitrogen can be found in the mineral component of sails, but the
major source is the organic material.




What else do we know about nitrogen?
- Chemical Element
- Fertilizer
- Liquid Nitrogen for freezing/storing
- Gas/Atmosphere

Optional: Take five minutes for students to use various texts to find the different uses
of nitrogen and share with the class.

During class for the next two weeks, we are going to focus on the element as it is
found in the environment and as fertilizer.




There are two different forms of Nitrogen found in our soils
- Organic nitrogen
- From the waste products of animals, plants and
humans
- Can you name what these waste products would be?
- Answers: sewage waste, compost,
decomposing roots/ieaves, manure
- Inorganic nitrogen
- From mineral sources
- Forms of Nitrogen are in the atmosphere they come to
the earth’s surface when it precipitates
- Nitrogen can also come from the synthetic fertilizers
applied on farm fields and lawns




- Only a small amount of inorganic

- Mineral sources and fertilizers
- Evidence of this can be seen when leaves on plants yellow or when

- What are those inorganic sources again?
plan growth is stunted

- Called nitrogen deficiency

Plants can only utilize the inorganic form of nitrogen

Soil sometimes have low amounts of nitrogen

nitrogen available from these



Bacteria living in soil has two main conversions

1 - Change the gaseous nitrogen in the atmosphere into an inorganic
form that plants can use

2 - Alters the nitrogen found in the organic matter of soil

Why would the nitrogen in the organic matter need to be changed?

- The nitrogen from decomposition is still in the organic form and
plants can not use organic nitrogen
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Rhizobia bacteria are an example of nitrogen converting bacteria
Rhizobia bacteria form a symbiotic relationship with legume plants
What does symbiotic mean?
- There is a mutually beneficial relationship between the host and the

parasite. For instance in this case, there is a mutually beneficial relationship between
the bacteria and the plant

These bacteria are found in the soil and infect the roots of legume plants
These bacteria help plants utilize organic nitrogen

Some farm crops, such as legumes, can take atmospheric Nitrogen and trap it in the
soil

Legume plans are used in rotational cropping systems to add nitrogen back into the
soil for the next crop to utilize
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Daily Plan 2
Title:
Nitrogen in our Soils and Lives
Instructional Area:
The Many Transformations of Nitrogen, Their Relationship with Plants, and Eutrophication
Situation:

Now that the students have a comprehensive nitrogen cycle diagram, it is time to focus on
specific parts of the diagram. The students will learn more of the science behind nitrogen
fixation, denitrification, mineralization, etc. Students will learn what forms of nitrogen are
useful to plants and how some plants are able to conduct nitrogen fixation. Also eutrophication
of our waterways will be introduced. This plan will be lecture focused with a PowerPoint. It is
important that students learn to pay attention in a class that is not forcing the students to be
fully engaged.

PA Academic Standard(s) Met:
4.3.10

4.6.10

4.8.10

Materials Needed:

Computer

Projector

Nitrogen Cycle Diagrams — All students need to have these, have extra cycle handouts prepared
in case a student missed the pervious class or forgot theirs)

For Experiments and in class activities

- cups - paper towel - note cards with key terms
- pencils - water - ice cubes to melt
- celery - food coloring - apparatus to boil water

- knife - legume and non legume piants grown




Interest Approach:

This plan does not have a unique interest approach but will rely on the teacher’s ability to
engage the class using the PowerPoint to convey the information in an interesting manner.
Once again, it is crucial that the students master the ability to learn the material in a lecture
atmosphere. It also involves in class experiments to keep students interested.

Objectives:

1. To successfully and clearly convey the science of the different transformations of
nitrogen in the nitrogen cycle.

2. To teach students why and how plants utilize nitrogen and also introduce them to
eutrophication.

3. Toinstillin the students the need to be able to {earn from a basic lecture class that does
not directly and constantly engage the students.

Content:
Teacher Will Do: Teacher Will Say:
1. Teacher walks in and turns on 1. Today we will be examining the
projector to present PowerPoint. specifics of the nitrogen cycle, so
2. Teacher starts the presentation take out the diagrams you
and goes through the slides. created yesterday so you can

refer to them.

2. Teacher goes through the slides
and refers to notes included with
the PowerPoint.

Review / Conclusion / Opportunity to Learn:

1. The objective of the class was to teach the students about the various transformations
of nitrogen through the nitrogen cycle.

2. To have emphasized to the class that plants can only take up certain forms of nitrogen
and how some plants facilitate the nitrogen cycle. Also to have introduced
eutrophication.

3. This class was designed as a lecture because students need to have the skills to be able
to learn from a lecture class.

4. This is a good stopping point for some kind of assessment to check on the students
understanding.




Name Date

- Organic nitrogen is released from the breakdown of
plants, animals and wastes

- Soil microorganisms convert the nitrogen into a
gaseous state

- Water becomes extremely rich in nutrients and results
in water plant growth and loss of dissolved oxygen

- Microorganisms convert inorganic nitrogen into
organic nitrogen

- Nitrogen dissolved in water is removed from the soil
and moves into the ground water

- Microorganisms convert organic nitrogen into inorganic
nitrogen during the decay of organic matter

- Legume plants pull nitrogen from the air into the soil
and convert it into the inorganic form

- Bacterial infected spot on plant root responsible for
nitrogen fixation

- When additional water is added to saturated soil, it
simply moves away taking the dissolved nitrogen with it

- Inorganic nitrogen moves from the soil and water into
plant roots

- Process of moving gaseous nitrogen out of the soil and
into the atmosphere




Name

Date

Decomposition

- Organic nitrogen is released from the breakdown of

Denitrification

plants, animals and wastes

- Soil microorganisms convert the nitrogen into a

FEutrophication

gaseous state

- Water becomes extremely rich in nutrients and results

Immobilization

in water plant growth and loss of dissolved oxygen

- Microorganisms convert inorganic nitrogen into

Leaching

organic nitrogen

- Nitrogen dissolved in water is removed from the soil

Mineralization

and moves into the ground water

- Microorganisms convert organic nitrogen into inorganic

Nitrogen Fixation

nitrogen during the decay of organic matter

- Legume plants pull nitrogen from the air into the soil

Root Nodules

and convert it into the inorganic form

- Bacterial infected spot on plant root responsible for

Runoff

nitrogen fixation

- When additional water is added to saturated soil, it

Uptake

simply moves away taking the dissolved nitrogen with it

- Inorganic nitrogen moves from the soil and water into

Yolatilization

plant roots

- Process of moving gaseous nitrogen out of the soil and

into the atmosphere




How Does Nitrogen Change
and Where Does It Hide!




Nitrogen Cycle

- Here is the Nitrogen Cycle we locked at yesterday.
- Who can tell me why the nitrogen cycle is important?
- It shows how nitrogen is recycled throughout the environment
- How plants can get usable nitrogen
- Relationship between bacteria and plants
- Ete.
- Everyone should get their diagrams they filled in yesterday. If you weren’t here,
there are a few extra copies up front. Also, take one of today’s handouts.




Transformations

» What does transformation mean to you!

+ Think about water transformations

- Okay, what does transformation mean to you?

- To change the nature, appearance or function of something
- Who wants to come up front and help demonstrate the different water
transformations?

- Have students melt ice cubes, and boil water.

- What is the phase that we are missing in our demonstration? Liquid to selid

- Just as water can take on different forms and properties, so can nitrogen. Today we
are going to learn about the different nitrogen transformations, the terms for the
changes, and how they relate to one another.




Start in the Soil

- How does Nitrogen get in the soil?
» Organic Nitrogen
Decomposition
- Fixation
» Inorganic Nitrogen
- Fertilizers

- Using the information we learned yesterday, plus looking at your diagrams, who can
tell me how nitrogen enters the soil?
- Decompaosition
- Organic nitrogen is released from the decomposition of plants,
animals and wastes
- Fixation
- Plants pull nitrogen from the air and convert it to inorganic nitrogen
in the soil
- Fertilizers
- Inorganic nitrogen is added to farm fields and yards to increase plant
growth




Organic Nitrogen

+ Decomposition —To break down, decay

his is a compost bin, which is decomposing plant and
ood wastes

= Mineralization — During the decay of organic
matter, microorganisms convert organic
nitrogen into inorganic nitrogen

= [mmobilization — Microorganisms convert
inorganic nitrogen into organic nitrogen

- We know organic nitrogen enters the soil through decomposition.
- Once there is a lot of organic nitrogen in the soil, it is converted to inorganic
nitrogen.

- This is called Mineralization and is carried out by microorganisms.
- Immobilization is the opposite of Mineralization.

- Here the microorganisms are converting inorganic nitrogen into organic
nitrogen.
- Both mineralization and immobilization can occur at the same time.




Plants

» Uptake - Inorganic Nitrogen moves out of
the soil and water into the plants roots

» Nitrogen Fixation — Legumes pull
Nitrogen from the air and convert it into
inorganic usable form

- Who wants to explain how these work?
- Can you give an example of something we see that would be similar to uptake?
What about fixation?
- Uptake
- Example = sponge soaking up water
- Bring sponge into class to demonstrate transformation
- Fixation :
- Example = When the air is damp or humid, cardboard gets soft and
squishy




Uptake Experiment

Experiment #|

Experiment #2

- We are going to conduct an experiment to see how uptake can move nutrients
through a plant

Experiment One
All students will take a cup, fill % full with water.

Add three drops of food coloring.
Attach a two inch strip of either paper towel, coffee filter or white fabricto a
pencil with tape so that it just touches the water.

wnN e

4. Balance the pencil across the top of the cup.

5. Ask students to record what they observed (appearance, speed of absorption,
etc.) in their notebooks

6. Share results with the class.

Experiment Two
In groups of three to four, students will place two stalks of celery in a jar.

1

2. One statk should have the bottom sliced, the other not.

3. Fill the jar a % of the way full with water and add three drops of food coloring.
4, Have students put the celery in the jar.

5. Observe the celery over the next four days to see what happens.

6. Have students record what they observe over the four days in their notebooks




Nitrogen Fixation Facts

- » Most common and largest source of nitrogen
~ fixation comes from the symbiosis of legumes
and bacteria (Rhizobium or Bradyrhizobium).
Examples include soybean, alfafa, and clover.

.« The bacteria infect the root hairs of the plant
and the plant responds by forming root
nodules, which is the site of nitrogen fixation.

- We talked about this yesterday, but lets review.
- The relationship that the bacteria and the plant have is known as symbiosis

- Symbiosis means there is a mutually beneficial to both parties.
- The plant supplies the bacteria with energy from photosynthesis that the bacteria
use to conduct nitrogen fixation. The bacteria in turn then supplies the plant with the
usable nitrogen-compounds obtained from nitrogen fixation. When the bacteria
encounter a suitable plant, they infect the root hairs of the plant. The plant reacts to
the infection by forming root nodules where the root hairs used to be and the
bacteria use these nodules as the location for the nitrogen fixation.

Hands-On Activity:

1. Start growing legumes and non-legumes prior to the unit,
2. At this time students can wash soil off of the roots.

3. Ask students to look at the roots and make cbservations.
4. Students can cut open the nodules to see the inside.

- Why are these nodules so important?

- Without them, plants wouldn’t be able to get enough nitrogen so farmers
would have to apply more fertilizers. This would increase runoff into the environment
and increase food costs at the grocery store.




More Nitrogen Fixation Facts

» Non-legume plants are capable of forming
symbiosis with other bacteria that can
also conduct nitrogen fixation.

Examples: Alder tree species and flowering
Gunnera

= Termite — Gut bacteria

s Lightning converts atmospheric nitrogen
gasses into a water soluble form

- Symbiosis can also occur between the bacteria and non-legume plants such as the
alder (yes, the tree) and certain species of the flowering herbaceous plant species,
Gunnera.

- Termites get the requirements of nitrogen for their diet through the bacteria in the
gut. Without these bacteria, the termites would be in big trouble because they cannot
use the nitrogen found in the environment.

- There are many types of nitrogen gasses. Lightning will break the bonds in more
complex nitrogen gas, causing it to become a form that is water soluble and can be
rained down to the Earth’s surface. Once it hits the ground, this water soluble
nitrogen naturally fertilizes the soils.




Review Where We Are

- So we have talked about how nitrogen gets into the soils through decomposition,
nitrogen fixation and fertilizer application.

- We have talked about the process of mineralization to convert organic nitrogen
from decay into inorganic nitrogen.

- Plants can either uptake inorganic nitrogen, or use bacteria in the roots for nitrogen
fixation.
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Benefits of Nitrogen

» Helps control metabolic processes related to plant
growth

«+ Lots of growth and dark green color

Laclk of Nitrogen
» Reduced plant growth
« Leaves are pale green and

yellow at tips
« If severe deficiency, leaves

turn brown and die

- Here we see the importance of nitrogen to plant growth and what will happen

without nitrogen.
- Which type of plant will be more likely to suffer from a nitrogen deficiency: corn or

soybeans? Corn, Why?
- Soybeans are legumes and can use nitrogen fixation, corn has to rely on
mineralization and fertilizers.

11




Where Else Does Nitrogen Go!?

- Okay, flip your Nitrogen cycles over so you can’t look at them. Where else does
nitrogen go besides into plants?

- Water

- Air

- Soil
- Now we are going to learn the terms that go with those locations

12




Water

= Leaching — Removal of soluble Nitrogen
dissolved in water from soil

» Runoff — Soil can no longer hold water, so
additional water moves across soil
surface, taking Nitrogen with it

- Leaching occurs when rain and flooding seeps into the ground and carries dissolved

nitrogen into the ground water,

- Runoff occurs when the ground can no longer hold anymore water. When additional
water comes along through rain, irrigation or flooding, the water picks up soil that
may have organic or inorganic forms of nitrogen.

- Why would this be bad?
- Putting nitrogen into the water system — encourage growth of bad plants and

water pollution
- Waste money on fertilizers

13




= Eutrophication - Nitrogen lost through
leaching makes its way into the groundwater
and the groundwater becomes polluted.

Mu-,-_\;r n Rivir o“-‘”'ll'”
npt

e
Frarer 5 at
Healte

Copanglu 11 2008 Pearson fdication. in. publishiag as Benpnis Cuoneiogs

- The nitrogen leaches into the groundwater and then travels to our waterways
thereby in effect fertilizing our waters. This causes the water to become richer in
nutrients. So if there are plants in the water, what will happen with the increased
level of nitrogen?

- The plants will use this extra nitrogen to grow bigger and when they die, the
decomposing microorganisms use up more of the limited oxygen available in the
water, This reduces the total oxygen available to fish and other aquatic life. Since the
fish can’t live without oxygen, parts of water bodies are declared "dead zones”
because of the absence of aquatic life.

14




Air

« Denitrification — The nitrogen in
waterlogged soils is changed by bacteria
into nitrogen gasses.

- Volatilization — Process of moving the
nitrogen gasses out of the soil and into
the atmosphere.

- The changing of soil nitrogen into atmospheric nitrogen primarily occurs in wet soils,
such as swamps. Here, bacteria will convert the nitrogen in the seil into a gas form of
nitrogen. This conversion is called denitrification.
- When the nitrogen gasses move into the atmosphere it is called volatilization.
- Think of these two processes being similar to the evaporation stage in the water
cycle. Denitrification and volatilization is the natural returning of nitrogen back to the
atmosphere, where it was to begin with.
- What pulled it out of the atmosphere?

- Nitrogen fixation
- Why would this be bad?

- Increases the percent of nitrogen in the atmosphere which contributes to
green house gases, comes back down as acid rain.
- What are green house gases?

- Gases like Nitrogen, Carbon Dioxide, and Methane that build up in the
atmosphere and cause the Earth to warm up.

15




Soil
» The Nitrogen may bond with the soil

particles because they have opposite
charges

> This attachment helps prevent leaching

» Cavities inside certain soil structur
“hide” the nitrogen

- Soil has a negative charge so that it can attract and hold many of the different
minerals that plants require to grow healthy.

- The nitrogen has a positive charge, so it is attracted to the soil like a magnet. By
attaching to the soil particles, the nitrogen is less likely to be leached into the
groundwater.

- There are many different ways that soils can be arranged and certain arrangements
have little cavities that can store nitrogen and hide it away from the plants. It will be
used eventually, just at a much slower rate.

- This is a picture of vermiculite which is arranged in layers which create many
cavities that allow it to hold lots of nutrients for plants.
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Worlk It Out

-The Motion E-Moment

1. In a moment, | am going to pass out a note card. On this card are three key terms from
today’s lesson that we have covered.

2. You are going to create an action to describe each of these three terms with a partner.

3. When { say “Work It” you are going to get with your lab partner and develop your actions.
4. When the 3 minute timer goes off, we are going to share our actions with each other.

5. What questions are there?

6. Ready, "Work It!”

- Vocabulary Terms (Groups will repeat terms)
- Decomposition
- Denitrification
- Erosicn
- Eutrification
- Green House Gases
- Immobilization
- Leaching
- Legumes
- Mineralization
- Root Nodules
- Nitrogen Fixation
- Runoff
- Uptake
- Volitilization

17




Nitrogen Cycle

- Today, we learned what most of these terms mean and how they interact.

- Did anyone miss a definition on the worksheet?

- Now that we have discussed the Nitrogen cycle and its transformations, each of you
are going to complete a note packet individually for a grade.

