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Overview of Unit

The unit on decomposition is designed to address the carbon transforming process of cellular respiration in microscopic and macroscopic organisms often classified as decomposers.  The following activities are included in the unit:

Core Activities
1. What happens to Dead Plants and Animals?
2. Observing Mold on Pumpkins/Squash
3. Modeling Decomposition

Optional Inquiry Activity
1. Observing Yeast on Bananas 
2. A Dirty Job
3. Creatures in the Compost

Optional Account Activities

Optional Citizenship Activities
1. Mad About Microbes
2. A Helping Hand (Wastewater treatment)


Core Activities
Activity 1, “What Happens to Dead Plants and Animals?”, establishes a problem for students to think about, What happens to dead plants and animals in ecosystems? It also elicits students’ initial ideas about decomposition. Students will record their initial ideas and discuss these with the class. The teacher will also record students’ questions about decomposition and how this happens. Students also see a Powers of Ten Chart that zooms into a compost pile.

In Activity 2, Observing Mold on Pumpkins/Squash, students use a bag of moldy pumpkin or squash and make observations of these using hand lenses. They record the initial mass of the pumpkin before the investigation and the end mass of the same pumpkin. In small groups or pairs, students discuss reflection questions and share their ideas with the whole group. The purpose of this activity is to allow students to make careful observations of one type of decomposers and think about what happens to the mass of the pumpkin as it decomposes. Students complete a Process Tool to show both decomposer growth and cell respiration. 

During Activity 3, Modeling Decomposition, students use molecular model kits to model the conservation of atoms during decomposition. This activity serves to reinforce the metabolic process of cellular respiration occurring in macroscopic and microscopic organisms which are decomposing plant and animal material.
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Special Materials and Advance Preparation

Core Activity 1:  Have the compost Powers of Ten Chart ready for use

Core Activity 2: The pumpkin samples need to sit for at least a week for the mold to have time to grow. Obtain enough pumpkin (or other squash) for each student group to have a sample to fit in a sandwich-sized plastic bag. The initial mass is taken when the sample is first placed into a bag. Class size Process Tool poster may be used or a Powers of Ten Chart 

Core Activity 3: Prepare molecular model kits so that each set of partners will have enough materials to model a balanced equation for cell respiration.

Optional Inquiry Activities
The optional inquiry activities will require advance preparation of gathering materials, such as the materials necessary for a worm composting bin. Students will need several days to weeks to observe these investigations, so provide the necessary time in your planning schedule.
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Activity 1: What happens to dead plant and animal materials? 

Overview
Big Question Whole Class							5 minutes
Individual writing to question							5 minutes
Whole class discussion & writing						15 minutes
 Compost of Powers of Ten Chart						10 minutes

Total Estimated time:  40 minutes

Purpose & Tools
The purpose of this activity is to have students think about where “matter” or materials go once they are dead. Students know that leaves off trees do not pile up year after year, but where do they go? The students share their initial ideas to this question and brainstorm how these materials change over time.

This activity addresses both matter and scale. Students are asked to explain what happens to the materials that make up dead plants and animals, so they are encouraged to account for matter. They may also talk about scale, and recognize that microscopic organisms exist, but cannot be viewed with the human eye. The Powers of Ten Chart may be used to observe  a compost pile to consider various decomposers and where they are located in terms of powers of ten.

Materials
Student copies of What happens to Dead Plants and Animals?
Chart or transparency for the ‘Big Question’ to record student ideas
Compost Powers of Ten Chart

Advance Preparation

Make copies of student handouts 
Have Powers of Ten Chart ready for use.

Procedures

1. Describe to students the accumulation of leaves, fallen trees, animal waste and dead animals that would occur on the forest floor. Ask if any of them have walked in a forest or woods, perhaps in a nearby park. Did they see big piles of dead leaves and animal waste everywhere (Not just some recently fallen, but layers from many years getting deeper and deeper)? What happens to fallen leaves and trees and to animal waste and dead animals that are not immediately eaten by predators? Write this ‘Big Question’ on a chart or overhead transparency so that it can be used throughout the unit.  
· Big Question: What happens to dead plant and animal materials?  
2. Pass out student handouts and have students write down their initial ideas to this question. Encourage them to write sentences. They may want to draw to help them express their ideas.  
3. Post an overhead with a statement of the question. Add the label “Initial Ideas” under the question. Have the students share their ideas.  
The initial responses are likely to be short (They rot, blow away, break up, get eaten, etc.) Encourage students to give more complete descriptions, say what they mean by ‘rot,’ etc.) Their ideas are likely to include rotting, going into the soil, breaking up, and disappearing. Point out that these answers do not indicate how these things happen.  
· How does this happen?  
Explore their ideas about how or why these things happen. Add this question and list their ideas on the chart.  
Some students may already be very familiar with decomposers, so probe what they know about these organisms. What are they? Where do they live? What do they do with the dead plant and animal materials?

Powers of Ten Chart
Use the compost Powers of Ten Chart to look at a compost pile. This Powers of Ten Chart will start at the macroscopic scale and step down to the microscopic scale to show different kinds of decomposers found in compost piles.

Consider using powers of ten to locate various decomposers on the chart. Use the following suggestions as a rule of thumb for various sizes of organisms:
Macroscopic (macrofauna)- 1mm (10-3) to several cm (10-2) (e.g., earthworms, beetles) 
Microscopic (mesofauna)- 100 micrometers (10-5) to 1mm (10-3) (e.g., mites)
Microscopic (microfauna)- 1-100 micrometers (10-6 through 10-5) (e.g., bacteria, yeasts, protozoa).






Name:_____________________________________ Date: ____________

What Happens to Dead Plants and Animals?

In the Fall, many leaves fall of the trees and pile up on the ground. Most of these leaves are gone by summer. What happens to the materials that make up the leaves?
	















Now that your class has talked about everyone’s ideas, do you have anything new or different to add to what you wrote above?
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Activity 2: Observing Mold on Pumpkins

Overview
Pair/groups observations							20 minutes
Process Tool									20 minutes
How Decomposers Work (optional)						10 minutes

Total Estimated Time: 50 minutes

Purpose
Students will make observations of mold growing and begin to think about mold, and other decomposers as living organisms that need food and air to survive. The growth of mold shows that mold ‘grows’, but since students record mass at the start and finish, they find that overall, mass decreases. This provides an opportunity to show that not only does some matter of food become part of the mold through the process of growth, but also that some matter go elsewhere. Students use the Process Tool to enact matter and energy transformation during decomposer growth and respiration.

Materials
Student copies of Observations of Mold
1 bag of moldy pumpkins/squash for each pair/group
Hand lenses for each student and/or microscopes
Digital balance
Process Tool for Decomposition (Growth and Cell Respiration)

NOTE: Students must record their mass prior to molding so that they can take an end mass to compare.

Advance Prep
Start the pumpkin/squash at least 1 week in advance; and have students record their start mass at that time.

Procedures

Setting Up:

Give student groups/pairs a bag of pumpkin pieces or squash. Make sure the bags have tiny holes for ventilation. Have each group record their start mass on their handout. 

Results and Conclusions:

Pass out observation sheets and hand lenses, and make sure the digital balance is ready for use.

1. Have groups collect their bags. As each group comes up to find their “End Mass”, have the remaining students make descriptive observations using either hand lenses or microscopes (if microscopes are chosen, plan time for preparing slides).

2. After students have completed their observations, have them share their end mass with the whole group. Pool the data and help students see the pattern that the bags lost mass overtime. 

3. The teacher might explain to students the part of the mold that absorbs food: “The mold you’ve described is a kind of fungus. The white fuzz you see is called hyphae. The hyphae absorb food.”  Point out to students that the mold as an organism is growing. Ask them where the mold is getting the matter to grow. Use the Process Tool to show organism growth: Chemical energy in the pumpkin becomes chemical energy in the mold; the body structure of the pumpkin becomes the body structure of the mold.

