
                  SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area 
	Sixth Grade Science  

	Recommended  Days of Instruction:  6
	(one day equals 55 min)

	Standard(s) addressed:  6-2

	Students will demonstrate an understanding of structures, processes, and responses of plants that allow them to survive and reproduce.

	Characteristics of Organisms

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	6-2.7 Summarize the processes required for plant survival (including photosynthesis,

respiration, and transpiration).

	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline
http://etv.streamlinesc.org
The World of Plants: Photosynthesis

http://player.discoveryeducation.com/index.cfm?guidAssetId=083C802D-4438-4FEA-A20C-79909E7CB830&blnFromSearch=1&productcode=US
Photosynthesis looks at the critical role this process plays in providing food and oxygen. An explanation is given of the key steps involved, and the importance of the process to almost all other living organisms is stressed.
Additional Resources

Animation of Photosynthesis
http://earthguide.ucsd.edu/earthguide/diagrams/photosynthesis/photosynthesis.html 

http://www.phschool.com/science/biology_place/biocoach/photosynth/overview.html 

Plant Growth and Development

http://extension.oregonstate.edu/mg/botany/respire.html
Leaf Transpiration

http://www.google.com/images?rlz=1T4ADBR_enUS229US230&q=leaves+transpiration&um=1&ie=UTF-8&source=univ&ei=cQzaS9TDMoiy9gT_y41c&sa=X&oi=image_result_group&ct=title&resnum=1&ved=0CA8QsAQwAA

	See Module 6-2.7
	From the Science Standards Support Document:

The objective of this indicator is to summarize plant processes necessary for survival; therefore, the primary focus of assessment should be to generalize the major points about the processes of photosynthesis, respiration, and transpiration.  




Sixth Grade

Science Module 

6-2.7

Structures, Processes and Responses of Plants
Lessons A-C


From the South Carolina Support Documents:
Indicator 6.2.7: Summarize the processes required for plant survival (including photosynthesis, respiration, and transpiration.
Taxonomy level: 
Understand Conceptual Knowledge (2.4-B)
Previous/Future knowledge: In kindergarten, 1st grade, and 3rd grade, students studied the resources needed by plants in order to survive. Students have not studied the specific processes of photosynthesis, respiration, and transpiration.

It is essential for students to know that plants are organisms that perform certain processes necessary for survival.

Photosynthesis

· Plants are organisms that make their own food, a simple sugar, for survival.

· The process by which they make this sugar is called photosynthesis.

· Chloroplasts, found in the cells of the leaf, contain chlorophyll, a green pigment that absorbs light energy.

· During this process, plants use carbon dioxide gas from the air (taken in through openings, or pores, in the leaf called stomata) and water (taken in through the roots) to make sugar (food) in the leaves.

· During the process of photosynthesis, oxygen is also produced. The oxygen is released into the air through the stomata.

· Photosynthesis is the process that provides the oxygen in the atmosphere that most living organisms need.

Respiration

· The food (sugar) created through the process of photosynthesis is used to provide energy needed by the plants to perform life functions.

· To obtain the energy from the food it produces, plants must break down the sugar in the cells throughout the plant in a process called respiration.

· In this process, oxygen from the air (taken in through the stomata) combines with the sugar, which is then broken down into carbon dioxide and water.

· During this process, energy is released. This energy can now be used by the plant to perform life functions.

· The carbon dioxide and water that are formed are then given off through the stomata in the leaves.

Transpiration

· Some of the water taken in through the roots of plants is used in the process of photosynthesis.

· However, plants lose most of the water through the leaves. This process is called transpiration.

· Without a way to control transpiration, plants would wither up and die. Fortunately, plants are able to slow down transpiration.

· Guard cells, mostly on the underside of the leaf, open and close the stomata.

· When the stomata are closed, water cannot escape from the leaf.

It is not essential for students to know the chemical formulas for photosynthesis and respiration. The light and dark dependent reactions of photosynthesis as well as the steps for respiration are not essential. Students do not need to know the internal leaf structural layers.

