
Lab and Lesson Plan Grades 3-5
with Grades 9-12 Enhancements

LIFE SCIENCE:  Structures for survival in a healthy ecosystem.

Students learn that plant’s Adaptations in physical structure or behavior may improve an organism’s 
chance for survival. As a basis for understanding this concept: 

Students know plants and animals have structures that serve different functions in growth, survival, 
and reproduction. 

Students know examples of diverse life forms in different environments, such as oceans, deserts, 
tundra, forests, grasslands, and wetlands. 

Students know living things cause changes in the environment in which they live: some of these 
changes are detrimental to the organism or other organisms, and some are beneficial. 

Students know when the environment changes, some plants and animals survive and reproduce; 
others die or move to new locations. Create 3 different settings to grow Chard.  Plant seeds in 
unhealthy soil, healthy soil, substrate in the ECOLIFE (do we want to say ECOLIFE before it always?) 
ECO-Cycle Aquaponics Kit and study rate of growth and health of plant.

Students know that some organisms that once lived on Earth have completely disappeared and that 
some of those resembled others that are alive today. 

Students can understand the mutual importance of living things such as fish in the environment and 
how they benefit the growth of plants.  Students can learn that plants in the wrong environment will 
not survive; such as unhealthy soil, or without light, but in a healthy environment may survive and 
thrive.  This lesson can be focused around the measurement of chard growing in an ECOLIFE ECO-
Cycle Aquaponic Kit verses that of they same plant  growing in a pot in a window. 

ACTIVITY #1 Nitrogen Cycle

BUILDING BACKGROUND:
In order to survive, all forms of life must have nitrogen (N). The air has a significant amount of 
nitrogen (approximately 75%) in the form of N2 (chemical formula for Nitrogen gas). The problem 
with N2 is most life forms can’t use nitrogen in that form. Plants get their nitrogen in a fixed form 
such as nitrate ions, ammonia, or urea. Animals get their nitrogen from plants or from animals that 
have eaten plants.

Nitrogen in the air is fixed in a couple of ways but for this discussion we will just talk about how 
bacteria help to make nitrogen available to plants. Some of these bacteria are found in soil and in 
water, and some are associated with legumes and other nitrogen fixing plants.

Through their roots, plants can take up some forms of nitrogen such as ammonia-nitrogen, but most 
plants get nitrogen that has been further processed by nitrifying bacteria.



FOR THE TEACHER:
Aquaponics uses this information and is an excellent resource for teaching the nitrogen cycle. A 
very simplified explanation starts in the setup. First, fish in an operating aquarium are fed. Second, 
fish excrete ammonia and solid waste that is converted by bacteria in the system to ammonia. Even 
low levels of ammonia are toxic to fish.  If ammonia builds up in the tank, the fish may die. Third, 
beneficial nitrifying bacteria convert the ammonia to less toxic nitrate, which is readily absorbed by 
the plants growing in the grow tray.  By cycling the ammonia and nitrate filled water to the plants, the 
plants remove these forms of the nitrogen from the water, and  use them to grow.  Fourth, the water 
then filters down through the grow tray and returns to the tank, giving the fish fresh clean water to 
live in. 

The diagram below illustrates the cycle of 
nitrogen in the ECO-Cycle Aquaponics system.
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OBJECTIVE:
This lab gives students a hands-on approach to the nitrogen cycle. The students will observe the daily 
changes in different nitrogen compounds in the ECOLIFE ECO-Cycle Aquaponics Kit that has been 
newly setup. After the initial set up of the kit, the levels of three nitrogen compounds (ammonia, 
nitrite and nitrate) fluctuate as nitrifying bacteria begin to colonize the system and  the process 
of nitrification occurs. These levels will eventually stabilize as bacteria become established in the 
aquarium.  This activity will require three - four weeks of daily testing. (The tests only take a few 
minutes.)

MATERIALS:
ECOLIFE ECO-Cycle Aquaponic Kit, plants, live fish (recommended goldfish or small tropical fish), 
pH Test Strips, Ammonia (NH3) Test Strips, Nitrite (NO2) Test Strips; Nitrate (NO3-) Test strips (test 
strips and test kits can be found online or at your local tropical fish store), pencils, paper.

PURPOSE: 
To test for, observe and record daily changes in the amounts of three nitrogen compounds as they 
relate to the nitrogen cycle in a newly setup aquarium. 

To test for, observe and record daily changes in the pH of a newly setup aquarium.

To understand how bacteria can clean the water by consuming and converting toxic compounds into 
less toxic forms. 

ACTION:
Procedure - Day 1
Prior to adding fish to the system, using your test kits, measure the levels of ammonia (NH3), nitrite 
(NO2), and nitrate (NO3-) in the tank and record the amounts in your table. 

Add fish to the system.  It is always best to start with just a few small hardy fish.  *See our list of 
recommended species.  Once the initial cycle is stable, add a few more and continue to add fish 
incrementally until you have an adequate bioload for the system.  This is usually 15 – 20 total inches 
of fish for a twenty gallon tank.  

Measure NH3, NO2, NO3, and pH levels of the water that the fish came in, record on your table. 

Procedure - Day 2
Measure NH3, NO2, NO3, and pH levels of the ECO-Cycle aquarium water and record on your table. 

Repeat the four tests every day for the next three or four weeks. Make sure to run the tests at the same 
time daily, before the fish are fed.   The initial cycle will be completed when ammonia (NH3) and 
nitrite (NO2) levels are both at zero.

Data Table – Test Results
Time Date Ammonia Level Nitrite Level Nitrate Level pH Level

Day 1
Day 2
Day 3
Etc.



FURTHER DISCUSSION:
In your own words, describe the nitrogen cycle.  What role does each organism (fish, plants, bacteria) 
play in the nitrogen cycle? 

On a sheet of graph paper, graph the results of your data over the last three weeks.  Include all three 
nitrogen compounds on one graph.  Be sure to include correct labels for your axes, a key and a title 
for your graph.  Ask students will the light in the fish tank effect outcomes of Nitrogen levels and the 
levels of bacteria and algae growth in the kit? 

SWIMMING DEEPER:  

Some great plants to grow in our system include Russian Red Kale,
Leafy Green Lettuce, Rainbow Swiss Chard, Spinach, Cilantro and Basil.

Ask the students for some of their favorite leafy greens to grow. 

Ask students why root vegetables may not be suitable to grow in this kit.

As students watch plants grow, ask students to begin thinking of a recipe
or a favorite way to prepare some of the plants growing.

The ECOLIFE ECO-Cycle Aquaponics Kit comes with lights for both the
plants and fish.  Since the kit replicates a cycle it is important to remember
to use a timer to help produce the light cycle that both plants and fish are
accustomed too.  12 – 14 hours of light per day is ideal.

Swimming Deeper:  Enhancement for Grades 9 – 12:

Have students run tests for ammonia, nitrites and nitrates for (X) number of weeks with 
different fish species and different plant species. Ask students to keep a lab book for the 
entire academic year, recording either weekly or monthly levels. Students should record 
their hypothesis each time a new plant is planted or a new fish species is introduced. 
Students should then revisit their hypothesis after a specific testing period has concluded 
to discover if their hypothesis was correct or incorrect and how they would change their 
hypothesis for the next planting or introduction of fish.

At the conclusion of the academic year, students should be asked to write a summary 
paper, discussing their thoughts and hypothesis, what plants were grown, what fish were 
introduced and the relationship between growing time and levels of ammonia, nitrates 
and nitrites.