4. Then point out that the pumpkin is getting smaller and smaller. Ask students to think about where the material of the pumpkin is going. Have them complete Question 2. Then, point out the data to students: overall, the bags lost mass. So some of the mass became part of the mold when it grows, but where do they think the other mass went? Have students talk in partners or groups of three, brainstorming where some of the mass of pumpkin might have gone (Question 3). When students have developed several ideas, have them share their ideas with the class. Make sure to help students keep 2 paths in mind- some pumpkin is food that helps mold to grow so it ends up in the mold; but some food is not used by the mold, so where does that food go.

This step will represent a big conceptual leap for most students. If necessary, before students answer this question, have them think back to the question about why fall leaves do not pile up year after year. Many students will believe that they become “soil”. Explain to students that almost all of the leaf material is eaten by decomposers, and that some of the leaf material will help decomposers grow (just like food helps us grow), but when decomposers use the leaf material to help them move, the materials change into a different form.  Using the description of the leaves, have students brainstorm how they think the mold changes matter and energy when the mold uses the food. Insert the “start” matter and energy, and see if students can explain that matter becomes gases in the air and energy becomes motion and heat. 

Note that students need to see that multiple processes occur in organisms, so matter takes multiple pathways and results in various energy transformations. They need to see that decomposers, like plants and animals, have energy needs and obtain this energy by oxidizing organic materials that have high-energy bonds. Use the Process Tool to enact cell respiration: the pumpkin/food (and oxygen) contains C, H, and O atoms and C-C and C-H bonds. It is oxidized and transformed into carbon dioxide and water; the chemical energy once contained in the organic materials is transformed into motion energy and heat.

Then have students complete the double Process Tool on their handout to show that food might take 2 paths in the decomposers. 

Use question 5 as a way to check whether students understand decomposer growth and respiration. 

Note: The activity How Decomposers Work later in the unit can be used to explain respiration in decomposers. This is an optional resource that could be used if students still seem confused about how decomposers change matter and energy. Alternatively, a transparency could be made using the How Decomposers Work description, which is provided in the following pages.
[bookmark: _Toc85015357]
Name:_____________________________________ 	  Date: ____________     	        	 

Observations of Mold

Mass Observations:

Start Mass: ____________
End Mass: _____________
Difference: _____________


QUESTIONS:

1. The mold grows and gets larger and larger. What do you think the mold uses to grow? ________________________________________________________________
______________________________________________________________________
______________________________________________________________________

2. The pumpkin material gets smaller and smaller as the mold grows. What do you think happens to the materials from the pumpkin? __________________________________
______________________________________________________________________
______________________________________________________________________

3. With your classmates, brainstorm ideas about why the mass changed in your experiment. Write down as many reasons you can think of as possible. Be ready to share these ideas with your class.
	










4. The mold uses the pumpkin material for two things: to grow and to get energy to function. Use the Process Tool to show what two things may happen to matter and energy as the mold eats the pumpkin.




5. If someone said the stuff that makes up the pumpkin may eventually turn into gases in the air, would you agree? Why or why not? _________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________


How Decomposers Work

You’ve learned a lot about decomposers. You’ve learned that they grow on things, like pumpkins and bananas. You’ve learned that they eat the dead plants and animals in an ecosystem. Today, you will think about how decomposers are alike and different from plants and animals in the way they obtain/get and use food.

First, think about what is “food” for decomposers. What is the energy-supplying source of food that they need to live? 
[image: rhizopus4][image: Bread-mold]






The photographs above show mold that you see with your eyes, and what that mold looks like under a microscope. In order for this mold to grow and function, it needs to have a food source. This food source provides chemical energy for the mold cells to function/work. Can you guess what the food source is? The bread, of course! The mold cells also need oxygen so that they can get the energy from the food. The mold cells take in food and oxygen and give off carbon dioxide and water as waste products. They need the chemical energy in food to store as chemical energy when they grow or to transform it to motion energy or heat. Does this sound familiar?

[bookmark: _Toc114821574][bookmark: _Toc114821670][bookmark: _Toc115247478]Activity 3: Modeling Decomposition

Overview
Modeling Respiration in Decomposers						40 minutes

Total Estimated time:  40 minutes

Purpose & Tools
Students use molecular model kits to show how matter and energy is transformed during decomposition at the atomic-molecular level.

The molecular models represent a tool for reasoning that makes matter and energy transformations that are normally invisible to students, more real and tangible. Students must account for changes in chemical identity of materials and material kind, while conserving both atoms and mass. They must also account for energy transformation, keeping energy separate from matter transformations. This activity connects to scale by showing students the changes that occur at the 10-9 scale during decomposition.

Materials
Student copies of Modeling Decomposition
Model Kits
Process Tool for decomposition
Powers of Ten Chart

Advance Preparation
Prepare molecular model kits 
Make copies of student handouts
Have Powers of Ten chart and Process Tool ready for use.

Procedures
Modeling Decomposition								40 minutes
At this point, students should see that dead plant and animal materials eventually become carbon dioxide and water. Some students may think that the materials also become energy. Explain that matter (such as atoms) cannot be turned into energy. Tell students that they will model cell respiration using their kits, so they need to pay attention as to whether the atoms can ever become “energy”.

This is a similar activity to the modeling activities in the animal and plant lesson plans, but students will be asked more probing questions throughout. Pass out model kits and handouts and tell students to work in their groups to model what is happening to the materials during decomposition. Tell them to pretend they are a cell in a decomposer, such as bacteria, yeast or mold cell, so they will be showing how the dead plant and animal material is used by the cell.

There are questions at the end of the model building activity. Provide students with time to answer these questions. The questions are focused on matter and energy transformations-- that the materials are eventually found as gases in the air (CO2 and H2O) and that energy is transformed from chemical energy into motion and heat.

Use  the Process Tool and powers of ten as needed, to help students see key principles.

 Name:___________________________________ Date: ___________


Modeling Decomposition

In your groups, you will use molecular model kits to model the process of cellular respiration in decomposers. Pretend you are either a bacterial, mold or yeast cell. You will build the substances that make up dead plant and animal materials that go into your cells, and then use the models to show how those substances change inside cells. Follow the directions below to build your models:

Look at the equation for cell respiration:


C6H12O6   +   6 O2			6 CO2       +       6 H2O     + ENERGY
Glucose + oxygen 			carbon dioxide + water + ENERGY

Glucose is a sugar that comes from the dead plant and animal materials, and oxygen comes from the air. In order to model cell respiration during decomposition, you will first need to build a glucose molecule and an oxygen molecule.
[image: ]

Build Glucose Molecule

Step 1: Build the Glucose Ring. Look at the diagram to the right. This shows the first part of the glucose molecule. It shows 5 carbon atoms (black) and 1 oxygen atom (grey). This ring will start your glucose molecule.


Step 2: Look at the diagram and circle on the right. You will work first with the carbon that is to the left of the oxygen in your ring. On this carbon, first connect a second carbon. On this second carbon, attach 2 hydrogen atoms and 1 oxygen. Attach another hydrogen to the oxygen. Then attach 1 hydrogen to the carbon that is on the ring. There should be no empty holes.
Step 3: Move to the next two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.





Step 4: Move to the last two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.


Check that there are no empty holes on your glucose molecules and that it looks like the diagram. Now you’re ready to build your oxygen molecules!


Build Oxygen Molecules.

Step 5: You will need 12 oxygen atoms to build 6 oxygen molecules. Each molecule contains 2 oxygen atoms. These are bonded together twice (a double-bond). Build 6 oxygen molecules that look like the molecule on the right,
The glucose is like food for the decomposer. Where does the glucose come from originally? ____________________________________________________________
Where does the oxygen for the decomposers came from? _______________________

Look at your glucose and oxygen molecules. 

