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Elementary Unit- Revised

Overview:
	Number
	Activity Title
	Topic
	Time

	1
	Do Plants Need Food and Air to Live and Grow?

  
	Students review the scientific definition of food and discuss whether plants are alive and if they need the same things to grow as animals? The students are presented with the problem of how plants get food and discuss their initial ideas about plant growth.


	30-40 minutes

	2
	How Do Plants Get Food? Part 1


	Students think about what is food for plants. They consider whether soil, water, or vitamins are food for plants.


	50 minutes

	3
	Plants Make Their Food
PROCESS TOOL
	Students are introduced to photosynthesis where plants make their own food (sugars) from water and carbon dioxide. They also talk about whether sunlight is food for plants. They connect the scientific definition of food with food that plants make. 


	60 minutes

	4
	Plants Use Food for Growth


	Using Benedict’s solution to test for sugar and Iodine to test for starches, students explore whether there is a presence of either of these molecules in common fruits and vegetables.


	65-75 minutes 

	5
	Plants Use Food For Power

PROCESS TOOL
	This activity traces food and oxygen to plant cells that are responsible for helping the plant grow and function. Students compare the similarities and difference in how plants get and use food and air compared to animals. Plants and animal cells are similar in that they need food and air to function, but plants are special because they also have cells that have to make energy-rich food.


	50 minutes


Activity 1: Do Plants Need Food and Air to Grow?

General Overview:

Whole class: Introduction






~ 10 minutes

Small group: Food for Plants handout




~ 10-15 minutes

Whole class: Discussion






~ 10-15 minutes

Total Estimated Time:  30-40 minutes

Purpose:

This lesson is designed to elicit students’ initial conceptions of plant growth and comparisons between plants and animals. The students will complete an activity What is Food for Plants? Students will share their conceptions of ‘food’ and be reminded of how food was defined in the previous activities about animals. The purpose of this lesson is to elicit what the kids know about 1) how plants get food to live and grow, 2) whether they believe plants “breathe” or need air to survive, and 2) where the materials that make up plants comes from.  
Materials:

Copies of What is food for plants?
Overhead transparency
Advance Preparation/ Safety Considerations:

Make copies of student handouts if not provided by MSU
Have something to record ideas for What is food for plants? Such as an overhead 
Procedures/Suggestions:

Introduction








~10 minutes

1. Introduce the activity What is food for plants. At this time, the teacher should read page 1 of the activity and have students write what they remember about the scientific definition of food from the previous activities. The teacher can review students’ ideas about food, and whether or not sugar, juice, water, or vitamins are food. Sugar and juice are food, but water and vitamins are not. Then the teacher or a student can read through page 2. This page serves as a reminder about the importance of concept that food is an energy source.  

Small Group Work







~10-15 minutes

2. Explain to students that today they will begin investigating how plants live and grow. Today they are going to share what they know about plants. Divide students into groups of 2-3 and explain that they should read and discuss the Your Ideas questions. Tell students that they will talk about these as a group and that they have about 10-15 minutes to complete the questions.
Sharing of Initial Ideas






~10-15 minutes

3. Follow the small group work with a whole class discussion over each question. The first question is about where plant mass comes from. Students may respond that it comes from soil or water, and a goal of the plant activities is to get them to see that it comes from the food that plants make. The second question asks them to use the scientific definition for food. Students should place sugar in the food column and everything else in the second column. Students may disagree about where to place items. As the teacher records students’ ideas, circle the things that students disagree on. The third and fourth questions ask students to think about whether plants need food or air and how they get it.
Name: ____________________________________ Date: ____________________

What is Food for Plants?
Plants start out as small seeds and may grow into large trees. Do you ever wonder how plants get the materials they need to grow? The materials must come from somewhere! How do plants get and use food to change from tiny seeds into large plants (bushes, trees, flowers, grasses, etc.)? 

In everyday life, people have lots of ways of thinking about what food is.  When we think of food, we usually think about our own food -- not plants’ food.  When we think about food for people, some people would say that food is different from drinks.  They would say that juice is NOT a food, because you do not chew it.  Others would say that food is anything we “eat”, so juice IS a food because it is taken into our bodies.  Still others would say that juice is a food because it is good for us.  In everyday life, we can talk about food in these different ways and no one gets confused.  We all know that potatoes are food and that rocks are not food! 
When scientists explore a question, like What is food for plants?, they need to SHARE the same definition of food. Scientists have found out that things we take into our bodies do many different things for the body.  Water does not do the same thing for your body that meat or sugar or vitamins do.  Scientists say that the things we “eat” have different functions in the body. 