Assessment Guidelines:

The objective of this indicator is to summarize plant processes necessary for survival; therefore, the primary focus of assessment should be to generalize the major points about the processes of photosynthesis, respiration, and transpiration.  However, appropriate assessments should also require student to identify the component plant parts necessary for photosynthesis, respiration, and transpiration; illustrate the movement of water, oxygen, carbon dioxide and food through the plant; compare photosynthesis and respiration in terms of starting materials and what is produced; or recall the function of these processes in plants.

Teaching Indicator 6-2.7: Lesson A – Photosynthesis
Instructional considerations:
This lesson is an example of how a teacher might address the intent of this indicator. Plants are autotrophs that make their own food through a process called photosynthesis.  Although we cannot actually watch this process we can investigate the materials needed by the plant and the materials that are released during the process.
Preparation for the Lesson:
Obtain the materials for the lesson.  If Bromythmol Blue is not available, make cabbage juice indicator.  To do this:  Purchase a red cabbage at the grocery store.  Tear off several leaves and tear them into small pieces.  Add the leaves to boiling water.  Stir until the water turns blue.  Let it cool for at least 1 hour before removing the cabbage.  Then pour the water into a plastic container.  Your indicator is ready for use.  The blue color is neutral—not an acid or a base.  When an acid is added to the solution it will change to a pink or purple color (low ph).
Alternative Method of Demonstrating Photosynthesis:

1. Obtain an aquarium plant, a small aquarium, water, and a small glass container/jar. (jelly/jam jars work well)
2. Add about 3-4 inches of water to the bottom of the aquarium.  

3. Place the plant in the jar and fill it with water so no air bubbles are present.  

4. Invert the jar (upside down) in the bottom of the aquarium without letting in any air. 

5.  Place the set up in a dark location or cover it for several hours or overnight.

6.  In the morning, remove the cover and/or place the entire set up in sunlight. 

7.  Observe the changes that occur in the jar with the plant. (Bubbles of Oxygen should form in the top of the jar lowering the water level in the jar).
Misconceptions:
Some students of all ages hold misconceptions about plant nutrition. They think plants get their food from the environment rather than manufacturing it internally, and that food for plants is taken in from the outside. These misconceptions are particularly resistant to change. Even after traditional instruction, students have difficulty accepting that plants make food from water and air, and that this is their only source of food. Understanding that the food made by plants is very different from other nutrients such as water or minerals is a prerequisite for understanding the distinction between plants as producers and animals as consumers.
http://strandmaps.nsdl.org/?id=SMS-MAP-9001
Students often see photosynthesis as a process that benefits people and animals (plants give off oxygen which humans need) rather than a process that allows the plant to survive.  They also have a hard time believing that the carbon dioxide used in the process serves as the source for the increasing weight in growing plants.

Making Sense of Secondary Science.  Rosalind Driver et al.  Routledge Falmer.  2008.

Photosynthesis and Respiration
The tendency to give plants human or animal characteristics leads to misconceptions. For example, students often believe that plants perform "reverse breathing" in which they inhale carbon dioxide and exhale oxygen. In reality, plants use and produce both carbon dioxide and oxygen through two processes: photosynthesis and respiration. 

Photosynthesis is the process by which plants convert carbon dioxide and water into sugar and oxygen. Photosynthesis requires energy, and a plant's chloroplasts absorb solar energy to fuel these reactions. Photosynthesis can only happen during the day when sunlight is available. 

Respiration, on the other hand, is the breaking down of sugars (and oxygen) to provide energy for plant growth. Respiration also produces carbon dioxide and water, essentially the opposite of photosynthesis. Respiration does not require light and can happen at night. 

Plants do release oxygen into the atmosphere, as they produce more than they need during photosynthesis.

The word "respiration" is often used incorrectly to describe breathing, but the two processes are different. Breathing, which occurs in animals, is the process of obtaining oxygen and removing carbon dioxide via lungs or gills. Respiration, as previously described, is the release of energy from food and occurs in both animals and plants. 

http://beyondpenguins.nsdl.org/issue/column.php?date=March2009&departmentid=professional&columnid=professional!misconceptions
Safety Note:  Students should follow all classroom safety procedures.