How many carbon atoms are in your molecules?	____________
How many oxygen atoms are in your molecules?	____________
How many hydrogen atoms are in your molecules?	____________

Look at the bonds in the glucose molecule. What type of bonds are they? Are they high-energy bonds? _________________________________________________________
_____________________________________________________________________

Look at the bonds in the oxygen molecules. What type of bonds are they? Are they high-energy bonds? _____________________________________________________
_____________________________________________________________________

Record this information in the table below:
	
	Matter
	Energy

	
	Carbon atoms
	Oxygen atoms
	Hydrogen atoms
	High Energy Bonds? Yes or No

	Glucose
	

	
	
	

	Oxygen
	

	
	
	

	Total Atoms
	

	
	
	
LEAVE BLANK




The Glucose and Oxygen make it into a bacterial cell. In order for that bacterial cell to have energy to work and grow, it must break down the glucose molecule. Use what you know about cell respiration to break down the glucose and oxygen molecules to make the waste products of cell respiration: carbon dioxide and water.

Glucose + oxygen 				carbon dioxide + water + ENERGY


Below are diagrams of carbon dioxide and water to help you reassemble your molecules. Make as many carbon dioxide and water molecules as you can with the atoms that were originally in the glucose and oxygen molecules. 

 (
CARBON DIOXIDE MOLECULE
) (
WATER MOLECULE
)







Once you have made your carbon dioxide and water molecules, count the number of atoms in these molecules.

How many carbon atoms are in your molecules?	____________
How many oxygen atoms are in your molecules?	____________
How many hydrogen atoms are in your molecules?	____________

Check to see that you have the same number of atoms that you started with. There should be no extra atoms either. All of the atoms you began with should be part of either a carbon dioxide or water molecule. Remember atoms cannot be created or destroyed!

Look at the bonds in the carbon dioxide and water molecules. What type of bonds are they? Are they high energy bonds?  Complete the table below.
	
	Matter
	Energy

	
	Carbon atoms
	Oxygen atoms
	Hydrogen atoms
	High Energy Bonds? Yes or No

	Began with…
	
	
	
	

	Glucose

	
	
	
	

	Oxygen

	
	
	
	

	End with…
	
	
	
	

	Carbon Dioxide
	

	
	
	

	Water
	

	
	
	



Answer the following questions:

1.  Sometimes it looks like “rotting” materials, such as dead leaves, are disappearing. What is really happening to the materials that make up the leaves? ________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

2. You modeled that cell respiration is a process where decomposer cells take a high-energy substance and rearrange the atoms into low-energy substances. What do the cells do with the energy they get from this process? ____________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________
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Activity: Bananas and Yeast- (Setting-Up the Experiment)

Overview
Introduce the Experiment								~10 minutes
Setting-Up Experiments								~15 minutes
Student Predictions									~10 minutes
							
Total Estimated Time: 35 minutes

Advance Prep
Use ripe bananas with as few bruises as possible. Just before the activity, cut bananas into 1-inch sections and then cut each section into 4-6 pie-shaped wedges. Arrange the lab materials (vials, packets of yeast, and tweezers)

Materials
Student copies of Bananas and Yeast
Per group: 4 small pieces of banana
	            4 small vials with caps OR Petri dishes
		1 packet of yeast
Optional: tweezers for placing bananas in the vials

The teacher can set this up ahead of time with the pumpkins if time is limited.
		
Procedures

1. Explain to students that today, they will be setting up experiments for a specific type of decomposer, called yeast. Show them the packet of yeast and explain that yeast cells are also small organisms like the mold. Then show students a piece of banana and explain that they are going to experiment and observe how yeast interacts with the banana. Show the students the materials that they will need to use to set up their investigations. The students will be setting up four conditions: 1) banana without yeast in cold, 2) banana with yeast in cold, 3) banana without yeast in warm, and 4) banana with yeast in warm. As a class, read the directions for setting up their experiments and monitor whether students understand how they will be setting up the four conditions. 

2. Have students get into groups of 2-3 and pass out the materials. Each group will need 4 pieces of banana, 4 vials, and one small packet of yeast. In groups, students should follow the lab hand-out and set up the four conditions. Younger students may need more scaffolding to do this.

3. After students have set-up their four conditions, have the students label their vials using a piece of tape and writing their names on the tape. Then have students place their vials in a designated warm and cold place. 

4. Have students make predictions about the four conditions using the Bananas and Yeast handout. Encourage students to elaborate as much as possible when explaining their predictions.

Note: there will be definite changes in the bananas with yeast in the warm condition within 3-5 days 

Optional activity for teacher

In order to make the banana decomposition more obvious, prepare an experiment using an entire banana. Peel about two strips of skin from a banana, leaving one half covered. Lay the banana on paper towels in a glass jar or unused terrarium/aquarium.

Carefully sprinkle a very thin layer of yeast over half the exposed part of the banana; be careful not to sprinkle yeast on the other half. Then use a spray bottle to spray a few drops of water over the exposed part of the banana, so that half with yeast receives the same amount of water as the half without yeast. Cover the container with an airtight lid or with a plastic bag. Be sure that some yeast remains in the packet. Save the packet for later use.


Name:_______________________________________ 	Date: _____________	

Bananas and Yeast

Directions for Setting-Up Your Experiment

1. Each group will need to obtain the materials from your teacher. You will need 4 pieces of banana, 4 plastic containers with caps, and 1 packet of yeast. Do not open your packet of yeast. It is important that the yeast not be open until Step 3 so that you do not contaminate all the banana pieces.

2. Place one piece of banana in each of the four containers. Place a cap on two of the containers, but leave two open. Label the two closed containers. In order to label the containers, place a piece of tape on each container and use a marker to label each piece of tape. One container will need to be labeled “No Yeast, Cold” and the other container will need to be labeled “No Yeast, Warm”

3. Open the packet of yeast. Sprinkle a small amount of yeast into the two open containers. You will only need to sprinkle about 20 yeasts into each container. Then seal the two containers. Now label these containers as “Yeast, Cold” and “Yeast, Warm”

4. Make sure to write your names somewhere on the labels.

5. Place the containers in the cold and warm areas designated by your teacher.

Predictions: Write predictions for what you think will happen to the yeast and the banana in each of the four conditions. Make sure to explain your ideas as much as possible.

Prediction:  “No Yeast, Cold: ______________________________________________
______________________________________________________________________

Prediction: No Yeast, Warm: ______________________________________________
______________________________________________________________________

Prediction: Yeast, Cold: __________________________________________________
______________________________________________________________________

Prediction: Yeast, Warm: _________________________________________________
______________________________________________________________________
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Overview
Small groups: Observing experiments				10 minutes
Whole group: observations across the class				10 minutes
Reflection questions & discussion					15 minutes													
Estimated Time: 35 minutes

Materials
Student copies of Observing Bananas and Yeast
Yeast investigations from Bananas and Yeast: Setting Up Experiments
Hand lenses
Overheads to record students’ observations across the whole class experiments
Optional: labels for when the whole class arranges their containers by condition
	
Procedures
Five days after students have set-up their bananas and yeast experiments, students will need to observe and discuss what they found through the investigation.

1. Have students collect their 4 conditions to observe. Each group will need to get their 1) no yeast, cold, 2) yeast, cold, 3) no yeast, warm, and 4) yeast, warm conditions.

2. Encourage students to examine and compare the four conditions and make observations. Have them write their observations on their lab handouts. If you set-up the optional whole banana experiment, also have students make observations of that too. 

3. After students have recorded their observations on their handouts, have them bring their containers to the front of the room and arrange them by conditions. This way, they can observe containers from all other groups. Have them make observations of each set of containers and look for patterns among the different groups.

4. After students observe the containers from the entire class, encourage students to share their observations and explanations with the group. Students should respond to the following questions on their lab handout, which can also be used to guide the discussion of the investigation.

a. How are the bananas and the yeast changing in size and shape?
b. What do you think caused the bananas to change? What was your evidence?
c. Are the yeast cells growing? Are they alive?
d. Are the yeast like plants and animals in that they need food and air?

If you completed the optional, whole banana investigation, have students also consider this as they explain their ideas.


Name:_______________________________________ 		 

Observing Bananas and Yeast

Several days ago your group set-up an investigation to watch what happens to bananas when yeast is added to them. Now it’s time to see what happened!  When you look at your bananas and yeast, make careful observations of what happened to both the bananas and the yeast in each of your four conditions. Describe as completely as possible what you see.

