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Course:      AG-PSB-02.441
Plant Science Biotechnology

Unit 4:
Plant Cells--The Building Blocks of Life
Lesson 4:
Diffusion

Georgia Performance Standards:
AG-PSB-4-(I, j)
Academic Standards: SB1, S7L2 
Objectives: 

1.
Define diffusion.

2.
Describe the process of diffusion.

3.
Identify ways that diffusion affects plants.
Teaching Time:
Classroom: 30 minutes 
Laboratory: 2 hours
Grades: 9-12

Essential Question: What is diffusion?
Unit Understandings, Themes, and Concepts:  
Students will learn the definition of diffusion and the different steps of the process. Students will also learn the ways in which diffusion affects plants.
Primary Learning Goals:  

Students will be able to define diffusion and describe the process. Students will also be able to explain how diffusion affects plants.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.
Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:
Primary Student Texts:

Herren, Ray V.  The Science Of Agriculture: A Biological Approach.   Delmar Publishers.   Albany, NY.  ISBN:  0-8273-5811-3.  1997.

Secondary Text for teacher planning and occasional student use:
Campbell, Neil A.  Biology.  4th Edition.  Benjamin/Cummings Publishing Company, Inc.  Menlo Park, CA.  1997.
Lukens, Jeffrey, Diffusion and Osmosis with Data Analysis Lab Exercise.  Sioux Falls, SD.

Materials and Equipment:

The instructor should have on hand a small amount of ammonia and an evaporating dish or bowl.

Powerpoints:

AG-PSB-02.441-04.4p Basic_Cell_Structure
Georgia Performance Standards:
AG-PSB-4-(i, j)
AG-PSB-4: The student identifies the parts of plant cells and demonstrates their growth and solute movements.

i. Describes how water moves into and out of plant cells.

j. Defines important terms and functions related to plant cells including osmosis, diffusion, etc.

Academic Standards: 
SB1, S7L2 
SB1 Students will analyze the nature of the relationships between structures and functions in living cells.   
S7L2 Students will describe the structure and function of cells, tissues, organs, and organ systems.

Teaching Procedure

Introduction and Mental Set

As class starts explain that you are going to pour some ammonia into the dish.  Ask the students on the front, middle, and back rows to raise their hands when they first smell the ammonia.  Have the students draw conclusions as to what caused the ammonia to spread over the entire room.  Explain that it is diffusion

Alternate Mental Set:

Write DIFFUSION in large letters on the board.  Prepare a clear jar with a small amount of cooking oil or other yellowish liquid.  Announce to the class that the liquid is skunk juice you obtained from the local veterinarian and that it has a powerful smell that will really illustrate the concept of diffusion and that you will open the jar slightly to demonstrate diffusion.  Embellish this story as needed such as where you store it, how long you have had it, what would happen if the jar breaks.  Move about the class as you talk pretending to prepare to unscrew the lid.  Students will probably prevail upon you not to open the jar and to move away from them.  You can tell students that you really could not open it or that it is sealed and is only to reinforce the concept of diffusion.



Discussion
1.
What is diffusion?  
The movement of ions and small molecules from an area of high concentration to an area of lower concentration.

2.
How are plants affected by diffusion?
A.
Intake of carbon dioxide: 

Through the process of diffusion carbon dioxide moves from the air into the leaves through the stomata(small openings in the leaves through which gas exchange for photosynthesis, transpiration, and respiration take place).  The concentration inside the leaf is less than that on the outside, therefore, the carbon dioxide moves into the leaf.

B.
Respiration: 

At night the process is reversed.  The concentration of carbon dioxide on the outside of the leaf is less so the plants give off carbon dioxide.

ATo make food, a plant must spread it leaves to the sun and obtain CO2 from the air.  Carbon dioxide diffuses into the leaf, and oxygen produced as a by-product of photosynthesis diffuses out of the leaf through the stomata.  The stomata lead to the honeycomb of air spaces through which CO2 diffuses to the photosynthesis cells of the mesophyll.@  (Biology, Campbell)

3.
How does diffusion occur?

Substances that are moving from a region of higher concentration of their own molecules to a region of lower concentration are said to be moving down a gradient, which is analogous to flowing downhill.   Diffusion occurs only down a gradient.  Therefore, the larger the difference in concentration the more rapid the diffusion.

