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About the Guide

The Ecology Center welcomes you
to Terrain for Schools, a unique
current events–based curriculum
for colleges and high schools. Les-
sons in this guide address Califor-
nia State Content Standards for
grades 9-12 in three categories: sci-
ence, social science, and 
anguage arts. Overviews and
applicable standards are found on
the first page of each lesson. 

The lessons are designed to be used
with articles in the Fall 2005 issue
of Terrain, which is available on the
web at www.ecologycenter.org.

Teachers: Photocopy this material 
as needed. Loan the guide to fellow
teachers. We welcome your feedback.
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Introduction

Something is rotten in the state of California. It smells rotten, it looks rotten, and it stinks to
high heaven. It’s manure. While a clothespin on the nose may offer momentary relief from the
offending odor, the fact is that this odious substance is something that we cannot do without.
Animal waste is just one phase in the movement of one of the most important elements for life –
nitrogen – through an ecosystem. Manure, in the right quantities, can be very beneficial and can
support the balance of nature through the continual synthesis of important nitrogen-
containing compounds. However, too much manure throws a wrench in the cycling of nitrogen
throughout the ecosystem.  

Nitrogen is a key component of many molecules that form the basic building blocks of life.
Without nitrogen, we would be unable to make hormones, which stimulate activities such as
growth and milk production. In the absence of nitrogen, organisms would be unable to produce
DNA and RNA, the molecules responsible for the genetic code of life.  

An overabundance of reactive nitrogen compounds, as represented by manure piles or lagoons, 
disrupts the nutrient balance. These chemicals leach into the groundwater or run off the ground
surface into lakes and streams and cause accelerated anthropogenic eutrophication (a human-
caused nutrient rich state in a body of water). 

The results of this accelerated eutrophication aren’t prett y. Because of the additional nutrients in
lakes and streams, huge amounts of algae begin to grow. Soon, they form mats of thick green
slime, called algal blooms, on the surfaces of the affected lakes and streams. As these algal
blooms swell, they block the sunlight, causing submerged plants in these lakes and streams to
die.

Once these algae have consumed the excess nitrogen compounds in the water, they too die. The
bacteria that help break down the dead algae use large quantities
of dissolved oxygen in the water. The lake then becomes hypox-
ic, or oxygen-poor, and causes oxygen-requiring organisms,
including aquatic insects and fish, to suffocate. 

It is necessary for us to understand how nitrogen moves
through the different compartments of the ecosystem in order to
see the hazards of excess nitrogen production.

Nitrogen Cycling: Manure in the Mix

S C I E N C E

Overview

Students will:
• Learn the nitrogen cycle.
• Identify the nitrogen cycle at work.
• Create their own nitrogen cycle poem, rap, or board game.

Terrain Article: “Got Milk,” Fall 2005, pages 10-13.

CA BIOLOGY/LIFE SCIENCES STANDARDS, GRADES 9-12: Ecology 6. Stability in an ecosystem is a 
balance between competing effects. d. Students know how water, carbon, and nitrogen cycle between abiotic resources and
organic matter in the ecosystem and how oxygen cycles through photosynthesis and respiration.  e. Students know a vital
part of an ecosystem is the stability of its producers and decomposers.
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W a l k i n g  t h r o u g h  a  N i t r o g e n  C y c l e

Plants may also uptake nitrate,
NO3

-, but must convert the
nitrate back into ammonium,
NH4

+, in order to use the
nitrogen.  This is done through a
process called assimilation.  

Soil bacteria combine oxygen with
these ammonium ions, NH4

+, to
form nitrite, NO2

-. Another
group of nitrifying bacteria 
converts nitrite, NO2

-, into
nitrate, NO3

-. Negatively charged
nitrates can’t bind to clay 
particles, so they are easily
leached from the soil into the
groundwater.  

Much of the nitrogen contained in the guano is in the form of urea, CO(NH2)2.  Urea, CO(NH2)2, quickly reacts with
other compounds and ions in the atmosphere to form ammonium ions, NH4

+, and ammonia, NH3.  Once the poop hits
the ground, bacteria and fungi continue to break it (as well as other dead organisms) down into NH4

+ and NH3 through
the process of ammonification.  Plants can readily metabolize ammonium ions, NH4

+, to build amino acids and proteins, so
these ions are in high demand and quickly depleted in the soil.

