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Unit Overview and Background for Teachers

The Environmental Literacy Project conducts research aimed at improving the preparation of students from upper elementary through high school to act as environmentally informed citizens.   A summary of our findings is available in the Introductory Guide for the carbon cycle units. More detailed descriptions of our research are available on our website: http://edr1.educ.msu.edu/EnvironmentalLit/index.htm.

One important conclusion from both our research, and our experiences in classrooms, is as follows: When students enter school, they use narratives (or stories) to explain how the world works. This is the students’ primary, or natural, discourse. The information they learn in science class teaches them more detailed narratives and new vocabulary, and they try to fit the new information into their existing narratives. Thus, students tell the same stories with more details, instead of learning new, more principled accounts about their world. The activities of this module introduce students to Tools for Reasoning that highlight important principles—tools that students will use in all of our teaching activities.

Tools for Reasoning

This unit is designed to introduce students to TOOLS FOR REASONING that embody three key principles that are essential for reasoning about environmental processes: SCALE, MATTER, and ENERGY.

SCALE: All environmental processes occur in a hierarchy of systems at different scales; we focus in particular on atomic-molecular, microscopic, macroscopic, and landscape scales. Many students struggle to connect events that they see at the macroscopic scale to explanations at the microscopic scale or atomic-molecular scale. In this unit we reinforce students reasoning about scales in plants, connecting with the Powers of 10 Tool focusing on the macroscopic and microscopic scales.
MATTER: Elementary students tend to rely on a macroscopic force-dynamic reasoning to account for events: the event involves an actor with an ability or tendency to change something internally or in their environment, using enablers from the environment to support the change (e.g., the tree uses water, air, and sunlight in order to grow). To elementary students, this force-dynamic reasoning does not involve any exchange of matter or energy between the actor and its enablers. In this unit using the Matter and Energy Process Tool, students work to reason about photosynthesis and the plant respiration. So, changes in matter and energy become more visible to students.

ENERGY: Elementary students may know the word energy but they usually cannot correctly identify energy involved in the events. In this module students use the Matter and Energy Process Tool to trace energy transformations required for photosynthesis from sunlight to chemical energy in sugar as well the transformation from chemical energy to motion energy when they need to power. The use of those tools makes energy more evident to students, and keeps it these separate from matter. 

Activities of this module

The activities of this module introduce the core principles of scale, matter, and energy. Additionally the unit develops the plant processes in order to make and use food 
The unit has 10 activities
. There are five core activities, two inquiry activities and three additional activities. Inquiry and additional activities are optional, but please consider using them as they deepen and enrich the tools and content of the core activities.
Core activities of the unit

Activity 1 How do plants grow?: Introduces the unit through observations of plant growth. Students watch time-lapse videos of plants growing and conclude that plants take things from the environment that help them to live and grow. 
Activity 3 Zooming inside plants: Examines the parts of plants at different scales. The activity develops the core idea that plants have many parts and every part is made up of cells. 
Activity 4 Plants make their food: Introduces students to the process by which plants make their own food (photosynthesis). Students also connect the scientific definition of food with sugar plants make.  Students use the process tool to trace materials and energy through photosynthesis.  

Activity 6 Where is food made in plants?: By modeling photosynthesis using manipulatives this activity helps students become more spatially explicit in their thinking about where photosynthesis occurs (in leaf cells) and where sugar is used (in all cells of the plant).

Activity 8 How is food used for energy in plants?: Explains how plants use the energy in food. Students use the process tool to track the energy and matter transformations that happen when plants use food and compare plant energy usage to animals.  Students also use the manipulatives introduced in activity 6 to reinforce the fact that all cells use the energy that plants make in their leaves. 
Optional inquiry activities

Activity 2 Investigating what plants need to grow: Is a lab experience for visualizing and measuring plant growth as well as the effects of sunlight and water in this growth. 

Activity 7 Where is food stored in plants?: Is a lab experience designed to test for the presence of sugar and starch in different plant parts. This activity reinforces for students that food made in leaves move to plant parts like roots and fruits.

Optional additional activities

Activity 5 Is soil, minerals or water food for plants?: Students analyze the scientific definition of food in order to determine whether some materials that plants use, like soil, water and vitamins are “food”. For this purpose students read about Von Helmont’s experiment and observe a demonstration where some materials are burned.

Activity 9 Problem solving about plants: Students are presented with “problems” in which they need to use what they know about how plants store and use food to solve the problem.
Activity 10 Plants are useful: Explores the effects of plants on the environment.  Students apply their ideas about plants to explain their importance to soil, air and other living things. 
Materials list

Teacher Tools

Computer and projector for PowerPoint (if desired).

Overhead projector, blank transparencies, overhead markers (if desired)
2 time-lapse videos of plant growth

Computer and projector or TV

Process tool poster
Potato plant poster
Overhead Transparencies and/or PowerPoints

1 set of transparency sorting Cards and/or 1 set of enlarged teacher sorting Cards
Electronic versions or transparencies of the student worksheets, process tool, poster

Student Worksheets (1 per student, students write on)

How do plants grow?
What plants need to grow: Setting up the experiment 
What plants need to grow: Analyzing the data 

Zooming into Plants
Plants make their food 
Is soil, minerals or water food for plants?

Where is food made in plants?
Where is food stored in plants?
Where is food used for energy in plants?
Problem solving about plants
Plants are useful
Group Materials for Repeated Use (1 per group)

Plants need food to grow Reading
Set of cards for sorting (about plant parts and scales)

Set of cards for sorting (about photosynthesis)
Potato Plant Posters

3 pennies (each w/ one red, yellow, or blue sticker) and 1 nickel per group (with green sticker)
Lab Materials

Activity 2
12-24  plants in pots 

Black garbage bags

Masking tape

Rulers
Activity 5 

Sugar cubes

Vitamin tablet (sugar free)
Plant fertilizer sticks (sugar free) or mix of granulated fertilizer

Lighter, Bunsen burner, or equivalent
Safety goggles for teacher
Tongs

Activity 7
For Teacher demonstration: 

-Benedict indicator purchased from a chemical supply company (e.g. Carolina.com)
 
-Hot plate

-Large Beaker or pot partially filled with water

-Tongs

-4 test tubes large enough to stand up in your water container

-A small amount of distilled water, glucose
 water, apple juice, and carrot juice (diluted so it is mostly clear) - make sure the apple juice contain real fruit juice (i.e. fructose).
Per pair of students:

-Medicine droppers or disposable transfer pipettes
-Iodine-potassium iodide (IKI) solution purchased from a chemical supply company
 
-1 Small jar (baby food jars) or cup for the iodine solution or dropper bottle

-Foods to test (1 pc per group): bread, potatoes or radishes, bananas, celery stalks, apple or pear, bean

-1-5 Shallow, flat dishes; the number of dishes per pair depends on how many of the 5 tests a student can do on each dish (e.g. Petri dishes, paper or plastic plates)
Activity 1: How do plants grow?
General Overview:
Plant growth videos and discussion






~10 minutes

Handout How do plants grow? and discussion




~20 minutes

Total Estimated Time: 30 minutes
Purpose/Background:

This lesson is designed to elicit students’ initial conceptions of plant growth and allow them to make comparisons between plants and animals and to introduce plant growth as a process by which plants increase their mass. Using plant growth videos students describe plant changes and, consequently, their continual need for new materials. Elementary students are familiar with plant growth and need to recognize that this is caused by adding new materials.  

