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How do plants grow?

	[image: image7.jpg]


[image: image1.png]



	[image: image8.jpg]Plant Growing

- ]

(Energy Input) (Energy Output)
A

(Mattor Input) (Mattor Output)




[image: image2.png]



	[image: image9.jpg]


[image: image3.png]





1. What changes can you see in the plants in the videos and above pictures?
______________________________________________________________________

______________________________________________________________________

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

______________________________________________________________________

______________________________________________________________________

3. The growing plants needed materials to grow and gain weight.  Where do you think the plant got them?
______________________________________________________________________

______________________________________________________________________

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

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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?
______________________________________________________________________

______________________________________________________________________
______________________________________________________________________

 Name: __________________________________________ Date: ____________

What plants need to grow: Setting up the experiment
1. What kind of materials and energy do plants need to grow?
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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

	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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2. What are we trying to find out through these experiments?

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

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

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

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? 
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

3. What conclusions can you make from your results?

______________________________________________________________________

______________________________________________________________________
______________________________________________________________________

4. Can you suggest an experiment or investigation in order to show that plants use air for their growth?
______________________________________________________________________

______________________________________________________________________
______________________________________________________________________

5. If you had to explain to a friend the things plants need, what would you tell them?
______________________________________________________________________

______________________________________________________________________

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.  ____________________________________________
______________________________________________________________________

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

	ROOT
	STEM/BRANCH
	LEAF

	
	
	


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)

	
	
	


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?
______________________________________________________________________

______________________________________________________________________

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? 

___________________________________________________________________

___________________________________________________________________

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

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

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?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

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?

___________________________________________________________________

___________________________________________________________________
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? _____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

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

	


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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5 years later


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.  


_____________________________________________________________________________

_____________________________________________________________________________

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?
_______________________________________

_______________________________________

_______________________________________

4. Could the plant live and grow if all it took in was water?  Why or why not? 
_______________________________________

_______________________________________

_______________________________________
	



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
	
	
	

	Does it have chemical energy?
	
	
	

	Is it food for plants?

(using the scientific definition)
	
	
	


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

______________________________________________________________________________

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?  

______________________________________________________________________________

2. What benchmark scale can we use to classify the leaf cells of a potato plant?
_____________________________________________________________________________

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?

______________________________________________________________________________

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?

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

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? __________________________________________________________________

· 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? 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________

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? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

2. Where in the plant is sugar made?
____________________________________________________________________

____________________________________________________________________

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

____________________________________________________________________

____________________________________________________________________

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


	
	
	
	
	

	Sugar water


	
	
	
	
	

	Apple Juice

	
	
	
	
	

	Carrot Juice

	
	
	
	
	


4. If the apple or carrot contains sugar, how did the sugar get to those plant parts? 
_____________________________________________________________________
_____________________________________________________________________
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 
	
	
	
	

	Potato or radish


	Root (or belowground storage part)
	
	
	
	

	Banana
	Fruit
	
	
	
	

	Apple
	Fruit
	
	
	
	

	Celery
	Stem
	
	
	
	

	Bean
	Seed
	
	
	
	


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

_____________________________________________________________________
6. What is starch made of?

_____________________________________________________________________
7. Where did the chemical energy stored in the starch come from?

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

_____________________________________________________________________
_____________________________________________________________________
9. When you eat a banana or a potato, where did the food stored in the banana or potato cells originally come from?

_____________________________________________________________________
________________________________________________
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? _______ (yes or no)
6. Why you think the plants make the energy-rich starch and sugars?

_____________________________________________________________________
_____________________________________________________________________
Name: __________________________________________ Date: ____________

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

______________________________________________________________________

______________________________________________________________________

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?  ________________________________________

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?
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

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?
#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.
#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?
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?
_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

2. Why are plants useful for the environment? 
_______________________________________________________________________ 

_______________________________________________________________________
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? 
_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________
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Plants making food in leaf cells
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Plant cells use food for energy
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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.
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