18




Name: Date:

Quiz on Nitrogen Transformation

1. Why is the Nitrogen Cycle important?

2, Match the following terms to their definitions

Definitions Terms

Plants pull Nitrogen from the air and convert Decompaosition
it to inorganic Nitrogen in the soil

Organic Nitrogen is released from the Fertilizers
decomposition of plants, animals and wastes

Inorganic Nitrogen is added to farm fields and - Fixation

yards to increase plant growth

3. What is the difference between Mineralization and Immobilization?

4. List examples for the following terms:
A. Uptake

B. Fixation




5. How does Nitrogen Fixation occur in the roots of plants?

6. How can you tell if a plant is suffering from Nitrogen deficiency?

7. Match the following terms to their definitions:
Definitions Terms

Nitrogen in waterlogged soils is changed Leaching
by bacteria into nitrogen gasses

Process of moving the Nitrogen gasses ocut Runoff
of the soil and into the atmosphere

Soil Eutrophication
Nitrogen Denitrification
Soil can no longer hold water so additional water Volatilization

moves across soil surface, taking Nitrogen with it

Nitrogen lost through leaching makes its way Positive Charge
into groundwater, which then becomes polluted

Removal of soluble Nitrogen dissolved in water Negative Charge
from soil




Name:

Date:

Quiz on Nitrogen Transformation Answers

1. Why is the Nitrogen Cycle important?

- Shows how Nitrogen is recycled throughout the environment

- How plants gets usable Nitrogen
- Relationship between bacteria and plants

2. Match the following terms to their definitions
Definitions

Plants pull Nitrogen from the air and convert
it to inorganic Nitrogen in the soil (1)

Organic Nitrogen is released from the
decomposition of plants, animals and wastes (2)

Inorganic Nitrogen is added to farm fields and
yards to increase plant growth (3)

Terms

Decomposition (2)

Fertilizers (3)

Fixation (1)

3. What s the difference between Mineralization and Immobilization?

- Mineralization -~ when a lot of organic nitrogen in the soil it is converted into

inorganic nitrogen - carried out by microorganisms

- Immobilization -~ opposite of Mineralization - inorganic nitrogen converted into

organic nitrogen

4, List examples for the following terms:
A. Uptake
- sponge soaking up water

B. Fixation

- cardboard gets soft and squishy when air is damp or humid




5. How does Nitrogen Fixation occur in the roots of plants?
- Symbiosis ~ mutually beneficial to bacteria and plant
- Plant gives bacteria energy from photosynthesis, which bacteria uses to conduct

nitrogen fixation - bacteria then supply plant with usable nitrogen
- Bacteria infect roots of plants by forming root nodules where root hairs are

6. How can you tell if a plant is suffering from Nitrogen deficiency?

- reduced plant growth
- leaves are pale green and yellow at tip or turn brown and die

7. Match the following terms to their definitions:
Definitions Terms

Nitrogen in waterlogged soils is changed Leaching (7)
by bacteria into nitrogen gasses (1)

Process of moving the Nitrogen gasses out Runoff (5)
of the soil and into the atmosphere (2)

Soil (3) Eutrophication (6)
Nitrogen (4) Denitrification (1)
Soil can no longer hold water so additional water Volatilization (2)

moves across soil surface, taking Nitrogen with it (5)

Nitrogen lost through leaching makes its way Positive Charge (4)
into groundwater, which then becomes polluted (6)

Removal of seluble Nitrogen dissolved in water Negative Charge (3)
from soil (7)




Daily Plan 3
Title:
Nitrogen in our Soils and Lives
Instructional Area:
Web Soil Survey
Situation:

The class will be split into pairs if necessary and will look at Web Soil Survey on the internet.
The teacher hands each student a simple worksheet. They are first taught how to use the
Survey and then asked what soil types are at certain areas of the school and around their home.
Finally the students will choose {or be assigned) a spot to collect a soil sample to bring to class
the following week.

PA Academic Standard(s) Met:

4.1.10

4,3.10

4.6.10

4.8.10

Materials Needed:

Enough computers with internet access for each student or for each pair of students
Projector for teacher to show how to use Web Soil Survey

Worksheets to hand out to students while working on Web Soil Survey
Shovels

Bags

Interest Approach:

The students will be in front of a computer with direct hands on use of Web Soil Survey. The
worksheet will direct the student on how to use the Survey and ask specific questions that the
student will have to answer on their own. Also the students may be working in pairs to




encourage engagement in the program. Finally the students will be asked to obtain soil a
sample on their own from a location that is assigned or is of their choosing.

Objectives:

1. To have the students obtain a hands-on experience with Web Soil Survey, this will allow

them to further learn about soils.

2. To have the students do their own field work and collect soil samples.

Content:

Before class the teacher will familiarize him or herself with Web Soil Survey so as to anticipate

any problems or questions the students will have. {Tutorial included)

Teacher Wili Do:

1. The teacher will walk in and have
the students split into pairs {if
needed}. Then have the students
go to the computers.

2. The teacher shows students how
to run basics of Web Soil Survey
that was taught to the teacher
from the tutorial.

3. The teacher hands out a
worksheet (see sample
worksheet attached with the
tutorial) that is personalized for
each school.

4, The teacher will split the class
into thirds and assign each group
to get soils from either an urban,
forest or agricultural site. This
will be for a class one week from
this lesson {Lesson 8). Teacher
assists each group and makes
sure it is possible for each
student to reach these places. if
this is not possible, the teacher
can provide students with his or

her sample or an optional after
school trip to go collect the soil.

Teacher Will Say:

1. Today we will be working on

computers with a website called
Web Soil Survey. Please split into
pairs and find a computer.

Now follow along with me as |
show you the basics in running
the survey. Teacher follows
tutorial.

This worksheet has questions to
answer about the school
location, After you have the
questions answered and a map
printed out, you can try looking
up your house and seeing the
soils around that. Be sure to
check out whether the soil is
good for basements, lawns or
even roads.

Now I'm going to split each of
you into 3 groups. One group
will collect soils from farm areas,
one from urban areas and one




form forest areas. Decide on a location to collect a good shovel
type of soil you can coliect and full of soil in a quart Ziploc bag.
sign up on that list. At the

Review / Conclusion / Opportunity to Learn:

1. The objective of this class was to have the students obtain hands on time with Web Soil
Survey and to have gained an understanding of an everyday toof used by soil scientists.

2. The second objective was to have the students work effectively in pairs and accomplish
an important task for a future class outside of the classroom.

3. The work sheet could be graded and would be a good way to keep the students engaged
while providing them an easy opportunity for them to make their grade stronger. Also a
deduction of points if the student fails to bring soil in the following week is possible too
if the student did not talk to the teacher about any difficulties in obtaining the soil.




USDA Web Soil Survey Tutorial

Launch web soil survey: http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
On the home page, click on Start WSS (in a green button).
Click on the Area of Interest Tab.
Under the quick navigation heading, put desired location into the survey.
a. Located on the left side of the screen.
b. Enter address
¢. Pressview
5. Above the map, there is a toolbar. Select the hand to drag the map to the correct

Ll N =

position.
6. Use the zoom function in the toclbar above the map to zoom in the location.
a. Drag a rectangle over the area of interest and click to zoom in.
b. Continue zooming to reach desired location.
c. The blue arrow in the map toolbar is the “undo” zoom button.
7. There are two AQI buttons in the map toolbar.
a, Select the AOI button with the red rectangle.
b. Draw a square around the area of interest on the map.
8. The map will reload with blue lines shading the selected area.
9, Next, click on the soil map tab at the top of the page.
a. This tab is located next to the Area of Interest tab
10, This map shows the locations of different soils of the selected area.
a. Click on a soil type under the map unit legend and get more information
about the soil.
11. Next click on the Soil Data Explorer tab.
12. Open the building site development category.
a. Click on the different topics, and then select view ratings to view soil
suitability.
b. The map will show areas in different colors in regards to suitable or
unsuitable.
c. The table below the map offers additional rating information.
d. Other categories can be investigated in the same manner.
13. If students need to print a specific map, select printable version in the top right
corner.
a. Ascreen opens, select view.
b. This creates a PDF that can be printed or saved.




Web Soil Survey Worksheet

Open Web Soil Survey following the directions on the worksheet.
Enter in the school address
a. Road, City, State, Zip code
Adjust the map so the school grounds are in the window.
Refer to the direction worksheet to answer the following questions.
a. What is the most dominant type of soil around the school?

b. The baseball or football field is built on what type of soil?

c. What is the drainage rating for the soil at the school?

d. What is the farmland soil classification for the area nearest to the school?

e. List five additional ratings about the school soil.




5. Print out the map of the school from the soil map tab.
6. Explore the soil around your home.
a. Conduct a new search with your address.
b. What is the most dominant type of soil around your home?

¢. What is the farmland soil classification for the area nearest to the school?

d. List five additional ratings about the soil around your home.




Daily Plan 4
Title:
Nitrogen in our Soils and Lives
Instructionai Area:
Haber-Bosch Process
Situation:

After examining the nitrogen cycle the focus is now upon the Haber-Bosch Process, In this plan,
the teacher will show a PowerPoint presentation on the process and then assign a graded
homework assignment.

PA Academic Standard(s) Met:
4.1.10

4.3.10

14,10

4.6.10

4.8.10

Materials Needed:

Computers

Projector

Homework Assignment Handouts
Interest Approach:

This plan does not have a unique interest approach but will rely on the teacher’s ability to
engage the class using the PowerPoint to convey the information in an interesting manner.
Once again, it is crucial that the students master the ability to learn the material in a lecture
atmosphere. This lesson also includes a graded homework assignment in which the student can
pick their topic to allow the student to explore their own interests deeper.




Objectives:

1. To have allowed the students to research a topic of their own choosing more closely.
2. To have gained a more thorough knowledge of the Haber-Bosch Process.

Content:
Teacher Will Do: Teacher Will Say:

1. Teacher walks in and turns on 1. Today we will be examining the

projector to present PowerPoint.

specifics of the nitrogen cycle, so

2. Teacher starts the presentation take out the diagrams you
and goes through the slides. created yesterday so you can
3. Teacher hands out homework refer to them.

Review / Conclusion / Opportunity to Learn:

assignment handout.

Teacher goes through the slides
and refers to notes included with
the PowerPoint.

This is your next homework
assignment. We will now go
through the details. Does anyone
have any questions?

1. The objective of this was to have the students expliore the topic more deeply on their

own time,

2. The second objective was to have the students discover more details on the Haber-

Bosch Process.




~Calied the most important technological advancement of the 20™ century
- First industrial chemical process to make use of extremely high pressures







-Developed in World War 1

- Chemistry and techniques behind effective synthesis of ammonia spread to

the rest of the world during the 1920s and 1930s
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Natural gas is highly compressed and mixed with high-temperature, high-pressure
steam

1. Mixture heated to 1600 degrees F in a reaction furnace which forms

hydrogen gas and carbon monoxide

Hydrogen gas and carbon monoxide are mixed with compressed air in a secondary
chamber at 842 degrees F with an iron catalyst

1. Carbon monoxide is converted to carbon dioxide and removed

2. Synthesis

1. In compression tank — pressure, temperature and iron catalyst
cause nitrogen and hydrogen to combine with ammonia

Final step yields anhydrous ammonia
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Photo = Plant where Haber-Bosch plant takes place
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- Inorganic = man made
- Some of these methods do not produce enough Nitrogen to support conventional
agricultural systems
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Haber-Bosch Homework Assignment

1. Choose one of the following sources of Nitrogen to do research on. If you have problems finding
information about a topic, the instructor for help,

Anhydrous ammeonia

Rhizobium bacteria

Mineralization of organic matter
Animal wastes

Composted plant residues

Legumes plowed under as green manure
Rainfall in form of nitric acid {HNO;)
Nitrification

Denitrification

Urea and Urea-Ammonium Nitrates
Ammonium Nitrate

Sm o+~ 0o a0 oW

T

Phosphorus fertilizers (contains small amounts of Nitrogen)

2. Write a 2 - 3 page paper about your chasen nitrogen source. This paper can include any
information you find as long as it comes from a credited source (NO WIKIPEDIA}.

3. Your final page should include ali of your references in MLA format.

NOTE: The reference page does not count as part of the 2 — 3 page criteria. Therefore,
vou need at least 2 pages of information and a 3™ or 4™ page for your references.

4, Make sure to include a title page with your name, title of your paper, the date and class section.
(This also does not count as a page!)

5. This paper is worth {insert number) points and is due no later than (insert date). Points will be
deducted for late papers.




Daily Pfan 5
Title:
Nitrogen in our Soils and Lives
Instructional Area:
The Effect of Excess Nitrates on the Health and Lives of Humans
Situation:

Now that students have had a comprehensive look at the nitrogen cycle and how humans have
case an imbalance in the cycle, the students will be encouraged to talk about the effects these
imbalances are causing in the environment and with human health.

PA Academic Standard(s) Met:

4.3.10

4.4.10

4.8.10

Materials Needed:

Computer

Projector for PowerPoint Slides

Article and worksheets copied for all students

Matching game pieces copies, cut out and laminated — enough for students to form # of groups
Interest Approach:

The need for the teacher to encourage discussion and to keep the students engaged will be the
main approach to garnering interest.

Objectives:

1. To encourage the students to utilize their newly acquired knowledge of the nitrogen
cycle.
To encourage students to work together to solve a puzzle.
To encourage students to be able to read, comprehend and answer questions about a
written article,




Content:

Teacher Will Do: Teacher Will Say:

1. Teacher walks in and turns on 1. Today we will be talking about how
projector to present PowerPoint. nitrogen can affect the health of
The teacher uses the notes from humans.
the PowerPoint to inform 2. | want you now to break into # of
students. groups, I'm going to pass out some

2. Teacher breaks students into instructions and a game. Let me
groups to work on the matching know when you are done,
game. 3. 1want you ali to go back to your

3. Teacher will pass out worksheet own seats and now silently work on
and reading for students to work this worksheet, using the reading to
on. find the information.

Review / Conclusion / Opportunity to Learn:

1. The objective of this class was to show the students how nitrogen affects the
environment and human health.

2. Class participation may be graded so as to encourage the students to participate. Grades
may also be given based upon how well the students do on the worksheet / reading

comprehension.




Argonne Nationad Laborarory, 1S Hnan Health Face Sheet, igniest 2005

Nitrate and Nitrite

What Are They? Nitrate and nitrite are compounds that contain a
nitrogen atom joined to oxygen atoms, with nitrate containing three oxygen
atoms and nitrite containing two. In nature, nitrates are readily converted Molecular

to nitrites and vice versa. Both are anions, or ions with a negative charge. Weight: 62/ 46
They tend to associate with cations, or fons with a positive charge, to

achieve a neutral charge balance.

Symbol: NO; /NO; _

How Are They Used? Nitrates are used primarily to make fertilizer, but they are also used to make
glass and explosives. These compounds also are used in various chemical production and separation
processes. Nitrites are manufactured mainly for use as a food preservative, and both nitrates and nitrites
are used extensively to enhance the color and extend the shelf life of processed meats.

What's in the Environnient? Nitrates are naturally present in soil, water, and food. In the natural
nitrogen cycle, bacteria convert nitrogen to nitrate, which is taken up by plants and incorporated into
tissues. Animals that eat plants use the nitrate to produce proteins. Nitrate is returned to the environment
in animal feces, as well as through microbial degradation of plants and animals after they die.
Microorganisms can convert nitrate or the ammonium ion (which is a nitrogen atom
combined with four hydrogen atoms) to nitrite; this reaction occurs in the environment
as well as within the digestive tract of humans and other animals, After bacteria
convert (reduce) nitrate to nitrite in the environment, the nitrogen cycle is completed
when they then convert the nitrite to nitrogen. Normally, this natural cycling process
does not allow excessive amounts of nitrates or nitrites to accumulate in the
environment. However, human activities have increased environmental nitrate concentrations, with
agriculture being the major source. This includes increased use of nitrogen-containing fertilizers as well
as concentrated livestock and poultry farming; the latter two produce millions of tons of nitrate-containing
manure each year. Nitrate and nitrite compounds are very soluble in water and quite mobile in the
environment. They have a high potential for entering surface water when it rains, as nitrates in applied
fertilizers can dissolve in runoff that flows into streams or lakes; they also have a high potential for
entering groundwater through leaching. The concentration associated with soil particles has been
estimated to be about half the concentration in interstitial water (the water in the pore spaces between the
soil particles).

What Happens to It in the Body? Nitrate is a normal component of the human diet, with the average
daily intake from all sources estimated at 75 milligrams (mg}, or about 0.0026 ounce. Upon ingestion,
about 5% of the nitrate taken in by healthy adults is converted (reduced) to nitrite by bacteria in saliva.
Further nitrate is converted by bacteria inside the alimentary tract. Certain conditions in the stomach can
increase the conversion of nitrate to nitrite, specifically when the pH of the gastric fluid is high enough
(above 5) to favor the growth of nitrate-reducing bacteria, This process is of major concern for infants,
whose gastrointestinal systems normally have a higher pH than those of adults. Nitrites in the stomach
can react with food proteins to form N-nitroso compounds; these compounds can also be produced when
meat containing nitrites or nitrates is cooked, particularly using high heat. While these compounds are
carcinogenic in test animals, evidence is inconclusive regarding their potential to cause cancer (such as
stomach cancer) in humans,

What Are the Primary Health Effects? Nitrates themselves are relatively nontoxic. However, when
swallowed, they are converted to nitrites that can react with hemoglobin in the blood, oxidizing its
divalent iron to the trivalent form and creating methemoglobin. This methemoglobin cannot bind oxygen,
which decreases the capacity of the blood to transport axygen so less oxygen is transported from the lungs
to the body tissues, thus causing a condition known as methemoglobinemia.




Normal individuals have low levels (0.5 to 2%) of methemoglobin in
their blood. When this level increases {o 10%, the skin and lips can take
on a bluish tinge (cyanosis), and levels above 25% can cause weakness
and a rapid pulse. At levels above 50 to 60%, a person can lose
consciousness, go into a coma, and die. Infants are much more sensitive
than adults to nitrates/nitrites, and essentially all deaths from
nitrate/nitrite poisoning have been in infants. Long-term exposure to
lower levels of nitrates and nitrites can cause divresis (an increase in the
amount of urine, and starchy deposits and hemorrhaging of the spleen).

Cardiovascular
Systemr -

What Are the Risks? The U.S, Environmental Protection Agency
(EPA) has developed toxicity values to estimate the risk of non-cancer
health effects from ingesting nitrates and nitrites. The toxicity value
used to estimate a non-cancer effect following ingestion is called a Primany systent affected when
reference dose (RfD).  An RfD is an estimate of the highest dose that witrate/nitrite Is ingusted.
can be taken in every day without causing an adverse effect.

The RfD for nitrate was developed considering the concentration at which methemoglobinemia was
indicated at [evels above 10% for 0- to 3-month-old infants. This was based on a daily intake of formula
made with water containing 10 mg per liter (mg/L) of nitrate as nitrogen. (This reflects the amount of
nitrogen within a nitrate molecule, where 1 mg nitrate as nitrogen = 4.4 mg nitrate as measured in the
water.) Most cases of infant methemoglobinemia are associated with exposure to formula prepared with
drinking water at nitrate-nitrogen levels at least two times higher, or exceeding 20 mg/L. nitrate-nitrogen.
For nitrite, the RfD is based on a 10-kg {22-pound [1b]) child drinking 1 liter, or about I quart, of water
every day. The RfD represents a “safe daily dose” and so is
Chemical Toxicity Values compared to the amount an individual is estimated to take in
Non-Cancer Effect every day, as a ratio. No adverse effects have been linked
with inhaling nitrates or nitrites, so reference concentrations
Oral BfD: NO; Oraf RfD: NO, (RfCs), which are used to assess inhalation toxicity, have not
1.6 my/kg-day 0.1 mp/kg-day been developed. The contribution of nitrites, and indirectly
nitrates, fo potential human carcinogenicity and the
magnitude of the associated risk are unclear. Nitrites react with secondary amines in food to form
nitrosamines, many of which are carcinogenic in experimental animals and exert other toxic effects.
While the EPA has not developed slope factors (toxicity values used to estimate cancer risk) for nitrates
or nitrites, some are available for nitrosamines.