The key points for this lesson are:
- Plants grow, and this occurs because they gain mass and increase their size. 
- The mass of the plant come from materials that are outside the plant (e.g. water, air)
Materials:

Copies of How do plants grow? Handout
2 time-lapse videos of plant growth (computer files or DVD if available)
Computer and overhead projector or television
Advance Preparation/ Safety Considerations:

Make copies of student handouts if not provided by MSU

Make overhead transparencies if needed and not provided by MSU
Watch the time-lapse videos
Detailed Procedures:

Plant growth videos and discussion




~10 minutes

Explain to students that today they will begin investigating how plants live and grow. The students will watch 2 short time-lapse videos that show the growth of some plants. You will probably need to explain to them how time-lapse videos are made.  After students have watched the videos, ask what changes they saw in the plant and how they think the changes occurred.  The 2 time-lapse videos show that plants grow and move so be sure the discussion includes both plant growth and movement. 

Handout How do plants grow?





~20 minutes

After showing the videos, pass out the handout “How do plants grow?”  Students should respond to the 5 questions in pairs.  Following the work in pairs, lead a whole class discussion going over each question.  Guide students so they conclude that the changes during plant growth occurred because plants have incorporated new materials. They may be familiar with these materials: water, soil minerals, and air.  Also guide students to understand that plants require energy to move even though they move differently than animals.  
Name: __________________________________________ Date: ____________

How do plants grow?
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1. What changes can you see in the plants in the videos and above pictures?
The plants have more, bigger leaves. The plants are taller.
______________________________________________________________________

2. Does the weight of the plants increase?  Why do you think that?

Yes, because a bigger plant has more water and other materials. 
______________________________________________________________________

3. The growing plants needed materials to grow and gain weight.  Where do you think the plant got them?
They came from the environment.  Students may detail water, soil minerals, and air.
______________________________________________________________________

4. What evidence do you have that you are right?

E.g. Plants will wither and die if you don’t water them.
______________________________________________________________________

______________________________________________________________________
5. As you saw in the video, plants can move their leaves.  Do you think they need energy to do that? Why do you think that?
Yes, they do because they are changing position.
______________________________________________________________________
______________________________________________________________________

 Activity 2: Investigating what plants need to grow (optional)
General Overview:

What plants need to grow: Setting up the experiment Handout


~20 minutes
Students taking measurements 






~40 minutes*

What plants need to grow: Analyzing the data Handout



~20 minutes

Total Estimated Time: 80 minutes 
 * Students will measure the height of their plants every 3 days or so for 10-14 days.
Purpose/Background:

The purpose of this activity is to analyze some of the factors that influence photosynthesis and plant growth, such as sunlight and water. The students have learned that plants need 4 things for growing: air, water, sunlight and nutrients from the soil (minerals and vitamins) and they know that plants get these things from the environment.  In this lesson, they will do a pair of simple plant growth experiments to demonstrate that plants need light and sunlight to grow.  There are critical ideas that students must understand from today’s lesson: 

- Plants need water, sunlight, air and nutrients from the soil.

- These things help plants to grow and to increase their size. 
Materials:

Copies of What plants need to grow: Setting up the experiment handouts
Copies of What plants need to grow: Analyzing the data handouts

Overhead transparencies of handouts if desired

Poster/chart paper
For lab (for more details see “Before the experiment” box on the next page)
12-24 plants in pots 

Black garbage bags

Masking tape

Rulers
Advance Preparation/ Safety Considerations:

Make copies of all student handouts if not provided by MSU

Plant fast growing plants about a week before you wish to start lab
Detailed Procedures:

What plants need to grow: Setting up the experiment 



20 minutes

Use the What plants need to grow: Setting up the experiment handout to guide a discussion about how and why students will be performing their experiment.  Spend extra time discussing why the these three treatments are used.  It may be easier to first introduce the experiment as two different experiments with 4 treatments group (light, no light, water, little water) with the control group acting as the control (light, water groups) for each experiment.
Students taking measurements 






40 minutes
You may choose to have students help set up the experiment or simply explain it to them.  Students should measure the height of their plants initially and then every 3 or so days for 10-14 days and record them in data tables (i.e. - posters you hang on the wall of your classroom; see an example on the next page).  You may also wish students to record qualitative observations.
What plants need to grow: Analyzing the data Handout



20 minutes
After all the data has been collected you can choose to have students graph their data individually, in groups, or work through it as a class.  We recommend just graphing the average final heights of all plants in the group.  Then use the What plants need to grow: Analyzing the data handout to guide students through data analysis of the experiments and the conclusions. 
	Before the experiment

For this experiment, consider using fast growing plants that will show large changes in a short period of time (for example 10 – 14 days). Examples of these plants are beans, radishes, Wisconsin Fast Plants* TM (plants developed for the classroom to flower in only 14 days), giant sunflowers, etc.  To start this activity seeds need to be germinated and they need to at least have their first pair of true leaves (in order to use sunlight for their growth instead of the initial food stored in the seed).  Therefore, you must plant the seeds in pots with potting soil in advance.
Set up a pair of simple experiments to test the effect of the light or water on plant growth.  Put three groups of plants in a warm, lighted place (not too near the windows in the winter) and water them every two days.  To test the effect of light on plant growth, cover one group of plants with a black garbage bag.  To test the effect of water on plant growth, decrease the amount of watering of one group to once a week.  Label each group as shown below in bold.  You should use between 12-24 plants (3 groups containing 4-8 plants per group).  You can plant all the plants for one group in one or two pots or pot them individually.  You can set up the experiment so each student group of 4 students has their own set of 3 plants (1 from each treatment group) or have the whole class take turns taking measurements on fewer plants.
Test of effect of sunlight in plant growth

Control plants
Test effect of water in plant growth

Without light and

 with a lot of water

With light and 

with a lot of water

With light and 

with a little bit of water
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*Wisconsin Fast Plants require 24 hours of constant light to grow while most plants only require 12 hours. You can get more information about Wisconsin Fast Plants at their website http://www.fastplants.org/. 

	Plant group (e.g. no light & water)

	  
	Plant height (cm)

	 
	Day

___
	Day

___
	Day

___
	Day

___

	Plant 1
	
	
	
	

	Plant 2


	
	
	
	

	Plant 3
	
	
	
	

	Plant 4
	
	
	
	


Name: __________________________________________ Date: ____________

What plants need to grow: Setting up the experiment
1. What kind of materials and energy do plants need to grow?
Water, soil minerals, air and sunlight 

______________________________________________________________________

______________________________________________________________________
Starting today you will begin a pair of experiments to investigate whether plants need light or water to grow.  Your class will set up the experiments as shown below.
	Effect of light in plant growth
	Effect of water in plant growth
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2. What are we trying to find out through these experiments?

If water and sunlight are required for food growth

______________________________________________________________________

______________________________________________________________________

3. What can we measure to use as evidence of plant growth?

Students could mention height, number of leaves, weight etc.  They will measure height ______________________________________________________________________

______________________________________________________________________

Name: __________________________________________ Date: ____________

What plants need to grow: Analyzing the data

1. What visible changes could you see when you were taking measurements?

____________________________________________________________________________________________________________________________________________

______________________________________________________________________
2. What group of plants increased the length of their stems the most? 
Those more frequently watered and those that were grown in the light ______________________________________________________________________

______________________________________________________________________

3. What conclusions can you make from your results?

Sunlight and water are things that plants need in order to grow and to survive

______________________________________________________________________
______________________________________________________________________

4. Can you suggest an experiment or investigation in order to show that plants use air for their growth?
An experiment may be conducted in a chamber without air. ______________________________________________________________________
______________________________________________________________________

5. If you had to explain to a friend the things plants need, what would you tell them?
Water, sunlight, soil nutrients and air.