Lesson time:

2 days (1 day equals 55 minutes)
Materials Needed: (per group)

· 1 sprig of elodea/anacharis (or other aquatic plant from tropical fish store or order from Carolina Biological)
· distilled water

· test tube with stoppers or masking tape

· chemical indicator solution (Bromothymol blue) 
· straw

· Plant lights

· 3 twist tubes

Focus Question:

How does photosynthesis help plants to survive? 

Engage:

1. Ask students to answer the following questions in their notebooks:

2. What do organisms need for survival?  (See indicator 6-2.1)

3. How do animals meet their need for energy?

4. Show students a plant and ask them how plants meet their need for energy?

5. Tell them that since plants are autotrophs, they must make their own food.  This is the process called photosynthesis.

6. Explain that although you cannot actually watch this process you will explore it in the next investigation.
Explore:

1. Remind students that plants are organisms that make their own food, a simple sugar, for survival. During the process, plants use carbon dioxide( CO2) a gas from the air (taken in through the opening in or pores in the leaves called stomata)

2. Allow time for students to set up notebooks.  

3. Fill a flask or liter container with a mixture of water and about 50 mL of an indicator. Tell students what the flask contains.
4. Have students blow air through a straw into the flask with the indicator mixture.  All students should observe and record their observations.   (This will assure every sample that needs CO2 added gets the same amount). 
5. Ask:  What color is the water? What inferences can you make about the color change? (Students should be able to infer that color change is due to the fact that the air blown in contained something that reacted with the indicator. If they remember that we breathe out CO2   then some of them might be able to infer that the CO2 caused the color change.) 
6. Give each cooperative group three test tubes.  Have them label the test tubes with the numbers 1, 2, and 3.

7. Fill each of the test tubes half way with the indicator solution. 

8. Put a piece of elodea/anacharis in test tubes 1 and 2. Do not put anything in test tube 3. Place stoppers in all three test tubes.

9. Ask students to label their notebook Day 1, record observations and make color drawings.  
10. Place test tubes 1 and 2 in bright light and test tube 3 in a dark area.

11. Leave test tubes overnight.
12. Have students observe the test tubes on Day 2 and record observations and make color drawings. Provide the following questions for students to respond to in their notebooks.

· What color is the water?
·  Why do you think there was a color change?
(During the process of photosynthesis, oxygen is produced. The oxygen is released in the air from the plant through the stomata. The water should have returned to the original color after oxygen was released from the plant back into the water.)

13. Ask students what humans breathe in and breathe out?

14. Ask them to talk about how that is different from what they know about what plants breathe in and out.
15. Discuss that humans breathe out carbon dioxide and plants take in carbon dioxide and give off oxygen (during the light reactions). Ask them to suggest why the bromothymol blue turns yellow and then back to blue.  (It is turning yellow in the presence of carbon dioxide and back to blue in the presence of oxygen.
16. Use the support document 6-2.7 and Teacher Notes below to elaborate on the complete process of photosynthesis 
17. Reinforce the steps of photosynthesis by showing SC Streamline Video: The World of Plants: Photosynthesis.

Explain:

1. Review the major parts of photosynthesis by asking students what plants need from their surroundings (carbon dioxide and water).  Write these two terms on the board as a way of developing a “word equation” for photosynthesis.

2. Ask them to name the products of photosynthesis (organic matter--sugar, oxygen).  Write these terms on the right leaving a space in between.  Add an arrow going from left to right and the term photosynthesis above it to indicate the products formed in the process.

As you write the terms on the board, ask the following questions:

· What part of the plant takes in the carbon dioxide from the air? (pores in stomata)

· What part of the plant takes in the water?   (roots)

· What else does the plant need? (sunlight) What part of the plant absorbs this light energy? (chlorophyll found in the chloroplasts)

· Where does the plant release the oxygen? (into the air)
· How is this important to other organisms?  (provides oxygen they breathe in)
3. Respiration is the opposite process.  (You’ll explore this in 6-2.7 Lesson B.  At that time you might want to add the arrow to the word equation to show what happens during respiration.