So scientists have a special definition for food. Not everything we take into our bodies is “food” by this definition. In our exploration about how plants get their food, we will use this scientific definition of food:

FOOD is material that living things use for chemical energy to live and grow.  All living things must use the chemical energy in food to grow and to keep all their parts working properly. 

The most important word in this definition is energy.  This energy is what makes all your cells and body parts work. It is what gives your body the power to breathe, to move blood, to move muscles, to repair cuts, to build new cells, and so forth.   Each cell in every living thing has lots of work to do to stay alive, and energy is needed to get that work done. If your cells do not get energy, they cannot survive. Living things can ONLY get their energy from food.  All living things will die if their cells do not get food. Without food they have no energy to continue living. 

Think about what you just read about food and answer the questions below.

Your Ideas About Plants
1.  Plants grow from tiny seeds into large trees, bushes, and flowers. As they grow they gain more and more weight. Where do you think the materials that make up their weight come from? _____________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________________ 

2.   The list below shows things that plants need to live and grow. Look at the list and think about whether the material is “food” for the plants. Place each item in the appropriate column of the table.
Soil


Vitamins


Air


Water

Minerals


Sugar


Sunlight

	FOOD FOR PLANTS
	NOT FOOD (things plants need but do not have chemical energy)

	
	


3. Plants do not have mouths like people. How do they get food? ___________________
_____________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Do plants need air like people so they can stay alive? _________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________________

Activity 2: How Do Plants Get Food?
General Overview:

Whole class/Small groups: How Do Plants Get Food


~ 35 minutes

Whole class demo: How Do Scientists Find Out Calories


~ 15 minutes

Total Estimated Time:  50 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 about 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, even if they are things that help plants grow.
Materials:

Copies of How Do Plants Get Food 

Overhead transparencies 

Student copies of How do scientists find out calories in something?

Sugar cubes

Sugar-free vitamin

Plant fertilizer stick (also sugar free)
Lighter, Bunsen burner, or equivalent

Tongs

Paper towels

Advance Preparation/ Safety Considerations:

Make copies of How Do Plants Get Food if not provided by MSU
Have something to record students’ ideas during class discussions

Gather materials to demonstrate burning of energy-rich and energy-poor materials (optional)
Procedures/Suggestions:

How Do Plants Get Food?







35 minutes

1. Briefly review the scientific definition for food. Preview the Food for Plants activity with them. Student will complete the first parts in mixed small groups or whole class discussions, but the last part of the activity (Are vitamins and minerals food?) will be completed as a whole class demonstration.

2. The teacher will need to decide if they want to work through How Do Plants Get Food as a whole class or have students work through the question together and then review as a whole group. It will take approximately 30 minutes to complete and discuss all the questions in depth. Keep in mind three questions as the class complete the first parts of the activity:
a. Where does the mass of a tree come from? This relates to question 3 on the previous lesson.
b. What did Von Helmont’s data show about soil?
c. Do soil and water meet the scientific definition of food?
d. Do vitamins and minerals have energy-rich materials or calories?

Whole Demo 








15 minutes
3. For the remainder of class the teacher will conduct a whole class demonstration of whether vitamins and minerals are considered food using the scientific definition for food. Students will need the How do scientists find our calories in something? observation sheet to record what they see.

a. Explain how scientists measure energy in foods using calories and explain that burning food is an indication that there is energy. Remind about calories from nutrition labels. 

b. Have students make predictions before you burn each object. Make sure to ask students WHY when they make predictions.

c. Burn each of the three items for the class (‘plant food’, vitamins, and sugar-cubes) 

d. Have students respond to the last 2 questions on the observation sheet. You can have students share their ideas to these questions with the whole class or in small groups.

Name:_________________________________________ Date: ____________

Food for Plants

How Does a Seed Become a Tree?

Have you ever wondered how trees get so big? How do they get their food to grow?  How can a tiny seed grow into a huge tree with a large trunk and many branches? Trees must use food to grow like that.  But how does the tree get its food? 

We are going to explore what is food for plants and how plants get their food.  We will find out how plants get food that contains chemical energy that they can use. 

Now 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. 

What are YOUR hypotheses about how a seed can change into a tree?  Where does all the stuff in the tree come from? Talk with your partner or group about your ideas.  Write down your ideas about how a tiny seed can become a huge tree.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Do you think that soil or water are food for plants? Today you will explore whether these things are food that provide plants with chemical energy.