______________________________________________________________________

Activity 3: Zooming inside plants

General Overview:

Introduction









~10 minutes

Working with plant cards
 






~15 minutes

Summary questions and review






~10 minutes

Total Estimated Time: 35 minutes
Purpose/Background:

The purpose of this lesson is to help students visualize the relative size of plants and their parts from the landscape to the microscopic scale and to introduce/reinforce the fact that all plant parts are made up of cells.  The students already know that plants are living things, but it might be difficult for them to understand plants have an internal organization made of cells.  The rest of the unit is designed to help students understand that the processes that plants perform and their use of materials occur inside of cells.  For example, in activity 4 students will learn that photosynthesis occurs in leaves and specifically in the cells of leaves.  In activity 6 they learn that the things plants need from the environment move to different plant parts and they are used in plant cells.

The goals of this activity are that students understand:

-Plants and their parts (e.g. leaves, stems, and roots) are made up of cells.

-The things that plants need are used inside the plant’s cells. 

Materials:

Copies of Zooming into Plants handout
Card sorting packets (1 per pair or group)
Advance Preparation/ Safety Considerations:

Make copies of all student handouts if not provided by MSU

Make overhead transparencies if needed and not provided by MSU

Detailed Procedures:

Introduction









10 minutes

1. Introduce the activity by having students review the benchmark scales they learned about in the System and Scale Unit.  Ask students to name different things presented in previous units and their different sizes, or the scales in which they can be classified.  Remind students that they classify the size of things in three categories: those that are too large to see with the human eye, those that we can see with our eyes, and those too small to see with the human eye.   Ask students for examples of each category.

2. Tell the students that today they will continue to focus on plants and learn how plants and their parts can be classified at the different scales. Review with them the different parts of plants (e.g. leaves, stems, and roots). 

Working with plant cards







15 minutes

1. Pass out a copy of the Handout Zooming inside plants to every student and ask them to respond to the first question.  Review the question explaining that they are familiar with these parts because they can be seen with our eyes.
2. Students will now work with a set of cards that present pictures of plants at the three scales. They have pictures of different plant parts (e.g. roots, leaves and stem/branch) and scales (landscape, macroscopic and microscopic/atomic-molecular).  Organize the class in groups of 2 or 3 students and pass out the packets of cards.  Ask students to classify the cards according to plant part (for this have the students set aside cards 2, 3 and 4, or just don’t hand out those cards until instruction 4 below).  
3. Discuss student classifications and explain to the students that every part that we can see is made up of cells that we can’t see with our eyes.  Tell the students that all the things that plants need have to move inside cells.  Have students complete the first chart on their handout, writing the card number for each category.

4. Now have students classify the cards according to their scale.  Discuss the student classifications and correct as necessary.  Explain to them that every part of the plant has cells, even though the cells’ functions will vary within the plant. 

Summary Questions
and Review






10 minutes

1. In their groups have students complete questions 4 and 5 on the handout. Once they finish, lead a class discussion on their responses.

2. Finally, review with the students the main goals of this activity:

-Plants and their parts (e.g. leaves, stems, and roots) are made up of cells.

-The things that plants need are used inside the plant’s cells. 

Name: ____________________________________________ Date: ______________

Zooming into plants

When we are walking in a place like a forest we can see many kinds of plants, like tall trees, shrubs and grasses and they all look different.  However, if we look at this forest flying in a plane, we would not easily be able to tell the difference between different kinds. 
1. While we are in the forest we are able to see different parts of the plants.  Please name some plant parts that you know.  ____________________________________________
Examples: roots, stem, branches, leaves_____________________________________

Working with plant cards
2. In the chart write the numbers of the pictures according to their plant part.

	ROOT
	STEM/BRANCH
	LEAF

	6, 8


	1, 9
	5, 7


3. In the chart, write the numbers of the pictures according to the closest scale.

	TOO SMALL TO SEE WITH HUMAN EYE

(microscopic and smaller)
	CAN SEE WITH OUR EYES

(macroscopic, visible)
	TOO LARGE TO SEE WITH HUMAN EYE

(Landscape scale)

	5, 6 , 9

	1, 2, 4 ,7 ,8
	3




4. Though we can see the different plant parts, we can’t see what the parts are made of.  If we could, what would we see?____________________________________________
5. You know that plants need some things in order to grow.  Do their cells need these things too? Why do you think that?
Cells are alive and have activity and they need materials too. ______________________________________________________________________

Cards for sorting
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Activity 4: Plants make their food
General Overview:

Whole class reading: Plants need food to grow




~20 minutes

Process Tool worksheet: Plants make their food



 
~20 minutes

Card sorting review activity







~10 minutes

Total Estimated Time: 50 minutes
Purpose/Background:

This lesson introduces students to the scientific definition of food, how plants make their own food (via photosynthesis), and how this process contributes to their growth.  Students know that plants use some materials and sunlight to grow, but they don’t know how these things are used inside the plants in order to make food.  They also know that plants are made up of cells and these cells need materials.  In this activity elementary students will not go into the chemical process of photosynthesis itself, but they will use the process tool to think about plants making food. 

There are three critical ideas students should understand from this activity: 

- Food is material that is energy-rich.

- Plants need food, just like humans and other organisms do, to 1) grow and increase in weight and 2) get energy for their life’s processes.

- Plants are able to make their own food.  They make sugar, an energy-rich food. 
Materials:

Copies of Plants need food to grow reading

Copies of Plants make their food handout
Card sorting packets (1 per pair or group of students)

Advance Preparation/ Safety Considerations:

Make copies of all student handouts if not provided by MSU

Make copies of cards for sorting activity if not provided by MSU

Make overhead transparencies if needed and not provided by MSU

Detailed Procedures:

Whole Class Reading







20 minutes

The reading today provides a lot of information for students, so it will be necessary to stop at several points to point out key ideas.  

1. Before you begin you should start by asking students what they think food is.  The first section reviews the scientific definition of food.  Students need to understand that food is a material that has chemical energy.  
2. After reading the next section, guide the discussion in order to conclude that water and carbon dioxide are materials that plants take in, but they lack chemical energy, and sunlight is light energy but is not a material.  Finally, that plants are able to make their own energy-rich food, sugar, by the process of photosynthesis using water, carbon dioxide, and light energy.
3. Using the figure have students explain the process of photosynthesis to each other in pairs and then choose several students to present to the class.
4. Discuss with students how plants make all their food, and subsequently that cells throughout the plant’s body use the sugar.

Process Tool
and Plants make their food handout



20 minutes

Consider using the process tool as you are doing the whole class reading.  As you read you can use the process tool poster and diagram on the first page of the Plants make their food handout.  Alternatively, you can do the process tool after the reading.  Have students identify the materials the plants actually take inside their structures and the form of the material—solid, liquid, or gas. Students should identify that plants take in CO2 gas and liquid water. They should recognize that the matter products are O2 gas and sugar. Likewise students should recognize that light energy is the energy input, and chemical energy is the energy output.  

Have students answer and discuss the four additional questions on their handouts. The questions focus on whether students understand how water and carbon dioxide are necessary for making sugar and its importance for plant growth.  Students should learn that plants need food for growing and this food is the sugar it makes, and before that the sugar came from water and carbon dioxide, using the sunlight energy.  So much of the plant’s weight comes from the CO2 in the air!