Carbon dioxide + water                                                  organic matter + oxygen


4. Use First Word/Last Word to organize and integrate student learning on the concept of photosynthesis. (Data Driven Dialogue: A Facilitator’s Guide to Collaborative Inquiry.  Bruce Wellman & Laura Lipton. MiraVia LLC.  2004).

· Share one of your thoughts – but do not comment on it. (The First Turn)
· Group members comment in round-robin order about the item

(with no cross-talk).

· The initial person who names the item then shares his or her

thinking about the item and gets …The Last Turn.
5. Last Word:  Provide student groups with a piece of chart paper or newsprint.  Ask them to write the word photosynthesis vertically down the left hand side of the paper. As a group, allow time for them to generate phrases that begin with each of the letters in photosynthesis and write them beside the letter on the chart.  Post completed work.  Have each group share their chart.  As they share, use the questions below to assess for understanding.  See Teacher Notes below for support.
6. What is the source of energy for photosynthesis?  
7. During photosynthesis, when the plant absorbs carbon dioxide and water, what is produced? 

8. Which test tubes should have CO2 added?  Which should not? What evidence do you have for your responses?
9. How is the sugar made during photosynthesis important to the plant?

10. What chemical elements must the plant use in order for photosynthesis to occur?

11. As you reflect back on the investigation and your results, which process (respiration or photosynthesis) is occurring more in a plant that is being supplied with sunlight?  What evidence from your results supports this answer?

Teacher Notes:

C6H12O6 is glucose, which is a sugar.  Plants are autotrophic meaning they can make their own food (glucose) from light energy. CO2  is carbon dioxide, the same chemical we breath out after using up oxygen O2 which is produced by autotrophic organisms like plants. Plants can carry out both photosynthesis and respiration simultaneously.  However light and the amount of CO2 available can alter these processes.  During photosynthesis, plants are using the energy of the sun to build molecules, which effectively store this energy (glucose). Chemically, the photosynthetic reaction looks like this:


6CO2 + 6H20 + light energy → C6H12O6 + 6O2  

There is a change in carbon dioxide when the common fresh water plant Elodea is placed under different conditions. Will both Bromothymol blue (BTB) and cabbage juice, you are using a pH indicator as a means of determining the presence or absence of CO2.  A solution of Bromothymol blue changes color when CO2 is introduced due to a change in pH. When CO2 is dissolved in water, it forms carbonic acid. This lowers the pH of the solution and causes the Bromothymol blue to change its appearance.  Adding CO2  to Bromothymol blue changes the solution to yellow. When the CO2 is removed, the solution turns back blue. 

Extend:  
1. Use Project Learning Tree, Lesson  #28 
2. Illustrate the importance of sunlight to photosynthesis by setting up this simple investigation adapted from Project Learning Tree Lesson # 42: Provide students with small pieces of cardboard and have them cover a small area of a leaf on a shrub, tree or other plant.  After several days, have students remove the cardboard and make comparisons of the covered spot of the leaf with the uncovered leaf.  Ask the students to make an inference about the lighter part of the leaf. (Blocked from the sun, the spot on the leaf stopped making chlorophyll.) 

3.  Investigate the changing color of leaves in the fall.
4.  Have student groups develop a concept map to include:
· Name of process (photosynthesis)
· Purpose to plant (process plants use to make their own food…a simple sugar, glucose)
· Location or site where this occurs and the pigment (chlorophyll) in this organelle (chloroplasts)
· What the pigment can do for plants that animals cannot do (absorbs light energy)
· Two additional resources that enter the plant as raw materials and method of entering the plant (one a gas, one a liquid)—carbon dioxide and water
· Two products made and why each is important to other living organisms (oxygen and water vapor)
Teacher Note:  Students need to learn to express themselves visually and do concept maps, but teacher will need to model carefully.  If they are not familiar with concept map, the teacher should provide a map or draw one for them to copy and fill in.  It is suggested that they work as partners and use their resources to locate the answers prior to beginning the map.
5. Suggested Streamline Video:Biology: The Science of Life: The World of Plants—Photosynthesis --This video segment summarizes the process of photosynthesis  ETV Streamline SC1:59 to 4:19