Condition 1: No Yeast, Cold: 
	





Condition 2: Yeast, Cold:
	





Condition 3: No Yeast, Warm:
	





Condition 4: Yeast, Warm:
	






Now, let’s see if your group got similar results as the other groups in the class. After your class combines their experiments, make observations of all the bananas and yeast in each condition. 

What are some general observations can you make about each group?
	











Reflections Questions: In your group discuss the following questions.

1. How are the bananas and the yeast changing in size and shape? _______________
_________________________________________________________________________________________________________________________________________________________________________________________________________
2. The bananas are changing and losing weight. Where do you think the materials that make up the banana are going? _________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________
3. The yeast is growing. Where do you think the new material comes from? _________
_________________________________________________________________________________________________________________________________________________________________________________________________________
4. Do yeast cells need chemical energy and air like other organisms? __________________
_________________________________________________________________________________________________________________________________________________________________________________________________________
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Activity: A Dirty Job

General Overview
Observations of Soil								~30 minutes
Location on Powers of Ten							~10 minutes
Discussion of follow-up investigations					~15 minutes

Follow-up investigations will vary in length- and additional class session will be required to set-up these investigations.						

Total Estimated Time: 55 minutes

Purpose & Tools

In this investigation, students examine different kinds of soil and make observations of worm or compost bins over time. Their observations of humus in topsoil provide a macroscopic experience of the organic materials found in soil. They observe other types of soil and think about which of the soils likely contains the most decomposers. Then, students will set-up worm compost bins for long-term investigations or test decomposition rates for short-term investigation.

Students use microscopes and hand lenses to identify organisms and organic materials: At the same time, they should locate these materials and organisms on their Powers of Ten Chart. The observed decomposers may fall into 1 of 3 sizes: 

Macroscopic (macrofauna)- 1mm (10-3) to several cm (10-2) (e.g., earthworms, beetles) 
Microscopic (mesofauna)- 100 micrometers (10-5) to 1mm (10-3) (e.g., mites)
Microscopic (microfauna)- 1-100 micrometers (10-6 through 10-5) (e.g., bacteria, yeasts, protozoa).

Students use their observations to justify that decomposers exist in the soil and that these microbes are breaking down dead plant and animal materials. 

Options are provided for the teacher to continue this investigation in two different ways- to use the topsoil samples to set up worm bins that are observed over time (in terms of changes in the types of materials in the bin and macroscopic evidence of matter/energy changes) OR to test the rate of decomposition of organic materials in different soil types (dark topsoil vs. sandy soil vs. other conditions).

Materials
Student handout A Dirty Job
Microscopes
Slides
Hand lenses
Powers of Ten Chart
Ample amount of dark humus-rich topsoil
Ample amount of sandy soil
Other soils, if chosen
Digital Balance may be used

***Depending on the follow-up investigations, additional materials will be necessary, such as materials for creating worm compost bins or testing decomposition rates (information provided on separate pages).

Advance Preparation
Make copies of student worksheet
Gather soil samples for investigation
Prepare microscopes and slide materials, as well and hand lenses for use
Considering preparing several slides prior to investigation, or supplemental slides of microorganisms

**Depending on selected follow-up investigation, additional preparation will be required.

Procedures

Observations of Decomposers							~30 minutes

Prepare soil samples prior to the start of class: Using dixie cups, Petri dishes, or some other container, measure small samples of different kinds of soil into the containers. Prepare enough of the samples, so that students may work in groups of 2 (no more than 3 students). Make sure to use a dark, humus-rich sample and a sandy sample. 

Pass out A Dirty Job observation sheets to students. Read through the instructions. Remind students of procedures for using microscopes (which will vary depending on the class). Tell students that they will need to make observations with their hand lenses and will need to make a slide from each soil sample. (Note: the teacher can choose to prepare sample slides in advance and then rotate students through microscopes if resources or time is limited). 

Students will have roughly 20 minutes to make observations of their soil samples. Make sure students include descriptions about both organisms and materials in the samples (especially evidence of broken down plant or animal matter). Make sure they also note other descriptions, such as the texture of the material, the moisture, etc.

Remind students to draw and write their descriptions of what they observe on their observation sheet. Tell them to pay particular attention to size if possible

Save at least 10 minutes for the class to share observations or organisms and objects in the soil. Note instances in which students found interesting materials or organisms.

Location on Powers of Ten								~10 minutes

As students observed materials, they made notes of size of the organisms and objects. Have them to first share examples of organisms they saw that range between 2 mm and several centimeters. These organisms represent a group of macroscopic decomposers- ones that we can see with our eyes. Also have them share examples of materials in the samples that were this size.

Then have students share examples of microscopic organisms they observed- these organisms are between 10-6 and 10-4 in size. Locate these organisms on the Powers of Ten Chart.

Follow-Up Investigations								~10 minutes

As a class, discuss follow-up investigations that could be conducted. The teacher can choose to make this an open inquiry activity OR can pre-select an investigation to conduct. The following are suggested investigations.

Worms Bin- As a class, reconsider the soil samples. Ask students which sample they would likely find worms in? Students will most likely say the dark topsoil. Tell students that they will set-up a worm bin and observe what happens to these worms over time. Follow directions on the following pages in order to set-up bins. IMPORTANT: When using the bins, make sure that they continue to make observations of the following key ideas:
· What happens to the food scraps placed in the bin? Where do the materials go?
· Is there any evidence that the worms are producing new forms of matter as they eat the food scraps? (Such as water collecting on the inside of the bin).
· Have students observe the movement of the worms. Ask students what type of energy form is evident? Ask them, “What type of energy it was before it became motion energy?” (Chemical energy in food)
OPTIONS: taking mass readings of the worms and food scraps would be another option for collecting evidence that mass changes as worms decompose materials.

Rate of Decomposition- based on the soil sample observations, have students make predictions about how fast plant materials might decompose given different soil types. Do students think decomposition will happen faster in dark topsoil or in sandy soil? Set up a classroom investigation to test their predictions. Make sure to carefully measure equal amounts of each soil sample and place into clear decomposition containers (like empty soda bottles, aquariums, beakers, etc). Then carefully measure equal amounts of food scraps to place in the decomposition containers. Do not seal the containers. Have students make observations over the course of several days to weeks to see which of these samples decomposes the fastest- take a final mass reading of the combine soil/scrap mass and compare. OPTIONS: consider adding a condition in which the containers are sealed completely (in order to trap gases given off). This will provide additional microscopic evidence that microbes change matter.

Name: ___________________________________ Date: _____________

A Dirty Job

Directions: You will make observations of at least two kinds of soil using hand lenses and microscopes. For each sample, you will record the different organisms and materials that you see. As you make your observations, note the number of each type of organism you see and estimate the size of the organism (macroscopic organisms you can see with your eyes or using a hand lens; microscopic organisms can only be seen using the microscope)


Observation #1: Using your hand lens

	
	Write down or draw different organisms you see in the soil.
	Write down or draw different materials you see in the soil.

	Soil Sample #1:

Color:


Moisture (wet or dry):


Other descriptions:





	
	

	Soil Sample #2:

Color:


Moisture (wet or dry):


Other descriptions:





	
	



Observation #2: Microscopes

	
	Write down or draw different organisms you see in the soil.
	Write down or draw different materials you see in the soil.

	Soil Sample #1:









	
	

	Soil Sample #2:










	
	




1. Which soil do you think contains the most decomposers? ______________________


2. Some people say that soil is “just dirt”. Now that you made observations of different types of soil, what else could you say about soil? ______________________________
____________________________________________________________________________________________________________________________________________

3. Farmers use rich, dark topsoil to grow their crops. This soil has many decomposers. Do you think there is a reason that soil with many decomposers is also the best soil to grow plants? ___________________________________________________________
____________________________________________________________________________________________________________________________________________
WORM BIN INSTRUCTIONS- VERMICOMPOSTING

Container: Large Aquarium with screen cover. If possible use a specially designed worm bin as they usually include a way to drain moisture from the system.

