
BIOL 442 Plant Physiology 

Lab #3:  Stomatal Physiology 

Report Due: 17 September 2021 

 

This week’s laboratory is connected to water relations much as was last week’s lab.  

However, we will be investigating one of the control mechanisms for water relations in the 

whole plant rather than individual cells or tissues.  In addition to controlling plant water 

potential through solute osmotic adjustment (as is a possibility investigated in last week’s lab), a 

plant may open or close certain pores (i.e., openings) in its leaves that allow water to escape into 

the atmosphere. 

 

The atmosphere at an average relative humidity has a very low water potential.  The atmospheric 

water potential at 50% relative humidity is -93.6 MPa.  (This amount of humidity is greater than 

the vapor content of the air here in Las Vegas for much of the year.  What are the physiological 

consequences for a plant growing here?  Remember that water moves from high water potential 

(i.e., less negative ) to low water potential (i.e., more negative ). 

 

There are two important consequences of a plant with open stomata (singular: stoma; pore) here 

in the desert.  When there is water available in the soil, the atmosphere creates a water potential 

gradient through the plant from the soil that draws water into the plant.  How do you think this is 

done?  (Hint:  water is very cohesive and adhesive.)  The plant must also acquire CO2 from the 

atmosphere to use in photosynthesis.  This is known as a tradeoff:  to obtain CO2 for 

photosynthesis water must be lost (which is also needed for photosynthesis). 

 

This exercise is designed to acquaint you with the visual appearance of stomata and the manner 

in which changes in turgor pressure in the guard cells is related to the degree of opening of the 

stomatal pore.  I will provide you with a drawing of this phenomenon in class.   

 

Turgor pressure (pressure potential) can be quantified as a component of water potential as can 

osmotic potential.  Pressure can either be negative (as when the water is under tension in the 

xylem) or positive (as when the water is causing the cell membrane to press against the cell 

wall).  Special cytoskeletal structures in the guard cells allow positive water pressures to deform 

the cell and open an aperture in the leaf’s epidermis. 

 

Objectives: 

Observe the relationship between stomata and water potential 

Measure stomatal conductance of water from a leaf 

Observe the point at which wilting occurs in a drying leaf 

Determine the relationship between wilting and decline of conductance and water loss 

 

Materials: 

CaCl2 (optional) 

Sucrose 

KCl 

Microscope slides and cover slips 



LiCor steady-state porometer 

 

Part I:  Microscopic studies under “normal” and “osmotic” conditions 

 

For the first part, obtain a compound microscope, slides, and cover slips.  Obtain a leaf of the 

plant species available in the lab.  Experiment with the preparation of epidermal strips from the 

lower (abaxial) epidermis of the leaf.  Observe the appearance of the stomatal complex 

including the pair of guard cells.  Approximately what percentage of the stomata are closed? 

 

Note the presence of chloroplasts in the guard cells, but generally not in the other epidermal 

cells.  What are the functional differences between guard cells and other epidermal cells that 

might explain this distribution of chloroplasts? 

 

Obtain an epidermal strip in water (a solution of 1.5 mM CaCl2 may be useful) that has at least 

some stomata that are open.  Place the epidermal strip in 0.5 M sucrose and watch for changes in 

the degree of opening and/or the appearance of the cells.  Next try 1.0 M sucrose.  Return the 

strips to water and see if the stomata reopen.  How long does it take? 

 

If the stomata are only open slightly in water, try a solution of 100 mM KCl.  Keep the epidermal 

strip in light and see if the stomatal pores gradually opens further.  What do you think KCl is 

doing to the stomata here? 

 

 

Part II:  Tissue-level Examination of Stomatal Conductance 

 

Collect a couple leaves for use with the instrument for estimating leaf conductance to water 

vapor.  For this part of the lab, you will be using the LiCor Steady-State Diffusion Porometer.  

This machine is calibrated to a specific humidity, which it uses to compare the change of 

humidity within the chamber (cuvette) due to water leaving the leaf through the stomata.  I will 

provide specific instructions on the use of this device in class.  Measure the leaf mass and the 

conductance initially and allow the leaf to lose water.  Repeat the measurements every 15 

minutes or so.  How does leaf conductance change as the leaf loses water?  A graph of leaf 

conductance vs. leaf mass or mass water content might be useful for expressing this relationship. 

 

Can you tell when the leaf wilts?   

 

Based upon last week’s experiments, what do you think is happening to the cells and tissues 

within the leaf when it wilts? 

 

Is there any change in conductance associated with wilting? 

 

 

 