Card sorting review








10 minutes

Pass out packets of cards to pairs of students.  Tell students they are going to review what “food” is for plants. First have students sort the cards by “energy” and “materials”.  Students should place “sunlight” in the energy group and everything else in the material group (even air!).  Ask students to share how they sorted and discuss disagreements.  Then remind students to think about the definition of food (energy-rich materials).  Then have students sort by “Food for Plants”” and “Not Food for Plants”.  Sugar should be the only food.  Everything else is things that plants need but they are not food (either because they are energy and not material (sunlight) or low energy materials (water, soil, vitamins/minerals)).  Record students’ ideas on overhead, board, or chart paper.
Plants need food to grow
You know that plants need air, water, soil minerals and sunlight to grow.  Are these things food for plants?  To answer this question we must think about the scientific definition of food.  Not everything we eat or take into our bodies is “food” according to the scientific definition. 
	FOOD is material that living things use for chemical energy to live and grow.  


There are two important parts to this definition:

1. Food is a material.  Humans, animals, plants and all other living things use the materials in food to make new cells, grow and increase weight.  If living things do not get material from food, they can’t grow.
2. Food stores chemical energy that humans, animal, plants and all other living things use to help their cells and body parts do their jobs like move or grow.  If living things do not get energy from food, they can’t survive.
Plants make their own food
Humans and animals get food by eating it.  Plants don’t get food the same way.  Instead of eating food, plants take materials with no energy from the environment and use the energy from sunlight to make an energy-rich food, sugar.  

Plants use two types of materials to make food: water and air.  Plants take in water from the soil through their roots.  The water travels from the roots up the stem in cells that are shaped much like straws.  Eventually the water reaches the cells in the leaves.  Air is composed of different gases and one of them is carbon dioxide.  Carbon dioxide gas enters leaves through tiny holes and then goes into leaf cells.
Plants use the light energy in sunlight to make food.  This light energy is a kind of energy but it is not a material.  Leaf cells trap light energy and use this trapped energy to convert water and carbon dioxide into sugar, which stores chemical energy.  When leaf cells make food they release oxygen gas as a byproduct.

This process of food creation is called photosynthesis.  “Photo” means light and “synthesis” means putting together.  The picture below summarizes photosynthesis. Can you explain what is happening?
[image: image4.jpg]Basic Photosynthesis





The sugar produced in photosynthesis travels from the leaf cells to the cells in all other parts of the plant.  Sugar can then be used by plant cells for energy and growth.  This is the only way cells in roots, stems or flowers can get the energy-containing food that they need.  
Name: ___________________________________________ Date: _____________

Plants make their food
1.  When plants make their food, they change matter and energy.  They take the materials and move them inside their leaves to change into other materials. They change the sunlight that is absorbed by the leaves into another type of energy. Use the diagram below to show how plants change matter and energy. Then answer the questions on the following page.


Look at this plant. After 5 years it grew and increased its weight.
	



2. How did the plant get the food for growing bigger? 

It made it using water from the soil and carbon dioxide from the air. ___________________________________________________________________

3. Where did the plant get the materials and the energy for making food?

From outside the plant. The water was taken from the soil by the roots, the carbon dioxide of the air moved through the leaves and the sunlight was trapped.
___________________________________________________________________

4. A drop of rain falls into the soil near the roots of a large plant.  If the water droplet is used to make food where will it travel and what will happen to it?

It has to travel up the cells of the roots and stem to the cells of the leaves.  In the leaf cells it is combined with carbon dioxide during photosynthesis.
___________________________________________________________________

5. Some plants were put in soil, given water, and placed in a tightly sealed bottle so they could not get any air.  The bottle was placed in the sunlight.  Will the plant in the jar be able to make food?

It will not be able to make food because it will not be able to get carbon dioxide. 
___________________________________________________________________
Cards for sorting





Activity 5: Are soil, minerals or water food for plants? (optional)
General Overview:

Whole class/Small groups: Are soil, minerals or water food for plants?

50 minutes

Total Estimated Time:  50- 55 minutes

Purpose:

Students tend to focus on macroscopic, visible materials that may contribute to growth and weight gain in plants.  When students are asked, ‘What is food for plants?’ many will respond that water is food for plants unless they have a strong understanding of the scientific definition of food. Students’ everyday experiences support this conception of water.  They know that plants must be watered or they will not survive.   Students are also aware that plants take in something from the soil.  Most (if not all) of students’ experiences with plants involve terrestrial plants.  For this reason, students may believe that soil provides food for the plants and contributes to plant growth.  Students may also have experiences buying ‘plant food’ from the store and may think that these fertilizers are actually ‘food’ for the plants. The goal of today’s lesson is demonstrate that soil, water, and vitamins/minerals are not considered food using the scientific definition of food (matter that contains chemical energy), even if they help plants grow. 

Materials:

Copies of Are soil, minerals or water food for plants? handouts
Overhead transparencies and markers 

Sugar cubes

Vitamin tablet (sugar free)
Plant fertilizer sticks (sugar free) or mix of granulated fertilizer

Lighter, Bunsen burner, or equivalent
Safety goggles for teacher
Tongs

Advance Preparation/ Safety Considerations:

Make copies of Are soil, minerals or water food for plants?  if not provided by MSU

Have something to record students’ ideas during class discussions

Procedures/Suggestions:

Are soil, minerals or water food for plants?




 50 minutes

Using the handout introduction, briefly review the main characteristics of the process of photosynthesis.  Remind students that from the previous activity they know that sugar is food and other materials that plants need (water, soil or minerals) are not.  They will now verify and demonstrate this difference.  Student will complete pages 1-4 and 6-7 in mixed small groups or during whole class discussions.  

For the page 5 demonstration, explain that scientists measure energy in foods using calories and explain that burning food is an indication that there is energy.  Remind them about calories from nutrition labels.  Have students make predictions before you burn each object.   Make sure to ask students WHY they make the predictions they do.  Burn each of the three items for the class (‘plant food’, vitamins, and sugar-cubes) and have students fill in the table with their observations and results.

Name: __________________________________________ Date: ____________
Are soil, minerals or water food for plants?
Plants are amazing because they can make their own food!   You have learned that plants combine water and carbon dioxide to make sugar using the energy in sunlight.  This sugar is the origin of all the food for plants, animals, and other living things.
1. Why is sugar considered food according to the scientific definition of food?

Sugar is energy because is a material that plants use for chemical energy to live and grow. _____________________________________________________________________________

Even though we know sugar is food for plants, can we test whether the materials plants take in from the environment (soil minerals and water) are food too?  You are going to get together, just like scientists do, and talk about your ideas.  When scientists talk, they are not interested in WHO has the right answer, they are interested in working together to come up with the very BEST IDEAS they can.  For example, it is not one person who will discover how to keep cancer from killing people.  Many scientists are working on this problem at the same time.  They enjoy getting together to compare their findings and to debate different ideas, or theories about what is causing the disease and how to stop it.  They not only enjoy these debates, they NEED these debates.  These discussions give them new ideas that they could not have had by themselves.

Is soil food for plants?

Look at this young tree planted in a bucket of soil.  As the tree grows it gains weight.  Think about whether the soil is food for the plant.  Write down in the box whether you think the weight of the soil in the pot will “increase”, “decrease”, or stay the “same” as the tree grows: 
	WEIGHT CHANGE OF SOIL

	increase


Let's travel back in time 360 years.  It is now the year 1642.  We are in Europe.  It is a time of excitement and exploration.  More people are getting interested in finding out about the world around us.  We are going to meet one of these early scientists.  He is a medical doctor but he also does experiments with plants.  His name is Dr. Von Helmont.  He is from the country of Belgium.  He is going to help us think about our question about whether soil is food for plants.  He was very interested in this question.   
Almost everyone back in 1642 thought that soil was food for the plants.  Von Helmont did an experiment to see if this was true.  He planted a 5-pound young tree in a bucket containing 200 pounds of soil.  He watered the tree regularly but he did not add any more soil.  After 5 years he weighed the tree and bucket again. Here are his results:
[image: image5.emf]Year 1642
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Look at the picture above. Can you figure out if the tree or soil lost or gained weight in the 5 years that the plant grew?  Write down the changes in weight of the tree and the soil.