Best Worm Species: Eisenia fetida and Lumbricus rubellus (Red worms or Red wigglers); avoid earthworms because composting worms do a fast job of breaking down organic matter from beginning to end while earthworms are more successful at further breaking down organic matter that has already decomposed somewhat. You will need enough worms so that there is a ratio of 2:1 for weight of worms to food scraps. (For example, use 1lb of worms for every half lb of food scraps added daily)

Bedding Material: Use rich topsoil and simulate a forest floor by adding the following bedding materials- dried leaves, peat, old grass or straw (must be aged or worms may die). Bedding should be 75% moist. Continue adding bedding to bin as necessary.

Food: Food can be added after worms. Bury food 3-4 inches below surface to avoid unpleasant odors from spreading around classroom. Food sources include: chopped up or crushed vegetable or fruit scraps, grinded or crushed egg shells, coffee grounds, leaf materials, paper products.

Other information: Keep temperature under 80 degrees F.

Procedures: Select appropriate container. Order composting (red wiggler) worms. Select soil and bedding material and make sure both are moist. Add bedding material to container. Add worms to container. Consider waiting one day for worms to settle before adding food. Add food by burying in different locations throughout bin. Monitor the moisture of the bedding and amount of bedding. Use spray bottle to moisten as needed. Add food scraps as old food scraps disappear.

DECOMPOSER RACE
Testing the rate of decomposition in different soil samples

Setting Up Investigation

Select Containers: Use clear beakers, Petri dishes, glass bowls, or bottoms of empty 2-L soda bottles. Have 2-4 of these containers ready for use.

Measure Soil Samples: Using a digital balance measure equal mass of the two different soil samples being tested. Record the mass and place the samples into 2 separate containers. Make sure as much of the sample is transferred to minimize measurement errors.

Measure Food Scraps: Use old fruit/vegetable scraps. Using the digital balance, measure equal amounts of food scraps and place these into the soil containers. 

Ventilation: Make sure that each container is ventilated. A second investigation could compare ventilated versus sealed containers. Sealed containers will trap gases (especially collecting water vapor), which could provide a nice discussion about how matter changes during decomposition.

Final Observations:

Allow materials to decompose for a week or more. Measure the final mass of the soil/food scrap materials (you will not be able to separate after decomposition). Have students discuss which sample decomposed the fastest and why they believed this happened. Then ask students to explain where the matter went during decomposition (into the air).
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Activity: Creatures in the Compost

Overview
Whole class discussion							5 minutes
Student pairs:  microscope work						30 minutes
Reflection questions & discussion						10 minutes													
Estimated Time: 45 minutes

Materials
Student copies of Creatures in the Compost
Compound light microscopes
~2l samples of two types of compost piles: all leaf and mixed input
Glass microscope slides (1 per student pair)
Disposable plastic droppers
Tweezers/forceps (2-4 to put in compost)
Water
Paper towels

OPTIONAL: Vernier Demonstration
Composting material
Computer and LoggerPro software
Respiration chamber
CO2-O2 Tee
CO2 probe
O2 probe
Parafilm (to help seal openings)
Student Copies of Demonstration handout
	
Procedures
1.  Prior to student arrival, place compost samples separately in large shallow bowls; add some tap water to each bowl. Place 1-2 tweezers in each bowl.

2.  Show students the compost samples and describe each pile’s composition. Elicit input about forming a hypothesis. Direct the students to make their hypotheses on their  handouts.

3.  In pairs, have students conduct the activity. As they do this, look through as many student-focused samples as possible to get an idea of what kind of creatures they are finding. Most students will be able to identify microscopic animals as they move and are easier to distinguish from the compost. Most bacteria will be difficult for students to observe with the magnification of common classroom microscopes.  

4.  After students have gathered data in pairs, ask pairs to describe (or draw on individual white boards) what they saw and come up with a consensus about which pile had the greatest variety of organisms.

5.  Choose one or more of the conclusion questions to discuss:
1.  Was your hypothesis supported by your data? Explain.  Answers vary based on data collected. Theoretically, the mixed pile should have a greater species diversity due to the larger diversity of food sources

2.  What were the organisms you saw doing in the compost pile? How will that change the composted materials? The organisms were there to eat the materials and perhaps use the pile for shelter. The organisms were likely moving, maybe poking at the chunks of leaves, etc.  The composted materials will be ingested by the organisms, breaking down those molecules just like what happens when we eat. The organic molecules will be metabolized by the organisms and the gaseous waste (water and carbon dioxide) will be released from the pile.  This makes the pile smaller over time.

3.  How would you expect the air around the compost pile to change as the decomposers work?  The carbon dioxide levels increase and the temperature rises as heat is released.

4.  What could you do to change the conditions of the compost pile to speed up the process of decomposition?
Increase in temperature and moisture (with limits) mix it to increase oxygen availability, add “compost starter” which has bacteria in it


OPTIONAL

Consider conducting a Vernier demonstration during this class period to help make gas reactants and products more visible for students.  Revisit the Process Tool for cellular respiration and have students reconsider the new evidence they have to justify matter inputs and outputs.

Name: __________________________________________ Date: _________

Creatures in Compost

Purpose:  To observe decomposers feeding on dead organic material in two different compost piles:  an all-leaf pile and a pile made with a mixture of yard and kitchen waste

Hypothesis
We think there will be a larger variety of organisms in the (circle one)	

Leaf compost pile			Mixed compost pile.

Procedure

1. Send one partner up to one station. At the station, get a slide and with tweezers, pick out a small sample of organic material to put on the slide. With a dropper, put a drop or two of the liquid surrounding the compost on the slide too. Leave the dropper there and go back to the microscope.
2. Place the slide with the sample on the stage of the microscope. Make sure the 4x objective lens is in place. Focus on the sample.
3. Search for signs of life in the sample. When you find something, draw it in the observation table below, noting which type of compost is being examined.  
4. If you see more than one creature of the same type, note the approximate number you find next to its drawing.
5. Continue steps 3 and 4 until the sample has been thoroughly examined.
6. Into the trash, wipe off the sample from the slide.
7. Repeat steps 1-6 taking material from the other type of compost.

Observations
Type of compost pile:  _________________	type of compost pile: ________________

	
	


Conclusions:

1.  Was your hypothesis supported by your data?  Explain.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.  Why do you suppose those creatures are in the compost pile?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3.  How would you expect the air around the compost pile to change as the decomposers work?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4.  What could you do to change the conditions of the compost pile to speed up the action of the decomposers?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________









Name: ____________________________________ Date: __________

Demonstration: Decomposers in Compost

Purpose: To analyze quantitative data gathered from active decomposers working on leaves in a compost pile.

Hypotheses

As time increases, the level of O2 in the air surrounding the decomposers will ______________

As time increases, the level of CO2 in the air surrounding the decomposers will _____________

Explain your predictions:
	











Make a line graph from your teachers’ data table:

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



Key: 	
	CO2	----------
	O2	----------


Questions 


1. Were your hypotheses supported by the data? Explain using trends seen in the graph.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


2. Do you have evidence that cellular respiration occurred in the decomposers’ cells? In your explanation include the levels of CO2 and O2 to support your ideas. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


3.  If the compost pile had a mass of 10 g before the data was collected, how would the mass of the pile change during the data collection?  Why?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Activity: Decomposers in Our Environment

General Overview
Setting up samples	(Day 1)						25 minutes
Observations/Conclusions (2-3 days later)					25 minutes												
Total Estimated Time: 50 minutes

Purpose & Tools
This activity is intended to make decomposers more visible to students. Students collect sample swabs that test the presence, abundance, and diversity of decomposers on various surfaces in our environment. Samples are incubated and students then make observations and draw conclusions about the presence of decomposers in our environment.