Do you think soil might be food for plants? _________ 

Explain your decision. 

Do you think that water might be food for plants?   __________ 

Explain your decision. 
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Think about a 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 below whether you think the weight of the soil in the pot will “increase”, “decrease”, or stay the “same” as the tree grows: 

	     Weight of Soil

	


Is soil food for plants?
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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 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:

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.  

	Weight Change of Tree
	     Weight Change of Soil

	
	


Talk with your class: What does Von Helmont’s investigation tell you? Is soil food for plants? Why or why not? (Hint: Think about the scientific definition of food). 
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Is Water Food for Plants?

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. 

Look at the “nutrition label” for water and think about the scientific definition of food. Then answer the following questions.

1. Water helps the tree to grow, but does it give the tree chemical energy?  _____________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. Could the tree live and grow if all it took in was water?  Why or why not? 
_____________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Are Minerals & Vitamins Food for Plants?

Von Helmont found that soil is not food for plants.  But what about that stuff we put in the soil?  Have you ever seen “Plant Food” or fertilizer you can buy at the store to give to your plants?  It is called “food”, so is that providing food energy for the plants? 

Are vitamins or minerals food for plants? Is “plant food” you buy at the store food for plants? What do YOU think? ____________________________________________________

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
	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.  Water is an example of a material that contains no calories.  Water does not give you chemical energy. 
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Look at the package labels from the items listed below. Do you think they have calories, or chemical energy? Use the information to fill out the Table. Record your answers as “Lots”, “Little”, “None”, or “Not Sure”. Then answer the question at the bottom of the page.

	ITEM
	Does it have calories?
	HAS CHEMICAL ENERGY? (Lots, Little, None, Not sure)

	Water
	
	

	Soil
	
	

	Multi-Vitamin with minerals
	
	

	Plant “Food” or Fertilizer
	
	


QUESTION: Using this information, do you think minerals and vitamins are food for plants? Do they meet the scientific definition of food? ________________________________

____________________________________________________________________________________________________________________________________________________________

Name: ____________________________________________ Date: ______________

How do scientists find out if there are calories in something?

One way to find out if something has food energy is to burn it. If something has a lot of energy, then it should 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.

1. Experiment: Vitamin pill

Do you think the vitamin pill will burn?   _______ 

Why? __________________________________________________________________

_______________________________________________________________________ 

2. Experiment: Plant-food

Do you think the plant-food will burn?   _______ 

Why? __________________________________________________________________

_______________________________________________________________________

3.   Experiment: Sugar cube

Do you think the sugar cube will burn?   _______

Why? __________________________________________________________________

_______________________________________________________________________
4. Think about the sugar cube, vitamin, and plant food. Which are food according to the scientific definition? ______________________________________________________

____________________________________________________________________________________________________________________________________________

5.  Do you think that vitamins and minerals are food for plants? Why or why not?

__________________________________________________________________________________________________________________________________________________________________________________________________________________

Activity 3: Plants Make Their Food
General Overview:
Whole class reading: Plants Make Their Food



~15 minutes

Process Tool


 





~15 minutes
Questions and discussion






~15 minutes

Card sorting review activity






~15 minutes
Total Estimated Time: 60 minutes
Purpose/Background:

This is the first lesson to directly introduce the idea of photosynthesis. Many students may be familiar with this process already, however, it is likely that they do not understand how matter changes in plant cells. Elementary students will not go into the chemical process itself, but they will trace carbon dioxide and water to cells to make sugar. At this point, students should understand that plants cannot get their food from soil, water, or minerals/ vitamins, so they are ready to consider the concept that plants make their own food. There are two critical ideas that students must understand from today’s lesson: 

· That materials without chemical energy (carbon dioxide and water) go to cells and that plants use sunlight (light energy) to make these energy-rich sugar.

· That the food plants make is what helps them 1) grow and gain weight and 2) helps the cells do work to function 
Materials:

Copies of Plants Make Their Food reading
Copies of Plants Make Their Food handout
Card sorting packets (1 per pair or group)
Overhead transparencies/chart paper for discussion
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 if not provided by MSU
Detailed Procedures:

Whole Class Reading







15 minutes






Today students will discuss photosynthesis. During the previous activities, students have explored whether water, soil, or minerals are “food” for plants. Today the students will talk about the role of sunlight and the process of photosynthesis. 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, as suggested below:
· After first paragraph discuss students ideas about why sunlight cannot be food for plants. It’s important that students realize sunlight is energy, but it’s not a material- which is explained in the next paragraph.