	WEIGHT CHANGE OF TREE
	WEIGHT CHANGE OF SOIL

	+ 164 lbs
	- 1 lb


2. What does Von Helmont’s investigation tell you?   Is soil food for plants?   Why or why not? 

	Measuring Energy in Foods Using Calories: Scientists can measure how much chemical energy is in different foods.  They measure how much chemical energy is in a food by using a unit called a calorie.  A food with a lot of calories has a lot of chemical energy in it.  Foods with very few calories do not have as much chemical energy in them.  Materials that contain no calories are not sources of chemical energy.  


Soil isn’t a food for plants because the tree’s weight increased over 5 years but soil did not decrease by the same amount.  Material for the tree growth is from another source. 
Von Helmont thought that his experiment was evidence that water must be food for plants.  He thought that if soil were not helping the tree gain weight, then the tree must gain weight by getting food from the water.  After all, he had been watering the tree everyday for five years. 
Is Water Food for Plants?

You might know that plants need water for living and they must be watered or they will not survive.  Is water food for plants?  For this question is important that you remind yourself of the scientific definition of food.

	Look at the “nutrition label” for a cup of water and answer the following questions.

3. An important part of the plant’s weight is water, but does it give the plant chemical energy?
It does not have (calories) chemical energy so it is not food. 
_______________________________________

4. Could the plant live and grow if all it took in was water?  Why or why not? 
No, because it wouldn’t have the energy for growing and work.

_______________________________________
	



Are Minerals or Vitamins Food for Plants?

5. Von Helmont found that soil is not food for plants.  What about stuff in soil?  Have you ever seen “Plant Food” or fertilizer you can buy at the store to give to your plants?  Usually it has minerals or vitamins useful for plants.  Do you think these are food for plants?  _____________________________________________________________________

How do scientists find out if there are calories (chemical energy) in something?

One way to find out if something has chemical energy is to burn it.  If something has a lot of energy, then it will burn.  Scientists burn various foods and measure how many calories are in them.  Then this information can be put on our food containers so we know how many calories are in the food we are eating.  We are going to burn some different materials and see if they have high or low amounts of energy.
	
	Vitamin pill
	Plant food
	Sugar cube

	Do you think it will burn?
	
	
	

	Why?
	
	
	

	Observations during demonstration
	It didn’t burn
	It didn’t burn
	It burned

	Does it have chemical energy?
	No
	No
	yes

	Is it food for plants?

(using the scientific definition)
	No
	No
	yes


6. In order to conclude whether the sugar cube, vitamin pill, and “plant food” had chemical energy what evidence did you use? 

If they burned or not _____________________________________________________________

Activity 6: Where is food made in plants?
General Overview:

Review photosynthesis







~5 minutes

Photosynthesis modeling Where is food made in plants?



~20 minutes

Class review









~10 minutes
Total Estimated Time: 35 minutes
Purpose/Background:

This lesson reinforces to students how plants make their own food (via photosynthesis) and how this process contributes to their growth (biosynthesis).  By modeling photosynthesis using manipulatives this activity helps students become more spatially explicit in their thinking about where photosynthesis occurs (in leaf cells
) and where sugar is used (in all cells of the plant).
There are four critical ideas students should understand from this activity: 

- Plants make food in leaf cells using H2O from the soil, CO2 from air, and sunlight.
- This food is moved to all other cells in the body

- Materials move throughout the plant in specialized transport cells.
- In those cells food can be 1) used to get energy, 2) used to grow and make other materials, sometimes using soil minerals, and 3) stored for later.
Materials:

Copies of Where is food made in plants? handout
Copies of Potato Plant poster, 1 per student group
Potato Plant poster: overhead and projector or electronic version and computer projector

3 pennies (one red, yellow, or blue sticker) and 1 nickel per group (with green sticker)

Advance Preparation/ Safety Considerations:

Make copies of Where is food made in plants? handouts if not provided by MSU

Adhere (or have students adhere) stickers to change
Detailed Procedures:

Review of photosynthesis







5 minutes
Take five minutes at the beginning of class to review the process of photosynthesis with the students.  Consider using the poster, overhead or powerpoint of the process tool from Activity 4.

Photosynthesis modeling







20 minutes
Students should model photosynthesis using the potato poster, change, and the handout.  As they work through the handout, make sure students are clear where things are happening spatially and answering the questions.
Class review









10 minutes

Review the critical ideas of the lesson using the power point or overhead version of the poster.  Consider asking students to come up to the board and trace the movement of matter and energy throughout the potato plant.  Make sure students move sugar to many parts of the plant.


[image: image6]

Name: __________________________________________ Date: _______________

Where is food made in plants?
Recently you learned how plants make their own food from water and carbon dioxide using the energy from sunlight.  Today you are going to model this food-making process, photosynthesis, in a potato plant.
1. What benchmark scale can we use to classify a potato plant?  

The macroscopic scale. __________________________________________________
2. What benchmark scale can we use to classify the leaf cells of a potato plant?
The microscopic scale. ___________________________________________________
3. On the potato plant poster, you can see that parts of the root, stem, potato, leaf, and fruit have been zoomed in on and drawn 100s of times bigger than they are so you can show water, carbon dioxide, sugar and oxygen moving around inside the plant.  If we really wanted to see the leaf cells of a plant what kind of tool would we have to use?

A microscope. __________________________________________________________
4. Put a red penny outside the plant leaf in the air to represent carbon dioxide.  Carbon dioxide gets into leaf cells through tiny holes in the leaf.  Move the carbon dioxide penny to the tiny hole and into a leaf cell.
5. Put a blue penny in the soil to represent water.  Water gets into leaf cells by traveling from the roots, through the stem, and then into the leaf.  The plant has special cells that act like tubes to move water quickly.  They are blue on your poster.  Move the water penny from the soil and into the same leaf cell that has the carbon dioxide penny.
6. Now all the materials a leaf cell needs to make sugar are in the cell.  Using the energy in sunlight, leaf cells take carbon dioxide and water and turn it into sugar and oxygen.  Now, replace your carbon dioxide and water pennies with a green sugar nickel and yellow oxygen penny.
7. Oxygen leaves the leaf cells the same way carbon dioxide enters.  Move the oxygen penny out of the leaf.
8. The plant has special cells that move sugar around the plant’s body quickly.  They are orange on your poster.  Where can sugar move to in a plant?

Roots cells, stems cells, flowers cells, fruit cells, potato cells, other leaf cells… anywhere.  Sugar can also stay in the leaf cell where it was made.  

____________________________________________________________________

Move the sugar nickel you made into one of the locations you listed above.

9.  Once in the cell three things can happen to the sugar the plant made:

· Sugar can then be used by plant cells for energy.  This is the only way cells in roots, stems or flowers can get the energy-containing food that they need.  

· Sugar can be stored for later.  What might be a time a plant needs food but cannot make it? Night, winter, shady days_______________________________________

· As you know, plants are not entirely made up of sugar.  The sugar can be transformed into other materials that the plant needs.  Plants use these materials to make cells bigger, make new cells or make the many other types of materials that plants are made of.  The plant sometimes uses soil minerals to help when it is making new materials.  How do you think the soil minerals can get from the soil into the cell in the stem? 
They move into the roots and up the stem from the soil (extra info: they move in the water through the special water-moving cells ___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
Activity 7: Where is food stored in plants? (optional)
General Overview:

Introduce the investigation: Where is food stored in plants?