Wihat Are Curvent Limits for Environmental Releases and Humuan Exposure?  The EPA
requires that sodium nitrite releases of more than 100 Ib (45.4 kg) and nitrate releases of more than
10,000 ib (4,540 kg) be reported immediately and that normatl releases be reported annually for inclusion
in the nationwide Toxics Release Inventory, The limits for nitrosamines range from 1 to 10 pounds. The
EPA primary drinking water standards for nitrate and nitrite are 10 and 1 parts per million {ppm),
respectively. The Food and Drug Administration allows these compounds to be used as food additives as
fong as they are of food grade and are added only in the amount needed. The maximum amount of nitrite
allowed in smoked and cured fish and meat is 200 ppm,

Where Can I Find More Information? More information on nitrates and nitrates can be found in the
.‘ primary information sources used to prepare this overview: (1) Consumer Fact Sheet on
Nitrates/Nitrites, EPA Office of Groundwater and Drinking Water, available through
http://www.epa.gov/OGWDW/dwh/c-ioc/nitrates.html;  (2) the EPA’s Integrated Risk
Information System, http://www.epa.gov/iris/subst/0076.htm (nitrate) and /0078.htm
(nitrite); and (3)the National Library of Medicine Hazardous Substances Data Bank
(http:/toxnet.nlm.nih.gov/cgi-bin/sis’/htmigen?HSDB).




Nitrate and Nitrite Worksheet Answers

Write out the symbols for Nitrate and Nitrites.

N03 and N02

True / False — Nitrates cannot convert to nitrites in nature and vice-versa.

List 3 ways that nitrates and nitrites are used.

Uses Nitrate or Nitrite
a. Fertilizer Nitrate
h. Glass Nitrate
c. Explosives Nitrate
d. Various chemical production Nitrate

and separation processes
e. Food preservative Nitrate and Nitrite

Explain how nitrates are incorporated into the Nitrogen cycle,

Nitrates are present in the soil, water and food. Bacteria convert Nitrogen to nitrates, Nitrates
are taken up by plants. Animais eat these plants and convert the nitrate into proteins. Nitrates
are returned to the environment via animal feces and through degradation of plants and
animals after they die.

Explain how nitrites are incorporated into the Nitrogen cycle.

Microorganisms convert nitrate to nitrite within the environment or within the digestive tract of
animals and humans. Nitrite is then converted into nitrogen to complete the cycle.

Are nitrates and nitrites water soluble? If so, how do they move within the environment?

Yes. They have a high potential for entering surface waters when it rains. They can dissolve in
runoff and entre streams or lakes. They can also feach through the soil and enter the
groundwater,

How does a person contract the condition methemoglobinemia? What happens after a person
has this condition?

Nitrates are converted to nitrites when swallowed and react with the hemoglobin in the blood.
It oxidizes the iron into a trivalent form. This creates methemoglobin. Methemoglobin cannot
bind oxygen which decreases the capacity of the blood to transport oxygen. Can cause death in
infants and diuresis in adults.




8. What does RfD stand for / what is it definition?

Reference dose. Toxicity value used to estimate non-cancer effect following ingestion. “Safe
daily dose”.

9, True/ False — There are no adverse effects when a human inhales nitrates or nitrites.

10. What is the EPA primary drinking water standards for nitrates and nitrites?
Nitrate — 10 ppm

Nitrite —1 ppm




Name;

Nitrate and Nitrite Worksheet

1. Write out the symbols for Nitrate and Nitrites.

2. True /False — Nitrates cannot convert to nitrites in nature and vice-versa.

3, List 3 ways that nitrates and nitrites are used.

Uses Nitrate or Nitrite

4, Explain how nitrates are incorporated into the Nitrogen cycle.

5. Explain how nitrites are incorporated into the Nitrogen cycle.




6. Are nitrates and nitrites water soluble? If so, how do they move within the environment?

7. How does a person contract the condition methemoglobinemia? What happens after a person
has this condition?

8. What does RfD stand for / what is it definition?

9. True / False — There are no adverse effects when a human inhales nitrates or nitrites.

10, What is the EPA primary drinking water standards for nitrates and nitrites?




The Effect of Excess Nitrates
on the Health and Lives of
Humans

http://serc.carleton.edu/NAGTWorkshops/health04/activities/21756.htmi — card
match game




-Colorless, odorless, tasteless compound

-Nitrates

-Proper management of fertilizers, manures, and other nitrogen sources help

to minimize the contamination of drinking water supplies

-Naturally occurring in soil

-High mobility

-Form when microorganisms break down fertilizers, decaying plants, manures

usually taken up by plants, but sometimes leached

or other organic residues

into groundwater

-Sources

N-fixation from atmosphere by legumes, bacteria and lightning
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- Help produce excess food (especially animal foods) and also boosts agricultural

-Nitrogen is the most common yield-limiting nutrient
exports



Examples:

- Air Concerns

- Poor air quality

- Asthma
- Allergies

- Water Issues

- Dead zones

- Also known as methemoglobinemia

- Poor water quality

- Blue baby syndrome
- Human Health

- Reproduction

- Cancer
- Cholera






- Recall definition of eutrophication







carrying enzyme in the blood

-Oxygen-

- infant’s biood cannot carry enough oxygen
- Non

- Rise of methemoglobin in the blood

Blue Baby Syndrome



Townsend, M, A., Rule, A. C., Meyer, M. A., Dockstader, C. J., 2007, Teaching the nitrogen cycle and
human health interactions: Journal of Geoscience Education, v. 55, p. 158-168. Online in March, 2008. -

Contact information:

Margaret Townsend Audrey Rule

Kansas Geological Survey audreyrule@gmail.com
1930 Constant Avenue

Lawrence, KS 66049

townsend@kgs.ku.edu

Paper in Journal of Geoscience Education gives an overview of the lesson and how to use the cards. A
brief synopsis is presented below.

Overview of Lesson

1) Before engaging in lessons, students attempt to draw a diagram of a nitrogen cycle and add as many
components as they can. This allows them to self-assess (and the teacher to assess) what they
know about the nitrogen cycle.

2) Students research some of the nitrogen cycle components online at various websites or read
printouts from websites provided by the teacher. They choose three or facts of interest about their
component and report to the rest of the class, Suggested nitrogen websites are provided in Web sites
for nitrogen information.pdf,

3) Each small group of students is given a set of materials including the 20 objects (black and white), 20
picture-cards, 20 nitrogen cycle component explanation cards, the 20 title cards for each nitrogen
cycle component, heading cards for different environments such as the atmosphere, soil, water,
etc., and many small arrows. (Cards for Cutting Out Nitrogen cycle 2008.pdf)

4) The students work together to pair each object with its corresponding title card, description card, and
picture card. Then these are all arranged to form a possible nitrogen cycle with various
components clustered around heading cards and arrows used to show movement of nitrogen from
one object to another. An example of a possible N-cycle is presented with the pdf of the cards to
be used for cutting out (Card Associations and Example N Cycle.pdf).

5) Students then write humorous {limerick, couplet) poems or more serious poems (haiku) or structured
poems {cinquain, diamante) to tell several facts about a component of the nitrogen cycle. They
share their poems with the class.

6) Students may also engage in experiments with nitrogen fertilizer. Typing in classroom experiments
nitrogen fertilizer in a search engine such as Google provided a number of experiments that would
work in or out of a classroom to illustrate the effects of too much versus enough fertilizer on plant
growth; other topics that showed up were dealing with composting which helps deal with organic
fertilizer.

Use the pre-test/post-test for evaluation purposes (Pretest Posttest.pdf) if you wish. Directions
concerning how to use the test are provided with the test.
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Daily Plan 6
Title:
Nitrogen in Our Soil and Lives
Instructional Area:
Environmental Policy and Regulations Related to Nutrient Management
Situation:

There is a large amount of nitrogen being released into the system as a result of human change.
This includes but is not limited to the Haber-Bosch process, the increased farming of fegumes
and the burning of fossil fuels, Students will first be introduced to why nutrient management
policies are needed and what policies are already in place. The students will be introduced to
the Chesapeake Bay situation and will participate in an activity that will help reduce the amount

poliution in the Chesapeake Bay.

PA Academic Standard(s) Met:

4.1.10

4.3.10

49.10

Materials Needed:

Computer

Projector

Printed Handouts from the Bare Spots booklet
Interest Approach:

Only the beginning portion of this class will be lecture. The rest of the class time will be
dedicated to determining how to improve the school grounds to decrease pollution runoff. This
will encourage the students to understand the material better, as well as to actively participate
in a project to decrease runoff.




Objectives:

1. To convey to the students the need for nutrient management and the current state of
nutrient management regulations and policies in Pennsylvania.

2. To have the students gain a better perspective on how to decrease pollution run off that
affects the Chesapeake Bay,

Content:

Teacher Will Do: Teacher Will Say:

1. Teacher walks in and starts 1. Today we are going over

projector to show a PowerPoint. nutrient management policy.

2. Teacher allows students to work 2. Now, I'm going to split you into

in groups to come up with a
solution to fix the school
grounds bare spots.

groups and allow you to come
up with a solution to fixing the
bare spots around the school

grounds.

Review / Conclusion / Opportunity to Learn:

1. Students gained a better understanding of the problems that our waterways are facing
with mismanaged nutrients and an idea of the current state of nutrient management
regulation.

2. Students will have gained the opportunity to participate actively in the planning process
to help fix the school grounds bare spots,

3. Students could potentially be graded on their involvement in the planning process and
of course the information from the PowerPoint could be tested at a later date.




~ Environmental Polic




Major Change for Farms in the
Nitrogen Cycle

* Farms are becoming specialized

Farms becoming more specialize
- Many no longer have both crops and animals
- Instead they have one or the other




Statistics

* Pennsylvania’s livestock produces approximately
30 million tons of manure annually that contains
171 000 tons of nitrogen.

— If not applied at the right time, rate or location;




Clean Water Act

- * Regulate discharge of pollutants into the
. water |

. Qu gl:_i_ty_ standa rds for surface waters
e 94 o 25




Clean Water Act

* National Legislation

* Sets up definitions for AFO (Animal Feeding
Operations) and CAFO




Agriculture Dominates Changes In
The Global Nitrogen cycle

200

Galloway et al. 2003

Total Human |__LSum of green +
]
orange + red

L —————
2 horganic
= fertifizer

- Manure a large problem for nutrient management

- Synthetic fertilizers that are applied by farmers from the Haber-Bosch process, along
with the burning of fossil fuels and the increased farming of legumes also cause
nutrient management problems




Haber-Bosch Process

* Most economical for nitrogen fixation

* Fritz Haber and Car! Bosch
- — Chemists




Act 38 (Formerly Act 6)

* All CAOS (concentrated animal operations)
must have an approved nutrient management
- plan

S » ltis considé'red.-g_CAO if there are more than two
- animal equivalentunits (AEY = 1,000 pounds of live




REAP Program

+ REAP - Resource Enhancement and Protection Program of Act
55 of 2007
~+ Provides tax credits to farms that implement Best
- -Management Practices (BMPs}
The amount of tax credit depen

ds.on the BMP used. But':

75% of project.costsas. -




Chesapeake Bay

« Formed 12,000 vears ago when glaciers melted and flooded the
Susquehanna River
~.#. 200 miles long o
. '-':guns from the mouth of the Susquehanna River to the Atlantic
ooopcean i : i

10




Chesapeake Bay

* Critical Condition

+ Overload of pollution

- Mercury

- Nitrogen and Phosphorus
Al bR i :

Impervious cover
- Does not allow precipitation or runoff to reach the soil
- Example
- Roads, rooftops, parking lots, etc.
Dead Zones
- Caused by extreme algae growth
- Algae blooms block sunlight and consume oxygen
- Less oxygen = kills marine life

11




Chesapeake Bay Agreement

* Originally from 1983
— Goals weren’t set until 1987

- — Reduce pollution from sewage treatment

12




Fix Your Schoolyard Bare Spots

~* Bare Spots
.- = Vegetation no longer exists

-+ Where are th

are spots on school grounds?

- By fixing bare spots we will help to decrease pollution that could be contributing to
the Chesapeake Bay
http://www.cbf.org/document.doc?id=29

- this is the link to the Fix Your Schoolyard Bare Spots workbook

13







. ng' : ormwater wn‘h pi'ants trees, rocks or mukh you 2
.can stop it j‘mm rap:d]y pushmg the Ia nd mto nvers
nd strea ms. You just mightm ake yourr school more

_';'1mportant to dlSCUSS your p] ans chh the custod.aéﬂ
- staff _at your schoo]—ﬂfchey may even be able to heip




ldentifyYour Bare Spots

INVESTIGATE| identifying bare spots can be aimost as
much fun as fixingthem. Don't forget, the trouble
with bare spots is that they can't soak up water. This
means it is best to investigate where your bare spots
are when it is raining, Don’t forget your raincoat!
There are some great acdtivities in the Chesapeake
Bay Foundation’s curriculurn materials that can help
you with your investigation—copies of twoactivities,
SchoolyardReport Card and Down the Drain, are
included in your packe t. You might find it usefut to
complete one of these before you begin.

As you survey your school grounds, pay attention to
wherethe water runs and where it is colledting. Any
ptace that you can see fast-running water, puddles,
or hard, bare soil with no vegetation is an indicator
that you have a bare spot.

It is important to do detective work before you pur-
chase any materials so that you can determine what
you need. kach projectin this guide is ve ry different
and so are the materials needed for each.

Diagnose Why the Spot Is Bare

THINK! Once you have identified a bare spot, you
then need to figure out why it is bare. This way you
can solve your problem appropriately. For example,
you wouldn't want to plant trees where people are
trying to walk! Think about the following possitle
causes for a bare spot:

1. Alot of activity in this area causes the ground to
be compact and bare {example: a watking trail or
playground).

2, The area is susceptible to erosion (example: a
slape).

3. The areais not exposed to enough sun for vegeta-
tion to grow.

4. Water constantly runs, falls, orcolleds in this area,

Which one fits best with the problem site you have .
found? There may be more than one reason you have
a bare spot.

Determine Your Solution

SOLVE! Now that you have decided the cause of your
bare spot, you are ready to solve the problem. Look
through this packet to determine which solution will
work best for your schoolyard.

BaveSpots Projeds
Project: Muich Your Bare Spofs

Problem1:  Alot of activity in this area causesthe
ground to be compad and bare.

Example: Walking trail, playground.

Solution: Loosen the ground and add a layer of

mulch.

What is mulch?

Mulch is a material, such as bark, woodchips, and/or
hay, used to cover the soil in order to suppress weeds,
retain moisture, prevent soil erosion, and most
importantly improve drainage!




Budget Worksheet

Materials Quantity

Price Each

Source

Total Price

1. Mulch

2. Shovels, Rakes

3. Measuring tape

faterals List:

& Bagged mulch or woodchips from alocal garden-
ing center or local town/city municpality —donated
or buy (50-3 per bag)

@ Rakes—borrow or buy ($0-15 each)

@ Showels—borrow or buy ($0-20)

Mulching Your Bare Spot

1. To determine the amount of mulch you need,
measure the length and width of the bare spot.

2. Typically, mulch is measured in cubic feet and
worksbest when applied at least three inches thick.
To determine how much mulch you need, use this
formuia: length x width x height. Don't forget, all
your units of measurement need to be the same.
Here's an example:

A plot that needs to be mulched has a length
and width each of 10 feet. The mulch (height)
needs to be spread 3 inches over the entire plot.
Here's the right calculation:

10 ft x 10 ft x 3 inches/12 inches = 100 x '/, = 25
cubic feet of mulch {3/12 comes from converting
inches into feet: 12 inches in 1 foot)

3. With the help of an adult, buy your muich—or you
may even be able to have it delivered for free.

4. Using your shovels, turn over the top layer of s0il
that will be covered with mulch. Doing this will bring
air to the soil and help rain to permeate the ground.

5. Now you can use your shovels to thickly spread the
mulch {(about 3 inches) over the entire area.

6, Rake the mulch sothat it is evenly distributed and
easy to walk on, especially if it is a highly used area. Be
careful not to cover or harm nearby plants or trees.

Maintaining Your Mulched Area

Bark and woodchip mulch will Jast for quite some
time. You may want to check on it eve ry four months
to see if it needs to be refreshed with a new layer.

Bare Spots Projects
Project: Create a No-Mow Zone

Problem 2:  The area is susceptible to erosion,

Bampte:  Agrass stope or edges of a parking lot,
road, or stream bank.
Solution: Create a“no-mow” zone,

What is a “No-mow” Zone?

Amno-mow zone is an area of your schoolyardthat is
left to grow rather than be mowed.

Letting vegetation grow rather than cutting it down
encourages the plants’ roots to grow deep intothe
ground. This helps keep soil in place instead of letting
it erode into a storm drain. A no-mow area canalso
attract wildlife and important pollinators for nearby
plants and/or gardens.

Materials List:

Good detective skills

& Alist of maintenance workers at your school
e Paper and pen or computer and printer

® Scrap wood (free at a local hardware store)
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Budget Workishaet
Materials Quantity Price Each Total Price Source

1. Scrap wood

2. Hammer

3. Nails

4. Acrylic paint

Hammer and nails (ask your maintenance workers
at schoot)
m Acylic, non-toxic paint {$5-510 per can)

Creating Your “No-mow” Area

1. Find those areas in your schoolyard that are
mowed but don't need to be. Examples might
include: grassy areas that are not used foranything,
stopes or other areasthat are difficult tokeep
mowed, Notice where the most wear and tear has
happened due to walking or playing.

2. Choose a potentialno-mow area that is both need-
ed and practical (where erosion is obvious, but where

long grass won't get in the way of foot traffic).

3. Talk to or write a letter to your school mainte-
nance staff regarding information on no-mow areas
and set up a time to show themn the potential sites
for vegetation growth. Explaining why a no-mow
zone is important and can help the school.

4. Once you have permission and have reached an
agreement with the maintenance staff, make sturdy
signs out of wood and paint them so that you can
inform and remind your school where the no-mow
ateas are located. (It is best not to play in these areas
so that vegetation has the best possible chance to
grow!)




B areSpots Projects
Project: Use Native Plants

Problem 3: The area is not exposed to enough sun
for vegetation to grow.

Exampte:  Underneath or neartall or dense vege-
tation.

Solution:  Plant native, shade tolerant plants.

What Does Native Mean?

Native species are plants that evolved within a par-
ticular regional environment. For example, a coconut
tree is native to the coast of Mexico, and an
American Hally is native to the Chesapeake Bay
watershed. Advantages of planting native species
are that they need little maintenance, they support
local pollinators and wildlife, and they will not com-
pete aggressively with surrounding vegetation.

What Does Shade Tolerant Mean?

When a plant is shade tolerant it means that it
grows best in an area with little direct sunlight.
Ferns in a forest are shade tolerant; they grow well
underneath the tall canopy of trees. Your group can
research native, shade tolerant plants on the Internet
using the Helpful Resources at the end of this guide.

Why Plant?

Planting vegetation in what was once bare soil can
increase the quality of runoff corning from your
schoolyard. Plants stop run-away soil from entering
storm drains and help absorb excess nutrients.

Materials List;

@ PH kit—borrow from school, poot owner, or buy
from pet store ($0-20)

@ Shovels—borrtow or buy ($0-$20 each)
Trowels—borrow ar buy {$0-55 each)

w Topsoil—donated or buy (approx. $3 per bag)

w Mulch or straw—donated by farm or buy (approx.
55 abale)

u Native plants—donated or buy (costs will vary
depending on quantity and variety)

Planting Your Shade Tolerant Natives

1. Read the instructions on your PH kit to determine
how acidic your soil is. This will help you determine
what kind of plants will best survivein this area.