4.
How is diffusion used in agriculture?

A.
Beside the use of diffusion by plants to obtain and release gases, agriculturalists have taken advantage of diffusion to make some jobs a little easier and a lot more effective.

B.
Diffusion is used in the fumigation of soils and greenhouses. Farmers cover sections of soil with plastic and allow pesticides and other fumigants to enter.  Through diffusion the fumigant will cover the entire area of the soil, missing nothing.  This rate of accuracy cannot be duplicated without diffusion.  

C.
Diffusion is used in the greenhouse to kill organisms that could harm the plants.  A fumigant is put into the greenhouse and is allowed to diffuse.  The diffusion of these poisonous gases reaches places a human could never attempt to reach.

D.
Diffusion is also great from a safety stand point because a person is not needed to spray or come in contact with the gas, therefore almost totally eliminating the chance of poisoning.  The principle of diffusion is also put to work in your everyday life.  

E.
Exterminators use fumigants that disperse by diffusion to kill bugs in homes, scents are also added to poisonous gases such as natural gas so you can smell it when it is being diffused through your home.

5.
Laboratory

Complete the Diffusion and  Osmosis Exercise.

Summary

Review:

Diffusion process.

Ways plants use diffusion.


Ways humans use diffusion.



Evaluation

Have students think of other ways diffusion is used and have them think up original ways of how diffusion can be used  in agriculture.

Written quiz

Laboratory activity

4.4.1
Diffusion & Osmosis with Data Analysis
Jeffrey Lukens

Roosevelt High School

6600 West 41st Street

Sioux Falls, SD 57106

email: AEJLukens@aol.com
Type of Activity:

Hands‑on lab

Simulation

Inquiry lab

Integration of math and science

Group learning

Target Audience:
Most applicable to Advanced or Advanced Placement Biology. Can also be used with general life science or Biology courses.
This activity helps students understand the essential principles governing diffusion and osmosis. Concepts such as permeability, equilibrium, water potential, concentration gradients, and plasmolysis are illustrated.
Background Information:
This lab is derived from the AP Biology lab on Diffusion & Osmosis. One segment of the lab is the classic starch /IKI / glucose / dialysis tubing experiment, and the other uses core samples of potato in varying concentrations of sugar‑water to measure water potential of the potato cells. Data is collected and analyzed by using the Texas Instruments 82 graphing calculator. If Texas Instruments 82's are unavailable or foreign, data may be analyzed by hand. However, since math technology and science technology should be integrated whenever possible, it is

worthwhile to expose students to instruments like graphing calculators. Even though TI‑82's seem to be most user‑friendly, TI‑8 1's and TI‑85's may be used in place of the TI‑82's.
Students need to be familiar with the use of electronic balances, and with the basic principles of diffusion & osmosis, although this lab could be used as an introduction to the topics. There would be much more "discovery" that way! Students will be using the graphing calculator as well, so a basic working knowledge of that tool would be helpful. 

4.4.1
However, if the teacher is familiar with the calculator, students can be taught in just a few minutes how to do what needs to be done for this particular activity. Interest will be high, and extension opportunities will abound.
Preparation time:
Moderate. Most solutions may be prepared well in advance and stored in the refrigerator. A suggestion is to make a large supply of stock sucrose solution and dilute it as necessary.

Class time:
About two 50 minute periods, then an additional class period to compare, share, and integrate data.
Activity Abstract:

Understanding concentration gradients is essential to understand life processes. Any time a cell has something move into or out of it, a gradient is either involved or created in the process. Diffusion, osmosis, passive transport, and active transport are fundamental concepts in Biology. This activity simulates osmosis in the cell. Dialysis tubing is used to simulate an animal cell, and actual plant cells are used to illustrate the process of osmosis in plants. This activity helps students understand the essential principles governing diffusion and osmosis. Concepts such as permeability, equilibrium, water potential, concentration gradients, and plasmolysis are illustrated.
Materials Needed:
Dialysis tubing (8‑12" long, soaked in water overnight)

String for tying dialysis tubing

Clear plastic drinking cups

Sharpie Markers for labeling cups

Funnels

Glucose/starch solution (10g soluble starch to 1 liter of water. Add 150g glucose)

Distilled water

IKI solution (3g KI to 400 ml water. Add 0.6g iodine, stir, store in dark bottles)

Glucose TesTape (Clinistix work too)

1.0‑molar sucrose solution (to be used as a stock solution. Use 342g sucrose/liter of water)

To make 250 ml of each molarity, use:

For 1.0 M, use full strength.