· The box on the first page introduces the idea that plants make food. At this point ask students if they knew plants make their own food, and what they know. 

· The last paragraph on page 1 introduces the problem that plants need food like people, but they cannot get food like people. Tell students they are about to learn how plants get the food they need to make their cells work.

· The second page introduces the process of photosynthesis. Stop to check whether students understand “carbon dioxide” as a gas (and a material/matter). After reading the explanation of photosynthesis, explain to students that the water and CO2 do not have much energy, but that plants combine the two using sunlight energy to make sugar, which has lots of energy. So water and CO2 are materials, and sunlight is energy, and when combine you have an energy-rich material called sugar. And, importantly all of this happens in special cells in the plant leaves.

· At the end, students learn that plants make the sugar to help their cells grow and function like other living things. Tell students they will learn more about this later.

Process Tool









15 minutes

Consider using the process tool as the class reads through the photosynthesis material. Or the tool can be used 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 water vapor. Likewise students should recognize that light energy is the energy input, and chemical energy is the energy output. 

Students may not recognize glucose as having chemical energy, but remind students of the systems and scale unit and what they learned about bonds. Also remind students about the burning sugar cube. Both are ways to identify sugar as having chemical energy.

Questions and Discussion







15 minutes

Have students answer and discuss the additional three questions on their handouts. The questions focus on whether students understand how water and carbon dioxide are necessary for making sugar. Students should learn that plants weight comes from the sugar it makes, and before that the sugar was water and carbon dioxide. So some of the plant’s weight originally comes from the CO2 in the air!
Card Sorting








10 minutes

Pass out packets of cards to pairs of students. Tell students they are going to review what is “food” for the plants. First have students sort the cards by “energy” and “materials. Let students decide which is a type of energy and which is matter. Students should place “sunlight” in energy group and everything else in 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 material). Have students sort by Food for Plants and Not Food for Plants. Sugar should be the only thing in the Food column and everything else are 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 Make Their Food
We’ve all heard that plants need sunlight to grow. Scientists have conducted experiments to see why sunlight is so important for plants. These experiments have shown that plants grow better when they have light than when they do not have light. Does this mean that sunlight is food for plants? To answer this question we must think back to the scientific definition of food. Food is only materials that contain chemical energy for living organisms. Water, soil, and minerals are things that plants need, but they are not food because they do not contain chemical energy. Sunlight is a kind of energy plants use. It is light energy, but scientists still say that sunlight is not food for plants. Do you know why?

Look carefully at the definition of food again. Sunlight is a kind of energy, but it is not a material. So sunlight does not fit the scientific definition of food, either. By itself, it is not considered food for plants. Sunlight does have something very important to do with food for plants. Scientists have found that plants are able to do something with the sun that no humans or animals are able to do:

	Plant can use the sunlight to make their own food in their leaves.




Both humans and plants need food for the same reason. But plants cannot get food the way we do. They do not have mouths and they cannot go buy food at a grocery store! So how do they get food? What kind of food do they use?

In order to make energy-containing food, plants need three ingredients: water, sunlight, and carbon dioxide. Two of these needs are matter and one is an energy need.

Matter

Carbon dioxide is a gas that is in the air. Carbon dioxide gas enters the leaves through tiny holes in the leaves. Plants take in water from the soil. The water travels from the roots up tubes inside the plant. Eventually the water reaches the cells in the leaves.
Energy

Sunlight is light energy that is absorbed in the leaves of plants. Some cells in the leaves are able to trap the sun’s energy in the leaf. And guess what? The plants use the sun’s energy to combine the water and carbon dioxide to make food!
Photosynthesis
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When carbon dioxide, water, and light energy are in the leaf cells, the cells go through a process in order to make food. This process is called photosynthesis. “Photo” means light and “synthesis” means putting together. Photosynthesis is using sunlight to combine carbon dioxide and water in order to make a new materials for the plant.  This new material is sugar (or glucose). The cells in plants also give off oxygen gas as a waste product because they do not need it.
	Photosynthesis makes only one kind of food: sugar. The sugar is a material with chemical energy, so it is food for plants.


 Many things can happen to the sugar that plants make. This sugar travels from the leaves to all other parts of the plant, where it can be used by plant cells for energy and growth. This is the only way cells in the roots or the stems or the flowers can get the energy-containing food that they need. 

When plants store food, they usually change it from sugar to some other kinds of food, such as starches. All the food on earth started out as sugar made by plants!