2. After determining which plants would best suit
your site, purchase your plants.

3. Dig holes for your new plants that are the depth of
the root ball {the part of the plant that is in the pot)
and at least twice as wide as the root ball. Most
bought plants will have spacing instructions,




Materials Quantity

Price Each

Budget Worksheet

Total Price | Source

1. PH kit

2. Trowels

3. Shovels

4, Topsoil

5. Mulch or straw

6. Native plants

(Be careful not totake the plant out of its pot until
you are ready to put it into the ground—otherwise
the roots can dry out and become damaged).

4, Place your plants in the holes that youdug and
replace the soil around the roots, being careful not to
covert the stem. Press firmly with your hands to make
sure the plant is securely in the ground.

5. Water your new plants. A watering can works best

unless it doesn't rain for a long time (two tothree
weeks). While your plants are still young and new tothe
area, it might be a good idea to check on their progress
each week and make sure they are not getting stepped
on. You could even paint a sign letting people know
what the plants are and why they are important.

BareSpots Projects
Project: Create a Gravel Trenich

for new plantings. If you use a hose, be sure to water Problem 4:  Water constantly runs, fdls, or col-
your plants gently, lects in this area.
Example: Drainage areas or alongside impervi-
Maintaining and Caring For Your Plants ous surfaces.
Because the native plants you chose can tolerate peri- Solution: Install gravel trenches along
ods of dry weather, you won't need to water your plants asphalt/impenious surfaces, such as
walkways, roads, playgrounds.
Budget Worksheat
Materials Quantity Price Each Total Price Source

1. Gravel

2. Shovels

3. Gloves

4. Rakes

5.Wheelbarrow




What Is a Gravel Trench?

A gravel trench is a long, dugout area filled with
small stones or gravel. ideally a gravel t rench runs
along an impervious surface such as a parking lot,
sidewdlk, or playground and also runs parallel to an
area of vegetation on the oppoesite side. Together, the
gravel trench and vegetation slow down and filter
runoff from the impervious surfaces,

Matevials List:

@ Gravel/small stones—donated, buy (approx.
$3/per bag or less at a bulk rate)

# Showels—borrow or buy (520 each)
Gloves~buy ($3-5 a pair)

@ Rakes—borrow or buy {$15 each)

=

s Wheelbarrow—borrow or buy ($40-70 each)

Dig Your Trench

1. Once you've located your problem area, measure
to see how long your trench needs to be. ldeally it
should run the length of your asphalt area.

2. You will need to determine how much gravel to
buy using the formuta for the volume of space your

6

trench will take up (length x width x height = vol-
ume), Gravel is measured in cubic feet. Some schoois
have Jand use needsthat will determine the width of
your trench, but we recommend it be at least 12
inches wide and approximately 6 inches deep. You
may want to tatk to the maintenance staff at your
school to discuss the width of yourtrench.

(12 ftx 1 ft)x (6inx 1t/ 12in)=12x '/, =6 cubic
feet of gravel {length x width) x height = volume

3. Now it is time to dig the area for your gravel
trench. The soil you dig up can be transferted toa
garden or a well-vegetated area of your schoolyard
{ideally you will be able to use it for a vegetated area
that runs alengside yourtrench). It is best not to
leave the soil in piles, as it will get washed downthe
storm drain in the next rainstorm.

4. Fill your trench with gravel using your hands, shov-
els, and/or wheelbarrow. Fill the trench se that you
leave about '/, inch below the edge so that rocksdo
not spill onto the nearby land and become a tripping
hazard. Also, water can easily filter throughout the
whole system this way.




5. A strip of vegetation, no less than 2 feet, shouid
grow on the other side (the non-asphalt side} of the
gravel trench to absorb any water that flows through
the gravel. One option is to create a no-mow zone
along this strip. If you want to get really creative, you
could create a wild meadow area with native wild-
flower seed or piant native shrubs ortrees in this area.

Maintaining and Caring for Your Gravel
Trench

For the most part, your gravel trench will take care of
itself. However, it is not a bad idea to check on the
trench every couple of weeks to make sure it is evenly
spread andth at any stray rocks are put back intothe
trench. Arake might help you keep yourtrenchin
good condition,

Funding Your Project

There are many ways to get funding for all of the
things you will need. For example, you could hold a
fundraiser at your school, or you could ask your princi-
pal if there is money in the school's budget. You could
also write a grant requesting money from a funding
organization. Below is a list of organizations that offer
grants to students, teachers, and school groups.

MARYLAND
Chesapeake Bay Trust
www.chesapeakebaytrust.org

WASHINGTON, D.C.

Garden Resources Of Washington (GROW)
1419V 5t. NW

Washington, DC 20009

202,234.0591 fax: 202.234.0592

Dept. of Health-Watershed Protection
-Division

51 N. 5t NE

Washington, DC

2025352239

PENNSYLVANIA

PA Bay Education Office
4999 Jones Town Rd. Suite 203
Harrisburg, PA 17109
717.545,8878

League of Women Voters, Waier Resources
Education Network

226 Forester St.

Harrisburg, PA 17102

800.692.7281

www.pa.lwv.org/wren

VIRGINIA

Virginia Environmental Endowment
1051 East CarySt. Suite 1400

PO Box 790

Richmond, Virginia 23218-0790
http://freenetvcu.edu/vee/mini.htm

Helpful Resources

Altiancefor the Chesapeake Bay
http://www.acb-onlineorg/bayscapes.htm
410.377.6270

BayScapes Program

US Fish and Wildlife Service
Annapolis, MD 21401

410.573.4581

www. fws.govr5cbfo/bayscapes.htm

Erwironmental Coneern, fnc
PO Box P, 210

W. Chew Ave,

St. Michaels, MD 21663
410.745.9620

wwwwetland.org

Maryland Native Plant Society
www.mdflora.org

Native plants forConservation, Restoration,
and Landscaping
http://wwv.dcrstateva.us/dnh/nativehtm

Your Lo ¢ al Yellow Pages

Gardening Supply Certers

Town ot City Works Department

Local Landscaper, Gardener, or Farmer
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ldentifying Bave Spots Wovksheet

Site Number Investigation Diagnose Solve

Example © Where is the problem area? ﬂWhy is thers a problem? What sclutions wouid
Name the site How is the area used? fix this problem?

Site #1 Playground A lot of activity here has By lcosening the soil,

caused the ground to be water would be able to sink into

compacted and bare. When the ground. Adding a layer of

it rains, muddy puddles muich on top of the soil would

form in some areas, and help stop the locosened soll

a stream of mud drains from flowing into the sewer

into the nearby sewer. when It rains. Gravel would
work too, but it would hurt if you
fell on top. The sewer is far
enough from the playground that
we could put gravel around it.

Site #2

Site #3

Site #4

Choosing and Complating Your Project Sheet

Project: (Example) Loosen the soil and add a layer of mulch to the playground.

Projed:

Tasks Who does this? Date task was completed?

Get aﬁ adult leader
and school statf
approval

Create a
budget

Find a source
of money for
your project

Set a date or timeline
for project completion

Find people to help
complete the project

Get materials

Do the project!

Share the results
(ex. Megalops, school
newspaper, local
newspaper, local TV}
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Daily Plan 7
Title:
Nitrogen in Our Scil and Lives
Instructional Area:
Smarter Farming Techniques and Alternative Energy Production using Nitrogen
Situation:

This plan will emphasize smarter farming techniques along with details about better
management practices {BMPs) as encouraged by the REAP program. Also included will be a
short section on biogas and the opportunity for farms {especially CAFQs) to create a new fuel
source to run various farm implements. This plan will be mainly lecture based with a
PowerPoint. it is important that students learn to pay attention in a class that is not forcing the
students to be fully engaged. This plan also allows for the students to do independent or group
research on a related topic. The students will write paper and give a presentation. Their peers
will critique them on their presentation.

PA Academic Standard(s) Met:
4,2.10

4.4.10

4.8.10

Materials Needed:

Computer

Projector

Handouts

Interest Approach:

This plan does not have a unique interest approach but will rely on the teacher’s ability to
engage the class using the PowerPoint to convey the information in an interesting manner.
Once again it is crucial that the students master the ability to learn material in a lecture
atmosphere. The students will also have a chance to do research of their choosing.




Obhjectives:

1.

To be successfully and clearly convey smart farm practices using Best Management
Practices (BMPs).

To teach the students about the biogas practice and the ability for farms to do
something productive and economically beneficial for themselves.

To instill in the students the need to be able to learn form a basic lecture from a basic
lecture class that does not directly and constantly engage them.

To teach the students how to do independent or group research on an assigned topic.
To allow the students the chance to practice their public speaking skills.

Content:
Teacher Will Do: Teacher Will Say:
1. Teacher walks in and turns on 1. Today we will be looking at
projector to present PowerPoint. smarter farming techniques as
2. Teacher starts the presentations weli as best management
and goes through the slides. practices {BMPs) mentioned by
3. Teacher hands out information the REAP program. We'll also
on how to do the project. look at biogas production.,

2. Teacher goes through the slides
and refers to the notes included
with the PowerPoint.

3. We will be working on this
project during class and outside of
the class. | will assign you or your
group a topic. This project will
consist of a paper and presentation.

Review / Conclusion / Opportunity to Learn:

1.

2.

The objective of the class was to teach the students about smarter farming practices as
a result of using certain aspects of the Nitrogen Cycle on an agricultural fand. Better
Management Practices (BMPs) will also have been examined.

To have introduced the idea of biogas to the class and the idea that manure does not
only have to be used strictly as fertilizer, but also as a power source.




3. This class was designed as a lecture because students need to have the skills to learn
from a less engaging lecture class.

4. This class was designed to allow students to work during class time and outside of the
classroom on a project in either a group or on an individual basis. This project also
allowed students to practice public speaking and give constructive criticism of their
peer’s public speaking abilities.







Lack of Incorporating Fertilizers and Thorough Incorporation of Fertilizers and
Manure Manure

Roots Unlform throughout Rootmg Zone

- Higher Soll Temperatures

Increased Chance for Increased Mormal Chance for Increased
Denitrification Denitrfication

- Increase / Decrease of Microbial Activity
- This will influence Nitrogen behavior
- Water Infiltration
- Increased = increased leaching
- Decreased = decreased leaching
- Leaching = Removes beneficial and harmful materials from the soil by
filtration
- Who remembers what denitrification is?
- Loss or removal of nitrogen




- Who remembers what nitrification is?
- Oxidation of ammonium into nitrite and then into nitrate by
microorganisms




- Saturation

- Occurs when the soil cannot hold anymore water




Ammonia Volatilization
- Ammonia gas is lost from the soil and returns to the atmosphere
- Nitrogen usually in the form of Urea

Causes
- Occurs when soil is moist and warm and urea is close to or on the soil
surface
- Can take place on alkaline soils
Prevent
- Manure and urea fertilizers applied with cool temperatures or right before
rain
- Physically mix into soil
Impact

- Net loss of Nitrogen from soil system




- Best Management Practice

-REAP

-BMP
-Timing, rate and method of application

-Rescurce Enhancement and Protection
-Earn tax credit in place of having BMPs
-Eligible applicants may receive between 50% and 75% of project costs as
state tax credits for up to $150,000 per agricultural operation
-To be eligible for REAP need
-Current Plans
-Properly protected barnyards
-Fully implemented crop field and BMP







-Erosion and sedimentation control plan
-Important for when clear vegetation and have topsoil exposed
-Conservation plan
-Manage natural resources on the farm
-Soil, water, air, animals and plant resources
-Nutrient management plan
-Managing the amount, source, placement, form and timing of the application
of nutrients
-Manure management summary
-Managing amount, source, timing and placement of manure application







Access roads can be built so that a certain BMP can be carried out
Brush management
- Removal, reduction, or manipulation of non-herbaceous plants
- May be used as part of the conservation plan for a BMP
Constructed wetlands
- Used to decrease water pollution from point and non-point sources
Cover Crops
- Crops planted to manage soil fertility, soil and water quality, weeds, pests,
diseases, biodiversity and wildlife
Riparian Forest Buffer
- Most trees and shrubs adjacent to and up-gradient from water bodies
- Improve riparian habitat, decrease runoff into water, etc.
Waste Treatment Lagoon
- Waste treatment made by constructing an embankment or excavating a pit
- Treat waste (ie manure) and decrease pollution potential

10




- CAFO = concentrated animal feeding operations
- Biogas

- Gaseous fuel produced by fermentation of organic matter
- Anaerobic digestion of agricultural and animal wastes
- Anaerobic digestion — microorganisms breakdown in the absence of
oxygen
- Mostly methane

11
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Research Project

1. Choose a group or work on an individual basis
- No more then 3 people in a group

2. Pick a topic

- We have touched the surface of these topics in class, so take a few days to
research further on the topic and choose a topic you feel you would enjoy
researching the most. Make sure to choose to your top 3 topics incase your first
choice is reserved by another student.

- Inform me of your topic by (insert date)

- Note: No repeat topics, everyone must choose something different

3. Research information about your topic
- We will be going to the library or computer lab on (insert date) during the

class period. During this time you will find information about your topic including
but not limited to:

- Background information

- Important dates

- Explanations of how your BMP works

- How this technique would be implemented on a farm

- Experience you may have had with this topic

4. Presentation

- We will be giving our presentations in class on (insert date(s)). You may
present your project as either as poster, PowerPoint, or any other creative way that
you feel may fit your topic. If you choose to do a PowerPoint, a copy must be sent
electronically to me.

- Your presentation must be 3-5 minutes in length.

- During your presentation, your peers will be critiquing you, As an individual
student, you will be receiving a grade on this critique.

- Be prepared to answer questions asked by myself or other students.

5. Paper

- If you work in a group, you may submit one paper that you all contributed
to. The paper should include the following:

- A maximum of 5 pages

- Double spaced

- Size 11-12

- Times New Roman or Cambria or Calibri

- References written in MLA, including in-text citations




Topic List

Conservation Tillage
Conventional Tillage

Soil Acidity

Volatilization

REAP tax credit program
Erosion and Sedimentation Control plan
Conservation plan
Nutrient management plan
Composting equipment
Manure Equipment

Brush management
Constructed wetlands
Waste treatment lagoon
Cover crops

Riparian forest buffer
Biogas

CAFQ's




Student Presentation Evaluation Form

Your Name:

Date:

Presenter Name(s):

Topic:

Scale: 5 = Excellent, 4 = Good, 3 = Satisfactory, 2 = Needs Improvement, 1 = Poor

A. Clearly communicates the subject matter 5
- Fewum’s, uh’s, etc.
- Has practiced
- Good pace (not to fast or slow)
- Effective use of note cards (does not often use)

B. Eye Contact 5
- Looks at whole class

C. Uses visuals appropriately 5
- Easy to see
- References during presentation
- Does not read off of it

D. Is knowledgeable of topic 5
- Answers questions
- Gives thought to answers

E. Presentation is informative 5
- Did it have a clear focus
- Did you learn something new?

F. Organization / Clarity 5
- Easy to follow

- Flow

G. Constructive criticism / compliments:

4 3 2 1




Daily Plan 8
Title:
Nitrogen in Our Soil and Lives
Instructional Area:
Ammonium and Nitrogen in Our Local Soils
Situation:

The students will be instructed to use techniques that are used by soil scientists. The
techniques are used with soil samples to determine the values of ammonium and nitrates. The
teacher will have a proven set of standards with which to create a curve in order to read the
students samples. One third of the students will have samples from urban sites {such as their
front yard, or school grounds), one third from agricultural sites (conventional or no till}, and one
third from forested sites. The students will prepare their sample on their own after being given
clear instructions, The teacher will assist students as necessary. The students will also learn how
to write an official lab report.

PA Academic Standard(s) Met:

4.3.10

4.4.10

4,6,10

4.8.10

Materials Needed:

See Lab Directions for lab materials needed
Handout for students to use during lab
Projector

Computer




Interest Approach:

The students will be interested in the results of this experiment because they prepared these

samples. if everything runs accordingly, the students will see useful data results from their

sampies and they will be able to learn the differences between the different land types.

Objectives:

1. To have the students gain valuable experience using technigues that soil scientists use.,

2. To show soils in their own backyard can tell them something about the nitrogen cycle,

Content:

Teacher Will Do:

Review / Conclusion / Opportunity to Learn:

1.

1. Teacher walks in and checks

each student to confirm that
each has a suitable sample.
Teacher hands out directions
that detail how the students are
to prepare their samples.

many soil scientists.

levels of ammonium and nitrates.

Teacher Will Say:

1. Today we will be working to find

out how much nitrate and
ammonium is in the soils that
you collected. Place your sample
on your desk so | can take a
guick look at them.

Now to prepare your samples,
please read these handouts. All
the materials you will need are
located in the back

The students will have gained valuable hands-on experience with a technigue used by

The students will have learned the differences among the land types by examining the

One level of assessment is to have the students write a lab report about their findings.
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Leaching
- Soluble chemical or mineral drains away from the soil
















Soil Lab Directions

Nitrate-Nitrogen Quick Test
Supplies

1. Two 50 mL centrifuge tubes
2. 5.6 grams of Calcium Chloride
3. One gallon of distilled water
4, Merckquant Nitrate test strips

Procedure

1. Coliect 8-10 random samples from the field. Core samples should be at a depth of
12”, do not include top 2” of soil. Mix samples thoroughly.

2. Fill tube to 30 mL level with calcium chloride solution.

3. Add soil until level rises to 40 mL. Cap tube and shake vigorously. Let sit to settle the
particles.

4. When solution is clear, dip test strip into solution, shake off excess, and wait 60
seconds.

5. Compare strip to color chart,

6. Run the test again,

Interpretations / Calcuiations

1. Test strips measure NOs in parts per million (ppm).

2. Use the following formula to approximate conversion of reading to ppm for dry soils.
a. Test strip reading (ppm NOs) / correction factor = ppm NQOj in dry soil
b. Correction Factors

o8

Soil Texture Moist Soil Dry Soil
Sand 2.3 2.6
Loam 2 2.4
Clay 1.7 2.2

Example

l.
.

Test strip reading = 30ppm
Soil texture = sand
30/2.3=13.04 ppm




3. Use the number generated to convert Nitrate-N in the soil to existing pounds of
available nitrogen / acre in a 12” sample. Multiply the number obtained in step 2 by
q,
a. Example
. Step2#=13.04
ii. 13.04 * 4 =52,16 pounds of nitrogen / acre available to crop
h. Note
i. If your soil sample was only taken at a depth of 6”, you will need to
multiply by 2.