Chemical elements on earth exist in a closed system.  This means all chemical elements, including nitrogen, are neither 
created nor destroyed; rather, there is a finite amount of each.   Consider the way air is recycled on an airplane.  The air is
repeatedly taken from the passenger cabin through a filter and passed through a duct back into the passenger cabin.  Simi-
larly, chemical elements repeatedly cycle through compartments in an ecosystem.  They are reorganized and 
recombined in different molecular forms such that the quantit y of each element within the ecosystem remains the same.  

Now, picture yourself standing near a marsh by the bay, with channels of water extending into marsh vegetation.  A f lock of
gulls f lies overhead and drops guano, little packets of nitrogen, over the marsh plants...

Ammonification: Conversion of Organic Nitrogen into Ammonia/Ammoni-

Nitrogen is made available for plants to metabolize through an additional parallel process: nitrogen fixation. Chemically
inert nitrogen gas, N2, comprises 78% of the air we breathe.  Both free-living and symbiotic nitrogen fixing bacteria pluck
non-reactive nitrogen gas, N2, from the atmosphere and combine it with hydrogen to form ammonia, NH3.  These bacteria
use only the nitrogen that they require to live and then make this nitrogen available to plants when they die.  Symbiotic
nitrogen fixers live in nodules - the little white knobs found on the roots of legumes like clover and beans.  The plants give
the bacteria carbon in exchange for the excess nitrogen that the bacteria fix.  In addition, nitrogen can be fixed by 
combustion, volcanic activit y, lightning discharges, and commercial fertilizer production.  The intense heat released by these
processes breaks the strong bonds that bind the two nitrogen atoms together in N2.  The nitrogen then combines with 
oxygen to form nitrate, NO3

-.

Nitrification: Conversion of NH3 or NH4+ into

When the marsh ecosystem is oxygen deficient or the nitrates, NO3
-, are in overabundance, denitrifying bacteria reduce the

nitrates, NO3
-, back into nitrogen gas, N2.

Denitrification: Reduction of Nitrate into Nitrogen Gas

Assimilation: Plant Uptake and

Nitrogen Fixation: Conversion of Nitrogen Gas Into Ammonia or

 



Student Directions
In pairs, study the
California oak 
woodland diagram at
right. On a piece of
paper, numbered 1 -
13.  Identif y the 
nitrogen compounds
and nitrogen cycle
processes represented
by each of the 
numbered boxes at
right. Each thin-lined
box represents a 
nitrogen compound.
Each thick-lined box
represents a process,
such as nitrification.
Refer to glossary on
page 5. 

Study the lake eco-
system image at right.
This time there are no
boxes to provide you
with hints. Record
your answers to the
questions below.

Science  • Terrain For Schools Guide
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T r a c k i n g  t h e  P a t h  o f  N i t r o g e n
Students will identify the components and processes of the nitrogen cycle in two ecosystems.

1. N2
2. Ammonification
3. NH4

+
4. Urea
5. Ammonification
6. Ammonification
7. NH4

+
8. Nitrification
9. NO2

–
10. Nitrification
11. NO3

–
12. Assimilation
13. Denitrification

Workshee t

14. Where are the sources of nitrogen gas?
15. What is facilitating nitrogen fixation?
16. What organisms in the image produce urea? 
17. What organisms are responsible for converting the ammonium into nitrite and nitrate?
18. Where is assimilation occurring in this picture?
19. What processes are at work below ground in the nitrogen cycle?  
20. What organisms are responsible for these processes?
21. What visual cues tell you that the nitrogen cycle is out of balance?  
22. How might the image look different if it were in balance? 
23. What suggestions would you make for lowering the nitrogen inputs?

KEY

 



Student Directions 

In learning about the nitrogen cycle, you’ve covered a lot of
new territory. With your expanded vocabulary and 
knowledge of the nitrogen cycle, it’s time to do something
fun. Choose one of the projects below to show off your
nitrogen cycle expertise! 