Name: ___________________________________________ Date: _____________
Plants Make Their Food
When plants make food, they change matter and energy. They change the materials that they take inside their leaves 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.[image: image10.jpg]




[image: image11.jpg]


[image: image12.jpg]



1. Think about Von Helmont’s experiment: The tree gains 164 pounds after 5 years. Where did the weight of the tree come from? _______________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

2. A drop of rain falls into the soil near the roots of a large plant. Describe what will happen to that water if it is taken into the plant. If it enters the roots, where will it travel, and what will happen to it? _______________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________

3. 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?______________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________
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Activity 4: Plants Use Food To Grow
General Overview:

Introduce the investigation







~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 is used as food. Students are told that plants make food that is used either for growth or to be used to power life processes. Today students consider the food that is used for growth. In the lab, the students test various plant parts for starch and sugar. Students complete the starch testing, while the sugar testing is done as a demonstration. Starch is tested for in this lab because of the simplicity of the starch test. 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—the seed, a fruit and a vegetable, and the stem. Most students have never thought about how the food in a potato or in a banana got there. With their new understanding of photosynthesis, they can explain what is happening inside the plant. Thus, the lab provides a way of showing students that the concept of photosynthesis can help them make better sense of things in their everyday world.

Materials:

Student copies of Testing Food for Starch and Sugar
Overheads if needed

For Teacher: 

Benedict’s solution

Hot plate

Large Beaker filled with water

4 Tongs

4 Large test tubes (containing distilled water, sugar water, apple juice, pear/white grape 

juice)- make sure the juices contain real fruit juice (glucose)

Per pair of students:

Medicine droppers

IKI solution (dissolve 15 grams of KI (potassium iodine) in 1 liter of water)
Foods to test

· Piece of bread

· potatoes, cut in slices

· bananas, cut in slices

· celery stalks, cut in slices

· apples (cut in small pieces)

· pear (cut in slices)
1 Small jar (baby food jars), test tubes, or cups for the solution
1-5 Shallow flat dishes (Petri dishes, plates) depending on size of dish
Bean seeds (soaked in water 24 hours ahead of time)

Advance Preparation/ Safety Considerations:

Make copies of student lab sheets

Make overhead if necessary, especially of the starch chart, diagrams of plants

Soak the bean seeds for 24 hours before the lab

Prepare materials (slice fruits, veggies)

Prepare indicator solutions 
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). Make sure that students understand where photosynthesis happens: in the chloroplasts in the leaves. 

2. Demonstrate using the sugar indicator solution (Note, you should be able to do this with chunks of vegetables and fruit, if you want to test more than the 4 solutions). Add at least 1 dropper full (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. Read over the introduction of the Starch lab 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.

2. Demonstrate the lab materials to students and put the students in groups. Once students understand what to do in the lab investigation, give them materials they need to test. Have them first practice using a piece of bread. Then have the complete the test of a banana, potato, celery, apple, and pear and any other foods that you want them to test. They will also be testing a bean seed. 

3. As students conduct the investigations in groups, they need to follow the instructions in the lab handouts and respond to the guiding questions. These questions can be used for discussion during or after the lab investigation.
4. 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.

5. Students will be asked to respond to many questions throughout the lab. The teacher can decide whether to do a whole class discussion of these questions at intervals during the investigations or after the investigation. For time sake, it might be best to do the investigation on one day and follow up with a lengthy discussion on the following day. However, it is important that students not rush through answering the questions just to complete the lab in time. Each class is different so the teacher should decide how to handle the discussion.

6. Key points to make during and after the lab:

· Students should know that plants make sugar during photosynthesis and then starches from glucose. They make sugars and starch for themselves to use for food.

· Students should know the reason we say sugar and starch are energy-rich materials is because plants have used energy from the sun to make the sugar.
· Students should be able to explain & draw that the starch molecules originally come from sugar made in plant leaves.
· Students should be able to explain the cotyledon in a seed contains starch that was originally made by the “parent” plant (in the leaves). Later they will talk about how young plants use the cotyledon to grow.
Name: __________________________________________ Date: _______________

Testing Foods for Starch and Sugar
In this experiment, we will test different plant parts to see if they contain food made by the plant during photosynthesis. The plant makes sugar (glucose) during photosynthesis, but the plant cells can change sugar to starch. Plants make starch by putting together long chains of sugar molecules. Plant cells convert extra sugar to starch for storage. Today you will test where starches and sugars can be found in some of the fruits and vegetables we eat.