6. http://earthguide.ucsd.edu/earthguide/diagrams/photosynthesis/photosynthesis.html (animation of photosynthesis)

7. http://www.phschool.com/science/biology_place/biocoach/photosynth/overview.html (animation of photosynthesis)
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Teaching Indicator 6-2.7:  Lesson B - Respiration in Plants
Instructional considerations:
This lesson is an example of how a teacher might address the intent of this indicator. In the last lesson, students explored photosynthesis of plants. Using many of the same materials they will now explore respiration in plants. 
Preparation for the Lesson: 

Make the indicator needed for the investigation.
Purchase a red cabbage in the grocery store and tear off several leaves. Tear the leaves into small pieces and add to boiling water.  Stir until the water turns blue.  Let it cool for at least 1 hour before removing the cabbage.  Then pour the water into a plastic container.  

Misconceptions:
Photosynthesis and Respiration
The tendency to give plants human or animal characteristics leads to misconceptions. For example, students often believe that plants perform "reverse breathing" in which they inhale carbon dioxide and exhale oxygen. In reality, plants use and produce both carbon dioxide and oxygen through two processes: photosynthesis and respiration. 

Photosynthesis is the process by which plants convert carbon dioxide and water into sugar and oxygen. Photosynthesis requires energy, and a plant's chloroplasts absorb solar energy to fuel these reactions. Photosynthesis can only happen during the day when sunlight is available. 

Respiration, on the other hand, is the breaking down of sugars (and oxygen) to provide energy for plant growth. Respiration also produces carbon dioxide and water, essentially the opposite of photosynthesis. Respiration does not require light and can happen at night. 

Plants do release oxygen into the atmosphere, as they produce more than they need during photosynthesis.

The word "respiration" is often used incorrectly to describe breathing, but the two processes are different. Breathing, which occurs in animals, is the process of obtaining oxygen and removing carbon dioxide via lungs or gills. Respiration, as previously described, is the release of energy from food and occurs in both animals and plants. 

http://beyondpenguins.nsdl.org/issue/column.php?date=March2009&departmentid=professional&columnid=professional!misconceptions
Safety:

Advise students not to inhale, as you will get a mouthful of the cabbage indicator. It will not hurt students but will taste terrible. 
Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed: (per group)
· Sprigs of water plants or elodea/anacharis (available from Carolina Biological)
· Purple cabbage ph indicator (recipe in Preparation for the Lesson) or Bromothymol blue solution
· Containers with lids

· Straws

· Aluminum foil

Focus Question:

How does the process of respiration help plants survive?

Engage:

1. Review with students why it is important for plants to make their own food and remind them that in the last lesson they learned about the process plants use—photosynthesis.

2. Ask: In what ways do you think plants might use the food they make during photosynthesis? 
3. As students share thoughts, chart responses.

4. Tell them that in plants this process is known as respiration.
5. Explain to students that they will investigate what happens when plants use food produced during photosynthesis in today’s lesson.
Explore:
1. Ask students to make predictions about what they think happens when plants use food. 

2. Pour a small amount of the cabbage indicator or Bromothymol blue solution into a cup of water for each group of students. Ask students to predict the color change they think will occur if you exhale into the solution. 

3. Have students write their predictions in their notebooks and explain why they think this will happen.  

4. Provide a straw for one student in each group and ask them to exhale into the liquid for about 30 seconds.

5. Discuss the gas released as they exhaled in the solution. Record observations. The cabbage indicator should have turned yellow in the presence of carbon dioxide. What color will the cabbage indicator change back to if oxygen is added? Note:  If they have done this in Lesson A, then you will simply need to ask them what happened then.
6. Ask students to name the gas that is released during the process of photosynthesis.  (Oxygen is released as a by-product of photosynthesis.) 