Materials
Each group will need
· At least 1 Petri dish with nutrient agar
· Sharpie marker
· Sterile swabs for collecting samples
Incubator
Powers of Ten Chart
Student handout Decomposers in Our Environment
Microscope and slides

Advance Preparation
Prepare Petri dishes with agar nutrient prior to day 1
Gather other lab materials 
Make copies of student handout

Procedures

Demonstrate lab materials to students. Explain to students that they will collect samples from around the classroom and school to test for the presence, abundance, and diversity of decomposers living on surfaces in their environment. Show them how to take a clean sample using the swab, how to smear the sample in the Petri dish, and how to label each specimen. 

Once specimens are collected, place them in an incubator for 2 days or until growth is obvious and will provide good observational data for students.

Have students make observations of each specimen and consider preparing slides of different specimens for students to observe using the microscope. Using the Powers of Ten Chart, remind students of the scale at which these organisms are located. Have students draw conclusions about which specimens contained the most abundance and diversity of decomposers. Give students time to answer questions on their investigation sheet and then discuss those answers, especially to question 3, which has students compare decomposition to processes in plants and animals in terms of matter and energy.
Name: __________________________________________ Date: _________________

Decomposers in Our Environment

Purpose: To test for the presence of bacterial and fungal decomposers in various locations

Materials
· Nutrient agar in Petri dishes, incubator, Sharpie marker, sterile swabs
Procedure
1. Each Petri dish will be inoculated with a smear from a different source, labeled, then placed in an incubator
2. After incubation for a day or two, qualitative observations will be taken for the next three days, the dishes must be kept closed at all times
3. After the experiment is completed, the dishes will be soaked in bleach water before disposal
Hypothesis: Which source do you think will have the most fungi and/or bacteria grow on it?  Explain why. _________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________

Qualitative Observations

	Source of Sample
	Date:
	Date:
	Date:

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	


Analysis and Conclusions:

1. Bacteria produce colonies (circular, mucus-like growth), while fungi (molds) produce fuzzy growth. From which sources did bacteria grow? Fungi? Both?  ______________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________

2.  How does your prediction compare to your results? __________________________
______________________________________________________________________
____________________________________________________________________________________________________________________________________________
______________________________________________________________________

3.  Are decomposers alive? What is your evidence? If they are alive, are they more like plants or animals in the way that they transform matter and energy? _______________
______________________________________________________________________
____________________________________________________________________________________________________________________________________________
______________________________________________________________________
Activity: Yeast Fermentation Investigation

General Overview
Demonstration equipment							10 minutes
Lab investigation								30 minutes						
Total Estimated Time: 40 minutes

Purpose & Tools
Prior to beginning the experiment, participants will make predictions about which carbohydrates will promote yeast to produce more CO2. Participants will then add yeast suspensions to various carbohydrate solutions to inverted plastic transfer pipettes or droppers, and count the number of CO2 bubbles produced. An incubator will speed this process up and should be used if possible

Background Information: Aerobic microbial decomposers, bacteria and fungi, produce ATP by using the energy stored in the chemical bonds of organic (carbon-containing) molecules. This process is known as cellular respiration, and can be accomplished aerobically, using O2 as the terminal electron acceptor:

	C6H12O6  +  6O2     6CO2  +  6H2O   +   36 or 38 ATP

Decomposers occupy various niches in the soil environment, and have evolved to make use of the materials readily available to serve as electron acceptors during cellular respiration. Some use oxygen as an electron receptor and produce CO2 and H2O. Some prokaryotic (bacterial decomposers) use such compounds as nitrate, sulfate, and CO2 as electron receptors, but produce less ATP per organic molecule.  

In addition, fungi and some bacteria use fermentation to produce acids, or CO2 and alcohols. Fermentation is used by eukaryotic decomposers (fungi) in the absence of oxygen. Bacteria can use fermentation or anaerobic respiration, using an alternative electron receptor such as nitrate, sulfate, or CO2. Fermentation in fungi is a far less efficient process in terms of ATP production, because the organic substrate is not fully oxidized. Either alcohols or acids (and gases like CO2 and H2) are produced as a result of the fermentation process, and much energy still remains in the chemical bonds of these products: 

C6H12O6    2CO2  +  2C2H5OH  +  2ATP

Aerobic respiration produces far more ATP molecules than fermentation, hence providing more useable energy to the organisms that use/employ it. This allows aerobic organisms to break down materials much faster than those that use fermentation. Thus areas exposed to oxygen, such as the air-soil interface in terrestrial environments and the sediment-water interface in aquatic environments, generally have higher rates of decomposition than those found beneath these interfaces. Carbon and hence, energy become sequestered in areas devoid of oxygen, and are more quickly cycled and liberated in aerobic environments. Temperature and the availability of water influence cellular respiration (metabolism), so decomposition rates are increased during warm weather and in moist environments.

In this activity, students will use yeast to demonstrate the decomposition process by observing the production of CO2 from yeast/carbohydrate suspensions. Students are primarily engaged in tracing changes in carbon and do not get into the comparing aerobic respiration to fermentation.

Materials
Very large test tubes (3 per group) and test tube rack
Beral pipettes (thin stem) (4 per group: 1 yeast, 3 for carb solutions)
Droppers (3 per group)
Metal nuts (3 per group)
Yeast suspension (prepared in advance)- try instant yeast, or a dry, active yeast
Various solutions (several beakers of each): (for entire class)
	Glucose/table sugar (monosaccharide)
	Starch/Cornstarch (polysaccharide)
	Cellulose/Sawdust (polysaccharide)
Dixie cups
Watch/clock – 1 per group
Incubator, if possible

Advance Preparation
Carbohydrate solutions and yeast suspensions should be prepared in advance. Glucose should be prepared 5% weight-to-volume except starch and cellulose will be 2%. Yeast suspensions should be prepared at 1 Corning tube capful per 50 ml of warm water shortly before using them.  If possible, store them in a warm water bath. 
Procedures
Procedure for teacher to set-up and demonstrate to class

[image: yeast resp setup]1)  Advance preparation: Teacher will need to prepare large beakers of yeast and carbohydrate solutions in advance and gather other materials.

2) The teacher should first demonstrate the apparatus and how to use the test tube/dropper set-up. Fill a tall test tube with water and it set aside. Using 2 graduated, plastic pipettes, measure 1 ml of yeast solution and 1 ml of glucose solution into a small paper cup. Swirl to mix.  Transfer the mixture into a dropper or another thin-stem transfer pipette (Beral type). Invert the pipette and slide a metal nut over the shaft (See Figure 1 for the correct positioning). Allow the yeast-carbohydrate solution to equilibrate for two or so minutes and then count the numbers of bubbles that rise from the tip of the dropper each minute for ten minutes.

3) After demonstrating the set-up, have students carry out the experiment testing the amount of CO2 produced by various carbohydrate suspensions/yeast mixtures.  








Name:__________________________________________ Date: _____________


YEAST LAB


Materials For Each Group:	
· 3 large test tubes and test tube rack
· 4 graduated transfer pipette
· 3 thin stemmed transfer pipette or droppers
· 3 metal nuts
· 3 cups
· various carbohydrate solutions (1 ml of each)
· yeast solution (3 ml total, 1 ml for each condition)
· watch or clock

[image: yeast resp setup]Procedures:

1. Set-up the Glucose-Yeast condition
a. Fill a large test tube with water and set aside in test tube rack
b. Obtain 1 ml of glucose solution from teacher using a graduated pipette
c. Obtain 1 ml of yeast suspension from teacher using another graduated pipette
d. Mix the two together in a cup
e. After mixing, transfer back to a dropper of thin-stemmed pipette
f. Invert the pipette and slide a metal nut over the stem.  See Figure 1 for the correct positioning. 
g. Then carefully lower into test tube as shown in figure 1. 
2. Repeat the same steps to set-up Starch and Cellulose conditions.
3. Allow the yeast-carbohydrate solutions to equilibrate for two minutes
4. Then count the numbers of bubbles that rise from the tip of the dropper each minute for ten minutes and record data in your table.

* You may use an incubator or warm water in your test tubes to speed up the process. Follow directions from your teacher.