Sugar and starch contain chemical energy. Are they food for the plant? ______(yes/no)

Explain______________________________________________________________

____________________________________________________________________

____________________________________________________________________

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. Watch as your teacher heats the solutions and record your observations below:

Sugar Test

	FOOD
	Observations
	Does this solution contain sugar?

	Water


	
	

	Sugar Water


	
	

	Fruit Juice #1


	
	

	Fruit Juice #2


	
	

	Other


	
	


Testing Foods for Starch

Before testing parts of the plants for starch, you need to take precaution when using the iodine indicator. Iodine IS a toxic substance. Iodine will stain hands and skin, so be very, very careful.  During the lab, do not touch your eyes/mouth/nose, etc., if you have been handling the iodine.  Iodine will RUIN clothes – do not spill or misplace the iodine solution.

1. Is bread a food for you—does it have chemical energy? ________ (yes or no)

Using a medicine dropper, place a few drops of iodine solution on a piece of bread. Iodine solutions turns blue-black or purple in the presence of starch. 

Describe what happens to the bread: ______________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Does the bread contain starch? _______ (yes or no)

Now you will test other things that your teacher supplies you to determine whether they contain starch. Follow the direction and make predictions with your group BEFORE you start each test.  Once you complete each test, then fill out the Starch Chart. Put yes or no in the Starch chart to indicate whether or not the substances contain starch

 Testing Water for Starch

Does water contain starch?

1. Do you predict that water will contain starch? __________(yes or no)

Explain your prediction__________________________________________________

____________________________________________________________________

____________________________________________________________________

How to test water for starch

Put some water in a small jar or test tube. Add a few drops of the iodine solution using the medicine dropper.

Describe what you see happen __________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

What does this mean? Does water contain starch?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Starch is not found is most drinks. But many drinks contain energy-supplying food. 

Can you think of one energy-supplying food that is in many drinks like soda or juice?

Testing plant parts for starch: Vegetable and Fruit

Now we will test a potato and banana for starch.

1. Do you predict that a potato will contain starch?________(yes or no)

2. Do you predict that a banana will contain starch? _______(yes or no)

Explain your predictions________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

If you predicted yes for either of the potato or the banana, tell where you think the starch came from?_________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

How to test the Potato and Banana for Starch

Take a slice of potato and a slice of banana. Using the medicine dropper, cover the top of the slice with iodine solution.

Describe what you see happen __________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Did the potato contain starch? ________(yes or no)

Did the banana contain starch? ________(yes or no)

Draw arrows to show how the starch got to the potato and to the banana. Where did the starch come from?


Explain where the starch is made in the two plants and how it is made.______________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________

Testing parts of plants: The stem

Now we will test a different part of plants- the stem.

1. Do you predict that a celery stem will contain starch?________(yes or no)

Explain your prediction_________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

If you predicted yes, where you think the starch in the stem came from? ___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

How to test the Celery Stem for Starch

Fill a small jar about ¼ inch deep with iodine solution. Get a celery stem and place one end of the celery stem in the iodine solution. Let the celery sit for a few minutes in the iodine.

Describe what you see happen __________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Did the celery stem contain starch? ________(yes or no)

If yes, where was the starch located?________________________________________

____________________________________________________________________________________________________________________________________________

Draw arrows to show how the starch got into the celery stem.


Testing other Fruits and Vegetables:

Now test the other fruits and vegetables your teacher has given you to test.

1. Do you predict that an apple will contain starch?________(yes or no)

2. Do you predict that a pear will contain starch? _______(yes or no)

Explain your predictions________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

If you predicted yes for either of the apple and pear, tell where you think the starch came from?_________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

How to test the Potato and Banana for Starch

Take a slice of apple and a slice of pear. Using the medicine dropper, cover the top of the slice with iodine solution.

Describe what you see happen __________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Did the apple contain starch? ________(yes or no)

Did the pear contain starch? ________(yes or no)

Testing plant parts for starch:  The seed

The picture below shows half of a bean seed. The picture shows that the cotyledon is the largest part of the seed.


1. Do you predict that the cotyledons of the seed will contain starch? _______

Explain your predictions________________________________________________

___________________________________________________________________

___________________________________________________________________

If you put yes, where do you think the starch in the seed came from?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

How to test seeds for starch

Use a bean seed that has been soaked in water for 24 hours. Carefully open the bean seed by gently prying along the slit in the seed with your fingernail or a pencil. Place the opened seed in a dish. Observe the two parts of the seed—the embryo which will grow into the bean plant and the large part of the seed which is called the cotyledon. Use the dropper to cover the seed with iodine solution. Let it sit for 1-2 minutes.