Ammonia Nitrogen Test

1. Transfer pipet

2. Extraction tube x2

3. Universal Extract Solution
4, Ammonia Test solution x2
5. Plastic soil measure

6. Filter paper

7. Plastic funnel

8. Spot plate

9. Ammonia Color Chart

Procedure

1. Extraction Procedure
a. Fill extraction tube to 14 mL line with extracting solfution
b. Use plastic soil measure to add 2 level measures of soil to the tube. Cap and
shake for 1 minute.
c. Use filter paper and plastic funnel to filter soil sofution. Catch filtrate in a
second extraction tube.
2. Ammonia Nitrogen Test
a. Use transfer pipet to transfer 4 drops of general soil extract {filtrate) to one
of the large depressions in the spot plate
b. Add one drop of ammonia test solution
c. Stir with clean stirring rod. Aliow stand for 1 minute.
d. Run the test again.

Results

1. Compare color in tube with Ammonia color chart.
a. Values converted to ppm
i. Verylow =0-5ppm
il. Low =5-10 ppm
iii. Medium =40 ppm
iv. High = 100 ppm
v. Very high = 150 ppm




Soil Lab Worksheet

Nitrate-Nitrogen Quick Test

1. Your test strip reading:
a. Testl=

b, Test2=

2. Conversion outcome:
a. Testl=

b, Test2=

3. Pounds of available nitrogen
a. Testl=

b. Test2=

Ammonia Nitrogen Test

1. Color of tube
a, Testl=

b. Test2=
2. Ammonia color chart
a. Testl-=
b. Test2=
3. Ammonia Values
a. Testl=

b, Test2=
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Name
Date
Class

Teacher

Title

Introduction
This section should provide background information about the lab. For instance for this
lab, this section should include information about soil tests, Nitrates and Ammonium.

Purpose
This section states what your experiment attempts to do. You should also include how
you expect the lab to turn out, or your hypothesis.

Materials
List the materials you used in a bulleted format.

Procedure
This is a step-by-step explanation of how you carried out the experiment, Write the
steps in order as a paragraph.

Results
List the data you collected in paragraph form.

Analysis

Describe what happened during the experiment and if the results turned out as you
expected. Explain any problems or complications. Include and make any reference to
any tables, graphs, or charts here.

Conclusion
Talk about the significance of the results. Apply experiment to real life by discussing any
issues, problems or information related to your findings.

References
Make sure to include an MLA or APA (depending on your teacher’s preference)
reference list and in-text citation.




Item
Nitrate Lab
Nitrate Test Strips
Calcium Chloride
Centrifuge Tubes
Soil Probe

Ammania Lab

Transfer Pipet
Extraction Tube

Ammonia Test Solution
Universal Extract Solution
Plastic Soil Measure

Ammonia Color Chart

Spot Piate

Place
Ben Meadows
VWR Scientific
VWR Scientific
JMC Soil Investigation Equipment
Ben Meadows
LaMotte
LaMotte
LaMotte
LaMotte
LaMotte
LaMotte

LaMotte

Phone number

1-800-241-6401

1-800-932-5000

1-800-932-5000

1-800-247-6630
1-800-241-6401




Catalog / Part # Price
Catalog # 4JB-7830 $50/100 strips
Part #JT1332-1 $55 / 500 grams
Part # 20171-034 $103 / 500, 50 mL tubes
Part # 031 $60
Catalog # 4)B-220106 568
Part # 0364
Part # 0704
Part # 5103
Part #5173
Part # 0819
Part # 1302

Part # 0159




baily Plan 9
Title:
Nitrogen in our Soils and Lives
Instructional Area:
The State of the Chesapeake Bay
Situation:

The Chesapeake Bay is a national treasure yet its health has been severely degraded over the
past several decades. Central Pennsylvania is in the Chesapeake Bay Watershed, therefore this
area is partly responsible for its degradation. It is important to understand not only the severity
of this issue but also what is and should be done to improve the bay. In this plan, the teacher
will split the class into 4-5 groups {depending on if you plan to use the bonus section of not) and
have each group fill in a different section of the schoolyard report card. Then have them come
up with a plan of action on how to increase their score. If time / resources allow, you can have
the class vote on one plan of action and can implement it.

PA Academic Standard(s) Met:

4.1.10

4.8.10

Materiais Needed:

Printed School Yard Report Card Handouts
Projector

Computer

Interest Approach:

Students working together will stimulate interest in the subject and increase discussion about

the subject matter.
Objectives:

1. To have the students work in a group atmosphere on subject matter that will be new to
many of the students.
2. To have the students teach their fellow classmates.




3. To gain a more thorough knowledge of the severe degradation of the Chesapeake Bay
and how they may be able to help slow nutrient contributions to the Bay.

Content:
Teacher Wili Do: Teacher Will Say:

1. Teacher walks in and is fully 1. Today we are going to do

prepared with handouts and
materials available to the
students.

Teacher will split the class into 4
or 5 groups (either have the
students pick their partners, or
the teacher picks groups).
Teacher gives each group its
handout.

something similar to what we
did a few days ago. I'm going to
split you into groups and give
each group a schoolyard report
card. Each group is responsible
for a different sections and will
fill out the scorecard. Once
done, you will come up with a
solution as to how to increase

the score. You will be examining,
discussing and the presenting
what you discovered.

2. Let’s split you guys into 4-5
groups.

3. In about 15-20 minutes (or as
much time as you'd like to allow)
we will reconvene to have you
present to your fellow
classmates what you have
discovered about our schoal.

Review / Conclusion / Opportunity to Learn:

1. The objective of this class was to have the students effectively work together to convey
information to their peers.

2. The second objective was to have the students discover the extent of the degradation of
the Chesapeake Bay and what is being done to rectify the situation.

3. How the students work together and their final product could potentially be graded.




The Chesapeake Bay

A case study in the balance between
food production and environmental
quality at the regional scale.




The Chesapeake Bay

One of the worid’s
richest estuaries

High productivity
High aquatic
diversity

Important
economically

-64,000 square mile watershed
-Home to more then 17 million people in 6 different states




Most important tributary to the “upper bay”
2005’'s “most endangered river”
Contributes % of the freshwater to the Bay
Sediment and nutrient pollution of total
mputs to the Bay
— Nitrogen: 44 %

— Phosphorus: 21 %
— Sediment: 21%




64% is no'h—point"s‘blj}bé |

Farm runoff

— Decrease with improved management
and decrease in amount of farms

Lawns, golfcourses, streets

Residential Neighborhoods
— Septic systems

* Increase with development beyond
sewer systems

— Stormwater
* Increased with urban development

- Non-point source
- Not attributed to a specific location
- Septic systems
- More input then system can handle
- Stormwater

- Increase in paved surfaces = increase runoff = more then the
treatment plant can handie




» 36% is point-source
— Wastewater treatment
» Generally decreasing

* Phosphate detergent ban
+ Improved biological treatment technology

~Point-source
-Attributed to specific location




Nutrients Affect Aquatic
Ecosystems

+ Eutrophication
— Increase in nitrogen and phosphorus

—~ Excess nutrients in water lead to:
» Algal blooms '
+ Low dissolved oxygen
« Death of fish

Eutrophication starls

Too much
of a good
thing is bad

Fisheries yield ———

Nutsients —

-Nitrogen and phosphorus
-Usually found at low levels in a body of water
-Algal blooms
-AKA — Red Tide
-Rapid increase in algae in aquatic system
-Green, yellowish-brown, red or bight green

-Result of blue-green algae (cyanobacteria} or increase of nitrogen and
phosphorus

-As algae and plants grow other plants may die along with aquatic life -
bacteria eats this dead organic matter as it decomposes and then as more
food is available, numbers of bacteria increase

-Causes dead zones and increases in the likelihood of other wildlife or humans
who may drink from this area in getting a neurotoxin

-Dissolved oxygen
-Oxygen dissolves in water at low concentrations

-Levels in water usually at 10 ppm — at 3 ppm there is stress to fish — below 2
ppm death occurs to some species

-Sources
-Atmosphere
-Plants in the water — primary source
-Microscopic algae (phytoplankton)

-In presence of sunlight produce oxygen through
photosynthesis and reiease oxygen into body of water

-Oxygen depletions
-Summer months
Warm water holds less dissolved oxvaen




Eutrophication of estuaries
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Eutrophication in the Chesapeake
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Chesapeake Bay Agreement

« 1983: First agreement
— “Lets talk about doing something”
- Pennsylvania, Maryland, Virginia, District of
Columbia
« 1987: Sets goals
~ Focuses on sewage treatment
—Reduce N and P by 40% by 2000
» Goal missed by a long shot
« 1992: Tributary strategy
— Reduce nutrient inputs upstream
— More emphasis on non-point sources




Clean Water Act

» Late 1990’s

— EPA sued to enforce Clean Water Act for
Chesapeake bay tributaries

» The Clean Water Act sets a national
minimum goal
— All waters that are “fishable and swimmable.”
—~ Many groups sue for TMDL

— One ruling requires EPA to enforce a TMDL
for the Bay by 2011

« States scared of TMDL

— New agreement in 2000 setting specific goals
for 2010

-Total Maximum Daily Load
-TMDL

-Total amount of a pollutant that a body of water can receive and still
meet water quality standards

10




Goals of 2000 agreement

* Increase in native oysters
— Eastern Oyster
+ Remove barriers to migratory fish
* Restore crab fishery
» Restore crabs/fish habitat
— Agquatic vegetation
* No-net loss of wetland acreage
+ Restore 2,010 miles of “riparian” buffers
- Riparian — streamside ecosystems
« 30% decline in sprawl rate
— Preserve forests and farms
» 40% nutrient reduction goal
» “Free of toxins”

-QOysters
-Provide habitat for aguatic reef
-Source of food
-Filter water

-~ Pump large volumes of water through their giflls and filter out
plankton

-Get food

-Remove nutrients, suspended sediments and chemical
contaminants = keeps water clear and bay clean for aguatic
wildlife and plants

-Riparian Buffers

Vegetated area next to water that protect water from non-point source
pollution

-Provide bank stabilization
-Grasses, trees or both

1




Score has improved
since last time

Score has not
changed

Score has worsened
since last time

State of the Bay in 2010

Stata o he Boy Repedt 2090 | 3

-Overall Bay health score is 31/ 100

-State of the Bay report for 2010 with additional explanations on the grades

and categories

-http:/fiwww.cbf org/document.doc?id=596

12




- Chart showing the health of the Bay overtime

13




2000 20

- CBF = Chesapeake Bay Foundation
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EPA is establishing TMDL for the Bay

« States failed to meet the goals of the
- 2000 agreement so...

— Based on 1990s law suit and the Clean Water Act
the EPA needed to do this

—~ TMDL in place for December 2010
— Measures to meet TMDL must be in place by 2025
« From the EPA:

— “lt will be the largest and most complex TMDL
ever, involving interstate waters.... 17 million
people, 88,000 farms, 483 significant treatment
plants, thousands of smaller facilities and many
other sources”

-TMDL
-Total Maximum Daily Load

15




What is the link to PA farms?

« Farms are a major source of N to Nitrogen
the bay T
PA Nutrient Management Act o
Clean Water Act

~ Future TMDL by EPA

Both focus on
— CAFO
- BMP

-Pie chart shows nitrogen inputs for the Bay
-Nutrient Management Act

-Certification program from PA Department of Agricuiture with the State
Conservation commission

-Certify nutrient management specialists to write and review nutrient
management plans

-2005

-CAFO

-BMP

-Concentrated animal feeding operations

- Best Management Practice

16




Traditional Nutrient Cycle

Fertilizer . P
Animals fff

Manure

l Of nutrients fed to
4 animals becomes
human food

Of nutrients fed to

3 animals becomes
manure spread onto
crop fields
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Contemporary Nutrient Cycle

Fertilizer

Ammals Of nutrients fed to
animals becomes

human food

Manure .
Of nutrients fed fo

4 animals becomes
manure spread onto
crop fields
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Pollution Problems Due To
Nutrients

» Changing structure of animal agriculture

- Self-sufficient farms to specialized farms
» Haber-Bosch fertilizer after World War [l
« Subsidies for corn production

« Farms grow crops specially for animal feed
— Example: Farm in lowa grows feed for animals in PA

— Economies of scale
—~ Concentration of Agriculture industries
— Farmers respond to us: cheap food (meat)

19




Nutrient Pollution Problem

Adapted from Lanyen. 2000

-Environmental impacts of production are outside the market
-Market demands low cost food
-Manure has no market value
-Changing structure of animal agriculture
-Self-sufficient farms to specialized farms
-Haber-Bosch fertilizer after World War |l
-Subsidies for corn production
-Farms grow crops specially for animai feed

-Example: Farm in lowa grows feed for animals in
PA

-Economies of scale
-Concentration of Agricuiture industries
-Farmers respond to consumer

- We want cheap food

20




Current Model

Adapted from Lanyon, 2000

-Ask farmer to change without market incentive
-Economic and social forces squeeze the farmer out of the picture

21




Example of Current BMP’s

« Many of these are funded by the State /
Federal Government

- Cover crops and No-ill

- Riparian tree buffers or fencing

— Manure storage facilities

- Manure Transport to nearby farms

— Manure/feed treatment to facilitate nutrient balance

« None of these help farm economies

- Best Management Practice = BMP

22




How The Model Should Look

Adapted from Lanyon, 2000

- Needs to be a way to have both food and environmental outputs
incorporated into the market value

23




Recent Examples

« Nutrient Trading

— Municipalities buy nutrient credits when they don't
want to upgrade
— Not a 1:1 trade
. z\flunicipality releases 1 g of N and pays farmers to reduce by
g
- Examples
+ Farmer goes to no-till; selis credit
+ Red Barn Trading exports manure out of watershed

+ REAP

~ $10 million in tax credits to farmers to recover costs of
implementing new BMPs
— Farmers can’t use credits so they transfer them

+ Sell on open market for less than total credit to businesses
with big tax bills

» Get businesses to invest in the farm and then take the credit

-Examples of the Market and the Envrionment
-REAP - Resource Enhancement and Protection




Acolld in

A Future Example

f tates fa to meet TMDLs the

of -'féfrm__s-.t_hé!ﬁare:'p'o_lnt sourc

- EPA

become a CAFO point source
— CAFOs pay large permitting fees

+ This model squeezes the farmer further

NUMBER OF FARMS

—~ Make farms with with over a designated number of animals

— Would citizens really choose Bay water quality over farms?

-

300000

2snm0

oo

soane0]

100.000

SOJOOOII:I.I'!I!_IIIIiII
BEBEGEERREER
Year

- Due to cost of CAFQ’s, small farms couldn’t survive
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Addressing Pollution Problems
Due To Nutrients

« Do more than just improving on-farm |
nutrient management

» Requires changes and restructuring in our
agricultural systems

« |mmediate action

— Implementing a nutrient management plan to
minimize impact of the system

26




Schoolyard Report Card~

-By the Student Action Team of the Chesapeake Bay Foundation

How is your schoolyard doing? Is it helping the Chesapeake Bay or is it contributing to the Bay's current

condition? Follow this Report Card and find out...

Runofi/ Erosion:

1. After looking at your schoolyard map describe where in this range it falls.

1 2 3 4 5 6 7 8 9 10

(1=Entirely made of concrete ) (10=Totally Forested)

2. Your school roof drains rainwater into mostly:
a) well vegetated trees and shrubs or un-mowed grass (10 pts)
b) mowed grass (5 pts)
¢) bare soil or impervious surface (4 pts)
d) directly into storm drain (0 pts)
e) even mix of all (5pts)

3. Look for patches of bare soil and signs of erosion such as areas where rainwater has carved
out ditches or washed out vegetation. The schoolyard has:
a) very little erosion and few patches of bare soil (10 pts)
b) several patches of bare soil or areas where soil is eroding (7 pts)
¢) mostly bare, exposed soil or impervious surfaces (0 pts)

4. Does your school have any of these run-off control systems:

Rain Garden............c.........0. 2 pts
Rain Barrel.............ooovevin 2 pts
MeadoW.....oovvviireniiiiin 2 pts
Wetland.............oooeeein 2 pts

Forested buffer zone (More than 50 feet wide ).....2 pts

Use the Bare Spot protocol
Install a Rain Barrel
Plant your own Rain Garden
Plant a BUH@r of trees next to your stream
Get involved in building a Wetland or Pond

a
a
a
a
a

Your
Score

Runoff/
Erosion
Total

Exgess runoff will affect these indicators of Bay health:




Transportation:

1. Determine the number of people employed at your school (teachers, maintenance staff, food
service staff, administrators, etc.) by asking office staff. Look at the school parking lot and
determine the number of vehicles relative to the number of employees.

a) there are 50% fewer cars in the parking lot than employees (10 pts)
b) there are 25% fewer cars in the parking lot than employees (7 pts)
¢) there is about one car per employee in the parking lot (5 pts)

2. Are there bicycle racks at your school and do people use them?
a) the bike rack is full of bikes (10 pts)
b) the school has a bike rack but there are only a few bikes in it (7 pts)
¢) the school has no bike rack and no bikes on the property (0 pts)

3. Is there any reward or encouragement for teachers or students who walk to school, ride their
bikes, carpool or take public transit?
a) Yes (10 pts)
b) No (2 pts)

4. Where does rain water drain after hitting the parking lot?
a} highly vegetated area (10 pts)
b} mowed or slightly vegetated drainage ditch (7 pts)
¢} storm drain marked “Chesapeake Bay Drainage”
d) unmarked storm drain

re :
Incentives to CAMIOO], use public transportation or ride a bicycle to school
Install and use BIKe racks
Storm drain Stenciling
Letter writing to county for bike lanes
Vegetated run-off control for parking lot and roads

ooboDoo,

Your
Score

Trans.
Total

Cars and trucks release contaminants that enter the Bay's ecosystem, affecting these indicators:




1.

Describe the vegetation on your schoolyard:
a) Trees and bushes cover a significant part of the schoolyard (10 pts)
b) Trees and bushes dot the landscape of the schoolyard (6 pts)
¢) There are few or no trees on the schoolyard (0 pts)

How much of the grass and vegetated areas in your school are being mowed?
a) lessthan 50 % (10 pts)
b) between 50% and 80% (6 pts)
¢) over 80% (4 pts)

Ask your school’s lawn service or school maintenance staff how the mowed grass on
the school grounds is fertilized.
a) Grass clippings are left on the grounds as natural fertilizer (10 pts)
b) Lawn fertilizer is used according to a formula after doing soil tests (8pts)
¢) Lawn fertilizer is used according to instructions (6 pts)
d) Lawn fertilizer is applied randomly (5 pts)

Describe the vegetation in the lowest lying part of your schoolyard.
a) well vegetated with trees and shrubs (10 pts)
b) vegetated with unmowed grass (8 pts)
c) mowed grass (7 pts)
d) bare soil, pavement, or concrete (0 pts)

Co0oCcooad

Plant a wild Meadow

Follow the CBF protocol to build a Rain Garden

Begin your own MICronursery for tree plantings

Scrub and shrub

Attract wild colorful butterflies and birds by planting a Wildlife Garden
Be aggressive and build a Wetiand

Your
Score

Veg. _
Total

Poor vegetation causes problems with these indicators of Bay health:




: Blodiversity:

1.

