Unit 9: Botany

Content Outline: Fluid Transport in Vascular Plants (9.2) – Part 1
I. The three levels of fluid transport that occurs in plants:

A. Cellular level (This occurs in the roots and leaves mainly.)


B. Tissue level (Accomplished by the xylem and phloem mainly.)


C. Organism al level (The entire plant.)

II. Cellular Level Fluid Transport


A. This transport involves the “selectively” permeable cell “plasma” membrane.


1. Passive and active transport are the means of transport accomplished across the membrane by the cells.



a. It may involve transport proteins.

B. Water moves through aquaporins (water transport proteins) by passive diffusion.  (It involves no energy.)


C. Active transport proteins involved. (These are mostly proton pumps and require energy.)
III. Water Potential (Ψ)

A. Water always travels hypotonic to hyper tonic until isotonic. 

B. Plants have cell walls which creates restrictive pressure (Ψ Pressure).

C. ΨT = ΨP +ΨS (total water potential = water potential under pressure + water potential of solutes)


1. Water moves High potential ( Low potential.  (Just like diffusion.)


3. Pure water  = 0 potential.


4. Solutes added to pure water lowers  potential. 


5. Pushing (+ pressure) raises potential; Pulling (- pressure) lowers potential.

D. Just add the pressures on each side of the membrane and then remember it moves high to low. For negative
                     numbers, they become lower the farther past zero you go.
IV. Flaccid – The term refers to plant cells that do not have enough water in it. (Plant appears limp or wilted.)
A. This can lead to plasmolysis – a cell membrane ripping away from cell wall and ripping. (This creates holes in the cell … so the plant cell dies.)

V. Turgid – The term refers to plant cells that have plenty of water inside and therefore the cell membrane is pushing against cell
                      wall. (The plant appears stiff and rigid.)

VI. Central Vacuole and Tonoplast Membrane – This structure acts as a water/ion reservoir for plant cells. (This structure can take

                                                                                        up 90% of a plant cell’s inner membrane space. It stores water needed for

                                                                                        photosynthesis.)
VII. Bulk Flow – This term refers to moving large quantities (Bulk) of fluid.


1. Sink – Refers to where the fluid is being put to be stored or used. (The final destination for the fluid.)


2. Source – Refers to where the fluid is being generated or originating.


3. Fall vs. Spring? Summer and Fall: Sink is the roots and the leaves are the source.

                                                                Spring: The leaves become the sink and the roots are the source. 
 Part 2
I. Transpiration – This term refers to the process of water loss occurring at the stomata on leaves. (This is like “pulling” on the
 “water chain” of molecules… remember cohesion.) This is mainly a solar powered process, but wind and humidity

   can affect it.
II. Cohesion – Tension Principle in Xylem tissue
A. Cohesion - A water molecule binding to another water molecule. (This allows for the making of a water chain.)

B. Adhesion – A water molecule sticking to some other molecule, like the sides of the xylem cells. (This ALSO helps move
                                          the chain upward toward the leaves.)


C. Transpiration Pull – This force provides the tension or “pulling strength” on the water chain.


1. The rate of transpiration occurring at the stomata is affected by the surrounding environment.



a. Heat (increases); Wind (increases); Humidity (decreases).



b. Guard cells operate the stomata. These cells try to compromise between water loss and CO2 intake.


2. Water Potential (Ψ) becomes more negative as you ascend the plant. 

D. Cavitation – This is an air pocket forms in the xylem because the “chain of water” broke. (The cavity is permanent.)


E. The Cohesion – Tension Principle process requires no ATP – as it is solar powered.

F. Transpiration process also provides the leaf with an evaporative cooling effect. (Keeps leaves cool.)
III. Guard Cell operation 

A. Guard cells are stimulated by the presence of sunlight or the lack of CO2 within the leaf.

B. To open – Actively Transport K+ (potassium ions) into the guard cell (Water follows free of charge making the cells 

                                        turgid and bloated open.)



1. Water is going from Hypotonic to hypertonic.


2. Water and ions are stored in the central vacuole.

C. To Close – Actively transport the K+ out of the guard cells (Water follows free of charge and the cells go limp or flaccid.)


D. Desert vs. normal plants? Desert plants open up the stomata at night; too much water loss

                                                                   would occur during the day and the plant would dehydrate and die.




    The stomata are also located on the green stems, since most desert 
            



    plants have no leaves. Remember, the leaves are the needles to 





    protect the watery stem.

IV. Pressure – Flow Hypothesis in Phloem tissue


A. Pressure builds up in the leaf from the continuous production of sugar via photosynthesis. (Positive Pressure.)

B. The sugars are “pushed” (positive pressure) out of the leaf into the phloem tissue. (Gravity then does the rest.)


C. Source vs. sink (time of year dependent)



1. Loading – This is the putting of the sugar water into the Phloem tissue for translocation.


2. Unloading – This is taking the sugar out of the water and converting it to starch for storage.



a. The water is recycled back into the xylem to be reused.

D. This also requires no ATP… as it is also solar powered via photosynthesis.
