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   Transpiration
Objectives:

(1) 
To understand how water moves from roots to leaves in terms of the 












physical/chemical properties of water and the forces provided by differences in 








water potential.






(2)

To test the effects of environmental variables on rates of transpiration using a 








simulated controlled experiment.







(3)

To investigate the relationship between the structure of stomata and their









function in regulating transpiration.







(4)

To review the relationship between the structure of vascular tissues (xylem 









and phloem) and their functions in transporting water and nutrients throughout 








plants.










Remember the poem: “Up the xylem, down @  the phloem…that’s the poem”



















  (water)


       (food/sugar)
Background Information:



The amount of water needed daily by plants for the growth and maintenance of tissues is small in comparison to the amount that is lost through the process of transpiration (the evaporation of water from the plant surface) and guttation (the lost of liquids from the ends of vascular tissues at the margins of leaves).  If this water is not replaced, the plant will wilt and may die. 



The transport of water up from the roots in the xylem is governed by differences in water potential (the potential energy of water molecules).  These differences account for water movement from cell to cell and over long distances in the plant.  Gravity, pressure, and solute concentration all contribute to water potential, and water always moves from an area of high water potential to an area of low water potential (see Lab: Diffusion and Osmosis). 
Water Potential = Pressure Potential + Solute Potential

 = p + S
(In open systems and the absence of physical pressure, pressure potential (p) will always = 0)

This movement is facilitated by osmosis, root pressure, capillary action, adhesion and cohesion of water molecules.

The Overall Process

Minerals actively transported into the root accumulate in the xylem, increasing solute concentration and therefore decreasing water potential.  Water moves in by osmosis.  As water enters the xylem, it forces fluid up the xylem due to hydrostatic root pressure.  But the pressure can only move fluid a short distance.  The most significant force moving the water and dissolved minerals in the xylem is upward pull as a result of transpiration, which creates tension.  The “pull” on the water from transpiration results from the cohesion and adhesion of water molecules.
The Details
Transpiration begins with the evaporation of water through the stomata (stomates), small openings in the leaf surface which open into air spaces that surround the mesophyll cells of the leaf.  The moist air in these spaces has a higher water potential than the outside air, and water tends to evaporate from the leaf surface (moving from an area of high water potential to an area of lower water potential).  The moisture in the air spaces is replaced by water from the adjacent mesophyll cells, lowering their water potential (since the cytoplasm becomes more concentrated).  Water will then move into the mesophyll cells by osmosis from surrounding cells with high water potentials, including the xylem.  As each water molecule moves into a mesophyll cell, it exerts a pull on the column of water molecules existing in the xylem all the way from the leaves to the roots.  This transpirational pull occurs because of:



   (1)  the cohesion of water molecules to one another due to hydrogen bond formation, and 


   (2)  by adhesion of water molecules to the walls of the xylem cells which aids in offsetting the 




downward pull of gravity.



The upward transpirational pull on the fluid in the xylem causes a tension (negative pressure) to form in the xylem, pulling the walls of the xylem inward.  The tension also contributes to the lowering of water potential in the xylem.  This decrease in water potential, transmitted all the way from the leaf to the roots, causes water to move inward from the soil, across the cortex of the root, and into the xylem.

Plants lose as much as 90% of the water that enters the roots by the process of transpiration.  Evaporation through the open stomates is clearly a major route of water loss in plants.  However, the stomates must open to allow the entry of CO2 used in photosynthesis.  Therefore, a balance must be maintained between the gain of CO2 and the loss of water by regulating the opening and closing of the stomata on the leaf surface.  Many environmental conditions influence the opening and closing of stomates and also affect the rate of transpiration.  Temperature, light intensity, air currents, and humidity are some of these factors.  Different plants also vary in the rate of transpiration and in the regulation of stomata opening. 


In this activity, you will measure transpiration under various conditions using a potometer.
Figure 1: Potometer
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Figure 2: Water Potential and Transpiration in Plants
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Figure 3: Leaf Structure
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Methods:

Go to: WOW Biolabs: Plant Transpiration and follow the steps to the lab given on the screen during 


 the simulation.
Table 1. Predictions for Plant Transpiration

	Rank
	Prediction

	1
	 

	2
	 

	3
	 

	4
	 


Data and Results:


Table 2: Transpiration Amounts (mL) with Different Environmental Conditions

	Conditions
	0 minutes
	10 minutes
	20 minutes
	30 minutes

	Normal
	 mL
	 mL
	 mL
	 mL

	Windy
	 mL
	mL 
	 mL
	 mL

	Warm
	 mL
	 mL
	 mL
	 mL

	Humid
	 mL
	 mL
	 mL
	 mL


Calculate the rate of transpiration using the formula:
	Rate of Transpiration =
	Total water loss (mL)
	

	
	Time (30 min)
	


Work Space:

(1)  Normal













(3)
  Warm
(2)  Windy














(4)  Humid
Table 3: Summary - Transpiration Rate Under Different Environmental Conditions
	Condition
	Rate of Transpiration (mL/min.)

	Normal
	 

	Windy
	 

	Warm
	 

	Humid
	 


Graph: Amount of Transpiration (mL) Under Different Environmental Conditions
(Table 2)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	    
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
























 Legend:

	Normal
	 

	Windy
	 

	Warm
	 

	Humid
	 


Pre-Lab Question:

1.
In the chart below, describe the functions of each as explained in the simulation.
	
	Function

	Potometer
	 

	Pipette
	 

	Air Tight Seal
	 

	Fan
	 

	Light
	 

	Spray Bottle and Plastic Bag
	 

	Graph Paper
	 


Post-Lab Questions: (To be typed and handed in with your graphs)
1.
Briefly describe the control used in this activity.
2.
Explain why each of these conditions causes an increase OR decrease in transpiration compared to the 
control.
3.
How did the different environmental conditions affect the gradient of water potential from stem to 
leaf?  Were your original predictions correct or incorrect? Why?
4.
Using the data from the experiment, calculate the rate of transpiration for each environmental condition between the times of 5 and 15 minutes (show your work).   
5.
Describe several adaptations that enable plants to reduce water loss from their leaves.  Include both 
anatomical (structural) and physiological (biochemical) adaptations.
6.
Describe the structure of a guard cell and discuss the osmotic relationships (changes in water 
potential) that 
result in stomata opening and closing.

7.
Explain how guard cells function in homeostasis by describing the environmental conditions under 
which guard cells open and close and how this response is beneficial to the plant.
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