7. Explain that now you will be investigating how plants use this food created from photosynthesis for energy and growth.  

8. Explain to the students that they will devise a plan to determine what happens during respiration-- the process by which plant cells take in oxygen and release carbon dioxide and energy. It is the step-by-step breakdown of glucose molecules to release energy. (Inquiry Indicator 6-1.3)
9.  Students will use an elodea plant, test tube with stopper, Bromothymol blue solution or cabbage indicator and dark cupboard or closet.
10.  Ask students to develop a hypothesis to test for the gas a plant produces in the dark.
11.  Have students record their hypothesis and draw a sketch to illustrate their thoughts.
12.  In student groups, students should devise a plan for testing to determine if a plant releases a gas in the dark. (Hint: Bromothymol blue solution or an indicator turns yellow when exposed to carbon dioxide.)
13.  Students should add write their prediction in their notebooks.
14.  Ask students to show you their plan.  Once you have given permission, provide time for students to set their investigation. 

15.  Students observe their test tubes on Day 2, recording observations and making colorful drawings. 

16. Have students summarize their results. They might respond to the following question:  The gas produced during respiration is ______________.  I know this because _______________.

Explain:

1. Ask students to share their results with the class. 

2. What gas was released in this process?  (carbon dioxide)

3. What is this process called?  (respiration)

4. Summarize by telling the students that respiration is the chemical opposite of photosynthesis because it releases energy, using up food and oxygen and producing carbon dioxide. (See equation in Lesson A)
5. Provide students with post-its.  Have them write the following words on the cards, one word per post-it.
6. Carbon dioxide, oxygen, sugars, energy, photosynthesis, water, sunlight, chlorophyll, chloroplasts, stomata, leaves

7. Provide student groups with a piece of chart paper or newsprint.  Ask them to draw a flower (leaves, roots and stem) in the middle of the chart paper.

8. Students then use their post-its to illustrate the process of photosynthesis. (Water enters through stem through roots, Carbon dioxide

through stomata in leaves, sunlight through leaf and chloroplasts by chlorophyll, oxygen leaves through stomata, sugars produced are used throughout the plant for plant growth, etc.)

9.  Whole class share out:  One group shares their poster and talks about one of the parts of the process.  For example:  The leaves are important inn photosynthesis because they contain the chloroplasts that have the chlorophyll that is the pigment that takes in the sunlight from the sun.

10. Continue around groups until all groups have had a chance to share one part of the process and its importance.
11. Ask students to remove the cards and rearrange them to show the process of respiration. (Plant used the sugars produced in photosynthesis and oxygen to produce carbon dioxide and water. This process does not need sunlight therefore can occur at night as well.)  

12. Continue the process of class sharing for respiration.
13. Use the word equation from Lesson A to review the process of respiration.

Teacher Background

Carbohydrates made during photosynthesis are of value to a plant when they are converted to energy. This energy is used for cell growth and building new tissues. The chemical process by which sugars and starches are converted to energy is called oxidation and is similar to the burning of wood or coal to produce heat. Controlled oxidation in a living cell is called respiration and is shown by this equation:
C6H12O6 + 6 O2 => 6 CO2 + 6 H2O + Energy
This equation is essentially the opposite of photosynthesis. Photosynthesis is a building process, while respiration is a breaking-down process (Table 2).

	   Table 2. Photosynthesis and Respiration.

	Photosynthesis
	Respiration

	· produces food 

· stores energy 

· uses water 

· uses carbon dioxide 

· releases oxygen 

· occurs in sunlight 
	· uses food 

· releases energy 

· produces water 

· produces carbon dioxide 

· uses oxygen 

· occurs in the dark as well as light 


Unlike photosynthesis, respiration does not depend on light, so it occurs at night as well as during the day. Respiration occurs in all life forms and in all cells.  http://extension.oregonstate.edu/mg/botany/respire.html
Extend:

1.  Have students groups write a recipe for Photosynthesis and Respiration. (2 separate recipes)

Provide students with the format:  “Recipe for Photosynthesis”; From the Kitchen of____; Serves _____; Ingredients _______; etc.