~5 minutes

Explain materials and practice with bread





~10 minutes

Complete the investigation







~30 minutes

Class discussion of the investigation






~20 minutes











Estimated Time: 65-75 minutes

Purpose:

This lab activity is designed to focus students’ attention on the idea that the food made during photosynthesis travels from the leaf to all parts of the plant where it can be used as food or stored for later.  Students should already understand that plants make food that is used either for growth or to get energy for life processes.  Today students will test different plant parts for starch and sugar.  They complete the starch testing, because of its simplicity while the sugar testing can be done as a demonstration.  The questions that accompany the activities are an important part of the lab.  They involve students in tracing the food made in the leaf during photosynthesis to several parts of the plant.  Most likely students have not thought about how the food in a potato got there. With their new understanding of photosynthesis they can explain what is happening inside the plant and the plant’s cells.

Materials:

Student copies of Where is food stored in plants? and overheads if needed

For Teacher demonstration: 

-Benedict indicator purchased from a chemical supply company (e.g. Carolina.com)
 
-Hot plate

-Large Beaker or pot partially filled with water

-Tongs

-4 test tubes large enough to stand up in your water container
-A small amount of distilled water, glucose
 water, apple juice, and dilute carrot juice (so it is mostly clear) - make sure the juices contain real fruit juice: glucose
Per pair of students:

-Medicine droppers or disposable transfer pipettes
-Iodine-potassium iodide (IKI) solution purchased from a chemical supply company
 
-1 Small jar (baby food jars) or cup for the iodine solution or dropper bottle

-Foods to test (1 pc per group): bread, potatoes or radishes, bananas, celery stalks, apple or pear, bean
-1-5 Shallow, flat dishes; the number of dishes per pair depends on how many of the 5 tests a student can do on each dish (e.g. Petri dishes, paper or plastic plates)
Advance Preparation/ Safety Considerations:

Make copies of Where is food stored in plants?

Make overheads if necessary, especially of the starch chart, diagrams of plants
Soak bean seeds in water for 24 hours
Prepare materials (slice fruits, veggies)

Prepare indicator solutions. Be careful because iodine stains hands and clothing.

Detailed Procedures:

1. Introduce the lab investigation to students.  At this point it may be good to remind students of what they know about photosynthesis and how plants make food (sugar).  Additionally remind them about the model of photosynthesis they worked on in Activity 6.  They learned that sugar is made in leaf cells and later it moves to other parts of the plant.  

2. Demonstrate the lab method using the sugar indicator solution (Note, you should be able to do this with chunks of vegetables and fruit and even spinach or lettuce leaves, if you want to test more than the 4 items).  Add about 3 ml of (more if you want) of both the test solution and Benedicts indicator.  Place the test tubes in a boiling bath for 2-3 minutes.  Remove using the tongs, and allow students to record their observations of the sugar test.
3. Ask students what the results of the sugar test demonstrate: plants move sugar from where it is produced in the leaves to other parts of their bodies. 
3. Read over the handout introduction with students and talk briefly about the differences between sugars and starches.  Make sure that students understand that starches are made by plants by combining sugars and that plants make starch to store food for later.

4. Demonstrate the lab materials to students and put the students in groups. You may want to use a test tube of water and one of starch mixed with water to demonstrate to students what color iodine turns when in the presence of starch.  Once students understand what to do in the lab investigation, give each group a plate and iodine with dropper. Have them first practice using a piece of bread. Then have them complete starch tests using a underground storage organ (potatoes or radishes), two fruits (bananas and apple or pear), a stem (celery stalks), and seed (bean). 

5. As students conduct the investigations in groups, they need to follow the instructions in the lab handouts and fill in a data table with prediction, observations and conclusions. The table can be used for discussion during or after the lab investigation.

6. At the end of the lab investigation, students should first clean up their materials. Then have students work in groups to respond to the Making Sense of the Experiment questions. 
Key points to make during and after the lab:

- Plants make sugar during photosynthesis and then starches from sugar to use for food.

- The reason we say sugar and starch are energy-rich materials is because plants have stored some of the energy from the sun in those materials.

-Plants get all their food by making it inside their leaf cells.  Only certain cells in the plant can make food.
- All other plant cells, for example cells in seeds, stems and roots, must get their food from leaf cells where the food is made.  Extra sugars made by the plant are stored in the form of starch.
Name: __________________________________________ Date: _______________

Where is food stored in plants?
In this activity you will test different plant parts to see if they contain food made by the plant during photosynthesis.  As you know, plants make sugar for food during photosynthesis and can transform that sugar into other materials that plant may need.  One important material is starch.  Plants cells can make starch by putting together long chains of sugar.  Plant cells convert extra sugar to starch to store the food for later. Today you will test where starches and sugars can be found in some of the fruits and vegetables we eat.

1. Why are sugar and starch considered food for plants? 

According to the scientific definition of food, food is a material that has chemical energy.  Both sugar and starch are materials that store chemical energy. 

____________________________________________________________________

2. Where in the plant is sugar made?
In the cells of plant leaves.
____________________________________________________________________

3. How does sugar move from where it’s made to other parts of the plant’s body?

In the specialized transport cells to other parts of the plant.

____________________________________________________________________

Demonstration of Sugar Test: 

Your teacher will conduct a short demonstration for your class. In this demonstration your teacher is testing for the presence of sugar in different solutions.  Before the demonstration, record your predictions about which materials contain sugar in the table below.  Then watch as your teacher heats the solutions and record your observations.  Then draw some conclusions about your observations.
	
	
	PREDICT
	OBSERVE
	CONCLUDE

	Material
	Plant Part
	Do you think this material contains sugar?
	Description/drawing of what happened in the test tube
	Does this material contain sugar?
	Does this material store chemical energy?

	Water


	
	No
	Stuff in test tube didn’t change color.
	No
	No

	Sugar water


	
	Yes
	Stuff in test tube turned orange.
	Yes
	Yes

	Apple Juice

	Fruit
	Yes
	Stuff in test tube turned orange.
	Yes
	Yes

	Carrot Juice

	Root
	Yes
	Stuff in test tube turned orange.
	Yes
	Yes


4. If the apple or carrot contains sugar, how did the sugar get to those plant parts? 
Sugar is made in leaf cells and moved until it reaches the fruit or leaf cells

_____________________________________________________________________
Testing Foods for Starch

Before testing parts of the plants for starch, you need to take a few precautions when using the iodine indicator.  Iodine IS a toxic substance.  During the lab, do not touch your eyes/mouth/nose, etc., if you have been handling the iodine.  Iodine will stain clothes and skin, so be very, very careful.  
When testing a material for starch, place the material on a plate.  Using a dropper, place a few drops of iodine solution on the material.  Iodine solutions turns blue-black or purple in the presence of starch.  Make predictions with your group BEFORE you test each material.  

	
	
	PREDICT
	OBSERVE
	CONCLUDE

	Material
	Plant Part
	Do you think it contains starch?
	Description/drawing of what happened in the test tube
	Does it contain sugar?
	Does it store chemical energy?

	Bread
	made from flour which is ground up wheat seeds 
	
	Iodine solution changed its color 
	Yes


	Yes

	Potato or radish


	Root (or belowground storage part)
	
	Iodine solution changed color 
	Yes


	Yes

	Banana
	Fruit
	
	Iodine solution changed color 
	Yes


	Yes

	Apple
	Fruit
	
	Iodine solution changed color
	Yes
	Yes

	Celery
	Stem
	
	Iodine solution didn’t change color 


	No


	

	Bean
	Seed
	
	Iodine solution changed color


	Yes
	Yes


5. Which parts of a plant that you tested contained food stored as starch? 

Seeds, roots (belowground food storage) and fruits _____________________________
6. What is starch made of?