Describe what you see happen __________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Does the seed contain starch?________ (yes or no)

Draw arrows to show how starch reached the cotyledons in the seeds. Where did it come from? Think about what you know about photosynthesis in plants.




STARCH CHART
	Substance
	Does it contain Starch?
	Description/Drawing of what happened 

	Practice: Bread


	
	

	Potato


	
	

	Banana


	
	

	Celery


	
	

	Apple


	
	

	Pear


	
	

	Bean Seed


	
	

	Other:


	
	

	Other:


	
	


Making Sense of the Experiment

1. Which parts of the plants you tested contained the energy-rich food in the form of starch? _______________________________________________________________

______________________________________________________________________

2. Can the cells in these parts of the plant make food? __________(yes or no)

Explain why or why not? __________________________________________________

__________________________________________________________________________________________________________________________________________________________________________________________________________________

The starch in all these plant parts was made from sugars, like glucose, and those sugars came from the leaf! Remember two key points:

· Plants get all their food by making it inside their leaf cells

· Only certain cells in the leaf can make food

All other plant cells- cells in the stem and in the roots—must get their food from the lead cells where the food is made. Therefore, after food is made in the leaf, the food travels to all other parts of the plant. Extra sugars made by the plant is stored in the form of starch.

3. Explain why the seed needs food in the cotyledon to start growing. Why can’t the seed just make its own food like the cells in the leaf do? _________________________

__________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________

4. When grass seeds are planted in the dark, they will begin to grow even though they cannot make their own food in the dark. Where do the seeds get the  energy-rich food that they need to begin to grow?___________________________________________

__________________________________________________________________________________________________________________________________________________________________________________________________________________

5. When you eat a banana or a potato, where did the food (starch) stored in the banana or potato originally come from?_____________________________________________

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. We call the starch in the plant, energy-rich food. Where did the energy in the starch come from?____________________________________________________________

______________________________________________________________________

______________________________________________________________________

7. When we eat plant parts, such as fruits and vegetables, we eat energy-rich starch and sugars that the plants have made and stored. Did the plants make the starch and sugars for us? _______ (yes or no)

Explain why you think the plants make the energy-rich starch and sugars. ___________

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Activity 5: Plants Use Food For Power

General Overview:

Introduction









~5 minutes
Plants Use Food For Power & Process Tool





~25 minutes
Discussion of Summary Questions






~10 minutes

Problem-Solving (optional)







~20 minutes
Total Estimated Time: 40-60 minutes

Purpose:

This activity follows up on the question of how plants use food. In Activity 5 students learn that some food is used for storage and growth. This activity introduces students to the ideas that plants also do cell respiration with some of their food. Students will trace glucose and oxygen to different plant parts, and then consider how plants are similar and different from animals in how they get and use food. They learn that plants undergo respiration just like animals. Students are also 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.
Materials:

Student copies of Plants Use Food For Power reading

Student copies of Plants Use Food For Power handouts
Student copies of Food For Plants: Problem-Solving (optional)
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:

1. Introduction








~5 minutes

Ask students to describe what they learned yesterday about how plants make food. You may want the overhead from Activity 3 as a resource for this quick review. Tell students that today they will learn what plants do with that food once it is made.

2. Plants Use Food For Power






~25 minutes
Pass out handouts. As a class, read through the handout and give students a chance to respond to the embedded questions. Allow students a few minutes to think about each question and then elicit their ideas and record them on the overhead or board. Importantly, probe students 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). The key idea in this activity is that plants cells are very similar to people/animals 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.

Have students trace food from the leaves to all parts of the plant.

Have them label a plant cell that “food” or “sugar” and “air” go into the cell and “carbon dioxide” and “water” go out of the cell.

As students read use the process tool to show how plants change matter and energy during cell respiration. Show that plants use solid sugar made during photosynthesis and oxygen gas and give off gas products (carbon dioxide and water). Also show them how chemical energy contained in the sugar becomes motion or heat or other types of chemical energy.

Then have students work individually on the summary questions. (they can work in pairs also).
3. Discussion of Summary questions





~10 minutes

Discuss students’ process tools and the summary questions. See if students can trace the path of energy during photosynthesis and cell respiration. Also, the last question is really important for identifying how much students have learned about photosynthesis and cell respiration that helps them move beyond the gas-gas cycle.

