Unit VI:  Plant Form and Function

Chapter 35, Plant Structure, Growth, and Development:  The plant body has a hierarchy of organs tissues, and cells; Meristems generate cells for new organs; Primary growth lengthens roots and shoots; Secondary growth adds girth to stems and roots in woody plants; Growth, morphogenesis, and differentiation produces the plant body.


Questions you should be able to answer:

1. List the basic functions of roots.  Describe and compare the structures and functions of fibrous roots, taproots, root hairs, and adventitious roots.

2. Distinguish between the leaves of monocots and those of eudicots.

3. Describe and distinguish between the three basic cell types of plants tissues.  For each tissue, describe one characteristic structural feature and explain its functional significance.

4. Distinguish between annual, biennial, and perennial plants.  Name the cells that make up the tissue known as wood.  Name the tissues that comprise the bark.

5. Define and distinguish between morphogenesis, differentiation, and growth. 

6. Describe how wood forms due to secondary growth of stems.

7. What is the major body plan of a plant?

Major themes addressed in the chapter:

1. Science as a process.  How have scientists made use of Arabidopsis thaliana for plant studies? 

2. Interdependence in nature. Describe and compare the three basic organs of vascular plants.  Explain how these basic organs are interdependent.

3. Relationship of structure to function.  How are the three basic plant organs related to their function?

4. STS.  Consider all of the plant and plant products you use each day.  Do you think the number of plants and plant products used in everyday life has increased or decreased in the last century?  Do you think the number is likely to increase or decrease in the future?

Chapter 36, Transport in Vascular Plants:  Physical forces drive the transport of materials in plants over a range of distances; Roots absorb water and minerals from soil; Water and minerals ascend from roots to shoots through the xylem; Stomata help regulate the rate of transpiration; Organic nutrients are translocated through the phloem.


Questions you should be able to answer:
1. Describe how proton pumps function in transport of materials across plant membranes, using the terms proton gradient, membrane potential, cotransport and chemiosmosis.

2. Define osmosis and water potential.  Explain how water potential is measured.

3. Define bulk flow and describe the forces that generate pressure in the vascular tissue of plants.

4. Explain how transpirational pull moves xylem sap up from the root tips to the leaves.

5. Describe the roll of guard cells in photosynthesis-transpiration.

6. Trace the path of phloem sap from a primary sugar source to a sugar sink.

Major themes addressed in the chapter:

1. Science as a process.  

2. Evolution.  Analyss of preserved leaves shows that the density of stomata per unit area of leaf has decreased over the past 200 years.  Suggest a hypothesis that connects this evolutionary trend to environmental change.

3. Energy transfer.  Explain the importance of proton pumps in the movement of sugar (sucrose).

4. Interdependence in nature.  Explain how mycorrhizae enhance uptake of materials by roots. 

5. Relationship of structure to function.  Relate the structure of sieve-tube cells, vessel cells, and tracheids to their function in bulk flow.

6. STS.  Water use is a serious social and environmental issue in the arid southwestern United States.  In recent years, there has been growing criticism of water–intensive ornamental landscapes like lawns and golf greens.  These areas are maintained artificially by diverting water from rivers and streams or pumping from ancient subterranean aquifers.  Is this form of water use something society should limit or even eliminate in such areas?  Or should property owners be free to landscape as they choose?  Defend your side in this debate.
Chapter 37, Plant Nutrition:  Plants require certain chemical elements to complete their life cycle; Soil quality is a major determinant of plant distribution and growth; Nitrogen is often the mineral that has the greatest effect on plant growth; Plant nutritional adaptations often involve relationships with other organisms.


Questions you should be able to answer:
1. Define the term essential nutrient.

2. Distinguish between macronutrient and micronutrient.

3. Explain why soil management is necessary in agricultural systems but not in natural ecosystems such as forests and grasslands.  Describe an example of human mismanagement of soil.

4. List the three mineral elements that are most commonly deficient in agricultural soils.

5. Define nitrogen fixation and write an overall equation representing the conversion of gaseous nitrogen to ammonia.

6. Explain the importance of nitrogen-fixing bacteria on Earth.

7. Summarize the ecological role of each of the following groups of bacteria:  ammonifying bacteria; denitrifying bacteria; nitrogen fixing bacteria; nitrifying bacteria.

Major themes addressed in the chapter:

1. Science as a process.  How has science helped to improve crop yields for developing countries.

2. Evolution.  Explain one hypothesis for how mycorrhizae likely evolved.

3. Continuity and change.  Explain some of the nutritional adaptations plants have evolved that do not involve a mutualistic relationship using epiphytes, parasitic plants, and carnivorous plants as examples.

4. Interdependence in nature.  Explain why a symbiosis between a legume and its nitrogen-fixing bacteria is considered to be mutualistic. 