By counting the different types of leaves or bark, how many different types of trees are there
on your schoolyard?

a) 10 or more (10 pts)

b) 7-9 (8 pts)

c) 4-6 (5pts)

d) lessthan 4 (4 pts)

By counting the different types of leaves and berries, how many different types of shrubs are
there on your schoolyard?

a) 7 or more (10 Pts)

b) 4-6 (7 pts)

c) less than 4 (4 pts)

Below are examples of habitats for animals. Which of the following apply to your schoolyard?
(4 pts. for each)

a) woodlands with many layers of plants and trees

b) tall grassy fields/meadow

¢) thick brush and brambles or a brush pile

d) dead standing trees or rotting logs on the ground

e) streams with forested buffers

! VO 5
Plant native shrubs and flowers that attract wildlife
Identify what local anilnal$ may Neell and restore their habitat
Ask your teacher how to gelinvolved
Plant 1rees

a
a
a
d

Your
Score

Biodiv.
Total

Preserving and restoring habitat increases biodiversity and helps improve these indicators :




Does your school have an environmental club, offer environmental science classes or
a bay unit in science class? (1 point for each yes)
Is there a stream on your schoolyard? Is there access? (1 point for each yes)
Are there energy saving devices? (1 point for each yes)
-compact fluorescent
~skylights
-signs reminding you to turn off lights
Test your principal/administrator/science teacher: (2 points for each correct answer)

DDDUJ

a. Isthere a body of water attached to your schoolyard
b. What is the closest sewage treatment plant?
c. Where is the closest landfill?
d. Isthere incentive for the staff to use public transit? (2 pt. for yes)
e. Does your school recycle? (2 pt. for yes)
f. Do you want to improve your schoolyard? (2 pt. for yes)
Study the Bay
Go on a Chesapeake Bay Foundation field experience
Read about the Bay

Ask your teacher about the Chesapeake Bay

Your
Score

Bonus
Points

Awareness of the Bay and solutions to its problems will improve all these indicators of Bay Health:

Now it’s time to add your scores together to find out the health of your schoolyard...

‘Transportation

Biodiversity

Runoff/Erosion If you scored:

100-80 A-B: Your school is excellent habitat for
many plants and animals and is a very healthy part
Vegetation of the watershed!
79-60 C-D: You are on the right track but there is
more work to do if we want to Save the Bay!

59 or less: Poor habitat, Many schools fall in this
Total category so please help us in making your
schoolyard a better place by doing one of the many
Total + bonus points projects listed at www.cbf.org.




Daily Plan 10
Jde:
Nitrogen in our Soils and Lives
Instructional Area:
The Malthusian Dilemma and Review of Unit
Situation:

This is meant to be a two day lesson so as to leave time at the end of the second class for a
review exercise. The students will gain information on global agriculture and also be updated
on the world’s food levels and if we will be able to keep up with the population growth. This
pian will be focused on the powerPoint. it is important that students learn to pay attention in
class that is not forcing them to be fully engaged. At the end of the PowerPoint lesson, the
students will be split into 10 groups and each group will be asked to present what they thought
were the most important points from one of the 10 lessons.

PA Academic Standard(s) Met:
4.4,10

4.8.10

Materials Needed:

Computer

Projector

Worksheet handouts for PowerPoint
Handouts for Review

Interest Approach:

This plan will rely on the teacher’s ability to engage the class using the PowerPoint to convey
the information in an interesting manner. Once again it is crucial that the students master the
ability to learn material in a lecture atmosphere. The second half of the class will encourage the
students to convey the important parts of the past 10 lessons for a quick review session. This
will allow them to start thinking about how they will review the material,

Objectives:




1. To convey a brief history of the Green Revolution,
To explain the world’s current predicament regarding food and if food production will
be able to keep up with population growth.
3 To have the students review the material effectively by having their peers present to
them the important parts of the past 10 lessons.
Content:
Teacher Will Do: Teacher Wiil Say:

1. Teacher walks in and turns on 1. Today we will be examining the

projector to present PowerPoint.
Teacher starts the presentations
and goes through the slides.
Teacher splits the class into 10
groups.

Malthusian Dilemma. We will
also focus on the world food
shortage and if current food
production will be able to keep
up with population growth.

2. Teacher goes through the slides
and refers to the notes included
with the PowerPoint.

3. Each group is assigned to a
specific lesson from the last 2
weeks and is responsible for
presenting the most important
part that sum up the lessons to
the class.

Review / Conclusion / Opportunity to Learn:

1. The objective of this class was to give the students more information about the
Malthusian Dilemma.

2. To have emphasized to the class the importance of modern agriculture to suppot the
growing population and need for food.

3. The students will have been able to review via each group presenting the most
important things from each lesson. if a group leaves something crucial out, the teacher
should add the material after the group is done. This provides the students a second
chance to learn the material verbally from a different source other than the teacher,



Worksheet Answers

1. In 1798, Thomas Malthus wrote an Essay on the Principle of Population.

2. There will be an issue if population increases { arithmetically / geometrically } and food
production increases { geometrically / arithmetically ).

3. Paul Ehrlich believed that this would cause mass starvation in the 1970's and 1980's.

Population bomb or mass starvation

4. Draw a graph of the global population vs. the global harvested food energy.
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5. What is the current number of people starving?

1 billion

Fopulation (biliion)



6. Where is the most recent famine taking place?

a. Europe

b. Chine

c. lreland

d. Horn of Africa
e, Ethiopia

7. Define a cultivated system.

Areas where at least 30% of the landscape is in croplands, shifting cultivation, confined livestock
production or freshwater aguaculture

8. How much cropland does industrial agricuiture account for?

a. 25%
b. 50%
c. 75%
d. 100%

9, Dr. Norman Borlaug founded the Green Revolution.

10. What was involved in the green revolution?

Movement to increase crop production per acre of land via:
- Improved plant breeding
_ Increased number of harvests per year
- Using irrigation and fertilizers
. Mechanized plowing / harvesting [ etc.
- Pesticides
- Bringing modern agriculture to under-developed countries

11. Give an example of a dwarf variety.

Wheat in Mexico
- Traditional — 1 m high and 25% plant mass used
- New cultivar — less than .75 m high and 50% plant mass used

12. Name 3 impacts of genetic engineering of plants.
. Plants outperform traditional varieties

- Limited genetic diversity
- Seeds must be purchased




13, What is crop rotation?
. Crops grown year round on the same spot
14. How many cm of water are required to grow corn?
- 80-100cm
15, True / False : Insoils, phosphorus has a mass 10 times larger than nitrogen,

16. Using only traditional agriculture, how much land would be needed to support a population of
10 billion people?

. Double or triple currently cultivated lands
- Complete deforestation to acquire land

17. How do legume crops reduce fertilizer use?

. Symbiosis with bacteria (Rhizobia) attached to the roots of the plant
- Biological nitrogen fixation '
- Take nitrogen right out of the atmosphere and fix for plants use

18. What is mechanized cropping used for?

- Preparing seed beds

- Controlling weeds

- Applying fertilizers / pesticides
- Harvesting

19. True / False : Pesticide use has increased globally.

20. What year did Dr. Bortaug win the Nobel Peace Prize?

1975
1970
1972
1969

a0 o

21. What are the results of the Green Revolution?

- Increased food production

. No increase in the amount of agricultural land
. Diminished environmental quality

. Possibilities for further yield increases

22. What is the current issue that causes famine and food availability issues globaily?
- Social factors



Worksheet

1. in1798, wrote an Essay on the

Principle of Population.

2. There will be an issue if population increases { arithmetically / geometrically ) and food
production increases ( geometrically / arithmetically ).

Paul Ehrlich betieved that this would cause mass starvation in the 1970’s and 1980’s.

w

4. Draw a graph of the global population vs. the global harvested food energy.

5. What is the current number of people starving?




6. Where is the most recent famine taking place?

a. Europe

b. Chine

c. lreland

d, Horn of Africa
e. Ethiopia

7. Define a cultivated system.

8. How much cropland does industrial agriculture account for?

a, 25%
b. 50%
c. 75%
d. 100%
9. founded the Green Revolution.

10. What was involved in the green revolution?




11. Give an example of a dwarf variety.

12. Name 3 impacts of genetic engineering of plants.

13, What is crop rotation?

14. How many cm of water are required to grow corn?

15, True / False : In soils, phosphorus has a mass 10 times larger than nitrogen.

16. Using only traditional agriculture, how much land would be needed to support a population of
10 billion people?



17. How do legume crops reduce fertilizer use?

18. What is mechanized cropping used for?

19. True / False : Pesticide use has increased globally.

20. What year did Dr. Borlaug win the Nobel Peace Prize?

a. 1975
b. 1970
c. 1972
d. 1969

21. What are the results of the Green Revolution?

22. What is the current issue that causes famine and food availability issues globally?



The Malthusian Dilemma

How have we succeeded in
feeding the world?




Thomas Malthus

® 1798
> Essay on the Principle of Population

@ If population increases geometrically
> 1,2,4,8,16,32, 64, 128

And food production increases arithmetically
> 1,2,3,4,5,6,7,8 :

Then we are in trouble

-Malthus's observation:

- In nature plants and animalis produce far more offspring than can
survive

- Man is also capable of overproducing if left unchecked
- Conclusion:

-~ Family size needs to be regulated or else man's misery of
famine would become globally epidemic and eventually consume
Man

- Poverty and famine are natural cutcomes of population growth
and food supply was not popular among social reformers who
believed that with proper social structures, all ills of man could be
eradicated.




“neo-Malthusians”

® Believe humanity is doomed
® Assume population, affluence A
and technology are independent \
of each other !

@ Paul Ehrlich

> Population Bomb
. Mass starvation in 1970’s and 1980’s iy
overpopulation




Malthus's Incorrect Guess

Both population and food harvests have grown
geometrically

+ Canwe continve
to increase crop
yields non-linearly?

« Wil Malthus
eventually beright?

.
food harvest ..

+ What are the
"costs” of increasing
yields?
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Recent Famines NOT Caused By
Global Food Shortages

@ Europe: 1300's
> Medieval warm period ended; less food produced

@ lrish potato famine: 1850's
» Social, climate, and pest factors (blight)

® Chinain 1950's and 60's
> Population growth combined with poor leadership

® Ethiopiain the 1970's and 80's
> Sociopoliticat

® Horn of Africa Famine in 2011
> Somdlia, Ethiopia and other neighboring |
countries ‘
> Severe drought

East Africo
Famine

® Currently: 1 billion people are hungry




Recent Food Production
Changes Linked To Politics

® Decline‘ of
USSR
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® Subsidies in | 2
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- Global food production is increasing, however food production per person is
not increasing.




Increasing Food Supply

Soume: Milfannium Ecosysiom Assessment

Cultivated Systems in 2000 cover 25% of Earth's terrestrial surface

-Cultivated systems — defined as areas where at least 30% of the landscape is

in croplands, shifting cultivation, confined livestock production or freshwater
aquaculture

- Increased cultivated land area

- More land was converted to cropland in the 30 years after 1950 than in
the 150 years between 1700 and 1850.




Increasing Food Supply

@Induﬂﬁologﬁcuﬁum&occounhfor25%
of cropland

® Industrial agriculture is a fairly new
concept

® It would not be
possible to feed
the world with
traditional
agriculture

i dicnal agricuitling

|
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- Ingustrial agricutiuee 1
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_Goal of industrial agriculture is to increase yield and decrease the cost of
production

- Goal
-Low food prices
-Cheap feed for animals
-Potential energy source
-Exports

-Has high environmental impacts



Vandana Shiva

® “Water has grown
scarcer in india, as
Green Revolution water-
guzzling agriculture
replaces traditional
practices attuned to
local water conditions
and local needs."

Norman Borlaug

® “Mnlions of farmers who

have successfully grown
the new wheat, rice,
and maize varieties have
greatly increased their
income. And this has
stimulated the rapid
growth of agro-industry
by increasing the
demand for fertilizers,
pumps, machinery, and
other materials and
services.”

- Two different views of how industrial agricufture has impacted the world




Green Revolution

Founded by Dr. Norman Borlaug

A movement to increase the crops produced

per acre of farmland by

1) Improved plant breeding

2} Increasing the number of harvests per year

3} Giving plants the resources they need to grow fast
A) lrrigation
B} Fertilizers

4) Mechanized plowing/harvesting/etc

5} Pesticides

4} Bringing modern agriculture to under-developed

countries

10



Yaqui Valley --
“The Home Of The Green Revolution™

7.000
000 b e e R
Yaqui Valley.
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Agricultural Year

-Annual precipitation in Yaqui Valley — 30 cm/ year
_Comparison of the world wheat yields o the Yaqui Valley



1) Plant breeding

® Began in Mexico in 1944
> 1944 - Mexico imported half of its wheat

- The Rockefeller Foundation, Dr. Borlaug and
the Mexican government established a plant-
breeding station in NW Mexico

» 1956 — Mexico self sufficient in wheat

production
> 1964 — Mexico exports 2 million fons of

wheat

12



Genetic Engineering

® Breeding crops in the lab to choose the
best cultivars

® Used plant varieties from all over the
world and crossed them

® Crops have same photosynthetic
efficiency as wild ancestors

® They are now "dwarf" variefies
and have disease resistance

Norman Borlaug

13



Dwarf Varieties

@ More of the tissue we want
> Seeds
> Leaves
> Tubers

® Example

» Traditional Wheat in Mexico = 1 meter high
and only 25% of plant mass used

> New cultivar = Less than .75 m tall and 50% of
mass used

® Less lodging

-Lodging
- Plant is flattened
- Occeurs in root or stalk
-Can be caused by overuse of fertilizer



Nitrogen Fertilizer Use on Wheat

100%

300
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o
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Year

5

-Amount of nitrogen fertilizer applied to wheat over time

- Percentage represents the proportion of the area that is fertilized

15




Long-term Impacts

® Plants outperform traditional varieties
> Less global famine
> Less agriculture land area
» Requires irrigation, pesticides, and fertilizers

. |fthese are not available, traditional varieties can
do better

+ Requires dependence on high inputs
® Limited genetic diversity

® Seeds must be purchased
> Previously farmers could save seeds, now they
buy them

> Leads to ownership of crop tgpes by current
biotech companies such as Pioneer

- Must purchase because the best varieties are infertile F1 hybrids

16



2) Increasing The Number Of
Harvests Per Year
® Dr. Borlaug had the idea to plant crops

in the mountains in the summer and in
the Yaqui Valley during the winter

® This lead fo modern crop rotations:
> Crops grown year round on the same spot

-During crop rotation, different crops are planted
- Example: Wheat then Barley, grain crop then legumes, etc.

17



3) A. Increased
Irrigation:

® Plants require
> 450 - 1300 moles of
water per mole CO, . I
Gbsorbed ] 1680 1970 1980 1960 2006

frrigated cropland (Mha)

® Seasonal Crop Water Requirements
> 25 =50 cm for small grains
> 80— 100 cm for corn _
> >100 cm for alfalfa, sugarcane and rice

-1 mole of water = 18.02 grams
- 1 mole of CO, = 44 grams




160 30

3) B. Increased \
Fertilizer Use '

- 20

Total
fertitizer use L

® Plants composition:
» Carbon from the atmosphere -
> From soil 0 : r » r
P50 1960 a7 TGR0 990 2000
+ Nitrogen, Phosphorus, and Yoor
Potassium

« Nitrogen mass is 10 times larger than phosphorus; Potassiumis in
between

@ |f soils can't provide Nitrogen, Phosphorus, or
Potassivm

> Plants grow siowly

+ Less food
» Every harvest soils are depleted of these nutrients
> Add nutrients in as fertifizers

Total ferulzar tmdliens of tonsy
o)
[=]

Fertlizer per person (Kgy
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Global fertilizer applications

(a) World fertilizer use, 1998

Copviight 53 2085 Pearson Felucation, lac., publishing o Benjumin Cainiings
(i i 4 :
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Keeping Traditional Nutrient
Applications

® Traditional agriculture used organic
wastes to return nutrients to soil
> The only way to support 10 billion people by
traditional cropping (i.e. only organic waste

additions) would be to double or triple
amount of cultivated land.,

> This would require complete deforestation of
tropical rainforests to acquire land
® To give up inorganic N fertilizers alone
means that the global population would
need to decline by 2 to 3 billion

21



Legume Crops Reduce Fertilizer
Use

® Some crops have symbiosis with a
bacteria attached to roots {Rhizobial)

> Called “biological nitrogen fixation™
> Can take nifrogen right out of atmosphere

-Examples of crops with symbiosis
-Soy beans
-Alfalfa

-Peas
- Plants provide carbon (energy) to bacteria
- Bacteria “fix" atmospheric nitrogen and give it to the plant

22




Fertilizer Most Important Nitrogen input

Mostly
fertilizer

China

Some
recycling

Some

biofixation .

i blr;frg(allon ‘? !egume [ - ‘atmuspherlc.depositlon -
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*Figre 7.8 . .
Figure 7. TN Mty it Gersaan cinpping, P90 1993,

“Niteogen inpues it Chia's croppang, 1052- 194,
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4) Mechanized Cropping

® Used for
> Preparing Seed Beds
> Controlling Weeds
> Applying fertilizers / pesticides
> Harvesting

- Exposed soil erodes away easily

24




Increases Energy Use

® Energy breakdown
> 45% Fertilizer
> 45% Machine operation
> 2% pesticides

e Crop harvests and energy subsidies
e P . (from fossil fuels) have increased by
~ several orders of magnitude {left axis)

ivated area {Gha) 3

Energy (£

Gul

| -~ cullivated area
kY

A ]‘0
Gy s

At 1 10 1960 1986 2000

-Makes agriculture dependent upon fossil fuels

- Total cultivated area has increased by 50% since 1940 but very little since
1975




5) Pesticide Use

® Increasing globally
® Insects
® Fungi

® Weeds

2.5

United States

Pasticide intensity (Kg per hectare)

. T T i
§960 1970 1880 1990 2000
Year

Copaitght 1 2005 Peaavon bri i g pobdishaag s Bt nnsn




6) Expanding Into Developing
Countries

@ For this Dr. Borlaug won the Nobel Peace
Prize in 1970

Wheal yields in selected countries, 1950-2004
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Results Of The Green
Revolution

® Encreosed fOOd Through Improved Technology, 1950-1888
production in monY -
regions and globally it

® Allowed agricultural land
areda to remain the same

® Failedin some cases and
diminished
environmental quality
® Possibilities for further
ield increases from
hese methods are 8 S W
limited

Mhllion kectares




Synthesis
® Malthus predicted famine
> Population grow faster then production

® Green Revolution

> Helped avoid famine by increasing production /
acre

> Used: Breeding, fertilizer, irigation, pesficides,
mechanized cultivation

- > Drawbacks
® Global food production continues to increase
while food production / person is not

> Current food availability and famine problems
caused by social factors

29
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Quiz

In 1798, wrote an Essay on the
Principle of Population.

There will be an issue if population increases { arithmetically / geometrically ) and food
production increases ( geometrically / arithmetically ).

Define a cultivated system.

How much cropland does industria! agriculture account for?

a. 25%
b. 50%
c. 75%
d. 100%

founded the Green Revolution.