Starch is made up of sugar. _______________________________________________
7. Where did the chemical energy stored in the starch come from?

The energy in sugar comes from sunlight. ____________________________________

8. Can the cells of plant roots make food? __No____   Why or why not?

No, because root cells don’t receive sunlight.  They can’t do photosynthesis.
9. When you eat a banana or a potato, where did the food stored in the banana or potato cells originally come from?

It came from cells in the leaves and it was transported in special sugar transporting cells to the banana or potato cells. ____________________________________________
In the figure of the potato plant, draw arrows to show how the food stored in starch got to the potato. 

5. When we eat plant parts, such as fruits and vegetables, we eat energy-rich food (starch and sugars) that the plants have made and stored. Did the plants make it for us? __No_____ (yes or no)
6. Why you think the plants make the energy-rich starch and sugars?

Because they need matter and energy for their cells in order to grow, to move, to transport materials, and to reproduce (such as the seeds).______________________

Activity 8: Where is food used for energy in plants?
General Overview:

Introduction









~5 minutes

Where is food used for energy in plants? Reading and modeling


~20 minutes
Where is food used for energy in plants? Process tool and review question
~15 minutes

Class review









~10 minutes

Total Estimated Time: 50 minutes

Purpose:

This activity follows up on the question of how plants use their food for energy.  They understand that plants cells need energy and they get it from food.  In this activity students learn more about the details of how and why plants use energy.  Students also compare this process with those of animals. They will use the process tool to explain the matter and energy changes associated with the use of food for energy and the potato plant poster to be spatially explicit about where energy use occurs.
The teaching goals of this activity are:

- Plants need energy for 1) moving things like sugar around their bodies, 2) movement (e.g. leaves tracking sunlight) and 3) cell processes for life.

- Every plant cell uses food for energy. This process needs oxygen and it release carbon dioxide and water.  
Materials:

Student copies of Where is food used for energy in plants? Handout
Student handout (w/ electronic copy or overhead if desired)
Copies of Potato Plant poster, 1 per student group

3 pennies (one red, yellow, or blue sticker) and 1 nickel per group (with green sticker)

Potato Plant poster and process tool: overhead and projector or electronic version and computer projector
Advance Preparation/ Safety Considerations:

Make copies of student handouts if not provided by MSU

Make overheads of student handouts if needed and not provided by MSU

Detailed Procedures:

Introduction









5 minutes

Ask students to describe what they learned about how plants make food and how they move food around their parts. You may want the process tool overhead from Activity 4. Review what plants use food for after they make it: 1) use it to get energy, 2) use it to grow and make other materials, sometimes using soil minerals, and 3) store it for later.  Tell students that today they will learn how plants get the energy out of food to do life’s processes.

Where is food used for energy in plants? Reading and modeling

20 minutes

Read through the handout and give students a chance to respond to the embedded questions and perform the modeling activity (items 1-6).  As they work through the handout make sure students are clear about where things are happening spatially.  
Where is food used for energy in plants? Process tool and review question
15 minutes

Using the process tool lead students to show how plants change matter and energy when plants use food.  Then have them work in groups to respond to question 8.
It is important to probe students’ thinking for potential misconceptions about similarities or difference in plants and people, especially the idea that plants and people “breathe” in opposite ways (i.e., plants take in CO2 and breathe out O2 and people do the opposite). Both need O2 to release energy from food, and thus both release CO2, although living plants take up more CO2 than they emit. The key idea in this activity is that plant cells are very similar to people/animal cells because they need food and air to get energy for the cells.  They are different because plants have to first make their food.  But plant cells undergo cell respiration just like animal cells.

Class review









10 minutes

Review the critical ideas of the lesson using the power point or overhead version of the poster and process tool.  Consider asking students to come up to the board and trace the movement of matter and energy throughout the potato plant.  Make sure students model sugar being used in many parts of the plant.

Name: __________________________________________ Date: ____________

Where is food used for energy in plants?
1. Why is the sugar that plants make considered food by the scientific definition?

Sugar is food because it is a material that stores chemical energy. 
______________________________________________________________________

2. The sugar that plants make in their leaf cells needs to move to all the cells in the plant:  roots cells, stems cells, flowers cells, fruit cells, potato cells, other leaf cells… everywhere!  The sugar can also stay in the leaf cell where it was made.  Place the green sugar nickel in a leaf cell on the potato plant.  Move the sugar nickel into one of the locations listed above.  Make sure to use the special sugar moving cells.
3. In order to move sugar and other material around their bodies the sugar moving cells need energy.  Plant cells also need energy to transform food into new cells and other materials and to power all other processes that happen inside cells.  You may have seen pictures or videos of plants moving their leaves and flowers to track sunlight. For this motion plants also need energy.  What form of energy is stored in sugar that plants can use to do all these processes?  ______Chemical Energy____________________

4. When plant cells need energy, the chemical energy in sugar is changed to other forms of energy like motion energy or heat.  To use this energy the plant needs oxygen.  Without food and oxygen the plant’s cells would not be able to do important life processes and would not survive.   Move the yellow oxygen penny from the air into the cell that the sugar is in.
5. Plants, just like animals, need oxygen to use the sugar that is inside the cells in order to get energy.  When sugar is used for energy, the sugar material is changed into carbon dioxide and water.  These are the same byproducts that animals make!  Remove the sugar nickel and oxygen penny and replace them in the cell with the red carbon dioxide penny and blue water penny.
6. The carbon dioxide then moves into the air.  The water can then move through the water moving cells up to the leaves and out into the air.  Move the water and carbon dioxide pennies out into the air.
7. Fill in the blanks to show how plants change matter and energy when they are using food for energy.
8. People frequently get confused about plants. They may think that plants and people are exact opposites—that people breathe in oxygen for their cells to work and plants “breathe” in carbon dioxide for their cells to work. They also think that plants “breathe out” oxygen for people to use. This is not the whole story! What would you say to a friend who believes this?
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Activity 9: Problem solving about plants (optional)
General Overview:

Introduction









~5 minutes

Problems solving about plants Handout





~15 minutes

Discussion of Summary Questions






~15 minutes

Total Estimated Time: 35 - 40 minutes

Purpose:

The purpose of this activity is to apply the concepts related to the use of food in plant cells in order to get energy.  Students are presented with “problems” in which they need to use what they know about how plants make food and how they use that food to solve the problem.  In previous lessons students analyzed the movement and the use of sugar in order to provide energy for plant cells. They also worked with the process tool about food use for energy and recognize that, for this process of food usage, sugar and oxygen are needed. 
Materials:

Student copies of Problem solving about plants handouts

Overheads of student handouts (optional)

Advance Preparation/ Safety Considerations:

Make copies of student handouts if not provided by MSU

Make overheads of student handouts if needed and not provided by MSU

Detailed Procedures:

Introduction









~5 minutes

Remind the students of the process tool about “food use for energy” that they worked on in Activity 8.  Ask them to recall the materials needed for plant cells in order to use food: sugar and oxygen.  Ask for the outputs of this process and for the energy change that occurs.  Remind the students that this process occurs in every plant cell and provides them with their energy. 

