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Viewing Plant Stomata 
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PA S.T. & E Standards; 9th-12th Grades: Keystone Exams Anchor Descriptors:
3.1.B.A5.   Relate the structure of cell organelles to their function.  
BIO.A.4.1  Identify and describe the cell structures involved in transport of materials into, out of, and throughout a cell. 

BIO.A.4.2  Explain mechanisms that permit organisms to maintain biological balance between their internal and external environments. 
3.1.B.A6.  Explain how cells differentiate in multicellular organisms. 
Middle School S. T. & E. Standards:

3.1.6.A1.  Describe the similarities and differences of major physical characteristics in plants, animals, fungi, protists, and bacteria. 

3.1.5.A5.   Compare and contrast plant and animal cells. 
3.1.6.A8.  Explain why the details of most cells are visible only through a microscope. 

3.1.7.A9.  (Science as Inquiry) Use appropriate tools and technologies to gather, analyze, and interpret data and understand that it enhances accuracy and allows scientists to analyze and quantify results of investigations. 
Introduction and Background: 

The epidermis of a leaf has microscopic openings, which are the “pores” of the plant’s skin on the undersides of leaves called stomata (sing. stoma or stomate).   Stomata allow the exchange of gases such as oxygen and carbon dioxide between the plant and the outside environment.  Water vapor is also released through the stomata in a process called transpiration. The rate of gas and water vapor diffusion is regulated by two guard cells. The shape of the guard cells will change when water enters the plant by the process of osmosis. When the stomata are open, diffusion rates of carbon dioxide, water vapor, and oxygen are greater. Therefore, when water exits, the guard cells relax, the stomata close, and diffusion rates are reduced.  The closing of the stomata help the plant by preventing dehydration due to loss of water vapor, and helps with maintaining the water necessary for photosynthesis and the homeostasis, or internal balance of the plant.   It is also important to mention that this process is a crucial step in the Earth’s water cycle.  Generally stomata are open during the day and close at night.  Functioning of the stomata could be affected by light intensity, stress (disease, insects, etc.), climate, and/or latitude.

            The focus of this lab is to learn how to prepare a cast of leaf stomata and to compare stomata distribution on the top (upper surface) and bottom (lower surface) of a leaf.  After mastering this technique, if time permits or for future class or individual science project investigations students might be able to explore stomata distribution or stomata opening and closing in response to various factors.  Possible additional investigations could include:

1. stomata distribution: various plant species

2. stomata opening: various times of day

3. stomata opening: various leaf positions on the tree

4. stomata opening in high moisture vs. low moisture conditions
5. stomata opening in a hypertonic (sodium chloride) or hypotonic (distilled water) solution
Materials:
Compound Microscope                                 Masking or colored tape to label slide
Microscope slides                                          Centimeter ruler (straight edge for labeling)
Clear tape (shiny, not translucent) 

Clear finger nail polish (not strengthener)

Various leaf specimens- may be live, or dead (dried flat); pin oak is an excellent species
      for observation
Guiding Questions: 
1. Where would you expect to find more stomata, on the top or underside of a leaf?
2. Will the number of stomata vary among different plant species? Why might this be the case?
3. Would you expect stomata to be the same size and shape in different plant species? 

4. What environmental conditions might cause guard cells to open or close the stomata?
Vocabulary: (* From Keystone Exam Glossary)
1. *Diffusion is the movement of particles from an area of high concentration to an area of low concentration; a natural result of kinetic molecular energy.
2. The epidermis is a single-layered group of cells that covers the leaves, flowers, 
 roots and stems of plants.

3. Guard cells are the paired cells in the epidermis of a plant that control the opening and closing of a stoma of a leaf.
4.  *Homeostasis is the regulatory process in which an organism regulates its internal environment.
5. *Osmosis is the movement of water or another solvent through permeable membranes from an area of higher water concentration to an area of lower water concentration. 
6. A stoma or stomate is a minute pore in the epidermis of plant leaves or stem. (plural stomata).
7.  Transpiration is the process by which water that is absorbed by plants, usually through the roots, is evaporated into the atmosphere from the plant surface, through the stomata. 
Procedure:
1. Select a leaf.  Be sure it is dry.  To prepare cast of lower (abaxial) leaf surface, paint a small rectangular area of the underside of a leaf with nail polish (approximately 1 cm x 2cm).  Allow the area to dry completely, usually at least 5 minutes.  No longer than approximately 10-15 minutes should be allowed because the polish might be difficult to remove without damaging the leaf if the drying time is extended.

2. Repeat the same procedure from in step 1 with the upper (adaxial) surface of the same leaf. 

3. While waiting for the polish to dry, label the end of two clean microscope slides with a small (1-2 cm) piece of colored or masking tape with your initials, date, u. (upper side) or l. (lower side).  
4. Cut a piece of clear tape approximately 4.0 cm in length.  Fold a 1-2 cm portion of the tape over onto itself to use as a “handle.” Once the polish is dry, place the sticky surface on the nail polish cast and press gently with your finger and rub back and forth about 5 seconds.  Using the “handle,” carefully pull the nail polish cast from the leaf surface, taking care not to tear the leaf.  You should observe some of the leaf epidermis (skin) on the tape. 
5. Place the cast (sticky side down) in the central area of the labeled slide.  Press gently in place.  The adhesive on the tape should mount the cast onto the slide. DO NOT REMOVE THE TAPE OR ADD A COVER SLIP. 
6. Starting with the lowest objective (4x, bring the leaf epidermis into view and look for stomata.  Next change to the 10x objective where stomata if present should be very visible. The stomata should like round or oval circles with slits in the center (see photos at beginning of lab sheet).  Try to observe if stomata appear open or closed.  Make a sketch of at least a few stomata and surrounding plant tissue at this magnification and try to count how many stomata you can observe in your field of view for the 10x objective. Write the total magnification of the observed cells in the space provided on the Data sheet.  Remember to multiply the power of the objective by that of the eyepiece (10x) to obtain total magnification.  Finally, try to use the 40x objective to obtain a detailed view of the stomata. This power might be more difficult to focus and observe clearly. Ask your teacher for help. 
7. Observe the prepared slide of the upper side of the leaf following the procedures in step 6.  Remember you might not see any stomata on the upper side of the leaf, but will observe epidermal cells.   
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Student Lab Data Sheet
Name ________________________________  Date _________________ 
Student Lab Data

A. Sketch a small section of both the under and upper sides of the leaf you have observed using the 10x objective in the circles below. If applicable from results, label several of the stomata with guard cells that you might observe and epidermis in either view. Use a ruler to draw lines to structures. 
                                    

                       Under Side of Leaf                                  Upper Side of Leaf 
                        Magnification _____ x                               Magnification _____ x

B.  Approximately many stomata did you observe in your field of view at 100 x on the   
under side of the leaf?   _________

C.  Approximately many stomata did you observe in your field of view at 100 x on the upper side of the leaf?   _________

D.  Now obtain class data.  What is the average number of stomata observed on the underside of the leaves observed by the class?  _________________  
E.  What is the average number of stomata observed on the upper side of the leaves observed by the class?  ____________________ 
Analysis:
1. Which side of the leaf had more stomates?  ____________________ 
2.  Explain why leaves might have more stomata on one side.  (You may research your answer for more information).  

 _____________________________________________________________________ 

_____________________________________________________________________ 
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