Name 3 impacts of genetic engineering of plants.

1.

Define crop rotation.




8. True / False : Insoils, phosphorus has a mass 10 times larger than nitrogen.

9. Explain how legume crops reduce fertilizer use?

10. True / False : Pesticide use has increased globally.




Quiz Answers

In 1798, Thomas Malthus wrote an Essay on the Principle of Population,

There will be an issue if population increases { arithmetically / geometrically ) and food
production increases { geometrically / arithmetically ).

Define a cuitivated system.

Areas where at least 30% of the landscape is In croplands, shifting cultivation, confined livestock
production or freshwater aquaculture

How much cropland does industrial agriculture account for?

a. 25%
b. 50%
c. 75%
d. 100%

Dr. Norman Borlaug founded the Green Revolution.

Name 3 impacts of genetic engineering of plants.
- Plants outperform traditional varieties
- Limited genetic diversity
- Seeds must be purchased

What is crop rotation?

- Crops grown year round on the same spot

True / False : In soils, phosphorus has a mass 10 times larger than nitrogen.
How do legume crops reduce fertilizer use?
- Symbiosis with bacteria {Rhizobia) attached to the roots of the plant

- Biological nitrogen fixation
- Take nitrogen right out of the atmosphere and fix for plants use

. True / False : Pesticide use has increased globaily.




Unit Review Handouts Instructions for Teacher

Each Lesson Packet includes a copy of the PowerPoint slides or background information
presented from that lesson.

The students should review this information closely and take some notes about the portions
that they think were the most important,

Students should then put together a presentation of some form to present to present to the
class.

a. This presentation can be a PowerPoint, poster, diagram, skit, etc. The students can
choose what they feel is the best way to convey their information. The teacher can
award bonus points to the most creative group to avoid all the student groups doing
PowerPolnt’s or posters.

b. Presentation should be given a maximum time limit to avoid being to lengthy of a
review session.

c. Presentations should include all of the most pertinent information from that lesson. The
teacher should add information at the end of the information if they feel there was an
important point skipped over by the students.

d. This should be a fun way to review all of the information before the unit test.
e, The teacher can grade the presentation based upon information presented, way

information was conveyed and by students individual contributions to the group. A
grading rubric similar to that as used in Lesson 7 could be used.




Student Presentation Evaluation Form

Your Name: Date:

Presenter Name(s):

Topic:

Scale: 5 = Excellent, 4 = Good, 3 = Satisfactory, 2 = Needs Improvement, 1 = Poor

A. Clearly communicates the subject matter 5 4 3 2 1
- Few um’s, uh’s, etc.
- Has practiced
- Good pace (not to fast or slow)
- Effective use of note cards (does not often use)

B. Eye Contact 5 4 3 2 1
- Looks at whole class

C. Uses visuals appropriately 5 4 3 yA 1
- Easy to see

- References during presentation
- Does not read off of it

D. Is knowledgeable of topic 5 4 3 2 1
- Answers questions
- Gives thought to answers

E. Presentation is informative 5 4 3 2 1
- Did it have a clear focus
- Did you learn something new?

F. Organization / Clarity 5 4 3 2 1
- Easy to follow
- Flow

G. Constructive criticism / compliments:




Lesson 1 Review Packet

Lesson Title: Nitrogen 101

Use this space to list the important facts from this lesson:

Presentation ldea;

Jobs of each group member:
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Soil is EVERYTHING!

Soil allows plants and trees to grow

Provides animals and humans with food

Nitrogen 101

*

Foundation for homes and roads
Soil filters the water we drink

Understanding Nitrogen and Our
Soils

Components of Soil Where Does Nitrogen Fit?

Sail Comopsition Nitrogen is part of soil organic material

» Humus is another name for organic material

— Fermed by the decomposition of plant or animal
wastes ’

& Al
BAVaser
= Mineral

Small amount in minerals

B Organic Malter

Nitrogen Basics

+ Nitrogen is in our soils

Plants use Nitrogen to grow healthy

What is Nitrogen?

Nitrogen is the most deficient nutrientin a
managed ecosystem

+ Two forms existing in soil
~ Qrganic: animal, plant, human sources
— Inorganic: mineral sources {precipitation/fertilizer}
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Nitrogen and Plants

+ Plants can only use inorganic Nitrogen
+ Only a small amount of Nitrogen is inorganic

- Does soil ever run out of Nitrogen?
— Nitrogen Deficiency

BACTERIA!

Two main conversions:

1. Convert atmospheric Nitrogen into inorganic
forms

2. Convert organic Nitrogen from wastes into
inorganic forms

Rhizobia Bacteria

Rhizobia are linked with the roots of legumes
- symbiotic relationship

Infects the root and forms air tight nodules

+ Convert organic Nitrogen to inorganic

» Legumes are two-way plants

—They use inorganic Nitrogen tn soil

— But they also trap atmospheric Nitrogen in the sail
— Example of legume = Beans

Let’s Put it Together

» How do the soil, plants, bacteria and Nitrogen
work together?

Basic Nitrogen Cycle

“Food Webs onband - 'Fomllzer_li-'——:-.@";ﬂ.';-«;-p

- Ongits Mattet w—e—p. _Ammanium {NH

What Do These Terms Mean?

+ Nitrogen Cycle — Movement of Nitrogen in different chemical
forms

+ Nityogen Fixation — Convert atmospheric nitrogen gas into
forms used by ptants

« Nitrification — Owdation of ammanium inte nitrite and then
into nitrate by microorganisms

+ Denitrification - Loss or remaval of nitrogen

+ |paching — Various chemicals dissotved and carried to
groundwater

v Runoff — Water flows on earth’s surface into nearby bodies of
water
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Terms Continued

Eutrophication — Changes take place in body of water after
inputs of nitrogen

Ammonium — Colosiess, pungent, suffocating, highly water-
soluble

Nitrates — Plants need to grow, natural material in soil, water
soluble

Nitrites — Transitional form of nitrogen, quickly converted

In-Class Assignment

Make your own version of the Nitrogen Cycle

' BE CREATIVE!

Make sure that it makes sense
Using the pervious slide
— Make sure to include all components listed

— Words in italics are modes of “transportation” for
Nitrogen




Lesson 2 Review Packet
Lesson Title: How Does Nitrogen Change and Where Does It Hide?

Use this space to list the important facts from this lesson:

Presentation Idea:

Jobs of each group member:
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Nitrogen Cycle

How Does Nitrogen Change
and Where Does lt Hide?

Transformations Start in the Soil
» What does transformation mean to you! . - How does Nitrogen get in the soil?
.+« Organic Nitrogen
» Think about water transformations Decomposition
o Fixation
» Inorganic Nitrogen
Fertilizers
Organic Nitrogen : Plants

« Decomposition — To break down, decay
» Uptake - Inorganic Nitrogen moves out of

the soil and water into the plants roots

This Is a compost bin, which is decomposing plant and
food wastes

s Nitrogen Fixation — Legumes pull
Nitrogen from the air and convert it into

. Mineralization — During the decay of organic i . .

| s s 3 ri
matter, microorganisms convert organic inorganic usable form
nitrogen into inorganic nitrogen

- |mmebilization — Microorganisms convert
inorganic nitrogen into organic nitrogen
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Experiment ¥l

Experiment #2

: » Most common and largest source of nitrogen

© « The bacteria infect the root hairs of the plant

Nitrogen Fixation Facts

fixation comes from the symbiosis of legumes
and bacteria {Rhizobium or Bradyrhizobium).
- Examples include soybean, alfafa, and clover.

and the plant responds by forming root
nodules, which is the site of nitrogen fixation.

More Nitrogen Fixation Facts

- Non-legume plants are capable of forming
symbiosis with other bacteria that can
also conduct nitrogen fixation.

Examples:Alder tree species and flowering
Gunnera

» Termite — Gut bacteria

« Lightning converts atmospheric nitrogen
gasses into a water soluble form

o Benefits of Nitrogen
 Helps control metabolic processes related to plant
©- growth

» Lots of growth and dark green color

Laclk of Nitrogen
o Reduced plant growth
" . Leaves are pale green and
yellow at tips
+ If severe deficiency, leaves
turn brown and die

Where Else Does Nitrogen Go!
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Water

« Leaching — Removal of soluble Nitrogen
dissolved in water from soil

« Runoff — Soil can no longer hold water, so
additional water moves across sofl
surface, taking Nitrogen with it

- Eutrophication - Nitrogen lost through
leaching makes its way into the groundwater
and the groundwater becomes polluted.

Air

s Denitrification — The nitrogen in
waterlogged soils is changed by bacteria
into nitrogen gasses.

» Volatifization — Process of moving the
nitrogen gasses out of the soif and into
the atmosphere.

Soil
+ The Nitrogen may bond with the soil

particles because they have opposite
charges

« This attachment helps prevent leaching

« Cavities inside certain soil structures
“hide” the nitrogen

Worl It Qut




Lesson 3 Review Packet

Lesson Title: USDA Web Soil Survey

Note: For this lesson, use the answers from your web soil survey worksheet and the tutorial handout.

Use this space to list the important facts from this lesson:

Presentation ldea:

Jobs of each group member:




USDA Web Soil Survey Tutorial

Launch web soil survey: http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
On the home page, click on Start WSS (in a green button}. '
Click on the Area of Interest Tab.
Under the quick navigation heading, put desired location into the survey.

a. Located on the left side of the screen,

b. Enter address

e

c. Press view
5. Above the map, there is a toolbar. Select the hand to drag the map to the correct
position.
6. Use the zoom function in the toolbar above the map to zoom in the location,
a. Drag arectangle over the area of interest and click to zoom in.
b. Continue zooming to reach desired location.
c. The blue arrow in the map toolbar is the “undo” zoom button.
7. There are two AOI buttons in the map toolbar.
a. Select the AOI button with the red rectangle.
b. Draw a square around the area of interest on the map.
8. The map will reload with blue lines shading the selected area.
9. Next, click on the soil map tab at the top of the page.
a. Thistab is located next to the Area of Interest tab
10. This map shows the locations of different soils of the selected area.
a. Click on a soil type under the map unit legend and get more information
about the soil.
11. Next click on the Soil Data Explorer tab.
12. Open the building site development category.
a. Click on the different topics, and then select view ratings to view soil
suitability.
b. The map will show areas in different colors in regards to suitable or
unsuitable.
c. The table below the map offers additional rating information.
d. Other categories can be investigated in the same manner.
13. If students need to print a specific map, select printable version in the top right
corner,
a. A screen opens, select view.
b. This creates a PDF that can be printed or saved.




Lesson 4 Review Packet

Lesson Title: The Haber-Bosch Process

Use this space to list the important facts from this lesson:

Presentation Idea:

Jobs of each group member:
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Lesson 5 Review Packet
Lesson Title: The Effects of Excess Nitrates on the Health and Lives of Humans

Use this space to list the important facts from this lesson:

Presentation Idea;

Jobs of each group member:
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The Effect of Excess Nitrates
on the Health and Lives of
Humans

What are Nitrates?

* Chemical compounds

+ NO,— 1 Nitrogen atom and 3 Oxygen atoms

» Some can be harmful to human health, others
are not

+ Environmental sources
— Agricultural runoff
-~ Industrial waste

Are There Benefits of Excess Nitrates?

« Increased global food production

What Are Some Concerns With Excess
Nitrates?

+ Air Concerns
+ Water issues
* Human Health

Effects on Third World Countries

» Moderate use of fertilizers in developing
countries will increase:
~ Nutrition
— Food availability
— infrastructure
— Public health
* Problems created:
— More fand will be used to provide feed for livestock
~Taking away land for crop preduction

 Effects on Diet

» In fully developed countries, an unbalanced diet is
increasingly common
— Rislng consumption of meat (beef and poultry)
— Increase in the number of those who are overwelght
andfor obese

+ Higher consumption of beef has been known to
cause heart disease and diabetes

Eutrophication of waterways can effect shellfish
and our fisheries
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Effects on Air Quality

+ Higher levels of NO; lead to higher levels of ozone
-~ Contributes to asthma rates and respiratory diseases

+ Fine particulates in the air (including those formed
from NO,) correlates to:

— cardiovascular diseases, reduced lung function, overati
martality, etc

» It has been proven that increased nitrogen levels
increase the pollen count in some plants,
aggravating allergies of effected people.

Health Effects

+ Infants that drink water with values above 1¢ ppm of
nitrate have a higher risk of developing
methemoglobinemia {‘blue baby’ syndrome}

+ Very recent evidence has suggested that the risk of
ceriain types of cancers increases with nitrate levels.

« Highet nitrate levels may influence the populations of
vectors {l.e. mosquitoes) of certain diseases thereby
completely changing the dynamics of certain viruses or
bacteria




Lesson 6 Review Packet
Lesson Title: Environmental Policy and Regulations Related to Nutrient Management

Use this space to list the important facts from this lesson:

Presentation ldea:

Jobs of each group member:
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Environmental Policy and
Regulations Related to Nutrient

Major Change for Farms in the
Nitrogen Cycle

» Farms are becoming specialized

Management
* In the past the manure produced on a farm
would be used for the crops on that farm
* Now there are specialized CAFO farms
{Concentrated Animal Feeding Operation),and
the use of the manure is not nearly as effective
Statistics

» Pennsylvania's livestock produces approximately
30 million tons of manure annuaily that contains
171,000 tons of nitrogen.

~ if not applied at the right time, rate or location,
manure becomes a pollutant

+ 3,903 miles of Pennsylvania’s streams are
impaired from agricultural activities
— Clean Water Act

Clean Water Act

Regulate discharge of pollutants into the
water

+ Quality standards for surface waters

» Enacted 1948, Expanded in 1972,
Amendments in 1977

Unlawful to

— Discharge poliutants from point source into wateys
unless get permit

-

Clean Water Act

+ National Legislation

+ Sets up definitions for AFO (Animal Feeding
Operations) and CAFO

+ Uses values from the Unified Nutrient
Management Strategy

+ Nationat strategy for setting up nutrient management
pians.

TMDL (Total Maximum Daily Loads)
— Determined by Investigation

Agriculture Dominates Changes In
The Globat Nitrogen cycle

Galioway et al. 2003

Talal Human um of green +
150 /f arange + red

e
Inorganic |
{ertilizer

“Naturai”

Legumos Soybeans
.
alfalfa
Fassll Fuel e -

[
1230 1900 1950 2000

3]

Reactive Nitrogen Tg N yr?
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Haber-Bosch Process

+ Most economical for nitrogen fixation
+ Fritz Haber and Carl Bosch

— Chemists
* Synthetic ammonia process

— Ammonia from hydrogen and nitrogen

~ Combine nitrogen from air with hydrogen under
extremely high pressure and moderately high
temperatures

~ Uses iron catalyst

Act 38 (Formerly Act 6)

« All CAOS {concentrated animal operations)
must have an approved nutrient management
plan

+ |tis considered a CAC if there are more than two
animal equivalent units {AEU = 1,000 pounds of live
weight of an animal)

* Included in the plan:

« Amount of manure generated

« Nutrient content of the manure

» Manure application rates and handling procedures

+ Levels of Manure Exported

+ Agriculture Erosion and Sedimentation Controi Plans
« Both nitrogen and phosphorus based management

REAP Program

« REAP — Resource Enhancement and Protection Program of Act
55 of 2007

« Provides tax credits to farms that implement Best
Management Practices (BMPs)

+ The amount of tax credit depends on the BMP used. But
farms can receive between 50% and 75% of project costs as
tax credits.

+ This encourages farms to implemeant such BMPs as:

~ Specific Equipment for Better Handling of Manure or No Till Practices
~ Erosion # Nutrent Managemsnt Plans

— Constructed Wetlands

-~ Fte.

Chesapeake Bay

+ Formed 12,000 years ago when glaciers mejted and flooded the
susquehanna River
+ 200miles long
+ Runs from the meuth of the Susquehanna River to the Atlantic
Ocean
+ Encompasses 6 states
— Delaware
— Maryland
-~ New York
- Pennsylvania
= Vinginia
— West Virginia
+ Chesapeake Bay watershed include
— Tidai shoreline
— Tidal wetlands and islands

Chesapeake Bay

+ Critical Condition
+ Overload of pollution
- Mercury
~ Nitrogen and Phosphorus
*+ Algae blopms cause “dead zones”
+ Sources of potlution
— Major Reason
+ Increased impervious cover
~ Agriculture
-~ Sewage
— Stormwater
— Alr polution

Chesapeake Bay Agreement

Originaily from 1983
— Goals weren’t set until 1987
- Reduce pollution from sewage treatment

In 1952

— Wider strategy needed

— Inputs were attempted to be reduced further
upstream in the tributaries

In 2000

— Goal set to have the Chesapeake Bay in an
acceptable heaithy range by 2010

-

.




Fix Your Schoolyard Bare Spots

Bare Spots

— Vegetation no longer exists

Where are the bare spots on school grounds?
Why are these spots bare?

How could we fix these areas?

12/13/2011




" Lesson 7 Review Packet
Lesson Title: Smarter Farming Techniques and Alternative Energy Preduction using Nitrogen

Use this space to list the important facts from this lesson:

Presentation Idea:

Jobs of each group member:
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Smarter Farming Techniques
. and Alternative Energy
Product:on usmg Nitrogen

Conservation (No) Tillage vs.
Conventional Tillage

Conseruatlon Tillage Conventlonal Tillage

Decreased Erosion due to Crop Residue Increased £rosion due s lack of Crop

Resldue

Lack of Incorporating Fertilizers and Therough lncorperation of Fertilizers and
Manure Manure

Increase of Microbla! Activity Decrease of Micrabial Activity

Increase of Water Infittratian Decreased Water Iafiltration

Stratified Mutrient Levels and pH Mixed Nitriant Levels and pH

Roots Concentrated Near Surface Roots Uniform throughoul Rooting Zone

1ower Sail Temperatures Higher Soil Temperatures.

Increased Chance for increased Mormal Chance for Increased

Denitrification Denitrfication

e Acsdu: s0i
- Alumlnum uptake can rEStnct root gfowth and the uptake :

ot Neutrallze the: acsdity

- Soil Acidity

“+ Nitrification = acidic soil
. * Notilf systems

— surface soil is usually the most acidic because of
* Nitrification
" v, Decay of crop residues
+ Adid, rain i =
T Appllcatlnﬂ of femllzerg T

s

. ofwater and nutfients

.~ 3polinds of calcium carliohate limestone tﬂne gralned)
per acre to be applied regularly

aowr

~ Losses of Nitrogen in an Ag System

» Saturated soil
ln‘creased‘ieveE of denitrification
- Der,rease in nltrate levels
. Leachmg of Nitrate and other nutrient cations

Tao— Hrgherchance of occurnng due to tha-decreased
. " level of surface runoff-and mcreased water
e, mf ftration

AL

-

Volatilization

Ureaform of Nitrogen
- Found In many fertilizers and manure

) Ve Eastly convert 1o NH; and be jost to the atmosphere

MInEmIZE extreme volatilization levels of

- Eertliizer by to applymg before rain
' —Another optaon Is tg inject the fertillzer mto the soil -

I%) decre ase immoblhzatmn
Best way to- m|mm|ze nitrogen loss

= Appiv when the crop 13 ready to.utilize the nttrogen .

