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SYNONYMOUS COURSES:

(a)  replaces         N/A                          
                             (course #)

(b)  cannot take          N/A                        for further credit
                                  (course #)

SUPPLIES/MATERIALS:  

TEXTBOOKS, REFERENCES, MATERIALS   (List reading resources elsewhere)

Plant Physiology 4  edition. Salisbury, F. and Ross, C.  Wadsworth Publishing.th

OBJECTIVES:

Students will look at the relationship of plant structures and plant function. We will deal with transformation of
energy in the plant, the acquisition of resources, and their transfer within the plant.

METHODS:

Lecture, demonstration, discussion, audio-visual presentation, laboratory exercises and field trips.

STUDENT EVALUATION PROCEDURE:

Midterm exam 20%
Lab assignments 40%
Final exam 40%

COURSE CONTENT

Sept. - Dec. (laboratory exercises in boldface)

Part I: Introduction: Tools for Use in the Rest of the Course

1. Course objectives and organization. Climate change and plant physiology and development.
2. Tool Set 1: Energy balances and material transfer by plants.

Set up for the Nutrient Deficiencies Exercise.
3. Tool Set 2: Energetics of phosphorylation and oxidation/reduction.
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Part III: Plant Water Relations

4. Expressions for the state of water in plants. Free energy and the components of water potential.
Diffusion, osmosis and determinants of water flow.
Workshop: Designing a plant physiology experiment.

5. Diffusion, osmosis and determinants of water flow, continued. Root structure and absorption of water
by roots. Leakiness of roots. Pathway of water flow through plants and the ascent of sap.

6. Stomatal function and regulation. Introduction to the concept of light-mediated responses, and to
regulation by abscisic acid.
Structure of plants: roots and leaves.

7. Evapotranspiration from vegetation; the photosynthesis/transpiration compromise. Water use
efficiency.

Part II: Acquisition of Energy and Carbon

8. Photosynthetically active radiation and lighting requirements for plant growth. Interception of radiant
energy by leaves; chloroplasts, pigments and constituents involved in chloroplast energy
transduction. 
Quantum yield of sun and shade leaves measured with a leaf disc electrode. Anatomy of sun
and shade leaves.

9. Mechanisms of chloroplasts energy transduction.
10. CO  absorption by leaves and plant response to atmospheric CO  concentration.2 2

11. Pathways of CO  fixation. Photorespiration.2

Measurement of transpiration using a Vaisala humidity sensor. Size and frequency of
stomata.

12. Implications of photosynthetic diversity for the management of plants in natural and managed
ecosystems.

Part IV: Inorganic Nutrient Acquisition

13. Plant responses to nutrient supply. Elements essential for plant growth and their physiological roles.
Physiological responses to nutrient deficiency and excess. Diagnosis of nutritional problems.
Uptake of potassium by barley roots followed by potassium-proton exchange.

14. Absorption of inorganic elements from the soil. Xylem transport of inorganic ions and other solutes.
Analysis of nutrient deficiency experiment.

15. Solute transfer across membrances: (1) Membrane components and transport kinetics.
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COURSE CONTENT    (cont'd.)
16. Solute transfer across membranes: (2) Transfer mechanisms and kinetics. Stomatal function re-

examined in light of membrane function.
Nitrate reductase measurement.

17. Nitrate reduction and the formation of amino acids. Biochemical incorporation of sulfur.
Respiration of plant tissues using an oxygen electrode. ATP-generating and alternative
pathways.

18. Biological nitrogen fixation. Nodule development and structure.

Part V: Utilization of Energy and Material Resources

19. Mechanisms of mitochondrial energy transduction. Respiratory pathways and their links to
secondary metabolism.

20. Use of Carbon Dioxide Analyzer to compare C3 and C4 plants. Anatomical comparison.

Part VI: Transport of Organic Compounds

20. Phloem structure. Materials transported in the phloem. Source-sink relationships and rates of
transport.

21. Mechanisms and regulation of phloem loading and transport.
22. Mechanisms and regulation of phloem unloading. Carbon partitioning and plant productivity.

LABORATORY EXPERIMENTS

1. Nutrient deficiencies:  (1) Experimental Set up (Requires 5 weeks for growth; requires bi-weekly
observations). Introduces students to diagnosis of nutrient deficiencies in bushbean.

2. Designing an Experiment in Plant Physiology. Students will design an experiment, after guided
group discussion, to determine the role of water potential in seed germination. This exercise is
deliberately technically simple to permit the students to focus on factors that go into designing an
experiment. Includes material on seed structure.

3. Plant structure - stems, roots, leaves. We will use prepared slides and hang sections of fresh
material to demonstrate aspects of anatomy stressed in the lectures on water uptake and transport,
and later in the term, photosynthesis and phloem transport. Some of this material is examined during
the exercise on quantum yield in sun and shade leaves.

4. Quantum yield of sun and shade leaves needles of Douglas Fir, measured with a leaf disc
electrode.
Anatomy of sun and shade leaves, hand sections and prepared slides.

5. Chlorophyll fluorescence as a probe of plant function sun and shade needles of Douglas Fir.
The use of the same material as last week permits the student to compare two modern techniques.

6. Measurement of transpiration rate. Students examine the effect of environmental conditions upon
transpiration in bean leaves (measured with a Vaisala humidity sensor) and look potassium uptake
by stomata in ipidermal peels.

7. Potassium uptake. An introduction to the chemiosmotic theory of ion uptake. Students will follow
potassium exchange for protons in roots of barley plants using a pH electrode.

8. Nutrient Deficiencies: (II) Analysis.
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LABORATORY EXPERIMENTS    (cont'd.)

9. Induction of an enzyme of nitrogen metabolism. Induction of nitrate reductase by nitrate in bean
plants, measured with a colorimetric assay.

10. Respiration of different plant tissues. An oxygen electrode is used to compare rate of respiration
in various plant tissues, with and without inhibitors.

11. Determination of rates of photosynthesis and CO  compensation point; C3 and C4 plants.2

Use an infrared gas analyzer to compare C3 and C4 plants; includes examination of hand sections
and prepared slides.