2.  Have students write a formal lab report of the inquiry lesson. Conclusion should contain information in the additional instruction as well as an explanation of the color changes of the cabbage indicator.
3.  Have students compare and contrast photosynthesis and respiration.  (See chart in Teacher Background above for sample).

Photosynthesis and Respiration
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Teaching Indicator 6-2.7:  Lesson C Transpiration
Instructional considerations:
This lesson is an example of how a teacher might address the intent of this indicator.  Plant leaves release water from that has been taken in by the plant roots.  This process is called transpiration.  

If you have already completed the Indicator 6-4.2 lessons, students should be familiar with this process and therefore you may want to review it here. Transpiration is one way that water is released back into the atmosphere.  Because plants need water to photosynthesize, they must control how much they lose through transpiration. Guard cells on the underside of the leaf controls how much water can escape by opening and closing the stomata through which the water escapes.  

Preparation for the Lesson:
1. Prepare a plant to use as a demonstration or introduction to transpiration. Ask students to observe the preparation and predict what they expect to observe the next day.  
a. Place a small plant inside a clear plastic bag and tie it closed.

b. Place it in a sunny place for several hours or overnight

2. Prepare the slides of ivy for student groups to examine.
3. Paint a small section on the back of the leaf with clear polish and let it dry.  Put a piece of clear packing tape over the dry polish and lift it off.  A print of the back of the leaf can be seen on the tape. 
4. Place tape on slide to prepare slides for student viewing.
Teacher Notes:

Transpiration is the evaporation of water from plant tissues into the atmosphere. There are several factors that affect the rate of transpiration, temperature, humidity, wind speed, and atmospheric CO2 levels. Temperature is the measure of hotness or coolness of air. If the temperature is high, transpiration rates will increase as the surrounding air is drying the leaf surfaces. In kind, if temperatures are low, transpiration rates will decrease. Humidity is the amount of water vapor in the atmosphere. When the atmosphere has a high humidity, the air is more saturated with water. Water diffuses from areas of high concentration to areas of lower concentration, so when humidity is high, transpiration rates will slow. If humidity reaches 100%, transpiration will cease. When wind speeds are high, leaf surfaces become dry and transpiration rates will increase. When wind speeds are low, transpiration rates will decrease. Stomata are the openings in leaf surfaces where gas exchange takes place. The amount of CO2 concentration in the atmosphere affects the rate at which stomata will open. When CO2 concentrations are high in the surrounding air stomata will not open; therefore, gas exchange cannot take place. 
Lesson time:

2 days (1 day equals 55 minutes)
Materials Needed:

· Ivy leaves (cut just before using and keep the vine in water)

· Clear fingernail polish

· Clear tape

· Microscope

· Clear plastic bags w/ties, not a closing device

Focus Question:

How does transpiration help plants survive?

Engage:

1. Day 1: Place a plant in a baggie.  As you do so, ask students to predict what they think they will observe with the plant and baggie the next day.  Have them record their prediction in their notebooks.

2.  Day 2:   Show students the plant you placed in the baggie.  Do not remove from baggie. Have them record their observations and provide an explanation for their observations.
3. If you have completed Lesson A from Indicator 6-4.2, ask students to return to their notebook entries from that lesson and review what happened in the plant transpiration activity.  

4. Take digital pictures as you observe the plants or use the website or other sources to find illustrations of transpiration. Ask the students to infer why they think water is released from the leaves? 
5. http://www.google.com/images?rlz=1T4ADBR_enUS229US230&q=leaves+transpiration&um=1&ie=UTF-8&source=univ&ei=cQzaS9TDMoiy9gT_y41c&sa=X&oi=image_result_group&ct=title&resnum=1&ved=0CA8QsAQwAA
6. Tell students that now that they understand the process of transpiration, they will be exploring the parts of the leaf that allow the water to escape.
Explore:

1. Students will prepare slides to observe the stomata of a leaf.  Ivy leaves work well for this activity.  

2. Provide slides and time for students to view them under a microscope. The students should be able to see the stomata and guard cells. Have students observe the guard cells on the underside of the leaf. Students should draw and label their observations. Guard cells control the opening and closing of the stomata.  

