
Chapter 7:

Water in Plants

Overview 
This chapter begins by introducing molecular movement through a comparison between balls in motion in a room and molecular activity This is followed by a discussion of diffusion as influenced by pressure, temperature, and the density of the medium through which molecules travel, and through osmosis, turgor, plasmolysis, imbibition, and active transport.



The chapter then takes up the entry of water into the plant, the movement of water through the plant, the evaporation of water into leaf air spaces, and transpiration. The pressure-flow model of photosynthate movement is presented as well as the topic of cohesion and tension in the water column. The chapter concludes with a discussion of hydroponics and mineral requirements for growth.

Detailed Lecture Outline


I.

Introduction




A.
What's That Smell?




B.
Tennis Ball Example


II.
Molecular Movement




A.
Diffusion






1.
Defined

• movement of molecules or ions from a region of higher concentration to a region of lower concentration as influenced by pressure, temperature, and the medium through which the molecules travel





2.
Diffusion gradient






3.
State of Equilibrium




B.
Osmosis






1.
Defined









• diffusion of water through a differentially permeable membrane






2.
Osmotic
 pressure, represented by Ws








   • the potential of water to move from one cell to another as influenced by 








solute concentration






3.
Turgor pressure or pressure potential represented by Wp
      • the pressure that is exerted against the cell wall as a result of water entering the cell





4.
Water potential represented by Ww








• a cell's osmotic potential and pressure potential combined (Ww = Ws + 








Wp)









b. measured by a thermocouple psychromoter




C.
Plasmolysis






1.
Defined

• loss of water from a cell accompanied by the shrinkage of the protoplasm






2.
Consequences in plant cell




D.
Imbibition






1.
Defined









• absorption of water by dry or partially dry colloidal materials






2.
Example of imbibing seeds and wooden stakes




E.
Active Transport






1.
Defined

• movement of substances against a diffusion or electrical gradient through the expenditure of energy






2.
Pumps, energized by ATP







a.
Proton pump in plants








b.
Sodium/potassium pump in animals


III.
Water and Its Movement Through the Plant




A.
Transpiration






1.
Defined:  loss of water vapor from the plant






2.
Examples of amount of water lost






3.
Why is so much water lost through transpiration?




B.
Water Movement to Tree Tops






1.
Early theories








a.
Mechanical pumps








b.
Capillarity








c.

Root pressure




C.
The Cohesion-Tension Theory






1.
Polar water molecules stick together by hydrogen bonds









• called "cohesion"






2.
Water also sticks to walls of xylem tracheids and vessels









• called "adhesion"

3.
Water evaporates from mesophyll cells creating a pull or tension on the water column


IV.
Regulation of Transpiration




A.
Regulation by Stomata




B.
Effect of Abscisic Acid on Stomates






1.
Causes membranes to leak






2.
Loss of potassium occurs






3.
Stomates close as a result




C.
Other Ways Plants Regulate Water Loss






1.
Stomates open at night









• desert plants with CAM photosynthesis






2.
Stomates sunken below leaf surface









• pine trees, desert plants




D.
Guttation






1.
Defined









• loss of water in liquid form






2.
Guttation water forced through hydathodes in leaves


V.
Transport of Food Substances (Organic Solutes) in Solution




A.
Insects and Sugar Flow







• aphids used to study sugar flow in plants




B.
Use of Radioactive Tracers




C.
The Pressure-Flow Hypothesis

1.
Food substances in solution flow in phloem tissue from a "source" (a place where food is produced or stored)









• water is taken up by osmosis creating turgor pressure

2.
Food substances actively removed from the phloem at a "sink" (a place where food is utilized)

3.
Food substances flow from the region of higher pressure at the "source" to the lower pressure of the "sink"


VI.
Mineral Requirements for Growth




A.
Mineral Elements Essential for Growth






1.
15 elements are essential as building blocks for plant growth






2.
List of essential elements (Table 9.1)




B.
Macronutrients and Micronutrients






1.
Macronutrients used by plants in greater amounts









• nitrogen, potassium, calcium, phosphorus, magnesium, sulfur






2.
Micronutrients needed by plant is very small amounts









• iron, manganese, boron, sodium, cobalt, silicon, selenium






3.
Hydroponics