For 0.8 M, 200ml stock + 50ml water

For 0.6 M, 150ml stock + 100ml water

For 0.4 M, 100ml stock + 150ml water

4.4.1
For 0.2 M, 50ml stock + 200ml water

HandiWrap (or similar)

Rubber bands

Cork borer (varying diameters for optional exercises)

Potatoes (sweet potatoes, turnips, jicama, carrots, winter squash, apples, radishes are optional)

Electronic balance (triple beam will work)

TI‑82 calculator (or similar)

PROCEDURE

Part I:
1.
Fill a plastic cup 2/3 full of distilled water, and add a few squirts of IKI solution to the cup. Test the contents of the cup with TesTape.

2.
Tie off one end of a piece of soaked dialysis tubing. This works best if one end of the tube is folded over on itself about 1", then tied with string. Rub the other end between the fingers to open it up. Do this only when ready to fill it.
3.
Place the funnel into the open end of the tubing and pour 10‑15 ml of the glucose/starch solution into the tube. Repeat the "tying‑off'' procedure on the open end. Test a small sample of the glucose/starch solution with TesTape to see the results.
4.
Place the dialysis bag into the plastic cup and let it stand for 15‑20 minutes.
5.
Test the liquids in the beaker and in the bag with TesTape.

Have the students chart the initial and final observations, then have them explain (orally or in writing) what happened in this part of the activity.  You may want to perform the activity again and switch the location of the solutions.
Part II

1.
Each group will need 6 dialysis tubes, unless you want to divide up the molarities among the groups to save on materials.  Obviously, the second option saves time.
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2.
Tie off each bag, open each up, funnel about 15 ml of each (or selected ones) of the following solutions.  Distilled water, 0.2 molar, 0.4 molar, 0.6 molar, 0.8 molar, and 1.0 molar.  Make each solution from the stock solution of 1.0-M sucrose. For each bag tested, you will need a plastic cup filled 2/3 full of distilled water.  Make sure each cup is labeled with the appropriate molarity (of the bag being tested).

3.
Place an empty, dry plastic cup on the electronic balance, tare the balance each time, blot off the outside of the bag and weigh.  Record the initial masses.  Do this quickly!
4. 
Immediately place each bag into an appropriately labeled plastic cup with distilled water.

5.
Let stand for a predetermined time (15 to 30 minutes), but make sure that all bags are allowed to stay in the cups for the same amount of time.
6.
At the end of the immersion time, remove one bag at a time, blot it off, and reweigh it. Record the final masses. Calculate the percent change in mass of each bag: Final ‑ Initial / Initial X 100. You will plot percent change vs. molarity in the bag.

Part III:
1.
Pour about 100 ml of sucrose solution into a plastic cup. Have lab groups each take 2‑3 different molarities of solution. These are the same solutions as you used in Part I. Label cups.
2.
With the cork borer, cut 4 cylinders of potato from the center. Make sure there is no skin on the cylinders. Each cylinder should be about an inch long. An option here is to give each group a different fruit/vegetable.  Another is to have each group take a different molarity and test several different fruits/vegetables at that molarity.

3.
Using a dry beaker on the balance, tare the balance and weigh the 4 cylinders QUICKLY. Record the mass and immediately place the potato into the appropriate cup. Cover the cup with plastic wrap, put a rubber band around the top of the cup, and let it stand overnight.