3. If students have not completed Lesson A in 6-4.2, then have them complete the following:

4. Go outside and find a tree with branches in the sun and which students can reach.  

5. Put a plastic bag over a branch with leaves and close the bag with a tie. Have students draw and label a pictures of the of the tree branch in notebooks. Ask them to infer want they think will happen. An alternative or addition is to cover a green plant with a clear plastic bag in the classroom.

6. Students observe the set up(s) after a few hours. The teacher or students can take pictures using a digital camera.  If necessary, students can observe pictures later or use the pictures to assess student understanding by having them write about what is happening.

7. Water that is lost through the leaves should have accumulated in the bag through transpiration.  The water entered the tree from the roots. The stomata on the leaves open and close to keep the right amount of water in the plant.
8. Explain that plants have the ability to control transpiration. Plants would wither and die without this adaptation.  Remind the students that they observed these guard cells through the microscope earlier.  Guard cells open and close the stomata. When the stomata are closed, water cannot escape from the leaves.
Teacher Notes:

Transpiration is the evaporation of water from plant tissues into the atmosphere. There are several factors that affect the rate of transpiration, temperature, humidity, wind speed, and atmospheric CO2 levels. If the temperature is high, transpiration rates will increase as the surrounding air is drying the leaf surfaces. In kind, if temperatures are low, transpiration rates will decrease. When the atmosphere has a high humidity, the air is more saturated with water. Water diffuses from areas of high concentration to areas of lower concentration, so when humidity is high, transpiration rates will slow. If humidity reaches 100%, transpiration will cease. When wind speeds are high, leaf surfaces become dry and transpiration rates will increase. When wind speeds are low, transpiration rates will decrease. Stomata are the openings in leaf surfaces where gas exchange takes place. The amount of CO2 concentration in the atmosphere affects the rate at which stomata will open. When CO2 concentrations are high in the surrounding air stomata will not open; therefore, gas exchange cannot take place. 
Explain:

1. Use digital pictures taken during plant investigation to review the process.

2. As students to respond to these questions as you show the pictures:
· What is transpiration?

· What plant parts are necessary for transpiration?

· What factor might affect transpiration?

· Explain the movement of water through the plant during transpiration?

· What are desert plant adaptations related to transpiration?

· What is the function of transpiration in plants?

Extend:

1. Have students design and carry out an investigation to compare the rate of transpiration from different types of plants

2. Complete the data chart for photosynthesis, transpiration, and respiration or have students make and complete a tri fold to compare these three processes.
	Plant Process
	Materials Needed
	Explanation
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· Use the tri-fold or Venn diagram to compare and contrast photosynthesis, respiration and transpiration. 
Comparing and contrasting photosynthesis, respiration, and transpiration:

	Photosynthesis
	Respiration
	Transpiration

	produces food 

stores energy 

uses water 

uses carbon dioxide 

releases oxygen 

occurs in sunlight 
	uses food 

releases energy 

produces water 

produces carbon dioxide 

uses oxygen 

occurs in the dark as well as light 
	uses energy

releases water

releases carbon dioxide
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Standard 6-2: Students will demonstrate an understanding of structures, processes, and responses of plants that allow them to survive and reproduce.





Indicator 6-2.7: Summarize the processes required for plant survival (including photosynthesis, respiration, and transpiration).





Other indicators addressed:  


6-1.2:  Differentiate between observation and inference during the analysis and interpretation of data. 


6-1.4:Use a technological design process to plan and produce a solution to a problem or a product (including identifying a problem, designing a solution or a product, implementing the design, and evaluating the solution or the product). 








Photosynthesis





Respiration
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