DECOMPOSITION RATES OF YEAST 

Record the number of air bubbles observed for each condition

	Time
(min)
	Glucose-Yeast

	Starch-Yeast
	Cellulose-Yeast

	0
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	Total
	
	
	




Conclusions:

Look at your data. What conclusions can you draw about the yeast and different carbohydrate solutions? Write your conclusions here: ___________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Summary Questions:
1. You observed air bubbles coming from the yeast-carbohydrate solutions. What substances do you think are in the air bubbles and how do you think they are produced?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Why do you think there were different amounts of air bubbles produced depending on the carbohydrate solution given to the yeast? 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. A scientist claims that the gases found in the air bubbles originally came from the carbohydrates molecules (sugar, starch, cellulose) given to the yeast. How is this possible? ______________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Why do you think the yeast use the carbohydrate molecules? What do they get from the molecules? _________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

[bookmark: _Toc115247485]Activity: Soil CO2 Flux Investigation

General Overview
Introduction to investigations and available resources			15 minutes
Investigation planning	 in teams						20 minutes
Collecting data								45 minutes
Analysis									15 minutes
Sharing Data and discussion							30-40 minutes												
Total Estimated Time: 2-3 class periods (2+ hours)

Purpose & Tools
Students will break into groups of 3-4 and will be given a variety of materials with which to design an experiment, and investigate CO2 flux from soil under different conditions, such as moisture content, nutrient availability, and temperature. Justification for experimental design, materials and methods, and data collection/analysis details should be clearly outlined at the outset of the experiment. So a brainstorming session of ~10 minutes will precede commencement of this activity. 
Experimentation will proceed over 45 minutes, at which time students will analyze their data for 15 minutes. Presentation and discussion of groups’ data will wrap up the activity. 

The rates of soil decomposition vary within and among ecosystems. The availability of organic matter, inorganic nutrients, moisture, and temperature affect the rates at which decomposers (heterotrophic bacteria and fungi) are able to break down detritus. In this activity, students will explore how these variables influence decomposition rates, measured as CO2 flux. Learners will employ scientific inquiry to design an experiment, which tests the importance of the variables listed above in influencing decomposition.

Decomposition does not occur at a fixed rate. Decomposers require water, a carbon source, and various inorganic nutrients, just as other organisms do. The breakdown of organic matter releases CO2, and thereby makes carbon available for photosynthetic organisms. Energy tied up in the bonds of organic molecules is used by decomposers for cellular respiration, and radiant energy from the sun enhances enzyme activity which speeds the reactions of cellular respiration, thus increasing decomposition rates.

Materials
Bags of soils collected from the various habitats available
1 station with lab pros with CO2 probes (vessels included)
1 station with squirt bottles with various solutions:
· distilled water
· water and glucose
· water and starch
· water and protein
· water and lipid
· water and nitrogen/phosphorus compounds
· water and cellulose (in a beaker – this mixture clogs squirt bottles)
1 station with dry (non-aqueous) sources :
· cellulose
· glucose
· protein
· lipid
· fertilizer
1 station with lamps (actually used as a heat source)
1 station with dish tubs with ice
Digital balances
Weighing boats (or paper towels)
Spoons
Stopwatches 

Advance Preparation
Squirt bottles with solutions must be prepared in advance – 5% weight-to-volume solutions
should be prepared/made for use. Materials should be placed in logical areas beforehand so that student groups can visit various stations (e.g., weighing station, solution station, dry materials station, temperature station, labpro station).

Procedures
Provide various samples of soil. Tell students that they can also test different soil samples (from disturbed ecosystems like ones close to parking lots or manicured parks or soil from relatively undisturbed ecosystems like a nearby forest). Soil samples should include a minimal amount of leaf litter, and be taken from the top 2 inches of soil. A trowel can be used to obtain the samples, which can then be transported to the lab in gallon Zip-lock bags.

Review the goal of the investigation and show students various “stations” in which materials and resources are made available to them. 

Provide students with at least 20 minutes to plan their investigation, including generating their research question or hypothesis, and listing the materials they will need and their procedures. Each group will need to develop a hypothesis about nutrient/moisture availability, temperature, and its influence on cellular respiration in soil.

Provide students with up to 45 minutes to conduct their investigations in small groups. Remind them to be patient if they’re waiting for a particular lab station. Consider having an extra station available for temperature, labpros, and digital balances to minimize the wait time.

Provide students with at least 15 minutes focused on analyzing their data and drawing a conclusion from their group.

Then, have groups to share their investigation, including their hypotheses and procedures, and the conclusions they drew from their data. Make sure to encourage other class members to ask questions if the students’ procedures or conclusions seem particularly good or potentially flawed.
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Activity: Mad about Microbes

Overview
Introduce the lesson									~ 5 minutes
Whole group reading: Mad about Microbes						~15 minutes
Small group discussions								~15 minutes
Whole group reflection								~10 minutes

Total Estimated Time: 45 minutes		

Materials
Student copies of Mad about Microbes reading
Student copies of Mad about Microbes questions
Chart paper/overhead, optional to record student ideas

Procedures

1. Introduce activity
Teacher: During the past few days, we’ve looked at different kinds of decomposers. We’ve been able to see most of these with our eyes. Today, we’re going to talk about a scientist who studies decomposers that live in soil. Many of these decomposers are too small to see with our eyes. Can you think of living things that we can’t see?

2. Pass out the Mad about Microbes reading and questions. 

3. Read Mad about Microbes to OR with your students, pausing for discussion where indicated. There are two discussion questions integrated in the reading. These are:
· Do you think you’d find more fungi or bacteria in soil close to a dead tree? 
· How do you think this [soil drying out from deforestation] could affect the land where the forest once grew?
Make sure to ask students WHY they think something is true

4. After reading the article, ask students the following comprehension questions:

1. What does Dr. Ingham try to find out through her research?
Suggested answer: She looks at what different microbes are in different habitats, and at which ones are eating what. She also studies how the way people use land affects these microbes.

2. What are some things she has discovered?
Suggested answers: 1) Even in a small outdoor area, the decomposers you find can be completely different depending on where you look, 2) bacteria typically eat food that is easy to digest, whereas fungi eat wood and tougher materials, so more active fungi than bacteria are found in soil near dead trees, 3) many bacteria on dead plants are in a resting state, waiting for food or conditions that are just right, 4) After forests are clear-cut, there are fewer fungi living in the soil and breaking down the dead plants, 5) When farmers spray crops, they can kill microbes in the soil that they didn’t intend to harm

3. Why do only a fraction of the microbes show up when Dr. Ingham stains them?
Suggested answer: The stain only shows microbes that have recently eaten. A lot of microbes “rest” where they land until conditions are just right for them to begin eating.

5. After discussing the questions above and monitoring student comprehension of the reading, have students discuss and respond to the Mad about Microbes questions in pairs. Give students about 8-10 minutes to respond to the questions. They will respond to the following questions:

1. How are bacteria similar and different from fungi?
2. What does Dr. Ingham’s study of microbes have to do with living plants?
3. Why might it be important not to cut down trees?
4. If farmers use lots of herbicides and pesticides to spray their crops, what do you think would happen to the crops after a while? Why do you think this would happen?

6. Have the pairs share their ideas from the Mad about Microbes questions and record their ideas on a chart paper, the board, or an overhead transparency. Pay special attention to the evidence that students use to support their ideas and probes students to explain their ideas as fully as possible. Also, prompt other students to respond (Either agree or disagree, or add) to what each group is saying.

Name:______________________________________ 	       	 

MAD ABOUT MICROBES

Think about what you learned in the reading, and answer the following questions.