4.
Next day, remove, gently blot, and determine the final mass of the cylinders. Record this mass and calculate the percent change.
4.4.1

Data Analysis:

The data can surely be plotted manually on graph paper, however making use of the graphing calculator here is easy, effective, and better lends itself to extending this activity by making predictions and drawing conclusions. Following, you will find basic instructions for viewing a graph of the collected data using the TI‑82.
Turn the calculator on. Press "STAT" key. Press "1" for "Edit", you will see columns labeled "L1", "L2", etc. These are the "list" columns.
Arrow the "cursor" so it darkens "L 1 " in the first list column. Clear out each list by pressing CLEAR, then pressing ENTER. You are now ready to enter data from the lab activity.
Arrow to the 1st entry spot under "L1", and enter 0.00001 (trust me, entering "0" will cause a problem). Press ENTER, enter 0.2 in the next spot down, 0.4 in the third, then 0.6, 0.8, & 1.0.
Arrow over to the first spot under "L2". Enter the respective percent changes for the sucrose dialysis bags in distilled water.
In "L3", enter the percent changes for the potato cores for their respective sucrose concentrations. If other vegetables/fruits were used, enter their percent changes in further list columns.
Press "2nd", then press "Y=". This puts you into the "STAT PLOT" function. If  1:  is highlighted, press ENTER. Arrow to "On" and press ENTER. Arrow to "Type" and choose the first one (scattergram). Arrow to "X list" and choose "L 1". Arrow to "Y list" and choose "L2". Arrow the "Mark" and choose the first one. Press "2nd" "Y=" again and make sure that the other plots are turned off. If any are on, simply arrow to the correct one, press enter, and turn it off.
To see the graph, press "ZOOM" then hit "9". This automatically makes the graph viewing area (window) appropriate to the data you have in the lists. To see what the data points are, press "TRACE", then use the right and left arrows to see what the data points represent.
If you want to view a graph of the other data in your lists, simply go into STAT PLOT and change your "Y list" to L3, L4, or whatever you want to view. Remember, if you keep your "X list" as L 1, then the molarities will be used each time. If you want the points connected, go into STAT PLOT and choose the second in line next to "Type".
4.4.1

A linear regression of the data can be produced as well. Press STAT and arrow to CALC. Press 5 for LinReg. At the flashing cursor, press ENTER. The equation for the line will appear. The "r=" value is how closely the line fits the data. Press the "Y=" key and clear any data that appears by putting the cursor right after the "=" sign and pressing CLEAR. With all of them cleared out, press VARS, then press 5 for "Statistics". Arrow Over to "EQ@, then press 7 for the RegEQ. The equation appears next to the Y1=. Now press GRAPH and you will see your original plot AND a line that best fits the data. Press 2nd then WINDOW. For TblMin, enter 0. For "delta"Tbl, enter .1. Press 2nd GRAPH and you will see a table that allows you to predict new percent change values for molarities that were not examined.

Individual Learning Activity

Lesson:
Diffusion
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Define diffusion.

2.
Describe the process of diffusion.

3.
Identify ways that diffusion affects plants.




Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Diffusion
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Define diffusion.

2.
Describe the process of diffusion.

3.
Identify ways that diffusion affects plants.


Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

                                                  Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Diffusion
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Define diffusion.

2.
Describe the process of diffusion.

3.
Identify ways that diffusion affects plants.




Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Lesson Evaluation

1. What is diffusion?
2. How are plants affected by diffusion?

3. How is diffusion used in the fumigation of soils and greenhouses?
Lesson Evaluation Key

1. The movement of ions and small molecules from an area of high concentration to an area of lower concentration.
2. Intake of carbon dioxide: Through the process of diffusion carbon dioxide moves from the air into the leaves through the stomata (small openings in the leaves through which gas exchange for photosynthesis, transpiration, and respiration take place).  The concentration inside the leaf is less than that on the outside, therefore, the carbon dioxide moves into the leaf.
3. Diffusion is used in the fumigation of soils and greenhouses. Farmers cover sections of soil with plastic and allow pesticides and other fumigants to enter.  Through diffusion the fumigant will cover the entire area of the soil, missing nothing.  This rate of accuracy cannot be duplicated without diffusion.  

Teacher Notes
Essential Question: 

What is diffusion?

Vocabulary

Diffusion
Carbon dioxide
Course: AG-PSB-02.441   Plant Science Biotechnology Unit 4, Lesson 4
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