Problem Solving about plants






~15 minutes

Pass out handout (you may want to only copy the second page or even present it entirely on the overhead and have students use their own paper to work through their assigned problem.)  As a class, read through pg. 1 and check that students understand each of the concepts. You can ask students how they know that each of the statements is true by encouraging them to use evidence from the previous activities (e.g.  Von Helmont’s data, starch lab, burning vitamins, process tool, definition of food).  Tell students that they will work in groups to solve one of the problems.  Go through each problem with the class and assign groups to problems. Have students use their process tool handouts to help them with these problems. Give students about 10 minutes to work the problem. If they get done early, they can think about the other problems.

Discussion









~15 minutes
Have students present their answers to the class and ask the other students to think about whether the answer makes sense to them. Some groups may do the same problem, so see if the groups develop similar or different answers. Talk about the similarities and differences and whether the class agrees with the answers. Let students revise their ideas after the discussion.
Name: __________________________________________ Date: ____________

Problem solving about plants

In this activity, you will use your knowledge about food for plants to solve problems.  Now that you have learned about how plants make and use food, you should understand these key concepts:

	· Food is material that contains energy that living things need.

· Plants do not take in food from their environment. They take soil nutrients, water, sunlight, and carbon dioxide from their surroundings; these are not food for plants.
· Plants can only get their energy-supplying food by making it themselves in their leaf cells. 
· Plants use energy from the sun to change low energy materials, water and carbon dioxide, into energy-containing food (sugar).  This is called photosynthesis.
· Food made in leaf cells can then move to all cells of the plant. 
· Plant cells get energy from the food by combining it with oxygen.  This process produces carbon dioxide and water.


Now you will use these concepts to explain the following situations.  You and your group will explain 1 of the 3 problems below.  You will need to discuss the problem and will be asked to share what you learned with the class.

#1 THE WINTER PROBLEM

Many kinds of trees lose their leaves when it is very cold.  How do you think these trees get food in the winter to survive?  What gas do trees take from the air as they are using food to survive?
They store starch in their roots and they can use it in order to get energy for their cells. They are not making food in winter but they have it stored.  Oxygen is needed for energy use.
#2 POTATOES SPROUTING 
Sometimes when potatoes are stored they sprout and grow leaves.  What do potato cells store inside them that allows them to sprout and grow leaves?  What gas do potato cells take from the air to sprout? Explain your reasoning.
Potatoes can sprout because they have enough starch and that can be used for growing.  Oxygen is needed for this energy use. 
#3 APPLES AND PEARS IN WINTER 
Apples and pears are harvested in late summer, but they can be stored and we can eat them several months later and they don’t go bad.  What food do these fruits use for staying alive during storage?  Do these fruits have chemical energy?  How do you know?
These fruits have lots of sugar and starch and they can be kept because they get energy for their cells. We know because they are food for us!
Activity 10: Plants are useful (optional)
General Overview:

Introduction









~5 minutes

Plants are useful Handout







~15 minutes

Discussion of Summary Questions






~15 minutes

Total Estimated Time: 30-35 minutes

Purpose:

The purpose of this activity is to apply some ideas about plant growth and photosynthesis to other situations in order to explain the benefits that plants have for other living things and the environment.  Students know what substances are needed for photosynthesis, its outcomes, as well as the energy transference from sunlight to the chemical energy stored in sugar. They know that plants need to use the energy in sugar when they grow, create new cells and transport sugar to the roots or fruits, and that plants use oxygen for this process just like animals do.

Materials:

Student copies of Plants are useful handouts

Overheads of student handouts (optional)

Advance Preparation/ Safety Considerations:

Make copies of student handouts if not provided by MSU

Make overheads of student handouts if not provided by MSU

Detailed Procedures:

Introduction









~5 minutes

First, review with students: 1) Plants make sugar by the process of photosynthesis. What other substance do they release in this process? 2) What is the sunlight used for? Where is this energy after photosynthesis? How is it used? and 3) When plants need energy, where does it come from?  What additional things does a plant need to use the energy stored there?

When students give their responses, summarize briefly their ideas. 
Plants are useful handout







~15 minutes

Pass out handouts.  Organize students in small groups of 2 or 3.  Read the introduction of the handout and ask them to read the four situations and answer the questions.  
Discussion of Summary questions





~10 minutes

Discuss groups’ responses and verify their explanations.  For the first question students need to consider that glucose is a source of energy for other living things too for getting energy.  The second questions ask for the benefits related to soil and the air.  For this case explain the importance of plants for taking carbon dioxide, and briefly, mention the effect of this gas in global warming.  Make the connection to deforestation and its effect on global warming.  Then ask students to choose the best reasons for keeping plants or planting more.  Finally, ask some students to share their conclusions of the activity and let students check their ideas after the discussion.
Name: __________________________________________ Date: ____________

Plants are useful

When plants do photosynthesis, they take in carbon dioxide from the air and they make sugar, which has a lot of stored chemical energy.  You know this energy is used by the plant’s cells for different tasks such as growing and transporting sugars around the plant.

Read the bubbles below and learn more about how photosynthesis benefits the environment, the soil and other living things.   Then respond to the questions about why plants are useful.





1.  Photosynthesis is the process by which plants make sugar from carbon dioxide and water, which is very useful for the plant.  How is this process useful for other living things?
Because other living things use sugar and other plant parts for food. ________________________________________________________________

_______________________________________________________________________ 

2. Why are plants useful for the environment? 
Because they can improve the soil, take carbon dioxide from the air, and release oxygen. _______________________________________________________________________
3. Do you know about any other benefits plants provide that are not in the bubbles?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________

4. If you had to convince a friend that taking care of plants is important, what would be your best arguments? 
The most important contributions are that plants can take carbon dioxide from the air and all food for other living things was originally made by plants. _______________________________________________________________________
Time 1





Time 2





Time 3
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When plants use carbon dioxide in photosynthesis, they help to reduce the amount of CO2 in the air.  This is good because in recent years, this gas has been increasing very quickly, which is related to global warming. 





Plants store sugar and starch in their different parts.  Animals can eat this food. For example, mice and rabbits can get food by feeding on roots, and birds can eat fruits and seeds.





Plants doing photosynthesis release oxygen to the air. This gas is important because it allows the cells of living organisms to use the energy stored in food.





Plants improve the soil they live in.  For example, when leaves fall in the forest they make a layer where many microorganisms and small animals live.  The dead leaves also provide food for decomposers.


















































� The 10 activities are numbered according to an ideal sequence. You might choose just the core activities, the core activities and some of the optional activities, or all of the activities.


� Alternatively, you can use glucose test strips without heating the sample (urine analysis strips for diabetes monitoring) and each student can participate in testing for sugar.  You can get these strips from Carolina.com or Cliawave.com, some pharmacies may also carry them.


� You can buy glucose tablets for diabetics in your local pharmacy or glucose granules in a cake decorating store.


� You can also purchase Iodine Tincture or Povidone-Iodine from your local pharmacy


� Dropper bottles are preferred as students are less likely to spill iodine which stains clothes and hands.


� Photosynthesis can occur in any cell that contains green chloroplasts.  Therefore, green stem and fruit cells can also make sugar.  At the elementary school level we will focus on the role of leaf cells as the main producers of sugar.


� Alternatively, you can use glucose test strips without heat the sample (urine analysis strips for diabetes monitoring) and each student can participate in testing for sugar.  You can get this strips from Carolina.com or Cliawave.com, some pharmacies also may carry them.  You then don’t need to dilute the carrot juice.


� You can buy glucose tablets for diabetics in your local pharmacy or glucose granules in a cake decorating store.


� You can also purchase Iodine Tincture or Povidone-Iodine from your local pharmacy


� Dropper bottles are preferred as students are less likely to spill iodine which stains clothes and hands.
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