1. How are bacteria similar and different from fungi?

	Similar
	Different

	








	



2. Do the microbes that Dr. Ingham studies need food and air like plants and animals? If yes, how do they obtain these? _________________________________________________________________________________________________________________________________________________________________________________________________________
3. What does Dr. Ingham’s study of microbes have to do with living plants? _______________
_________________________________________________________________________________________________________________________________________________________________________________________________________
4. Why might it be important not to cut down trees? ________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________
5. If farmers use lots of herbicides and pesticides to spray their crops, what do you think would happen to the crops after a while? Why do you think this would happen? __________
_________________________________________________________________________________________________________________________________________________________________________________________________________

[image: MadAboutMicrobes]
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 Appendix A: Full Materials List

CORE ACTIVITIES
Class Materials
Computer and projector
Overhead and blank transparencies or White Board 
Process Tool for Decomposers – cell respiration
Powers of Ten Chart
Compost Powers of Ten Chart
How Decomposers Work transparency
Group/Lab Materials (per group)
1 bag of moldy pumpkins/squash for each pair/group
Hand lenses/Microscopes/slides
Digital balance
Model Kits
Student Handouts
What happens to Dead Plants and Animals?
Observations of Mold
Modeling Decomposition

OPTIONAL ACTIVITIES
Class Materials
Process Tool; Powers of Ten
Group/Lab Materials (per group)
***optional inquiry activities require additional resources, such as materials to set up vermicomposting, test tubes, soil samples, vernier probes, various solutions, etc. See specific lesson plans for materials list
Student Handouts
Bananas and Yeast
Observing Bananas and Yeast
A Dirty Job
Creatures in Compost (and demonstration handout too)
Decomposers in Our Environment
Yeast Lab
Mad about Microbes reading
Mad about Microbes questions
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Appendix B: Michigan Science Standards

Core Activities
1. What happens to Dead Plants and Animals?
S.IA.06.12 Evaluate data, claims, and personal knowledge through collaborative science discourse.
L.OL.06.51 Classify producers, consumers, and decomposers based on their source of food (the source of energy and building materials).
L.OL.06.52 Distinguish between the ways in which consumers and decomposers obtain energy.

2. Observing Mold on Pumpkins/Squash
S.IP.06.13 Use tools and equipment (spring scales, stop watches, meter sticks and tapes, models, hand lens, thermometer, models, sieves, microscopes) appropriate to scientific investigations
S.IP.06.16 Identify patterns in data.
S.IA.06.12 Evaluate data, claims, and personal knowledge through collaborative science discourse.
S.IA.06.13 Communicate and defend findings of observations and investigations using evidence.
S.IA.06.14 Draw conclusions from sets of data from multiple trials of a scientific investigation.
P.EN.06.42 Illustrate how energy can be transferred while no energy is lost or gained in the transfer.
P.CM.06.12 Explain how mass is conserved as a substance changes from state to state in a closed system.

3. Modeling Decomposition
S.IP.06.16 Identify patterns in data.
S.RS.06.15 Demonstrate scientific concepts through various illustrations, performances, models, exhibits, and activities.
P.EN.06.42 Illustrate how energy can be transferred while no energy is lost or gained in the transfer.
P.CM.06.12 Explain how mass is conserved as a substance changes from state to state in a closed system.
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Mab Asour MICROBES:
THE WORK OF ECOLOGIST DR. ELAINE INGHAM

When Elaine Ingham was in her last semester of college, she took » course caled.
Microbiology and knew from that moment that she wanted o spend her cacer studying
microbes — living things that arc 50 iny you need a microscope to see them. “The world of
Hife under a microscope is fascinating, and the microbes are cute” she says. “When you src.
able to recognize the different kinds of rganisms, s like saying hello to your old frends!
Plus there are always new things to look at that you havent scen befor, s0 Its exciting.-

D inghsm s now a soilccologist working at Oregon State University. The sol is s good
ching to study if you'e interested in microbes, because lots of microbes live there. In just a
teaspoon of soil there can be more microbes than there are people living on the carth — over
500 million individual bacteria (sbout 40,000 different species), and up to 6,000 meters of
‘hyphae from fungi.

‘Some microbes thatlve n soil, such a cerain kinds of ungi and bactera, are decomposers,
they eat dead plants that fal to the ground. Other tiny soil organisms eat the fungi and
bacteria that are eating the dead plants, Dr. Ingham tries to figure out what different kinds of
microbes live in the soil in different places, such as in  forest, 4 grassland, and a mountain
meadow. She calculates how many microbes there are and what they eat.

When Dr Ingham gets (0 a it the fise thing sh doesis decide where to collect soil
samples — neara wee, under adead log, beside a blucberry bush, between patches of grass,
and 50 on. These decisions are very important. Differen arcas, even when less than half»
meter away from each other, can have comletely different microbes. One resson is that
bacteri arc beter than fungi at cating st food” — material that is high in energy and easy
0 digest. But when the food i tougher — like bark and logs — fungi win out. Do you think
voud find more fungi or bacteriainsoil close to a dead tree?

Pase fo discussion

Once she decides where (0 samle, Dr. Ingham uses trowels and sol corers o collec the
t0p 5 cm of soil where the microbes are most concenrated. She puts the sol samples 1n
plastc bags which are stored in coolers with ice to slow down the microbes until she gets
back to the lab.

At the b, Dr. Ingham puts a measured smount ofserlzed waterin s measured amount of
soil. mixes it well and looks at it under a microscope to identify the kinds of microbes that
are there. She also wants to know how many of the microbes she sces have been eating desd
plant materia, instead of just resting. To find this out she helped invent 3 way o use dyes
that turn color only on the microbes that are actively using food they ve eaten recenly.
Imagine that somcone poure a similar dye over you. While you were sleeping, it wouldn'
wen color, but right after you ate, you would turn neon greent
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When Dr. Ingham stains the samples s finds that only 2 t0 20% of il the bacteria she sces
are actually cating and breaking things down. This is because many bacteria are picky cakers,
and particular about their living conditions. A lot of microbes are carried by wind, wter, or
animals to new places, but they stay in  sleeping stage unless everything i just right — they
might need a certain kind or partof plant,or food with a lot of ron in it or a certain
temperature. But f one kind of microbe docsrit like the food and conditions around it there
are usually others there that dot

D Ingham also swuies how the things people do to the land affect the microbes that lve:
hee. In one sty she compared un-cu forets to ones tht people have clear-cut for
lumber She found outtha afier one year, che cler-cu ores had 10 times fewer fun n s
il than the un-cut forst. Aftr fve year it had 100 times fewr fungil This is because once
the tees are gone, the foret lor s exposed tothe sun. The sol dris our, making.
conditions that are 100 harsh for the fungi to live in. How do you think this could affect the
Tand where the forestonce grews

Pase for discusion

When there areless fungi to break down the leftover leaves, branches and trunks of trees in
clear-cut forests, then nutrients (minerals that llliving things need to stay healthy) don' get
returmed to the forest soil. So the land that was clear-cut might not be a good place for
growing treesin the future

D Ingham also sudies crops and other places where chemicals such as herbicides and
pesticides are sprayed. She found that when a chemical is sprayed to control weeds or a
discase tht is attacking plants, it often kills microbes n the soil that it wasn' designed to kil
‘When one kind of microbe, such as bacteria,is wiped out, then the whole underground food
web of microbes changes. Since microbes perform a very important step in returning
nutrients o the sol that living plants need, i s important for scientists ke Dr. Ingham to
help farmers understand how crop spraying affecs sol fertlicy.

D Ingham has lots of adventures while she works, and some mishaps. Sometimes when
m walking around a plot n 3 clear-cut forest” she says, T carying my cooler and lookis
shead for my plot markers. The next thing | know BOOM: — | fll over  log and spend the
rest of the day hobbling around on a sprained ankle. I¢s quie a comical sight’”

One of he forests where Dr. Ingham works has a lot o “widow makers® — trees that have.
big branches that fal whenever the wind blows, posing a danger to anyane belorw. Dr.
Ingham has slso been caught in mud sides while working in the mountains. “All of the
sudden a heavy rain comes down, and the path gives way and youre zooming down the side
of the bank slong with the mud ” she says.

Butall of this outdoor adventure sill st as exciting to Dr. Ingham as the world under her
micrascope. She knows that her work on microbes is important because it helps people like
foresters and farmers understand how what they do to the land affects whesher plants willaer
the nutrients they need to stay alive,
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