The Poem/The Rap

With a partner of your choosing, construct a rap/poem that
encompasses the entiret y of the nitrogen cycle. This means
you must explain every one of the five processes: 
ammonification, nitrification, assimilation, nitrogen fixation,
and denitrification. You must include both the compound
name and chemical makeup of all the important chemicals to
the cycle. Include at least one line about the negative effects
of a nitrogen cycle out of balance. Detail the role of bacteria
(present in all but one step of the nitrogen cycle) and set your
poem or rap in a specific place: a woodland, a marsh, a back
yard, a drainage ditch, etc. This poem/rap must be t yped.
You and your partner will be performing this rap/poem in
front of the class, so practice!

***Extra Guidelines for the Rap
Your rap must have a refrain/chorus (a poetic paragraph,
which is repeated throughout), rhyme as much as possible,
and use a distinct rhythm – a beat your audience could clap
or stomp to.

The Board Game

In a group of four or five, you are going to create a board
game that encompasses the entiret y of the nitrogen cycle.
You must create an actual game board with artwork, game
pieces, question cards, and game instructions, which explain
the object of the game. Your game must put the player inside
of the nitrogen cycle and include all of its processes:
ammonification, nitrification, assimilation, nitrogen 
fixation, and denitrification. Your question cards must ask
questions about the Nitrogen Cycle. You must include at least
one area on the game board in which a player may become
stuck (like “go to jail”). You must include the role of bacteria
in the game and all of the chemicals important to the cycle.
Your game will actually be played, so make sure that it makes
sense, is accurate and fun. Your classmates will grade you on
your game’s playabilit y on game day.
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Asse ssment  Ac t iv i t yT h e  N i t r o g e n  C y c l e ,  S t y l i z e d

Students will re-teach the nitrogen cycle through a rap, a
poem, or a board game.

Ammonia: NH3 is a product
of the decomposition of 
animal waste. It is also a toxic
gas, which is present in a
low concentration in house-
hold cleaning products.  

Ammonification: The
process by which decom-
posers break down proteins
and nucleic acids to release
excess nitrogen in the form
of ammonia, NH3, and
ammonium ions, NH4

+.

Ammonium ions: NH4
+ is

a form of nitrogen that can
bind to the surface of soil
particles. Formed during
ammonification.  

Assimilation: When a plant
absorbs NO3

– and coverts it
to NH4

+ so it can be used.  

Denitrification: The process
by which bacteria reduce
organic, chemically reactive
forms of nitrogen, such as
nitrite and nitrate, back into
nitrogen gas. This process
occurs when there are low levels
of oxygen.  

Eutrophic: Water rich in
mineral and organic 
nutrients that promote a 
proliferation of algae, which
reduces the dissolved oxygen
content. 

Hypoxic: Oxygen poor.

Nitrate: NO3
–, a compound

that is formed when bacteria
in the soil combine nitrogen
with oxygen. These bacteria
are different from those
responsible for forming
nitrites. Nitrogen in this
form is very easily washed
out of the soil.  

Nitrification: The process
in which soil-dwelling bacte-
ria oxidize ammonia, NH3,
into nitrite, NO2

–, and
nitrate NO3

–.  

Nitrite: NO2
–, the reduced

form of nitrate. A com-
pound that is formed when
bacteria pull off an oxygen
from a nitrate.

Nitrogen Cycle: The abiotic
and biotic pathways that 
nitrogen travels within an
ecosystem. The cycle in
which nitrogen is combined
with other organic elements
into various forms of reactive
and non-reactive, organic
and inorganic molecules, at
times in the atmosphere, in
an organism, or in the soil. 

Nitrogen fixation: The
process of converting 
nitrogen gas, N2, into a form

that organisms can use, such
as ammonia, NH3, or nitrate,
NO3

–.

Oxidation: Chemical
process in which an oxygen
atom is attached to an ele-
ment or compound and a
hydrogen atom is detached
from the element or com-
pound: net loss in negative
charge.

Reduction: Chemical
process in which a hydrogen
atom is attached to an ele-
ment or compound and an
oxygen atom is detached
from the element or com-
pound; net gain in positive
charge.

G l o s s a r y  o f  T e r m s


