Title:  Energy and Nutrient Cycling

Subject Area: Environmental Science, Biology, Fish and Wildlife

Grade Levels Presented To:   4th Grade 

Objective:  To demonstrate how plants and fish use energy and nutrients (food) to grow  

Note:  Experiment takes two sessions, six weeks apart

Relevant DC  Standards:

Broad Concept: All organisms need energy and matter to live and grow  As a basis for understanding this concept, students:

-Explain that organisms interact with one another in various ways, such as providing food, pollination and seed dispersal

- Observe and recognize that some source of energy is needed for all organisms to stay alive and grow

- Investigate the Chesapeake Bay watershed and wetlands and describe how they support a wide variety of plant and animal life that interact with other living and nonliving things.

Classroom Set-up: (e.g. entire class, groups of 4 or 5)

Groups of 5 students, or single experiment per class 

Materials (specify if per group): 

        Description


Quantity

Can be bought at

One-Gallon plastic water containers  2 per group (or class)        Supermaket

De-Chlorinating chemical

1 bottle

      Pet Store

Peace Lily Plants                                 1 medium size              






Plant for every 2 teams     Home Depot, Lowes 

Betta Fish



1 per group

      Pet Store

Betta Pellet Fish Food


1 container per class

Small Scales 



1 per group

      Bed, Bath and Beyond 
  

Pond Water



1 quart   

      Natural pond


Artificial Light (if needed)

Microscopes



1 per group   

       ReSET provides


Brief Description: One  container contains a Peace Lily plant and a betta fish, which students feed daily.  The plant gets energy from the light and nutrients from the fish wastes and grows through photosynthesis.  The other vessel contains a Peace Lily plant but no fish.  The plant gets energy from the light but no nutrients, so it grows less.

Procedure:

One month before experiment:  Take each peace plant out of the soil and thoroughly 

wash all of the soil from its roots.  Break each plant into 3 to 5 pieces by carefully separating the plants and roots without tearing.  Place the plants so their roots are in water.  The goal is to have plants that are nutrient-deprived as the experiment begins.

Two weeks before the experiment:  Buy one betta fish per group (or class). Fill one container per group with dechlorinated water at room temperature.  De-chlorinate the water per instructions on the bottle because chlorine kills fish.   Place a betta fish in the containers and start feeding them 6 pellets per day.  

First Classroom visit: 

Vocabulary:

- Nutrients

- Energy

- Photosynthesis

- Scales

The class or each group gets two containers filled with water.  One is the container with the fish prepared two weeks in advance.   A second container is filled with water.  Each team takes two peace plants, dries them gently but thoroughly, including the roots (gently shaking and rolling with a paper towel), weighs them and records the weight.   

(Ask the teacher if you should teach the students to use the scales in grams or ounces).

Before weighing, teach the students how to calibrate the scales. To avoid plant parts resting on the desk, place scales on the corner or use a  tray on the scales.  After weighing, a plant is placed in each of the two containers above, with roots underwater and plant emerging.   All of the containers are placed where they get good natural or artificial light. Students feed each fish 6 pellets the first day and every school day until the experiment ends, five weeks or more later.  Students feed 15 pellets on Fridays. The students are provided with data sheets (see Attachment A) on which they record feeding and any observations.     

Explain that all living things require energy and food.   Explain the scientific method and ask the students to form a hypothesis about which condition of the two plants favors growth.  (While both plants get energy from the light, only the one with fish wastes gets nutrients).

Weeks 2-6:   To ensure the containers with fish have enough oxygen, dump about 1/3 of the water and replace it with de-chlorinated room temperature tap water each week.

Week 6:  

Vocabulary:  

Algae

Eutrophication

Dead Zone

The students gently dry each plant and weigh it, recording the weight and the change in weight of that plant since the beginning of the experiment.  Express the change in weight as a number and a percentage of the original weight,

The students extract algae from the water in the fish container and examine and identify it under a microscope. 

Discussion:  The plants with nutrients from fish waste should have grown more than those without nutrients.  Explain that the result would be different if we used fish that ate peace plants (betta fish do not).  If the results do not yield this result, explain possible reasons (weighing errors, residual nutrients in the fish-free containers, it may take more time for the plant growth to react to differing conditions).  Explain that scientists learn both from experiments that work out as planned and those that do not.   

Discuss the nutrient cycle in natural aquatic systems – nutrients wash in from the watershed.   With those nutrients and energy from the sun, algae and other plants grow.   Fish feed on plants and produce wastes that provide nutrients for other plants.  Fish do not get their get their energy from the sun, but from the plants (and animals) in their diet.  

Explain that too much nutrient loading can cause too much algal growth in water bodies.  When the algae die, they use up oxygen as they decompose.  This can cause oxygen-deficient “dead zones” in lakes and estuaries, which lead to fish kills.   Sources of excessive nutrients are wastes from household and industry sewage,  overland flows from farm fields and lawns (where fertilizers are used to provide nutrients for crop and lawn growth), and run-off of animal wastes (e.g. from cattle, pig and chicken raising operations).   Explain that wetlands and riparian buffers can convert these nutrients into plants, reducing dead zones and fish kills.   Explain that the plants in wetlands provide food and shelter for many kinds of animals.       

Algae are one-celled plants.  Too much nutrient loading of water bodies from sewage, storm water and run-off can cause too much algal growth.  The decomposition of algae can deplete oxygen in the water body, leading to dead zones and fish kills.      