- Surtable appllcatson rates.

. Best Management Practices

' “Tg take.advantage of the REAP tax credit
program afarm must be implementing Best
Management Practices {BMPs) and there are
: many d|fferent types o
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Steps to BMP

Have your soil tested

Follow soil test recommendations

Set realistic yield goals

Choose the most sultable nitrogen source
Apply nitrogen and phosphorus correctly
Time nitrogen applications appropriately
Use manure as a nutrient source

Control erosion

ivianage water flow

Fence animals away from streams, drains and
critical areas

Planning BMPs

» Ap _Erbsion and Sedimentation Control Plan

.

. Conservation Plan .

thrient Mgnagemerj_t Pi'an--= L

Bl Manure ManagementSummary

=—Al plans must meet REAP requwements

-

Equipment BMPs

'Comﬁostjng Equipment

. - Wiilrp,rovide,‘another source of fertilizer for crops

" Manure Equrpment -
i Equlpment for-Manure Incmeratlon, .

Incorporation, and Separatlon c

< No Vo fillor c_o_né‘e‘rvation Tillage Equipment < ©

Other Types of BMPs

Acceﬁs‘Roads

K Brush Management
e Constructed Wet!and

Cover Crops .

‘ Riparlan Forest Buffer '

. AWaste:_T{eatment.Lq__gedn"" :

Biogas

if a CAFO is not able to effectively export all of

o its manure Blogas treatment facility is
: optional

Uses manure, “thin strllage (a by product. of

. ethanol productlon) and three types of ~
' bacterra y

Biogas

*» Stage 1. Bacteria break
down manure into fatty
acids

+ Stage 2: Bacterla
" reduces the fatty actds
* into acetic acsd

Stage 3: Bacteria turns 7
. “the"aceticacid into- bio- -
methane gas
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Biogas

o + The byproduct of this process enters a
nutrient recovery process and becomes a

" patural fertilizer than can still be exported by
the CAFO.

: . CAFO has es_s:eﬁtlally_fr'ée fyel that it can use
= to power portions of itsfarm ™+ - . . -

o




Lesson 8 Review Packet

Lesson Title: Ammonium and Nitrogen in Our Local Soils

Use this space to list the important facts from this lesson:

Presentation ldea:;

Jobs of each group member:
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Nitrate in Soils

» Nitrogen
4 . : * Important for growth and reproduction in plantand
Ammonium and Nitrogen in animal fife ’
: + Basic constituent of proteins
Our Local Soils + Nitrate
- P . NO]
« Natural matertal in soils
+ More then go% of nitrogen absorbed by plantsin
Nitrate form
+ Most of non-protein nitrogen fraction
+ important in animal production and in human food
+ Potential toxicity when excessive amounts ingested

Movement of Nitrate in soils Nitrate in Plants

» Soluble in water and moves with soil moisture « Nitrate under normal growing conditions rapidly
+ Sandy soil = lost by leaching reduced to intermediate compounds and converted fo

« Heavier soil = sfower leaching and most nitrogen amino-nitragen ]
recovered by plants + Nitvate reduction occurs in aerial portion and roots of

+ Rarely leaches out of root zone in medium and fine- plants
textured soils
Ammonium Soil Testing
* NH, + Elements are chemicatly removed from soil and
measurec

+ After application
+ Binds to soil or organic matter
« Converted to nitrate by bacteria in the soit « Plant growth increased by showing fertilizer
» During conversien free hydrogens are released and cause the recommendations
sail to be acidic

+ Show when have too little or too much of a nutrient




Taking A Good Soil Sample

« Correcttiming

+ Clean sampling equipment

+ Sample each unique area separately

» Take soi} core to the appropriate depth
» Mix sample cores well

» Label and package sample correctiy

12/13/2011




Lesson 9 Review Packet

Lesson Title: The Chesapeake Bay

Use this space to list the important facts from this lesson:

Presentation Idea:

Jobs of each group member:
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The Chesapeake Bay

A case sludy in the balance between
food preduction and snvironmentat
quality at the regional scale.

The Chesapeake Bay

+ One of the world’s !

richest estuaries S

High productivity '

» High aquatic
diversity

» Important
economically

L]

The Susquehanna

+ Most important tributary to the "upper bay”

+ 2005's "most endangered river”

+ Contributes % of the freshwater to the Bay

+ Sediment and nutrient pollution of total
inputs to the Bay N
— Nitrogen: 44 % g
— Phosphorus: 21 %
- Sediment: 21%

Nutrient Pollution !

64% is non-point source
Farm runoff

— Decrease with improved management
and decrease in amount of farms

Lawns, golfcourses, streets
Residential Neighborhoods
~ Septic systems

+ Increase with development beyond
sewer systems

- Stormwater
+ Increasad with urban development

| " Where Does Nutrient Polfution
| __Originate From?

+ 36% is point-source
—~Wastewater freatment
» Generally decreasing
* Phosphate detergent ban
+ Improved biological treatment technology

Nutrients Affect Aquatic
Ecosystems

» Eutrophication
— Increase in nitrogen and phosphorus
- Excess nutrients in water lead to:
+ Algal biooms

) Eulrophicalion start
* Low dissolved oxygan lrophicglian staris

+ Death of fish Too much
of a good
thing Is bad

Butnen's ——-
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Eutrophication of estuaries

AR B O
.. '\ Apuy

L L s e e by i Jee pubdihagss bl d e it

Eutrophication in the Chesapeake

oy braan

Chesapeake Bay Agreement

Clean Water Act

'+ 1983: First agreement
— “Lets talk about doing something”

— Pennsylvania, Maryland, Virginia, District of
Columbia

1987: Sets goails
— Focuses on sewage treatment
—~Reduce N and P by 40% by 2000
+ Goat missed by a long shot
1992: Tributary strategy
— Reduce nutrient inputs upstream
— More emphasis on non-point sources

= Late 1990's
— EPA sued to enforce Clean Water Act for
Chesapeake bay tributaries
» The Clean Water Act sets a national
minimum goal
— All waters that are “fishable and swimmable.”
-~ Many groups sue for TMDL

— One ruling requires EPA to enforce a TMDL
for the Bay by 2011

+ States scared of TMDL

— New agreement in 2000 setting specific goals
for 2010

Goals of 2000 agreement

* Increase in native oysters
— Eastern Qyster
+ Remove barriers to migratory fish
+ Restore crab fishery
+ Restore crabs/fish habitat
- Aquatic vegetation
» No-net loss of wetland acreage
+ Restore 2,010 miles of “riparian” buffers
— Riparian — streamside ecosystems
+ 30% decline in sprawl rate
- Presarve forasts and farms
» 40% nutrient reduction goat
* "Free of toxins®

State ol tha Bay in 2010

O

Score has improved
sings last tma

<;“"”JL> Scoehas not
TR changed

Score has worsensd
since last me
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EPA is establishing TMDL for the Bay

What is the link to PA farms?

+ States failed to meet the goals of the
2000 agreement so...

— Based on 1990s |aw suit and the Clean Water Act
the EPA needed to do this

— TMDL in ptace for December 2010

- Measures to meet TMDL must be in place by 2025

* Fromthe EPA:

— “It witl be the largest and most complex TMDL
ever, involving interstate waters.... 17 miltion
people, 88,000 farms, 483 significant treatment

plants, thousands of smaller facilities and many
other sources”

+ Farms are a major source of N to Nitrogen
the bay B o
+ PA Nutrient Management Act el
+ Clean Water Act
- Future TMDL by EPA
» Both focus on o
- CAFO
~ BMP

Traditional Nutrient Cycle

1 Of nutrisnts fed 1o
%o, & animals becomes

FBF‘HHZBF ] Animals L human feod
1 2o f
‘\\ ﬂ// i
AN »Il [ “\‘\-\
==Crops }, Ly
/“? i
Y Of nutrients fad lo
“\L. Marure 2 animals bacomes

maniirg spread onlo
crop figlds

Soil i
R

Contemporary Nutrient Cycle

Fertilizer ~,  Feed =

Yoo, A
l o~ Wil g 3
R v Animals ¥ Cf nulrients fed to
,)\\»{-[ animals becomes
| CI"OPS ‘\ | tuman fead
i
oo w47
Wy R
e
Manure
Soil ) 3 Ofnutdents fed fo
s :“; 4 animals becomes

manure spread onlo
crop fields
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Pollution Problems Due To

) Nutrient Pollution Probiem
Nutrients
» Changing structure of animal agriculture +J—rﬁum7;77\ ---------------- 1
e P ~gon §C Orces H
— Self-sufficient farms to specialized farms F—- l
+ Haber-Bosch ferlilizer after World War i / :
+ Subsidies for corn production Farm .Fg"-.d\’I Market
» Farms grow crops specialiy for animat feed @ Preduction £ Outputs 1\”
~ Example: Farm in lowa grows fead for animals in PA Process Env.

- Economies of scale
— Concentration of Agriculture industries
— Farmers respond to us: cheap food {meat}

Adspied from Lanyon, 2000

Current Model Example of Current BMP’s

i - i EconomicForces | + Many of these are funded by the State /
< } Federal Government
arm I — Cover crops and No-till
B |Food 3 Market l ~ Riparian tree buffers or fencing
Topats T Qutputs || - — Manure storage facilities
|EnY. / ND"'Ma_f@ ~ Manure Transpor to nearby farms
o T — Manure/feed treatment to facilitate nutrient balance
B + None of these help farm economies
| | Sacinl Farces |

Adapled hom Lasyon. 2000

Recent Examples

* Nutrient Trading

— Municipalities buy nutrient credits when they don't
want lo upgrade
—~ Not a 1:1 trade

+ Municipaiity releases 1 g of N and pays farmers {o reduce by

How The Modei Should Look

Economic/Social Forces

a9
~ Examples
- Loon + Farmer goss to no-ill; sells credit
- Praduction Fooq}, + Red Barn Trading exports manure oul of watershed
@ BMPs > Outputs | \ Market « REAP
Process E“V-v-"___,_ — $10 million in tax credits to farmers {o recover costs of

implementing new BMPs
— Farmers can’t use cradits so they transfer them

» Sedl on epen market for less than tolal credil to pusinesses
Adapizd from Lanyon, 2000 wilh big ax bilis

+ Gel businesses lo invest in the farm snd then take ths credil
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| i states fall 1o mest TMOLS the

A Future Example  eracudieaso o namber | Addressing Pollution Problems

PR ' Due To Nutrients

— Make farms wilh wilh over a dasignated number of animals
become a CAFO point source

~ CAFOs pay large permitting fees ] + Do more than just improving on-farm
~ Would citizens really choose Bay watar quality aver farms? .
+ This model squeezes the farmer luriher nutrient managemeni
wonin o bt IS OF TARHLALD « Requires changes and restructuring in our
i : agricultural systems
o] S « Immediate action

— Implementing a nutrient management plan to
minimize impact of the system

PERrAREEEEYY

hred

230




Lesson 10 Review Packet
Lesson Title: The Malthusian Dilemma

Use this space to list the important facts from this lesson:

Presentation Idea:

Jobs of each group member:
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The Malthusian Dilemma

How have we succeeded in
feeding the world?

Thqmcs Malthus

@ 1798 )
> Essay on the Principle of Population

® If populotion increases geometrically
» 1,2,4,8 16,32, 64,128

And food production increases arithmetically
» 1.23,4,567.8 .

Then we are in frouble

‘neo-Malthusians”

@ Believe humanity is doomed

® Assume population, affuence
and technolegy are independent
of each other

@ Paul Ehrlich
» Poputation Bomb

+ Mass starvationin 197C's and 1980's
gverpopulation

‘Malthus’s Incorrect Guess

Both bopulction and food harvesis have grown
geometrically

« Canwe conlinue
teIncrease crop
yields non-finearly?

Giobal narvested faod energy (£)

+ Will Malihus
eventually bs right?

» What are the ;
“costs” ofincreasing -
yields? el

E Recent Famines NOT Caused By
Global Food Shortages

@ Europe; 1300's
+ Medieval worm period ended: less food produced
@ lrish polato famine: 1850's
» Soclol climate, and pesl faclors [biight)
@ Chingin ¥950's and 60's
» Populalion growlh combined with poor leadership
@ Ethiopia inthe 1970's ond 80's
+ Soclopolltical
@ Horn of Affica Famine in 201 1
» Somalla, Ethiopia and olher neighboring
countries
» Severe draughl

£ast Affica
Famina
. !

® Currently: | billion people are hungry .-

Recent Food Production
Changes Linked To Politics

® Decline of.

USSR
® Subsidiesin
Europe/US
® Turmoil in
Africa
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‘Increasing Food Supply

[T AN

Cullivated Systems in 2000 cover 25% of Eorlh's 1erresiﬁ6| surface

Increasing Food Supply

® Industrial agriculture accounts for 25%
of cropland

@ Industrial agriculture is a {airly new
concept

® |t would not be

possible to feed

the world with

fraditional

agriculture

Vandana Shiva Norman Borlaug

ki 13-%, HE

@ “Millions of farmers who
have successfully grown
the new wheal, rice,
and maize varielies have
greally increased their
income. And this has
stimulated the rapid
growth of agro-indusiry -
by increasing he -
demand for ferlifizeys,
pumps, machinery, and
other malerigls ond
services.” -

@ "Walerhos grown
scarcer in India, as
Green Revolution water-
guzzling agriculture
replaces iradilional
practices atiuned fo
localwaler conditions
and local needs."

' Green Revolution

® Founded by Dr. Norman Borlaug

® A moverment fo increase the crops produced
per acre of farmiand by
1} Improved plant breeding
2} Increasing the number of harvests per year
3} Giving plants the rescurces they need fo grow fast
A} lrigalion
B} Fertilizers
4] Mechanized plowing/harvesting/elc
5] Pesficides
4) Bringing modem agriculture to under-developed
countrias

- Yaqui Valley --
“The Home Of The Green Revolution”

¥aguh ¥adley—__

w
Z

Heulgy’

Whent Yioid {1/ta)

2ot -

T
5 ameded”

e

1) Plant breeding

® Beganin Mexico in 1944
» 1944 - Mexico imported half of its wheat
+ The Rockefeller Foundation, Dr, Borlaug and
the Mexican goverhment established a plant-
breeding station in NW Mexico
» 1956 - Mexico self sufficient in wheat
production
» 1944 - Mexico exports ¥ million tons of
wheat
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Genetic Engineering Dwarf Varieties
® Breeding crops in the lab to choose the ® More [-jf the tissue we want
best cullivars s Seeds
® Used plant varieties from ali over the » Leaves
world and crossed them » Tubers

® Example

» Traditional Wheat in Mexico = | meter high
and only 25% of plant mass used

> New cultivar = Less than .75 m tall and 50% of -
maoss used .

® Less lodging

® Crops have same photosynthetic
efficiency as wild ancestors

@ They are now “dwarf” varieties
and have disease resistance

Hotman Borlaug

" Long-term Impacts

@ Plants outperform traditional varieties
Nifrogen Ferlilizer Use on Wheat » Less global famine

> Less agriculture land crea

» Requires imgation, pesficides, and fertilizers

500 100%:---
» [fthese are not available, traditienal varieties can
250 do befier
=20 * Requires dependence on high inputs
= {50 @ Limited genetic diversity
= 100 ® Seeds must be purchased
» Previously farmers could save seeds, now they
50 vy them
0 : > Leqds to ownership of crop 1'¥pes by current
1 2 ; biotech companies such as Ficneer
R . - ajresty 4 5
L1956 11966]  year . [1997] |2002]
2) Increasing The Number Of 3) A. Increased
Harvests Per Year Irrigation:

@ Dr. Borlaug had the idea to plant crops
in the mountains in the summer and in
the Yagui Valley during the winter

@ This lead to modern crop rotations;
> Crops grown year round on the some spot

® Plants require.
> 4501300 moles cf
waler per male CO,
absorbed

® Seasonal Crop Water Requirements
» 25 =50 cm far smatl grains
> BO- 100 cm for com
> >100 cm for alfalfa, sugarcane and rice
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3) B. Increased
Fertilizer Use

[ Plants compdsition:
> Carbonfrom the atmosphere
> From soit X
+ Nilrogen, Phesphorus, and,
Pctassium N

+ MNilrogen mass k 10 limes larger than phosphorus; Polassium Is in
helween

o If soils can't provide Nitrogen, Phosphorus, or
Potassium

» Plants grow slowly
+ Less food

> Every harvest soils are deplated of thesa nulrienls

> Add nufrientsin as ferlllizers

ons

G

Global fertilizer applicati

‘Keeping Traditional Nutrient
Applications

@ Traditional agriculture used organic
wastes to return nutrients to soil
> The only way io support 10 billion people by
tradifional cropping (i.e. only arganic waste
additions} would be to double or triple
amoeunt of cultivaled land.

» This would require complete deforestalion of
tropical rainforests o acquire land
@ To give up inorganic N fertilizers alone .
means that the global population would -~
need tc decline by 2 te 3 billion

" Legume Crops Reduce Fertilizer
Use

® Some crops have symbiosis with a
bacteria attached to roots {Rhizobia)
» Cailed "biological nifrogen fixation™
» Can take nifrogen righi out of atmosphere

T

Ferliizer Most Important Nitrogen Input

Maosily

Germany
Terilizer

Some
recycling

Some
ecn g lEQUMES

4) Mechanized Cropping

® Used for

> Preparing Seed Beds

s Controlling Weeds

> Applying fertilizers / pesticides
> Harvesting
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‘Increases Energy Use 5) Pesticide Use
® Energy breakdown
> 45% Fertilizer ® Increasing globally
> 45% Machine operation ® Insecls
> 2% pesticides ] O
® Fungi i Beasa seas
Crop harvests and energy subsiciies ERA
{irom fossil fuels) have increased by ® Weeds ¥
saverdl erders of magnitude (left axis) ?
n-i:;m! i . ) e arm o ran i)
6) Expanding Into Developing - Results Of The Green
Countries Revolution

® For this Dr. Borlaug won the Nobel Peace
Prize in 1970

Yheatph o ttirced wonbes, 18200
n '

kg dug
n-’
3

®

Wil 6 Corpal Pradiestion. Aea Sird

lncrecsed fOOd Through Improved Teshnstagy, 1950 1903
productionin monY
regions and globolly
Allowed agriculiurol land
areq to remain the same
Foiled in some cases and
diminished
environmental quaiity
Possiilities for further

ield increases from
these methods are
limited

Synthesis
® Malthus predicted famine
> Population grow faster then production

® Green Revolution
» Helped avoid famine by increasing preduciion /
acre )
> Used: Breeding, fertilizer, irrigation, pesticides,
mechanized cultivation
> Drawbacks
® Global feod production continues to increase.
while feed production / persen is not e
» Current food availability and famine problers
caused by social factors ‘
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