5. Relationship of structure to function. How are the structure of ectomycorrhizae and endomycorrhizae related to their function?

6. Regulation.  Explain how a positive feedback mechanism controls root nodule formation.

7. STS.  About 10% of U.S. cropland is irrigated. Agriculture is by far the biggest user of water in arid western states, including Colorado, Arizona, and California.  The populations of these states are growing, and there is an ongoing conflict between cities and farm regions over water.  To ensure adequate water supplies for urban growth, cities are purchasing water rights from farmers.  This is often the least expensive way for a city to obtain more water, and it is possible for some farmers to make more money selling water rights than growing crops.  Discuss the possible consequences of this trend.  Is this the best way to allocate water for all concerned?  Why or why not?
Chapter 38, Angiosperm Reproduction and Biotechnology:  Pollination enables gametes to come together within a flower; After fertilization, ovules develop into seeds and ovaries into fruits; Many flowering plants clone themselves by asexual reproduction; Plant biotechnology is transforming agriculture.


Questions you should be able to answer:
1. In general terms, explain how the basic plant life cycle with alternation of generations is modified in angiosperms.

2. List the four floral parts in order from outside to inside a flower.

3. Name the structures that represent the male and female gametophytes of flowering plants.

4. Explain how pollen can be transferred between flowers.

5. Distinguish between pollination and fertilization.

6. Explain how fertilization in animals is similar to that in plants.

7. Explain the advantages and disadvantages of reproducing sexually and asexually.

8. Describe several functions of fruit and explain how fruits form.

Major themes addressed in the chapter:
1. Science as a process.  Plant biotechnology is transforming agriculture.  Explain.

2. Evolution. With respect to sexual reproduction, some plant species are fully self–fertile, others are fully self–incompatible, and some have adopted a “mixed strategy” with partial self–incompatibility.  These reproductive strategies differ in their implications for evolutionary potential.  How, for example, might a self–incompatible species fare as small founder populations or remnant populations in a severe population bottleneck, as compared with a self–fertile species?

3. Energy transfer.  Explain how a fruit forms and ripens.

4. Interdependence in nature.  Explain how animals can assist in pollination.

5. Relationship of structure to function.  How is the structure of a stigma related to its function. 

6. STS.  Humans have engaged in genetic manipulation for millennia, producing plant and animal varieties through selective breeding and hybridization processes that modify the genomes of organisms on a significant level.  Why do you think modern genetic engineering, which often entails introducing or modifying only one or a few genes, has met with so much public opposition?  Should some forms of genetic engineering be of greater concern than others?  Explain.
Chapter 39, Plant Responses to Internal and External Signals:  Signal Transduction pathways link signal reception to response; Plant hormones help coordinate growth development, and responses to stimuli; Responses to light are critical for plant success; Plants respond to a wide variety of stimuli other than light; Plants defend themselves against herbivores and pathogens.


Questions you should be able to answer:
1. Compare the growth of a plant in darkness (etiolation) to the characteristic of greening (de-etiolation.

2. Describe the two main mechanisms by which a signaling pathway can activate an enzyme.

3. Explain the probable mechanism by which gibberellins trigger seed germination.

4. List six classes of plant hormones and describe their major functions.

5. Define circadian rhythm and explain what happens when an organism is artificially maintained in a constant environment.

6. Distinguish among short-day plants, long-day plants, and day-neutral plants, give common examples of each and explain how they depend upon critical night length.

7. Explain how the interconversion of phytochrome can act as a switching mechanism to help plants detect sunlight and trigger many plant responses to light.

Major themes addressed in the chapter:

1. Science as a process.  A plant biologist observed a peculiar pattern when a tropical shrub was attacked by caterpillars.  After a caterpillar ate a leaf, it would skip over nearby leaves and attack a leaf some distance away.  The researcher found that when a leaf was eaten, nearby leaves started making a chemical that deterred caterpillars.  Simply removing a leaf did not deter them from eating nearby leaves.  The biologist suspected that a damaged leaf sent out a chemical that signaled other leaves.  How could the researcher test this hypothesis?
2. Evolution.  Explain some adaptations that have evolved in plants that have allowed them to defend themselves.

3. Energy transfer.  Explain how a potato plant can conserve energy during the etiolation process.

4. Interdependence in nature.  Explain how the production of jasmonic acid is important in a plant’s defense mechanism.

5. Relationship of structure to function.  In response to herbivory, a jack bean plant will produce an unusual amino acid called canavanine which is structurally similar to arginine.  How is the structure of canavanine related to its function.

6. Regulation.  Explain the type of feedback mechanism involved in the production of jasmonic acid by a lima bean as it is attacked by a spider mite.

7. STS.  Based on your study of this chapter, explain at least three examples of how knowledge about the control systems of plants is applied in agriculture or horticulture.
