Granny’s Garden School

Roots, Stems, and Photosynthesis Lesson Plan
Suggestions for using this lesson in the garden cycle:
· Use this in the fall when the fourth grade discusses on the scientific method, or use this when plants are taught.  If using this after planting, consider discussing this sometime after the Seed Parts and Germination Lesson.
Ohio Standards Connections:

Science – Life:
· Heredity A1:  Compare the life cycles of different plants including germination, maturity, reproduction, and death.

· Diversity and Interdependence of Life B2:  Relate plant structures to their specific functions (e.g., growth, survival, reproduction, and photosynthesis).

Science - Scientific Inquiry:
· Doing Scientific Inquiry C3:  Develop, design, and conduct safe, simple investigations or experiments to answer questions.

Science - Scientific Ways of Knowing: 

· Ethical Practices B2:  Record the results and data from an investigation and make a reasonable conclusion.

Lesson Summary:

Students will demonstrate and understand why roots always grow down.  Students will understand how water moves from roots to leaves through the stem to help photosynthesis to occur.
Estimated Duration:

30 to 45 minutes – The roots experiments requires follow up to make sure the steps are being followed and the conclusion is discussed.  On the day the conclusion is discussed, the photosynthesis activity can be performed.
Materials:

Roots Experiment:

· 4 mason jars (one for each team of students)
· Cotton balls or paper towels to fill jars
· 4 presoaked lima beans per jar
· Water

Photosynthesis Activity:

· 4 beakers

· 4 stalks of celery with leaves

· Red food coloring

· scissors

Background Information:

Plant parts:

1. Roots provide support, take in water and minerals, and store food for the plant.  Roots take in water that the plant loses through its leaves.

2. The root system can be a taproot which has a primary long root (like a dandelion, carrot, beet, Queen Anne’s lace) or fibrous which is many spreading roots (like grass).  A taproot stores food for the plant.

3. Fibrous roots collect water and minerals close the surface of the soil.

4. Taproots reach water from deeper areas.  


5. Water enters the roots through root hairs and travel up the plant through tubes into the stem and leaves.

6. Stems support the plant as it grows above the ground and carry water and nutrients to other parts of the plant.  Stems help plants grow. 

7. Leaves use sunlight to make food for the plant in photosynthesis, take in carbon dioxide, and release oxygen.  Leaves help plants get energy to grow and survive.

8. Flowers attract pollinators and make seeds for new plants.  (See life cycle lesson for parts like cones and spores on non-flowering plants.)  Flowers are part of reproduction (See flower parts lesson for more information on pollination).

9. Fruit protects growing seeds after fertilization.  The fruit develops from the ovary of the pistil (from the pollination lesson).  A fruit is any part of a plant that has seeds.  Fruit is part of reproduction.

10. Seeds create new plants.  Seeds are used to reproduce.

Photosynthesis:
1. Photosynthesis is the process plants use to make their own food.  Photosynthesis provides oxygen.

2. Water and minerals enter the plant through the roots.

3. Water and minerals travel through the stem and into the veins of leaves.  

4. Carbon dioxide from the air enters the leaves through tiny holes on the bottom of leaves and mixes with the water and minerals. 
5. Chlorophyll is a green pigment in leaves and absorbs light.  Chlorophyll in the leaves traps the energy from the light source, and uses the energy to change carbon dioxide and water into a sugar called glucose.  Sugar is used as energy when the plant is in darkness.  Photosynthesis produces oxygen for us to breathe.  Moisture is also released.

Activity:

1. Quickly review plant parts and focus on discussion of roots.  Why are roots important?  (support, water, minerals)

2. Discuss the difference between taproots and fibrous roots.  Which type of system is better suited for hot, dry summers?  Taproots are able to reach down further to absorb water.  What does this mean for shallow rooted plants like grass, many flowers?  Fibrous roots require watering more frequently so the plant survives.

3. Ask the students if they think roots always grow down.  Pass out the worksheet for the experiment “Do Roots Always Grow Down?” and review the set up and activity.

· Have each student write a hypothesis about what may happen.  The hypothesis does not need to be the same for all students.  Examples:  I predict the roots will always grow down; I predict the roots will sometimes grow up; I predict the roots will spread from side to side.

· In advance, you have presoaked the lima beans overnight in a small amount of water. 

· Pass out cotton balls for the students to use.  They should place enough cotton balls in a Mason jar to fill the jar.  Moisten the cotton balls with water.  Take care not to soak the cotton balls or the bean seed will rot.  An alternative is to moisten paper towels and lightly crumple enough to fill the jar and hold the seeds in place.

· Pass out four lima beans per jar.  The students should place four lima bean seeds spaced evenly apart between the jar and the cotton balls so germination can be observed.  Vary the position of the seeds, i.e., horizontally with curve up, horizontally with curve down, vertically with curve left, vertically with curve right.  If more cotton balls are needed, add them.  If the cotton balls seem too dry, moisten them, but do not over soak them.
· Seal the jar with its lid, and place the jar in a sunny location.  