4. Problem-Solving (optional)






~20 minutes

The teacher and students should read through the first part of page 1 together and stop to check that students understand each of the key ideas in the list. The teacher can ask students how they know that each of the statements is true by encouraging them to use evidence from the previous activities (examples: vonHelmont’s data, starch lab, burning vitamins, the definition of food, etc). Then the teacher will tell students that they will work in groups to solve 1 of the problems on the list. 

Assign students to groups and assign them a problem. Make sure to go through each problem with the class before letting them begin. 

Give students about 10 minutes to think of an answer to the problem. If they get done early, they can think about the other problems in the list.

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.
Plants Use Food For Power
You have learned that plants need food like other living things. But, plants cannot get food the same way people can. They have to make it! They use sunlight to combine water and carbon dioxide and make glucose. Glucose is food because it is a material that has lots of chemical energy for the plant. 

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!  

The sugar that plants make needs to make it to all the cells in the plant. It needs to go to all parts of the leaves, stems, roots, and flowers! If food is made in the leaves, draws arrows to show where the food needs to go to reach all the cells in the plant.


Once the food reaches all the cells in the plant, plants either use food to grow, or they use it to power their life processes. Today you will learn more about how plants use food for power. 
Plants use food for power by changing the chemical energy in food to other forms of energy. It may change chemical energy into motion energy or heat.

But to do this, the plant needs to get the chemical energy that is stored in the food. They need oxygen to do this. So, plants also take in and use oxygen just like people do! When food reaches the cells, and is combined with oxygen, the cells change chemical energy into other forms. They give off carbon dioxide and water as waste products, just like people do too! Look at the diagram below. Label which materials (matter) go into plant cells and which come out of the cells.

Plant cells use the energy in food to perform important life processes. Without food and oxygen the plant’s cells would not be able to do important life processes and would not survive. 

Name: __________________________________________ Date: ____________
Plants Use Food For Power

Summary Questions: 
Look at the diagram below. Use the blanks to show how plants change matter and energy when they are using food for power.

Plants Using Food For Power

1. . Explain how light energy from the sun can eventually become motion energy or heat inside the plant. __________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Look at the diagram below. What is true about the diagram, and what is missing?
	Plants take in carbon dioxide and give off oxygen. Explain why this is true.
	Plants take in carbon dioxide and give off oxygen. Explain what is missing from this story

	
	








 Name: __________________________________________ Date: ___________

Food for Plants: Problem-Solving

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

· Food is materials that contain energy that living things need.

· Plants do not take in food from their environment. Soil, water, fertilizer, sun, and carbon dioxide are not food for plants.

· Plants can only get their energy-supplying food by making it themselves in special cells in their leaves.

· Plants use energy from the sun to change low energy materials, like water and carbon dioxide, into energy-containing food (sugar).

· Food made in the leaf cells travels to all cells of the plant. Plant cells get energy from the food by combining it with oxygen.

Now you will use these concepts to explain the following situations. You and your group will explain 1 of the 4 problems below. You will need to discuss the problem and will be asked to share what you learned with the class.

#1 THE NIGHT PROBLEM

How do plants get their food at nighttime when it is dark out?  Or do you think they just don’t eat at night? Explain your reasoning. 

#2 THE WINTER PROBLEM

Many kinds of trees lose their leaves when it is very cold. How do you think these trees survive and get their food in the winter?

#3 THE POND IN THE WINTER PROBLEM
A pond freezes in the winter and then gets covered with snow. There are plants that live in the pond. What do you think will happen to the plants in the winter when the snow is covering the pond? Explain your reasoning.

PROBLEM #______________________________________________________

Your “problem” asks you think about how food moves in plants, and how plants stay alive when they cannot get sunlight. Think about what you know about how plants make and use food. Where does food travel? What happens to the food once it is made?

Write an explanation about what you think is happening so that the plants survive even when there is not sunlight.

	


After other groups present, do you have any new of different ideas to add?

	


WATER





Carbon Dioxide from Air





Sugar Plants Make





Sunlight (Light Energy)





Water 





Plant “food”, vitamins, minerals, or fertilizers





Soil





Plants use water from roots, carbon dioxide from air, and sunlight to make sugar.








Plants take sugar they make to all their cells and give off oxygen as a waste





Bean Seeds





CHANGE TO POWERPOINT





CHANGE TO POWERPOINT





CHANGE TO POWERPOINT





CHANGE TO POWERPOINT





CHANGE TO POWERPOINT





CHANGE TO POWERPOINT