· As the seeds germinate in a few days, each student should record the direction that the roots grow and the direction stems grow in the jar from their group. 

· Turn the jar upside down and return it to the sunny location for 1 to 2 more days.  The students should record the direction that the roots and stems grow in the jar from their group.  

· Turn jar right side up again, and return it to the sunny location for 1 or 2 days.  The students should record the direction of that the roots and stems grow in the jar from their group. 

4. After the above steps have been completed, pull the class together to discuss the conclusions.  Each student should record the conclusion on the worksheet, and state if the hypothesis he/she wrote was correct.

· The conclusion should be that roots always grow down and stems always grow up.
· Why do you think the roots grow down and the stem grows up?  The plant knows that roots need to grow down to find water and minerals and that stems need to grow up to find sunlight so photosynthesis can occur and the plant can make its own food.  Plants have hormones that react to gravity and tell the plant’s cells how to grow.

· Plant roots are affected by gravitropism or geotropism which both mean that the roots bend in response to gravity that pulls the roots down.  “Tropism” means an involuntary movement in reaction to an environmental influence.  “Gravi” refers to gravity and “geo” to earth.
· Stems and leaves are affected by phototropism which means that they grow toward light.  “Tropism” means an involuntary movement in reaction to an environmental influence.  “Photo” refers to light.
5. What is photosynthesis?  Why is photosynthesis important? What is chlorophyll?  How do you know if a plant contains chlorophyll?  The students should be able to hit the key points from the above summary.
6. Water needs to reach the leaves for photosynthesis.  How does water reach the top of a plant? Set this up a couple of hours in advance of the class.  
· Fill 4 cups or beakers halfway with water mixed with red food coloring.  

· Make a fresh cut on the bottom end of 4 stalks of celery.  Place a stalk of celery that has some leaves in the colored water.  Let the stalks stand in water for a couple of hours.  
· Explain that the stalks are the stems of the celery plant.  Remove the celery and cut across the stalk in various places to share with the students. What do you see?  There will be a row of tiny circles outlined in color, like rings. These are the ends of fine long tubes that travel the length of the stalk. They are colored because the water traveled up the tubes to reach the leaves.  If the stalks have been in water for a couple of hours, you will start to see the red food coloring appearing along the outside edges of the leaves.  Color in the tubes and color on the leaves prove that water was taken up the stem.
7. How do plants move water up? Water molecules in the plant’s leaves evaporate.  As some molecules leave the plant more water molecules move up.  Water molecules are packed tightly together in the tubes that carry water to the leaves.  As some molecules move up to replace the evaporated molecules, water is pulled up from the roots.

Sources:  
· Scott, Foresman.  Plants and How They Grow.   Glenview, Illinois:  Pearson Education, Inc., 2007. 
· “From Seed to Seed”, The Learning Garden.  http:// www.kidsgardening.com/onlinecourse/Act10.htm
· “Why Do Roots Always Grow Down and the Stems Grow Up?” Wonders of Our World.  http://wow.osu.edu/experiments/plants/roots/html
· “How Do Roots Grow?” http://nasaexplores.com/show_k4_teacher_st.php?id=030109104953
· “Experiment with Plants”, Botanists in Training Program, CBCN for Kids.  http://www.rbg.ca/cbcn/en/cbcn4kids/kid_activ.htm#gravity
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Do Roots Always Grow Down?

Name: ____________________
	Hypothesis:

	

	Experiment:

	1. Place enough cotton balls in a mason jar to fill the jar.  Moisten the cotton balls with water.  

2. Place four pre-soaked lima bean seeds between the jar and the cotton balls so germination can be observed.  

3. Seal the jar with its lid, and place the jar in a sunny location.  

4. As the seeds germinate, record the direction that the roots grow and the direction stems grow. 

5. Turn the jar upside down and return it to the sunny location for 1 or 2 more days.  Record the direction that the roots and stems grow.  

6. Turn jar right side up again, and return it to the sunny location for 1 or 2 more days.  Record the direction that the roots and stems grow. 

	Results and observations:

	Direction that roots and stem grow after germination:

Date:__________________

	Direction that roots and stem grow in the upside down jar:

Date:___________________

	Direction that roots and stem grow after the jar is turned right side up again:

Date:___________________

	Conclusion:

	


Granny’s Garden School
Do Roots Always Grow Down Experiment

Today we discussed types of plant roots systems and their function.  Roots provide support, take in water and minerals, and store food for the plant.  

The root system can be a taproot which has a primary long root or fibrous which is many spreading roots.  Fibrous roots collect water and minerals close the surface of the soil.  Taproots reach water from deeper areas.  

We also set up an experiment to learn if roots always grow down.  We will be observing lima beans seeds in a jar over the next couple of weeks and turning the jar to observe the direction that roots grow.

Join our class for our next gardening experience.  E-mail Granny at rgpaolo@fuse.net or call Roberta Paolo at 324-2873.
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